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February 24, 1982
Fil e No. 18029

Mr. Glen Mitchell
Department of the Army
Omaha District Corps of Engineers
6014 U.S. Post Office and Courthouse
Omaha, Nebraska 68102

Subject: Submittal of Final Report

Dear Mr. Mitchell:

Enclosed are four (4) copies of Volume I of the final engineering
report. Volume II (Appendices) is essentially the same as the
draft submitted to you earlier, except for the following:

.
• Change of Appendix B to Appendix A, C to B, D to C~ E to

D, A to E, and F to G•

• Addition of Appendix F to Volume II (attached).

Copies of Volume I are distributed to the addresses listed in the
Scope of Work.

We have also assembled data from the engineering report, and have
prepared a separate report for each of Sites ZI and Z2. These
two site reports can be used in permit application. As such,
they do not contain (I) areas of regulatory violation, and (2)
cost estimates for site closure. We feel that this information
should be reserved for in-house use, and have included it only in
the engineering report.

Reg a r din g perm itapp1 i cat ion for Sit es Z1 and Z2, we havet a1ked
at length with the Iowa Department of Environmental Quality (DEQ)
and EPA Region VII in Kansas City. The IAAP has filed Part A for
the whole plant. Currently, there is no standard form for haz
ardous waste facility permit application (Part B). It is evident
that Site ZI has been inactive, and will require a cleanup plan
with closure and post-closure care. Since Site Z2 is considered
active, the IAAP will need to fil e Part B for it. Due to the
limited scope of work, the data contained in the engineering
report are not sufficient for use in filing Part B. Please refer
to 40 CFR Parts 122 and 124 for additional information.

OFFICES IN RESTON, VIRGINIA: LONG BEACH, CALIFORNIA; REDMOND, WASHINGTON: AND COVINGTON. KENTUCKY



Mr. Glen Mitchell
February 22, 1982
Page Two

The project has suffered to a certain extent due to the discon
tinuity of communication resulting from changes in Project Offi
ce r ,( Me s s r s. Thorn pson, You ng, and Mit chell ) • The proj e ctwa s
completed 2 months behind schedule because of delay (1) in the
delivery of TNT and RDX standard solutions, and (2) in the draft
final review. Thanks to support and understanding from you and
Mr. Carlock, the final report has been revised to reflect the
review comments and suggestions of the Army. Responses to these
review comments are summarized in Exhibit A.

We have enjoyed working with you and your district in this proj
ect. Please call me if you have any questions regarding our
final submittal or responses to the review comments.

Very truly yours,

1a,.v r~
Hang-Tan Phung, Ph.D.
Project Manager
SCS ENGINEERS

HTP/jml
Enclosure



Section

CONTENTS

Page

1 Summary ••..•.••..•.••.•..•••..•......•....•...•.... l-1

2 Int rod uct ion ••••••••••••••••••••••••••••••.•••••••• 2-1

3 Description of the Iowa Army Ammunition Plant •••••• 3-I
Regional Considerations •••••••••••••••••••••••• 3-1
Study Sites 3-10

4 Site Investigation ••••••••••••••••••••••••••••••••• 4-1
Review of Existing Information •••••••••.••••••• 4-I
Exploration and Field Testing •••••••••••••••••• 4-I
Field Sampling ...••.•...••....•...•.........••. 4-9
Chemical Analyses................... • ••••• 4-13

5 Evaluation of Study Sites •••••••••••••••••••••••••• 5-1
Site ZI - Abandoned Pinkwater Lagoon ••••••••••• 5-I
Site Z2 - Detonator Line 6 •••• ; ••••••••••••••• 5-28
Site Z3 - Detonator Assembly Line 4A •••••••••• 5-53

6 Facility Operations and Contingency Plan ••••••••••• 6-I

7 Reference s .••••••••••••••••••••••••••••.••••••••••• 7- 1

Appendices A to G - See Volume II

i



Number

FIGURES

Page

3-1 Location Map, Iowa Army Ammunition Plant ••••••••••• 3-2

3-2 Generalized Bedrock Stratigraphy at IAAP
(Based on IAAP Well Logs) •••••••••••••••••••••••••• 3-7

3-3 Project Site Location Diagram ••••••••••••••••••••• 3-11

4-1 Site Z1, Abandoned Pinkwater Lagoon,
Exploration Location Plan •••••••••••••••••••••••••• 4-4

4-2 Site Z2, Detonator Line 6, Exploration
Locati 0 n Pl an ••••••••••••••••••••••••••.•••..•••••• 4- 5

4-3 Site Z3, Spray Lagoon, Exploration Location
Pl an ••••••••••• ~ •••••••••••••••••••••••••••••••••• •4-6

4-4 Monitoring Well Detail and Legend •••••••••••••••••• 4-8

4-5 Waste Residue (Sediment) Sample Locations,
Site ZI ••••••••••••••••• ~ •••••••••••••••••••••••• •4 -11

4-6 Surface Water Sampling Stations, Site Z1 •••••••••• 4-12

5-1 Site Z1, Abandoned Pinkwater Lagoon •••••••••••••••• 5-2

5-2 Characteristics of Selected Soil Samples,
Site ZI .•••••.•••.•••.•••....••.•..••••.......•..•• 5-8

5-3 Soil pH and Cation Exchange Capacity as a
Function of Depth, Site Z1 •••••••••• ·••••••••••••••• 5-9

5-4 Permeability of Selected Soil Samples, Site Z1 •••• 5-10

5-5 Interpretative Subsurface Profile Location
~a p, 51 te ZI ••••••••••••••.••••••••••••••••••••••• 5 -1 1

5-6 Interpretative Subsurface Profile, Site Z1 •••••••• 5-12

5-7 Interpretative Subsurface Profiles, Site Z1 ••••••• 5-13

5-8 Ground Water Table Contour Map, Site Z1 ••••••••••• 5-14

5-9 Site Z2' Exploration Location Plan .••••••••••••••• 5-29

i i s



FIGURES (continued)

Number Page

5-10

5-11

Schematic Portrayal of Treatment Sump Leach
Bed ••••••••••••••••••••••••••••••••••••••••••••••• 5 -30

Characteristics of Selected Soil Samples,
Site Z2 ••••••••••••••••••••••••••••••••••••••••••• 5-3 6

5-12 Soil pH and Cation Exchange Capacity as a
Function of Depth, Site Z2 •••••••••••••••••••••••• 5-37

5-13 Permeability of Selected Soil Samples, Site Z2 •••• 5-38

5-14 Interpretative Subsurface Profile, Site Z2 •••••••• 5-40

5-15 Interpretative Subsurface Profile, Site Z2 •••••••• 5-41

5-16 Ground Water Table Elevation Contour Map,
Site Z2' November 26, 1980 •••••••••••••••••••••••• 5-42

5-17 Ground Water Table Elevation Contour Map,
Site Z2' December 3, 1980 ••••••••••••••••••••••••• 5-43

5-18 Ground Water Table E1evatio~ Contour Map,
Site Z2' January 6, 1981 •••••••••••••••••••••••••• 5-44

5-19 Proposed Surficial Sampling Plan, Site Z2 ••••••••• 5- 51

5-20 Map of Site Z3- ••••••••••••••••••••••••••••••••••• 5-54

5-21 Characteristics of Selected Soil Samples,
S; te Z3 ••••••••••••••••••••••••••••••••••••••••••• 5-5 5

5-22 Soil pH and Cation Exchange Capacity as a
Function of Depth, Site Z3 •••••••••••••••••••••••• 5-56

5-23 Permeability of Selected Soil Samples, Site Z3 ••.• 5-57

5-24 Interpretative Subsurface Profile, Site Z3 •••••••• 5-58

5-25 Ground Water Table Elevation Contour Map,
Site Z3 •••••••••••••••••••••.••.••.••••••••.••.••• 5-60

i i ;



\

TABLES

Number

3 -1

3 -2

Page

Climatic Variables, Normals, Means, and
Extremes for Burlington, Iowa •••••••••••••••••••••• 3-4

Monthly Weather Data for Burlington, Iowa,
in 1980 •••••••••••••••••••••••••••••••••••••••••••• 3- 5

3-3 Hydrogeologic Units in Southeast Iowa •••••••••••••• 3-9

4-1 Analytical Procedures for Physical and Chemical
Characterization of Selected So11 Samples ••••••••• 4-10

4-2 Bottle Types and Preservatives Added •••••••••••••• 4-14

4-3 Analytical Procedures for Water Samples ••••••••••• 4-15

4-4 Preservation Methods for Different Parameters
in Water Samples ••••••••.••••••••••.••••••••••.••• 4-18

5-1 Results of Ignitability, Corrosivity, and
Reactivity Tests for Sediment Samples .From
51 te Zl •.•••••••••••••••••••••••••••.••••••••••••••• 5- 5

5-2 Analysis of EP Toxicity for Two Sediment
Samples from Site ZI ••••••••••••••••••••••••••••••• 5-6

5-3 Chemical Analyses of Surface Water Samples
Taken at Various Times from Station 1 of
51 te Zl •..•••.•••••.••.••..•••••••.•••.•••••••••.. 5 -1 7

5-4 Chemical Analyses of Surface Water Samples
Taken at Various Times from Station 2 of
51 te Zl ••••••••••••••••••••••••••••••••••.•••••••• 5 -1 8

5- 5 Chern i cal Ana1ys es 0 f Gr ou nd Wa t e r Sam p1es
Taken for 3 Consecutive Days from Well No.1
of Site Zle •••••••••••.••••••••••••••••••••••••••• 5-19

5-6 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 2A
of Si t e Z1 •••••••••••••••••••••••••••••••••••••••• 5 -2 0

iv
7



TABLES (continued)

Number Page

5-7 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No.3
of Site Zl ..•..........•.......................... 5-21

5-8 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No.6
o f Site Z1 •••••••••••••••••••••••••••••••••••••••• 5 -2 2

5-9 Features of In-Situ Closure Option, Site Zl ••••••• 5-25

5-10 Features of Removal Option, Site Zl ••••••••••••••• 5-26

5-11 Line 6 Waste Treatment/Disposal Facility,
Site Z2 ........•.................................. 5-31

5-12 Results of Ignitability, Corrosivity, and
Reactivity Tests for Two Effluent Samples
From Site Z2 ••••••••••••.••••••••••••.•••••.•••••• 5-33

5-13 Results of EP Toxicity Tests for Two
Effluent Samples Taken from Site Z2 ••••••••••••••• 5-34

