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EXECUTIVE SUMMARY

An assessment was made of the contaminant migration potential
from suspected secondary contamination sources on the Rocky
Mountain Arsenal. MNumerous Arsenal records were reviewed to
identify sites where contaminants may have been stored,
spilled or discharged. Thirty-two potential secondary
contamination sources were identified and a summary of the
activities at each is given. Geraghty & Miller, Inc.
developed a Simplified Hazardous Site Ranking System to
evaluate possible contaminant migration for each potential
contamination source.

The Potential Source Area Definiticn Study did not include
additional work on primary sources of contamination
previously identified and investigated at Rocky Mountain
Arsenal. Areas excluded from this study are Basin A, Basin
F, the north and northwest boundaries, the South Plants, the
sanitary and chemical waste sewers, and the sewage treatment
plant and lagoon.

The potential contamination sites were ranked as follows:
Group A Contamination present and migrating
Group B Contamination present and migration unknown
Group C Possible contamination present
Group D Contamination unlikely

The evaluation concentrated on 20 sites in Groups A, B, or C
having, or suspected of having, contamination.

Ninety-two soil and water samples were collected from 15




potential contamination sources according to the sampling
protocol outlined in the Technical Plan. Twenty-two geologic
samples were taken during the drilling of eight monitoring
wells and seven soil borings. Fifty shallow soil samples
were collected. Tests for chemical agents were performed on
soil samples taken at three of these sites. Of the 20 water
samples taken, 15 were from groundwater monitoring wells and
five from surface-water bodies. In addition, results from
numerous regional water-quality samples and selected soil
samples were evaluated for determination of the possible
presence and migration of contaminants.

Water samples were submitted directly to the Rocky Mountain
Arsenal Analytical Systems Branch (ASB) for chemical
analysis. Soil and geclogic samples were first extracted
with water by the S-Cubed Laboratory in California or with
organic solvent by ASB. The extracts were then analyzed by
ASB for the specified constituents. The solvent extraction
method was used to approximate the mass of contaminant in the
soil and the water extraction procedure was used to estimate
the quantity of contaminant that might be expected to leach
from the soil.

Samples were analyzed for common cations (Ca, Mg, K, and Na),
heavy metals (As, Cd, Cu, Fe, Mn, and Hg), common anions (c1,
F, NO3 and 504), and organic compounds (DBCP, DIMP,
p-chlorophenylmethyl sulfide, sulfoxide, and sulfone - CPMS,
CPMSO, CPMSOZ, Aldrin, Dieldrin, Endrin, oxathiane - OXAT,
dithiane - DITH, and benzothiazole - BTA). At locations

where chemical agent residues were possible or there were no
clues about the types of possible contaminants, a gas
chromatograph/mass spectrometer screen was made. The




analytical program was designed to detect chemical agents,
their decomposition products, or other chemical contaminants
suspected to have originated at a given site.

Additional information about the location and timing of
various disposal and storage activities at Rocky Mountain
Arsenal was derived from a study of aerial photographs. The
photographs, supplied by Ms. Marlene B. Lindhardt, U.S. Army
Toxic and Hazardous Materials Agency, and Mr. Ed Berry, Rocky
Mountain Arsenal, were used to compile a history of boundary
changes at Rocky Mountain Arsenal over the last 40 years. As
in aid in interpreting the photographs, interviews with Mr.
George Donnelly, retired Director of Facilities and Mr.
George Buxton, retired from the Quality Assurance Office,
were conducted.

Twelve Group D sites (contamination unlikely) were not
included in field sampling. No evidence of contaminant
migration was expected at these sites because of:

a. Data included in previous reports

b. The nature of the activity at the site

c. No documented or suspected occurrence of

contaminants having been released

Most of the 12 sites dealt with outside storage areas, burn
pits, TX study and disposal aféas, or areas where activities
were widely dispersed.

The 32 sites were identified and grouped into the following:
Category I Current problem to be addressed, ie.,
contamination moving across the Arsenal
boundary above the regulated standard




Category II Area with future potential for contaminant
migration that will require monitoring
Category III No action required at this time

Based on chemical analysis of soil and water samples, the 32
potential contamination sources have been categorized as
follows:

Category I
Site 11, the DBCP source area in Section 3

Category II
Site 26, the North Plant

Sites 24 and 30, the lake dredge disposal areas
site 9, the new Toxic Storage Yard

Site 4, Basins C, D and E

Site 32, disposal pits in Section 36

The remaining sites were classified Category III sites.

Additional investigation or monitoring of the seven sites in
Categories I and II is recommended.
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1.1

CHAPTER 1

INTRODUCTION

PURPOSE AND SCOPE CF REPORT

This investigation, known as the Potential Source Area
Definition Study, had two primary cbjectives. The first
objective was a review and evaluation of known and suspected
potential (secondary) contamination sources at Rocky Mountain
Arsenal, Denver, Colorado. The second objective was to
classify each source into cne of three categories
(Figure 1-1). The three are:

Category 1

Current problem area to be addressed, i.e.,

contamination migrating across the Arsenal boundary

above the regulated standard

Category II

Areas with future potential for contaminant migration

that will require monitoring

Category I1I

No existing or potential problem likely, thus no action

required at this time

The primary objective of the Potential Source Area Definition
Study was the assessment of the migration of contaminants
from source areas within Rocky Mountain Arsenal towards the
Arsenal boundary. Most of the potential source areas have
been unused for years. The assessments of source areas by
Geraghty & Miller, Inc. pertain only to the potential for

1-1
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ROCKY MOUNTAIN ARSENAL POTENTIAL SOURCE AREA
DEFINITION STUDY FLOW CHART
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1.2

migration of contaminants from a source area. The
assessments are not intended to be indicative of the
suitability of any given source area for alternative land
uses.

The Potential Source Area Definition Study contract precluded
any additional work on primary sources of contamination that
have been previously identified and investigated at Rocky
Mountain Arsenal. The excluded areas encompass Basin A,
Basin F, the north and northwest boundaries, the South
Plants, the sanitary and chemical waste sewers, and the
sewage treatment plant and lagoon.

BACKGROUND

The Potential Source Area Definition Study was divided into
two stages and four phases. Stage I was designated as the
exploratory stage with two phases. Phase I included a review
of available data on potential sources, development of a
hazardous site ranking system to evaluate potential sources,
and the formulation of a Technical Plan to be performed in
Phase II.

Phase II of the Potential Source Area Definition Study
consisted of three main activities--implementation of the
Technical Plan proposed in Phase I, an assessment of the
migration potential of contamination found, and
recommendations for confirmatory sampling and analysis.

Based on the findings resulting from Stage I, the government
will determine if additional work is required. Stage I1I, the
confirmatory stage, would also be conducted in two phases.




Phase III would characterize migration vectors and travel
times of contaminants to the installation boundary. Phase IV
would be detailed assessment of the contamination sources and
of the contaminant migration potential.

Ninety-two samples were collected from 15 potential
contamination sources according to the sampling protocol
outlined in the government approved Technical Plan.
Twenty-two geologic samples were taken during the drilling of
eight monitoring wells and seven soil borings, and 44 shallow
soil samples and sediment samples were collected. Tests for
chemical agents were performed on samples taken at three of
the sites. A total of 20 water samples were taken, 15 from
groundwater monitoring wells and five from surface water
bodies. In addition, results from numerous regional water
quality samples, collected by Rocky Mountain Arsenal
personnel during the second quarter of 1982, and selected
soil samples were evaluated for determination of possible
presence and migration of contaminants from potential
contamination sources at Rocky Mountain Arsenal.

Analytical results for the parameters specified in the
Technical Plan were supplied by the Rocky Mountain Arsenal
ASB. At one site, 13 replicate geologic and groundwater
samples were given to Mr. Gene Kauffman of Shell Chemical
Company for analysis by the Shell laboratory.

Interviews with Mr. George Donnelly, retired Director of
Facilities, and Mr. George Buxton, retired from the Quality
Assurance Office, were also conducted. Continued analysis of
aerial photographs, supplied by Ms. Marlene B. Lindhardt,
U.S. Army Toxic and Hazardous Materials Agency, and Mr. Ed




Berry, Rocky Mountain Arsenal, gave additional information as
to the location and timing of various activities at Rocky
Mountain Arsenal relative to the definition of potential
contamination sources. The photographs were used to compile
a history of boundary changes at Rocky Mountain Arsenal over
the last 40 years as shown in Figure 1-2. From 1942 to 1952,
the Rocky Mountain Arsenal covered the area shown in Figure
1-2-a. After construction of the North Plant in 1952, the
northern boundary of the Arsenal was extended one mile
northward, Figure 1-2-b. After 1964, several Sections at the
southwest corner of the Arsenal were released, leaving the
boundary as shown in Figure 1-2-c. One Section of land near
the southwest corner (Section 10) was released about 1970 for
airport expansion, resulting in the Arsenal boundary as it
exists today.

Chapter 2 of this report summarizes the development of a
hazardous site ranking system which was used to categorize
contamination sources. Geraghty & Miller, Inc. reviewed
several existing hazards ranking models before developing a
simplified hazardous site ranking system utilizing a project
team approach. Also included in this chapter is the grouping
of 32 potential contamination sources which had been
identified from a review of numerous reports and aerial
photographs. A preliminary evaluation of these potential
contamination sources was made to help formulate the
Technical Plan to be performed in Phase II.

The methods used to implement the Technical Plan are
presented in Chapter 3. Field activities and laboratory
requirements and procedures are outlined. The data

management program used to enter the collected data in the
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U.S. Ammy Toxic and Hazardous Materials Agency Installation
Restoration system is also given.

Chapter 4 contains the results of the exploratory evaluation
of each of the 20 potential contamination sources identified
during Phase I as being in Group A, B, or C. General
hydrogeologic conditions are given for each section of the
Rocky Mountain Arsenal in which a potential contamination
source is located. A brief history of each site is given
along with a summary of the sampling program approved in the
Technical Plan. The results of the analytical testing
perfommed at each site and a discussion of these results are
also included in Chapter 4.

The approved Technical Plan did not include field sampling at
the 12 Group D sites. No evidence of contaminant migration
was expected at these sites because of the following factors:
a. Data included in previous reports
b. The nature of the activity at each site
c. No documented or suspected occurrences of
contaminants being released

Most of the 12 sites dealt with outside storage areas, burn
pits, TX study and disposal areas, and areas where activities
were widely dispersed.

Assessments of contaminant migration from seven potential
contamination sites are evaluated in Chapter 5. These
evaluations were made on sites having known releases of
contaminants by any route as confimmed by recent analytical
testing. The division of these sites, the second objective
of the Potential Source Area Definition Study, into the three




categories defined in Phase I is also given in Chapter 5.

Recommendations for confirmatory work to be completed during
Stage II are presented in Chapter 6 for those sites requiring
additional study to characterize transport pathways and
contaminant migration. At the completion of Stage II, a
quantitative assessment of the contaminant sources and
migration potential will be made.

The geologist logs for the eight monitoring wells and seven
soil borings drilled by Geraghty & Miller, Inc. during Phase
II are given in Appendix A. Additional information is given
in Appendix B for using the Simplified Hazardous Site Ranking
System developed during Phase I. The evaluation forms for
those sites evaluated by the Simplified Hazardous Site
Ranking System are given in Appendix C.

General physical and hydrologic information on each Section
of Rocky Mountain Arsenal is presented on a series of four
drawings labeled "A" through "D", included in Appendix D.
The series of drawings labeled "A" show the general location
of each potential site (if one exists) within a Section, the
location of existing monitoring wells, and the location of a
geologic cross-section. The "B" series of drawings shows the
water table contours for the area (Romero and Ward, 1981),
groundwater flow direction, and the potential site
locations. The "C" series of drawings shows the potential
site locations, the boundaries of known areas of groundwater
contamination, and the location of abandoned farm wells.
Geologic cross-sections for those Sections containing
potential contamination sites are shown on the "D" series of
drawings. The areas have been identified on the basis of




reports, interviews, and evaluation of aerial photographs,
but the delineation of the potential site locations as shown
on the drawings in this report should not be construec as

representing definitive boundaries.

A bibliography of Rocky Mountain Arsenal reports reviewed but
not cited follows the appendices.
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2.1

CHAPTER 2

DEVELOPMENT OF A HAZARDOUS SITE RANKING SYSTEM
AND PRELIMINARY GROUPING OF PCTENTIAL CONTAMINATION SOURCES

INTRODUCT ION

The first task of the study was in-depth data review. The
RMA Information Center (RIC), which contains over 900 maps
and documents on the Arsenal, was consulted. Interviews and
field tours were conducted. Sufficient data were obtained to
provide a Section by Section data base. This includes the
history of past events and land uses and the current geologic
and hydrologic conditions. The data review is the basis for
the entire study, especially the identification and
classification of the 32 potential contamination source sites.

To classify each potential source into one of three
categories, a hazardous site ranking system was developed.
Several existing ranking models for determining remedial
action priorities at hazardous waste disposal sites were
reviewed and supplied valuable input to the modified ranking
system. The potential source areas at Rocky Mountain Arsenal
were placed into one of four groups according to the
conditions present. A preliminary evaluation of each
potential contamination source was then made using the
ranking system to guide the formulation of the Technical
Plan.




2.2

DEVELCPMENT OF A SIMPLIFIED HAZARDOUS RANKING SYSTEM

The method used by Geraghty & Miller, Inc. in the ranking of
hazardous sites was the project team approach incorporating
the required disciplines. The expertise of the project team
allows for the application of a simplified subjective version
of the detailed ranking models proposed to date. This
approach greatly facilitates preliminary ranking of sites
where there are insufficient data to apply other models or
where conditions are such that other models do not apply.

The simplified ranking system developed by Geraghty & Miller,
Inc. utilizes a subjective rating factor analysis for
site-specific conditions similar to those at Rocky Mountain
Arsenal. This ranking system differs from previous models in
four ways. First, it is a subjective team approach,
requiring the project team (user) to be qualified in
evaluating various factors. Second, the concept of a target
characteristic used in other models has been omitted, because
it is the ultimate goal of any contamination containment
system to preclude any migration off an installation
regardless of possible targets. Third, another
characteristic deleted from previous models is the quantity
of the contaminant introduced inteo the environment. Small
amounts of some chemicals are capable of contaminating large
volumes of water. Proper factor ratings for waste and route
characteristics can adequately account for different
quantities of contaminants. The fourth and last major
difference is the numerical rating approach. This simplified
system utilizes only an additive approach for both the
factors and the characteristics to determine the final
ranking. Weighting factors have been incorporated into the
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2.3.1

rating scheme by applying sound hydrological and chemical
judgment. By using an additive approach, incorporating
weighting factors, and utilizing a 100-point scoring system,
the users quickly develop an understanding of the sensitivity
of the factors involved.

APPLICATICN OF THE SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM

There are three categories which comprise the evaluation of
hazardous sites in the simplified hazardous site ranking
system. These three categories are the source
characteristics, the waste characteristics, and the route
characteristics. FEach category is a fraction of the total
number of points. In the 100-point scoring system, the route
characteristics category (surface water, groundwater, air,
direct contact) is assigned the greatest importance, a
maximum of 50 points. The waste characteristics category
(toxicity, persistence, attenuation) 1is next in importance.

A maximum of 35 points is allotted in this category. The
last category, the source characteristics (temporal and
spatial considerations), accounts for 15 points of the total
score. Figure 2-1 shows the simplified hazardous ranking
system developed by Geraghty & Miller, Inc. for the Fotential
Source Area Definition Study at Rocky Mountain Arsenal.

Scoring a Hazardous Site

A hazardous site can have numercus contaminants present which
may migrate by any of four possible routes. The worst case
scenario will be used to determine the final score for a
hazardous site. It may be necessary to make several
evaluations of each site for different contaminants and




SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM

Site Chemical

Section No.

(Circle Factor Value Selected)

I. Source Characteristics (15 pts maximum)..cceesesesnsecocnnccccncans

A. Temporal ConsiderationsS....eecee
1. The start of contamination

Fewer than 10 years ago (1 pt)
Between 10 and 20 years ago (2 pts)
Between 20 and 30 years ago (3 pts)
More than 30 years ago (4 pts)
B. Spatial ConsiderationS..cceecesces
1. Containerized (1 pt) Non-containerized (3 pts)
2. Dispersed areally (2 pts) Concentrated areally (3 pts)
3. Solid waste (2 pts) Liquid/gaseous waste (3 pts)

4. Deposited below ground (2 pts) Above ground (1 pt)

II. Waste Characteristics (35 ptsS MaximMum).e..cescescvscosvacecscsoncne

Low Medium High
A, Toxicity..eieeences 1 pt 10 pts 20 pts
B. Persistence..ceeves 2 pts 4 pts 6 pts
C. Attenuation........ 9 pts 5 pts 1 pt

III. Route Characteristics (50 pts MaXiMumM)..eeeeescecnsovsrsoascnsconns

(Evaluate all routes, select highest score)

A. Surface Water Routé..eeveccas

1. Contemporaneous stream

2. Lake/pond

3. Ephemeral stream
B. Groundwater Route...eseeecees

1. Short travel time (0 - 10 yrs)

2. Medium travel time (10 -~ 20 yrs)

3. Long travel time (more than 20 yrs)

C. Air ROUtE..ieesnncnscscnnass

1. Controlled release (incineration)
2. Uncontrolled release (fire, dust, etc.)

D. Direct Contact Route.......
(unassociated with other routes)

TOTAL: (100 pPtS MaXIMUM).veeeoeevoosvossossessssssancssasssscssnonsnns

FIGURE 2-1

(0 - 50 pts)
(0 - 50 pts)
(0 - 50 pts)

(41 - 50 pts)

(31 - 40 pts)
( 0 - 30 pts)
(0 - 50 pts)
(0 - 50 pts)
(0 - 50 pts)

SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM
DEVELOPED BY GERAGHTY & MILLER, INC.
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different routes to identify the worst case. Detailed
information on evaluating hazardous sites is given in
Appendix B.

GROUPING OF POTENTIAL CONTAMINATION SOURCES AT ROCKY MOUNTAIN
ARSENAL

Information on potential contamination sources at Rocky
Mountain Arsenal was obtained from reports, maps, and aerial
photographs on file at Rocky Mountain Arsenal Information
Center. Documents supplied by the U.S. Ammy Toxic and
Hazardous Materials Agency were also consulted during the
course of this study. Interviews were conducted with
selected Arsenal personnel having first-hand knowledge of
past and current practices at Rocky Mountain Arsenal
concerning activities dealing with hazardous materials.

From the information reviewed, 32 known or suspected sites
have been identified as potentially containing contaminated
materials in some form. The general locations of these 32
sites are shown in Figure 2-2. The period during which the
suspected activity began at each of the source areas is also
given. Excluded from Figure 2-2 are the primary source areas
of contamination which have been defined by previous studies.

