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1.0 INTRODUCTION

This Field Sampling Plan (FSP) outlines all work activities to be perfonned in conjunction with
activities being p"erfonned by the U.S. Anny Corps of Engineers (USACE)-St. Louis under the
Fonnerly Utilized Sites Remedial Action Program (FUSRAP) for fonner Atomic Energy
Commision (AEC) operations at the Iowa Anny Ammunition Plant (IAAAP). T N & Associates,
Inc. (TN&A) prepared this FSP as an addendum to the existing Work Plan and Sampling and
Analysis Plan (SAP) for Firing Site (Harza 1999a). A copy of the Harza 1999a Work Plan and
SAP will be kept on the site and used as a reference during the field sampling activities at
IAAAP.

This project-specific FSP has been prepared to ensure that (1) the data quality objectives (DQOs)
specified for this project are met, (2) the field sampling protocols are documented and reviewed
in a consistent manner, and (3) the data collected are scientifically valid and defensible. This
FSP and the Quality Assurance Project Plan (QAPP) (Appendix C) shall constitute the SAP.
These documents are also complimented by a Site Safety and Health Plan (SSHP) (Appendix D).
All three documents are Appendices to the project-specific Work Plan, which is the overall
governing document.

This FSP was prepared to successfully gather the infonnation required to implement future
remedial actions at the site, in accordance with requirements of the National Contingency Plan
(NCP) and the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA).

This FSP is required reading material for all staff participating in the work effort. The FSP shall
be in the possession of the field teams collecting the samples. All contractors and subcontractors
shall be required to comply with the procedures documented in this FSP to maintain the
comparability and representativeness of the collected and generated data.

Controlled distribution of the FSP will be implemented by TN&A to verify that the current
approved version is being used. Controlled copies will be provided to U.S. Anny Corps of
Engineers (USACE) managers, regulatory agencies, remedial project managers, project
managers, and quality assurance (QA) officers. Whenever revisions are made or addenda are
added to the FSP, a document control system will be put into place to assure (1) all parties
holding a controlled copy of the FSP will receive the revisions/addenda and (2) outdated material
is removed from circulation.

1.1 General History and Contaminants

1.1.1 General History

IAAAP occupies approximately 19,015 acres (30 square miles) in Middletown, Iowa (Figure 1).
The Firing Site Area is within the IAAAP boundaries (Figure 2).

The Firing Site Area is routinely used for the static testing of ordnance produced at IAAAP. The
Firing Site Area encompasses approximately 505 acres in the western portion ofIAAAP. The
site contains three testing areas, each with one or more test firing pads. Presently testing is
perfonned at FS-6 and FS-12 (temporarily shutdown). FS-3, FS-4, and FS-5 are currently being
used for storage. There are 15 buildings and structures associated with the site.
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In 1947 the Atomic Energy Commission (AEC) took over operations of the area on which the
Firing Site Area would be constructed. Construction of the Firing Site Area began in 1947. By
1952 construction of the Firing Site Area was nearly complete. Little is known about the
building of the Firing Site Area, but it is documented that the type of foundation used for the
sites were wood cribbing supported by substantial concrete foundations. FS-12 was constructed
in 1964. FS-14 and FS-15 were completed in 1972 and 1986, respectively.

Between 1965 and 1973, a series of specialized tests called "hydro-shots" were conducted
exclusively at FS-12. Hydro-shots were performed to ensure explosive batch quality and certify
performance within specifications for product approval by AEC.

The AEC ceased all operations at the Firing Site Area in 1975 and returned control of the Firing
Site Area to the Army. All real properties were surveyed for radiological condition, including
the land. The Firing Site-12 area was the only area noted for radioactive contamination. A
series of contamination excavations removed much of the contaminated soil, which was sent to
the commercial burial site at Sheffield, Illinois, for disposal.

Since 1975, munitions tested by the Army at the Firing Site Area have included artillery shells,
mines, and missiles. DU has been found at FS-12.

1.1.2 Contaminants of Concern

Based on the reports ofpast operations at the Firing Site Area, the types of contaminants
expected include conventional explosives, primer materials, and DU used in hydro-shot testing
and testing of armor piercing ammunition. The following types of contaminants are expected at
the Firing Site Area:

• TNT (trinitroluene) and degradation products. used in atomic and conventional munitions.

• RDX (Research Department Explosive, Royal Demolition Explosive, cyclonite, or
cyclotrimethylenetrinitramine), a castable high explosive with very high detonation velocity
used in atomic and conventional munitions. Mixed with TNT to make Composition B and
cyclotol.

• HMX (high-melting explosive) a castable high explosive with very high detonation velocity
used in atomic and conventional munitions.

• Lead (from lead azide, a shock sensitive material used in primers and land mines).

• Barium (from baratol, a castable mixture of approximately 75:25 barium nitrate and TNT that
is a specialty explosive used in the slow detonation velocity components used in atomic
bomb designs).

• Boron (from boracitol, a castable mixture of approximately 60:40 boric acid and TNT that is
a specialty explosive used in the slow detonation velocity components used in atomic bomb
designs).

• Depleted uranium (D-38 or U-238), a form of uranium used as an outer shell in
manufacturing some atomic bombs.

• Polychlorinated biphenyls (PCBs), chlorinated biphenyl compounds used as heat transfer
fluid in electrical equipment such as transformers.
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Samples reporting levels ofcontaminates above the levels listed in Table 1.1 taken from the
Final Record ofDecision (ROD), Soils OU 1 report prepared by Harza Engineering Company in
August 1998 will be considered above action levels. Upon review of the ROD, it was
determined that the action levels listed would be appropriate for the Firing Site Area, although
the Firing Site Area was not listed in the ROD.

60
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2.0 AREA-BY-AREA SAMPLING RATIONALE

The following section contains a historical area-by-area summary along with sampling rationale
as it applies to potential or known environmental contamination. To develop the sampling
rationale, the Firing Site Area has been broken up into building groups based on their historical
operations. The building groups are further broken down into a summary of individual buildings
where needed.

Only laboratory samples are discussed in the sampling rationale. Field screening for
RDXlHMX/TNT in soil samples will be performed as an integral part of the analytical program
as required by the Scope of Services. Field screening will be collected in previously unsampled
areas to better guide laboratory sample placement.

Generalizations have been used in this area-by-area summary where applicable for sampling
locations. For a breakdown of all sample locations, sample depths, sampling parameters, and
rationale for each sample location in a tabular format, see attached tables.

Sampling rational was developed based on findings from historical engineering drawing review
(Work Plan Section 2.1), buildings review (Work Plan Section 2.2), historical aerial photographs
review (Work Plan Section 2.3), historical documents review (Work Plan Section 2.4), and
interviews with former employees (Work Plan Section 2.5).

Also, in developing sampling rationale, special attention has been given to the sample results
obtained from the 1996 JAYCOR Revised Draft Final Remedial Investigation. For a document
summary of the JAYCOR report, see Section 2.5.2, Ref. 264-274 of Work Plan Section 2.5,
"Historical Documents Review."

This section summarizes the sampling rationale and historical information in an area-by-area
format. To provide direction, references have been added to guide the reader to where more
detailed information can be found on the following summarized subjects. Throughout the
following sections the total area encompassing all Firing Site structures will be referred to as the
Firing Site (FS) Area; individual buildings will be referred to as, for example, FS-(building
number).

2.1 FS-1 and FS-2

FS-1 and FS-2 were grouped into an area of concern because of their proximity to one another
and because both buildings were administrative and storage buildings. FS-2 was constructed in
1948 and was used as an inert storage facility. In 1952 FS-1 was constructed and served as an
office and administrative building. From interviews conducted, it was learned that there was an
X-ray film processing machine used in FS-1 to develop film of test shots performed at the Firing
Site Area. From the interviews and drawings, it was learned that a septic tank served FS-1 and
FS-2. It was also learned that process water from an X-ray film developing machine at FS-I may
have been drained into the septic system. Therefore, metals sampling will be done at FS-1 and
FS-2. Seven sample locations are planed for this area. The exact location of the septic tank and
leach field are not known, so the sample locations are distributed over a large area around the
site. Historical investigations did not produce any evidence that radiological materials,
explosives, or solvents were handled at either of these buildings. TN&A does not recommend
explosives and radionuclide sample locations at FS-1 and FS-2.

6(
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2.2 FS-3, FS-4, and FS-5

Between 1948 and 1952, three general purpose storage magazines were constructed. FS-3, FS-4,
and FS-5 were grouped into an area of concern due to their proximity to one another and because
all three buildings were used for storage of munitions and radiological materials. No actual
ordnance testing was done at any of these facilities; therefore, the area is not suspect for
contamination. From interviews conducted it was learned that during AEC operations between
1965 and 1973, components for the hydro-shots were assembled at FS-5. Presently FS-3 is used
for detonator storage, FS-4 is used for warhead booster and TNT storage; and FS-5 is used to
store inert materials. There is an environmental chamber in FS-5, which is occasionally used to
temporarily store finished products.

There will be seven sample locations at this site, four along the perimeter and one near each
building. Explosives samples will be taken at each sample location to check for residual
explosives.

2.3 FS-6, FS-7, and FS-8

During many of the years at IAAAP, especially during AEC operations, employees had restricted
access on the plant and were given infonnation only on a need-to-know basis. Consequently an
employee may have very specific knowledge of a process or area where he worked, but know
nothing of any other process or area outside ofhis job. Because ofthis, very little is known
about FS-7. FS-7 is shown on engineering drawings (TN&A Drawing No. 2000114-5050-TF
1972-S-0061.TIF) as an observation bunker; however no one interviewed knows anything about
FS-7, nor is it listed in any of the documents reviewed. Similarly, very little is known about
FS-8. It is assumed that FS-7 and FS-8 were support structures for FS-6.

In 1948 FS-6 was constructed. The date of construction for FS-7 is unknown. FS-6, FS-7, and
FS-8 were grouped into an area ofconcern because of their proximity to one another and because
explosive testing was done at these locations. Interviews conducted with Firing Site Area
personnel indicate that FS-6 was the primary testing area until FS-14 was built in 1972.
Drawings show an observation bunker and test-fire pad at FS-6. Plane wave lens shots were
tested at FS-6. Plane wave lens shots were used to research explosive detonation waves and did
not contain any radioactive elements. The explosives used in these shots were Composition B
and barium nitrate. The COCs of the plane wave lens shot are the explosives associated with this
type of shot. After the completion ofFS-14 in 1972, the plane wave lens testing was ceased at
FS-6 and mines were tested. Presently FS-6 is active for the testing ofordnance currently
produced at IAAAP. Three soil sample locations will triangulate the test-firing pad at FS-6.
Explosives samples will be taken at these locations.

Little is known about FS-7 and FS-8. Engineering drawings show them to be observation
bunkers. FS-8 was constructed in 1952. FS-7 and FS-8 will have one sample location each.
One sample location is to the east of FS-7. To the northeast of FS-6, near the drop basin, one
location will be tested for explosives and metals to confinn a JAYCOR sample location's
reporting levels exceeding action levels.
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2.4 FS-9, FS-10, and FS-11

FS-9, FS-1 0, and FS-11 first appeared in an aerial photograph dated 1941. These firing sites
were grouped into an area of concern because of their proximity to one another and to explosive
testing done at these locations. Due to tight security measures of Firing Site operations and a
lack ofliving personnel with knowledge ofthis area, little is known about these three sites.
Radionuclide samples will not be taken at the explosive sample locations. Drawings show that
FS-9 was an underground observation bunker. The bunker is believed to have been used in
support of testing at the test-fire pad at FS-10. Presently FS-9 has an electrical transformer in it
and will be tested for PCBs as well as explosives.

FS-10 is an underground bunker with a test-fire pad on the surface. This area matches
descriptions of the "old FS-12" given by interviewees. It is assumed that FS-10 is the "old
FS-12." Little information on FS-10 and operations conducted there is available. Three soil
sample locations will triangulate the firing pad and be tested for explosives. A fourth soil sample
location will be sampled for explosives to confirm a JAYCOR sample location reporting
contaminates above action levels.

FS-11 was an underground high-explosive supply magazine and the probability of contamination
at this location is low. Therefore one sample location will be sampled for explosives and PCBs.
PCBs are being tested here due to the proximity of the electrical transformer at FS-9. During a
site walkover by TN&A personnel in November 2000, remnants of an underground bunker
(FS-11) were found.

2.5 FS-12 and Wide-Area Munitions (WAM) Site

FS-12 was constructed by AEC in 1964. AEC used FS-12 to test hydro-shots. After AEC turned
over operations ofthe Firing Site to the Army in 1975, FS-12 was used for testing conventional
weapons. Until November 2000, FS-12 was being utilized as for quality assurance (QA) testing
of TOW and Hellfire missiles. The discovery ofDU in November 2000 at the site halted all
testing at FS-12. The DU contamination appears to be a result of hydro-shots.

During the hydro-shot explosion, the DU would be scattered several hundred feet from the firing
point at FS-12. The records ofhydro-shot testing at FS-12 report that, between December 1965
and December 1973, 701 hydro-shots were performed. These reportedly dispersed about
4,000 kg (about 8,870 lbs) ofDU.

Explosive samples will be taken at 10 locations at FS-12. Three of the sample locations are next
to the JAYCOR locations identifying explosives, to confirm the presence of explosives. One
location is near the firing-pit where there is likely to be explosive and metals contamination from
test firing of ammunition. Six sample locations are around the perimeter of the site to determine
the extent of contamination.

In addition to the 10 explosive sample locations listed above, 4 sample locations will be tested
for explosives and metals to the east ofFS-12. Drawings (TN&A Drawing No. 2000114-5050
1999-S-0021.TIF) and aerial photographs (TN&A photograph 2000011-421O-1990-S-0001.TIF)
show the Wide Area Munitions (WAM) site located east of FS-12. These structures were visible
in the 1983 and 1990 aerial photographs but were no longer present in the 1994 aerial photo
graphs. This area consisted of 3 or 4 unlined pits in the ground. The pits were approximately
6 feet square by 6 to 8 feet deep. The area is also known as the Total Containment Explosive
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Firing Site. From interviews of Firing Site workers it was learned that mines were tested in the
pits. In addition it was learned from interviewees that water in the bottom of the pits was red
from explosives.

Engineering drawings and interviews confirm that there was an X-ray bay at FS-12. It is known
that the X-ray was used to observe the hydro-shots conducted in the 1960s and 1970s. Metals
sampling will be conducted at this site. Four sample locations around the X-ray bay will be
tested for residual metals from X-ray operations.

Per USACE-Omaha direction, TN&A conducted a very brief and informal survey ofFS-12 in
November 2000. Eleven pieces ofDU-238 were found. These pieces ranged in size from slivers
a fraction of an inch long to chunks 6 inches long by 2 or 3 inches thick. The DU was found
scattered across the Firing Site (see Figure 10), up to 286 feet from the FS-12 bunker. The
majority of the pieces were found buried 3 to 12 inches in the ground. AO safety personnel
disposed of the DU found at FS-12.

Before turning the Firing Site to the Army, AEC tested soils at FS-12 for radioactivity and
contracted for soil excavation to remove contaminated soil from around the firing point at FS-12.
Soil was reportedly excavated to a depth of 15 feet at the firing point and from 1 to 2 inches from
the surrounding area (including the WAM site). The volume of soil and debris removed is
reported as 86 cubic meters (112 cubic yards). The drummed material was shipped offsite to
Nuclear Engineering Company in Sheffield, Illinois, for disposal as radioactive waste (Ref. 141).
This area is included in the radiological survey and will be checked for radiological residue.

The possibility of unexploded ordnance around the area ofFS-12 exists. An unexploded
ordnance (UXO) plan will be submitted if required. The UXO plan will be carried out before
any site radiological surveying can begin.

2.6 FS-13

It appears that FS-13 does not now or ever did exist. There is no mention or discussion ofFS-13
in any of the documents or drawings reviewed by TN&A. Employees interviewed maintain that
there never was an FS-13.

2.7 FS-14

FS-14 was used for the purpose of test-firing ordnance. Two test-fire chambers are located on
the site. Little information was available for determining exactly what was tested at FS-14 or
when testing took place. It was learned from interviewees that plane wave lens shots and tile
shots were performed at FS-14. Tile shots consisted of a relatively small amount of conventional
explosives and boosters. The tile shots were conducted later in ABC operations (interviewees
could not give exact dates). Previous sampling by JAYCOR detected explosives, radionuclides
and metals contamination. Two locations to the east ofFS-14 had reported radionuclides. One
location reported the presence of explosives and metals. Five TN&A sample locations will
bracket this area to confirm the JAYCOR findings exceeding action levels. Three of the
locations are to be sampled for explosives, radionuclides, and metals. Two locations are to be
sampled for explosives and radionuclides.

To the west of FS-14, one JAYCOR sampling location reported radionuclides exceeding action
levels. Three TN&A sample locations will triangulate the JAYCOR location to confirm the
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presence ofradionuclides. The three sample locations are to be sampled for explosives. One
sample location is to be sampled for metals in addition to explosives.

2.8 FS-15'

FS-15 is an ammunition quality test-fire facility. Engineering drawings show a recessed test fire
site. Little is know about FS-15 due to operation security during AEC operations and a lack of
people with knowledge of activities at the site. TN&A proposes 6 sample locations at FS-15.
Previous JAYCOR sampling had two locations southeast ofFS-15 reporting radionuclides above
action levels. Two TN&A sample locations to the southeast ofFS-15 and two locations to the
northwest will bracket one of the JAYCOR sample location and define the area of
contamination.

2.9 Conclusion

The Firing Site Area was developed for the purpose of testing munitions developed at IAAAP.
From interviews, historical documents, aerial photographs and drawings as well as a walkover, it
is known that the Firing Site Area is very likely to be contaminated. The likely contaminates are
explosives, metals and radionuclides. At FS-9, PCB contamination from electrical equipment is
possible. The largest area of concern is FS-12, where chunks ofDU have recently been found.
TN&A is not scoped to collect radiological samples. The following sections go into greater
detail on the information obtained and the SAP.
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3.0 SAMPLING METHODS

Field activities under this supplemental remedial investigation are intended to delineate the
nature and extent of soil contamination by using sampling and analytical methods. This section
discusses the field activities for carrying out sample collection at Firing Site. Field activities
consist ofUXO surveying, sample location surveying, subsurface sample collection, quality
assurance/quality control (QNQC), and field and sample documentation. This field sampling
plan is supported by a QAPP (Appendix C).

To prepare the sampling strategy, TN&A reviewed historical information regarding past and
current operations at the Firing Site Area. The sampling design was developed to characterize
large areas of the Firing Site Area because explosive testing operations at the Firing Site Area
tend to scatter material across large areas. Sampling will be concentrated on characterizing
surface and near-surface soils.

Previous sampling (Refs. 264-274) indicates that there is little explosive residue at the Firing
Site Area. Therefore, there will be a small number of samples taken at the test-fire areas to check
for residual contamination from explosives and metals. Based on interviews, historical
documents and a walkover of FS-12, it was determined that radionuclides should be tested at
each of the FS facilities. It is also known that DU was stored and handled at FS-5. TN&A is not
scoped to collect radionuclide samples. However, TN&A will be screening samples for rad
contamination protect workers and sample integrity.

Originally, TN&A had a sampling scope of 100 soil samples for explosives, 100 for metals, and
20 samples for volatile organic compounds. However, after researching the historical drawings,
documents, aerial photographs, and information obtained from site personnel interviews, the
required number of samples has been revised to adequately cover the areas of concern within the
Firing Site. The total number of samples for each parameter tested and QC sample numbers are
presented in Table 1. See Figures 4 through 10 for sampling locations.

Sampling rationale for the Firing Site was completed from information gathered from 31 of
100 historical drawings, over 300 documents, aerial photographs (1937-1998), site personnel
interviews, and the 1996 JAYCOR Revised Draft Final Remedial Investigation document.

3.1 Data Quality Objectives

The specific data quality objectives associated with the sampling program of this project consist of
the following:

• Obtain data of sufficient quantity and quality to define and delineate chemical contamination

• Obtain data of sufficient quantity and quality to support remedial design activities.

For the purposes of this investigation, DQOs are subdivided into two parts: those for screening
data and those for definitive data.
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3.1.1 Screening DQDs

Screening data are usually generated in the field using portable or semi-portable equipment and
are, by nature, somewhat less reliable than definitive data generated by an accredited laboratory.
Screening data do not require the same high levels of QC and documentation that are required of
definitive data. Screening data should be of sufficient quality to:

• Identify specific contaminants of concern at the site
• Define and delineate areas ofcontamination
• Aid in the design and execution of investigative activities.

3.1.2 Definitive DQDs

Definitive data are generated at a fully accredited fixed-base or mobile laboratory using client
specified or industry-standard methodologies. Laboratories generating definitive data are
required to have a Laboratory Quality Assurance Plan (LQAP) that identifies method-specific
QC activities and acceptance criteria as well as overall QA requirements (e.g., documentation
requirements, senior review of analytical data).

The completeness objective for definitive data is 90 percent. Where it is technically feasible,
reporting limits for definitive data must be below project action levels (i.e., preliminary objective
goals or regulatory limits). Precision and accuracy requirements will be established in
conjunction with the laboratory (after it has been selected) and approved by the USACE project
team prior to commencement of any field work.

Definitive data should be of sufficient quality to:

• Withstand scientific and legal scrutiny
• Support the project decision-making process
• Support risk assessment activities
• Support remedial design activities

3.2 Field Screening Collection

Explosives field screening samples will be collected in previously unsampled areas to better
guide where laboratory samples should be collected. The field team leader will coordinate the
placement and collection of the field screening samples. Five to 10 field screening samples may
be taken at each area of laboratory sample locations. The size of the area and the extent of
contamination will guide the number of field screening samples taken. If the field screening
samples indicate extensive contamination, more than 10 field screening samples may be taken to
define the quantity of fixed laboratory samples.

Field screening for RDX/TNT in soil and aqueous samples will be performed as an integral part
of the analytical program as required by the Scope of Services. A field laboratory will be set up
to accommodate sample preparation and analysis using approved methods. TN&A field
personnel will conduct the field screening.

Appendix G includes a "User's Guide for Conducting Field Screening of TNT and RDX" as
prepared by the manufacturer of the field testing kit. This procedure will be followed in the
preparation and analysis of field screening soil samples.
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3.3 Radiological Surveying

The possibility of radiological contamination at firing site has the potential to expose field
sampling teams and fixed laboratories to this contamination. Field screening methods will be
used to protect the safety of field and laboratory workers as well to uphold the integrity of
samples obtained at firing site for explosives, metals, VOCs, semivolatile organic compounds
(SVOCs), PCBs, and pesticides analyses.

DU fragments could be encountered in some areas during sampling activities. Pre-sampling
surveys will be conducted in order to identify any radiological hazards that may be present near
the area of sampling. Avoidance of the DU fragments will be done when the material is
encountered. If a sample location exhibits radiological activity 1.5 times above site-specific
background it will be moved to a new location less than 1.5 times background.

3.3.1 Radiological Survey Guidance

TN&A standard operation procedures for radiological surveying (Appendix E) will be followed.
Appendix E covers the proper monitoring and handling of incidental radioactive materials
encountered during soil sampling. Radiological surveys of the area of interest will be conducted
before and during sampling activities. Under no circumstances shall work continue under this
procedure when (1) whole body (approximately 3 ft from source) radioactive dose exceeds
50 IlRJhr or (2) contamination levels exceed 20,000 dpm/lOOcm2 • If these levels are exceeded,
work on the contaminated item or area will halt. American Ordinance (AO) will be contacted,
and those personnel will control the contamination.

3.3.2 Sample Screening for Radiological Contamination

During soil sampling an action limit of 1.5 times background has been established. If a soil
sample indicates a count rate at 50 percent greater than background, the action level has been
exceeded. This sample should be returned to the sampling location. All equipment and PPE used
to obtain this sample should be bagged and AO personnel will be contacted to control the
material.

While working with potentially contaminated soils, personnel must take all necessary
precautions to ensure that no airborne hazard is created. If necessary, they can sprinkle the soil
with analyte-free water to reduce the amount ofdust generated.

3.3.3 Personnel Surveys

All personnel who may have come in contact with contaminated soils must survey themselves
before leaving the immediate area.

Personnel surveys will use the beta-detector to survey their face, hands, and feet. The detector
will be held approximately 2 cm from the surface of the soil and moved at a rate of 1 to 2 inches/
second. If any detectable increase in the count rate is noted, the area will be resurveyed. If the
activity is still present, baby-wipes or similar materials may be used to decontaminate the
affected area. In all cases ofpersonnel contamination, AO must be contacted to verify that the
person has been properly decontaminated, and that the decontamination materials are properly
managed.
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3.4 Sample Location Surveying

Land surveys of the sample locations will be perfonned by a qualified subcontractor licensed in
the State of Iowa'under the supervision of a TN&A representative. All surveys will be
perfonned in metric units with NAD83 as the horizontal datum and NAVD88 as the vertical
datum. The USACE metric benchmarks at IAAAP will be used for the survey; USACE will
provide the locations of these benchmarks. The survey data will be reported in both metric and
English units.

3.5 Subsurface Soil Sampling

This section describes the field methods that will be used in collection of soil samples by way of
direct push technology (DPT) or hand augering.

3.5.1 Direct Push Technology

TN&A will obtain subsurface soil samples from each of the identified sample locations by using
DPT where accessible. Soil borings will be drilled in compliance with local, State, and Federal
regulations. Soil drilling will be perfonned using 4.25-in. inner diameter hollow stem augers.
The soil samples to be collected by DPT will be accomplished by using a stainless steel soil
sampling tool lined with precleaned acetate (i.e., plastic) sleeves.

The soil samples will be described and geologic logs prepared in accordance with the Geology
Scope of Services (Appendix F).

Samples will be screened for presence of volatile organic compounds using headspace-screening
methods. Samples will also be surveyed for radiological contamination (see Section 3.3). Color
photographs will be taken of any visual explosive or chemical contamination anomalies.

Any excess soil material will be returned to the boring. Decontamination of sample tools
between each sample and decontamination of drive rods between each boring will be perfonned.

After completion of drilling activities, the site will be restored as close as possible to its original
condition.

3.5.2 Hand Auger

In areas inaccessible for DPT, a hand auger will be used to collect samples. Each hand auger
boring shall be advanced by manually turning a hand auger, equipped with 3-in.-diameter
cylindrical stainless steel bits, until the auger head fills with cuttings. The hand auger is then
pulled from the boring, and the cuttings are placed into a stainless steel mixing bowl. Samples
from the stainless steel mixing bowl will be placed in sample containers. The hand augering will
be continued until the total sample depth is achieved. All borings will be logged for lithologic
characteristics in accordance with Appendix F. Any excess material will be returned to the
boring.

Firing Site Field Sampling Plan (Appendix B).doc - 9/20/2001 Page 3-4
Sampling Methods



Iowa Army Ammunition Plant, Firing Site - Field Sampling Plan Addendum

4.0 FIELD DOCUMENTATION

This section describes how the field sampling activities will be documented. "Field Records and
Documentation,'~ located in Appendix E, will be used by field personnel to provide consistent
procedures and formats; by these, field records will be kept and activities documented, and a
methodology to manage field records will be developed.

4.1 General Logbook Information

All information pertinent to drilling and sampling activities, including field instrument
calibration data, will be recorded in logbooks. The logbooks will be bound, and the pages will
be consecutively numbered. Entries in the logbooks will be made with black waterproof ink.
Sufficient information will be recorded in the logbooks to permit reconstruction of all field
activities conducted. Information recorded on other project documents (i.e., sample collection
logs, lithologic logs, chain-of-custody forms) will not be repeated in the logbooks except in
summary form where deemed necessary.

Field personnel responsible for completing the logbooks will keep them or store them in a secure
place when not being used during fieldwork. Upon completion of the field activities, all
logbooks will become part ofthe final project file.

Three types of logbooks will be issued and tracked by the field team leader: site, field, and safety
and health. While some duplication of information may occur between the types of logbooks,
this activity will ensure that all required information is being recorded.

4.2 Site Logbooks

The site logbook will present a general overview of all the site activities that occurred during the
workday. The field team leader will be responsible for maintaining the site logbook. The site
logbook will include, at a minimum:

• Name, title, originator, date, and times of arrival at and departure from the work site
• Name and address of the field contact
• Names of all field crew members
• Names, titles, and association of any site visitors
• Information regarding sampling changes, scheduling modifications, and change orders
• Information regarding drilling decisions that have not been recorded on the boring log
• Information regarding sampling decisions
• Information regarding access agreements, if applicable

- General field observations
- Summary ofdaily tasks
- Documentation on any cost or scope or work changes required by field conditions

• Signature and date entered by personnel responsible for observations recorded.
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4.3 Field Logbooks

Each field crew will be issued a field logbook to note detailed descriptions ofall activities
completed by the crew for each working day. The field logbooks will contain, at a minimum, the
following:

• Name, title, originator, date, and times ofarrival at and departure from the work site
• Purpose ofthe drilling and/or sampling activity
• Name and address of the field contact
• Names and responsibilities of field crew members
• Names, titles, and association of any site visitors
• Sample collection method
• Quantity, location, and volume of sample(s) collected
• References for all maps of the sampling site(s)
• Information regarding sampling changes, scheduling modifications, and change orders
• Information regarding drilling decisions that have not been recorded on the boring log
• Information regarding sampling decisions
• Information regarding access agreements, if applicable
• Details ofthe sampling location, including a sketch map illustrating the sampling location
• Date and time of sample collection and name of collector
• Sample identification number(s)
• Information from containers, labels of reagents used, deionized, and organic-free water used,

etc.
• Field observations
• Types of field instruments used and purpose ofuse, including calibration methods and results
• Investigation-derived waste (IDW) documentation infonnation including:

Types ofcontainers/drums
- Contents, type, and approximate volume of waste
- Type ofcontamination and predicted level of contamination based on available infonnation

• Signature and date entered by personnel responsible for observations recorded.

4.4 Safety and Health Logbook

A logbook will be maintained by the Site Safety and Health Officer (SSHO) to document all
safety and health activities. The SSHO will be responsible for ensuring the following
information is entered into the logbook:

• Daily health and safety meeting/briefing
• Daily health and safety site inspection(s)
• Daily inspection of field equipment
• Weather, including general weather conditions, temperature, relative humidity, barometric

pressure, wind, and direction
• Major changes in weather conditions
• Problems associated with field monitoring equipment
• Medical problems associated with any field team member, including anyone taking special

medications
• Any visitors introduced at the site along with health and/or training records, as appropriate.

1/
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5.0 SAMPLE DOCUMENTATION

5.1 Sampl~ Labels

Labels will be affixed to all sample containers during sampling activities. Information will be
recorded on each sample container label at the time of sample collection or will be preprinted on
the label. The following information is to be recorded on the labels:

• Contractor name
• Sample identification number
• Analysis to be performed
• Type of chemical preservative present in container
• Type of sample (i.e., discrete or composite)
• Sample medium (soil or liquid)
• Site location
• Date and time of sample collection
• Sampler's initials.

An example of the sample label to be used for the project is illustrated in Figure 6-2 in the
QAPP.

5.2 Sample Numbering System

Soil samples collected during the field effort will be identified with unique sample numbers in a
manner that is consistent with TN&A chemical data management procedures. Sample
information such as sample location, analytical methods, type of sample (regular, duplicate, trip
blank, etc.), sampling method, and other information will be preassigned by the TN&A data
coordinator prior to the sampling event. Sample numbers will be correlated with their correct
location, sample date and time, and other pertinent tracking information in the sample
management system.

5.3 Sample Collection Logs and Other Field Documentation

Additional field infonnation (e.g., lithologic data, sample collection data, etc.) will be recorded
on field forms. These forms will facilitate the documentation of information pertinent to field
activities and data base development.

5.4 Chain-of-Custody Records

Chain-of-custody procedures provide documentation ofthe handling of each sample from the
time ofcollection until completion of laboratory analysis. The chain-of-custody form serves as a
legal record of possession of the sample. A sample is considered to be under custody if one or
more of the following criteria are met:

• The sample is in the sampler's possession.
• This sample is in the sampler's view after being in possession.
• The sample was in the sampler's possession and then was placed into a locked area to

prevent tampering.
• The sample is in a designated secure area.
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Custody will be documented throughout the project field sampling activities on the chain-of
custody form initiated each day during which samples are collected. This record will accompany
the samples from the site to the laboratory and will be returned to the Project Manager with the
final analytical report. All personnel with sample custody responsibilities will be required to
sign, date, and note the time on the chain-of-custody form when relinquishing samples from their
immediate custody (except in the case where samples are placed into designated secure areas for
temporary storage prior to shipment). Bills of lading will be used as custody documentation
during times when the samples are being shipped from the site to the laboratory and will be
retained as part of the permanent sample custody documentation.

Chain-of-custody forms will be used to document the integrity of all samples collected. To
maintain a record of sample collection, transfer between personnel, shipment, and receipt by the
laboratory, chain-of-custody forms will be filled out for sample sets as determined appropriate
during the course of the field work. An example of the chain-of-custody form to be used for
project is provided in Figure 6-1 in the QAPP. The following information will be recorded on all
chain-of-custody forms:

• Sample number (for each sample in shipment)
• Collection date and time (for each sample in shipment)
• Number of containers for each sample
• Sample description (i.e., environmental medium)
• Analyses required for each sample
• Sample preservation technique(s)
• Chain-of-custody number
• Shipping address of the laboratory
• Date, time, method of shipment, courier, and airbill number
• Space to be signed as custody is transferred between individuals.

The field team collecting the sample is responsible for initiating the chain-of-custody and must
relinquish custody to the Sample Coordinator. The Sample Coordinator is responsible for
shipping the samples from the field to the laboratory, completing the chain-of-custody form, and
noting the date and time ofshipment. The Sample Coordinator will also inspect the form for
completeness and accuracy. After the form has been inspected and determined to be
satisfactorily complete, the Sample Coordinator will sign, date, and note the time of transfer on
the form. After a copy of the chain-of-custody form has been made for the field records, it will
then be placed in a sealable plastic bag and taped to the inside of the cooler used for sample
transport. The field copy of the form will be appropriately filed and kept at the site for the
duration of site activities.

In addition to the chain-of-custody form, chain-of-custody seals also will be placed on each
cooler used for sample transport. These seals will consist of an adhesive material placed across
the lid and body ofthe coolers in such a manner that if the cooler is opened, the seals will be
broken. The chain-of-custody seals will be signed and dated by the individual responsible for
completing the chain-of-custody form in the cooler. The signature and date will be written on
both the cooler lid and cooler body portions of the seals.

7~
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5.5 Corrections to Documentation

All original data recorded in field logbooks, chain-of-custody records, and other documentation
used in the field will be written in water-resistant black (indelible) ink. None of these original
documents will be altered, destroyed, or discarded even if they are illegible or contain
inaccuracies that require correction. Errors made in any field documentation will be corrected by
the individual making the original entry. A single line will be drawn through the incorrect
information and the correct information entered adjacent to the original incorrect entry. All
corrections will be initialed and dated.

Sample packaging and shipping will be conducted in accordance with applicable U.S.
Department of Transportation specifications. Packaging and shipping procedures to be used for
environmental and QC samples collected during the project will be completed as described in the
following sections.

5.6 Sample Packaging

Once samples have been collected, the following procedure will be followed to ensure that
samples are correctly prepared for shipment.

• Sample containers will be adequately identified with sample labels placed on each container.
• Each label will be covered with clear tape to ensure it remains legible and intact on the

container.
• Custody seals will be placed over bottle lids and end caps of liners.
• Each sample container will be placed into a separate plastic bag that will then be sealed.
• Volatile organic analysis vials will be properly packaged to prevent breakage and then sealed

as a set in a plastic bag.

5.7 Sample Shipping

Once the sample packaging procedure has been completed, the following procedures will be
followed to ready the samples for shipment.

• A plastic garbage bag will be placed in the sample cooler.
• Vermiculite will be placed in the bottom ofthe garbage bag.
• The plastic bags containing the samples will be placed in vermiculite.
• One trip blank will accompany each cooler containing water VOC samples.
• Ice, which will be double-bagged in plastic bags, will be placed next to the VOC sample

packaging to help maintain a temperature of4°C.
• Ice, which will be double-bagged in plastic bags, will be placed on top of the samples.
• The garbage bag will be filled to the top with vermiculite.
• The garbage bag will be sealed with tape.
• The chain-of-custody will be placed into a plastic bag, which will then be sealed and taped to

the inside of the sample cooler lid.
• The outside ofthe sample cooler will be taped to ensure the lid remains closed and custody

seals will be applied.
• If the cooler has a drain plug, the drain plug will be taped shut.
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5.8 Analytical Laboratories

A USACE-certified laboratory will be conducting chemical analyses on the environmental
samples and all associated QC samples.

Firing Site Field Sampling Plan (Appendix B).doc - 9/20/2001 Page 5-4
Sample Documentation



Iowa Army Ammunition Plant, Firing Site - Field Sampling Plan Addendum

6.0 INVESTIGATIVE-DERIVED WASTES (lOW)

All IDW will be properly contained upon generation. The anticipated wastes include
decontamination water, soil cuttings from intrusive sampling, plastic sheeting, and disposable
personal protective equipment waste. These materials will be properly handled and contained
until their removal from the site for final disposition. TN&A personnel will coordinate the
disposal ofIDW on site with CENWO-CD-BA-B (Debra Wallin) at (319) 753-7808 or
(319) 753-7843.

Portable poly water tanks and 55-gal drums will be used as appropriate to containerize the IDW
generated during the investigation. All materials that are free of contamination and that can be
reused will be recycled where appropriate and economically feasible.

Waste maybe classified as non-IDW or IDW. Non-IDW, such as litter and general garbage, shall
be collected on an as-needed basis to maintain each site in a clean and orderly manner.
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7.0 DAILY QUALITY CONTROL REPORTS (DQCRs)

During the field investigation activities, the project team will prepare Daily Quality Control
Reports (DQCRs) that will be signed and dated. These reports will be submitted to the
USACE-Omaha Project Manager at the end of each week. Each DQCR will summarize the
following:

• Activities performed at the project site

• Weather information at the time of sampling

• Results of measurements made with field instruments

• Field instrument calibrations

• Departures from the approved project plans

• Problems encountered during field activities

• Any instructions received from government personnel.

Any deviations that may affect the project data quality objectives will be immediately conveyed
to the USACE-Omaha Project Manager.
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TABLES
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Table 1 Firing Site Sampling and Analysis Suite

Regular QC Soil Total QC Water Total
Parameter Method .. Soil Field Cup ... MS MSC Soil Eq. Blank Samples

PCBs 8082 3 1 1 1 6 1 6

Target Metals 6010B/7000 29 2 2 2 35 2 37

Explosives 8330 43 3 3 3 52 3 55

Notes:
1. Target metals include arsenic, barium, beryllium, boron, cadmium, chromium, lead, mercury, selenium,

and silver.

2. OC water samples =Equipment rinsate blanks collected at 5 percent frequency.

3. OC soil samples =Field duplicates, matrix spikes, and matrix spike duplicates; each collected at
5 percent frequency.

4. MS/MSDs and equipment rinsate blanks are not collected with field screening samples.
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Table 2 Firing Site Sample Locations and Rationale

Sample Loc~tion Rationale Depth Explosives Metals PCB

TFS 01001 Septic tank at FS-1, metals 4-6 ft. 2
contamination possible from
photography operations.

TFS 01002 Septic tank at FS-1, metals 4-6 ft. 2
contamination possible from
photography operations.

TFS 01003 Septic tank at FS-1, metals 4-6 ft. 2
contamination possible from
photography operations.

TFS 01004 Septic tank at FS-1, metals 4-6 ft. 2
contamination possible from
photography operations.

TFS 01005 Septic tank at FS-1, metals 4-6 ft. 2
contamination possible from
photography operations.

TFS 02006 Septic tank at FS-2, metals 4-6 ft. 2
contamination possible from
photography operations.

TFS 02007 Septic tank at FS-2, metals 4-6 ft. 2
contamination possible from
photography operations.

TFS 03008 Storage area at FS-3. Ref. 0-1 ft. 1
Interviews. Previously
unsampled.

TFS 03009 Storage area at FS-3. Ref. 0-1 ft. 1
Interviews. Previously
unsampled.

TFS 04010 Storage area at FS-4. Ref. 0-1 ft. 1
Interviews. Previously
unsampled.

TFS 04011 Storage area at FS-4. Ref. 0-1 ft. 1
Interviews. PreViously
unsampled.

TFS 05012 Assembly and storage of 0-1 ft. 1
depleted uranium components
at FS-5. Ref. Interviews.

TFS 05013 Assembly and storage of 0-1 ft. 1
depleted uranium components
at FS-5. Ref. Interviews.

TFS 05014 Assembly and storage of 0-1 ft. 1
depleted uranium components
at FS-5. Ref. Interviews.

TFS 06015 Munitions test-fire location at 0-1 ft. 1
FS-6.
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Table 2 (continued)

Sample Location Rationale Depth Explosives Metals PCB

TFS 06016" Munitions test-fire location at 0-1 ft. 1 1
FS-6.

TFS 06017 Munitions test-fire location at 0-1 ft. 1
FS-6.

TFS 06018 JAYCOR Hit. 0-1 ft. 1

TFS 07019 Munitions test-fire location at 0-1 ft. 1
FS-7.

TFS 09022 Transformer station at FS-9. 0-1 ft. 1

TFS 09060 Transformer station at FS-9. To be 1
determined

TFS 10023 Munitions test-fire location at 0-1 ft. 1
FS-10.

TFS 10024 Munitions test-fire location at 0-1 ft. 1
FS-10.

TFS 10025 Munitions test-fire location at 0-1 ft. 1
FS-10.

TFS 10026 Munitions test-fire location at 0-1 ft. 1
FS-10.

TFS 11027 Transformer station in vicinity 0-1 ft. 1 1

TFS 12028 Define extents of contamination 0-1 ft. 1

TFS 12029 Explosives and metals potential 0-1 ft. 1 1
release in drag off pit.

TFS 12030 JAYCOR RI detection of metals 0-1 ft. 1 1

TFS 12031 Define extents of contamination 0-1 ft. 1

TFS 12032 Define extents of contamination 0-1 ft. 1

TFS 12033 Define extents of contamination 0-1 ft. 1

TFS 12034 Define extents of contamination 0-1 ft. 1

TFS 12035 Define extents of contamination 0-1 ft. 1

TFS 12036 Define extents of contamination 0-1 ft. 1 1

TFS 12037 JAYCOR RI detection of 0-1 ft. 1 1
explosives and metals

TFS 12038 Former WAM Site Ref. 0-1 ft. 1 1
Interviews and TN&A Drawing
NO.2000114-5050-TF-1972-
S-0003.TIF & aerial photos
(FS-12).

TFS 12039 Former WAM Pit, Ref. 0-1 ft. 1 1
Interviews and TN&A Drawing
NO.2000114-5050-TF-1972-
S-0003.TIF & aerial photos
(FS-12).

Rf
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Table 2 (continued)

Sample Location Rationale Depth Explosives Metals PCB

TFS 12040' Former WAM Pit Ref. 0-1 ft. 1 1
Interviews and TN&A Drawing
No.2000114-5050-TF-1972-
S-0003.TIF & aerial photos
(FS-12).

TFS 12041 Former WAM Pit Ref. 0-1 ft. 1 1
Interviews and TN&A Drawing
No.2000114-5050-TF-1972-
S-0003.TIF & aerial photos
(FS-12).

TFS 12056 Ref. Interviews and TN&A 0-1 ft. 1
Drawing No. 2000114-5050-
TF-1972-S-0003.TIF & aerial
photos (FS-12).

TFS 12057 Ref. Interviews and TN&A 0-1 ft. 1
Drawing No. 2000114-5050-
TF-1972-S-0003.TIF & aerial
photos (FS-12).

TFS 12058 Ref. Interviews and TN&A 0-1 ft. 1
Drawing No. 2000114-5050-
TF-1972-S-0003.TIF & aerial
photos (FS-12).

TFS 12059 Ref. Interviews and TN&A 0-1 ft. 1
Drawing No. 2000114-5050-
TF-1972-S-0003.TIF & aerial
photos (FS-12).

TFS 14042 JAYCOR Hit at FS-14. 0-1 ft. 1

TFS 14043 JAYCOR Hit at FS-14. 0-1 ft. 1

TFS 14044 JAYCOR Hit at FS-14. 0-1 ft. 1 1

TFS 14045 JAYCOR Hit at FS-14. 0-1 ft. 1 1

TFS 14046 JAYCOR Hit at FS-14. 0-1 ft. 1 1

TFS 14047 JAYCOR Hit at FS-14. 0-1 ft. 1 1

TFS 14048 JAYCOR Hit at FS-14. 0-1 ft. 1

TFS 14049 JAYCOR Hit at FS-14. 0-1 ft. 1

TFS 15050 JAYCOR Hit at FS-15. 0-1 ft. 1

TFS 15051 JAYCOR Hit at FS-15. 0-1 ft. 1

TFS 15052 JAYCOR Hit at FS-15. 0-1 ft. 1

TFS 15053 JAYCOR Hit at FS-15. 0-1 ft. 1

TFS 15054 JAYCOR Hit at FS-15. 0-1 ft. 1

TFS 15055 JAYCOR Hit at FS-15. 0-1 ft. 1

TOTAL TOTAL 43 29 3
LOCATIONS: 58 SAMPLES:
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Table 3 Soil Remediation Action Levels

Chemical Preliminary Remedial Goals
(ppm)

Antimony 816

Arsenic 30

Beryllium 5

Cadmium 1,000

Chromium VI 10,000

Lead 1,000

Thallium 143

Benzo(a)anthracene 8.1

Benzo(a)pyrene 0.81

Benzo(b)fluoranthene 8.1

Dibenz(a,b)anthracene 0.81

Total PCBs 10

1,3,5-Trinitrobenzene 102

2,4-Dinitrotolune (2,4-DNT) 8.7

2,4,6-TNT 196

RDX 53

HMX 51,000

ppm =parts per million
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1. INTRODUCTION

This Quality Assurance Project Plan (QAPP) was prepared by T N & Associates, Inc. (TN&A) for
the U.S. Anny Corps ofEngineers, Omaha District (USACE) under contract DACW45-97-D-0015,
Delivery Order # 0016. This QAPP is based on the QAPP for the Off-Site Groundwater
Investigation at the Iowa Anny Ammunition Plant (IAAAP) prepared by Harza Environmental
Services (HARZA). The quality assurance aspects ofwork to be perfonned during the Supplemental
E:emedial Investigation (SRI) for Line 1 and Firing Site at IAAAP -am:addressed here. This
document is to be used in conjunction with the Field Sampling Plan (FSP) Addendum for Line 1 and
the Firing Site at IAAAP.

1.1 OBJECTIVES OF THE QAPP

This QAPP provides a consistent and detailed framework of policies, procedures, functional
activities, and organization to be used during the SRI at IAAAP. The QAPP outlines the quality
assurance (QA) program and quality controls (QC) that will be used to verify and maintain the level
ofperfonnance required to meet the program objectives. In addition, the QAPP provides specific
descriptions of how the QA program will be implemented at the laboratory., ,

,

The objectives of the QAPP are'as follows:

• Provide a consistent framework for generating analytical data.
• Address the quality of analytical systems used to perfonn data collection.
• Set forth procedures that demonstrate that the analytical systems are in control.
• Set forth procedures that limit the effect of non-laboratory activities on analytical data.
• Set forth record-keeping procedures commensurate with project data uses.
• Provide for generation and documentation of data ofknown and acceptable quality.

1.2 QAPP PREPARATION GUIDELINES

The QAPP is based on and is substantially consistent with the following documents to the extent
applicable:

• Quality Assurance Project Plan, Off-Site Groundwater Investigation (HARZA 1999).
• Chemistry Specification 1450, Chemical Data Quality Control (USACE 1999).
• EPA Requirements for Quality Assurance Project Plans for Environmental Data Operations

(EPA 1993).
• Guidance for the Data Quality Objectives Process (EPA 1994c).
• SW-846: Test Methods for Evaluating Solid Waste (EPA 1996).
• EPA Contract Laboratory Program: National Functional Guidelines for Inorganic Data Review

(EPA 1994a).
• EPA Contract Laboratory Program: National Functional Guidelines for Organic Data Review

(EPA 1994b).
• Requirements for the Preparation of Sampling and Analysis Plans (USACE 1994).

Page 1

'JO



Work Plans for Supplemental Remedial Investigation for Line I and Firing Site - Quality Assurance Project Plan
Addendum

2. PROJECT SUMMARY

This QAPP presents sampling, analysis, and QA/QC protocols and associated investigation activities
for the Supplemental Remedial Investigation for Line 1 and Firing Site at IAAAP. The primary
objective of this project is to obtain additional information at the selected sites to better define the
extent of soil contamination. The data acquired during this investigation will be incorporated into
remedial designs. In addition to site historical research and interviews, emphasis will be placed on
obtaining supplemental data to confirm previous sampling data and/or augment sampling data at
s.elected sites. Field activities and associated data collection activities~ described in the FSP
Addendum.

3. PROJECT ORGANIZATION AND RESPONSIBILITY

The following sections describe the QA organization structure that will be implemented to ensure
that the data collected in support of the investigation meet the project objectives and the specific
requirements outlined in this QAPP. The overall task organization, including a list ofproposed key
personnel and their responsibilities, is provided in Figure 2.1 of the Technical Proposal. Task
personnel with specific QA responsibilities are listed below.

3.1 CONTRACTOR QA RESPONSIBILITIES

QA Manager

• Ensure that the quality ofwork performed meets project QA objectives.
• Review project QA planning documents.
• Provide recommendations concemiQ.g project QA/QC objectives.
• Ensure that consistent QA/QC procedures are followed during the performance of project

activities.
• Ensure that QA procedures for program activities are conducted -in a manner consistent with

U.S. Environmental Protection Agency (EPA) QA guidance and QAPP objectives.
• Recommend corrective actions in response to out-of-control events.
• Evaluate data deliverables for compliance with QAPP requirements.
• Review field and laboratory audit reports, if any, and assist in determining and implementing

appropriate corrective actions in response to deficiencies identified during field or laboratory
audits.

• Provide technical guidance to the Project Manager.

Project Chemist

• Implement project QA requirements and coordinate field and laboratory data validation.
• Coordinate with the laboratories to provide required QC and sensitivity for Level III data.
• Coordinate with project management and Laboratory Quality Assurance Coordinators (LQACs)

during project activities to ensure that QA requirements are being met.
• Ensure that corrective action is implemented when out-of-control situations are identified.
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• Distribute project planning documents to key laboratory personnel.
• Check chain-of-custody records for correctness and accuracy.
• Review analytical procedures and results to evaluate the analytical QC parameters of reported

analytical results with respect to those defined in this QAPP.
• Maintain an awareness of laboratory sample load to prevent a sample overload that could result

in missed holding times and/or qualified analytical results.

Data Manager
._~

~-~

• Coordinate data processing, data tracking, and reporting requirements.
• Ensure that data are managed in accordance with applicable QAPP and EPA protocols.
• Coordinate preparation of graphics and tables for reports.
• Prepare data output for evaluation and report preparation, including data tables for final reports.
• Ensure the accuracy of data presented in graphics and tables.
• Resolve QC issues that may arise concerning the accuracy of reported data.
• Oversee entry of hardcopy data.
• Oversee data checks to eliminate mistakes in electronic data files.
• Prepare electronic data files for transfer to the USACE.
• Transfer electronic data files to the USACE.

3.2 LABORATORY QA RESPONSIBILITIES

Laboratory QA Coordinator

• Monitor laboratory workloads and ensure availability of resources.

• Review laboratory chain-of-custody procedures to ensure that they match requirements stipulated
in the associated planning documents.

• Oversee task laboratory activities to ensure the implementation of the analytical program
requirements specified in this QAPP.

• Maintain a system to check the quality of laboratory materials such as reagents and chemical
supplies.

• Document and communicate with the Project Chemist regarding any unusual analytical results
or situations that may require corrective action.

Laboratory Staff

• Perform the required analytical procedures in accordance with the analytical methods and
requirements of the QAPP.

• Document all observations, calculations, and procedures.
• Identify immediately any analytical problems.
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• Perfonn preliminary QC checks.
• Calibrate laboratory instruments.

3.3 FIELD QA RESPONSIBILITIES

Field Team Leader

•. Implement QAPP-required field QNQC activities.
• Review field measurements for accuracy and precision.
• Review field logbooks for completeness and accuracy.
• Recommend corrective actions, when appropriate, to maintain sample integrity.
• Coordinate field and sampling activities with the Project Manager.

4. QUALITY ASSURANCE OBJECTIVES

The overall QA objective for this project is to develop and implement procedures for obtaining and
evaluating data that meet the data quality objectives (DQOs) defined in Section 4.1. QA procedures
are 'established to ensure that field measurements, sampling methods, and analytical data provide
information that is comparable and representative of actual field conditions and that the data
generated are technically defensible. The QA objectiv~s are generally defined in terms of precision,
accuracy, representativeness, completeness, and comparability (PARCC) parameters, as described
below. Data that meet the QA objectives and goals (described below) will be deemed acceptable.
Data that do not meet objectives and goals will be reviewed on a case-by-case basis to ascertain their
usefulness. Section 13.0 describes how PARCC will be evaluated. When possible, corrective
actions will be taken to provide acceptable data when associated QA objectives are not met.

Definitions for PARCC are presented below (EPA 1987):

• Precision - a measure of mutual agreement among individual measurements of the same
property, usually under prescribed similar conditions. Usually expressed in terms of relative
percent difference (RPD) or standard deviation. Precision describes the effects random errors
have on analytical measurements.

• Accuracy - the degree ofagreement ofa measurement with an accepted reference or true value.
Accuracy is used to estimate the impact of systematic errors, or biases, on analytical

measurements required to make programmatic decisions.

• Representativeness - the selection ofanalytical methods and sampling protocols and locations
such that results are representative of the media being sampled (i.e., water, soil, etc.) and of the
conditions being measured.

• Completeness - the amount of valid data obtained from a measurement system compared to the
amount that was expected and needed to be obtained to meet the project data goals.
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• Comparability - the confidence with which one data set can be compared to another.

• Sensitivity - the selection of analytical methods and detection limits to produce data that meet
project DQOs.

Specific external and internal QA/QC measures are presented in Section 9.0.

4.1 DATA QUALITY OBJECTIVES

-
The specific data quality objectives associated with the sampling program ofthis project consist of
the following:

• Obtain data ofsufficient quantity and quality at Line 1 and the Firing Site to define and delineate
chemical contamination and

• Obtain data of sufficient quantity and quality at Line 1 and the Firing Site to support remedial
design activities.

4.2' QA OBJECTIVES FOR DATA QUALITY PARAMETERS

The overall QA objective is to develop and implement procedures for field sampling, chain-of
custody, laboratory analysis, and reporting that will provide representative and defensible data that
meet project DQOs. Specific procedures for sampling, chain-of-custody, laboratory instrument
calibration, laboratory analysis, reporting of data, internal quality control, preventive maintenance
offield equipment, and corrective action are described in other sections ofthis QAPP. This section
addresses the project-specific objectives for precision, accuracy, representativeness, completeness,
and comparability. Data quality goals ,for screening and definitive data, defined in terms of the
PARCC parameters, are summarized in the following sections.

4.2.1 Precision and Accuracy

The precision and accuracy of a data set is generally a function of the analytical method and the
sample matrix. Therefore, field screening analyses, which employ simplified sample preparation
protocols and portable instrumentation, are expected to have lower precision and accuracy than
definitive laboratory analyses performed under controlled conditions using rigorous sample
preparation protocols and high-level analytical instrumentation. Precision and accuracy requirements
for the field screening data will be consistent with the manufacturers' accepted performance criteria.

Precision and accuracy objectives for definitive analyses are documented in the Laboratory Quality
Assurance Plans (LQAPs) and standard operating procedures (SOPs) provided by the subcontractor
laboratory for the analytical methods used in the IAAAP program. The laboratory's analytical
method SOPs are based on the standard EPA methods specified in Section 8.2. Field precision is
assessed through the collection and measurement of field duplicates at a rate of 5 percent of
analytical samples. Field blanks also assist in the assessment of the overall accuracy of definitive
analyses. Field blanks include source water blanks and equipment rinsate blanks. One source blank
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per water source will be collected. Equipment rinsate blanks will be collected at an approximate rate
of 5 percent of laboratory analyzed samples. The precision and accuracy achieved by the laboratory
will be consistent with the requirements established by the laboratory's method SOPs and EPA
method guidelines with regard to QC acceptance criteria for calibration, laboratory control sample
recovery, matrix spike/matrix spike duplicate (MS/MSD) recovery and RPD, and laboratory blank
contamination.

The QC checks included in the investigation sampling and analytical programs for monitoring data
J!fecision and accuracy are described in Section 9.0. Th~ procedures fo-!':£Valuating precision and
accuracy data are provided in Section 13.0. Samples will be reanalyzed or data will be qualified, as
necessary, on the basis of the results of these evaluations. If accuracy and precision goals are not
attained, the reasons will be investigated as discussed in Section 14.0. Data that fail to meet QC
acceptance criteria for precision and accuracy will be qualitatively evaluated in QC reports. The data
will not be removed from the project database. Appropriate qualifiers will be used to identify data
that fail to meet QC acceptance criteria.

In some cases, precision and accuracy goals may not be achievable. For example, site conditions
with complex sample matrices and sample heterogeneity may prevent attainment of precision and
accuracy goals for laboratory and field QC .samples. However, no changes will be made to QC, . .
acceptance criteria without priOl~ approval of the U$ACE Project Chemist.

it .

4.2.2 Representativeness

Representativeness expresses the degree to which sample data precisely and accurately represent a
characteristic of a population, parameter variations at a sampling location, a process condition, or
an environmental condition. Representativeness is a qualitative parameter most concerned with the
proper design of the sampling program, proper sampling locations, implementation of proper
sampling protocols, and collection of a 'sufficient number of investigative samples, such that the
analytical data generated are representative of actual site conditions.

Representativeness is addressed in project-specific work plans and sampling and analysis plans by
describing sampling techniques and the rationale used to select sampling locations.
Representativeness is assessed through the analysis of field blanks and through monitoring adherence
to all sample handling, preservation, and holding times. Representativeness will also be qualitatively
evaluated using precision and accuracy information developed from the evaluation ofQC samples.
The representativeness of the data will be maintained throughout the investigation by following
appropriate and consistent procedures for sample collection and by the application of generally
recognized and documented analytical methods. These procedures are discussed in Sections 5.0
through 8.0. Strict adherence to all sample handling, preservation, and custody procedures increases
the probability that representative samples will be collected from the sampling points each time a
sample is collected. Similarly, the laboratory's strict adherence to method SOPs and EPA method
guidelines for sample analyses ensures that data representative ofsite conditions will be generated.
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4.2.3 Completeness

Valid data are obtained when all the QA project goals are attained and the appropriate field and
laboratory procedures have beeri followed. Conceptually, the objectives of the sampling and analysis
program in this project are to collect all required samples and obtain usable analytical data from
each. Ideally, the completeness goal for the project is 100 percent. However, under normal
conditions, this objective may not be achievable. Therefore, for QA evaluation of results, the
completeness goal for this program is 90 percent or greater. On the basis of the project team's
~xperience, this completeness goal is considered adeqllat~ to meet p-miect DQOs. Following
completion of the analytical testing, the percent completeness will be calculated for each analytical
parameter by the following equation:

number ofvalid results obtained
completeness (%)= b f ul ed x 100

num er 0 res ts expect
(i. e., number of samples collected)

4.2.4 Comparability

To evaluate the comparability of the data, field conditions and sampling and analytical techniques
must be considered. Comparability,cannot be ensured through use ofstandard methods and protocols
alone. A strict and comprehensi~e comparability analysis ofexisting data is beyond the scope ofthe
investigation. Specifically, it is not known whether field conditions encountered and sampling
protocols used in previous investigations were thoroughly documented. Nor is it known whether
sampling protocols previously employed are consistent with those proposed in the FSP. In order to
compare data, three elements will be evaluated: analytical methods, data quality, and sampling
design. If, after the initial evaluation, data do not appear comparable, the project team will attempt
to identify other components possibly ~ffecting comparability, including but not limited to field
conditions, sampling protocols, and the occurrence of true data anomalies.

The comparability of the data generated over the period of the investigation will be maintained by
using industry-standard sampling procedures and project-specified analytical methods.
Comparability will also be ensured by using EPA or National Institute of Standards and Technology
(NIST) traceable reference materials for preparation of calibration standards and QC samples,
evaluating chemical data, collecting and evaluating external QC samples, reviewing laboratory
reports, and reporting values in consistent units.

4.2.5 Sensitivity

In order to meet project objectives, detection limits are required to be low enough to accurately
quantify compounds at their preliminary remediation goal (PRG) levels. Throughout the project,
analytical methods exhibiting detection limits below media-specific PRGs will be employed. For
some analytes, it may not be technically feasible to have MDLs low enough to meet this objective.
In such cases, the best available technology will be used to achieve lowest possible MDLs.
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5. SAMPLING LOCATIONS AND PROCEDURES

The SRI will include samplingand analysis of environmental soil samples and QC water samples.
Specific sampling locations are presented in Table 1 and Table 2 of the FSP Addendum. One copy
of the QAPP and FSP Addendum will be provided to all field personnel for review and reference
prior to and during the field sampling event.

5.1 SOIL SAMPLING
.-..
".-.......

Soil samples will be collected for chemical analysis using direct push technology rigs and/or hand
augers. Soil samples well be screened for radioactivity as described in Section 3.3 of the FSP
addendum. Some samples will be collected and analyzed on site, using EnSys soil test kits to screen
for TNT and RDX. Soil sampling locations for fixed-base laboratory analysis may be adjusted based
on the results of the field screening analyses. Soil sampling will be conducted in accordance with
TN&A SOPs for surface and subsurface soil sampling.

6. SAMPLE AND DOCUMENT CUSTODY PROCEDURES

. .
This section describes SOPs for .sample custody.during the IAAAP project. Sample custody
procedures will be followed through sample collection, transfer, analysis, and ultimate disposal. The
purpose of these procedures is to ensure that the integrity of samples is maintained during their
collection, transportation, and storage prior to analysis and that residual sample material is properly
disposed of after analysis. Sample custody begins with the shipment of the empty sample containers
to TN&A. All sample containers are shipped from the laboratory in sealed coolers or cartons with
appropriate seals and custody documentation. A sample or a project file is considered under custody
if it is in:

• The custodian's possession or view, or
• A designated secure area.

The remainder of the sample custody procedure is divided into field procedures and laboratory
procedures, as described below.

6.1 FIELD CUSTODY PROCEDURES

Sample quantities, types, and locations will be determined before the actual field work commences.
The field sampler will be responsible for the care and custody of the samples until they are properly
transferred. Custody transfer will be documented on the chain-of-custody form (Figure 6-1).

6.2 FIELD DOCUMENTATION

Field logbooks (bound field survey books) will be used to record all data collection activities
performed onsite. Field logbooks will be assigned to field personnel for each activity. When not
in use, the field logbooks will be stored in a secured area established and directed by the Field Team
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Leader. Each logbook will be identified by a project-specific number. The cover of each logbook
will contain the following infonnation:

• Name of person to whom the book is assigned,
• Book number,
• Project name,
• Start date, and
• End date. ----
At the beginning of each day, the start time, weather, field personnel present, level of personal
protective equipment, and name ofthe person making the entry will be recorded. All infonnation
pertinent to a field survey and/or sampling event will be recorded in the field logbook. Entries in
the logbook will include at least the following infonnation as appropriate to the activity:

• Name and title ofauthor, date and time ofentry, and physical/environmental conditions during
field activity.

• Detailed description of sampling or other field activity location.
• Identification of the specific activity or work task being perfonned.
• ,Name(s) and title(s) offield crew.
• Name(s) and title(s) of site visitors.
• Type ofmedia sampled or measured.
• Sample depth/depth ofgroundwater (if appropriate).
• Sample collection or measurement method.
• Volume ofwater purged (if appropriate).
• Number and volume of sample(s) collected.
• Description of measuring point references.
• Description ofsample character (i.e;, grain size, sorting, color, turbidity, etc.).
• Date and time of collection.
• Unique sample identification number.
• Sample preservative.
• Sample distribution (i.e., field office, offsite laboratory, etc.).
• References to maps and photographs of the sampling site.
• Field measurements recorded (i.e., pH, electrical conductivity, etc.).
• Reference to all pertinent data collection fonns (i.e., boring logs, well construction/completion

diagrams, sampling fonns, boring abandonment logs, chain-of-custody forms, etc.).
• Sample documentation, including dates and methods of shipment.
• Deviation from field sampling plans ofthis QAPP, corrective action, and reasons for change.

If the field data are recorded on an appropriate data collection fonn, all the data need not be recorded
in the logbook. A short description of the sampling data along with a specific reference to the data
forms used will be recorded to ensure that the field data fonns can be referenced to the specific
logbook entry.
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Ifphotographs are taken during the sampling activity, the following identifying infonnation will be
entered into the logbook as the photographs are being taken:

• Photograph number,
• Site location,
• Date and time,
• Photographer's name,
• A description of the activities being perfonned or the subject of the photograph,
~. Personnel included in the photograph,and~=
• Roll number or disposable camera number.

After processing, photographs will be numbered and identified according to the logbook
descriptions.

All data recorded in the field logbooks, all sample labels, and all chain-of-custody records will be
completed in waterproof ink. No accountable, serialized document will be destroyed or discarded,
even if it is illegible or contains inaccuracies that require a replacement document.

Errors on field documents will be corrected by drawing a: line through the error and entering the
cOl-rect infonnation. Errors on a field document should be corrected by the person who made the
original entry, and the erroneous infonnation should .not be obliterated. All corrections will be
initialed and dated. .

In addition to field logbooks, field personnel may complete other records of field activities, as
appropriate, such as field boring logs, sample collection fonns, daily field activity reports, and other
fonns and notes documenting field activities and observations. Infonnation included on field boring
logs, sample collection fonns, daily fiel~ activity reports, or sample chain-of-custody records may
not necessarily be repeated in the logbook; however, a short description of the infonnation and a
specific reference to the complete record of the field activity used will be recorded to ensure that the
field data fonns can be referenced to the specific logbook entry.·

6.3 SAMPLE IDENTIFICATION AND LABELING

Prior to the initiation of field sampling, sample numbers will be entered into TN&A's Sample
Management System (SMS) along with associated sampling locations, analytical requirements, and
other pertinent infonnation. The SMS generates sample collection forms, sample labels (with pre
printed sample information), chain-of-custody labels and fonns, and the event-specific sampling
plans, which are provided to field teams prior to sampling.

The preprinted sample labels include the following information:

• Sample number,
• Sample type (grab or composite),
• Container information,

• Matrix,

Page 10



Work Plans for Supplemental Remedial Investigation for Line 1 and Firing Site - Quality Assurance Project Plan
Addendum

• Preservative,
• Analysis requested and method,
• Date and time (to be filled in by sampler), and
• Initials (to be filled in by sampler).

An example of a preprinted sample label is shown in Figure 6-2. All labels will be filled in using
waterproof ink. After a label is affixed to the appropriate container, clear tape will be placed over
it to prevent damage. All QA samples shipped to the QA Laboratory [Chemistry QA Branch
(CQAB) Laboratory] will also bear the CQAB Laboratory LIMS Number:=I'he LIMS Number will
be noted on all sample documentation for these samples (i.e., chain-of-custody, etc.).

Custody seals will be used to preserve the integrity of the samples during shipping. The seals will
carry the following information:

• Shipper's initials, and
• Date of sealing.

Two seals will be placed on each shipping container: one at the front and one at the back of the
container. Clear tape will be placed over the seals to.ensure that they are not accidentally broken
during shipment.

6.4 CHAIN-OF-CUSTODY RECORDS

To establish the documentation necessary to trace sample possession from the time of sample
collection through sample analysis, a chain-of-custody record will be completed and will accompany
every sample. This record will be used to document sample custody transfer from the sampler, to
other sampling team members (if nec~ssary), to the courier, and finally to the subcontractor
laboratory. When transferring samples, both the individuals relinquishing and receiving the samples
will sign and date the chain-of-custody record. The purpose ofthe chain-of-custody procedures is
to ensure that (1) sample integrity is maintained during sample collection, transportation, and storage
before analysis, and (2) post-analysis sample material is disposed of properly.

For samples shipped to an off-site subcontractor laboratory, the chain-of-custody process will be
maintained by using a commercial shipper for shipment of samples. The shipping agent will sign
the chain-of-custody record or the shipping forms that will be incorporated as part of the
chain-of-custody record.

The preprinted chain-of-custody records contain the following information:

• Project identification,
• Label identification number,
• Date of sample collection and shipment,
• Signature of sampler or sample container preparer,
• Site/sample identification,
• Date and time of sample collection,
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• Site/medium type,
• Airbill number,
• Sample preservation,
• Type of requested analysis,
• Signatures ofpersons involved in the chain of possession, and
• Inclusive dates of possession.

For QA samples shipped to the CQAB Laboratory, the chain-of-custody record also will identify the
:bIMS Number. The laboratory portion of the chain-of-custody recQ;;'will be completed by
laboratory personnel and will contain the following information:

• Date of sample receipt by the laboratory;
• Name ofperson receiving the sample at the laboratory; and
• Sample condition (i.e., preservation, presence of headspace for volatile organic analyses,

container integrity) and temperature upon receipt at the laboratory.

Samples will be appropriately packaged for shipment and will be dispatched to the laboratory for
analysis with a separate chain-of-custody record accompanying each shipment. The method of
shipment, courier name(s), ifany, and other pertinent information will be entered in the appropriate
sections of the chain-of-custodyrecord. An example chain-of-custody record to be used during the
program is shown in Figure 6-1.

The chain-of-custody records consist of preprinted chain-of-custody labels that match the sample
container labels. The chain-of-custody labels are affixed to the blank chain-of-custody forms as the
samples are collected. The sampler fills in the date and time of sample collection and initials the
chain of custody across the interface of the label and form. Before the samples are shipped, a
photocopy of the completed chain-of-custody record will be made. The original chain-of-custody
record will be sent to the laboratory with' the samples. A copy will be retained by field personnel for
the field document files. After the original chain-of-custody is signed by the laboratory, the
laboratory will track the sample through analysis using the laboratory's existing in-house sample
tracking system. The original chain-of-custody record form will be retained in the laboratory's files.
A copy of the completed original chain-of-custody record will be included with the data package
accompanying final analytical results. Disposal of sample residuals and laboratory waste will be the
responsibility of the analytical laboratory.

6.5 SAMPLE CLASSIFICATION, HANDLING, AND SHIPPING

Sample classification is necessary to ensure the protection ofpersonnel involved in the shipment of
samples and to maintain the integrity ofthe samples. When sent by common carrier, the packaging,
labeling, and shipping of hazardous substances is regulated by the International Air Transport
Association. Samples shipped from the facility will comply with these regulations. The Project
Chemist (or designated representative) will contact the laboratory as necessary to inform it of the
incoming samples, arrival time, and special handling or analytical procedures required.
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Following collection, samples will be cooled to 4 degrees Celsius COC) and maintained at this
temperature until analysis. Samples to be sent to the offsite laboratory will be wrapped in bubble
wrap and packed in approved shipping containers furnished by the laboratory. Up to 3 in. ofpacking
material will be placed in the bottom of each cooler before samples are placed in them, and the
coolers will be packed to prevent breakage. The sample containers should not touch one another.
Sample shipments will be preserved by placing sealed plastic bags of ice around the sample
containers. Any remaining space will be filled with bubble wrap or other cushioning material. The
cooler drain lid will be taped shut.

-
For off-site shipments, the chain-of-custody record for each sample shipment will be enclosed in a
sealed zip-lock bag attached to the inside of the cooler lid. Required sample containers, sample
preservatives, and maximum holding times are summarized in Section 8.4 and Table 8-2.

6.6 LABORATORY CUSTODY PROCEDURES

The subcontractor laboratory will follow the sample custody procedures specified in its internal
laboratory SOPs. A sample custodian will be designated by the laboratory to receive the sample
shipment from the field. The custodian will accept custody of the samples shipped to the laboratory
and ,will verify that the information on the sample labels matches the information on the chain-of
custody formes). Pertinent information relating to s~pinent, pickup, and courier will also be verified
on the chain-of-custody form(s). The custodian 'Yill enter the appropriate data from the
chain-of-custody form into the laboratory sample tracking system, using the sample number from
the sample label and assigning a unique laboratory number to each sample. The custodian will then
transfer the sample(s) to the proper analyst(s) or store the sample(s) in the appropriate secure area.

The laboratory sample custodian will notify the Laboratory Project Manager of any discrepancies
noted on the chain-of-custody form or sample labels. Samples will not be analyzed until the
Laboratory Project Manager resolves any discrepancies. Any changes made will be documented by
the laboratory personnel and the Project Chemist.

Laboratory personnel are responsible for custody of samples from the time they are received until
sample analysis is complete. Sample retention at the laboratory is based on specific holding times.
Any unused portions of samples remaining after completion of analysis by the laboratory will be
disposed of in accordance with procedures developed by the laboratory and consistent with existing
laws and regulations governing sample disposal. If for any reason unused sample portions cannot
be disposed of by the laboratory, these sample portions will be returned to the site to await final
disposition. Data sheets and laboratory records will be retained as part of the permanent
documentation for a period of at least 3 years. Laboratory custody and disposal procedures are
further detailed in the laboratory quality assurance plans.

6.7 FINAL EVIDENCE FILE CUSTODY PROCEDURES

The USACE is the custodian of the final project file and maintains the contents ofproject files. The
USACE or its contractor will maintain the study area files along with relevant records, reports, logs,
field logbooks, photographs, subcontractor reports, laboratory data, and reviews of the laboratory
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data under document control in a limited access secure area under custody of TN&A's Project
Manager. The final study area file will contain, but not be limited to, the following:

• Planning documents;
• Field data records;
• Field logbooks;
• Chain-of-custody forms;
• Sample tracking records;
• - Monthly progress reports;
• Report notes;
• Photographs, maps, and drawings; and
• Final report.

7. CALIBRATION PROCEDURES

This section describes procedures for maintaining the accuracy of the instruments and measuring
equipment used for conducting field tests and laboratory analyses. A variety of instruments,
equipment, and sampling tools will be used to collect data and samples and to monitor site
con'ditions. Proper calibration, n;I~ntenance, and use of instruments and equipment are imperative
to assure the quality of the data collected. A record of calibration and maintenance activities is
important to provide legally defensible data. The Field Team Leader is responsible for proper
calibration, maintenance, and operation of field equipment. The LQAC and/or laboratory staffare
responsible for calibration and maintenance of laboratory instruments.

7.1 INSPECTION OF FIELD EQUIPMENT

Instruments and equipment purchased or 'used will be inspected to ensure that they meet and perform
to manufacturer's specifications. Equipment to be used during the field sampling activities will be
examined to certify that it is in satisfactory operating condition. This examination includes checking
the manufacturer's operating manual and instructions for each instrument to ensure that maintenance
requirements are observed. Field notes from previous sampling activities will be reviewed so that
the notations on any previous equipment problems are not overlooked, and necessary repairs to
equipment have been performed. Instruments meeting these requirements will be given a serialized
number and made available for project use. Instruments and equipment not meeting project
requirements are labeled as such and are withheld from project use until they are modified or
repaired to meet project requirements.

7.2 FIELD EQUIPMENT CALIBRATION

Instruments and equipment used to gather, generate, or measure environmental data will be
calibrated with sufficient frequency and in such a manner that accuracy and reproducibility ofresults
are consistent with the manufacturer's specifications. Each item ofequipment used in field activities
will be calibrated at a frequency specified by the owner/operator manuals provided by the
manufacturer, which contain, at a minimum, the following information:
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• Equipment identification number,
• Control number,
• Calibration schedule and frequency,
• Equipment specifications,
• Specification verification (where applicable),
• Equipment necessary to accomplish calibration, and
• Procedure for calibration.

... - .-,.."",

Equipment calibration is recorded daily (or as required by the calionttion schedule) by field
personnel in bound field logbooks. Information to be recorded includes the following:

• Date of calibration,
• Data pertaining to the calibration procedures,
• Initials of analyst performing calibration,
• Adjustments made to the equipment before and after calibration, and
• Record of equipment failure or inability to meet specifications.

If the calibration schedule is not adequately maintained or if accuracy as specified in the operations
manual cannot be attained, that instrument will be unavailable for use until it is repaired or replaced
so that specifications are attained. . .

7.3 LABORATORY INSTRUMENT CALIBRATION

The laboratory instruments used during the analysis of soil and water samples are calibrated
according to and at the frequency required by the specific referenced method of specified analysis.
Calibration of analytical instruments at the laboratory will generally include a multipoint initial
calibration prior to sample analysis and single-point calibration check standards run at regular
intervals during sample analysis.

8. ANALYTICAL METHODS AND PROCEDURES

Fixed laboratory analysis of soil and water samples will be performed by a laboratory certified by
the USACE. The laboratory will be approved by the USACE Project Technical Team prior to final
selection as the analytical subcontractor.

8.1 FIELD ANALYTICAL AND MEASUREMENT PROCEDURES

Analytical programs in support of the site investigation will include field screening for radioactivity
as well as field analyses for TNT and RDX. Field screening for radioactivity will be performed
according to procedures described in Section 3.3 of the FSP Addendum. Field analyses for TNT and
RDX will be performed according to manufacturers' instructions, as appended (Appendix G) to the
Work Plan.
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8.2 FIXED LABORATORY ANALYTICAL AND MEASUREMENT PROCEDURES

Table 8-1 presents the target analytes and analytical methods for water and soil samples to be
analyzed by the laboratory. The analytical methods reference standard EPA methods from Test
Methods for Evaluating Solid Waste, SW-846 (EPA 1996).

8.3 METHOD DETECTION LIMITS AND METHOD REPORTING LIMITS

-
The laboratory will establish a statistical MDL for organic and inorganic target analytes ofinterest
using the procedures described in 40 CFR, Part 136, Appendix B (EPA 1984). These MDL
procedures are summarized as follows:

• The laboratory will prepare a standard matrix sample at 1 to 5 times the estimated MDL.
• Seven aliquots ofthe sample will be processed through the entire method.
• The laboratory will calculate the standard deviation ofresults from the seven aliquots.
• The MDL is equal to the standard deviation multiplied by the Student's t value (3.143).

MDLs will be verified annually. The laboratory will establish a method reporting-limit (RL) for each
target analyte at a level 2 to 10 times the MDL, in accordance with EPA SW-846 protocols (EPA
1996). Table 8-1 establishes the analytical methods and target analytes for laboratory analyses of
project samples. MDLs will be established by the laboratory after it has been selected. An attempt
will be made to achieve RLs that are consistent with RLs listed in Chemical Data Quality Control
(USACE 1999)..

RLs for target analytes may be sample-specific for samples with complex sample matrices (i.e.,
samples containing one or more analyte~ at widely varying concentrations) or samples containing
unspecified interferences. In these caseS, RLs will increase if a sample must be diluted to provide
on-scale instrument response for high-concentration analytes. For high-level or complex samples
that require lower RLs, reanalysis will be performed by the laboratory upon approval ofthe Project
QC Manager. In general, samples are analyzed undiluted. If, after the first analytical run, an analyte
requires dilution, that analyte is diluted, reanalyzed, and reported.

8.4 SAMPLE PRESERVATION, CONTAINERS, HOLDING TIMES, AND
TURNAROUND TIMES

Sample preservation, container, and holding time requirements have been identified based on EPA
SW-846 protocols (EPA 1996). These requirements are summarized in Table 8-2.

Sample bottles, containers, and preservatives will be supplied to the project team by the laboratory.
The sample bottles and containers will be free oftarget analytes and ofknown quality (i.e., I-Chern
200 series or equivalent), as documented by the container manufacturer.
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8.5 QC SAMPLE ANALYSES

The SW-846 methods include minimum QC requirements for the analyses ofspecific analyte groups.
A discussion ofQC sample requirements is presented in Section 9.0 of this QAPP.

8.6 ANALYST TRAINING

It is the responsibility of the analytical laboratory to ensure that all laboratory personnel are qualified
for their positions. Qualification includes a combination ofeducation, tra.i.ni:ttg, technical knowledge,
and/or experience, and this infonnation must be documented. A new analyst using an established
method is considered to be conditionally qualified until the first set ofQA/QC data is produced. The
analyst is then either qualified or not, depending on the status of the QC data. If the QC data do not
meet the QC requirements, corrective action (reanalysis or additional training) must be taken.

The LQAC must periodically inspect the laboratory to assure that only qualified personnel are
conducting the analyses.

9. QUALITY CONTROL CHECKS

External (field) and internal (laboratory) QC samples; as well as calibration curves and relevant
reference materials, will be used to monitor and quantify perfonnance ofanalytical methods and field
procedures. External QC samples are samples introduced into the sample train in the field to
monitor the potential impact on reported results of sample collection activities and shipping and to
monitor analytical perfonnance. Internal QC samples are samples introduced into the sample train
by laboratory personnel to monitor laboratory-induced contamination and analytical perfonnance.
Since the fixed laboratory is required to produce EPA Level N data, the internal and external QC
controls perfonned will be in accordanc;:e with relevant EPA guidance.

Calibration curves will be used as QC checks to ensure that analytical instruments are functioning
properly at the required sensitivity. Relevant reference materials (i.e., EPA- or NIST-traceable) will
be used to prepare the appropriate QC samples and calibration standards. The following sections
provide the requirements for external QC samples, internal QC samples, and reference materials.
Specific QC checks for field screening analysis are also described.

9.1 EXTERNAL QUALITY CONTROL

External QC samples are collected in the field and submitted to the laboratory with the investigative
samples. These samples are used to assess the impact of the field sampling program on data quality
and the overall laboratory analytical data quality. The types ofproject QC check samples that will
be introduced into the analytical program are described below.

Duplicate Samples: Duplicate samples are samples that were divided into two or more portions at
some step in the measurement process. Each portion is then carried through the remaining steps in
the measurement process. A sample may be replicated in the field or at different points in the
analytical process. For field-replicated samples, precision infonnation would be gained on
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homogeneity (to a lesser extent than for collocated samples), handling, shipping, storage,
preparation, and analysis. For analytical replicates, precision information would be gained on
preparation and analysis. Laboratory duplicates will be prepared at a frequency consistent with
method requirements. Relative percent differences of up to 50 percent will be considered acceptable
for all analytical parameters and matrices.

Rinse Blanks. Rinse blanks are samples collected by rinsing analyte-free deionized water through
sample collection equipment after decontamination and placing the collected water in the appropriate
sample containers for analysis. These samples will be used to evalu= the adequacy of field
decontamination procedures and the potential for sample cross-contamination. Rinse blanks will be
prepared at approximately 5 percent frequency for laboratory-analyzed samples.

Trip Blanks. Trip blanks pertain to water VOC samples only. The only water samples scheduled
for VOC analyses are the Rinse Blanks described above. Trip blanks will therefore accompany
shipments ofany Rinse Blanks requiring VOC analysis. Trip blanks are prepared by the laboratory
using analyte-free water in actual sample bottles, shipped to the sampling site, kept with the
investigative samples throughout the sampling event, then packaged for return shipment to the
laboratory for analysis with field samples. One trip blank will be included in each shipping container
that,contains aqueous samples for VOC analysis. At no time after preparation are trip blank sample
bottles opened before they reach :the laboratory. Trip blanks are collected to assess the potential for
VOC cross-contamination introduced by sample bottles or from handling of samples during field
operation~ and shipping. .

Source Water Sample. One sample ofwater used for final decontamination will be collected and
analyzed for VOCs, SVOCs, explosives, Target metals, and PCBs. These data will be used to
evaluate results ofrinse samples, ifnecessary. One source water sample from each water source will
be collected.

Quality Assurance· Samples. QA samples are sample replicates sent to the designated QA
laboratory. For this project, the QA laboratory is the USACE CQAB Laboratory in Omaha,
Nebraska. If so directed by the USACE Technical Project Team, split samples will be collected and
analyzed by the CQAB Laboratory to confirm laboratory analytical results.

9.2 INTERNAL QUALITY CONTROL

Laboratory internal QC checks represent internal system checks and controlled samples introduced
by the laboratory into the sample analysis stream to monitor day-to-day variations in routine
laboratory analyses. These procedures are used to validate the data and monitor the accuracy and
precision of the chemical analysis program. The overall level of QC effort provided by the
laboratory sample analyses will confonn to the minimum required QC protocols of the standard EPA
methods, as amended by the specific SOPs developed by the laboratory for these methods.

The laboratory's method-specific SOPs should define the types ofQC checks required [e.g., method
blanks, reagent/preparation blanks, MSIMSDs, laboratory control spikes/laboratory control spike
duplicates (LCS/LCSD), calibration standards, internal standards, surrogate standards, specific
calibration check standards, and/or laboratory duplicate/replicate analysis]; the frequency ofeach QC
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analysis; the analytes and reference concentrations to be used as controls; the QC acceptance criteria;
internal standards; continuing calibration verification; second source standard for continuing
calibration verification; and initial calibration. Internal QC samples and QC evaluation criteria are
provided in Tables 9-1 through 9-3. Specific QC limits for these tables will be determined in
conjunction with the selected laboratory and the USACE Project Technical Team prior to
commencement ofsampling activities. The general types of internal QC checks to be introduced by
the laboratory are summarized below:

¥S/MSD Samples. MS/MSD samples are cr~ated in the laboratory by addiDg known concentrations
of target analytes to a prepared portion of a sample immediately before extraction or analysis.
MS/MSD samples provide information on matrix effects encountered during extraction, digestion,
and analysis (i.e., suppression or enhancement of instrument signal levels). MS samples are
principally used to evaluate accuracy, but when used together with an MSD sample, they also yield
information on analytical precision. If necessary, additional sample volume will be collected for
designated samples so that MS/MSDs can be prepared and analyzed by the laboratory. MS/MSD
samples will be performed on all site-specific matrices.

Method Blanks. Method blanks are used to detect system bias introduced in the laboratory. The
lab~ratoryperforms a digestion/extraction blank with each batch, and it is referred to as the method
blank. An analyte-free water blank: (ASTM Type IT water) is processed through all sample
preparation procedures and analYzed as a method blank; A reagent blank can be used in place of the
method blank for non-aqueous samples. Method blanks will be analyzed for each batch ofsamples.
No contamination should be present in the method blanks above the MDL for inorganics and above
the MRL for organics. Sample results greater than MDUMRL, but less than 5 times the
concentration in method blank, will be flagged during data validation as undetected. Sample results
for common laboratory contaminants such as acetone, methylene chloride, and 2-butanone will be
flagged undetected if the concentration is less than 10 times the concentration in the method blank.

,

Internal (Matrix) Duplicates. Matrix duplicates are field samples split into two portions during
laboratory preparation. Each portion is then processed through the remaining analytical procedures
as a duplicate. Laboratory preparation and analytical precision information is provided by matrix
duplicates. Matrix duplicates are generally performed on metal and other inorganic analyses only.

Laboratory Control Spikes. Laboratory control spikes are prepared in the laboratory by adding a
known amount of target analytes to a control mix (e.g., analyte-free water). These spikes are used
to monitor laboratory method performance independent of matrix effects. Percent recoveries are
calculated for target analytes as a measure of the accuracy of the analytical method. The spike
samples may also be analyzed in duplicate (LCSD) for an assessment of the precision of the
analytical method by comparison to the blank spike result.

LCS/LCSD and MS/MSD results are used in tandem to determine method performance and matrix
effects. The laboratory uses LCS/LCSD results to assess method performance on each analytical
batch of samples. MS/MSD results are used to assess sample-specific matrix effects.

Surrogate Spikes. Surrogate spikes are prepared in the laboratory by adding a known amount of
analytes that are chemically similar to target analytes. Surrogate spike results are used to evaluate
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accuracy and matrix effects within the prescribed limits of laboratory quality control and are
compared to laboratory or method-specified acceptance criteria. Surrogate spikes will be added as
appropriate for organic analyses to all blanks, standards, and environmental samples.

Another important component of internal QC procedure is instrument calibration. This is discussed
in the laboratories' QAPP and SOPs. Internal quality control procedures for analytical services will
be conducted by the laboratory in accordance with their SOPs. QC acceptance criteria such as
surrogate recovery, spike recovery, and RPD limits are based on information available from the
l~boratory at the present time. The laboratory routinely conducts QA:JJ:l.C checks and updates
acceptable limits. QC acceptance criteria may be updated during the course of this project. QC
criteria in this QAPP will be based on the laboratory's latest updated acceptance criteria.

10. DATA VALIDATION, REDUCTION, AND REPORTING

Data collected during this SRI will be managed, distributed, and preserved to substantiate and
document that data are ofknown quality and are properly maintained.

10.1 DATA VALIDATION

Field measurements will be reviewed and validated according to internal QA procedures to monitor
the performance of each task. Laboratory analytical data will be validated according to
method-specific SOPs and/or EPA's Laboratory Data Validation Functional Guidelines for
OrganicslInorganics Analyses (EPA 1994a, 1994b). Data collection and QA procedures for
validating field measurements and laboratory data are described in greater detail below.

10.1.1 Validation ofField Measurement Data

Validation of data obtained from field measurements will be performed by the project team.
Validation of investigation data will be performed by checking procedures used in the field and
comparing the data to previous measurements. Data that cannot be validated will be documented.

Field measurement data validation procedures include reviewing the raw data and supporting
documentation generated from field investigations and will include, but not be limited to, the
following:

• Field logbooks,
• Field investigation daily reports,
• Field instrument readings and calibration data sheets,
• Field logs ofborings,
• Sample labels,
• Chain-of-custody forms,
• Sample tracking records,
• Elevation survey information, and

• Maps.
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Validation of field data will be performed by the Project Chemist or designated representative. Data
validation will be performed to meet the project's intended data uses by checking the procedures used
in the field and comparing the data to previous measurements. The following areas will be addressed
during validation:

'f 0

• Documentation of field observations,
• Documentation of field procedures,
.- Sampling methodology,
• Instrument selection and use,
• Instrument calibration and standardization,
• Instrument preventive maintenance,
• Field deviations, and
• Sampling limitations.

-.-
-~

Field measurements that could affect the quality of the data (such as temperature, pH, or conducti
vity) will also be validated.

Additional evaluations of data integrity will be performed on 10 percent of the data, including the
following: .:

• Review of chain-of-custody forms.
• Review of the appropriateness offield methodologies.
• Review of data for transcription, calculation, completeness, and accuracy.
• Analysis of field notes to determine potential bias.

10.1.2 Validation of Laboratory Analytical Data

10.1.2.1 Internal Laboratory Analytical Data Review.

The laboratory will review analytical data to ensure that results for investigative and QC samples
meet EPA functional guidelines or method-specified criteria. Laboratory review of analytical data
will be in conformance with EPA guidance document SW-846 (EPA 1996) and laboratory SOPs.
For target analytes that do not have QC criteria specified in EPA guidance documents, QC criteria
will be based on laboratory method-specific data.
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10.1.2.2 External Laboratory Data Validation.

The laboratory analytical data will be reviewed by the project team to independently validate the .
laboratory results. One hundred percent ofthe laboratory analytical data will be validated according
to method-specific SOPs and/or EPA's Laboratory Data Validation Functional Guidelines for
Organics/Inorganics Analyses (EPA 1994a, I 994b). Where EPA QC limits are not available,
laboratory-generated QC limits may be used. QC limits used for this program will be established
in conjunction with the laboratory after it has been selected. The USACE Project Technical Team
\.Vill approve QC limits prior to commencement of any fi~d-sampling act;n:it:ies. The procedure for
the QA/QC assessment ofthe data is presented in Section 13.

Project personnel will validate each analytical batch to determine ifproject data quality objectives
have been met. During this validation process, the following parameters will be reviewed.: holding
time, sample preservation, surrogate recovery, MS/MSD results, LCS results, method blanks, field
QC samples (trip blanks, equipment blanks, source blanks, and field duplicates), laboratory
duplicates, instrument performance, initial and continuing calibration, internal standard performance,
interference check samples, and serial dilutions. Based on a comparison ofthe data with established
QC limits, the project team will apply qualifiers to the data as necessary to further validate a reported
result. Data qualifiers and definitions, consistent with method-specific SOPs and/or EPA functional, .
guidelines, will be used where ~ppropriate in vali~ation. Data qualifiers will be attached to the
tabulated final analytical data to Indicate the data quality relative to intended data use. The qualifiers
will be attached to the data whenever they appear in hard copy or computerized form to ensure that
data users are aware of the quality and limitations of the data. Upon completion of data validation,
validation summary reports will be placed with the original laboratory report packages in the project
file. A list of data qualifiers to be used for this project is presented in Table 10-1. These data
qualifiers apply to both organics and inorganics.

10.2 DATA REDUCTION

Data reduction will be performed according to standard mathematical and/or statistical procedures,
such as those appearing in recognized technical references. The laboratory will provide the
analytical data in hard copy format and in electronic data deliverable (EDD) format. Calculations,
data validation, and QC review will be performed by professional staff assigned by the Project
Manager. Analytical results and selected field measurements will be downloaded into TN&A's
Sample Management System database. Information stored in the database may include, but is not
limited to:

• Sample identification and station description numbers,
• Lithologic data, and
• Laboratory analytical results and validation qualifiers.

The database will be used to store data and to perform data manipulations (e.g., sorting, statistical
tests) as required to interpret data, evaluate its quality, and provide data reports. The first EDD
provided by the laboratory will be reviewed to identify and correct discrepancies between the
electronic data and the hard copy. Subsequent EDD submittals will continue to be reviewed until
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no discrepancies are found. After that, EDDs will be reviewed at random to ensure that electronic
data match hard copy data. The following parameters will be evaluated during these reviews:

• Comparing analyses requested on the chain-of-custody forms with the analyses actually
performed by the laboratory.

• Checking syntax to assess whether the correct types ofdata are in the appropriate fields (e.g., that
the chemical data field contains data information rather than method names).

• Checking whether the data records provided by the laboratory contain the correct minimum
entries (e.g., date of analysis, field sample number, sample delivery group number, etc.).

• Checking correctness ofChemical Abstract Service (CAS) numbers.

• Checking preparation and test method codes against a pre-approved list.

• Checking laboratory QC sample codes against a pre-approved list.

10.3 DATA REPORTING

Appropriate documents will be prepared and distributed to the USACE to summarize both the field
activities performed and the results ofall data collected. These reports, to the extent possible, will
include the following:

• Presentation of results,
• Summaries of field data from field measurements,
• Field location ofsampling points, and
• Evaluation ofdata quality and usability.

In addition, copies of the following documents will be provided upon request for each sampling
event:

• Field measurements, data logbooks, and logbooks;

• Laboratory purge files, including, but not limited to, chain-of-custody records, copies ofsample
tracking records, analysts' logbook pages, instrument logbook pages (including instrument
conditions), bench sheets, instrument readout records, computer printouts, chromatographic
charts, raw data summaries, correspondence and memorandums, and document inventory; and

• Data validation reports summarizing the validation process used and specific comments
pertaining to a sample or group of samples.

The laboratory will provide data deliverables of sufficient quality and completeness to allow data
validation in accordance with Section 10.1.2.2. The deliverables will include, but not be limited to
the following, where appropriate:
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• Case narrative,
• Sample result summary packages,
• QC result summary packages, and
• Chain-of-custody fonn and sample receipt documentation.

11. PERFORMANCE AND SYSTEM AUDITS
__7~

-~

The purpose of perfonnance and system audits is to verify that QNQC programs are strictly
followed by the appropriate personnel during field and laboratory activities. Perfonnance audits are
an independent check to evaluate the quality of data being generated. System audits are on-site
review and evaluation of the facilities, instrumentation, QC practices, data validation, and
documentation practices. TN&A's QA personnel may audit the perfonnance of field and/or
laboratory activities.

Field and laboratory audits are used to quantitatively evaluate the accuracy of the total measurement
system. These audits will also verify that sampling and analysis activities are perfonned in accor
danc;:e with the procedures established in applicable SOPs. The Project QA Manager or designated
representative will monitor anel may audit the perfonnance of the field, laboratory, and office
activities. Infonnation produced or obtained in the course of this investigation is subject to audit.
Therefore, the infonnation must be reliable, gathered with appropriate attention. to detail, and
maintained with integrity. Audits of the analytical program may be perfonned by the Project QA
Manager (or designated representatives).

11.1 FIELD AUDITS

The field audit focuses on whether field'procedures are being followed. The Project QA Manager
or designated representative may perfonn audits of field activities during the period in which field
activities are conducted to evaluate sample identification, sample control, chain of custody, field
documentation, sampling operations, shipping, and packaging procedures. Persons conducting the
audits in addition to the Project QA Manager will be senior technical reviewers who are familiar
with the technical and procedural requirements of field sampling. The evaluation is based on the
extent to which the applicable SOPs are being followed. Results of the field audits will be submitted
to the project team. Corrective action, if required, will be initiated immediately, and deficiencies
identified will be rechecked in subsequent audits.

Field audits will not be announced to the field team before they occur. Problems identified during
audits will be corrected immediately or as soon as possible. Follow-up audits may be required to
verify that corrective actions have been implemented and that QA procedures are maintained
throughout the project. Following the audit, preliminary results will be reviewed with the person in
charge of the sampling. The field audit focus on the following field documents: sample labels,
chain-of-custody records, and field logbooks.
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11.1.1 Sample Labels

The auditor will examine a selected number of sample labels for completeness and accuracy and will
determine whether the following information is correctly entered on the label:

• Sample identification number;
• Date and time of collection;
• Type of sample and analysis;
.- Type ofpreservative, ifused; and
• Sampler's initials.

The auditor will also determine whether the sampling methods used were as directed by the Field
Team Leader.

11.1.2 Chain-of-Custody Records

The auditor will select a predetermined number ofthe chain-of-custody records to be audited in the
field. The records will be reviewed to assess whether (1) the station number, station description,
date, and time correspond to the sample label; (2) the parameters to be analyzed have been properly
identified; and (3) custody transfers have been documented and the date and time of transfer have
been recorded. The auditor will also assess whether samples have been kept under chain ofcustody
at all times and have been properly and securely storecl.

11.1.3 Field Logbooks

Field logbooks will be reviewed during the field audit to verify that each is signed and that entries
are dated. During field activities, logbooks will be kept in the possession of the sampling team

. .
leader. The project number, site name,'date, and name of the person using the logbook will be
recorded on each page.