5-14 Chemical Analyses of Ground Water Sampl es
Taken for 3 Consecutive Days from Well No.1
of Site Z2 ...•....•••...................•.•....... 5-46

5-15 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No.2
of Site Z2 •••••••••••••••.••..•.•••••••••••.•••••• 5-4 7

5-16 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 18A
of Site Z2 5 - 48

5-17 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 19
of Site Z2 •...................•............•...... 5-49

5-18 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No.1
of S1 te Z3 •••••••••••••••••••••••••••••••••••••••• 5 -61

5-19 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No.3
of 51 te Z3 ••••••••••••••.••••••••••••..•.••••••..• 5-62

5-20 Chemical Analyses of Ground Water Sampl es
Taken for 3 Consecutive Days from Well No.4
of Si te Z3 ••••••••••••••••••••.•••..•...•..•..•..• 5 -63

v 8



TABLES (continued)

Number Page

5 -21 Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No.5
of 51 te Z3 •••••••••••••••••••••••••••••••••••••••• 5-6 4

6 -1 Areas of Regul atory Violation at Site Z1•••••••••• •6 -2

6 -2 Areas of Regulatory Violation at Site Z2 . • .•••••• • .6 - 3

6 -3 Facility Operations and Contingency Plan
In forma t ion Located in Other Sections of
This Report ..••.....•..•...•..•.....•.....•........ 6-4

6-4 List of Emergency Coordinators ••••••••••••••••••••• 6-5

6-5 Emergency Equipment Available to IAAP •••••••••••••• 6-6

vi



SECTION I

SUMMARY

An investigation was undertaken at the Iowa Army Ammunition
Plant (IAAP) to provide permit application and construction plan
ning in an effort to bring three selected facilities into compli
ance with regulations of (1) the Resource Conservation and Recov
ery Act (RCRA) and (2) the Iowa Department of Environmental Qual
ity.

The three facilities selected are:

• Site ZI - abandoned pinkwater lagoon.

• Site Z2 - Detonator Line 6 effluent treatment/disposal
facilities.

• Site Z3 - new Line 4A evaporation spray lagoon.

Results of geotechnical "and laboratory investigations at
Sites ZI and ~2 reveal that operation of these disposal sites has
not resulted ln significant subsurface water contamination. Fur
ther, the geologic conditions at both sites are such that contam
ination of the water supply aquifers is unlikely to occur. In
both cases, however, the potential for additional surface water
contamination exists.

At Site Zl' a volume of explosive-contaminated sediments
exists. Additlonal studies will be necessary to determine the
areal extent of these sediments and the amount of explosives that
they contain. If, as currently appears to be the case, these
materials are hazardous, their excavation, desensitization, and
removal to a secure landfill are recommended. Brush Creek, im
pounded to form the abandoned pinkwater lagoon, has eroded the
contaminated sediments and has transported them downstream. The
creek valley should be investigated to determine whether or not
deposits of explosive-contaminated sediments have formed due to
redeposition of the eroded pinkwater lagoon sediments. If such
deposits have formed, they should also be desensitized and
removed to a secure landfill.

The Detonator Line 6 treatment/disposal facilities at Site
Z2 are likewise situated in an environment where significant
ground water contamination is unlikely. The facility was de
signed and operated in a manner similar to a subsurface septic
disposal system. Desensitized effluent was discharged into a

1-1
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series of shallow leach beds which presumably allowed the waste
wa t e r top e r col ate i ntot he sub sur f ace. J:l o_~~ v_e r, due tot he
small size of the beds and the low permeability of the soils at
fne site, it is likely that most of the discharge overflowed to
the land surface. Additional studies are required to determine
whether or not a zone of soil contaminated with heavy metals
surrounds the leach beds. Further, surficial soil sampling is
recommended to determine the severity of surface contamination in
the drainage ways downgradient from Site Z2.

Two alternatives for site closure exist:

• Removal of contaminated soil and leach bed materials •

• Covering and regrading the areas around each of the leach
beds.

The extent and severity of the expected heavy metal contamination
(if such exists) will determine the appropriateness of either
option. The use of land downslope from Site Z2 for food chain
crop production is a real concern. Thus, the recommended studies
should be completed as soon as possible.

If the removal option is implemented at both Sites ZI and Z2
to effect site closure, ground water monitoring will not 5e re
quired. If Site Z2 is covered and regraded, additional ground
water monitoring wells should be installed immediately downgradi
ent from the contaminated soil zone around the leach bed. Such
wells should become a portion of the permanent ground water moni
toring system.

Using the two site closure/remedial scenarios (in-situ clo
sure and removal/closure), preliminary cost estimates for con
struction were made for S'tes Zl and Z2. These estimates were
based on various assumptions, S1nce the the limits of contami
nated area are not known.

An operations/contingency plan which was sUbstantially pro
vided by the Corps is presented herein. This plan is suitable to
meet RCRA requirements for all three sites.

The U.S. Environmental Protection Agency (EPA) currently
regulates hazardous waste treatment, storage, and disposal facil
ities. This authority will be granted to the states as they
develop the means for its implementation. At the time of this
submission, such authority has not been granted to Iowa. Fur
ther, the EPA has not promulgated any formal mechanism for per
mitting abandoned or discontinued disposal sites under the cur-
r entin t e rim s tat us 0 f RCRA• Thus, n0 perm itapp1 i cat ion form s
exist for Sites ZI and Z2. Permit application and documentation
for Site Z3 is not included in the scope of this investigation.

1-2
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SECTION 2

INTRODUCTION

The U.S. Army plans to bring all hazardous waste treatment/
storage/disposal (TSD) facilities at Army installations into com
pliance with federal, state, and local guidelines and regulations
pertaining to hazardous waste TSD sites. The installation selec
ted for investigation in this project is the Iowa Army Ammunition
Plant (IAAP) located in Burlirigton, Iowa.

The investigation was limited to three sites: an abandoned
pinkwater lagoon (Site ZI)' leach beds of a detonator line (Site
Z2), and anew eva po rat ion 1ago 0 n (Sit e Z3) • The goa 1 0 f t his
study was to provide permit application and construction planni"ng
to bring Sites ZI and Z2 into compliance with standards set forth
by regulations issued under the Resource Conservation and Recov
ery Act (RCRA) and all other federal, state, and local regul a
tions.

The project team consisted of SGS Engineers, Terracon
Consultants, and Bio-Chem Analysts. Project duration was 12
months starting October 1, 1980. Project completion was delayed
due to the acquisition of standard solutions of explosives, and
the extended time required by the Corps of Engineers to review
the draft report.

2 -1 1:1.



SECTION 3

DESCRIPTION OF THE IOWA ARMY AMMUNITION PLANT

REGIONAL CONSIDERATIONS

The IAAP is located in Des Moines County, Southeastern Iowa.
It consists of approximately 19,000 ac situated 8 mi west of the
city of Burlington, Iowa, and the Mississippi River; 1 mi north
east of the town of Augusta on the Skunk River; and immediately
south of U.S. Highway 34 (Figure 3-1).

Topography

The topography of the study area and its environs consists
of a gently undulating upland plateau having a slight inclination
to the southeast with steep hilly areas near the margins of
stream valleys. The amount of level bottom land along the
streams is small compared to the extensive areas of upland.
Total relief within the IAAP boundary is approximately 200 ft
with a regional slope toward the south-southeast. Elevations
range from approximately 730 ft in the northern part of the plant
to 530 ft in the southern part (MSL datum).

Drainage

The IAAP is drained by three creeks, Spring Creek, Long
Creek, and Brush Creek. They divide the facility into three
distinct drainage systems.

Spring Creek drains the eastern portion of the facility. It
originates just north of the Burlington Northern Railroad ease
ment, and flows south-southeast into the Mississippi River. It
has eroded a gUlly from 50 to 80 ft deep, increasing in depth
from north to south. The creek flows continuously within the
confines of the IAAP. Its drainage area within the confines of
the facility is approximately 3,000 ac.

Long Creek drains the western portion of the IAAP. It
originates about 2 mi north of the installation's northwest cor
ner, and flows in a southeasterly direction immediately adjacent
to the southwest boundary of the plant and into the Skunk River.
The approximate drainage area is 11,500 ac within the IAAP. It
has eroded completely through the quaternary deposits and into
the sedimentary bedrock units of the upland plateau, forming a
gully which ranges in depth from 50 ft to over 200 ft within the
facility. Numerous bedrock outcroppings occur in the valley

3-1



Figure 3-1.
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walls in the southern third of the plant. Long Creek has been
dammed, creating an 83-ac lake within the IAAP.

Brush Creek drains the central portion of the facility. It
originates within the facility and flows in a southeasterly di
rection into the confluence of the Skunk and Mississippi Rivers.
Brush Creek cuts into the plateau to an average depth of 10 ft in
the vicinity of its origin, and over 60 ft at the southern IAAP
boundary. It has a drainage area of approximately 4,500 ac
within the IAAP confines.

Climate, Vegetation, and Land Use

The climate of southeastern Iowa is characterized by marked
seasonal variations. During 6 months of the year, unstable humid
air masses flowing north from the Gulf of Mexico produce a summer
rainfall maximum. It is not uncommon to receive up to 1 in of
rain in less than an hour during severe summer thunderstorms.

In the winter, a prevailing northwesterly flow of dry Cana
dian air produces cold, relatively dry weather. Snow occurs
during at least 3 months of the winter season. Periodically
throughout the year, air masses flowing from the Pacific Ocean
move across the western states and reach Iowa. The dominance of
these air masses produces comparatively mild and dry weather.
Hot, desiccating winds, originating in the deserts of the south
western states, occasionally sweep through southeastern Iowa.
Selected climatological records depicting normal and extreme
values of precipitation, temperature, humidity, and wind are
presented in Table 3-1.

During 1980, precipitation in the Burlington area was 14 in
above normal. Higher than normal precipitation occurred during
the summer between July and September. From October through
December, precipitation was slightly below the norm, with a total
of 5.63 in occurring during this period (see Table 3-2).

The natural vegetation surrounding the IAAP is primarily
second-growth forested land on the st~ep and rough terrain
adjoining the stream valleys. This forest cover consists of a
mixture of deciduous and coniferous trees. Sections of the open
level upland consist of native grasses and tillable prairie soils
used for corn and soybean production.

Geologic Conditions

The IAAP is underlain by the southern Iowa Drift Plain which
resulted from four glacial periods of the Pleistocene Age. Be
ginning with the oldest, the four glacial periods are as follows
(Flint, 1967):

• The Nebraskan Drift consists of a massive clay-rich till
with lenses of statified drift.