Table 2-1 lists the 32 potential contamination sources
identified at Rocky Mountain Arsenal. The site number and
the Section(s) in which it occurs are given in Table 2-1
along with a brief description of the activity at each site.
The 32 potential contamination sites have been divided into
four different groups based on the conditions encountered.
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TABLE 2-1

GROUPING OF POTENTIAL CONTAMINATION SITES

IDENTIFIED IN THE POTENTIAL SOURCE AREA DEFINITION STUDY

ROCKY MOUNTAIN ARSENAL, DENVER, COLORADO

Site No. Section Site Use Group
1 9 Radio Towers C
2 4 Sanitary Landfill B
3 4 Disposal Trenches B
4 26 BasinsC,D,Eand G B
5 24 Disposal Pit D
6 30 Disposal Trenches B
7 30 Sanitary Landfill C
8 29 Disposal Pit D
9 31 New Toxic Storage Yard B

10 32 Burn Pits D
1 3 DBCP Spill in Rail A
Classification Yards
12 23, 24, 25, 26 TX Study Area D
13 19 Surface Disposal D
14 20 Surface Disposal D
15 30 Impact Area D
16 30 Mustard Training Area C
17 30 Demilitarization Operations C
18 31 Storage Facilities C
19 6 Storage Facilities C
20 6 Old Toxic Storage Yard C
21 6 Storage Area D
22 6 Storage Facilities D
23 5 Qutside Storage Area C
24 11,12 Lake Dredge Dipsosal Areas B
25 35 Basin B and Connecting Ditch B
26 25 North Plant C
27 7,8 Storage Area D
28 4 Surface Disposal D
29 26 Pumping Pit D
30 12 Rod & Gun Club Pond B
31 35 Caustic Basin C
32 36 Section 36 Pits B
(Northeastward Migration)




The four groups are:

Group A - Contamination is present and known to be migrating
Group B - Contamination is present, but migration is unknown
Group C - The site has received possible contamination

Group D - Sites unlikely to have contaminants present

One site was placed in CGroup A, nine sites in Group B, 10
sites in Group C, and 12 sites were identified as being in
Group D. The potential migration of contaminants from each
site in Groups A, B, and C was evaluated to prioritize field
activities to be conducted during the Phase II Technical
Plan.

The data obtained from the Phase II Technical Plan was used
to classify each site into one of the three categories as
defined in Chapter 1 of this report. Figure 2-3
schematically illustrates how sites in the various groups are
classified into one of the three categories. The data
required to evaluate each site included the level and type of
contamination, if present, and the rate of migration of the

contaminants via several routes.
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3.1

3.2

3.2.1

CHAPTER 3

TECHNICAL PLAN

INTRODUCTION

The sampling program described in the Phase II Technical Plan
was prioritized to those sites in Groups A, B, and C where
contamination was known or likely to be present. The amount
of geotechnical information available for various areas on
Rocky Mountain Arsenal is highly variable. As future work on
the Arsenal may further define the potential sources of
contamination, the evaluation of the potential contamination
may change. The reevaluation of sites will need to be
continued as new geotechnical results are received.

IMPLEMENTATION METHODS

Field Activities

The field activities included the drilling and installation
of two-inch diameter monitoring wells, soil sampling, surface
water and groundwater sampling. Based on a review of the
potential contamination sources, no geophysical effort was
recommended for Phase II. Geophysical surveys would have
minimal value in identifying possible contaminant migration
from sources on Rocky Mountain Arsenal since the type of
potential contaminants present do not lend themselves to
geophysical definition. Geophysical surveys could not be
expected to delineate different sources of contamination.

3-1




Two-inch diameter, PVC-cased monitoring wells were installed
using a hollow-stem auger rig. Geologic samples were
collected every five feet or at change in formation and
placed in glass containers for transport either to the
laboratory for analysis or to Rocky Mountain Arsenal for
storage. The wells were developed by pumping or bailing
until good communication with the aquifer was obtained.
After the wells were allowed to stand for at least 48 hours,
groundwater samples were taken as outlined in the Proposed
Rocky Mountain Arsenal Groundwater Sampling Protocol (Stollar
and Lappala, 1982) with the following exceptions. For
monitoring wells where a Middleburg pump was not used for
sample collection, the well bore was evacuated by bailing
before a Teflon bailer was used to collect the sample.
Groundwater samples were collected in appropriate containers
as required by the designated parameters. Samples were
cooled and transported to the laboratory daily.

Surface water samples were collected with a bailer rinsed
with the water to be sampled. Untreated sample collection
containers were also rinsed with the water to be sampled.
Field measurements of pH and Eh (oxidation-reduction
potential) were made at the time of collection for surface
water and groundwater samples. These measurements were made
from the discharge of the pump during groundwater sampling.

Both geologic and surface soil samples were collected.
Geologic samples were taken during drilling operations with a
split-spoon sampler and integrated over the length of the
spoon. Surface soil samples were taken by compositing at
least three subsamples within the sample site. After digging
a small hole, a trowel was used to collect the subsamples
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from the upper one foot of the soil. Soil samples were
placed in glass containers for transport and storage.

Laboratory Reguirements

From the review of the potential contamination sites, various
agents and chemicals were identified as possibly being
present at each site. Degradation products were also given
for each site if known. No recommendation was made to test
for any chemical or possible derivatives for which the Rocky
Mountain Arsenal laboratories are not presently certified.
There is no evidence that these compounds would be present
given biodegradation, hydrolysis, and the time that has
elapsed since the contaminants were released. Qualitative
GCMS results were supplied by the ASB.

Laboratory analysis included testing for common cations (Ca,
Mg, K and Na), heavy metals (As, Cd, Cu, Fe, Mn and Hg),
common anions (Cl, F, NO3, and 504), and selected organic
compounds. The organic compounds and inorganic constituents
requested for analysis are listed in Table 3-1 along with a
brief definition of each compound. The Rocky Mountain
Arsenal quantitative certification method numbers describing
the laboratory analysis procedures are also given in Table
3-1. Where specific chemicals could not be identified or
additional information was desired, a GC/MS screen was run on
samples. This identified compounds that could require
further quantification during Stage II.
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ORGANIC COMPOUNDS AND INORGANIC @

TAB
BY GERAGHTY|

ORGANIC COMPOUNDS (Cont.)

Compound

Formula

Scientific Name

Origin

Method Number

Aldrin

BTA

CPMS

CPMSO

CPMSO>

DBCP

Dieldrin

DIMP
DITH

Endrin

{C12HgClg)

{C7H5NS)

(C7H7CIS)

{C7H7CISO)

(C7H7C1S02)

(C3H5BroCl)

{C12H8gCls0)

{C7H1703P)
{C4HgS?)

{C12HgClgO)

benzothiazole

p-chlorophenyl-
methyl! sulfide fe

p-chlorophenyl-
methyi sulfoxide

p-chlorophenyl-
methyl sulfone 2

1, 2, dibromo-
3 chlorpropane

diisopropyimethyl-
phosphonate

diathiane

A chiorinated hydrocarbon
insecticide; intermediate
in manufacturing Dieldrin;
half-life is four to five
years in soil.

A hetereocyclic aromatic
compound prevalent in
manufacturing pesticide.

Used by Shell Chemical in
manufacturing Planavin,
a herbicide, between
1966 and 1975.

Used by Shell Chemical in
manufacturing Planavin,
a herbicide, between
1966 and 1975.

Used by Shell Chemical in
manufacturing Planavin,
a herbicide, between
1966 and 1975.

A chlorinated hydrocarbon
manufactured by Shell
Chemical as soil nematocide,
Nemagon.

A chlorinated hydrocarbon
insecticide; decomposition
product of Aldrin; half-
life of seven years in soil.

A byproduct in manufacturing
GB (Sarin) nerve gas.

A decomposition product in
manufacturing mustard gas.

A chlorinated hydrocarbon
insecticide, nearly
insoluble in water; half-
life of four to ten years
in soil.

4p

4p

4p

4p

4Q

4s

4p

/75

s
n

sy,

.J,v




TABLE 3-1
IC COMPOUNDS AND INORGANIC CONSTITUENTS REQUESTED FOR ANALYSIS
BY GERAGHTY & MILLER, INC.

ORGANIC COMPOUNDS

in water; half-
r to ten years

Origin Method Number Compound Formula Scientific Name Origin
ted hydrocarbon - GB (Sarin) (F[CH3] 2CHO- Isopropyi methy!- Nerve gas.
e; intermediate POCH3) phos;_)hono—
cturing Dieldrin; fluoridate
four to five
il OXAT {C4HgOs) 1, 4 oxathiane A decomposition product
‘ in manufacturing mustard ga
clic aromatic 4P
Zprevalent in INORGANIC CONSTITUENTS
uring pesticide. Constituent Name Origin
e;lll nghl;:‘r::\?:r:n 4P As Arsenic Found in raw materials and byproducts of
e, between Lewisite manufacture.
1975. Ca Calcium Found in caustic processes at Rocky
ell Chemical in 4p Mountain Arsenal.
ring Planavin, Ccl Chioride Prevalent in salts associated with several
el,gt;%tween processes at Rocky Mountain Arsenal.
Lo 4P Cu Copper Found in waste products of pesticide
e'.l Chemlca! n manufacture,
ring Planavin,
?l,gl;estween F Fluoride Used in the manufacturing of nerve gas.
. Fe lron Found in association with landfill leachates.
ed hydrocarbon 40 v
red by Shell Hg Mercury Used as a catalyst in Lewisite manufacture.
as soil nematocide, )
K Potassium See Fe.
ed hydrocarbon _ Mn Manganese See Fe.
e; decomposition . . . . .
§ Aldrin'phallf- Mg Magnesium Residue of incendiary material.
en years in soil. Na Sodium Found in neutralizing agents, byproducts of
ct in manufacturing 43 GB manufacture, decomposition products
) nerve gas. of GB, and various salts.
ition product in 4P NO3 Nitrate See Fe.
ring mustard gas. PO4 Phosphate Decomposition product of nerve gas and residue
ed hydrocarbon _ of incendiary material.
, nearly SOa Suifate Prevalent in the salts associated with

several processes at Rocky Mountain Arsenal.

Hf S
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ENTS REQUESTED FOR ANALYSIS

R, INC.
ORGANIC COMPOUNDS
pound Formula Scientific Name Origin Method Number
(Sarin) {F[CH3] 2CHO- Isopropyl methyl- Nerve gas. -
POCH3) phosphono-
fluoridate
T (C4HgOs) 1, 4 oxathiane A decomposition product 4pP
in manufacturing mustard gas.
INORGANIC CONSTITUENTS
stituent Name Origin Method Number
Arsenic Found in raw materials and byproducts of 6F
Lewisite manufacture.
Calcium Found in caustic processes at Rocky 6G
Mountain Arsenal.
Chloride Prevalent in salts associated with se\)eral 6H
processes at Rocky Mountain Arsenal.
Copper Found in waste products of pesticide ™
manufacture.
Fluoride Used in the manufacturing of nerve gas. LAV
lron Found in association with landfill leachates. ™M
Mercury Used as a catalyst in Lewisite manufacture. 1D
Potassium See Fe. 6G
Manganese See Fe. M
Magnesium Residue of incendiary material. ™
Sodium Found in neutralizing agents, byproducts of 6G
GB manufacture, decomposition products
of GB, and various saits.
Nitrate See Fe. 1U
Phosphate Decomposition product of nerve gas and residue -
of incendiary material.
Sulfate Prevalent in the salts associated with 4y

several processes at Rocky Mountain Arsenal.




3.2.3

Laboratory Procedures

Analyzing soils chemically requires different technigues than
those applicable to materials totally consumed in the process
of analysis. Seils are composed of a mineral matrix with
varying amounts of amorphous inorganic and organic substances
intimately associated with the minerals. Metals or organic
materials that may be added to soils by man's activity do not
usually become part of the mineral matrix. Instead, they are
held with a range of tenacity by chemical and coulombic
forces on the soil particles or surfaces of amcrphous
coatings.

Analyzing soils for chemical substances that are not part of
the mineral matrix requires the soils to be subjected to
extraction with a liquid that will remove the substances with
the desired degree of thoroughness. For organic substances,
organic solvents, pure or mixed, are the most efficient
extractants. Metals are removed with acids, chelating
agents, or solutions of inorganic salts. Pure water is a
less efficient extractant, but simulates rainfall percolating
through soil.

Soil samples collected during this investigation were
subjected to hexane and/or water extraction depending upon
the objective of the individual analysis. Hexane extraction
was used for estimating the amount of an organic contaminant
held in the soil. Water extraction was used to estimate the
total amount of contaminant that would ultimately be
available for leaching to groundwater.
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No extraction of soil was carried out specifically for the
purpose of studying metals. The metals were analyzed in
either the water or solvent extracts of the soil.

The U.S. Army Toxic and Hazardous Materials Agency
Soil-Leaching Procedure with water was carried out by the
S-Cubed Laboratory in California. The extracts were sent to
the Rocky Mountain Arsenal ASB laboratory for analysis. Soil
samples for solvent extraction were submitted to the ASB for

the entire analysis. Parameters for each sample were
specified on the basis of information about the contamination

or residues present.

Data Management

The field operations conducted by Geraghty & Miller, Inc.
employees were recorded in field record books or on Geraghty
& Miller, Inc. geologic log forms. Locations of wells and
samples were plotted on Rocky Mountain Arsenal base maps with
a unigue identifying designation. These temporary
designations for monitoring wells were replaced as the wells
were incorporated into the Rocky Mountain Arsenal and U.S.
Army Toxic and Hazardous Materials Agency data base.
Coordinates for sampling locations were determined from maps,
while all well coordinates were surveyed by Stearns-Roger
personnel.

Four types of identification were assigned for temporary
designations, each of which was an alphanumeric code. The
number assigned to each sample location (the numeric format
was common to all four types) was composed of the Section
number and sequence number within that Section. Four

(lj.)
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different two-letter prefixes were used to identify sample
types. All wells drilled by Geraghty & Miller, Inc. were
dencted by M. Geologic samples collected by the drill rig
for chemical analysis were prefixed by the letters GS.
Multiple geologic samples within a single well or boring were
given a letter suffix with descending depth. Surface soll
samples were assigned the alpha code SS while samples of
surface water were given an SW prefix. Groundwater samples
were labeled with a GW code followed by the Section-sequence
nunber.

Groundwater samples from an existing well used the Rocky
Mountain Arsenal designation for that well.

Geotechnical data for the U.S. Army Toxic and Hazardous
Materials Agency Installation Restoration system were coded
onto forms from the Rocky Mountain Arsenal Information
Center. Information on location, elevation, geology,
drilling, well construction, and water levels was coded onto
the appropriate Sampling and Analysis file sheets:
Geotechnical Map File, Geotechnical Groundwater Stabilized,
or Geotechnical Field Drilling. The coding forms were
submitted to the Rocky Mountain Arsenal Information Center
along with the data submission logs.

The chemical analysis data was recorded from the daily
laboratory reports submitted to the Soils and Geohydrology
sections of the Contaminant Migration Branch at Rocky
Mountain Arsenal. A summary of the GCMS results was
provided by the ASB. Chemical results were entered by the
Environmental Division into the Rocky Mountain Arsenal

computer system and the informatiocn will be transferred to
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3.4

the U.S. Ammy Toxic and Hazardous Materials Agency data base
after proper identifiers have been processed and verified.

TECHNICAL PLAN SLMMARY

The Technical Plan was developed to provide semiquantitative
and quantitative results relative to the migration of
contaminants from potential contamination sources on Rocky
Mountain Arsenal. Field activities were prioritized based on
the results of a preliminary evaluation of sites within each
group. Details of the Technical Plan are presented in
Chapter 4.

Much data from existing reports and ongoing programs were
incorporated into this report. Information regarding the
surface water hydrology of the Rocky Mountain Arsenal and
general climatology was obtained from the Surface-Water
Hydrologic Report (1982). Data received from ongoing
programs were interpreted as they became available to the
project team.

SAFETY PROGRAM

Prior to determining drilling locaticns at two potential
contamination sites, the U.S. Army Tech Escort service
conducted metal detector surveys. At Site 3, the survey
located the limits of disposal trenches, and at Site 6,
adjacent areas upgradient and downgradient of the disposal
pits were selected as being acceptable for drilling (Figure
2-2). A government safety officer cleared soil samples
collected at three sites where chemical agent may have been
present. The soil samples from Sites &, 20, and 33 were then

3-8




cleared of chemical agent presence by the Rocky Mountain

Arsenal Environmental Assessment Laboratory prior to
subjecting the soil samples to S-cubed for water extraction.

Drilling and sampling anticipated during the field
investigation were conducted in areas deemed safe for the
proposed activity by the U.S. Ammy Tech Escort support
group. Appropriate safety clearances and personal health
certifications were obtained by all field personnel.
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4.1

CHAPTER 4

HISTORY OF POTENTIAL CONTAMINATION SOURCES
AND TECHNICAL PLAN RESULTS

INTRODUCTION

Significant effort was made to review the contamination
sources presented in numercus reports. Attempts were made to
clarify each inconsistency noted between the various reports
by evaluating numerous aerial photographs and reinterviewing
selected Rocky Mountain Arsenal personnel, both current and
retired. At most sites, the inconsistencies have been
resolved. The remaining questions concerning activities
involving contaminated material will require additional stugy.

The information presented in this chapter gives the
hydrogeological setting for each Section of Rocky Mountain
Arsenal in which a potential contamination site is located.
Within each Section, a site-by-site discussion of the
contamination history and the associated chemical
characteristics is given followed by a description of the
sampling program and analytical results.

The analytical methods used by the laboratories were
presented in Chapter 3. The discussions which follow deal
with laboratory analysis of water samples and soil samples.
Soils were extracted with either water or solvents. The
analytical results given in the data tables for soil samples
represent the chemical concentrations present in the soil.

4-1




4.2

BACKGROUND SOIL CHEMISTRY ON ROCKY MOUNTAIN ARSENAL

Three control soil samples were collected to help establish
background soil quality. They came from areas of Rocky
Mountain Arsenal where no known activities related to
disposal had occurred. One sample was taken near the
northeast corner of the Arsenal in Section 20, one in the
southeast portion in Section 7, and the third sample was
taken in the west central portion of Rocky Mountain Arsenal
in Section 34. The soil samples were subjected to water
extraction, a GCMS screen and analyzed for inorganic
constituents. The sample locations are shown in Figure 4-1.

Results of the chemical analysis on the control samples are
presented in Table 4-1. Most inorganics occur at relatively

TABLE 4-1
RESULTS OF CHEMICAL ANALYSIS FOR CONTROL SOIL SAMPLES

. Ca Cl F Fe K Mn Na S04
Sample No. | Extract (ppm) {pom) (ppm) (ppm) {(ppm) (ppm) (ppm) (ppm} | Comments
§S34-1 Water 25 BDL 3 5.2 40 .8 8DL BDLT | West central
§820-1 Water 120 B8DL 2 220 50 .3 BDOL BDL1 | Northeast
$87-1 Water 260 BDL 2 17.0 100 4.5 BDL BDL! | Southeast
Sample No. GC/MS Screen Compounds Detected Comments
S$834.-1 Fragmented ring compounds, carotenoids or iong - Carotene-like compounds are

chain compounds, e.g. oils, phthalates probably algal pigments

$S20-1 Cyclohexanone, trace tetrachloroethylene, diethyl

phthalate, carotene-like substance

$57-1 Long-chain hydrocarbon compound®*, e.g. oils or
fragmented ring compounds, CPMSO 2
phthalates

NOTE: BDL - Below Detectable Level of 20 ppm.
BDL? - Below Detectable Level of 50 ppm.