In situ measurements and field observations will be recorded in the logbook with pertinent
information necessary to explain and reconstruct sampling operations. Each page will be dated and
signed by individuals making entries on that page. The field team will be responsible for ensuring
that logbooks are available during monitoring activities and that they are safely stored in the
designated secure area at the end of each day's sampling activities and after the final day of field
activities to maintain security. Any lost, damaged, or voided logbooks will be reported to the Field
Team Leader.

All field logbook entries must be legible, written in ink, and contain accurate and inclusive
documentation ofproject activities. Language should be factual, objective, and free of speculation
and inappropriate terminology. Entries made by individuals other than the person to whom the
logbook was assigned must be signed and dated by the individual making the entry.

Photographs may be taken and must also be controlled. The auditor will review the field logbooks
to verify that the photographs are properly documented. Slides or photographs that show sampling
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sites or provide other documentation will be numbered to correspond to the logbook entries. The
name of the photographer, date, time, site location, and site description will be entered sequentially
in the logbook as photographs are taken.

11.1.4 Sampling Operations

The auditor will review sampling operations to verify that they are performed as stated in the
sampling SOP and/or as directed by the Field Team Leader. The auditor will verify that the proper
I}Umber of samples were collected at the assigned locations and that thaarnples were in proper
containers and properly preserved. The auditor will also verify that the required field measurements
and QA checks were performed and documented.

11.2 LABORATORY AUDITS

Laboratory audits may be performed by EPA (external audits) or the project team (internal audits)
at their discretion (generally before and near the end of field sampling and laboratory analysis).
Laboratory audits are performed to verify continuity of personnel, SOPs, and instrumentation and
the consistent attainment ofproject QC requirements. A laboratory audit typically consist ofrandom
dat~ audits, system audits, and performance audits, plus reviews ofcontinuous trends in laboratory
QCdata.

Internal audits of the subcontractor laboratory may be conducted by the Project QA Manager or
designated representatives. The laboratory system and performance audits will include the examina
tion oflaboratory methods, processes, equipment, and documentation. These audits will encompass
the entire analytical sample stream from sample receipt to the reporting of results (e.g., sample
log-in, sample storage, chain-of-custody procedures, sample preparation and analysis, instrument
operating records, data management, and reporting).

,

Audits of the subcontractor laboratory may also be performed by USACE on a yearly basis.
However, iflaboratory problems arise, the USACE may choose to audit the laboratory unannounced
at anytime.

12. PREVENTIVE MAINTENANCE PROCEDURES

Preventive maintenance activities will be carried out on both field and laboratory equipment as
follows.

12.1 FIELD EQUIPMENT

Field equipment consisting of sampling and health and safety equipment will receive routine
maintenance checks in order to minimize equipment breakdowns in the field. The maintenance of
the equipment will be performed in accordance with operation manuals and documented in field
logbooks. Maintenance checks will be performed before the equipment is taken into the field and
will be documented in the field logbooks. Spare parts and supplies will be stored inside the project
trailer for access by the field teams. Any items that are found to be inoperable will be taken out of
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use and a note stating the time and date of this action will be made in the field log ofdaily activities
and in the maintenance logbook. The equipment will be repaired or replaced and the time and date
of its return to service noted in the field log of daily activities.

12.2 LABORATORY INSTRUMENTS

As part of its QNQC program, a routine preventive maintenance program will be conducted by the
laboratory to minimize the occurrence of instrument failure and other system malfunctions.
I;7aboratory instruments are maintained in accordance withmanufactur~ specifications and the
requirements of the specific method employed. This maintenance is performed on a regular,
scheduled basis and is described in the laboratory=s method SOP and documented in the
laboratory=s instrument-specific service logbooks. Inventories of spare instrument parts are
maintained for routine instrument upkeep. Emergency repair or scheduled manufacturer's
maintenance may be provided under a repair and maintenance contract with factory representatives.

13. QA/QC ASSESSMENT OF CHEMICAL DATA

This section summarizes QNQC procedures employed by the project team for assessing the validity
of the chemical data derived from the sampling and chemical analysis task and the format for
presenting the results of the QNQC evaluations iIi reports. The QNQC assessment will be per
formed after the laboratory has compared QC results to the method- and project-specific goals
presented in this QAPP.

The data validation procedures will be used by the Project Chemist (or designated representative)
for statistically assessing duplicate and external spike samples and checking field blank samples that
are submitted blind to the analytical laboratories from the field or generated internally by the
laboratory in accordance with this QAPP. Field blank and field duplicate samples are submitted
blind to ensure that these QC samples are treated the same as other samples and not subjected to
special treatment. In addition, all sample results will be evaluated in order to determine ifreporting
detection limit goals (e.g., analytical sensitivity) were met and if test sample dilutions were justified.
The purpose of implementing these procedures is to verify that the chemical data generated during
the investigation are ofacceptable accuracy, precision, and completeness and are representative of
site conditions (see Section 4.0 for definitions of these terms). Formats for QC data assessment and
reporting are presented below.

13.1 ASSESSMENT OF PARCC

The goals ofthis assessment will be to (1) determine site-specific PARCC, (2) use PARCC results
to develop a database with known limitations ofdata usability, and (3) evaluate these limitations in
achieving the program DQOs.

Chemical data derived from the investigation will be evaluated based on PARCC assessment for
both the laboratory analytical and field sample collection programs. To address these issues, a
combination ofqualitative evaluations and comparisons to project QA objectives (Section 4.0) will
be used to check the quality of the chemical data. A quantitative evaluation will be made of

Page 27



Work Plans for Supplemental Remedial Investigation for Line I and Firing Site - Quality Assurance Project Plan
Addendum

precision, accuracy, and completeness. A qualitative evaluation will be made of representativeness
and comparability based on assessment ofadherence to sampling, custody, and analytical SOPs. The
results of the evaluations will not be used to eliminate data from the database. Comparisons of
intemallaboratory QC samples to project QA goals (e.g., precision and accuracy goals specified by
the methods and this QAPP) will be used to assess the analytical data reported by the laboratory.

Comparisons of field QC samples to project QA goals will be used to examine the overall effects
of the field sampling and handling procedures. Laboratory and field QC samples will be used in
Gombination to assess overall PARCC parameters. PARCC parameters~lbe used to determine
if DQOs for the project were met. Contract compliance and performance will be assessed by
comparing QNQC results to the method-specific criteria and QC goals specified in this QAPP. If
problems arise and the data are found to deviate from previous analyses or surrounding conditions,
the data will be annotated. No changes will be made to the QC acceptance criteria without prior
approval of the USACE Project Chemist. Chemical data that do not meet relevant QC criteria will
be identified appropriately in the project database by the use of qualifiers. Data qualifier codes to
be used are based on EPA functional guidelines (EPA 1994a, 1994b). The qualifiers are used during
the data validation process to indicate to what degree the sample data confonn to QC requirements.
Three types of control samples will be evaluated: spikes, blanks, and duplicates. For those review
iteI11s applicable, validation will be perfonned.in accordance with EPA's functional guidelines for
evaluating organic and inorganic ;analyses (EPA 19Q4a; 1994b). Section 15.0 details data validation
procedures. The following sections present procedures for evaluating the PARCC of data derived
from the investigation.

13.1.1 Precision

Precision for sample data will be evaluated using data from field and laboratory duplicates and
LCS/LCSD and MSIMSD duplicate pair samples, as follows:

• Tabulating duplicate data and calculating the absolute value difference, average, and RPD as
shown below for each duplicate pair:

(X - x )
RPD= I 2 X 100x

where:
Xl = concentration for Sample 1 of duplicate,
X2 = concentration for Sample 2 of duplicate, and
x = mean of Samples 1 and 2.

Relative percent differences will not be calculated in cases where one analyte of the duplicate
pair was reported as nondetected.

• Identifying duplicates that exceed the project (method) precision goals (refer to Table 9-2).

• Qualitatively evaluating the significance ofdata that fall outside the project goals for precision.
Usability of data outside of project goals for precision is dependent on the degree of QC
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exceedence, whether or not there is a potential high or low sample result bias, whether or not
associated sample results are significant compared to action levels, and if the sample is critical
to the investigative findings. If data quality problems arise, the analytical laboratory will be
notified for corrective action, as appropriate. Data will not be removed from the database solely
as a result of these procedures, and QC samples will not be used to alter or correct analytical
data. Instead, data will be appropriately qualified.

13.1.2 Accuracy

-
Accuracy for sample data will be evaluated using data from blanks and spike samples, as described
below.

13.1.2.1 Blanks.

• Tabulate the data from the blank samples.

• Identify any blank samples in which chemicals are detected.
• If no chemicals are detected in any blank samples, enter the tables into a summary report.

• 'If any chemicals are found in field and laboratory blank samples, assess the compound(s),
concentration(s), and field data for that period oftin;te for potential problems with data interpreta
tion. Data will not be removed from the database on the basis ofchemicals detected in field or
laboratory blank samples, nor will data from QC samples be used to alter or correct sample
analytical results. Instead, appropriate qualifiers will be added to database results.

Laboratory method blanks andfield blanks (source water, equipment rinsate, and trip blanks):
if common laboratory contaminants (~.e., acetone, methylene, chloride, and 2-butanone) are
detected in field or laboratory blanks, associated environmental samples will be considered positive
only if the concentration exceeds 10 times the maximum concentration in the blank(s). Other
compounds will be treated similarly, except that the allowed level will be 5 and not 10 times the
concentration detected in the field blank(s).

13.1.2.2 Spikes

The procedures for assessing MSIMSD, LCS/LCSD, and surrogate spike samples are as follows:

• Tabulate spike sample data and calculate the percent recovery as shown below for each sample:

(T-X)
Percent Recovery= A x 100

where:
T =total concentration found in spiked sample,

. X = original concentration in sample matrix prior to spiking, and
A = actual spike concentration added to sample.
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• Identify spikes that exceed the project (method) percent recovery goals for accuracy.

• Qualitatively evaluate the significance of data that fall outside the project goals for accuracy.
Usability of data outside ofproject goals for accuracy is dependent on the degree ofQC excee
dence, whether or not there is a potential high or low sample result bias, whether or not
associated sample results are significant compared to action levels, and if the sample is critical
to the investigative findings. If a project goal is exceeded, the laboratory will be notified, and

- the data from that period of time will be evaluated fQrthe compoun4;Ihat exceeds the limits.
Corrective action will be taken, as appropriate. Data will not be removed from the database as
a result of these procedures, and QC samples will not be used to alter or correct analytical data.
Instead, data will be qualified appropriately.

13.1.3 Representativeness

The representativeness of data will be qualitatively assessed by evaluating the degree to which
sample collection, preservation, shipping, storage, and analysis procedures (described in this QAPP)
were followed. Furthermore, the implementation of the FSP Addendum will be assessed for the
degr;ee to which representative samples ofsoil and groundwater were obtained. Specifically, the site
san1pling layout, including sampling locations, frequencies, and timing will be reviewed. Precision
and accuracy information developed from the evaluation of QC samples will also be used to
qualitatively evaluate representativeness. .

13.1.4 Completeness

The completeness goal for this project is 90 percent. Overall completeness of the sample data
collected will be calculated according to the following equation:

.,

(V) .
C=-x 100

T

where:
C = percent completeness ofanalytical effort,
V = amount ofvalid data obtained, and
T = amount ofvalid data expected to be obtained under normal conditions.

Completeness calculations will use validated data, as described in Section 10.0. Data that are
rejected by external validation processes will be counted against completeness criteria. QC
parameters evaluated to assess completeness include holding times, surrogates, laboratory and field
duplicates, RPD, MS/MSD for percent recovery and RPD, and LCS (also known as blank spikes)
for percent recovery. Sample results that do not meet relevant QC criteria due to substantiated
matrix effects and/or are reanalyzed past holding time due to QC corrective action and/or are J
qualified because values are below the reporting detection limit will be considered usable and will
not count against the completeness assessment.
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13.1.5 Comparability

The comparability evaluation will include a qualitative assessment ofanalytical techniques, sampling
procedures, use of EPA- or NIST-traceable reference materials for calibration and QC check
samples, and sampling design.

The comparability of the analytical techniques will be assessed by referencing the analytical data
reports submitted by the laboratory. Specific items to be evaluated include sampling and analytical
I!1-ethod equivalency, preservation methods, detection limits, reporting units, equivalent laboratory
facilities and personnel, QA/QC programs, DQOs, and precision and accuracy estimates.

If the above factors are generally equivalent, the datasets will be considered comparable.

13.1.6 Sensitivity

In order to meet project objectives, detection limits are required to be low enough to quantify
compounds at their PRG levels. Throughout the project, MDLs will be selected to meet media
specific PRGs. For some compounds, such as metals and pesticides in surface water, it may not be
techpically feasible to have MDLs low enough to meet this objective. For such compounds, the best
available technology will be used to achieve lowest possible MDLs.

14. CORRECTIVE ACTIONS

Ifany occasions arise that indicate field or laboratory measurement error has occurred, one or more
of the corrective action(s) described below may take place. Corrective actions will be handled on
a case-by-case basis by the Project QA Manager and/or Project Manager in consultation with the
USACE PM. Corrective actions for fie1d activities will be selected and implemented by the Project
Manager and/or Project QA Manager and will be performed under their supervision. Laboratory
corrective actions will be approved by the LQAC and implemented under his/her supervision by the
appropriate laboratory staff.

14.1 FIELD SITUATIONS

The need for corrective action will be identified as a result of the field audits previously described,
as well as by other means (e.g., equipment malfunction). If problems become apparent that are
identified as originating in the field, immediate appropriate corrective action will take place. If
immediate corrective action does not resolve the problem, appropriate personnel will be assigned
to investigate and evaluate the cause of the problem. Once a corrective action is implemented, the
effectiveness of the action (i.e., elimination of the problem) will be verified.

14.2 LABORATORY SITUATIONS

The need for corrective action resulting from evaluation of QA/QC results will be initiated by the
LQAC in consultation with the Project Chemist. Corrective action may include, but is not limited
to:
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• Reanalyzing the samples, if holding-time criteria pennit;
• Evaluating and amending sampling and analytical procedures;

• Accepting data with an acknowledged level of uncertainty; and

• Resampling and analysis, if the completeness of the dataset or intended use of the data are
recognized during a preliminary review to be insufficient to meet program DQOs.

.,-~

.-~

In the event that the above corrective actions are deemed unacceptable, an alternate laboratory may
be selected to perform necessary or appropriate verification analyses. The USACE PM will be
notified in writing of any changes in sampling or analytical protocol prior to implementation.
Written acceptance by the USACE PM ofany changes in sampling or analytical protocol will be kept
in the project files.

14.3 IMMEDIATE CORRECTIVE ACTION

Any equipment and instrument malfunctions will require immediate corrective actions. The
laboratory QC charts are working tools that identify appropriate immediate corrective actions to be
taken when a control limit has been exceeded. These charts provide the framework for uniform
actions as part of normal operating procedures. The actions taken should be noted in field or
laboratory logbooks, but no other formal documentation is required unless further corrective action
is necessary. These on-the-spot corrective actions will be applied daily as necessary.

14.4 LONG-TERM CORRECTIVE ACTION

The need for long-term corrective action may be identified by standard QC procedures, control
charts, and/or performance or system audits. Any quality problem that cannot be solved by
immediate corrective action falls into the long-term category.

The essential steps in a corrective action system are:

• Identification and definition of the problem,
• Investigation and determination of the cause ofthe problem,
• Determination and implementation of a corrective action to eliminate the problem, and
• Verification that the corrective action has eliminated the problem.

Documentation of the problem is important in corrective action. The responsible person may be an
analyst, laboratory QA Manager, sampler, the Project QA Officer, Project Chemist, or the Project
Manager. In general, the Project QA Officer and/or Project Chemist will investigate the situation
and determine who will be responsible for implementing the corrective action. For field activities,
the required corrective action will be documented by the Field Team Leader. For chemical data, the
required corrective action will be documented by the Project Chemist. The corrective action will
be discussed with the USACE PM prior to implementation if the severity of the problem warrants
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such discussion. The QA Officer will verify that the corrective action has been taken and appears
effective, and will, at appropriate later dates, verify that the problem has been resolved.

15. QUALITY ASSURANCE REPORTS TO MANAGEMENT

QA reports to management will be prepared throughout the project and will be summarized in Daily
Quality Control Reports (DQCRs) and a Quality Control Summary Report (QCSR), discussed below.
Other reports, as applicable, will include reports of any f1eld.or laborato~dits, meeting minutes,

analytical data packages, confirmation records, and monthly status reports.

15.1 DAILY QUALITY CONTROL REPORTS

TN&A will prepare DQCRs from the field sampling notes and observations and from audit reports
for each day of the project in which sampling occurs. The DQCRs will contain the following
information:

• Location of work;
• Weather conditions;
• 'Description ofwork performed;
• Problems encountered and associated corrective aCtion;
• Description of field tests performed, including the individuals performing the tests, test results,

QC check results, and calibration procedures;
• Results ofaudits or inspections, including problems identified and corrective actions taken; and
• General comments.

The laboratory will provide TN&A with reports pertaining to out-of-control analytical events. These
will contain the following:

• Hold-time violations,
• Chain-of-custody discrepancies,
• Sample storage and preservation errors,
• Out-of-control QAlQC sample results, and
• Corrective actions taken as a result of the above problems.

Field and laboratory DQCRs will be assembled and provided to the USACE PM on a weekly basis;
weekly DQCRs will be sent to the USACE on the Tuesday following the week that field work was
performed.

15.2 QUALITY CONTROL SUMMARY REPORT

TN&A will prepare a QCSR at the end ofthe project. The QCSR will be submitted to the USACE
within 30 working days of receipt of the final analyses. The QCSR will contain the following
information:
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• Proj ect description.

• Sampling procedures.

• Summary ofDQCRs.

• Data quality assessment, which will present a summary ofthe data validation and data quality
issues for all test methods. This summary will include assessments of the PARCC parameters

- and a summary of all laboratory and field validation-results (as disctiiSed in Section 10.1 and
Section 10.2 of this document).

• Conclusions and recommendations, which will summarize the recommended changes to
sampling and analytical procedures to better assess site conditions in future work at IAAAP.
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Figure 6.2. Example Sample Label

TN & Associates, Inc. Sample Number
<Site>

<City, State>

Sample Type Matrix I Preservative

Container Information

No.: Size: Type:
Analysis:

Method:

Sample Sample
Date: Time:

Sampler's Initials:
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TABLES
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Table 8-1:
(Method

Target Analytes for Laboratory Soil and Water Analyses
Detection Limits to be determined in conjunction with

selected laboratory)

Explosives (EPA Method 8330)

Hexahydro-I,3,5-trinitro-I,3,5-triazine (RDX)
octahydro-I,3,5,7-tetranitro-I,3,5,7
tetrazocine (HMX)
2,4,6-Trinitrotoluene (2,4,6-TNT)
1,3,S-Trinitrobenzene (1,3,S-TNB)
1,3-Dinitrobenzene (1,3-DNB)
2,4-Dinitrotoluene (2,4-DNT)
2,6-Dinitrotoluene (2,6-DNT)
Methyl-2,4,6-trinitrophenylnitramine (Tetryl)
Nitrobenzene (NB)
4-Amino-2,6-dinitrotoluene (4-Am-DNT)
2-Amino-2-dinitrotoluene (2~Am-oNT)

2-Nitrotoluene (2-NT)
3-Nitrotoluene (3-NT)
4-Nitrotoluene (4-NT)

Volatile Organic Compounds (EPA Method 8260B)

Bromodichloromethane
Bromoform
Bromomethane
Carbon tetrachloride
Chlorobenzene
chloroethane
Chloroform
chloromethane
oibromochloromethane
Dibromomethane
1,2-oichlorobenzene
1,3-oichlorobenzene
1,4-oichlorobenzene
oichlorodifluoromethane
l,l-Dichloroethane
1,2-oichloroethane
l,l-oichloroethylene
trans-I,2-oichloroethylene
1,2-oichloropropane
1,1,2,2-Tetrachloroethane
1,1,1,2-Tetrachloroethane
Tetrachloroethylene
l,l,l-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
vinyl chloride
Benzene
Ethyl Benzene
Toluene
m&p-xylene
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Table 8-1:
(Method

Target Analytes for Laboratory Soil and Water Analyses
Detection Limits to be determined in conjunction with

selected laboratory)

o-xylene
Methylene Chloride
carbon oisulfide
cis-l,3-oichloropropene
Trans-l,3-oichloropropene
l,2-oibromoethane
Styrene
2-Hexanone
l,2,3-Trichloropropane
Acetone
2-Butanone
4-Methyl-2-pentanone

Volatile Organic Compounds (EPA Method 8260B)

cis-l,3-oichloropropene
Trans-l,3-oichloropropene
1,2-oibromoethane
Styrene
2-Hexanone
1,2,3-Trichloropropane
Acetone
2-Butanone
4-Methyl-2-pentanone

Semivolatile Organics (EPA Method 8270C)
Phenol
bis (2-chloroethyl)ether
2-chlorophenol
1,3-oichlorobenzene
l,4-oichlorobenzene
1,2-oichlorobenezene
2-Methylphenol
4-Methylphenol
N-Nitroso-di-n-propylamine
Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-oimethylphenol
bis (2-chloroethoxy)methane
2,4-oichlorophenol
l,2,4-Trichlorobenzene
Naphthalene
4-chloroaniline
Hexachlorobutadiene
4-chloro-3-methylphenol
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-chloronaphthalene
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2-Ni troanil i ne
Acenaphthylene
2,6-oinitrotoluene
3-Nitroaniline
Acenaphthene
2,4-oinitrophenol
4-Nitrophenol

~amivolatile Organics (EPA Method 8270C)

oibenzofuran
2,4-oinitrotoluene
4-chlorophenyl-phenyl ether
Fluorene
4-Ni troanil i ne
4,6-oinitro-2-methylphenol
N-Nitrosodiphenylamine
4-Bromophenyl-phenyl-ether
Hexachlorobenzene
pentachlorophenol
phenanthrene
Anthracene
oi-n-butylphthalate
Fluoranthene
pyrene
Butyl benzyl phthalate
3,3'-oichlorobenzidence
Benzo (a) anthracene
chrysene
Bis (2-ethylhexyl) phthalate
oi-n-octyl phthalate
Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
rndeno (1,2,3-cd) pyrene
oibenzo (a,h) anthracene
Benzo (g,hi) perylene

Pesticide/PCBs (EPA Method 8081/8082)
alph-BHC
beta-BHC
delta-BHC
Lindane (gamma-BHC)
Heptachlor
A1dri n
Heptachlor epoxide
Endosulfan I
Dieldrin
4,4'-00E
Endrin
Endosulfan II
4,4'-000
Endosulfan sulfate
4,4'-00T
Methoxychlor
Endrin ketone
Endrin aldehyde
alpha-chlordane
gamma-chlordane
Toxaphene
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
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Aroclor-1254
Aroclor-1260

Metals (EPA Method 6010/7000 Series)
Arsenic
Barium
Beryllium
Boron
Cadmium

-chromium
Lead
Mercury
Selenium
sil ver

~g/kg -Micrograms per kilogram
~g/L -Micrograms per liter
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Table 8-2: Sample Preservatives, Containers, and Holding Times For
Laboratory Samples

5VOCs 1 Liter Amber Cool, 4°C 7 days before
Glass Boston extraction, 40 days

Round to analyze

Explosives 1 liter Amber Cool, 4°C 7 days before
Glass Boston extraction, 40 days

Round to analyze

pesticide/PCBs 1 Liter Amber cool, 4°C 14 days before
Glass Boston extraction, 40 days

Round to analyze

Target Metals 1 Liter Amber Cool, 4°C, 6 months
Gl ass Boston HN03

Round

Soil vocs 2-2 oz. Glass cool, 4°C 14 days to analysis
samples

Explosives 1-4 oz. Glass cool, 4°C 14 days before
extraction, 40 days
to analyze

5VOCS cool, 4°C 14 days before
pesticide/pcBs 1-8 oz. Glass extraction, 40 days

to analyze

TargetMetals 1-8 oz. Glass Cool, 4°C 6 months
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Table 9-1: Summary of Internal (Laboratory) Quality Control Samples

8330 Explosives 1 per 1 ~er 1 per 1 per 1 per 1 per
analytical ana yt analytical analytical analytical anal yti cal

batch" i cal batch batch batch batch
batch

8260B VOCs 1 per 1 ~er 1 per 1 per 1 per 1 per
analytical ana yt analytical ana1yti cal analytical analytical

batch ical batch batch batch batch
batch

8270e svoes 1 per 1 ~er 1 per 1 per 1 per 1 per
analytical ana yt analytical analytical anal yti ca1 analytical

batch i cal batch batch batch batch
batch

8081A/ Pests/PCB 1 per 1 ~er 1 per 1 per 1 per 1 per
8082 ana1yti cal ana yt . analytical analytical analytical analytical

batch i cal batch batch batch batch
batch

7000- Metals by 1 per 1 ~er 1 per 1 per 1 per 1 per
series AA analyti cal ana yt analytical analytical anal yti cal analytical

batch ical batch batch batch batch
batch

6010B Metals by 1 per 1 per 1 per 1 per 1 per 1 per
rep analytica a~al1't analytical analytical analytica analytica

1 batch lca batch batch 1 batch 1 batch
batch

a) Analytical batch is defined as the number of samples collected over 14 days, or a
discrete group of 20 or fewer samples extracted and analyzed together by the
laboratory.

b) rf required by the method.
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Table 9-2: Quality Assurance Goals for Accuracy and Precession (to be
determined in conjunction with selected laboratory and USACE Project Team)

Explosives, EPA Method
8330

1,3,5
Trinitrobenezene

0-2-Nitrotoluene

m-Nitrotoluene

p-Nitrotoluene

Nitrobenezene

1,3-oinitrobenezene

2,4-oinitrotuluene

2,6-oinitrotoluene

Tetryl

HMX

RDX

2,4,6
Trinitrotoluene

Volatile Organics, GC/MS
c

l,l-oichloroethene

Trichloroethene

Benzene

Toluene

chlorobenzene

Semivolatile Organics, GC/MS (8270C)

phenol

2-chlorophenol

1,4-oichlorobenzene

N-Nitroso-di-N-
propylamine

1,2,4-
Trichlorobenzene

4-chloro-3-
methyl phenol

Acenaphthene

4-Nitrophenol

Dinitrotoluene
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Table 9-2: Quality Assurance Goals for Accuracy and Precession·

pentachlorophenol

pyrene

- -..=.........

-Metals by ICP/AA
-~

Arsenic 80-120 20 80-120 20

Bari urn 80-120 20 80-120 20

Beryllium 80-120 20 80-120 20

Boron 80-120 20 80-120 20

cadmium 80-120 20 80-120 20

chromium 80-120 20 80-120 20

Lead 80-120 20 80-120 20

Mercury 80-120 20 80-120 20

selenium 80-120 20 80-120 20

si lver 80-120 20 80-120 20

a Applies to MS/MSD and LCS/LCSD.
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Table 9-3: QC Evaluation Criteria For Accuracy Using Surrogates (to be determined
in.conjunction with selected laboratory and USACE Project Team)

~xplosives 3,4-Dinitrotoluene
-~

--~

Purgeable Volatile l,2-Dichloroethane-d4

Toluene-dB

p-Bromoflourobenzene

Semivolatile 2-Fluorobiphenyl

phenol-d5/6

2,4,6-Tribromophenol

Nitroben;zene-d5

Terphenyl-d14

2-Fluorophenol

Pesticides/PCBs DCBP

TCMX

1~ •
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Table 10-1: Project Data Qualifiers

U

UJ

J

R

- The material was analyzed for, but not detected. The associated numerical value is the
practical quantitation limit.

- The material was analyzed for, but not detected. The associated numerical value is an
estimated quantitation limit. .•~

- The sample results are estimated. This qualifier is also used for concentrations less than
the MRL but higher than the MDL.

- Quality control indicates that the data are unusable (compound mayor may not be
present). Rejection may be caused by very low or very high recoveries of the matrix
spikes, surrogates, or control standards or by calibration parameters that do not meet
specific criteria.
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1.0 INTRODUCTION 
1.1 Purpose of the Site Safety and Health Plan 
This Site Safety and Health Plan (SSHP) has been developed to fulfill the following objectives: 

1. Provide guidelines and requirements for the safety and health of field personnel during field 
activities associated with U.S. Army Corps of Engineers (USACE) Contract No. DACW-45-
97-D-0015, Delivery Order No. 0014 at the Iowa Army Ammunition Plant (IAAAP) in 
Middletown, Iowa. 

2. Instruct employees on procedures to minimize the potential for injury or exposure to a 
hazardous condition. 

3. Inform employees on the proper action to be taken if a hazardous condition cannot be 
avoided by engineering controls. 

4. Provide guidelines for emergency response for known hazards and hazardous situations. 

5. Specify actions required to comply with applicable (a) Occupational Safety and Health 
Administration (OSHA) regulations contained in 29 Code of Federal Regulations (CFR) 
1910.120, (b) state and local regulations or other requirements, and (c) the USACE Safety 
and Health Requirements Manual EM 385-1-1, September 3, 1996. 

6. Present activity-specific safety and health practices and procedures for site hazards and 
activities. 

This SSHP is intended as a guideline that allows the Site Safety and Health Officer (SSHO) to 
respond to changing conditions and make professional judgments regarding the interpretation of 
monitoring data and related control measures.  This SSHP delineates safety and health responsi-
bilities and assigns responsibilities to project and office personnel.  This SSHP is not applicable 
to other contractors and/or site tasks unless authorized for such use by T N & Associates, Inc 
(TN&A).  Site personnel must be permitted access to this SSHP upon request.  Site personnel are 
required to sign this SSHP as an acknowledgment of agreement, acceptance, and understanding 
of the contents.  (Refer to Appendix III-A) 

This SSHP is Part III of the project work plans.  Part II is the Quality Assurance Project Plan 
(QAPP), and Part I is the Field Sampling Plan (FSP). The Work Plan (WP) provides 
administrative background and organization. 

1.2 Scope of Work 
Project field activities detailed in the WP and FSP include work in the following areas of 
IAAAP:                   

Mobility 1 

• Brush Creek Sewer Line and Line 3A Treatment Plants  
• Line 1 Impoundment Sediment Ponds 
• Line 800 Lagoon Sediment Basins 1–5 
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Mobility 2 

• Lines 4A and 4B 
• Line 800 
• Roundhouse Polychlorinated Biphenyl (PCB) Site 
• Deactivation Furnace 

Other 

• Monitoring Well Abandonment 
• Monitoring Well Maintenance 

Work in these areas will include soil, sediment and water sampling.  Influent into the two sewage 
treatment plants will be collected and sampled.  Samples will be tested for explosives, metals and 
organics.  A portion of the samples will be analyzed on site, and an outside contract laboratory 
will be used for some of the analytical work.    

Hazards and control measures associated with these work activities are discussed in Sect. 5.0. 

1.3 Implementation and Modification of the Site Safety and Health 
Plan 

The SSHO will hold an initial safety and health tailgate meeting with site personnel to discuss 
safety procedures and familiarize personnel with the potential hazards of the site. 

The SSHO will perform daily safety inspections to evaluate site operations and report results on 
the Daily Quality Control Reports (DQCRs).  The DQCRs will be maintained at the site and 
delivered to the USACE weekly or at the conclusion of each 10-day work period, as appropriate.   

The SSHO will conduct daily safety meetings with site personnel and document the meetings on 
the DQCRs.  Site personnel will be informed of any changes during the daily meetings or when 
site conditions or risks change. Changes in this SSHP will be discussed with the TN&A 
Corporate Safety and Health Manager (SHM) before being applied at the site.  

TN&A will maintain the required personnel to ensure adequate provisions for the safety and 
health of its personnel on or near the site.  All TN&A Safety and Health personnel are  
experienced and trained to identify and correct deficiencies in site operations.  Deficiencies and 
corrections will be noted on the DQCR.  Information noted will include the area of deficiency, 
type of deficiency, corrective action to be taken or which has been taken, the responsible party 
for corrective action, data of follow-up inspection(s), and signature of the investigating person. 

Prior to the start of work at potentially contaminated sites and after a thorough underground 
utilities search has been conducted, the SSHO will examine drilling and sampling locations for 
changes in the site conditions and the presence of underground utilities. The SSHO will 
summarize on Site Hazard Evaluation Forms (Fig. 1-1) any significant changes in site conditions 
or underground utilities discovered during the examination and warranting modification of the 
SSHP along with appropriate control measures. TN&A’s Corporate SHM and the USACE 
Technical Manager (TM), will review and approve the forms, which when approved, will 
comprise amendments to the SSHP.  Copies of the forms will be provided to site workers at the 
daily meetings or the start of the field activity covered. 
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2.0 SITE AND PROJECT INFORMATION 
This section provides a general description of the site and a discussion of chemicals previously 
detected in onsite media and chemicals suspected to be present onsite.  A discussion of site zones 
is also provided.  A field addendum to this SSHP will be prepared by the SSHO to summarize 
site information specific to individual work tasks.  These will be approved by the SSHO and 
provided to field personnel before the work begins. 

2.1 General Site Description 
IAAAP is located in Des Moines County, Iowa, about 10 miles west of Burlington and the 
Mississippi River.  The IAAAP property is bordered by U.S. Highway 34 to the north, upland 
agricultural farms to the east and west, and the Skunk River Valley to the south.  Figure 2-1 
shows a general location map of the facility.  IAAAP occupies approximately 19,127 acres 
(30 square miles), distributed approximately equally between manufacturing/industrial facilities, 
agricultural land, and undeveloped land.       

IAAAP is a government-owned, contractor-operated facility.  The current operating contractor is 
American Ordnance (AO), formerly known as Mason and Hanger Corporation, under the 
command of the U.S. Army Industrial Operations Command, Rock Island, Illinois.  

2.1.1 Site Conditions 

Work sites are generally in grassy areas that are flat to gently sloping.  Several locations are in 
partially wooded areas; others may be adjacent to plant roadways or plant railroad tracks.   

2.1.2 Site Status 

IAAAP is an active facility.  The Site Supplemental Assessment will involve work around or 
near both active and inactive production lines, landfills, explosive test areas, sewage treatment 
systems, storage yards, and other areas.  No offsite work is anticipated at this time. 

2.1.3 Site History 

This SSHP addresses investigation activities within the boundaries of IAAAP and along Brush 
Creek.  No offsite activities are planned. 

The presence of explosive chemicals in offsite residential water supply wells downgradient from 
IAAAP was reported by JAYCOR in the basewide Remedial Investigation (RI).  Groundwater 
samples were collected from six residential wells south/southeast of IAAAP on September 21, 
1992.  The wells were designated RBW-GW-25 through -30 by JAYCOR.  RBW-GW-25 
through -29 ranged in depth from 28 to 45 ft, and RBW-GW-30 is 800 ft deep.  RBW-GW-25 
contained RDX (Royal Demolition Explosive or Hexahydro-1,3,5-trinitro-1,3,4-triazine) at 
15.5 μg/L and RBW-GW-26 contained RDX at 27.5 μg/L, both above the Health Advisory 
Level (HAL). The wells in which contaminants were detected were resampled March 15, 1993, 
and the presence of RDX at similar levels in these wells was confirmed.   

The Army Environmental Center (AEC)/USACE conducted extensive off-post sampling and 
analysis of residential wells located in the watersheds leaving the IAAAP.  Of the 54 residences 
sampled, 3 were found to contain RDX above the HAL of 2.0 μg/L.  Two of these residences are 
located at the extreme southwest boundary of IAAAP, near the town of Augusta, on a tributary 
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of the Skunk River.  One sample contained RDX at 2.8 μg/L, and the other contained RDX at 
3.31 μg/L.  The third residence is thought to be located along the Brush Creek watershed near the 
two residences described above whose wells tested positive for RDX.  This well contained RDX 
at 2.10 μg/L. Resampling at these residences showed RDX contamination at similar levels.   

As an interim action, the Army provided bottled water to the affected residences. IAAAP, in 
coordination with the AEC, USACE and AO, contracted directly with the Public Water Utility in 
the area to connect all residences in the area to the public water supply at the Army’s expense.  
The affected area has been defined as the area south of IAAAP, between Brush Creek at the 
IAAAP’s southeastern boundary, to an unnamed tributary south of Line 3A, at the IAAAP’s 
southwestern boundary, south to the Skunk River. 

In August, 1998, Harza Environmental Services, Inc. (Harza) personnel collected three 
residential water samples for laboratory analysis of explosives, nitrate/nitrite, and metals during a 
site visit with IAAAP, AEC, USACE and U.S. Environmental Protection Agency (EPA) 
representatives.  Two of the samples had RDX concentrations of 6 μg/L (Pleasant residence) and 
6.2 μg/L (Miller residence).  The third sample (Schillie residence) was none-detected.  A surface 
water sample was also collected from the Brush Creek east of the Miller residence for laboratory 
analysis; results indicated RDX at 1.4 μg/L. 

2.1.4 Climate 

The average wind at IAAAP is predominantly northwest November through May at 11 to 
12 mph and south May through October at 6 to 9.5 mph.  It is a humid climate.  Average 
seasonal temperatures are provided in Table 2-1.   

 
Table 2-1.  Average Seasonal Temperatures at IAAAP 

Mean temperature 
(oF) 

 
January 

 
April 

 
July 

 
October 

High 31.7 62.1 86.1 66.7 
Low 14.1 40.3 64.6 43.9 

 
2.1.5 Locations of Resources Available to Onsite Personnel 

Toilet facilities:  Portable toilet at the Field Office/Trailer site.   

Drinking water supply:  Site workers will carry drinking water for the day.  In most cases, No 
nearby facilities are available at the investigation sites. 

Telephone/Radio:  Telephones are available at facility buildings.  A two-way radio and/or 
cellular telephone will be issued by the Site Manager (SM)/SSHO. 

Field Trailer:  A field trailer will be provided for storing equipment and supplies during the 
course of the field activities.  The trailer will be used as the daily meeting location, equipment 
calibration/drop off area and break area.   
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2.2 Chemicals Detected In Onsite Media 
Previous investigations at the IAAAP and the residential wells have identified contamination 
primarily by residual explosives.  Chemicals identified previously in offsite residential well 
samples are listed in Table 2-2.  Table 2-3 is based on earlier data collected during the USACE 
Residential Well Sampling (1993) and the samples collected during the Supplemental 
Groundwater RI (1997) and site visit by Harza (1998).   

The highest concentrations of explosives and greatest number of chemicals exceeding 
Preliminary Remediation Goals (PRGs) for RDX are reported in residential well samples 3667 
(Pleasant) and 3632 (Miller), and surface water samples 7L and 7M.  Several of the water 
samples collected during the residential well sampling (USACE, 1993) had concentrations of 
bis-(2-ethylhexyl) phthalate exceeding the screening criteria.  It was also noted that this 
compound was detected in the method blank.   

Hazardous property information for the chemicals listed is provided in Table 2-2.  

2.3 References and Reports Pertinent to the Site 
• Revised Draft Final Remedial Investigation/Risk Assessment Report (11 volumes), JAYCOR 

Corporation, 21 May 1996. 

• Supplemental Groundwater Remedial Investigation Report, Iowa Army Ammunition Plant 
(IAAAP), Middletown, Iowa, Harza Environmental Services, Inc., Draft, December 1, 1997. 

• Supplemental Remedial Investigation, Line 800/Pink Water Lagoon, Iowa Ammunition Plant 
(IAAAP), Work Plans, Harza Environmental Services, Inc, Draft/Final, August 1998 

2.4 Site Zones 
Site zones will be established to prevent or minimize exposure (of unauthorized personnel) to 
hazards by reducing migration of contaminants into clean areas.  For work at IAAAP on this 
project, a three-zone approach is not considered necessary for field activities work sites are low 
hazard.  However, if field conditions change, work activities will then be switched to a three-
zone approach.  The zones will be identified during safety briefings and will be clearly marked 
by barrier tape or rope, traffic cones, barricades, signs, or other means.  These three zones shall 
be designated as the Support Zone (SZ), the Contamination Reduction Zone (CRZ), and the 
Exclusion Zone (EZ). 

2.4.1 Support Zone 

SZs are clean areas in which the possibility of encountering hazardous materials or conditions is 
minimal.  For the drilling and sampling activities to be undertaken in this project, SZs will be 
considered as those areas outside established EZs and CRZs.  To the extent possible, required 
field support vehicles will be parked in the SZs and will have available effective means of 
communication, first-aid supplies, fire extinguisher, drinking water, and other appropriate 
support equipment.  The SZ shall also serve as the main point of contact for visitors and 
initiation of emergency services, if necessary.  
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2.4.2 Contamination Reduction Zone 

For this project, CRZs will be areas where equipment and personnel are decontaminated.   They 
will consist of decontamination pads (temporary or permanent), a means of washing protective 
equipment, site vehicles, and equipment; containers for liquids, solids, and personal protective 
equipment (PPE); first-aid supplies; an eyewash station; and a fire extinguisher. Personnel will 
remove and/or decontaminate PPE and place it in appropriate containers.  Site vehicles and 
equipment will also be decontaminated in the CRZ.  For this project, CRZs will not be required 
for each drilling site but will be established in each general area of work, as appropriate. 

2.4.3 Exclusion Zone 

EZs will be established as areas approximately 25 ft around each drilling location while work is 
in progress.  Only authorized, trained, and qualified personnel with the appropriate personal and 
respiratory equipment shall be admitted.  Personnel entering the EZ must use the buddy system. 

Work activities within the EZ pose the greatest possibility of exposure to personnel and 
equipment.  The EZ will be clearly marked with flagging, barricade tape, traffic cones, or other 
indicators to limit access.   

2.5 Site Control 
The work to be performed lies within the property boundaries of IAAAP.  The individual work 
sites are not always fenced and  established site zones will be delineated with barrier tape, signs, 
traffic cones, or other visible indicators to prevent access by unauthorized personnel.  Safety 
Work Permits (Excavation Permits or Ground Penetration Permits) must be obtained from the 
AO Safety Manager for access to the general area.  Subcontractors performing different tasks 
will be required to state the planned task and the duration of the task.  A one-week advance 
notice is required for issuance of said permits.  

3.0 PROJECT ORGANIZATION AND PERSONNEL REQUIREMENTS 
3.1 Organization and Safety Responsibilities 
To meet its safety and health objectives, the Project Team has developed a line of reporting and 
has tasked individuals with the following safety and health responsibilities  

Project Manager:   Nickanor M. Alino, P.G. 

Acquaint field personnel with potential hazards and procedures to minimize the negative impact 
of those hazards. Make available proper PPE and other safety equipment, adequate time and 
budget, and trained personnel to perform site work in a safe manner.  Arrange for preparation of 
an SSHP.   

Site Manager:  Leonard D. Hayden 

Ensure that site personnel have read, signed, and will follow the master copy of this document 
(Appendix III-C). Coordinate with the SSHO on accident investigations, as necessary.  (See the 
USACE Accident Investigation Form in Appendix III-D.)  Investigate and report to the Project 
Manager each work-related illness or injury, near-misses, accidents, and damage to physical 
property. 
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TN&A Corporate Safety & Health Manager:  William S. Fink, CIH, CSP, CHMM 

Be responsible for the development, implementation, oversight, and enforcement of the SSHP.  
Sign and date the SSHP prior to submittal.  Be available for emergencies.  Provide onsite 
consultation as needed to ensure the SSHP is fully implemented.  Coordinate any modifications 
to the SSHP with the PM, the SSHO, and the Contracting Officer (CO).  Review and approve 
SSHP plan amendments for specific site tasks.  Review accident reports and results of daily 
inspections.  Serve as a member of the Contractor's quality control staff.  Coordinate with the 
SSHO regarding Corporate policy or procedure changes that may impact the Project. 

Site Safety & Health Officer:   Leonard D. Hayden 

Assist and represent the TN&A SHM in onsite training and the day to day onsite implementation 
and enforcement of the accepted SSHP.  Be assigned to the site on a full-time basis for the 
duration of field activities.  If operations are performed during more than one work shift per day, 
the SSHO will designate another representative who shall be present for each shift.  Conduct 
initial site-specific training.  Have authority to ensure site compliance with specified safety and 
health requirements, Federal, State and OSHA regulations, and all aspects of the SSHP 
including, but not limited to, activity hazard analyses, air monitoring, use of PPE, 
decontamination, site control, standard operating procedures used to minimize hazards, safe use 
of engineering controls, the emergency response plan, confined space entry procedures, spill 
containment program, and preparation of records by performing a daily safety and health 
inspection and documenting results on the DQCRs.  Have authority to stop work if unacceptable 
safety or health conditions exist and take necessary action to reestablish and maintain safe 
working conditions.  Consult with and coordinate any modifications to the SSHP with the TN&A 
SHM and the CO.  Serve as a member of the Contractor's quality control staff on matters relating 
to safety and health.  Conduct accident investigations and prepare accident reports.  Review 
results of daily quality control inspections and document safety and health findings in the 
DQCRs. In coordination with site management and the TN&A SHM, recommend corrective 
actions for identified deficiencies and oversee the corrective actions.  Provide continued support 
for upgrading/downgrading of the level of personal protection.  Be responsible for evaluating air 
monitoring data and recommending changes to engineering controls, work practices, and PPE. 

Employees:  As required 

Obey safety and health work practices issued by law and by the Project Team.  Read, understand, 
and sign the SSHP.  (Signature forms are located in Appendix III-A of this SSHP.)  Wear PPE as 
directed by this SSHP.  Use safety equipment as directed by this SSHP.  Inform the SSHO of any 
prescription medication taken during the project.  Report recognized unsafe conditions and 
actions to the SSHO.  Report any accidents, exposures, near misses, or property damage 
immediately. 

Visitors 

Follow the direction of the SSHO.  Read, understand, and sign the SSHP.  (Signature forms are 
located in Appendix III-A of this SSHP.)  Do not enter the work zones unless the appropriate 
OSHA-required training and medical monitoring has been obtained and you have authorization.  
Use designated PPE, as appropriate. 
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3.2 Personnel Requirements 
A minimum of two personnel must perform the site activities for this project.  For drilling 
activities, TN&A and Aquadrill (the subcontracted drilling firm) personnel can satisfy this 
requirement. 

4.0 SAFETY AND HEALTH PROGRAMS 
4.1 Required Personnel Training 
Specific training requirements for personnel, including subcontractors conducting field activities, 
are divided into the following training categories: 

• Regular Site Personnel Exposed to Hazardous Substances 

• Regular Site Personnel Potentially Exposed to Hazardous Substances Below the Permissible 
Exposure Limits (PELs) 

• Occasional Site Personnel Potentially Exposed to Hazardous Substances Below the PELs 

• Management and Supervisory Training 

• Refresher Training 

• Specific Hazard or Equipment Training 

These categories, as well as documentation, exempt personnel, tailgate meetings, and audits, are 
discussed in the following sections. 

4.1.1 Regular Site Personnel Exposed to Hazardous Substances 

Site personnel whose job responsibilities cause them to be exposed to or to have the potential to 
be exposed to hazardous substances or health hazards are required to comply with 29 CFR 
1910.120(e)(3)(i) or applicable state regulations.  This regulation requires site personnel exposed 
to hazardous substances to complete 40 hours of offsite instruction and 3 days of field experience 
supervised by a trained supervisor. 

4.1.2 Regular Site Personnel Potentially Exposed to Hazardous Substances 
Below Permissible Exposure Limits 

Regular site personnel whose job responsibilities cause them to be potentially exposed to 
hazardous substances or health hazards below PELs are required to comply with 29 CFR 
1910.120(e)(3)(iii) or applicable state regulations.  This regulation requires that these personnel 
receive a minimum of 24 hours of offsite instruction and 1 day of field experience supervised by 
a trained supervisor. The project SSHO or designated representative must ensure that these 
personnel will not be exposed above PELs. This decision will be made on the basis of review of 
previous monitoring in the work areas and possibly historical site background information. 
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4.1.3 Occasional Site Personnel Potentially Exposed to Hazardous Substances 
Below Permissible Exposure Limits 

Occasional site personnel who visit the site for a specific limited project and whose exposure is 
designated by the SSHO to be under applicable PELs are required to comply with 29 CFR 
1910.120(e)(3)(ii) or applicable state regulations.  This regulation requires that these personnel 
receive a minimum of 24 hours of offsite instruction and 1 day of field experience supervised by 
a trained supervisor. 

In accordance with 29 CFR 1910.120(e)(3)(iv) or applicable state regulations, regular (as defined 
in Section 4.1.2 above) and occasional site personnel having completed an initial 24-hour 
classroom instruction must complete an additional 16 hours of offsite instruction and 2 days of 
field experience supervised by a trained supervisor before they are qualified to engage in 
activities that may expose them to hazardous substances above PELs. 

4.1.4 Management and Supervisory Training  

In accordance with 29 CFR 1910.120(e)(4) or applicable state regulations, individuals who 
manage or supervise personnel engaged in hazardous waste operations at the site must receive 
40 hours of offsite instruction and 3 days of field experience supervised by a trained supervisor.  
In addition, management and supervisory personnel shall receive an additional 8 hours of 
specialized training that addresses the safety and health program, training requirements, personal 
protective and respiratory equipment program, health hazard monitoring procedures, accident 
investigation, and emergency response procedures.   

4.1.5 Refresher Training 

Annual refresher training in accordance with 29 CFR 1910.120(e)(8) or applicable state 
regulations shall be completed at least annually following the completion of the individual's 
40-hour or 24-hour training course.  Personnel will be required to attend the annual refresher 
training to maintain their qualifications for hazardous waste operations. 

4.1.6 Documentation 

Training must be properly documented and filed onsite for reference by the SSHO or designated 
representative. Personnel required to meet the training requirements must present evidence of 
this training at the site.  The SSHO is responsible for checking before each activity to verify 
complete and current documentation.  A copy of the documentation will be kept readily available 
or onsite, as applicable. 

4.1.7 Exempt Personnel 

Exempt personnel requesting access to the site could include personnel making deliveries or 
performing repairs to utilities, public or government officials, untrained visitors, or local 
residents.  Individuals from these groups will not be required to comply with the training 
requirements as previously stated or the medical monitoring as discussed in Section 4.2.  
However, access will be limited to designated work, delivery, or observation areas onsite to 
minimize any potential exposure.  Observation areas onsite will be upwind from site operations, 
as decided on the basis of predominant wind directions, so as not to receive dust or chemical 
contaminants.  Access to observation areas may be restricted by weather conditions or site 
activities.  Approvals for exempting personnel and decisions on access limitation for other 
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personnel will be handled on a case-by-case basis by the SM in consultation with the SSHO and 
the PM. 

4.1.8 Tailgate Safety Meetings 

A tailgate safety meeting shall be conducted daily or (1) whenever risks or hazards change, 
(2) whenever new personnel arrive, and (3) when site operations warrant indoctrination and 
training (e.g., startup of a new phase of site work).  Safety meetings shall be conducted by the 
SSHO or another qualified individual and shall review activities planned for the day.  Where 
procedural deficiencies are identified, additional safety meetings will be conducted to address the 
situation.  Other topics, as applicable, will include: 

• Suspected hazards and hazard mitigation procedures as presented in Section 5.0 
• PPE required 
• Communications 
• Identification of a predetermined assembly point in case of an emergency 
• Required inspection reports 
• Site personnel responsibilities 
• Decontamination procedures 
• Emergency procedures 

These tailgate safety meetings will be documented on the DQCR.  Safety meetings will also be 
scheduled with designated IAAAP personnel on a regular basis, which will be determined later. 

4.1.9 Safety Inspections and Audits 

The PM and/or the SHM may visit the site periodically to ensure that work operations are being 
conducted in compliance with the protocols and procedures outlined in this SSHP. 

4.2 Medical Monitoring 
Project Team field employees working at hazardous waste sites more than 30 days per year will 
receive a baseline and annual comprehensive medical evaluation to qualify for hazardous waste 
site assignments and to be monitored for work-related illness or contamination.  Other employees 
who are exposed to hazardous substances or waste or who participate in physically challenging 
work will receive baseline and periodic exams (less frequently than annually).  The frequency of 
these exams will be determined upon consultation with TN&A's medical consultant. 

If an employee develops signs or symptoms of a work-related illness or injury, the employee will 
be examined by a qualified occupational medicine physician.  An employee who suffers an 
illness or injury that imposes a medical restriction on his or her job duties must have a 
physician's release statement indicating that he or she is fit for duty before the SSHO will permit 
that employee to return to full duty.  This release must be issued by the area office contract 
physician or if working in the field, the medical provider who examines and/or treats the 
individual. 

Site personnel also receive exit medical examinations at the termination of their employment 
with TN&A.  Records of an employee’s medical examination are kept on file at TN&A’s Human 
Resources Department in Milwaukee, Wisconsin (Corporate Office).  Medical clearance letters 
are kept at the employee's home office. The Project Team is not responsible for prime contractor 
or subcontractor medical monitoring; however, prime contractors and subcontractors are 
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expected to monitor their employees according to OSHA standards.  Prime contractors and 
subcontractors will furnish, prior to the start of any fieldwork, a copy of the physician’s written 
statement stating that the individual is physically fit to work on a hazardous waste site. 

Medical examinations may be provided on a more frequent basis for an individual if the 
physician determines this to be medically necessary.  Medical examinations are provided without 
cost to the employee, without loss of pay, and of reasonable time and place. 

Medical monitoring will include a medical and work history for each employee.  Each employee 
will be evaluated to assess their ability to wear required PPE for site work including respiratory 
protection. TN&A is acquainted with 29 CFR 1910.120 and 1910.134 and applicable state 
regulations. The medical consultant will also be supplied with the employee's duty description, 
anticipated exposure levels, PPE to be used, information required by 29 CFR 1910.134, and any 
applicable information from previous medical examinations.  A copy of the physician's written 
opinion of the employee's fitness for hazardous duty will be provided to the employee. 

Medical monitoring will be required for personnel at the site, including visitors, prime 
contractors, subcontractors, client representatives, EPA officials, and others visiting the work 
sites who may be exposed to contaminants exceeding accepted PELs.  The Project Team is 
responsible for providing medical monitoring to their personnel only.  The Project Team is not 
responsible for providing medical monitoring for other parties visiting the site.  However, the 
SSHO will review visitor certifications to assess whether the monitoring is up to date.  Copies of 
the documentation will be kept readily available or onsite, as applicable. 

4.3 Respiratory Protection Policy 
TN&A's respiratory protection program is managed by the TN&A’S Corporate Safety and 
Health Manager.  The purposes of the program are as follows: 

• Provide adequate respiratory protection to site personnel where there is a potential for 
exposure to toxic or nuisance substances in excess of allowable concentrations. 

• Require the provision of adequate respiratory protection to employees who may request such 
equipment on a voluntary basis. 

• Determine that employees assigned to site work requiring respiratory protection are physical-
ly able to wear respiratory protection equipment based on the results of medical monitoring. 

• Protect the employee's health during normal job duties and in the case of respirator failure or 
some other emergency. 

Objectives of the respiratory protection program are as follows: 

• Address the site hazards, the need for respiratory protection, and the selection of the 
appropriate National Institute for Occupational Safety and Health (NIOSH)-approved 
equipment during preparation of this SSHP. 

• Use engineering controls at the work site to minimize potential for exposure.  If engineering 
controls are not feasible, respiratory equipment must be used in accordance with work-site-
specific procedures. 
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• Make available to employees TN&A’s Corporate Safety and Health Manual describing the 
issuing, cleaning, disinfecting, inspecting, maintaining, repairing and storing of respirators.  
This document is in all TN&A’s offices, and a copy is available from the TN&A field team 
leader in the project work trailer for review by employees upon request. 

• Fit test employees required to wear respirators using isoamyl acetate and/or Bitrex™ or a 
quantitative fit test.  Testing shall be conducted annually for normal fieldwork or every 
6 months for specific contaminant work (asbestos, lead, cadmium, i.e., silica). 

• Train affected employees in accordance with 29 CFR 1910.134. 

Site visitors, subcontractors, or others who may request entry into the EZ must show proof of 
current (annual) respirator fit testing.  Copies of this documentation will be kept readily available 
onsite, as applicable. 

4.4 Hazard Communication 
4.4.1 Container Labeling 

The Project Team will require that containers and secondary containers of hazardous substances 
at the job site be labeled as to the contents, appropriate hazard warnings, and the name and 
address of the manufacturer.  The SSHO is responsible for label verification for this project. 

4.4.2 Material Safety Data Sheets   

Material Safety Data Sheets (MSDSs) are obtained from the manufacturer for any hazardous 
substances purchased by the project team, or supplied by the subcontractor conducting field 
activities at the site.  If the manufacturer does not include the MSDS when the item is shipped, 
the manufacturer will be contacted by telephone for a facsimile transmittal of the MSDS.  In 
addition, the item will not be used until an MSDS is received.  The MSDSs are kept in TN&A’s 
office and at the support facility (project field trailer) for field activities, as applicable.  TN&A’s 
office must maintain and review MSDSs for new information.  Significant safety and health 
information will be made available to affected employees.  Site personnel may request any or all 
MSDSs for review at any time.  A listing of the hazardous substances in use is filed with the 
MSDSs.  If requested, additional information will be provided regarding hazardous substances in 
use or present at the site. MSDSs for all hazardous substances (including grout, bentonite, 
cement, vehicle fuel, oils, etc.) will be provided by TN&A’s subcontractor(s) to the SM prior to 
the start of field activities. 

5.0 PROJECT HAZARD IDENTIFICATION AND MITIGATION 
This section discusses general safety and health work practices, general and site-specific hazard 
identification and mitigation, PPE, and monitoring instruments that will be used onsite. 

5.1 General Health and Safety Work Practices 
The Project Team's general safety policy advocates exercising every reasonable precaution when 
performing the work to prevent property damage and to protect the safety and health of employ-
ees, the public, and the environment.  Employees have certain responsibilities for their own 
safety, as follows: 
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• Report to work rested and physically and mentally fit to perform the job assignment. 

• Working while under the influence of intoxicants, narcotics, or controlled substances is 
prohibited. 

• Wear suitable clothing for the weather and the work. 

• Wear PPE and follow established procedures for a particular job.  Do not wear jewelry or 
loose-fitting clothing when operating or near equipment. 

• Call the supervisor's attention to any behavior or condition that may cause injury or illness to 
others or damage to property. 

• Read warning labels on containers and equipment.  Follow specified precautions. 

• Discontinue any operation that could lead to injury, illness, or property damage. 

• Do not participate in horseplay or any other disruptive behavior away from the job. 

• Promptly report to the SSHO any occupational injury, illness, or exposure to toxic material.  
If injured, get first aid.  Small injuries can become serious, if neglected. 

• Promptly inform the SSHO whenever new substances, processes, procedures, or equipment 
that could present new safety and health hazards are brought into work areas or onto projects. 

• Do not eat, smoke and/or chew tobacco, or chew gum in the EZ or CRZ. 

• Do not allow visitors without adequate safety training or PPE into the EZ or CRZ. 

• Work upwind of field activities when it is possible to do so. 

• Perform work in a manner that will minimize dust from becoming airborne (i.e., use water 
spray or wet technique when feasible).  

• Do not work alone inside the EZ.  Use the "buddy system" defined in 29 CFR 1910.120 or 
applicable state regulations during all work activities. 

• Enter the EZ only while in proper PPE and with a "buddy."  The buddy system will also be in 
effect at any work zone where respirators are being worn. 

• Check that a stand-by person is added to the buddy system when PPE is upgraded to Level B 
(supplied air).  The stand-by person shall not enter the EZ unless an emergency calls for such 
action.  The stand-by person must have first-aid training to act as the emergency response 
person. 

• While in the EZ, avoid contact with objects or soil unless the contact is necessary to the field 
operation. 

• Be alert to abnormal behavior of other personnel that may indicate distress, disorientation, or 
other ill effects. 

• Verify that vehicles have an ABC-rated fire extinguisher, a first-aid kit, and at least 
32 ounces of eyewash fluid.   



Iowa Army Ammunition Plant – Part III – Site Safety and Health Plan Addendum 
 

IAAAP Part II - SSHP Addendum1 − 9/20/2001 Page 14  

• Monitor weather conditions, particularly wind direction, because they could affect potential 
exposure. 

• Be aware of the amount of solar radiation exposed skin is receiving.  Take steps to minimize 
the potential for sunburn. 

• Operate a vehicle only if you are a licensed driver.  Seatbelts must be worn when operating a 
company vehicle or when driving a private vehicle on company business. 

• Drive vehicles in a safe manner and obey traffic regulations. 

• Operate a forklift only if you are a trained operator. 

• Use gloves, a Cardiopulmonary Resuscitation (CPR) shield, splash shield, etc. when 
administering first aid. 

• Contact the SSHO if contact with human body fluids occurs during the administration of first 
aid. 

These general safety responsibilities also apply to subcontractors and visitors. 

5.2 Project Hazard Analysis and Risk Assessment 
Work tasks to be completed during this project are detailed in the FSP and the QAPP and are 
listed below: 

• Sampling of soil, sediment, and groundwater for explosives, metals, and organics 
• Sampling of wastewater influent 
• Monitoring well abandonment and maintenance 
• Ground surveying 
• Decontamination of sampling equipment 
• Managing investigation derived waste (IDW) 

General hazards posed by site activities are summarized in Table 5-1, and risks associated with 
these hazards are summarized in Table 5-2.  Section 5.3 provides general hazard identification 
and mitigation procedures, and Section 5.4 provides site-specific hazard identification and 
controls. 

5.3 General Hazard Identification and Mitigation 
General hazards posed by site activities and general procedures to be followed to mitigate these 
hazards are outlined in this section.  Site-specific hazards associated with each task based on 
examination of the work locations will be further detailed in addenda to the SSHP, the SSHO 
will prepare for approval by the SHM prior to the work. 

5.3.1 Physical Hazards 

The following are physical hazards posed by site activities: 

• Injuries due to slips, trips and falls caused by uneven or unstable ground, wet surfaces, or 
physical obstructions. These hazards are present for all field activities. 
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• Injuries due to improper lifting of heavy objects.  These hazards are present in all field 
activities related to drilling, field sampling, monitoring well abandonment, monitoring well 
maintenance, and IDW handling. 

• Injuries due to improper use of hand tools.  These hazards are present for all field sampling, 
drilling, monitoring well abandonment and monitoring well maintenance. 

• Injuries due to traffic in work areas.  Hazards due to vehicular and/or rail traffic are present 
generally while traveling on roads within the site and specifically for several drilling sites 
located near roads or railway tracks.  Heavy truck traffic is present in some site areas due to 
proximity of drilling sites to roadways.  Rail traffic is present and there are many unsecured 
rail crossings. 

• Injuries due to slips, trips and falls caused by working in or near standing water/flowing 
creeks.   

Procedures used to minimize physical hazards are listed below: 

Slips, Trips, and Falls 

• Keep ground clutter in the work area to a minimum to minimize the potential for tripping; 
practice good housekeeping. 

• Use caution when the ground surface is slick or uneven. 

• Look before stepping to minimize the potential for unsecured footing. 

• Clean up liquid spills or use sorbent material (e.g., dry soil or manufactured absorbent 
material) to minimize the potential for loss of footing.  

• Determine the best access route before transporting equipment. 

• Use appropriate devices (e.g., ladder) to access high areas. 

• Use a safety harness and lifeline when working at an elevation of 6 ft or more above ground 
surface. 

Hand Tools 

• Exercise caution when using hand tools.  Use the "right tool for the right job." 

• Be aware of contact/pinch points. 

• Provide adequate illumination at the work site. 

Lifting Heavy Objects 

• Exercise proper lifting and reaching techniques. 

• Use hand carts or ask for assistance when lifting or moving heavy loads. 

• Avoid twisting/turning while working, particularly when lifting. 
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Traffic 

• Observe traffic regulations.  Speed limit, unless otherwise posted, is 45 miles per hour (mph).  
From dusk to dawn, the speed limit is 35 mph. 

• Drive defensively.  Be aware of wildlife, especially at dusk, that may be found in roadways. 

• Wear high visibility safety vests and be aware of motorized traffic when working in 
roadways or on road shoulders.  

• Exercise caution when crossing any railroad tracks. 

• If working near railroad tracks, vehicles shall be driven at such a speed as to permit stopping 
before reaching the nearest track and shall proceed only if the course is clear. 

• Vehicles shall not be stopped, parked, or left standing on any road in a manner as to endanger 
the vehicle, other vehicles, equipment, or personnel using or passing that road or area.   

5.3.2 Mechanical Hazards  

Mechanical hazards that will be encountered during field activities are associated with operation 
of heavy equipment (drill rigs) and field vehicles.  Powered drill rigs will be used for soil borings 
and monitoring well abandonment.  Other powered equipment will be used in the monitoring 
well maintenance work.  Field vehicles (cars, vans or light trucks) will be used in all activities. 
The following are procedures used to minimize mechanical hazards: 

• Verify daily that all equipment and associated tools are in good condition. 

• Do not stand or walk under elevated loads or ladders without appropriate guarding. 

• Parked equipment must have the emergency brake set and heavy equipment wheels must be 
chocked. 

• Identify the drilling rig kill switches to personnel. 

• Use long-handled shovels to remove auger cuttings. 

• Do not repair equipment while it is in operation. 

• Immediately remove defective equipment from the work site for subsequent repair. 

• Obtain safety training before operating heavy equipment, such as forklifts, bobcats, front-end 
loaders, and backhoes. 

• Always wear a seatbelt if you are a heavy equipment operator or a motor vehicle occupant. 

• Do not ride on the forks of lift truck, backhoe, or front-end loader buckets, or on a load, 
rigging, hook, or ball. 

• Perform load tests (as required by OSHA regulations) on cranes and hoists. 

• Inspect motor vehicles and heavy equipment before operating. 

• Use of the haul road over the railroad tracks must be approved by IAAAP base security.  A 
one-week notice is required. 
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• Do not wear loose clothing near operating equipment.  Tie back long hair. 

• Consult the SSHO if other mechanical hazards exist. 

5.3.3 Electrical Hazards 

Electrical hazards encountered during field activities may include overhead and buried electrical 
cables in all drilling, monitoring well abandonment and monitoring well maintenance activities 
and operation of field generators during miscellaneous site activities. The following are 
procedures used to minimize electrical hazards: 

• Locate and mark buried utilities, including electrical and other utilities, before drilling or 
excavating. 

• Obtain permits, licenses, or right of entry required by IAAAP. 

• Maintain the minimum clearance from energized overhead electric lines as indicated in Table 
11-3 of the USACE Safety and Health Requirements Manual, EM 385-1-1, 3 September 
1996. 

• Contact the utility company for further information regarding minimum clearance from high-
voltage powerlines. 

• If unavoidably close to buried or overhead powerlines, have power turned off, with circuit 
breaker locked and tagged or have the local utility company mask the wires. 

• Properly ground electrical equipment.  Use only three-wire grounded or double insulated 
receptacles and extension cords. 

• Do not stand in water when operating electrical equipment. 

• Maintain and operate portable generators in accordance with manufacturer’s instructions. 

• Do not make electrical repairs or install electrical equipment unless you are qualified. 

• If equipment must be connected by splicing wires, be sure connections are properly taped 
and that the splice is electrically and mechanically equal to the cord's quality. 

• Be familiar with specific operating instructions for each piece of equipment. 

• Consider all wires live until locked and tagged out. 

• Do not use metal ladders within 4 ft of an electrical source. 

• Use ground fault circuit interrupters (GFCIs) if operating electrical equipment outdoors. 

5.3.4 Chemical Hazards 

Table 2-1, identifies chemicals that have been detected in site groundwater at the facility.  The 
following procedures are used to minimize chemical hazards: 

• Use PPE as indicated in Table 5.3 or as directed by the SSHO. 

• Conduct direct-reading air monitoring to evaluate respiratory and explosive gases hazards as 
indicated in Table 5-4. 
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• Locate underground pipelines before drilling or excavating. 

• Do not use spark-ignition equipment when in a flammable or combustible environment. 

• Do not smoke, except in designated areas. 

• Use fans to disperse airborne contaminants at the work site.  No sparking or open flame 
equipment will be permitted inside the EZ if there is a potential of reaching the Lower 
Explosive Limit (LEL) of contaminants present at the site. 

• Respirators with high-efficiency particulate/air (HEPA) filters should be worn if there is a 
potential for contaminated dust at the site, or if asbestos-containing material (ACM) is being 
disturbed. 

• Thoroughly ventilate chemical storage areas before entering. 

• MSDSs must be obtained for chemicals brought on site.  Containers must be labeled as to 
content. 

• Consult the SSHO for personal air monitoring. 

5.3.5 Temperature Hazards 

Field activities may be conducted in summer and/or winter months, providing potential for both 
heat and/or cold stress.  These apply to all field activities.  The following are procedures to be 
followed to minimize heat stress: 

• When the temperature exceeds 70 degrees Fahrenheit (°F), take frequent breaks in shaded 
areas.  Use the buddy system. 

• Unzip or remove coveralls during breaks. 

• Have cool water or electrolyte replenishment solution available.  Drink small amounts of 
cool water or electrolyte replenishment solution frequently to avoid dehydration. 

• Count the pulse rate for 30 seconds as early as possible in the rest period.  If the pulse rate 
exceeds 110 beats per minute at the beginning of the rest period, shorten the work cycle by 
one-third. 

• If the internal temperature exceeds 99.6 °F, shorten the next work cycle by one-third.  
Personnel wearing Modified D, Level C, or Level B PPE are not permitted to continue to 
work if their temperature meets or exceeds 100.6 °F. 

• Include salt in your food intake.  Salt tablets are not recommended. 

• Consult the "Heat Stress" section of the “Threshold Limit Values (TLV) for Physical Agents 
in the Work Environment" adopted by American Conference of Governmental Industrial 
Hygienists (ACGIH), 1999. 

The following are procedures used to minimize hazards due to cold stress: 

• Wear multi-layer cold-weather clothing.  The outer layer should be wind-resistant fabric. 
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• Consult the "Cold Stress" section of the "Threshold Limit Values for Physical Agents in the 
Work Environment" adopted by ACGIH, 1999. 

• Drink warm fluid and take rest breaks in a warm shelter.  Use the buddy system.  Avoid 
heavy sweating. 

5.3.6 Occupational Noise Hazards 

Occupational noise hazards may be present during field activities requiring work near drill rigs 
and other powered equipment that is used for monitoring well abandonment and maintenance.  
The following procedures to be used to minimize occupational noise hazards: 

• Post appropriate signs in areas of hazardous noise as needed. 

• Use earplugs or earmuffs during all drilling activities, well abandonment activities when the 
drill rig is utilized, and when powered equipment (such as a pneumatic jack hammer) is used 
in monitoring well maintenance work.  Refer to Section 5.6 for related PPE and related safety 
equipment. 

• Use earplugs or earmuffs when noise prevents conversation in a normal voice at a distance of 
3 ft.  (This is a "rule of thumb" that indicates noise levels are exceeding 85 decibels.)  Double 
protection (e.g., earplugs and muffs) must be used for noises exceeding 104 decibels. 

• Contact the SSHO for a noise survey, as needed. 

5.3.7 Natural Hazards 

Natural hazards potentially present during all field activities include exposure to the sun and 
severe storms or tornadoes, and there is a slight possibility of earthquakes.  The following are 
procedures to be followed to minimize these hazards: 

• Wear long sleeves and/or use sunblock on sunny days. 

• Cease field activities during severe storms.  Seek shelter until the storm has passed. 

• If a tornado occurs: 

- Seek shelter in the lowest level or interior wall of a substantial building. 

- Do not seek shelter in a trailer or vehicle.  Lie flat in the nearest ditch. 

• If an earthquake occurs while in a building: 

- Stand in an interior doorway or get under a large piece of furniture. 

- Do not use stairways or elevators. 

- Evacuate the building after the tremors have ceased.  Be aware of the potential for 
aftershocks and the possibility of downed powerlines. 

- Report to a predetermined assembly area. 

• If an earthquake occurs while working outside: 

- Stay away from buildings, trees, and power lines. 
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- If operating a motor vehicle or heavy equipment, stop immediately but stay in the vehicle 
or piece of equipment until the tremors have stopped. 

5.3.8 Biological Hazards 

Field activities, including drilling, sampling, foot reconnaissance, and survey activities, will be 
conducted outdoors in grassy industrial areas, agricultural areas, woodlands, and along streams.  
Biological hazards present during these activities relate to contact with toxic plants, insects, 
reptiles, mammals, and birds.  The following are procedures to minimize biological hazards: 

• Learn to recognize toxic plants, such as poison oak, poison ivy, and poison sumac. 

• Wear long-sleeved shirts, sturdy trousers, and boots when working near toxic plants to 
minimize the potential of skin contact. 

• If exposed to toxic plants, shower as soon as possible using a strong soap. Launder clothing. 

• Do not approach or agitate animals, especially ones behaving strangely or foaming at the 
mouth. 

• Use insect repellant to avoid contact with ticks, mosquitoes, and other insects (disease 
carriers or poisonous), as necessary.  Use a solid repellant to minimize potential 
contamination of field samples.  Personnel should perform a "tick check" after being in a 
vegetated area. 

• If possible, avoid contact with poisonous snakes or other reptiles by quietly walking away.  If  
bitten, seek medical assistance immediately. 

• Avoid contact with rodents because they frequently are hosts to fleas, which can carry typhus 
and the plague. 

• Avoid encounters with stinging insects. 

• Avoid placing hands and feet into concealed areas to avoid spider and insect bites. 

5.3.9 Fire/Explosion Hazards 

Potential fire and explosion hazards present during field activities include fire hazards associated 
with operating drilling rigs during soil and bedrock borings, encountering unexploded ordnance 
(UXO) during any activities, and operating field vehicles during all tasks.  The following are 
general procedures used to minimize these hazards: 

• Use a fire extinguisher only to escape or to fight very small fires.  Do not attempt to fight 
large fires. 

• Field vehicles must have a 5-pound ABC-rated fire extinguisher that is fully charged and in 
operable condition. 

• Heavy equipment (e.g., drilling rig) must have a 20-pound ABC-rated fire extinguisher that is 
fully charged and in operable condition. 

• Fire extinguishers brought onsite must be inspected and approved by the IAAAP Fire 
Department. 
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• Obtain fire extinguisher use training. 

• Obtain "hot work" permits when appropriate, from the applicable office. 

• Explosive or flammable material shall be stored only in approved facilities as described in 
27 CFR 181 or applicable state regulation and the USACE Safety and Health Requirements 
Manual, EM 385-1-1, 3 September 1996. 

• If UXO is encountered during field activities, work is to cease immediately, equipment will 
be shut down, and personnel will evacuate the area.  Work may not resume until IAAAP 
personnel have removed the hazard and approved resumption of work activities. 

• Do not smoke or operate spark-ignition equipment within 50 ft of explosive or flammable 
storage or where flammable liquid or vapor is present. 

• Cigarette lighters shall be removed from vehicles and from employees' personal effects 
before entering IAAAP. 

• Do not use equipment that may generate a spark where the potential presence of explosive 
gas or vapor is suspected.  At these sites, an explosion-proof combustible gas indicator (CGI) 
must be used.   

• Use a CGI when working at a site with the potential for explosive gas or when the potential 
for flammable vapor exists. 

• Use fans as an engineering control to limit buildup of explosive gas. 

5.3.10 Radiological Hazards 

Potential radiological hazards could exist in areas where sampling activities are located.  Surface 
and subsurface soil radiological contamination could be encountered during sampling activities. 
As a result of drill rig boring operations airborne radiological contamination could also be 
encountered. The following are general procedures used to minimize these hazards: 

• Use PPE as indicated in Section 5.5 or as directed by the SSHO. 

• TN&A standard operation procedures for radiological surveying will be followed. 
Radiological surveys of the area of interest will be conducted before and during sampling 
activities.  

• Under no circumstances shall work continue when (1) whole body (approximately 3 ft from 
source) radioactive dose exceeds 50 μR/hr or (2) if contamination levels exceed 20,000 
dpm/100cm².  If these levels are exceeded, work on the contaminated item or area will halt.  
American Ordinance will be contacted, and those personnel will control the contamination. 

• During soil sampling an action limit of 1.5 times site-specific background has been 
established.  If a soil sample indicates a count rate at 50% greater than background, the action 
level has been exceeded. This sample should be returned to the sampling location.  All 
equipment and PPE used to obtain this sample will bagged and American Ordinance 
personnel will be contacted to control the material. 
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• All personnel who may have come in contact with contaminated samples must survey 
themselves before leaving the immediate area. 

• Personnel surveys will use the beta-detector to survey their face, hands, and feet. In all cases 
of personnel contamination, American Ordinance must be contacted to verify that the person 
has been properly decontaminated, and that the decontamination materials are properly 
managed. 

• While working with potentially contaminated soils, personnel must take all necessary 
precautions to ensure that no airborne hazard is created.  If necessary, sprinkle the soil with 
analyte-free water to reduce the amount of dust generated. 

5.4 Site-Specific Hazard Identification and Additional Controls 
This section describes work activities and potential hazards associated with each task and 
additional control measures required to mitigate hazards.  The site-specific hazards and control 
measures are intended to supplemental or emphasize general information and controls provided 
in Section 5.3.  Details of field procedures and scope, including specific work locations, are 
provided in the FSP. 

5.4.1 Physical Hazards 

This project requires operation of a drilling rig and equipment with attendant slip/trip/fall 
hazards, lifting hazards, and hazards associated with use of hand tools.  The ground surface at the 
drilling locations is generally flat to gently sloping and grassy, but the ground may be soft, wet, 
and muddy.  Lifting test equipment and use of hand tools also will be required for installation 
and operation of slug test and sampling equipment.  Some wells are in remote areas of the 
facility and in or near areas of irregular ground, wet ground, or heavy vegetation.   

Additional Controls: (a) Field activities will not be conducted after dark.  (b) The buddy 
system will be used. (c) Field personnel will be provided with cellular telephones and/or 
two-way radios. 

5.4.2 Natural/Biohazards 

Some sample locations are in remote areas and may be accessible only on foot.   

Additional Controls:  (a) Pay particular attention to avoiding potential biohazards. 

5.4.3 Chemical Hazards 

Exposure could occur by breathing vapors upon opening wells during monitoring well 
abandonment or monitoring well maintenance.  Exposure could also occur during soil, sediment 
or groundwater sampling or during the sampling of wastewater influent.  Exposure is also 
possible during equipment decontamination.  For general information, contaminants found in 
previous investigations at IAAAP and the maximum concentrations detected are summarized in 
Table 2-2.   

5.4.4 Mechanical Hazards 

Soil sampling, monitoring well abandonment and maintenance requires the operation of a drill 
rig and other mechanical equipment (backhoe, bobcat, pneumatic  jack hammer, etc.). 
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5.4.5 Electrical Hazards 

Underground utilities may exist at the site of all field activities.   

Additional Controls: (a) Make sure that utility clearances have been obtained before 
field activities that will require penetration of the soil. (b) If used, maintain and operate 
the portable generator according to manufacturer’s instructions. 

5.4.6 Occupational Noise Hazards 

High noise levels could result from operation of the drill rig and pneumatic air hammers. 

5.4.7 Fire/Explosion Hazards 

Fire or explosion hazards could result from storage of fuels associated with the drilling rig. 

5.4.8 Radiological Hazards 

Depleted Uranium fragments could be encountered in some areas during sampling activities.  
Pre-sampling surveys will be conducted in order to identify any radiological hazards that may be 
present near the area of sampling.  Avoidance of the DU fragments will be done when the 
material is encountered. If a sample location exhibits radiological activity 1.5 times above site 
specific background it will be moved to a new location less that 1.5 times background. 

Microscopic particles of depleted uranium could also be found in soil during field activities.  
These particles may be inhaled, causing internal radiological exposure.  This exposure will be 
controlled through dust suppression techniques. 

5.5 Required Personal Protective Equipment and Related Safety 
Equipment 

This section describes the available levels of PPE as specified by 29 CFR 1910.120, 
Appendix D.  Table 5-3 presents the anticipated task-specific PPE.  The SSHO will select the 
appropriate PPE based on actual site conditions, site history, and available site analytical data.  
PPE for TN&A employees will be supplied by TN&A.  Subcontractors and site visitors will be 
required to supply their own PPE. 

5.5.1 Level D PPE   

A work uniform affording minimal protection used for nuisance contamination only.  The 
following will constitute Level D PPE, which may be used as appropriate: 

• Coveralls or field clothing 
• Gloves (optional as applicable) 
• Boots, steel-toe 
• Safety glasses or chemical splash goggles 
• Hardhat (optional as applicable) 
• Earplugs and/or earmuffs (optional as applicable) 
• Face shield (optional as applicable) 

 



Iowa Army Ammunition Plant – Part III – Site Safety and Health Plan Addendum 
 

IAAAP Part II - SSHP Addendum1 − 9/20/2001 Page 24  

5.5.2 Modified Level D PPE   

This level of protection applies when concentration(s) and type(s) of airborne substance(s) are 
known to be below the PELs/TLVs.  Air purifying respirators should be readily available.  The 
following constitute Modified Level D PPE, which may be used as appropriate: 

• Chemical-resistant clothing 
• Coveralls or field clothing 
• Gloves, outer, chemical-resistant  
• Gloves, inner, chemical-resistant 
• Boots, steel-toe 
• Safety glasses or chemical splash goggles 
• Hardhat (optional as applicable) 
• Earplugs and/or earmuffs (during drilling and well installation activities, as applicable) 
• Face shield (optional and/or as applicable) 

5.5.3 Level C PPE  

This level of protection applies when the concentration(s) and type(s) of airborne substance(s) 
are known and the criteria for using air purifying respirators are met.  The following constitute 
Level C PPE, which may be used as appropriate: 

• Full-face or half-mask, air purifying respirators (NIOSH-approved) with appropriate 
cartridges.  Employees working on this project will use organic vapor/acid mist/HEPA filter 
cartridges 

• Chemical-resistant clothing (hooded unless approved by the SSHO) 

• Coveralls or field clothing 

• Gloves, outer, chemical-resistant 

• Gloves, inner, chemical-resistant 

• Boots, steel-toe 

• Boot covers, chemical-resistant (disposable) 

• Hardhat (optional as applicable) 

• Earplugs and/or earmuffs (optional as applicable) 

• Escape pack 

• Face shield (optional and/or as applicable) 

Level C PPE will be used if upgrade in PPE is required based on air monitoring readings. 

5.6 Air Monitoring for Project Operations 
This section describes instruments and procedures that can be used for air monitoring activities.  
It may not be necessary to perform all of these activities at every project site.  Final decisions 
regarding air monitoring will be made by the SSHO. 
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A daily monitoring log will be kept by the SSHO for each piece of air monitoring equipment.  
The following information will be recorded: 

• Name and model number of the equipment 
• Date 
• Calibration information 
• Field work to be performed 
• Air monitoring results and monitoring locations 
• PPE worn 
• Accidents or incidents 
• Unusual occurrences and personnel complaints 
• Weather information 
• Postcalibration results, if performed 

Air monitoring results will also be recorded in a field logbook.  Air monitoring frequency is 
provided in Table 5-4. 

5.6.1 Gases, Vapors, and Dust 

A photoionization detector (PID) will be used to monitor breathing zone concentrations of 
volatile organic compounds (VOCs).  Monitoring will be conducted continuously during 
sampling or intrusive activities.  Calibration of monitoring equipment will be performed daily 
before startup of work. Calibration gas to be used will be specific to the instrument per manufac-
turer instructions. 

Action levels for known contaminants shall be based on the PEL or TLV of the contaminants, 
whichever level is the most conservative.  Action levels for unidentified total atmospheric 
organic contaminants are based on the following: 

Instrument Reading for a Sustained Period 
of 15 minutes in the Breathing Zone 

 
Action 

Background Level D 

Above background to <5 ppm above 
background 

Don respirator or leave area until readings return to 
background. 

>5 ppm above background  Level C or leave area.  Evaluate cause. 

 

5.6.2 Explosion Hazard 

A CGI will be used at sites as appropriate to monitor the possible presence of explosive gases 
(e.g., methane).  Equipment calibration will be performed daily before startup of work per 
manufacturer instructions (Appendix III-E).  The alarm will be set to 10 percent of the LEL.  If 
feasible, calibration gas to be used will be specific to the combustible gases suspected to be 
present. 

Continuous monitoring for the presence of combustible gases will be performed at the sampling 
point.  If the monitoring instrument indicates the LEL is greater than 10 percent, personnel must 
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leave the area.  Fans will be used to lower the LEL, if needed.  Personnel must not reenter the 
area until the LEL is less than 10 percent. 

5.7 Hazardous Pathways and Engineering Controls 
• Decontamination areas will be bermed and lined with impermeable material to minimize the 

potential for decontamination water to impact the surface and to collect the wash water.  (See 
Section 6.0 for further information.) 

• Personnel will decontaminate and remove PPE before exiting the work site. (See Section 6.0 
for further information.) 

6.0 DECONTAMINATION AND DISPOSAL PROCEDURES 
Decontamination of personnel, small equipment, and large equipment will be required during 
this investigation.  The following summarizes procedures for proper decontamination of 
personnel and small equipment.  

6.1 Personal Hygiene and Decontamination 
Personnel entering the EZ or CRZ or otherwise exposed or subject to exposure to hazardous 
chemical vapors, liquids, or contaminated solids shall adhere to the following personal hygiene 
and decontamination provisions.  Decontamination shall be performed in the CRZ prior to 
entering the SZ from the EZ.  Chapter 10 of Occupational Safety and Health Guidance Manual 
for Hazardous Waste Site Activities (NIOSH Publication 85-115) shall be consulted when 
preparing decontamination procedures.  The following discussion of personal hygiene and 
decontamination facilities and procedures will be followed by site workers.  Employees will be 
trained in the procedures, and the procedures shall be enforced throughout site operations.  
Persons disregarding these provisions shall be barred from the site. 

6.1.1 Decontamination Facilities 

Personnel decontamination facilities will be located in the CRZ near each drilling or sampling 
site and will be used by both contractor and government representatives.  The decontamination 
facilities will provide for the separation of street clothing and contaminated PPE. 

6.1.2 Personnel Decontamination Procedures 

The sequence for personnel decontamination for Level C PPE or Level B PPE field activities are 
described below.  Personnel decontamination for Level D PPE or Modified Level D PPE 
activities will include the applicable procedures described below.   

• If gross contamination is present, wash PPE in detergent or other appropriate clean water. 

• Remove disposable overboots (if used).  Remove outer gloves. 

• Wash chemical-resistant boots with detergent solution and rinse with clean water. 

• Remove coveralls.  Starting at the neck, roll the coveralls off from the inside out and down 
past the boots.  Take care to prevent the release and dispersion of dusts and prevent contact 
with decontamination water that may have accumulated on the coveralls.  Do not 
contaminate clothing inside the coveralls during removal. 
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• Remove the respirator.  Clean, disinfect, and dry the respirator and place into a sealed plastic 
bag for storage. 

• Place disposable PPE in an appropriate container for disposal. 

• Remove liner gloves. 

• Thoroughly wash hands and face. 

6.2 Small Equipment Decontamination 
Equipment that comes in contact with potentially contaminated soil, water or air containing dusts 
or other aerosols, including equipment used for drilling, soil sampling, and water sampling, shall 
be decontaminated before and after each use.  Equipment used in the EZ shall be assumed to be 
contaminated and shall be decontaminated before the item leaves the CRZ.  The following proce-
dures will be used to decontaminate such equipment: 

• Wash and scrub with detergent solution consisting of Liqui-Nox® (or equivalent, 
non-phosphate laboratory grade detergent) mixed in potable water.  If necessary, scrub until 
visible dirt, grease, oil, loose paint, rust flakes, etc., have been removed.  Be sure to wash the 
inside surfaces of  equipment.  If the equipment is excessively soiled, an initial potable water 
rinse may be used to remove the bulk of the soil matter. 

• Rinse with potable water. 

• Triple rinse with deionized water. 

• Air dry. 

Alternatively, high-pressure steam cleaning may be performed as appropriate to the specific 
work activity and equipment being used. 

To minimize equipment decontamination in the field, single-use sampling equipment may be 
used where appropriate.  Decontamination activity will be performed at temporary established 
decontamination stations in such a way that fluids are retained.  Storage vessels containing used 
PPE and rinseate solutions will be labeled and stored for future treatment and disposal.  
Treatment and disposal of decontamination rinseate, used PPE, and other IDW are discussed in 
the FSP. 

7.0 EMERGENCY PROCEDURES 
Pertinent emergency information and the contingency plan are provided in this section.  Local 
emergency response personnel must be contacted regarding the work activities at the IAAAP 
before site work begins.  The Emergency Telephone Numbers and “Route to Hospital” map will 
be posted in the field trailer.   
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7.1 Emergency Telephone Numbers 
Ambulance:   911 (or 17 for IAAAP assistance)  
Police:     911 (or 17 for IAAAP assistance)  
Fire Department:  911 (or 17 for IAAAP assistance)  
Hospital:     Great River Medical Center (319) 753-3011 
CHEMTREC:    1-800-424-9300 
Iowa Poison Control 1-800-272-6477 
 
TN&A PM   Nickanor M. Alino (865-220-9000) 
TN&A SHM   William S. Fink (414-607-6779)  Pager: (888-662-5705) 
Client TM   Alvin Kam (402-221-7758) 

7.2 How to Report an Emergency 
When calling for assistance in an emergency situation, the following information should be 
provided: 

• Your name 

• Company affiliation 

• Telephone number from which you are calling  

• Date and time of the incident 

• Location and type of incident 

• Injuries, if any, and the number and type of those injuries 

• Cause of the emergency, if known 

• Details concerning the substance(s) involved (identification, amount, spill rate, size of area 
involved), if known 

• Chemical hazard(s) 

• Direction the spill is moving and the direction the wind may be dispersing airborne 
contaminants 

• Surficial material on which the spill occurred (i.e., asphalt, gravel, etc.) 

• Any first response action that has been taken 

• Any additional pertinent information 

The recipient of the call should hang up first, not the caller. 
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7.3 Hospital Route 
Name of Facility: Great River Medical Center  
Telephone:  (319) 753-3011 

     Address:              1221 S. Gear Avenue, West Burlington, Iowa 
 
Specific  
Directions: From the field office trailer or work location on site, proceed to either Gate 

3 or Gate 4, turning right onto U.S. Highway 34.  Travel on U.S. Highway 
34 to Exit 260 (Gear Avenue).  At the bottom of the off-ramp at Exit 260, 
turn left onto S. Gear Avenue.  Travel to the next stop light (W. Agency).  
Turn left onto W. Agency.  The entrance to the Emergency Room is the 
second driveway on the left.  After making this left turn, the Emergency 
Room is immediately ahead.  (NOTE: GATE 3 CLOSES AT 2 PM AND IS 
NOT OPEN ON WEEKENDS.) 

The hospital route map is provided in Figure 7-1. 

7.4 Emergency Signals 
In the event that an emergency situation occurs, all field activities at that site will cease.  The 
following hand/body emergency communication signals should be used when other forms of 
communication are difficult or impossible: 

Signal Meaning 
Hand clutching throat Out of air/cannot breathe 
Hands on top of head Need assistance 
Thumbs up OK/I am all right/I understand 
Grip partner’s wrist or both hands around 
partner’s waist 

Leave area immediately 

 
If the emergency occurs in the EZ, all field personnel will quickly move to the CRZ for an 
appropriate decontamination before exiting to the SZ.  In life-threatening emergencies, 
decontamination may not be appropriate.  The emergency decontamination decision will be 
made by the SSHO.  Emergency situations occurring outside of the EZ in Level D PPE will not 
require decontamination at the CRZ before administering first aid. 

Minor emergencies will be handled within the SZ utilizing the onsite first-aid kit.  A portable 
emergency eyewash or a minimum of 32 ounces of eyewash fluid for use while en route to an 
emergency facility (Great River Medical Center) will be available in the field vehicle.  Two 
onsite personnel will be trained in first aid and CPR.  Personnel who are exposed to other 
personnel's bodily fluids while administering first aid are to contact the SM and the SSHO as 
soon as possible for procedures to be taken as required by 29 CFR 1910.1030 or applicable state 
regulation concerning bloodborne pathogens.  The appropriate emergency response personnel 
(i.e., ambulance and fire department) will be contacted for major emergencies. Routes to the 
nearest hospital are provided in Section 7.3 and Figure 7-1.  The SSHO must drive the hospital 
route before field activities begin and once per week during the duration of site activities to take 
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note of road construction and possible detours.  A written report of emergencies and/or incidents 
will be submitted to the PM, the SHM, and IAAAP.  The USACE Accident Investigation Report 
(USACE Eng Form 3393) is located in Appendix III-B.  TN&A Accident Report form(s) are 
located in Section 4 of the Corporate Safety and Health Manual.  Once completed, copies of 
these reports will be forwarded to the appropriate agencies.   

7.5 Contingency Plan 
This Contingency Plan presents procedures that the Project Team must follow in the event of an 
emergency at a field operation.  A variety of events that are potential hazards to human health 
and the environment are discussed, including the following: 

• A funnel cloud or tornado sighting 
• An explosion 
• A chemical or petroleum spill or accident 
• Other events presenting a hazard to human health or the environment 

This section also specifies the general procedures you should follow, who you should notify, and 
the information you should report if you are the first on the scene of an emergency. 

7.5.1 Response Sequence for First Arrivals 

If you are first on the scene, respond as follows: 

1. Evacuate the incident area (if necessary).  Remember that your safety must be the primary 
consideration. 

2. Restrict access to the incident area. 

3. Restrict the use of ignition sources for incidents involving flammable substances. 

4. Call the SM or the local emergency response organization (dial 17 for base security/911 for 
off-base emergency services).  Report the information listed in Section 7.2. 

5. Notify the SSHO after the emergency response team has been contacted.  The SSHO will 
then notify the PM. 

6. Coordinate with emergency response personnel when they arrive. 

7.5.2 Response for Onsite Incidents 

If an incident occurs during work activities, personnel shall: 

• Evacuate the area immediately.   
• Decontaminate and remove PPE if the incident is not life or health-threatening. 
• Proceed to the predetermined assembly point (e.g., rally point). 
• Make sure the SSHO knows you are present. 

7.5.3 Emergency Response for Severe Weather Conditions 

This section specifies what you should do in the event of a severe weather emergency, including 
electrical storms, high winds, heavy rain or hail, and tornadoes.  
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Electrical Storms 

• Cease field activities immediately. 
• Seek shelter at the support facility or in the field vehicles. 
• Do not stand near or under high objects, such as trees and drilling rigs. 
• If possible, lower the drilling rig mast. 

High Winds 

• Seek shelter at the support facility (if anchored) or in the field vehicles. 

• Do not drive high-profile vehicles at high speeds. 

• Park vehicles heading into the wind. 

• Don a respirator or wear safety goggles and a kerchief covering your nose and mouth until 
you are in a protected area. 

Heavy Rain or Hail 

• Seek shelter at the support facility or in the field vehicles. 

• Do not attempt to drive a vehicle if you are in an area that is or has the potential for flooding 
unless you are moving out of a low area. 

Tornadoes 

• Seek shelter underground or in a closet, bathroom, or interior wall of a substantial building.  
Get under something sturdy and cover your head. 

• Do not stay in a trailer or vehicle.  Leave the trailer or vehicle and lie flat in the nearest ditch 
if substantial shelter is not available. 

• Stay away from large areas of glass. 

• Stay away from large unsupported roofs. 

7.5.4 Emergency Response for Earthquakes 

If an earthquake occurs while you are in a building, follow these instructions: 

• Stand in an interior doorway or get under a desk or table. 

• Stay away from areas containing a large amount of glass. 

• Do not use stairways or elevators during the tremor. 

• If possible, turn off gas supplies and ignition sources. 

• Be aware of the potential for live downed wires. 

• Make sure the telephone handset is on the hook.  Do not use the telephone for 
non-emergency calls. 
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• Evacuate the building when the tremors have ceased.  Be aware of the potential for after-
shocks. 

• Walk briskly.  Do not run.  Do not pick up personal items. 

• Report to a predetermined assembly area and notify the SSHO that you are safe. 

• Report missing persons. 

If an earthquake occurs while you are outside, follow these instructions: 

• Avoid buildings, trees, areas with large amounts of glass, and power lines. 

• Avoid downed wires. 

• If operating heavy equipment or a motor vehicle, stop immediately but stay in the vehicle 
until the tremors have stopped. 

• If operating a motor vehicle on a bridge, proceed to solid ground if the end of the bridge is 
close. 

• If operating a motor vehicle on a bridge at mid-span, get out of the vehicle and begin walking 
to the nearest solid ground. 

7.5.5 Emergency Response for Flash Floods 

If a flash flood warning is issued, climb to higher ground.  Seek shelter on stable ground.  Do not 
stay in an area that is characterized by uncompacted material on a steep slope. 

7.5.6 Emergency Response for Fires 

If a small fire occurs, extinguish it with the fire extinguisher in the field vehicle.  Remember to 
follow these directions to put out the fire: 

• Aim at the base of the flame. 

• Use the appropriate type of fire extinguisher (e.g., do not use a water type fire extinguisher 
for an electrical fire). 

• Remember that the spray only lasts a few seconds. If a large fire occurs at the work site, 
follow these instructions: 

− Move flammable and combustible items out of the path of the fire, if such action can be 
performed safely. 

− Call the fire department and report the information outlined on page 1 of this    section. 

− Do not attempt to put out a large fire with the field vehicle fire extinguisher. 

− Report the incident to the SSHO. 
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7.5.7 Fire Prevention 

Steps to be taken to minimize the potential of a fire include the following: 

• Obey "No Smoking" signs. 

• Label and store flammable liquid containers in a protected, ventilated, and approved area. 

• Use only approved containers for flammable liquid storage. 

• Use minimum amounts of flammable liquids. 

• Shut off engines before refueling, if possible. 

• Do not refuel a hot engine unless an ABC-rated fire extinguisher is nearby. 

• Store oily rags in a self-closing metal container.  Dispose of containers properly. 

• Bond and ground all flammable liquid containers and transfer equipment when transferring 
or filling product. 

• Use intrinsically safe equipment in areas potentially containing flammable vapor. 

7.5.8 Emergency Response for Explosions 

If an explosion occurs, follow these instructions: 

• Evacuate the site immediately. 

• If feasible, decontaminate yourself and others. 

• Do not address medical emergencies until you are out of danger. 

• Call the SSHO and local emergency response organization when you are out of danger to 
report the incident.  Report the following information listed in Section 7.2. 

7.5.9 Spills or Leaks   

The procedures defined in this section comprise the spill containment program in place for 
activities at the site.   

• All drums and containers used shall meet the appropriate U.S. Department of Transportation 
(DOT), OSHA, and EPA regulations for the materials they contain. 