3-3



TABLE 3-1. CLIMATIC VARIABLES, NORMALS, MEANS, AND EXTREMES FOR BURLINGTON, IOWA
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H 46.9 27.6 31.3 88 1910 -13 1960 2.71 6.62 1921 0.30 1918 3.19 1944 4.9 28.2 1912 13.0 1912 78 82 64 66 12.4 NW 56 SW 1950
A 61.4 40.2 50.8 93 1930 13 1920 3.44 7.45 1965 1.09 1962 4.36 1950 1.1 10.5 1910 7.0 1912 74 19 55 57 12.3 NW 73 'I 1947
H 72.5 51.5 61.8 103 1934 26 1907 4.03 11.34 1908 0.96 1949 3.54 1904 T 1.0 1944 1.0 1944 17 81 56 57 10.6 SSW 68 SW 1950
J 82.7 61.5 72.1 105 1934 39 1913 5.01 13.91 1924 0.69 1922 6.28 1933 0.0 0.0 0.0 80 83 58 60 9.2 S 72 NW 1964

.
J 87.6 65.6 76.6 111 1936 47 1947 3.40 10.81 1915 0.18 1913 2.69 1924 0.0 0.0 0.0 82 85 57 59 8.0 S 65 NW 1964
A 85.2 63.9 74.6 110 1934 41 1950 3.61 10.62 1902 0.36 1901 4.65 1952 0.0 0.0 0.0 83 88 58 62 8.0 S 73 N 1947
S 77 .3 54.6 66.0 103 1913 23 1899 3.19 14.30 1926 0.15 1940 5.96 1961 T 1.2 1942 1.2 1942 80 88 55 63 9.0 S 56 'I 1962
0 66.6 44.1 55.4 95 1899 10 1925 2.70 15.10 1941 0.06 1964 4.20 1927 0.3 4.5 1916 4.0 1929 75 83 52 62 9.5 S 63 'I 1953
N 48.8 29.9 39.4 86 1899 -2 1898 1.88 6.43 1934 0.08 1917 2.61 1928 1.2 5.2 1937 4.0 1925 71 81 61 69 11.4 NW 56 NW 1964
0 36.5 20.3 28.4 67 1951 -19 1924 1.60 4.39 1909 0.20 1919 .2.11 1942 5.5 24.0 1909 11.0 1909 79 82 69 75 11.0 WNW 12 SW 1948

Jul. Feb. OCt. Oct. Jun. Mar. Mar. Aug.
YR 61.2 41.2 51.2 111 1936 -27 1905 34.60 15.10 1941 0.06 1964 6.28 1933 25.9 28.2 1912 13.0 1912 79 83 60 65 10.4 S 73 N 1947+

Data are from Huntctpal Atrport. Burltngton. Iowa

'~ oatly temperature extremes and prectpttatton measurements are from the
Cooperative location begtnnlng 1-1-65; data are from Atrport Statton
locattons and the Cooperative locattons occupted prior to 9-30-40.



TABLE 3-2. MONTHLY WEATHER OJ • FOR BURLINGTON, IOWA, IN 1980

Monthly Records

Mean Temperature Precipitation (I n . )
of Depart From

Month of 30 Yr. Avg. 30 Yr. Avg. Normal 30 Yr. Avg.

January 25.1 22.9 1. 58 1. 07 -0.51

Februa ry' 21.3 27.3 1. 25 1.49* +0.24

March 35.9 36.9 2.65 2.43 -0.22

April 50.2 51.3 3.79 1. 60 -2.19

May 63.7 61.8 3.58 3.87 +0.29

w June 70.7 71. 4 4.71 8.60 +3.89
I

Ul

July 78.8 75.4 3.76 5.45 +1. 69

August 76.6 73.9 3.36 11.40 +8.04

September 62.2* 65.4 3.74 7.22 +3.48

October 50.8 55.3 3.02 1. 89 -1.13

November 41.6 39.8 1. 60 0.81 -0.79

December 28.8 27.6 1. 59 2.93 +1.34

Total 34.63 48.76 +14.13

Average 50.8

* Estimated data



• The Kansan Drift consists of a clay-rich till similar to
the Nebraskan till, except that it contains little strat
ified drift.

• The Illinoian Drift consists of a clay-rich till with
stonier stratified drift.

• The Wisconsin Drift consists of a till richer in lithic
fragments with cobbles and boulders. It is the source of
surficial loess deposition at the IAAP.

Throughout most of the region surrounding the study area,
the drift consists of glacial till belonging to the Nebraskan and
Kansan stages of glaciation. However, a small area of eastern
Iowa which includes the IAAP was covered by the Ke11evi11e Till,
a member of the Glasford Formation deposited" during the Illinoian
glacial period. The area has since been exposed to erosion,
weathering processes, and loess deposition. The loess consists
of clayey silt with sand overlying the glacial tills. This sur
ficial aeolian unit is pervasive except where removed by erosion.
(This report does not differentiate between the various tills of
the Drift Plain due to their homogeneity with regard to pertinent
engineering properties.) Overlying the glacial till and/or loess
in the stream valleys are alluvial sediments comprised of medium
to fine-grained sandy silt with varying proportions of gravel.
These sediments are derived from the erosion of loess and till
soil s.

Bedrock Stratigraphy

The Drift Plain is deposited unconformably on thick sequen
ces of near horizontal sedimentary rocks of the Paleozoic Age.
The unconformity represents approximately 270 million years of
nondeposition and/or erosion of preexisting rock. The horizontal
sedimentary rocks are predominantly limestones intercalated with
varying thicknesses of shales and sandstones, representing a
transgression/regression depositional environment.

The sedimentary units underlying the glacial drift range
from Cambrian-Ordovician to Mississippian in age. A generalized
stratigraphic column is presented in Figure 3-2. This interpre
tative column is based on published information and logs of IAAP
water supply wells (Keyes, 1894).

The topography of the bedrock surface beneath the IAAP
appears to be relatively flat. A bedrock ridge or high, trending
east-west, appears to bisect the plant. All three study sites
are located to the north of this divide. The estimated elevation
of the bedrock beneath Sites Z1' Z2, and Z3 are 630, 650, and 575
ft, respectively (MSL datum). To the north of the bedrock ridge,
the rock surface slopes to the north-northwest; to the south, it
slopes in a southerly direction.
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Figure 3-2. Generalized Bedrock Stratigraphy at IAAP (Based on IAAP
Well Logs).
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Hydrogeologic Conditions

Four significant aquifers are known to exist in the south
east region of Iowa. The uppermost, a discontinuous surficial
aquifer, is comprised of unconsolidated material deposited by
glaciers and streams. The plant site is bordered on the south by
an alluvial aquifer of the Skunk River, and on the north by a
buried channel aquifer which originates coincident with the Flint
River north of West Burlington. Little information is available
regarding these water bearing surficial units. The three bedrock
aquifers are known as the Mississippian aquifer, the Devonian
aquifer, and the Cambrian-Ordovician aquifer. The hydrogeologic
units of southeast Iowa are summarized in Table 3-3 (Iowa Geo
logic Survey, 1971).

The shallowest bedrock aquifer, the Mississippian, is gen
erally seperated from the surficial deposits by an aquiclude of
Pennsylvanian shales. This aquifer is mainly comprised of carbo
nate rocks, limestone and dolomite. The Warsaw Formation,
included in the Mississippian aquifer, contains shale which often
acts as an aquiclude within the aquifer, and locally affects its
yield.

The Devonian aquifer is found below the Mississippian aqui
fer, and is separated from it by a thick unit comprised predomi
nantly of shale. The rocks of the Devonian aquifer are mostly
carbonates.

The Cambrian-Ordovician aquifer is separated from the over
lying Devonian aquifer by a thick shale and dolomite interval.
It is predominantly dolomite; however, two sandstone units occur
within the sequence, the st. Peter's and the Jordan sandstones.
The lower unit, the Jordan sandstone, is the principal water
bearing zone, and accounts for the high yields obtainable from
this aquifer.

The surficial soils overlying nearly the entire IAAP, and
including the three study sites, are classified as a drift aqui
fer with a possible individual well yield of less than 20 gpm
(Iowa Geologic Survey, 1971). The upper part of the Mississip
pian aquifer is not present; the lower part, which is present, is
likely to produce individual well yields of less than 20 gpm.
The lower part of the Mississippian aquifer is approximately 200
ft thick, and is found at or near an elevation of 600 ft (MSL
datum).

The logs of four deep water wells installed at the IAAP
indicate that the top of the Devonian aquifer (approximately 160
ft thick) is found at 130 ft above sea level. Individual well
yields from this aquifer in the vicinity of the study area range
from 20 to 50 gpm.

Th~ elevation of the top of the Cambrian-Ordovician aquifer
is approximately 400 ft below sea level in the vicinity of the
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TABLE 3-3. HYDROGEOLOGIC UNITS IN SOUTHEAST IOWA

Hyclz0l.ol0&:~ :::1it Name at Rock tlai:- Type a! Rock

SorficiaJ aqlli:.:- a UDdlUerelldahd
alll&Ylai 'anel, Iravel, IUt, aDd clay
baried. chan:a: SaDel, Irav.l. IUt, aDd clay
drift TlU (UDdy, p.oblyclay), Ul:ld" and aUt

Aqo.ic1..cle UDcli£lereotiare" S:~e, laDdatOl:le, I1me.tolle, aftd coal

Mi••iI.ippiaD ~;w.!er St. x.-ts Wnw.tou &Del !aAdatoae
Ilpper Sperle. Wnwatou

War••• Sital. &Del dolo....t.
K.okuk Dololllit.. limestOlle. aDd .hal.

lower Bt&,JiDltoa Oololllit. &Del1l_.roDe
Hampcoa Um••toM aDd eolomit.
~s Cav. Um••roM

Prospeet Hill SilutoD.
JokCraa.y Lim.noM

Aquicl..cle
TeUo.Sprina S"~al., dolomite aad siltston.
Lime Cre.1t Dolomit. aM .hal.

Cedar Vall.y Um..cou &Dd eolomite
WapeipiDicoD Dolomite. UrIS••eon•• ahal., and 'YP.wn

o.voni&. aqw.!.:-

UDdi£lennriac.d Dolomit.