* Long-chain hydrocarbons occur naturally in soils.
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LOCATION OF CONTROL SOiL SAMPLES
ROCKY MOUNTAIN ARSENAL, DENVER, COLORADO
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low levels in soils on Rocky Mountain Arsenal, with chloride,
sodium, and sulfates being below detectable levels.
Long-chain hydrocarbon compounds and phthalates were detected
in soil samples from Sections 34 and 7. The Section 7 sample
also contained CPMS02. The soil sample from Section 20
contained some cyclohexanone, diethyl phthalate, a
carotene-like substance, and a trace of tetrachloroethylene.

Low concentrations of various organic compounds can likely be
detected throughout the shallow soils on Rocky Mountain
Arsenal. Several activities in the Arsenal's history, such
as the enhanced spray operation on Basin F and incineration
of materials, as well as normal wind and dust dispersion of
contaminants, combined to distribute the compounds over Rocky
Mountain Arsenal.

Information on concentrations of selected chemicals in the
soils has been reported in several previous studies.
Foremost among these are the "Report on OTSG Coring Data for
Compounds at Rocky Mountaih Arsenal" (Cogley, 1976) and
"Contaminant Leaching Investigation at Rocky Mountain
Arsenal® (Wullschleger, et al, 1981).

Cogley developed approximate background levels of 15 selected
chemicals and compounds, six of which are of interest to this
study, by analyzing core samples drilled in Sections 5, 6, 8,
and 9 in the southeast corner of Rocky Mountain Arsenal.
Fifteen core samples were collected in the upper two feet of
soil borings and fifteen samples were collected from two to
seven feet deep. Ten samples each were taken between the 7
and 12 foot depth and the 12 to 17 foot depth. Six core
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samples were taken between 17 and 22 feet.

The background concentrations of eleven chemicals and
compounds, including Aldrin, Dieldrin, and Endrin were zero.
The background level for arsenic was estimated to be 0.2
parts per million (ppm), for copper 7.0 ppm, for mercury 0.6
ppm, and for zinc 35 ppm.

Background levels in uncontaminated soil on Rocky Mountain
Arsenal were also detemmined in an investigation on
contaminants leaching through soils (Wullschleger, et al,
1981). Background soil samples collected in a soil boring in
Section 7 contained no measurable amount of DBCP, DIMP, or
Endrin. (Chloride was present at an average concentration of
283 ppm in the upper one foot of soil while the background
arsenic level was 2.65 ppm in the upper foot of
uncentaminated soil.

EVALUATION OF SECTION 26

Located in the northwest portion of Rocky Mountain Arsenal,
Section 26 contains one potential contamination site (Basins
C, D, E and G) which is shown in Figure 4-2. Basin F is
considered a primary source and is not included in this
study. The unconsclidated sediments underlying Section 26
are approximately 30 feet thick. The depth to water varies
from 25 to 30 feet and the water table may lie in the Denver
formation in some areas. Water table contours indicate
groundwater flow is predominantly northwesterly in the
southern part of the Section, while groundwater flow is more
northerly in the northern portion of the Section.
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Site 4. Basins C, D, E, and G

Site 4 includes Basins C, D, E and G which are shown in
Figure 4-1. Basin C received discharges from the North
Plant, large quantities of fresh water from Sand Creek
Lateral, and also temporarily held liquid wastes while Basin
F underwent lining repairs. Basins D, E, and possibly G
received overflow from Basin A and discharge from the
chlorine plant during the 1940's (Jones, et al, 1977). These
four basins overlie several contamination plumes originating
in the Basin A area. Basins D and E were used during the
1940's (see 1948 aerial photograph) and Basin C was
constructed in 1953 after operations began at the North
Plant. No overflow is apparent today from Basin E to Basin G.

Both organic and inorganic chemicals have been disposed of in
the basins in Section 26 as were several heavy metals which
were used in the synthesis of chemical agents and explosives
or used as catalysts. These metals include mercury, lead,
arsenic and possibly others. Sulfur- and nitrogen-containing
compounds from chemical agents and reagents used in various
processes have also been deposited in the basins.

Thirteen soil samples were collected at Site 4 at depths of
up to three feet. The soil samples were subjected to either
soclvent extraction or water extraction for analysis of DBCP,
DIMP, OXAT, DITH, CPMS, CPMSO, CPMSO,, copper and arsenic.

Five samples were collected from Basin C, three samples each

from Basins D and E, and two samples from Basin G. No
layering of windblown or water-borne sediments was apparent
in any of the basins.




Results of the chemical analysis of samples collected at Site
4 are given in Table 4-2. The solvent-extracted samples from
Basin C contained less than 1 ppm of DIMP, CPMS, and CPMSO at
both the zero to one foot depth and the two to three foot
depth. The shallow soil sample contained 4.08 ppm of

CPMS02. No contaminants were detected in the water-extracted
samples from Basin C. Less than 0.001 ppm of DIMP and 0.l
ppm of CPMS02 was found in the solvent extracts from Basin D
samples, with no report of contamination in the water
extracts. The solvent extract results for Basin E were
similar to those in Basin D, but the shallow scil sample
contained 0.48 ppm of CPMSO in the water extract. No
detectable contamination was found in the samples from Basin
G.

TABLE 4-2
RESULTS OF CHEMICAL ANALYSIS FORSITE 4
DBCP | DIMP | OXAT | DITH | CPMS | CPMSO |[CPMSOg | As Cu
Sample No. | Extract | (ppm) { (ppm) | (ppm} | {(ppm} | (ppm} | (ppm} {ppm) (ppm) | (ppm) | Comments
$S26-1A Water BDL 8DL 8DL 8DL BDL BDL BOL BDL BDL Basin C
$526-18 Solvent | ND .87 8DOL 8DL BDL 8DL BDL 10.0 48 Basin C
$526-2 Water BDL BDL 80L 8DL BDL BDL BDL BDL 2.9 Basin C
$526-3A Solvent | ND .0005 | BDL BDL 12 .34 4.08 BOL 6.2 Basin C
$S26-38 Solvent | ND 0.2 8DL BDL BOL BDL BDL 3.0 2.9 Basin C
$526-4 Water BDL BDOL BOL BDL BDL BDL BDL BOL 8DL Basin D
§826-5A Solvent | ND BDL 8DL BOL BDL BOL .05 .0079 | 0.01 Basin D
$S26-58 Solvent | ND 0.1 8DL BOL BDL BDL BDL 4.0 1.1 Basin D
$526-6 Water 8DL BDL BDL BDL BDL 0.481 BDL 8DL BDL Basin E
SS26-7A Soivent | ND - BDL 8DL BDL 8DL 0.5 .0024 | .0062 | BasinE
SS26-78 Solvent | ND 0.05 8DL BDL BDL BDL BOL 2.6 7.1 Basin E
$827-1 Water BDL BDL BDL BDL BDL 8DL 8DL 8DL 8DL Basin G
§527-2 Soivent | ND BOL BDL BOL BDL B8DL 8DL BDL 1.8 Basin G
NOTE: BDL - Below Detectable Level Detectable Levels (oppm)
ND - Not Detectable Water Solvent

DBCP .002 -

DiImMP 0.1 .0002

OXAT 0.2 .07

DITH 0.2 .06

CPMS 0.2 .10

CPMSO 0.2 .14

CPMSQ2 0.2 .04

As 0.5 1.3

Cu 0.4 0.8
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Arsenic and copper were selected for analysis in the soil
samples because they represented inorganic components of
materials deposited in the basins. The highest level
measured was 7.1 ppm of copper in Basin E, compared to the
background level of 7 ppm. The highest arsenic concentration
was 10 ppm, found at the two to three foot sample depth in
Basin C. This was approximately four times the highest
background level previously reported.

The shallow soil sampling done in Basins C, D, and E resulted
in finding traces of several organic compounds. DIMP is the
only one for which there is a water concentration standard

set at 0.5 ppm. The highest soil concentration was 0.87 ppm
as determined with solvent extraction., This concentration in

_ soil is not deemed to be sufficiently high to pose a threat
to the groundwater standard. Groundwater samples collected
in 1979 and 1980 upgradient and downgradient of Site 4
contained DIMP at levels between 0.13 ppm and 2.5 ppm. Thus,
the soil does not represent significant source gquantities of
DIMP. The water samples contained 0.36 ppm of CPMSO, so a
potential does exist for CPMSO to be leached from Basin E if
the results of the soil samples are representative of Basin E.

Arsenic and copper should be strongly associated with soil
and would not guantitatively dissociate into the water
phase. Therefore, the concentrations found in the soil
should pose no problem to groundwater degradation.

The shallow soils in Basin C appear to have been leached of

most organic contaminants by the large gquantities of fresh
water discharged into the basin. Basin G sample results
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4.4

4.4.1

indicate no significant contamination, so it is questicnable
whether Basin G ever received much contaminated material.,
Basins D and E are believed to be the two most likely basins
to have residual organic contamination having the potential
to migrate. Oontinued sampling of monitoring wells in this
area is recommended to determine if further degradation of
the groundwater quality occurs.

EVALUATION OF SECTION 35

Two potential contamination sources, located in Section 35 in
the central portion of Rocky Mountain Arsenal, are shown in
Figure 4-3. The thickness of the alluvium varies from zero
to approximately 35 feet. Depth to water is about 15 feet in
the northeastern part of Section 35. Water table contours
indicate groundwater flow is from southeast to northwest
throughout the Section.

Site 25. Basin B and Connecting Ditch

The ditch connecting Basin A to Basin B and Basin B to Basins
D and E was first in use in the early 1940's. Chemicals
present in Basin A or transported by Sand Creek Lateral from
the South Plants area may alsc be present in this ditch and
Basin B. Animal deaths have been reported over the years in
this area (Jones, et al, 1977). This area overlies several
contamination plumes originating in the Basin A area.

Four soil samples were collected at Site 25--two from the

drainage ditch, above and below Basin B, and two samples
within Basin B. One sample from Basin B was extracted with
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solvent and the other three samples were extracted with
water. The samples were tested for DBCP, DIMP, OXAT, DITH,
CPMS, CPMSO, CPMSO,, copper, and arsenic.

Results of the chemical analysis of the samples collected are
given in Table 4-3. The organic analysis showed 0.05 ppm of
CPMSO, in the solvent-extracted sample from Basin B. CPMSO,
is not considered to be significant in its ability to

partition out into water. No arsenic or copper was found in
the soil samples.

TABLE 4-3
RESULTS OF CHEMICAL ANALYSIS FOR SITE 25
DBCP | DIMP | OXAT | DITH | CPMS | CPMSO | CPMSO2 | As Cu
Sample No. | Extract | (ppm) | {(ppm) | (ppm) | (ppm) | (ppm} | (ppm) {ppm) {ppm) | (ppm) | Comments
$535-1 Water BDL BDL BDOL BDL BDL B8DL BDL BDL BUL Ditch
$535-2 Solvent | ND - BDL BDL BDL BDL .05 8DL B8DL Basin B
$5353 Water BDL B8DL BDL BOL. BDL BDL BOL B8DL BDL Basin B
$835-4 Water BDL 8DL BDL BDL BOL BDL BDL BDL BOL Ditch
NOTE: BDL - Below Detectable Level W Detectable Levels (ppm) 55T
ND - Not Detectable ater olvent
DBCP .002 -
DIMP 0.1 .0002
OXAT 0.2 .07
DITH 0.2 .06
CPMS 0.2 .10
CPMSO 0.2 .14
CPMS02 0.2 .04
As _ 0.5 1.3
Cu 0.4 0.8

The analytical results from Basin B and the connecting ditch
show no significant concentrations of organic or inorganic
substances. There appears to be no potential threat for
migration of contaminants from Site 25 of compounds in the
shallow socils at this site.
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4.4.2

Site 31. Caustic Basin

The caustic basin in the east central part of Section 35 was
constructed in 1942. Liquid wastes from the chlorine plant
were to have been discharged into this basin. Caustic
resulting from production was actually used on Rocky Mountain
Arsenal or sold, but apparently not deposited in the basin
(Donnelly, personal communication, 1982). Aerial photographs
do not show significant quantities of liquid in this basin at
any time.

Liquid slurry may have contained calcium, magnesium, sodium
carbonates, bicarbonates, and some hydroxide salts. These
salts are not toxic, but would add to the hardness and
mineral content of water.

Two soil samples were collected from the caustic basin and
analyzed for calcium, chloride, sodium, sulfate, and
hardness. Both soil samples were leached with water because
the compounds are water soluble.

Results of chemical analysis of the samples taken at Site 31
are given in Table 4-4. Neither sample contained detectable
concentrations of chloride, sodium, or sulfate. One sample
contained 560 ppm of calcium while the other sample had 31
ppm. The level of 560 ppm of calcium is above levels found
in control soil samples, but it is believed to have resulted
from the evaporation of surface water runoff and not from the
disposal of caustic material.

Reports that little or no caustic material was discharged to
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TABLE 44
RESULTS OF CHEMICAL ANALYSIS FOR SITE 31

Ca cl Na S04
Sample No. Extract (ppm) {ppm) (ppm) {ppm) Comments
$835-5 Water 31 BDL 8DL 8DL1 Caustic Basin
$535-6 Water 560 BDL B8DL gDoL! Caustic Basin

NOTE: BDL - Below Detectable Level of 200 ppm.
BDL! - Below Detectable Level of 500 ppm.

this basin are supported by the analytical results. This
basin is not regarded as a potential source for the migration
of contaminants.

4.4.3 Sites Not Addressed by Technical Plan

Review of aerial photographs since the approval of the
Technical Plan in Phase I has indicated an area in the
northwest corner of Section 35 (Figure 4-3), which apparently
was the launching area for testing.long-range mortars during
the late 1940's (Jones, et al, 1977). No migration of
contaminants would be expected from this area.

4.5 EVALUATION OF SECTION 25

Shown in Figure 4-4, Section 25 has one potential
contamination source area. This Section is in the north
central portion of Rocky Mountain Arsenal. The alluvium
thickness varies from 10 feet near First Creek to a maximum
of 40 feet. A bedrock high occurs in the Basin A neck area.
Depth to water varies from 10 feet along First Creek to about
60 feet below the bedrock high area. The water table lies in
the Denver formation except near E Street and First Creek.
The water table contours show a groundwater mound in the
Basin A neck area in the south central portion of the
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4.5.1

Section. Groundwater flow radiates outward from the mound in
a northerly direction.

Site 26. North Plant

The outfall from the North Plant storm sewer system flows
into a tributary of First Creek. It was reported that
previous sampling indicated the possibility of contamination
near the outfall (Berry, personal communication, 1982).

Two sediment samples and one surface water sample were
collected in the tributary receiving the outfall's
discharge. The three samples were subjected to GC/MS
screening to detect organic compounds. In addition, the
groundwater quality in three regional wells was reviewed for
possible contamination. Four additional Rocky Mountain
Arsenal wells were sampled for DIMP, as was a surface drain
sump near Building 1703.

Table 4-5 gives the results of sampling at Site 26. The
surface water sample in the tributary indicated no
contamination while the sump contained 0.0074 ppm of DIMP.
The two soil samples did contain some organic compounds:
cyclohexanol, nitrogen compound, possible di t-butyl 3,3
dimethyl, bicyclo~ (3.1.0) hexane-2-one, diethyl and dibutyl
phthalates, possible diisopropyl ethyl phosphate,
carotene-like substance and possible trinorbutyl-amine. The
phthalates and carotene-like substances were also present in
control soil samples (Table 2-2) taken within Rocky Mountain
Arsenal boundaries.




TABLE 45
RESULTS OF CHEMICAL ANALYSIS FOR SITE 26

Sample No. GC/MS Screen Compounds Detected Comments
§525-1 Cyciohexanol, nitrogen compound, (incomplete

spectra), possible di t-butyl 3,3 dimethyl

bicyclo- {3.1.0) hexane-2-one, diethy! &

dibuty| phthalates, possible diisopropy! ethyl

phosphate
$825-2 Possible tri-norbutyi-amine

Carotene-like compounds
SW25-2 Carotene-like substance are probably algal pigments
BTA CPMSO CPMSO2 DITH DimP :

Regional Weli {ppm)} {ppm) (ppm) {ppm) {ppm) Comments
E1-121 8DL BOL BDL BDL BDL Upgradient
E10-18 BDL 8DL BDL BDOL 274 Downgradient
E10-19 BDL BDL B8DL BDL .0125 Downgradient
E6-11 BDL BDL 8DL BDL BOL Downgradient
24-81 - - - - .256 Downgradient
24-82 - - - - .256 Downgradient
24-111 - - - - .292 Downgradient
25-12 - - - - .0373 Upgradient
SW25-3 - - - - .0074 Sump

NOTE: BDL - Below Detectable Level of 0.02 ppm.

No organic compounds were detected in the upgradient regional
well E1-121, or in well E6-11 downgradient to the northeast
of the outfall. However, DIMP was found at a level of 0.274
ppm in regional well E10-18 north of the North Plant. This
well is screened in the alluvium. Well E10-19, screened in
the upper Denver formation, contained 0.0125 ppm of DIMP.

The three Rocky Mountain Arsenal wells in Section 24 had DIMP
levels between 0.256 ppm and 0.292 ppm. Well 25-12 in
Section 25, located in the southern pertion of the plant
area, had a DIMP level of .0373 ppm. All of the DIMP
concentrations measured are below the Colorado standard of
0.5 ppm.




4,5.2

4.6

In summary, the surface water sample at the outfall does not
indicate the presence of any contaminants originating from
the North Plants outfall. The qualitative GC/MS screening on
the two soil samples did indicate the presence of some
organic compounds. Additional testing will be required in
order to quantify the level of contamination present in the
soils near the outfall. The appearance of DIMP in wells
north of the plants area indicates the migration of DIMP
either originating within the North Plant boundary or leaking
from the sanitary sewer serving the North Plant. A
groundwater sample also indicates the possibility that
low-level DIMP contamination may alsc be present in the upper
Denver formation as well as the alluvium, but this needs to
be confirmed. The presence of DIMP north of the plant area
was indicated in a previous report (Stollar and van der
Leeden, 1981), but the actual source area and the extent and
rate of migration need additional study.

Sites Not Addressed by Technical Plan

Pn area undefined in previous reports was identified on the
1949 aerial photograph near the southeast corner of the North
Plant boundary. It has been reported that this was the area
used for testing napalm bombs (Buxton, perscnal
communication, 1982).

EVALUATION OF SECTION 30

Section 30, in the northeast corner of Rocky Mountain
Arsenal, contains four sites evaluated by the Technical Plan
plus several sites not evaluated. The location of the
potential contamination sites are shown in Figure 4-5. The
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4.6.1

thickness of the alluvium in Section 30 varies from a few
feet to a maximum of 20 feet. The thickest alluvial deposits
are found along First Creek in the vicinity of well EI15.
Section 30 overlies a bedrock high and the alluvium is
unsaturated except for an area along First Creek. Depth to
water varies from a few feet to about 40 feet. The water
table is in the Denver formation under most of the Section.
The direction of groundwater flow is generally to the
northwest, but in the northwest corner of the Section
groundwater contours indicate northward flow.