• Drums and containers shall be inspected and their integrity assured prior to being moved.  
Drums or containers that cannot be inspected before being moved because of storage 
conditions shall be positioned in an accessible location and inspected prior to further 
handling. 

• Operations on site will be organized to minimize the amount of drum or container movement.   

• Where spills, leaks, or ruptures may occur, adequate quantities of spill containment 
equipment (absorbent, pillows, etc.) will be stationed in the immediate area.   

• Fire extinguishing equipment meeting 29 CFR 1910, Subpart L, shall be on hand and ready 
for use to control fires.   
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In the event of a spill or a leak, site personnel will: 

• Inform the SM/SSHO immediately. 

• Locate the source of the spillage and stop the flow if it can be done safely. 

• Begin containment and recovery of the spilled materials.  

7.5.10 Responsibilities of Site Personnel   

Project Team Responsibilities 

• Follow the first response directives in Section 7.2. 

• Wear the correct and appropriate PPE for project completion. 

• Use monitoring equipment applicable to the anticipated hazards (i.e., CGI, PID, etc.) 

• Have a decontamination area set up for fieldwork. 

• Use approved decontamination procedures. 

• Have available a means to decontaminate affected personnel. 

• Treat minor injuries using the onsite first-aid kit. 

• Take personnel with serious injuries to Great River Medical Center or contact a medical 
emergency response team. 

• Contact emergency response for health- or life-threatening injuries.  Victims should be taken 
to Great River Medical Center by the medical emergency response team. 

• All personnel at the site where the incident has occurred must completely decontaminate and 
be debriefed by the SSHO before leaving the job site. 

• Perform remedial actions as appropriate. 

7.5.11 Emergency Response for Vehicular Accidents 

If a vehicular accident occurs follow these instructions: 

• Notify onsite personnel about the incident. 

• Evaluate the situation based on available information.   

• Evacuate the incident area (if necessary).  Remember that your safety must be the primary 
consideration.  Do not address medical emergencies until you are out of danger. 

• Restrict access to the incident area. 

• Assess casualties and contain/extinguish hazard (if present) only if it is safe to do so. 

• Call the SM or the local emergency response organization (dial 17 for base security/911 for 
off-base emergency services).  Report the information listed in Section 7.2. 
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• Notify the SSHO after the emergency response team has been contacted.  The SSHO will 
then notify the PM. 

• Coordinate with emergency response personnel when they arrive.  Survey and assess existing 
and potential hazards. 

• Transport and treat victims. 

• Replace or rejuvenate damaged or exhausted equipment. 

• Document the incident within 24 hours. 

• PM and/or SSHO will review and revise Site Safety and Contingency Plans. 

7.5.12 Emergency Response Equipment 

The following is a list of minimum equipment that is required to be available for emergency 
response actions: 

• 5-pound ABC-rated fire extinguisher 

• First-aid kit 

• Eyewash station or eyewash bottles (minimum 32 ounces) to be used while en route to an 
emergency medical facility (usually the Great River Medical Center) 
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FIGURES 



          Figure 1-1 
 
 SITE HAZARD EVALUTION FORM 
       SITE SAFETY AND HEALTH PLAN 

 IOWA ARMY AMMUNITION  PLANT (IAAAP) 
         Middletown, Iowa 
      
 
Project Name:  Supplemental Site Assessments 
    IAAAP   Project Number:  2000011 
Task:  _______________________    Task No.:  ________ 
 

ADDITIONAL SITE-SPECIFIC HAZARDS AND CONTROLS 
Hazard Description Control Measure 

I.  Site Traffic:  
  
  

A. Physical: 

  
  B. Mechanical: 
  
I.  Overhead/Buried 
Utilities: 

 

  

C. Electrical: 

  
  
  
  

D. Chemical: 

  
  E. Temperature 
  
  F. Noise: 
  
  G. Natural/Biological: 
  
  H. Fire/Explosion 
  

REMARKS: 
 

(Complete this form for amendment of the SSHP to address changed site or work conditions.  Amendments must be 
reviewed and approved by the SSHO and USACE and provided to site personnel prior to start of work.  Attach 
additional sheets (if needed). 
 
 

 Signature/Title Date 
Prepared by:   
TN&A Approval:   
USACE Approval:   



 



                                             
Figure 7 – 1 Hospital Route M

ap  
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Table 2.2   Hazardous Property Information for Chemicals Identified in the Site Groundwater at IAAAP 
 

PHYSICAL ROPERTIES HEALTH HAZARDS  
 

CHEMICAL 

 
IP2 

 
LEL3 

 
VP4 

 
 

IDLH6 

 
PEL1 
TLV5 

 
SYMPTOMS 

TARGET 
ORGANS 

HAZARD 
PROPERTIES 

ROUTE OF 
ENTRY 

 
Nitrobenzene 

 
9.92 

 
1.8 

 
1 
@ 

1120F 

 
200 
ppm 

 
1 

ppm 

 
Anoxia; irrit eyes; derm; 
anemia 

 
Blood, liver, 
kidneys, CVS, 
skin 

 
Expl, Tox 

 
Inh, Abs, Ing, 
Con 

 
Cyclonite (hexahydro-
1,2,5- 
trinitro-1,3,4- 
triazine)(RDX) 

 
N/I 

 
N/I 

 
N/I 

 
N/E 

 
1.5 

mg/m3 

 
N/I 

 
Eyes, resp sys, 
skin 

 
Flam, Tox, Expl 

 
N/I 

 
Cyclotetramethylone-
tetranitramine (HMX) 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
1,3-Dinitrobenzene 
(DNB) 

 
10.43 

 
N/I 

 
N/I 

 
200 
ppm 

 
1 

mg/m3 

 
Anoxia, cyan; vis dist, 
central scotomas; bad 
taste, burning mouth, dry 
throat, thirst; yellowing 
hair; eyes, skin; anemia; 
liver damage 

 
Blood, liver, 
CVS, eyes, 
CNS 

 
Expl, Tox  

 
Inh, Abs, Ing, 
Con 

 
2,4-Dinitrotoluene 
(DNT) 

 
N/I 

 
N/I 

 
1 

 
200 
ppm 

 
1.5 

mg/m3 

 
Anoxia, cyan; anemia, 
jaun;  

 
Blood, liver, 
CVS 

 
Expl, Tox, Scarc 

 
Ing, Inh, Abs, 
Con 

 
2,6-Dinitrotoluene 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
1,3,5-Trinitrobenzene 
(TNB) 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
N/I 

 
2,4,6-Trinitrotoluene 
(TNT) 

 
N/I 

 
N/I 

 
0.04-
0.109 

 
N/E 

 
N/I 

 
CNS depresion; coma; irrit 
eye, resp sys, skin   

 
CNS, CVS, 
eyes, skin 

 
Expl. Flam. Tox 

 
N/I 

 
                                                                     



Table 2.2   (Continued) 
 

 
NOTES 
1PEL—Permissible Exposure Limit in Air - concentrations that must not be exceeded during 8-hour work shift of a 40-hour work week  
2IP—Ionization Potential (eV) 
3LEL—Lower Explosive Limit in Air (% by volume at room temperature) 
4VP—Vapor Pressure at 68�F (mm Hg)       
5TLV—Threshold Limit Values - 8-hour time-weighted average concentrations (listed when they are more restricted than the PEL) 
6IDLH—Immediately dangerous to life or health concentrations (mg/m3)         

 
 
N/A - Not applicable 
N/I -  No information available 
N/E - None established 
 
 
Health Hazards Flam - flammable       Scarc - suspected carcinogen      

Tox - toxic  Expl - explosive    
Resp -respiratory system  CNS - Central nervous system depression   
vis dist - visual disturbance  Derm - dermatitis  
perior - periorbital (situated around the eye) Jaun -jaundice    

  
Route of Entry Inh - inhalation 

Ing - ingestion     
Con - skin and/or eye contact   
Abs - skin absorption 



 
Table 2-3.  Chemicals Identified in Site Groundwater at IAAAP 

 
Water samples (ug/L) 

 
Chemical 

 
Screening 

Criteria 
(μg/L) 

 
R

W
18

 1   
R

W
27

 1   
R

W
37

 1   
R

W
41

 1   
R

W
43

 1   
R

W
44

 1   
R

W
46

 1   
R

W
55

 1   
R

W
58

 1   
7L

 2  

 
7M

2  

 
36

67
 2   

36
32

 2   
SW

01
-B

C
 2  

 
Explosives 
 
RDX 

 
2 

 
ND 

 
ND 

 
ND 

 
2.08 

 
3.31 

 
2.3 

 
ND 

 
ND 

 
2.1 

 
6.2 

 
6.2 

 
6 

 
6.2 

 
1.4 

 
HMX 

 
400 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
1.7 

 
1.7 

 
3.5 

 
3.6 

 
1.9 

 
Semivolatiles 
 
bis-(2-
ethylhexyl) 
phthalate 

 
6 

 
14 

 
12 

 
160 

 
ND 

 
ND 

 
ND 

 
85 

 
9B 

 
NA 

 
ND 

 
ND 

 
NA 

 
NA 

 
NA 

 
Metals 
 
Arsenic 

 
50 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
29 

 
2 

 
ND 

 
1.2 

 
1.2 

 
ND 

 
ND 

 
NA 

 
Barium 

 
2,000 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
110 

 
ND 

 
72 

 
80 

 
NA 

 
Copper 

 
1,300 

 
68 

 
14 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
10 

 
ND 

 
ND 

 
ND 

 
ND 

 
NA 

 
Lead 

 
15 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
10 

 
ND 

 
ND 

 
ND 

 
ND 

 
NA 

Zinc  
2,000 

 
208 

 
111 

 
140 

 
47 

 
26 

 
44 

 
ND 

 
ND 

 
47 

 
ND 

 
ND 

 
ND 

 
ND 

 
NA 

 
Source: 1  USACE Residential Sampling,1993.  2   Harza, 1997 and 1998.  NA not applicable.  ND 



Table 5.1.  Hazard Analysis 
  

 
 

 
 

 
 

 
 

 Hazards 
 

 
 

Tasks Physical Mechanical Electrical Chemical Temperature 
Occupation 

Noise Natural Biohazards 
Fire/ 

Explosion 
          
1 Slip/trip/fall, 

Lifting, 
Handtools 

Drilling rig, 
Field vehicle 

Powerlines, 
Buried lines 

Chemicals  
in water/soil 

Heat/cold 
stress 

Drilling rig Sunlight, 
Storms 

Plants, 
Insects, 
Reptiles, 

Birds, 
Mammals 

Fuel, 
Explosive 

contaminats 



Table 5-2. Risk Assessment 
 

Hazard 
 

Exposurea 
 

Probabilityb 
 

Consequencec 

Physical    
Slip/trip/fall Continuous Likely Minor to fatal 
Lifting Continuous Likely Minor to serious 
Handtools Continuous Unusual Minor to serious 

Mechanical    
Field vehicle Continuous Unusual Minor to fatal 
Forklift Continuous Unusual Minor to fatal 
Drilling rig Continuous Likely Minor to fatal 
Pump Frequent Improbable Minor to moderate 
Steam cleaner Frequent Improbable Minor to moderate 

Electrical    
Powerlines Frequent Unusual Serious to fatal 

Chemical    
Chemicals in air Continuous Unusual Minor to chronic 
Chemicals in water Continuous Improbable Minor to chronic 
Chemicals in soil Continuous Likely Minor to chronic 
Chemicals in sediment Continuous Improbable Minor to chronic 

Temperature    
Heat stress Continuous Likely Minor to fatal 
Cold stress Continuous Likely Minor to fatal 

Occupational Noise    
Field vehicle Continuous Improbable Chronic 
Forklift Continuous Likely Chronic 
Drilling rig Continuous Likely Chronic 
Pump Frequent Improbable Chronic 
Steam cleaner Frequent Unusual Chronic 

Natural    
Sunlight Continuous Unusual Minor 
Storms Occasional Unusual Minor to fatal 

Biohazards    
Plants Frequent Likely Minor 
Insect Continuous Likely Minor to fatal 
Reptiles Occasional Unusual Minor to fatal 
Animals Occasional Unusual Minor to serious 

Fire/Explosion    
Fuel Frequent Unusual Minor to fatal 
Explosive contaminants Continuous Unusual Minor to fatal 

a. Exposure:  The frequency of exposure to the hazardous event   
Continuous = many times daily 
Frequent = once/day or twice/day 

  Occasional = once/week to once/month 
  Seldom = once/month to once/year 

 

b. Probaility: The likelihood that an injury will occur after exposure to hazardous event 
Certain = certain or almost certain 
Likely = not usual, 50 percent change of occurring 
Unusual = would happen less often than not 
Improbable = not likely to happen 

 

c. Consequence:  The degree of injury resulting from exposure to the hazardous event if any injury occurs 
Fatal = fatality 
Serious = serious injury, including chemical exposure requiring hospitalization 
Moderate = moderate injury, including chemical exposure requiring outpatient medical treatment 
Minor = minor injury, including chemical exposure requiring onsite first aid  
Chronic = chemical, noise, or other exposure above the Threshold Limit Value (TLV) or other recommended 
standard that may not produce immediate acute effects (especially chronic toxicants) 



 

Table 5-3.  Field Activity-Specific Personal Protective Equipment 
 

 
Field Activity 

 
PPE Level (Upgrade) 

See Section 5.5.1 
Soil borings sampling and analysis  

D (Modified D) 
Influent sampling and analysis 

 
D (Modified D) 

Sediment and water sampling & analysis D (Modified D) 
 
Monitoring Well abandonment  and maintenance 

 
D (Modified D) 

 
Sediment and water sampling and analysis

 
D (Modified D)  

 
Level D    Modified D    Level C 
 
Head    Head     Head 
Hardhat     Hardhat     Hardhat 

 
Eye/Face   Eye/Face    Eye/Face 
Safety glasses   Safety glasses    Face shield* 

Face shield*    Goggles 
Goggles 

 
Ear    Ear     Ear 
Ear plugs   Ear plugs    Ear plugs 
Earmuffs   Earmuffs    Earmuffs 

 
Hand (Underglove)  Hand (Underglove)   Hand (Underglove) 
Nitrile (a.k.a Nitrile Blue)  Nitrile (a.k.a Nitrile Blue)   Nitrile (a.k.a Nitrile Blue) 
Latex    Latex     Latex 

Cotton liner   Cotton liner    Cotton liner 
 

Body    Hand (Outerglove)   Hand (Outerglove) 
Rainsuit    Nitrile (a.k.a Nitrile Green)   Nitrile (a.k.a Nitrile Green) 
Cloth coveralls   Neoprene     Neoprene 

 
Foot    Body     Body 
ST boot    Tyvek®     Tyvek® 

Polycoated Tyvek®   Polycoated Tyvek® 
Saranex® 

 
Foot     Foot 
ST boot     ST boot 
Overboot    Overboot 

 
Face/respiratory 
Full-face PAPR 
Full-face respirator 
Half-face respirator 
Cartridges (Organic vapor/acid 
mist/HEPA) 

Notes:   
1. The SSHO will select the PPE required for this activity using the above listing as a guide.  PPE 

selection shall be based on available analytical data, historical data, air monitoring, and actual site 
conditions. 

* Use when there is a splash hazard. 
HEPA High-efficiency particulate aerosol 
PAPR Powered air purifying respirator 
PVC Polyvinyl chloride 
ST Steel-toe 



 

Table 5.4 Air Monitoring Frequency 
 

Task Monitoring Frequency1 
 
1.  Drill and sample soil borings 

 
Every 15 minutes during drilling and sampling 

 
2.  Influent sampling 

 
Prior to setting up the sampler and then at the start 
of each 24-hour sampling event 

 
3.  Sediment and water sampling 

Not required 

 
4.  Abandonment/maintenance 

 
Upon uncapping a well the first time 

 
1Air monitoring using photoionization detector with 10.4 eV probe and Combustible Gas Indicator. 
 



 

CERTIFICATE OF WORKER/VISITOR ACKNOWLEDGEMENT 
 

PROJECT NAME:  Iowa Army Ammunition Plant 
PROJECT ADDRESS:  Middletown, Iowa 
CONTRACTOR’S NAMES:  T N & Associates, Inc. 
EMPLOYEE’S/VISITOR’S NAME:  _________________________________ 
 
The contract for the above project requires the following:  That you be provided with the 
complete formal and site-specific training; that you be supplied with proper personal 
protective equipment (PPE) including respirators; that you be trained in the use of PPE; 
and that you receive a medical examination, which will verify you are capable of 
performing assigned duties while wearing the required PPE.  These things are to be done 
at no cost to you.  By signing this certification, you are acknowledging that our employer 
has met these obligations to you. 
 
I HAVE READ, UNDERSTAND, AND AGREE TO FOLLOW THE SITE SAFETY 
AND HEALTH PLAN FOR THIS SITE. 
 
____________________________________  
Signature  Date 
 
FORMAL TRAINING: I have completed the following formal training courses that 
meet OSHA’s Hazardous Waste Operations and Emergency Response (HAZWOPER) 
requirements, as defined in 29 CFR 1910.120(e), “Training”.   
 
   Date Complete 
Initial 40 hour training:  ______________ 
 
8 hour supervisory training:  ______________ 
 
Annual 8 hour refresher training: ______________ 
 
 
SITE-SPECIFIC TRAINING:  I have been provided and have completed the site-
specific training required by this Contract. 
 
 
____________________________________  
Signature  Date 
 
RESPIRATORY PROTECTION:  I have been trained in accordance with the criteria 
in the contractor’s/my employer’s Respiratory Protection Program.  I have been trained in 
the proper work procedures and use limitations of the respirator(s) I will wear.  I have 
been trained in and will abide by the facial hair policy. 
 
 
__________________________________ 
Signature      Date         
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T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA1 

 
1.0 FIELD RECORDS AND DOCUMENTATION 
The objectives of this SOP are to provide consistent procedures and formats by which field 
records will be kept and activities documented, and a methodology by which field records will 
be managed.  

1.1 Procedure 
Materials to be used include: 

• Field log books, 
• Pens, containing indelible waterproof ink, 
• Field forms, and 
• Watch with team-synchronized time (using the military 2400-hour format). 

Bound field log books will only be used for the maintenance of field records. The Project 
Manager prior to use must approve utilization of any other bound log books. This log book will 
remain with one individual until it is full or that person’s involvement in the project is 
completed. The log books will be turned in for copying/filing/tracking to the Project Manager. 

1.1.1 Documentation in Log Books and on Field Forms 

In the center of the front cover will be “Log Book No. 01.” The log books for each project will 
be sequentially numbered starting with the number one. Below the log book number will be the 
individual’s name to whom the book has been assigned, the date assigned, and a place for the 
date returned when that person has finished. The log book is to be assigned to a specific project 
only. 

All entries will be recorded in indelible, waterproof ink. If errors are made in any field log book, 
field record (form), chain-of-custody record, or any other field record document, corrections will 
be made by crossing a single line through the error, entering the correct information, initialing, 
and dating the correction.  Sufficient information will be recorded in the log books and on the 
field forms to permit reconstruction of all field activities conducted.  While some duplication of 
information may occur between the type of log books and field forms, this activity will ensure 
that all required information is being recorded. 

Entries will be made in the following format. Documentation and reporting of events and 
activities will be made in chronological order on the right page of an open log book. The left 
page of the log book will be used for extemporaneous reporting, such as sketches, tables, 
providing details or comments on events reported sequentially, or interpretations. A number of 
field forms have been adopted to facilitate the collection of consistent data. This will preclude 
detailed documentation of, for example, lithologic descriptions in the field log book. A reference 
to each specific form must be made in the log book.  

The date will be placed in the top right-hand corner of every right page. The time of entry 
recordings will be in columnar form down the left-hand side of the right page. All entries should 
be dated and the time of entry recorded. At the beginning of each day, the first two entries will 
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be “Personnel Contractors On Site” and “Weather.” At the end of each day’s entry or a particular 
event, if appropriate, the personnel should draw a diagonal line originating from the bottom left 
corner of the page to the conclusion of the entry and sign along the line indicating the conclusion 
of the entry or the day’s activity.  At the end of the day’s entry, the personnel should record the 
time of departure for the work site. 

Any entries in field log books will be legible (printing is preferable) and will contain accurate 
and inclusive documentation of all project activities (investigation, monitoring remediation, 
closure, maintenance, etc.). Information pertaining to health and safety aspects, personnel on 
site, visitors’ names, association, and time of arrival/departure, etc., should also be logged. 
Language should be objective, factual, and free of personal feelings or other terminology might 
prove inappropriate, since field records are the basis for later written reports. Once completed, 
these field log books become accountable documents and must be maintained as part of the 
project files. Periodic audits of field log books will be conducted to ensure compliance with this 
procedure. 

All aspects of sample collection and handling, as well as visual observations, will be 
documented in the field log books. All sample collection equipment (where appropriate), field 
analytical equipment, and equipment utilized to make physical measurements will be identified 
in the field log books as outlined in the appropriate SOPs. All calculations, results, and 
calibration data for field sampling, field analytical, and field physical measurement equipment 
will also be recorded in the field log books, except where these are referenced as being recorded 
on approved field forms. All field analyses and measurements must be traceable to the specific 
piece of field equipment utilized and to the field investigator collecting the sample, making the 
measurement, or conducting analyses. 

1.1.1.1 Site Log Book 

The Site Log Book will contain a general overview of all the site activities occurring during the 
work day.  The Site-Wide Coordinator will be responsible for maintaining the site log book.  
The site log book will include, at a minimum: 

• Name and title of the originator 
• Name and address of the field contact 
• Total number of personnel on-site by contractor/company 
• “Weather” should include the general conditions, as well as the temperature, relative 

humidity, barometric pressure, wind, and direction, to be obtained from Base Weather Flight 
at 257-4557. 

• Any major weather changes occurring during the day 
• Names, titles, and association of any site visitors 
• Information regarding sampling changes, scheduling modification, and change orders 
• Information regarding drilling decision, not recorded on the boring log 
• Information regarding sampling decisions 
• Information regarding access agreements, if applicable 
• General field observations 
• Summary of daily tasks and documentation on any cost or scope or work changes required 

by field conditions 

SOP IA1 Field Records – 9/20/2001 Page 3 of 7 



Standard Operating Procedures – Field Records and Documentation 

1.1.1.2 Field Log Book 

Each field crew will be issued a field log book in which detailed descriptions of all activities 
completed by the crew for each working day will be noted.  The field log books will contain, at 
a minimum, the following: 

• Name and title of the originator 
• Purpose of the drilling and/or sampling activity 
• Name and address of the field contact 
• Names and responsibilities of field crew members 
• Names, titles, and association of any site visitors 
• Sample collection method 
• Quantity, location and volume of sample(s) collected 
• Location, description and log of sampling point photographs 
• References for all maps of the sampling site(s) 
• Information regarding sampling changes, scheduling modifications and change orders 
• Information regarding drilling decisions that have not be recorded on the boring log 
• Information regarding sampling decisions 
• Information regarding access agreements, if applicable 
• Details of the sampling location, including a sketch map illustrating the sampling location 
• Date and time of sample collection and name of collector 
• Sample identification number(s) 
• Information from containers, labels of reagents used, deionized and organic-free water used, 

etc. 
• Field observations 
• Types of field instruments used and purpose of use, including calibration methods and 

results 
• IDW documentation information including: 

− types of containers/drums 
− contents, type and approximate volume of waste 
− type of contamination and predicted level of contamination based on available 
information 

1.1.1.3 Site Safety and Health Log Book 

This log book will be maintained by the Site Safety and Health Officer (SSHO) to document all 
daily safety and health activities.  The SSHO will be responsible for ensuring the following 
information is entered into the log book: 

• Daily health and safety meeting/briefing 
• Daily health and safety site inspections 
• Daily inspection of field equipment 
• Weather, including general weather conditions, temperature, relative humidity, barometric 

pressure, wind, and direction, to be obtained from Base Weather Flight at 257-4557 
• Major changes in weather conditions 
• Problems associated with field monitoring equipment 
• Medical problems with any field team member, including anyone taking special medications 
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• Any visitors introduced at the site along with health and/or training records, as appropriate 

1.1.1.4 Field Forms 

The field forms will be distributed by the Sample Coordinator.  The Sample Coordinator will 
ensure the field team members enter the following information correctly on the appropriate 
forms: 

• Project Number  
• Task Number  
• Site Identifier 
• Location/Well Number 
• Sample Number 
• Sample Collection Method 
• Sample Collection Date 
• Sample Collection Time 
• Field Crew Members. 

Other information that will be preprinted on the forms includes: 

• Installation Identifier 
• Sample Container Size 
• Number of Containers 
• Sample Volume 
• Sample Preservatives 
• Parameters to be Analyzed. 

ERPIMS information that the Sample Coordinator is responsible for entering on the forms 
includes: 

• Associated QC Sample Numbers 
• Lot Control Numbers 
• Laboratory Identifiers 
• Sample Codes 
• Shipping Information. 

The field crews will be responsible for ensuring the following information is entered correctly 
onto the following specific field forms: 

• Groundwater Elevation Form 
• Groundwater Development/Purge Form 
• Groundwater Sample Collection Form 
• Soil Sample Collection Form 
• Chain of Custody Record 
• Well Completion Form 
• Lithologic Code Form (to be used whenever logging a soil boring) 
• New Location Form 
• Drilling Log. 
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1.1.2 Tracking of Field Records 

The copying requirements described in Section 1.1.3 will be tracked by the Site-Wide Field 
Coordinator as assisted by the Sample Coordinator.  Deficiencies will result in a notification to 
the personnel assigned to complete the log book or the field forms to correct the specific 
deficiencies. 

The last four pages of the log book will be reserved for compiling a “List of Contents” for the 
log book. Information recorded will include the project name, project number, duration of 
involvement, brief description of activities, the page numbers in the log book, the last page 
number copied to file, and date copied. The personnel assigned the log book should update the 
“List of Contents” on a weekly basis. In addition, log books will be audited quarterly by the 
Quality Assurance (QA) manager and corrective actions will be implemented in accordance 
with the Site-Wide Quality Assurance Project Plan (QAPP). 

The Sample Coordinator shall compile the original field forms in a 3-ring notebook for 
transmittal to the Project Manager at the project office in Oak Ridge, TN.  Copies of the field 
forms will be maintained at the site project office until the throughout the duration of the field 
program.  The field forms will be verified by the data management personnel prior to uploading 
the information into the Electronic Data Repository. 

1.1.3 Copying and Filing of Field Records 

Field log books will be copied on a weekly basis. The person to whom the log book is assigned 
is responsible for making copies of the new pages of each log book on Friday or Monday of 
each week.  The Site-Wide Field Coordinator is responsible for ensuring that copies are 
submitted and filed.  A total of two copies will be required for each field log book. The first 
copy will be kept in the field files and the second copy will be provided to the Project Manager 
for the project file. 

When an individual log book is full or the person’s involvement has ended, the log book will be 
submitted to the Project Manager within two working days for final cataloging and filing. The 
log books will be stored in the project file and will only be accessible to the Project Manager. 
Copies of specific sections will be made available to personnel upon request with the approval 
of the Project Manager. 

All non-bound field records (e.g., field forms, daily quality control reports [DQCRs], drilling 
logs) will be completed the day the associated activity occurs and will subsequently be turned in 
to the Sample Coordinator by the end of the day and subsequently copied by the Sample 
Coordinator the following work day. A single copy will be filed in the field file by the Sample 
Coordinator. The originals will be sent to the Project Manager on a weekly basis (at a 
minimum) for data entry/verification and for filing in the project file.  All drill logs, 
development forms, and sampling forms will be sent to the USACE Project Geologist via 
facsimile first thing in the morning following the day they were generated.  This facsimile 
transmittal is the responsibility of the Sample Coordinator. 

All field data collected using electronic data loggers or computer entry forms will be 
downloaded. If possible, the data will be downloaded on a daily basis by the person collecting 
the data. This person will be responsible for ensuring that all data collected are adequately 
represented in electronic media and in the file.  A hard copy of the data, and any graphical 
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representation produced by logging software, will also be printed out and duplicated.  One copy 
of the electronic media and printed output will be filed in the field file, and one copy will be 
filed in the project file. 

1.2 DQCRS 
DQCRs will be completed daily by each field team.  The purpose of these reports is to provide a 
written log of daily field activities to the Project Manager and USACE.  Information to be 
provided in these daily reports includes: 

• Project and delivery order number 
• Date 
• Project name and location 
• Temperature range 
• Wind conditions 
• Personnel on site 
• Summary of site activities 
• Level of health and safety protection 
• Instruments used 
• Calibrations performed 
• Instrument problems 
• Corrective actions 
• Samples collected 
• Sample collection methods 
• QC samples collected 
• Additional remarks. 

DQCRs will be compiled and filed on a daily basis. These reports will be reproduced and sent 
to USACE on a weekly basis, along with an associated Confirmation Notice package, assuming 
that no problems or deviations from the schedule or field activities occur. Any deviations that 
may affect the project DQOs will be immediately conveyed to the Project Manager and 
USACE.  In the event that problems arise, the Site-Wide Field Coordinator shall notify USACE 
immediately.  

1.3 Confirmation Notices 
The Site-Wide Field Coordinator will provide the USACE with a weekly record of all 
discussions, verbal directions, and telephone conversations on matters relative to the activities 
performed under the contract.  These records, entitled “Confirmation Notices” (CN), will be 
numbered sequentially and will provide the following information: 

• Participating personnel 
• Subject(s) discussed 
• Conclusions reached. 

The contractor will provide USACE with a reproducible copy of each CN on a weekly basis in 
conjunction with the submittal of the DQCRs. 
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T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA2 

 
1.0 SAMPLE NOMENCLATURE AND CONTROL  

1.1 Introduction 
The general objective of this standard operating procedure (SOP) is to present procedures for 
sample identification (ID), sample control and chain-of-custody, and sample handling. 

1.2 Terms/Definitions 
A sample is defined as physical evidence collected from a facility, site, or the environment.  For 
the purposes of this section, the term "physical evidence" also includes photographs, records, or 
any other tangible article collected from the environment, facility, or site.  

1.3 Sample Labeling Procedures 
All sample identification, field records, and chain-of-custody records will be recorded in black 
waterproof, ballpoint non-erasable ink.  Under no circumstances will “Sharpie” markers be used 
on field forms or chain-of-custody forms.  If errors are made on any of these documents, 
personnel will cross a single line through the error and enter the correct information.  All 
corrections shall be initialed and dated by the person performing the correction.  If possible, all 
corrections should be made by the individual who made the error. 

If information is entered using stick-on labels on sample tags, log books, or sample containers, 
subsequent removal of these labels should not be possible without leaving obvious indications of 
the attempt.  Labels should never be placed over previously recorded information.  Corrections 
to information recorded on stick-on labels should be made as stated in the previous paragraph. 

1.3.1 Procedures 

All soil, surface water, sediment, groundwater, waste, ambient air, and vapor emission samples 
collected will be labeled according to the following procedures.  These procedures are consistent 
with the Environmental Restoration Program Information Management Systems (ERPIMS) 
formatting requirements.  ERPIMS will be used to handle data electronically. 

1. Label each sample container with the following information: 

• Date and time, • Container information, 
• Sample ID number, • Preservative, 
• Sample type, • Analysis, and 
• Sampler (initials), • Method 
• Sample matrix, 

2. Enter sample collection information in the field log book.  Begin the sample collection entry 
with the time at which the sample is collected (or collection is begun).  Make the entry 
chronologically in the log book (see SOP No. 1). 

• Date 
• Time 
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• Weather conditions 
• Field personnel present 
• Level of personal protection 
• List of on-site visitors and the level of personal protection of the visitors 
• Signature of the person making the entry 

3. If no map of sampling locations is available prior to sampling, sketch a drawing of the site 
(not to scale) in the field log book to provide an illustration of all sampling points.  Provide 
measured distances from sampling points to a fixed reference point to allow accurate 
placement of sample locations on figures or maps. 

The sample numbering scheme used for field samples will also be used for all QC samples so 
that these samples will not be discernible by the laboratory.  The sample numbering scheme is as 
follows: 

Location Identifier  Sample Efforts  Sample Sequence Number 

IW = Iowa   SA = 20000   4-digit identifier    

    A = 2000085 

1.3.2 Environmental Restoration Program Information Management Systems 
Fields 

The laboratory information management system (LIMS) utilized by the U.S. Army Corps of 
Engineers (USACE) and the Air Force Center for Environmental Excellence (AFCEE) is the 
ERPIMS.  The following is a discussion of the ERPIMS fields and codes that will be used for 
USACE and AFCEE contracts. 

The location identification (LOCID) is a unique identifier assigned to a specific location.  A 
maximum of 10 digits can be used.  The LOCID field for QC samples is not used to reflect a 
geographic location, instead the field designates whether the QC sample is a field QC 
(FIELDQC) or a laboratory QC (LABQC). 

The MATRIX code identifies the sample medium (e.g., soil, water, etc.).  For field QC samples, 
the code WQ (groundwater, surface water, or rinsate), SQ (soil, sediment, and sludge), or AQ 
(ambient air and vapor emissions) are based on the actual matrix of the original sample.  
Common MATRIX codes (WG, WS, SO, SE) are on the sample collection form.  

The SACODE identifies the type of sample that was collected.  The first one or two 
alphanumeric characters define the type of sample, the next is for sequential numbering for any 
samples of the same type collected on the same day.  All valid SACODEs will be printed on the 
forms. 

The SMCODE identifies the method of sampling used to collect a sample.  All valid SMCODEs 
will be printed on the forms. 

Current valid ERPIMS codes are defined in the ERPIMS Data Loading Valid Value List (latest 
version:  October 1997).  Answers to ERPIMS questions are obtained by phoning AFCEE at 
1-800-IRPIMS3. 
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1.4 Lot Control Procedures 
Once the sample has been collected, steps must be taken to preserve the sample's chemical and 
physical integrity during transport and storage, prior to analysis.  Inclusion of a chain-of-custody 
form in each cooler containing samples will document that the integrity of the samples has been 
maintained during transport.  

In accordance with the contracting agency QC sampling procedures, the LIMS number (LIMS#) 
will be added to the chain-of-custody form for all QA samples shipped to the QA laboratory.  
The appropriate contracting agency project chemist will set up an account and LIMS# during 
project scope development.  The LIMS# should be provided in the site-specific scope of 
services.  If the LIMS# is not provided, the TN&A Project Manager should be notified. 

The sampler and/or project manager will notify the QA laboratory prior to the first delivery of 
QA samples and give at least 24 hours notice for Saturday delivery.  

Chain-of-custody is a continuous possession of samples from their origin to completion of 
analysis and archiving/disposal in the laboratory.  This uninterrupted possession is required to 
maintain integrity of samples.  The chain-of-custody record is the documentation of this 
uninterrupted possession of the samples.  The following method is prescribed for documenting 
chain-of-custody. 

• To simplify the chain-of-custody record and eliminate potential litigation problems, as few 
people as possible should handle the sample or physical evidence during the investigation or 
inspection. 

• A field team member is responsible for the proper handling and custody of the samples 
collected until they are properly and formally transferred to another person or facility. 

• Sample labels shall be completed for each sample, using waterproof, non-erasable ink. 

• All samples shall be sealed immediately upon collection using a custody seal.  This 
requirement shall be waived if the field team member keeps the samples in his/her 
continuous custody from the time of collection until they are delivered to the laboratory 
analyzing the samples.  Samples which are shipped via courier require a custody seal. 

• All samples must be documented in bound field log books. 

• A sample collection log will be completed for each sample taken. 

• A chain-of-custody record will be completed for all samples or materials collected.  A 
separate chain-of-custody record will be utilized for each final destination or laboratory 
utilized during the inspection or investigation. 

• All samples shall be accompanied by the chain-of-custody record.  The original will be 
placed in a plastic bag inside the secured shipping container if samples are shipped.  One 
copy of the record will be retained by the site wide field coordinator.  The original record 
will be transmitted to the site wide field coordinator after samples are accepted by the 
laboratory.  This copy will become a part of the project file. 

To complete the chain-of-custody and to maintain an accurate record of sample collection, 
transport, analysis and disposal, the following methodology will be used: 
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1.  Samples will be accompanied by a chain-of-custody form at all times. 

2.  The chain-of-custody form will be used by personnel responsible for ensuring the integrity of 
samples from the time of collection until shipment to the laboratory. 

3.  The chain-of-custody form will be signed by each individual who has the samples in his or 
her possession. 

4.  The chain-of-custody form will be initialed in the field by the person collecting the sample, 
for every sample.  Every sample will be assigned a unique ID number, to be entered on the 
chain-of-custody form.  Depending on sample size, any number of chain-of-custody forms 
and related samples can be shipped together. 

5.  If the person collecting the sample does not transport the samples to the laboratory or deliver 
the sample containers for shipment, the first block for "Relinquished by" "Received by" will 
be completed in the field. 

6.  The person transporting the samples to the laboratory or delivering them for shipment will 
sign the record form as "Relinquished by." 

7.  If the samples are transported directly to the laboratory, the chain-of-custody form will be 
kept in the possession of the person delivering the samples. 

8.  If the samples are shipped to the laboratory by commercial carrier, the chain-of-custody form 
will be sealed in a watertight container, taped on the inside lid, and the shipping container 
sealed prior to being given to the carrier. 

a. For samples shipped by commercial carrier, the waybill or airbill will serve as an 
extension of the chain-of-custody record between the final field custodian and receipt in 
the laboratory.  The sender's copy of the waybill must be stapled to the sender's copy of 
the chain-of-custody form and filed with the original.  The waybill tracking number must 
be entered into the log book and on the chain of custody. 

b. Upon receipt in the laboratory, the sample recipient will open the shipping containers, 
compare the contents with the chain-of-custody record, ensure that document control 
information is accurate and complete, and sign and date the record.  Any discrepancies 
will be noted on the chain-of-custody form. 

c. In the event of the discrepancies, the samples in question will be segregated from normal 
sample storage and the project chemist immediately notified. 

d. The chain-of-custody form is completed upon receipt of the samples by the analytical 
service laboratory.  The completed chain-of-custody form will be returned to the Project 
Manager and maintained in the project file. 

1.5 Sample Handling Procedures 
Upon collection, all samples will be immediately placed on ice and taken to a proper location for 
packing, re-icing, and shipment.  This will insure samples are stored at proper temperatures. 

When preparing the samples for shipment to the laboratory, the following procedures will be 
employed:  
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1.  Place the sample in the cooler immediately.  Once the cooler is filled with samples, it will be 
locked/taped with custody tape and securely positioned in a sampling vehicle or other secure 
storage facility until the completion of the day's sampling activities.  The following protocol 
will be used for packaging of samples: 

a. Only waterproof metal or equivalent strength plastic ice chests and coolers will be used. 

b. Strapping tape and custody seals will be placed around the lid of all sample coolers. 

c. Samples will be packed properly for shipment so that bottles will not dislodge and/or 
break during shipment. 

d. Approximately 3 inches of inert cushioning material will be placed in the bottom of the 
cooler. 

e. The sample containers will be placed upright in the cooler in such a way that they do not 
touch and will not touch during shipment.  In addition, all sample containers will be 
placed in clear, plastic, leak proof bags.   

f. Additional inert packing material will be placed in the cooler to partially cover the 
sample containers.  A temperature blank will be placed in the middle of the cooler. Ice 
placed in double Ziploc bags will be placed around, among, and on top of the sample 
containers. 

g. Each cooler will be filled with additional cushioning materials to prevent movement of 
samples during shipment. 

h. The chain-of-custody form will be placed in a waterproof plastic bag and attached to the 
lid of the cooler.  Methodology of shipment, courier name(s), and other pertinent 
information will be recorded on the form. 

i. If the cooler is equipped with a drain plug, it will be taped shut. 

j. The lid will be secured with custody tape at a minimum of two locations.  No labels will 
be covered. 

k. The completed shipping label will be attached to the top of the cooler. 

2.  Dated and signed custody seals will be placed on the front right and back left of each cooler.  
These seals will be covered with clear tape. 

2. Samples will be transported by courier in an approved, cooled shipping container, ensuring 
that the maximum holding times between sample collection and analysis will not be violated. 

3. The weight limit of the shipper will be observed. 

4. All records pertaining to the shipment of a sample will be retained in the project file (e.g., 
freight bills, post office receipts, and bills of lading). 

5. The packaged samples will meet all applicable Department of Transportation (DOT) 
requirements prior to shipment.  The samples must be classified as either environmental or 
hazardous material samples.  Environmental samples include drinking water, most 
groundwater and ambient surface water, soil, sediment, treated municipal and industrial 
wastewater effluent, biological specimens, and any other sample that is not expected to be 
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contaminated with high levels of hazardous materials.  Shipping of environmental samples 
must be in accordance with the “Final National Guidance Package for Compliance with 
Department of Transportation Regulations in the Shipment of Laboratory Samples,” March 
1981.  Hazardous material samples may include samples from process wastewater streams, 
drums, bulk storage tanks, and soil, sediment, or water collected from areas suspected of 
being highly contaminated.  Such samples may require shipment as dangerous goods under 
the IATA regulations.  If a sample is collected of a, handled, and material listed in the 
Dangerous Goods List, Section 4-2, IATA, then the sample must be identified and shipped in 
accordance with the specific IATA instructions for that material (USEPA, 1996). 

1.6 References 
ERPIMS Data Loading Valid Value List, Version 4.0, October 1997. 

Department of Transportation, Final National Guidance Package for Compliance with 
Department of Transportation Regulations in the Shipment of Laboratory Samples, 
March 1981.  

United States Army Corps of Engineers, General Chemistry Supplement to the Scope of 
Services, December 1997. 
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TN & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA3 

 
1.0 DECONTAMINATION PROCEDURES 

1.1 Introduction 
The cleaning procedures outlined in this Standard Operating Procedure (SOP) represent standard 
decontamination procedures used by the United States Environmental Protection Agency 
(USEPA).  When possible, sufficient clean equipment will be transported to the field so that an 
entire inspection or investigation can be conducted without the need for field cleaning of 
equipment.  However, this will commonly be impracticable when using specialized field 
equipment.  Field cleaning procedures are included in this SOP to cover these cases. Specific 
cleaning procedures are presented in the following sections.  Disposable sampling equipment 
will be used as much as possible to minimize the need for decontamination.  In addition, sample 
containers for laboratory analyses will be provided by the laboratory and certified as clean.  
These sample containers will not be reused. 

Sampling and field equipment cleaned in accordance with these procedures meet the minimum 
requirements for data quality objective (DQO) Level IV field work.  Alternative field 
decontamination procedures must be documented on a field change request form, and site and 
field log books.   

1.2 Procedure 
1.2.1 Cleaning Materials 

The cleaning materials referred to in this SOP are described in the following paragraphs. 

The laboratory detergent will be a standard brand of phosphate-free laboratory detergent such as 
Liquinox®.  The use of any other detergent must be justified, and documented on a field change 
request form, and the site and field log books.  This detergent must be kept in a clean plastic, 
metal, or glass container until used. 

Tap water may be used from any municipal water treatment system.  The use of an untreated 
potable water supply is not an acceptable substitute for tap water.  Tap water must be stored in 
clean tanks, sprayers, or squeeze bottles or may be applied directly from a tap water source. 

Deionized water is defined as tap water that has been treated by passing through a standard 
deionizing resin column.  The deionized water will contain no heavy metals or other inorganic 
compounds (i.e., at or above analytical detection limits) as defined by a standard Inductively 
Coupled Plasma  (ICP) scan.  Deionized water must be stored in clean glass, stainless steel, or 
plastic containers. 

During cleaning operations, the substitution of a higher grade water (i.e., deionized or organic-
free water for tap water) is permitted and need not be noted as a variation of this SOP.  However, 
the deionized water utilized must be subjected to the specific quality control (QC) procedure as 
outlined Section 1.3.2. 
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The laboratory detergent and rinse water baths may be reused, but new solutions must be 
prepared periodically, depending on the amount of equipment requiring decontamination.   

1.2.2 Decontamination of Equipment Used to Collect Samples of Toxic or 
Hazardous Waste 

Equipment that is used to collect samples of hazardous materials or toxic wastes or materials 
from hazardous waste sites or RCRA facilities shall be decontaminated before it is returned from 
the field.  At a minimum, this decontamination procedure shall consist of washing with 
laboratory detergent and rinsing with tap water.  More stringent decontamination procedures 
may be required, depending on the waste sampled.  If more stringent procedures are warranted, 
documentation of the decontamination method selection process and the supporting rationale 
must be provided to and approved by the Project Manager and the Site-Wide Field Coordinator 
prior to implementation of the method in the field. 

1.2.3 Safety Procedures to be Used During Cleaning Operations 

The materials used to implement the cleaning procedures outlined in this SOP document can be 
dangerous if improperly handled.  Due caution must be exercised by all personnel, and all 
applicable safety procedures shall be followed.  At a minimum, the following precautions shall 
be taken in the washroom and in the field during these cleaning operations: 

• Safety glasses with side shields or goggles and nitrile or latex inner gloves, will be worn 
during all cleaning operations.  When steam cleaning equipment, workers must also wear 
Tyvek® coveralls and steel-toed safety boots. 

• No eating, smoking, drinking, chewing, or any hand-to-mouth contact shall be permitted 
during cleaning operations. 

1.2.4 Storage of Field Equipment and Sample Containers 

All field equipment and sample containers shall be stored in a contaminant-free environment, 
after being cleaned using the procedures outlined in this section.  Equipment will be moved 
upwind of the decontamination area and allowed to air dry.  The dry equipment will then be 
wrapped in aluminum foil.  Cleaning solutions must be stored as described in Section 1.2.1. 

1.3 Specific Quality Control Procedures for Cleaning Operations 
This section establishes guidelines for specific QC procedures to monitor the effectiveness of the 
sampling equipment cleaning procedures.  All QC procedures will be recorded in the field log 
books. 

1.3.1 Rinse Water 

Final rinse of decontaminated equipment shall be accomplished using ASTM Type II (or 
equivalent) deionized water. The quality of this water shall be monitored by collecting a sample 
from the source and submitting it for analysis of the same parameters for which associated field 
samples are to be analyzed. 
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1.3.2 Cleaned Sampling Equipment 

The effectiveness of the equipment cleaning procedures shall be monitored by rinsing cleaned 
equipment (equipment used to collect samples for trace organic compounds and metals analyses) 
with ASTM Type II or equivalent laboratory grade organic-free water and submitting the rinsate 
for analyses of the same parameters for which associated field samples are to be analyzed. 

1.4 Cleaning Reusable Sampling Equipment 
As noted in Section 13.1, efforts will be made to use disposable sampling equipment to minimize 
the potential for cross contamination.  However, when equipment is reused, such as hand augers 
for soil sampling, the procedures outlined in this section shall be followed. 

The following steps are to be utilized when cleaning Teflon® or glass field sampling equipment: 

1. Wash equipment thoroughly with laboratory detergent (e.g., Liquinox®) and water using a 
brush to remove any particulate matter or surface film. 

2. Rinse equipment thoroughly with tap water. 

3. Rinse equipment thoroughly with deionized water. 

4. Allow equipment to air dry as much as possible. 

5. Wrap equipment in one layer of aluminum foil.  Roll edges of foil into a "tab" to allow for 
easy removal.   

When cleaning stainless steel or metal sampling equipment, utilize the following steps: 

1. Wash equipment thoroughly with laboratory detergent and water using a brush to remove any 
particulate matter or surface film. 

2. Rinse equipment thoroughly with deionized water. 

3. Allow equipment to air dry as much as possible. 

4. Wrap equipment in one layer of aluminum foil.   

In cases where reusable sampling equipment (such as an oil-water interface probe) is used and 
contaminated with highly adhesive materials, additional decontamination procedures using 
special solvents may be required.  If this is required, special decontamination steps will be 
implemented between steps 2 and 3. 

If sampling equipment is used to collect samples that contain oil, grease, or other hard to remove 
materials, it may be necessary to rinse the equipment several times with  isopropanol to remove 
the materials before proceeding with step 1.  In extreme cases, when equipment is painted, badly 
rusted, or coated with materials that are difficult to remove, it may be necessary to steam clean, 
wire brush, or sandblast equipment before proceeding with step 1.  Any metal sampling 
equipment that cannot be cleaned using these procedures will be discarded properly. 
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1.5 Cleaning Procedures for Sample Tubing 
1.5.1 Rubber Pump Tubing Used in Automatic Samplers and Other Peristaltic 

Pumps 

Rubber pump tubing need not be replaced in peristaltic pumps where the sample does not contact 
the tubing or where the pump is being used for purging purposes (i.e., not being used to collect 
samples). 

The tubing shall be pre-cleaned as follows: 

1. Flush tubing with tap water and phosphate-free laboratory detergent 

2. Rinse tubing thoroughly with tap water 

3. Rinse tubing with deionized water 

4. Install tubing in automatic sampler or peristaltic pump. Cap both ends of tubing with 
aluminum foil 

1.5.2 Teflon® Sample Tubing 

New, pre-cleaned Teflon® tubing must be used for the collection of samples for organic 
compound analyses.  New Teflon® tubing not pre-cleaned by the manufacturer must be cleaned 
using the following procedure prior to sample collection: 

1. Flush tubing with tap water and phosphate-free laboratory detergent 

2. Rinse tubing thoroughly with tap water 

3. Rinse tubing with deionized water 

4. Wrap tubing and cap ends with aluminum foil. 

1.5.3 Stainless Steel Tubing 

1. Wash with laboratory detergent and hot water using a long, narrow, bottle brush. 

2. Rinse equipment thoroughly with deionized water. 

3. Allow equipment to air dry as much as possible. 

4. Wrap equipment in one layer of aluminum foil.  

In cases where reusable sampling equipment (such as an oil-water interface probe) is used and 
contaminated with highly adhesive materials, additional decontamination procedures using 
special solvents may be required.  If this is required, special decontamination steps will be 
implemented between steps 2 and 3. 

If sampling equipment is used to collect samples that contain oil, grease, or other hard to remove 
materials, it may be necessary to rinse the equipment several times with  isopropanol to remove 
the materials before proceeding with step 1.  In extreme cases, when equipment is painted, badly 
rusted, or coated with materials that are difficult to remove, it may be necessary to steam clean, 
wire brush, or sandblast equipment before proceeding with step 1.  Any metal sampling 
equipment that cannot be cleaned using these procedures will be discarded properly. 
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1.6 Miscellaneous Equipment Cleaning Procedures 
1.6.1 Water Level Meter or Tapes Used to Measure GroundWater Levels and Tag 

Lines 

The following procedures apply to cleaning water level meters or tapes and tag lines both in the 
field and at the site field trailer.  The procedures shall be followed for all sounding equipment.  
Personnel shall clean tag lines in accordance with these procedures between each well.  
However, water level meter tapes may simply be rinsed with deionized water between wells, if 
gross contamination does not exist in applicable wells. 

1. Wash with laboratory detergent and tap water 

2. Rinse with tap water 

3. Rinse with deionized water 

4. Allow to air dry overnight (doesn't apply to field cleaning) 

5. Wrap equipment in aluminum foil. 

1.6.2 Submersible Pumps and Hoses Used to Purge Groundwater Wells  

All pump types have specific decontamination procedures which are described in the 
manufacturer’s literature.  These directions should be followed as much as is practicable. 

1.6.2.1 Fultz or Grundfos Pump Cleaning Procedure 

CAUTION: To avoid damaging these pumps, the following precautions will be taken: 

• Never run pumps under dry conditions. 

• Never switch the Fultz pump directly from forward to reverse mode without pausing in the 
"off" position 

1. Pump a sufficient amount of soapy water through the pump and associated hose to flush 
out any residual purge water. 

2. Using a brush, scrub the exterior of the contaminated hose, electrical supply/control 
cables, and pump with hot soapy water.  Rinse the soap from the outside of each with tap 
water.  Next, rinse each with deionized water and recoil onto the spool. 

3. Pump a sufficient amount of tap water through the pump and associated hose to flush out 
soapy water.  

4. Pump or pour a sufficient amount of deionized water through the pump and hose to flush 
out the tap water. 

5. Rinse the outside of the pump, hose, and electrical supply control cables with deionized 
water. 

6. Place the equipment in a polyethylene bag or wrapped with polyethylene film to prevent 
contamination during storage or transit.  Ensure that a set of rotors, fuses, and cables are 
attached to each cleaned pump. 
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1.6.2.2 Goulds Pump Cleaning Procedure 

CAUTION: During cleaning always disconnect the pump from the generator. 

1. Using a brush, scrub the exterior of the contaminated hose and pump with soapy water. 

2. Rinse the soap from the outside of pump and hose with tap water. 

3. Rinse the tap water residue from the outside of pump and hose with deionized water. 

4. Equipment will be placed in a polyethylene bag or wrapped with polyethylene film to 
prevent contamination during storage or transit. 

1.6.3 Portable Power Augers 

1. The engine and power head will be cleaned with a power washer, steam jenny, or hand 
washed with a brush using detergent (does not have to be laboratory detergent but will not be 
a degreaser) to remove oil, grease, and hydraulic fluid from the exterior of the unit.  These 
units will be rinsed thoroughly with tap water. 

2. All auger flights and bits shall be cleaned by a pressure washer capable of producing water at 
200°F and 1500 psi before borehole entry and will remain clean until installed in the 
borehole. 

1.6.4 Large Soil Boring and Drilling Rigs 

Large equipment, such as drill rigs and drill tools (e.g, AW rods and hollow stem augers), will be 
steam cleaned with high pressure hot water.  Persistent particulate matter or surface films will be 
removed with tap water and  phosphate-free detergent scrubbing, and a tap water rinse.  Drilling 
equipment that is steam-cleaned will be placed on racks or saw horses at least 2 feet above the 
floor of the decontamination pad.  Hollow stem augers or drill rods that are hollow or have holes 
that transmit water or drilling fluids will be cleaned on the inside with vigorous brushing. 

After completion of decontamination, the equipment will be removed from the decontamination 
pad and covered with clean unused plastic until the equipment is used again.  If stored overnight, 
the plastic will be secured to ensure that it stays in place. 

1.6.5 Miscellaneous Sampling and Flow Measuring Equipment 

Miscellaneous flow measuring and sampling equipment shall be washed with laboratory 
detergent, rinsed with tap water, followed by a thorough deionized water rinse, and dried before 
being stored.  This procedure is not used for any equipment used for the collection of samples for 
trace organic compounds or metals analyses. 

1.6.6 Flow Meters, Field Analytical Equipment, and Other Field Instrumentation 

The exterior of sealed, watertight equipment will be washed with a mild detergent (i.e., liquid 
dishwashing detergent) and rinsed with tap water before storage.  The interior of such equipment 
may be wiped with a damp cloth if necessary.  Other field instrumentation will be wiped with a 
clean, damp cloth.  Conductivity probes, pH meter probes, DO meter probes, etc., will be rinsed 
with deionized water before storage. 

The desiccant in flow meters and other equipment will be checked and replaced if necessary each 
time the equipment is cleaned. 
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1.6.7 Ice Chests and Shipping Containers 

All ice chests and reusable containers shall be washed with laboratory detergent (interior and 
exterior) and rinsed with tap water and air dried before storage.  In the event that an ice chest 
becomes severely contaminated, in the opinion of the field investigator, with concentrated waste 
or other toxic material, it shall be cleaned as thoroughly as possible, rendered unusable, and 
properly disposed. 

1.7 References 
U.S. Environmental Protection Agency Region IV, Environmental Investigations Standard  
 Operating Procedures and Quality Assurance Manual, Environmental Services Division, 
 May 1996. 



Standard Operating Procedures – Soil Investigation 
 

T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA4 

SOIL INVESTIGATION 
 

TABLE OF CONTENTS 
Page 

1.0 SOIL INVESTIGATION........................................................................................................2 
1.1 Introduction....................................................................................................................2 
1.2 Field Procedure for Soil Classification (USCS and ASTM) .........................................2 

1.2.1 General Considerations......................................................................................2 
1.2.2 Equipment ..........................................................................................................3 
1.2.3 Field Classification of Soils ...............................................................................3 

1.2.3.1 Procedure...........................................................................................4 
1.2.3.2 Identification .....................................................................................5 
1.2.3.3 Descriptive Format and Terminology ...............................................6 
1.2.3.4 Primary Descriptive Elements...........................................................7 
1.2.3.5 Field Tests For Classifying Fines....................................................15 

1.2.4 Procedures For Logging Exploratory Borings.................................................17 
1.2.4.1 Description of Surface Conditions ..................................................17 
1.2.4.2 Documentation of Drilling Procedures and Performance ...............18 
1.2.4.3 Sampling Data .................................................................................18 
1.2.4.4 Description of Soils and Unconsolidated Sediments ......................19 
1.2.4.5 Stratigraphic Contacts and Lithologic Changes ..............................19 
1.2.4.6 Groundwater Observations..............................................................19 
1.2.4.7 Environmental Field Measurements and Observations...................19 
1.2.4.8 Borehole Stability............................................................................19 
1.2.4.9 Quality Assurance ...........................................................................19 

1.3 Soil Test Borings .........................................................................................................21 
1.3.1 Background......................................................................................................21 
1.3.2 Hollow Stem Auger Borehole Drilling ............................................................22 

1.4 Surface Soil Sampling..................................................................................................22 
1.4.1 Background......................................................................................................22 
1.4.2 Procedures........................................................................................................23 

1.5 Subsurface Soil Sampling ............................................................................................24 
1.5.1 Background......................................................................................................24 
1.5.2 Procedures........................................................................................................24 

1.5.2.1 Sampling with a Hand Auger ..........................................................24 
1.5.2.2 Sampling with a Split-Spoon...........................................................25 

1.6 References....................................................................................................................27 

SOP IA4 Soil Investigation – 9/20/2001 Page 1 of 27  



Standard Operating Procedures – Soil Investigation 
 

T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA4 

 
1.0 SOIL INVESTIGATION 

1.1 Introduction 
The general objective of this standard operating procedure (SOP) is to provide procedures for 
conducting activities associated with the description, investigation, and characterization of soils 
and soil systems.  The discussion includes methods to complete the following:  describe the 
collection of soil samples obtained during drilling operations, advance soil test borings, collect 
surface and subsurface soil samples, and excavate and collect soil samples from test trenches.  
Since drilling is not expected to advance to bedrock, methodologies for drilling into bedrock are 
not covered in this SOP.  This is because bedrock is below the depth that it is anticipated that the 
environmental boreholes will be advanced.  If the bedrock is drilled into, specific methodologies 
will need to be established as part of the site-specific work plan. 

1.2 Field Procedure for Soil Classification (USCS and ASTM) 
Exploratory borings typically represent the single most important source of information used for 
characterizing subsurface conditions for environmental or geotechnical studies.  The analysis and 
interpretation of subsurface conditions is greatly affected by the quality of the lithologic logs 
used.  This SOP is intended to provide a basis for consistency among practitioners responsible 
for documenting subsurface conditions encountered in exploratory borings.  It provides a 
discussion of general observations that should be routinely made and documented on every 
boring log.  It also presents standardized terminology and definitions for describing soils and 
sediments.  The intent of this discussion is to promote the recognition that consistent logging 
provides the foundation for all subsequent analysis and design, and to encourage greater care and 
standardization in all phases of log preparation. 

1.2.1 General Considerations 

As a general rule, subsurface data will be of sufficient detail and quality to support both 
environmental and geotechnical analyses.  It is critical that an adequate understanding of 
subsurface conditions is developed prior to the installation of groundwater monitoring wells, or 
prior to design for environmental restoration or site development, to help ensure further activities 
are based on sound, reliable data.  

This SOP presents detailed procedures for classifying and describing soils based upon the 
Unified Soil Classification System (USCS) and standard practices developed by the American 
Society for Testing and Materials (ASTM).  The USCS is the most widely accepted system 
within the engineering community.  The following descriptive elements are recommended as a 
minimum basis for all soil descriptions: 

• Material classification 
• Density or consistency 
• Moisture content 
• Color 
• Texture/particle size distribution 
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• Plasticity/cohesiveness 
• Stratification/structure 
• Geologic origin and/or formation name. 

Other factors that may be pertinent and should be described include gradation or sorting; the 
presence of boulders, cobbles or bedrock fragments; angularity and shape of granular 
components; hardness of granular components; weathering; accessory mineral lithology; 
cementation; odor; and the presence of any other feature that may affect the strength or stability 
of the soil or contribute to secondary porosity (e.g., channel from roots or animal burrows and 
voids resulting from subsidence). 

All of the classification procedures described in this SOP are based upon visual inspection and 
simple manual tests that can be performed in the field.  It must be clearly stated in reporting that 
classification is based upon visual/manual procedures.  If more quantitative data are required, 
laboratory testing should be performed on representative samples to support field descriptions. 

1.2.2 Equipment 

Appropriate equipment shall be maintained on-site to classify, describe, and log soil samples and 
subsurface conditions.  At a minimum, this should include the following equipment: 

• Log book  
• Indelible black ink pens 
• Clipboard 
• Straightedge 
• Retractable steel tape with increments in 10ths and 100ths of feet 
• Appropriate field forms (e.g., hazardous toxic waste drilling logs) 
• Water-level tape 
• 10X magnifying glass 
• Munsell color chart 

Additional items which may be helpful include: 

• Pocket penetrometer 
• Tor vane (field) 
• Stainless steel weight (tag bar) 
• Permanent indelible felt-tip marking pens (Sharpie® or equivalent) 
• Dilute (10 percent) hydrochloric acid 
• No. 200 sieve. 

Boring logs will be prepared in the field on a U.S Army Corps of Engineers (USACE) drilling 
log form.  Each log will be signed by the geologist or geotechnical engineer.  Detailed 
requirements for the preparation of the USACE drilling log are provided in Section 1.2.4.  A 
completed drill log form is attached as an example. 

1.2.3 Field Classification of Soils 

This section establishes guidelines for consistent field classification of naturally occurring soils 
and sediments based upon the USCS and ASTM Standards D 2487 and D 2488 (ASTM, 1993a; 
ASTM, 1993b).  The USCS provides the primary framework for this soil classification scheme.  
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Using the USCS, soils/sediments are divided into 15 soil groups, based upon observations and 
prescribed manual and/or laboratory tests.  The USCS grouping is intended to minimize the 
number of laboratory tests required for definitive soil classification.  ASTM D 2487 presents 
criteria for classifying soils/sediments based on laboratory determination of gradation (particle-
size distribution) and behavioral (engineering) characteristics.  ASTM D 2488 (Standard Practice 
for Description and Identification of Soils, Visual-Manual Procedure) describes methods for 
identifying soils/sediments based on visual examination and simple manual tests.  ASTM D 2488 
also provides standardized terminology for describing other attributes of soils/sediments that 
should be documented to adequately characterize hydrogeologic and geotechnical conditions.  
Although implementation of this standardized approach provides a common language that will 
improve the ability to compare work performed by different practitioners and accurately interpret 
subsurface conditions, it should be noted that detailed site-specific analysis of factors such as 
color, weathering, and geochemical characteristics may be required to provide a thorough 
understanding of site stratigraphy.  

The objectives of this discussion are to provide the following: 

• Standard criteria for identifying and classifying soils and/or sediments 
• Standard terminology for describing key attributes of soils and sediments 
• A system that will result in logs that are useful for both engineering and hydrogeologic 

purposes  
• A classification system that will allow for reliable comparison of logs prepared by different 

practitioners 

1.2.3.1 Procedure 

The process for developing consistent soil/sediment descriptions is summarized below: 

• Identify the soil components present 
• Determine whether the sample is composed primarily of coarse-grained, fine-grained, or 

organic soils, or whether a mixture is present 
• Evaluate soil gradation and/or behavioral properties (estimate the degree of plasticity) 

through a combination of visual inspection and field tests 
• Classify and describe the soils using the results of visual inspection and field tests. 
• Assign a USCS group name and symbol 
• Prepare a detailed description of the sample using prescribed (ASTM) terms and definitions 
• Assign a geologic descriptor based upon origin (genetic or formation). 

Soils rarely exist in nature as individual components (gravel, sand, silt, or clay).  Mixtures of the 
individual components in varying proportions are much more common.  Each component 
contributes to the characteristics of the soil mixture.  In order to classify a soil mixture, the 
relative percentages of the component grain sizes must be determined.  The first step is to 
determine whether the soil is predominantly coarse-grained (gravel and/or sand) or fine-grained 
(silt and/or clay).  Although the USCS is based on percentage by weight, estimation of the 
relative percentage of soil components in the field must be based upon visual assessment of the 
relative volumes of materials present. 

A rough determination of the relative weight percentages of the components present can be made 
by spreading the sample out in the palm of the hand and making a visual estimate.  Carefully 

SOP IA4 Soil Investigation – 9/20/2001 Page 4 of 27  



Standard Operating Procedures – Soil Investigation 
 

washing the fines from a portion of a sample, by mixing the soil with water and pouring off the 
clouded suspension of fines and water, will aid in estimating the percentage of fines present by 
comparison with an unaltered portion.  Mixing a sample with water in a jar and allowing the 
mixture to settle is also helpful.  The coarse-grained components will fall completely out of 
suspension in 20 to 30 seconds. 

When describing bulk samples or soils exposed in an excavation, the percentages of cobbles and 
boulders should be estimated by volume.  The remaining soil matrix should be described 
independently. 

1.2.3.2 Identification 

The USCS groups soils into three major divisions: coarse-grained soils, fine-grained soils, and 
highly organic soils.  The characteristics that define these soil groups, and procedures involved 
in identifying the individual components, are described in the following paragraphs. 

Coarse-Grained Soils 
Coarse-grained soil components are defined as materials that would pass through a 3-inch sieve 
and which would be retained by a No. 200 sieve (0.075 millimeters [mm]).  Coarse-grained soil 
components are further subdivided by grain.  Soil is considered coarse-grained if 50 percent or 
more of a sample (by dry weight) is larger than 0.075 mm.  The range of both fine- and coarse-
grained soil components present in a sample should be determined by careful examination. 

Fine-Grained Soils 
Soil is considered fine-grained if 50 percent or more of a sample (by dry weight) is smaller than 
0.075 mm (No. 200 sieve).  Fines can be further subdivided into silt and clay.  Classification of 
fine-grained soil components may be based upon mineralogy, grain-size, or physical behavior.  
Mineralogy is difficult to determine in the field without previous geologic information based 
upon laboratory techniques, such as X-ray diffraction.  Grain-size is difficult to estimate because 
of the size classes involved and the limitations imposed by field equipment such as hand lenses.  
Additionally, textural classification of fines can be misleading in terms of geotechnical 
properties.  For these reasons, the USCS defines the terms “silt” and “clay” solely on the basis of 
the plasticity characteristics of material finer than 0.075 mm. 

Organic Soils 
Organic soils contain sufficient organic matter, living or in the process of decay, to significantly 
affect the engineering properties of the soil.  Most organic soils can be considered a special 
category of fine-grained soils.  Top soil, humus, peat, organic silt, organic clay, and 
diatomaceous earth are common examples.  The water content of organic soils is typically very 
high.  Organic soils invariably have a very low shear strength in their natural state, but may 
exhibit high tensile strength in certain directions because of fibrous materials. 

Observations of color and odor are of particular value for the identification of soils.  Dark gray, 
black, and various shades of brown are characteristic colors .  Organic soils frequently change 
color  when exposed to air.  Many organic soils, particularly marine peats and silts, have a 
distinctive odor of hydrogen sulfide.  This odor is especially apparent in fresh samples.  Heating 
the sample intensifies the odor. 

Organic silts and clays typically exhibit slight to medium plasticity and form threads that are 
very weak, soft, and spongy near the plastic limit.  Less effort is required to pull fine-grained 
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non-fibrous organic soils apart than inorganic fines.  A clean break is generally formed.  The 
smear of organic silts and clays, although smooth, is very dull.  

Peat is an organic soil characterized by the presence of vegetable matter (e.g., leaves, sticks, 
grass, wood, and/or moss) in various stages of decomposition.  These components generally 
impart a fibrous texture to the soil.  Peat is typically brown or black in color.  Peat and organic 
silt are common components of fresh water swamps, bogs, and tidal flats. 

Diatomaceous earth is an organic soil commonly found in the lower stratum of peat bogs. 
Diatomaceous earth is composed primarily of the siliceous skeletal remains of diatoms that 
accumulated in lakes and swamps.  The amount and nature of impurities is highly variable and 
may include sponge spicules and radiolarian remains as well as organic and inorganic silt and 
clay.  Diatomaceous earth reacts rapidly to the dilatancy test and typically dries to a highly 
friable soil.  Color ranges from white to yellow to various shades of brown and gray. 

Another important consideration in the identification of organic soils may be the location with 
respect to topography.  Low-lying swampy areas frequently contain highly organic soils. 

1.2.3.3 Descriptive Format and Terminology 

The USCS provides useful information about soil gradation and plasticity.  However, critical 
information necessary for site interpretation and evaluation are not included in the USCS.  The 
USCS should therefore be supplemented with additional information.  The following discussion 
identifies features which should be evaluated and described to supplement the USCS. 

Order of Description 
The descriptive format begins with the USCS group name and symbol, which will be discussed 
in more detail below.  A detailed description, based upon ASTM standards, follows the USCS 
classification.  For consistency, the primary descriptive elements, listed below, should be 
included in all soil descriptions in the following standardized order: 

• Color 
• Density or consistency (plasticity and cohesiveness) 
• USCS group name 
• Grain size 
• Stratification and structure  
• Moisture condition 
• Deposition environment 

A description of other pertinent properties should be included, as needed, following the primary 
descriptive elements listed above. 
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Following the detailed soil description, the probable geologic origin should be provided (in 
capital letters as shown).  Several typical descriptions are presented below: 

GRAVELLY LEAN CLAY WITH SAND (CL) 

Yellowish brown (10 YR 5/4), clay with trace gravel and sand, moist; SUBGLACIAL 
TILL (Wadsworth Till Member). 

LEAN CLAY (CL) 

Olive brown (2.5 YR 4/3), clay, medium plasticity, cohesive, moist. 

POORLY GRADED SAND WITH GRAVEL (SP) 

Pale yellow (2.5 YR 7/3), loose, poorly graded sand with trace gravel, dry, rounded to 
sub-rounded grains; ALLUVIUM. 

Soil/sediment descriptions should be as comprehensive as possible, without excessive emphasis 
on insignificant details.  Good judgment and common sense based on an understanding of 
geology and engineering behavior of soils is required. 

1.2.3.4 Primary Descriptive Elements 

Soil Type (Group Name and Symbol) 
If a soil is classified as a gravel or sand and it contains 12 percent or less fines, it is considered to 
be well-graded or poorly graded, depending upon the distribution of grain sizes (gradation) 
present. 

“Well-graded” is an engineering term that indicates a continuous distribution of particle sizes 
from the coarsest to finest particle size of the relevant fraction.  “Poorly-graded” pertains to 
sediments that lack a continuous distribution of grain sizes.  Poorly graded include uniformly-
graded (predominantly one particle size or well sorted) and gap-graded or step-graded (one or 
more particle sizes absent) sediments.  These terms may be included as secondary descriptive 
elements. 

These terms should not be confused with the geologic terms used to describe sorting.  A 
uniformly graded sediment would be described as well-sorted using this terminology. 

Guidelines for the use of modifiers and other descriptive terms which may be included in the 
USCS group name are presented below. 

Use of “with”: 

1. If a soil is predominantly sand or gravel but contains an estimated 15 percent or more of the 
other granular component, add “with sand” or “with gravel” to the group name. 

2. If a soil contains any cobbles or boulders, add “with cobbles” or “with boulders” to the group 
name. 

3. If a fine-grained soil contains (little) 15 to 25 percent sand, gravel or both, add “with sand” 
or “with gravel” to the group name (whichever is more predominant).  Use “with sand” if the 
related percentages are equal. 

4. If a granular soil contains 10 percent (few) fines, add “with silt” or “clay” to the group name. 
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Use of adjective modifier: 

1. If a fine-grained soil contains 30 percent or more sand or gravel (some), add “sandy” or 
“gravelly” to the group name (e.g., SANDY SILT, GRAVELLY LEAN CLAY). 

2. If a granular soil contains more than 15 percent (little) fines, use an adjective modifier (e.g., 
SILTY SAND, CLAYEY GRAVEL). 

Use of dual symbols: 

1. If a granular soil is estimated to contain 10 percent fines use a dual symbol. 

a. the first symbol shall correspond to a clean gravel or sand 

b. the second symbol shall correspond to a gravel or sand with fines (e.g., GW - GC, SP - 
SM) 

2. CL-ML (see USCS Plasticity Chart - do not use this combination unless substantiated by 
laboratory analyses). 

Use of borderline symbols: 

1. Use to indicate a soil with properties that do not distinctly place the soil into a specific group 
(e.g., CL/CH, GM/SM, ML/SM) 

Use of “and”: 

1. Using the USCS, “and” may be used to indicate that soils are interbedded by linking group 
names (e.g., LEAN CLAY [CL] AND POORLY GRADED SAND [SP]) 

Density or Consistency 
Density relates to cohesionless (predominantly coarse-grained) materials, while consistency 
relates to cohesive (predominantly fine-grained) soil.  Both can be estimated from the standard 
penetration test.  The standard penetration test is defined as the number of blows required to 
drive a standard 2-inch outside diameter split-barrel (spoon) sampler through 18 or 24-inches of 
undisturbed soil using a free falling 140 pound weight.  The blow count is recorded in 6-inch 
increments.  The first 6 inches is considered to be a seating drive. The sum of the blows required 
for the second and third 6-inch increments is defined as the penetration resistance (N-value).  
Standard penetration tests should be performed in accordance with procedures described in 
ASTM D 1586.   It is essential to ensure that standard penetration test procedures adhere to this 
ASTM standard so that blow counts yield meaningful N-values. 

Consistency can also be readily evaluated by feel or with a pocket penetrometer (PP) or vane 
shear instrument such as a tor vane (TV).  When using these methods to estimate consistency, 
sample disturbance should be considered. 
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Terms for describing the density or consistency of a soil are presented below: 

Cohesionless (Predominantly Coarse-Grained) Soils 

N-Value   Density 
0-4    Very loose 
5-10    Loose 
11-30    Medium Dense 
31-50    Dense 
50+    Very Dense 

 
Cohesive (Predominantly Fine-Grained) Soils 

 

N-Value 

 

Consistency 

 

Manual Criteria 

Undrained 
Compressive 

(Tons/Sq. Ft.)* 

 
Undrained Shear 

(Tons/Sq. Ft.)** 

 
 

 
 

 
 Strength, qu Strength, SU 

<2 Very Soft T
 

humb will easily 
penetrate soil more
than 1 inch 

<0.25 <0.12 

2-4 Soft easily 
 

0.25 - 0.5 0.12 - 0.25 

5-8 Medium Stiff will easily 
 

0.5 - 1 0.25 - 0.5 

9-15 Stiff ted by thumb 1 - 2 0.5 - 1 

16-30 Very Stiff not 
ily 

2 - 4 1 - 2 

31+ Hard ith >4 >2 

Thumb will 
penetrate soil about
1 inch 
Thumb 
indent soil about ¼
inch 
Inden
¼ inch only with 
great effort 
Thumb will 
indent soil. Read
indented with 
fingernail 
Indented w
difficulty with 
thumbnail 

* Measured with pocket penetrom
 ar instrument. 

eter. 
** Measured with TV or similar vane she
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Moisture Condition 
The moisture condition of the soil shall be described on the field boring log.  Soils are described 
as being dry, moist, or wet with increasing degrees of saturation based on the following criteria: 

Description Criteria 
Dry Absence of moisture, dusty, dry to the touch. 
Moist Damp but no visible water. 
Wet Visible free water, commonly soils collected from below water 

table. 
Color 
For consistency purposes color should be identified using the Munsell Soil Color Charts. The 
charts provide a semi-quantitative aid to correlate color across a site. It also aids in the 
assessment of secondary weathering zones and moisture relationships. 

When naturally wet soils are described after being allowed to dry, it should be noted on the log.  
The color description should not be capitalized and should be followed by the alpha-numeric 
Munsell code in parentheses as shown in the following examples: 

• Pale red (2.5 YR 6/2), and 
• Very dark brown (7.5 YR/2) 

Variations due to mottling in the soil color should also be noted using the Munsell soil color 
notation.  

Gradation 
The soil components present in a sample should be identified as described at the beginning of 
this section. The relative percentages of the different fractions present should be described based 
on estimates to the nearest 5 percent, using the following terms from ASTM D2488: 

Description  Percentages 
Mostly   50 - 100 percent 
Some   30 - 45 percent 
Little   15 - 25 percent 
Few   5 - 10 percent 
Trace    Particles are present but estimated to be less than 5 percent 

The component with the highest percentage should be recorded first with the next highest 
percentage recorded next.   

Gradation within the sand and gravel fractions must be defined or it is assumed that all fractions 
are present.  When recording gradation, always begin with the coarser fraction, (e.g., mostly 
coarse to fine gravel, and mostly medium to fine sand). 

Plasticity and Cohesiveness 
If a sediment sample is predominantly fine-grained, a plasticity designation should be provided. 
Additionally, the cohesiveness of soils including both fine- and coarse-grained components 
should be noted.  Soils in which the adsorbed water and particle attraction work together to 
produce a mass that holds together and deforms plastically at varying water contents are known 
as cohesive soils.  A predominantly coarse-grained soil could be cohesive in character with as 
little as 20 percent fines, depending upon the overall gradation of the material and the plasticity 
characteristics of the fines.  A soil accurately classified as GC or SC would always be cohesive. 
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Mixtures of coarse- and fine-grained soils should be described as cohesive or cohesionless. 

Stratification/Structure 
Most geologic structures may be characterized as stratified, massive, or some variation of the 
two.  Some terminology for describing soil structure or stratification are defined below: 

Description Criteria 

Stratified Alternating layers of varying material or color with 
layers at least 6 mm thick; note thickness. 

Laminated Alternating layers of varying material or color with the 
layers less than  6 mm thick; note thickness. 

Fissured Breaks along definite planes of fracture with little 
resistance to fracturing. 

Slickensided Fracture planes appear polished or glossy, sometimes 
striated. 

Blocky Cohesive soil that can be broken down into small 
angular lumps that resist further breakdown. 

Lensed Inclusion of small pockets of different soils, such as 
small lenses of sand scattered through a mass of clay; 
note thickness. 

Massive 
(Homogeneous) 

Same color and appearance throughout. 

Also describe: 

Bedding Attitude Horizontal or Inclined (with angle). 

Lithologic Contact Sharp or Gradational (with nature of gradation). 

 
The identification of naturally occurring fractures or planes of weakness (as opposed to those 
that may have been produced by the drilling or sampling process) can be made through the 
recognition of surface coatings, changes in oxidation state of adjacent materials, or stress 
surfaces such as slickensides.  Common surface coatings include carbonates, organics, secondary 
iron, manganese oxide, and silt or clay.  Changes or mottling in color adjacent to a fracture 
surface are generally indicative of a change in oxidation state associated with a naturally 
occurring fracture.  
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Geologic Interpretation 
A geologic interpretation may be provided with each description.  This may include a generic 
interpretation (such as alluvium or saprolite), geologic age, and/or formation name.  Accurate 
field interpretation of geologic origin may support geologic evaluations conducted later in the 
office.  Identification of the geologic origin or depositional environment is often necessary to 
support interpretations of the distribution, uniformity, or variability of subsurface soils and 
sediments.  The geographic position of individual boring locations (e.g., crest of a hill, terrace, 
edge of a flood plain, etc.) should be considered when making this determination.   

Other Descriptive Elements 
Understanding of subsurface conditions at a site is dependent upon detailed descriptions of soil 
or sediment samples.  The following additional characteristics should be considered and 
described, if pertinent.  It is the responsibility of the field geologist and project staff to determine 
the extent of detail required.  These additional elements should be appended to the primary 
description, separated by a semicolon. 

• Angularity and shape of coarse-grained components 
• Hardness of coarse-grained components 
• Presence of boulders or cobbles 
• Fossils 
• Accessory minerals 
• Lithology of coarse-grained components 
• Cementation or presence of calcareous materials 
• Odor 
• Weathering zone 
• Presence of roots, root holes, animal burrows or other macro-pores 

Angularity and Shape of Coarse-Grained Components 
A description of the angularity of coarse-grained sand, gravel, cobbles and boulders may provide 
a basis for interpretation of geologic origin and correlation of geologic units encountered at 
different locations.  The following terminology should be used: 

Description Criteria 

Angular Particles have sharp edges and relatively planar sides with 
unpolished surfaces. 

Sub-angular Particles are similar to angular description but have 
rounded edges. 

Sub-rounded Particles have nearly planar sides but have well-rounded 
edges. 

Rounded Particles have smoothly curved sides, no edges. 

 
The shape of gravel, cobbles, and boulders should be described as follows: 

Description Criteria 
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Flat Particles with width/thickness of >3 inches  

Elongated Particles with length/width of >3 inches. 

Flat and elongated Particles meet criteria for both flat and elongated. 

Hardness of Coarse-Grained Components 
Coarse sand and larger particles may be described as “hard” if particles do not crack, fracture, or 
crumble under a hammer blow.  Alternatively, state what happens when particles are hit with a 
hammer. 

Presence of Cobbles and Boulders 
The presence of cobbles or boulders should be noted.  This may be evident through observation 
of drill advance or by fragments recovered in samples.  If possible (such as in a test pit), a 
volumetric estimate of the percent of cobbles or boulder present should be made.  Alternatively, 
a qualitative  description such as “occasional” or “numerous” cobbles or boulders should be 
provided.  If any cobbles or boulders are present, “with cobbles” or “with boulders” should be 
appended to the USCS group name. 

Fossils, Accessory Minerals, or Lithology of Coarse-Grained Components 
Fossils are generally fragmented in cores and drill holes; however, some whole fossils may be 
found in cores.  The fossils present in a sample may be difficult to classify, depending on the 
type and quality of the specimen. 

Accessory minerals constitute only a minor percentage of the bulk of a sediment sample.  
However, these minerals provide significant indicators of depositional environment and are 
useful in correlation. 

Common accessory minerals include: 

• Glauconite 
• Heavy minerals 
• Sulfides (pyrite and marcasite) 
• Manganese oxide 
• Feldspar 
• Chert 
• Mica 
• Kaolin 
• Siderite 
• Gypsum 
• Lignite 
• Iron oxide 

Lignite and manganese oxide are frequently encountered and frequently confused with each 
other. 

The lithology of coarse-grained soil components can also provide a valuable clue to assist with 
interpretations of depositional history and stratigraphic correlation.  Notations such as “sand 
predominantly quartz” or “gravel predominantly shale fragments” may be appended to the 
primary description. 
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Cementation or Presence of Calcareous Materials 
The degree of cementation of coarse grained soils should be described, if relevant to the sample.  
The criteria for this description is as follows: 

Description Criteria 

Weak Crumbles or breaks with handling or little finger 
pressure. 

Moderate Crumbles or breaks with considerable finger pressure. 

Strong Will not crumble or break with finger pressure. 

 
Calcium carbonate is a common cementing agent.  The amount of calcareous material present in 
a sample can be classified according to the reaction with dilute hydrochloric acid.  The 
classification is as follows: 

Description Criteria 

eathering 
n and correlation of weathered zones can provide valuable clues for deciphering 

ng of 

ical 
issolution and 

and 

, 

None No visible reaction. 

Weak Some reaction with bubbles forming slowly. 

Strong Violent reaction with bubbles forming immediately. 
 
W
The recognitio
site stratigraphy.  It is important to recognize, however, that soils, in the engineering sense, 
encompasses a wide range of materials, all of which represent various stages in the weatheri
bedrock.  Additionally, a clear distinction must be made between the weathering of transported 
superficial deposits and the in-place development of  residual soils from a rock mass.  The 
recognition and description of buried weathered zones is particularly useful in terrain 
characterized by transported soils and sediments. 

Weathering involves two basic processes: mechanical disintegration and chem
decomposition.  By decomposition, chemical changes take place that result in the d
leaching of soluble materials.  These changes are often manifested by changes in color and the 
development  of zones of cementation that can be readily recognized in the field.  Although 
weathering processes are strongly dependent on local (historic) climatic conditions and the 
physical and chemical characteristics of the parent materials, color can provide a general 
indicator of some important chemical weathering processes, such as oxidation, reduction, 
hydration.  It is also important to remember that the forces of weathering generally lose their 
intensity with depth below the land surface (at the time the weathering profile developed).  

A good example of the effects of oxidation and hydration is the variations in the color of soils in 
the Southeastern United States (Buckman and Brady, 1969).  Red soils are the product of the 
development of hematite, resulting from oxidation of ferrous oxide.  As soils become hydrated
hematite is readily changed to limonite, resulting in a noticeable color change to yellow.  When 
the products of hydration dry out, dehydration may occur and the reaction will reverse itself.   

Interpretation based upon color and other field observations should be considered a preliminary  
interpretation, which may not necessarily delineate zones of past or present weathering. 
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Roots, Root Holes, Animal Burrows, or Other Macro-Pores 
Any potential source of secondary porosity that could be significant in terms of the infiltration 
and  movement of water or the migration of contaminants should be described.  This may include 
root channels (relic or active); animal burrows (krotovinas); cracks related to desiccation and 
wetting, freezing and thawing, subsidence; or other features not discussed herein. 

Odor 
Odors should be described if unusual or organic.  Soils containing sufficient amount of organic 
material usually have a distinctive odor.  If the samples are dried, odor may be revived by 
wetting the sample. 

1.2.3.5 Field Tests For Classifying Fines 

Several tests can be performed in the field to help determine the plasticity, and hence the 
assignment, of a group name to a soil sample.  These tests, which include the dilatancy test, soil 
thread test, toughness, dry strength, smear and stickiness, and the test tube test, are described 
below. Prior to performing these tests, particles larger than the No. 40 sieve (0.42 mm - medium 
sand and larger) should be removed. 

Dilatancy Test 
Select a representative sample approximately 0.5 cubic inch in volume and add water, if 
necessary, until the soil has a soft but not sticky consistency.  Form a pat of the wet soil in the 
palm of one hand and shake it horizontally, vigorously striking the side of the hand with the 
other hand several times.  Alternately squeeze and release the pat of wet soil.  Note the rate at 
which water appears while shaking and disappears while squeezing.  Materials that are 
predominantly silt will show a dull-dry surface upon squeezing and a glassy-wet surface upon 
releasing the pressure and upon shaking or vibrating the pat.  With increasing clay content this 
phenomenon becomes less pronounced due to lower mobility of pore water.  Rapid reaction to 
the shaking test is typical for uniform fine sand and diatomaceous earth, as well as for inorganic 
silts.   

Soil Thread Test 
Following completion of the dilatancy test, attempt to roll the test specimen into a thread 
between the palms or by hand on a smooth surface.  Roll the sample into the smallest thread 
possible, adjusting the water content as needed.  If the sample is too wet to roll easily, it should 
be spread into a thin layer and allowed to lose some water by evaporation.  If it is too dry, add 
water a few drops at a time, thoroughly kneading the soil to assure a uniform moisture content.  
Note the final minimum diameter attained before the thread breaks or crumbles. 

The very fact that a soil can be rolled into threads indicates plasticity and the presence of clay.  
The smallest thread diameter possible without crumbling is indicative of the degree of plasticity.   

Toughness 
Fold the sample thread from the test above and reroll the sample into a thread about 1/8 inch in 
diameter.  Repeat this procedure until the thread crumbles at a diameter of approximately 1/8 
inch.  The thread will crumble at a diameter of 1/8 inch when the soil is near the plastic limit (the 
boundary between the plastic and semi-solid state).  Note the strength of the thread and the 
pressure required to roll the thread near the plastic limit. 

SOP IA4 Soil Investigation – 9/20/2001 Page 15 of 27  



Standard Operating Procedures – Soil Investigation 
 

After the thread crumbles, lump the pieces together and knead the sample until the lump 
crumbles.  Note the toughness of the material during kneading. 

The higher the degree of plasticity of the soil, the stiffer are the threads as their water content 
approaches the plastic limit and the tougher are the lumps as the soil is remolded after rolling.  
The distinction in the toughness of the threads can only be felt at water contents close to the 
plastic limit.  The greater the number of times the soil can be rolled prior to reaching the plastic 
limit for soils started at the same water content, the more plastic is the material.  Cohesive soils 
containing significant amounts of organic material or mica form threads that are very soft or 
spongy near the plastic limit.  

Dry Strength 
Mold the test sample to the consistency of putty, adding water if necessary.  Shape the test 
specimen into a ball or angular fragment about 0.5 inch in diameter.  Allow the sample to dry 
completely by air drying, sun or oven, as long as the temperature does not exceed 60 degrees 
Centigrade.  Test the strength of the fragment by crushing between the fingers.  The dry strength 
increases with increasing plasticity.  Occasionally, the presence of high-strength water soluble 
cementing materials, such as calcium carbonate, may cause exceptionally high dry strength.  The 
presence of calcium carbonate can be detected with dilute hydrochloric acid.  Silty fine sands 
and silts have about the same slight dry strength, however, they can be distinguished by the feel 
upon crushing.  Fine sand feels gritty, whereas silt typically has the smooth feel of flour.   

Smear and Stickiness 
A high degree of stickiness and a very smooth smear in the natural state are indicative of high 
plasticity. 

Although the primary basis for classification of fines is soil plasticity as discussed previously, 
the procedure described below for estimating the grain-size distribution of fine-grained soil 
components can also be helpful. 

Test Tube Test 
Silt and clay size particles may also be differentiated by determining their approximate settling 
rates in water.  The settling rate may be measured in the field by shaking a small sample of the 
soil to be identified in a test tube, or an 8-ounce clear glass jar, filled with water and then 
allowing the particles to settle.  The time required for particles to fall a distance of 4 inches is 
about 30 seconds for 0.074 mm size (the boundary between sand and silt) and about 50 minutes 
for particles 0.005 mm in size (the boundary between silt and clay).  An approximate idea of the 
grain sizes present in a sample of fined-grained soil may be obtained by this method. 

An additional aid in distinguishing silt and clay is by visual inspection under a hand lens.  If 
grains are visible to indistinctly visible under 6.3x magnification, the sample is silt.  If the 
sample has no visible grains under 6.3x magnification, then the sample is clay.  Since most hand 
lenses are equipped with 10x magnification, this method is approximate as some clay grains may 
be indistinctly visible under 10x magnification. 

The above tests are approximate and may not correlate precisely to results of laboratory grain 
size or mineralogical analyses.  The tests do provide a method for consistent field classification, 
however. 
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The use of all of these tests provides a more accurate determination of the fine-grained material 
present in a soil sample; however, some of these tests are time consuming and may not be 
practical in many field situations. At a minimum, the thread test and smear test should be 
performed.  The dilatancy test should be performed whenever possible.  If, however, a number of 
borings are to be drilled through a fine-grained stratum, it may be advisable to perform all of the 
tests on a few selected  representative samples of each distinct lithologic unit  from different 
boring locations.  The results can then be used as a benchmark for classification of samples 
collected throughout the field program. 

1.2.4 Procedures For Logging Exploratory Borings 

All drilling logs shall be prepared in the field, as borings are drilled, by experienced geologists 
trained in geologic logging and interpretation of subsurface conditions.  Each log shall be signed 
by the geologist.  Entries shall be printed neatly in indelible ink.  Printing should be dark enough 
for copying.  As a general rule, abbreviations should not be used.  When necessary, they should 
be kept to a minimum to avoid confusion.  Abbreviations used should be defined in the log.  All 
lines shall be drawn with a straight edge, not by free hand.  Logs shall be prepared on an 
approved USACE drilling log form.  The log scale should be selected in advance to provide 
sufficient space for the detail required for a specific project; generally the log scale should be 1 
inch equals 1 foot. 

All general information blanks in the log heading shall be completed before drilling.  If surveyed 
horizontal control is not available at the time of drilling, a location sketch with references to 
measured distances from prominent surface features shall be included on the back of the first 
page of the log.  The borehole numbering system should be determined in advance to facilitate 
communications between field and office staff, and avoid inconsistencies between final logs and 
field documentation.  Logs shall include the total depth of penetration and sampling.  The bottom 
of each boring shall be indicated by a straight solid double line extending completely across the 
page at the appropriate scale depth with the notation, “Bottom of Exploration at x feet,” beneath 
the line.  A note should be added to indicate the disposition of the borehole.  For example, 
“Note:  Installed 2.0 inch Schedule. 40 PVC monitoring well.  Screened interval 21.6 to 30.6 ft. 
bgs.” or “Note:  The borehole was abandoned by tremie grouted from 25.0 ft. to the ground 
surface.”  All borehole depth information shall be from direct measurements accurate to one-
tenth of a foot.  Upon completion, all blanks in the log shall be completed.  If information for a 
particular blank is not applicable to that boring, then an “NA” will be inserted. 

1.2.4.1 Description of Surface Conditions 

Each drilling log should include a description of surface conditions in the vicinity of the 
borehole location.  This should include geomorphic position (e.g., ridge top, swale, etc.), 
vegetative characteristics (e.g., prairie sage), and proximity to potential sources of contaminants 
(e.g., 20 feet south of petroleum underground storage tank, adjacent to drainage ditch, etc.). 
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1.2.4.2 Documentation of Drilling Procedures and Performance 

The manufacturer’s designation of the drill rig should be recorded, including notation of the type 
of vehicle on which the drill is mounted (e.g., truck mounted, rubber tired all terrain vehicle, 
etc.).  Sizes and types of drilling equipment used should be recorded on each boring log.  This 
should include the diameters and lengths of samplers and other equipment.  Depths at which 
drilling or sampling equipment are changed should also be included.  The logs should show 
depths and types of temporary casing used. 

The behavior of drilling tools provides valuable information for interpreting geologic conditions 
and planning future drilling projects.  This should include observations made by the driller or 
geologist.  Occurrences such as changes in penetration rate and the degree of chattering of the bit 
provide indirect evidence of soil or sediment types and the depths of stratigraphic contacts.  This 
information is particularly important when sample recoveries are low.  Adjustments made to 
improve sample recovery should be noted.  Any special drilling or sampling problems shall be 
recorded, including descriptions of problem resolutions.  A good and continual rapport with the 
driller is essential to maximize the value of these indirect observations. 

1.2.4.3 Sampling Data 

Soil sampling data shall include the sample name, interval sampled, the type of sampler used, 
and the length of sample recovered for each sample collected.  The interval over which sampling 
was attempted should always be recorded, even if no sample is retrieved.  The logs shall clearly 
show the depth interval retained.  If a scheduled sampling interval was 2 feet in length (24-inch 
split spoon) and due to refusal the total interval was not sampled, then the depth of penetration 
(e.g., 1.5 feet) becomes the sample interval.  For example, if a planned sample interval was from 
20 to 22 feet bgs and the split spoon was only advanced 1.2 feet, the recorded interval will be 
20 to 21.2 feet bgs.  Horizontal lines should be drawn across the appropriate columns at the 
scaled depths to document sampling intervals.  Sample type may be identified using sequential 
numbers, with a prefix identifying the type of sampler used.  Unless alternate notations are 
provided in an approved, site-specific work plan, the following nomenclature is recommended: 

• S = Split-spoon 
• T = Shelby Tube 
• U = Undisturbed Tube Sampler 
• C = Core Barrel 
• CS = Continuous Sampler 
• A = Auger (sample collected off auger flights) 

The number of blow counts used to drive a split-spoon sampler should be recorded.  Blow counts 
should be provided for each 0.5-foot interval driven during sampling.  When possible, the 
geologist or geotechnical engineer should count the blows rather than the driller.  Do not apply 
more than 50 blows for each 0.5-foot interval.  If less than 0.5 feet is penetrated after 50 blows, 
write the number of blows, slash (/), and the total length penetrated (e.g., 50/0.2 feet).  
Penetration should be recorded in tenths of feet.  
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1.2.4.4 Description of Soils and Unconsolidated Sediments 

Inspection of samples should be augmented by careful observation of drill cuttings to provide as 
complete a description of subsurface conditions as possible.  Unconsolidated soils and sediments 
should be described in accordance with the USCS and ASTM guidance as described in 
Section 1.2.3 of this SOP.  This nomenclature should also be used to describe rock materials 
effectively reduced to soil by weathering. 

Hollow-stem augering is the most common drilling method used in unconsolidated formations 
when the total depth of the borehole is less than 150 feet deep.  This method is thought to be 
effective to depths just below the water table.  Hollow-stem augers remove cuttings by a series 
of continuous flights that are welded on to a large diameter pipe (2.5- to 12-inch inside 
diameter).  A drill bit or cutter head is attached to the bottom auger and additional augers are 
added, via an adapter cap at the top of each auger.  A center stem of drill rods connected to a 
drag bit at the bottom is commonly used as a plug to keep formation material from entering the 
auger flights.  This interior assembly can be removed to take relatively undisturbed soil samples 
or split-spoon samples from below the cutter head. 

1.2.4.5 Stratigraphic Contacts and Lithologic Changes 

Identifying stratigraphic contacts and lithologic changes is a field responsibility.  Changes in the 
nature of subsurface materials should be identified by a horizontal line at the appropriate scaled 
depth.  A solid horizontal line should be used to denote the depth of distinct changes identified in 
samples or identified based upon drill advance.  If a contact is gradational, or inferred between 
two consecutive but separated samples, a dashed line should be used.  Inferred or gradational 
contacts should also be defined as such (e.g., write “inferred contact” or “gradational change”).  
If the actual depth between two separated samples is unknown, the contact line shall be drawn at 
half the distance between the samples. 

1.2.4.6 Groundwater Observations 

Logs shall identify the depth at which the geologic material is either dry, moist, or wet, as 
described in Section 1.2.3.  Record the depth to water observed in the borehole during, and at the 
completion of drilling, and the stabilized depth to groundwater (whenever possible).  Stabilized 
water level data shall include the time allowed for levels to stabilize.  The absence of water in 
borings shall also be indicated.  If a borehole is left open overnight, water level observations 
should be taken before leaving the site and prior to starting work the next day. 

1.2.4.7 Environmental Field Measurements and Observations 

Evidence of the presence of contaminants in samples or cuttings should be provided.  Comments 
should describe any unusual discoloration, coatings (sheens), odors, or other potential evidence 
of contamination.  The results of field headspace screening or other field screening test results 
should be included in the appropriate space in the boring log. 

1.2.4.8 Borehole Stability 

Logs shall identify any interval of borehole instability.  Conditions such as running or heaving 
sands should be described, including the depths at which such conditions were encountered. 