Waqlloket& Dolomit. and ahal •
•o\qiiic" ..ela Gale.. Oololllit. alld chert

Decon!a l.i",eatoae &Dd .hale
PlatteYill. Lim.aro.....hale, and .allello"e

SL P.t.r SalldatoD.
Prairi. dIl Chi.D Dolomi~e and la"datoa&

C...mbriaD-
OrdoYlci&D aq..:.!tI' JordaD Sal1d.con.

St. La....nc. Dotomit.

r ..&llCoala 5l:.o..I., .UUtoa., and .aDasto".
Gale.ville 5a::oaron.
!;all Clai... S.a.::::.d.tone, Ih&1•. and dolomite

:"lot cOllda.r." .:: Wt. SimoD 5&:1dacOM
.qlli!er iD .000tl:~Ut

Iowa
5&,,41ton., il".o". rock., o1fUi

rnetaOlor;ahic ~oci<.
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IAAP. The aquifer is approximately 750 ft thick excluding the
St. Lawrence dolomite (its basal unit). The principal water
bearing unit within this aquifer is the Jordan sandstone. The
top of the Jordan sandstone occurs at about 1,100 ft below sea
level; in the vicinity of the study area, it is approximately 60
ft thick. The possible yield of individual wells penetrating
this aquifer within the study area is more than 1,000 gpm.

STUDY SITES

The three sites studied are situated in the north central
portion of the plant (Figure 3-3). They are designated as Sites
ZI, Z2, and Z3.

Site ZI

Site ZI consists of an abandoned 4-ac pinkwater lagoon lo
cated entirely within the moderately to steeply sloped valley
walls of Brush Creek, a continuous stream flowing generally from
northwest to southeast across the eastern third of the plant
facility. It is bounded on the south and west by Plant Road 0,
and on the east by the perimeter fence of Line 1. The northern
edge of the study site is about 2,800 ft upstream of the inter
section of Brush Creek with Plant Road O.

Site Z?

Site Zz encompasses nine 'waste processing sumps located in
Detonator L1ne 6. The site is situated in the relatively flat
upland portion of the plant facility. It is generally bounded on
the north and west by the Line 6 perimeter fence, on the south by
Percussion Line 9, and on the east by Plant Road F.

Size Z3

Site Z3 encompasses a new waste treatment system spray
lagoon. This facility was under construction during the field
investigation of this study. The lagoon ;s part of a new addi
tion to Detonator Assembly Line 4A. This site may ultimately
replace the nine Line 6 treatment and disposal sumps at Site Z2.
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SECTION 4

SITE INVESTIGATION

REVIEW OF EXISTING INFORMATION

At the-outset of this investigation, a ·literature search was
conducted to gather information regarding area geology, develop
ment, and history of the IAAP (particularly Sites Zl' Z2' and
Z3)' and associated environmental impact assessment. Specific
data collected for this investigation included:

• A geologic map with descriptions of the formations in the
vi c in i ty •

• Logs of four deep water supply wells and a map showing
their location at the IAAP.

• Topographic maps of the IAAP.

• Maps showing the general layout and drainage of the IAAP.

• Soil Conservation Service maps for the area surrounding
the IAAP.

• Climatological data.

• U.S. Army Envi ronmenta1 Hygi ene Agency (AEHA) report on
the IAAP (U.S. AEHA, 1980).

As part of the data gathering interviews with IAAP personnel
were conducted to clarify site use history, disposal practices,
and future plans for the three sites.

Interviews with Iowa's Department of Environmental Quality
and EPA Region VII officials were also held to acquire knowledge
of pertinent regulations and permit applications for hazardous
waste TSD facilities.

EXPLORATION AND FIELD TESTING

Drilling and Monitoring Well Installation Plan

During site reconnaissance, locations of the borings and
monitoring wells at the three study sites were identified. They
were staked using a measuring tape and visual orientation with
identifiable structures and prominent land forms. A dril1ing/
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monitoring well plan was then prepared and approved by the Corps
of Engineers prior to initiation of the fieldwork. However, dur
ing drilling, it was necessary to relocate several borings as a
result of (I) the development of pertinent site-specific hydro
geological data, and (2) the ongoing construction at Site Z3 .
which required the relocation of two borings and associated moni
toring wells. All changes in the drilling/monitoring well plan
were made with the approval of the Corps of Engineers.

The actual horizontal and vertical locations of the borings
and monitoring wells were determined by using a surveyor's tran
sit and chain. The horizontal positions were referenced to a
local coordinate system established by the Corps of Engineers for
the construction of the new detonator assembly facility at Line
4A. The three benchmarks used had the following coordinates:
North 9882.60 ft, East 8,953.17 ft; North 9,134.85 ft, East
10,014.07 ft; North 10,006.00 ft, East 10,004.00 ft. An approxi
mate conversion of this local coordinate system to the State
Plane Coordinate System, Iowa South Zone, established in 1955,
may be obtained by adding the local north and east coordinates to
294,126 North and 2,615,430 East, respectively. All horizontal
positions discussed in this report refer to the Corps of Engi
neers Line 4A local coordinate system.

Ground surface'e1evations and top-of-pipe elevations for the
boring and monitoring well locations were determined by using a
surveyor's transit. These elevations were referenced to nearby
floor slabs or benchmarks having known elevations.

Drilling and Sampling Methods

The soil borings were made using both truck- and track
mounted, rotary-type drilling rigs which were equipped with a
hydraulic head employed in the drilling and sampling operations.
The boreholes were advanced using either continuous flight augers
or hollow stem augers. Representative undisturbed samples were
obtained by means of the Shelby tube sampling procedure in accor
dance with ASTM Specification 0-1587. In the Shelby tube sam
pling procedure, a thin-wall, steel, seamless tube with a sharp
cutting edge is pushed into the ground with hydraulic pressure so
that a relatively undisturbed sample is obtained in cohesive
so i 1 •

In general, 24-in-10ng Shelby tube samples were taken at
5-ft intervals throughout the entire depth of the borings. These
samples were visually classified in the field, sealed, and re
turned to the laboratory for further classification and testing.

Monitoring Well Installation

Initially, it was specified that Sites Zl and Z2 would
require four 50-ft-deep monitoring wells per site. Each well
would be constructed to draw water from the uppermost aquifer
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where ground water contamination (if it occurred) was most likely
to be found.

During drilling, it was determined that information concern
ing the vertical hydraulic gradient at Sites Zl and Z2 would be
needed to better understand the probable path of contaminant
flow. Without exceeding the total allowable monitoring well
installation/development budget, a combination of shallow and
deep wells was substituted for one downgradient well at each of
the sites.

At Site Zl, four monitoring wells were installed downgradi
ent of-the abandoned pinkwater lagoon. Well Nos. 1 and 3 were
located approximately 100 ft east and west, respectively, of
Brush Creek. Well Nos. 2 and 2A (30 ft and 10 ft deep, respec
tively) were located adjacent to Brush Creek. Background Well
No.6 (50 ft deep) was located approximately 200 ft upstream of
the northern limit of the possible high stream flow impoundment
area. It is approximately 2,600 ft upstream from the now demol
ished dam. Six additional borings ranging in depth from 10 to 20
ft were located within and around the impoundment area to more
precisely define the nature and extent of waste sedimentation.
The locations of the exploratory and monitoring wells at Site Zl
are shown in Figure 4-1.

At-Site Z~, the proposed plan originally called for a total
of 19 exploratlons including the installation of an upgradient
and three downgradient monitoring wells in selected boreholes.
Monitoring Well No. 18 was installed as a shallow well/deep well
combination to permit preliminary assessment of vertical gradi
ents at Site ZZ. Locations of the b9rings and monitoring wells
are shown in Flgure 4-2.

Five monitoring wells were installed in test borings at Site
Z3. The locations and depths of these wells were specified by
the Corps of Engineers. The purpose of the wells is to provide a
ground water monitoring system for the lagoon facility. Due to
the ongoing construction at the lagoon site, it was impossible to
install Well No.5 at the originally specified location. With
approval of the Corps, Well No.5 was relocated and completed to
a depth of 18.5 ft. Well No.4 was completed to a depth of 26.5
ft. The monitoring well locations are shown in Figure 4-3.

In general, the monitoring wells were installed in borings
completed by the hollow stem auger methods. However, at several
locations, the monitoring wells were installed in boreholes pre
viously completed with 4-in-diameter continuous flight augers.
In these cases, the hollow stem auger was used to enlarge the
borehole's diameter to approximately 8.5 in. The borings and
monitoring wells were logged in the field, and the field logs
were modified on the basis of laboratory examination and testing
of the soil samples recovered from each boring. General notes
pertaining to the boring logs and the terms and symbols used are
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presented in Appendix A. The final logs for Sites ZI' Z2, and Z3
are presented in Appendices B, C, and D, respectively.

After completion of the well bore to the desired depth, a
well screen was joined to an appropriate length of 4-in-10 PVC
plastic casing pipe (Schedule 40) and lowered into the hole •.All
casing sections had nonthreaded joints, and were joined by means
of solvent welding to form watertight joints. A sand pack con
sisting of clean-washed, medium-to-coarse concrete sand was in
stalled for at least the full length of the well screen. Longer
sections of sand pack were installed as site conditions dictated.
Approximately 3 ft of bentonite pellets were installed at the top
of the sand pack to form a seal to prevent surface water from
entering the well. The annulus between the well casing and sur
rounding soil was grouted with a mixture of 90 percent portland
cement and 10 percent bentonite. The well screens employed con
sist of 4-in-1D, continuously slotted PVC material (0.02-in open
ings) manufactured by Johnson UOP.

A threaded or flanged cap was installed upon completion of
the well to prevent material from entering the casing. The top
of the casing was cut approximately 24 to 36 in above the natural
ground surface. Several well casing tops were cut 40 to 50 in
above the natural ground level so that (1) they would be visible
from a distance, (2) ground water would not flow out of the cas
ing, and (3) surface water would not flow into the casing. A
concrete pad, 3 ft square by 4 in thick, was placed around the
well. Three 2-in steel posts filled with concrete were equally
spaced around the well casing and embedded in the concrete pad.
The posts were painted yellow, and extended approximately 5 ft
above the top of the pad.

Monitoring well installation details are shown on the boring
logs. A typical monitoring well installation is detailed in
Figure 4-4.

Well Development

Subsequent to their installation, the monitoring wells were
developed by pumping. A submersible pump was temporarily in
stalled in each well, and the well was pumped and allowed to
partially recover repeatedly. The well development process
removed fine soil particles from the backfill and natural soil
material surrounding the well screen. At completion, water
entering each of the well screens was substantially free of sand
and suspended silt particles.