Site 6. Disposal Trenches

Site 6 was reportedly used as a disposal area for liquid from
M-34 (8 clusters from 1954 to 1955 (Jones, et al, 1977). No
documented report has been found to substantiate this. The
trenches at Site 6 have also been used for the disposal of
rocket motors, squibs, and fuses (Jones, et al, 1977).

The hydrolysis of any G8 liquid reportedly disposed of at
this site would have led to the formation of isopropyl
methylphosphonate. The B liquid also contained some
diisopropyl methylphosphonate. It is likely that the pericd
of time since any chemical agent was released is sufficient
to have allowed hydrolysis of the B and the dispersion of
the contaminants.

Two groundwater monitoring wells were drilled at Site 6, one
upgradient and one downgradient. Groundwater samples were
collected from both wells. One geologic sample was taken
from the downgradient well, and a soil sample was taken in
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each of two open trenches.

samples for organic derivatives of agents.

No compounds were detected in either of the two soil samples

A GC/MS screen was run on all

taken in the trenches between zero and one foot deep as
reported in Table 4-6. The geologic sample, taken in the
downgradient well at a depth of 45 to 46 feet below land

surface, indicated the presence of some DIMP, hydrocarbons,

and phthalates. The groundwater sample from this monitoring

well indicated some long-chain fragments of oils, some

phthalates and some carotene-like compounds.

detected in the groundwater sample.

No DIMP was
The upgradient

groundwater sample also contained phthalates and some
fragmented ring compounds.

TABLE 4-6

RESULTS OF CHEMICAL ANALYSIS FOR SITE 6

Sample No. GC/MS Screen Compounds Detected Comments
GS30-12A DIMP, hydrocarbons, phthalates
S830-1 None Negative chemical agent tests
SS30-2 None Negative chemical agent tests
30-12 Long-chain fragments of oils or the like, * See Table 3
phthalates, carotene-like compounds.

30-13 Fragmented ring compounds, phthalates

Ca ci K Na S04
Regional Welt (ppm) {ppm) {ppm} (ppm) {ppm)} Comments
E4-1 102 91 8.1 237 480 Upgradient
E4.2 82 86 4.0 289 560 Upgradient
E11-6 350 455 10.1 1930 4200 Downgradient
E11-7 70 115 5.0 310 980 Downgradient
E13-17 ) 50 95 145 300 Downgradient
E13-18 91 33 5.0 476 1220 Downgradient

NOTE: BTA, CPMSO, CPMSO2, and DITH measured below detectable levels of 0.2 ppm in regional well samples

* Long-chain hydrocarbons occur naturally in soiis.
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4.6.2

Water quality results from several regional wells were also
reviewed for changes in the groundwater. The quality of
water from well £4-1, about one-half mile upgradient of Site
6, is significantly better than the water quality from well
El1-6, about one-half mile downgradient. The water from well
Ell-6 is much more mineralized than water from well E4-1.
Calcium, chloride, sodium, and sulfate concentrations in well
Ell-6 all exceed the concentrations in well E4-1 by three to
nearly tenfold. This degradation in water quality is
probably a result of the screen in well 11-6 being located in
a lignite or coal zone.

No migration of contaminants from Site 6 was detected in the
sampling program. The presence of DIMP in the geologic
sample was not cbserved in the groundwater sample.
Groundwater level measurements on the new monitoring wells
were several feet higher than expected based on previous
groundwater contour maps. The effect of this difference is
to shift the direction of groundwater flow more to the west,
but this change does not appear to be significant enough to
have resulted in missing possible contaminants downgradient
from Site 6.

Site 7. Sanitary Landfill

The sanitary landfill, located in the south central portion
of Section 30, was established in the late 1960's or early
1970's and is still in use today. Typical landfill leachates
were expected at this site. Sodium, calcium, bicarbonate,
chloride, and iron would likely be found in concentrations

above background levels. The organic material coming from
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this source would likely be the decomposition products of the
garbage-type wastes deposited in the landfill.

No field sampling was conducted at Site 7, but the water
quality results from two regional wells were reviewed and are
given in Table 4-7. The water guality in each well was
similar, showing no increase in chloride or calcium
concentrations which usually result from landfill leaching.
It appears from a review of the regional well data that Site
7 is having no discernable effect on the groundwater quality
in this area.

TABLE 4-7
RESULTS OF CHEMICAL ANALYSIS FOR SITE 7

Ca cl Fe K Mn Na NO3 SO4 | Hardness
Ragional Well | {(ppm) (ppm} | (ppm) (ppm) | (ppm) | (ppm) {ppm) (ppm} {ppm) Comments
E15-9 84 83 - 5.8 - 196 - 480 - Downgradient
E3-9 88 119 - 6.7 - 195 - 290 - Upgradient

4.6.3 Site 16. Mustard Training Area

No documented reports concerning the training activities
involving mustard have been found. However, it was reported
that exercises in this area involved contaminating a parked
aircraft with mustard and having troops decontaminate it
(Donnelly, personal communication, 1982). The training area
was reportedly located near the southwest corner of Section
30.

The Technical Plan called for one soil sample to be collected
at this site, but because of the lack of a precise location
of the training area, no sample was collected at Site 16. It




4.6.4

is unlikely that mustard or any residue is still present in
this area.
Site 17. Demilitarization Cperations

At this site, M55 B-filled rockets and M34 @B clusters were

apparently demilitarized and decontaminated (Jones, et al,
1977). No date or procedures for these activities are known.

It has been reported that this area was used to remove fuses
from 2,000 or 3,000 "leakers," i.e., B-filled ordnances
which were leaking. After defusing, the bombs were taken to
the North Plants where holes were punched in them and the GB
No (B was dumped at this site, although some may have
leaked out. No disposal pits were reported and any (8
spilled or leaked would have been decontaminated with caustic
(Donnelly, personal communication, 1982).

saved,

As part of the Technical Plan, two soil samples were taken
near the two buildings located at Site 17. The results of
the sampling are given in Table 4-8., No detectable amounts
of arsenic, chloride, sodium or sulfates were found.
Fluoride levels in the soil were between 3 ppm and 4 ppm, OT
the same as levels found in control samples.

TABLE 4-8
RESULTS OF CHEMICAL ANALYSIS FOR SITE 17

Sample No. Extract As {ppm} Ci (ppm) F (ppm} Na (ppm) S04 (Ppm)
$83-3 Water BOL BOLT 3 BDLT 8oL2
$83-4 Water BDL BDL! 4 BDL1 8DL2

NOTE: BDL - Beiow Detectable Levet of 0.5 ppm.

BDL1 - Below Detectable Level of 200 ppm.
BDL2 - Below Detectable Level of 500 ppm.
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Given the new information about the activities at this site
and the lack of any abnormal levels of tested parameters,
there appears to be no problem as to the migration of
contaminants from Site 17.

4,6.,5 Sites Not Addressed by Technical Plan

Review of aerial photographs after formulation of the
Technical Plan has identified several areas about which
little is known. Near the common corner of Sections 19, 20,
29, and 30, there is a small area being used for a classified
U.S. Air Force project (Jones, et al, 1977).

An area of disturbance was noted in the northwest corner of
Section 29. This area may be the same identified as Site 8
in Figure 2-2 since the area indicated for Site 8 in the
central portion of Section 29 could not be confirmed by
aerial photographs. It was reported that rockets may have
been disposed of in this area (Buxton, personal
communication, 1982). The potential for contaminant
migration from such a disposal area would likely be low anc
would not represent a problem.

Also shown in Figure 4-5 is a revised mortar impact area
(Site 15) that existed during the late 1940's. Review of the
1949 aerial photograph showed a perimeter road encircling an
area in the southeast corner of Section 30. This encircled
area is believed to be the primary impact area. The
possibility exists for mortar rounds to have landed outside
the perimeter. However, no part of the mortar impact area is
believed to be in Sections 19 or 20 as these two Sections
were outside the Arsenal boundary in the late 1940's.
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4.7

4.7.1

EVALUATION OF SECTION 31

Located in the eastern portion of Rocky Mountain Arsenal,
Section 31 contains two potential contamination sites as
shown in Figure 4-6. The thickness of the unconsolidated
material varies from 10 feet in the northern portion to about
25 feet in the eastern portion along First Creek. The water
table is believed to be several feet below the creek bed.
Water table contours indicate that the predominant direction
of flow is towards the northwest. However, along the western
edge of the Section, the flow is predominantly northward.

Ssite 9. New Toxic Storage Yard

Site 9 includes the shallow ponds along First Creek adjacent
to the new Toxic Storage Yard. These ponds are believed to
be expressions of the water table., Fish kills, which may be
related to the depressed water levels in the ponds, have been
reported. Surface water runoff from the Toxic Storage Yard
drains into some of the ponds and into a tributary of First
Creek north of the ponds. Spills of mustard and nerve gases
have been reported near the entrance to the yard. @B and
mustard demil wastes contained in fibreboard barrels are
currently stored in the new Toxic Storage Yard.

The Toxic Storage Yard, by definition, is an area in which
nerve gas, mustard, and perhaps other toxic materials were
stored. These materials, because of their toxicity, are
handled with caution, but there have been reports of spills.
Contaminants may have been carried by surface water runoff to
the ponds.
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Four soil samples, two sediment samples, and three surface
water samples were collected in the vicinity of the ponds,
First Creek and its tributaries. One groundwater sample was
taken from a monitoring well installed near the southwest
corner of the new Toxic Storage Yard. In addition, the
groundwater quality in three regional wells was reviewed.

Results of chemical analysis for Site 9 are given in Table
4-9. Four of the six soil samples did not contain any
organic compounds as indicated by the GCMS screening.
Samples SS31-1 and SS31-3 contained diethyl phthalate; SS31-3
also contained cyclohexanone. Both compounds were found in
the control samples collected on Rocky Mountain Arsenal.

TABLE 49
RESULTS OF CHEMICAL ANALYSIS FOR SITE 9
OXAT DITH CPMS CPMSO CPMSO2
Sample No. {(ppm) {ppm) (ppm) (Do {ppm) Comments
31-12 B8DL BDL BDL BDL BDL Downgradient
of southeast
corner of yard
OXAT DITH CPMS cPMSO CPMSO2
Regional Well {ppm) {ppm) (ppm) {ppm) (ppm) Comments
E2-5 - BDL - BDL 8DL Downgradient
E3-9 - BDL - BDL B8DL Downgradient of
northeast corner
of yard
SP21-2 - BDL - BDL B8DL Upgradient
Sample No. GC/MS Screen Compounds Detected
$831-1 Diethyl phthalate
§831-2 None
S831-3 Diethyl phthalate, cyclohexanone
SS31-4 None
S$831-5 None
$831-6 None
SW31-1 Nony! benzene, DCPD derivative, phthalates
SW31-2 Diethyl & Dibuty! phthalates
SwW31-4 Cyciohexanone

NOTE: BDL - Below Detectable Leve! of 0.2 ppm.
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Phthalates and cyclohexanone were also present in two
surface-water samples. Sample SW3l-1 contained a DCPD
derivative and nonyl benzene in addition to phthalates. None
of the groundwater samples from regional or site-specific
monitoring wells tested positive for specific organic
compounds.

The sampling results do indicate that some organic compounds
are present in the soils and surface water near the new Toxic
Storage Yard. Additional testing will be required to
quantify the levels of organic compounds present and their
migration potential.

Site 18. Storage Facilities

Site 18, also in Section 31, includes several storage
warehouses with concrete floors. Mustard, @B, and phosgene
demil salts are stored in these warehouses. There are
reports of (8 and VX nerve gas spills in this area (Jones, et
al, 1977).

The demil salts contain the residues of neutralization of the
original chemical agents. The salts that might be expected
could include some phosphate, chloride, and sulfate. Since
neutralization would have disrupted the original molecular
structure, the residues are inorganic salts and organic
substances of lower toxicity.

Three soil samples were collected at this site. Two soil

samples were analyzed for arsenic, chloride, fluoride,
phosphorus, and sulfates. Soil Sample SS31-7 was taken near
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a building in which nerve gas was reportedly spilled. Sample
SS31-9 was collected in an area where a vegetation stress or
change was detected on aerial photographs. A GC/MS screen
was conducted on the third soil sample which was taken
downslope from the warehouses. The groundwater quality of

three regional wells was also reviewed.

Table 4-10 gives the results of the analytical testing for
Site 18. The inorganic analysis on the two soil samples
extracted by water showed nothing above detection levels
except for fluoride at 3 ppm and é ppm which was at or
slightly above fluoride concentrations in control samples
(Table 4-1). Fluoride was also well below the drinking water
standard of the 2.4 ppm concentration limit in the
groundwater samples. Phthalate acid esters and diisopropyl
ethyl phosphate were detected by means of GC/MS screening.

TABLE 4-10
RESULTS OF CHEMICAL ANALYSIS FOR SITE 18

Sampie No. Extract As (ppm} Ci {ppm) F {ppm) PO4 (ppm) S04 (ppm)
$S31-7 Water BDL1 8DL 6 . BDL2
$531-8 Water goL1 8DL 3 BDL2
Regional Well As (ppm) Cl (ppm) F (ppm) PO4 (ppm) S04 (ppm) Comments
SP3-3 - 77 1.20 - 250 Upgradient
SP2-118 - 30 .57 - 770 Upgradient
E25 - 103 1.50 - 308 Downgradient
Sample No. Extract GC/MS Screen Compounds Detected
S§S831-9 Water Diethy! and dibuty! phthlates, possibie
diisopropy! ethy| phosphate
NOTE: BDL - Below Detectable Level of 200 ppm.

8DL! - Below Detectable Leve! of 0.5 ppm.
BDL2 - Below Detectabie Level of 500 ppm.
* . Analysis deleted by Rocky Mountain Arsenal Laboratory.




4.7.3

4.8

The phosphate compound may be related to compounds used as
stabilizers in 8, but is not related to B itself. The
phthalate esters were also present in control soil samples.

No migration of contaminants was detected from Site 18 from
the data analyzed.

Sites Not Addressed by Technical Plan

Review of aerial photographs of Section 32 indicates three
disturbed areas in the northern portion of the Section. No
documented information was found to explain these areas.

They appear to be shallow pits of some type. A later
sequence of aerial photographs shows a faster rate of
revegetation than observed for other disposal pits. This may
suggest that activity in these areas was surficial rather
than pit-type.

EVALUATION OF SECTION 6

Section 6, located in the southeastern portion of Rocky
Mountain Arsenal, contains two potential contamination sites
evaluated by the Technical Plan, shown on Figure 4-7. A site
in Section 5 immediately adjacent to Section 6 is also
discussed.

The thickness of the alluvium varies from 30 feet in the
southern part of the Section to 20 feet along 7th Avenue.
Water table contours indicate that groundwater flow is
predominantly northward. It should be noted that the data
were not sufficient to clarify the hydraulic situation near
Upper Derby Lake. Depth to water varies from 10 feet in the
south to about 15 in the northern portion of the Section.
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4.8.1

Site 19. Storage Facilities

Buildings 786, 787, and 788 contain salts resulting from the
mustard and B demilitarization activity between 1969 and
1973. No release of the contaminants has been reported.
There was a reported 8 spill in Building 788, the date of
which is unknown (Jones, et al, 1977).

Mustard salts are residues from demil operations on the
mustard gas. Presumably, the residual salts have a low
toxicity. They may have excess amounts of the neutralizing
chemicals, in which case materials such as sulfate or

chloride would be present. The @B spill area was probably

treated with sodium hydroxide to decompose the GB.

Two soil samples were collected at this site, one of which
was subjected to the GCMS screening scan and the other was
analyzed for inorganic compounds - chloride, fluoride,
sodium, and sulfate. Results of the analysis are given in
Table 4-11. The soil sample tested for inorganics contained

TABLE 4-11
RESULTS OF CHEMICAL ANALYSIS FOR SITE 19

Sample No.

Extract

C1 (ppm)

F (ppm)

Na (ppm)

S04(ppm)

§86-2

Water

8DL

5

BOL

BDL?

Regional Well

C!l {ppm)

F (ppm)

Na (ppm)

S04 (ppm}

Comments

SP3-3*

77

1.2

124

250

Downgradient

Sample No.

Extract

GC/MS Screen Compounds Detected

$S6-1

Water

Cyclohexanone

NOTE:

BDL - Below Detectable Level of 200 ppm.
BDL1 - Below Detectable Level of 500 ppm.

*-BTA, CPMSO, CPMSO2, DITH were all below detectable leve! of 0.2 ppm.
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5 ppm of fluoride, which was approximately twice the level
measured in control samples. The only organic compound found
in Soil Sample SS6-1 was cyclchexanone, which was also
detected on one of the control soil samples. The water
quality of a downgradient regional well failed to show any
contamination. No contamination was indicated by the
sampling program conducted at Site 19.

Site 20. 0ld Toxic Storage Yard

This site is the old Toxic Storage Yard which was used prior
to 1969. The area of a mustard spill, approximately 0.0l
acres and presently fenced off, is near the middle of the
yard. The date of the spill is unknown.

Mustard is a vesicant, a material irritating and corrosive to
epithelial tissue. It can be decomposed rapidly by
hypochlorite solution and, after exposure, may hydrolize in
the environment. This would probably leave a residue of
sulfate and chloride. Minor amounts of mustard that may have
been spilled have almost certainly hydrolized to
thiodiglycol, which is a water-socluble compound.

One soil sample was taken within the fenced area and found
not to contain any chemical agent. The sample was then
analyzed for specified organic compounds. The water quality
from regional well SP3-3 was reviewed for downgradient
groundwater quality.

Oxathiane, a mustard decomposition product, was detected at a
level of 445 ppm in the soil sample. The other organic
compounds, DITH, CPMS, CPMSO, and CPMSO,, were below the
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4.8.3

detection levels of 20 ppm. The water quality in well SP3-3
(see Table 4-11) did not indicate any unusual levels of
inorganic compounds and the organic compounds BTA, CPMSQ,
CPMSO,, and DITH were all below detectable levels. Results
of the chemical analysis for Site 20 are given in Table 4-12.

TABLE 4-12
RESULTS OF CHEMICAL ANALYSIS FOR SITE 20
OXAT DITH CPMS CPMSO CPMSQO2
Sample No. Extract (ppm) {ppm) (ppm) {ppm) {ppm) Comments
$56-3 Water 445 BDL BDL BDL BDL e aemical

NOTE: BDL - Below Detectabie Level of 0.2 ppm.

The oxathiane that may leach from the soil in the area of the
mustard spill has the potential to migrate, but the volume of
contaminant that could reach the groundwater system is
limited and probably would not be detectable in downgradient
water samples.

Site 23. COutside Storage Area

This site lies east of the old Toxic Storage Yard in Section
5. There is the potential for chemical agent H and HD
contamination in the west central part of the site. It was

reported that incendiary weapons were stored in this area and
not chemical agent-filled munitions (USATEC, 1973).

One soil sample was collected at Site 23 where surface water
was likely to drain from the storage area.
tested for chemical agent before the sample was screened by

The results of the soil testing

The sample was

GCMS for organic compounds.
are given in Table 4-13.
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TABLE 4-13
RESULTS OF CHEMICAL ANALYSIS FOR SITE 23

OXAT DITH CPMS CPMSO CPMSO2
Sample No. Extract {ppm) {ppm) {ppm) {ppm) {ppm) Comments
$85-1 Water BDL BOL 8OL BOL 8DL Negative chemical
agent tests

NOTE: BDL - Below Detectable Level of 0.2 ppm.