1.2.4.9 Quality Assurance 
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Key elements of QA applicable to borehole logging and characterization of subsurface 
conditions include: 

• Planning/definition and communication of procedures and standards 
• Training/staffing 
• Independent review 
• Laboratory testing of representative samples 

Planning should include review of available site-specific data and selection of appropriate 
logging criteria, based upon those data and project-specific requirements.  Use of a log template 
with project specific headers will help minimize subsequent editing and facilitate log preparation 
in the field.  As mentioned previously, the borehole/well numbering system should be 
established in advance.  A kick-off meeting is recommended prior to the initiation of field 
activities to clarify project requirements. 

The successful implementation of standards requires training and/or utilization of experienced 
staff.  All staff responsible for borehole logging should review this SOP periodically as a 
reminder and a basis for continual improvement. At the onset, new staff should be accompanied 
by experienced personnel in the field until a reasonable level of proficiency is demonstrated.  
This will, of course, depend upon project specific considerations.  Experience has shown that it 
is cheaper and more efficient in the long run to obtain accurate and consistent records in the field 
than to try to reconcile discrepancies after the work has been accomplished.  In the field, logs 
should be reviewed on a daily basis to check for completeness and consistency. 

Following completion of the field program, field logs should be reviewed and edited prior to 
preparation of final logs for presentation.  The level of review should depend upon the 
experience level of field staff and project considerations.  All logs should be checked for 
completeness, accuracy, and consistency between soil descriptions.  Normally, this review 
should be performed by a trained and qualified person other than the project field 
representative(s).  When using the USCS, detailed descriptions should be reviewed for 
consistency with USCS designations.  Whenever possible, the review should involve detailed 
examination of representative samples in conjunction with the logs.  It is helpful to lay samples 
out in a systematic manner, based upon site geology (i.e., based upon local depositional 
environments).    

This process can provide a powerful tool for developing generalized descriptions of geologic 
units and interpreting site stratigraphy.  This also provides a good opportunity to select samples 
for physical testing.  Following completion of physical testing, field descriptions should be 
compared with test results.  If the laboratory classification differs from the field description, the 
laboratory classification should be included on the final log, in addition to the field 
classification.  It is also important to ensure that the results of laboratory tests are routed back to 
field personnel to provide a basis for improvement. 
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Final logs may be edited for presentation to eliminate redundancy.  If appropriate, a disclaimer, 
such as that presented below, should be added to the final log: 

“This log may be an edited version of the field log, incorporating laboratory data 
and interpretations/correlations based upon in-office review.  Additional 
information that may be contained on the field logs is available upon request.” 

“Interpretations” provided on final logs should be based upon observations and factual data 
documented on the original field log.  Edited copies of original field logs should be placed in the 
file for future reference.  In addition to technical information, each log should include the 
complete job number, client name, project location, name of the drilling contractor, name of the 
field representative, name of the reviewer, drilling dates, and date edited. 

1.3 Soil Test Borings 
1.3.1 Background 

This section describes the procedures for drilling, logging, and sampling of soil test borings.  
Stringent protocols will be followed to ensure that geologic data produced are reliable and of 
high quality, that contaminant migration is not enhanced, and that contaminants are not 
introduced to the subsurface or to samples collected.  This procedure applies to contractor 
personnel who are responsible, both directly and indirectly, for obtaining and evaluating data 
obtained from soil borings.  Any changes that arise in the field will be documented on the field 
change request form (Appendix B of the Field Sampling Plan) and are subject to approval of the 
Project Manager. 

Soil test borings will be completed using appropriate drilling methods based on anticipated 
subsurface conditions.  The drilling method(s) to be used will be determined by the Project 
Manager and specified in the project work plan.  Drilling techniques most frequently employed 
are hollow-stem auger or Direct Push  Technology.  Generally, selection of the drilling technique 
is a function of site-specific conditions.  Drilling techniques employed should minimize 
disturbance of subsurface samples and will not introduce contaminants to the subsurface or allow 
contaminants, if any, in shallow hydrogeologic units to migrate to deeper units. 

Prior to field mobilization, procedures such as the appropriate auger diameter, type, interval and 
quantity of samples to be collected, criteria for determining the borehole termination depth, and 
the level of personal protection to be used will be determined and described in the site-specific 
Work Plan or site-specific Health and Safety Plan. 

All necessary permits (as applicable) will be obtained prior to initiation of drilling operations.  A 
certified/licensed water/monitoring well driller in the state of Georgia will be retained for all 
drilling activities.  Procedures employed, site-specific conditions, and other pertinent 
observations that may affect the evaluation and interpretation of data collected, will be recorded 
by the on-site geologist or geotechnical engineer on the soil boring log form (Appendix B of the 
Field Sampling Plan), and/or in the field log book, as appropriate.  The data sheets will be 
maintained in the project file. 
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1.3.2 Hollow Stem Auger Borehole Drilling 

Test borings will be completed using an appropriate procedure dictated by site-specific 
conditions and sampling requirements.  Soil borings installed in unconsolidated sediments for 
the collection of geologic samples will be drilled using hollow-stem augers to maintain the 
integrity of open borehole.  

Hollow-stem augering is the most common drilling method used in unconsolidated formations 
when the total depth of the borehole is less than 150 feet deep.  This method is thought to be 
effective to depths just below the water table.  Hollow-stem augers remove cuttings by a series 
of continuous flights that are welded on to a large diameter pipe (2.5- to 12-inch inside 
diameter).  A drill bit or cutter head is attached to the bottom auger and additional augers are 
added, via an adapter cap at the top of each auger.  A center stem of drill rods connected to a 
drag bit at the bottom is commonly used as a plug to keep formation material from entering the 
auger flights.  This interior assembly can be removed to take relatively undisturbed soil samples 
or split-spoon samples from below the cutter head. 

Observations and notes of the complete drilling operation, including, at a minimum, site-specific 
conditions, drilling rate/pressures, geologic sample depths/recoveries, assessment/classification 
of drill cuttings, and other pertinent drilling conditions encountered, will be recorded on the 
USACE Drilling Log Form and the Field Log Book, as discussed earlier in this SOP.  Use of the 
drilling log is discussed in Section 1.2.4 of this SOP.  For contaminant investigations, all drilling 
equipment, split-spoons, and soil sampling equipment will be steam-cleaned prior to site entry, 
between each borehole to be drilled, and prior to leaving the site, as specified in SOP No. IA3. 

Soil test boring procedures will be designed to ensure that contaminated groundwater does not 
enter contaminant-free geologic formations.  If warranted, based on the potential for cross 
contamination, a large diameter borehole will be completed in the unit immediately above the 
lower (i.e., uncontaminated) formation.  A shallow casing will be placed and the borehole will be 
grouted.  After the grout has cured (minimum 24 hours), a smaller diameter inner borehole will 
be drilled through the shallow casing, into the lower formation to the desired depth.  

1.4 Surface Soil Sampling 
1.4.1 Background 

This section describes policies and procedures for obtaining representative surface soil samples 
from zero to one foot in depth.  Soil samples collected at depths greater than 1 foot bgs are 
considered subsurface soil samples and are discussed in Section 1.5.  All soil sampling 
procedures will be logged in the field log book, including sampling techniques employed, 
sampling equipment used, decontamination procedures employed, and calibration of measuring 
and test equipment.  Appropriate soil sampling procedures will be followed at all times to ensure 
that representative soil samples are provided for analysis, and that the act of sampling does not 
contribute to further contamination or cross-contamination at a site.  In the event that it is 
determined these procedures are not adequate due to site-specific conditions, all 
deviations/activities will be documented in the field log book.  

Equipment to be used for collection of surface soils includes stainless steel trowels, stainless 
steel spoons, and stainless steel hand augers.  Surface and shallow soil sampling will be 
performed in accordance with the USACE Geologic Scope of Services.  Additional guidance for 
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the selection of sample locations and sampling methodology is provided in the Environmental 
Investigations Standard Operating Procedures and Quality Assurance Manual (EPA, 1996).  

1.4.2 Procedures 

For samples collected from land surface to 1 foot bgs, using a stainless steel trowel, stainless 
steel spoon, and/or stainless steel hand auger, the following procedure will be adhered to: 

1. Clean and decontaminate soil sampling equipment in a uniform manner, as specified in SOP  
No. IA3. 

2. Carefully collect the soil  from ground surface to desired depth interval with a pre-cleaned 
spade or hand auger. 

3. Transfer VOC, headspace and SVOC samples directly to the sample containers 

4. Using the same stainless steel trowel or spoon, transfer an adequate volume of sample for 
the chosen analytical technique into an appropriate sample bottle or mixing bowl.  The 
preferential order of sample collection is polychlorinated biphenyls (PCBs)/pesticides then 
metals.  If the sample is to be composited, the quartering method will be used, as described 
below.  If the sample is composited from several subsamples, a subsample aliquot will 
immediately be collected from each subsample location for potential VOCs analysis.  A 
headspace screening sample will also be collected at each subsample location.  The 
methodologies for the headspace screening techniques are discussed in SOP No. IA5.  The 
VOC sample to be analyzed for the composited area will be selected from the subsample 
aliquots based on the relatively high subsample headspace screening results.  The 
preferential order of sample collection is polychlorinated biphenyls (PCBs)/pesticides, and 
metals samples will be collected from the composited sample.  It is important that soil 
samples be mixed as thoroughly as possible to ensure that the sample is representative.  The 
most common method of mixing is referred to as quartering.  The soil in the sample pan is 
divided into quarters.  Each quarter is mixed, then all quarters are mixed into the center of 
the pan.  This procedure is followed several times until the sample is adequately mixed.  If 
round bowls are used for sample mixing, adequate mixing is achieved by stirring the 
material in a circular fashion and occasionally turning the material over.  The sample 
containers should be filled completely; no head space should remain in the sample 
containers. 

5. Visually check to ensure that a Teflon® liner is present in the cap (if required).  Secure the 
cap tightly. 

6. Immediately after the sample is collected, label the sample containers per methods defined 
in the Field Sampling Plan. 

7. If no map of the sampling locations is available prior to sampling, a simple drawing of the 
site (not necessarily to scale) will be included in the field log book to provide an illustration 
of all sampling points.  Refer to SOP No. IA1 for field documentation procedures. 

8. A chain-of-custody form will be completed to maintain an accurate record of sample 
collection, transport, analysis, and disposal.  Refer  to the Field Sampling Plan for chain-of-
custody labeling procedures. 

9. Decontaminate equipment after each sampling event as described in SOP No. IA3. 
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10. Discard contaminated personal protective clothing (e.g., gloves and Tyvek®s), as specified 
in Investigation Derived Waste Plan. 

11. All samples will be handled and packaged in accordance with the procedures specified in 
the Field Sampling Plan. 

1.5 Subsurface Soil Sampling 
1.5.1 Background 

The objective of this SOP is to provide procedures by which subsurface soil sampling is to be 
conducted using several sampling methods.  General sampling protocols are first addressed and 
are followed by procedures unique to individual sampling methods. 

1.5.2 Procedures 

The following procedure will be used for soil samples collected from greater than 1 foot bgs.  
The subsurface soils will be obtained by manually advancing stainless steel hand augers, driving 
standard split-spoon samplers, pressing or driving thin-wall tubes (Shelby™ tubes), or by 
continuous coring, in accordance with approved procedures.  Unless otherwise specified in site-
specific field sampling plans, soil samples will be obtained for lithologic description (i.e., split-
spoon samples or Shelby tubes) a minimum of every 2.5 feet, for the first 10 feet, and every 5 
feet for the remaining depth of each boring.  On the basis of the site-specific Field Sampling 
Plan, samples will be collected for geotechnical testing to verify field classifications and to 
obtain additional information on the physical characteristics of subsurface materials.  
Geotechnical testing will consist of Grain Size Distribution (ASTM D 421 and 422), Atterberg 
Limits (ASTM D 4318), and moisture content (ASTM D 2216).  Geotechnical samples will be 
selected to be representative of site materials.  In monitoring well borings, one of these samples 
will be collected from the screened portion of the aquifer. 

Collection of soil samples from the subsurface necessitates using various pieces of equipment.  
To minimize the risk of cross-contamination between discrete sampling intervals, the following 
procedures will be followed. 

1.5.2.1 Sampling with a Hand Auger 

Hand augering is a common method used to collect shallow subsurface soil samples, defined as 
those samples collected from depths of 1 foot bgs to a site-specific depth where sample 
collection using manual methods becomes impractical.   

Before beginning to advance the hand auger boring, vegetation and any surface debris shall be 
cleared from the immediate vicinity of the boring.  When collecting a shallow subsurface soil 
sample from a discrete depth interval, the hand auger boring will be advanced to a depth 
immediately above the desired soil sampling interval.  A new, cleaned hand auger bucket will 
then be installed onto the hand auger rods, to prevent cross contamination, and the soil sample 
will be retrieved to the surface.  The top several inches should be removed from the upper part of 
the bucket to minimize the chances of cross contamination by slough material from the shallower 
parts of the borehole.  If the sample from the boring is to be a vertical composite of all of the 
intervals, then the same hand auger bucket can be used for the entire extent of the boring. Once 
the sample has been retrieved to the surface, it shall be managed in accordance with 
Section 1.4.2. 
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1.5.2.2 Sampling with a Split-Spoon 

If split-spoon sampling is used to obtain soil samples, the samples will be collected as specified 
in ASTM D 1586, using a stainless steel split-spoon sampler.  Each split-spoon sample will be 
taken according to the following procedures: 

1. Decontaminate sampler as specified in SOP No. IA3. 

2. Advance the drill string to the desired sampling depth by one of the drilling methods 
described in Section 1.3.2. 

3. Carefully measure the length of the split-spoon sampler, drill rods, subsidiary attachments, 
and drill bit to ensure that the sample is collected from the designated interval. 

4. Attach the split-spoon sampler to the drill rods and lower the sampler to the bottom of the 
borehole, without penetrating undisturbed soil or sediments. 

5. Attach the hammer to the drill rods.  If excessive drill cuttings are encountered, remove the 
drill rods and sampler and clean the borehole. 

6. Mark the drill rods in 6-inch increments (24 inches total) prior to driving the split-spoon 
sampler.   

7. The 2-inch outside diameter (OD) sampler is driven with a 140-pound hammer, or a 3-inch 
OD sampler is driven with a 300-pound hammer.  Both hammer weights will fall 30 inches.  
The field personnel shall record the number of blows required to penetrate every 6 inches.  
The first 6-inch increment is considered the seating blow, the second and third are totaled to 
obtain the N-value, and the last 6-inch blow is recorded but means little. 

8. After the sampler has been driven 24 inches, or to refusal, remove the sampler from the 
borehole and place it on a clean surface (i.e., foil or plastic) when sampling for analytical 
parameters.  Open the sampler, discard slough materials, record the length of remaining 
sample recovered, and describe the sample as specified in Section 1.2.3. 

9. Sample aliquots will be removed from the split-spoon sampler using a decontaminated 
stainless steel spatula, trowel, or spoon and placed in the appropriate containers.  The parts 
of the split spoon sample intended for VOC and headspace screening techniques will be 
immediately transferred to appropriate sample containers.  The remaining parts of the 
sample intended for other laboratory analyses, such as SVOCs, pesticides, or PCBs, will be 
homogenized in a cleaned stainless steel bowl, as described in Section 1.4.  The preferential 
order of sample collection is polychlorinated biphenyls (PCBs)/pesticides then metals. 

10. Immediately after the sample is collected, label the sample containers per methods defined 
in the Field Sampling Plan. 

11. If no map of the sampling locations is available prior to sampling, a simple drawing of the 
site (not necessarily to scale) will be included in the field log book to provide an illustration 
of all sampling points.  Refer to SOP No. IA1 for field documentation procedures. 

12. A chain-of-custody form will be completed to maintain an accurate record of sample 
collection, transport, analysis, and disposal.  Refer  to the Field Sampling Plan for chain-of-
custody labeling procedures. 
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13. Decontaminate equipment after each sampling event as described in SOP No. M98013. 

14. Discard contaminated personal protective clothing (e.g., gloves and Tyveks®), as specified 
in the Investigation Derived Waste Plan. 

15. All samples will be handled and packaged in accordance with the methods specified in the 
Field Sampling Plan. 

Undisturbed soil samples for geotechnical analyses will be obtained as specified in ASTM 
D 1587.  The undisturbed sample is collected in 36-inch long, 3-inch OD, 16-gauge, steel tubing 
known as a Shelby tube sampler.  The sampler is attached to the drill rods and pushed into the 
bottom of the borehole in one continuous motion.  The sampler is then withdrawn and carefully 
stored and shipped to the laboratory performing the analysis.  Collection of soil samples with a 
Shelby tube will follow the following procedures: 

1. Carefully measure the sampler tube, sampler head, drill rods, drill bit, and subs to ensure 
accurate depths are maintained throughout all phases of drilling and sampling. 

2. Advance the drill string to the desired sampling depth by a drilling method described in 
Section 8.3. 

3. Connect the tube to the drill rods and rest the bottom of the tube at the bottom of the 
borehole. 

4. Mark the drill rods in one-foot increments (3 feet total) prior to pushing the Shelby tube and 
record the maximum amount of pressure exerted during the push. 

5. Advance the sampler in a continuous motion without rotating and record the length of 
penetration. 

6. Carefully withdraw the Shelby tube from the borehole.  Attempt to minimize disturbances 
which may dislodge some of the sample. 

7. After removing the tube, measure the amount of sample recovered.  If Shelby tubes are not 
successful in collecting samples, split-spoons or other options will be used to collect 
disturbed soil samples. 

8. Remove 0.5 inches of soil from each end with a stainless steel spatula or putty knife, and 
level the sample surface within the tube.  Be sure that any cuttings or slough have been 
removed from the sides of the Shelby tube. 

9. The space at each tube end should now be filled with hot paraffin or wax, expandable 
packers, Teflon® plugs, or stainless steel plugs. 

10. After an air-tight seal has been set, fill any remaining void space with clean sand or paper. 

11. Close the tube ends with metal or plastic caps and securely tape the caps to the tube with 
duct tape.  If it is considered necessary to ensure the seal on the tube, the sample collector 
may dip the taped ends of the tube in hot wax to complete the sealing process. 

12. Label the top one foot of the tube in indelible ink.  Information on the tube should include 
"TOP" and "BOTTOM" references, the project number, project name, date sample 
collected, boring number, sample number, and sample depth interval. 
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13. Tubes should be stored and transported upright in a vertical position to minimize 
disturbance to the sample.  The tube will be transported to a designated soils laboratory for 
analysis.  Tubes will be stored and shipped in padded boxes. 
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T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA5 

 
1.0 FIELD SCREENING TECHNIQUES 

1.1 Introduction 
This standard operating procedure (SOP) presents information regarding procedures employed to 
provide preliminary field screening of hydrogeologic and geochemical site parameters.  The data 
provided by these methods are not considered of a quality sufficient to meet regulatory 
requirements regarding site characterization and/or closure, but are used for gross delineation of 
the extent of contamination, and to gain efficiency in the location of permanent monitoring wells 
and sampling locations.  Additional field screening methods may be used with the approval of 
the U.S. Army Corps of Engineers (USACE) - Omaha District. 

1.2 Soil Headspace (Volatile Vapors) Screening 
1.2.1 Objective 

The objective of this section of the SOP is to provide information regarding procedures to be 
employed primarily for the screening of soil headspace (volatile vapors) in the field.  Every soil 
sample collected will have headspace screening performed and the results recorded.  The data 
provided by this method will be used for gross delineation of the extent of contamination and to 
gain efficiency in the location of sampling locations.  Additional matrices may also be screened 
using the following procedures. 

1.2.2 Procedures 

Soil samples will be screened for volatile organic compounds (VOCs) in the field at the time of 
sample collection.  Field screening shall utilize an organic vapor detection instrument equipped 
with either a photoionization detector (PID) or a flame-ionization detector (FID).  If a high 
humidity condition exists during the time period when field activity is to be performed, the FID 
is recommended since a PID is not a completely reliable screening instrument under these 
conditions.  The ionization potential of the lamp for the PID shall be optimum for the 
contaminants of concern.  Personnel shall perform field screening using following procedures: 

1. Immediately upon opening the split-spoon (or other sample retrieval device) and after 
collecting the volatile organic sample, a representative portion of the sample shall be 
collected and placed in a clean, contaminant-free zip lock baggie. 

2. If the volume of sample recovered is insufficient for all analytical requirements, then the 
material used in the headspace readings could be utilized for any non-volatile sampling 
requirements (e.g., the headspace material could be used to fulfill the geotechnical 
requirements). 

3. Vigorously agitate the sample bag for at least 15 seconds and then allow a minimum of 
15 minutes (or as the environmental conditions dictate) for the sample to adequately 
volatilize and equilibrate to ambient temperatures. 
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4. During cold weather, the samples should be warmed in field vehicle to approximately 60 to 
70°F prior to taking the headspace measurement. 

5. Following the 15-minute period, re-shake the bag.  The headspace is sampled, with an 
FID/PID in survey mode, by unsealing the bag and inserting the FID/PID tip into the 
headspace while taking care not to push the probe into the soil. The reading is then recorded 
in the Field Logbook and on the lithologic log. 

Note:  Samples with very high headspace concis can take the instrument out of calibration.  After 
high headspace readings, observe the instrument’s reading in ambient air.  If the instrument is 
slow to return to zero then it must be recalibrated. 

This procedure may also be utilized for other sample matrices (e.g., sediment, groundwater, and 
waste). 

1.3 Field Screening Test Kits 
1.3.1 Objective 

This section provides information regarding procedures to be employed for the proper operation 
of field screening chemical test kits.  In general, each test kit will include specific instructions 
for the field analysis of particular compounds or classes of compounds. 

1.3.2 Background 

Field screening data provide investigators with data that can be used to make decisions regarding 
location and number of samples for off-site laboratory analyses, rather than making decisions 
based on random sampling grids or hypotheses.  Data provided by field screening often allow 
investigators to reduce the number of samples required for off-site analysis by an analytical 
laboratory.  Screening procedures allow sampling personnel on site to adjust their collection of 
samples in and around the areas of concern, identified in the field using the screening data, thus 
eliminating numerous background samples.  Two types of explosive screening kits that will be 
employed are: 1) the TNT EnSys®SOIL TEST SYSTEM Rapid Field Screen, and 2) the RDX 
EnSys® SOIL TEST SYSTEM Rapid Field Screen.  See the user’s guides for both test kits 
attached to the end of this standard operating procedure.  Alternative screening kits may be used 
with the approval of the USACE - Omaha District and U.S. Environmental Protection Agency.  
These must be described with the associated Quality Control requirements in the Contractor's 
approved comprehensive Quality Assurance Plan. 

Immunoassay kits have been developed to be selective to one type of chemical compound.  The 
advantage of immunoassay is in its accuracy, use ability, and selectivity to a specific class of 
compounds (e.g., fuels, chlorinated solvents, PCBs) even when a mixture of these compounds is 
present.  The disadvantages of immunoassay are that it will not detect contaminants in a sample 
that are not specific to the kit selected, as stated above.  This type of kit is most effective at a 
location where the types of contamination have been narrowed down to a limited number. 

1.3.3 Procedure 

The test kits have analytical procedures provided with each kit to allow the technician to perform 
them accurately.  The user’s guides for the TNT EnSys®SOIL TEST SYSTEM Rapid Field 
Screen and the RDX EnSys® SOIL TEST SYSTEM Rapid Field Screen test kits are attached to 
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the end of this standard operating procedure.  The test kit procedures must be followed to 
produce correct and repeatable results.  The manufacturer also provides training for its field 
screening kits.  Only individuals who have been trained by the manufacturer or by a 
manufacturer trained contractor representative shall use the test kits.  A checklist such as this 
should be followed for each specific kit used in order to document the procedure followed for 
each sample analyzed.  Additional quality control measures include the analysis of duplicate 
samples and split samples as recommended by the manufacturer or as required by the site plan. 

1.4 Direct Push Technology Screens 
1.4.1 Objective 

The objective of this section is to provide information and procedures relative to the conduct of 
direct push technology (DPT) surveys and related activities. 

1.4.2 Procedures 

DPT will be utilized to obtain geotechnical and hydrogeologic data and/or to collect 
representative groundwater and soil samples from selected intervals.  Up to three instruments (a 
cone penetrometer, a groundwater sampler, and a soil sampler) may be used depending on site-
specific objectives.  In addition, the direct push techniques may be used to install temporary 
piezometers.  Each of these DPT components is discussed below.  All DPT equipment will be 
decontaminated prior to use at each sampling location in accordance with the requirements 
described in SOP IA3. 

For the investigation of aquifer units beneath the water table, surface-casing installations will be 
completed using other drilling methods as discussed in SOP IA4 and SOP IA7. 

An example of the method by which protective surface casings will be installed is as follows: 

• A borehole having a nominal diameter of 8 inches will be advanced using rotary drilling 
techniques to a depth of 3 to 5 feet into the top of the uppermost confining unit. 

• Six-inch ID Schedule 80 PVC casing will be installed and extend from the surface to the 
bottom of the borehole.  Grout will be pumped into the annular space via the tremie method 
from the bottom of the borehole to the ground surface with cement/bentonite grout potable 
water, Portland Type I cement and 3 percent bentonite powder by weight). 

• After allowing a minimum of 24 hours for the grout to set, DPT sampling will be performed 
in accordance with methods described in Section 1.4.2.2. 

1.4.2.1 Cone Penetrometer Testing 

A cone penetrometer measures soil parameters and soil type using the static clutch cone 

instrument.  An electronic cable connects the cone penetrometer to a microcomputer.  Testing 
proceeds by inserting the instrument into the soil in 1-meter increments at a constant rate.  The 
procedure is repeated until the target depth is reached.  Three measurements (point stress, local 
sleeve friction, and pore pressure) are recorded every centimeter with the various sensors.  This 
information is relayed to a surface computer, which correlates the measurements to provide soil 
type and density and evaluates the pore saturation conditions.  Soil types are computed following 
basic guidelines for use and interpretation of the electronic cone penetration test.  When 
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penetration is halted, the time required to stabilize the disturbed groundwater pressure and the 
final equilibrium value provides a measure of relative soil permeability and piezometric 
pressure. 

Lithologic logging will be conducted by advancing the cone penetrometer tool from the 
uppermost confining unit to the bottom of exploration.  The computer-monitor electric cone 
penetrometer utilizes a hydraulic load frame to thrust the stainless steel sensing device into the 
ground.  Soil types are computed following guidelines for use and interpretation of the electronic 
cone penetration test. 

1.4.2.2 Groundwater Sampling 

DPT can also be used to collect groundwater samples.  Two methods of groundwater sample 
collection may be employed, and method selection is governed by both sampling depth and site 
conditions.  These DPT groundwater sampling methods include the use of a groundwater 
sampler and the Push-in/Bail Method.  Each method is discussed below.  All samples will be 
labeled, stored, and shipped (if applicable), in accordance to the methods described in the Field 
Sampling Plan.  Groundwater samplers are generally comprised of a sampler body with a 
telescoping porous tip, an inert gas source, and a gas/electronic cable that connects the sampler 
body to a microcomputer.  The sampler body is sealed as it is pushed to the selected sampling 
depth.  The porous tip is then exposed, and a gas backpressure is used to regulate the rate at 
which the groundwater is collected.  This allows for a controlled filling rate and reduces 
volatilization.  Continuous measurements of the sample volume collected are relayed to the 
microcomputer and presented in a time graphic display.  After the sample is collected, it is 
secured by increasing the gas backpressure above hydrostatic pressure.  The sampler body is 
then retracted from the subsurface. Once the sampler is retrieved at ground surface, personnel 
wearing new laboratory grade gloves fill pre-labeled sample containers in accordance with the 
procedures described in M98010.  The samples are retrieved through a sample release valve that 
regulates flow to reduce the chance of volatilization. 

The Hydrocone HC-1 groundwater sampler or equivalent will be used if the above method is 
employed.  The device has an outside diameter of approximately 1.4 inches and an inside 
diameter of approximately 0.9 inches and a length of 2.0 meters.  The maximum sample volume 
of the model HC-1 is 700 milliliters (mL).  The sampler is constructed of 316 stainless steel and 
Teflon® to ensure high-quality groundwater samples.  The sampler is activated by argon gas, 
and the entire filling process is monitored in real time using a computer and CRT.  The standard 
operating procedures for the Hydrocone HC- 1 sampler are described below. 

• The sampler is disassembled and properly cleaned.  Disassembly consists of removing the 
retractable tip, lower unit valve mechanism, and upper unit sensor package. 

• A new or decontaminated stainless steel filter is placed on the stainless steel mandrel.  Filters 
can be constructed of various materials and for most studies will be 60 to 400 mesh stainless 
steel, 4.0 to 24.0 inches long. 

• The lower valve unit is assembled, the mandrel and filter units are assembled, and the lower 
unit is retracted.  In the retracted position, the stainless steel filter is contained within the 
sampler and is uncontaminated during thrusting to the sampling depth. 

• The downhole sensor package is installed in the upper portion of the sampler. 
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• The assembled sampler operations are checked using the on-board computer system to 
ensure that argon gas pressure in the sampler is monitored properly.  This check is 
determined by varying the argon gas pressure and monitoring the response on the CRT. 

• The sampler is checked for leaks to insure that the tip opens on pressurization.  The sample 
tip is retracted inside the sampler. 

• The sampler is hydraulically pushed to the required sampling depth using the hydraulic load 
frame. 

• When the sampler is at the depth required for sampling, the argon gas pressure is activated to 
greater than the hydrostatic pressure in the aquifer.  At this point, the hydraulic load frame 
pulls upward on the rods to enable exposure of the stainless steel filter.  The sampler is now 
ready for filling. 

• The argon gas pressure within the sampler is lowered to less than hydrostatic, or a vacuum is 
applied, and water flows into the sampler with monitoring carried out in real time on the 
CRT. 

• When sufficient sample volume has been obtained, as monitored on the CRT, the sample is 
repressurized to greater than hydrostatic and withdrawn to the surface.  During withdrawal, 
the rods are disassembled and decontaminated.  

• The sampler is pulled to the surface and held vertically within the load frame.  The tip is 
removed and disassembled for cleaning.  The sampler is now ready for evacuation. 

• The groundwater sample is removed from the sampler by utilization of a specifically 
designed sample release valve.  The sample release valve enables the flow of water from the 
sampler into the sample containers to be regulated and to minimize aeration and subsequent 
volatilization. 

Groundwater samples may also be collected utilizing the Push-in/Bail Method.  The Push-in/Bail 
Method utilizes a stainless steel retractable screen, attached to direct push rods.  The assembly is 
pushed into the subsurface using the hydraulic ram mounted in the cone penetrometer truck or 
DPT rig.  Once the target depth is reached, the rod assembly is retracted to expose the screened 
section to the surrounding groundwater.  After allowing sufficient time for the groundwater to 
equilibrate and fill the push-in screen assembly, groundwater samples are collected using a small 
diameter stainless steel or teflon bailer. 

1.4.2.3 Soil Sampling 

Direct push soil samplers consist of a modified split spoon with a cone-shaped plug in the end 
that can be retracted when a soil sample is to be obtained.  The sampler is first pushed to the 
target depth.  After retracting the cone plug, the sample is pushed 18 to 24 inches.  The sampler 
is then pulled to the surface and the sample is retrieved.  Soil samples are collected according to 
the procedures described in SOP IA4. 

1.4.2.4 Temporary Piezometer Installation 

Temporary piezometers may be installed using DPT to assess area-specific groundwater flow 
directions, and to obtain groundwater-screening samples.  Three DPT methods may be employed 
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to install piezometers.  The method selection will be based upon the total well depth and site 
conditions.  Each method is discussed below. 

The first method involves directly pushing a well point and riser to the target depth.  Each well 
point will be constructed of 1.0-inch inside diameter, flush thread, schedule 40 PVC.  Well point 
screens will be a maximum of 10 feet in length with 0.01 0-inch machined slots. 

Piezometers may also be installed by using an aluminum sacrificial (dummy) tip, held in place at 
the bottom of 2.0-inch inside diameter carbon steel rod.  A length of 1-inch inside diameter 
piezometer screen is placed inside the rod and threaded onto the dummy tip.  The rod is then 
pushed directly into the subsurface, while successive joints of well materials and rods are 
alternately threaded on as the piezometer is advanced into the subsurface.  Once the target depth 
is achieved, the rod is retracted, leaving the piezometer in place. 

The third method involves the installation of 1.5-inch inside diameter piezometer material.  With 
this method, the dummy tip is larger in diameter than the piezometer materials thereby reducing 
friction during installation.  Piezocone rods (1.4-inch outside diameter) are used inside the 
piezometer material to push it into place.  Once the temporary piezometer is pushed to the target 
depth, the piezocone rods are removed, leaving the piezometer in place. 

All temporary piezometers will be secured such that tampering or removal of the cap may be 
identified.  The following procedure or other means of securing the temporary piezometer may 
be used.  A 2.0-inch PVC coupling may be attached to each installation at the surface.  
Following this, a locking cap and keyed-alike locks will be used to secure each piezometer. 

1.5 Hydropunch 
1.5.1 Objective 

The objective of this section includes providing a methodology to collect representative 
groundwater samples using the Hydropunch sampling tool. 

1.5.2 Procedure 

An evaluation of the usefulness of the Hydropunch at a particular site must be made prior to use.  
Decisions should be based upon an evaluation of previous water quality data, site hydrogeologic 
conditions, and the requirements of the project. 

• The Hydropunch may be useful as follows: (1) when groundwater quality data at a specific 
site is unavailable, (2) when the vertical or horizontal extent of a contaminant plume at a site 
has not been completely delineated, or (3) when contaminant migration may be occurring in 
discrete geologic horizons, and (4) as an aid in determining the most appropriate placement 
of monitoring wells and well screens. 

• The Hydropunch is not suitable for evaluating water levels or head relationships between 
geologic units. 

1.5.2.1 Decontamination Procedures for Sampling With Hydropunch 

The Hydropunch must be completely disassembled, including the removal of the screen, the 
screen clamps, and O-rings, before decontamination.  This also pertains to the bottom discharge 
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device assembly.  Decontamination will be conducted in accordance with the procedures 
specified in SOP IA3. 

1.5.2.2 Assembly Procedures 

Assembly of the Hydropunch may begin once the tool has completely dried from the 
decontamination procedure.  A new polypropylene/stainless steel screen and set of screen 
clamps, and a new set of viton O-rings will be used each time the Hydropunch is 
decontaminated.  The difference between use of stainless steel versus Teflon® check balls is of 
little analytical significance, and will be left to the discretion of the field geologist.  Assembly of 
the Hydropunch is illustrated in the Hydropunch Operations Manual. 

1.6 References 
Bouwer, H.  and R.C.  Rice, A Slug Test for Hydraulic Conductivity of Unconfined Aquifers With 

Completely or Partially Penetrating Wells, Water Resources Research, Vol.  12, No.  3, 
1976. 

U.S.  Environmental Protection Agency, Field Measurements Dependable Data When You Need 
It.  EPA/530/UST-90-003. 

U.S.  Environmental Protection Agency, Test Methods for Evaluating Solid Waste, Headspace 
Method 3810. 
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T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA6 

WELL AND BOREHOLE ABANDONMENT 
 
1.0 ABANDONMENT 

1.1 Introduction 
Unplugged or improperly abandoned wells pose a potential threat to groundwater quality, 
because they may serve as a conduit for surface pollutants to migrate into the subsurface, or 
allow mixing of groundwater through interconnecting isolated aquifers. The objective of this 
Standard Operating Procedure (SOP) is to provide the general procedures for the proper 
abandonment of boreholes and wells.  The methods must comply with applicable federal, state, 
and local rules and regulations, and protect the groundwater resource from undue degradation. 

When performing abandonment procedures, it is important to understand the objectives of the 
abandonment, which are as follows: 

• Eliminate physical hazards 
• Prevent groundwater contamination 
• Conserve aquifer yield and hydrostatic head 
• Prevent intermixing of groundwater within separated aquifer systems 

The following well abandonment procedures are based upon United States Environmental 
Protection Agency (USEPA) Region IV guidance (USEPA, 1996). 

1.2 Boreholes 
1.2.1 Objective 

The purpose of this section is to provide procedures for the abandonment of hand auger borings, 
soil borings, or test holes.  The procedural standards are intended to include boreholes advanced 
manually or with a drill rig. 

1.2.2 Procedure 

All boreholes will be backfilled with grout in accordance with site-specific requirements.  The 
grout emplacement and mixture procedures will comply with specifications provided in SOP No. 
IA7 with regard to monitoring well annular seals. Unless saturated conditions are encountered or 
a monitoring well is to be installed, the borehole will be backfilled as soon as practical after 
sampling is completed or data collected.  For boreholes in which saturated conditions are 
encountered, grouting will be delayed for 24 hours so that a stabilized water level measurement 
may be obtained.  After the measure, the borehole will be backfilled according to procedure.  
Boreholes left open overnight will be adequately covered to eliminate the potential for injury to 
personnel.  In addition, the surrounding dirt or drill cuttings will be mounded around the 
borehole and the borehole will be covered with plastic sheeting to prevent surface drainage from 
entering the borehole. 
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1.3 Monitoring Wells 
Monitoring wells represent a more complex conduit for potential groundwater contamination and 
intermixing, because they consist of a rigid well pipe structure within an annulus that may be 
filled with different material along its vertical dimension.  The preferred abandonment method 
will be to fill the well  with grout from bottom to top.  The abandonment procedure implemented 
should be well documented and meet the abandonment objectives noted in Section 1.1.  With this 
in mind, it should be recognized that specific well abandonment methodologies will depend on 
several factors, including the following: 

• Casing material, diameter, and condition 
• Quality of the original seal within the annulus 
• Total depth of the well 
• Well plumbness 
• Hydrogeologic conditions 
• Level of contamination and the zone(s) where the contamination occurs. 

These factors should be considered when determining a specific abandonment procedure for a 
particular well.   

1.3.1 Objective 

The purpose of this section is to provide procedures for the abandonment and plugging of 
monitoring wells.   

1.3.2 Procedure 

1.3.2.1 Boreholes 

When a decision is made to abandon a monitoring well, the borehole will be sealed in such a 
manner that the well cannot act as a conduit for migration of contaminants from the ground 
surface to the water table or between aquifers.  To properly abandon a well, the preferred method 
is to fill the well and porous annular space from the bottom of the structure to approximately 
2 feet bgs with a neat cement grout.  The mixture of the grout will be in accordance with SOP 
No. IA7.  For all well abandonment procedures, the top two feet will be backfilled with concrete 
to insure a secure surface seal (plug).  If the area exhibits heavy vehicular traffic and/or the well 
location(s) needs to be permanently marked, then a protective surface pad(s) and/or steel or PVC 
bumper guards will be installed.  The concrete surface plug can also be recessed below ground 
surface if the potential for construction activity exists. 

A licensed water well contractor will conducted all well abandonment activities.  This contractor 
will be responsible for managing the well abandonment permitting process.  The water well 
contractor will plug any well drilled under his license that is not completed or is not suitable for 
its intended use when work is completed.  A well that is determined to be unsuitable for its 
intended use will be properly abandoned within 14 days of notification. 

1.3.2.2 Monitoring Well Abandonment Removing Casing 

In some cases, other well abandonment procedures may be more effective in accomplishing the 
objectives of preventing cross-contamination and intermixing of groundwater.  One of these 
methods is to completely remove the well casing and screen from the borehole.  This may be 
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accomplished by over-drilling the well (for instance with hollow stem augers) over the well 
casing down to the bottom of the borehole, thereby removing the grout and filter pack materials 
from the hole.  The well casing will then be removed from the hole with the drill rig.  The clean 
borehole will then be tremie-grouted from bottom to top, as specified in SOP No. IA7 regarding 
annular well seals.  The grout material will be placed into the borehole by pressure grouting with 
the positive displacement method (tremie method).  The ground surface completion of  the 
abandoned well will comply with the specifications presented in the previous paragraph.  

This abandonment method can be accomplished on small diameter (1-inch to 4-inch) wells 
without too much difficulty.  With wells having 6-inch or larger diameters, the use of hollow 
stem augers for casing removal is very difficult, or almost impossible.  Instead of trying to ream 
the borehole with a hollow stem auger, it may be more practical to force a drill stem with a 
tapered wedge assembly or a solid stem auger into the well casing and extract it out of the 
borehole.  Wells with little or no grouted annular space can be removed in this manner.   

1.3.2.3 Monitoring Well Abandonment Leaving Casing 

However,  wells with badly corroded casings and/or thickly grouted annular space have a 
tendency to twist and/or break-off in the borehole.  When this occurs, the well will have to be 
grouted with the remaining casing left in the borehole.  The preferred method in this case will be 
to pressure grout the borehole by placing the tremie tube at the bottom of the well casing, which 
will be the well screen or the bottom sump area below the well screen.  The pressurized grout 
will be forced out through the well screen into the filter material and up the inside of the well 
casing sealing holes and breaks that are present.  The tremie tube will be retracted slowly as the 
grout fills the casing to within two feet of the surface.  The well casing will be cut off even with 
the ground surface and filled with concrete from a depth of 2 feet to the surface.  If the casing 
has been broken off below the surface, the grout will be tremied to within 2 feet of the surface 
and then finished to the ground surface with concrete. 

Well casings consisting of PVC material may be more difficult to remove from the borehole than 
metal casings because of the brittleness of PVC.  If the PVC well casing breaks during removal, 
the borehole will be cleaned out by using a drag bit or roller cone bit with a rotary drill method 
to grind the casing into small cuttings that will be flushed out of the borehole by the selected 
drilling fluid.  Another method is to use a solid-stem auger with a carbide auger head to grind the 
PVC casing into small cuttings that will be brought to the surface on the rotating flights.  After 
the casing materials have been removed from the borehole, the borehole will be cleaned out and 
pressure grouted in accordance with SOP No. IA7.  As previously stated, the borehole will be 
finished with a concrete surface plug and adequate surface protection, unless directed otherwise. 

1.4 Documentation 
The rig geologist  will be responsible for fully documenting the well abandonment procedure.  
The following items will be documented in the field log book and the well abandonment form: 

• Name of property owner 

• Address of owner or property 

• Well location 

• Type of well installation method and date 

SOP IA6 Borehole abandonment – 9/20/2001 Page 4 of 5   



Standard Operating Procedures – Well and Borehole Abandonment 
 

SOP IA6 Borehole abandonment – 9/20/2001 Page 5 of 5   

• Type of well 

• Construction of well, including total depth, diameter, depth of casing, type of well material, 
diameter of borehole, and  material within annulus 

• Depth to bedrock (if applicable) 

• Depth to groundwater 

• Formation material and characteristics 

• Materials and quantities used to fill well, annulus 

• Description of well abandonment procedures including drilling and placement of grout 

• Description of drilling equipment 

• Description and placement of well abandonment material 

• Casing removed or filled in-place 

• Drilling contractor 

An example of a well abandonment log is forth coming from the State of Georgia. 

1.5 References 
Aller, L. et al., Handbook of Suggested Practices for the Design and Installation of  Ground-

water Monitoring Wells, EPA 600/4-89/034, 1989. 

U.S. Environmental Protection Agency Region IV, Environmental Investigations Standard 
Operating Procedures and Quality Assurance Manual, Environmental Services Division, 
May 1996. 
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T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA7 

 
1.0 SUBSURFACE WATER INVESTIGATION 

1.1 Introduction 
The objective of this standard operating procedure (SOP) is to describe procedural guidelines for 
the design, installation, and construction of groundwater monitoring wells to be completed in 
unconsolidated portions of water-bearing geologic materials.  This document also provides 
procedures for well development, groundwater sampling, and hydraulic testing.  Site-specific 
procedures will depend on project objectives, geologic conditions, and appropriate state and 
federal regulations and standards. 

1.2 Monitoring Well Installation 
1.2.1 Objective 

It is the policy of the Team to design, install, and construct monitoring wells in a manner that 
ensures that all wells installed meet the criteria of being (1) adequately sealed to prevent surface 
contamination or cross contamination between aquifers; (2) capable of yielding high quality 
groundwater samples representative of true water quality; (3) adequately protected; and (4) in 
compliance with all applicable state and federal regulations.  The procedures set forth in this 
section apply to all personnel who are responsible, both directly and indirectly, for design of 
monitoring well systems, oversight of drilling and construction operations, and evaluation of the 
suitability and reliability of monitoring wells and data and measurements obtained from 
monitoring wells. 

1.2.2 Procedures 

Monitoring wells are installed primarily to provide information on the hydrogeology of a site and 
to determine the extent of migration of contaminants, if any.  The state certified well driller or 
his representative must be present at the site during all drilling operations.  All drilling personnel 
must meet all applicable Occupational Safety and Health Administration (OSHA) requirements.  
The supervising geologist, engineer,  or hydrogeologist must be fully knowledgeable and 
experienced with state and federal requirements/regulations for groundwater monitoring 
programs (e.g., 40 CFR Part 264 Subpart F and R.61-79.264 Subpart F Resource Conservation 
and Recovery Act [RCRA] requirements, and R.61-68 Water Classifications and Standards). 

Site-specific work plans will specify drilling methods to be used and will present proposed well 
design and construction details.  The drilling methods, well design, and well construction will 
adhere to the criteria and methodologies presented in this document.  The proposed well design 
will be based on existing subsurface and water fluctuation data from previously installed wells at 
IAAAP.  The design will present these data with the grain size of the filter pack and a discussion 
of the procedure to be used in the field for determining screen placement.  All equipment, well 
materials, and tools that will enter the borehole must be decontaminated before borehole entry 
and will remain clean until installed in the borehole.  If needed, they will be steam cleaned again.  
Well materials that are cleaned and wrapped by the manufacturer do not need to be cleaned 
unless the factory wrap is damaged or the materials show signs of staining. 
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1.2.2.1 Well Design Specifications  

Well screen materials for monitoring wells will be selected depending upon the known or 
suspected chemical contaminants at the site, and so that the completed monitoring well provides 
data that meet the project DQOs.  Generally, the screen will be sized to retain over 90 percent of 
the filter pack and constructed from either machine slotted PVC or stainless steel screen 
materials dependent on the particular contaminants that are being investigated at the site.  Well 
screen materials will be of the same size and strength material as the well riser and will be a non-
contaminating, continuous wrap design.  No glues, adhesives, lead shot, or lead wool will be 
used to connect the riser sections or screen.  No field slotted screens will be permitted (machined 
in the field/not factory manufactured). 

Filter Pack 
Filter pack material will be clean, washed, well-rounded silica sand sized to perform as a filter 
between the formation material and the well screen.  Proper documentation will be furnished 
concerning the composition, grain-size distribution, cleaning procedure, and chemical analysis.  
The filter pack gradation shall have a uniformity coefficient (Cu) of not more than 2.5 and shall 
be sized so that the slotted screen will retain 90 percent of the material.  A grain size distribution 
curve for the filter pack materials used at each site will be included with the submittal of well 
construction diagrams (selected filter pack gradations for existing monitoring wells will be taken 
into account also). 

If a pertinent grain-size distribution curve is available for a particular site or monitoring well, 
then the following procedure will be used to design a filter pack. 

1. Multiply the D30 size (from the grain-size distribution graph) by a factor of four to nine 
(Pack-Aquifer ratio).  A factor of four is used if the formation is fine-grained and uniform 
(Cu is less than 3), six if it is coarse-grained and non-uniform, and up to nine if it is highly 
non-uniform and contains silt.  Head losses through filter packs increase as the Pack-Aquifer 
(P-A) ratios decrease.  In order to design a fairly stable filter pack with a minimum head loss, 
the D30  size will be multiplied by a factor of four. 

2. Plot the point from step 1 on the 30 percent abscissa of a grain-size distribution graph and 
draw a smooth curve with a uniformity coefficient of approximately 2.5. 

3. A curve for the permissible limits of the filter pack is drawn plus or minus 8 percent of the 
desired curve with the Cu of less than 2.5.  The appropriate-sized filter pack can then be 
chosen from the grain-size distribution curves of various filter packs. 

4. Select the slot openings for the well screen that will retain 90 percent or more of the filter 
packs. 

This design will be based on the gradation of the finest aquifer materials anticipated to be 
affected by the screened part of the monitoring wells (USEPA, 1996). 
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If no pertinent grain-size distributions curves are available, then 0.010-inch continuous wrapped 
screen  will be used with appropriate sized filter pack material in accordance with the following 
table adapted from ASTM D 5092-90 (ASTM, 1990). 

 
Size of Screen 

Opening, mm (in.) 

Slot  
No. 

Sand Pack  
Mesh 

Size Name(s) 

1% Passing
Size (D-1), 

mm 

Effective  
Size (D-10), 

mm 

30% Passing
Size (D-30), 

mm 
0.125 (0.005) 5 100 0.09 to 0.12 0.14 to 0.17 0.17 to 0.21 
0.25 (0.010) 10 16 to 40 0.25 to 0.35 0.4 to 0.5 0.5 to 0.6 
0.50 (0.020) 20 10 to 20 0.7 to 0.9 1.0 to 1.2 1.2 to 1.5 
0.75 (0.030) 30 10 to 20 0.7 to 0.9 1.0 to 1.2 1.2 to 1.5 
1.0 (0.040) 40 8 to 12 1.2 to 1.4 1.6 to 1.8 1.7 to 2.0 
1.5 (0.060) 60 6 to 9 1.5 to 1.8 1.7 to 2.0 2.5 to 3.0 
2.0 (0.080) 80 4 to 8 2.0 to 2.4 2.4 to 3.0 2.6 to 3.1 

 
In addition to the primary filter pack installed along the screened interval of the monitoring well, 
a secondary filter pack consisting of finer material will be installed to prevent bentonite pellets 
from commingling with the primary filter pack.  This is discussed further in Section 1.4.2.3. 

Well Riser 
Well riser (casing) will consist of PVC or stainless steel.  PVC pipe will be new, threaded, flush 
joint, and as a minimum, conform to the requirements of ASTM F 480-81/SDR 13.5 (Schedule 
40).  PVC pipe will bear markings identifying the material as that specified and will carry the 
seal of the National Sanitation Foundation.  Stainless steel pipe will consist of new, flush-jointed 
and threaded, type 304, corrosion resistant steel.  Unless noted in the site-specific work plans, 
monitoring wells will be 2-inch inside diameter. 

Bentonite Seal 
The bentonite seal will be composed of commercially manufactured sodium bentonite pellets, 
which do not exceed 0.25-inch diameter.  Clean, potable water will be used to hydrate the 
bentonite, as discussed in Section 1.2.2.3. 

Annular Seal 
The cement grout will consist of a mixture of Portland cement (ASTM C 150) and water in the 
proportion of approximately six to seven gallons of approved water per bag of cement (94 
pounds).  In addition, 3 to 5 percent by weight of sodium bentonite powder will be added.  The 
minimum acceptable grout weight will be 14 pounds per gallon (lbs/gal).  The cement grout 
weight will be determined using a mud balance.  Water may be added to the mix in small 
amounts, at the discretion of the field geologist, to increase viscosity as necessary. 

1.2.2.2 Borehole Completion 

Procedures for the drilling and advancement of soil borings are presented in SOP No. IA4, 
Section 1.3.  Drilling techniques employed must minimize disturbance of subsurface samples 
and must not introduce contamination to the subsurface or allow contaminants, if any, in shallow 
hydrogeologic units to migrate to deeper units.  
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1.2.2.3 Well Construction 

At all times during the progress of the work, precautions will be taken to prevent tampering with 
the well or the entrance of foreign material into it.  Run-off will be prevented from entering the 
well during construction. 

The casing/screen assembly will be installed as follows: 

• Prior to installation of the casing and screen, the lengths and diameters of all components 
(including the bottom plug or cap) will be measured and recorded on the casing/well screen 
tally form.  The casing riser and screen assembly will be installed round, plumb, and true to 
line. 

• A bottom plug will be attached to the bottom of the screened section. 

• The well screen will be connected to the riser sections of the casing assembly.  For wells 
intended to monitor the upper surficial aquifer near the water table, the well screen will be 
installed so as to straddle the free water surface, extending both above and below the water 
table to accommodate seasonal or other variations in its elevation.  In all cases, the top of the 
screen will be located at least 2 feet below the base of the down-hole seal.  Screen slot size 
will be 0.010 inches, or the appropriate size based on grain size distribution analyses and 
filter pack design, as discussed above. 

• For wells installed to depths exceeding 40 feet, centralizers will be placed at locations just 
below the screen, just above the location of the bentonite seal, and at 50-foot intervals along 
the riser casing.  A minimum of 3 centralizers will be installed.  Centralizers will not be used 
if their installation prevents the placement of the annular materials. 

• Well risers will extend at least 2.5 feet above the ground surface, unless well casings must be 
completed at ground surface level as specified by the client or mandated by site conditions 
and planned use of the well.  If a flush finish completion is conducted, the placement of 
annular materials will be done in such a way that the inside of the well casing is protected, 
i.e., the protective vault will be waterproof and strong enough to support anticipated loads. 

• The primary filter pack will be placed in the annulus between the well material and borehole 
using a side discharge tremie pipe, starting with the tremie at the bottom of the borehole and 
working the tremie upward as the filter pack is emplaced.  If necessary potable water may be 
used to aid tremie installation.  When using hollow stem augers, the augers will be raised 
incrementally during the installation of the filter pack to prevent bridging.  Note: the augers 
must not be rotated during this or any of the following activities.  Attempts will be made 
to keep the bottom of the augers below the top of the filter pack during installation.  The 
level of the top of the filter pack in the annulus will be verified by tag-line measurement 
during all phases of emplacement.  The filter pack will extend at least two feet above the top 
of the screen.  The volume of the installed filter pack will be compared with the annular 
volume to verify proper placement of the filter pack.  This material accounting will be 
recorded in the field book as will the volume of potable water used (if any). 

• A bentonite seal, at least 3 to 5 feet thick, will be placed immediately above the filter pack.  
Pouring of the pellets is acceptable for boreholes less than 50 feet where the annular space is 
large enough to limit the potential for bridging and to allow measurements to insure that the 
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pellets have been placed at proper intervals.  For depths greater than 50 feet, the bentonite 
pellets will be installed through a tremie pipe.  The bentonite pellet seal will be hydrated 
either by pouring water or utilizing the tremie pipe with approximately one gallon of clean, 
potable water per linear foot of bentonite, and allowed to hydrate a minimum of four hours 
before grouting is commenced.  If the bentonite seal is located above the water table, 
bentonite pellets will be installed in 6-inch lifts and each lift hydrated a minimum of 30 
minutes between lifts before proceeding.  After the placement of the final lift, the bentonite 
seal will be allowed to hydrate another two hours before grouting the remaining annulus.  
The level of the top of the bentonite seal will be verified by tag-line measurement prior to 
grouting.  When using hollow stem augers, the bottom of the augers will be left in the 
borehole as close as possible above the bentonite seal.   

• For depths greater than 50 feet, the borehole is to be pressure-grouted using a side-
discharging tremie pipe that is maintained 3 feet above the bentonite seal and will be used to 
slowly emplace the cement/bentonite grout mixture.  If the borehole is less than 50 feet deep, 
the grout can be placed using gravity feed.  When using hollow stem augers, the augers will 
be pulled incrementally during the grouting procedures to limit borehole collapse.  Grout will 
be pumped into the annulus through the tremie pipe until undiluted grout flows from the 
borehole at the ground surface.  The grout will be allowed to cure for at least 24 hours prior 
to development.  After 24 hours, the depth of the grout will be checked.  If it has collapsed 
more than 10 percent of the well depth, the well will be checked for soundness.  The annulus 
will be refilled with grout to the desired depth. 

1.2.2.4 Double-Cased Wells 

Secondary (outer) casings will be installed in the borehole when drilling a monitoring well that 
will be installed at depths below relatively impermeable (confining) layers or below depths of 
known contamination.  The purpose of the surface casing is to prevent cross-contamination 
between two aquifer zones and/or, when flowing sands make it impossible to install a monitoring 
well using conventional methods, to properly install the monitoring well to the desired depth.   

A pilot borehole will be drilled and the surface casing installed to slightly below the known 
depth of contamination or a minimum of 2 feet  into the confining layer.  The diameter of the 
surface casing will be sufficient to contain the inner casing and a 2-inch annular space.  The 
material of the surface casing may vary (PVC or carbon steel), but it will be chemically inert and 
able to withstand potential chemical degradation and any forces exerted on the casing during its 
installation and the monitoring well construction. 

The outer casing will be grouted by the tremie method from the bottom to within 2 feet of the 
ground surface.  The grout will be pumped into the annular space between the outer casing and 
the borehole wall.  This will be accomplished by either placing the tremie tube in the annular 
space and pumping the grout from the bottom of the borehole to the surface, or placing a grout 
shoe or plug inside the casing at the bottom of the borehole and pumping the grout through the 
bottom grout plug and up the annular space on the outside of the casing.  If the outer casing is set 
into very tight clay, both of the above methods may have to be used, because the clay usually 
forms a tight seal in the bottom and around the outside of the casing preventing grout from 
flowing freely during grout injection.  A minimum of 24 hours will be allowed for the grout seal 
to cure before attempting to drill through it.  The grout mixture used to seal the outer annular 
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space will be a neat cement mixture of one, 94-lb.  bag of Type I Portland Cement per 
approximately seven gallons of water and 3 to 5 percent bentonite powder by weight. 

When drilling through the seal, care will be taken to avoid cracking, shattering, and/or washing 
out the seal.  If caving conditions exist such that the outer casing cannot be sufficiently sealed by 
grouting, the outer casing will be driven into place and a grout seal placed in the bottom of the 
casing.  The boring will be advanced through the surface casing to the target depth for 
monitoring well installation.  The monitoring well will be installed in accordance with the 
methods presented in Section 1.3.2.3.  The borehole beneath the surface casing will be of 
sufficient diameter to maintain a 2-inch annular space between the monitoring well and the 
borehole well.  Removal of outer casings, which are sometimes referred to as temporary surface 
casings, after the well screens and casings have been installed and grouted is not acceptable.  
Attempting to remove outer surface casings after the inner casing has been grouted could 
jeopardize the structural integrity of the well. 

1.2.2.5 Well Head Completion 

Upon completion of the well, a suitable vented cap will be installed on the top of the well riser.  
The well riser will be surrounded by a larger diameter protective steel casing rising 
approximately three feet above ground level and set a minimum of 2 feet below the ground 
surface into the cement grout backfill.  A drain hole at least 0.25 inches in diameter will be 
drilled at the base of the protective casing.  If wells are required to be finished flush with the 
ground or pavement, these will be fitted with a water-tight flush-mounted traffic-rated steel 
cover at least 6 inches larger in diameter than the well riser.  The flush-mounted completions 
will be secured in the same manner as the wells completed aboveground.   

The protective casing will be provided with a locking cap and a brass padlock.  All locks used at 
an individual site will be keyed alike.  Duplicate keys will be made available to USACE and/or 
other appropriate contracting agencies. 

A minimum of a 3 foot by 3 foot by 6-inch-thick concrete pad, sloped away from the well, will 
be constructed around the monitoring well with the top outer edge at the final ground elevation.  
At locations where vehicular traffic is likely, the concrete pad will be reinforced with 
reinforcement wire or rebar.  Three or four three-inch diameter or larger concrete-filled steel  
posts will be equally spaced around the well and cemented in place around the concrete pad.  
The base of these posts shall extend two feet bgs and be approximately three feet tall.  After the 
well is installed, the area will be cleaned, painted (brown) and all discarded material will be 
properly disposed. 

1.2.2.6 Documentation and Recording 

As stated in the standard field documentation procedures specified in SOP No. IA1, a monitoring 
well construction form will be prepared to provide an accurate "as built" diagram of each well 
and will include the following information: 

• Project and site names, well number and the total depth of the completed well. 

• Depth of any grouting or sealing, and the amount of cement and/or bentonite used, and the 
total borehole depth and elevation. 

• Depth, elevation, and type of well casing. 
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• Installation date or dates, and name of the driller, drilling company, and the geologist 
installing the well  

• All pertinent construction details of monitoring wells, such as depth to and description of all 
annular fill materials; gradation of filter packs; length, location (depth and elevation), 
diameter, slot size, material, and manufacturer of well casing and screen; position of 
centralizers; and location of any blank pipe or intermediate casing installed in the well. 

• Description of surface completion, including protective steel casing, protective pipes, and 
concrete surface seal. 

• Surveyed coordinates and elevation of top of ground and top of well riser.  The accuracy of 
the survey points will be in accordance with SOP No. IA8. 

• A discussion of information to include in the boring logs is presented in SOP No. IA4.  All 
original well record forms, field report forms, and geologist logs will be maintained in the 
project file. 

1.3 Fluid Level Measurement and Recording 
1.3.1 Objectives 

This section presents procedures and guidelines for measuring groundwater and free product 
levels in monitoring wells.  Consistent repeatable data will be obtained. 

1.3.2 Procedures 

Groundwater and product fluid levels are measured to determine the existence and nature of 
fluids in subsurface aquifer systems, and to evaluate fluid potential for hydraulic movement 
within and between hydrogeologic units during static and pumping conditions. 

Water level measurements used to define the water table or a single potentiometric surface will 
be collected within a 24-hour period.  Water level measurements will be taken within a shorter 
time interval if an aquifer is being significantly influenced by a recharging or discharging 
mechanism.  Tides, river stages, impoundments, storm water drainages, and production pumping 
of irrigation and supply wells all can significantly affect the potentiometric surface over a brief 
period of time (USEPA, 1992). 

Water level measurement equipment will be constructed of materials that are chemically inert 
and that are not prone to sorption or desorption. 

Before collecting water level measurements for potentiometric maps, the water levels in 
piezometers and wells will be allowed to recover for a minimum of 24 hours after 
installation/construction, well development, or purging.  Fluid level measurements will be 
recorded on water level measurement record.  

1.3.2.1 Fluid Level Measuring Reference Point 

Fluid level measurements are to be made from the top of the permanent inner well casing.  The 
reference point will be notched near the north side of the casing using a razor knife.  All fluid 
levels are measured as depths from the reference point.  This reference point must be surveyed 
for vertical elevation so that fluid-level depths may be converted to elevations.  
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1.3.2.2 Electrical Tape Method 

The use of electrical tape to measure fluid levels is simple and convenient.  The device consists 
of an electrode suspended by a pair of insulated wires.  An ammeter, indicator light, or audible 
signal is used to indicate when the electrode touches the water surface.  Batteries supply the 
current.  This method is also known as the electric sounder method. 

The procedures for this method are as follows: 

1. Check batteries before going to the field. 

2. Decontaminate tape and probe upon arrival to a site and between measurement in different 
wells or piezometers in accordance with SOP No. IA3.  

3. Turn power switch to "on".   

4. Lower the probe into the well until a sharp deflection is noted on the meter, the indicator 
light is illuminated, or the audible tone is activated. 

5. Verify that the electrode is functioning properly and is indicating the water surface at the 
same depth each time by moving the probe up and down several times. 

6. Hold the probe cable at the measuring point location on the well pipe at the exact depth 
where the probe indicates the water surface to be.  Record the reading to the nearest 0.01 
feet. 

7.  Lower the probe until a definite decrease in cable tension indicates reaching the bottom of 
the well. 

8.  Verify reaching bottom depth by repeatedly lowering and slowly retrieving the probe cable 
just until full probe weight tension is evident. 

9.  Hold the probe cable at the measuring point location on the well pipe at the exact depth 
where the probe indicates well bottom to be.  Record the reading the nearest 0.01 feet 

10.  Remove the probe from the well. 

1.3.2.3 Continuous Recording 

The measurement of groundwater elevations within pumping or monitoring wells can be 
accomplished by use of a mechanical or digital-analog, computerized, continuous recording 
system, and will be performed according to specifications given by the manufacturer of each 
unit.  In general, when using either the mechanical or digital system, the pressure or electrical 
transducer is lowered into the well until it intersects the water surface.  The actual fluid depth is 
then measured by the method described above and is used to calibrate the continuous recorder.  
The field geologist is responsible for making proper adjustment.  Proper maintenance of 
continuous recording devices during level monitoring will be performed by the field geologist 
such that continuous, permanent records are developed for the specified period of time.  Records 
shall be stored on mechanical graph paper or on a microprocessor.  Frequent calibrations of 
equipment will also be made by the field geologist during monitoring periods of long duration.  
Calibration methods vary depending on the type of recording device used.  Specific 
manufacturer’s calibration procedures must be followed. 
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1.3.2.4 Interface Probe Methods 

The use of an intrinsically safe interface gauging probe may be needed to differentiate between 
the water table and the surface of the immiscible layer. For measurement of free product levels, a 
hydrocarbon interface probe gives different signals (e.g., constant versus intermittent) for the 
groundwater and free product surfaces.  This method is significantly faster than the wetted tape 
method for free product. 

The procedures for this method are as follows: 

1. Follow steps one through three of the electrical tape method (Section 1.4.2.2) using the 
probe.  

2. Lower the probe into the well until an audible tone sounds indicative of exposure to an 
organic liquid. 

3. Hold the interface probe cable at the measuring point location on the well pipe at the exact 
depth where the probe indicates the organic liquid surface to be.  Record the depth below top 
of casing to the organic liquid surface to the nearest 0.01 feet. 

4. Slowly continue lowering the interface probe until the organic liquid/water interface is 
reached, indicated by the respective audible tone. 

5. Move the interface probe slowly up and down to verify that it is functioning properly and is 
indicating the interface at the same depth each time. 

6. Hold the probe cable at the measuring point location on the well pipe at the exact depth 
where the probe indicates the organic liquid/water interface to be.  Record the depth below 
top of casing to the interface to the nearest 0.01 feet. 

7.  Lower the probe until a definite decrease in cable tension indicates reaching the bottom of 
the well. 

8.  Verify reaching bottom depth by repeatedy lowering and slowly retrieving the probe cable 
just until full probe weight tension is evident. 

9.  Hold the probe cable at the measuring point location on the well pipe at the exact depth 
where the probe indicates the well bottom to be.  Record the reading to the nearest 0.01 feet 

10.  Remove the probe from the well. 

1.3.2.5 Data Reporting 

All water level field data shall be entered in field log books or on an appropriate water level 
measurement record form and will include the following information: 

• Date (at top of page) 
• Time recording is made 
• Station location (monitoring well or piezometer identification) 
• General comments about condition 
• Measuring point, usually top of casing 
• Depth to product (if measured), to nearest 0.01 foot 
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• Depth to water, to nearest 0.01 foot 
• Depth to bottom of well, to nearest 0.01 foot 

Field notes will also include the serial number of any measurement or recording device.  If more 
than one device is used, indicate which device is used for each measurement. 

1.4 Well Development 
Well development represents the attempts to restore the volume of aquifer material immediately 
surrounding the screened portion of the well to its indigenous condition by correcting damage 
done to the formation during the drilling process.  Well development can be accomplished in 
many different ways.  The effectiveness of the different methods are based on three primary 
factors: 

• The type of geologic material, 
• The design and completion of the well, and 
• The type of drilling technology used in the borehole advancement and well installation. 

The discussion below presents the objectives of monitoring well development.  It also describes 
the procedures that may be used to effectively develop a well.  The actual procedures used will 
be dependent on site-specific, and possibly even well-specific, conditions. 

1.4.1 Objective 

The primary objective of installing a monitoring well at a site is to collect a groundwater sample 
that is representative of the quality of groundwater surrounding the well.  Well development is 
an important component of monitoring well completion.  Monitoring wells will be sufficiently 
developed to ensure that they meet their intended objectives.  The purposes of well development 
are the following: 

• Assure that groundwater enters the well screen freely and at ambient velocities, thus yielding 
a representative groundwater sample and an accurate fluid level measurement, 

• Remove all water and drilling additives that may have been introduced into the borehole and 
formation during drilling and installation activities 

• Remove fine-grained sediments entrained in the filter pack and within the well itself so that 
groundwater samples have minimal turbidity and excessive silting of the well does not occur. 

The criteria that will be utilized to evaluate whether these objectives have been met are presented 
in Section 1.4.3. 

1.4.2 Procedures 

Well development will ensue within one week after completion of the well, but no sooner than 
48 hours after the grouting is completed.  Well development can be performed using one or more 
of the following methods: bailing, surging, or overpumping.  As noted above, the method used 
will be based on site-specific conditions; it is anticipated that for monitoring wells at the site, the 
predominant development methods will be surging and overpumping.   It is important to realize 
that effective development of a well requires the movement of fluids both into and out of  the 
screen parts of the well and the surrounding filter pack.  No dispersing agents, acids, or 
explosives will be utilized in well development activities.  The water level and thickness of 
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sediment in the well will be measured and recorded in the field log book prior to development, as 
discussed below.  All development equipment inserted into the well will be decontaminated in 
accordance with SOP No. IA3. 

In most cases, the initial well development method will be hand bailing (overpumping preferred 
if possible) to remove accumulated sediment in the well.  The bailer will be allowed to fall freely 
through the well past the water surface until it strikes the bottom of the well.  The bailer will be 
raised to the surface vigorously to create a high action level of water movement.  This free fall 
and rapid removal will provide some surging action to the filter pack and proximal formation 
material.  To enhance the removal of  sediment, the bailer will be intermittently agitated by rapid 
short upward strokes from the bottom of the well.  Bailing will be continued until the water is 
free from suspended sand-sized sediment.   

A surge block may be needed to create a stronger surging action than the bailer.  If this is the 
case, the surge block and the bailer will be used in conjunction with each other.  After utilizing 
the surge block for a short period of time, the sediment that entered the well as a result of the 
surging will be removed with the bailer, as described in the previous paragraph.  The surge block 
will be composed of inert material that will not affect the water quality in the well.  The diameter 
of the surge block will be 0.125 to 0.25 inches smaller than the inside diameter of the well.  
Caution will be employed to ascertain that the block can move freely up and down the inside of 
the well without obstructions.  The vertical action of the surge block will be accomplished either 
manually or mechanically with drill rods or wireline.  Care will be taken in the length of the 
strokes, the velocity of the up and down movement, and the duration of each surge block cycle.  
If the surging action is too vigorous for the well construction and formation characteristics, then 
the activity can be detrimental to the well integrity.  Detailed discussions are presented in Aller 
(1991) and ASTM (1994); responsible personnel will review these discussions before  beginning 
well development with the surge block method. 

Following the removal of suspended sand-sized sediment, the well development process will 
include overpumping the well with a submersible bladder pump (e.g., Timco Bladder Pump).  
Commonly, the overpumping method will be employed in the latter stages of well development.  
In overpumping, the pump is operated at a capacity that substantially exceeds the yield of the 
formation (i.e., the capacity of the formation to deliver water to the well).  This flow velocity 
well exceeds the flow velocity that will be induced during the purging process of well sampling.  

It is recommended that development with air (e.g., airlift pumping) not be employed, because the 
introduction of air to the formation could change the chemical environment of the aquifer (e.g., 
redox potential) and reduce the hydraulic conductivity of the formation.  (If necessary must use 
appropriate organic air filter.) 

In some cases, such as the need to sample a well in a short time frame because of limited site 
access, preliminary well development is necessary.  Preliminary well development may be 
conducted after installation of the well screen, casing, and filter pack, but prior to installation of 
the bentonite seal and grout.  Additional filter pack will be added, as needed, after completion of 
the preliminary well development, to bring the filter pack up to the desired depth after settlement 
that may have occurred.  Preliminary well development may consist simply of pumping fresh 
water for a brief interval (several minutes) through the well screen to flush drilling mud from the 
filter medium, or can include surging and pumping of the well. 
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All preliminary well development will be completed within one day after the screen, casing, and 
filter pack are installed.  If soils above the screened aquifer are known or suspected to contain 
hazardous constituents, preliminary well development will be restricted to flushing the filter 
medium briefly through the screen.  All other development efforts will then be conducted after 
the bentonite seal and grout has been placed and allowed to set. 

Since preliminary well development is conducted prior to the installation of protective casings 
and surface pads, the borehole must be protected.  Soil will be mounded around the base of the 
exposed well casing prior to development, in order to direct runoff away from the well annulus. 

The person responsible for well development will inquire if any special circumstances apply to 
monitoring wells that contain free product.  There may be instances where development of such 
wells result in the vertical spreading of contaminants through the aquifer matrix.  In these cases, 
development may entail only the inward movement of water and materials toward the well. 

1.4.3 Criteria and Well Development Documentation 

Development criteria will include the stabilization of standard field parameters.  These criteria 
will be refined, based on initial results at each site, with the objective of achieving minimum 
turbidity in all wells. 

Prior to working at a particular well, plastic sheeting will be laid on the ground surface 
immediately surrounding the monitoring well. 

Immediately after opening the cap of the well, an organic vapor analyzer (OVA) reading will be 
collected at the well head.  This may provide preliminary information on water quality and 
health and safety conditions. 

During the pumping stage of development (as discussed in Section 1.4..2), pH, specific 
conductivity, dissolved oxygen, temperature, and turbidity will be measured generally once 
every well volume removed.  However, for wells that have a short water column (for instance in 
wells screened across the water table), it may be more practical to measure the field parameters 
at greater intervals.  The well development will continue until the following conditions have 
been met: 

• The duration of well development has been at least two hours. 

• The field parameters (pH, specific conductivity, dissolved oxygen, and temperature) have 
stabilized for four consecutive measurement events  (less than a change of 0.2 pH units and 
less than a ten percent change for the other parameters between four consecutive readings). 

• The yield of the well is representative of the transmissivity of the aquifer. 

• The turbidity has been significantly decreased. No suspended silt-sized or sand-sized 
sediments are present in the discharged water.  Attempts will be made to attain turbidity 
values of five nephelometric turbidity units (NTUs) or less for four consecutive measurement 
events.  However, it will be recognized that the groundwater at some locations is naturally 
turbid because of organic or inorganic colloids.  The meeting of this criteria will be evaluated 
by a senior geologist or the site representative on a well-specific basis. 

If field parameters stabilize, but the water remains turbid, it will be assumed this is due to natural 
conditions and the development will discontinue. Measurement of field parameters will be 
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documented on a well development/purge summary form, which will include the following 
information: 

• Date and weather 
• Summary of well construction 
• Pre-development water level 
• Measured thickness of sediment (if any) at bottom of well prior and after the development 

activities and the detected changes in this thickness during development 
• Time of each measurement  
• Cumulative total volume of water removed prior to each measurement  
• Volume of water removed between measurements  
• Pumping rate  
• Method of development and duration employed 
• Time and duration of cessation of development  
• Results of field parameter measurements  

Additional observations, such as apparent yield of the well or detected odors will also be noted 
on the development log. 

1.5 Monitoring Well Sampling 
1.5.1 Objective 

The objective of this section is to provide procedures for the sampling of groundwater 
monitoring wells.  These procedures were designed so that the groundwater samples will be of 
verifiable and legally defensible quality.  To ensure that this goal is achieved, sampling protocols 
must be strictly followed and sample collection and handling must be properly documented in 
field log books, groundwater sampling logs, chain-of-custody forms, and project files.  This 
procedure applies to all personnel who are responsible, both directly and indirectly, for 
groundwater sampling and the evaluation of analytical results from groundwater samples. 

1.5.2 Procedures 

This section presents procedures to be followed for collection of groundwater quality samples.  
All sampling personnel must be knowledgeable of groundwater sampling procedures and the 
established protocols.  Adequate preparations for sampling trips will be made by responsible 
personnel to ensure that sampling will be performed as efficiently and cost effectively as 
possible.  Proper sampling protocol will be followed to ensure that representative samples of 
groundwater are provided for analysis, and that the act of sampling does not contribute to further 
contamination at the site or cross-contamination of samples.  All techniques employed will be 
thoroughly documented to ensure the legal defensibility of the data.  All sample collection 
activities shall be traceable through field records to the individual sampling and the specific 
equipment utilized to collect each specific sample.  All field records must be completed in 
accordance with SOP Nos. IA1 and IA2. 

Procedures specified in the Site-Wide Health and Safety Plan and in site-specific health and 
safety and sampling and analysis plans also must be reviewed to determine if more stringent 
procedures are required at a specific site. 
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1.5.2.1 Pre-Sampling Trip Preparation 

The site team leader and the environmental technician or staff hydrogeologist performing the 
sampling are responsible for review of available information and preparation of equipment to 
ensure that the sampling trip is performed as efficiently as possible.  Thorough preparation will 
reduce lost time during sampling episodes and will ensure that the sampler has the proper 
equipment available on site to follow established protocols. 

During an appropriate time frame prior to the scheduled sampling date, a vehicle and all 
necessary equipment will be signed out  and checked by the sampling personnel.  The sampling 
equipment will be inspected to confirm proper calibration and good repair.  Equipment failing to 
operate within manufacturer’s recommended specifications must be properly repaired, adjusted, 
and calibrated prior to utilization.  Documentation of equipment maintenance must be recorded 
in the field log book and the specific equipment log.  Expendable field supplies will be checked 
to determine whether adequate quantities of all supplies are available.  Monitoring well 
construction logs and available water level data for all wells to be sampled will be reviewed to 
evaluate the conditions that will be encountered and the approximate volume of water to be 
evacuated. 

Sample bottles must be ordered from the laboratory at least two to three days prior to the 
sampling date.  When ordering sampling bottles, bottles for blanks and duplicates must be 
obtained, and the type of blanks to be obtained must be specified. Deionized water for equipment 
blanks must be provided by the laboratory or an appropriate vendor (e.g., Fisher Scientific). 

The order of well sampling will be determined, such that the least contaminated wells at the site 
will be sampled first progressing to the most contaminated wells last.  Sample bottles obtained 
from the laboratory must be checked to ensure that all necessary sample bottles and associated 
preservatives have been provided. 

On the day of sampling, on-site weather conditions will be evaluated to determine whether they 
are suitable for sample collection.  Groundwater samples must not be collected in weather 
conditions that may affect the integrity of the samples (i.e., rain or high winds).  Upon arrival at 
the site, the location and access to wells will be verified.  Wells will be inspected to determine 
the condition of the surface casings, surface seals, well identification, and condition of the 
casing.  The general condition of the wells and any abnormalities noted must be recorded in the 
field log book and the field data information log for groundwater sampling. 

1.5.2.2 Initial Activities 

Prior to working at a particular well, plastic sheeting will be laid on the ground surface 
immediately surrounding the monitoring well. 

Immediately after opening the cap of the well, an organic vapor analyzer (OVA) reading will be 
collected at the well head.  This may provide preliminary information on water quality and 
health and safety conditions. 

The fluid levels will be measured in the well using the electric tape method as specified in 
Section 1.5.  The presence of NAPLs will be reported to the Project Manager immediately and 
may dictate the sampling method to be utilized. 
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The total depth of each well will be measured, in accordance with procedures defined in Section 
1.3, unless otherwise specified in a site specific sampling and analysis plan.  The measurement 
will be used in the calculation of the volume of water standing in the well casing (presented in 
Section 1.5.2.3).  The depth will be measured utilizing either an electric water level indicator.  
Appropriate correction will be applied when using the electrical water tape, as necessary.  

1.5.2.3 Well Purging 

All monitoring wells will be purged before collecting samples in order to remove stagnant water 
from the well casing and to assure that the groundwater sample submitted for laboratory analyses 
is representative of groundwater quality in the aquifer.  During the purging process the field 
parameters (pH, specific conductivity, dissolved oxygen, temperature, redox potential (eH), and 
turbidity) will be measured at least once every well volume.  To determine the volume of water 
standing in the well, the following formula may be used: 

 V = 0.041 d2 h 
where: h  = water column height (feet; well depth minus water level depth) 
 d  = diameter of well (inches) 
 V = volume of water standing in the well (gallons) 

Well purging will continue until the following criteria have been met: 

• Well drawdown has reached 0.3 feet from a static reading. 

• Four consecutive measurements in which the field parameters have stabilized.  Field 
measurements will be collected at the beginning of purging and at the removal of each well 
volume of groundwater.  Stabilization occurs when the pH measurements remain constant 
within 0.1 units, specific conductivity and dissolved oxygen vary by no more than 10 
percent, and the temperature is constant.   

• The turbidity is less than 5 NTUs for four consecutive readings. 

All pertinent conditions of the sampling and the basis for field decisions will be documented in 
the field log book and/or the field data information log for groundwater sampling. 

It is strongly recommended that purging and sampling be conducted using low flow techniques, 
with an appropriate pumping mechanism, such as a Timco Bladder Pump.  This method has been 
shown to cause a non-turbulent flow into the monitoring well screen (at a velocity closer to the 
“natural” flow).  Hence a relatively non-turbid sample, which is  representative of the 
groundwater quality near the well, can be sampled.  Purging may also be accomplished with a 
Teflon®, PVC, or stainless steel bailer.  It will be noted that bailing induces turbulent flow into 
the well, and hence tends to produce turbid samples with suspended particulate or colloidal 
matter, which could lead to sampling artifacts (Barcelona et al., 1994).   

In preparation for groundwater sampling, an approximately 12-foot by 12-foot section of unused 
plastic sheeting will be secured on the ground surface surrounding the well.  After measuring the 
pre-purging water level and total depth of the well, all of the pertinent equipment will be 
arranged and the pump and associated Teflon® tubing will be inserted into the well.  The pump 
intake will be installed to a depth in the central part of the screened interval of the well.  After 
the pump assembly is secured, a water level probe will be lowered into the well to monitor the 
water level during the purging process. 
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The pump shall be turned on and a flow rate of 500 to 1000 mL/min shall be attained.  The 
objective is to have a flow rate low enough so that non-turbulent, rather than turbulent, flow is 
induced.  Ideally, the flow rate will be close to the natural flow rate of groundwater moving 
through the well.  Attempts will be made to attain flow rates of approximately 500 milliliter (ml) 
to 1000 ml per minute, or lower. 

The field parameters noted above, as well as the water level in the well, will be measured and 
recorded immediately upon the commencement of purging and at least once every well volume 
thereafter.  Attempts shall be made to limit the drawdown in the well to less than 0.3 ft. 
Drawdown greater than this may indicate turbulent flow into the well. 

In general, purging shall continue until the criteria listed above are met.  Sampling will occur at 
an approximate rate of 200 ml/minute.  Sample collection will be through a pump discharge 
point.  Immediately after the groundwater sample and associated QA/QC samples have been 
collected, the field parameters will be measured and collected a final time.  If the well exhibits a 
low yield, the flow rate will be reduced as much as possible to prevent the well from pumping 
dry.  However, if the well does go dry, the well may be sampled following sufficient recovery 
and documenting the stabilization of the field parameters.  However, the field parameters will be 
measured and recorded as the measurements of record for the sampling event. 

The low flow purging and sampling can be accomplished by pneumatic, peristaltic, or 
submersible pumps.  A check valve will be installed along the intake purge line to minimize back 
wash of water.  To minimize the possibility of contamination, all pumps and lines placed into the 
water will be manufactured of either cleaned Teflon® or stainless steel. 

If it is necessary to purge and sample the well with the bailer method (insufficient water to 
operate a pump), then Teflon®, PVC, or stainless steel bailers will be used.  All bailers will be 
raised and lowered into the well using new nylon line, which will be disposed of between wells.  
The evacuation point will be just below the water surface when the screen is set near the bottom 
of the well. 

All sampling personnel will wear a clean pair of new, disposable, latex or vinyl gloves while 
purging.  After sampling, the hoses or bailers that come in contact with the groundwater will be 
decontaminated.  The evacuated water will be containerized and properly disposed of if site 
conditions warrant this method of handling.  Procedures for the management of this IDW will 
conform to those presented in the Investigation Derived Waste Plan.   

All field parameters and water level measurements will be recorded on the field data information 
log for groundwater sampling.  Other information to be included on this log include the 
following:  a summary of the construction and apparent integrity of the monitoring well, 
calculation of the height of the standing water in the well, and any pertinent field observations.   

1.5.2.4 Sample Collection 

After stabilization of the required field parameters or as soon as sufficient recharge has occurred, 
the samples will be collected using the same system as that used for well purging.  Sampling 
personnel will wear a clean pair of new, non-powdered, disposable latex gloves at each different 
sampling location.  These gloves will be donned immediately prior to sampling and will never 
come in contact with the media being sampled. 

Samples will be collected in the following order (as applicable): 
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• VOCs 
• Dissolved gases and TOC 
• Purgeable organic compounds 
• POX 
• TOX 
• SVOCs 
• Total metals 
• Dissolved metals 
• Phenols 
• Cyanide 
• Sulfate and chloride, alkalinty 
• Turbidity 
• Nitrate, ammonia, and PO4 
• Radionuclides. 

1.5.2.5 Labeling and Handling Requirements 

After each sample is collected, samples will be labeled and handled in accordance with methods 
specified in the Field Sampling Plan. 

1.5.2.6 Collection of Quality Control Samples 

All QA/QC sampling activities must comply with the requirements of the following documents: 

• The Site-Wide QAPP 
• The Site-Specific QAPP 

In the case where these documents do not concur as to the number and type of QC samples to 
collect in any given situation, the most conservative number and type of QC samples will be 
collected (the number that provides the greatest ratio of QC samples to environmental samples 
and the types of QC samples that allow for a thorough evaluation of sampling and analytical 
methods).  Several types of QC samples can be collected, including equipment (rinsate) blanks, 
field blanks, material blanks, duplicates, matrix spike and matrix spike duplicates, and trip 
blanks. 

Equipment blanks are taken in the field by pouring deionized water through the pump or other 
sampling device prior to sampling.  The blank is immediately poured into the sample bottles, 
which are preserved as ordinary groundwater samples.  Equipment rinsate samples will be 
collected once for each type of equipment used per quarter, and additional samples may be 
collected as judged appropriate by the sampling personnel. 

Field blanks will be collected wherever ambient sources of contamination, such as heavy 
industrial traffic and chemical storage in tanks or holding ponds, exist.  Such conditions may 
affect the quality of the samples collected. 

Duplicate samples are collected to evaluate the accuracy and precision of the contract laboratory.  
Duplicate samples will be collected at the same time as the associated environmental samples.  
All of the sample bottles for a particular analysis for both the duplicate and the environmental 
samples will be filled before filling the sample bottles for the next analysis.  For instance, all of 
the VOC bottles will be filled prior to filling the SVOC bottles. 
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Trip blanks are submitted to the laboratory to evaluate the potential for cross-contamination of 
VOCs within the shipping cooler.  Appropriate sample containers filled with analyte-free water 
will be sealed and provided by the laboratory.  Trip blanks will accompany all sample shipments 
containing VOC samples.  These samples will be kept in the storage and shipping containers 
during all stages of the sampling efforts. 

1.5.2.7 Field Equipment Cleaning Procedures 

Sampling and monitoring equipment, including electrical water level tapes, bailers, and pumps, 
will be decontaminated upon arrival on-site and between each well.  Field decontamination 
procedures will be the same as the equipment decontamination procedures specified in SOP No. 
IA3.  Sampling personnel will always sample the least contaminated wells first (if known), as an 
additional precaution against introducing contaminants into the wells and samples.  If 
decontamination is performed in the field, all rinse water must be contained in a manner that 
prevents the introduction of contamination to surface water, boreholes, and adjacent areas.  All 
rinsate will be collected in a compatible container and properly disposed of to prevent 
contamination of adjacent areas. 

1.5.2.8 Field Documentation Procedures 

A bound field log book must be maintained by sampling personnel to provide a daily record of 
sampling and events.  Pertinent data may be recorded on the field data information log for 
groundwater sampling for that specific sampling location.  If the groundwater sampling log or its 
equivalent is used to record sampling data, then the field log book must be annotated by the 
personnel utilizing the groundwater sampling record (Appendix B of the Field Sampling Plan) 
such that the sample collection activities will be traceable through field records to the personnel 
sampling and the specific equipment utilized. 

Additional documentation procedures are in SOP No. IA3.  Shipping and handling of all samples 
will be in accordance with the methods specified in the Field Sampling Plan. 

1.6 Hydraulic Testing Procedures and Equipment 
Hydraulic testing will be conducted to estimate aquifer parameters and to further estimate 
groundwater flow velocities, associated contaminant transport, and remedial design 
considerations.  Aquifer hydraulic  

characteristics can be estimated to different precision, and for different hydrogeologic 
conditions, using three basic testing categories: 

• Single-Well Aquifer (Slug) Testing, 
• Multiple-Well Aquifer (Pumping) Testing, and 
• Bail-Down and Pressure Testing. 

1.6.1 Single-Well Aquifer (Slug) Testing 

1.6.1.1 Objectives 

The objective of this section is to provide procedures by which single-well aquifer (slug) test are 
to be designed, conducted, and analyzed. 
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1.6.1.2 Procedures 

Slug Test Design 

Slug tests are utilized to obtain order-of-magnitude approximations of hydraulic conductivity in 
the portion of the aquifer immediately surrounding the well screens.  Testing programs will be 
designed with consideration for potential aquifer heterogeneity, well construction variability, and 
ultimate use of results.  Depending on a general understanding of the relative hydraulic 
conductivity of the aquifer to be tested (and thus the anticipated speed of the response to slug 
entry or removal), the depth to the water table, the types of contaminants, and well construction 
details, decisions can be made regarding slug test materials and data collection methodology.  No 
water or other liquid shall be introduced into wells. 

The time required for a slug test to be completed is a function of the volume of the slug, the 
transmissivity of the formation, and the well casing size.  The slug volume will be large enough 
that a sufficient number of water level measurements can be made before the water level returns 
to equilibrium conditions.  The length of the test may range from less than a minute to several 
hours. 

Preparations for testing will include: 

Office 

• Review associated SOP documents and information on the wells to be tested (depth to water, 
depth of well, screened interval, casing size). 

• Coordinate schedules with sampling and other efforts. 

• Review the operator manual provided with the electronic data-logger, if appropriate. 

• Check out and ensure the proper operation of all field equipment.  Ensure that the electronics 
data logger is fully charged, if applicable.  Test the electronic data logger and pressure 
transducers using a container of water (e.g., sink, bucket of water). 

• Obtain appropriate sampling log book, and assemble a sufficient number of field forms to 
complete the field assignment. 

• Review appropriate sections of the Site-Wide Health and Safety Plan. 

Field 

• Locate monitoring wells to be tested and appropriate decontamination areas. 

• Assemble appropriate testing equipment. 

• Decontaminate the transducers and cable as specified in SOP No. IA3. 

• Collect initial water level measurement on the monitor well and record in the field log book. 

• Before beginning the slug test, enter and record information in the electronic data logger.  
The type of information will vary depending on the model used.  When using different 
models, consult the operators manual for the proper data entry sequence to be used. 

Slug Test Execution 
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The following general procedures will be used to collect and report slug test data.  The 
procedures required for a particular slug test may vary slightly from those described, depending 
on site conditions.  Modifications to the test procedures shall be documented in the field log 
book. 

A. When the slug test is performed using an electronic data logger and pressure transducer, most 
of the data will be electronically stored internally or on computer diskettes or tape.  The 
information will be transferred directly to a computer and analyzed.  A copy of field notes 
with supplemental information and a computer printout of the data shall be maintained in the 
files as documentation. 

B. The field log book is used to record observations and supplemental information.  At a 
minimum, the following information shall be recorded for each test: 

1. Site location.  Brief description of the general location of the well. 

2. Well or piezometer ID.  Unique number assigned to each well or piezometer where 
measurements are taken. 

3. Date of the test. 

4. Slug dimensions.  Dimensions of the slug or displacement object in tenths of feet.  (The 
slug will be adequately sized to insure an initial displacement of at least 2 feet, provided 
there is sufficient water column within the well.) 

5. Personnel.  Initials of personnel performing field measurements or collecting samples. 

6. Test type.  The slug device is either inserted (falling head) or withdrawn (rising head) 
from the monitor well.  Note the appropriate test type (Recommend running both - slug in 
and complete test - once water levels have stabilized slug out and complete test - one of 
the two will usually work). 

7. Comments.  Include appropriate observations or information concerning antecedent 
weather conditions, sequence of events, or work being conducted at the site. 

8. Elapsed time (min:sec).  Cumulative time readings from beginning of test to end of test in 
minutes and seconds. 

9. Representative depth-to-water measurements.  Depth of water levels will be recorded to 
hundredths of feet below the measuring point.  Initial and final depth to water shall be 
measured using an electric tape.  Test data may be recorded using a pressure transducer 
and electronic data logger. 

C. Procedures for conducting a slug test. 

1. Measure the pre-test water level in the well and record in the field log book and on the 
data sheet.  The point and time of measurement shall be noted in the field log book. 

2. Cover sharp edges of the well casing with an insert to protect the transducer cable. 

3. Connect the transducer cable to the electronic data logger. 

4. Slowly lower the transducer and cable down the well to a depth below the slug 
submergence for the test, but at least 6 inches from the bottom of the well.  Be sure this 

SOP IA7 Subsurface Water Invest1 9/20/2001 Page 22 of 34    



Standard Operating Procedures – Subsurface Water Investigation 
 

depth of submergence is within the design range stamped on the transducer.  Securely 
fasten the transducer cable to a stationary object to keep the transducer at a constant 
depth. 

5. Display the initial water level on the recording device according to manufacturer's 
instructions.  Record the initial water level on the test data sheet. 

6. Flag the slug/rope assembly so that easy identification can be made of how much rope 
must be left out to fully immerse the slug beneath the static water level, and how much 
rope to pull back to suspend the slug above the static water level.   

7. Immediately after commencement of recording of data on the data logger,  
"instantaneously" introduce the slug and the rope to minimize slug movement.  While 
results obtained from analysis of these "falling head" data may not be theoretically valid, 
continue to record and monitor head recovery until water returns to static levels.  From a 
practical standpoint, data will be recorded until the displacement head has been reduced 
to 10 percent or less of maximum displacement, and monitoring will be continued until 
only 1 to 2 percent displacement remains. 

8. If the head data are recorded manually, equate the moment of maximum head change to 
time zero, and measure and record the depth to water and the time at each reading.  
Depths will be measured to the nearest 0.01 feet.  The number of depth-time 
measurements necessary to complete the test are variable.  Measurements will be 
frequent enough so that the change in water level between two successive measurements 
is less than 5 percent of the initial change in water level.  It is critical to make as many 
measurements as possible in the early part of the test. 

9. After effective static water level has been reached, a second slug test may be performed 
on the well by instantaneously removing the slug from the water column.  This type of 
slug test is referred to as a rising head slug test.  If such a test is to be conducted, the slug 
will be withdrawn to the predetermined suspension level and the rope tied off to 
minimize slug interference with the transducer cable (if applicable), or the slug will be 
fully withdrawn to permit access for water-level measurement. 

10. Continue measuring and recording depth-time measurements until the water level returns 
to within 10 percent of equilibrium conditions. 

11. If the well is used as a monitoring well, precautions will be taken to prohibit 
contamination of the wells by material introduced into the well .  Bailers, slug/rope 
assemblies, and measuring devices will be cleaned thoroughly before each test in 
accordance with SOP No.  IA3.  If tests are performed on more than one monitor well, 
care must be taken to avoid cross-contamination of the wells. 

Slug tests must be conducted on relatively undisturbed wells.  If a test is conducted on a well that 
has recently been pumped for water sampling purposes, the measured water level will be within 
0.1 foot of the water level before sampling.  At least one week will elapse between the drilling 
and development of a well and the performance of a slug test. 

Post Operation 

Field 
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• Decontaminate equipment and dispose of rope according to SOP No. M98013. 

• If using an electronic data logger: 

− Stop logging sequence 

− Save memory 

− Disconnect battery at the end of the testing activities. 

• Replace testing equipment in storage containers. 

Office 

• Inventory sampling equipment and supplies.  Repair or replace all broken or damaged 
equipment. 

• Replace expendable items. 

• Return equipment to storage area, and report incidents of malfunctions or damage. 

• Review field log book for completeness. 

• Deliver original forms, logger data, and logbooks to supervising personnel with copies to 
file. 

• Interpret slug test results.  Analyze slug test using appropriate software packages or graphical 
solutions. 

• Send data logger or pressure transducers to factory for recalibration, if needed. 

1.6.2 Multiple Well Aquifer Pumping Tests 

1.6.2.1 Objectives 

This section presents general guidelines for performing multiple well aquifer pumping tests. 

1.6.2.2 Procedure 

Pumping Test Design 

An aquifer test is a controlled field experiment designed to evaluate the performance 
characteristics of a well and the hydraulic properties of the associated aquifer(s).  Such tests 
provide the best method for characterizing aquifer hydraulic properties when properly designed, 
performed, and conducted.  They provide estimates for both transmissivity (T) and storage 
coefficient (S) over a large and representative volume of aquifer.  Optimal performance of 
aquifer tests requires clear definition of three sets of requirements: 

1. An understanding of the hydrogeological system being tested (i.e., confined or unconfined 
conditions and areal extent of aquifer). 

2. The operational goals of the test (i.e., what information is needed from the test). 

3. Identification of an analytical method that describes the aquifer conditions and can be used to 
reduce the data. 
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Aquifer tests are multifaceted, interdisciplinary efforts requiring coordination between technical 
personnel.  Whereas, the more complex tests are more difficult logistically and often more 
expensive, they generally yield much more information.  Some essential hydrologic information, 
such as rates of leakage through confining layers can be obtained only by performing the more 
sophisticated aquifer tests. 

Control Procedures of Aquifer Test Programs 

The technical complexity of aquifer testing combined with the institutional concerns such as 
storage of contaminated water, requires procedures for general control of aquifer test programs.  
A seven-step control procedure is defined below.  Detailed planning for, and supervision of, site-
specific aquifer pumping tests must be conducted by an experienced hydrogeologist or 
groundwater hydrologist assigned to the project.  The procedure presented here is primarily 
intended for project or task managers who require an aquifer test to be performed as part of a 
multi-disciplined project. 

1. Define test program requirements: 

a. Describe the hydrogeologic system to be tested (e.g., porous, heterogeneous aquifer). 

b. Define the operational goals and requirements for the test (e.g., transmissivity, confined 
or unconfined nature of aquifer, and/or leakage coefficients of aquitards). 

c. Identify a method by which the data may be interpreted, according to the known 
hydrogeologic conditions and operational requirements. 

2. Evaluate operational constraints. 

3. Design the test methods and develop an aquifer test plan. 

4. Conduct pre-test activities. 

5. Initiate test and collect data. 

6. Interpret the data with the chosen model or appropriate analytical method. 

7. Evaluate the need for further testing. 

The following sections detail the information required for each step in the procedure. 

Defining Test Program Requirements 

Describe the Hydrogeologic System To Be Tested:  An aquifer test is interpreted by comparing 
field results with those expected from mathematical analogs.  Therefore, the hydrogeology of the 
system to be tested will be defined as well as possible.  Important factors include the following: 

• Aquifer lithology and hydraulic characteristics (volume and nature of interstitial pores); 
• Groundwater occurrence (confined, unconfined); 
• Aquifer thickness, extent, and uniformity; 
• Boundary conditions (nearby streams, ponds, no-flow boundaries); 
• Aquifer isotropy and homogeneity; 
• Well screen placement; 
• Anticipated flow rates and type of flow (transient, steady state); 
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• Potential for leakage from confining units; and 
• Well characteristics (available drawdown, screen transmitting capacity, well efficiency). 