Laboratory Analysis

The Shelby tube soil samples were transported to the soils
testing laboratory for analysis on a regular basis. The samples
were first visually examined and classified using the Unified
Soil Classification System (USCS). Selected soil samples were
then analyzed for pertinent chemical and physical characteristics
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using the procedures given in Table 4-1. The results of all soil
laboratory analyses are presented in Appendices B, C, and D.

FIELD SAMPLING

The number of samples for each sample type, sampling time,
and sample preservation method were, to a large extent, specified
in the contract requirements. Little flexibility was allowed.

Waste Sampling

On January 7, 1981, two grab sediment samp1 es were coll ected
from representative contaminated areas in the abandoned lagoon at
Site ZI. The sample stations are shown on Figure 4-5. On March
13, 1981, two grab effluent samples were taken from the lead
azide treatment sumps at Site Z2 by site contractor personnel,
following desensitization of the explosives.

Surface Water Sampling

Surface water samples were obtained from Brush Creek in the
vicinity of the abandoned pinkwater lagoon (Site Zl). Two sam
pling stations were selected for this site, one upstream and one
downstream of the probable location of the sediment impoundment
(Figure 4-6). The downgradient station (No.2) is located adja
cent to monitoring Well Nos. 2 and 2A, downstream from the razed
dam. The upgradient station (No.1) is 10cated immediately down
stream from the IAAP NPDES monitoring station No.1.

Surface water samples were collected at the midpoint and
mid-depth of the Brush Creek stream channel. The samples were
co 11 ected on Dec em be r 18, 1980, and Jan uary 16 and 28, 1981 •
Flow rates, which were similar at the three sampling times, were
estimated at 250 to 400 gpm.

Ground Water Sampling

Ground water samples were collected after the water depth in
the monitoring wells had been measured and recorded. The we11s
were then pumped in an attempt to remove three times the casing
volume. Since most of the wells recharged at a rate insufficient
to permit the removal of three well casing volumes of water in a
sing1e continuous period of pumping, each well was pumped or
bail ed dry prior to taking the sampl e. When the well had re
charged to a sufficient level, the samp1es were obtained by ban
ing. A PVC plastic pipe bailer with a brass-foot valve was used
to complete this operation. With the exception of Well No. 2A
(Site Zl) and Well No.2 (Site Z3), each well produced a suffici
ent volume of samples at each incidence of sampling during the
3-consecutive-day sampling period. Notes and observations made
during sampling operations are summarized in Appendices B, C, and
D for Sites ZI, Z2' and Z3, respectively.
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TABLE 4-1. ANALYTICAL PROCEDURES FOR PHYSICAL AND CHEMICAL
CHARACTERIZATION OF SELECTED SOIL SAMPLES

Characteristic

Atterberg Limits

Grain Size Analysis (sieving
and hydrometer)

Constant Head Permeability

Moisture Content

Dry Density

Cation Exchange Capacitj (CEC)

* Black, et al., 1965. p.922.

4-10

ASTM Procedure

0-423-66/0-424-59

0-422-63

0-2434-68

0-2216 -71

0-2937-71

*1:1 ratio in water
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Each individual container of the ground water sample set
received from the chemical analysis laboratory had undergone
solvent prerinsing, and contained preservatives which precluded
container rinsing on site with sample waters. The bailing equip
ment and funnels used during collection were rinsed thoroughly
with distilled water prior to sampling.

Sample Preservation and Shipment

To preserve water samples for chemical analysis of a wide
spectrum of parameters, six different types of bottles were used
for each water sample (Table 4-2). The sample bottles and caps
were cleaned by first washing with detergent and rinsing with
distilled water,S percent ultrex nitric acid, deionized water,
and mili-q (organics- and inorganic-free) water; appropriate
preservatives were then added to the bottles in the laboratory
before shipping to the site.

The water sample bottles were properly packed and chilled
with blue ice, and the containers sealed prior to shipping to the
laboratory in Huntsville, Alabama, by express air freight. The
samples were delivered to the laboratory on the following
morning.

CHEMICAL ANALYSES

The analytical parameters selected for waste and water sam
ples were spe~ified in the contract requirements. These parame
ters should serve the screening purposes for which the study was
intended.

Chemical Characterization of Wastes

Waste samples collected from Sites Z1 and Z2 were chemically
characterized for their ignitability, corrosivity, reactivity,
and EP toxicity, using EPA-approved methods (EPA, 1980).

Chemical Analysis of Surface and Ground Waters

Water pH and temperature were measured at the time that
samples were collected. Other parameters were determined in the
laboratory within the maximum allowable holding time.

Upon arrival, an aliquot of the supernatant was taken from
bottle No.1 and digested with concentrated, redistilled HN0 1(EPA, 1974). After digestion, the sample was ready for trac~

metal analysis.

Except for TNT and RDX, the parameters chosen were interim
primary and secondary drinking water standards and/or those for
which maximum contaminant levels in ground water have been estab
lished (EPA, 1979). Analytical procedures for the selected para
meters are presented in Table 4-3.
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TABLE 4-2. BOTTLE TYPES AND PRESERVATIVES ADDED

Bottl e
Number .IxE! Preserva ti on Parameters

1 0.5 gal, plastic Cool * Electrical conductivity,
metals, sulfate, chlo-
ride, fluoride, turbid-
i ty, TNT, and RD X

2 0.5 gal, plastic Cool Radium, gross alpha,
gross beta

3 0.5 gal, glass Cool Pesticides/herbicides

4 200 ml, pl astic H2S04 to pH i 2 Chemical oxygen demand,
total organic carbon, and
nitrate

5 500 ml, amber glass 1 g CUS04/l Phenols

6 100 ml , plastic NaHS04 Total coli fonn

* At 4°C.
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TABLE 4-3. ANALYTICAL PROCEDURES FOR WATER SAMPLES

Parameter

pH
Conductivity

Turbidity
Chemical Oxygen Demand

Total Organic Carbon

Sodium
Iron

Manganese
Barium

Cadmium
Tot a1 Chrom i um
Lead
Me rcu ry
Selenium

Arsenic
Chloride

Nitrate
Sulfate

Fluoride
Phenols

Endrine

Lindane
Methoxychlor
Toxaphane

2,4-0

2 ,4,5 - TP (s il ve r)

Total Coliform Bacteria

Method

Glass electrode
Conductivity meter

Nephelometer
Dichromate reflux

Combustion - Infrared
(carbon analyzer)
Flame photometry
Atomic absorption (AA)
spectrophotometry
AA
AA

AA

AA
AA

Flameless AA
Conversion to hydride,
followed by AA
Same as selenium
Argentometry

Brucine
Gravimetry

El ect rode
Aminoantipurine
(colorimetry)

Gas chromatography,
using EC detector (GC/EC)
GC/EC
GC/EC
GC/EC

GC/EC
GC/EC
Membrane filter

4 -15

*Reference

424

205

214 A

508

505

320 A

320 A

301 A, II
301 A, II

301A, II
301 A, II

301 A, II

301 A, VI

301 A, VII

408 A

419 D
427 A

414 B
510 D

509 A

509 A

509 A

509 A

509 A
509 A
909 C
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TABLE 4-3 (continued)

Parameter

TNT and ROX

Radium
Gross Alpha
Gross Beta

Method

GC/EC

Proportional counter
Same as radium
Same as radium

*Reference

AEHA APG t

MOt 2 1010

703
703
703

* Standard Methods t 1975 t unless otherwise indicated.
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Quality Control Program

In addition to sample identification, preservation, and
shipment, stringent laboratory quality control was followed. All
samples were analyzed before their holding times or maximum shelf
life expired (see Table 4-4).

Immediately after the samples arrived, they were recorded on
the document log. The project number and sample numbers were
also recorded on an internal custody sheet mounted on the refrig
erator door. The analyst checked samples in and out by writing
the date, time, and initials on the internal custody sheet. Sam
ple extracts were catalogued by project number, and returned to
the sample custodian for storage. All raw data, lab notebooks,
and extraction methods were coded by appropriate case number and
sample identification. All reports, raw data, and calculations
were filed in the project file. As the sample analyses were com
pleted, all containers with remaining samples were stored in a
spec,ia1 room designated IIcustody of sample room. 1I A list of the
samples and their identifications was kept in this room. Samples
are normally kept for 2 months after the final report has been
submitted.

As part of the routine quality control program, 10 percent
of the samples were split and separately analyzed on the same
day. The duplicate samples were treated the same way, and anal
yzed by the same procedure.

For metal determination, thr~e di"fferent standard concentra
tions were entered on the atomic absorption (AA) unit. These
standards were within the linear curve of specific metal concen
tration linearity. Ten percent of the samples selected were also
treated to see the effect of addition for different metals. All
metal analyses were run with a blank in which mi11i-q water and
the same concentration of acid used for sample digestion were
adopted.

For wet chemical analyses, the normality of the standard was
checked before testing and sample itself.

Different concentrations of pesticide/herbicide standards
were spiked with mi11i-q water to plot the standard curve. This
standard curve was used to determine the pesticide/herbicide con
centrations in the unknown samples. As a quality control pro
gram, approximately 10 percent of the samples were used to check
the accuracy of the determination.

Under this quality control program, the results of the split
samples were used as a means to check the validity of the re
ported results (see Appendix E).
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TABLE 4-4. PRESERVATION METHODS FOR DIFFERENT PARAMETERS
IN WATER SAMPLES

Parameter

pH

Conductivity

Turbidity

Chemical Oxygen Demand

Total Organic Carbon

Metals

Chloride

Nitrate

Sulfate

Fluoride

Phenols

Method

Cool

Cool

Cool

H2S04 to pH .i 2

Cool, HCl to pH.i 2

HN03 to pH .i 2

Cool

Cool H2S04 to pH .i 2

Cool

Cool

Maximum
Holding Time

6 hr (on-site)

24 hr

24 h r

7 days

24 hr

6 mo

7 days

24 hr

7 days

7 days

24 h r

Pesticides/Herbicides Cool

Radioactivity Cool

Tot a1 Col i form 24 hr
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SECTION 5

EVALUATION OF STUDY SITES

SITE ZI - ABANDONED PINKWATER LAGOON

Site ZI encompasses the location of sediment deposition
which occurred on Brush Creek as a result of its impoundment by a
concrete and earthen dam. This facility was in use from the late
1940's to the mid-1950's. The dam was constructed across the
creek approximately 200 ft north of the intersection of Brush
Creek and Plant Road D (Oliver Road). The purpose of the dam was
to impound effluent generated by Line 1 munition operations.
Based on elevations of apparent sediment resulting from this
operation and the elevation of remnant portions of the demolished
dam, it is believed that waste sedimentation occurred in an im
poundment area approximately 3.6 ac in size which apparently
extended over 1,300 ft upstream from the dam. Backwater impound
ment during periods of high stream flow could have extended over
the area of potential contamination to an impoundment area of
approximately 7.5 ac, reaching approximately 2,400 ft upstream
from the impoundment structure.