None of the organic compounds OXAT, DITH, CPMS, CPMSO, or
CPMS02 were found at concentrations above detectable levels.
The limited sampling does not indicate any contaminants

nresent in the anil at Site 23.

EVALUATION OF SECTION 36

Section 36, as shown in Figure 4-8, is located in the center
of Rocky Mountain Arsenal and contains numerous disposal pits
as well as Basin A. Other reports have investigated the
disposal activities in this Section (Moloney, 1982) with most
of the investigations dealing with contaminant migration
through the Basin A neck area. The Technical Plan for this

study addressed the possibility of contaminant migration to
the northeast of Section 36.

The thickness of the alluvium varies between 10 and 30 feet.
The water table is in the alluvium in the southwestern half
and the extreme northeastern corner of Section 36. Depth to
water ranges from 15 feet to more than 30 where the water
table lies in the Denver formation. Water table contours
indicate a north-south groundwater divide near the center of
the Section. Groundwater flow is to the north and northwest
on the west side of the divide and to the east and northeast
on the east side of the divide.
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4.9.1 Site 32. Section 36 Pits (Northeastward Migration)

Pits in this Section have reportedly been used for a variety
of disposal activities, including a sanitary landfill,
disposal of B manufacturing residue and insecticides,
destruction of incendiary weapons, and disposal of numerous
one-ton containers of mustard and pieces of equipment. The
ton containers were removed in February 1974 and disposed of
by incineration (Hurt, 1974). There is also an incendiary
bomb testing facility in the southeast corner of the

Section. Unexploded ordnance may be found in this area. The
pits have to be regarded as having received many of the
organic chemical agents and inorganic heavy metals associated
with explosives and catalysts.

The Technical Plan primarily addressed the possibility of
northeastward migration of contaminants via the groundwater
system since this area is not considered in existing control
programs. The water quality results of three regional wells
were reviewed as indicators of contaminant migration and are
presented in Table 4-14.

TABLE 4-14
RESULTS OF CHEMICAL ANALYSIS FOR SITE 32

Ca Cl Fe K Mn Na NO3 S04 Hardness
Regional Well {ppm) {ppm) | {ppm) (ppm} | {ppm) | (ppm) {ppm} | (ppm) (ppm) | Comments
E159 84 83 - 5.9 - 196 - 480 - Downgradient
E2-5 380 103 - 33 - 168 - 308 - Downgradient
E1-121 380 195 - 5.9 - 780 - 2120 - Downgradient
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4.10

The quality of the water from the three regional wells is
typical for wells screened in the upper Denver formation.
Sulfates ranged from 308 ppm to 2120 ppm while sodium ranged
from 168 ppm to 780 ppm. Potassium varied from 3.3 to 5.9
ppm. The alluvium in the northeast corner of Section 36 is
unsaturated. The water quality results indicate no
degradation of groundwater quality northeast of the Section
36 pits. The groundwater flow system in Section 36 is
influenced greatly by the groundwater mound in the South
Plants area. Improved definition of the hydrology in this
area or changes in the existing conditions may necessitate
future monitoring for possible northeastward migration of
contaminants from Site 32.

EVALUATION OF SECTIONS 11 AND 12

Two potential contamination sources were investigated in
Sections 11 and 12, which are located in the south central
portion of Rocky Mountain Arsenal as shown in Figure 4-9.
The unconsolidated material overlying the Denver formation
varies in thickness from 75 feet at the south boundary to
approximately 85 feet along Sixth Avenue. A buried valley
roughly parallels Sixth Avenue. The depth to water varies
from 25 feet near the south boundary to 5 to 10 feet along
Ladora Lake in the north. The configuration of the water
table shows declining water levels toward the northwest from
elevation 5260 feet in the south to 5200 feet in the
northwest. The groundwater flow is in a northwesterly

direction.
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4.10.1
|

Site 24. Lake Dredge Disposal Area

Sludge was dredged from the lakebeds about 1964. It
contained Aldrin and Dieldrin resulting from accidental
discharges to the lakes. The sludge was deposited in a low
area south of Ladora Lake in the northern portion of Section
11 and also in an area south of Upper Derby Lake in Section
12.

Aldrin and Dieldrin are highly chlorinated organic
pesticides. Aldrin converts relatively rapidly to Dieldrin
under the environmental conditions present at the Arsenal.
However, Dieldrin is a long-lived compound in soil and
sediments. Frequently the analysis for the compound is given
as a summation because of their interconversion. The
compounds would be classified as highly toxic, but their
presence in sludge would essentially encapsulate them because
of their very low mobility in sonil.

In each of the two disposal areas, geologic samples were
collected from soil borings to obtain samples of the
dredgings and the underlying soil. Samples were taken at 5
to 6.5 feet in each boring, at 17 to 18.5 feet in Section 11
and 15 to 16.5 feet in Section 12. A monitoring well was
installed downgradient of the disposal area in Section 12 to
check for possible groundwater contamination. Two soil
samples were collected at one location in the disposal area
in Section 11. One was taken at a depth of zero to one foot
and the other from the two to three foot depth. An
additional soil sample was collected downgradient of the
south lakes in Section 3 to check for possible contamination
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from lake overflows. The water quality results from two
upgradient and one downgradient regional wells were also

reviewed.

The results of the chemical analysis for Site 24 are given in
Table 4-15. The geologic sample GS12-2A (5'-6.5') indicated
the presence of Dieldrin at 0.11 ppm, Endrin at 0.0l ppm, and
mercury at 0.12 ppm. However, the underlying soil sample
taken approximately three feet below the dredgings did not
contain any contamination (GS12-28, 15'-16.5'). The geologic
samples taken from the soil boring in Section 11 were not
contaminated. Dieldrin was measured at 0.0l ppm and mercury
at 0.11 ppm in Soil Sample SS11-1A, and Sample SS11-1B
contained 0.13 ppm of mercury. Levels of Aldrin, Dieldrin,
and Endrin below 0.06 ppm were found in the Soil Sample SS3-1

TABLE 4-15
RESULTS OF CHEMICAL ANALYSIS FOR SITE 24

Aldrin Dieldrin Endrin Hg
Sample No. Extract (ppm) {ppm) {ppm) {ppm) Comments
GS12-2A Solvent 8DL 0.11 0.01 0.12
GS12-2B Solvent 8DL BDL gpL! BDL2
GS11-1A Solvent 8DL BDL 8DL1 BDL2
GS11-18 Solvent BDL B8DL BOL? 8DL2
$53-1 Soivent 01 .01 .06 BDL2
12-5 8DL3 8DL3 8DL3 - Downgradient
SS11-1A Solvent 8DL .01 BDOL! 0.11
$S11-1B Solvent BDL BOL BDL! 0.13

Aidrin Dieldrin Endrin Hg
Regional Well {ppm) {ppm) {ppm) {ppm) Comments
SP16-23 BDL4 g8DL4 BDOL4 - Upgradient
SP13-11 80L4 BDL4 8DL4 - Downgradient
NW25.5 BDL4 .0019 gDL4 - Downgradient
NOQTE:

BDL - Beiow Detectable Levet of .004 ppm.
BDL1 - Below Detectable Levei of .003 ppm.
BDL2 - Below Detectabie Level of .02 ppm.

BDL3 - Below Detectable Level of 0.0002 ppm.
8DL4 - Below Detectable Leve! of 0.001 ppm.




west of the lakes. The downgradient groundwater sample did
not show the presence of pesticide contamination, nor did
either of the upgradient regional wells. However, Dieldrin
was found in the downgradient regional well NW25-5 at a
concentration of 0.0019 ppm.

The geologic samples taken in Section 12 indicate that no
migration of the contaminants is occurring from the disposal
areas. This observation is supported by the groundwater
sample collected in the well adjacent to the disposal area.
The reason the geclogic samples taken in Section 11 do not
show contamination is that the soil boring apparently missed
the actual area of disposal. Aerial photographs taken in
1965 show a large disturbed area in Section 11. However, the
dredgings may have only been deposited in a small, low-lying
area while the rest of the disturbance reflects the area
where the cap soil was obtained. Soil sampling in the
smaller area in Section 11 did find Dieldrin and mercury
present in the topsoil.

The presence of a low concentration of Dieldrin in the
groundwater at well NW25-5 does not indicate that the
contamination came from the dredge disposal areas. Because
geologic sampling through the dredgings failed to show
pesticide migration and since water in the lakes was known to
have been contaminated, it is probable that groundwater has
been affected by the infiltrating surface water. The
concentration of Dieldrin observed at the regional well
should not represent a migration problem because chemical
attenuation and dispersion will tend to further reduce the
concentration between the well and the Arsenal boundary.
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4.10.2

Site 30. The Rod and Gun Club Pond

In the late 1960's, a new pond known as the Rod and Gun Club
Pond was developed in a natural low area immediately south of
the lake dredge disposal area in Section 12. This new pond
was connected to an overflow channel from Lower Derby
dissecting the disposal area. At periods of high water
levels in Lower Derby, water overflows into the Rod and Gun
Club Pond.

No new soil borings were drilled at Site 30, and no new soil
samples were taken. The analytical results of two soil
samples collected in the Lower Lakes study as part of the
Interim Beneficial Action Program were reviewed (Gregg,
personal communication, 1982).

Soil samples taken in the overflow ditch and in the sediments
of the Rod and Gun Club Pond indicate pesticide contamination
as presented in Table 4-16. The soil samples contained 1 ppm
of Dieldrin and 0.19 ppm of Aldrin in the sample from the
bottom of the pond. The sample from the overflow ditch
contained 0.51 ppm of Dieldrin, .024 ppm of Aldrin, and .01l
ppm of Endrin.

TABLE 4-16
RESULTS OF CHEMICAL ANALYSIS FOR SITE 30

Aldrin Dieidrin Endrin Hg

Sample No.

{ppm)

{ppm)

(ppm)

(ppm)

Comments

LL-18

LL-18

.024

190

.0581

1.0

.01

gouLt

BDL

BDL

Collected 2/6/82

Collected 2/6/82

NOTE:

BDL - Below Detectable Levet of 0.2 ppm.
BDL1 - Below Detectable Level of 0.02 ppm.
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4.11.1

The contamination present in the overflow ditch and Rod and
Gun Club Pond sediments is probably the result of surface
water erosion and deposition. The geologic samples taken in
Section 12 indicate that no migration of the contaminants is
occurring from the disposal area or the Rod and Gun Club Pond
via the groundwater system.

EVALUATION OF SECTION 3

Section 3, shown in Figure 4-10, is in the southwestern
portion of Rocky Mountain Arsenal. The thickness of the
alluvium varies from 70 feet in the southeast to about 100
feet in the northwest portion of the Section. Depth to water
varies from about 10 feet in the southeast to 60 feet in the
northwest. Water table contours show that groundwater flow
is northeast toward the Arsenal boundary.

Site 11. DBCP Spill in Rail Classification Yard

This site is the suspected area of a DBCP (Nemagon) spill
which apparently occurred in the 1960's. The exact location,
nature, and gquantity of the spill are not known. A DBCP
plume extends approximately two miles to the northwest of the
rail yard, but little definition of the DBCP distribution and
concentration is available in the source area.

DBCP is a nematocide of high toxicity is relatively water
soluble and mobile in soils and groundwater. Male workers
manufacturing DBCP have been subject to sterility as a result
of chronic contact.
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The scope of work at Site 11 included the installation of two
monitoring wells and the drilling of five soil borings to
obtain geologic samples. The geologic samples were subjected
to solvent extraction as well as water extraction to assist
in the determination of the amount of the contaminant present
in the soil and the amounts of DBCP that might be expected to
leach out. Groundwater samples were collected from the two
new monitoring wells and the water quality results for
regional well NW22-2 were reviewed.

Prior to the implementation of the Technical Plan, personnel
from Geraghty & Miller, Inc. and Shell Chemical collected six
surface water samples in the vicinity of the rail yard which
were analyzed by the Shell Laboratory. OBCP was detected at
0.3 parts per billion (ppb) in water flowing from a drainage
system underlying the railroad tracks. No DBCP was detected
in the other five samples. Information supplied by Shell
Chemical also indicated that rail cars carrying DBCP were
usually spotted on the third and fourth tracks from the west
side of the yard and generally in the northern portion of the
yard. This preliminary information determined the location
of some of the sampling points.

Results of the chemical analysis at Site 11 are presented in
Table 4-17. The two monitoring wells were drilled in areas
where percolating surface water may have carried DBCP into
the groundwater system. The geologic samples and the
groundwater samples taken from monitoring wells 3-11 and 4-13
did not show any contamination from DBCP.

The three geologic samples taken from soil borings GM3-2,
located adjacent to the Shell well S-23 near the rail yard,




indicated the presence of DBCP in two of three geologic
samples extracted by solvent. The two geclogic samples,
taken from near the soil surface and near the water table,
had DBCP levels of 0.4 ppb and 1.5 ppb, respectively. The
replicate set of geclogic samples from this well was
subjected to water extraction and DBCP was not detected.
Groundwater samples collected from well S-23 by Shell
Chemical contain approximately 30 ppb of DBCP.

TABLE 4-17
RESULTS OF CHEMICAL ANALYSIS FOR SITE 11
Water Extract* Solvent Extract**

Sample No. DBCP (ppb) DBCP (ppb) Comments
GS3-11A BDL 8DL2
GS3-118 BDL 8DL2
GS3-11C BDL BDL2 i
GS3-2A 8DL 0.4
GS3-28 BDL BDL
GS3-2C 8DL . 1.6
GS3-3A 8DL BDL In the raif yard
GS3-4A BDOL 3.2 In the rail yard
GS3-5A 3.3 21.0 In the rail yard
GS3-5B 2.1 19.0 In the rail yard
GS3-6A BDL BDL ! In the rail yard

; l
GS4-13A ! 8DL -
GS4-13B BDL -
GS4-13C 8DL -
3-11 8DL 8DL1 Downgradient
4.13 BDL BDOL1 Downgradient
Nw22-2 BDL - Downgradient

NOTE: BODL - Below Detectable Leve! of .2 ppb.
BDL1 . Below Detectable Level of 0.06 ppb.
BDL2 . Below Detectable Level of 0.2 ppb.

*Analysis performed by Rocky Mountain Arsenal Laboratory
**Analysis performed by Shell Chemical Laboratory

Four shallow soil borings were drilled near the west side of
the rail yard in a north-south lime. The geologic samples
from the soil borings at the northern and southern ends of




the rail yard did not indicate any DBCP contaminaticn in the
upper ten feet of soil. DBCP was detected at 3.2 ppb in the
solvent extracted sample GS3-4A(2'-9'), but none was detected
in the water extracted sample.

Two geologic samples were taken from a deeper soil boring
approximately 100 feet east of Shell well S-23. The water
extraction indicated a soil concentration of 3.3 ppb of DBCP
near the surface and 2.1 ppb of DBCP at a depth of 45 feet.
The levels of DBCP in the replicate geclogic samples
extracted by solvent were significantly greater than the
water extracted samples. The shallow sample contained 21 ppb
DBCP while the deeper sample had 19 ppb of DBCP. This soil
boring did not penetrate to the water table.

Review of the available data for Site 11 indicates that the
rail yard is the probable spill area. DBCP contamination has
reached the groundwater system by direct percolation. Minor
amounts of DBCP may have been carried away in the surface
runoff, but it appears to be undetectable except in the
immediate vicinity of the rail yard. The occurrence of a
higher concentration of DBCP in the groundwater at well S-23
than in the surrounding soil tested indicated that greater
concentrations of DBCP in the soil may be present somewhere
upgradient.

The two samples indicating DBCP in both the water extract and
solvent extract yield some information relative to the
leachability of DBCP in the soil. The ratios of solvent
extract concentration to water leachate concentration were
6.4:1 and 9:1 for the two geclogic samples. It is not known
if the magnitude of the ratio is representative or if the
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quantity of DBCP leached by the procedure used is indicative
of what might be expected to reach the groundwater system.

Three main questions remain unresolved relative to the DBCP
contamination near the rail classification yard. The
probable area of the spill has been better defimed, but the
data indicates the likelihood of greater soil concentrations
of DBCP than those found in this study. The location and
extent of this area are not known. Secondly, the
leachability of DBCP from the soil by the leaching procedure
used has been estimated from the data obtained; additional
information is needed to determine whether this is
representative of field conditions. The third question deals
directly with the rate of migration of DBCP in the
groundwater flow system. General infommation is available
from the literature on the transport mechanisms of DBCP, but
additional review and analysis of existing data may yield
more site-specific data on the migration rate.

EVALUATION OF SECTION 4
Section 4 is located in the southwestern corner of Rocky

Mountain Arsenal. Two potential contamination sites, shown
in Figure 4-11, were evaluated by the Technical Plan. The

_thickness of the alluvium varies from about 65 feet along the

west boundary to more than 130 feet in the vicinity of B
Street just west of well NW-22. A buried valley runs through
this area in a northwesterly direction. Depth to water is
about 50 feet and the direction of groundwater flow is
northwesterly. The groundwater system has been confirmed by
extensive drilling in the adjacent Section to the north in
connection with the Nemagon plume study and control system
along the northwest boundary.
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4.12.1

Site 2. Sanitary Landfill

This landfill area lies southwest of the rail classification
yard and was operated from the 1950's to the early 1970's.
The presumption is that this disposal facility was a standard
landfill which has received a mixture of putrescible and
non-putrescible materials.

Characteristically, leachate from such a landfill has a high
BOD, a high COD, and probably elevated concentration of
sodium, iron, and calcium. Given the climate of the Denver
area, the production of leachate from this site is probably
small.

Existing wells S-24 and S-25 were sampled and analyzed for
calcium chloride, iron, sodium, sulfate, and hardness as
indicators of leachate from a landfill. The water quality
results for regional well NW27-2 may be typical of upgradient
water quality and well NW21-10 was used to represent
downgradient water guality.

Analytical results are given in Table 4-18. The results for
wells S-24 and S-25 are similar to background water quality

TABLE 4-18
RESULTS OF CHEMICAL ANALYSIS FOR SITE 2

Sample No.

Ca (ppm)

C! {ppm)

Fe (ppm)

Na (ppm)

S04 (ppm)

Hardness (ppm)

Comments

S-24
$-25

69
54

39
45

BDL
BDL

a&
51

100
89

236
224

Downgradient
Downgradient

Regional
Well

Ca (ppm)

Cl (ppm)

Fe (ppm)

S04 (ppm)

Hardness {(ppm)

Comments

NW21-10
Nw27.2*

80
157

36
78

Na (ppm

46.5
133.0

96
360

Downgradient
Upgradient

NOTE:

.

- Tetrachloroethylene present at 3.4 ppb,

8DL - Below Detectable Leve! of .5 ppm.




4.12.2

in this area. The leachate indicators--chloride, iron, and
sodium--are not present in elevated concentrations. Iron is
below detectable levels in both samples.