Define Operational Goals of the Test:  The information that is desired at the completion of the 
test will be well defined.  Generally, the greater the accuracy and amount of information desired, 
the greater the complexity of the test.  For example, the hydraulic conductivity of a test zone can 
be estimated on a local basis from a brief, inexpensive slug test (as described in Section 1.7.1), 
but the evaluation of leakage from confining units requires more complex aquifer pump testing.  
Some common test goals include: 

• Estimating aquifer yield for water supply needs; 

• Defining aquifer characteristics for groundwater assessment (usually driven by RCRA, 
Comprehensive Environmental Response Compensation and Liability Act [CERCLA] or 
other regulatory program); 

• Defining aquifer characteristics for the siting of future waste disposal facilities; and 

• Defining aquifer hydraulic characteristics for remedial action (extraction wells, hydraulic 
control, etc.). 

Aquifer testing data needed for developing water supplies range from a single well performance 
test to a detailed aquifer characterization where a field of multiple wells is required.  Where 
corrective or remedial actions are required, more detailed information is generally required.  
More complex aquifer tests are usually required to define this information.  A relatively detailed 
conceptual model of the hydrogeologic system is needed to develop the optimal pumping 
strategy.  The objectives of each project, the funding available, and other institutional concerns 
must be evaluated to develop the best aquifer testing approach. 

Various types of aquifer test programs may be developed.  The data generated vary according to 
the type of program.  Some of the parameters that may be defined by an aquifer testing program 
are: 

• Transmissivity (T); 
• Storage coefficient/specific yield (S, Sy); 
• Hydraulic conductivity (K); 
• Vertical hydraulic conductivity of confining units (Kv); 
• Groundwater yield from confining units; 
• Hydraulic resistance of confining units; 
• Specific capacity of a well; and 
• Well losses and efficiency. 

The parameters defined during the aquifer test program must be selected based upon the 
objectives of the project, and the test methodology must be designed to yield the desired 
parameters.  The desired areal extent of the test must also be considered when selecting the test 
method, discharge rate, and test duration. 

Identify Testing and Data Reduction Methodology:  Based on the criteria identified in the 
preceding two subsections, a method which fulfills the operational goals and adequately 
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represents the hydrogeologic system must be identified.  A large number of tests are available; 
many are summarized in Driscoll (1986) and Kruseman and DeRidder (1994). 

Evaluate Operational Constraints: Once the technical basis of a program is established by the 
procedure described in the previous section, the plan must be expanded to address other site 
specific requirements, such as shutdown of nearby water supply wells and 24-hour access to the 
site.  In addition, environmental compliance requirements (notably requirements for discharge 
and disposal of any contaminated fluids) must be identified and fulfilled. 

Define the Test Method and Testing Plan: An Aquifer Test Plan will be prepared prior to testing.  
The plan will define all site-specific concerns, such as site accessibility, water disposal, and 24-
hour-per-day working conditions.  The plan will also address specific technical concerns.  Based 
upon the site hydrogeology, the chosen analytical method will be used to simulate the range of 
conditions expected to occur.  This simulation will be used to determine observation well 
locations and screen settings, the length of time to run the test, and the effects of boundary 
conditions. 

Conduct Pretest Activities: Prior to conducting the test, all activities scheduled for completion 
prior to test startup will be performed.  These activities may include installing  additional 
observation wells, further defining the fluids management program, installing pumping and 
monitoring devices such as flow meters and pressure transducers, and performing a short term 
preliminary aquifer test.  Specific pretest activities for some pumping tests are defined in the 
following paragraphs.  Pretest activities may define needed modifications to the aquifer test plan. 

Initiate Test and Collect Data: After completion of all previous procedures and pretest activities, 
the aquifer test will be conducted according to the aquifer test plan (with modifications).  
Procedures for the most common tests are presented below. 

Interpret Data with Chosen or Appropriate Analytical Method: After data are collected they will 
be analyzed and interpreted with an appropriate analytical method or model.  General data 
interpretation methods for curve-matching techniques are discussed below. 

Evaluate the Need for Additional Testing: After data are compiled and interpreted, they will be 
evaluated to determine if additional testing is warranted.  Events indicating the need for 
additional testing include evidences of interference from nearby pumping or special boundary 
conditions. 

Test Site Selection: Selecting an appropriate test site will prevent difficulties often encountered 
during test data evaluation.  In some cases, existing wells may be used or the hydrologic factors 
of a specific location may be of concern, thus predetermining the test site.  However, the test site 
is usually dictated by the project needs and the test must be designed to accommodate site 
logistics. 

Well field design and construction is dependent on the hydrogeology of the area and the 
hydrogeologic units of concern.  Factors such as aquifer type, transmissivity and stratification 
will be taken into consideration by an experienced hydrogeologist when determining screen 
interval, number of wells, and well locations.  Piezometers may be constructed in adjacent 
hydrogeologic units to determine any hydrologic connection these units have with the aquifer of 
concern.  

General Testing Procedures 
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Water Level Measurements 
The preferred method of collecting aquifer test data is by the use of pressure transducers to 
ensure fast, accurate (at least to one hundredth of a foot), time-drawdown measurements.  Other 
methods as described in Section 10.7 may also be used to collect water level measurements when 
conducting multiple well, constant discharge tests.  The same device will be used for measuring 
water levels in a particular well throughout the duration of a test.  A reference point from which 
all water level measurements are made will be designated on the casing of each well.  The 
reference point will be surveyed for vertical and horizontal location, in accordance with SOP No. 
IA8.  The exact time all water level measurements are taken will be recorded on a 2400-hour 
time scale. 

Decontamination 
Any equipment used in production or monitoring wells must be thoroughly cleaned prior to use.  
Cleaning procedures are based upon site specific conditions and the needs of the project.  The 
actual cleaning procedure will be determined by the project manager and defined in the aquifer 
test data.  Cleaning may consist of little or no cleaning, (if the well is to be used only for aquifer 
testing), disinfection (if the well is a water supply well), steam cleaning, or more rigorous 
cleaning procedures, as described in SOP No. IA3. 

Aquifer Pretest 

Background 
An aquifer pretest will be conducted prior to conducting multiple well constant rate aquifer tests.  
The purpose of this test is to collect all available background information of the hydrogeologic 
system in question, ensure that all equipment is in good working order, and confirm that all 
pumping settings and water level measuring devices are prepared for the start of the actual test.  
This pre-test will be conducted far enough in advance of the start of the actual test to allow the 
water levels to recover and stabilize, and to collect sufficient pretest trend data. 

Often, the pretest is a step drawdown test.  This is done to observe aquifer responses at various 
flow rates.  The following five questions of concern will be answered at the completion of the 
pretest: 

1. What is the maximum anticipated drawdown at various discharge rates? 

2. What discharge rates occur in various pump speeds or valve settings? 

3. What is the best method to measure yield? 

4. Is the discharge pipe far enough from the radius of influence to avoid recharging the aquifers 
of concern? 

5. Are the observation wells yielding usable drawdown data at various discharge rates? The 
pretest is also used to test equipment, and to finalize valve settings so that the discharge rates 
are established at the beginning of the constant rate aquifer test. 

Field Method for Aquifer Pretest 

1. Prepare test setup for duration of test. 

2. Decontaminate all equipment to be inserted into the well, if required. 
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3. Measure and record the pre-test water levels and the exact time of each reading. 

4. Set up pump and discharge lines.  The pump or intake must be set below the anticipated 
drawdown and within the pump lifting capacity.  Discharge must be directed outside of the 
radius of influence of the cone of depression.  If pumping from a contaminated area, all water 
must be discharged in a manner compliant with applicable or relevant and appropriate 
requirements. 

5. Determine the best method to measure yield.  Orifices, weirs, and totalizing flow meters are 
the most common methods.  Specifications for constructing orifices, and weirs are presented 
in Driscoll (1986).  All discharge measuring devices will be manually checked for accuracy, 
if possible, by filling a container of known volume and recording the time required to fill it. 

6. Initiate pumping, record time, and immediately monitor water levels in the pumping well.  
For all aquifer tests involving pumping, it is important that the water level in the pumping 
well be monitored before, during, and after pumping.  (consider installing a stilling well (i.e. 
a 1-inch pvc well) in the pumping well to damp the turbulent effects of pumping) Water 
levels and the time of each measurement since pumping began will be recorded.  Discharge 
rates will be monitored every five minutes.  Monitor wells nearest the pumping well will be 
monitored early in the test to see when a response to pumping is observed.  As the radius of 
influence expands, more distant monitoring wells will be monitored. 

7. Semilog and arithmetic data plots of drawdown vs.  time will be developed in the field based 
on test results. 

8. After water levels begin to stabilize, the discharge rate will be increased to approximately 25 
percent of the maximum possible anticipated discharge. 

9. Continue monitoring water levels and discharge rates in the systematic manner established at 
the beginning of the test. 

10. Conduct the test at several pumping rates.  Each pumping rate will be run until water levels 
stabilize.  The final rate will be approximately equal to the maximum possible discharge rate 
at which total available drawdown is attained. 

11. At the completion of the test, all pump valves will be at the settings desired for the actual 
test. 

Step Drawdown Tests 

Background 
Step drawdown tests are used to evaluate the effects of pumping in a well at various discharge 
rates.  Information gained from step drawdown tests include: 

• Values of specific capacity at various discharge rates; 
• Optimum discharge rates for pumping wells; 
• The amount of well loss attributable to laminar and turbulent flow components, respectively; 
• The effect of various discharge rates on turbulent flow; and 
• Aquifer parameters such as transmissivity (T), hydraulic conductivity (K), and storage 

coefficient (S) (if data is obtained from observation wells) and projected future pumping 
costs. 
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A properly conducted test will include steps of equal length and constant discharge. 

Field Method for Step Drawdown Tests 

1. Obtain water level data and the barometric pressure at the time of the reading for a minimum 
of one week prior to the start of the test. 

2. Make sure that the outlet of the discharge is located far enough from the well to avoid 
recharging the aquifer being tested. 

3. Conduct a aquifer pretest as described above.  At least four to five possible discharge rates in 
increasing order will be determined during the pretest. 

4. After allowing sufficient time for water levels to recover to pretest levels, the test may be 
conducted. 

5. Measure static water level and record the date and time of reading. 

6. Measure the barometric pressure every half hour. 

7. Insert transducers at a depth below the maximum anticipated drawdown and at least one foot 
above the bottom of the well. 

8. Initiate pumping at the lowest discharge rate to be used.  At the exact moment pumping 
begins, begin recording water levels in the pumping well and the exact time since pumping 
began.  As many measurements as possible will be obtained during the first five minutes of 
the test.  Water levels will then be obtained at increasing time intervals, beginning with one 
minute and increasing slowly to a maximum of 10 minutes.  Intervals will never exceed the 
time required for water levels to change by 0.2 feet.  Water levels will be measured in 
observations wells early enough to obtain initial drawdown data.  Early drawdown data is 
especially critical in determining aquifer coefficients. 

9. Measure and record discharge rates at the same frequency water level measurements are 
obtained.  The entire test generally runs from eight to 72 hours. 

10. After running the initial step for one to two hours and stabilization of water level, increase 
the discharge to the second desired rate.  Measure the water levels and discharge rates at the 
same intervals as taken in the first step. 

11. Continue the test through a minimum of two additional steps conducted in a manner similar 
to the first two. 

12. Drawdown data will be plotted in the field to ensure stabilization of water levels during each 
step. 

Data Analysis and Interpretation 

The following information is required to analyze data and will be collected during the test: 

• Discharge rates of pumping well; 

• The number of water level data during the course of the test (each record will specify water 
level and the exact time since pumping began); 
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• Distance from pumping well to each observation well; 

• Description and elevation of each measuring point; 

• Total depth and screen interval of pumping and monitoring wells; 

• Well materials and construction details of all wells; and  

• Barometric pressure at 30-minute intervals. 

Analysis of step drawdown pumping test shall be completed under the direction of an 
experienced hydrogeologist or groundwater hydrologist registered in the state of Georgia) by an 
experienced hydrogeologist or groundwater hydrologist and reviewed by senior personnel.  
Drawdown data will be corrected for regional trends, barometric pressure, or any other 
influencing factors.  Most common methods of analysis are described in Bear (1979), Bierschenk 
(1964), and Rorabaugh (1953).  However, appropriate methods of analysis are dependent on the 
type of aquifer being tested and well field construction and design. 

Single and Multiple Well Constant Yield Tests 

Background 
Constant yield aquifer tests are conducted to estimate aquifer coefficients such as transmissivity 
and storativity (specific yield for unconfined aquifers), and hydraulic conductivity.  Constant 
yield aquifer tests can also be used to predict: 

• The drawdown in a well at future times and at varying discharge rates; 
• The effect of new withdrawals on existing wells; 
• The radius of the cone of influence for individual or multiple wells (multiple well tests); 
• The hydraulic characteristics of confining beds; 
• The position and nature of aquifer boundaries; and 
• The degree of vertical and horizontal anisotropy. 

A value for storage coefficient cannot be obtained from tests in which only the pumping well is 
monitored. 

Field Method for Single or Multiple Well Constant Rate Tests 

1. Obtain water level data for a minimum of one week prior to the start of the test. 

2. Make sure that the outlet of the discharge is located far enough from well to avoid recharging 
of the aquifer being tested. 

3. Conduct a pretest as described above.  A minimum of two days will be allowed for water to 
return to static conditions prior to starting the actual test. 

4. Measure and record the static water level in all wells to be monitored and the exact time of 
each measurement, including an appropriate background well outside of the zone of 
influence. 

5. Insert transducers below the depth of maximum anticipated drawdown and at least 1 foot 
from the bottom of the well. 
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6. Initiate pumping at a discharge rate determined during the pretest.  Record as many 
measurements as possible and the exact time since pumping began for each measurement 
during the first five minutes of the test.  Measurements will then be obtained every 30 
seconds to 10 minutes, then at increasing intervals beginning at one minute and increasing 
slowly to a maximum of ten minutes, thereafter.  Intervals will never exceed the time 
required for water levels to change by 0.2 feet.  Recommend a pumping rate which does not 
produce a drawdown in the well greater than 66% (2/3) of the length of the water column in 
the well. 

7. Periodically record discharge rates throughout the test (every five minutes for the first hour 
and with each water level measurement thereafter). 

8. Monitor barometric pressure every 15 minutes for the first 60 minutes of the test and every 
30 minutes thereafter. 

9. Measure and record any amounts of precipitation that occur during the test. 

10. Develop log-log and semilog plots of the test data in the field. 

11. The test will last for at least 48 hours in an unconfined aquifer and 24 hours in a confined 
aquifer.  Field data plots will be evaluated prior to termination of the test for variations in 
drawdown. 

Data Analysis and Interpretation 

The following information is required to analyze data and will be collected during the test: 

• Discharge rate of pumping well; 

• Water level data during the course of the test (each record will specify water level, pumping 
or observation well ID, and the exact time since pumping began); 

• Distance from pumping well to each observation well; 

• Description and elevation of each measuring point; 

• Total depth and screen interval of pumping and observation wells; 

• Well materials and construction details of all wells; and  

• Barometric pressure at 30-minute intervals. 

Analysis of aquifer pumping test shall be completed by an experienced hydrogeologist or 
groundwater hydrologist and reviewed by the Project or Task Manager.  Drawdown data will be 
corrected for regional trends, barometric pressure, or any other influencing factors.  Most 
common methods of analysis are described in Driscoll (1986), Lohman (1972), or Kruseman and 
DeRidder (1994).  Several computerized solution techniques are also available.  However, 
appropriate methods of analysis are dependent on the type of aquifer being tested and well field 
construction and design. 
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T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA8 

 
1.0 SURVEYING 

1.1 Introduction 
All surveying will be conducted by licensed surveyors.  This procedure is to provide familiarity 
only.  Surveying is described as the art and science of determining the area and configuration of 
portions of the earth's surface, and representing them on maps.  Generally, surveying can be 
divided into two categories or classes:  vertical control surveying and horizontal control 
surveying.  Vertical control surveying involves the measurement of the relative difference in 
vertical location, or elevation, of two or more control points.  Horizontal control surveying 
pertains to the measurement of the relative difference in the horizontal location of two or more 
control points.  This SOP includes a discussion on the standard procedures and techniques 
required to survey or locate sample points or site features.  Basic surveying and field geology 
textbooks will be consulted for more detailed information on this topic.  In addition, this SOP 
also discusses professional surveying and the use of a Global Position System (GPS). 

Surveying will involve field measuring the relative horizontal locations of site features and 
sampling points, and running vertical control to determine absolute or relative elevations.  This 
level of surveying will generally be performed to allow field evaluation of data, for instance 
evaluating the relative elevations of the water levels within a set of temporary piezometers to 
estimate the directions of groundwater flow. 

In general, the horizontal and vertical positions of all sampling points (e.g., soil borings and 
monitoring wells) will be surveyed by a registered land surveyor (RLS) as discussed below in 
this SOP, regardless of whether the point has previously been surveyed. 

1.2 Terms and Definitions 
The following terms are defined in this section. 

Reference Point A fixed point that will not change that can be used as a point from 
which all measurements in the area will be made. 

Benchmark A reference point that has been permanently or temporarily 
installed by a surveyor. 

State Plane Coordinates  The northing and easting footage coordinates established by the 
state of Georgia. 

National Geodetic Vertical This is the established sea level datum for all surveys in the 

Datum (NGVD)   United States. 

Backsight (BS) This is the height measurement that the telescope portion of the 
level is above a point with a known or assumed elevation. 

Instrument Height (HI) This is the elevation of the level's telescope as determined from the 
BS and the point of known elevation. 

SOP IA8 Surveying – 9/20/2001 Page 2 of 8   



Standard Operating Procedures - Surveying 
 

Foresight (FS) This is the height measurement of the level's telescope above the 
point whose elevation is required.  Thus, the point's elevation can 
be determined. 

Turning Point (TP) This is a point where both FS and BS readings are required 
because the instrument needs to be moved.  This is so elevation 
references are also transferred with a single survey.  

Level or AutoLevel  A small telescope set on a four-screw base with a leveling bubble. 

Tripod Three-legged platform on which the level is set.  The legs are 
extendible individually.  

Level Rod   A 15-foot extendible rod that has 0.01 foot divisions. 
 

1.3 Field Level Surveying 
1.3.1 Objectives 

As noted above, some projects will require preliminary surveying of well measuring point 
elevations to estimate groundwater flow directions.  The survey can be conducted using relative 
elevations from a selected reference point or using a known benchmark.  This discussion outlines 
the specific procedures to survey the horizontal and vertical locations of the points. 

1.3.2 Procedures 

Equipment needed for the level surveying includes a level, tripod, and a level rod.  A compass 
will be included as a part of some levels. 

A benchmark, if available, will be used as the reference point.  If a reference point needs to be 
established, then a permanent structure will be selected such as a concrete structure where a 
permanent point can be marked.  The tripod and the level will be located such that they are no 
more than 250 feet from the reference point, benchmark, or survey points to be measured from 
this position ,and the telescope is higher than the point.  The telescope also needs to be higher 
than the next survey point or the turning point. 

Once a suitable location for the level is determined, then the tripod is set with legs extended to a 
comfortable length.  The leg ends are pushed into the ground so that the platform remains fixed 
and approximately horizontal.  The level is then placed on the platform and secured with the 
locking nut.  The adjustment screws are adjusted to level the telescope portion.  The level bubble 
on the instrument should be checked periodically to verify the instrument has not been jarred. 

The telescope is then pointed at the benchmark, or reference point, and the level rod is set on this 
point.  The benchmark has a set elevation while the reference point has an assumed elevation.  
This is the starting reference elevation and all subsequent elevations are calculated from it.  
When the instrument-man is ready to read the rod, the rod-man will extend the rod as long as 
necessary, making sure the extension is correct.  The rod-man holds the rod facing the 
instrument while the instrument man directs him until the rod is perfectly parallel with the 
level’s vertical cross hair  The rod-man then swings the rod towards and away from the level.  
The instrument-man will then record the lowest reading observed during the swinging of the rod 
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to the nearest hundredth of a foot, in the BS column.  The hundredth readings on the rod are 
shown as the upper and lower contacts of the black tab on the white background. 

This height, when added to the reference point's elevation, will give the elevation of the 
telescope that is recorded as the HI. 

HI elevation  =   RP1 elevation  +  BS 

The telescope is then rotated to the next survey point, or turning point, while maintaining a level 
position.  The rod-man will then set the rod on the point and swing the rod back and forth while 
the instrument-man at the level takes the lowest reading and records it in the FS column.  The 
elevation of this point is calculated by subtracting FS from the HI elevation. 

TP1 elevation  =  HI elevation - FS 

If there are other points within measurable distance, then they will be measured similarly with 
the level at the same location unless the points are obstructed or are out of vertical range. 

A turning point (TP) is required when the level has to be moved to measure subsequent points.  
One of the measured points, or a new additional point, can be selected as a TP as long as an FS 
reading is taken.  The rod-man stays on the selected point after the FS reading is taken, and the 
level and tripod are moved around to an appropriate position that will have the telescope above 
both the TP, and additional survey points.  The instrument will be leveled as discussed earlier 
and a BS reading will be taken on the turning point.  This BS is taken so that an elevation (HI) of 
the new instrument position can be determined, and the elevations of any additional points can 
also be determined.  The new HI will be determined by adding the BS reading to the  TP's 
elevation, as noted below. 

HI elevation  =   TP1 elevation   +  BS 

The procedures described in the previous paragraphs will be repeated to determine elevations for 
all accessible survey points in the vicinity of this position.  If the level needs to be moved again 
in order to measure additional points, then another TP will be established as described above and 
measurements similarly taken. 

Level surveys must be closed by returning to the original reference point and recalculating the 
reference point using a FS measurement.  A survey at any site will not be considered complete 
until the survey is closed.  If the recalculated reference point elevation differs more than 0.02 of 
a foot from the initial elevation, then the calculations will be checked for errors.  If errors are not 
found for the elevation difference, then the survey shall be redone.  

The following is an example of a survey book entry for determining the elevations of three 
monitoring wells using one reference point and three turning points: 

STA.   BS    HI   FS STA. ELEV. 
 RP1  8.42  108.42       100.00  
 TP1    108.42  5.14    103.28  
 TP1  3.48  106.76      103.28 
 MW1    106.76  7.35      99.41 
 MW2    106.76  9.76      97.00 
 MW1(TP2) 8.49  107.90         99.41 
 MW3    107.90  6.44    101.46 
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 MW3(TP3) 4.68  106.14       101.46 
 RP1    106.14  6.14    100.00 

RP1- reference point/benchmark 
TP1- turning point  
MW1- monitoring well 

A remarks column may be useful beside these data columns.  Also general information that will 
be included are the date, site name, survey crew members, weather, time, and reference point or 
benchmark designation and elevation. 

1.4 Professional Surveying 
For most projects, the horizontal and vertical locations of all sampling points as well as 
important site features will be surveyed by a surveying firm licensed in the state of Georgia.  For 
the monitoring wells, the elevations of both the marked top of the well casing (measuring point) 
and the ground surface will be surveyed.  For the soil and other sampling locations, the 
elevations of the ground surface will be surveyed. 

Both latitude and longitude coordinates and the state plane coordinates will be calculated.  Both 
of these coordinate systems are based on North American Datum (NAD) 1983 Geographic 
Coordinates.  The vertical datum is the NGVD of 1929.  The horizontal control will be 
performed to the nearest 0.1 feet and the vertical control will be performed to the nearest 0.01 
feet. 

1.5 Global Positioning System 
1.5.1 Introduction 

GPS is a positioning and navigation system that does not require traditional survey techniques to 
attain accurate horizontal and vertical positions.  The positional accuracy that can be achieved 
with GPS ranges from 100 meters to millimeters.  GPS equipment is usually computerized and 
measurements are stored in data files.  Some GPS receivers allow attributes describing located 
features to be stored data files as well.  Introductory GPS textbooks or manuals will be consulted 
for a more detailed discussion.  GPS will be completed to establish positions, to within plus or 
minus one meter of truth, in the horizontal datum.  Attributes will be collected to update project 
databases.  If more precise horizontal, or any vertical measurements are needed, a registered land 
surveyor will be subcontracted.  All horizontal control will be surveyed to state plane 
coordinates and the vertical control will be surveyed to the NGVD. 

1.5.2 Terms and Definitions 

GPS Global Position System.  A system of satellites, receivers, and 
control mechanisms to provide location and navigation capabilities 
worldwide. 

Satellites Up to 24 NAVSTAR satellites compose the broadcast portion of the 
GPS.  Each satellite contains several high precision atomic clocks 
and radio transmitters to constantly send a dual frequency signal.  
The two frequencies allow for corrections to ionospheric signal 
interference. 
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Control  The NAVSTAR satellites require daily updates to maintain 
accuracy.  The U.S. Department of Defense (DOD) is responsible for 
maintaining upload, monitor, and control stations to update changes 
in position and timing to all satellites.  Satellites broadcasting 
erroneous signals are instructed to send an 'unhealthy' signal so that 
receivers will not use inaccurate signals. 

Receivers  Signals broadcast by the satellites are intercepted by GPS receivers.  
These receivers passively observe the signals and calculate a 
position in three dimensions.  The number of satellite signals a 
receiver is capable of recording simultaneously (the number of 
channels) is a measure of the quality of the receiver.  Receivers with 
more channels can receive more signals and provide more 
measurements used to calculate positions.  The position can be 
recorded and projected into various datum and coordinate systems 
for later use.  Some receivers are capable of recording attributes of 
features, as well as positions. 

Accuracy  Positional accuracy is affected by several factors.  Satellite clock 
errors, ionospheric delay, multipath, receiver noise, and orbital 
errors affect reported positions.  Multipath, the receipt of signals 
both from satellite and bounced from an obstruction, and receiver 
noise are dependent on the receiver used.  Clock errors, ionospheric 
delay and orbital errors are caused by satellites.   

Selective Availability DOD regards complete access to GPS signals to be a national 
security threat.  The GPS clock signals are altered to decrease 
accuracy in a program called selective availability (SA).  SA 
provides for national security and some utility to the private sector.  
Through SA, GPS signals are degraded to provide horizontal 
accuracy such that 95 percent of positions are within 100 meters of 
truth.  SA errors can be eliminated by using differential corrections. 
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Differential Corrections To remove the effect of selective availability, a second GPS station 
is required to record satellite signals during the time GPS is being 
used.  This second station, or base station, must be located on a site 
of known position.  The accuracy of this position directly affects the 
accuracy of positions derived from the primary GPS receiver, or 
rover.  Differential corrections involve applying the difference 
between reported satellite data and the known position of the base to 
the reported positions of the rover receiver.  This calculation can be 
done immediately, by broadcasting the base station signal to the 
rover, or by recording both rover and base station positions in files 
and correcting the rover positions after both files are available by 
conventional, non-broadcast methods.  The immediate calculation of 
differential corrections is called real-time differential corrections 
(RTDC). 

The distance between base station and rover is an important factor 
affecting the accuracy of differentially corrected signals.  The base 
station must record signals for all satellites the rover receiver uses to 
calculate positions.  This generally places the base station within 480 
km of the site in question.  This distance will assure most SA errors 
are removed and errors of five meters for 95 percent of the positions.  
This assumption includes a six-channel receiver capable of receiving 
signals from six satellites at once.  Accuracy within 480 km 
improves as the base moves nearer the receiver.  There is roughly 
one centimeter of degradation for every one kilometer of distance 
between the  rover and the base.  For submeter accuracy the 
maximum separation is approximately 50 km. 

1.5.3 Procedures 

A suitable base station will be established to assure that it is no further than accuracy 
requirements dictate.  This is 400 km for plus or minus five meters and 50 km for plus or minus 
one meter.  The base station will be operational during GPS operations and the logging interval 
will be established.  The GPS equipment will be checked for to assure there is adequate battery 
charge, spare charged batteries are available, and that the receiver/antenna is functional before 
attempting to use the unit.  Data requirements will be established prior to field activities, and 
appropriate data dictionaries(s) will have been loaded in the data logger.  If RTDC is being used, 
a check of this system will be made over a point of known position to verify the unit is accurate.  
Current GPS receiver documentation will be consulted to determine appropriate settings for the 
following: position dilution of precision, signal to noise ratio, elevation angle, logging interval, 
position mode, and minimum point positions. 

Once a feature to be located is found, the antenna will be placed as close as possible to the object 
and the range pole extended to clear local obstacles.  If antenna placement is further that one foot 
from the feature, an entry in the log book will be made to record the distance and compass 
heading of the feature from the range pole.  Positions and attributes will be recorded as the most 
recent documentation instructs. 
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1.6 Professional GPS Surveying 
During the project, surface and other features that have to be precisely located will be surveyed 
by a subcontracted RLS. The RLS will perform GPS surveys using equipment and procedures to 
assure the positional accuracy specified for each project and measurement activity in the 
contract.  Documentation of these procedures will be furnished to the contractor upon request.  
GPS measurements will be supplied in both hard copy and electronic form. 

1.7 References 
Moffitt, F.H., Bouchard, H., Surveying, Harper and Row, Publishers, New York, 1982. 

U.S. Environmental Protection Agency Region IV, Environmental Investigations Standard 
Operating Procedures and Quality Assurance Manual, Environmental Services Division, 
May 1996. 
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T N & ASSOCIATES, INC. 
STANDARD OPERATING PROCEDURE NO. IA9 

 
1.0 INTRODUCTION 

1.1 General Considerations 
This procedure covers the proper monitoring and handling of incidental radioactive materials 
encountered during soil sampling.  Under no circumstances shall work continue under this 
procedure when (1) whole body (approximately 3 ft from source) radioactive dose exceeds 
50 μR/hr or (2) if contamination levels exceed 20,000 dpm/100cm².  If these levels are exceeded, 
work on the contaminated item or area will halt.  American Ordinance will be contacted, and 
those personnel will control the contamination. 

While working with potentially contaminated soils, personnel must take all necessary 
precautions to ensure that no airborne hazard is created.  If necessary, sprinkle the soil with 
analyte-free water to reduce the amount of dust generated. 

1.2 Equipment 
Appropriate equipment shall be maintained on the site to determine exposure to radioactivity and 
to measure the amount of fixed and removable contamination on items.  The radiological survey 
equipment for the Line 1/Firing Site Investigation were chosen based on the survey instrument’s 
detection capability for depleted uranium (DU); the potential radionuclide distribution and/or the 
presence of multiple isotopes (i.e., U-238, U-234, U-235).  DU is signified by the reduction of 
the U-235 isotope below its natural abundance of 0.7%.  The abundance of U-235 in DU is 
typically on the order of 0.2 to 0.3%.  The specific activity of DU is 3.637 x 10-7 Ci/g with an 
approximate activity abundance of 92.18%, 1.49%, and 6.36% for U-238, U-235, and U-234, 
respectively. 

Radiological survey instruments will be calibrated in accordance with American National 
Standards Institute (ANSI) N323A, Radiation Protection Instrumentation Test and Calibration – 
Portable Survey Instruments (ANSI, 1997) for the spectrum of radiation energies expected.  
Also, the instruments will be operated and maintained by appropriately qualified personnel, in 
accordance with the designated procedures (e.g., physical inspection, background checks, 
response/operational checks, etc). 

• Dose Meter (Ludlum Model 19) 
• “Pancake” Meter (Ludlum Model 3 with 44-9 probe) 
• Tray Counter (Ludlum 2929 w/43-10-1 detector) 

Note:  Specific instructions for operating the instruments may be found in the manufacturer’s 
user manuals.  All instruments must be calibrated annually by an authorized vendor.  Calibration 
of instruments shall also include assignment of probe efficiency, if applicable. 

Additional items which are required include: 

• Cotton counting smears 
• Chemically treated dusting cloths 
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• Calculator 

2.0 INSTRUMENT SOURCE CHECK 
All radiological instruments must receive a daily source response check prior to use.  The source 
check will be performed according to the appropriate form located in Attachment A.  The 
following items will be checked: 

• Battery voltage is sufficient. 
• The instrument is free from physical damage that may affect operation. 
• Background count response is within manufacturer’s guidelines. 
• The instrument has been calibrated by an approved vendor within the previous 12 months. 

2.1 Background Checks 
Background checks will be performed at the same location in a reproducible geometry at the 
beginning of each  

survey day and any time the instrument response appears questionable.  Site specific instrument 
background will be established upon arrival at each site (e.g. Line 1 and each Firing Site) by 
performing a minimum of 10 each one minute background counts and computing the mean 
background value.  The acceptance criterion for a daily background check is established as 
± 3 standard deviations of the determined mean background value. 

2.2 Source Response Checks 
All radiological instruments will be source checked daily before use.  For the Line 1/Firing Sites 
investigation, the following check sources will be used: 

• Cs-137 for NaI and Dose Rate Meters 
• Tc-99 for beta detectors 
• Th-230 for alpha detectors 

Source checks will be performed at the same location in a reproducible geometry at the 
beginning of each survey day and any time the instrument response appear questionable.  Source 
check acceptance criterion is established as ± 10% of the known calibrated value. 

3.0 RADIOLOGICAL SURVEYS 
This section outlines the procedures used to survey items for fixed and removable contamination.  

To ensure that the instrument can detect radioactivity less than the release limits, the minimum 
detectable concentration (MDC) must be determined prior to surveying an item.  The MDC may 
be determined by using the following equation: 

FactorCorrection
EfficiencyInstrument

cpmBackground
cmdpmMDC ×

+
=

(%)
)(65.43

)100/( 2  

The correction factor is a dimensionless constant used to convert the probe size to the relative 
size of 100 cm².  For example, if the probe size equals 15.5 cm², the correction factor equals 
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6.45.  The above MDC equation is valid for a 1-minute background count time and a 1-minute 
sample count time.  Smears and large-area-wipes use a correction factor defined as 1. 

Fixed contamination is determined by a direct count of the item.  Removable radioactivity may 
be determined by wiping 100 cm² of the item with a cotton counting smear and assessing the 
amount of contamination transferred to the smear.  Large areas of items may be wiped with a 
dusting cloth; however, this method will only provide an indication of the presence of 
contamination and is not quantitative. 

The radioactivity of an item or a smear may be determined by using the following equation: 

FactorCorrection
EfficiencyInstrument

CPMBackgroundCPMInstrumentActivity ×
−

=
(%)

)(  

3.1 Soil Sampling Location Survey 
Soil surface scans for gross gamma radiation using a  2” x 2” NaI (Tl) shall be performed in the 
general area surrounding all sample locations.  Locations of identified elevated activity suggest 
possible soil contamination or the presence of DU fragments.  

All instrument response(s) shall be continuously monitored during scanning using the instrument’s 
audible signal. Scanning results shall be recorded in counts per minute (cpm) on field generated 
survey maps and/or in the field sampling logbook. 

The surveyor shall advance across the area to be surveyed in a straight-line path at a speed of 
approximately 2 ft/s (0.5 m/sec) while passing the detector at a height of approximately 10 cm 
over the surface in a serpentine pattern. Audible response of the instrument shall be monitored, and 
locations of elevated audible response noted.  The ambient background for the site shall be 
determined at the start of the survey and a scanning response of 2,000 cpm or greater above the 
background level, which is considered a detectable response, will be set as the action level.  It is 
assumed that above this action level there is a potential for a DU fragment or soil contamination in 
this location.  If the action level is exceeded in the general area of the soil sample location, the soil 
sample shall be moved to a new area that does not exceed the action level. 

3.2  Total Contamination Survey 
All soil samples will be screened in the field for gross beta contamination.  The background 
count rate at each sampling location shall be determined in the field at a location known to be 
free of contamination by taking a 1 minute static count.  A direct beta measurement shall be 
obtained for the soil sample after placement of the soil in the mixing bowl or sample container.  
The probe shall be held approximately 2 cm from surface of the soil and moved at a rate of 
1-2 inches/second.  A one-minute static count shall be obtained at the location exhibiting the 
highest reading during the scan.  An action limit of 1.5 times background has been established 
for this activity.  If a soil sample indicates a count rate at 50% greater than background, the 
action level has been exceeded.  If this level is exceeded the soil has a high probability of 
containing contamination in excess of background.  This sample should be returned to the 
sampling location.  All equipment and PPE used to obtain this sample should be bagged and 
American Ordinance personnel will be contacted to control the material.   The sample team shall, 
at a minimum, survey their hands, feet, face and any other areas coming in direct contact with 
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the soil.  The sample location should be moved and precautions taken to verify the area is free of 
contamination. 

3.3  Removable Contamination Survey 
All items which may have come in contact with contaminated material must be checked for 
removable activity before release.  Removable activity is that which can be easily removed when 
wiping a surface or through casual contact with the surface.  Smears shall be wiped over a 
100 cm2 area to collect samples representative of the removable contamination in the area to be 
surveyed.  The action limit for smears has been set at 20 dpm/100 cm2.  Items that exceed this 
limit should be either decontaminated and re-surveyed or controlled as radioactive material until 
decontamination can occur. 

3.4 Personnel Surveys 
All personnel who may have come in contact with contaminated samples must survey 
themselves before leaving the immediate area.  Personnel surveys will use the beta-detector to 
survey their face, hands, and feet.  The detector will be held approximately 2 cm from surface of 
the soil and moved at a rate of 1-2 inches/second.   If any detectable increase in the count rate is 
noted, the area will be re-surveyed.  If the activity is still present, baby-wipes or similar materials 
may be used to decontaminate the affected area.  In all cases of personnel contamination, 
American Ordinance must be contacted to verify that the person has been properly 
decontaminated, and that the decontamination materials are properly managed. 

4.0 REFERENCES 
ANSI N323A, Radiation Protection Instrumentation Test and Calibration – Portable Survey 

Instruments, ANSI, 1997  

CEMVS Input to the Line 1 and Firing Site Workplans, US Army Corps of Engineers, 2001. 

Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), NUREG 1575, 
December 1997. 

Termination of Operating Licenses for Nuclear Reactors, Reg. Guide 1.86, US Atomic Energy 
Commission, June 1974. 

Dangerous Goods Regulations, 42 Edition.  International Air Transport Association, 2001. 

49 CFR 173, Shippers – General Requirements for Shipments and Packages.
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RADIATION / CONTAMINATION SURVEY MAP 

 
FACILITY                                                             ROOM                         DATE                                       TIME                                    Page 1 of ___ 
PURPOSE                                                                                                                        RWP #                                                                          
INSTRUMENTS USED: TECHNICIAN (NAME, SIGNATURE) 
ALPHA SN                      BETA SN                                                                                                                            
MDC               DPM/1OOcm2  MDC               DPM/1OOcm2                                                                                                      
BKD                   CPM  BKD                   CPM                                                                                                       
DOSE RATE INST/SN                                                                                                                                                                                    
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Transferrable 
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REMARKS:  - survey location, _-air sample location, # - general area dose rate, -x-x-x-x- radiological boundaries, # @ c - dose rate at contact  - LAW location 
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 INSTRUMENT FIELD CHECK FORM 
 
 
INSTRUMENT TYPE:                               INSTRUMENT #:                        NEXT CALIBRATION DUE:                       
 
PROBE TYPE:                           PROBE #:                        SOURCE NUCLIDE: Tc-99   SOURCE ID #:                       
 
BACKGROUND RANGE:                cpm TO                  cpm SOURCE RANGE:                   cpm TO                  cpm 
 
HIGH VOLTAGE:                    THRESHOLD:            EFFICIENCY:                   TECHNICIAN:                                      
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RADCON INSTRUMENTATION MANAGER 
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 General Geology Scope 

 B- 1

0  Introduction.  This supplement serves as the specifications for 
accomplishing the geology related tasks identified in the Scope of Services, to 
which this supplement is attached.  All work shall be performed in accordance 
with this supplement unless otherwise specified in the Site Specific Section of 
the Scope of Services.  If there are any differences between this supplement 
and the Site Specific Section of the Scope of Services, the Architect-Engineer 
(A-E) shall implement the Site Specific instructions. 
 
The A-E shall disregard all sections of this supplement that do not apply to 
the tasks as outlined in the Site Specific Scope of Services.  For example, if 
no new monitoring wells are to be installed then the A-E has no reason to refer 
to the sections on monitoring well installation, construction diagrams etc. 
 
The Draft Project Report and Final Project Report referenced in this document 
shall be defined in the Site Specific Section of the Scope of Services.  If 
there are any questions regarding this supplement, the A-E shall contact the 
USACE Project Geologist for clarification. 
 
Regulatory Requirements.  Field investigation procedures shall be conducted in 
accordance with all federal, state, and local requirements.  If the 
specifications as set forth in this Scope of Services do not meet state or 
local requirements, contact the USACE Technical Manager (USACE-TM) for 
resolution of differences.  The A-E is responsible for determining applicable 
federal, state, and local requirements. 
 
  Quality Assurance/Quality Control.   
 

.0  A plan shall be submitted by the A-E for approval before any field 
work for the project is begun which addresses all quality assurance/quality 
control (QA/QC) procedures to be implemented in the field.  This plan shall 
comply with the appropriate regulatory requirements as referenced in the Scope 
of Services (SOS) for this project.  This plan shall include, at a minimum, the 
A-E's methods, equipment, and procedures for carrying out all field work 
including drilling, (sampling soil, sediment, groundwater, soil vapor and 
surface water, etc) monitoring well installation, well development, 
decontamination procedures, aquifer testing, geophysics, and surveying.  This 
plan is not a separate document.  This information shall be incorporated into 
the A-E work plans which address overall project QA/QC. 
 

.1  The A-E shall provide a qualified geologist or geotechnical engineer 
(Definition of "qualified"?) who shall be on site and responsible for all logging and 
sampling during all soil/rock sampling activities.  A qualified geologist shall 
be on site and responsible for all monitoring well drilling, installation, 
development and testing activities.  The qualifications of the on-site 
geologist and/or geotechnical engineer shall be included in the A-E work plans. 
 A person meeting these requirements shall be dedicated to each activity.  The 
A-E shall notify the U.S. Army Corps of Engineers (USACE) representative at 
least 1 week prior to the initiation of any field investigations so that a 
USACE representative can plan to be present for field oversight.  (Notify USACE if there 
is a change of personnel?) 
 
2   Soil Borings and Monitoring Well Borings.  Soil borings and monitoring 
wells may be required to investigate the vertical and horizontal extent of 
site-specific contaminants.  Soil samples for chemical analysis may also be 
required from borings drilled for monitoring well installations, as directed in 
the Site Specific Section of the Scope of Services.  Guidance for all field 
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activities may be obtained from USACE ETL 1110-1-154 (Feb. 1994):  "Standard 
Outlines for Scopes-of-Work for Investigations and Studies at Hazardous, Toxic, 
and Radioactive Waste Sites under CERCLA, RCRA, AND NEPA."  All borings for 
soil sampling and monitoring well installations shall be drilled and sampled 
according to the following requirements.  
 

.0  Utility Clearances and Permits.  The A-E shall be responsible for 
obtaining and coordinating all utility clearances and drilling permits.  If it 
is necessary to move a boring in order to avoid utilities, the A-E shall be 
responsible for relocating the boring to a suitable location which accomplishes 
the intent of the original location.  The new location shall be as close as 
possible to the original location.  Both locations shall be shown on the boring 
log.  The A-E shall take all reasonable precautions to protect persons and 
property near the drill site.  
 

.1  Drilling Methods .  All borings shall be drilled by a method of the 
A-E's choosing unless otherwise specified under the Site Specific Section of 
the Scope of Service.  The method(s) shall be proposed by the A-E and approved 
by the USACE Project Geologist prior to use.  The method(s) shall be discussed 
in the A-E work plans.  The drilling method must allow, or provisions must be 
made for, accurate determination of the depth to ground water surface.  If a 
well is to be installed in a boring, the boring shall be of sufficient diameter 
to permit at least two inches of annular space between the boring wall and the 
sides of the centered riser and screen.  The boring diameter shall be of 
sufficient size to allow for the accurate placement of the screen, riser and 
centralizers, filter pack, bentonite and grout.  The A-E's drilling method 
shall maintain the integrity of the borehole (i.e. prevent collapse) during 
backfilling or well installation.  No grease shall be used on drill pipe 
joints.  The use of any lubricants shall be submitted for approval in the A-E 
work plans and shall be noted on the boring logs.  The A-E shall provide 
documentation (brand name, chemical analysis of product composition, etc.) for 
all materials introduced into the boring during drilling, for approval prior to 
use. 
 
  3.2.1  Pneumatic/Air Methods.  To be completed-insert from EM (Why is 
this section needed?) 
 
  3.2.2  Aquifer Protection.  If other than the uppermost water 
            yielding zone is penetrated during drilling, precautions shall be 
            taken to prevent the downward (or upward) movement of any 
            contaminants.  The drilling method and procedure to be employed 
            shall be described in detail in the work plans for USACE review 
            and approval prior to field deployment. 
 
 
 3.3  Decontamination.  All sampling equipment shall be decontaminated 
      according to the requirements stated in the Chemistry supplement to this 
      Scope of Services.  All drill pipe, drilling tools, bits, etc. shall be  
       free of potentially contaminating materials (i.e. grease, oil, paint, 
etc.)        and shall be steam cleaned prior to use at each well/boring.  
Drilling 
      equipment that may potentially cross contaminate samples, such as auger 
      center plugs, core barrels, clean out bits, etc. shall be decontaminated 
      between each boring location.  The drill rig shall be steam cleaned prior 
      to use at each site if the project consists of more than one site.  The 
rig 
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      shall be free of leaks which could contaminate the holes (i.e. hydraulic 
      fluid, oil, gas, loose paint, etc.).   
 
 3.4   Geotechnical  Sampling  Requirements.  During drilling of all 
borings, soil sampling shall be performed at regular intervals to allow for 
accurate logging of the soil lithology and to obtain material for geotechnical 
testing.  Sampling may be performed using a split spoon sampler or thin wall 
(Shelby tube) sampler using the techniques given in ASTM D 1586-84 and ASTM D 
1587-94, respectively.  Other type samplers (California split tube, hollow stem 
auger continuous sampler, etc.) may also be used if included in the A-E work 
plans for approval.  All samplers used to collect samples for chemical analysis 
shall be stainless steel.  Samples to be used only for logging and geotechnical 
testing may be taken with sampling devices which are not stainless steel. 
  
  3.4.1  Unless otherwise indicated in the Site Specific Section of 
the Scope of Services, soil samples for lithologic logging shall be collected 
continuously for the first ten feet and every five feet for the remaining depth 
of each boring.  Material recovered from geotechnical sample intervals may also 
be utilized to meet the requirements for chemical sampling, i.e. a sample for 
geotechnical testing and a sample for chemical analysis may be taken from the 
same split spoon after the material is logged.  Where the material quantity is 
insufficient to meet all needs, samples for chemical analysis shall be 
collected first. 
  
  3.4.2   All soil samples shall be visually classified in the field 
using the Unified Soil Classification System (ASTM D 2488-93).  In order to 
verify the field classifications and to obtain additional data on the 
composition of the subsurface materials, the A-E shall retain samples for 
laboratory geotechnical testing.  Refer to the site specific section of the SOS 
for specific sampling and testing requirements.  This testing shall consist of 
Grain Size Distribution (ASTM D 421-85 & 422-63), Atterberg Limits (ASTM D 
4318-95), and moisture content (ASTM D 2216-92).  If multiple borings are 
performed at a site, the A-E shall attempt to select samples for geotechnical 
analysis which are representative of all materials on site.  In monitoring well 
borings, one sample shall be collected from the screened portion of the aquifer 
to confirm validity of the screen design.    
 
  3.4.3  Other Testing Requirements:  Bulk Density/TOC (Need to be stated in 
the site specific section?) 
 
 3.5   Logs.  All drill logs shall subscribe to the following 
requirements: 
 
  3.5.1  Logs shall be prepared in the field, as borings are drilled, 
by a qualified, experienced geologist or geotechnical engineer.  Each log shall 
be signed by the preparer. 
 
  3.5.2  All log entries shall be printed.  Photo reproductions shall 
be clear and legible.  Illegible or incomplete logs shall not be accepted.  One 
legible copy of each field log shall be completed and sent to the USACE within 
five days of completion of each boring.  The boring shall not be accepted by 
the USACE before the drilling logs are  received and approved.  
 
  3.5.3  Borehole depth information shall be from direct measurements 
accurate to one-tenth of a foot. 
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  3.5.4  Logs shall be prepared on the HTW Drilling Log form that 
accompanies this supplement. 
 
  3.5.5  All relevant information blanks in the log heading and log 
body shall be completed.  If surveyed horizontal control is not available at 
the time of drilling, location sketches referenced by measured distances from 
prominent surface features, shall be shown on, or attached to the log.  If 
vertical control is not available, the depth measurement shall be measured 
below ground (grade) surface. 
 
  3.5.6  Log scale shall be 1-inch = 1-foot unless otherwise 
specified in the Site Specific Section of the Scope of Services. 
 
  3.5.7  Each and every material type encountered shall be described 
in column c of the log form.  (Material types are to be logged directly from 
samples and indirectly interpolated using professional judgement, drill 
cuttings, drill action, etc., between sampling intervals.) 
 
  3.5.8  Unconsolidated materials shall be described as outlined 
below and in the following sequence: 
 
   3.5.8.1  descriptive USCS classification in accordance with 
ASTM D 2488 - 84; 
 
   3.5.8.2  consistency of cohesive materials or apparent 
density of non-cohesive materials; 
 
   3.5.8.3  moisture content assessment, e.g., moist, wet, 
saturated, etc.; 
 
   3.5.8.4  color; 
 
   3.5.8.5  other descriptive feature (bedding characteristics, 
organic materials, macrostructure of fine-grained soils e.g., root holes, 
fractures, etc.); 
 
   3.5.8.6  depositional type (alluvium, till, loess, etc.). 
    
   3.5.9  Rock materials shall be described in the sequence outlined 
below and in accordance with standard geologic nomenclature, including: 
 
   3.5.9.1  rock type; 
 
   3.5.9.2  relative hardness; 
 
   3.5.9.3  density; 
 
   3.5.9.4  texture; 
 
   3.5.9.5  color; 
 
   3.5.9.6  weathering; 
 
   3.5.9.7  bedding; 
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   3.5.9.8  fractures, joints, bedding planes, and cavities, 
including any filling material and whether open or closed;  
 
   3.5.9.9  Rock Quality Designation (RQD) 
 
   3.5.9.10  other descriptive features (fossils, pits, 
crystals, etc.). 
 
  3.5.10  Stratigraphic/lithologic changes shall be identified in 
column c by a solid horizontal line at the appropriate scale depth on the log 
which corresponds to measured borehole depths at which changes occur, measured 
 and  recorded to the nearest one-tenth of a foot. Gradational transitions, 
changes identified from cuttings or methods other than direct observation and 
measurement shall be identified by a horizontal dashed line at the appropriate 
scale depth based on the best judgment of the logger.  All lines shall be drawn 
with a straight edge and not by free hand.  
 
  3.5.11  Logs shall clearly show in columns e and f, the depth 
intervals from which all samples are retained, complete with sample number. 
 
  3.5.12  Logs shall identify the depth at which water is first 
encountered, the depth to water at the completion of drilling and the 
stabilized depth to water.  The absence of water in borings shall also be 
indicated.  Stabilized water level data shall include time allowed for levels 
to stabilize and amount of bore hole collapse. 
 
  3.5.13  Logs shall show borehole and sample diameters and depths at 
which drilling or sampling methods or equipment change. 
 
  3.5.14  Logs shall show total depth of penetration and sampling.  
The bottom of the hole shall be clearly identified on the log with the notation 
"Bottom of Hole." 
 
  3.5.15  Logs shall identify any drilling fluid losses including 
depths at which they occur, rate of loss and total volume lost. 
 
  3.5.16  Logs shall show drilling fluids used including, as 
appropriate: 
 
   3.5.16.1  source and volume of make-up water; 
 
   3.5.16.2  drill fluid additives by brand and product name, 
and mixture proportions; and 
 
   3.5.16.3  type of filter for compressed air. 
 
  3.5.17  Logs shall show depths and types of any temporary casing 
used. 
 
  3.5.18  Logs shall identify any intervals of hole instability. 
 
  3.5.19  Intervals of lost bedrock core shall be shown in column e. 
Intervals of intact soil sampling attempts shall also be shown in column e, 
including depths from which attempts were made and length of sample recovered 
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from each attempt.  Bedrock coring information shall be recorded in 
consecutively numbered runs in column h and shall include the following: 
 
   3.5.19.1  start and stop time of each core run; 
 
   3.5.19.2  depth to top and bottom of each core run; 
 
   3.5.19.3  length of core recovered from each run.  
 
   3.5.19.4  size and type of coring bit and barrel; and 
 
   3.5.19.5  measured depth to the bottom of the hole after core 
is removed from each run. 
 
  3.5.20  Any special drilling or sampling problems shall be recorded 
on logs, including descriptions of problem resolutions. 
 
  3.5.21  Logs shall include all other information relevant to a 
particular investigation, including but not limited to : 
 
   3.5.21.1  odors; 
    
   3.5.21.2  PID/FID measurements or other field screening or 
test results; and 
 
   3.5.21.3  any observed evidence of contamination in samples, 
cuttings or drilling fluids. 
 
  3.5.22  Copies of the field logs shall be included in the Draft 
Project Report and Final Project Report; drafted boring logs shall be submitted 
in the Final Project Report. 
 
 
 3.6  Backfilling.  All borings shall be backfilled with grout or tamped 
cuttings in accordance with the Site Specific Section of the Scope of Services. 
 Grout backfill shall be placed consistent with paragraph 4.6 of this 
supplement.  The borings shall be backfilled immediately after the sampling is 
completed unless saturated conditions have been encountered or a monitoring 
well is installed.  In borings encountering saturated conditions, a 24-hour 
ground-water level shall be measured  before backfilling.  Borings left open 
overnight shall be covered to lessen the potential for injury to personnel and 
to minimize the potential for any surface drainage entering the boring. 
 
 3.7  Site Restoration.  The site shall be restored to the condition prior 
to field work that is acceptable to the owner/base/facility within 5 days of 
the completion of the site investigation.  High visibility areas or high 
traffic areas shall be immediately restored upon completion of the site 
investigation.  Drums (if used) shall be staged to a pre-designated drum 
staging area specified by the owner as part of this site restoration.  The drum 
staging are shall be identified in the work plans.  The drums shall be placed 
on wooden pallets for temporary storage.  The USACE shall provide the final 
approval of the site restoration. 
 
3  Well Design and Installation.  The wells shall be constructed according to 
all applicable federal, state and local requirements.  If the specifications as 
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set forth in this Scope of Services do not meet regulatory guidance or 
requirements, contact the USACE Technical Manager (USACE-TM) for resolution of 
differences.  The A-E is responsible for determining all applicable regulatory 
agency requirements and for obtaining all state and local well permits required 
for wells with the yields anticipated during development and sampling.  
 
All well materials(Does this apply to "factory sealed" pipe wrapped in plastic?) shall be steam cleaned 
immediately before installation and shall remain clean until installed in the 
boring or the material shall be steam cleaned again.  The following 
specifications shall be followed except when site specific requirements may be 
different where noted in the Site Specific Section of the Scope of Services.  
The A-E shall provide documentation (brand name, sizes, etc.) for all well and 
seal materials that shall be used for well installation.  This data shall be 
presented in the work plan. 
 
  Well Riser.  Well riser shall consist of poly-vinyl chloride(PVC) or 
stainless steel.  PVC pipe shall be new, threaded, flush joint, and as a 
minimum, conform to the requirements of ASTM F 480-81 SDR 13.5 (Schedule 40).  
It shall bear markings that shall identify the material as that which is 
specified and shall carry the seal of the National Sanitation Foundation.  
Stainless steel pipe shall consist of new, flush jointed and threaded, type 
304, corrosion resistant steel.  Riser sections shall be joined by threaded 
flush-joint couplings with chemically inert O-rings, to form water-tight 
unions.  Adhesives or solvents shall not be used to join the casing sections.  
The use of Teflon tape on threaded joints is acceptable and shall be noted on 
the well construction log.  No lead shot or lead wool is to be employed in 
producing seals at any point in the well. 
 

.1  Well Screen.  The A-E shall have the responsibility of selecting the 
screened area of the borehole so that the completed monitoring well provides 
data which meets the project data quality objectives.  Well screen shall be 
constructed of the same size and strength material as the well riser.  The 
screen material shall be non-contaminating, non-clogging, continuous slot, wire 
wrap design.  All screen sections shall be threaded, flush joint design.  Field 
slotted or factory slotted screen is not permitted.  The slot size shall be 
determined by the A-E based upon available subsurface data and designed to be 
compatible with aquifer and gravel pack material.  For water table wells, 
normal, seasonal fluctuations in the water table elevation shall be taken into 
consideration when placing the well screen so that monitoring shall be possible 
throughout an average year.  Normal fluctuations shall be determined through a 
review of local well records and available literature.  Sediment traps (sumps, 
tailpipe) shall not be used in monitoring wells.  The procedure to be used in 
the field for determining the screen placement shall be presented in the A-E 
work plans. 
   

.2  Filter Pack.  The annular  space around the well screen shall be 
      backfilled with a clean, washed, well-rounded silica sand sized to 
perform 
      as a filter between the formation material and the well screen.  The 
grain 
      size of the filter pack which is used shall be included in the A-E work 
      plans (with selection rationale) and shall be shown on the well 
      construction log.  A grain size distribution curve for all filter pack 
      material shall be submitted by the A-E in the work plan and in the Final 
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      Project Report along with the well construction diagrams.  Unless 
otherwise 
      specified in the site specific SOS, the A-E shall collect and test for  
      grain size distribution a minimum of one representative sample of the 
      filter pack material to assure compliance with the work plan.  This 
sample  
      shall be collected at the site.  The filter pack material shall be 
tremied 
      into place to avoid bridging and ensure a continuous filter pack 
throughout 
      the screened interval of the well.  The filter pack shall extend 
      approximately 1 foot below, and 3 to 5 feet above the well screen.  If 
the 
      boring extends more than 1 foot below the bottom of the screen, the A-E 
      shall propose backfilling methods and materials in the A-E workplan. 
 

.3  Well Plumbness and Alignment.  All riser and screen casing shall be 
allowed to hang in tension during the installation process in order to be set 
round, plumb, and true to line.  A 10 foot long section of pipe, 1/2 to 3/4 
inch less in diameter than the inner diameter of the well riser pipe, shall be 
run through the entire length of the well to check the alignment.  The result 
of such test shall be recorded on the Daily Quality Control Reports and the 
installation diagram.  If the pipe does not pass freely for the entire depth of 
the well, the A-E shall replace or repair the well at no additional cost to the 
Government, if so directed by the Contracting Officer.  The pipe section shall 
be decontaminated with steam prior to the test.  Adequate precautions shall be 
taken to prevent cross-contamination of wells by changing the rope attached to 
the pipe or decontaminating the cable prior to each alignment test.  
 

.4  Bentonite Seal.  A 3-5 foot thick bentonite seal shall be  placed in 
the annular space above the well screen and filter pack sand.  The seal shall 
be composed of commercially manufactured sodium bentonite pellets .  Bentonite 
pellets shall not exceed one-half inch diameter.  The bentonite pellet seal 
shall be allowed to hydrate a minimum of 4 hours before grouting begins.  If 
the bentonite seal is positioned above the water table, the  bentonite shall be 
installed in 1-foot lifts with each lift hydrated a minimum of 30 minutes 
between lifts before proceeding.  Clean, potable water shall be added to 
hydrate the bentonite.  After the placement of the final lift, the  bentonite 
seal shall be allowed to hydrate an additional 2 hours before grouting begins. 
 
  4.5.1  The bentonite seal shall be placed immediately after 
            installing the filter pack, unless the well is going to be 
developed 
            prior to placement of the seals, in which case, the seal shall be 
            placed immediately upon completion of development. 
 

.5  Annular Seal.  Grout shall be placed by pumping through a side 
discharging tremie pipe with the lower end of the tremie pipe located within 3 
feet of the top of the bentonite seal.  Pumping shall continue until undiluted 
grout flows from the boring at the ground surface.  The annular seal shall be 
placed within 48 hours- but no sooner than 4 hours of the bentonite seal 
installation. 
 
  4.6.1  Cement grout shall be placed above the bentonite seal to the 
            ground surface.  The cement grout shall consist of a mixture of 
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            Portland Cement (ASTM C 150) and water in the proportion of not 
more 
            than 7 gallons of approved water per bag of cement (94  pounds).  
            Additionally, 3 percent by weight of sodium bentonite powder shall 
            be added unless prohibited by state or local regulations.  Grout 
            shall be placed by pumping through a side discharging tremie pipe 
            with the lower end of the tremie pipe located within 3 feet of the 
            top of the bentonite seal.  Pumping shall continue until undiluted 
            grout flows from the boring at the ground surface. 
 
 
  4.6.2  High Solids Bentonite Grout.  To be completed. 
 

.6  Protection of Well.  At all times during the progress of the work, 
precautions shall be taken to prevent tampering with the well or the entrance 
of foreign material into it.  Run-off shall be prevented from entering the well 
during construction.  Upon completion of the well, a suitable vented or loose 
fitting cap shall be installed to prevent material from entering the well.  A 
vent hole of 1/8 inch diameter shall be drilled into the cap.  The well riser 
shall be surrounded by a larger diameter protective non-corrosive steel or 
aluminum casing rising 2 to 3 feet above ground level and set an equal distance 
below the ground surface into the cement grout backfill.  The casing shall be 
installed in a manner that does not hinder access to the monitoring well for 
purposes of cap removal, taking samples or water level measurements.  The 
outside of all protective casings shall be painted a color specified by the 
USACE-TM.  Refer to Site Specific Section for color requirements (the default 
color = blaze orange).  The protective  casing shall be provided with a locking 
cap and lock.  The cap shall be designed to prevent water from entering the 
protective casing.  All locks shall be brass (non-rusting) and keyed alike.  
Three (3) duplicate keys shall be provided, two to the USACE-TM and one to the 
owner unless otherwise specified.  A minimum 2 feet by 2 feet square by 4 
inches thick concrete (cement, aggregate, water) pad, sloped away from the 
well, shall be constructed around the well casing with the top outer edge at 
the final ground level elevation.  Care shall be taken not to lock the concrete 
pad to the protective casing.  Three 2-inch diameter or larger concrete filled 
steel posts shall be equally spaced around the well and cemented in place 2 to 
3 feet below ground, outside the concrete pad.  The posts shall be a minimum of 
3 feet above ground.  The ground immediately surrounding the top of the well 
shall be sloped away from the well. 
 

.0  Flush Finish Completion.  Some wells may be required to be 
finished flush with the ground or pavement if they are in areas of heavy 
traffic.  This requirement shall be stipulated in the Site Specific Section of 
the Scope of Services or determined by the site owner.  If this is required, 
the A-E shall submit the proposed locations and flush mounted well designs in 
the A-E work plan for approval.  Flush finished wells shall also be equipped 
with a lock and shall be protected from the entry of surface fluids into the 
well.  Protective posts shall not be required on flush finished wells. 
 

.0  Airfield Pavements.  To be completed. 
 

.1  Cold Climate Completion.  In climates with alternating freezing 
and thawing conditions the well must be designed to minimize the potential for 
damage caused by frost heaving.  The A-E shall determine the frost heave 
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potential and include damage minimizing surface completion design details such 
as a gravel blanket in lieu of the concrete pad, in the A-E work plan.  
 

.7  Monitoring Well Installation Diagrams.  Suitable diagrams detailing 
the as-built configuration of each monitoring well shall be prepared for 
inclusion in the Project Report.  The diagrams shall be prepared by a qualified 
geologist present during all drilling operations.  Two legible copies of each 
field well installation diagram shall be completed and sent to the USACE within 
five days of completion of each well.  The well shall not be accepted by the 
USACE before the drill logs and installation diagrams are  received and 
approved.  Information provided on all diagrams shall include but not be 
limited to the following: 
 

.0  Project and site names, well number and the total depth of 
completed well. 
 

.1   Depth of any grouting or sealing, and the amount of cement 
and/or bentonite used, and the total boring depth. 
 

.2  Depth and type of well casing. 
 

.3  Static water level upon completion of the well and after well 
development. 
 

.4  Installation date or dates, and name of the driller and the 
geologist installing the well.  Each installation diagram shall be signed by 
the preparer.  
 

.5  All pertinent construction details of monitoring wells, such as 
depth, volume and description of all backfill materials installed (such as 
gravel pack, bentonite, and grout); gradation of gravel pack; length, location, 
diameter, slot size, material (PVC, etc.), and manufacturer of well screen(s); 
position of centralizers: and location of any blank pipe installed in the well. 
 

.6  Source and volume of water added during drilling and well 
installation. 
 
  4.8.8  Description of surface completion, including protective 
steel 
            casing, protective pipes, and concrete surface seal. 
 
  4.8.9  A description of any difficulties encountered during well 
installation. 
 
  4.8.10  Surveyed coordinates and elevation of top of ground and top 
of well riser where ground water is measured.  A notch or mark on the casing 
where ground water is measured should be noted.  (Generally, a mark or notch 
should be made on the north side of the casing.) 
 

.8  Temporary Capping.  Any well that is to be temporarily removed from 
service or left incomplete due to delay in construction shall be capped with a 
watertight cap and equipped with a "vandal proof" cover satisfying applicable 
state or local regulations or recommendations. 
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.9  Identification of Wells.  The A-E shall securely affix a permanent 
corrosion resistant tag to the outer steel protective casing of each well which 
clearly identifies the well number, depth, date of installation, the A-E 
company name  and the  top of riser measuring/point  elevation.  The well shall 
also be clearly identified as a ground water monitoring well, (or other type of 
well as applicable) either on the tag or by other means which must be approved 
by the USACE.  On flush finished wells, the tag shall be fixed to the inside of 
the cover and the outside clearly labeled as a monitoring well. 
 

.10  A-E Responsibility for Monitoring Wells.  It is the responsibility 
of the A-E to properly plan, design, install, develop, and test monitoring 
wells so that they are suitable to produce representative ground-water samples 
in sufficient quantity and quality for geochemical testing.  The A-E shall 
ensure that the intentions of this Scope of Services and best construction 
practices are carried out. 
 

.0  Well Replacement.  If the A-E, due to his inadequate design or 
construction, installs monitoring wells that are not suitable for their 
intended use or not in accordance with specifications, the Contracting Officer 
shall disapprove the well and direct the A-E to repair or replace it at the 
Contracting Officer's discretion.   This work shall be done at no additional 
cost to the Government. 
 

.1  Abandoned Wells.  If a monitoring well is disapproved by the 
USACE or is abandoned by the A-E for any reason, the hole shall be abandoned in 
accordance with paragraph: Well Abandonment.  Such work shall be done at no 
additional cost to the Government. 
 

.11  Well Development.  Within one week after each well has been 
constructed, but no sooner than 48 hours after grouting is completed, the A-E 
shall direct a program for the development of the well without the use of 
dispersing agents, acids, or explosives.  The A-E has the option of developing 
the well prior to placing the annular seal providing borehole stability can be 
maintained throughout the development and seal placement activities.  This 
should be considered if significant settlement of the filter pack during 
development is anticipated.  The objectives of well development are to: (a) 
assure that ground water enters the well screen freely, thus yielding a 
representative ground-water sample and an accurate water level measurement, b) 
remove all water that may have been introduced during drilling and well 
installation, c) remove very fine-grained sediment in the filter pack and 
nearby formation so that ground-water samples are not highly turbid and so that 
silting of the well does not occur.  Development shall consist of mechanical 
surging and bailing until little or no sediment enters the well.  This shall 
continue for a minimum of 2 hours.  Sediment that enters the well during this 
process shall be removed.  At the end of that time, the well shall be 
continuously pumped using an electric submersible, or pneumatic drive positive 
displacement or bladder pump.  Temperature, pH, specific conductivity, 
dissolved oxygen and turbidity shall be monitored during pumping (1 reading per 
well volume).  Pumping shall continue until these parameters have stabilized 
(less than 0.2 pH units or a 10 percent change for the other parameters between 
four consecutive readings) and the water is clear and free of fines.  If these 
parameters have not stabilized  after 4 hours of continuous pumping, then the 
USACE shall be contacted for further direction.  
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.0  If the addition of water is required to facilitate surging and 
bailing only formation water from that well shall be used.  If this is not 
practical due to tightness of the formation then only bailing shall be done.  
In all cases, the utmost care shall be taken not to collapse well screens 
during development activities and at least as much water as was introduced 
during drilling shall be removed from each well.  The A-E shall collect 
approximately 1 liter of the last water withdrawn from the well during 
development in a clear glass jar, label  and immediately photograph it with a 
35 mm color photo, and submit the photo as part of the well development form.  
The photograph shall be a suitably back-lit close up which shows the clarity of 
the water.  Fines remaining in the water shall not be allowed to settle out 
prior to taking the photograph.  The depth of any sediment which collects in 
the bottom of the jar after the sample is allowed to settle shall be noted on 
the Well Development Form.  The nephelometric turbidity of the water shall be 
determined in accordance with ASTM D-1899 and shown on the final Well 
Development Form.  Part of well development should be the washing of the entire 
well cap and interior of the well casing above the water table using only water 
from that well.  The result of this operation should be a well casing free of 
extraneous materials (grout, bentonite, sand, etc.).  This washing should be 
conducted during development, not after development is completed.  This washing 
should not be performed where free phase contaminants ( i.e. petroleum 
products) are present. 
 
       4.12.2  Surging and Bailing.  To be completed 
 
  4.12.3  Well Development Records.  A legible well development form 
shall be prepared and completed for each monitoring well installed.  The form 
shall be prepared by the geologist present during the well development 
operations.  A copy of the well development records complete with original 
photos shall be submitted to the USACE project geologist within 5 days of 
completion of well development activities.  A sample form shall be submitted in 
the A-E work plan.  Copies of the completed field well development records 
shall be included in the Draft Project Report and Final Project Report.   
Information provided on the well development record shall include, but not be 
limited to the following: 
 
   4.12.3.1  Name of project and site, well identification 
number, and date(s). 
 
   4.12.3.2  Date, time, and elevation of the static water level 
and bottom of well before development. 
 
   4.12.3.3  Method used for development, to include equipment, 
size, type and make of bailer and/or pump used during development. 
 
   4.12.3.4  Time spent developing the well by each method, to 
include the typical pumping rate if a pump was used in development. 
 
   4.12.3.5  Volume and physical character of water removed, to 
include changes during development in clarity, color, particulates, and odor. 
 
   4.12.3.6  Volume and source of any water added to the well, 
and chemical analysis of the added water. 
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   4.12.3.7  Volume and physical character of sediment removed, 
to include changes during development in color and odor. 
 
   4.12.3.8  Clarity of water before, during, and after 
development, including a backlit photo, and depth of any sediment which settles 
to the bottom of the jar containing the last one liter of water withdrawn from 
the well during development. 
 
   4.12.3.9  Total depth of well and the static water level 
immediately after, and 24 consecutive hours after development. 
 
   4.12.3.10  Readings of pH, specific conductance, temperature, 
dissolved oxygen, and turbidity taken before, during, and after development. 
 
   4.12.3.11  Name(s) and job title of individual(s) developing 
well. 
 
   4.12.3.12  Name and/or description of the disposal 
facility/area for the waters removed during development. 
 
   4.12.3.13  Photograph 
 

.12  In-situ Permeability Testing (Slug Testing).  After development of 
monitoring wells, the A-E shall determine for each new well at each site the 
in-situ permeability of the screened formation using an appropriate method.  
Slug tests shall be performed for all new wells at each site unless otherwise 
specified in site specific SOS.  The A-E shall propose the methods expected to 
be used and references for those methods in the A-E work plans.  No water or 
other liquid may be introduced into the well.  Only the rising head portion of 
slug tests shall be analyzed in well screened partially in the unsaturated 
zone.  All instrumentation and materials placed into the well shall be 
decontaminated according to the requirements given for sampling equipment.   If 
for any reason in-situ tests can not be completed at any well, the A-E shall 
contact the USACE TM immediately for instructions. 
 

.13  Water Source.  Water for drilling, steam cleaning and other 
necessary field activities shall be arranged by the A-E and approved by the 
USACE.  Chlorine-free water shall be used if a suitable source is available.  
The A-E shall be responsible for collecting and transporting all water to the 
drilling areas for required uses.  The A-E shall sample the water at each 
source and test it for the same parameters specified for ground water samples 
under the Site Specific Section of the Scope of Services.  In addition, a 
sample shall be obtained at the site from the delivery/transport vehicle and 
tested for the same parameters as the source sample.  This information and 
documentation of the source of the water (i.e. fire hydrant location, etc.) 
which was used and any impact it may have on any of the analytical results 
performed under this Scope of Services shall be included in both the Draft and 
Final Project reports. The A-E shall be responsible for providing any deionized 
water required to perform this work.   
 

.14  Monitoring Well Log Book.  A log book shall be prepared by the A-E 
for the purpose of maintaining a record of all personnel who access the 
monitoring wells.  The notebook shall be permanently bound and have at least 
one page for each well and shall contain the keys to the well caps.  The book 
shall be kept with  the site owner.   The log book shall include a listing of 



 
 

 

 General Geology Scope 

 B- 14

all existing and newly installed monitoring wells on the site or installation 
and shall identify their location by site location and/or number and horizontal 
coordinates.  
 
 A warning shall be clearly visible in the log book stating the 
responsibility of all individuals to use any special procedures required to 
protect the integrity of the wells and of the data obtained from them. The log 
book shall also contain a detailed description of the decontamination 
procedures required for any equipment that enters the well.  The book shall 
contain log pages that shall include, as a minimum, labeled columns for the 
date, individual's name and organization, well number, well location and 
purpose of activity performed (i.e. sampling, water level measurement, etc.), 
and the condition of the well.  The book shall be organized such that 
additional entries and new wells can be added at a later date. 
 
 If a log book already exists for the site or installation, the A-E shall 
add the data for newly installed wells to the existing book. 
 
4  Sampling Techniques - Equipment and Methods.  
 

.0  Soil Sampling.  Sampling for chemical analysis shall be performed 
using a stainless steel split-spoon sampler.  Alternate sampling methods may be 
proposed for approval in the A-E work plans.  Soil grab samples for volatile 
organic or semi-volatile analyses shall be obtained by sub-sampling the 
material retrieved in the split spoon.  Sub-sampling shall be done immediately 
upon opening the split spoon, and shall be done as soon as possible once the 
split-spoon sample is taken from the boring.  The portion of the split-spoon 
sample which represents slough shall not be sub-sampled.  The A-E is 
responsible to recover adequate soil volume for all analytical requirements.  
If the sample volume of the first sample is not adequate, another sample shall 
be attempted from immediately below the previous sample or from the same depth 
in a boring drilled immediately adjacent to the boring in which the sample 
failed.  This shall be done at no additional cost to the Government.  The A-E 
shall include in the A-E work plans methods to be used to recover additional 
samples which are consistent with the project data quality objectives.  Shallow 
soil samples for chemical analysis may be obtained with a stainless steel hand 
auger or a similar device if approved by the USACE Project Geologist in the A-E 
work plans. 
 
 Homogenizing (mixing)  of soil samples shall be performed in a stainless 
steel bowl using stainless steel stirring devices that have been decontaminated 
prior to each homogenizing  procedure.    
 
 Sampling equipment, sampling methods and decontamination procedures shall 
be clearly indicated in the A-E work plans. 
 

.1  Headspace Screening Method.  When the Site Specific section of the 
SOS specifies headspace screening, the A-E shall screen soil samples for 
volatile organic compounds in the field at the time of sample collection.  
Field screening shall utilize an organic vapor analyzer equipped with either a 
photo-ionization detector (PID) or a flame-ionization detector (FID).  If a 
high humidity condition exists during the time period when field activity is to 
be performed, the FID is recommended since a PID is not reliable screening 
instrument under these conditions.  The ionization potential of lamp for the 
PID shall be optimum for the contaminants of concern.  The A-E shall perform 



 
 

 

 General Geology Scope 

 B- 15

field screening in accordance with the following procedures unless alternate 
procedures are submitted and approved in the A-E work plans. 
 

.0  Immediately upon opening the split-spoon (or other sample 
retrieval device) and after collecting the volatile organic sample (if 
required), a representative portion of the sample shall be collected and placed 
in a clean, contaminate-free jar.  (The sample may be placed in a new, clean, 
plastic sandwich bag inside a jar to minimize the number of new jars required. 
 If the plastic bag method is utilized, readings shall be taken inside empty 
bags to ensure no external contamination is being introduced.) 
 

.1  If the volume of sample recovered is insufficient for all 
analytical requirements, then the material used in the headspace readings could 
be utilized for any non-volatile sampling requirements (i.e. the headspace 
material could be used to fulfill the geotechnical requirements).  NOTE:  If 
due to insufficient sample volume a additional sample was retrieved immediately 
below the initial attempt, an additional headspace reading is not required. 
 

.2  Seal each jar with at least one continuous sheet of aluminum 
foil, using the jar lid to secure the foil. 
 

.3  Vigorously agitate the sample jar for at least fifteen seconds 
and then allow a minimum of ten minutes (or as the environmental conditions 
dictate) for the sample to adequately volatilize. 
 

.4  During cold weather the samples shall be warmed to near room 
temperature prior to taking the headspace measurement. 
 

.5  Re-shake the jar and then remove the jar lid.  Quickly insert 
the vapor sampling probe through the aluminum foil and record the maximum meter 
response (which should be within the first two to five seconds).  Erratic 
responses should be evaluated in terms of high organic vapor concentrations or 
conditions of elevated headspace moisture. 
 

.6  Record headspace screening data on the boring log and any other 
appropriate documentation (e.g. sample transmittals, field notebooks, etc.) as 
appropriate. 
 

.7  The screening instrument shall be calibrated according to the 
appropriate standard span gas and shall be calibrated a minimum of twice daily 
and before use after a long shut down period (i.e. lunch breaks, equipment 
breakdowns, weather caused breaks, etc.). 
 

.8  If sample jars are to be re-used in the field, jars must be 
cleaned according to field decontamination procedures for cleaning of sampling 
equipment.  In addition, headspace readings must be taken to ensure no residual 
organic vapors exist in the cleaned sample jars. 
 

.9  Any deviation(s) from the approved procedures must be noted on 
the drill logs and the Daily Quality Control Report (DQCR) and a basis stated 
for the deviation(s). 
 

.2  Monitoring Well Sampling.  The A-E shall include in the A-E work 
plans all methods and equipment to be utilized in the purging and sampling of 
monitoring wells.  After development, all wells shall be allowed to stabilize 
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for a minimum of 2 weeks prior to sampling.  For all wells the A-E shall 
determine (measure and record) depth to water and the total well depth using an 
electronic water level probe to determine the water volume to be purged.  Prior 
to purging, determine the presence of Non-Aqueous Phase Liquids (NAPLs) at the 
top and bottom of the water column.  If NAPLs are present, contact the USACE-TM 
for further instructions.  The well shall then be pumped or bailed with clean 
equipment to remove a quantity of water equal to at least three times the 
submerged volume of the casing and screen.  The same parameters as specified in 
Paragraph: Well Development, shall be measured and recorded during the purging 
process.  Field parameters shall be measured at the start of purging and twice 
per casing volume removed.  Purging shall continue beyond three casing volumes 
until these parameters have stabilized (0.2 pH units or a 10 percent change for 
the other parameter between four consecutive readings).  The water sample shall 
be collected immediately after purging is complete.  If the well does not 
recharge fast enough to permit removing three casing volumes, the well shall be 
pumped or bailed dry and sampled as soon as sufficient recharge has occurred.  
Samples shall be drawn and placed in the appropriate sample bottles immediately 
upon receipt of water at the surface.  The samples shall then be placed 
immediately in a cooler with a temperature of 4°C.  Samples shall be packaged 
and shipped as specified in the Chemistry supplement to this Scope of Services. 
 Specific details are to be outlined in the A-E's work plans.  All data 
generated during purging and sampling shall be included in the A-E QCSR. 
 
  5.3.1  Purging and Sampling Utilizing Low Flow Pumps.  To be 
            completed. 
 
  5.3.2  Turbidity.  To be completed 
 

.3  Water Level/NAPL Measurement.  Immediately prior to purging and 
sampling monitoring wells (paragraph 5.3) the A-E shall conduct a complete 
round of groundwater elevation and Non-Aqueous Product Layer (NAPL) thickness 
measurements from all newly installed and existing wells at each site.  The 
water level, NAPL thickness (actual and apparent), time of measurement, well 
depth, weather conditions at time of measurement and date shall be recorded.  
Measurements from all wells shall be completed within the smallest time frame 
possible to reduce external variables (weather conditions).  A maximum 24-hour 
interval shall be accepted for all measurements.  This data shall be included 
in tabular form in the Draft and Final reports. 
 
5  Investigation Derived Wastes (IDW).  Drill cuttings, excess sample 
materials, drilling fluids, and water removed from a well during installation, 
development, and aquifer testing shall be disposed of in a manner prescribed in 
the A-E work plan.  Disposal shall be consistent with applicable federal, 
state, and local regulations or guidance.  (Reference EPA/540/G-91/009 
Management of Investigation Derived Wastes During Site Inspection)  The A-E 
shall develop field protocols to minimize the amount of waste generated and to 
segregate clean materials from potentially contaminated materials.  These 
protocols shall be described in the A-E work plans.  Site specific disposal 
options should be discussed with the appropriate regulatory agencies prior to 
their inclusion in the A-E work plans. 
 

.0  All materials generated during field activities which are segregated 
as potentially contaminated shall be placed in water-tight containers supplied 
by the A-E.  If drums are utilized, they shall be new, DOT and EPA-approved for 
transport of hazardous materials.  The use of reconditioned drums may be 
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proposed for approval in the A-E work plans.  Any drum used shall be sealed, 
labeled, and recorded so that its contents can be identified as to material and 
source.  At a minimum, drums shall be labeled as to type of material contained, 
site number and location, boring number (and depths for soils), A-E firm, point 
of contact and telephone, and date.  All materials shall be segregated in 
separate drums (i.e. soil, water, PPE, etc.).  Labelling shall be of a 
permanent nature, unaffected by exposure to outdoor elements for an extended 
period of time.  Labels shall be placed on the side of the drum and positioned 
so as to be easily viewed when drums are staged. 
 

.1  All potentially contaminated IDW shall be transported to a secured 
centralized location, on site, at the completion of each boring, well 
development, or purging event or daily unless otherwise specified in the Site 
Specific Section of the Scope of Services.  Drums shall be secured on wooden 
pallets and shall not be stacked.   The A-E shall include disposal methods for 
uncontaminated materials in the A-E work plans. 
 

.2  Results from laboratory analysis of soil and ground water samples 
collected during the field investigation shall be utilized to further segregate 
contaminated and uncontaminated drummed materials.  Drummed materials 
identified as clean shall be disposed of in the manner stated in the A-E work 
plans for uncontaminated materials.  Drums containing potentially hazardous 
materials shall be sampled to characterize the material for off-site disposal. 
 These analysis shall identify the potentially hazardous characteristics of the 
material, including flammability, corrosivity, reactivity, and TCLP.  The A-E 
shall utilize the analyses to prepare a waste manifest for ultimate shipment of 
the material to a TSD facility.  The A-E is  responsible for off-site disposal 
of any contaminated material.   The A-E shall determine the most cost-effective 
method of disposal and furnish an estimated cost to the USACE-TM. 
 
6  Well Abandonment.  All well abandonment procedures shall be in accordance 
with this SOS and/or all federal, state, and local requirements.  If the 
specifications as set forth in the Scope of Services do not meet state or local 
requirements, contact the USACE TM for resolution of differences.  The A-E is 
responsible for determining applicable federal, state, and local requirements. 
 For each well abandonment, the documents outlined below shall be completed.  
The A-E shall be responsible for submittal of all required documentation to the 
respective state agency and copies shall be provided to the USACE project 
geologist . 
 

.0  Well Abandonment Methods.  A description of the methods and 
procedures to be used for well abandonment shall be submitted with the A-E work 
plans.  The plans shall include, but not be limited to the following: 
 

.0  Applicable regulations. 
 
  7.1.2  Description of well abandonment procedures including 
drilling and placement of grout. 
 
  7.1.3  Description of drilling equipment. 
 
  7.1.4  Description of well abandonment material. 
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  7.1.5  Description of quality control procedures including depth 
measurements, placement of grout.  Also include example forms for well 
abandonment logs and diagrams. 
 

.1  Well Abandonment Records .  Well abandonment records summarizing the 
field performance of the items listed in paragraph 7.1  shall be prepared  by a 
qualified geologist or hydrogeologist present on-site during all well 
abandonment activities.  Copies of the records  shall be submitted in the draft 
and final reports. 
 

.2   Abandonment Procedures:  If there are no state of local regulations 
governing well abandonment, the following procedures shall be followed: 
 
  7.3.1  Materials Removal.  To be completed. 
 
  7.3.2   Grouting Procedures.   
 
   7.3.2.1  Grout.  Grout for well abandonment shall consist of 
the same mixture specified under paragraph: Annular Seal, of this supplement. 
 
   7.3.2.2  Grout Placement.  The grout shall be placed by 
tremie pipe, submerged in the grout at all times.  The tremie pipe may be 
raised as the grout is placed as long as the discharge end remains submerged in 
the grout.  The grout shall be placed from the bottom to the top of the hole in 
one continuous operation. 
 
7  Surveys (General).  All sampling locations shall be staked to facilitate 
subsequent surveying.  The A-E shall perform all surveys required for this 
project and shall supply this office with the original or a legible 
reproducible copy of the surveys and field books.  The surveys shall at least 
conform to the requirements stated in the following paragraphs. 
 

.0  Monitoring Wells.  Coordinates and elevations shall be established 
for each monitoring well.  The coordinates shall be to the closest one foot and 
referenced to the State Plane Coordinate System.  If the State Plane Coordinate 
System is not available an existing local grid system shall be used.  A ground 
elevation to the closest 0.10 foot and an elevation for the top of the well 
riser to the closest 0.01 foot shall be obtained at each well.  These 
elevations shall be referenced to Mean Sea Level, specifically to the National 
Geodetic Vertical Datum (NGVD) of 1983.  If the 1988 Datum is not available the 
NGVD 1929 Datum shall be used.  All positions and coordinates of all permanent 
points within the control traverse shall be shown. 
 

.1  Soil Borings/Sampling Points.  All soil sampling locations shall be 
located horizontally and vertically following procedures outlined in paragraph 
8.1 Monitoring Wells.   
 

.2  Physical Features.  At each site, all above ground and, where 
possible, underground physical features shall be either verified with previous 
mapping or determined as required.  All above ground physical features shall be 
located/verified to the nearest foot.  Permanent control monuments shall be 
placed in accessible locations within the limits of the work if existing 
permanent monuments are not located within 1000 feet of a site.  One set of 
monuments is allowable for adjacent sites.  These monuments shall be set no 
closer than 500 feet to each other.  
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.3  Documentation.  The location, identification, coordinates and 

elevations of the wells and monuments shall be plotted on maps with a scale 
large enough to show their location with reference to other structures at the 
individual sites.  A tabulated list of the monitoring wells and monuments, 
copies of all field books, and all computation sheets shall be prepared and 
submitted to the USACE-TM.  The tabulation shall consist of the designated 
number of the well or monument, the X and Y coordinates, and all the  required 
elevations.  These items shall be submitted to Omaha District no later than the 
Draft Project Report. 
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TNT EnS
SOIL TE
SYSTEM
RAPID FIELD SCREEN

User's Guide
IMPORTANT NOTICE

STRATEGIC DIAGNOSTICS INC.

®

S
T

The range of this test is between 1 and 30 ppm
TNT/TNB/DNT. The relative standard deviation is 8%
The least detectable concentration is 0.7 ppm (TNT).

This test system should be used only under the
supervision of a technically qualified individual who is
capable of understanding any potential health and
environmental risks of this product as identified in the
product literature. The components must only be used
for the analysis of soil samples for the presence of TNT.
After use, the kits must be disposed of in accordance
with applicable federal and local regulations.
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PHASE 1 TEST PREPARATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

ITEMS INCLUDED IN TEST KIT

o zeweu. sMpper pl""
J 1 AmpIR cra...
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ITEMS NOT INCLUDED IN TEST KIT
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READ BEFORE PROCEEDING
• For some matrices, air drying the soil samples may result in better TNT

recovery or more reproducible data.
• A slightly modified protocol should be used if the primary analyte of

concern is DNT. Please refer to the modification outlined on page 6.
• It is recommended that a control be fun each day. See page 8 for

instructions.

• SOl's EnSys® TNT Soil Test System is designed for use with either of
Hach models DR/2000 or the newer DR/2010 spectrophotometers.
Protocols for use of both instruments are prOVided in this User's Guide.
Ensure the instrument protocol followed is appropriate for the
instrument being used.

• The Hach DR/2000 is designed to turn off after a few minutes of
inactivity. Press the "READ/ENTER" key every few minutes to prevent
DR12000 from turning off. If DR12000 turns off, use Reference cuvette
to rezero. Newer DR/2000 models and the DR/2010 have an overide
"constant on" feature that allows the machine to run indefinitely. Refer
to the Instrument Operation: Spectrophotometer Setup section of the
HACH DR/2000 or DR120IO User's manuals.

If you are uSlng the TNT test in conjunction with the RDX test it is
important to save your sample extracts. They will be used in the RDX
test. Remember to cap the extracts tightly after use. An RDX kit
without extraction set-ups can be purchased specifically for this
purpose.
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PHASE 1 TEST PREPARATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

CLEAN CUVETTES

la Fill 2 Hach matched cuvettes with
approximately 5 mL water.

Ib Cap each with cuvette stopper plug
and. holding plug in place, shake
vigorously for 3 seconds.

Ie Empty into waste container.
Id Fill cuvettes with approximately 5 mL

acetone.
Ie Cap each with cuvette stopper plug

and, holding plug in place. shake
vigorously for 3 seconds.

I f Empty into waste container.
19 Repeat acetone wash (steps Id - If).
Ih Wipe outside of cuvette with paper

towels. Take care to especially clean the
side labeled" 25 mL" and the side
opposite.
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PHASE 1 TEST PREPARATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

READ BEFORE PROCEEDING
• Designate a "Reference" and "Sample"cuvette.

SPECTROPHOTOMETER PREPARATION
2al Turn on Hach DR/2000. The instrument will read

"SELF-TEST" followed by "Method?". Select
Method "0" and press the "READ/ENTER" key.
or

2a2 Turn on lhe Hach DR/201O. The instrument will
read "Self-Test V.xx",then "Enter Program #".
Press the IShift] key (do not hold) and then the
IABS/81 key. Note: Select Program # "0" may
also be used to select absorbance mode on the
DR/201O.

2b Rotate the wavelength dial until the small display
shows: 540 nm.

2e Fill both cuvettes with acetone to the 25 mL line.
2d Insert "Reference" cuvette into cell holder on Hach

DR/1000 or DR12010 with side marked "25 mL"
on the right.

2el Close light shield of the DR/2000 and press
"CLEAR/ZERO" key to establish the reference.
The display will read "WAIT" and then "0.000
Abs.".
or

2e2 Close the light shield of the DR/2010 and press the
IZEROj key. The display will read "Zeroing..... then
"0.000 Abs.".

2f Remove the "Reference" cuvette and place the
"Sample" cuvette in the cell holder.

2g1 On the DR/1000. press the "READ/E TER" key
and record the absorbance on the worksheet as
"Absbackground"·
or

2g2 On the DR/20lO, press the IREAD] key and record
the absorbance on the worksheet as
"Absbackground" .

2h If reading IS greater than 0.002 in magnitude
(+ or -), clean cuvelles and redo steps 2a . 2g.

2i Empty acetone from "Sample" cuvette into waste
container.
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PHASE 2 SAMPLE EXTRACTION & PREPARATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

READ BEFORE PROCEEDING
• Sample should be mixed to ensure a homogeneous sample.

WEIGH SAMPLE
3a Place an unused weigh boat on pan

balance.
3b Press ON/MEMORY button on pan

balance. Balance will beep and display
0.0.

3c Weigh out 10+/- 0.1 grams of soiL
3d If balance turns off prior to completing

weighing, use empty weigh boat to
rclare, then continue.

Weigh Boat

1:::><:::

EXTRACT TNT Wooden5pMa

sm....
fihk

.........tom'"
T,bo

""syri""

4a Measure 50 mL acetone in the SOmL
graduated conical tube.

4b Pour acetone into an extraction jar.
4c Using wooden spatula, transfer 10

grams of soil from weigh boat into
extraction jar.

4d Recap extraction jar tightly and shake
Vigorously for three minutes.

4e Allow to settle for five minutes.
Repeat steps 3a - 4e for each sample to
be tested.

..

FILTER SAMPLE
Sa Place tip of 30 cc syringe into liquid

above the sediment layer in the
extraction jar and draw up 25 mL of the
sample.

5b Screw the syringe filter onto the end of
the syringe.

5c Press the plunger firmly and dispense
the sample into the "Sample" cuvelte.

Page 5 of 12
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PHASE 3 SAMPLE ANALYSIS

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

READ SAMPLE

PM. 30985 Rev 7

6a Place the "Sample" cuvette in the cell
holder.

6b Press the "READ/ENTER" key and
record the absorbance on the
worksheet as "Absinitial" .

6c Remove the "Sample" cuvette from the
cell holder.

6d Add I drop of Developer Solution.
6e Cap the "Sample" cuvelte and shake

vigorously for 3 seconds.

DNT Analysis Note:
For analysis of samples containing
DNT. and/or where DNT
concentration is of concern, samples
must be allowed to develop for 10
minutes before reading sample
absorbance. This will not effect color
development for other nitroaromatics.

6f Remove the cuvette stopper and place
the "Sample" cuvette in the cell holder.

6g Press the "READ/ENTER" key and
record the absorbance on the
worksheet as "Abssample".

6h Clean cuvette between samples using
procedure in steps la - lh.

Page 6 of 12
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PHASE 4 INTERPRETATION

READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

INTERPRETATION OF RESULTS
73 Multiply the"Absinillal" value

for each sample by 4. Enter
these values on the
worksheet.

7b Subtract this value from the
..Abssamp,.," values for each
sample and record on the
worksheet.

7c Divide the adjusted sample
value by 0.0323 and record on
the worksheet. This value is
the TNT concentration of the
sample in parts per million.

Note: For sample
concentrations greater than
30ppm the sample extract
should be diluted with
acetone and reanalyzed.
Remember to multiply the
result by the dilution factor in
order to determine the correct
concentration.

Page 7 of 12
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CONTROL (QAlQC) CHECK
READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

Ampule
cracker

Bulb pipetll

TN' eenlrol

SOml
Gradualed

Conieal
T.be

2
3

• The TNT control is optional, but it is recommended
that it be run daily.

PREPARE CONTROL
1 Measure 50 mL acetone in the 50mL

graduated conical tube.
Pour into extraction jar.
Open TNT control ampule by slipping
ampule cracker over top, ana then
breaking tip at scored neck.

4 Transfer entire contents of TNT control
ampule into extraction jar using bulb
pipette.

5 Cap extraction jar and shake vigorously
for 3 seconds.

Elltracl.ion
jar

Oe,eloper
solution

I~
,

30 ee
syringe

ANALYZE THE CONTROL
7 Place tip of 30 cc syringe in extraction jar

and draw up 25 mL
8 Attach sr,ringe filter and dispense into

"Sample' cuvette.
9 Add 1 drop of developer solution.
10 Cap the cuvette and shake vigorously for

3 seconds.
11 Remove the cuvette stopper and place in

the cell holder.
12 Press "READ/ENTER" key and record

the absorbance on the worksheet as
"Ab "Sco11lrol •

Absorbance must be between 0.307 
0.373 for the test to be in control.
If test is not in control, clean "Sample"
cuvette, and then redo steps 7-12 using
the remaining liquid from the extraction
jar.

13 If test is in control clean "Sample" cuvette
before proceeding with samples.
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QUALITY CONTROL
READ ALL INSTRUCTIONS BEFORE PROCEEDING WITH THE TEST

System Description
Each SDI EnSyse TNT Soil Test System contains
enough material to perform twenty complete tests.
The TNT Soil Test is divided into fOUf phases. The
instructions and notes should be reviewed before
proceeding with the test.

Hotline Assistance
If you need assistance or are missing necessary Test
System materials. call toll free: 1-800-544-8881.

Validation Information
Product claims are based on validation studies carried
out under conlrolled conditions. Data has been collected
in accordance with valid statistical methods and the
product has undergone quality control tests of each
manufactured lot.
Strategic Diagnostics Inc. does not guarantee that the
results with the TNT Soil Test System will always agree
with instrument-based analytical laboratory methods. All
analytical methods, both field and laboratory, need to be
subject to the appropriate quality control procedures.

How It Works
Controls, Samples. and color"change reagents are
added to cuveUes. The concentration of TNT in an
unknown Sample is determined by evaluating how much
color is developed.

Quality Control
Standard precautions for maintaining quality control:
• Do not use reagents or components from one Test

System with reagents or components from another
Test System.

• Do not use the Test System after its expiration date.

• The sample must be analyzed immediately after
adding the Developer Solution.

• Results may not be valid if DRJ2000 reading for
Control is outside 01 the range of 0.307 - 0.373.

Storage and Hand ling Precautions
• Wear protective gloves and eye wear.
• Store kit at room temperature and out of direct sunlight

(less than 80"'F).

• If acetone comes into contact with eyes, wash
thoroughly with cold water and seek immediate
medical attention.

• Operate test at temperatures greater than 4" C/40' F
and less than 39" C/100" F.

• After use, dispose of kit components in accordance
with applicable federal and local regulations.

PIlf'1 • ~'i Fl_ 7
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ON·SITE QUALITY CONTROL/QUALITY ASSURANCE
RECOMMENDATIONS

SOl EnSys® TEST SYSTEM

Please read the following before proceeding with field testing.

SAMPLINC

The result of your screening test is only as valid as the sample that was analyzed. Samples should
be homogenized thoroughly to ensure that the 10 grams you remove for field testing is representative of
the sample as a whole. All other applicable sample handling procedures should be followed as well.

PRIOR TO TESTINC SAMPLES

Carefully follow the instructions in the User's Guide included with every test kit. This is the key
element in obtaining accurate results. In addition. store your unused test kits at room temperature and do
not use them past their expiration date (see label on each test kit).

INTERNAL TEST QC

One control is provided with each Kit to provide internal test system quality control. Test runs
resulting in a number that falls outside of the specified range should be repeated to ensure valid
conclusions.