Topography

Site ZI is comprised of the valley containing Brush Creek,
an intermittent stream which flows in a generally south
southeasterly direction (Figure 5-1). The high point of the
study area, elevation 683.5 ft, is located at Well No.6. The
lowest point, 670 ft above sea level, is located near Well No.2
at the south end of the study area.

The sides of the valley along Brush Creek adjacent to Site
ZI are less than 50 percent wooded. They are covered with a mix
ture of deciduous and coniferous trees and short shrubby under
growth. The remaining side slopes and narrow valley floor areas
are covered with native grassy vegetation. Little or no vegeta
tion was found in the area immediately upstream from the demol
ished dam. Waste sediment in this area was apparently deposited
in the greatest thickness, and considerable stream scour has
occurred.

Use History

Site Z1, the abandoned pinkwater lagoon, was operated during
the period from 1948 to 1957. Line 1 began operating in 1941,
and has continued to operate more or less continuously up to the
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present time. Periods of high production coincided with military
operations during World War II, the Korean conflict, and the
Vietnam conflict.

Direct discharge from Line 1 apparently resulted in
cont~mination of several private wells downstream from the IAAP
after World War II. These domestic supplies were provided with
individual treatment systems until the contamination problem was
mitigated (oral communication with IAAP staff). In the middle to
late 1940's, attempts were made to treat the effluent by means of
lime stabilization. A hopper was installed in the vicinity of
the D Road bridge, and fly ash was added to the stream. Results
of this attempt to improve Brush Creek water qu~lity are unknown.

In 1948, the dam-was erected. The lagoon received dis
charges from the total Line 1 facility, materials eroded from a
coal pile, and condensate from a coal-fired power plant. Origin
ally, the Line 1 effluent was discharged to the stream and lagoon
by overland flow and through a number of small ditches. Later,
several small settling basins were installed upgradient of the
pinkwater lagoon. A portion, if not all, of the Line 1 discharge
passed through these basins prior to entering the pinkwater
1 agoon.

In 1957, the dam was razed, and the creek was allowed to
return to a natural flow condition. At the time the dam was
razed, an attempt was made to remove the accumulated sediments
and burn them~ These efforts were met with only partial success,
as evidenced by explosive-containing sediments found in the old
1agoon area.

The actual quantity of sediments originally deposited in the
abandoned pinkwater lagoon is unknown. Removal of the dam has
caused the stream to erode a channel 3.5 to 4 ft deep through
portions of the lagoon area. The top 1 to 1.5 ft of material
exposed in the eroded bank is distinctly darker than the underly
ing soil. It also contains numerous coal fragments locally.
This material appears to be the remnants of the sediment depos
ited in the abandoned pinkwater lagoon during its period of oper
ation. Vegetation (grasses, shrubs, and small trees) has become
established in portions of the abandoned lagoon bottom not sub
ject to stream scour.

The AEHA investigated this site in March 1980 (U.S. AEHA,
1980). During September 1979, the U.S. EPA's surveillance and
analysis emergency response group (Region VII) sampled sediment
from the abandoned pinkwater lagoon. However, no analyses were
conducted on these samples.

Waste Characterization

Historically, the abandoned pinkwater lagoon received all
wastewater discharges from Line 1 including process water, wash
down water, and other water that contacted explosives. The types
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of material processed at Line 1 (hence, potentially included in
the discharge) included:

• Composition "B."
• PBX.
• RDX.
• TNT.
• Barato1.
• Boracito1.

The actual quantity of discharge is not known, nor could it
be accurately estimated by the IAAP staff. The quantity was
reportedly substantial; the effluent was so heavily laden with
TNT that at times Brush Creek ran red. Peak usage of Line 1 and
the corresponding peak discharge occurred during the late 1940's.

In this study, two sediment samples from the pinkwater
lagoon were characterized according to ignitabi1ity, corrosivity,
reactivity, and EP toxicity to provide a basis for hazardous
waste classification. The data show that the waste-contaminated
sediments are neither corrosive nor reactive (Table 5-1). Sample
No.1 had a flash point of 43°C, which is slightly lower than the
60°C limit specified under RCRA, indicating that the material is
ignitable. Sample No.2, however, had a higher flash point than
the RCRA criterion. There is no apparent correlation between
flash points and concentrations of explosive residue found in the
sediment samples.

Except for barium, all parameters analyzed were nondetecta
b1e in the EP toxicity tests (Table 5-2). All concentrations are
below the maximum contaminant levels under RCRA criteria.

The hazardous nature of the waste residue in the sediment at
Site Zl is probably due to the presence of high concentrations of
TNT ana RDX. The AEHA survey reports TNT and RDX concentrations
to be 30,454 and 53,671 mg/kg, respectively (U.S. AEHA, 1980).
The grab samples collected in this study, however, showed consid
erably lower concentrations, i.e., 0.82 and 0.03 mg/kg TNT, and
<0.011 and 27.2 mg/kg RDX. This would suggest soil variability
and the uneven distribution of explosives in the lagoon.

Wastewater Treatment and Disposal Practices

During the period that the lagoon was in use, no treatment
of pinkwater was known to have peen implemented. Presently, Line
1 discharges are treated by means of activated carbon filtration.

Subsurface Conditions

The extent of the abandoned pinkwater lagoon was controlled
by the local topography and the crest elevation of the dam. Sed
iments that developed while the lagoon was in operation form a
distinct surficial mantle where they have not been removed by
erosion. This mantle, where exposed in the stream channel or
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TABLE 5-1. RESULTS OF IGNITABILITY, CORROSIVITY,' AND
REACTIVITY TESTS FOR SEDIMENT SAMPLES FROM SITE Z1

1 2
Selected RCIlA

Test No. No. Criterion

Ignitabil ity
(Flash Point, °C) 43 >82 <60

Corrosivity (p H) 7.88 7.92 <2 to >12.5

Reactivity N/Dt N/D Reacts violently
with water

* Federal Register, May 19, 1980. pp. 33121-33122.

t Not detected.
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TABLE 5-2. ANALYSIS OF EP TOX I CITY .jOR. TWO SEDIMENT
SAMPLES FROM SITE Zl

Maximum

Parameter No. 1 No. 2
Contamin~nt

Level

- - - - - - (mg/l ) - - - - - -
Arsenic <0.005 <0.005 5.0

Barium 0.560 0.570 100.0

Cadmium <0.001 <0.001 1.0

Ch romi urn <0.022 0.020 5.0

Lead <0.005 <0.005 5.0

Me rcu ry 0.0017 0.0017 0.2

Selenium <0.005 <0.005 1.0

Si 1 ve r <0.001 <0.001 5.0

End ri n <0.0002 0.0002 0.02

Li nda ne <0.001 <0.001 0.4

Methoxychlor <0.01 <0.01 10.0

Toxaphene <0.001 <0.001 0.5

2,4-0 <0.01 <0.01 10.0

2,4,5-TP Silvex <0.005 <0.005 1.0

* Samples taken on January 7, 1981.

t Federal Register, May 19,1980. p. 33122.
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revealed by the explorations, is a dark brown to black sandy silt
and/or sandy clayey silt containing coal fragments. This zone
ranges up to at least 2.5 ft thick (at Borings 4 and 10). Its
estimated extent is shown in Figure 5-1. Although the possibil
ity of contaminated sediments existing in the high flow impound
ment area and the channel of Brush Creek along Line 1 cannot be
discounted, substantial accumulations are not anticipated.

The waste-containing sediment is underlain by natural soils.
Based on their depositional and engineering characteristics,
these soils form three distinct groups:

• Glacial Till - brown to grey, medium to hard (generally
stiff to very stiff), sandy silty clay with a trace of
gravel, with occasional sand seams interspersed (CL-CH).

• Loess - brown becoming grey, medium to stiff, silty clay
with tract of sand grading upward to a dark brown clayey
silty loam at the surface (CL-CH).

• Alluvium - localized deposits of stratified silty sand,
sandy silty clay, and sandy silt with some gravel (de
rived from the underlying loess and glacial till depos
its).

Contact between the loess and till deposits is generally marked
by a distinct color change indicative of chemical weathering.

The alluvial soils are restricted to the bottom of the val
ley ~ontain1ng Brush Creek. The loess soils generally blanket
the glacial tills to depths of 6 to 12 ft, except where removed
by erosion (e.g., stream valleys). The actual thickness of the
till soils, though unknown, is expected to be substantial (i.e.,
on the order of 100 ft). The index properties of the loess and
till soils are summarized in Figures 5-2 through 5-4. Grain size
distribution analyses for selected samples are presented in
Appendix B. Field observations and testing results suggest that
both the loess and till soils are relatively uniform and very
slowly permeable, exhibiting only minor fluctuations in moisture
content and dry density with depth. The locations of the inter
pretative subsurface profiles are shown on Figure 5-5. The ver
tical distribution of the subsurface units are shown in Figures
5-6 and 5-7.

Hydrogeologic Conditions

Ground water levels were monitored in all explorations at
Site II. The monitoring wells provide long-term ground water
level and quality monitoring capability. The water levels in the
exploratory holes were allowed to stabilize prior to backfilling
with grout to permit the measurement of a true static condition.
An interpretative hydrogeologic map depicting the elevation of
the potentiometric surface at Site II' measured on January 7,
1981, is presented in Figure 5-8. The ground water flow pattern
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is controlled by the site topography, and is convergent upon
becoming parallel to Brush Creek. The ground water flow system
is effluent in the vicinity of Site Zl' as evidenced by the rela
tively steep upward vertical gradient at monitoring Well Nos. 2
and 2A, and the convergence of the water table equipotentia1s to
the alignment of Brush Creek.

The average coefficient of permeability of the till soils at
Site Zl is 6.3 x 10- 9 cm/sec. The loess soils exhibit a similar
average coefficient of 7.9 x 10- 9 cm/sec. Thus, although the
surficial aquifer discharges into Brush Creek under relatively
steep gradients, the actual quantity and rate of discharge is
relatively small due to the very low permeability of the soil
materials.