The water quality in regional well Nw27-2, located southwest
of Site 2, but not directly upgradient, has poorer water
quality than does the downgradient well NW21-10. In
addition, trichloroethylene was detected at 3.4 ppb in well
NW27-2. No trichloroethylene was detected at wells S-24 and
S-25, possibly because the well construction for these wells
is different. The wells may sample a different portion of
the aquifer.

The groundwater quality in wells near Site 2 does not
indicate any degradation in water quality due to leachate
from the landfill operations.

Periodic resampling of the downgradient wells may be
desirable, but the probability of leachates from the landfill
being detected is small considering the climate and the large
volume of groundwater moving through this area.

Site 3. Disposal Trenches

This site was used from 1943 to the late 1950's. Unusable
drums or containers of paints, lacquers, and solvents were
reportedly buried in this area (Kuznear and Trautmann,
1980). Aerial photographs show backfilled trenches about 20
feet wide and 300 feet long.

If paints and solvents were deposited in this area, chemicals
that might be present are ketones, esters, chlorinated
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hydrocarbons, and straight hydrocarbons. Most of these
chemicals are relatively water soluble and quite mobile in
soil. Their toxicity is generally low, but there is a
potential for groundwater contamination.

Two monitoring wells were installed at Site 3. One well was
located between two of the trenches within the site and the
other well was located immediately upgradient. Geologic
samples were collected at 5'-6.5', 35'-41.5', and 70'-71.5'
for chemical analysis from well 4-14 installed between the
trenches. Croundwater samples were taken from both wells and
from well 33-47, which is downgradient of Site 3. Analysis
included inorganic and volatile organic compounds.

Results of chemical analysis for inorganic and volatile
organic compounds are presented in Table 4-19. Volatile
organics were analyzed for because the materials allegedly
disposed of in the trenches would have contained major
guantities of these substances. No degradation of water
quality is indicated by comparing inorganic analysis of
upgradient and downgradient wells.

The concentrations of inorganics in the geologic samples were
low or undetectable in comparison to the groundwater
concentrations.

Carbon disulfide was present in all three groundwater
samples. Trichloroethylene was detected in one downgradient
and the two upgradient groundwater samples. The distribution
and concentration (traces in several instances of volatile
organics) are more indicative of background concentrations
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TABLE 4-19
RESULTS OF CHEMICAL ANALYSIS FOR SITE 3

Ca cl Fe Na S04 Hardness
Sample No. Extract (ppm) {ppm) {ppm) {ppm) {ppm) (ppm) Comments
GW4-2 51 20 BDL3 * 61 162 Within site
GW4-3 a7 36 BOL3 61 99 212 Upgradient
3347 69 45 8DL1 76 o3 248 Downgradient
GS4-2A Water 45 BDL BDL4 BDL 80L2 -
GS4-28 Water 3 8DL BDOL4 BDL BDL2 -
GS4-2C Water 9 BDL 5.0 BDL BDL2 -
Sample No. Volatile Organics Detected
GW4.2 carbon disulfide (trace)
GwW4-3 carbon disulfide {trace), trichloroethylene
33-47 carbon disuifide, trichloroethylene (trace)
NOTE: BDL - Below Detectable Leve! of 200 ppm.

BDL1 - Below Detectable Level of .5 ppm.
BDL2 - Below Detectable Leve! of 500 ppm.
BDL3 - Below Detectable Levei of .1 ppm.
BDL4 - Below Detectable Level of 1.0 ppm.

* - Analysis deleted by Rocky Mountain Arsenal Laboratory.

than a distinct contribution by the disposal trenches. A
background contamination by volatile organics may be further
indicated by the presence of tetrachloroethylene in well
NW27-2 located about three-guarters of a mile southwest.

Leachates from the disposal trenches are apparently not
reaching the groundwater system in quantities sufficient to

be discernable in the groundwater samples.

4.12.3 Site 1.

Radio Towers

Site 3 does not
appear to represent a potential for the migration of
contaminants.

A site near the center of Section 9 had been reported as
possibly being a disposal area for grenades (Jones, et al,

1977).
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aerial photographs indicates that Site 1 was outside the
Rocky Mountain Arsenal perimeter fence. The 1949 aerial
photograph clearly shows a series of five towers at this
site. This reportedly was used by the FAA during this period
(Donnelly, personal communication, 1982). Although no
specific information has been located regarding FAA leases,
discussions with FAA personnel have indicated that this site
was most likely an Adcock range. This was a series of five
antennae in a fivespot pattern and was a low frequency
guidance beacon. In general, the Adcock system was in use
between the 1930's and the 1960's, but no specific dates were
determined for the operations in Section 9.

Available evidence indicates that no disposal activities took
place near the center of Section 9. The lack of any
operations that would have any type of contamination has been
supported in other reports (Dept. of Army, 1975).

Site Not Addressed by Technical Plan

A disturbed area in the north-central portion of Section 9
was evident on the 1949 aerial photograph. No documented
information was found to describe any activity which may have
occurred in this area, It has been reported that this area
was used for testing flame throwers during the late 1940's
(Buxton, personal communication, 1982).

GROWP D SITES NOT ADDRESSED BY TECHNICAL PLAN
Twelve of the 32 potential contamination sites identified in

Phase I were classified as Group D sites--sites which were
unlikely to have contamination present. No sampling was
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4.13.2

conducted at any of these sites, but a summary of the

activities that occurred at each of the sites is given on a
site-by-site basis. These sites can be located on Figure 2-2.

Site 5, Section 24. Disposal Pit

During the period of TX production (1964-1968), byproducts,
rejected raw biological agent, and wastes were buried in the
east central part of the Section. This material had less
than 15% viable spores when it was buried. The waste
products (about 70 tons) included some discharged demilled
barrels that had contained biological agent. In December
1972, public pressure caused the Rocky Mountain Arsenal to
investigate the TX disposal operations. Findings indicated
that all sites and facilities associated with the TX program
were successfully demilitarized (Jones, et al, 1977).

The material in guestion is a biological agent, not

chemical. It is a fungus which is specific to wheat and
induces a stem rust condition. The material stockpiled was
the fungal spores which could be distributed over the crop to
induce an outbreak of rust disease. The spores were later
incinerated. The ashes were fumigated, dispersed, and disked
into a 30-acre disposal site in Section 20. Based on this
information, no evaluation was made of this site.

Site 8, Section 29. Disposal Pit

Reports indicate that rocket motors and other ordnance were
disposed in this area. There may also be unexploded ordnance

in this area, but these do not represent a migration
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4.13.4

potential. Based on this information, no evaluation was made
of this site (Jones, et al, 1977).

Site 10, Section 32. Burn Pits

There are three designated burn pits in the western portion
of this Section. From the early 1950's to the mid-1960's,
20,000 to 30,000 one-thousand pound and five-hundred pound
cluster bombs were detonated and allowed to burn. Each pit
was cleaned out periodically. The scrap iron was reportedly
demilled and sold. Chemicals in some of these incendiary
weapons were magnesium, bunker C oil, white phosphorus, and
black powder. Materials reportedly remain in this area from
M-55 rocket testing (Jones, et al, 1977). The presumption is
that the incendiary materials were destroyed during these
operations. Based on this information, no evaluation was

~ made of this site.

Site 12, Section 23. TX Study Area

The eastern half of this Section was used for growing
TX-treated wheat. TX is an anti-crop pathogen. It was
produced from 1964 to 1968 and was apparently tested on the
crops during that period. One well is reported to be filled
with TX-contaminated eguipment (Jones, et al, 1577).

The material in question is a biological agent, not

chemical., It is a fungus which is specific to wheat and
induces a stem rust condition. Based on this information, no
evaluation was made of this site.
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Site 13, Section 19. Surface Disposal

In the southeast portion of the Section is an area where
incinerated TX material was incorporated into the soil
(Jones, et al, 1977). Based on this information, no
evaluation was made of this site.

Site 14, Section 20. Surface Disposal

Ash and iron oxide residues from the electrostatic
precipitator used in the mustard demil operations were
incorporated into the soil at this site in the early 1970's
(Jones, et al, 1977).

The iron oxide would simply add to the already high iron
content of the soil and should have no impact at all. Other
components of the ash might include small amounts of sulfate
or chloride resulting from mustard decomposion. It is not
likely that these other components would have the potential
for significant contamination.

Site 15, Section 30. Impact Area

This is an impact area for testing mortars during the 1940's
(see Figure 4-5). The mortars included high explosives and
phosphorus. There is no indication that chemical agents were
present at the site (Jones, et al, 1977).

The presumption would be that the explosive chemicals that

were in the mortar shells would have detonated and left
little or no contamination. However, unexploded ordnance, if
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present, could contain some explosive material, but probably
would not release it to the environment. Groundwater
contamination or soil contamination is expected to be minimal
under these circumstances.

Site 21, Section 6. Storage Area

This was a storage yard for high explosives.associated with
the old toxic storage yard (see Figure 4-7). No records
indicate the presence of chemical agent in this area (Jones,
et al, 1977).

The likelihood that significant amounts of contaminants from
these explosives could have been lost to the environment is
low; therefore, no evaluation of this site was made.

Site 22, Section 6. Storage Facilities

®B-filled ordnance was stored in the igloos in the southern
part of the Section (see Figure 4-7). The exact date of
storage is not known, but may have been from the late 1960's
into the 1970's (XJones, et al, 1977). There is no reported
release of any contaminant at this site and no evaluation of
this site was made.

Site 27, Section 7. Storage Area

It is believed that this area and an area in Section 8 were
used for outside storage for incendiary bombs during the late
1940's and early 1950's (Jones, et al, 1977). No release of
contaminants has been reported in this area; therefore, no
evaluation of this site was made.
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4,13,11 Site 28, Section 4. Surface Disposal

Dirt piles next to Site 2 were dumped there between 1976 and
1981 as indicated by aerial photographs (see Figure 4-11).
Since there are no reports of any contaminant being present,
no evaluation of this site was made.

4.13.12 Site 29, Section 26. Pumping Pit

No documented information was found to evaluate the nature of
the activity associated with the holding reservoir (pumping
pit) located northeast of Basin F (see Figure 4-2).
tnverified reports indicate that this reservoir was part of a
sprinkler irrigation system which supplied water for
irrigating wheat grown for the TX project. Presumably, the
reservoir received fresh water from the Sand Creek lateral,
fresh water stored in Basin C, and effluent from the sewage
treatment plant located in Section 24 (Donnelly, personal
communication, 1982).

No release of contaminants has been suspected at this site

according to information reviewed; therefore, no evaluation
was made of this site.
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CHAPTER 5

CATEGORIZATION OF CONTAMINATION SQOURCES

During Phase I, 32 potential contamination sources were
divided into four groups based on the conditions likely to be
encountered as determined by the literature search.
Implementation of the Technical Plan and the resultant review
of chemical analysis has modified the grouping somewhat. The
definition of the four groups remains the same:

Group A - Contamination is present and known to be migrating

Group B - Contamination is present, but migration is unknown
Group C
Group D

The site has received possible contamination
Site unlikely to have contaminants present

In the revised grouping, there is one site in Group A, six
sites in Group B, twelve sites in Group C, and thirteen sites
in Group D. Four sites were moved from Group B to Group C -
sites 2, 3, 6 and 25. Site 16 went from Group C to Group D
and Site 26 was moved from Group C to Group B.

Once the necessary information was available or could be
estimated, an evaluation of each site having contamination
present, which was known to be migrating or had the potential
to migrate, was made by applying the Simplified Hazardous
Site Ranking System developed in Fhase I.

The scores established to categorize sites were determined by
the factors used in developing the ranking system. Sites
requiring immediate remedial action need a score in excess of




80 points. Sites where monitoring is recommended score
between 50 and 80 points.

The cutoff score of 80 points to separate Category I and
Category II reduces the possibility of including a hazardous
site in Category I when migration potential is high but the
toxicity of the contaminant is low or the level of the
contaminant migrating is below the regulated standard. FOrI
sites introducing toxic contaminants to the environment, the
travel time for migration off an installation must be short
enough to preclude adequate time for implementing an
appropriate remedial action program before the site can be
ranked into the most severe category.

Results of the site evaluations for seven sites and
classifying these potential contamination sites into either
Category I or Category II are given in Table 5-1. Only Site

TABLE 5-1
CATEGORY | AND 11 SITES FOR WHICH ADDITIONAL STUDY
AND/OR MONITORING IS RECOMMENDED,
ROCKY MOUNTAIN ARSENAL, DENVER, COLORADO

Category Site No. Ranking Score Site Use

[ 11 97 DBCP source area in Section 3

H 26 78 GB Plant

1 24 & 30 69 Lake Dredge Disposal Area

I 9 61 ' New Toxic Storage Yard

H 4 56 Basins D and E

1 32 * Section 36 Pits
(Northeastward Migration)

* This site was not ranked. See Text.

(83]
1
no




11 has documented contamination migrating at a level above
the regulated standard either at or near the Arsenal boundary
in the groundwater system. Six sites were classified as
Category II sites. Site 26 has contamination migrating at or
near the Arsenal boundary, but the concentration is below the
regulated standard. Contamination may also be migrating via
the surface water system downgradient of Site 26. Two sites,
Sites 24 and 30, were treated as one source area. Sites 9,
4, and 32 were the other three Category II sites. No ranking
score was determined for Site 32 since no specific
contamination was identified as migrating northeastward.
However, due to the uncertain nature of the activities at
Site 32 and the possibility that refinement of the
hydrogeology in this area may alter suspected migration
patterns, Site 32 was assigned a Category II classification.
As additional data become available, an evaluation of the
site will determine its final classification.

The remaining 25 sites listed in Table 5-1 are classified in
Category III: sites which require no action at this time.
The assignment of these sites into Category III relates only
to the potential for migration of contaminants from these
sites. The assessments given in this report are not intended
to be indicative of the suitability of any given site for
alternative land uses.
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6.1

6.2

CHAPTER 6

OONCEPTUALIZED TECHNICAL PLAN FOR CONFIRMATORY STAGE

INTRODUCTION

Seven of the potential contamination sources described in
Phase I have been designated Category I or II sites.
Additional investigation or meonitoring of the contamination
at the seven sites is recommended by Geraghty & Miller, Inc.
The recommended actions to be performed during the
confirmatory stage will be given on a site-by-site basis.

CONCEPTUAL PLAN FOR SITE 11

Two main activities are proposed to confirm the probable
location, magnitude, and migration rate of DBCP in the
vicinity of the source area in Section 3. The two activities
should be the installation of additional soil

borings /monitoring wells and a complete review of data
available on the distribution and migration of DBCP on Rocky
Mountain Arsenal relative to the source area.

The first activity will be the installation of nine deep soil

borings on a 50-foot grid spacing approximately centered
where GM3-5 was drilled. These soil borings will penetrate
at least 25 feet below the water table, with composite
geologic samples from each ten foot interval for DBCP
analysis. Additional samples may be taken in clayey zones
for added definition. Replicate samples will be collected
with one set of samples being subjected to solvent extraction




to determine the level of DBCP present in the soil. After
reviewing laboratory results, a monitoring well should be
installed at each location where DBCP contamination is
suspected in the groundwater. If no contamination is
expected in the groundwater, the soil boring will be
backfilled.

For each geologic sample which has DBCP detected in the
solvent extract, the replicate sample should be subjected to
water extraction and subseguent analysis for DBCP. Three of
the geologic samples which have DBCP detectable in the water
leachates will be subjected to a repeat of the leaching
procedure to indicate the possibility and magnitude of
continued leaching.

The second activity will be a compilation and review of the
available data on this DBCP problem collected by Rocky
Mountain Arsenal, Waterways Experimental Station, and Shell
chemical. Time-concentration distributions of DBCP in the
plume can be used in conjunction with analytical models to
better define the parameters controlling the transport
mechanisms.

The program of drilling and sampling will help estimate the
size of the source area at the water table and what quantity
of DBCP may be expected to reach the groundwater system.

This information, together with the understanding obtained
from the second activity, will be used to make predictions of
DBCP migration from the source area.

Once the controlling transport parameters and the probable
source function have been bracketed, it will be possible to
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apply analytical or digital transport models to make
predictions of DBCP migration in this area. Various control
strategies, if required, can then be evaluated for remedial
action.

CONCEPTUAL PLAN FOR SITE 26

The presence of DBCP in groundwater downgradient of the North
Plant signals the migration of DIMP originating within the
plant boundary. The extent of contamination in the
groundwater system and the source of DIMP are not known, but
need to be identified. Review of the physical operations
relative to DIMP may indicate a specific source area and any
mechanisms which may have transported the contamination, such
as the sanitary sewer line.

It is recommended that a minimum of three groundwater
monitoring wells be installed within the North Plant boundary
to assist in source definition and the extent of
contamination. The distribution of DIMP in the groundwater
system in Section 24 north of the North Plant was presented
in a previous report, but no source area suggested.
Additional review of available data is needed to determine
the present distribution of DIMP in this area. The reach of
First Creek in Section 24 is a groundwater discharge zone at
certain times and the groundwater system may already be
contributing DIMP to the flow in First Creek. The presence
of DIMP in the groundwater allows off-installation migration
to occur in a relatively short time period. Resampling of
selected monitoring wells and possibly surface waters in
First Creek may be required. Hydrogeologic definition of the
North Plant area is limited in terms of evaluating possible
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source areas and contaminant migration.

CONCEPTUAL PLAN FOR SITES 24 & 30

No additional installation of monitoring wells is recommended
at these sites in relation to contaminant migration via
surface water or groundwater routes. The Dieldrin detected
in a downgradient regional well probably originated in one of
the south lakes, not from the lake dredge disposal areas.
Migration by biological routes can represent a potential
problem unless proper management practices are followed.
Periodic review of water quality samples collected near Sites
24 and 30 will indicate any changes in conditions.

CONCEPTUAL PLAN FOR SITE 9

Several organic compounds were found in the surface water and
soil below thes new Toxic Storage Yard. Quantifications of
these compounds will be necessary in crder to assess the
potential of contaminant migration in First Creek. No
organic compounds have been detected in downgradient wells,
but continued review of ongoing monitoring programs will
indicate if contaminants begin to migrate via the groundwater
system.

CONCEPTUAL PLAN FOR SITE. 4

The presence of some CPMSO in a soil sample water extract
from Basin E indicates the possibility of residual
contamination at levels which may represent a migration
potential. A review of groundwater quality upgradient and
downgradient of these basins will assess whether or not
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possible leaching of contaminants from the two basins is
detectable in the groundwater system. If additional
degradation of groundwater quality is deemed measurable, then
additional soil samples should be taken in each basin to
confirm residual contamination.

CONCEPTUAL PLAN FOR SITE 32

Although no degradation of the quality of groundwater moving
northeast of Section 36 was detected, the water quality in
the regional wells reviewed should be examined periodically
to reassess possible contaminant migration. New
hydrogeologic data may refine the knowledge of the
groundwater flow system in this area, which may influence the
monitoring points selected to assess the possible migration
of contaminants from this site.