QA/QC

The validity of field test results can be substantially enhanced by employing a modest, but effective
QAlQC plan. SOl recommends that you structure your QAlQC plan with the elements detailed below. These
have been developed based on the data quality principles established by the U.S. Environmental Protection
Agency.

A. Sample Documentation
1. Location, depth
2. Time and date of collection and field analysis

B. Field analysis documentation - provide raw data, calibration, any calculations, and final results of
field analysis for all samples screened (including QC samples)

C. Method calibration - this is an integral part of SOl tests; a TNT control analysis should be
performed daily (see the instructions in the User's Guide)

D. Method blank - field analyze fresh acetone
E. Site-specific matrix background field analysis - collect and field analyze uncontaminated

sample from site matrix to document matrix effect
F. Duplicate sample field analysis - field analyze duplicate sample to document method

repeatability; at least one of every 20 samples should be analyzed in duplicate
G. Confirmation of field analysis - provide confirmation of the quantitation of the analyte via

an EPA-approved method different from the field method on at least 10% of the samples; provide
chain of custody and documentation such as gas chromatograms, mass spectra, etc.

H. Performance evaluation sample field analysis (optional, but strongly recommended) - field
analyze performance evaluation sample daily to document method/operator performance

I. Matrix spike field analysis (optional) ~ field analyze matrix spike to document matrix effect
on analyte measurement

FURTHER QUESTIONS?

SOl's Technical Support personnel are always prepared to discuss your quality needs to help you meet
your data quality objectives. Call '-(800) 544-8881.

Page to of 12
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TNT SOIL TEST· ABBREVIATED PROCEDURE
-

STEP P-.L-O=C-E=D:=:lCR- E

• Clean cuvettes

1 • Zero the spectrophotometer at 540 nm

oAdd 10 9 soil and 50 ml acetone to extraction jar

2 o Shake 3 minutes, let settle

o Draw up 25 mL extract, filter into cuvette

o Read Abs innialo record

3 • Add 1 drop developer solution, shake

• Read Abs sample,record

o Multiply Abs initial by 4

oSubtract from Abs sample

4 o Divide by 0.0323

oTNT(ppm) = Abssample - (AbsiniliaIX4)
0.0323

Page II orl2

Parl • 30985 R"'" 7 SOl EnS~TNT Soil Test lJsef'5 Guodll 8121191



 



Work Plans for Supplemental RI for Line 1 and Firing Site (Including Historical Site Assessment) – IAAAP 

APPENDIX H 
COMPLETE ROUNDS MANUAL SUMMARY 
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INTRODUCTION TO AMMUNITION, EXPLOSIVES, AND WEAPONS 
PRODUCTION TERMINOLOGY 
The material in this section has been summarized from the IOWA Army Ammunition Plant’s 
(IAAAP’s) historical Document #113 and has been included to for the reader to better 
understand historical production line operations at IAAAP.  It was originally presented as a 
lecture for newly hired employees at IAAAP in the early 1940s.  The purpose of this document 
was to provide instruction about the types and functions of ammunition and explosives. 

A ROUND OF AMMUNITION AND HOW IT FUNCTIONS 

A round is composed of a shell containing shot or a bursting charge nosed with some firing 
device and having behind it other explosives in a container under the shell to propel it from the 
gun.  To be considered satisfactory, ammunition must be intense in its action and uniform from 
round to round; it must be safe to handle, transport, and store; it must be certain to function; and 
it must be produced speedily yet safely. 

Various kinds of shells and bombs and the devices that cause them to function will be described 
in the lectures which are to follow, after giving you a little more of the general picture. 

A complete round of artillery ammunition, such as this Plant will load and assemble, was 
recently described by General H. H. Zoring of the Ammunition Division in Washington, “The 
rookie pulls a lanyard to make a hammer strike the firing pin...the firing pin sets off the 
percussion element in the base of the powder charge…the percussion element ignites the 
primer...the primer ignites the propelling charges...the propelling charge burns into gas...the gas 
pushes the projectile out of the gun or cannon.  (The projectile does not explode in the gun 
because its gizzards are locked until it beings to spin while in flight.)  The centrifugal force 
created by the spinning action causes the locking jaws in the fuze of the projectile to spread 
apart, and the shell becomes “armed,” so that when it strikes in the enemy’s lines, the impact on 
the nose of the shell sets off the detonator...the detonator sets off the booster...the booster sets off 
the bursting charge...the projectile is blown to smithereens (sic), and its red hot fragments 
demolish the enemy!” 

The various production lines in this Iowa Ordnance Plant comprise shell and bomb loading and 
also the preparation, loading, assembling, inspection, packing, and shipping of fuzes, boosters, 
detonators, percussion elements, and artillery primers. 

The shells are of the heavy artillery type, ranging from 3 to 6 in. in diameter.  The bombs range 
from 50 to 6,000 lb each.  The large fellows are 3 ft in diameter and 14 ft long. 

The fuzes, boosters, and primers are small components, weighting from 1/2 to 5 lb, which go into 
the nose or base of the shell or bomb, according to the purpose for which each is intended.  
Detonators and percussion elements are quite small, but tricky, explosive parts that go into the 
fuzes, boosters, and artillery primers.  In addition to the foregoing, there are many tiny springs, 
arming pins, and other inert gadgets to be sorted and assembled. (Document # 113) 

EXPLOSIVES 

An explosive is a material that is not in its most stable form.  It cannot change of its own accord, 
but we can start the process by fire, or sometimes just by a spark, or by friction or shock.  A rise 
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in temperature or a blow applied to a small portion may also start the change.  When this 
transformation takes place, we have an explosion.  It is almost instantaneous, and an enormous 
quantity of heat and gas is liberated. 

Military explosives are divided into two classes: (1) High Explosives and (2) Low Explosives. 

High explosives include trinitrotoluene (TNT), tetryl, TNT-ammonium nitrate explosive (TNA), 
lead azide, mercury fulminate, amatol, picric acid, ammonium picrate, dynamite, etc.  In the 
fastest of these fast explosives, the change is practically instantaneous.  It is so rapid that we 
speak of it as a “detonation.”  This speed and violence make High Explosives unsuitable for use 
as propellants, because the shock would burst the barrel of a gun or rifle.  It is this characteristic, 
however, that makes such explosives useful for the bursting charges of shells and bombs in that 
they produce the necessary fragmentation to give great destructive results.  The word “brisance” 
is used to designate this breaking power.  It is derived from the French word, “brisser,” to break. 

Low explosives include Army black powder and nitrocellulose powders.  The action of 
nitrocellulose plastic base powders is more rapid than that of black powder; the shock of the 
explosion is sharper; and it is possible to add ingredients to control or modify the speed of 
reaction or the brightness of the flame.  Nitrocellulose explosives are very useful as “propellants” 
to fire bullets out of rifles and guns, one of the reasons being that they are relatively 
“smokeless.” 

Military ammunition must stand great heat or extreme cold, as well as rain and moisture.  Many 
commercial powders are taboo, because they contain ingredients that are unreliable under 
military conditions. 

Black powder and primer mixture are mechanical combinations of powdered substances.  At 
least one substance must be a material that burns easily, such as charcoal, antimony sulphide, or 
sulphur. 

Army black powder is a mixture of charcoal, sulphur, and potassium nitrate.  Changing the ratio 
of ingredients changes the burning rate.  Black powder is exploded by flame, spark, or friction. 

Primer mix contains potassium chlorate instead of nitrate and is easily exploded by friction or a 
very light blow. 

Such mixtures must be handled with great care whether loaded in dry or wet form.  They are 
used to start the explosive train of a propelling charge in a gun, or of the bursting charge in a 
projectile.  Carborundum or powdered glass is sometimes added to the formula to increase its 
sensitivity.  In some cases, the strength of the primer mixture is further increased by adding a 
little mercury fulminate, lead azide, or TNT – only 5 percent or 50 – and even this necessitates 
the greatest precaution in handling. (Document # 113) 

WEAPONS 

Ordnance is a general name for all kinds of weapons and appliances used in war.  This covers 
rifles and cannon; their mountings, their means of conveyance, their ammunition and other 
supplies, and also the machines, tools, and other facilities necessary to make and repair anything 
having to do with weapons. 
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Ammunition means projectiles such as bullets, shells, bombs, hand grenades, etc., with their 
necessary powders, primers, detonators, and fuzes. 

There are two kinds of ammunition: 

1. For small arms, which includes pistol, rifle, and machine gun cartridges and sporting 
ammunition and 

2. For artillery, such as shells and bombs. 

Artillery ammunition to be loaded at this Plant includes light, medium, and heavy shells, and 
demolition and fragmentation bombs.  While there is no assignment to make small arms 
ammunition here, the loading of complete rounds of shells and bombs involves the loading of 
many very small pieces that are components of the shell proper; so, as said before, there will be 
opportunities for all capable applicants.  For instance, we have percussion elements as small as 
3/10-in. diameter, of which 7,000 consume only one pound of explosive.  Or you might prefer to 
work on detonators, 1,000 for a pound; or boosters, which run anywhere from 10 to 100 for a 
pound of explosives; or primers, from 20 to 300 for a pound; and propellants, from 1/2 to 100 lb 
per charge; the shell proper, 2 to 200 lb; and finally, the bomb, from 20 to 2,000 lb each.  Of the 
latter class, those that are 23 in. in diameter are nearly 8 ft high.  They contain 1,077 lb of amatol 
for the bursting charge.  Yet that is not all; even before our 2,000-lb Bomb Line was finished, 
orders came from Washington to build and equip for loading bombs weighing up to 6,000 lb 
each.  

Munitions is a broader term than either “Ammunition” or “Ordnance” in that it covers military 
materials of all kinds. 

Artillery is a general name for relatively heavy weapons such as cannon, guns, howitzers, and 
mortars with their equipment of carriages, shells, and conveyances and the personnel to operate 
them. 

Light artillery comprises the 75mm. field gun (3-in. bore) and the 105mm. howitzer (4.2-in. 
bore), both of which are mobile. 

Medium and heavy Artillery.  The 155mm. gun and 8-in. howitzer are classified as “medium” 
and anything larger as “heavy artillery.”  The most powerful mobile gun of the U.S. Army is the 
14 in. on railway carriage.  The 16 in. mounted on a barbette is the largest of all. 

Howitzer is a relatively short-barrel cannon that fires a heavy projectile at high elevation 
(high-angle fire) with a comparatively small propellant charge and low muzzle velocity in 
contrast to the ordinary field gun, which fires a lighter projectile at low angular elevation (direct 
fire) with a large propellant charge and high muzzle velocity.  In most armies, one-fourth of field 
artillery consists of howitzers and three-fourths of guns. 

Trench mortar is a very light weapon that an infantryman carries into the front trenches where 
it performs work similar to that of a small howitzer in support of the infantry.  It has a smooth 
bore and is loaded by dropping the round into the muzzle.  When the shell or bomb reaches the 
bottom, it strikes a firing pin, which sets off the primer.  This ignites the propellant charge, 
which hurls the bomb into enemy territory.  The empty tail fin assembly, which held the powder, 
leaves the mortar because it is fastened to the rear of the projectile.  Thus, the mortar is left clear 
and ready for another round. 
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The following descriptions are quoted with some alterations from “Elements of Ordnance” by 
Colonel Thomas J. Hayes, published in 1938 by John Wiley & Sons, Inc.: 

Shrapnel is a projectile designed to carry a large number of spherical shots and discharge them 
over an extended area.  The shrapnel body is a drawn-steel tube with solid base.  A diaphragm 
divides it into two parts – the base cavity that contains a bursting charge of black powder, and 
the space above the diaphragm filled with ½-in. shrapnel balls composed of lead alloyed with 
antimony. 

When the gun is fired, the shock of discharge arms the fuze and ignites a powder train.  This 
train can be adjusted to burn for a desired number of seconds and is set to explode when the 
projectile reaches some point above and in front of the target.  The explosion of the base charge 
does not rupture the case but ejects the diaphragm, balls, head, and fuze.  Because of the rotation 
of the projectile, the shrapnel balls are dispersed to right and left. 

SHELL 

Shell is another kind of artillery projectile.  Shells are classified as low explosive, high 
explosive, armor-piercing, and chemical, according to the charges they contain and their uses. 

Low-explosive shells contain black powder bursting charges.  They are used in 37mm. and 
2.24-in. guns. 

High-explosive shells are used primarily for fragmentation or demolition. 

Chemical shells are filled with chemicals that start fires, make smoke screens, or release gasses 
which attack the human body.  They are similar to high-explosive shells in design and size.  The 
filler may be either solid or liquid.  They have fuzes with superquick action to make them burst 
above ground.  For small shells, the burster is tetryl, but large shells use both tetryl and TNT. 

Armor-piercing shells are used to penetrate the armor of ships and explode inside.  They are 
equipped with delay-action base fuzes and must have sufficient strength to pierce armor plate at 
battle ranges without breaking up and still be in good condition for effective delayed action. 

To obtain this strength, the shell is constructed of forged alloy steel, heat-treated to produce the 
best combination of hardness and toughness.  The walls are relatively thick; the explosive cavity 
is small and extends only about half the length of the projectile proper. 

Deck-piercing shells have thinner walls and more space for the explosive.  They are designed 
for use in seacoast mortars and for plunging fire against the thinner deck armor ships. 

Trench mortar shells are streamlined projectiles that are stabilized in flight by tail fins.  Three 
types are used: high explosive, smoke, and practice. 

BOMBS 

The standard types are fragmentation, demolition, chemical, practice, drill, and gage. 

Fragmentation.  Destructive effect of this type is obtained largely by scattering the fragments of 
the bomb case and other metal components at high velocity.  It is used primarily by attack 
aviation against ground targets, such as personnel, animals, light material targets, etc. 
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Demolition.  The most important type of explosive bomb is designed for the destruction of 
material targets.  It is thin-walled to permit a maximum charge, but it must have sufficient 
strength to withstand impact against hard-surface targets and penetrate them intact before delay-
action detonation takes place. 

Chemical bombs are filled with agents that produce effects similar to those just described under 
“Chemical shells.” 

Practice bombs are used for training in marksmanship and in the operation of the safety and 
arming features of bomb racks. 

Drill and gage bombs are standard bombs loaded with inert materials equal in weight to the 
regular powder.  Drill bombs are used for training purposes in fitting fuzes, handling and loading 
bombs on airplanes, and for bomb practice.  Gage bombs are used in testing bomb racks, release 
mechanisms, etc., to see that they are of proper size. 

COMPONENTS OF SHELLS AND BOMBS 

Fuzes 

The word “fuze” means something that starts an explosion.  It is an initiator that detonates and is 
used for ordnance purposes.  It may be the slow-burning type or the instantaneous type, fired by 
electrical, mechanical, or chemical means.  

In general, there are three ways in which fuzes act: 

1. To cause the shell to explode immediately upon impact, giving a destructive surface effect. 

2. To cause the shell to ignite upon impact and then explode after a predetermined short or long 
delay.  Each enables the shell to burst after penetrating earthworks or concrete or a sheet of 
steel plates.  The short delay is much used for shellfire that strikes the ground a short distance 
in front of the enemy’s position, then ricochets or bounces off the ground and bursts a short 
distance further on just over the enemy’s head. 

3. To cause the shell to burst mid-air before striking any target, as used for shrapnel, anti-
aircraft, and high-explosive shellfire. 

Superquick (SQ) fuze.  When the fuze acts so quickly that the shell explodes before it begins to 
penetrate the target, it is called an SQ fuze. 

Point-detonating (P.D.) fuze.  When the fuze is screwed on the nose of the shell, it is known as 
a P.D. fuze. 

Base-detonating (B.D.) fuze.  When fitted into the base of the shell, the fuze is called a B.D. 
fuze.  In each case, a firing pin strikes a detonator at the instant the shell strikes the target. 

Delay-action fuze.  This type of fuze takes a definite time before “flashing” the fire into the rest 
of the fuze.  All fuzes of a given designation have the same delay interval.  The firing pin strikes 
a primer that ignites a black powder pellet adjusted to take the desired burning time. 

Time fuze.  This fuze is used when the shell is to explode mid-air before striking the target.  
Firing the gun causes a primer to ignite a train or ring of Army black powder that the 
artilleryman adjusts for burning time.  Time fuzes are chiefly used for shrapnel that must explode 
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above the target and for anti-aircraft work or against personnel.  Time “rings” are “set” by the 
gunner immediately before firing. 

The fuze is screwed into the shell or bomb and staked there for keeps.  Details of fuze 
construction will be described in subsequent lectures. 

We will now consider some components. 

Detonators are small cylinders or capsules containing explosives.  Some are arranged to fire 
when struck by a firing pin; others are fired by the flash from a relay cup that passes the fire on 
from a primer. 

Delay is a pellet of compressed Army black powder often used to delay the explosion of a shell 
or bomb.  The primer fires the delay pellet, which takes an appreciable time to burn through and 
pass the flash on to the relay and so to the bursting charge. 

Relays are small aluminum cylinders filled with lead azide.  A relay receives a flash from a 
primer or a delay element, boosts it, and passes it on to the next element in the explosive train. 

Percussion elements perform like the “cap” on Grandfather’s muzzle-loaded shotgun which, 
when hit by the hammer, exploded and fired the adjacent charge of gunpowder.  It consists of a 
small metal cup containing friction mixture or “Primer Mix” pressed in place with a thin paper 
cover.  Afterwards, an anvil is squeezed in to partly close the top of the cup and keep the powder 
in place.  In artillery work, these little elements are used at both ends of the job – in the bottom 
of the cartridge case to get the shell out of the gun or mortar, as well as, in the fuze on the nose 
of the projectile to start the train of explosives. 

Percussion primer in small arms is called a percussion cap as explained above, and the slightly 
different type used in fuzes is called a percussion element. 

Artillery primer is a combination of a percussion element and a brass cylinder with perforated 
walls, which is charged with black powder.  The percussion element is struck by the firing 
hammer, explodes, and ignites the black powder in the cylinder. In turn, the cylinder fires the 
smokeless powder in the cartridge case in the shell. 

Booster cups and boosters are found with every artillery fuze. The fuse has a booster cup 
containing a large charge of tetryl that increases enormously the initial impulse received from the 
fuze train and insures complete detonation of the bursting charge of the shell.  Sometimes the 
booster cup has an intermediate booster to step up the fuze train and to act as a safety device to 
prevent premature firing.  Strictly speaking, both these things are boosters, since each of them 
“boosts” the detonation, but technically, there is a difference; the booster has a safety mechanism 
with a detonator, and the booster cup is merely a cup that contains a large pellet of tetryl or some 
other brisant explosive. 

Cartridge case is the propellent charge, usually smokeless powder, that projects the shell out of 
the gun and is loaded in a cylindrical brass container or cartridge case which fits the bore of the 
gun.  In “fixed ammunition” the case with its propellent charge is rigidly fastened to the 
projectile, the shell being swaged into the open end of the case after both are loaded.  In the 
bottom of the case is an artillery primer containing Army black powder.  This primer is headed 
with a percussion element that, as said before, contains an anvil and some friction mixture which 
ignites “when the rookie pulls the lanyard, which releases the trigger to do the dirty work”. 
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Increments in “semi-fixed ammunition,” the projectile is separate from the case that contains the 
propellant in small silk bags, four or more of them, called “increments.” One or more of them 
may be removed to shorten the range of fire.  Increments are also attached to the stabilizer or tail 
fins of bombs for trench mortars.  This gives the infantryman a ready means of altering the range 
of fire. (Document # 113) 

LOADING HIGH EXPLOSIVE SHELLS AND BOMBS 

When received at the Plant, the shells have either wooden or metal shipping plugs screwed in the 
nose, and the first process is removing these plugs.  This is a machine operation.  The removers 
have steel points attached to a revolving shaft, and these engage the plug and unscrew it. 

From the receiving building, the shells are carried forward to the Painting Building and to each 
successive stage on conveyor lines, which finally converge in the Packing and Shipping 
Building. 

After being painted and warmed, the shells are conveyed to the Melt Loading Building where the 
prescribed charges are run into the shells. Sometimes the charges are straight TNT and 
sometimes a mixture of TNT and ammonium nitrate, called amatol, varying in proportions from 
50-50 to 80-20.  The mixture is prepared by melting TNT and incorporating ammonium nitrate 
with it for a length of time sufficient to ensure that each grain of ammonium nitrate is thoroughly 
coated with TNT. 

The ammonium nitrate is crushed and dried before mixing.  The TNT is melted, and the two are 
mixed in the kettle room.  The kettles have hot water jackets heated by a steam coil within the 
jacket, and each kettle is about 1,800 lb. A melt is dropped about every 30 minutes.   When a 
mixture is used, the amount of TNT needed is first melted in the kettle and then hot ammonium 
nitrate is added until a full charge of proper proportions is obtained. 

When TNT is poured, the material is drawn off into stirring tubes.  Stirring is necessary because 
the rapid crystallization of TNT, when cooling begins, might cause cavitation in the charge.  
Cavitation means the formation of cavities in the material due to shrinkage as it solidifies.  The 
material is, therefore, stirred with wooden or aluminum paddles to break up large crystals into 
smaller crystals and give a more even charge.  The explosive is then drawn off into buckets for 
pouring into the shells. Before the pouring process, the empty shell bodies, are cleaned of dirt 
and grease with a 15 percent caustic soda solution, which is sprayed into the shell through a 
spray nozzle.  On the way to the pouring room, under certain atmospheric conditions, the shells 
may have to be preheated in a specially designed apparatus so that they will not sweat in the 
pouring process.  When assured that the inside of the shell is thoroughly dried and at comfortable 
room temperature, a funnel is placed in the nose of each shell.  The charge is poured through the 
funnel in small quantities with a short interval between each pouring.  In the case of a 75mm 
shell, there is only one pouring.  When straight TNT is used, it is poured to the height of the 
bourrelet.  Then straight TNT is poured to the top of the funnel.  This method permits reasonably 
rapid production.  The portion of the explosive in the funnel is termed the “riser,” and the 
purpose of filling above the shell is merely that the point of extreme crystallization, which takes 
place rapidly when the explosive is exposed to air, may be above the outside of the shell itself.  
To further reduce the possibility of cavitation when 50-50 is poured, a soft rod about 3/8-in. in 
diameter is puddled into the shell charge just after the pouring and withdrawn in a few seconds, 
thus having a tendency to make crystallization uniform throughout.  Results have shown that, 
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when skillfully done, this so-called “puddling” produces a charge even texture and the specified 
density. 

After the charge is poured, the solidified riser head is removed and reused later. The use of a 
50 percent proportion is permissible, provided that it is accomplished within 48 hours of the 
original pouring. 

The shells now go to the cooling room where they are stored until completely cooled.  Small 
ones take 8 or 9 hours, and big ones require several days.  They are then drilled to receive the 
booster; the thread is thoroughly cleaned and vacuumed to remove all explosive that may have 
collected. Then, in the event that the booster is not placed immediately, the cavity for the booster 
in some shells is shellacked for waterproofing purposes.  In other types, a hard plastic liner cup is 
inserted to prevent chemical reaction between the bursting charge and the soft metal of the 
booster cup. 

While all this work on the “business end” of the shell is going along on one Line, the large 
cartridge cases are being loaded with projection charges in a separate line of buildings.   

The cartridge case is filled with smokeless powder on automatic weighing machines.  The shell 
bodies and cartridge cases then go to the Assembling Building, where they are partly assembled 
by hand and finally fastened together in an assembling and crimping machine.  Gauging and 
weighing come next, and then the shells are taken to the building where the booster is placed in 
the cavity.  They are then sent on skids to the Packing Building and on to the Shipping Building. 

Fire prevention precautions are carried out rigidly.  By maintaining cleanliness, plant protection 
is strictly enforced.  Operating buildings are frequently and thoroughly inspected to see that no 
rubbish accumulates. 

Buildings where TNT is poured undergo constant cleaning and are flushed out with steam daily.  
Exhaust air systems are installed to carry away the fumes and dust.  A safety patrol attends to the 
cleaning up of TNT dust and the clearing away of waste.  (Document # 113) 
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Appendix J  Complete Historical Drawings Summary for Line 1 
 

 
TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable 

2000114-5050-LINE1-1940-S-0060.TIF 6987-176 Construction Details 1940 Typical wall bracket and concrete 
anchor details. 

N 

2000114-5050-LINE1-1941-S-0007.TIF 6987-650 T.N.T. Pouring Bench 1941 Plan and elevation drawing of 
explosives pouring bench. 

N 

2000114-5050-LINE1-1941-S-0008.TIF 6982-1037 Main Sanitary Sewer - 12" Profile 1941 Sewer line profile for Line 1 sewer 
main. 

Y 

2000114-5050-LINE1-1941-S-0009.TIF 6987-1684 Elevation & Location of Sewer Laterals 
Groups 1-2-3 

1941 Elevations and descriptions of sewer 
connection laterals. 

Y 

2000114-5050-LINE1-1941-S-0020.TIF 6907-278 Foundation Plan & Details for 50'x500' 
Inert Storage Building 

1941 Part 1 of extra wide drawing showing 
foundation plan and details for Inert 
Storage Buildings at Yard L, Line 1, 
Line 2, and Line 3. 

N 

2000114-5050-LINE1-1941-S-0021.TIF 6907-278 Foundation Plan & Details for 50'x500' 
Inert Storage Building 

1941 Part 2 of extra wide drawing showing 
foundation plan and details for Inert 
Storage Buildings at Yard L, Line 1, 
Line 2, and Line 3. 

N 

2000114-5050-LINE1-1941-S-0025.TIF 6987-785 Proposed Drainage Structures Track I 
Group II Sta. 26+80 & 122+80 

1941 Plan and elevation drawing of culverts 
beneath rail tracks. For drainage 
southwest of Line 1. 

N 

2000114-5050-LINE1-1941-S-0030.TIF 6987-997 Group I, II, and III Wash Rack for 
Equipment 

1941 Typical wash rack building layout for 
Line 1, Line 2, and Line 3.  Drawing 
shows floor drain and sump. 

Y 

2000114-5050-LINE1-1941-S-0032.TIF 6987-1440 Detail of Exhaust Piping Melt Load 
Buildings: 1-05-1, 1-05-2, 2-05-1, 2-05-2 

1941 Drawing was a plan drawing that has 
been marked void. 

N 

2000114-5050-LINE1-1941-S-0034.TIF 6987-1727 Table & Tank for Wash Rack on Ramp 
No. 1-82-13 

1941 Typical drawing for two identical tanks 
to be installed at wash rack on Line 1.  
Material to be stored in tank is not 
specified. 

Y 

2000114-5050-LINE1-1941-S-0049.TIF 6987-399 1-10 Drilling & Boostering Building Plan 
& Elevations 

1941 Part 1 of extra wide drawing.  Building 
plan and elevations for Bldg. 1-10 at 
Line 1.  Drawing shows conveyor 
locations and location of each 
drilling/boostering room. 

Y 
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Drawing Title 

Drawing 
Date 
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Applicable 

2000114-5050-LINE1-1941-S-0050.TIF 6987-399 1-10 Drilling & Boostering Building Plan 
& Elevations 

1941 Part 2 of extra wide drawing.  Building 
plan and elevations for Bldg. 1-10 at 
Line 1.  Drawing shows conveyor 
locations and location of each drilling/ 
boostering room. 

Y 

2000114-5050-LINE1-1941-S-0054.TIF 6987-114 1-05-1, 1-05-2, 2-05-1, 2-05-2, 3-05-2 
Standard Melt Loading Building Stair 
Details 

1941 Plan and elevation details for stair 
cases at Bldgs. 1-05-1, 1-05-2, 2-05-1, 
2-05-2, and 3-05-2 at Line 1, Line 2, 
and Line 3. 

N 

2000114-5050-LINE1-1941-S-0056.TIF 6987-403 Bldg No. 1-12 Standard Assembly & 
Shipping Bldg Plan & Elevation 

1941 Part 1 of extra wide drawing.  Plan 
and elevation layout for Bldg. 1-12 at 
Line 1.  Drawing shows location and 
elevation of conveyors. 

Y 

2000114-5050-LINE1-1941-S-0057.TIF 6987-403 Bldg No. 1-12 Standard Assembly & 
Shipping Bldg Plan & Elevation 

1941 Part 2 of extra wide drawing.  Plan 
and elevation layout for Bldg. 1-12 at 
Line 1.  Drawing shows location and 
elevation of conveyors. 

Y 

2000114-5050-LINE1-1941-S-0058.TIF 6987-364 Building No. 1-13 Standard Propellant 
Charge Bldg Floor Plans 

1941 Plan view layout of Bldg. 1-13 at 
Line 1.  Drawing shows location of 
conveyor connecting to second floor 
and mentions the use of an automatic 
weighing hopper for smokeless 
powder. 

Y 

2000114-5050-LINE1-1945-S-0059.TIF 6987-6410 Dust Collector System for Buffing 81m/m 
Shells Bay J Building 1-13 

1941 Dust handling system and collector 
details for Bldg. 1-13 at Line 1.  
Drawing references shell buffing 
activities in Bay J of the building and 
shows where materials were collected.

Y 

2000114-5050-LINE1-1941-S-0062.TIF 6987-299 T.N.T. Screening Buildings No. 1-50, 
2-50, 3-50 

1941 Plan and elevation details for typical 
T.N.T. screening building.  
Bldgs. 1-50, 2-50, and 3-50 at Line 1, 
Line 2, and Line 3.  Drawing shows 
conveyors and screening room. 
Screening equipment layout on 
drawing 2000114-5050-LINE1-1945-
S-0063.TIF 

Y 

2000114-5050-LINE1-1941-S-0066.TIF 6987-298 Melt Loading Line GR-1 1-53 Shipping 
Bldg 

1941 General plan dimensions for melt 
loading line buildings at Line 1. 

N 
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2000114-5050-LINE1-1945-S-0067.TIF 6987-448 Melt Loading Building 2-05-1 & 3-05-2 
Sprinklers 

1941 Sprinkler system layout for Melt 
Loading Buildings 2-05-1 and 3-05-1 
in Line 2 and Line 3. 

N 

2000114-5050-LINE1-1941-S-0977.TIF 6987-2117 Group 1 Sections For Grading Around 
Buildings 

1941 Drawing shows sections for grading 
around numerous buildings at Line 1. 

N 

2000114-5050-LINE1-1941-S-0982.TIF 6987-154 Standard Service Magazine Paint 
Storage & Mixing Building Plans, 
Elevations, Sections & Details 

1941 Paint storage and mixing building 
plans, elevations, sections and details.

N 

2000114-5050-LINE1-1941-S-0983.TIF 6987-400 Plans Of 1-17, 2-17, & 3-17 Fuze 
Service 

1941 Building floor plans and foundation 
plan. 

N 

2000114-5050-LINE1-1941-S-0984.TIF 6987-785 Group 1 1-15 Building Layout 1941 Drawing shows building footings. N 
2000114-5050-LINE1-1941-S-0985.TIF 6987-140 1-15 Standard Smokeless Powder 

Service Mag. Plans & Elevations 
1941 Floor plan and elevation of Bldg. 1-15. N 

2000114-5050-LINE1-1942-S-0012.TIF 4041 Hood Exhaust for Vertical Drilling 81mm 
M56 Shells - Line 1 

1942 Section details for hood exhaust 
equipment at Line 1. 

N 

2000114-5050-LINE1-1942-S-0013.TIF 4046 Hood Exhaust for Vertical Drilling 81mm 
M43A1 Shells - Line 1 

1942 Section details for hood exhaust 
equipment at Line 1. 

N 

2000114-5050-LINE1-1942-S-0029.TIF 6987-427 Melt Loading Bldg 1-05-1 2nd & 3rd 
Floor Heating 

1942 Heating system details for Melt 
Bldg. 1-05-1 in Line 1.  Heating is with 
radiators. 

N 

2000114-5050-LINE1-1942-S-0033.TIF 6987-1710 Rehabilitation of 1-05-1 Misc. Structural 
Details 

1942 Roof and wall structure details for 
building at Line 1. 

N 

2000114-5050-LINE1-1942-S-0035.TIF 6987-2049 Rehabilitation Bldg 1-05-1 Melt Loading 
Bldg Plan of 3rd FL & Roof Framing 

1942 Roof and wall structure details for 
building at Line 1. 

N 

2000114-5050-LINE1-1942-S-0037.TIF 6987-2066 Group I: 1-05-1 Melt Loading Building 
2nd & 3rd Floor Arch. Plans 

1942 Layout of second and third floor of 
Melt Bldg. 1-05-1 in Line 1.  Shows 
conveyor entrance and explosives 
mixing vat locations. 

Y 

2000114-5050-LINE1-1942-S-0038.TIF 6987-2147 Group I: 1-05-1 Melt Loading Building 
Structural Details of Draw Off Bay 

1942 Structural plan view and elevation 
view of Bldg. 1-05-1 in Line 1.  Shows 
a typical melt kettle holder. 

Y 

2000114-5050-LINE1-1942-S-0039.TIF 6987-2382 Rehabilitation Melt Loading 
Building 1-05-1 First Floor Ventilation 

1942 Air conditioning system layout for 
Bldg. 1-05-1 in Line 1. 

N 
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2000114-5050-LINE1-1942-S-0045.TIF 6987-3349 Melt Loading Buildings Group I, II, III, 
and IIIA Details for Ventilators for 
Exhaust Pipes 

1942 Typical ventilator details with sizing 
specifics for numerous buildings in 
Line 1, Line 2, Line 3, and Line 3A. 

N 

2000114-5050-LINE1-1942-S-0068.TIF 6987-3889 Drainage for Bombproof 1-136-6 1942 Drawing showing planned drain line 
installation for bomb proof 1-136-6 at 
Line 1. 

N 

2000114-5050-LINE1-1942-S-0978.TIF 6987-2048 Group 1 1-05-1 Melt Loading Building 
Plan of 2nd Fl. & Roof Framing  

1942 Plan of second floor and roof framing. 
Revision 1. 

N 

2000114-5050-LINE1-1943-S-0040.TIF 4977 Cleaning Tank for Buildings 1-05-1 and 
1-05-2 

1943 Plan and elevation views for small dip 
tank for Bldgs. 1-05-1 and 1-05-2 in 
Line 1.  Drawing denotes cleaning of 
buckets, funnels, and small tools. 

Y 

2000114-5050-LINE1-1943-S-0047.TIF 6987-4904 Hot Water Layout for Washing Down 
Vents Melt Bldgs 1&3-05-2 and 
2-05-1&2 

1943 Hot water system for washing down 
vents at Bldgs. 1-05-2, 2-05-1, 2-05-2, 
and 3-05-2 at Line 1, Line 2, and 
Line 3. 

Y 

2000114-5050-LINE1-1943-S-0976.TIF E-12-1165 Operations And Layout Of Equip. Bays 
Building 1-13 

1943 Floor plan of Bldg. 1-13 at Line 1.  N 

2000114-5050-LINE1-1943-S-0979.TIF 4637 Melt Loading Building Canopy Hoods 
For Ammonium Nitrate Preheaters 

1943 Plan and section of ventilation hood 
and duct.  

N 

2000114-5050-LINE1-1943-S-0980.TIF 4867 Hood-Vacuum Exhaust For Horizontal 
Drilling Machine Bldg. 1-10 81MM Shell 

1943 Details of vacuum hood for drilling 
machine. 

N 

2000114-5050-LINE1-1943-S-0981.TIF 3148 Hood-Vacuum Exhaust For Horizontal 
Drilling Machine Bldg. 1-10 75MM Shell 

1943 Details of vacuum hood for drilling 
machine. 

N 

2000114-5050-LINE1-1944-S-0014.TIF 5428 Multi-Wash Dust Collector Ventilation 
Concrete Sump Details and Location 
Plans 

1944 Section and plan details for sumps at 
Bldgs. 1-05-2, 2-05-1, 2-05-2, 3-05-2, 
2-06-1, 3A-05-2, 2-06-1, 1-50, 2-50, 
and 3-50. 

Y 

2000114-5050-LINE1-1944-S-0015.TIF 5457 Details of Hoods Over the Melt Units for 
Dust Collection Groups I, II, III, & IIIA 

1944 Section details for hood exhaust 
equipment.  Two of the four details are 
marked void; this is presumably an as-
built change.  Remaining sections are 
irrelevant. 

N 
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2000114-5050-LINE1-1944-S-0022.TIF 6907-280 Inert Storage Building No. 1-01, 2-01, 
and 3-01 Architectural Plan & Details 

1944 Plan view and details of storage 
building foundation, walls, and roof for 
buildings at Line 1, Line 2, and Line 3.

N 

2000114-5050-LINE1-1944-S-0026.TIF 6987-121 Standard-Receiving & Painting Building 
Plans & Elevation: Bldgs 1-04, 2-04, and 
3-04 

1944 Plan and elevation drawing of 
Bldgs. 1-04, 2-04, and 3-04.  Drawing 
title mentions painting, but no 
indication of paint booths are found on 
drawing.  For buildings at Line 1, 
Line 2, and Line 3. 

Y 

2000114-5050-LINE1-1944-S-0031.TIF 6987-1192 Melt Loading Building 2-05-1, 1-05-2, & 
2-05-2. Revised Foundation and 
Framing Plan of Draw Off Bay 

1944 Typical building foundation and floor 
reinforcement for Melt Buildings at 
Line 1 and Line 2.  Shows melt kettle 
holder in second floor of building. 

Y 

2000114-5050-LINE1-1944-S-0036.TIF 6987-2050 Group I: 1-05-1 Melt Loading Building 
1st Floor Arch. Plans 

1944 Layout of first floor of Melt 
Building 1-05-1 in Line 1. 

Y 

2000114-5050-LINE1-1944-S-0042.TIF 6987-411 First Floor Architectural Plan Melt 
Loading Buildings 1-05-2 and 2-05-2 

1944 Plan view of first floor for 
Bldgs. 1-05-2 and 2-05-2.  Drawing 
shows location of drawoff bays and 
conveyor belt that connects to upper 
floor. 

Y 

2000114-5050-LINE1-1944-S-0061.TIF 6987-283 Standard Service Magazine Ammonia-
Nitrate, Tetryl, TNT Building No. 1-06-1, 
2-06-1, 3-06-1, 2-25, 1-06-2, 2-06-2, 
3-06-2, 1-08-1, 2-08-1, 3-08-1, 1-08-2, 
2-08-2, 3-08-2 

1944 Plan and elevation details for typical 
service magazine storing ammonia-
nitrate, tetryl, and/or TNT.   Bldgs. 
1-06-1, 2-06-1, 3-06-1, 2-25, 1-06-2, 
2-06-2, 3-06-2, 1-08-1, 2-08-1, 3-08-1, 
1-08-2, 2-08-2, and 3-08-2 at Line 1, 
Line 2, and Line 3. 

Y 

2000114-5050-LINE1-1944-S-0065.TIF 6987-5481 Details of Hoods for Multi-Wash Dust 
Collectors TNT Screening Buildings 
Groups 1-2-3 

1944 Details of dust collection hoods above 
vibratory screens in Bldgs. 1-50, 2-50, 
and 3-50 at Line 1, Line 2, and Line 3.

N 

2000114-5050-LINE1-1944-S-0986.TIF E-10-5601 Mix Kettle Hood For Bldg. 1-05-1 & 2, 
2-05-1 & 2 Sections & Details 

1944 Details of mix kettle hood. N 

2000114-5050-LINE1-1944-S-0987.TIF E-10-5601 Mix Kettle Hood For Bldg. 1-05-1 & 2, 
2-05-1 & 2 , 3-05-2 Plan & Elevations 

1944 Plan and elevations of mix kettle hood. N 

2000114-5050-LINE1-1944-S-0988.TIF 6046 Bay Layout For Bldg. 1-10 105MM 
Mortar Shell 

1944 Typical bay layout of assembly line  
for 105mm mortar shell. 

N 



Work Plans for Supplemental Remedial Investigation for Line 1 (Including Historical Site Assessment) - IAAAP 
 

Appendix J  (Continued) 
 

Complete Historical Drawings Summary for Line 1 Page 6 of 80 

 
TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable 

2000114-5050-LINE1-1944-S-0989.TIF 5350 Vacuum Exhaust Piping And Equipment 
Layout Plan For Bldg. 1-10 

1944 Vacuum exhaust piping and 
equipment layout plan for Bldg. 1-10. 

N 

2000114-5050-LINE1-1944-S-0990.TIF 6987-468 Amm. Nit. Serv. Mag. 1-06-1, 2-06-1, 
3-06-1, TNT Serv. Mag. 1-08-1, 2-08-1, 
3-08-1 Electrical 

1944 Drawing and notes to show layout of 
electrical system for service 
magazines. Revision 9. 

N 

2000114-5050-LINE1-1945-S-0001.TIF 6987-285 Melt Loading Line Group 1 General 
Layout 

1945 Part 1 of extra wide drawing showing 
Line 1 layout. 

Y 

2000114-5050-LINE1-1945-S-0002.TIF 6987-285 Melt Loading Line Group 1 General 
Layout 

1945 Part 2 of extra wide drawing showing 
Line 1 layout. 

Y 

2000114-5050-LINE1-1945-S-0005.TIF 6987-332 Melt Loading Line Group 1 Water Supply 
& Sewers 

1945 Part 1 of extra wide drawing showing 
Line 1 water supply and sewer 
system.  Contaminated water 
collection system NOT shown on 
drawing. 

Y 

2000114-5050-LINE1-1945-S-0006.TIF 6987-332 Melt Loading Line Group 1 Water Supply 
& Sewers 

1945 Part 2 of extra wide drawing showing 
Line 1 water supply and sewer 
system.  Contaminated water 
collection system NOT shown on 
drawing. 

Y 

2000114-5050-LINE1-1945-S-0016.TIF 5687 Proposed Alterations to Group I Layout 1945 Part 1 of extra wide drawing showing 
plan view of Line 1.  Drawing includes 
as-built changes. 

Y 

2000114-5050-LINE1-1945-S-0017.TIF 5687 Proposed Alterations to Group I Layout 1945 Part 2 of extra wide drawing showing 
plan view of Line 1.  Drawing includes 
as-built changes. 

Y 

2000114-5050-LINE1-1945-S-0018.TIF 6224 Group 1 Quantity Distance Map 1945 Part 1 of extra wide drawing showing 
explosive radiuses and maximum 
allowed explosives storage quantities 
at Line 1. 

N 

2000114-5050-LINE1-1945-S-0019.TIF 6224 Group 1 Quantity Distance Map 1945 Part 2 of extra wide drawing showing 
explosive radiuses and maximum 
allowed explosives storage quantities 
at Line 1. 

N 
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2000114-5050-LINE1-1945-S-0024.TIF 6987-2578 STD Power House Bldgs 1-02, 2-02, & 
500-144 

1945 Elevation view of typical Boiler Room 
Buildings 1-02, 2-02, and 500-144. 
(Does not show chemical feed pump.)  
For Power Houses at Line 1 and 
Line 2. 

Y 

2000114-5050-LINE1-1945-S-0027.TIF 6987-431 Groups 1, 2, and 3 Plumbing 1945 Typical plan view drawing for 
restrooms in several buildings at 
Line 1, Line 2, and Line 3. 

N 

2000114-5050-LINE1-1945-S-0028.TIF 6987-321 Melt Loading Bldg 1-05-1 2nd & 3rd 
Floor Ventilation 

1945 Ventilation and air conditioning system 
details for Melt Building 1-05-1 in 
Line 1.  All air handling equipment 
shown is bringing air into building. 

N 

2000114-5050-LINE1-1945-S-0041.TIF 5468 Details of Hoods Over Mixing Kettles for 
Wet-Wash Ventilation-Grps I, II, III, IIIA 

1945 Plan and elevation views for typical 
hood used on mixing kettles in Line 1, 
Line 2, Line 3, and Line 3A.  Drawing 
shows dust collection unit attached to 
the hood. 

Y 

2000114-5050-LINE1-1945-S-0043.TIF 6987-1692 Melt Loading Bldgs 1-05-2, 2-05-1, 
2-05-2, & 3-05-2 Ventilation 

1945 Section views of ventilation system 
layout for Bldgs. 1-05-2, 2-05-1, 
2-05-2, and 3-05-2.  Buildings are at 
Line 1, Line 2, and Line 3. 

N 

2000114-5050-LINE1-1945-S-0044.TIF 6987-2712 1-05-2 Melt Loading Building Ventilation 1945 Section views of ventilation system 
layout for Bldg. 1-05-2 at Line 1. 

N 

2000114-5050-LINE1-1945-S-0046.TIF 6987-4891 Hot Water System for Washing Down 
Kettles & Vents Bldg 1-05-2 2nd Floor 

1945 Hot water wash down system at 
Bldg. 1-05-2 in Line 1.  Drawing calls 
out Drawing 6987-1084 as showing 
piping details of melt units. 

Y 

2000114-5050-LINE1-1945-S-0048.TIF 6987-320 1-10 Boostering Building Operations 1945 Process layout plan for Bldg. 1-10 at 
Line 1.  Drawing originated in 1941 
and was voided in 1945.  Void note 
states drawing superseded by drawing 
3295.  Layout specifies drilling of 
mortar shells and fixed and semi-fixed 
rounds. 

Y 
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2000114-5050-LINE1-1945-S-0051.TIF 6987-1665 Cleaning Tank Plan Section Elevation 
Details Bldgs 1-04, 2-04, 3A-04, & 1-10 

1945 Typical stripping and wash tank details 
for Bldgs. 1-04, 2-04, 3A-04, and 1-10. 
Drain line connection is shown going 
down, but connecting piping is not 
illustrated. 

Y 

2000114-5050-LINE1-1945-S-0052.TIF 6987-3285 Operations & Equipment for All Bays in 
Building 10-1 

1945 Process layout plan for Bldg. 1-10 at 
Line 1.  Layout specifies drilling of 
shells but does not show placement of 
wash tank from drawing 2000114-
5050-Line1-1945-S-0052.TIF. 

Y 

2000114-5050-LINE1-1945-S-0053.TIF 6987-5051 Layout Of Equipment Used with Strip 
Tank Bldgs 1-04 & 1-10 

1945 Equipment layout for Bldgs. 1-04 and 
1-10 at Line 1.  Shows strip tank from 
drawing 2000114-5050-Line1-1945-S-
0053.TIF in Bay P of Bldg. 1-10 and 
next to the tool room in Bldg. 1-04. 

Y 

2000114-5050-LINE1-1945-S-0055.TIF 6987-318 1-12 Assembling & Shipping Building 
Operations 

1945 Operations layout for Bldg. 1-12 at 
Line 1.  Drawing calls out coating of 
shells with NRC Compound in Bays B 
through M.  Drawing was voided in 
1945 when superseded by drawing 
2212. 

Y 

2000114-5050-LINE1-1945-S-0063.TIF 6987-361 TNT Screening Bldg. Bldg No. 1-50 
Equipment Layout 

1945 Layout of Bldg. 1-50 showing 
placement of two vibratory screens 
with conveyor feed.  Hopper and 
scales are shown for materials 
passing sieve size; however, nothing 
is shown for oversized materials. 

Y 

2000114-5050-LINE1-1945-S-0064.TIF 6987-5185 Wash Dust Collector Ventilation of 
T.N.T. Screening Building Groups 1-2-3 

1945 Plan and elevation details for typical 
T.N.T. screening building dust 
collector wash down unit (i.e., 
Bldgs. 1-50, 2-50, and 3-50 at Line 1, 
Line 2, and Line 3).  System shows 
outdoor sump with truck connection 
for pump out and specifies "to be 
pumped out daily and disposed of in 
plowed area." 

Y 

2000114-5050-LINE1-1945-S-0991.TIF 5441 Equipment Layout Typical Bay - 105mm 
Shells - Bldg. 1-10 

1945 Typical bay layout of assembly line for 
105mm shells in Bldg. 1-10. 

N 
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2000114-5050-LINE1-1945-S-0992.TIF 5052 Drain Table For Use With Strip Tank 
Bldgs. 1-04 & 1-10 

1945 Details of drain table. N 

2000114-5050-LINE1-1945-S-0993.TIF 6987-878 Equipment Layout Melt Building 1-05-2 1945 Drawing showing ventilation layout in 
Bldg. 1-05-2. 

N 

2000114-5050-LINE1-1945-S-0994.TIF 5051 Layout Of Equipment Used With Strip 
Tank Bldg. 1-04 & 1-10 

1945 Drawing to show layout of cleaning 
tank and equipment.  

N 

2000114-5050-LINE1-1945-S-0995.TIF 6420 TNT Fume Exhaust Hood For Steam 
Jacketed Cooling Tubs - Bldg. 1-05-2 

1945 Exhaust hood details. N 

2000114-5050-LINE1-1945-S-0996.TIF 6384 Melt Load Bldg. 1-05-2 TNT Fume 
Exhaust System Steam Jacketed 
Cooling Tubs 

1945 Drawing to show exhaust system for 
TNT Melt Loading Building.  

N 

2000114-5050-LINE1-1945-S-0997.TIF 6236 Exhaust Piping For The Volumetric Shell 
Loader Bldg. 1-05-2 

1945 Details of exhaust system for shell 
loader. 

N 

2000114-5050-LINE1-1945-S-0998.TIF 6987-2502 Fume Hood For Hot Tanks 1-05-1, 
1-05-2 

1945 Exhaust hood details.  N 

2000114-5050-LINE1-1948-S-0003.TIF 6987-285 Melt Loading Line Group 1 General 
Layout 

1948 Part 1 of extra wide drawing showing 
Line 1 layout. 

Y 

2000114-5050-LINE1-1948-S-0004.TIF 6987-285 Melt Loading Line Group 1 General 
Layout 

1948 Part 2 of extra wide drawing showing 
Line 1 layout. 

Y 

2000114-5050-LINE1-1948-S-0010.TIF 6987-1704 Group 1 General Layout: Grading & 
Drainage  

1948 Part 1 of extra wide drawing showing 
Line 1 surface drainage features.  No 
contours shown on map. 

Y 

2000114-5050-LINE1-1948-S-0011.TIF 6987-1704 Group 1 General Layout: Grading & 
Drainage  

1948 Part 2 of extra wide drawing showing 
Line 1 surface drainage features.  No 
contours shown on map. 

Y 

2000114-5050-LINE1-1948-S-0322.TIF Io. -235-D Fume Collector Locations South Side of 
Bldg. 1-05-2 Melt Bays - Fume Removal 
System.  

1948 Shows location of contaminated water 
trough, collectors and flow rate, and 
sump in Bldg. 1-05-2 at Line 1.   

Y 

2000114-5050-LINE1-1948-S-0323.TIF Io. -234-D Fume Collector Locations North Side of 
Bldg. 1-05-2 Melt Bays - Fume Removal 
System.  

1948 Shows location of contaminated water 
trough, collectors and flow rate, and 
sump in Bldg. 1-05-2 at Line 1.   

Y 

2000114-5050-LINE1-1948-S-0326.TIF Io. -236-D Fume Collector Locations North Side of 
Bldg. 105-1 Melt Bays -  Fume Removal 
System 

1948 Shows location of contaminated water 
trough, collectors and flow rate, and 
sump in Bldg. 1-05-1 at Line 1.   

Y 
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2000114-5050-LINE1-1948-S-0327.TIF Io. -232-D Fume Collector Locations South Side of 
Bldg. 105-1 Melt Bays -  Fume Removal 
System 

1948 Shows location of contaminated water 
trough, collectors and flow rate, and 
sump in Bldg. 1-05-1 at Line 1.   

Y 

2000114-5050-LINE1-1948-S-0328.TIF Io. -224-E Fume Collector Locations East Side of 
Bldg. 1-05-1 Fume Removal System 

1948 Shows location of contaminated water 
collectors and fume collectors and 
trough  in Bldg. 1-05-1 at Line 1. 

Y 

2000114-5050-LINE1-1948-S-0329.TIF 10-1031-D Bldgs. 1-71,1-72,1-74,1-75 &1-76 1948 Plan and sections including typical 
stair detail. 

N 

2000114-5050-LINE1-1948-S-0330.TIF 10-1030-D Bldgs. 1-71,1-72,1-74,1-75 &1-76 1948 Floor plan and sections.  Notes on 
grounding.   

N 

2000114-5050-LINE1-1948-S-0331.TIF 10-1029-D (?) Bldgs. 1-71,1-72,1-74,1-75 & 1-77 1948 Foundation plan and section through 
equipment room. 

N 

2000114-5050-LINE1-1948-S-0332.TIF 10-204-D Bldg. 1-05-1 & 2 Fume Removal Details 
-  Exhaust Hood & Cut Off 

1948 Detail of fume hood. N 

2000114-5050-LINE1-1948-S-0333.TIF 10-203-D Bldg. 1-05-1 & 2 Fume Removal 
Exhaust Hood Assembly 

1948 Detail of exhaust hood.  N 

2000114-5050-LINE1-1948-S-0334.TIF 10-201-D Bldgs. # 105-1 & 2 Fume Removal - 
General Arrangement 

1948 Drawing shows layout of fume 
collector equipment and settling tank 
at Bldg. 1-05-2 at Line 1.  Shows 
typical settling tank arrangement.  

Y 

2000114-5050-LINE1-1948-S-1001.TIF GGW-07 Wash Room Clarifier For Bldgs. 1-05-1 
& 1-05-2 

1948 Details of water clarifier and plot plan 
showing location of clarifiers at Bldg. 
1-05-1 & 1-05-2. 

Y 

2000114-5050-LINE1-1948-S-1002.TIF 104-15-C Solvent Storage Building Plan, 
Elevations & Sections 

1948 Drawing shows location of solvent 
storage building near Bldg. 1-02.   

Y 

2000114-5050-LINE1-1948-S-1003.TIF 110-98 Building 1-10 Typical Bay Arrangement 
South End 

1948 Drawing to show typical bay 
arrangement in Bldg. 1-10. 

N 

2000114-5050-LINE1-1948-S-1004.TIF 110-52 Building 1-10 South Machine Control 
Bay V 

1948 Plan and sections showing ventilation 
duct.  

N 

2000114-5050-LINE1-1948-S-1005.TIF 1051-72A Building 1-05-1 Basement & Connecting 
Outside Piping 

1948 Drawing to show piping routing and 
connection to outside piping. 

N 

2000114-5050-LINE1-1948-S-1006.TIF 1051-75 Building 1-05-1 Melt Bay - First Floor 
Plan Structural Concrete Details 

1948 Structural details of 1st floor of 
Bldg. 1-05-1. 

N 

2000114-5050-LINE1-1948-S-1007.TIF 1051-110-A Building 1-05-1 And 2 - Fume Removal 
General Arrangement 

1948 Drawing shows general layout of fume 
removal system.  

N 
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2000114-5050-LINE1-1948-S-1008.TIF 1081-26 Bldg. 1-08-1 Gyro Sifter Tailings Outlet 1948 Details of tailings sifter chute.  N 

2000114-5050-LINE1-1948-S-1009.TIF 1081-25 Building No. 1-08-1 Sump Details 1948 Drawing of details of sump.  N 
2000114-5050-LINE1-1948-S-1010.TIF GCW-05-A Contaminated Water Disposal Trough 

Details 
1948 Details of contaminated water trough. N 

2000114-5050-LINE1-1948-S-1011.TIF GCW-11-A Contaminated Water Disposal Bldgs. 
1-05-1 &-2 

1948 Plan and profile of Bldgs. 1-05-1 & 2 
at Line 1 showing layout of sump, 
trough and clarifier.  

Y 

2000114-5050-LINE1-1948-S-1012.TIF GCW-13-A Details Contaminated Water Reservoir 
Outlet Structure 

1948 Details of contaminated water 
reservoir outlet structure. 

N 

2000114-5050-LINE1-1948-S-1013.TIF GCW-09-B Building 1-12 Machine Bay Clarifier 1948 Details of machine bay clarifier. 
Sludge pocket and sludge removal 
manhole are shown. Revision B.  

N 

2000114-5050-LINE1-1948-S-1014.TIF GCW-06 Kettle-Wash Clarifier For Bldgs. 1-05-1 & 
1-05-2 

1948 Details of clarifier and plot plan 
showing location of sumps at Line 1.  

Y 

2000114-5050-LINE1-1948-S-1015.TIF GCW-08-C Building 1-10 Machine Bay Clarifiers 1948 Details of machine bay clarifier. 
Sludge pocket and sludge removal 
manhole are shown. Revision C.  

N 

2000114-5050-LINE1-1948-S-1016.TIF GCW-16 Contaminated Water Disposal Bldgs. 
1-10 & 1-12 

1948 Plan and profile of contaminated water 
disposal at Bldgs. 1-10 and 1-12 at 
Line 1. Shows layout of contaminated 
water trough, open ditch, clarifiers and 
sump. 

Y 

2000114-5050-LINE1-1948-S-1017.TIF GRD-11 Clarifier Service Drives Bldgs. 1-05-1 & 
-2 

1948 Plan and profile of service road for 
Bldgs. 1-05-1 & -2 service road.  

N 

2000114-5050-LINE1-1948-S-1018.TIF GSS-06-A Drainage From Vacuum Rooms Bldg. 
1-05-1 & 1-05-2 

1948 Plan and profile of drainage from 
vacuum rooms at Bldgs. 1-05-1 & -2 at 
Line 1. Revision A. 

Y 

2000114-5050-LINE1-1948-S-1019.TIF GSS-05 Drainage From Rest Houses 1948 Plan and profile of drainage from rest 
houses at Line 1.  

Y 

2000114-5050-LINE1-1948-S-1020.TIF GSS-03-A Building 1-60 Ground Water Drain Line 1948 Plan and profile showing drainage 
pipe from Bldg. 1-60 at Line 1 opening 
into outfall ditch. Revision A. 

Y 

2000114-5050-LINE1-1948-S-1021.TIF GSS-09 Building 1-10 Sewer For Cooling Tower 
& Equip. Room 

1948 Plan and profile to show sewage plan 
for cooling tower and equipment room 
at Bldg. 1-10 Line1.  

Y 
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2000114-5050-LINE1-1948-S-1022.TIF GSS-03-A Building 1-60 Ground Water Drain Line 1948 Plan and profile showing drainage 
pipe from Bldg. 1-60 at Line 1 opening 
into outfall ditch. Revision A. Duplicate 
of drawing …-1020.TIF 

N 

2000114-5050-LINE1-1948-S-1023.TIF GSS-05 Drainage From Rest Houses 1948 Plan and profile of drainage from rest 
houses at Line 1. Duplicate of drawing 
…1019.TIF 

N 

2000114-5050-LINE1-1948-S-1024.TIF GSS-06-A Drainage From Vacuum Rooms Bldg. 
1-05-1 & 1-05-2 

1948 Plan and profile of drainage from 
vacuum rooms at Buildings 1-05-1 & 
-2 at Line 1. Revision A. Duplicate of 
drawing …1018.TIF 

N 

2000114-5050-LINE1-1949-S-0318.TIF Io. 5239 Drain Line Bldg. 1-15 Eqpt. Room 1949 Plan and profile of open ditch showing 
elevations and location of ditch at 
Bldg. 1-15 at Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1949-S-0319.TIF Io. 5106 Plan & Sections -  Bldg. 1-15 Plant B 1949 Plan and section of bldg. 1-15 at 
Line 1 showing asbestos siding and fill 
underneath building. Revision 3.  

N 

2000114-5050-LINE1-1949-S-0320.TIF Io. 5148 Floor Plan, Elev. & Details Bldg. 1-14-A 
Plant (B) 

1949 Floor plan show 4" diameter floor drain 
in Bldg. 1-14-A at Line 1. Revision 3.  

Y 

2000114-5050-LINE1-1949-S-0321.TIF Io. 5237 Drain Line On West Side Of Bldg. 1-13 
Plat "B"  Profile And Details 

1949 Shows location of drain between Bays 
"C" and "D" in Bldg. 1-13 at Line 1.  
Detail of drain with perforated pipe. 
Includes profile with elevations. 
Revision 1. 

Y 

2000114-5050-LINE1-1950-S-0324.TIF Io. -2096 Hood Details Fume Removal System 
Bldg. 1-05-1 Bays "A" Thru "D" 

1950 Fume removal system hood details.  N 

2000114-5050-LINE1-1950-S-0325.TIF Io. -2094 Hood Details Fume Removal System 
Bldg. 1-05-1 Bays E, F & G 

1950 Fume removal system hood details.  N 

2000114-5050-LINE1-1951-S-0377.TIF 40 - C19 Bldg. 1-40 Gravity Exhaust Hoods Bays 
"E," "Q" & "R" 

1951 Drawing contains elevations of duct 
and valent and isometric view of 
support for valent.  

N 

2000114-5050-LINE1-1951-S-0417.TIF 10 - P11 Building 1-10 Piping Details Two Drills 
Bay "W" 

1951 Piping details for two drills in Bay "W." N 

2000114-5050-LINE1-1951-S-0472.TIF 5-1-P19 Cooling Bay Service Post General 
Piping Arrangement 

1951 Plan and side elevation of piping 
layout in cooling bay. 

N 
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2000114-5050-LINE1-1951-S-0482.TIF GU - 12 Iowa Ordnance Plant - Plant C Surface 
&  Sump Drainage Layout 

1951 Drawing shows location of drainage 
ditch at Bldgs. 1-40 and 1-37-4 at 
Line 1.  Notes that west ditch is for 
surface, sump and contaminated 
water.  East ditch is for surface and 
sump water. 

Y 

2000114-5050-LINE1-1951-S-0504.TIF 137-4 - P-4 Bldg. 1-137-4 - Sanitary Waste Details & 
Elevations 

1951 Drawing shows details of urinal, water 
closet, sinks, and water fountain waste 
and drains. Revision 3. 

N 

2000114-5050-LINE1-1951-S-0712.TIF 7-53 Iowa Ordnance Plant - Drainage & 
Footings Plan & Sections Building 1-07 

1951 Plan view showing general layout of 
drainage and sections of footings. 

N 

2000114-5050-LINE1-1951-S-0713.TIF 7-54 Iowa Ordnance Plant - Drainage 
Sections & Details Bldg. 1-07 

1951 Sections and details of drainage 
piping and waterproofing on walls and 
floor for Bldg. 1-07. Revision 3. 

N 

2000114-5050-LINE1-1951-S-0936.TIF 40-E-M-2 Details Of Support For Contaminated 
Water Tank 

1951 Details of support for contaminated 
water tank. Revision 2. 

N 

2000114-5050-LINE1-1951-S-0937.TIF 40-E-M-3 Assembly & Details Of Contaminated 
Water Tank 

1951 Assembly and details of contaminated 
water tank. Revision 1.  

N 

2000114-5050-LINE1-1951-S-0938.TIF 40-E-M-4 Details & Assembly Of Gutter 
Connections To Contaminated Water 
Tank 

1951 Details & assembly of gutter 
connections to contaminated water 
tank. Revision 1. 

N 

2000114-5050-LINE1-1951-S-0939.TIF 40-E-M-1 Assembly Of Contaminated Water Tank 
& Support 

1951 Assembly of contaminated water tank 
& support. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0335.TIF 1-137-2 - P-1 Bldg. 1-137-2 Sanitary Waste Layout 1952 Drawing shows location of drains and 
spigots in lunch room and wash 
rooms. 

N 

2000114-5050-LINE1-1952-S-0336.TIF P-7 - A-1 Architectural Plan & Sections 1952 Plan and sections. Drawing shows 
locations of lights, unit heaters and 
starter switches.  

N 

2000114-5050-LINE1-1952-S-0341.TIF 5-1-P37 Building 1-05-1 Basement & Connecting 
Outside Piping 

1952 Floor plan of basement of Bldg. 1-05-1 
at Line 1.  Shows water lines and 
piping, Dorr clarifiers and floor 
elevations. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-0343.TIF 6-2 - A-1 Architectural Floor Plan 1952 Floor plan and sections of 
Bldg. 1-06-2.  

N 
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2000114-5050-LINE1-1952-S-0346.TIF 7 - A1 Floor Plan Building 1-07 1952 Revision 2 of floor plan for Bldg. 1-07 
at Line 1.  Shows locations of sump pit 
underneath escape stairs. 

N 

2000114-5050-LINE1-1952-S-0347.TIF 129 - S4 Iowa Ordnance Plant - Bldg. 1-129 - 
Sump & Hoist Details 

1952 Detail of car hoist and sump in 
Bldg. 1-129 at Line 1.  

N 

2000114-5050-LINE1-1952-S-0351.TIF 100-S4 Iowa Ordnance Plant - Building 1-100 - 
Sub Drainage Layout 

1952 Plan of building showing open ditch 
leaving building.  

Y 

2000114-5050-LINE1-1952-S-0352.TIF 100 - P9 Typical Saw Bay Piping Layout - Section 
"B"-"B" 

1952 Revision 2 of piping layout in a bay.  N 

2000114-5050-LINE1-1952-S-0357.TIF 61-E - S1 Iowa Ordnance Plant - Bldg. 1-61 E - 
Sump Pit R/F Details 

1952 Sump details showing sewage pump 
and drain pump.  

N 

2000114-5050-LINE1-1952-S-0366.TIF 40E - S9 Iowa Ordnance Plant - Building 1-40E - 
Filter Room Gutters & Sewage Trench 

1952 Plan of filter room and sections 
through filter trench. Elevations of filter 
trench.  

N 

2000114-5050-LINE1-1952-S-0369.TIF 40E - P21 Bldg. 1-40E Connections To 
Condensate Pump & Sump Drainage 
Details 

1952 Pump layout and schematic of piping. N 

2000114-5050-LINE1-1952-S-0371.TIF 40E - P12 Bldg. 1-40E Sewage Ejector Installation 1952 Drawing shows piping, valves and 
floats at sewage injector. 

N 

2000114-5050-LINE1-1952-S-0372.TIF 40E - P7 Bldg. 1-40E Drainage Pump Piping 
Detail & Sump Size 

1952 Plan, elevation and section of pump 
piping.  

N 

2000114-5050-LINE1-1952-S-0379.TIF 14-A - A-1 Building 1-14-A Floor Plan, Elevations & 
Section 

1952 Drawing showing equipment location 
in building and general piping layout. 

N 

2000114-5050-LINE1-1952-S-0394.TIF 12 - S1 Iowa Ordnance Plant Building 1-12 
Demolition & Excavation Bays H, I, J, & 
K 

1952 Plans for slab and wall removal.  Also 
shows wall & footing knockout details.

N 

2000114-5050-LINE1-1952-S-0418.TIF 10 - P9 Piping Details Two Drills One Mill Bay 
"T" 

1952 Piping details for Bay "T." N 

2000114-5050-LINE1-1952-S-0420.TIF 10 - P6 Piping Details Two Drills Bay "C" 1952 Piping details for Bay "C."  N 
2000114-5050-LINE1-1952-S-0421.TIF 10 - P5 Piping Details One Lathe Bays "A" And 

"B" 
1952 Piping details for Bays "A" & "B."  

Includes bill of material. Revision 1. 
N 

2000114-5050-LINE1-1952-S-0422.TIF 10 - P4 Piping Details South Machine Bays 1952 Plan and sections showing piping 
details in Bay "V."  

N 
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2000114-5050-LINE1-1952-S-0424.TIF 10 - P2 Piping Details North Machine Bays 1952 Piping detail showing vacuum, water, 
deluge, air and coolant lines. 
Revision 2. 

N 

2000114-5050-LINE1-1952-S-0425.TIF 10 - P1 Building 1-10 Schematic Piping North 
Equipment Room 

1952 Piping schematic showing vacuum, 
water, deluge, air and coolant lines. 
Revision 2. 

N 

2000114-5050-LINE1-1952-S-0435.TIF 5-1E - P5 1-05-1 Equipment Room Piping Detail 
And Elevations (Sheet 2) 

1952 Sheet 2 of two drawings showing 
piping details and elevation in 
equipment room in Bldg. 1-05-1. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0437.TIF 5-1E - P1 Mixing Chamber - Tanks 2 & 3 Bldg. 1-
05-1 Equipment Room 

1952 Detail of mixing tanks.  Notes two 
tanks required. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0447.TIF 5-1 - P84 Section "A-A" Oven Piping -  Building 
1-05-1 

1952 Section showing oven piping layout. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0448.TIF 5-1 - P32 Piping Elevation Tunnel 1-B (North) 1952 Section showing piping through safety 
chamber and typical Bays A through 
H. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0450.TIF 5-1 - P83 Oven Piping Details Side Elevation 1952 Side elevation showing oven piping 
details. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0451.TIF 5-1 - P82 Oven Piping Details Plan View 1952 Plan view showing oven piping details. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0452.TIF 5-1 - P81 Preheat Oven Layout Bldg. 1-05-1 1952 Drawing to show general piping layout 
of preheat oven. 

N 

2000114-5050-LINE1-1952-S-0453.TIF 5-1 - P75 Kettle Operating Air Flow Sheet All Bays 1952 Large flow sheet of kettle operating 
air.  

N 

2000114-5050-LINE1-1952-S-0455.TIF 5-1 - P60 Typical Melt Bay Piping Layout - Kettles 
"J" & "K" Section "C-C" 

1952 Section of typical melt bay piping 
layout. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0459.TIF 5-1 - P54 Typical Melt Bay Piping Layout - Kettles 
P & Q Section "C-C" 

1952 Section of typical melt bay piping 
layout. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0465.TIF 5-1-P32 Piping Elevation Tunnel 1-B (South) 1952 Elevation and section of piping in 
Tunnel 1-B south. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0466.TIF 5-1-P31 Piping Details For Typical Bay Bldg. 
1-05-1 

1952 Sections showing typical bay piping. 
Revision 2. 

N 

2000114-5050-LINE1-1952-S-0467.TIF 5-1-P30 Piping Layout For Typical Bay Building 
1-05-1 

1952 Plan and section of typical piping 
layout. Revision 2. 

N 
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2000114-5050-LINE1-1952-S-0468.TIF 5-1-P24 Iowa Ordnance Plant Building 1-05-1 
Temporary Pour Kettle Piping 

1952 Drawing shows sections and plan of 
piping to temporary pour kettle.  

N 

2000114-5050-LINE1-1952-S-0469.TIF 5-1-P22 Cooling Bay Service Post Piping Detail - 
Sheet No. 3 

1952 Sheet 3 of 3.  Drawing of piping detail 
in cooling bay. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0470.TIF 5-1-P21 Cooling Bay Service Post Piping Detail - 
Sheet No. 2 

1952 Sheet 2 of 3.  Drawing of piping detail 
in cooling bay. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0471.TIF 5-1-P20 Cooling Bay Service Post Piping Detail - 
Sheet No. 1 

1952 Sheet 1 of 3.  Drawing of piping detail 
in cooling bay. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0474.TIF 5-1-F1 Bldg. 1-05-1 Revision Of Deluge Piping 
In Cooling Bays 

1952 Drawing shows relocation of deluge 
line. Revision 1.  

N 

2000114-5050-LINE1-1952-S-0481.TIF G - U35 Iowa Ordnance Plant Plant C 
Contaminated Drainage Building 1-40 To 
48" Culvert 

1952 Plan and section of  contaminated 
drainage ditch and culvert outside 
Bldg. 1-40 at Line 1. Revision 2. 

Y 

2000114-5050-LINE1-1952-S-0483.TIF G - U6 Iowa Ordnance Plant - Drainage Culvert 
For Plant "C" 

1952 Drawing showing section of catch 
basin and layout indicating relocation 
of 24" RCP, as well as underground 
high voltage cable. Bldg. 1-05-1 at 
Line 1.  Revision 4. 

Y 

2000114-5050-LINE1-1952-S-0489.TIF M-1 - A-1 Plan & Sections - Building 1-188-1 1952 Plan and sections of Bldg. 1-188-1 
showing earth barricade. 

N 

2000114-5050-LINE1-1952-S-0502.TIF 137-5 - P1 Building 1-137-5 Sanitary Waste Layout 1952 Floor plan of Bldg. 1-137-5 showing 
locations of toilets, dishwashers, sinks 
and water coolers. No drainage 
details. Revision 4. 

N 

2000114-5050-LINE1-1952-S-0507.TIF 137-2 - U-1 Iowa Ordnance Plant - Building 1-137-2 - 
Water & Sanitary Sewer Service 

1952 Very hard to read drawing of building 
plan and detail of pipe joints. 

N 

2000114-5050-LINE1-1952-S-0509.TIF P-11 - A1 Bldg. 1-136-11 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0510.TIF P-10 - A1 Bldg. 1-136-10 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0511.TIF P-9 - A1 Bldg. 1-136-9 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0512.TIF P-8 - A1 Bldg. 1-136-8 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 
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2000114-5050-LINE1-1952-S-0513.TIF P-6 - A1 Bldg. 1-136-6 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0514.TIF P-5 - A1 Bldg. 1-136-5 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0515.TIF P-4 - A1 Bldg. 1-136-4 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0516.TIF P-2 - A1 Bldg. 1-136-2 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0517.TIF P-1 - A1 Bldg. 1-136-1 - Architectural Plan & 
Sections 

1952 Floor plan and section of 
earth-covered building.  

N 

2000114-5050-LINE1-1952-S-0518.TIF 129 - U2 Iowa Ordnance Plant - Sanitary Sewer 
Connection For Bldg. 1-129 

1952 Sections and plan of manhole.  
Drawing shows location of new 
manhole and connection to old 
manhole.  

N 

2000114-5050-LINE1-1952-S-0519.TIF 120 - P2 Bldg. 1-129 - Sanitary Waste Details & 
Elevations 

1952 Drawing shows typical floor drains and 
toilet venting details. Revision 3.  

N 

2000114-5050-LINE1-1952-S-0520.TIF 129 - P1 Building 1-129 Sanitary Waste Layout 1952 Floor plan of Bldg. 1-129 at Line 1 
showing location of truck wash rack 
and battery charging area.  Location of 
toilets are also noted. Revision 3.     

Y 

2000114-5050-LINE1-1952-S-0527.TIF S5 - A1 Iowa Ordnance Plant - Bldg. 1-115-5 - 
Floor Plan & Elevations 

1952 Floor plans and sections of single 
room building.  

N 

2000114-5050-LINE1-1952-S-0528.TIF S4 - A1 Iowa Ordnance Plant - Bldg. 1-115-4 - 
Floor Plan & Elevations 

1952 Floor plans and sections of single 
room building.  

N 

2000114-5050-LINE1-1952-S-0529.TIF S2 - A1 Iowa Ordnance Plant - Bldg. 1-115-2 - 
Floor Plan & Elevations 

1952 Floor plans and sections of single 
room building.  

N 

2000114-5050-LINE1-1952-S-0531.TIF S1 - A1 Iowa Ordnance Plant - Bldg. 1-115-1 - 
Floor Plans & Elevations 

1952 Floor plans and sections of building 
with wooden canopy on one side. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0532.TIF 100-2 - S-1 Radiographic Facility - Foundation & 
Floor Plan  

1952 Plan showing control room, equipment 
room and X-ray room.  

N 

2000114-5050-LINE1-1952-S-0534.TIF 100 - S43 Iowa Ordnance Plant - Building 1-100 - 
Chemical Storage Room 

1952 Plan and sections of Chemical 
Storage Room in basement of 
Bldg. 1-100 at Line 1. Revision 1. 

Y 
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2000114-5050-LINE1-1952-S-0537.TIF V-7 - A-1 Building 1-99-7 Floor Plan & Sections 1952 Floor and sections of building with 
Micro Vac pumps.  

N 

2000114-5050-LINE1-1952-S-0539.TIF V-5 - A-1 Building 1-99-5 Floor Plan & Sections 1952 Floor and sections of building with 
Micro Vac pumps.  

N 

2000114-5050-LINE1-1952-S-0540.TIF V-4 - A-1 Building 1-99-4 Architectural Floor Plan, 
Sections & Elevation 

1952 Floor plan, section and elevation of 
Bldg. 1-99-4. 

N 

2000114-5050-LINE1-1952-S-0541.TIF V-3 - A-1 Building 1-99-3 Architectural Floor Plan, 
Sections & Elevation 

1952 Floor plan, section and elevation of 
Bldg. 1-99-3. 

N 

2000114-5050-LINE1-1952-S-0542.TIF V-2 - A-1 Building 1-99-2 Architectural Floor Plan, 
Sections & Elevation 

1952 Floor plan, section and elevation of 
Bldg. 1-99-2. 

N 

2000114-5050-LINE1-1952-S-0543.TIF V-1 - A-1 Building 1-99-1 Architectural Floor Plan, 
Sections & Elevation 

1952 Floor plan, section and elevation of 
Bldg. 1-99-1. 

N 

2000114-5050-LINE1-1952-S-0544.TIF 85-2 - A-1 Critical Material Support Facility - Floor 
Plan 

1952 Floor plan of building with air locks, 
inspection rooms, and storage rooms. 

N 

2000114-5050-LINE1-1952-S-0553.TIF 76-A-1 Iowa Ordnance Plant - Building 1-76 -  
Floor Plan, Roof Plan, And Section 

1952 Roof plan, section and floor plan 
showing general layout of ventilation 
duct.  

N 

2000114-5050-LINE1-1952-S-0556.TIF 74-A-1 Iowa Ordnance Plant - Bldg. 1-74 - Floor 
Plan, Roof Plan, And Section 

1952 Roof plan, section and floor plan 
showing general layout of ventilation 
duct.  

N 

2000114-5050-LINE1-1952-S-0559.TIF 73-A-1 Iowa Ordnance Plant - Building 1-73 - 
Floor Plan And Roof Plan 

1952 Floor plan and roof plan.  N 

2000114-5050-LINE1-1952-S-0560.TIF 72-A-1 Iowa Ordnance Plant - Building 1-72 - 
Plan & Section 

1952 Plans and section showing general 
layout of piping and ventilation duct. 

N 

2000114-5050-LINE1-1952-S-0563.TIF 70-S-5 Iowa Ordnance Plant - Bldg. 1-70 - 
Sump Pit R/F Details 

1952 Structural details of sump.  Does not 
show discharge. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0564.TIF 70-S-4 Iowa Ordnance Plant - Bldg. 1-70- 
Subsurface Drainage Layout 

1952 Plan and section showing subdrainage 
at Bldg. 1-70 at Line 1. 

Y 

2000114-5050-LINE1-1952-S-0565.TIF 70-S-3 Iowa Ordnance Plant - Bldg. 1-70- Floor 
Layout 

1952 Floor layout showing tank pads and 
location of sumps. 

Y 

2000114-5050-LINE1-1952-S-0566.TIF 70-S-2 Iowa Ordnance Plant - Bldg. 1-70- 
Location Plan 

1952 Map showing distance and angles 
from corners of Bldg. 1-70 to other 
buildings. Revision 2. 

N 
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2000114-5050-LINE1-1952-S-0567.TIF 70-S-1 Iowa Ordnance Plant - Bldg. 1-70- Site 
Preparation Plan 

1952 Drawing shows original contours and 
drainage ditch at Bldg. 1-70 at Line 1. 
Shows location of new contaminated 
water ditch and temporary diversion 
ditch. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-0569.TIF 70-P-8 Bldg. 1-70 Contaminated Water Tank 
Agitation System 

1952 Plan and elevation of contaminated 
water agitation tank.  Shows air line 
and perforated tubes for agitation in 
tank. 

N 

2000114-5050-LINE1-1952-S-0570.TIF 70 - P-4 Bldg. 1-70 Contaminated Water System 
Section "E-E," "F-F," & Deluge System 

1952 Piping layout. Revised as-built, 
relocated deluge entry and relocated 
steam traps.  

N 

2000114-5050-LINE1-1952-S-0585.TIF 61E-U-3 Subdrain Discharge – Bldg. 1-61E 1952 Plan and profile of subdrain discharge. 
Revision 1, as built.  

N 

2000114-5050-LINE1-1952-S-0586.TIF 61E-U-2 Sewage Disposal - Bldg. 1-61E 1952 Drawing showing sections of pipe, 
sewer manhole and profile of water 
pipe. Revision 1 as built.  

N 

2000114-5050-LINE1-1952-S-0588.TIF 61E-A-1 Iowa Ordnance Plant - Bldg. 1-61E - 
Floor Plan & Sections 

1952 Plan and section views showing 
equipment layout.   

N 

2000114-5050-LINE1-1952-S-0589.TIF 61 -S-4 Iowa Ordnance Plant - Bldg. 1-61 
Subsurface Drainage Plan 

1952 Subsurface drainage layout with 
typical section thru floor slab. 
Revision 4. 

N 

2000114-5050-LINE1-1952-S-0590.TIF 62 -E-10 Drainage & Sewage Pump Layout - 
Bldg. 1-61 

1952 Typical duplex pump layout with wiring 
diagram of duplex pump unit.  

N 

2000114-5050-LINE1-1952-S-0591.TIF 61 -A-2 Iowa Ordnance Plant - Bldg. 1-61 - 
Second Floor Plan 

1952 Floor plan of second floor of Bldg. 
1-61. Shows layout of 200W & 100W 
fixtures, sprinkler heads and air 
diffusers.  

N 

2000114-5050-LINE1-1952-S-0596.TIF 60 -A-2 Iowa Ordnance Plant - Building 1-60 - 
Longitudinal Section & Mezzanine Floor 
Plan 

1952 Drawing shows location of hoppers, 
screen, blender, dryer and pulverizer. 
Floor plan and section. 

N 

2000114-5050-LINE1-1952-S-0597.TIF 60 -A-1 Iowa Ordnance Plant - Building 1-60 - 
Main Floor Plan 

1952 Floor plan showing pulverizors, dryers, 
sifter, blender, screen and oven. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0608.TIF 53-A-3 Building 1-53 Architectural Section "C-C" 
And "D-D" 

1952 Sections showing footings of loading 
ramp, earth-filled barricade, and 
railroad and roadway.  

N 
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2000114-5050-LINE1-1952-S-0609.TIF 53-A-1 Building 1-53 Floor Plan And Sections 1952 Floor plan and sections. Indicates 
door and siding material to be used in 
interior of building.  

N 

2000114-5050-LINE1-1952-S-0611.TIF 52-A-2 Building 1-52 Architectural Sections 1952 Architectural sections indicating 
material to be used for wall, roofing, 
etc.  

N 

2000114-5050-LINE1-1952-S-0614.TIF 51-A-1 Iowa Ordnance Plant - Bldg. 1-51 - 
Architectural Plan, Elevations and 
Section 

1952 Drawing shows plan view of building, 
section, and north and east elevations.

N 

2000114-5050-LINE1-1952-S-0615.TIF 50-A-1 Iowa Ordnance Plant - Bldg. 1-50 - 
Architectural Plan & Sections 

1952 Architectural plan and sections 
showing conveyor ramp and conveyor 
support.   

N 

2000114-5050-LINE1-1952-S-0616.TIF 40-E-S-7 Iowa Ordnance Plant - Bldg. 1-40E - 
Subdrainage, Condensate, & Sewage 
Sump Details 

1952 Sections through condensate pit and 
sumps. Also contains details of sump 
pad and pump support.  

N 

2000114-5050-LINE1-1952-S-0617.TIF 40-E-S-6 Iowa Ordnance Plant - Building 1-40E - 
Contaminated Water Sump Detail 

1952 Revision 2 of contaminated water 
sump.  Does not show drain location. 

N 

2000114-5050-LINE1-1952-S-0618.TIF 40-E-S-1 Iowa Ordnance Plant - Building 1-40E - 
Floor Plan and Reference Plan 

1952 Floor plan shows contaminated water 
sump, drainage trench, drainage sump 
and condensate pit in Bay "K" at 
Line 1. Also shows chilled water dump 
pit with floor drain. Revision 3. 

Y 

2000114-5050-LINE1-1952-S-0619.TIF 40-E-P-30 Typical Piping Diagram- Contaminated 
Water System - Sections "I-,I" "J-J," & 
"K-K," & Filter Room Deluge System 

1952 Contaminated water piping system 
diagram which does not show any 
discharge points. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0622.TIF 40-E-P-21 Typical Piping Diagram- Contaminated 
Water System - Sections "C-C" & "D-D" 

1952 Contaminated water piping system 
diagram which does not show any 
discharge points. Revision 3. Includes 
bill of material. 

N 

2000114-5050-LINE1-1952-S-0624.TIF 40-E-P-25 Plan View Contaminated Water Piping & 
Equipment  

1952 Drawing shows layout of contaminated 
water tank, contaminated water gutter, 
precoat mixing tank, pumps and 
vacuum filter at Line 1.  

Y 

2000114-5050-LINE1-1952-S-0625.TIF 40-E-C-13 Building 1-70E Contaminated Tooling & 
Washdown Bay Sections & Details 

1952 Drawing contains details of vent thru 
roof and hood, section and plot of 
washdown bay showing contaminated 
water tank.  

N 
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2000114-5050-LINE1-1952-S-0626.TIF 40-E-A-2 Iowa Ordnance Plant - Building 1-40E - 
Sections Thru Equipment Rooms 

1952 Sections show contaminated water 
tank and sump in Bldg. 1-40E at 
Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-0627.TIF 40 -E-A-1 Iowa Ordnance Plant - Building 1-40 E - 
Equipment Room Floor Plan 

1952 Floor plan of equipment room shows 
layout of equipment and location of 
sumps in Bldg. 1-40E at Line 1. 

Y 

2000114-5050-LINE1-1952-S-0631.TIF 40-S-4 Iowa Ordnance Plant - Bldg. 1-40 - 
Sections & Subdrainage Details 

1952 Sections and details of perforated 
drain pipe underneath Bldg. 1-40 at 
Line 1. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0632.TIF 40-S-3 Iowa Ordnance Plant - Bldg. 1-40 - 
Subsurface Drainage Plan 

1952 Piping diagram of subsurface 
drainage.  Does not show discharge 
points. As built, Revision 2. 

N 

2000114-5050-LINE1-1952-S-0633.TIF 40-S-2 Iowa Ordnance Plant - Bldg. 1-40 - 
Floor, Corridor, & Gutters; Slopes & 
Elevations 

1952 Drawing is faded and barely readable. 
Shows gutter system and slope. 
Revision 3. 

N 

2000114-5050-LINE1-1952-S-0634.TIF 40-S-1 Iowa Ordnance Plant - Bldg. 1-40 - Floor 
Plan And Reference Plan 

1952 Floor plan and bill of material for 
Bldg. 1-40. Revision 3.  Drawing is 
faded and portions are unreadable. 

N 

2000114-5050-LINE1-1952-S-0638.TIF 41 - P-23 Iowa Ordnance Plant - Building 1-40 - 
Details For Main Line Drainage In 
Service Ramp 

1952 Piping detail of coolant, raw water, air, 
deluge and vacuum lines. Bill of 
material included. Revision 1.  

N 

2000114-5050-LINE1-1952-S-0641.TIF 40 - A-7 Iowa Ordnance Plant - Bldg. 1-40 - 
Construction Details  

1952 Details and sections of roofing, gutter, 
and expansion joints. Revision 1.  

N 

2000114-5050-LINE1-1952-S-0642.TIF 40 - A-4 Iowa Ordnance Plant - Bldg. 1-40 - 
Sections  

1952 Sections of main corridor and service 
ramp at Bldg. 1-40. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0643.TIF 40 - A-3 Iowa Ordnance Plant - Bldg. 1-40 - 
Sections  

1952 Sections of main corridor, service 
ramp and storage bay at Bldg. 1-40. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0644.TIF 40 - A-2 Iowa Ordnance Plant - Bldg. 1-40 - 
Sections  

1952 Sections of main corridor and service 
ramp at Bldg. 1-40. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0645.TIF 40 - A-1 Iowa Ordnance Plant - Bldg. 1-40 - Floor 
Plan - General Plan  

1952 Drawing to show floor plan and 
general equipment layout, as well as 
subsurface drainage plan. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0651.TIF 15-E-A-1 Iowa Ordnance Plant - Bldg. 1-15E - 
Floor Plans & Sections 

1952 Building floor plan and sections. N 
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2000114-5050-LINE1-1952-S-0652.TIF 15-A-1 Iowa Ordnance Plant - Bldg. 1-16 - Floor 
Plan And Sections 

1952 Building floor plan and sections. N 

2000114-5050-LINE1-1952-S-0653.TIF 14-A-1 Iowa Ordnance Plant - Bldg. 1-14 - Floor 
Plan And Sections 

1952 Building floor plan and sections. N 

2000114-5050-LINE1-1952-S-0654.TIF 13-E-A-1 Iowa Ordnance Plant - Building. 1-13E - 
Floor Plan And Sections 

1952 Building floor plan and sections. 
Shows sewer line and sump.  

Y 

2000114-5050-LINE1-1952-S-0698.TIF 10-A-3 Iowa Ordnance Plant - Building 1-10 - 
Sections "A-A" & "B-B" 

1952 Sections of Bldg. 1-10. N 

2000114-5050-LINE1-1952-S-0699.TIF 10-A-2 Iowa Ordnance Plant - Building 1-10 - 
West Elevation 

1952 Elevation shows gutter (trough) from 
south portion of building.  

Y 

2000114-5050-LINE1-1952-S-0702.TIF 8-1-A3 Iowa Ordnance Plant - Bldg. 1-08-1 - 
Architectural Elevations 

1952 Architectural elevations. Revision 1. N 

2000114-5050-LINE1-1952-S-0704.TIF 8-1-A2 Bldg. 1-08-1 - Sections 1952 Sections thru building showing 
crusher, screen and other equipment. 

N 

2000114-5050-LINE1-1952-S-0705.TIF 8-A-A1 Iowa Ordnance Plant - Bldg. 1-08-1-A - 
Floor Plan & Sections 

1952 Floor plan and section of toilet room. N 

2000114-5050-LINE1-1952-S-0706.TIF 7-E-U-2 Building 1-07E Sump Pump Piping 
Hookup 

1952 Drawing shows sump pump pipe 
hookup and indicates discharge is to 
be into nearest drainage ditch at 
Bldg. 1-07, Line 1. Revision 2. 

Y 

2000114-5050-LINE1-1952-S-0707.TIF 7-E-U1 Iowa Ordnance Plant - Bldg. 1-07E - 
Sump Discharge Line To Culvert 

1952 Drawing of sump discharge piping. 
Revision 2. 

N 

2000114-5050-LINE1-1952-S-0708.TIF 7-E-S13 Iowa Ordnance Plant - Building 1-07E - 
Sump Deck & Door Details 

1952 Drawing to show details of sump 
platform. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0709.TIF 7-E-S3 Iowa Ordnance Plant - Bldg. 1-07E - 
Drainage Plan & Details 

1952 Partial floor plan showing drainage 
inside building. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-0710.TIF 7-E-S2 Iowa Ordnance Plant - Bldg. 1-07E - 
Sections 

1952 Sections and details showing 
placement of waterproofing material. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0711.TIF 7-E-S1 Iowa Ordnance Plant - Bldg. 1-07E - 
Floor Plan 

1952 Floor plan of Bldg. 1-07E. Revision 1, 
as built. 

N 

2000114-5050-LINE1-1952-S-0714.TIF 7-A2 Sections Building 1-07 1952 Sections to show sump, perforated 
drain, and air duct. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0715.TIF 7-A1 Floor Plan Building 1-07 1952 Floor plan show location of sump pit 
under escape stairs. Revision 2. 

N 
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2000114-5050-LINE1-1952-S-0716.TIF 6-1-A1 Iowa Ordnance Plant - Building 1-06-1 - 
Plan & Sections 

1952 Floor plan and sections of Bldg. 1-06-
1.  

N 

2000114-5050-LINE1-1952-S-0718.TIF 5-2E-P1 Mixing Chamber Tanks 2 & 3 
Bldg. 1-05-2 Equipment Room 

1952 Details of mixing tank. Revision 1. N 

2000114-5050-LINE1-1952-S-0720.TIF 5-2E-A-2 Iowa Ordnance Plant - Building 1-05-2E 
- Sections 

1952 Sections showing air receiver, heat 
exchangers, and condensate tank.  

N 

2000114-5050-LINE1-1952-S-0731.TIF 5-2-S-4 Iowa Ordnance Plant - Bldg. 1-05-2 - 
Renovation & Reconstruction Of Floor 
Washdown Bays "C" & "D" 

1952 Plan and sections of washdown bay.  N 

2000114-5050-LINE1-1952-S-0732.TIF 5-2-S1 Iowa Ordnance Plant - Bldg. 1-05-2 - 
Melt Bay Structural Details 

1952 Melt bay structural details of beams, 
joints, etc.  

N 

2000114-5050-LINE1-1952-S-0738.TIF 5-2-P50 Typical Melt Bay Piping Layout - Kettles 
P & Q Section "C-C" 

1952 Melt bay piping layout. Revision 2. N 

2000114-5050-LINE1-1952-S-0742.TIF 5-2-P54 Typical Melt Bay Piping Layout - Kettles 
J & K Section "C-C" 

1952 Typical section of melt bay, showing 
kettle and piping. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0747.TIF 5-2-P31 Piping Details For Typical Bay  
Bldg. 1-05-2 

1952 Piping details for typical bay. 
Revision 2. 

N 

2000114-5050-LINE1-1952-S-0748.TIF 5-2-P30 Piping Layout For Typical Bay  
Bldg. 1-05-2 

1952 Piping layout for typical bay. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0750.TIF 5-2-F3 Bldg. 1-05-2 Deluge Piping To Holding 
Reservoir 

1952 Plan, sections and details of deluge 
piping layout.  

N 

2000114-5050-LINE1-1952-S-0751.TIF 5-2-F2 Bldg. 1-05-2 Deluge System For Melting 
Bays & Oven First Floor 

1952 Plan, section and detail of deluge 
system on first floor. Revision 2.  

N 

2000114-5050-LINE1-1952-S-0752.TIF 5-2-F1 Bldg. 1-05-2 Revision Of Deluge Piping 
In Cooling Bays 

1952 Plan and section to show relocation of 
deluge line. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0759.TIF 5-2-C-2 Kettle Exhaust Hoods & Duct Work Melt 
Bays J, K, P & Q - Bldg. 1-05-2 

1952 Details of kettle exhaust hood and 
duct work. Revision 2. 

N 

2000114-5050-LINE1-1952-S-0760.TIF 5-2-C-1 Bldg. 1-05-2 Exhaust System For 
Cooling Bays 

1952 Plan, elevation and section of cooling 
bay exhaust system. Revision 2.  

N 

2000114-5050-LINE1-1952-S-0762.TIF 5-2-A-4 Iowa Ordnance Plant - Building 1-05-2 - 
Elevation & Longitudinal Section 

1952 Elevation and section of building. N 

2000114-5050-LINE1-1952-S-0767.TIF 5-1-S-3 Iowa Ordnance Plant - Bldg. 1-05-1 - 
Construction Area - Second Floor 

1952 Second floor plan indicating walls to 
be removed. Revision 1. 

N 
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2000114-5050-LINE1-1952-S-0768.TIF 5-1-P-73 Structural Details & Kettle Location Melt 
Section Bldg. 1-0-1 

1952 Second floor plan showing kettle 
location and structural detail. 
Revision 1. 

N 

2000114-5050-LINE1-1952-S-0769.TIF 5-1-S-1 Iowa Ordnance Plant - Bldg. 1-05-1 - 
Melt Bay Structural Details 

1952 Structural details of melt bay. 
Revision 2. 

N 

2000114-5050-LINE1-1952-S-0776.TIF 5-1-C2 Kettle Exhaust Hoods & Duct Work Melt 
Bays J, K, P & Q - Bldg. 1-05-1 

1952 Drawing to show kettle exhaust hood 
and duct work. Flow rates for various 
points are given. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0777.TIF 5-1-C1 Bldg. 1-05-1 Exhaust System For 
Cooling Bays 

1952 Plan, elevation and section of cooling 
bay exhaust system. Revision 2.  

N 

2000114-5050-LINE1-1952-S-0800.TIF 3-A-A-1 Iowa Ordnance Plant - Bldg. 1-03A 
Architectural Plan & Sections 

1952 Floor plan and sections of  
Bldg. 1-03A.  

N 

2000114-5050-LINE1-1952-S-0801.TIF 1-03-S-4 Building 1-03 Modifications 1952 Framing plans, door details and ceiling 
details.  

N 

2000114-5050-LINE1-1952-S-0803.TIF 3-A1 Iowa Ordnance Plant - Building 1-03 - 
Floor Plan And Sections 

1952 Floor plan and sections of Bldg. 1-03. N 

2000114-5050-LINE1-1952-S-0811.TIF 1-F2 Paint Storage Cabinet Details  
Building 1-01 

1952 Details of paint storage cabinet. N 

2000114-5050-LINE1-1952-S-0812.TIF 1-F1 Paint Storage Cabinet Details  
Building 1-01 

1952 Details of paint storage cabinet. N 

2000114-5050-LINE1-1952-S-0830.TIF G - U28 Iowa Ordnance Plant Bldgs. 1-100 & 
1-137-4 Sanitary Waste - Plan & Details 

1952 Details of manhole and plan showing 
location of sewage line at  
Bldg. 1-137-4 Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-0831.TIF G - U45 Bldg. 1-10 Plan Of Contaminated Water 
Disposal System 

1952 Plan view showing routing of 
contaminated water trough at  
Bldg. 1-10, Line 1. Revision 3. 

Y 

2000114-5050-LINE1-1952-S-0832.TIF G - U46 Bldg. 1-12 Plan Of Contaminated Water 
Disposal System 

1952 Plan view showing routing of 
contaminated water trough at 
Bldg. 1-12 Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-0833.TIF G - U47 Bldg. 1-70 Plan Of Contaminated Water 
Disposal System 

1952 Plan view showing routing of 
contaminated water trough at 
Bldg. 1-70 Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-0834.TIF G - U48 Bldg. 1-100 Contaminated Water 
Disposal System 

1952 Plan view showing routing of 
contaminated water trough at 
Bldg. 1-100 Line 1. As built. 

Y 
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2000114-5050-LINE1-1952-S-0835.TIF G - U52 Iowa Ordnance Plant - Line 1 - 
Walkways For Contaminated Troughs 

1952 Details of walkway for contaminated 
water trough. Revision 1. 

N 

2000114-5050-LINE1-1952-S-0836.TIF G - U55 Surface Drainage South & West Of Bldg. 
No. 1-129  

1952 Drawing to show existing surface ditch 
and relocation of ditch at Line 1. 

Y 

2000114-5050-LINE1-1952-S-0999.TIF 136-3-A-1 Iowa Ordnance Plant Bldg. 1-136-3 - 
Architectural Plans & Sections 

1952 Architectural plan and sections of 
Bldg. 1-136-3.  

N 

2000114-5050-LINE1-1952-S-1028.TIF G-U-45 Bldg. 1-10 Plan Of Contaminated Water 
Disposal System 

1952 Plan to show layout of contaminated 
water disposal system outside of 
Bldg. 1-10, Line 1.  Revision 3. 

Y 

2000114-5050-LINE1-1952-S-1029.TIF G-U-46 Bldg. 1-12 Plan Of Contaminated Water 
Disposal System 

1952 Plan to show layout of contaminated 
water disposal system outside of Bldg. 
1-12, Line 1.  Revision 1. 

Y 

2000114-5050-LINE1-1952-S-1030.TIF G-U-47 Bldg. 1-70 Plan Of Contaminated Water 
Disposal System 

1952 Plan to show layout of contaminated 
water disposal system outside of 
Bldg. 1-70, Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1952-S-1031.TIF G-U-48 Bldg. 1-100 Contaminated Water 
Disposal System 

1952 Plan to show layout of contaminated 
water disposal system outside of 
Bldg. 1-100, Line 1.  

Y 

2000114-5050-LINE1-1952-S-1032.TIF G-U-49 Details Contaminated Water Disposal 
System 

1952 Details of steamline trap and bypass 
on contaminated water line.  

N 

2000114-5050-LINE1-1952-S-1033.TIF G-U-52 Iowa Ordnance Plant - Line 1 - 
Walkways For Contaminated Water 
Troughs 

1952 Details of walkway for contaminated 
water troughs. Revision 1. 

N 

2000114-5050-LINE1-1952-S-1034.TIF G-U-55 Surface Drainage South & West Of Bldg. 
No. 1-129 

1952 Drawing to show existing ditch and 
new ditch to be excavated near 
Bldg. 1-129, Line 1. 

Y 

2000114-5050-LINE1-1953-S-0360.TIF 61 - C6 Building 1-61 Repair Bay Exhaust Hood 
& Equipment 

1953 Plan and sections of exhaust system 
in repair bay.  

N 

2000114-5050-LINE1-1953-S-0419.TIF 10 - P7 Piping Details One Lathe Bay "E" 1953 Piping details for Bay "E."  N 
2000114-5050-LINE1-1953-S-0430.TIF 10 - C2 Tote Box Cleaning Station Bay "G" 

Bldg. 1-10 
1953 Elevation and details of cleaning 

station.  Does not show any drains or 
discharges.  