The ground water flow patterns at Site Zl were determined
subsequent to a period of anomalously high rainfall. However,
since the ground slope around Site Zl is conducive to rapid run
off and the recharge effect of precipitation is reduced during
the winter months due to frost, it appears likely that Brush
Creek normally exists in an effluent condition. If the effluent
or discharge condition is generally dominant, then it is unlikely
that contaminants would migrate from the abandoned lagoon into
the subsurface environment to any significant extent.

During operation of the lagoon, the apparently normal ground
water discharge condition observed may have been reversed. If
such a reversal occurred, its effects would be minimal with
regard to contaminant migration. The postulated gradient rever
sal would cause the ponded pinkwater to enter the ground water
system and flow away from the lagoon laterally and/or downward
from the lagoon bottom, then parallel the creek. However, the
reversal would be a local and short-term phenomenon. Ultimately,
the normal discharge condition would either reestablish itself
around and beneath the lagoon or the subsurface discharge from
the lagoon would flow beyond the hydrologic influence of the
lagoon and then discharge to Brush Creek, under the influence of
the normal regime.

If the discharge condition is not generally dominant, then a
subsurface contaminant plume not restricted to the immediate
vicinity of the lagoon could have developed. Migration of any
such plume would very likely parallel the valley containing Brush
Creek and, to a large extent, be restricted to the alluvium. As
suming that hydrogeologic conditions permttted its development,
the plume could have been either continuous or discontinuous
depending on seasonal fluctuations of the ground water table
level, pond level, and hydrogeologic regime. Further, as the
presumed plume migrated downgradient, it would likely discharge
to the stream channel.
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Quality of Surface and Ground Waters

Concentrations of various constituents in the two surface
water samples varied with sampling time and location (Tables 5-3
and 5-4). The water was strongly alkaline, and showed relatively
high manganese concentrations that may be background levels. The
high alkalinity may be due to discharges from upstream activities
and/or localized limestone deposits. Concentrations of sodium,
sulfate, and chloride increased with corresonding increases in
conductivities in subsequent samplings. Major contaminants ana
lyzed such as trace metals, organic chemicals, coliform bacteria,
radioactivity, TNT, and RDX were generally not detectable.

Analytical data of ground water samples taken from the four
monitoring wells in 3 consecutive days are shown with EPA ground
water quality criteria in Tables 5-5 through 5-8. Overall, there
is no evidence of ground water contamination from any of the sam
ples analyzed. Concentrations of most of the constituents varied
slightly with well locations and sampling time. However, chemi
cal oxygen demand and total organic carbon levels fluctuated
greatly over the three sampling dates.

Manganese concentrations in all water samples exceeded the
maximum level of ground water quality criteria. This is indica
tive of high background levels of this metal.

RDX was detected in two samples from Well No. 2A, a downgra
dient well from the pinkwater lagoon. However, TNT was not de
tected. Further sampling fs necessary to verify the presence of
RDX in the ground water in this area. This well is relatively
shallow, and provides samples of ground water from the uppermost
portion of the water table including the alluvium.

Remedial Action and Site Closure Considerations

Investigation of the impacts of the abandoned pinkwater
lagoon at Site ZI revealed the following:

• No significant ground water contamination was detected.

• No surface water contamination was detected.

• The site's hydrogeologic conditions are such that devel
opment of the subsurface contaminant plumes is unlikely.

,If plumes were to develop, they would be restricted to a
shallow area in the valley containing Brush Creek.

• Significant quantities of explosives apparently remain in
the sediments deposited during operation of the lagoon
(U.S. AEHA, 1980).

• The contaminated sediments are subject to erosion and
scour during periods of high stream flow.
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TABLE 5-3. CHEMICAL ANALYSES OF SURFACE WATER SAMPLES TAKEN AT
VARIOUS TIMES FROM STATION 1 OF SITE Zl

Pa rameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

12-18-80

.
8.41

575
0.4

Sampl i n9 Date
1-15-81

4
9.27

875
1.9

1-29-81

5
9.08

1220
0.3

Mean

4.5
8.92

890
0.9

- - - - - - - - - - (mg/l) - - - - - - - - - - - -

Cadmium
Chromium, Total
Iron
Manganese
Lead
Sil ver
Barium
Chloride
Fluoride
Sul fate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Lindane
Methoxychlor
Toxaphene
2,4-0
2,4,5-TP Sil vex
TNT
ROX
Coli form Bacteri a, c/100 ml
Radi urn, pCi /1
Gross Alpha, pCi/l
Gross Beta, pCi/l

* Not detected.

<0.001
0.031
0.0470
0.149

<0.005
0.002
0.119

48.0
0.360

99.0
63.2
<0.005
<0.005
0.008
0.01

48.0
<1.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011
N/O*
0.7±0.1
1.9.1.8
2.4.3.9
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<0.001
0.048
0.219
0.121

<0.005
<0.001
0.090

106.0
1.38

219.0
285.0

<0.005
<0.005
<0.0003
4.73

71.6
29.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011
N/O
0.02±0.01
0.8.1.7
2.4.6.3

<0.001
0.068
0.115
0.044

<0.005
<0.001
0.040

300.0
1.72

188.0
348.0
<0.005
<0.005
<0.0003
3.01

12.0
<1.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0 .005
<0.011
N/O

<0.06±0.01
0.6.0.5
0.4.8.9

<0.001
0.049
0.127
0.105

<0.005

0.083
151.3

1.15
168.7
232.1
<0.005
<0.005

2.58
43.9

<0.001
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011
N/O



TABLE 5-4. CHEMICAL ANALYSES OF SURFACE WATER SAMPLES TAKEN
AT VARIOUS TIMES FROM STATION 2 OF SITE Zl

Parameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

12-18-80

8.31
625

0.6

Sampling Date
1-15-81

4
9.22

875
2.5

1-29-81

4
8.95

3,750
0.5

Mean

4
8.83

1,750
1.2

- - - - - - - - (mg/l) - - - - - - - - - -

Cadmium
Chromi urn, Total
Iron
Manganese
Lead
S11 ver
Barium
Chloride
Fl uoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D
2,4,5 -TP Si 1vex
TNT
RDX
Colifonn

Bacteria, c/100 ml
Radi urn, pCi 11
Gross Alpha, pCi/l
Gross Beta, pCi/l

* Not detected.

<0.001
0.037
0.277
0.168
<0.005
<0.001
0.121
65.5
0.21
128.0
73.8
<0.005
<0.005
0.0008
6.24
60.0
<l.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

56
0.1*0.1
0.3-±0.9
5.6±5.3

<0.001
0.056
0.269
0.122

<0.005
<0.001
0.090

102.5
1.89

203.0
267.0
<0.005
<0.005
<0.0003
4.87
7.6

12.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D*
1.5*0.2
1.4-t2 .0
6.5-±6.5
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<0.001
0.057

<0.01
0.109

<0.005
<0.001
<0.001

700.0
1.66

204.0
539.0
<0.005
<0.005
<0.0003
2.94

36.0
12.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D
0.6*0.1
1.lt3.1

<0.8i:l5.6

<0.001
0.050

0.133
<0.005
<0.001

289.3
1.25

178.3
293.3
<0.005
<0.005

4.68
34.5

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011



TABLE 5-5. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 1 OF SITE Zl

Parameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

1-27-81

9
7.55

640
24

Sampling Date

1-28-81

9
7.48

610
5.4

1-29-81

7
7.28

600
1.1

Mean

8
7.43

617
10.2

Maximuql
Level

6.5-8.5

1

- - - - - - - - - - - (mg/1)

N/D N/D
1.1±0.2 <0.02±0.01

13.9t5.7 1.5t1.7
8.0±5.3 2.0±3.8

Cadmium
Chrani um, Total
Iron
Manganese
Lead
Si1 ver
Barium
Chloride
F1 uoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endri n
Lindane
Methoxychlor
Toxaphene
2,4-0
2 ,4 , 5-TP Si 1vex
TNT
RDX
Col i fonn

Bacteri a, c/100 m1
Radi um, pCi /1
Gross Alpha, pCi/1
Gross Beta, pCi/1

<0.001
0.007
3.042
1.173
0.061

<0.001
0.400
5.0
0.62

91.0
52.5
<0.005
<0.0005
<0.0003
0.011

84.0
28.0

0.019
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Dt
<0.02±0.01

2.2t1.9
3.4±3.7

<0.001
0.038
3.042
0.827

<0.005
<0.001
0.480
4.0
0.59

34.0
57.7
<0.005
<0.005
<0.0003
0.06
6.0

<1.0
0.019

<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
0.040
0.088
0.772

<0.005
<0.001
0.290
3.5
0.60

54.0
55.6
<0.005
<0.005
<0.0003
<0.01
12.0

188.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
0.028
1.157
0.924

<0.001
0.390
4.2
0.60

59.7
55.3
<0.005
<0.005
<0.0003

34.0

<0.0002
<0.001
<0.01
<0.001
<0.001
<0.005
<0.005
<0.011

N/D

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not Detected.
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TABLE 5-6. CHEMICAL ANALYSIS OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 2A OF SITE Zl

Sampl i ng Date

Parameter·

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

1-27-81

9
7.25

590
0.5

1-28-81

3
7.54

840
0.7

*1-29-81

8.5
7.27

590
1.2

Mean

6.8
7.35

673
0.8

Maximu~
Level

6.5-8.5

1

- - - - - - (mg/l) - - - - - - - - - - -

Cadmium
Chranium, Total
Iron
Manganese
Lead
Sil ver
Barium
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenol s
Endri n
Lindane
Methoxychlor
Toxaphene
2,4-0
2,4,5-TP Silvex
TNT
RDX
Col i form

Bacteria, c/100 ml
Radi um, pCi /1
Gros s Al pha, pCi /1
Gross Beta, pCi/l

<0.001
0.013
0.543
1.075
0.140

<0.001
0.330
4.0
0.57

24.0
59.4
<0.005
<0.005
<0.0003
0.21

369.2
60.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
0.445

N/D'
0.5*0.1
1.51:1.7
6.1±4.6

<0.001
<0.005
0.375
0.510
0.011

<0.001
0.340

34.0
0.22

178.0
46.4
<0.005
<0.005
0.0017
0.28

372 .0
8.0

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
0.030

N/D
**

<0.001
0.023
0.351
0.737

<0.005
<0.001
0.330
5.5
0.58

22.0
58.0
<0.005
<0.005
<0.0003
0.79

52.0
202.0

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D
0.1..0.1
2.1-t2.1
0.6±4.0

<0.001

0.423
0.774

<0.001
0.330

14.5
0.46

74.7
54.6
<0.005
<0.005

0.43
264.4
90.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
.<0.005

N/D

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.001
0.1
0.005
0.1
0.01

4
5

15

* The January 29, 1981, sample was taken fran Well No.2 because Well No. 2A
did not recharge.

t EPA Ground Water Quality Criteria (EPA, 1979).
I Not detected.