DEVELOPMENT OF A PHASE III TECHNICAL PLAN

Conceptual plans for confirmatory work to be completed in
Stage II have been presented for the seven Category I and
Category II sites. Specific recommendations were given for
Site 11 and Site 26. It is recommended that a Phase III
Technical Plan be formulated for these two sites.
Development of a Phase III Technical Plan should be
coordinated by Geraghty & Miller, Inc. and U.S. Amy Toxic
and Hazardous Materials Agency personnel with input to the
program from Rocky Mountain Arsenal and Shell Chemical
personnel.

Specific work plans for two of the four Category II sites,
Site 9 and Site 4, can also be determined and included in the




Phase III Technical Plan. Recommendations for monitoring

programs will be made during Stage II for Sites 24 & 30 and
Site 32.
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Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. 3-11 Page 1 of 2
Driller D'Appolonia Drilling Inc. Date 5/20/82
Rig CME 55 Auger Type of Sample Split Spoon
Hydrogeologist J. R. Mildenmberger Diameter of Hole 6"
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
f 2-5-7 Fine sand, some silt, trace of medium 1.0 2.5
i sand, brown, moist
| (ML)
;GS3—11A. 3-6-8 Fine sand, silt, and clay, trace of 5.0 6.5
| medium sand, brown, moist
L _ (L)
‘ 7-7-7 Fine to medium sand, little silt, 10.0 11.5
i light brown, dry to moist
2 (SW) |
! 7-9-10 Fine sand, little medium sand, trace 15.0 16.5
4 of silt, light brown, dry (SP)
9-10-11 Fine to coarse sand, trace of silt, 20.0 21.5
; light brown, dry (SW) !
' 7-8~11 Fine to medium sand, little coarse 25.0 i 26.5
sand, trace of silt, light brown, |
dry to moist (SW) !
]
; 8-9-6 Same 30.0 1 31.5
i )
i 9-10-10 Fine to coarse sand, trace of silt, 35.0 36.5 |
E light brown, dry
i (SW)
: 11-16-12 Fine to coarse sand, trace of silt 40.0 41.5
E and pebble, light brown, dry
: (SW)
7-9~-10 Fine to coarse sand grading downward 42.0 43.5
to fine to medium sand, little clay,
! light brown, moist (SM/SW)
;GSS—llm 7-8-9 Fine sand, little silt and clay, 45.0 46.5
: i light brown, moist to dry
| (SM/SP)
; % 9-9-9 Fine sand, little medium sand, trace 50.0 51.5
] . .
i 3 of silt, light brown, dry (SP)
{ i 18-20-20 Fine to coarse sand, little clay and 55.0 56.5
! ! and silt, light brown, moist _
L I (SM/SW) J




Geraghty & Miller,

Inc.

USATHAMA/Rocky Mountain Arsemal Project

Well No. 3-11 Page 2 of 2
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
10-9-8 Fine to coarse sand, trace of clay, 60.0 6l.5
light brown, moist
(swW)
3GS3-11C 10-12-13 Fine to medium sand, trace of clay, 65.0 66.5
? light brown, moist (SW)
! 15-20-32 Fine to medium sand, trace of silt 70.0 71.5
: and ironstone, light brown, wet
(SW)
: 15-17-24 Fine to coarse sand, trace of silt, 75.0 76.5
little pebble, light brown, wet
. (swW)
Fine to medium sand, light brown, 80.0 81.5

wet

(SP)




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. GM3-2 - Boring Page 1 of 2
Driller D'Appolonia Drilling Inc. Date 5/18/82
Rig CME 55 Auger Type of Sample Split Spoon
Hydrogeologist J. R. Mildenberger Diameter of Hole 6"
Sample Blows Per Sample Interval (ft)
No. 6 inches , Description From To
f 4-4-5 Fine to medium sand, some silt, 1.0 2.5 |
% brown, moist (M)
;GS3—2A 4-4-6 Same 5.0 6.5
;
i
: 4-7-10 Fine to medium sand, light brown, 10.0 11.5
i moist
| (SW) ;
; 9-14-14 Fine to coarse sand, trace of silt 15.0 16.5 j
and pebble, light brown, m01st(sw)
7-10-11 Same 20.0 21.5
10-13-17 Fine to medium sand, little coarse 25.0 i 26.5
sand, trace of silt, light brown, i
dry (SW) f :
9-12-12 Same 30.0 § 31.5 i
|
: 12-14-16 | Same 35.0 | 36.5
éGS3—ZB 8-10-9 Silt and clay, little fine sand, 40.0 i 41.5
i brown, moist (cL) %
% 7-8-11 Same 45.0 46.5
% 14-20-20 Fine to medium sand, trace of clay 50.0 i 51.5
% and silt, light brown, moist (SW) !
% 9-12-16 Fine to coarse sand, little clay, 55.0 % 56.5
% light brown, moist (SW)
{7 14-14-16 Fine to medium sand, trace of clay, 60.0 61.5
i | light brown, moist (SW) |




Geraghty & Miller, Inc. USATHAMA /Rocky Mountain Arsenal Project

Well No. CGM3-2 Page 2 of 2
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
20-17-16 | Fine to medium sand, trace silt, 65.0 66.5
light brown, wet (SW)
GS3-2C 15-16-20 | Fine to medium sand, little silt and 67.0 69.5 ‘
clay, light brown, wet (SM) :




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. GM3-3 - Boring Page 1 of 1

Driller D'Appolonia Drilling Inc. Date 5/21/82

Rig CME 55 Aucer Type of Sample Split Spoon

Hydrogeologist J. R. Mildenberger Diameter of Hole 6"

Sample Blows Per : Sample Interval (ft)

No. 6 inches Description From To

6S3-3A1 5-6-9 | Fine to medium sand, little silt, 1.0 2.5

; ! light brown, moist (SP/SM) j

;béé;BAé 3-5-3 Fine to medium sand, little silt, 5.0 6.5 ;
i light brown, moist |

i (SP) !

?__G§3—3A 3-4-4 Fine to medium sand, trace of silt, 7.5 9.0 i
; light brown, dry to moist :
” (SP)




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. GM3-4 - Boring Page 1 of 1
Driller D'Appolonia Drilling. Inc. Date 5/18/82

Rig CME 55 Auger Type of Sample __ Split Spoon
Hydrogeologist _J. R. Mildenberger Diameter of Hole 6"

Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
;GS3—4A! 4—-3-4 Fine to medium sand, little silt, 2.0 3.5

| light brown, moist
: (swW)
L GS3-4A 4-5-5 Fine sand, some silt, little medium 5.0 6.5
sand and clay, moist, light br?§E
;ng;AAi 4-5-6 Tine to medium sand, light brown, 7.5 9.0
; moist
: _ (SW)
3-4-4 Tine to medium sand, trace silt, 10.0 11.5
; light brown, moist
| (SW)
' 4-7-9 Fine to medium sand, little silt and 12.5 14.0

s —  m—tr  — s, — A— — t— — — o— oy

Fine to medium sand, trace silt,

light brown, moist (SW)

4-9-12 Same 15.0 16.5

7-12-15 Fine to medium sand, trace coarse 17.5 19.0
sand and pebble, light brown,
moist. (W)

5-7-12 Fine to medium sand, little coarse 20.0 i 21.5
sand and pebble, light brown,
moist (sw)

13-16-16 : Fine to medium sand, little coarse 22.5 i 24.0
i sand, trace pebble and clay, light
brown, moist (SW)

8-12-10 "- Fine to coarse sand, trace clay and 25.0 26.5
and pebble, light brown, moist

(SwW)

L.




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. GM3-5 =~ Boring Page 1 of 1
Driller D'Appolonia Drilling Inc. Date _ 5/21/82
Rig CME 55 Auger Type of Sample _ Split Spoon
Hydrogeologist J. R. Mildenberger Diameter of Hole 6"

Sample Blows Per

Sample Interval (ft)

No. 6 inches Description From To
'GS3-5A | 6-6-5 Fine to medium sand, little silt, 1.5 3.0 |
: brown, moist (ML/SM)

.GS3-5A | 4-2-2 Fine to medium sand, little silt, 5.0 6.5
' light brown, moist
[ (SM)
.GS3-5A | 3-3-3 Fine sand, little clay, silt and 7.0 8.5
; medium sand
? (ML)
) 11-14-16 Fine sand, trace of silt and medium 25.0 26.5
i sand, light brown, moist (SP)
8-9-11 Fine to medium sand, little coarse 30.0 31.5
sand, trace of pebble, silt, light
brown, moist (SW)
9-12-20 Fine sand, trace of medium sand and 35.0 36.5
: silt, light brown, moist
i (SP)
12-15-20 Fine to coarse sand, trace of pebble, 40.0 41.5
light brown, moist i
(sW)
'GS3-5B i 9-11-13 Fine to medium sand, light brown, 45.0 46.5
; ! moist
i : (SW)

GS3-5B 9-11-10 Fine to medium sand, little clay and 47.5 49.0

? i silt, brown, moist (SM/SW) with 2"
i lenses of clay and silt, trace of
g fine sand, brown, moist (CL)
|

1GS3—SB§ 12-15-17 Fine to medium sand, trace of clay and 49.0 50.5
: i and coarse sand, light brown, moist
L ; (SW)

P }

5 !
|
. i
i
} ]

! %

i




Geraghty & Miller, Inc.

Well No.

Driller

Rig

USATHAMA/Rocky Mountain Arsenal Project

GM3-6 - Boring Page 1 of

D'Appolonia Drilling Inmc. Date 5/21/82

CME 55 Auger Type of Sample

Hydrogeologist J. R. Mildenberger

Split Spoon

Diameter of Hole 6"

Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
r ;
i GS3-6A; 4-4-10 Fine sand, some silt and clay, brown, 1.0 2.5
! moist
(SM/ML)
;GSS—6A 2-1-2 Same 5.0 6.5
"GS3-6A; 3-3-7 Fine sand, little silt and clay and 7.5 9.0

medium sand, light brown, moist
(SM)

VSTIVIVES AP SRR




Geraghty & Miller, Inc.

USATHAMA/Rocky Mountain Arsenal Project

Well No. 4-13 Page _ 1 of 2
Driller D'Appolonia Drilling Inc. Date 5/13/82
Rig CME 55 Auger Type of Sample Split Spoon
Hydrogeologist J. R. Mildenberger Diameter of Hole 6"
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
; Lo4-7-7 | Fine sand and silt, little organics, 1.0 2.5 !
3 brown, dry L)
iGS4-13A]  4-6-5 Fine to medium sand, little silt, 5.0 6.5
i brown, dry (SM)
- 3-5-7 Fine to coarse sand grading down- 10.0 11.5
ward to fine sand, little silt,
‘ light brown, moist (SW/sM)
i 4-8-7 Fine to medium sand, light brown, 15.0 16.5
{ moist
(SW)
6-9-7 | same _ _ _ _ _ _ _ _ _ _ _ _._._ 20.0 21.5 |
; Clay and silt, trace fine sand, (cL) !
' brown. moist i
5-7-12 Clay and silt, some fine to medium 25.0 P26.5
| _ sand, brown moist  _ __ _ _ (CL)_
Fine to medium sand, trace clay B
light brown, moist (SW) ! ‘
4=4-5 Clay, little silt and fine sand, 30.0 | 31.5
brown, moist (cL) ;
5-8-13 Fine sand and clay, little silt, 35.0 ;| 36.5
brown, moist OmL)
GS4-13B] 9-8-9 Fine sand, little medium sand and 41.5 43.0
silt, brown, moist OmL)
10-8-9 Fine sand, little silt, light brown, 45.0 46.5
moist ML)
16-20-25 Fine to medium sand, trace silt, 50.0 51.5
light brown, moist (5W)




Geraghty & Miller

, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. 4-13 Page 2 of 2
Sample  Blows Per Sample Interval (ft)
No. 6 inches Description From To

: 8-14-25 Fine to medium sand, little silt, 55.0 56.5 f
! and clay, trace coarse sand, brown !
i moist (SW) !
i Fine to medium sand, little pebble !
i and coarse sand :
(SW) _.
i 18-20-16 Fine to coarse sand, trace silt, 60.0 61.5

light brown, wet (SW) i
GS4-13C 4~6~7 Clay and silt, trace fine sand, 62.5 64.0 :
: brown with iron staining, moist i

_ (cL) ?

’ 6-14-24 Fine_§an§_§§q_§ilgl.E;qygg_qgg_Sg;l__ 65.0 66.5
5 I Fine to coarse sand and gravel,

brown, wet, trace silt (SW)
: 8-15-30 Medium to coarse sand, trace fine 70.0 71.5 i
i sand and pebble, light brown, wet
g (SW) _
i (Inside Medium to coarse sand, trace fine i
: augers) sand, light brown, wet 75.0 76.5 :

(5wW)




Geraghty & Miller, Inc.

Well No.

Driller D'Appolonia Drilling Inc.

Rig

4-14

USATHAMA /Rocky Mountain Arsenal Project

Page |1 of

Date 5/24/82

Auger

Type of Sample Split Spoon

Hydrogeologist J- C.

Rutledge Diameter of Hole 6"

Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
2-2-2 . 8ilt and fine sand 1.0 2.5
ML)
GS4-14A1 2-2-4 Fine sand, slightly silty 5.0-5.8' 5.0 6.5
8ilt, clayey and sandy 5'8-6'8£L)
i 6-7-9 Fine-medium sand 10.0 11.5
' (sW) !
% 5-8-11 Fine-medium sand 15.0 16.5 ;
| (sW) |
! 9-11-15 Fine-medium coarse sand 20.0 21.5 i
% (SW)
] 8-11-13 Fine-medium sand to fine-coarse sand 25.0 26.5
i (SW)
9-12-15 Fine-coarse sand, some gravel to 30.0 31.5
fine-medium sand (SW).
GS4-14B] 8-10-13 Fine-coarse sand 35.0 36.5 :
(sW))
GS4-14B{ 8-15-13 Clay layer 36.5-36.7 36.5 38.0
Gravel and sand 36.7-36.9
Fine-medium sand (swW)
GS4-14B| 5-6-10 Silt, some fine sand and clay 40.0 41.5
(ML)
5-8-11 Silt, slightly clayey 45.0 46.5
(ML)
9-11-15 Fine-medium sand, silt lenses 50.0 51.5
(SM)
12-12-20 Fine-medium sand, silt lens 55.0 56.5
(sM)




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. 4-14 Page 2 of 2
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
8-9-19 Fine-medium sand with interbedded 60.0 61.5
layers of silt
(sM)
15-13-19 Fine—coarse sand interbedded with 65.U 66.0
silt
: (M)
GS4-14C; Slough }Fine—coarse sand, some gravel 70.0 71.5
l
f (SW)
Slough © Same 75.0 76.5
(W) .
Slough Same 80.0 81.5
: 3 (SW)

P oa o
-

L.




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. 4-15 Page 1 of 2
Driller D'Appolonia Drilling Inc. Date __5/26/82
Rig Auger Type of Sample Split Spoon
Hydrogeologist J. C. Rutledge Diameter of Hole 6"
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
6~13-12 . Topsoil, fine sand, silty, slightly 1.0 2.5
clayey 1.0-1.4"'
Silt, white 1.4-2.5' (ML)
6-6-10 Medium fine-fine sand 5.0-5.5' (SW) 5.0 6.5
Silt (white streaks) 5.5-5.8" (ML)
Fine sand and silt 5.8-6.5' (SM)
4=5=-5 Fine-medium fine sand, interbedded 10.0 11.5
silt
(sM)
; 4-8-12 Fine-coarse sand 15.0 16.5 :
i (SW) |
6-10-30 Fine—coarse sand 20.0-20.4' (SW) 20.0 21.5 |

Cliay, silt and sand 20.4-20.9' (CL)
Gravel, sand, cobbles 20.9-21.5 (SP)
11-13-15 Fine-coarse sand, some gravel to 25.0 26.5
: fine-medium sand

i (SW)

8-11-12 Fine-medium sand to fine-coarse sand 30.0 31.5
(SW):

5-7-7 Silt and fine sand, sometimes clayey 35.0 36.5
(SM)

5-7-12 Silt, sometimes with clay 40.0 41.5
(ML)

6-8—10 Fine-medium fine sand 45.0-45.7'(SW) 45.0 46.5
Silt 45.7-45.2' (ML)
Clay 46.2-46.5' (CL)

8-9-9 Fine-medium fine sand, some silt 50.0 51.5
(sM)

9-13-15 Fine-coarse sand, some gravel 55.0 56.5
(sw)

13-18-22 Fine-medium sand, some coarse sand 60.0 61.5

and gravel

(sW)




Geraghty & Miller, Inc. USATHAMA /Rocky Mountain Arsenal Project

Well No. _ 4-15 Page 2 of _ 2
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
5-10-20 silt lens, fine sand, wet 65.0 66.5
medium-coarse sand and gravel, some
cobbles (sw)
slough medium coarse-coarse sand and gravel, 70.0 71.5
some cobbles .
(SW) i
slough medium coarse-coarse sand 75.0 76.5
; (sW) —
i slough medium-coarse sand 80.0 81.5 !

(sW)




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. GMl11-1 - Boring Page 1 of 1

Driller D'Appolonia Drilling Inc. Date 5/22/82

Rig CME 55 Auger Type of Sample __ Split Spoon
Hydrogeologist J. R. Mildenberger Diameter of Hole 6"

Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To

' GS11- | 2-3-3 Fine sand, little silt, light brownm, 5.0 6.5
1A moist (SM/ML) ;
¢ GS1l- | 4-4-5 Fine sand, silt and clay, brown, 17.0 18.5 :
: 1B moist i

(CL)

e




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. 12-5 ) Page 1 of 1
Driller D'Appolonia Drilling Inc. Date 5/22/82
Rig CME 55 Auger Type of Sample Split Spoon
Hydrogeologist J. R. Mildenberger Diameter of Hole 6"
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
; 3-2-3 Fine sand, some silt, brown, moist 1.0 2.5
g
; (ML)
i 3-2-3 Fine sand, little silt, light brown, 5.0 6.5
; moist (SM/ML)
y 2-2-3 Same 10.0 11.5
: 2-3-3 Silt and clay, some fine sand, brown, 15.0 16.5
moist to wet
(cL) B
2=3-5 §ilt, fine sand and clay, brown, wet 20.0 21.5
_______________ (CL).

Fine to medium sand, little silt (SM)

5-8-10 Fine to medium sand, trace of silt, 25.0 P26.5
light brown
(SW)

e e e




Geraghty & Milier, Inc.

SATHAYNA/Rocky Mountain Arsenal Project

Well No. GM12-2 - Boring Page 1 of 1
Driller D'Appolonia Drilling Inc. Date 5/22/82

Rig CME 55 Auger Type of Sample Split Spoon
Hydrogeologist J. R. Mildenberger Diameter of Hole 6"

Sample Blows Per

Sample Interval (ft)

No. 6 inches Description From To
:-C'Sfi—-ﬂ&! Z=-1-1 - Fine sand, some silt, brown, dry 5.0 6.5
| () |

2=3-b Fine sand, some silt, brown, molst, 11.0 12.5 !
_______________ (ML) ‘
Fine sand, silt and clay, dark brown, |
- moitsty Iittie Ung.uiL.B (CL)
GS12-2B 1-2-3 Fine sand, some silt, brown, moist 15.0 16.5

)

ST S




Geraghty & Miller, Inc.