N 

2000114-5050-LINE1-1953-S-0436.TIF 5-1E - P4 1-05-1 Equipment Room Piping Details 
And Elevations (Sheet 1) 

1953 Sheet 1 of 2 drawings showing piping 
details and elevation in equipment 
room in Bldg. 1-05-1. Revision 2. 

N 

2000114-5050-LINE1-1953-S-0446.TIF 5-2 - P55 Kettle Rear Piping - Kettles "J" & "K" 1953 Piping layout at rear of kettle. N 
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Revision 4. 
2000114-5050-LINE1-1953-S-0454.TIF 5-1 - P61 Kettle Rear Piping - Kettles "J" & "K" 1953 Piping layout at rear of kettle. 

Revision 3. 
N 

2000114-5050-LINE1-1953-S-0456.TIF 5-1 - P59 Typical Melt Bay Piping Layout - Kettles 
P & Q Section B-B 

1953 Section of typical melt bay piping 
layout. Revision 4. 

N 

2000114-5050-LINE1-1953-S-0457.TIF 5-1 - P58 Typical Melt Bay Piping Layout - Kettles 
J & K Section "A-A" 

1953 Section of typical melt bay piping 
layout. Revision 3. 

N 

2000114-5050-LINE1-1953-S-0458.TIF 5-1 - P55 Kettle Rear Piping Kettle "P" & "Q" 1953 Piping layout at rear of kettle. Revision 
3. 

N 

2000114-5050-LINE1-1953-S-0460.TIF 5-1 - P52 Typical Melt Bay Piping Layout - Kettles 
P & Q Section "A-A" 

1953 Section of typical melt bay piping 
layout. Revision 4. 

N 

2000114-5050-LINE1-1953-S-0461.TIF 5-1 - P51 Typical Melt Bay Plan Kettle "P" & "Q" 1953 Revision 4 of drawing of melt bay plan 
showing kettle. 

N 

2000114-5050-LINE1-1953-S-0462.TIF 5-1 - P45 Sections J-J & K-K Melt Kettle Basement 
Piping North & South Walls 

1953 Sections of melt kettle basement 
piping north & south walls. Revision 3.

N 

2000114-5050-LINE1-1953-S-0463.TIF 5-1 - P39 Typical South Vacuum Pump House 
Piping, Bldg. 1-05-1 

1953 Plan and sections of vacuum pump 
house piping.  

N 

2000114-5050-LINE1-1953-S-0464.TIF 5-1 - P38 Typical North Vacuum Pump House 
Piping, Bldg. 1-05-1 

1953 Plan and sections of vacuum pump 
house piping.  

N 

2000114-5050-LINE1-1953-S-0473.TIF 5-1-F2 Bldg. 1-05 - 2nd Floor Automatic Deluge 
System For Holding Reservoir 

1953 Plan view and section of melt kettle 
bay. Drawing includes details of fire 
fog nozzle. 

N 

2000114-5050-LINE1-1953-S-0487.TIF EV 2 - A-1 Iowa Ordnance Plant Bldg. 1-201-2 
Architectural Floor Plan And Sections 

1953 Floor plan and sections of Evaporator 
Tank Building.   

N 

2000114-5050-LINE1-1953-S-0488.TIF 207-1 - A-1 Iowa Ordnance Plant Bldg. 1-207-1 
Architectural Floor Plan and Sections 

1953 Floor plan and sections of Evaporator 
Tank Building.  Revision 1. 

N 

2000114-5050-LINE1-1953-S-0491.TIF CT-5 - A1 Iowa Ordnance Plant - Cooling Tower 
1-155-5 -  Cooling Tower Plan & 
Elevations 

1953 Plan of cooling tower basin and 
sections showing location of sump and 
sump pump. 

Y 

2000114-5050-LINE1-1953-S-0492.TIF CT -4 - A1 Iowa Ordnance Plant - Cooling Tower 
155-4 - Plan, Elevations & Section 

1953 Plan, section and elevations of cooling 
tower.  

N 

2000114-5050-LINE1-1953-S-0493.TIF CT-3 - A1 Iowa Ordnance Plant - Cooling Tower 
155-3 - Plan & Elevations 

1953 Plan and sections of cooling tower at 
Line 1 showing fans, sump and sump 
pumps. 

Y 



Work Plans for Supplemental Remedial Investigation for Line 1 (Including Historical Site Assessment) - IAAAP 
 

Appendix J  (Continued) 
 

Complete Historical Drawings Summary for Line 1 Page 27 of 80 

 
TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable 

2000114-5050-LINE1-1953-S-0494.TIF CT-2 - A1 Iowa Ordnance Plant - Cooling Tower 
155-2  - Plan & Elevations 

1953 Plan and sections of cooling tower at 
Line 1 showing fans, sump and sump 
pumps. 

Y 

2000114-5050-LINE1-1953-S-0495.TIF CT-1 - A1 Iowa Ordnance Plant - Cooling Tower 
155-1  - Plan & Elevations 

1953 Plan and sections of cooling tower at 
Line 1 showing fans, sump and sump 
pumps. 

Y 

2000114-5050-LINE1-1953-S-0508.TIF 137-1 - A-1 Iowa Ordnance Plant - Building 1-137-1 - 
Floor Plan 

1953 Floor plan and section of 
Bldg. 1-137-1.  

N 

2000114-5050-LINE1-1953-S-0524.TIF 124 - A-1 Iowa Ordnance Plant - Building 1-124 - 
Floor Plan & Sections 

1953 Floor plan and sections of Bldg. 1-124. N 

2000114-5050-LINE1-1953-S-0525.TIF 119 - A-1 Building 1-119 Floor Plan & Sections 1953 Floor plan shows paint storage area 
and paint vibrator. 

N 

2000114-5050-LINE1-1953-S-0533.TIF 100 - U1 Iowa Ordnance Plant Building 1-100 - 
Contaminated Water Disposal Trough 

1953 Plan and sections of contaminated 
water trough along south side of 
Bldg. 1-100 at Line 1 . Revision 1. 

Y 

2000114-5050-LINE1-1953-S-0571.TIF 70 - P-1 Contaminated Water System Plan View 1953 Layout of contaminated water system 
at Line 1. Shows rotary vacuum filter, 
precoat tank, contaminated water 
tank, pumps and piping. Revision 3. 

Y 

2000114-5050-LINE1-1953-S-0572.TIF 70 - A-1 Iowa Ordnance Plant - Bldg. 1-70 - Plan 
View & Sections 

1953 Drawing shows sump and 
contaminated water billets discharging 
into surge tank in Bldg. 1-70 at Line 1. 
Sections and plan show layout of 
drainage and filtration system.  

Y 

2000114-5050-LINE1-1953-S-0646.TIF 36 - A-1 Building 1-36 Floor Plan & Sections 1953 Floor plan and sections of Bldg. 1-36. N 
2000114-5050-LINE1-1953-S-0659.TIF 13-A-5 Iowa Ordnance Plant - Bldg. 1-13 - 

Section CC 
1953 Section thru Bldg. 1-13.  N 

2000114-5050-LINE1-1953-S-0661.TIF 13-A-3 Iowa Ordnance Plant - Bldg. 1-13 - 
Section "A-A" Bldg. 1-13 Plant - B 

1953 Sections of Bldg. 1-13 showing sand 
filled barricades and weep drains. 

N 

2000114-5050-LINE1-1953-S-0700.TIF 10-A-1 Iowa Ordnance Plant - Building 1-10 Plot 
Plan - Building 1-10 

1953 Plan shows contaminated water gutter 
exiting northwest end of Bldg. 1-10, 
Line 1. As built, Revision 2.   

Y 

2000114-5050-LINE1-1953-S-0703.TIF 8-1-A1 Bldg. 1-08-1 - Mezzanine And Mail Floor 
Plan 

1953 Floor plan showing layout of 
equipment. 

N 
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2000114-5050-LINE1-1953-S-0719.TIF 5-2E Iowa Ordnance Plant - Bldg. 1-05-2E - 
Floor Plan 

1953 Floor plan showing water tanks, 
pumps, sump pumps and heat 
exchangers.  

N 

2000114-5050-LINE1-1953-S-0721.TIF 5-1E-A3 Floor Plans - Tunnels From 1-05-1 To 
1-05-1E 

1953 East and west tunnel plans shows 
slope of tunnel.  

N 

2000114-5050-LINE1-1953-S-0722.TIF 5-1E-A1 Iowa Ordnance Plant - Bldg. 1-05-1E - 
Floor Plan 

1953 Floor plan showing water tanks, 
pumps, air compressors and heat 
exchangers.  

N 

2000114-5050-LINE1-1953-S-0723.TIF 5-1E-A-2 Iowa Ordnance Plant - Building 1-05-1E 
- Sections 

1953 Sections showing air compressor and 
water tanks. 

N 

2000114-5050-LINE1-1953-S-0730.TIF 5-2-P-110 Bldg. 1-05-1 & 2 Washdown Bay Ejector 
Unit 

1953 Plan location of ejector units and 
assembly detail. Revision 1. 

N 

2000114-5050-LINE1-1953-S-0737.TIF 5-2-P63 Kettle Piping Layout 1953 Kettle piping layout. Revision 4. N 
2000114-5050-LINE1-1953-S-0739.TIF 5-2-P59 Typical Melt Bay Piping Layout - Kettles 

P & Q Section "B-B" 
1953 Melt bay piping layout. Revision 4. N 

2000114-5050-LINE1-1953-S-0740.TIF 5-2-P58 Typical Melt Bay Piping Layout - Kettles 
P & Q Section "A-A" 

1953 Melt bay piping layout. Revision 4. N 

2000114-5050-LINE1-1953-S-0741.TIF 5-2-P57 Typical Melt Bay Plan - Kettles P & Q 1953 Typical plan of melt bay, showing 
kettle and piping. Revision 5. 

N 

2000114-5050-LINE1-1953-S-0743.TIF 5-2-P53 Typical Melt Bay Piping Layout - Kettles  
J & K Section "B-B" 

1953 Typical section of melt bay, showing 
kettle and piping. Revision 4. 

N 

2000114-5050-LINE1-1953-S-0744.TIF 5-2-P52 Typical Melt Bay Piping Layout - Kettles  
J & K Section "A-A" 

1953 Typical section of melt bay, showing 
kettle and piping. Revision 5. 

N 

2000114-5050-LINE1-1953-S-0745.TIF 5-2-P51 Typical Melt Bay Plan - Kettles J & K 1953 Typical plan of melt bay, showing 
kettle and piping. Revision 5. 

N 

2000114-5050-LINE1-1953-S-0746.TIF 5-2-P40 Iowa Ordnance Plant - Building 1-05-2 - 
Melt Kettle Basement Piping Plan View 

1953 Drawing showing melt kettle piping 
layout in the basement of 
Bldg. 1-05-2. Revision 3. 

N 

2000114-5050-LINE1-1953-S-0766.TIF 5-1-S-4 Iowa Ordnance Plant - Bldg. 1-05-1 - 
Renovation & Reconstruction Of 
Washdown Bays A & B 

1953 Plan and sections of washdown bay.  N 

2000114-5050-LINE1-1953-S-0770.TIF 5-1-P63 Kettle Piping Layout 1953 Drawing to show layout of kettle 
piping. Revision 3. 

N 

2000114-5050-LINE1-1953-S-0771.TIF 5-1-P57 Typical Melt Bay Plan Kettles "J" & "K" 1953 Plan showing layout of kettle and 
piping in melt bay. Revision 4.  

N 
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2000114-5050-LINE1-1953-S-0772.TIF 5-1-P53 Typical Melt Bay Piping Layout - Kettle P 
& Q Section B-B 

1953 Section to show typical melt bay 
piping layout. Revision 3.  

N 

2000114-5050-LINE1-1953-S-0773.TIF 5-1-P40 Iowa Ordnance Plant - Bldg 1-05-1 - 
Melt Kettle Basement Piping Plan View 

1953 Plan view to show melt kettle piping 
layout in basement. Revision 2. 

N 

2000114-5050-LINE1-1953-S-0774.TIF 5-1-P36 105-1&2 Melt Kettles Fittings For 
Thermohm & Temp Bulb 

1953 Details of fittings for thermom & bulbs. 
Revision 1. 

N 

2000114-5050-LINE1-1953-S-0775.TIF 5-1-C3 Bldg. 1-05-1 & 2 Washdown Bay 
Ventilation Louvers 

1953 As build of ventilation louvers in 
washdown bay.  

N 

2000114-5050-LINE1-1953-S-0778.TIF 5-1-A5 Iowa Ordnance Plant - Bldg. 1-05-1 
Section Through Cooling Bays 

1953 Section through cooling bays.  N 

2000114-5050-LINE1-1953-S-0779.TIF 5-1-A4 Building 1-05-1 Architectural Section 
And Elevation 

1953 Architectural section and elevation of 
Bldg. 1-05-1.  

N 

2000114-5050-LINE1-1953-S-0780.TIF 5-1-A3 Iowa Ordnance Plant - Bldg. 1-05-1 - 
Second & Third Floor Plans 

1953 Floor plans of second and third floors 
of Bldg. 1-05-1.  

N 

2000114-5050-LINE1-1953-S-0781.TIF 5-1-A2 Iowa Ordnance Plant - Bldg. 1-05-1 -
First Floor Plan 

1953 First floor plan of Bldg. 1-05-1. N 

2000114-5050-LINE1-1953-S-0782.TIF 5-1-A1 Iowa Ordnance Plant - Bldg. 1-05-1 - 
Basement Floor Plan 

1953 Basement floor plan of Bldg. 1-05-1. N 

2000114-5050-LINE1-1953-S-0804.TIF 2-A1 Building 1-02 Architectural Floor Plan 
And Elevations 

1953 Floor plan and sections showing oil 
storage shed on exterior of building at 
Line 1. 

Y 

2000114-5050-LINE1-1953-S-0816.TIF 1-C-3 Bldg. 1-01 Machine Shop Grinding 
Room Exhaust System Layout & Details 

1953 Grinding room exhaust system layout 
and details. Revision 1. 

N 

2000114-5050-LINE1-1953-S-0817.TIF 1-C-2 Bldg. 1-01 Cutter Grinder Exhaust Hood 
Details Machine Shop Grinding Room 

1953 Details of exhaust hood. Revision 1. N 

2000114-5050-LINE1-1953-S-0818.TIF 1-C-1 Bldg. 1-01 Cutter Grinder Exhaust Hood 
Details Machine Shop Grinding Room 

1953 Details of exhaust hood. Revision 1. N 

2000114-5050-LINE1-1953-S-0826.TIF 1-A-3 Iowa Ordnance Plant Building 1-01 
Sections 

1953 Sections of Bldg. 1-01 showing spray 
booth and duct work.  

N 

2000114-5050-LINE1-1954-S-0358.TIF 61-E-P1 Bldg. 1-61 E Piping Layout 1954 Revision 8 of piping schematic for 
Bldg. 1-61E.  Includes pumps. Does 
not show location of drain discharge. 

N 

2000114-5050-LINE1-1954-S-0370.TIF 40E - P20 Bldg. 1-40E Surge Tank Piping Detail 1954 Detail of piping at surge tank. N 
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2000114-5050-LINE1-1954-S-0439.TIF 5-2 - P96 Bldg. 1-05-2 Piping Details - 2nd Floor 
Melt Pit Bay "J" & "K" 

1954 Typical piping details for floor melt pit. 
Revision 1. 

N 

2000114-5050-LINE1-1954-S-0440.TIF 5-2 - P95 Bldg. 1-05-2 Utility Layout For Holding 
Reservoir Bays "J" & "K" 

1954 Drawing shows plan, section, detail 
and isometric view of utility layout in 
melt pit.   

N 

2000114-5050-LINE1-1954-S-0441.TIF 5-2 - P94 Section "A-A" Oven Piping -  
Building 1-05-2 

1954 Section showing oven piping layout. 
Revision 1. 

N 

2000114-5050-LINE1-1954-S-0442.TIF 5-2 - P83 Oven Piping Details Side Elevation 1954 Side elevation showing oven piping 
details. Revision 1. 

N 

2000114-5050-LINE1-1954-S-0443.TIF 5-2 - P82 Oven Piping Details Plan View 1954 Plan view showing oven piping details. 
Revision 1. 

N 

2000114-5050-LINE1-1954-S-0444.TIF 5-2 - P81 Preheat Oven Layout Bldg. 1-05-2 1954 Drawing to show general piping layout 
of preheat oven. 

N 

2000114-5050-LINE1-1954-S-0445.TIF 5-2 - P61 Kettle Rear Piping - Kettles "P" & "Q" 1954 Piping layout at rear of kettle. 
Revision 4. 

N 

2000114-5050-LINE1-1954-S-0536.TIF V-8 - A-1 Building 1-99-8 Floor Plan & Section 1954 Floor and sections of building with 
Micro Vac pumps.  

N 

2000114-5050-LINE1-1954-S-0538.TIF V-6 - A-1 Building 1-99-6 Floor Plan & Sections 1954 Floor and sections of building with 
Micro Vac pumps.  

N 

2000114-5050-LINE1-1954-S-0554.TIF 75-A-1 Iowa Ordnance Plant - Building 1-75 -  
Floor Plan, Roof Plan, And Section 

1954 Roof plan, section and floor plan 
showing general layout of ventilation 
duct.  

N 

2000114-5050-LINE1-1954-S-0557.TIF 73E-A-1 Iowa Ordnance Plant - Bldg. 1-73E - 
Floor Plan, Roof Plan, And Section 

1954 Roof plan, section and floor plan 
showing general layout of Bldg. 1-73E. 

N 

2000114-5050-LINE1-1954-S-0561.TIF 71-A-1 Iowa Ordnance Plant - Building 1-71 - 
Floor Plan, Roof Plan And Section 

1954 Roof plan, section and floor plan 
showing general layout of ventilation 
duct.  

N 

2000114-5050-LINE1-1954-S-0620.TIF 40-E-P-30 Typical Piping Diagram- Contaminated 
Water System - Sections "G-G" & "H-H" 

1954 Contaminated water piping system 
diagram that does not show any 
discharge points. Revision 4. 

N 

2000114-5050-LINE1-1954-S-0621.TIF 40-E-P-28 Typical Piping Diagram- Contaminated 
Water System - Sections "E-E" & "F-F" 

1954 Contaminated water piping system 
diagram that does not show any 
discharge points. Revision 3. 

N 
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2000114-5050-LINE1-1954-S-0623.TIF 40-E-P-26 Typical Piping Diagram- Contaminated 
Water System - Sections "A-A" & "B-B" 

1954 Contaminated water piping system 
diagram that does not show any 
discharge points. Revision 4. Includes 
bill of material. 

N 

2000114-5050-LINE1-1954-S-0683.TIF 12-A-2 Iowa Ordnance Plant - Bldg. 1-12 - Floor 
Plan - Middle Section 

1954 Floor plan of middle section of 
Bldg. 1-12 at Line 1. Revision 2. 

N 

2000114-5050-LINE1-1954-S-0684.TIF 12-A-1 Iowa Ordnance Plant - Bldg. 1-12 - Floor 
Plan - North Section 

1954 Floor plan of north section of 
Bldg. 1-12 at Line 1. Revision 3. 

N 

2000114-5050-LINE1-1954-S-0735.TIF 5-2-P94 Bldg. 1-05-2 - Holding Reservoir Layout 
For Bays P & Q 

1954 Drawing to show bay and holding 
reservoir layout and diagram of air 
control system for cylinder & agitator 
motor. Revision 1. 

N 

2000114-5050-LINE1-1954-S-0736.TIF 5-2-P-93 Bldg. 1-05-2 Holding Reservoir Layout 
For Bays "J" & "K" 

1954 Drawing to show bay and holding 
reservoir layout and diagram of air 
control system for cylinder & agitator 
motor. Revision 1. 

N 

2000114-5050-LINE1-1954-S-0749.TIF 5-2-F4 Bldg. 1-05-2 - 2nd Floor - Automatic 
Deluge System For Holding Reservoir 

1954 Plan, sections and details of deluge 
piping layout. Revision 1. 

N 

2000114-5050-LINE1-1955-S-0364.TIF 53 - A6 Bldg. 1-53 Scrap Recovery Plant 
Section "A-A" 

1955 Section thru Bldg. 1-53 at Line 1 
showing pouring pot, water bed 
conveyor, Schneible unit, and existing 
ditch on exterior of building. Also 
shows contaminated water trough 
underneath building.  

Y 

2000114-5050-LINE1-1955-S-0365.TIF 53 - A5 Bldg. 1-53 Scrap Recovery Plant Plan & 
Elevation 

1955 Plan and section of Bldg. 1-53 at 
Line 1 showing Schneible units and 
pouring pot, as well as floor drains into 
contaminated water troughs 
underneath the building.  

Y 

2000114-5050-LINE1-1955-S-0535.TIF 100 - A1 Iowa Ordnance Plant - Building 1-100 - 
Architectural Floor Plans 

1955 Basement floor plan shows film 
developing room and notes that water 
from film processing to be drained to 
storm sewer at Line 1.  Also shows 
location of sump in basement.  First 
floor plan shows location of X-ray 
room. Revision 2. 

Y 

2000114-5050-LINE1-1955-S-0582.TIF 63-U-5 Iowa Ordnance Plant 1-63 Buildings 1955 Plan view of 1-63 and 1-40 area at Y 
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Grading And Drainage Line 1 showing contours and existing 
ditches and culverts. Revision 1. 

2000114-5050-LINE1-1955-S-0602.TIF 53-S-4 Bldg. 1-53 Contaminated Water Trough, 
Sump & Floor Drain 

1955 Drawing contains details of sump floor 
drain strainer, sump liner and section 
of contaminated water trough at 
Line 1.  Calls for inside of sump to be 
coated with asphalt and all cracks 
between sump and liner to be sealed 
with asphalt.  

Y 

2000114-5050-LINE1-1955-S-0604.TIF 53-F-1 Bldg. 1-53 Equipment Deluge 1955 As-built of deluge system in process 
bay and preheat tower.  

N 

2000114-5050-LINE1-1955-S-0605.TIF 53-C-1 Bldg. 1-53 Exhaust System Layout 1955 Drawing contains sections of 
Schneible layout and Schneible 
location plot plan. Revision 2. 

N 

2000114-5050-LINE1-1955-S-0613.TIF 51-S-1 Floor Plan & Section "A-A" Bldg. 1-51 1955 Floor plan and section through small, 
one-room building.  

N 

2000114-5050-LINE1-1955-S-0650.TIF 16-A-1 Iowa Ordnance Plant - Bldg. 1-16 - Plan 
& Sections 

1955 Plan and sections of building. 
Revision 1. 

N 

2000114-5050-LINE1-1955-S-0688.TIF 11-S-1 Floor Plan and Details 1955 First floor plan and sections of guard 
house. Revision 4 as built. 

N 

2000114-5050-LINE1-1955-S-0727.TIF 5-2-S9 Iowa Ordnance Plant - Bldg. 1-05-2 - 
Renovation & Reconstruction Of Floor - 
Washdown Bay "C" 

1955 Drawing showing floor beams and 
grating in washdown bay.  

N 

2000114-5050-LINE1-1955-S-0728.TIF 5-2-S8 Iowa Ordnance Plant - Bldg. 1-05-2 - 
Renovation & Reconstruction Of Floor - 
Washdown Bay "D" 

1955 Drawing showing floor beams and 
grating in washdown bay.  

N 

2000114-5050-LINE1-1955-S-0792.TIF 4-A-2 Iowa Ordnance Plant - Building 1-04 - 
Cross Sections 

1955 Sections of Bldg. 1-04. Revision 1. N 

2000114-5050-LINE1-1955-S-1035.TIF S-2-S-7 Iowa Ordnance Plant - Bldg. 1-05-2 - 
Renovation & Reconstruction Of Floor 
Washdown Bays - "C" & "D" 

1955 Details of renovations of washdown 
floor. Revision 1. 

N 

2000114-5050-LINE1-1956-S-0098.TIF SK-1-85 Location Filtration Equipment Bldg. 1-40 1956 Plan view of sumps, filters, pumps, 
hopper and columns. 

U 

2000114-5050-LINE1-1956-S-0404.TIF 11-U-13 Road Plan & Profile Building 1-11 1956 Typical service road profile and plan 
showing concrete slab and parkway. 

N 
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2000114-5050-LINE1-1956-S-0558.TIF 73-W-2 Relocation Of Red Water Ditch - Contour 
Map Bldg. 1-73  

1956 Contour map showing location of 
relocated red water ditch. Drawing 
calls for excavation of contaminated 
soil from ditch and filling with earth. 
Area is north-east of Bldg. 1-73 at 
Line 1.  

Y 

2000114-5050-LINE1-1956-S-0603.TIF 53-F-2 Bldg. 1-53 Deluge For Preheat Tower 1956 Details of deluge system in preheat 
tower. 

N 

2000114-5050-LINE1-1956-S-0678.TIF 12-A-14 PBX Preparation & Transfer Molding 
Bays Plan View Bldg. 1-12 

1956 Plan view of Bays Q & T west shows 
location of press, oven, blender and 
oven.  

N 

2000114-5050-LINE1-1956-S-0679.TIF 12-A-13 PBX Transfer Molding Bay Section View 
"A-A' & "B-B" Bldg. 1-12 Plan 1 

1956 Section views of press bay.  N 

2000114-5050-LINE1-1956-S-0680.TIF 12-A-12 PBX Transfer Molding Bay Section 
Views "A-A" & "B-B" Bldg. 1-12 Plan 2 

1956 Section views of press bay.  N 

2000114-5050-LINE1-1956-S-0681.TIF 12-A-4 Iowa Ordnance Plant - Bldg. 1-12 - Floor 
Plan - Compressor & Equipment Rooms 

1956 Floor plan of compressor room and 
north and west equipment rooms. 

N 

2000114-5050-LINE1-1956-S-0685.TIF 11-U-4 Sewer Profile & Details From 
Bldgs. 1-11 & 1-129 

1956 As-built detail of sewer manhole and 
profile of relocated sewer line. 
Revision 1. 

N 

2000114-5050-LINE1-1956-S-0687.TIF 11-S-6 Building 1-11 Levelator Pit 1956 Plan and sections of Levelator pit.  N 
2000114-5050-LINE1-1956-S-0815.TIF 1-C-4 Exhaust Hood - Welding Area - Pipe 

Shop - Building 1-01 
1956 Section and detail of ventilation hood. N 

2000114-5050-LINE1-1956-S-0837.TIF G - U72 Plot Plan Proposed Bldg. 1-11 Site 1956 Site layout for Bldg. 1-11. N 
2000114-5050-LINE1-1957-S-0581.TIF 63-U-7 Iowa Ordnance Plant 1-63 Buildings 

New Sewer Line Plan 
1957 Plan of sewer line from 1-63 buildings 

to 1-02 at Line 1. Includes section of 
manhole. As built, Revision 1.  

Y 

2000114-5050-LINE1-1957-S-0686.TIF 11-S-11 Structural Elevation & Details Battery 
Station Bldg. 1-11 

1957 Section and plan views showing stall 
layout.  Detail of transit joint. 

N 

2000114-5050-LINE1-1958-S-0348.TIF 129 - S3 Iowa Ordnance Plant - Bldg. 1-129 - 
Floor Slab, Drains, & Slopes 

1958 Drawing shows location of floor drains. 
Revision 5. 

N 

2000114-5050-LINE1-1958-S-0356.TIF 62 - S-37 Bldg. 1-62 Addition Plot Plan & 
Architectural Views 

1958 Plot plan and section showing location 
of existing sump on south side of 
building.  

Y 
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2000114-5050-LINE1-1958-S-0408.TIF 11-P6 Equipment Room Layout & Details 
Building 1-11 

1958 Layout and details of piping in 
Bldg. 1-11. Revision 2. 

N 

2000114-5050-LINE1-1958-S-0521.TIF 129 - A1 Building 1-129 Floor Plan 1958 Floor plan of Bldg. 1-129 at Line 1 
showing location of gas pumps and  
two underground storage tanks. 
Revision 8. 

Y 

2000114-5050-LINE1-1958-S-0580.TIF 63-U-8 Iowa Ordnance Plant 1-63 Buildings 
New Sewer & Water Lines-Profile 

1958 As-built water line and sewer line 
profile. Revision 1. 

Y 

2000114-5050-LINE1-1958-S-0584.TIF 62-A-1 Iowa Ordnance Plant - Bldg. 1-62 - Main 
Floor Plan 

1958 Floor plan showing boilers, office, 
locker room and coal hoppers. 
Revision 1.  

N 

2000114-5050-LINE1-1958-S-0657.TIF 13 -A-9 Vacuum Chamber Enclosure Equipment 
Layout Bldg. 1-13 Add. 

1958 Plan and section of enclosure for 
vacuum chamber and Kinny pump. 
Revision 3.  

N 

2000114-5050-LINE1-1958-S-0658.TIF 13 -A-8 Vacuum Chamber Enclosure Equipment 
Layout Bldg. 1-13  

1958 Plan and section of enclosure for 
vacuum chamber and Kinny pump. 
Revision 2. Marked obsolete. 

N 

2000114-5050-LINE1-1958-S-0660.TIF 13-A-4 Iowa Ordnance Plant - Bldg. 1-13 - 
Section BB 

1958 Section thru Bldg. 1-13. Revision 1.  N 

2000114-5050-LINE1-1958-S-0676.TIF 12-A-17 Proposed PBX Preparation & Pressing 
Plan Bldg. 1-12 Bay "Z" Location 

1958 Floor plan showing future expansion 
on east side of building.  Shows 
location of hydrostatic press and 
preheat ovens. 

N 

2000114-5050-LINE1-1958-S-0677.TIF 12-A16 Proposed PBX Preparation & Pressing 
Plan Bldg. 1-12 Bay "C" Location 

1958 Floor plan of north section of 
Bldg. 1-12 showing new construction 
of press room. 

N 

2000114-5050-LINE1-1958-S-0682.TIF 12-A-3 Iowa Ordnance Plant - Bldg. 1-12 - Floor 
Plan - South Section 

1958 Floor plan of south section of Bldg. 
1-12 at Line 1. Revision 1. 

N 

2000114-5050-LINE1-1958-S-0793.TIF 4-A-1 Building 1-04 Architectural Floor Plan 1958 Architectural floor plan of Bldg. 1-04. 
Revision 2.  

N 

2000114-5050-LINE1-1958-S-0809.TIF 1-S-57 Bldg. 1-01 Machine Shop Addition 
Details 6-9 (Structural) 

1958 Joint and column details. N 

2000114-5050-LINE1-1958-S-0810.TIF 1-S-56 Bldg. 1-01 Machine Shop Addition 
Details 1-5 (Structural) 

1958 Typical joint details. N 

2000114-5050-LINE1-1958-S-0838.TIF G - U78 Proposed Line 1 Addition Bldgs. 1-64 
Thru 1-67 & Ramps - Plot Plan 

1958 Plot plan showing location of proposed 
buildings.  

N 
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2000114-5050-LINE1-1959-S-0376.TIF 40 - C-22 Exhaust System Bay T - Bldg. 1-40 1959 Sections of exhaust duct. N 
2000114-5050-LINE1-1959-S-0382.TIF 122-C1 Layout & Details Air Conditioning, 

Ventilating & Drainage Systems - Bay Z 
- Bldg. 1-12 

1959 Drawing contains detail of air handling 
unit, piping diagram, air conditioning 
control schematic and floor plan and 
sections of Bldg. 1-12. As-built 
drawing. 

N 

2000114-5050-LINE1-1959-S-0485.TIF 211 - S1 Emergency Generator Bldg. 1-211 - 
Conc. Slab Details 

1959 Drawing showing details of concrete 
slab for generator.   

N 

2000114-5050-LINE1-1959-S-0486.TIF 211 - A1 Emergency Generator Bldg. 1-211 - 
Floor Plan & Elevations 

1959 Floor plans of generator building.  N 

2000114-5050-LINE1-1959-S-0503.TIF 137-5 - A-2 Iowa Ordnance Plant - Building 1-137-5 - 
General Floor Plan 

1959 Floor plan of Bldg. 1-137-5. 
Revision 7. 

N 

2000114-5050-LINE1-1959-S-0505.TIF 137-4 - P-1 Building 1-137-4 - Sanitary Waste 
Layout 

1959 Floor plan of Bldg. 1-137-4 showing 
locations of toilets, dishwashers, sinks 
and water coolers. No drainage 
details. Revision 5. 

N 

2000114-5050-LINE1-1959-S-0530.TIF S1 - A3 Building 1-115-1 Floor Plan & Elevation 1959 Floor plans and sections of building 
with wooden canopy on one side.  

N 

2000114-5050-LINE1-1959-S-0637.TIF 40 - P-52 Contaminated Water Reservoir Tank 1959 Details of mixing tank and piping 
schematic.  

N 

2000114-5050-LINE1-1959-S-0664.TIF 12-Z-U-1 Iowa Ordnance Plant New Road & 
Washdown Sump Plan & Details 

1959 Drawing shows road profile, sections 
and details of sump. As-built drawing. 

N 

2000114-5050-LINE1-1959-S-0787.TIF 4-S-5 Bldg. 1-04 Inspection Vault - Floor Plan 
& Structural Details 

1959 Structural details and floor plan of 
inspection vault. 

N 

2000114-5050-LINE1-1960-S-0373.TIF 40 - P54 Layout & Piping Monarch Lathe Bay-M 
Bldg. 1-40 

1960 Drawing shows piping to drill and 
lathe. Depicts layout of drill and lathe 
with respect to one another.  

N 

2000114-5050-LINE1-1960-S-0374.TIF 40 - P53 Layout & Piping Monarch Lathe Bay-O 
Bldg. 1-40 

1960 Drawing shows piping to drill and 
lathe. Depicts layout of drill and lathe 
with respect to one another.  

N 

2000114-5050-LINE1-1960-S-0397.TIF 12 - F-2 Deluge Piping P.B.X. Vibrating Preheat 
System Bay U Bldg. 1-12  

1960 Piping schematic and bill of material of 
deluge for preheat system.  

N 

2000114-5050-LINE1-1960-S-0405.TIF 11-U-7 Roads, Fences & Area Drainage 1960 Plan of area around 1-11 at Line 1 
showing roads, fences & drainage. 

Y 
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2000114-5050-LINE1-1960-S-0409.TIF 11 C - 3 Building 1-11 Spray Painting Booth & 
Drying Oven Exhaust Piping Installation 
Det's 

1960 Drawing of exhaust duct, including 
fans and stack.  

N 

2000114-5050-LINE1-1960-S-0477.TIF 1 - H-5 Dip Tank & Cleaning Booth 1-01 
Electrical Shop.  

1960 Sections of cleaning booth and 
portable dip tank. 

N 

2000114-5050-LINE1-1960-S-0478.TIF 01 - C -9 Welding Fume Exhaust System, Line 1 
Pipe Shop 

1960 Plan and sections of welding fume 
exhausting system.  

N 

2000114-5050-LINE1-1960-S-0506.TIF 137-4 - A-2 Building 1-137-4 - Floor Plan 1960 Floor plan of dining area and locker 
rooms. Revision 5. 

N 

2000114-5050-LINE1-1960-S-0612.TIF 52-A-1 Building 1-52 Architectural Floor Plan 1960 Architectural floor plan with notes to 
remove partitions and building 
materials. Revision 3. 

N 

2000114-5050-LINE1-1960-S-0662.TIF 13-A-2 Building 1-13 Floor Plan Of South 
Section 

1960 Floor plan shows lighting, utility lines 
and sand-filled barricades. Revision 3.

N 

2000114-5050-LINE1-1960-S-0663.TIF 13-A-1 Building 1-13 Floor Plan Of North 
Section 

1960 Floor plan showing lighting and utility 
lines. Revision 3. 

N 

2000114-5050-LINE1-1960-S-0690.TIF 11-A-2 Elevations & Details Of Building 1-11 1960 Elevations of Bldg. 1-11. Revision 2. N 
2000114-5050-LINE1-1960-S-0808.TIF 1-S-62 Floor Plan Bldg. 1-01 Addition For Tool 

& Gage Machine Shop 
1960 Bldg. 1-01 floor plan.  N 

2000114-5050-LINE1-1960-S-0825.TIF 1-A-5 Building 1-01 Battery Shop Modification 
Floor Plan 

1960 Floor plan of battery shop showing 
location of battery chargers and 
battery pad at Line 1. Revision 2.  

Y 

2000114-5050-LINE1-1960-S-0827.TIF 1-A-2 Building 1-01 Architectural Floor Plan & 
Longitudinal Section - South Half 

1960 Floor plan and section of Bldg. 1-01. 
Shows layout of equipment. 
Revision 4. 

N 

2000114-5050-LINE1-1960-S-0828.TIF 1-A-1 Iowa Ordnance Plant - Bldg. 1-01 - Floor 
Plan & Longitudinal Section - North Half 

1960 Floor plan and section of north half of 
Bldg. 1-01. Revision 2. 

N 

2000114-5050-LINE1-1961-S-0075.TIF SK-1-576 Relocated Drainage Ditch. 1961 Drawing showing planned relocation 
of drainage ditch from Bldgs. 1-70 & 
1-73 At Line 1.  Shows outlet crossing 
underneath road.  

Y 

2000114-5050-LINE1-1961-S-0344.TIF 37-S1 Tool & Die Storage Building 1-37 1961 Floor plan and elevations of 
Bldg. 1-37. 

N 

2000114-5050-LINE1-1961-S-0431.TIF 1-08-1 - C-5 Inspection Hood Details For Dust 
Collecting System 

1961 Details of exhaust hood.  N 
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2000114-5050-LINE1-1961-S-0432.TIF 1-08-1 - C-4 Drain Tank & Stand For Dust Collecting 
System 

1961 Details of tank and stand. N 

2000114-5050-LINE1-1961-S-0433.TIF 1-08-1 - C-3 Trunk Lines & Misc. Details For Dust 
Collecting System 

1961 Details of trunk lines, stack and outlet. N 

2000114-5050-LINE1-1961-S-0434.TIF 1-08-1 - C-2 Outlet Hopper Details For Dust 
Collecting System 

1961 Outlet hopper details showing duct to 
dust collector. 

N 

2000114-5050-LINE1-1961-S-0583.TIF 63-A-4 Typical Floor Plan Bldg. 1-63-1 1961 Typical floor plan of assembly 
building. Revision 1. 

N 

2000114-5050-LINE1-1961-S-0628.TIF 40 - U-3 Contaminated Water Collection System - 
Building 1-40 

1961 Drawing contains isometric piping 
diagram, section through sump, and 
plot plan. Plan shows where CMP pipe 
is to be relocated at Line 1. 

Y 

2000114-5050-LINE1-1961-S-0649.TIF 17-A-1 Iowa Ordnance Plant - Bldg. 1-17 - Plan 
& Sections 

1961 Plan and sections of battery charging 
building. Revision 3. 

N 

2000114-5050-LINE1-1961-S-0655.TIF 13-S-28 Modification To Bay B Bldg. 1-13 1961 Drawing shows location of cable 
storage cabinet to be installed and the 
installation of sliding fence door.  

N 

2000114-5050-LINE1-1961-S-0701.TIF 1-08-1-C-1 Plan & Elevation Views For Dust 
Collecting System 

1961 Plan and elevation views showing dust 
collector and duct work.  

N 

2000114-5050-LINE1-1961-S-0725.TIF 05-2-U2 Contaminated Water Trough 1961 Trough details and bill of materials.  N 
2000114-5050-LINE1-1961-S-0726.TIF 05-2-U1 Contaminated Water Collection System 

Bldg. 1-05-2 
1961 Drawing shows location of trough 

running from Bldg. 1-05-2. Sections of 
sump are shown. Revision 1. 

Y 

2000114-5050-LINE1-1961-S-0785.TIF 4-S-6 Mech. Shop Lab Bldg. 1-04 Gaging 
Room Office Floor Plan & Structural 
Details 

1961 Sections and details of joints.  N 

2000114-5050-LINE1-1961-S-0786.TIF 4-S-4 Bldg. 1-04 Mechanical Standards Lab - 
Floor Plan & Structural Details 

1961 Structural details and floor plan of 
mechanical standards building. 
Revision 1.  

N 

2000114-5050-LINE1-1961-S-0799.TIF 3-1-A-1 Oil Storage Bldg. West Of 1-04 1961 Details of oil storage building at Line 1 
showing pipe to ditch. Revision 1. 

Y 

2000114-5050-LINE1-1961-S-0806.TIF 1-01-S-77 Bldg. 1-01 Ceiling & Wall Framing Tool 
Crib, Locker Room, & Office 

1961 Details of wall and framing for 
Bldg. 1-01. Revision 1.  

N 

2000114-5050-LINE1-1961-S-0807.TIF 1-S-76 Bldg. 1-01 Details Of New Heat Treat 
Room Extension 

1961 Sections to show new wall framing.  N 
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2000114-5050-LINE1-1961-S-0822.TIF 1-01-A-11 Machine Shop South End Equipment 
Layout 

1961 Plan view showing equipment layout 
in machine shop.  

N 

2000114-5050-LINE1-1961-S-0823.TIF 1-01-A-10 Machine Shop Center Section 
Equipment Layout 

1961 Plan view showing equipment layout 
in machine shop.  

N 

2000114-5050-LINE1-1961-S-0824.TIF 1-01-A-8 Grinding Room Equipment Layout 1961 Drawing shows layout of equipment in 
grinding room. Revision 3. 

N 

2000114-5050-LINE1-1962-S-0355.TIF 63 - S-1 Bldgs 1-63 Structural Layout & Insert 
Location 

1962 Structural as-built drawing of 
Bldg. 1-63. 

N 

2000114-5050-LINE1-1962-S-0381.TIF 13 - C-14 Vacuum Chamber Room Exhaust 
System 

1962 Drawing showing ventilation screens, 
air grill and vacuum chamber  in 
Bldg. 1-13. 

N 

2000114-5050-LINE1-1962-S-0606.TIF 53-A-8 Building 1-53 Details Of Chemical 
Cleaning Equipment 

1962 Details of chemical tank, table and 
exhaust hood and duct take off.  

N 

2000114-5050-LINE1-1962-S-0607.TIF 53-A-7 Building 1-53 Chemical Cleaning 
Equipment Installation 

1962 Floor plan and section showing 
existing table and new exhaust hood.  

N 

2000114-5050-LINE1-1962-S-0717.TIF 5-2-E-P14 Bldg. 1-05-2 Cooling Water System Plan 
& Details 

1962 Drawing to show cooling water system 
layout. Revision 2. 

N 

2000114-5050-LINE1-1962-S-0734.TIF 5-2-P-152 Bldg. 1-05-2 System Cooling Water 
(Schematic) 

1962 Plan with typical piping schematic. 
Revision 2. 

N 

2000114-5050-LINE1-1963-S-0345.TIF 77 - U-2 Bldg. 1-77 Roads, Fences & Drainage 1963 Drawing shows ditch and drainage 
around Bldgs. 1-77 & 1-11.  Elevations 
of culverts and ditch are given.  

Y 

2000114-5050-LINE1-1963-S-0406.TIF 1-11 - S-22 Installation-Water Wash Booth With 
Floor Drain Bldg. 1-11 

1963 Sections and details of wash booth 
with bill of material. 

N 

2000114-5050-LINE1-1963-S-0438.TIF 5-2 - P157 Bldg. 105-2 Basement Cooling Bay - 
Piping 

1963 Schematic of piping in cooling bay, 
Bldg. 105-2. Revision 4. 

N 

2000114-5050-LINE1-1963-S-0552.TIF 1-77 - S-1 Proposed 1-77 Building Floor Plan And 
Structural Details 

1963 Floor plan shows floor drain and end 
of pipe exposed in ditch at Line 1. 
Revision 1. 

Y 

2000114-5050-LINE1-1963-S-0592.TIF 60 -S-1 Modifications - Building 1-60 & Misc. 
Details 

1963 Drawing to show changes to metal 
doors and foam carrier. Revision 1.  

N 

2000114-5050-LINE1-1963-S-0640.TIF 40 - C-33 Exhaust System Modification Bays D, J, 
& P 

1963 Sections and plans showing layout 
and modifications to venting duct. 

N 
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2000114-5050-LINE1-1963-S-0724.TIF 5-2-U-3 Contaminated Water Trough 1963 Section and details of contaminated 
water trough. Shows location of 
existing trough.  

Y 

2000114-5050-LINE1-1963-S-0729.TIF 5-2-P-161 Basement Piping Plan For Condensate 
Receiver 

1963 Plan and isometric of condensate 
receiver piping and typical header 
hookup. 

N 

2000114-5050-LINE1-1963-S-0754.TIF 5-2-C-9 Basement Exhaust System 1963 Plan and sections showing blower 
motors and vent thru roof.  

N 

2000114-5050-LINE1-1963-S-0758.TIF 5-2-C-5 Bldg. 1-05-2 Foam Press Hood Detail 
Bay A 

1963 Plan, detail and side elevation of press 
hood. Revision 1. 

N 

2000114-5050-LINE1-1964-S-0342.TIF 06-2-P-1 Water, Steam, Vacuum, & Air Piping 
Plan & Section 

1964 Shows water, steam, vacuum, & air 
piping plan & section at Bldg. 1-06-2. 

N 

2000114-5050-LINE1-1964-S-0385.TIF 12 - W8 Missile Map For Bay Q, Building 1-12 
25-Feb-1964 

1964 Map indicating location of fragments 
from explosion at 1-12 Bldg., Bay Q at 
Line 1. Description of fragments are 
given. Sheet 1 of 2. 

Y 

2000114-5050-LINE1-1964-S-0386.TIF 12 - W8 Missile Map For Bay Q, Building 1-12 
25-Feb-1964 

1964 Map indicating location of fragments 
(within a 100' radius) from explosion at 
1-12 Bldg., Bay Q at Line 1. 
Description of fragments are given. 
Sheet 2 of 2. 

Y 

2000114-5050-LINE1-1964-S-0393.TIF 12 - S-25 Access To Contaminated Water Trough 
Bldg. 1-12 

1964 Drawing shows drain to contaminated 
water trough underneath Bldg. 1-12 at 
Line 1.   

Y 

2000114-5050-LINE1-1964-S-0449.TIF 05-1 - P-111 Air Conditioning Piping Plan 1964 Plan view showing piping layout for air 
conditioning system. Revision 1.  

N 

2000114-5050-LINE1-1964-S-0475.TIF 3-1 - S-1 Relocation Oil Storage Bldg. 1-03-1 1964 Shows location where oil storage is to 
be moved, Bldg. 1-03-1 at 
Line 1+E487.  Also shows anchor bolt 
plan. 

Y 

2000114-5050-LINE1-1964-S-0490.TIF 1-172 - U-1 Engineering & Development Building - 
Burlington A.E.C. Plant 

1964 Drawing includes plan and cross 
sections of Engineering & 
Development Building. Also includes 
soil boring logs and contour lines.  

N 
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2000114-5050-LINE1-1964-S-0548.TIF 84-S-3 Standards Laboratory Architectural And 
Structural  - Sheet 3 

1964 Drawing shows details of oil storage 
building foundation and column 
enclosure. Shows sections of building 
structure. 

N 

2000114-5050-LINE1-1964-S-0549.TIF 84-S-2 Standards Laboratory Architectural And 
Structural  - Sheet 2 

1964 Drawings of door details and section 
of walls.  

N 

2000114-5050-LINE1-1964-S-0550.TIF 84-S-1 Standards Laboratory Architectural And 
Structural  - Sheet 1 

1964 Floor plan and sections of standards 
laboratory. 

N 

2000114-5050-LINE1-1964-S-0674.TIF 1-12-S-26 Building 1-12 - Bay Q - Floor Plan, 
Section, And Misc. Details 

1964 Structural details and sections.  N 

2000114-5050-LINE1-1964-S-0733.TIF 05-2-P-160 Building 1-05-2 Microdyne Fume 
Removal System Piping System & 
Details 

1964 Isometric drawing of Microdyne piping 
layout. Revision 1. 

N 

2000114-5050-LINE1-1964-S-0753.TIF 1-05-2-C-10 Adjustable Damper For Dust Collection 
Systems 

1964 Details of adjustable damper.  N 

2000114-5050-LINE1-1964-S-0756.TIF 05-2-C-7 Building 1-05-2 Microdyne Fume 
Removal System Second Floor Plan 

1964 Plan and section of Microdyne fume 
removal system on 2nd floor. 
Revision 2. 

N 

2000114-5050-LINE1-1964-S-0783.TIF 4-S-11 Shop Modifications Bldg. 1-04 1964 Floor plan of shop showing 
modifications to interior walls and 
door.  

N 

2000114-5050-LINE1-1964-S-0784.TIF 4-S-10 Modification To Laboratory Bldg. 1-04 1964 Floor plan of laboratory showing wall 
to be removed and floors to be tiled.  

N 

2000114-5050-LINE1-1964-S-0789.TIF 04-C-12 Hood Layout - Parts Cleaning Table - 
Scale Shop Bldg. 1-04 

1964 Plan and sections of existing 
ventilation hood and duct work.  

N 

2000114-5050-LINE1-1965-S-0102.TIF SK-1-55 Relocation of Bldg. 1-115-6 1965 Drawing showing planned relocation 
of Bldg. 1-115-6 and guard house. 

N 

2000114-5050-LINE1-1965-S-0103.TIF SK-1-53 Contaminated Water Trough For Bay W 
Bldg. 1-10 

1965 Drawing showing planned construction 
and elevation of water trough from 
Bay W at Bldg. 1-10 at Line 1.  
Includes detail of drain and location of 
existing trough.  

Y 
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2000114-5050-LINE1-1965-S-0104.TIF SK-1-40 Contaminated Water Trough For Bays A, 
B & C Bldg. 1-10 

1965 Drawing of changed flow line and 
elevations of contaminated water 
trough in Bldg. 1-10 at Line 1.  
Existing drip box with steam service is 
shown on flow line. 

Y 

2000114-5050-LINE1-1965-S-0378.TIF 1-18 - C-1 Exhaust Fan & Hood In Bay A 1965 Sections of exhaust hood.  N 
2000114-5050-LINE1-1965-S-0403.TIF 12 - C -6 Microdyne Dust Removal Plan & Section 1965 Plan and section showing location of 

preheat table, inspection table and 
vent hood and duct. Revision 2. 

N 

2000114-5050-LINE1-1965-S-0415.TIF 10-P-25 Equipment & Piping Layout & Details 1965 Plan and isometric views of piping 
layout. 

N 

2000114-5050-LINE1-1965-S-0416.TIF 10-P-23 Environmental Chamber Installation 
Bay K Bldg. 1-10 

1965 Plan and section shows equipment 
layout.  Drawing also has cooling 
tower water schematic.  

N 

2000114-5050-LINE1-1965-S-0429.TIF 10 - F - 13 Deluge Protection Bays "A," "B," "C," & 
"W" 

1965 Plan views showing general deluge 
layout.  

N 

2000114-5050-LINE1-1965-S-0594.TIF 60 -C-4 Exhaust System & Equipment Layout - 
Bldg. 1-60 

1965 Drawing shows layout of Baker-
Perkins kettle, recovery unit & related 
piping, and exhaust fans.  Sections of 
hood, duct and rain cap.  

N 

2000114-5050-LINE1-1965-S-0595.TIF 60 -C-3 Exhaust System Plastic Laboratory 1965 Sections of exhaust hood and duct 
over work table.  

N 

2000114-5050-LINE1-1965-S-0675.TIF 12-C-7 Microdyne Dust Removal Duct System 1965 Isometric of duct system for dust 
removal. Revision 2. 

N 

2000114-5050-LINE1-1965-S-0788.TIF 04-P-7 Equipment Piping Plan 1-04 Laboratory 1965 Floor plan showing piping layout. N 
2000114-5050-LINE1-1965-S-0820.TIF 1-01-A-17 Machine Shop North Section Equipment 

Layout 
1965 Plan of north section of machine shop 

showing equipment layout.  
N 

2000114-5050-LINE1-1965-S-0821.TIF 1-01-A-16 Machine Shop South Section Equipment 
Layout 

1965 Plan of south section of machine shop 
showing equipment layout.  

N 

2000114-5050-LINE1-1966-S-0099.TIF SK-1-76 Temporary Contaminated Water 
Filtration System. Bldg. 1-40 at Line 1. 

1966 Drawing showing layout of filtration 
system and reservoir at Bldg. 1-40, 
Line 1.  Pumps controlled by floats in 
reservoir. 

Y 

2000114-5050-LINE1-1966-S-0100.TIF SK-1-66 Expansion Tank Bldg. 1-40 1966 Detail of expansion tank in Bldg. 1-40. N 
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2000114-5050-LINE1-1966-S-0101.TIF SK-1-65 Chem. Lab Modification Bldg. 1-04 1966 Plan view of Chem. Lab showing 
drainage system to be removed and 
filled with concrete. 

U 

2000114-5050-LINE1-1966-S-0350.TIF 100-1 - A-1 Radiographic Facility 1-100-1 
Architectural Floor Plan And Elevations 

1966 Plan and section of 1-100-1 
radiographic facility. Does not show 
location or type of equipment.   

N 

2000114-5050-LINE1-1966-S-0367.TIF 40E - P44 Building 1-40E Piping Schematic 1966 Piping schematic showing heating 
coils, humidifiers, chillers, etc.   

N 

2000114-5050-LINE1-1966-S-0368.TIF 40E - P 43 Building 1-40E Piping Plan & Elevations 1966 Plan and elevations of piping in 1-40 E 
showing compressors, chillers, and 
fans.  

N 

2000114-5050-LINE1-1966-S-0522.TIF 124-2 - S-1 Floor Plan - Ironworkers Bldg. 1-124-2 1966 Floor plan and section of corrugated 
steel-covered building. Revision 1. 

N 

2000114-5050-LINE1-1966-S-0523.TIF 124-2 - P-1 Water & Sewer Layout Building 1-124-2 1966 Sewage plan view and water piping 
plan view of Bldg. 124-2. Shows 
location of toilets, sinks and piping.  

N 

2000114-5050-LINE1-1966-S-0555.TIF 74-C-1 Dust Removal System Bldg. 1-74 1966 Plan and section views of dust 
collector and duct. 

N 

2000114-5050-LINE1-1966-S-0568.TIF 70 - P-9 Contaminated Water Filtration System - 
Bldg. 1-70 

1966 Plan and isometric views showing 
sludge settling tanks, sump, carbon 
columns, filters and contaminated 
water trough in Bldg. 1-70 at Line 1. 
Revision 1. 

Y 

2000114-5050-LINE1-1966-S-0573.TIF 64-G - S-2 Buildings 1-64-1 & 1-64-2 Building 
Structural Sections And Details 

1966 Details of foundation and joints.  N 

2000114-5050-LINE1-1966-S-0587.TIF 61E-C-1 Building 1-61E Equipment Location 1966 Plan and section view of equipment 
layout showing fans, dryers, and 
vacuum pumps. Revision 1. 

N 

2000114-5050-LINE1-1966-S-0635.TIF 1-40-P-69 Sludge Removal System Bldg. 1-40 1966 Drawing of sludge tank and skimmer. 
Sheet 1 of 2. 

N 

2000114-5050-LINE1-1966-S-0648.TIF 17-A-2 Modifications To Bldg. 1-17 1966 Drawing indicates replacement of floor 
addition of new footing.  

N 

2000114-5050-LINE1-1966-S-0673.TIF 12-S-29 Bay F Modification Bldg. 1-12 1966 Drawing to show modifications to 
plasterboard ceiling and utilities. 
Revision 1. 

N 
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2000114-5050-LINE1-1966-S-0695.TIF 10-S-109 Bay S Modification Bldg. 1-10 1966 Plan and sections to show removal 
and replacement of interior concrete 
wall.  

N 

2000114-5050-LINE1-1967-S-0095.TIF SK-1-117 Contaminated Water Trough Bays X & Y 
Bldg. 1-10 

1967 Partial plan of Bldg. 1-10 at Line 1 
showing contaminated water troughs 
at Bays X & Y.  Section of 
contaminated water trough is shown.  

Y 

2000114-5050-LINE1-1967-S-0096.TIF SK-1-115 Solvent Recovery Tank Modification 
Bldg. 1-60 

1967 Detail of solvent tank at Bldg. 1-60. N 

2000114-5050-LINE1-1967-S-0097.TIF SK-1-96 Sludge Collection Tank Bldg. 1-40 
Contaminated Water. 

1967 Isometric drawing of sludge collection 
tank. 

N 

2000114-5050-LINE1-1967-S-0380.TIF 13 C-16 Duct Layout Environmental Control Bays 
C, D, E, F & G, Bldg. 1-13 

1967 Drawing shows duct work, 
dehumidifier, reactivation air outlet 
and fresh air make ups. 

N 

2000114-5050-LINE1-1967-S-0384.TIF 12 W 10 Map Of Major Missiles 1-12 Bldg. Bay Q. 
2 June 1967 

1967 Map indicating location of large 
fragments from explosion at 
Bldg. 1-12, Bay Q at Line 1. 
Description of fragments are given. 
Distances from point of explosion are 
given. 

Y 

2000114-5050-LINE1-1967-S-0412.TIF 10-P-29 Simplex H.E. Planer Mill Hydraulic 
Schematic 

1967 Hydraulic schematic. Sheet 1 of 2. N 

2000114-5050-LINE1-1967-S-0413.TIF 10-P-25 Tempered Water System Bldg 1-10 
Bays R, S, T, X, & Y 

1967 Plan and piping schematic of 
tempered water system.  

N 

2000114-5050-LINE1-1967-S-0414.TIF 10-P-27 Typical Installation Of Press Platen On 
Hot Water System 

1967 Layout of hot water system piping.  N 

2000114-5050-LINE1-1967-S-0551.TIF 78-A1 Building 1-78 General Details 1967 Voided drawing shows elevations, 
floor plan and section of wall.  

N 

2000114-5050-LINE1-1967-S-0562.TIF 70-U-2 Contaminated Water Collection System 1967 Shows sump and pipe layout for 
contaminated water collection system 
for Bldg. 1-70 at Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1967-S-0575.TIF 64-G - F-1 Installation Of T-289 Air Monitors & 
Radiation Safe Cabinet Bldgs. 1-64-1 & 
1-64-2 

1967 Sections and isometric view of 
amplifier and pre-amplifier. 

N 
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2000114-5050-LINE1-1967-S-0636.TIF 40-P-63 Contaminated Water Filtration System 
Bldg. 1-40 

1967 Isometric piping schematic of filtration 
system.  Includes sludge settling 
tanks, pumps, filter tanks and carbon 
columns.  

N 

2000114-5050-LINE1-1967-S-0671.TIF 12-S-32 Building 1-12 Bay "M" Modifications - 
Plan & Details 

1967 Drawing shows sections of footing and 
ceiling.  Also plan and section of 
Bays M1 & M2. 

N 

2000114-5050-LINE1-1967-S-0672.TIF 12-S-30 Bay A & B Modification Bldg. 1-12 1967 Drawing to show duct layout and 
installation of channel on bay wall. 

N 

2000114-5050-LINE1-1967-S-0691.TIF 10-U-1 Contaminated Water Trough Bays S & T 
Bldg. 1-10 

1967 Sections through contaminated water 
trough, supports and anchor at 
Bldg. 1-10 Line 1. Plan view indicates 
excavation of ditch from building to 
crest of hill.  

Y 

2000114-5050-LINE1-1967-S-0692.TIF 10-S-130 Modifications South End Bldg. 1-10 1967 Drawing includes stair and reservoir 
enclosure details.  

N 

2000114-5050-LINE1-1967-S-0791.TIF 4-A-6 Bldg. 1-04 Floor Plan 1967 Floor plan of Bldg. 1-04.  N 
2000114-5050-LINE1-1967-S-0797.TIF 03-2-S-1 Solvent Storage Building 1-03-2 1967 Plan and sections of solvent storage 

building. Plot plan shows location at 
Line 1. 

Y 

2000114-5050-LINE1-1967-S-0819.TIF 1-A-18 Bldg. 1-01 Floor Plan 1967 Floor plan of Bldg. 1-01. N 
2000114-5050-LINE1-1967-S-0839.TIF G - U127 Contaminated Water Trough Bldg. 1-12 

To 1-70 
1967 Plot plan showing routing of 

contaminated water through at Line 1 
and trough details. 

Y 

2000114-5050-LINE1-1967-S-0840.TIF G - U128 Contaminated Water Trough Bldg. 1-100 
To 1-70 

1967 Plot plan showing layout of 
contaminated water trough at Line 1. 

Y 

2000114-5050-LINE1-1967-S-1025.TIF G-U-127 Contaminated Water Trough Bldg. 1-12 
To 1-70 

1967 Details of contaminated water trough 
with plan of trough from Bldgs. 1-12 to 
1-70 at Line 1. 

Y 

2000114-5050-LINE1-1967-S-1026.TIF G-U-128 Contaminated Water Trough Bldg. 1-100 
To 1-70 

1967 Plan of contaminated water trough 
from Bldgs. 1-100 to 1-70 at Line 1.  

Y 

2000114-5050-LINE1-1968-S-0383.TIF  Map Of Minor Missiles 1-12 Bldg., Bay Q 
2 June 1967 

1968 Map indicating location of small 
fragments from explosion at 
Bldg. 1-12, Bay Q at Line 1. 
Description of fragments are given. 

Y 

2000114-5050-LINE1-1968-S-0093.TIF SK-1-176 Line 1 Construction Project 1968 Plan view of site layout. N 
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2000114-5050-LINE1-1968-S-0094.TIF SK-1-172 Storage Tank Bldg. 1-70-1 1968 Detail of storage tank at Bldg. 1-70-1. N 
2000114-5050-LINE1-1968-S-0363.TIF 53 - C -4 Oven Ventilation Plan & Sections Bay 'B' 

Bldg. 1-53 
1968 Plan and section of ovens with 

exhaust through ceiling. 
N 

2000114-5050-LINE1-1968-S-0392.TIF 12 - S-56 Machine Set-Up Bay Bldg. 1-12 1968 Plan and sections with specifications 
for building modifications. Includes 
door jamb details.  

N 

2000114-5050-LINE1-1968-S-0599.TIF BA-55-A-8 Production Support Facility Removal 
Plan 

1968 Existing floor plan showing partitions, 
curbs, doors, fixtures, etc. to be 
removed.  

N 

2000114-5050-LINE1-1968-S-0600.TIF BA-55-A-2 Production Support Facility Floor Plan 1968 Floor plan with notes on room finishes 
and partition and ceiling.  

N 

2000114-5050-LINE1-1968-S-0601.TIF BA-55-A-1 Production Support Facility Site Plan 1968 Site layout with contour and fence and 
curb details.  

N 

2000114-5050-LINE1-1968-S-0630.TIF 40-S-80 Environmental Control False Ceiling 
Details 

1968 Details of false ceiling framing.  N 

2000114-5050-LINE1-1968-S-0670.TIF 12-S-55 Bay I Modification Bldg. 1-12 1968 Plan of Bay I and sections of joists.   N 
2000114-5050-LINE1-1968-S-0940.TIF 12-M-49 Equipment Layout - Bays "U" & "V" 

Bldg. 1-12 
1968 Equipment layout of Bays U & V in 

Bldg. 1-12.  
N 

2000114-5050-LINE1-1968-S-0941.TIF 12-M-48 Equipment Layout - Bays "S" & "O" 
Bldg. 1-12 

1968 Equipment layout of Bays S & O in 
Bldg. 1-12.  

N 

2000114-5050-LINE1-1968-S-0942.TIF 12-M-47 Equipment Layout - Bays "R" & "W" 
Bldg. 1-12 

1968 Equipment layout of bays R & W in 
Bldg. 1-12. Shows proposed oven 
piping diagram. 

N 

2000114-5050-LINE1-1968-S-0943.TIF 211-P-1 Building 1-211 Emergency Diesel 
Generators Diesel Fuel Storage & 
Supply System 

1968 Isometric drawing of diesel fuel 
system. Plot plan shows location of 
diesel tanks at Line 1.  

Y 

2000114-5050-LINE1-1969-S-0091.TIF SK-1-180 Bay Modifications Bldg. 1-40 1969 Floor plan of Bldg. 1-40. N 
2000114-5050-LINE1-1969-S-0092.TIF SK-1-179 Sump Pit Installation Bldg. 1-63-1 Thru 6 1969 Drawing showing detail of planned 

sump and locations of sumps in 
Bldgs. 1-63-1 thru 6 at Line 1. 

Y 

2000114-5050-LINE1-1969-S-0340.TIF 4-C-13 Hood Layout For Atomic Absorption 
Machine Bldg. 1-04 Bay "C" 

1969 Drawing shows plan and section of 
exhaust hood layout and electrical 
hookup.  

N 
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2000114-5050-LINE1-1969-S-0479.TIF BA-G-U-131 Chemical Laboratory Facility Details 
Water Settling & Retention Reservoir 

1969 Drawing shows two settling & 
retention tanks with valves opening 
into a ditch at Line 1.   

Y 

2000114-5050-LINE1-1969-S-0480.TIF BA-G-U-130 Chemical Laboratory Facility Site Plan 1969 Site plan showing tanks with valves to 
open ditch near chemical lab.  Shows 
the merger of ditch with contaminated 
water trough at Line 1.   

Y 

2000114-5050-LINE1-1969-S-0578.TIF 63-G - P-7 Assembly Cells Sump Discharge Piping 
1-63-1 Thru 1-63-6 

1969 Plan of typical assembly cell at Line 1 
and steam piping isometric.  Drawing 
includes holding tank plan.  

Y 

2000114-5050-LINE1-1969-S-0598.TIF 55-A-10 Floor Plan Bldg. 1-55 1969 Floor plan of Bldg. 1-55. Identifies 
rooms by room numbers.  

N 

2000114-5050-LINE1-1969-S-0629.TIF 40-S-90 Modifications - Bays G, H, & J Bldg. 1-40 1969 Drawing shows minor modifications to 
bays.  Calls for the relocation of some 
duct and removal of doors. Revision 1.

N 

2000114-5050-LINE1-1969-S-0639.TIF 40 - C-41 Exhaust System Bldg. 1-40 Bay R 1969 Details of exhaust hood.  N 
2000114-5050-LINE1-1969-S-0790.TIF 4-A-7 Cryptocenter Floor Plan Bldg. 1-04 1969 Floor plan of cryptocenter showing 

modifications to be made to building.  
N 

2000114-5050-LINE1-1969-S-0795.TIF 03-4-S-1 Structural Plan & Sections Solvent 
Storage Bldg. 1-03-4 

1969 Structural details of Solvent Storage 
Building. Plot plan shows location of 
Solvent Storage Building at Line 1.  

Y 

2000114-5050-LINE1-1969-S-0796.TIF 03-3-S-1 Structural Plan & Sections Solvent 
Storage Bldg. 1-03-3 

1969 Structural details of Solvent Storage 
Building. Plot plan shows location of 
Solvent Storage Building at Line 1.  

Y 

2000114-5050-LINE1-1969-S-0798.TIF BA-3-A-3 Chemical  Laboratory Facility Floor Plan 
& Schedules 

1969 Chemical lab floor plan and 
schedules. As-built. Sheet 4 of 12. 

N 

2000114-5050-LINE1-1969-S-0802.TIF 1-03-S-3 Building 1-03 Modifications 1969 Location plan, elevation and floor plan  
showing interior modifications to 
building. 

N 

2000114-5050-LINE1-1969-S-0842.TIF G-U-152 Contaminated Water Trough & Drain 
Line To Bldg. 1-70-1 

1969 Plot plan shows location of sump and 
contaminated water trough at 
Bldg. 1-70-1 Line 1. Revision A 

Y 

2000114-5050-LINE1-1969-S-0944.TIF 70-1-P-2 Contaminated Water Filtration System 
Bldg. 1-70-1 

1969 Drawing has plan view and isometric 
view of contaminated water filter 
system in Bldg. 1-70-1 at Line 1. 
Shows settling tank and floor trough. 

Y 
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2000114-5050-LINE1-1969-S-0945.TIF 70-1-M-2 Settling Tank Bldg. 1-70-1 1969 Drawing of settling tank with 
removable baffles.  

N 

2000114-5050-LINE1-1969-S-1027.TIF G-U-152 Contaminated Water Trough & Drain 
Line To Bldg. 1-70-1 

1969 Details of contaminated water trough 
with plot plan showing location of 
drainage line at Line 1, Bldg. 1-70-1. 

Y 

2000114-5050-LINE1-1970-S-0023.TIF 6987-2577 STD Power House Bldgs 1-02, 2-02, & 
500-144 

1970 Mechanical layout of typical boiler 
room including chemical feed pump 
for Bldgs. 1-02, 2-02, and 500-144 
(possible chromium-6 source.)  For 
power houses at Line 1 and Line 2. 

Y 

2000114-5050-LINE1-1970-S-0106.TIF BA-G-A-8 Staging Bays - Floor Plan 1970 As-built floor plan of staging bays at 
Bldgs. 1-65, 1-65-2, and 
ramp 1-82-75D at Line 1. 

N 

2000114-5050-LINE1-1970-S-0107.TIF BA-G-A-5 Dynamic Balancing and Staging 
Facilities - Floor Plan. 

1970 As-built of Balancing Bay in building, 
Control Bay and Staging Bay in 
Bldgs. 1-67 & 1-80.  Typical detail of 
beam footers. 

N 

2000114-5050-LINE1-1970-S-0108.TIF BA-G-A-4 Assembly & Staging Bays - Floor Plans 
Bldg. 1-19-1 Thru 7, & 1-66-1&2, 1-19E  

1970 As-built of floor plans; typical 
assembly bay 1-19, staging bay 1-66, 
and rest room 1-19E. 

N 

2000114-5050-LINE1-1970-S-0109.TIF BA-G-A-3 Assembly & Staging Bays - General 
Layout - Bldgs. 1-19, 1-19E, 1-63, 1-66 
And Ramp 1-82-78. 

1970 Floor plans and dimensions of 
assembly and staging bays, as-built.  

N 

2000114-5050-LINE1-1970-S-0339.TIF 04-C-15 Fume Hood & Sink Layout Template 
Shop Bldg. 1-04 

1970 Detail of stainless steel sink.  N 

2000114-5050-LINE1-1970-S-0354.TIF 77-C-12 Automatic Air Purging System – 
Building 1-77 Bay-C 

1970 Plan and section showing 13" 
diameter exhaust pipe going through 
ceiling of Bldg. 1-77. 

N 

2000114-5050-LINE1-1970-S-0411.TIF 10-P-32 Piping Layout Vertical N.C. Milling 
Machine Bay "T" Building 1-10 

1970 Piping schematic and equipment 
layout in Bldg. 1-10. 

N 

2000114-5050-LINE1-1970-S-0545.TIF 85-1 - S1 Tool Staging Building - Floor Plan And 
Details 

1970 Drawing includes floor plan, sections, 
details and soil borings of tool staging 
building at Line 1. 

N 

2000114-5050-LINE1-1970-S-0546.TIF 85-1-C-2 Tool Cleaning Hood - Frean Fume 
Removal - Bldg. 1-85-1 

1970 Drawing shows location of fume 
removal hood and hood details.  

N 
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2000114-5050-LINE1-1970-S-0547.TIF 84-S-4 Standards Laboratory Architectural And 
Structural  - Sheet 4 

1970 Drawing contains roof framing detail, 
foundation and slab plan and sections. 
Revision 1. 

N 

2000114-5050-LINE1-1970-S-0576.TIF 63-G - S-12 Areaway Paving & Drainage 1-63 Cell 
Area 

1970 Paving and drainage plan sections 
adjacent to operating bays.   

N 

2000114-5050-LINE1-1970-S-0577.TIF BA-63-G-S-1 Assembly Cell & Bay Facilities - 
Sections & Details - Bldgs. 1-63-78,8 

1970 Sections and details showing subdrain 
piping and joint details. 

N 

2000114-5050-LINE1-1970-S-0579.TIF BA-63-G-A-1 Assembly Cell - Floor Plan - Bldg. 1-63-7 1970 Floor plan of assembly cell at Line 1. 
Shows location of 2'2" x 3'6" x 5'6" 
sump. As-built, Revision 1.  

Y 

2000114-5050-LINE1-1970-S-0647.TIF BA-19-G-A-1 Assembly & Staging Bays - Safety Door 
& Details - Bldg. 1-19-1 Thru 7 

1970 Details of safety door. Revision 1, 
sheet 38 of 82. 

N 

2000114-5050-LINE1-1970-S-0829.TIF BA-G-S-20 Dynamic Balancing & Staging Facilities - 
General Layout 

1970 Plan view showing general layout of 
Bldgs. 1-64-1, -2, -3, -4, -5; 1-67-1, -2; 
1-67-E; 1-80 Ramp 1-97-76.  
Revision 3. Sheet 5 of 67. 

N 

2000114-5050-LINE1-1970-S-0841.TIF BA-G-U-134 Dynamic Balancing & Staging Facilities - 
Sections & Details 

1970 Sections & details of Bldgs. 1-64, 
1-67, 1-67E, 1-80, & Ramp 1-82-76. 
Revision 1. Sheet 4 of 67. Details of 
concrete-lined ditch.  

Y 

2000114-5050-LINE1-1971-S-0088.TIF SK-1-363 Remodeling Of The Development & 
Materials Testing Lab Building 1-04 

1971 Floor plan and section of lab in 
Bldg. 1-04. 

N 

2000114-5050-LINE1-1971-S-0089.TIF SK-1-354 Proposed Flammable Liquid Storage 
Bldgs.  Floor Plans & Sections Line 1 

1971 Plan and section showing proposed 
chemical storage buildings with drain 
pipes above ground and existing water 
trough at Line 1. 

Y 

2000114-5050-LINE1-1971-S-0250.TIF 1-12-W-605 Equipment Installation Bay W, 
Bldg. 1-12 

1971 Drawing showing location of paint 
booth, steam oven and hydrostatic 
control for Bldg. 1-12 at Line 1. 

N 

2000114-5050-LINE1-1971-S-0338.TIF 04-C-17 Modification Of Fume Removal Systems 
Chem. Lab. Bldg. 1-04 

1971 Plan and section of Chem Lab at 
Bldg. 1-04, Line 1, showing exhaust 
system. 

Y 

2000114-5050-LINE1-1971-S-0396.TIF 12 - F-18 Deluge Layout Bay "GG" Bldg. 1-12 1971 Shows section of riser, piping 
isometric and plan of bay with piping 
layout. 

N 
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2000114-5050-LINE1-1971-S-0402.TIF 12 - C - 27 Exhaust Hood Layout For D.M.S.O. 
Cleaning Operations Bay "C-C" 
Building 1-12  

1971 Section and isometric view of filter 
rack and hood. Bill of material and 
general notes on assembly included. 

N 

2000114-5050-LINE1-1971-S-0423.TIF 10 - P3 Building 1-10 Schematic Piping South 
Equipment Room 

1971 Piping detail showing vacuum, water, 
deluge, air and coolant lines. 
Revision 3. 

N 

2000114-5050-LINE1-1971-S-0427.TIF 10 - F - 8 Deluge Layout Bay - "X" Bldg. 1-10 1971 Drawing contains plan view and 
isometric view of deluge layout.  Also 
shows riser detail.  

N 

2000114-5050-LINE1-1971-S-0428.TIF 10 - F - 7 Deluge Layout Bay - "T" Bldg. 1-10 1971 Drawing contains plan view and 
isometric view of deluge layout.  Also 
shows riser detail.  

N 

2000114-5050-LINE1-1971-S-0484.TIF G - P - 14 Contaminated Water Disposal Piping & 
Dumpster Pad Layout Building 1-70 & 
1-13 

1971 Elevation showing 1000-gallon 
dumpster system to discharge into 
contaminated water trough.  Plot plan 
of dumpster pads at Bldgs. 1-70 & 
1-13 at Line 1. 

Y 

2000114-5050-LINE1-1971-S-0496.TIF CT -G - S-1 Chemical Storage Enclosures Cooling 
Towers - 1-155-1 Thru 4 

1971 Plan and details of chemical storage 
enclosures attached to cooling tower. 

N 

2000114-5050-LINE1-1971-S-0610.TIF 52-A-4 Architectural Layout Bldg. 1-52 1971 Architectural layout showing location 
of lighting fixtures, attic access and 
manual alarm station.  

N 

2000114-5050-LINE1-1971-S-0656.TIF 13 - P -11 Contaminated Water Piping Layout 
Bay "E" Building 1-13 

1971 Plan, section and isometric views of 
piping layout at Bldg. 1-13 at Line 1. 
Shows contaminated water line 
discharging into a dumpster outside of 
building.  

Y 

2000114-5050-LINE1-1971-S-0668.TIF 12-S-67 Modification Bay A Bldg. 1-12 1971 Drawing shows floor plan, ceiling 
framing plan and sections of walls and 
joints.  

N 

2000114-5050-LINE1-1971-S-0669.TIF 12-S-65 Installation Of Drain Pipe w/ Sump Detail 
& Section Bldg. 1-12 

1971 Floor drain details and partial location 
plan showing drain to be filled with 
concrete at Line 1. Revision 1. 

Y 

2000114-5050-LINE1-1971-S-0693.TIF 10-S-112 Pre-Production Work Area Building 1-10 
Equipment Building And Details 

1971 Drawing shows roof and floor plan, 
framing elevations and door details. 
As-built, Revision 1. 

N 
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2000114-5050-LINE1-1971-S-0694.TIF 10-S-111 Pre-Production Work Area Building 1-10 
Structural Plans And Details 

1971 Drawing to show floor plan of Bays Q 
& R.  Structural sections through walls 
and joints. Revision 1, as-built. 

N 

2000114-5050-LINE1-1972-S-0083.TIF SK-1-439 Line 1 Master Plan 1972 Plan view of the plant showing the 
locations of the various facilities at 
Line 1. Lists dates of modifications to 
facilities. 

N 

2000114-5050-LINE1-1972-S-0084.TIF SK-1-438 Line 1 North End Plan I 1972 Plan of Line 1 North End showing 
proposed personnel decontamination 
facility. 

N 

2000114-5050-LINE1-1972-S-0085.TIF SK-1-437 Line 1 North End Plan III 1972 Plan of Line 1 North End. N 
2000114-5050-LINE1-1972-S-0086.TIF SK-1-406 Water Trough Relocation Bldg. 1-04 1972 Drawing shows planned relocation of 

water trough to Chemical Lab at 
Line 1. 

Y 

2000114-5050-LINE1-1972-S-0087.TIF SK-1-382 Bay A Bldg 1-12 1972 Floor plan of Bay A at Line 1 showing 
Roll Mill and drain.  Drain detail 
included.  

Y 

2000114-5050-LINE1-1972-S-0090.TIF SK-1-353 Proposed Flammable Liquid Storage 
Bldgs.  Site Plan 

1972 Plan showing location of chemical, 
flammable liquid & compressed gas 
storage buildings. 

N 

2000114-5050-LINE1-1972-S-0349.TIF 100-2 - U-1 Radiographic Facility - Site Plan, 
Grading & Utilities 

1972 Site map of Radiographic Building 
showing grading and drainage. 

Y 

2000114-5050-LINE1-1972-S-0353.TIF 77-C-13 Auto Air Purge Exhaust Sys - Bldg. 1-77 
Bay-'C' 

1972 Section and elevation of exhausting 
unit on Bldg. 1-77. 

N 

2000114-5050-LINE1-1972-S-0362.TIF 53-C-7 Fume Removal Hood Bldg. 1-53 Bay "C" 1972 Plan, elevation and section of fume 
hood.  

N 

2000114-5050-LINE1-1972-S-0375.TIF 40 - F - 8 Automatic Deluge System Bldg. 1-40 1972 Floor plan showing layout of deluge 
system and notes on installing new 
deluge system.  

N 

2000114-5050-LINE1-1972-S-0390.TIF 12-S-72 Clean Room Bay " J" Bldg. 1-12 Floor 
Plan & Sections 

1972 Drawing contains floor plan, section 
and ceiling framing plan for Bldg. 1-12. 
Location of press, pumps and ovens 
are shown.  

N 

2000114-5050-LINE1-1972-S-0391.TIF 12-S-70 Section & Detail Modification Bay "AA" 
Bldg. 1-12 

1972 Plan and sections with specifications 
for building modifications.  

N 
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2000114-5050-LINE1-1972-S-0401.TIF 12 - C - 28 Clean Room Details Bay 'A' 
Building 1-12 

1972 Detail of clean room includes air 
handling unit, bill of material and 
general notes.  

N 

2000114-5050-LINE1-1972-S-0476.TIF 01-P-13 Heat Treat Furnace Piping & Details 
Building 1-01 

1972 Drawing contains details and 
schematic of piping for heat treatment 
furnace. 

N 

2000114-5050-LINE1-1972-S-0497.TIF 148 - U-2 Tool And Die Shop Site Grading And 
Roads 

1972 Plan and sections of cooling tower at 
Line 1 showing fans, sump and sump 
pumps. 

N 

2000114-5050-LINE1-1972-S-0498.TIF 148 - U-1 Tool And Die Shop  - Title Sheet, Index, 
Vicinity Map And Plot Plan 

1972 Title sheet, index, vicinity map and 
plot plan of Tool and Die Shop at 
Line 1.   

Y 

2000114-5050-LINE1-1972-S-0499.TIF 148-S-1 Tool And Die Shop Building Floor Plans 1972 Plan of die shop includes joint details.  
Does not show any sump or drainage 
features. 

N 

2000114-5050-LINE1-1972-S-0500.TIF 148-C-3 Tool And Die Shop Mechanical Sections 1972 Sections of Tool and Die Shop 
showing general layout of piping and 
duct work. Revision 1. 

N 

2000114-5050-LINE1-1972-S-0501.TIF 148-C-2 Tool And Die Shop Mechanical Floor 
Plan 

1972 Floor plan showing layout of air 
conditioning and duct work in Tool and 
Die Shop. Revision 1. 

N 

2000114-5050-LINE1-1972-S-0689.TIF 11-P-4 Water & Sewer Piping Details 1972 Drawing shows sewage plan, hot & 
cold water plan, sewage piping 
isometric and water piping isometric. 
Revision 2, as-built. 

N 

2000114-5050-LINE1-1972-S-0805.TIF 01-S-101 Heat Treat Furnace Pit Installation 
Bldg. 1-01 

1972 Details of furnace pit installation.  N 

2000114-5050-LINE1-1973-S-0078.TIF SK-1-503 Exhaust Ducts For V-23 Standard Ovens 
Bldg 1-10 Bay R 

1973 Section and detail of exhaust ducts in 
Bldg. 1-10, Bay R, at Line 1. 

N 

2000114-5050-LINE1-1973-S-0079.TIF SK-1-496 Section Through Cooling Bays 
Bldg. 1-05-2 

1973 Drawing showing cross section 
through cooling bays in Bldg. 1-05-2 at 
Line 1. 

N 

2000114-5050-LINE1-1973-S-0080.TIF SK-1-495 First Floor Plan Bldg. 1-05-2 1973 Drawing shows building layout and 
work not completed. Shows floor 
drains in Bldg. 1-05-2 at Line 1. 

N 
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2000114-5050-LINE1-1973-S-0081.TIF SK-1-494 Basement Floor Plan Bldg. 1-05-2 1973 Drawing shows building layout and 
work not completed. Shows floor 
drains and sump in Bldg. 1-05-2 at 
Line 1. 

Y 

2000114-5050-LINE1-1973-S-0082.TIF SK-1-492 Second And Third Floor Plans 
Bldg. 1-05-2 

1973 Plan view of second and third floor 
layout of Bldg. 1-05-2 at Line 1. 

N 

2000114-5050-LINE1-1973-S-0337.TIF 04-C-20 Liquid Chromograph Exhaust - 
Bldg. 1-04 - Chem Lab 

1973 Partial plan and sections of ventilation 
unit.  

N 

2000114-5050-LINE1-1973-S-0359.TIF 61 - C -27 Glove Box Assembly MOCA Gluing - 
Bay J & K Bldg. 1-61 

1973 Sections and isometric drawings of 
aluminum and Plexiglas glove box. 

N 

2000114-5050-LINE1-1973-S-0361.TIF 53-P-10 Exhaust System For Glove Box Bay "C" 
Bldg. 1-53 

1973 Plan and details of exhaust system for 
Glove Box Bay "C" at Line 1.  Shows 
details of filter box and pipe "vent to 
outside." 

Y 

2000114-5050-LINE1-1973-S-0387.TIF 12-S-79 Melt Kettle Platform Bay K Bldg. 1-12 1973 Sections of platform and railing.  N 
2000114-5050-LINE1-1973-S-0388.TIF 12-S-78 Adhesive Prep Area Bays EE & FF 

Bldg. 1-12 Plan & Sections 
1973 Plan and sections with notes on 

installing suspended ceiling in 
Bldg. 1-12. 

N 

2000114-5050-LINE1-1973-S-0389.TIF 12-S-77 Adhesive Prep Area Bays EE & FF 
Bldg. 1-12 Equip Rm Mod.    

1973 Drawing calls for installation of 
asbestos panels and closing door 
openings with cement asbestos board. 

N 

2000114-5050-LINE1-1973-S-0395.TIF 12 - F - 20 PETN Facility Deluge Piping Bldg. 1-12 
Bay K 

1973 Drawing contains plan, section and 
isometric view of deluge system in 
Bldg. 1-12. 

N 

2000114-5050-LINE1-1973-S-0398.TIF 12 - C - 43 Ventilation Schematic Bays EE & FF 
Bldg. 1-12 

1973 Ventilation schematic showing flow 
directions and quantities. 

N 

2000114-5050-LINE1-1973-S-0399.TIF 12 - C - 40 Clean Room For Vacuum Ovens 
Bldg. 1-12 Bay H 

1973 Partial floor plan and section of 
vacuum oven rooms.  Shows location 
of vacuum oven and general piping 
layout.  

N 

2000114-5050-LINE1-1973-S-0400.TIF 12 - C - 29 Clean Room Plan & Sections Bldg. 1-12 
Bay "K" 

1973 Drawing shows exhaust duct work, 
filter box, A/H unit, etc. Bill of material 
and general notes on construction are 
on the drawing.  

N 
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2000114-5050-LINE1-1973-S-0410.TIF 10 - P - 52 Exhaust System For Glove Box 
Bldg. 1-10 Bay R 

1973 Filter box assembly and detail for 
glove box. Also shows isometric view 
of glove box and piping.  

N 

2000114-5050-LINE1-1973-S-0426.TIF 10 - F - 13 Deluge System Wind Mach & Resin 
Cure Bldg. 1-10 Bay P 

1973 Drawing shows plan, section, detail 
and isometric view of piping and duct. 

N 

2000114-5050-LINE1-1973-S-0526.TIF S - 8 - F -1 Neutron Detector Install. Bldg. 1-115-8 
Line 1. 

1973 Detail of neutron detector and 
interconnecting cabling. 

N 

2000114-5050-LINE1-1973-S-0593.TIF 60 -F-3 Mixing Bay Ventilation - Bldg. 1-60 1973 Main floor plan and section showing 
electrical wiring layout for ventilation 
system. Indicates location of solvent 
storage bay at Line 1 and notes the 
mixing bay is designated as a Class I, 
Group D, Division 1, Hazardous Area. 

Y 

2000114-5050-LINE1-1973-S-0665.TIF 12-U-3 Adhesive Prep. Area Bay F-F Bldg. 1-12 
Drain Line Install 

1973 Soil pipe layout and section of drain 
line into existing 8" sewer line at 
Line 1. 

Y 

2000114-5050-LINE1-1973-S-0667.TIF 12-S-68 PETN Facility Bay "K" Bldg 1-12 Floor 
Plans Sections 

1973 Plan and section of building. Shows 
equipment layout.  Revision 1. 

N 

2000114-5050-LINE1-1973-S-0696.TIF 10-C-22 Resin Fume System Details Bldg. 1-10, 
Bay P 

1973 Details of resin fume hood and stack.  N 

2000114-5050-LINE1-1973-S-0697.TIF 10-C-21 Fume System Plan & Sections 
Bldg. 1-10, Bay P 

1973 Drawing to show layout of fume 
exhaust system for resin mix and resin 
cure.  

N 

2000114-5050-LINE1-1973-S-0761.TIF 5-2-A-5 Bldg. 1-05-2 Section Through Cooling 
Bays 

1973 Section through cooling bays.  N 

2000114-5050-LINE1-1973-S-0794.TIF 03-7-S-2 Chemical, Flammable Liquid, Comp. 
Gas Storage Bldg. Floor Plan and 
Details 

1973 Plan and structural details of storage 
building. Does not show drainage 
system.  

N 

2000114-5050-LINE1-1973-S-0813.TIF 01-C-11 Dip Tank Facility Electrical Shop 
Bldg. 1-01 

1973 Floor plan and details showing dip 
tank and duct work.  

N 

2000114-5050-LINE1-1973-S-0814.TIF 01-C-10 Ventilation Layout Heat Room Bldg. 1-01 1973 Plan and section showing outward 
mount shutter, roof ventilator and 
control panel.  

N 

2000114-5050-LINE1-1973-S-0946.TIF 00-00-00 Misc. Bldgs. & Facilities - Phase II - 
Legend 

1973 Master legend for miscellaneous 
buildings and facilities. Record 
drawing. Sheet 2. 

Y 
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2000114-5050-LINE1-1973-S-0947.TIF 00-00-00 Misc. Bldgs. & Facilities - Phase II - "As 
Built" Index 

1973 Master as-built index for 
miscellaneous buildings and facilities. 
Record drawing. Sheet 1. 

Y 

2000114-5050-LINE1-1973-S-0948.TIF 00-00-00 Bldgs. & Miscellaneous Rehab - Legend 1973 Master as-built index for 
miscellaneous buildings and facilities. 
Record drawing. Sheet 1. 

Y 

2000114-5050-LINE1-1974-S-0076.TIF SK-1-545 Modifications Bldgs. 1-61 & 1-63-5 1974 Partial plan view of Bldg. 1-63-5 at 
Line 1 showing planned addition of 
vacuum piping and gauge in Bay 'A' 
and cooling water circuit to vacuum 
pump. 

N 

2000114-5050-LINE1-1974-S-0077.TIF SK-1-544 Modifications Bldg 1-61 1974 Drawing shows 2" outlet from Bays "T" 
& "S" into dumpster outside Bldg. 1-61 
at Line 1. Notes to use as many 
components from contaminated water 
system as safety department will 
permit.  

Y 

2000114-5050-LINE1-1974-S-0574.TIF 64-G - S-1 Buildings 1-64-1 & 1-64-2 General Plot 
Plan And Misc. Ramp Details 

1974 Drawing to show ramp connection to 
portal wall and plot layout.  

N 

2000114-5050-LINE1-1974-S-0952.TIF 00-00-00 AMC Proj. 5735333 - Prod. Support - 
Location Plan 

1974 Location plan of plant. Revision 1. 
Record drawing. 

N 

2000114-5050-LINE1-1974-S-0953.TIF 00-00-00 Misc. Buildings Project 5715333 - As 
Built Index 

1974 Miscellaneous building as-built index. 
Record drawing 

N 

2000114-5050-LINE1-1975-S-0229.TIF 1-40-C-600 Exhaust Hood Layout - Bay "D" & "J" - 
Bldg. 1-40 

1975 Drawing of exhaust hood. N 

2000114-5050-LINE1-1975-S-0243.TIF 1-13-W-604 Equip Instl Bay A-1-13 152 MM 1975 Drawing of equipment layout. Sheet 2 
of 2. Revision 1. 

N 

2000114-5050-LINE1-1975-S-0244.TIF 1-13-W-604 Equip Instl Bay A-1-13 152 MM 1975 Drawing of equipment layout. Sheet 1 
of 2. Revision 1. 

N 

2000114-5050-LINE1-1975-S-0283.TIF 1-05-2-P-607 Contaminated Trough Bay-"H" 
Bldg 1-05-2 

1975 Plan, elevation, and isometric of floor 
drain connection to contaminated 
water trough at Bldg. 1-05-2 in Line 1. 

N 

2000114-5050-LINE1-1975-S-0295.TIF 1-05-2-C-603 Exhaust Hood Assembly Bays Q & K 
Bldg 1-05-2 

1975 Portable fume hood plan, elevation, 
and isometric drawing. 

N 

2000114-5050-LINE1-1975-S-0296.TIF 1-05-2-C-602 Dust Collection Duct Modification 
Bldg 1-05-2 

1975 Plan view of dust collection system for 
third floor of Bldg. 1-05-2 at Line 1. 

N 
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2000114-5050-LINE1-1975-S-0297.TIF 1-05-2-C-601 Fume Removal Revisions 
Building 1-05-2 

1975 Plan view of fume collection system 
for third floor of Bldg. 1-05-2 at Line 1.

N 

2000114-5050-LINE1-1976-S-0219.TIF 1-61-C-600 Paint Booth & Exhaust Fan - Bays "O" & 
"P" - Bldg. 1-61 

1976 Drawing of exhaust system for paint 
booths and partial floor plan.  

N 

2000114-5050-LINE1-1976-S-0221.TIF 1-53-W-602 Equipment Installation Bldg. 1-53, Bay C 1976 Floor plan and equipment layout.  N 

2000114-5050-LINE1-1976-S-0222.TIF 1-53-W-601 Equipment Installation Bldg. 1-53, Bay B 1976 Floor plan and equipment layout.  N 

2000114-5050-LINE1-1976-S-0223.TIF 1-53-W-600 Equipment Installation Bldg. 1-53, Bay A 1976 Floor plan and equipment layout.  N 

2000114-5050-LINE1-1976-S-0282.TIF 1-05-2-P-618 Kettle Washdown System 1976 Single line process flow diagram for 
water heating skid. 

N 

2000114-5050-LINE1-1977-S-0074.TIF SK-1-631 Contaminated Water Floor Drain and 
Piping System  

1977 Plot plan showing existing trough to be 
replaced.  Shows existing sumps and 
locations of planned sumps and 
pumps. Planned floor drains in 
Bays B, C and D in Bldg. 1-05-2 at 
Line 1. 

Y 

2000114-5050-LINE1-1977-S-0130.TIF 1-70-1-P-600 Piping Isometric Bldg. 1-70-1 1977 Isometric drawing of piping and 
filtration system, including sump, 
settling tank and trough in 
Bldg. 1-70-1 at Line 1. Sheet 2 of 2. 

Y 

2000114-5050-LINE1-1977-S-0132.TIF 1-70-1-P-600 Industrial Waste Treatment Modification 
Bldg. 1-70-1 

1977 Floor plan showing floor trough around 
carbon tanks at Bldg. 1-70-1, Line 1,  
but does not show drain.  Detail of 
control.  Sheet 1 of 2. 

Y 

2000114-5050-LINE1-1977-S-0169.TIF 1-G-D-601 Lap Area Gator Proposal Plan 1977 Site layout.  Shows location of 
10,000-gallon and 15,000-gallon tanks 
at Line 1. 1st  sheet of large 2-sheet 
map. 

Y 

2000114-5050-LINE1-1977-S-0170.TIF 1-G-D-601 Lap Area Gator Proposal Site Plan 1977 Site plan.  Shows location of H.E. 
storage areas at Line 1. Sheet 2 of 
large 2-sheet map. 

Y 

2000114-5050-LINE1-1977-S-0171.TIF 1-G-D-600 Lap Area GEMSS Proposal Site Plan 1977 Site plan.  Shows location of H.E. 
storage areas at Line 1. Sheet 1 of 
large 2-sheet map. 

Y 
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2000114-5050-LINE1-1977-S-0172.TIF 1-G-D-600 Lap Area GEMSS Proposal Site Plan 1977 Site plan.  Shows location of H.E. 
storage areas at Line 1. Sheet 2 of 
large 2-sheet map. 

Y 

2000114-5050-LINE1-1977-S-0248.TIF 1-12-W-608 Equipment Layout Bay A 1-12 1977 Drawing of equipment layout for 
Bldg. 1-12 at Line 1. 

N 

2000114-5050-LINE1-1977-S-0249.TIF 1-12-W-608 Equipment Layout Bay A 1-12 1977 Drawing of equipment layout for 
Bldg. 1-12 at Line 1. 

N 

2000114-5050-LINE1-1977-S-0279.TIF 1-05-2-S-602 Contaminated Water Recirculating Tank-
Misc. Ladders & Details 

1977 Details of ladder, access points, and 
truck loading station for contaminated 
water tank at Bldg. 1-05-2 at Line 1.  
Sheet 2 of 2. 

N 

2000114-5050-LINE1-1977-S-0280.TIF 1-05-2-S-602 Contaminated Water Recirculating Tank-
Misc. Ladders & Details 

1977 Contaminated water tank elevation 
and plan details at Bldg. 1-05-2 at 
Line 1.  Does not show drain 
connection or secondary containment 
on tank.  Sheet 1 of 2. 

Y 

2000114-5050-LINE1-1977-S-0281.TIF 1-05-2-P-622 Contaminated Water Recirculating Tank 
Bldg.-1-05-2 

1977 Plan, elevations, and details for 
contaminated water recirculation tank 
at Bldg. 1-05-2.  Drawing shows drain 
lines and contaminated water trough 
connections to the tank. 

Y 

2000114-5050-LINE1-1977-S-0949.TIF 00-00-00 Primary Water Supply System - Water 
Line Details 

1977 Details of primary water line. 
Sheet C-4. Record drawing. 

N 

2000114-5050-LINE1-1977-S-0950.TIF 00-00-00 Primary Water Supply System - Location 
Plan 

1977 General site layout showing primary 
water supply system. Sheet C-3. 
Record drawing. 

Y 

2000114-5050-LINE1-1977-S-0951.TIF 00-00-00 Primary Water Supply System - Location 
Plan 

1977 As-built index for primary water supply 
system. Sheet C-1. Record drawing. 

Y 

2000114-5050-LINE1-1978-S-0072.TIF 1-653 Contaminated Water System Steam 
Tracer -p.r.v. 1-11D Bldg. 1-05-2 

1978 Details of valve box in contaminated 
water system for Bldg. 1-05-2 at 
Line 1. 

N 

2000114-5050-LINE1-1978-S-0073.TIF 1-643 Contaminated Water Filter Screen 
Washout Sump Bldg. 1-05-2 

1978 Detail of filter screen for washout 
sump, Bldg. 1-05-2 at Line 1. 

N 

2000114-5050-LINE1-1978-S-0111.TIF 1-137-4-A-9000 Floor Plan - Bldg. 1-137-4 1978 Floor plan of Bldg. 1-137-4.  Locker 
rooms, cafeteria, dining room, storage 
areas, etc.  

N 
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2000114-5050-LINE1-1978-S-0168.TIF 1-G-D-602 M250 Warhead Gage Concepts 1978 Detail of warhead gage. N 
2000114-5050-LINE1-1978-S-0179.TIF 1-63-6-C-600 Dust Collection System Bldg. 1-63-6 1978 Details of flange and clamp on dust 

collection system. Sheet 5 of 5.  
N 

2000114-5050-LINE1-1978-S-0180.TIF 1-63-6-C-600 Dust Collection System Bldg. 1-63-6 1978 Details of hopper and loading chute. 
Sheep 4 of 5.  

N 

2000114-5050-LINE1-1978-S-0181.TIF 1-63-6-C-600 Dust Collection System Bldg. 1-63-6 1978 Plan and section view of inspection 
and preheat equipment at Line 1. 
Sheet 3 of 5.  

U 

2000114-5050-LINE1-1978-S-0183.TIF 1-63-6-C-600 Dust Collection System Bldg. 1-63-6 1978 Plan view of inspection and preheat 
equipment and dust collection system. 
Sheet a of 5. 

N 

2000114-5050-LINE1-1978-S-0225.TIF 1-53-A-9000 Floor Plan Bldg. 1-53 1978 Floor plan.  Location of loading docks 
and rail line are shown.  

N 

2000114-5050-LINE1-1978-S-0230.TIF 1-40-A-9000 Floor Plan - Bldg. 1-40 1978 Floor plan of Bldg. 1-40 at Line 1 
indicating location of contaminated 
water sump, condensate sump and 
subdrainage sump. Sheet 2 of 2. 

Y 

2000114-5050-LINE1-1978-S-0231.TIF 1-40-A-9000 Floor Plan - Bldg. 1-40 1978 Floor plan of Bldg. 1-40 at Line 1 
indicating location of contaminated 
water sump, condensate sump and 
subdrainage sump. South section. 
Sheet 1 of 2. 

Y 

2000114-5050-LINE1-1978-S-0240.TIF 1-15-A-9000 Floor Plan Bldg. 1-15 1978 Floor plan.   N 
2000114-5050-LINE1-1978-S-0242.TIF 1-13-W-614 Equipment Installation For 152 MM 

Bay G 
1978 Drawing of equipment layout. N 

2000114-5050-LINE1-1978-S-0263.TIF 1-11-A-9000 Floor Plan Bldg. 1-11 1978 Floor plan for Bldg. 1-11 at Line 1. 
Sheet 2 of 2.  

N 

2000114-5050-LINE1-1978-S-0264.TIF 1-11-A-9000 Floor Plan Bldg. 1-11 1978 Floor plan for Bldg. 1-11 at Line 1. 
Sheet 1 of 2.  

N 

2000114-5050-LINE1-1978-S-0298.TIF 1-05-2-A-9000 Floor Plan Bldg. 1-05-2 1978 Floor plans for the second and third 
floors of Bldg. 1-05-2 at Line 1.  
Sheet 3 of 3. 

N 
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2000114-5050-LINE1-1978-S-0299.TIF 1-05-2-A-9000 Floor Plan Bldg. 1-05-2 1978 Floor plans for the first floor of 
Bldg. 1-05-2 at Line 1.  Drawing 
shows location of equipment 
washdown room with drain trough.  
Sheet 2 of 3. 

Y 

2000114-5050-LINE1-1978-S-0300.TIF 1-05-2-A-9000 Floor Plan Bldg. 1-05-2 1978 Floor plans for the basement of 
Bldg. 1-05-2 at Line 1.  Sheet 1 of 3. 

N 

2000114-5050-LINE1-1978-S-0763.TIF 1-05-2-A-9000 Floor Plan Building 1-05-2 1978 Second and third floor plans of 
Bldg. 1-05-2. Sheet 3 of 3. 

N 

2000114-5050-LINE1-1978-S-0764.TIF 1-05-2-A-9000 Floor Plan Building 1-05-2 1978 First floor plans of Bldg. 1-05-2 at 
Line 1. Shows location of washdown 
bay. Sheet 2 of 3.  

Y 

2000114-5050-LINE1-1978-S-0765.TIF 1-05-2-A-9000 Floor Plan Building 1-05-2 1978 Basement floor plan of Bldg. 1-05-2. 
Sheet 1 of 3.  

 

2000114-5050-LINE1-1978-S-0954.TIF 00-00-00 Industrial Waste Treatment Water 
Pollution Control Minor Projects 

1978 Index of minor projects water pollution 
control.  

Y 

2000114-5050-LINE1-1978-S-0955.TIF 00-00-00 Industrial Waste Treatment Water "As-
Built Index" 

1978 Industrial waste treatment as-built 
index.  

Y 

2000114-5050-LINE1-1978-S-0956.TIF 00-00-00 Industrial Waste Treatment - Location 
Plan 

1978 Plan view of plant showing location of 
waste treatment systems. Record 
drawing.  

Y 

2000114-5050-LINE1-1978-S-0957.TIF 00-00-00 Industrial Waste Treatment - Legend 1978 Master legend of industrial waste 
treatment. Record drawing. 

Y 

2000114-5050-LINE1-1979-S-0116.TIF 1-85- 2-W-601 Equip. Layout For XM718 & XM741 Proj. 
Assy.   

1979 Drawing of projectile assembly line.  
Sheet 1 of 3. 

N 

2000114-5050-LINE1-1979-S-0182.TIF 1-63-6-C-600 Dust Collection System Bldg. 1-63-6 1979 Sections of dust collection system.  
Sheet 2 of 5. Revision 1. 

N 

2000114-5050-LINE1-1979-S-0241.TIF 1-13-W-616 Equipment Installation 152MM Pack-Out 
Bay S 

1979 Drawing showing equipment layout.  N 

2000114-5050-LINE1-1979-S-0246.TIF 1-13-A-9000 Floor Plan Bldg. 1-13 1979 Typical floor plan for Bldg. 1-13 at 
Line 1. Sheet 2 of 2. 

N 

2000114-5050-LINE1-1979-S-0260.TIF 1-12-A-9000 Floor Plan Bldg. 1-12 1979 Floor plan for Bldg. 1-12  at Line 1. 
Sheet 3 of 3.  

N 

2000114-5050-LINE1-1979-S-0261.TIF 1-12-A-9000 Floor Plan Bldg. 1-12 1979 Floor plan for Bldg. 1-12  at Line 1. 
Sheet 2 of 3.  

N 
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2000114-5050-LINE1-1979-S-0262.TIF 1-12-A-9000 Floor Plan Bldg. 1-12 1979 Floor plan for Bldg. 1-12  at Line 1. 
Sheet 1 of 3.  

N 

2000114-5050-LINE1-1979-S-0311.TIF 1-G-D-608 Proposed Line I Multi-Munitions Lap 
Facilities 

1979 Sheet 2 of large 2-page drawing. Plan 
shows locations of the various 
munitions assembly, receiving and 
pack-out areas at Line 1.  Sheet 1 of 
2.  

Y 

2000114-5050-LINE1-1979-S-0312.TIF 1-G-D-608 Proposed Line I Multi-Munitions Lap 
Facilities 

1979 Sheet 1 of large 2-page drawing. Plan 
shows locations of the various 
munitions assembly, receiving and 
pack-out areas at Line 1.  Sheet 1 of 
2.  

Y 

2000114-5050-LINE1-1979-S-0315.TIF 1-G-D-606 Proposed Line I Multi-Munitions Lap 
Facilities 

1979 Sheet 2 of large 2-page drawing. Plan 
shows locations of the various 
munitions assembly, receiving and 
pack-out areas at Line 1.  Sheet 2 of 
2. Revision 2. 

Y 

2000114-5050-LINE1-1979-S-0316.TIF 1-G-D-606 Proposed Line I Multi-Munitions Lap 
Facilities 

1979 Sheet 1 of large 2-page drawing. Plan 
shows locations of the various 
munitions assembly, receiving and 
pack-out areas at Line 1.  Sheet 2 of 
2. Revision 2. 

Y 

2000114-5050-LINE1-1980-S-0131.TIF 1-72-C-600 Oven Ventilation Bldg. 1-72 1980 Drawing of oven ventilation showing 
plan, sections and details.  

N 

2000114-5050-LINE1-1980-S-0133.TIF 1-70-P-600 Industrial Waste Treatment Modification 
Bldg. 1-70 

1980 Control schematic and enclosure 
tubing layout.  Detail of control 
enclosure labeling. Sheet 3 of 3. 

N 

2000114-5050-LINE1-1980-S-0134.TIF 1-70-P-600 Industrial Waste Treatment Modification 
Bldg. 1-70 

1980 Isometric piping schematic showing 
modifications to waste treatment plant 
in Bldg. 1-70 at Line 1. Indicates 
location of defective piping and fittings 
to be replaced. Sheet 2 of 3.   

Y 

2000114-5050-LINE1-1979-S-0135.TIF 1-70-P-600 Industrial Waste Treatment Modification 
Bldg. 1-70 

1980 Plan view of sludge settling tank and 
carbon column area.  Shows location 
of sump and pumps underneath stairs. 
Locates existing contaminated water 
inlet and water supply into Bldg. 1-70 
at Line 1. Sheet 1 of 3. 

Y 
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2000114-5050-LINE1-1980-S-0148.TIF 1-64-G-A-9000 Floor Plans Bldgs. 1-64-1, 2, 3, 4 & 5 1980 Building floor plans showing 
dimensions of exterior walls and earth 
cover.  

N 

2000114-5050-LINE1-1980-S-0228.TIF 1-40-C-602 Acetone Fume Ventilation Installation - 
Bay B - Bldg. 1-40 

1980 Details of fume ventilation system.  N 

2000114-5050-LINE1-1980-S-0245.TIF 1-13-C-604 Fume Ventilation Installation Bay A 
Bldg. 1-13 

1980 Drawing containing electrical layout 
and details of vent hood and fan. 
Revision 1. 

N 

2000114-5050-LINE1-1980-S-0275.TIF 1-10-C-610 Dust Collection System Install 
Miscellaneous Details Bay K Bldg. 1-10 

1980 Plan, elevations, and details for dust 
collection system including sump and 
contaminated water collection system 
connections for Bldg. 1-99-2 at Line 1.  
Settling tank, sump cleanout 
connection, and truck loading 
connection shown. Page 2 of 2. 

Y 

2000114-5050-LINE1-1980-S-0276.TIF 1-10-C-610 Dust Collection System Install 
Miscellaneous Details Bay K Bldg. 1-10 

1980 Plan and elevation details for dust 
collection system at Bldg. 1-10 
including the location of Bldg. 1-99-2 
at Line 1.  Page 2 of 2. 

Y 

2000114-5050-LINE1-1980-S-0294.TIF 1-05-2-C-609 Acetone Fume Ventilation Installation 
Bay E Bldg 1-05-2 

1980 Acetone hood installation details for 
Bldg. 1-05-2 at Line 1. 

N 

2000114-5050-LINE1-1981-S-0071.TIF SK-1-697 Vent. Blower Inst. Bay E Bldg. 1-18 
South Wall 

1981 Drawing showing planned installation 
of exterior ventilation blower for Bay E, 
Bldg. 1-18, at Line 1. 

Y 

2000114-5050-LINE1-1981-S-0257.TIF 1-12-C-602 Paint Booth Duct Installation Bay P 
Bldg. 1-12 

1981 Typical drawing of ventilation duct for 
paint booth for Bldg. 1-12 at Line 1. 

N 

2000114-5050-LINE1-1981-S-0258.TIF 1-12-C-600 Acetone Fume Ventilation - Bay V - 
Bldg. 1-12.  Sheet 2 of 2. 

1981 Typical detail of acetone fume hood 
for Bldg. 1-12 at Line 1.  

N 

2000114-5050-LINE1-1981-S-0259.TIF 1-12-C-600 Acetone Fume Ventilation - Bay V - 
Bldg. 1-12.  Sheet 2 of 2. 

1981 Plan and section view of acetone fume 
ventilation for Bldg. 1-12 at Line 1. 
Sheet 1 of 2.   

N 

2000114-5050-LINE1-1981-S-0265.TIF 1-10-S-605 Ground Water Drain Plan & Section - 
Basement South End Bldg. 1-10 

1981 Plan and section of south end of 
Bldg. 1-10 at Line 1 showing location 
of red water drain. 

Y 

2000114-5050-LINE1-1981-S-0293.TIF 1-05-2-C-611 Kettle Venting System Bay K 
Bldg 1-05-2 

1981 Kettle vent system details for 
Bldg. 1-05-2 at Line 1. 

N 
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2000114-5050-LINE1-1981-S-0407.TIF 11P - 7 Building 1-11 Spray Painting Booth 
Installation Automatic Water Fog System 

1981 Plan view spray booth deluge system 
with piping detail.  

N 

2000114-5050-LINE1-1982-S-0267.TIF 1-10-C-619 Acetone Fume Ventilation Bay 'I' 
Bldg. 1-10 

1982 Detail of fume ventilation for 
Bldg. 1-10 at Line 1. 

N 

2000114-5050-LINE1-1982-S-0268.TIF 1-10-C-617 Oven Ventilation Bay V Bldg. 1-10 1982 Plan and elevation drawing of 
ventilation system providing air to 
ovens in Bldg. 1-10 at Line 1. 

N 

2000114-5050-LINE1-1982-S-0269.TIF 1-10-C-616 Acetone & Halthane Fume Ventilation 
Bay P Bldg. 1-10 

1982 Equipment details for fume collection 
hoods in Bldg. 1-10 at Line 1.  Sheet 2 
of 2. 

N 

2000114-5050-LINE1-1982-S-0272.TIF 1-10-C-611 Acetone & Halthane Fume Ventilation 
Bays G & N Bldg. 1-10 

1982 Equipment details for fume collection 
hoods in Bldg. 1-10 at Line 1.  Sheet 3 
of 3. 

N 

2000114-5050-LINE1-1982-S-0273.TIF 1-10-C-611 Acetone & Halthane Fume Ventilation 
Bays G & N Bldg. 1-10 

1982 Equipment details for fume collection 
hoods in Bldg. 1-10 at Line 1.  Sheet 2 
of 3. 

N 

2000114-5050-LINE1-1982-S-0274.TIF 1-10-C-611 Acetone & Halthane Fume Ventilation 
Bays G & N Bldg. 1-10 

1982 Plan and elevation details for 
installation of fume collection hoods in 
Bldg. 1-10 at Line 1.  Sheet 1 of 3. 

N 

2000114-5050-LINE1-1982-S-0313.TIF 1-G-D-608 Proposed Line I Multi-Munitions Lap 
Facilities 

1982 Sheet 2 of large 2-page drawing. Plan 
shows locations of the various 
munitions assembly, receiving and 
pack-out areas at Line 1.  Sheet 2 of 
2. Revision 2. 

Y 

2000114-5050-LINE1-1982-S-0314.TIF 1-G-D-608 Proposed Line I Multi-Munitions Lap 
Facilities 

1982 Sheet 1 of large 2-page drawing. Plan 
shows locations of the various 
munitions assembly, receiving and 
pack-out areas at Line 1.  Sheet 2 of 
2. Revision 2. 

Y 

2000114-5050-LINE1-1983-S-0114.TIF 1-85- 2-W-601 Equip. Layout For XM718 & XM741 Proj. 
Assy.   

1983 Layout of guard rails.  Sheet 3 of 3. N 

2000114-5050-LINE1-1983-S-0122.TIF 1-85- 2-C-600 Hood & Stand Details - Bay A 
Bldg. 1-85-2 

1983 Hood & Stand Details - Bay A 
Bldg. 1-85-2.  Sheet 2 of 2.  

N 

2000114-5050-LINE1-1983-S-0123.TIF 1-85- 2-C-600 Touch-Up Paint Booth - Bay A 
Bldg. 1-85-2 

1983 Drawing of partial floor plan and 
sections of touch-up paint booth. 
Includes blower unit.  Sheet 1 of 2. 

N 
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2000114-5050-LINE1-1983-S-0310.TIF 1-01-C-600 Welding Fume Exhaust Installation & 
Electrical Bldg. - 1-01 

1983 Partial plan and section showing 
installation of fan and motor for 
welding fume.  

N 

2000114-5050-LINE1-1983-S-0958.TIF 18-02-01 Master Plan Basic Information Maps - 
General Site Map 

1983 Topographic map showing location of 
explosive disposal area northeast of 
Yard B. Sheet 3 of 45. 

Y 

2000114-5050-LINE1-1983-S-0959.TIF F4-42-19-01 Paint Storage Building - Floor Plan & 
Elevation 

1983 Floor plan and elevation of Paint 
Storage Building. Record drawing.  

N 

2000114-5050-LINE1-1983-S-0960.TIF 33-15-11 Explosive Storage Building Grading & 
Drainage Plan 

1983 Badly blurred drawing; cannot read. N 

2000114-5050-LINE1-1984-S-0270.TIF 1-10-C-616 Acetone & Halthane Fume Ventilation 
Bay P Bldg. 1-10 

1984 Plan and elevation details for 
installation of fume collection hoods in 
Bldg. 1-10 at Line 1.  Sheet 1 of 2. 

N 

2000114-5050-LINE1-1984-S-0271.TIF 1-10-C-613 Estane Fume Ventilation Bay N 
Bldg. 1-10 

1984 Plan and elevation details for 
installation of fume collection hood in 
Bldg. 1-10 at Line 1.  

N 

2000114-5050-LINE1-1984-S-0967.TIF 30-06-03 DARCOM Project 5825333 SP-13 - 
Repair Building 1-04 Removal Plan 

1984 Drawing to show removal of fans and 
conduit in Bldg. 1-04. Sheet E-1.  
Record drawing. 

N 

2000114-5050-LINE1-1984-S-0968.TIF 35-06-03 DARCOM Project 5825333 SP-13 - 
Repair Building 1-04 - Location Plan & 
"As-Built" Index 

1984 Plan view of plant. Sheet C-1. Record 
drawing. 

N 

2000114-5050-LINE1-1984-S-0969.TIF 35-06-03 DARCOM Project 5825333 SP-13 - 
Repair Building 1-04 - Floor Plan & 
Details 

1984 Floor plan and equipment layout of 
Bldg. 1-04. Sheet A-1. Record 
drawing. 

N 

2000114-5050-LINE1-1984-S-0970.TIF 37-07-11 Project 5825333 SP51C Radiator 
Control Valves - Bldgs. 1-04,1-05-02, 
1-10, 1-12, & 400-179 

1984 Floor plans and radiator piping 
schematics. Sheet M-4, record 
drawing. 

N 

2000114-5050-LINE1-1984-S-0971.TIF 37-07-10 Project 5825333 SP51B HVAC 
Alterations Critical Materials Building 
No. 1-85-2 

1984 Wiring schematics for dehumidifier 
control, react air system, radiation and 
Tornado alert system. Sheet M-12, 
record drawing. 

N 

2000114-5050-LINE1-1984-S-0972.TIF 37-07-10 Project 5825333 SP51B HVAC 
Alterations Critical Materials Building No. 
1-85-2 

1984 Wiring schematics for HVAC controls. 
Sheet M-11, record drawing. 

N 
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2000114-5050-LINE1-1984-S-0973.TIF 37-07-10 Project 5825333 SP51B HVAC 
Alterations Existing AH-2 - Building 
No. 1-04 

1984 Wiring schematics for HVAC controls. 
Sheet M-8, record drawing. 

N 

2000114-5050-LINE1-1984-S-0974.TIF 37-07-10 Project 5825333 SP51B HVAC 
Alterations - Tool & Die Shop Building 
No. 1-148 

1984 Wiring schematics for HVAC controls. 
Sheet M-4, record drawing. 

N 

2000114-5050-LINE1-1984-S-0975.TIF 37-07-10 Project 5825333 SP51B HVAC 
Alterations - Tool & Die Shop Building 
No. 1-148 

1984 Wiring schematics for HVAC controls. 
Sheet M-3, record drawing. 

N 

2000114-5050-LINE1-1985-S-0235.TIF 1-18-C-603 Fume Removal For Bay D & Bay E 1985 Drawing of ventilation hood. Sheet 5 
of 5. 

N 

2000114-5050-LINE1-1985-S-0236.TIF 1-18-C-603 Fume Removal For Bay D & Bay E 1985 Drawing of ventilation hood. Sheet 4 
of 5. 

N 

2000114-5050-LINE1-1985-S-0237.TIF 1-18-C-603 Fume Removal For Bay D & Bay E 1985 Drawing of ventilation system. Sheet 3 
of 5.  

N 

2000114-5050-LINE1-1985-S-0238.TIF 1-18-C-603 Fume Removal For Bay D & Bay E 1985 Drawing of ventilation system. Sheet 2 
of 5.  

N 

2000114-5050-LINE1-1985-S-0239.TIF 1-18-C-603 Fume Removal For Bay D & Bay E 1985 Drawing of duct with diameters. 
Sheet 1 of 5. 

N 

2000114-5050-LINE1-1985-S-0287.TIF 1-05-2-C-613 Ventilation for Portable Melt Kettle & 
Pouring Sta. Bay K First Floor 

1985 Duct work details for melt kettle.  
Page 6 of 6. 

N 

2000114-5050-LINE1-1985-S-0288.TIF 1-05-2-C-613 Ventilation for Portable Melt Kettle & 
Pouring Sta. Bay K First Floor 

1985 Duct work details for melt kettle.  
Page 5 of 6. 

N 

2000114-5050-LINE1-1985-S-0289.TIF 1-05-2-C-613 Ventilation for Portable Melt Kettle & 
Pouring Sta. Bay K First Floor 

1985 Duct work details for melt kettle.  
Page 4 of 6. 

N 

2000114-5050-LINE1-1985-S-0290.TIF 1-05-2-C-613 Ventilation for Portable Melt Kettle & 
Pouring Sta. Bay K First Floor 

1985 Duct work details for melt kettle.  
Page 3 of 6. 

N 

2000114-5050-LINE1-1985-S-0291.TIF 1-05-2-C-613 Ventilation for Portable Melt Kettle & 
Pouring Sta. Bay K First Floor 

1985 Duct work details for melt kettle.  
Page 2 of 6. 

N 

2000114-5050-LINE1-1985-S-0292.TIF 1-05-2-C-613 Ventilation for Portable Melt Kettle & 
Pouring Sta. Bay K First Floor 

1985 Duct work and installation details for 
melt kettle.  Page 1 of 6. 

N 

2000114-5050-LINE1-1985-S-0307.TIF 1-03-P-602 Chemical Sump Piping Plan & Details - 
Bldg. 1-03 

1985 Section and plan of sump in 
Bldg. 1-03 at Line 1.  Specifies filling 
of overflow and drain pipe cavity with 
non-shrink grout. Sheet 1 of 2.  

Y 
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2000114-5050-LINE1-1985-S-0755.TIF 05-2-C-8 Building 1-05-2 Microdyne Fume 
Removal System Third Floor Plan And 
Details 

1985 Fume removal system duct work. Plan 
and details. Revision 2. 

N 

2000114-5050-LINE1-1985-S-0757.TIF 05-2-C-6 Building 1-05-2 Microdyne Fume 
Removal System First Floor Plan And 
Details 

1985 Plan shows layout of duct and details 
of exhaust hood and supports. 

N 

2000114-5050-LINE1-1986-S-0127.TIF 1-77-S-600 Bldg. Modification For Thermal Coating 
Facility 

1986 Drawing of planned door removal and 
enlargement of opening.  

N 

2000114-5050-LINE1-1986-S-0193.TIF 1-63-3-C-600 Heating and Ventilation Modification 1986 Drawing of heating and ventilation 
duct. Sheet 3 of 4.  

N 

2000114-5050-LINE1-1986-S-0194.TIF 1-63-3-C-600 Heating and Ventilation Modification 1986 Section showing filter box and duct. 
Sheet 2 of 4.  Revision 1. 

N 

2000114-5050-LINE1-1986-S-0195.TIF 1-63-3-C-600 Heating and Ventilation Modification 1986 Diagram of ventilation and heating 
duct showing flow directions. Sheet 1 
of 4. Revision 1. 

N 

2000114-5050-LINE1-1986-S-0196.TIF 1-63-3-C-601 Vacuum Cleaning System  - Bldg. 1-63-3 1986 Drawing of concrete vacuum housing 
and schematic of equipment ground 
wire. Sheet 5 of 5.  

N 

2000114-5050-LINE1-1986-S-0197.TIF 1-63-3-C-601 Vacuum Cleaning System  - Bldg. 1-63-3 1986 Detail of duct and piping. Sheet 4 of 5. 
Revision 1. 

N 

2000114-5050-LINE1-1986-S-0198.TIF 1-63-3-C-601 Vacuum Cleaning System  - Bldg. 1-63-3 1986 Plan and section of concrete vacuum 
housing. Sheet 3 of 5. Revision 1. 

N 

2000114-5050-LINE1-1986-S-0199.TIF 1-63-3-C-601 Vacuum Cleaning System  - Bldg. 1-63-3 1986 Isometric view of vacuum cleaning 
system. Sheet 2 of 5. Revision 1. 

N 

2000114-5050-LINE1-1986-S-0200.TIF 1-63-3-C-601 Vacuum Cleaning System  - Bldg. 1-63-3 1986 Plan view of Bldg. 1-63-3 showing 
location of vacuum cleaning system 
duct. Sheet 1 of 5. Revision 3. 

N 

2000114-5050-LINE1-1986-S-0211.TIF 1-63-G-P-614 Vacuum Exhaust - Bldg. 1-63-4 & 5 1986 Drawing showing routing of exhaust 
pipe from vacuum pumps.  

N 

2000114-5050-LINE1-1986-S-0254.TIF 1-12-C-603 Fume Ventilation For Tow-2 Forward 
Charge Operations Bay L Bldg. 1-12 

1986 Detail of fume hood for Bldg. 1-12 at 
Line 1. Sheet 3 of 3 

N 

2000114-5050-LINE1-1986-S-0255.TIF 1-12-C-603 Fume Ventilation For Tow-2 Forward 
Charge Operations Bay L Bldg. 1-12 

1986 Detail of fume hood for Bldg. 1-12 at 
Line 1. Sheet 2 of 3.  

N 

2000114-5050-LINE1-1986-S-0256.TIF 1-12-C-603 Fume Ventilation For Tow-2 Forward 
Charge Operations Bay L Bldg. 1-12 

1986 Sections and plan of ventilation 
system for Bldg. 1-12 at Line 1. 

N 



Work Plans for Supplemental Remedial Investigation for Line 1 (Including Historical Site Assessment) - IAAAP 
 

Appendix J  (Continued) 
 

Complete Historical Drawings Summary for Line 1 Page 65 of 80 

 
TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable 

2000114-5050-LINE1-1986-S-0306.TIF 1-03-P-602 Chemical Sump Piping Plan & Details - 
Bldg. 1-03 

1986 Sections and details showing piping 
and plate coil in chemical sump in 
Bldg. 1-03 at Line 1.  Sheet 2 of 2. 

Y 

2000114-5050-LINE1-1986-S-0317.TIF 1-12-D-611 Proposal For 1-40 Move To 1-12 1986 Floor plan of south section of 
Bldg. 1-12 at Line 1.  Shows 
equipment layout for Hawk, Patriot 
and Chaparral packout area.  Sheet 1 
of 2. Revision 1. 

N 

2000114-5050-LINE1-1987-S-0120.TIF 1-85- 2-C-601 Touch-Up Paint Booth - Bay A 
Bldg. 1-85-2. 

1987 Detail of hood. Sheet 2 of 2. N 

2000114-5050-LINE1-1987-S-0121.TIF 1-85- 2-C-601 Touch-Up Paint Booth - Bay A 
Bldg. 1-85-2. 

1987 Drawing of partial floor plan and 
sections of touch-up paint booth.  
Sheet 1 of 2. 

N 

2000114-5050-LINE1-1987-S-0128.TIF 1-77-C-602 Mixing Station Ventilation For Thermal 
Coating - Bay A 

1987 Revised ventilation hood to vent high 
shear mixer.  Sheet 2 of 2. 

N 

2000114-5050-LINE1-1987-S-0129.TIF 1-77-C-602 Mixing Station Ventilation For Thermal 
Coating - Bay A 

1987 Revised ventilation hood to vent high 
shear mixer.  Sheet 1 of 2. 

N 

2000114-5050-LINE1-1987-S-0154.TIF 1-63-6-C-601 Dust Collection System 1987 Typical drawing of flange and 
transition of 9" diameter to 9"x9" 
square. Sheet 8 of 8. 

N 

2000114-5050-LINE1-1987-S-0155.TIF 1-63-6-C-601 Dust Collection System 1987 Typical drawing of flange and wire 
cloth screen. Sheet 7 of 8. 

N 

2000114-5050-LINE1-1987-S-0173.TIF 1-63-6-C-601 Dust Collection System 1987 Detail of dust collection hood.  Sheet 6 
of 8. 

N 

2000114-5050-LINE1-1987-S-0174.TIF 1-63-6-C-601 Dust Collection System 1987 Details of spacers and pipe. Sheet 5 
of 8. 

N 

2000114-5050-LINE1-1987-S-0218.TIF 1-61-C-604 Ventilation Installation For Mine Assy 
Equip. - Bay "O" - Bldg. 1-61 

1987 Drawing of exhaust duct and rain cap. 
Revision 1. 

N 

2000114-5050-LINE1-1987-S-0226.TIF 1-40-D-601 Proposed Layout 1-40 Bldg. - Warheads 1987 Drawing of floor plan and equipment 
layout in Bldg. 1-40 at Line 1. 
Contamination water sump shown. 
Drawing for approval. Revision 1. 

Y 

2000114-5050-LINE1-1987-S-0247.TIF 1-13-A-9000 Floor Plan Bldg. 1-13 1987 Typical floor plan. South section of 
Bldg. 1-13 at Line 1. Sheet 1 of 2. 
Revision 1.  

N 
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2000114-5050-LINE1-1987-S-0277.TIF 1-10-C-A-9000 Floor Plan Bldg. 1-10 1987 Plan view of Bldg. 1-10 at Line 1.  
Shows floor drain in Bay X. Sheet 2 of 
2. 

N 

2000114-5050-LINE1-1987-S-0278.TIF 1-10-C-A-9000 Floor Plan Bldg. 1-10 1987 Plan view of Bldg. 1-10 at Line 1.  
Sheet 1 of 2. 

N 

2000114-5050-LINE1-1987-S-0850.TIF 1-84-A-9000 Floor Plan Bldg. 1-84 1987 Floor plan of Bldg. 1-84. N 
2000114-5050-LINE1-1987-S-0851.TIF 1-77-C-602 Mixing Station Ventilation For Thermal 

Coating Bay A 
1987 Plan and sections showing ventilation 

system exhaust to exterior of 
Bldg. 1-77-C at Line 1. Revision 2. 
Notes state that mixing area is 
classified as a Class 1, Div. 1, 
Group C & D location and the 
equipment shall meet the 
requirements of the N.E.C. Sheet 1 of 
2. 

Y 

2000114-5050-LINE1-1987-S-0872.TIF 1-18-D-603 XM872 Schedule 1 Proposed Process 
Flow 

1987 Chart of proposed process flow. 
Sheet 2 of 2. 

N 

2000114-5050-LINE1-1987-S-0873.TIF 1-18-D-603 XM872 Schedule 1 Proposed Process 
Flow 

1987 Floor plan and process flow for 
XM872. Sheet 1 of 2 . 

N 

2000114-5050-LINE1-1988-S-0069.TIF SK-1-769 Improve Drainage Bldg 1-100 1988 Drawing showing planned installation 
of  6" corrugated subdrain pipe in 
Bldg. 1-100 in Line 1.  

Y 

2000114-5050-LINE1-1988-S-0070.TIF SK-1-768 Improve Drainage Bldg 1-40 1988 Drawing showing plan of new ditch 
and existing ditch at Bldg. 1-40 at 
Line 1. 

Y 

2000114-5050-LINE1-1988-S-0105.TIF SK-G-627 Hazardous Waste Solvent Filtering 
System 

1988 Layout of solvent filtering process 
using barrels and hoses.  Does not 
indicate which building filtering 
process or storage is in.  

Y 

2000114-5050-LINE1-1988-S-0159.TIF 1-01-C-605 Ventilation System For Strong-Scott 
Ribbon Blender 

1988 Typical drawing of components of 
ventilation system and bill of material. 
Sheet 2 of 2. 

N 

2000114-5050-LINE1-1988-S-0160.TIF 1-01-C-605 Ventilation System For Strong-Scott 
Ribbon Blender. 

1988 Section and detail of ventilation 
system, bill of material. Sheet 1 of 2.  

N 

2000114-5050-LINE1-1988-S-0163.TIF 1-01-C-602 Inert Powder Solvent Kettle Ventilation 
System 

1988 Drawing of U-bend in ventilation 
section and bill of material. Sheet 3 of 
3. 

N 
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2000114-5050-LINE1-1988-S-0164.TIF 1-01-C-602 Inert Powder Solvent Kettle Ventilation 
System 

1988 Drawing of components of ventilation 
system and bill of material.  Sheet 2 of 
3. 

N 

2000114-5050-LINE1-1988-S-0165.TIF 1-01-C-602 Inert Powder Solvent Kettle Ventilation 
System 

1988 Section and detail of ventilation 
system, bill of material. Sheet 1 of 3.  

N 

2000114-5050-LINE1-1988-S-0166.TIF 1-01-C-601 Ventilation For Inert Powder High Shear 
Mixer 

1988 Typical section of ventilation system 
and bill of material.  Sheet 2 of 2.  

N 

2000114-5050-LINE1-1988-S-0167.TIF 1-01-C-601 Ventilation For Inert Powder High Shear 
Mixer 

1988 Floor plan and equipment layout for 
inert powder high shear mixer. 
Sheet 1 of 2. 

N 

2000114-5050-LINE1-1988-S-0284.TIF 1-05-2-C-615 Fume Removal System Bldg 1-05-2 
Bay-B 

1988 Plan, elevation, and details of fume 
collection hood and venting system at 
Bldg. 1-05-2 in Line 1. 

N 

2000114-5050-LINE1-1988-S-0285.TIF 1-05-2-C-614 Acetone Fume Removal System 
Bldg 1-05-2 Bay-F 

1988 Details for fume collection hood and 
venting system at Bldg. 1-05-2 in 
Line 1. Sheet 2 of 2. 

N 

2000114-5050-LINE1-1988-S-0286.TIF 1-05-2-C-614 Acetone Fume Removal System 
Bldg 1-05-2 Bay-F 

1988 Plan and elevation of fume collection 
hood and venting system at 
Bldg. 1-05-2 in Line 1. Sheet 1 of 2. 

N 

2000114-5050-LINE1-1988-S-0303.TIF 1-01-C-603 Ventilation for Inert Powder Double 
Cone Blender 

1988 Ventilation intake details for double 
cone blender. 

N 

2000114-5050-LINE1-1988-S-0309.TIF 1-01-S-600 Insert Powder Blending Facility 
Structural Modifications, Bldg. 1-01 

1988 Floor plan of blending facility.  
Specifies modifications to be made to 
wall and door. Sheet 1 of 2. 
Revision A. 

N 

2000114-5050-LINE1-1988-S-0852.TIF 1-76-S-601 Structural Modifications Building 1-76 1988 Plan and sections showing structural 
modifications to be made to building.  

N 

2000114-5050-LINE1-1988-S-0878.TIF 1-13-H-641 M829E1 Final Assembly Conveyor 1988 Drawing of roller conveyor. Sheet 1 of 
2. 

N 

2000114-5050-LINE1-1988-S-0887.TIF 1-13-C-609 Fume Ventilation For Repair Operation 1988 Details of exhaust cap. Section and 
plan of duct to building exterior. 

N 

2000114-5050-LINE1-1988-S-0888.TIF 1-13-C-607 Ventilation Installation For M829E1 Paint 
Booth 

1988 Details of exhaust cap. Section and 
plan of duct to building exterior. 

N 

2000114-5050-LINE1-1988-S-0890.TIF 1-13-C-605 Weighing And Loading Propellant 
Ventilation System 

1988 Sections of ventilation system. N 
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2000114-5050-LINE1-1988-S-0915.TIF 1-05-2-C-615 Fume Removal System Bldg. 1-05-2 
Bay B 

1988 Details of fume hood and stack.  N 

2000114-5050-LINE1-1988-S-0916.TIF 1-05-2-C-614 Acetone Fume Removal System 
Bldg. 1-05-2 Bay F 

1988 Plan and section to show layout of 
ventilation system. Sheet 1 of 2. 
Revision A. 

N 

2000114-5050-LINE1-1988-S-0924.TIF 1-01-C-602 Inert Powder Solvent Kettle Ventilation 
System 

1988 Sections and details of ventilation 
system for solvent kettle. Sheet 1 of 3. 

N 

2000114-5050-LINE1-1988-S-0925.TIF 1-01-C-601 Ventilation For Inert Powder High Shear 
Mixer 

1988 Floor plan showing high shear mixer 
and ventilation baffle. Sheet 1 of 2.  

N 

2000114-5050-LINE1-1988-S-0926.TIF 1-01-C-601 Ventilation For Inert Powder High Shear 
Mixer 

1988 Hood detail and section of ventilation 
system for high shear mixer. Sheet 2 
of 2. 

N 

2000114-5050-LINE1-1988-S-1036.TIF 1-13-C-605 Weighing And Loading Propellant 
Ventilation System 

1988 Piping plan in ventilation system in 
Bay D.  

N 

2000114-5050-LINE1-1989-S-0112.TIF 1-115- 7-S-600 Re-Roof Plan & Sections - Bldg. 1-115-7 1989 Plan and section of roof with roof drain 
and downspout. 

N 

2000114-5050-LINE1-1989-S-0115.TIF 1-85- 2-W-601 Equip. Layout For XM718 & XM741 Proj. 
Assy.   

1989 Drawing of projectile assembly line 
showing layout of machines, conveyor 
and guide rail. Sheet 2 of 3. 

U 

2000114-5050-LINE1-1989-S-0117.TIF 1-85- 2-C-603 Vacuum Cleaning System For Projectile 
M718/M741 Mine Insertion 

1989 Piping schematic and hood detail of 
vacuum system. 

N 

2000114-5050-LINE1-1989-S-0158.TIF 1-01-C-606 Ventilation System For Plastics Lab 1989 Plan and sections of ventilation 
system for Plastics Lab. 

N 

2000114-5050-LINE1-1989-S-0161.TIF 1-01-C-603 Ventilation For Inert Powder Double 
Cone Blender 

1989 Typical sections of ventilation 
component. Sheet 2 of 2. 

N 

2000114-5050-LINE1-1989-S-0162.TIF 1-01-C-603 Ventilation For Inert Powder Double 
Cone Blender 

1989 Plan and section of ventilation system 
in Rooms 1 and 1A. Sheet 1 of 3. 

N 

2000114-5050-LINE1-1989-S-0175.TIF 1-63-6-C-601 Dust Collection System 1989 Sections of dust collection system.  
Sheet 4 of 8. Revision B. 

N 

2000114-5050-LINE1-1989-S-0176.TIF 1-63-6-C-601 Dust Collection System 1989 Plan view of dust collection system. 
Sheet 3 of 8. Revision B.  

N 

2000114-5050-LINE1-1989-S-0177.TIF 1-63-6-C-601 Dust Collection System 1989 Section of dust collection system 
showing pipe diameters. Sheet 2 of 8. 
Revision B. 

N 
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2000114-5050-LINE1-1989-S-0178.TIF 1-63-6-C-601 Dust Collection System 1989 Plan view of dust collection system. 
Sheet 1 of 8. Revision B.  

N 

2000114-5050-LINE1-1989-S-0305.TIF 1-03-P-603 Treatment Tank Piping Layout 1989 Section and detail of treatment tank at 
Bldg. 1-03 at Line 1. 

N 

2000114-5050-LINE1-1989-S-0308.TIF 1-01-S-600 Insert Powder Blending Facility 
Structural Modifications, Bldg. 1-01 

1989 Detail showing installation of insulation 
in walls.  Sheet 2 of 2. Revision B. 

N 

2000114-5050-LINE1-1989-S-0863.TIF 1-40-D-601 Proposed Layout 1-40 Bldg. Warheads 1989 Drawing shows proposed equipment 
layout in Bldg. 1-40. Shows location of 
sumps. Revision 1. 

Y 

2000114-5050-LINE1-1989-S-0870.TIF 1-19-2-C-600 BKEP Ventilation System For High 
Shear Mixer 

1989 Plan and section show ventilation 
system for high shear mixer. Sheet 1 
of 2. 

N 

2000114-5050-LINE1-1989-S-0871.TIF 1-18-S-600 Bay E Enclosure Details For BKEP High 
Humidification 

1989 Partial plan shows ventilation duct. 
Sheet 1 of 3. 

N 

2000114-5050-LINE1-1989-S-0881.TIF 1-13-S-603 Proposed Process Layout For 105MM 
XM872 

1989 Drawing shows equipment layout and 
stations for XM872 assembly. 

N 

2000114-5050-LINE1-1989-S-0882.TIF 1-13-D-603 Proposed Process Layout For 105MM 
XM872 

1989 Drawing shows proposed process 
layout in south section of Bldg. 1-13. 
Sheet 1 of 2. 

N 

2000114-5050-LINE1-1989-S-0885.TIF 1-13-C-611 Fume Removal System Bay H 1989 Partial floor plan and section to show 
exhaust system. Sheet 1 of 2. 

N 

2000114-5050-LINE1-1989-S-0886.TIF 1-13-C-610 Adhesive Fume Ventilation System 1989 Details of exhaust hood and cap. 
Section and plan of duct to building 
exterior. 

N 

2000114-5050-LINE1-1989-S-0914.TIF 1-05-2-C-621 Kill Mechanism Sump Operations 
Ventilation System 

1989 Partial plan and section shows 
ventilation duct. 

N 

2000114-5050-LINE1-1989-S-0933.TIF 1-01-C-606 Ventilation System For Plastics Lab 1989 Drawing shows ventilation system for 
Plastics Lab. Revision A. 

N 

2000114-5050-LINE1-1989-S-0934.TIF 1-01-C-604 Material Reduction Equipment 
Ventilation System 

1989 Drawing and notes on ventilation for 
hammer mill and pulverizer. 
Revision A, Sheet 1 of 5.  

N 

2000114-5050-LINE1-1989-S-0935.TIF 1-01-C-603 Ventilation For Inert Powder Double 
Cone Blender 

1989 Drawing show ventilation system for 
double cone blender. Revision A, 
Sheet 1 of 3. 

N 
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2000114-5050-LINE1-1990-S-0136.TIF 1-65-5-C-600 Dust Collection System Fascam Powder 
Blending For Bldg. 1-65-5 

1990 Detail of stack and hood for ventilation 
system. Sheet 6 of 6. 

N 

2000114-5050-LINE1-1990-S-0137.TIF 1-65-5-C-600 Dust Collection System Fascam Powder 
Blending For Bldg. 1-65-5 

1990 Drawing showing anchoring system 
and elevations of ventilation stacks.  
Sheet 5 of 6. 

N 

2000114-5050-LINE1-1990-S-0140.TIF 1-65-5-C-600 Dust Collection System Fascam Powder 
Blending For Bldg. 1-65-6 

1990 Drawing of hoods over rotating 
blender in powder blending facility.  
Sheet 2 of 6. 

N 

2000114-5050-LINE1-1990-S-0142.TIF 1-65-4-W-600 Equipment Layout 1990 Drawing showing location of table in 
bander in Bldg. 1-65-4. 

N 

2000114-5050-LINE1-1990-S-0144.TIF 1-65-3-C-600 Dust Collection System Fascam 
Checkweighers 

1990 Drawing containing details of stack, 
hood and anchoring system for dust 
collector. Sheet 4 of 4.   

N 

2000114-5050-LINE1-1990-S-0145.TIF 1-65-3-C-600 Dust Collection System Fascam 
Checkweighers 

1990 Drawing of flanges and screens on 
dust collection system.  Sheet 3 of 4. 
Revision A. 

N 

2000114-5050-LINE1-1990-S-0146.TIF 1-65-3-C-600 Dust Collection System Fascam 
Checkweighers 

1990 Details of supporting columns for dust 
collection system.  Sheet 2 of 4. 
Revision A. 

N 

2000114-5050-LINE1-1990-S-0147.TIF 1-65-3-C-600 Dust Collection System Fascam 
Checkweighers 

1990 Plan and sections of dust collection 
system. Sheet 1 of 4. Revision A. 

N 

2000114-5050-LINE1-1990-S-0156.TIF 1-01-C-607 Solvent Still Ventilation 1990 Sections of hood in solvent still 
ventilation. Sheet 2 of 2. 

N 

2000114-5050-LINE1-1990-S-0157.TIF 1-01-C-607 Solvent Still Ventilation 1990 Plan of Bldg. 1-63-6 and ventilation 
system at Line 1.  Sheet 1 of 2. 

N 

2000114-5050-LINE1-1990-S-0184.TIF 1-63-5-C-600 Vacuum Cleaning System 1990 Partial plan of concrete vacuum 
housings and pipe going to 
Bldg. 1-63-5. Sheet 4 of 4. Revision A.

N 

2000114-5050-LINE1-1990-S-0185.TIF 1-63-5-C-600 Vacuum Cleaning System 1990 Plan and section of concrete vacuum 
housing. Sheet 3 of 4. Revision A. 

N 

2000114-5050-LINE1-1990-S-0186.TIF 1-63-5-C-600 Vacuum Cleaning System 1990 Isometric view of vacuum cleaning 
system. Sheet 2 of 4. Revision A. 

N 

2000114-5050-LINE1-1990-S-0187.TIF 1-63-5-C-600 Vacuum Cleaning System 1990 Drawing showing pipe route and 
dimensions through Bldg. 1-63-5.  
Sheet 1 of 4. Revision A. 

N 
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2000114-5050-LINE1-1990-S-0188.TIF 1-63-4-C-600 Vacuum Cleaning System 1990 Partial plan of concrete vacuum 
housings and pipe going to 
Bldg. 1-63-4. Sheet 5 of 5.  

N 

2000114-5050-LINE1-1990-S-0189.TIF 1-63-4-C-600 Vacuum Cleaning System 1990 Detail of pipe assembly in vacuum 
barricade housing. Sheet 4 of 5. 
Revision A. 

N 

2000114-5050-LINE1-1990-S-0190.TIF 1-63-4-C-600 Vacuum Cleaning System 1990 Plan and section of concrete vacuum 
housing. Sheet 3 of 5. Revision A. 

N 

2000114-5050-LINE1-1990-S-0191.TIF 1-63-4-C-600 Vacuum Cleaning System 1990 Isometric view of vacuum cleaning 
system. Sheet 2 of 5. Revision A. 

N 

2000114-5050-LINE1-1990-S-0192.TIF 1-63-4-C-600 Vacuum Cleaning System 1990 Drawing showing pipe route and 
dimensions through Bldg. 1-63-4.  
Sheet 1 of 4. Revision A. 

N 

2000114-5050-LINE1-1990-S-0212.TIF 1-61-C-607 Solder Fume Ventilation 1990 Detail of duct manifold. Sheet 3 of 3. 
Revision B. 

N 

2000114-5050-LINE1-1990-S-0213.TIF 1-61-C-607 Solder Fume Ventilation 1990 Sections of duct manifold. Sheet 2 of 
3. Revision B. 

N 

2000114-5050-LINE1-1990-S-0214.TIF 1-61-C-607 Solder Fume Ventilation 1990 Plan of duct manifolds. Sheet 1 of 3. 
Revision B. 

N 

2000114-5050-LINE1-1990-S-0215.TIF 1-61-C-607 Solder Fume Ventilation 1990 Detail of duct manifold. Sheet 3 of 3. 
Revision A. 

N 

2000114-5050-LINE1-1990-S-0216.TIF 1-61-C-607 Solder Fume Ventilation 1990 Sections of duct manifold. Sheet 2 of 
3. Revision A. 

N 

2000114-5050-LINE1-1990-S-0217.TIF 1-61-C-607 Solder Fume Ventilation 1990 Plan of duct manifolds. Sheet 1 of 3. 
Revision A. 

N 

2000114-5050-LINE1-1990-S-0224.TIF 1-53-C-600 Paint Booth Ventilation Installation - A 
Bay 

1990 Drawing containing floor plan, section 
and details of paint booth ventilation 
system. 

N 

2000114-5050-LINE1-1990-S-0227.TIF 1-40-C-605 Paint Booth Ventilation - Bay T 1990 Drawing of paint booth ventilation 
duct. 

N 

2000114-5050-LINE1-1990-S-0252.TIF 1-12-C-605 Touch Up Paint Booth Ventilation 
Installation 

1990 Typical detail of flange for Bldg. 1-12 
at Line 1. Sheet 2 of 2.  

N 

2000114-5050-LINE1-1990-S-0253.TIF 1-12-C-605 Touch Up Paint Booth Ventilation 
Installation 

1990 Section of fan and hood of ventilation 
system for Bldg. 1-12 at Line 1. 

N 
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2000114-5050-LINE1-1990-S-0855.TIF 1-65-4-W-600 Equipment Layout 1990 Plan of one room with a table and 
bander in the corner.  

N 

2000114-5050-LINE1-1990-S-0862.TIF 1-53-C-600 Paint Booth Ventilation Installation A Bay 1990 Details of paint booth ventilation.  N 

2000114-5050-LINE1-1990-S-0864.TIF 1-40-C-604 Tow2 Forward Charge Ventilation 
System Bay A 

1990 Partial plan and details of ventilation 
duct. Sheet 1 of 2.  

N 

2000114-5050-LINE1-1990-S-0865.TIF 1-61-C-607 Solder Fume Ventilation 1990 Floor plan showing ventilation duct 
layout. Revision B, Sheet 1 of 3.  

N 

2000114-5050-LINE1-1990-S-0894.TIF 1-12-C-605 Touch Up Paint Booth Ventilation 
Installation 

1990 Drawing to show installation of fan, 
duct and thru the roof vent in paint 
booth.  

N 

2000114-5050-LINE1-1990-S-0920.TIF 1-03-A-9000 Bldg. 1-03 Floor Plan 1990 Floor plan of Bldg. 1-03. N 
2000114-5050-LINE1-1990-S-0932.TIF 1-01-C-607 Solvent Still Ventilation 1990 Drawing to show ventilation at solvent 

still room. Sheet 1 of 2.  
N 

2000114-5050-LINE1-1990-S-0961.TIF F226-35-04 DARCOM Project 5855333 - Production 
Support Facilities - Rehabilitate 
Environmental Systems Floor Plan, 
Building 1-61 

1990 Drawing to show ventilation system 
and piping in  Bldg. 1-61. Sheet M-12. 
Record drawing. 

N 

2000114-5050-LINE1-1990-S-0962.TIF F226-35-04 DARCOM Project 5855333 - Production 
Support Facilities - Rehabilitate 
Environmental Systems Floor Plan (S), 
Building 1-40 

1990 Drawing to show ventilation system in 
Bldg. 1-40. Sheet M-5. Record 
drawing.  

N 

2000114-5050-LINE1-1990-S-0963.TIF F226-35-04 DARCOM Project 5855333 - Production 
Support Facilities - Rehabilitate 
Environmental Systems Floor Plan (N), 
Building 1-40 

1990 Drawing to show ventilation system in 
Bldg. 1-40. Sheet M-4. Record 
drawing. 

N 

2000114-5050-LINE1-1990-S-0964.TIF F226-35-04 DARCOM Project 5855333 - Production 
Support Facilities - Rehabilitate 
Environmental Systems Removal Plan 
(S), Building 1-40 

1990 Drawing to show ventilation duct and 
piping to be removed in Bldg. 1-40. 
Sheet M-2. Record drawing. 

N 

2000114-5050-LINE1-1990-S-0965.TIF F226-35-04 DARCOM Project 5855333 - Production 
Support Facilities - Rehabilitate 
Environmental Systems Removal Plan 
(N), Building 1-40 

1990 Drawing to show ventilation duct and 
piping to be removed in Bldg. 1-40. 
Sheet M-1. Record drawing. 

N 
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2000114-5050-LINE1-1990-S-0966.TIF F226-35-04 DARCOM Project 5855333 - Production 
Support Facilities - Rehabilitate 
Environmental Systems Building 1-61 
Floor Plans, Site Plan, And Diagram 

1990 Drawing to show site layout, floor plan 
and general electrical layout of 
Bldg. 1-61. Sheet E-4, record drawing.

N 

2000114-5050-LINE1-1991-S-0113.TIF 1-100- 2-S-601 Re-Roof  - Bldg. 1-100-2 1991 Detail of reroofing on Bldg. 1-100-2. N 
2000114-5050-LINE1-1991-S-0118.TIF 1-85- 2-C-602 Ventilation System For Mine Lubricating 

Station 
1991 Section of ventilation system and 

detail of hood for mine lubricating 
station. Sheet 2 of 2. 

N 

2000114-5050-LINE1-1991-S-0119.TIF 1-85- 2-C-602 Ventilation System For Mine Lubricating 
Station 

1991 Partial floor plan of ventilation system 
for mine lubricating station. Sheet 1 of 
2. 

N 

2000114-5050-LINE1-1991-S-0139.TIF 1-65-5-C-600 Dust Collection System Fascam Powder 
Blending For Bldg. 1-65-5 

1991 Drawing and bill of materials for 
components of ventilation system. 
Sheet 3 of 6. 

N 

2000114-5050-LINE1-1991-S-0143.TIF 1-65-3-C-600 Dust Collection System Fascam 
Checkweighers 

1991 Drawing containing details of stack, 
hood and anchoring system for dust 
collector. Sheet 4 of 4. Revision A  

N 

2000114-5050-LINE1-1991-S-0202.TIF 1-63-2-C-600 Vacuum Cleaning System  - Bldg. 1-63-2 1991 Section of concrete vacuum housing 
building.  Sheet 4 of 5. Revision A.  

N 

2000114-5050-LINE1-1991-S-0206.TIF 1-63-1-C-600 Vacuum Cleaning System  - Bldg. 1-63-1 1991 Drawing showing location of vacuum 
cleaning system building and duct 
going to bldg. 1-63-1.  Sheet 5 of 5.  

N 

2000114-5050-LINE1-1991-S-0207.TIF 1-63-1-C-600 Vacuum Cleaning System  - Bldg. 1-63-1 1991 Section of vacuum cleaning system 
housing building.  Sheet 4 of 5.   

N 

2000114-5050-LINE1-1991-S-0208.TIF 1-63-1-C-600 Vacuum Cleaning System  - Bldg. 1-63-1 1991 Plan of air filter/separator and duct. 
Sheet 3 of 5.  

N 

2000114-5050-LINE1-1991-S-0209.TIF 1-63-1-C-600 Vacuum Cleaning System  - Bldg. 1-63-1 1991 Isometric view of vacuum cleaning 
system. Sheet 2 of 5.  

N 

2000114-5050-LINE1-1991-S-0210.TIF 1-63-1-C-600 Vacuum Cleaning System  - Bldg. 1-63-1 1991 Plan view of Bldg. 1-63-1 showing 
location of vacuum cleaning system 
duct. Sheet 1 of 5.  

N 

2000114-5050-LINE1-1991-S-0301.TIF 1-03-P-604 Contaminated Waste Drain Line 
Rehabilitation Bldgs 1-03 & 1-04 

1991 Details for contaminated waste 
pipeline refurbishment for Bldgs. 1-03 
and 1-04 at Line 1.  Sheet 3 of 3.   

N 
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2000114-5050-LINE1-1991-S-0302.TIF 1-03-P-604 Contaminated Waste Drain Line 
Rehabilitation Bldgs 1-03 & 1-04 

1991 Details for contaminated waste 
pipeline refurbishment for Bldgs. 1-03 
and 1-04 at Line 1.  Sheet 2 of 3.   

N 

2000114-5050-LINE1-1991-S-0304.TIF 1-03-P-604 Contaminated Waste Drain Line 
Rehabilitation Bldgs 1-03 & 1-04 

1991 Plan view details for contaminated 
waste pipeline refurbishment.  
Drawing shows location of cleanout 
tees, sumps, and drain troughs in 
Bldgs. 1-03 and 1-04 at Line 1.  
Sheet 1 of 3. 

Y 

2000114-5050-LINE1-1991-S-0843.TIF 1-G-U-9001 Waste Collection System Line 1 1991 Large drawing of Line 1 with layout of 
waste collection system.  

Y 

2000114-5050-LINE1-1991-S-0848.TIF 1-85-2-C-602 Ventilation System For Mine Lubricating 
Station 

1991 Partial floor plan showing ventilation 
duct from lubricating station to exterior 
of building. Revision A. 

Y 

2000114-5050-LINE1-1991-S-0853.TIF 1-65-5-C-600 Dust Collection System FASCAM Power 
Blending For Bldg. 1-65-5 

1991 Plan view shows ventilation duct and 
stack for dust collection system. 
Revision C, Sheet 1 of 6.  

N 

2000114-5050-LINE1-1991-S-0913.TIF 1-05-2-C-622 Microdyne Duct & Hood Modifications 1991 Drawing to show modification to 
Microdyne duct and hood. Sheet 1 of 
3. 

N 

2000114-5050-LINE1-1991-S-0919.TIF 1-03-5-S-601 Steel Berm For Hazardous Waste Drum 
Storage Bldgs. 1-03-5 & 1-03-6 

1991 Sections to show steel berm for 
hazardous waste drum storage.  

N 

2000114-5050-LINE1-1991-S-1000.TIF 1-19-G-A-9000 Floor Plan Buildings 1-19-1 Thru 1-19-7 1991 Floor plans of Bldg. 1-19-1 thru 
1-19-7. 

N 

2000114-5050-LINE1-1992-S-0124.TIF 1-84-W-600 Equip. Layout Bldg. 1-84 1992 Drawing showing location of fan on 
exterior wall of vacant room in 
Bldg. 1-148.  Detail of fan stand. 
Sheet 2 of 2. 

N 

2000114-5050-LINE1-1992-S-0125.TIF 1-84-W-600 Equip. Layout Bldg. 1-84 1992 Floor plan and equipment layout in 
Bldg. 1-84. 

N 

2000114-5050-LINE1-1992-S-0126.TIF 1-77-W-600 Thermal Coating Facility Bay Layout 1992 Plan view of floor layout and sequence 
of operation of thermal coating facility.

N 

2000114-5050-LINE1-1992-S-0138.TIF 1-65-5-C-600 Dust Collection System Fascam Powder 
Blending For Bldg. 1-65-5 

1992 Duct flange detail and bill of materials 
for ventilation system. Sheet 4 of 6. 

N 
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2000114-5050-LINE1-1992-S-0141.TIF 1-65-5-C-600 Dust Collection System Fascam Powder 
Blending For Bldg. 1-65-7 

1992 Plan view of dust collector and 
ventilation system for blenders in 
powder mixing facility.  Sheet 1 of 6. 

N 

2000114-5050-LINE1-1992-S-0149.TIF 1-63-6-C-602 Vacuum Cleaning System Bldg. 1-63-6 1992 Plan and section of vacuum cleaning 
system. Sheet 5 of 5.  

N 

2000114-5050-LINE1-1992-S-0150.TIF 1-63-6-C-602 Vacuum Cleaning System Bldg. 1-63-6 1992 Sections and bill of material for 
vacuum cleaning system.  Sheet 4 of 
5. 

N 

2000114-5050-LINE1-1992-S-0151.TIF 1-63-6-C-602 Vacuum Cleaning System Bldg. 1-63-6 1992 Plan and bill of material for vacuum 
cleaning system.  Sheet 3 of 5. 

N 

2000114-5050-LINE1-1992-S-0152.TIF 1-63-6-C-602 Vacuum Cleaning System Bldg. 1-63-6 1992 Isometric view bill of material of 
vacuum cleaning system. Sheet 2 of 
5. 

N 

2000114-5050-LINE1-1992-S-0153.TIF 1-63-6-C-602 Vacuum Cleaning System Bldg. 1-63-6 1992 Plan of Bldg. 1-63-6.  Sheet 1 of 5. N 
2000114-5050-LINE1-1992-S-0201.TIF 1-63-2-C-600 Vacuum Cleaning System  - Bldg. 1-63-2 1992 Drawing showing location of 

underground electrical cable, chiller 
building, cooling tower, transformer, 
switch gear and double vacuum 
barricade. Sheet 5 of 5. Revision B. 

N 

2000114-5050-LINE1-1992-S-0203.TIF 1-63-2-C-600 Vacuum Cleaning System  - Bldg. 1-63-2 1992 Plan of air filter/separator and duct. 
Sheet 3 of 5. Revision B. 

N 

2000114-5050-LINE1-1992-S-0204.TIF 1-63-2-C-600 Vacuum Cleaning System  - Bldg. 1-63-2 1992 Isometric view of vacuum cleaning 
system. Sheet 2 of 5. Revision B.  

N 

2000114-5050-LINE1-1992-S-0205.TIF 1-63-2-C-600 Vacuum Cleaning System  - Bldg. 1-63-2 1992 Plan view of Bldg. 1-63-2 showing 
location of vacuum cleaning system 
duct. Sheet 1 of 5. Revision B. 

N 

2000114-5050-LINE1-1992-S-0220.TIF 1-53-W-605 Equipment Layout For Volcano 1-53 
Bldg.  

1992 Floor plan and equipment layout.  N 

2000114-5050-LINE1-1992-S-0849.TIF 1-84-W-600 Equipment Layout Bldg. 1-84 1992 Floor plan showing equipment layout. 
Shows vacuum calib., coordinate 
measuring machine, comparator, 
tables, etc.  

N 

2000114-5050-LINE1-1992-S-0859.TIF 1-62-A-9000 Main Floor Plan  1992 Floor plan showing boilers, hoppers 
and fans. Revision 2, Sheet 1 of 3. 

N 

2000114-5050-LINE1-1992-S-0860.TIF 1-53-W-605 Equipment Layout For Volcano 1-53 
Bldg.  

1992 Bldg. 1-53 floor plan and equipment 
layout.  

N 
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2000114-5050-LINE1-1992-S-0869.TIF 1-19-2-C-601 Vent System For Castabel PBX Pour 
Fixture 

1992 Drawing to show assembly of vent 
hood and duct. Sheet 1 of 2.  

N 

2000114-5050-LINE1-1992-S-0883.TIF 1-13-C-614 Epoxy Curing System & Paint System 
Ventilation System, Bay C 

1992 Drawing and notes on installation of 
ventilation duct. Sheet 1 of 2.  

N 

2000114-5050-LINE1-1992-S-0912.TIF 1-06-2-S-602 Relocation Of Inspection 1992 Floor plan and equipment layout. 
Sheet 1 of 3. 

N 

2000114-5050-LINE1-1992-S-0922.TIF 1-04-A-600 Office Remodeling Bldg. 1-04 1992 Demolition plan and floor plan for 
Bldg. 1-04. 

N 

2000114-5050-LINE1-1992-S-0930.TIF 1-G-D-678 Efficiency Improvement Project For 
Line 1 

1992 General site layout of Line 1. Y 

2000114-5050-LINE1-1992-S-0931.TIF 1-02-W-600 Underground Fuel Tanks Removal Site 
Plan At Bldg. 1-02 

1992 Drawing shows fuel storage tanks, oil 
collection basins and track pan at 
Bldg. 1-02, Line 1. Also shows 
location of water main and steam 
lines. Notes on removal of oil tanks 
and piping.  

Y 

2000114-5050-LINE1-1993-S-0110.TIF 1-172-A-9000 Floor Plan - Bldg. 1-172 1993 Floor plan of Bldg. 1-172.  Added 
north door and ref. dwg. 

N 

2000114-5050-LINE1-1993-S-0232.TIF 1-18-C-606 Ventilation Modification Bay C 1993 Drawing showing addition of damper 
to ventilation system. 

N 

2000114-5050-LINE1-1993-S-0233.TIF 1-18-C-605 Estane Application Ventilation System 1993 Drawing of pipe, fan and cap of 
ventilation system for paint booth. 
Sheet 2 of 2. 

N 

2000114-5050-LINE1-1993-S-0234.TIF 1-18-C-605 Estane Application Ventilation System 1993 Partial plan of paint booth. Sheet 1 of 
2. 

N 

2000114-5050-LINE1-1993-S-0266.TIF 1-10-C-621 Acetone Fume Ventilation Bay 'R' 
Bldg. 1-10 

1993 Detail of fume ventilation for 
Bldg. 1-10 at Line 1. 

N 

2000114-5050-LINE1-1993-S-0875.TIF 1-18-C-606 Ventilation Modification Bay C 1993 Plan and section to show addition of 
damper to ventilation system.  

N 

2000114-5050-LINE1-1993-S-0877.TIF 1-172-A-9000 Floor Plan Bldg. 1-172 1993 Floor plan. N 
2000114-5050-LINE1-1993-S-0880.TIF 1-13-D-608 Proposed M830A1 Layout 1993 Drawing to show proposed layout of 

M830A1.  
N 

2000114-5050-LINE1-1993-S-0917.TIF 1-04-P-601 Reroute Drains From Reverse Osmosis 
System And Environmental Chamber 

1993 Partial floor plan and piping profile to 
show new drain and pipe to existing 
floor drain.  

N 
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2000114-5050-LINE1-1994-S-0251.TIF 1-12-C-606 Canister Paint Booth System Ventilation 
Bay BB 

1994 Drawing showing components of paint 
booth ventilation system. for 
Bldg. 1-12 at Line 1. 

N 

2000114-5050-LINE1-1994-S-0844.TIF 1-85-2-D-601 Proposed Process Layout For 105MM & 
120MM Depleted Uranium DEMIL 

1994 Floor plan of Bldg. 1-85-2 at Line 1 
with process flow for depleted uranium 
DEMIL. Revision A. 

Y 

2000114-5050-LINE1-1994-S-0854.TIF 1-67-1-W-600 Equipment Layout Bldg. 1-67-1 
GEMSS/Gator Mine Disassembly 
Equipment 

1994 Partial floor plan showing mine 
disassembly equipment layout.  

N 

2000114-5050-LINE1-1994-S-0856.TIF 1-63-G-S-602 Roof & Floor Drain Modifications 
Bldgs. 1-63-1 Thru 7 

1994 Drawing to show location of new 
drainage ditch and sump at 163-1 thru 
7 at Line 1. Sheet 6. 

Y 

2000114-5050-LINE1-1994-S-0857.TIF 1-63-G-S-603 Roof & Floor Drain Modifications 
Bldgs. 1-63-1 Thru 8 

1994 Drawing to show location of drains 
and sump at 163-1 thru 7 at Line 1. 
Sheet 4. 

Y 

2000114-5050-LINE1-1994-S-0874.TIF 1-18-C-607 Fume Removal Ventilation Modification 
Bay E 

1994 Partial plan showing ventilation duct. 
Sheet 1 of 3.  

N 

2000114-5050-LINE1-1994-S-0889.TIF 1-13-C-606 Adhesive Dispenser Fume Ventilation 
System Bldg. 1-13 Bay-G 

1994 Plan and sections of exhaust duct to 
exterior of building.  

N 

2000114-5050-LINE1-1994-S-0903.TIF 1-12-C-606 Canister Paint Booth System Ventilation 
Bay BB 

1994 Drawing to show assembly of 
ventilation system for paint booth. 

N 

2000114-5050-LINE1-1994-S-0918.TIF 1-03-J-605 Tank Gage For Treatment Tanks At 
Bldg. 1-03 

1994 Details of gage for treatment tank.  N 

2000114-5050-LINE1-1994-S-0921.TIF 1-03-3-S-602 Steel Berm For Hazardous Waste Drum 
Storage Bldgs. 1-03-3 

1994 Sections to show steel berm for 
hazardous waste drum storage.  

N 

2000114-5050-LINE1-1994-S-0923.TIF 1-04-C-600 ICP Ventilation 1994 Plan and sections showing ventilation 
duct in Room 169. Sheet 1 of 2. 

N 

2000114-5050-LINE1-1995-S-0845.TIF 1-85-2-C-608 Fume Removal Tracer & Primer 
Chambers 

1995 Partial plan view showing the duct 
work for fume removal system. 
Sheet 1 of 7. Revision C. 

N 

2000114-5050-LINE1-1995-S-0846.TIF 1-85-2-C-606 Vent Systems For 105MM & 120MM 
Depleted Uranium DEMIL 

1995 Drawing shows duct layout for 
ventilation system. Sheet 1 of 5. 
Revision B. 

N 
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Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable 

2000114-5050-LINE1-1995-S-0847.TIF 1-85-2-C-609 Propellant Dump Fume Ventilation For 
105MM & 120MM Depleted Uranium 
DEMIL 

1995 Section showing routing of ventilation 
duct from depleted uranium DEMIL 
bay thru the wall to outside of 
Bldg. 1-85-2 at Line 1. Sheet 1 of 2. 
Revision A. 

Y 

2000114-5050-LINE1-1995-S-0858.TIF 1-63-7-P-600 Sump Piping Installation Bldg. 1-63-7 1995 Drawing shows location of 
contaminated water dumpster outside 
of equipment room near 1-63-7 at 
Line 1.  

Y 

2000114-5050-LINE1-1995-S-0861.TIF 1-61-D-608 Proposed Equipment Installation For 
WAM In Building 1-61 

1995 Drawing shows proposed equipment 
layout in Bldg. 1-61 

N 

2000114-5050-LINE1-1995-S-0868.TIF 1-19-3-W-602 Equipment Installation For Bay 1-19-3 1995 Plan view showing equipment layout 
in Bldg. 1-19-3.  

N 

2000114-5050-LINE1-1995-S-0876.TIF 1-18-C-605 Estane Application Ventilation System 1995 Sections showing ventilation duct 
through the roof. Sheet 2. 

N 

2000114-5050-LINE1-1995-S-0895.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan showing proposed process 
SADARM flow for smart munitions 
assembly in Bldg. 1-12. Sheet 1 of 7. 

N 

2000114-5050-LINE1-1995-S-0896.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan showing proposed Javelin 
process flow for smart munitions 
assembly in Bldg. 1-12. Sheet 2 of 7. 

N 

2000114-5050-LINE1-1995-S-0897.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan showing proposed TWO2A 
process flow for smart munitions 
assembly in Bldg. 1-12. Sheet 3 of 7. 

N 

2000114-5050-LINE1-1995-S-0898.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan showing proposed Hellfire 
process flow for smart munitions 
assembly in Bldg. 1-12. Sheet 4 of 7. 

N 

2000114-5050-LINE1-1995-S-0899.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan showing proposed process 
WAM flow for smart munitions 
assembly in Bldg. 1-12. Sheet 5 of 7. 

N 

2000114-5050-LINE1-1995-S-0900.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan showing proposed process 
BAT flow for smart munitions 
assembly in Bldg. 1-12. Sheet 6 of 7. 

N 

2000114-5050-LINE1-1995-S-0901.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan showing proposed TOW2B 
process flow for smart munitions 
assembly in Bldg. 1-12. Sheet 7 of 7.  

N 
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2000114-5050-LINE1-1995-S-0902.TIF 1-12-D-616 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-12 

1995 Floor plan and equipment layout for 
Bldg. 1-12. Sheet 7. 

N 

2000114-5050-LINE1-1995-S-0904.TIF 1-10-D-608 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-10 

1995 Floor plan showing proposed process 
SADARM flow for smart munitions 
assembly in Bldg. 1-10. Sheet  of 7. 

N 

2000114-5050-LINE1-1995-S-0905.TIF 1-10-D-608 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-10 

1995 Floor plan showing proposed Javelin 
process flow for smart munitions 
assembly in Bldg. 1-10. Sheet 2 of 7. 

N 

2000114-5050-LINE1-1995-S-0906.TIF 1-10-D-608 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-10 

1995 Floor plan showing proposed TWO2A 
process flow for smart munitions 
assembly in Bldg. 1-10. Sheet 3 of 7. 

N 

2000114-5050-LINE1-1995-S-0907.TIF 1-10-D-608 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-10 

1995 Floor plan showing proposed Hellfire 
process flow for smart munitions 
assembly in Bldg. 1-10. Sheet 4 of 7. 

N 

2000114-5050-LINE1-1995-S-0908.TIF 1-10-D-608 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-10 

1995 Floor plan showing proposed process 
BAT flow for smart munitions 
assembly in Bldg. 1-10. Sheet 6 of 7. 

N 

2000114-5050-LINE1-1995-S-0909.TIF 1-10-D-608 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-10 

1995 Floor plan showing proposed TOW2B 
process flow for smart munitions 
assembly in Bldg. 1-10. Sheet 7 of 7.  

N 

2000114-5050-LINE1-1995-S-0910.TIF 1-10-D-608 Proposed Process Flow For Smart 
Munitions Flexible Mtg. Line, Bldg. 1-10 

1995 Floor plan and equipment layout for 
Bldg. 1-10. Sheet 7. 

N 

2000114-5050-LINE1-1995-S-0911.TIF 1-10-C-622 Dust Collection System Bldg. 1-10 Bay K 1995 Plan and section showing ventilation 
duct exhausting to exterior of building. 

N 

2000114-5050-LINE1-1995-S-0927.TIF 1-01-A-9000 Floor Plan Bldg. 1-01 1995 Floor plan of Bldg. 1-01. Sheet 1 of 2. N 
2000114-5050-LINE1-1996-S-0928.TIF 1-G-F-606 Line 1 Layout Diagram 1996 General layout of Line 1 with building 

legend.  
Y 

2000114-5050-LINE1-1997-S-0879.TIF 1-13-D-612 Weighing And Loading Propellant 
Ventilation System 

1997 Plan and section showing ventilation 
system layout. 

N 

2000114-5050-LINE1-1997-S-0891.TIF 1-12-D-620 Proposed 4B To 1-12 Relocation 1997 Floor plan of Bldg. 1-12. Sheet 1 of 3. N 
2000114-5050-LINE1-1997-S-0892.TIF 1-12-D-620 Proposed 4B To 1-12 Relocation 1997 Partial floor plan and equipment layout 

of Bldg. 1-12. Sheet 2 of 3.  
N 

2000114-5050-LINE1-1997-S-0893.TIF 1-12-D-620 Proposed 4B To 1-12 Relocation 1997 Partial floor plan and equipment layout 
of Bldg. 1-12. Sheet 3 of 3.  

N 
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2000114-5050-LINE1-1998-S-0884.TIF 1-13-C-613 Bay A Fume Removal System For 
M830A1 

1998 Details of exhaust system. Sheet 2. N 

2000114-5050-LINE1-1999-S-0929.TIF 1-G-P-602 Hazardous Waste Management Facility 
Treatment Tank Piping System 

1999 P.R.V. and plate coil piping schematic. N 

2000114-5050-LINE1-2000-S-0866.TIF 1-19-4-W-600 Equipment Installation Bldg. 1-19-4 2000 Floor plan and equipment layout for 
Bldg. 1-19-4 at Line 1. Shows location 
of sump. 

Y 

2000114-5050-LINE1-2000-S-0867.TIF 1-19-4-H-600 Coolant Drain Pan And Sump Tank For 
CNC Lathe 

2000 Detail of drain pan. N 
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Applicable

2000114-5050-TF-1948-S-0100.TIF Unknown South Test Site Test Area 1948 Drawing shows contour data and 
proposed road to Firing Site.   

No 

2000114-5050-TF-1952-S-0023.TIF FS-11  A-1 Architectural Plan and Sections, FS-11 1952 Plan and sections of an observation 
bunker at FS-11.  The drawing shows 
floor drains to a subdrainage system.  
This may be an (unlikely) source of 
contamination if any solvents or other 
material were washed down the 
drain. 

Yes 

2000114-5050-TF-1952-S-0024.TIF FS-8  A1 Architectural Plan and Sections, FS-8 1952 Plan and sections of an observation 
bunker at FS-8.  The drawing shows 
floor drains to a subdrainage system.  
This may be an (unlikely) source of 
contamination if any solvents or other 
material were washed down the 
drain. 

Yes 

2000114-5050-TF-1952-0026.TIF FS-6  A1 Architectural Plan and Sections,  
Bldg. FS-6 

1952 Plan and sections of an observation 
bunker at FS-6.  The drawing shows 
floor drains to a subdrainage system.  
This may be an (unlikely) source of 
contamination if any solvents or other 
material were washed down the 
drain.  This drawing also shows a 
"concrete box access to ducts."  The 
ducts may be to an air conditioner, or 
may be to a forced air system to 
protect the occupants from Noxious 
fumes. 

Yes 

2000114-5050-TF-1952-S-0027.TIF FS-2  A-1 Architectural Plan and Sections, 
Bldg. FS-2 

1952 Plan and section of a bunker at FS-2.  
Plan does show a sump to service a 
boiler at the bunker.  The sump may 
contain some residual contamination. 

Yes 

2000114-5050-TF-1952-S-0028.TIF FS-3  A-1 Architectural Plan and Sections, 
Bldg. FS-3 

1952 Plan and section of a bunker at FS-3.  
Plan does show a condensate line 
from a steam heater at the building. 

No 

2000114-5050-TF-1952-S-0029.TIF FS-4  A-1 Architectural Plan and Sections, 
Bldg. FS-4 

1952 Plan and section of a bunker at FS-4.  
No floor drains or other point sources 
noted. 

No 

Complete History Drawings Summary for Firing Site Page 1 of 9 
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2000114-5050-TF-1952-S-0030.TIF FS-5  A-1 Architectural Plan and Sections, 
Bldg. FS-5 

1952 Plan and section of a bunker at FS-5.  
Floor drains are Noted.  The building 
is equipped with a positive pressure 
ventilation system. 

Yes 

2000114-5050-TF-1952-S-0031.TIF FSG-U1 Iowa Ordnance Plant - F.S. South Site 
- Drainage & Grading Plan 

1952 Contour map of south firing site 
showing location of culverts and drop 
basin. Revision 1. 

Yes 

2000114-5050-TF-1953-S-0032.TIF FS-6  FSG North Firing Site Existing Sections AA 
and BB 

1953 Drawing shows firing site relationship 
between firing site, bunker, and other 
points. 

No 

2000114-5050-TF-1953-S-0033.TIF FS-6  S101 North Firing Site <<UNREADABLE>> 
Sections AA and BB, SHT 2 

1953 Drawing shows firing site relationship 
between firing site, bunker, and other 
points. 

No 

2000114-5050-TF-1953-S-0034.TIF FS-6  S101  North Firing Site Existing Sections AA 
and BB SHT 3 

1953 Drawing shows firing site relationship 
between firing site, bunker, and other 
points. 

No 

2000114-5050-TF-1953-S-0035.TIF FS-11  C1 Building FS-11  Equipment Room Air 
Exhauster 

1953 Drawing shows bunker and air 
filtering equipment, including air shut-
off valves and "test holes."  Although 
No appurtenances on the drawing 
appear to be a source of 
contamination, it does give insight on 
how Noxious some of the items fired 
at FS-11 must have been. 

Yes 

2000114-5050-TF-1954-0036.TIF FS-9  A-1 Architectural Plan and Sections  F.S. 9 1954 Plan and sections of an observation 
bunker at FS-9.  The drawing shows 
floor drains to a subdrainage system.  
This may be an (unlikely) source of 
contamination if any solvents or other 
material were washed down the 
drain. 

Yes 

2000114-5050-TF-1954-0037.TIF FS-10  A-1 Architectural Plan and Sections F.S. 10 1954 Plan and sections of an observation 
bunker at FS-10.  The drawing shows 
floor drains to a subdrainage system.  
This may be an (unlikely) source of 
contamination if any solvents or other 
material were washed down the 
drain. 

Yes 
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Applicable

2000114-5050-TF-1961-S-0038.TIF FSG U3 Grading & Drainage South Firing Site 1961 Plan and profile of test-fire site.  
Shows culvert to be removed and 
manholes to be lowered.  

Yes 

2000114-5050-TF-1961-S-0039.TIF FSG-U3 Grading and Drainage South Firing 
Site 

1961 Plan and profile of test-fire site.  
Shows culvert to be removed and 
manholes to be lowered.  

Yes 

2000114-5050-TF-1962-S-0007.TIF SK-FS-1 Plot Plan of FS-S,FS-2,FS-3,FS-4 & 
FS-5 

1962 Plot plan showing site layout and 
existing water & steam lines.  

Yes 

2000114-5050-TF-1962-S-0010.TIF FS-12-C-3 Tunnel Exhaust System 1962 Drawing of tunnel exhaust duct and 
fan.  Fan specifications included. 

No 

2000114-5050-TF-1963-S-0013.TIF FS-12-A-1 F.S. 12 Architectural Floor Plan and 
Sections 

1963 floor plan and longitudinal section of 
FS-12. Drawing contains details of 
door. Revision 1. 

No 

2000114-5050-TF-1963-S-0040.TIF F.S.12  S-1 Firing Site 12  Reinforced Concrete 
Details 

1963 Drawing shows reinforced concrete 
details of the bunker.  A sump is 
noted. 

No 

2000114-5050-TF-1963-S-0041.TIF F.S. 12  S-1 Firing Site 12 Sections and Details 1963 Sections and details of the bunker.  
No floor drains or sumps called out. 

No 

2000114-5050-TF-1963-S-0042.TIF F.S.12 S-3 Firing Site 12 Tunnel Details 1963 Drawing shows details of tunnel 
connecting camera room to area near 
firing pit. 

No 

2000114-5050-TF-1963-S-0043.TIF F.S. 12 S-6 Firing Pad F.S. 12 plan & details 1963 Drawing shows plan and sections of 
the firing pad at FS-12. 

No 

2000114-5050-TF-1963-S-0044.TIF SK-FS-1 Plot Plan Of FS-1, FS-2, FS-3, FS-4, & 
FS-5 

1963 Plot plan showing existing steam and 
water lines.  

No 

2000114-5050-TF-1963-S-0045.TIF FS-1  P-6 Plumbing Layout 1963 Drawing shows plumbing in building 
(presumably at FS-1).  Sinks and 
floor drains at the pin fabrication 
room, dark room, print tank, print 
wash, and negative tank are plumbed 
into the building drain.  It is not 
shown whether or not this drains into 
a treatment facility or into a septic 
tank. 

Yes 

2000114-5050-TF-1963-S-0097.TIF FS-12/A-1 F.S. 12 Architectural Floor Plan and 
Sections 

1963 Drawing shows plan and sections of 
the facility, including a darkroom.  

Yes 
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2000114-5050-TF-1964-S-0046.TIF FSG-P-2 Piping Plot Plan – Test-Fire 
Administration & Magazine Area 

1964 Plan view showing layout of steam 
and water lines, location of anchors 
and cut-off valves.  

No 

2000114-5050-TF-1965-S-0047.TIF SK-FS-9 Modifications, FS-1 1965 Sketch shows modifications to 
facility.  Interestingly, the title block 
refers to the Burlington AEC (atomic 
energy commission) plant.  The 
modifications do refer to cemesto  
(asbestos containing) materials. 

No 

2000114-5050-TF-1965-S-0048.TIF FS-5 C-1 Fume Removal System 1965 Drawing shows the fume removal 
system (presumably at FS-5).  
Although no potential sources of 
contamination are shown, it does 
give insight into the noxious vapors 
produced at the site. 

No 

2000114-5050-TF-1965-S-0049.TIF FS-12  P-3 Methane & Vacuum Piping Plan and 
Sections 

1965 Drawing shows plan, section and 
orthogonal views of  vacuum and 
methane system at FS-12. 

No 

2000114-5050-TF-1966-S-0005.TIF SK-FS-13 A/C Duct Work FS-12 Firing Pad 1966 Isometric drawing of air conditioner 
and duct work.  

No 

2000114-5050-TF-1966-S-0006.TIF SK-FS-12 Proposed Modifications to FS-6 1966 Drawing shows new concrete work to 
be done on camera bay and 
electronic bay.  

No 

2000114-5050-TF-1966-S-0015.TIF FS-6-S-8 F.S. 6 Structural Sections and Details 1966 Structural sections and details of  
FS-6. 

No 

2000114-5050-TF-1966-S-0050.TIF FS-6  A-2 F.S. 6 Architectural Floor Plan Sections 
and Details 

1966 The title block refers to the Burlington 
AEC plant.  Drawing shows proposed 
modifications to the bunker. 

No 

2000114-5050-TF-1967-S-0004.TIF SK-FS-14 Firing Site Modifications 1967 Drawing of modifications to building 
FS-6 shows new camera bay.  

No 

2000114-5050-TF-1968-S-0011.TIF FS-12-A-3 F.S. 12 - X-Ray Bay Floor Plan, 
Elevations and Sections 

1968 Details and elevations of x-ray bay at 
F.S. 12. 

No 

2000114-5050-TF-1968-S-0012.TIF FS-12-A-2 F.S. 12 Additions Floor Plan and Door 
Details 

1968 Floor plan of FS 12 with addition of 
new camera bays.  Shows existing 
underground tunnel and camera 
alignment. 

No 



Work Plans for Supplemental Remedial Investigation for Firing Site (Including Historical Site Assessment) - IAAAP 
 

Appendix J  (Continued) 
 

Complete History Drawings Summary for Firing Site Page 5 of 9 

 
TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable

2000114-5050-TF-1968-S-0051.TIF SK-FS-15 F.S. Area Plan Proposed Road 1968 Drawing shows existing and 
proposed road at the firing sites. 

No 

2000114-5050-TF-1968-S-0052.TIF SK-FS-17 Joint Details, F.S. 12 Addendum 1, INV 
NO. 292-68-49 

1968 Drawing shows structural joint 
details. 

No 

2000114-5050-TF-1968-0053.TIF SK-FS-19 Footing Plan and Section, X-ray 
Barricade F.S. 12 

1968 Drawing shows footing and 
foundation plan for an X-ray 
barricade. 

No 

2000114-5050-TF-1968-0054.TIF F.S.12  S-12 F.S. 12 X-Ray Bay Barricade and 
Miscellaneous Details 

1968 Drawing shows details of an X-ray 
barricade.   

No 

2000114-5050-TF-1968-S-0055.TIF F.S. 14  A-1 F.S. 14  Floor Plan, Section and 
Elevation 

1968 Drawing shows architectural details 
of building construction.  No floor 
drains or other potential sources of 
contamination are visible. 

No 

2000114-5050-TF-1968-S-0098.TIF F.S.12/A-2 FS-12 Additions Floor Plan and Door 
Details 

1968 Drawing shows proposed camera 
bay additions to FS-12. 

No 

2000114-5050-TF-1969-S-0056.TIF F.S.12  W-1 Layout of F.S.12 M-16A1 Mine Testing 1969 Daring title refers to Burlington AEC 
plant.  Drawing shows layout of the 
mine testing facility; relationship 
between firing pit, service road, pad 
and support structures. 

No 

2000114-5050-TF-1969-S-0057.TIF SK-FS-24 Existing Test Firing Facility 1969 General layout of FS-9, -10, & -11. 
Shows underground magazine, 
transformer station, control bunker, 
test-fire pad and proposed test 
chamber. 

Yes 

2000114-5050-TF-1969-S-0099.TIF FS-12-W-1 Layout Of F.S. 12 M-1A1 Mine Testing  1969 General layout of test-fire site for  
M-16A1 mine.  

Yes 

2000114-5050-TF-1970-S-0058.TIF FS-12  P-4 Air Installation to X-Ray Machines, 
Building FS-12 

1970 Drawing shows airline routing for X-
ray machines. 

No 

2000114-5050-TF-1970-S-0059.TIF SK-FS-25 Firing Site, X-ray Bay Modifications, 
Details and Sections 

1970 Drawing title refers to Burlington AEC 
plant.  Drawing shows proposed 
building changes relating to the x-ray 
machine. 

No 

2000114-5050-TF-1970-S-0060.TIF SK-FS-26 Water Supply Piping Layout F.S. 12 1970 Drawing shows water line ) both 
supply and drain) to two X-ray 
machines at FS-12. 

Yes 
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2000114-5050-TF-1970-S-0061.TIF SK-FS-31 Firing Site Master Plan 1970 Plan was drawn for the AEC.  The 
plan shows current and proposed 
areas of operation at the firing sites. 

Yes 

2000114-5050-TF-1972-S-0003.TIF SK-FS-31 Firing Site Master Plan 1972 Site plan for test-fire range. 
Containment firing chamber, 
containment firing chamber addition 
and containment explosive firing site 
are indicated.  

Yes 

2000114-5050-TF-1972-S-0062.TIF SK-FS-29 Silver Reclaiming Install.  F.S.-1 
Darkroom 

1972 Drawing Shows Caster Mounted 
Silver Recovery Unit. 

Yes 

2000114-5050-TF-1972-S-0063.TIF FS-6/5-3 Sections of North Firing Site and 
Details 

1972 Drawing shows details of rail lines 
(probably for testing equipment) at 
the north firing site (FS -10). 

No 

2000114-5050-TF-1972-S-0064.TIF FS-6/S-4 South Firing Point - Construction 
Details 

1972 Drawing shows construction details 
for building at south firing point  
(FS-7). 

No 

2000114-5050-TF-1972-S-0065.TIF FS-6/ 
<<unreadable>>

Layout North Firing Site 1972 Drawing shows layout of building at 
north firing site.  Text cover much of 
drawing, and is almost completely 
unreadable. 

No 

2000114-5050-TF-1973-S-0014.TIF FS-12-A-1 F.S. 6 Topography And Grading Plan 1973 Plot plan of FS-6, -7, & -8 showing 
contour lines.  Plan and section of  
4'-6" square firing pad. 

No 

2000114-5050-TF-1973-S-0066.TIF FS-14-W-1 FS 14 Plot Plan 1973 Plot plan with contours and test-fire 
chamber details at firing site 14. 
Revision 1. 

Yes 

2000114-5050-TF-1974-S-0002.TIF SK-FS-33 Test Firing Area - Bldg. FS-12 1974 Plan of building FS-12 No 
2000114-5050-TF-1976-S-0001.TIF SK-FS-34 Test-Fire Site Plan & Layout - GEMSS 

Proposal 
1976 Site plan for test-fire range.  Test-fire 

pad layout showing pipe sleeves on 
gravel packing.  

Yes 

2000114-5050-TF-1978-S-0067.TIF FS-12/W-600 Flash X-Ray Installation at FS-12 1978 Drawing shows installation details for 
a flash X-ray machine. 

No 

2000114-5050-TF-1980-S-0068.TIF FS-12/D600 Concept - Flash X-Ray Installation 1980 Drawing shows plan view of flash 
X-ray apparatus at FS-12. 

No 

2000114-5050-TF-1981-S-0069.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 1 of 16 

1981 Drawing shows apparatus layout for 
mine testing. 

No 
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TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable

2000114-5050-TF-1981-S-0070.TIF FS-12/M-601 FS-12 FLASH X-RAY INSTALLATION 1981 Drawing shows equipment layout for 
X-ray machine. 

No 

2000114-5050-TF-1983-S-0071.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 2 of 16 

1983 Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-1983-S-0072.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 4 of 16 

1983 Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-1983-S-0074.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 6 of 16 

1983 Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-1983-S-0075.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 7 of 16 

1983 Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-1983-S-0076.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 8 of 16 

1983 Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-1983-S-0077.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 9 of 16 

1983 Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-1983-S-0078.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 10 of 16 

1983 Drawing has equipment information 
for sub assemblies. 

No 

2000114-5050-TF-1983-S-0079.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 10 of 16 

1983 Drawing has equipment information 
and details for sub assemblies. 

No 

2000114-5050-TF-1983-S-0080.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 12 of 16 

1983 Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-1983-S-0081.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 13 of 16 

1983 Drawing shows details of testing 
apparatus. 

No 

2000114-5050-TF-1983-S-0082.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 14 of 16 

1983 Drawing shows details of testing 
apparatus. 

No 

2000114-5050-TF-1983-S-0083.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 15 of 16 

1983 Drawing shows details of testing 
apparatus. 

No 

2000114-5050-TF-1983-S-0084.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 16 of 16 

1983 Drawing shows details of testing 
apparatus. 

No 

2000114-5050-TF-1983-S-0085.TIF FS-14/W603 Earth Barricade FS-14 1983 Plan and section of earth barricade 
around firing site 14. Revision 1. 

Yes 

2000114-5050-TF-1983-S-0086.TIF FS-14/H600 XM75 HE Mine Test-Fire Pit 2 of 4 1983 Drawing shows details of testing 
apparatus. 

No 
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TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable

2000114-5050-TF-1983-S-0087.TIF FS-14/H600 XM75 HE Mine Test-Fire Pit 3 of 4 1983 Drawing shows details of testing 
apparatus. 

No 

2000114-5050-TF-1983-S-0088.TIF FS-14/H600 XM75 HE Mine Test-Fire Pit 2 of 4 1983 Drawing shows dimensioning of 
testing apparatus. 

No 

2000114-5050-TF-1984-S-0089.TIF FS-14/H600 XM75 HE Mine Test-Fire Pit 1 of 4 1984 Drawing shows details of testing 
apparatus. 

No 

2000114-5050-TF-1985-S-0090.TIF FS-G/S600 Sitework Plan and Details, Recessed 
Test-Fire Facility, F.S. Area 

1985 Drawing shows existing and 
proposed elevations for test-fire 
facility. 

Yes 

2000114-5050-TF-1986-S-0009.TIF FS-G-W-1 General Layout of F.S. Area 1986 Site layout showing water lines and 
Long creek crossing the complex. 

Yes 

2000114-5050-TF-1986-S-0091.TIF FS-15-S-600 Sitework Plan & Details Recessed 
Test-Fire Facility F.S. 15 

1986 Contour map and sections of 
recessed firing site.  

Yes 

2000114-5050-TF-1986-S-0092.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 3 of 16 

1986 Drawing shows details of testing 
apparatus. 

No 

2000114-5050-TF-1988-S-0016.TIF FS-G-W-604 Horizontal Static Firing Site Plan 1988 Site plan including FS-1 through -15.  
Includes target pad and fixture. 

Yes 

2000114-5050-TF-1991-S-0008.TIF FS-G-W-9000 Firing Site General Area 1991 Site layout showing South Test Site 
and North Test Site. Revision A. 

Yes 

2000114-5050-TF-1991-S-0017.TIF FS-12-J-600 Warhead Test-Firing Pad 1991 Detail of 12' x 12' test-firing pad. 
Sheet 3 of 5. 

No 

2000114-5050-TF-1991-S-0018.TIF FS-G-W-9000 Firing Site General Area 1991 Layout of firing site. Revision A. No 

2000114-5050-TF-1991-S-0093.TIF FS-6-S-606 Test-Fire Fixture Bldg F.S. 6, Sheet 1 
of 2 

1991 Drawing shows details of proposed 
test-fire fixture. 

No 

2000114-5050-TF-1991-S-0094.TIF FS-G-U-9000 Firing Site Water Distribution 1991 Map of North and south firing site, as 
well as FS 1 area.  Shows 
underground water line s. 

Yes 

2000114-5050-TF-1991-S-0095.TIF FS-6-S-606 Test-Fire Fixture Bldg F.S. 6, Sheet 2 
of 2 

1991 Drawing shows details of proposed 
test-fire fixture. 

No 

2000114-5050-TF-1994-S-0022.TIF FS-12-W-602 Site Plan for Demon Test-Fire Arenas 1994 Site plan and detail of concrete test- 
fire arenas.  

No 

2000114-5050-TF-1994-S-0096.TIF FS-12-W-602 Site Plan for Demon Test-Fire Arenas 1994 Drawing shows site layout for 
proposed (demonstration?) facilities. 

No 
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TN&A Drawing No. 

IAAAP 
Drawing No.

 
Drawing Title 

Drawing 
Date 

 
Summary Description 

 
Applicable

2000114-5050-TF-1996-S-0019.TIF FS-G-F-602 Firing Site Layout Diagram 1996 Diagram of firing site layout, includes 
building legend with elevations. 

No 

2000114-5050-TF-1996-S-0020.TIF G-F-690 General Plant Layout Diagram 1996 Plant layout diagram showing yards, 
lines, sewage collection area, 
demolition area, burning ground area 
and plant boundary.  Includes 
building legend and list of reference 
drawings. 

No 

2000114-5050-TF-1999-S-0021.TIF FS-12-W-603 WAM Launch Site Layout 1999 Layout of WAM launch site showing 
location of FS 12, wells, launch area 
and impact area. Indicates 3" conduit 
to be put in from FS 12 to launch 
point.  

Yes 

200114-5050-TF-1983-S-0073.TIF FS-14/W602 Equipment Installation for Gemiss 
Tactical Mine Test Facility 5 of 16 

983- Drawing shows section and details of 
testing apparatus. 

No 

2000114-5050-TF-S-0025.TIF FS-7   A1 Architectural Plan and Sections. FS-7 S-00 Plan and sections of an observation 
bunker at FS-7.  The drawing shows 
floor drains to a subdrainage system.  
This may be an (unlikely) source of 
contamination if any solvents or other 
material were washed down the 
drain. 

Yes 
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