USATHAMA/Rocky Mountain Arsenal Project

Well No. 30-12 Page ! of !
Driller _D'Appolonia Drilling, Inc. Date __5/26/82
Rig Auger Type of Sample Split Spaen
Hydrogeologist J. C. Rutledge Diameter of Hole a"
Sample Blows Per ' Sample Interval (ft)
No. 6 inches Description From To
10-11-12 | Silt, light brown and white, dry 1.0 2.5
(ML)
9-15-15 Silt, slightly clayey, white, dry 5.0 6.5
(ML)
5-15-23 Clay, silty, grey and white, dry 10.0 11.5
(CL)
_ 15-20~30 S8ilt, clayey, white-grey, dry 15.0 15.5
i
| (ML)
18-38-41 Silt, clayey, calcite, grey, orange 20.0 21.5
stains, dry
(ML)
14-18-36 Clay, silty, grey, orange and 25.0 26.5
ite stain, slightl i
: white stain, slightly moist (CL)
11-19-27 Silt, bright orange stain, greyish 30.0 31.5
white
ML)
75 Fine-medium sand, loose, slightly 32.5 33.0
moist
(SW)
60 Fine-medium sand, loose, orange 35.0 35.5
stain, slightly moist (SW)
35-60 Fine-medium sand, yellow, moist 40.0 41.0
(SW)
6530-124 40-50 Fine-medium fine sand, orange~brown, 45.0 46.0
wet
(sW)
26-50 Same 50.0 51.0
(SW)
Clay, black, dense 55.0 55.5
(oH)




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. 013 Page ! of 1
' . c1qs -
Driller D'Appolonia Drilling Inc. Date 5/27-28/82
Rig Auger Type of Sample Split Spoon
Hydrogeologist J. C. Rutledge Diameter of Hole ¢ "
Sample Blows Per - Sample Interval (ft)
No. 6 inches Description From To
4-9-10 Topsoil - clay, silt and sand, light 1.0 2.5
brown, slightly moist ML)
Silt, white, dry (
9-25-17 Silt, grey and white, slightly moist 5.0 6.5
(ML)
14-17-22 Silt, medium tan, iron staining, 10.0 11.5
slightly moist
(ML)
; 11-20-30 Silt, tan, orange iron stain, dry 15.0 16.5
L) i
i 11-9-15 Silt, clayey, grey, iron stain, dry 20.0 21.5 §
L Clay, gentonitic, white, slightly(OH)
; moist
g 18-28-40 Clay, silty, white grey, slightly 25.0 26.5
: moist
i (o”)
17-35-50 8ilt, clayey, tan, grey, iron stain, 30.0 31.5
dry
ML)
75 Fine sand, silty, tan, slightly 35.0 35.5
moist (ML)
40-75/3" Fine sand, silty, light brown, 40.0 41.0
slightly moist L)
35-75/4" Fine-medium sand, brown, moist 45.0 46.0
(SW)
35-45-53 Fine-medium sand, brown, iron stain 50.0 51.5
wet
(SW)
35-65 Same 55.0 56.0
(SW)
6-50-75/3" | Same 60.0 61.5
(SW)




Geraghty & Miller, Inc.

USATHAMA /Rocky Mountain Arsenal Project

Well No. 31-12 Page 1 of 1
Driller :D'Appolonia Drilling Inc. Date 5/21/82
Rig CME 55 Acger Type of Sample Split Spoon
Hydrogeologist J. R. Mildenberger Diameter of Hole 6"
Sample Blows Per Sample Interval (ft)
No. 6 inches Description From To
— Ty . 1
: 1-1-1 Fine sand and silt, little organics, 1.0 2.5 i
dark brown, moist o)
2-1~1 Fine sand, some silt, trace of 5.0 6.5
% organics, brown, moist (ML)
T 1-1-2 Silt and clay, little fine sand, 10.0 11.5
brown, wet
|
T 1=2-3 Same 15.0 16.5
Z=3-%4 ¥ine sand, silt and clay, light browm, 20.0 21.5
wet
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EVALUATING A HAZARDOUS SITE WITH THE GERAGHTY & MILLER, INC.
SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM

A hazardous site can have numerous contaminants present which may
or may not migrate by any of four possible routes. The worst case
scenario is used to determine the final score for a hazardous site.

It may be necessary to make several evaluations of each site for
different contaminants and different routes to identify the worst case.

SOURCE CHARACTERISTIC EVALUATION

Factors which must be evaluated in the source characteristics
category fall into two subcategories - temporal or spatial. Temporal
considerations deal only with the time in years since the start of
contamination. One point is assigned for each decade, with a maximum
of four points allowed.

Spatial consideraticins are divided into four different factors.
The first factor identifies how the contaminant was introduced into
the environment. A higher value (three points) is assigned to a
non-containerized activity versus one point for when the contaminant
is containerized. The next factor reflects the area over which the
contaminant was introduced. The user must take into account the
possible volume of contaminant introduced and the area in which the
activity took place. If the activity is considered to be concentrated
areally, then it is assigned three points. If not, the contaminant is
considered to be dispersed areally and two points are assigned. The
physical state of the contaminant is the next factor. Liquid and
gaseous wastes are assigned three points while solid wastes are given
two points. The last factor affecting the spatial considerations
assigns a value of two points if the contaminant is placed below
ground versus one point if placed above ground.




WASTE CHARACTERISTICS EVALUATION

Three factors define the waste characteristics--toxicity,
persistence, and attenuation. Toxicity values range from one point
for low toxicity to 20 points for high toxicity. Possible
concentrations of the contaminant in the transportation medium may
need to be taken into account when assigning a toxicity rating. The
acute versus chronic toxicity factors may lead to different ratings.
Persistence reflects the expected life of the contaminant in its
present environment. Assigned values can range from two to six
points. The third factor, attenuation, is a function of the
contaminant's mobility, solubility, and sorption. Several references
now list specific information on many chemicals which can be used as
guidelines in evaluating this factor. However, as noted earlier,
there are very limited data on synergistic relationships between
chemicals which can greatly affect mobility. The expertise of the
project team is important in assigning a value to the attenuation
factor, which can range in value from one to nine points.

ROUTE CHARACTERISTICS EVALUATION

The most important of the three categories is the route
characteristics category, which accounts for one-half of the maximum
possible score assigned to a hazardous site. The route category is
divided into four subcategories. Three subcategories identify
different routes by which a contaminant can migrate - a surface water
route, a groundwater route, or an air route. The fourth subcategory

defines the mechanism associated with direct contact of a contaminant.

The surface water route represents the potential for a contaminant
to migrate great distances in a short time. Three factors, either
separately or in combination, can be part of the surface water route.




The first factor, a contemporaneous stream means streamflow and
contamination occur simultaneously. The relationship between
streamflow characteristics and the quantity of contaminant introduced
to the stream must be considered to ascertain the severity of the
conditions before a factor score is assigned. Fifty points is also
the maximum possible score for the other two factors - lakes or ponds
and ephemeral streams. The evaluation of each factor must take into
account pertinent characteristics of the route in relation to the
quantity of the contaminant introduced. With the introduction of
contaminants into the surface water system, particularly lakes or
ponds, the user must take into account the possibility of the
contaminant entering various food chains which may ultimately result
in human consumption. If a combination of two or three factors is
used, the aggregate total cannot exceed the maximum points for the
route characteristics category, that being 50 points.

In evaluating the groundwater route, the factor considered is
travel time required for a contaminant to migrate off an
installation. The two dependent variables of travel time - distance
and velocity - are incorporated into travel time. Travel time
includes allowances for unsaturated flow as well as saturated flow.
Discussions with the U.S. Amy Toxic and Hazardous Materials Agency
have established that if groundwater migration of a contaminant off
the Arsenal is possible in less than 20 years, then this situation
represents a high priority for making management decisions. Travel
time in excess of 20 years permits time for monitoring and further
evaluation. The range of points allowed for different travel times
for a contaminant to migrate in the groundwater system is shown in
Figure 2-1. The expertise of the project team is quite important in
evaluating mass transport considerations and chemical synergism on
contaminant travel time.




Like the surface water route, the air route represents the
potential for a contaminant to migrate great distances in a short
time. Two factors characterize the air route and both are worth a
maximum of 50 points. The factors represent two types of
releases--controlled and uncontrolled. Incineration or manufacturing
processes are types of controlled releases, while fires, explosions,
and dust storms would be types of uncontrolled releases. Certain
contaminants are readily adsorbed into soil particles and may persist
in the soil for a long time. This contaminated soil may be subject to
considerable wind erosion and transport given the arid environment of
Rocky Mountain Arsenal and the occurrence of high winds. Atmospheric
dispersion and diffusion of the contaminated particulate matter
generally dilute the concentration many orders of magnitude within a
few miles from the source. Again, the expertise of the project team
is an essential part of evaluating the possible severity of this route.

The last subcategory is the direct contact mechanism. This
involves contact exposure to a contaminant that is unassociated with
any other route. Direct contact can occur to the contaminant directly
or to some medium that has been contaminated, e.g. soil or water. The
route has a possible maximum score of 50 points. The known presence
of unexploded ordnance at a site results in a maximum score for direct
contact.
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Geraghty & Miller, Inc.

SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM

i i Chemical DB c)>

Site

3

Section No.

(Circle Factor Value Selected)

I. Source Characteristics (15 pts maximnn).............................12..

A. Temporal Considerations......... 2=
1. The start of contamination

Fewer than 10 years ago (1 pt)
Between 10 and 20 years ago
Between 20 and 30 years ago (3 pts)
More than 30 years ago (4 pts)
B. Spatial ConsiderationS...eceescs. !O
1. Containerized (1 pt) Non-containerized D

2. Dispersed areally (2 pts)
3. Solid waste (2 pts)

* Ranked July 1982.

Concentrated areally ({3 pts))
. Liquid/gaseous wast
4. Deposited below ground (2 pts) Above ground

<G pts))

Waste Characteristics (35 pts maximum).eeeeeccecvescccscvscscscncns 35

II.
Low Medium High
A. Toxicity...ceeevees 1 pt 10 pts 20 pts
B. Persistence........ 2 pts 4 pts C6_pts)
C. AttenuatioNee...s.. S pts 1 pt
III. Route Characteristics (50 pts maximum).ccecececrsroscsccsnscss ceen 50
(Evaluate all routes, select highest score)
A. Surface Water Route........s. (@)
1. Contemporaneous stream (0 - 50 pts)
2. Lake/pond (0 - 50 pts)
3. Ephemeral stream (0 - 50 pts)
B. Groundwater Route........ .. 50
1. Short travel time (0 - 10 yrs) (41 - 50 pts)
2. Medium travel time (10 - 20 yrs) (31 - 40 pts)
3. long travel time (more than 20 yrs) ( 0 - 30 pts)
C. ALr ROULE..evesccancncsass e O
1. Controlled release (incineration) (0 - 50 pts)
2. Uncontrolled release (fire, dust, etc.) (0 - 50 pts)
D. Direct Contact Route....... O (0 - 50 pts)
(unassociated with other routes)
TOTAL: (100 ptS DAXIMUM)..ceeoerseacssosonsssnsossaccscsassossasavosas ?7 *




jeraghty & Miller, Inc.

SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM

zé Chemical Dl MP Section No. 25

(Circle Factor Value Selected)

Site

I. Source Characteristics (15 Pts maximum).eececccccrsasccocccnssroces

A. Temporal ConsiderationS.....esee 3
1. The start of contamination
Fewer than 10 years ago (1 pt)
Between 10 and 20 years agoe
Between 20 and 30 years ago
More than 30 years ago (4 pts) .

B. Spatial ConsiderationS.....sc.eecs 11

1. Containerized (1l pt) Non-containerized ((3
2. Dispersed areally (2 pts) Concentrated areally

3. Solid waste (2 pts) Liquid/gaseous waste
4. Deposited below ground Above ground (1 pt)

1I. Waste Characteristics (35 pts maximum)..cceseccecocsvcocccccssacecs

Low Medium Righ

A, Toxicity..ceeeuseeone 5 lpt O 10 pts 20 »ots
B. Persistence.....se.. 2 pts (4 pts) 6 pts
C. AttenuatioD.scecesee 9 pts (5 pts) 1 pt

III. Route Characteristics (50 pts maximum).seesscecscccccasocacsccoses So
(Evaluate all routes, select highest score)

A. Surface Water Route......... . .5/0
1. Contemporaneous stream
2. Lake/pond (0 -~ 50 pts)
3. Ephemeral stream (0 - 50 pts)

B. Groundwater ROULE...eeeoccces 50

1. Short travel time (0 - 10 yrs) (41 - 50 pts)
2. Medium travel time (10 - 20 yrs) (31 - 40 pts)
3. Long travel time (more than 20 yrs) ( 0 - 30 pts)
C. Air Route@..cccesoeasccs Q
1. Controlled release (incineration) (0 - 50 pts)
2. Uncontrolled release (fire, dust, etec.) (0 - 50 pts)
D. Direct Contact Route......._ O (0 - 50 pts)
(unassociated with other routes) 78
) *

TOTAL: (100 pts mAXIMUM).esecoavevsrocsccscsanscasnsrncncssccsoscoreos

#* Ranked July 1982.




Geraghty & Miller, Inc.

Site

SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM

2 L/,El 30  chemical DIELDRIN Section No. 11 é 12

(Circle Factor Value Selected)

I. Source Characteristics (15 pts maximum)............................iz.

A.

B.

II. Waste Characteristics (35 pts maximum)....

A.
B.
C.

Temporal Considerations......... 2

1. The start of contamination
Fewer than 10 years ago (1 pt
Between 10 and 20 years ago
Between 20 and 30 years ago pPts)
More than 30 years ago (4 pts)
Spatial ConsiderationS....eseeece. ZO
1. Containerized (1l pt) Non-containerized m
2, Dispersed areall 2 pts) Concentrated areally @)
3. Solid waste((2 pts)) Liquid/gaseous waste (3 pts)

4. Deposited below ground Above ground (1 pt)

Low
Toxicity.ceooenes .o 1 pt
Persistence..ceeees 2 pts
Attenuation..cecees 9 pts

III. Route Characteristics (50 ptS MaXiMuUM).eececsseersooocrssscarsannse 30

A.

B.

TOTAL:

(Evaluate all routes, select highect score)

Surface Water Route...cececees 30

1. Contemporaneous stream (0 - 50 pts)
2, Lake/pond (0 - 50 pts)
3. Ephemeral stream (0 - 50 pts)
Groundwater ROUL@..cseeee. e 2O

1. Short travel time (0 - 10 yrs) (41 - 50 pts)
2. Medium travel time (10 - 20 yrs) (31 - 40 pts)
3. Llong travel time (more than 20 yrs) ( 0 - 30 pts)
ALY ROULE.cesvescvscssccassn (2

1. Controlled release (incineration) (0 - 50 pts)

2. Uncontrolled release (fire, dust, etc.) (0 - 50 pts)

Direct Contact Route....... 5 (0 - 50 pts)
(unassociated with other routes)

(100 pts maXimumM)esescecoseoasencanssccsnsocncsosossasansesnosane Gq *

* Ranked July 1982.




Geraghty & Miller, Inc.

SIMPLIFIED HAZARDOUS SITE RANKING SYSTEM

Site Ci Chemical DCPD dw‘-vd-\'ve, Section No. 31

(Circle Factor Value Selected)

I. Source Characteristics (15 pts maXimum).eeesccoccoveccosonsoscannne 12
A. Temporal Considerations......... 2
1. The start of contamination
Fewer than 10 years ago (1 pt
Between 10 and 20 years ago (T2 pts)
Between 20 and 30 years ago pts)
More than 30 years ago (4 pts)
B. Spatial ConsiderationS..ssceecses LO
1. Containerized (1l pt) Non-containerized ((3_pts)
2. Dispersed areally (2 pts) Concentrated areally (m)
3. Solid waste (2 pts) Liquid/gaseous waste
4, Deposited below ground (2 pts) Above ground
II. Waste Characteristics (35 pts maximum).eeeececccass eessacssccrsens Lq
Low Medium High
A. Toxicity.eeeieesess 1 pt (10 pts) 20 pts
B. Persistence....eoe.. 2 pts G _pts ) 6 pts
C. Attenuatiol........ 9 pts (5 pts) 1 pt
III. Route Characteristics (50 pts maxXximum)...ceoeeeescecccvcccocasanane 30
(Evaluate all routes, select highest score)
A. Surface Water ROUt@.c.oecccss 30
1. Contemporaneous stream (0 - 50 pts)
2. Lake/pond (0 - 50 pts)
3. Ephemeral stream (0 - 50 pts)
B. Groundwater Route....... PR Z,D
! 1, Short travel time (0 - 10 yrs) (41 - 50 pts)
2. Medium travel time (10 - 20 yrs) (31 - 40 pts)
3. Long travel time (more than 20 yrs) ( 0 - 30 pts)
C. Air Routeisesiessscccevccnns 0
1. Controlled release (incineration) (0 - 50 pts)
2. Uncontrolled release (fire, dust, etc.) (0 - 50 pts)
D. Direct Contact Rout€....... O (0 - 50 pts)
(unassociated with other routes)
TOTAL: (100 pts maximum)..eccecsecscecarcsrscsesscsansnnans cecesansaans (01 *

* Ranked July 1982.




Geraghty & Miller, Inc.

SIMPLIFIED BAZARDOUS SITE RANKING SYSTEM

Site 4 Chemical CP/” SO Section No. 2 [D

(Circle Factor Value Selected)

I. Source Characteristics (15 pts maximum)............................_z2_

A. Temporal Considerations......... 2
1. The start of contamination

Fewer than 10 years ago (1 pt
Between 10 and 20 years ago 2 ptsY
Between 20 and 30 years ago (3 pts)
More than 30 years ago (4 pts)
B. Spatial ConsiderationS.cecceecces io
1. Containerized (1 pt) Non-containerized (@
2. Dispersed areally (2 pts) Concentrated areally

3. Solid waste (2 pts) Liquid/gaseous _wagte
4. Deposited below ground (2 pts) Above groun
1I. Waste Characteristics (35 pts maximum)............................1 Z

Lo Medium High
A, Toxicity.eeceeocene 10 pts 20 pts
B. Persistence........ i ts & pts D 6 pts

C. Attenuation...cce.s 5 pts 1 pt

1I11. Route Characteristics (50 pts maximum).cceescecoonconcrassccenes .. (@]
(Evaluate all routes, select highest score)

A. Surface Water Rout@..ecesecee._ ()

1. Contemporaneocus stream (0 - 50 pts)

2. Lake/pond (0 - 50 pts)

3. Ephemeral stream (0 - 50 pts)
B. Groundwater Route..... [ 30

1. Short travel time (0 - 10 yrs) (41 - 50 pts)

2. Medium travel time (10 - 20 yrs) (31 - 40 pts)

3. Long travel time (more than 20 yrs) ( 0 - 30 pts)
C. Alr ROuUt@.ceescececccosccnss O

1. Controlled release (incineration) (0 - 50 pts)

2. Uncontrolled release (fire, dust, etc.) (0 - 50 pts)

D. Direct Contact Routé....... O (0 - 50 pts)
(unassociated with other routes)

TOTAL: (100 pts maximum)........ Ceecsesessessssecessesanse ..56*

# Ranked July 1982.
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