** Insufficient sample.
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TABLE 5-7. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 3 OF SITE Zl

Parameter

Temperature, °C
pH I

Conductivity, umhos/cm
Turbidity, TU

1-27-81

8
7.24

750
0.7

Sampling Date

1-28-81

8
7.26

740
0.7

1-29-81

7
7.28

730
1.8

Mean

7.6
7.2

740
1.1

Maximu',V
Level

6.5-8.5

1

- - - - - - - - - - - -(mg/l)- - - - - -

2 N/D
0.5.0.1 <0.02.0.01
1.3:1.8 0.2:0.6

<0.2:4.7 0.9:3.1

Cadmium
.Chranium, Total
Iron
Manganese
Lead
Si 1ver
Barium
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenol s
Endrin
Li ndane
Methoxychlor
Toxaphene
2,4-0
2,4 , 5-TP Si 1vex
TNT
RDX
Col i fonn

Bacteria, c/100 ml
Radi urn, pCi /1
Gross Alpha, pCi/l
Gross Beta, pCi/l

<0.001
0.014
2.276
0.308
0.053

<0.001
0.320
4.0
0.44
9.0

61.4
<0.005
<0.005
<0.0003
0.03

76.0
37.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Dt
0.5.0.1
0.2:0.5
5.1:4.9

<0.001
0.035
0.179
0.209

<0.005
<0.001
0.320
5.0
0.43
8.0

61.2
<0.005
<0.005

.<0.0003
0.11
4.0
2.0

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
0.038
0.175
0.108

<0.005
<0.001
0.300
4.5
0.45
5.0

60.5
<0.005
<0.005
<0.0003
0.14
4.0

591.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
0.029
0.877
0.208

<0.001
0.310
4.5
0.44
7.3

61.0
<0.005
<0.005
<0.0003
0.09

28.0
210.0

<0.01
<0.0002
<0.01
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detected.
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TABLE 5-8. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN
FOR 3 CONSECUTIVE DAYS FROM WELL NO. 6 OF SITE Zl

Sampling Date

Parameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

1-27-81

7
7.23

800
7.8

1-28-81

6.5
7.21

810
2.3

1-29-81

6.5
7.22

820
1.1

Mean

6.7
7.22

810
3.7

Maximuql
Level

6.5-8.5

- - - - - - - - - - - -(mg/1)- - - - - - - - - - - -

Cadmium
Chranium, Total
Iron
Manganese
Lead
S11 ver
Barium
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Li ndane
Methoxychlor
Toxaphene
2,4-D
2,4,5-TP Si1 vex
TNT
RDX
Col ifonn

Bacteria, c/100 m1
Radi um, pCi /1
Gross Alpha, pCi/1
Gross Beta, pCi /1

<0.001
0.012
0.100
1.211

<0.005
<0.001
1.300
5.0
0.52

19.0
68.6
<0.005
<0.005
<0.0003
0.03

32.0
42.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

4
1.1:0.2
0.4:1.0
0.2.4.4

<0.001
<0.005
1.023
1.046
0.110

<0.001
0.150
7.0
0.47

12.0
72.7
<0.005
<0.005
<0.0003
0.14
4.0

<1.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D*
0.8:0.1
0.6.1.2

16.1:6.3

<0.001
0.034
0.133
0.992

<0.005
<0.001
0.230
5.5
0.51

12.0
68.2
<0.005
<0.005
<0.0003
0.07
8.0

115.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D
0.8±0.1
0.9:1.6
3.0:6.2

<0.001

0.419
1.083

<0.001
0.560
5.8
0.50

14.3
69.8
<0.005
<0.005
<0 .0003
0.08

],4.7

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detected.
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As such, remedial action to mitigate existing ground water
contamination does not appear to be a consideration at Site Zl.
However, it will be necessary to close the site in an environmen
tally sound manner. The following factors will need to be ad
dressed in closing the site:

• The presence of sediments contaminated with explosives.

• The sediments are subject to erosion and transport by
Brush Creek.

• The fate of the contaminated sediments already tran
sported downstream by Brush Creek.

It is also pertinent to note that:

• The abandoned lagoon is bisected by Brush Creek.

• The ground water table is at a very shallow depth.

• Prior to installation of the lagoon, high-volume dis
charges from Line 1 to Brush Creek caused ground water
contamination to the south of the IAAP. Several private
water supply wells were affected. This occurrence is
evidence that Brush Creek provides recharge to a poten
tially usable aquifer at some location downstream from
Site Zl.

In view of the foregoing considerations, it appears that the
present and future environmental impact of the abandoned pink
water lagoon is limited to:

• Erosion and siltation problems during periods of high
runoff.

• The existence of explosive-contaminated sediments at the
site.

• Transport of explosive-contaminated sediments downstream
to a location where the potential for their entrance to
the ground water table is considerably more likely than
at Site Zl.

As the site presently exists, it is likely that erosion and
transport of explosive-contaminated sediments will continue
unless action is taken to prevent erosion. Amelioration of this
condition is one of the primary objectives of the site closure
plan.

Two possible closure scenarios exist:

• In-situ closure option - The site could be stabilized to
prevent future erosion of contaminated sediments,
provided with final cover and runoff control features,
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revegetated, and maintained as a closed land disposal
sit e •

• Removal option - The explosive contaminated sediments
could be desensitized, removed from the site, and placed
in an approved land disposal area. The site could be
regraded and revegetated. Maintenance would be required
until the ve get at ion i s est ab1ish ed, and 10ng- term
monitoring would not be required.

The specific features and required work elements for each of
these scenarios are presented in Tables 5-9 and 5-10. Prelimi
nary cost estimates for closure construction are given in DD Form
1391 (Appendix F). It is recommended that the removal option be
implemented since it affords a greater degree of environmental
protection, and is considerably more acceptable from a regulatory
standpoint.

It is not possible to detail the final topographic configu
ration of Site Zl (i.e., subsequent to removal of the contami
nated sediments and regrading) until additional subsurface inves
tigations are completed. The purpose of these investigations is
to clearly define the depth and areal extent of the exp10sive
contaminated sediments and thus delineate the limits of excava-
t ion requi red for the i r rem 0val. This i nvest i gat ion can be
accomplished most expeditiously by means of shallow test pits
and/or hand auger borings. The area suspected to contain the
contaminated sediments should be gridded, and the extent of the
sediments should be determined at a number of sections perpen
dicular to the long axis of the site. The estimated limits of
the abandoned pinkwater lagoon, as shown in Figure 5-1, provide a
basis for initiation of the investigation. The area of the high
flow impoundment and the channel of Brush Creek should be in
cluded ·in this investigation. The borings and/or test pits
should be logged in the field, and selected samples analyzed for
TNT and RDX. It is anticipated that the contaminated sediments
will be readily'discernab1e on the basis of visual examination.
They are considerably darker in color than the natural soils due
to the presence of coal fragments. They also exhibit small-scale
bedding features not typical of the loess and till deposits.
These features, however, are present in the alluvium; thus, the
color variations are an important criterion.

Since the actual concentration of explosives contained in
the sediments varies in a~ unpredictable manner and since the
overall explosive concentration will determine the need for their
desensitization the recommended investigation should include the
following specific components:

• The samples obtained for TNT and RDX analyses should be
distributed to be representative of the entire deposit of
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TABLE 5-9. FEATURES OF IN-SITU CLOSURE OPTION t SITE Zl

Feature Work Element

Desensitization of Explosives

Surface Water Control

Pe rmanent

Temporary

Cover Disposal Site

.
Maintain Site

Monitoring Requirements

Engineering Studies

I Flash on-site if considered
safe when site is dry.

I Channelize Brush Creek.
I Install perimeter diversionary

ditches.

I Install and maintain sedimen
tation basin to control silta
tion during construction.

I Grub site.
I Grade site.
I Borrow and transport cover

ma t e ria 1 to sit e.
I Placet grade t and compact

cover material.
I B0 r r ow t t ran s po r t t p1ace tan d

grade topsoil.
I Revegetate site •

I Regrade slopes/cover.
I Revegetate slopes/cover.

I Ground water monitoring.
I Surface water monitoring.

I Define actual limits of the
contaminated sediments.

I Conduct detailed topographic
survey.

I Identify and test borrow
source for cover and loam.

I Prepare construction plans and
specifications.
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TABLE 5-10. FEATURES OF REMOVAl OPTION, SITE Zl

Feature Work El ement

Densensitization of Explosives

Removal of Desensi t i zed
Sediments

Surface Water Control

Site Grading

Maintain Site

Monitoring Requirements

Engineering Studies

• Flash on-site or on a burning
ground, depending on content
of explosives in sediment.

• Remove and haul burned residue
to approved disposal site.

• Dispose of burned residue.

• Construct and maintain
sedimentation basin during
construction period.

• Regrade disturbed areas.
• Borrow., transport, and p~ ace

loam in disturbed areas.
• Revegetate site.

• Regrade and seed as required.

• None long-term.

• Define actual limits of the
contaminated sediments.

• Identify borrow source for
loam.

• Prepare plans and specifica
tions.

• Identify disposal site.
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pinkwater lagoon sediments. Thus, an appropriate sam
pling procedure should be utilized. One such procedure
would consist of:

- Excavation of a test pit at each sampling location to
reveal the depth of pinkwater lagoon sediments

- Excavation of a small vertical trench of regular dimen
sions in the test pit sidewall, and placement of this
material on a quartering canvas

- Thorough mechanical mixing of the bulk sample

- Reduction of the sample size by quartering •

• Additional samples from below the sediment zone should be
obtained to permit assessment of small-scale leaching of
contaminants into the underlying natural soils. Several
sample locations should be selected during completion of
the investigation, and a series of samples obtained from
below the pinkwater lagoon sediments. Sample depths of
0.5, 1, 1.5, and 2 ft are recommended. If deeper samples
are required, the thin wall samples obtained during com
pletion of this current investigation should suffice •

• If hand auger explorations are used in lieu of test pits,
analogous sampling procedures should be utilized.

The site's hydrogeologic conditions are such that substantial
downward movement of contaminants is not anticipated.

The recommended investigation will define the area to be
excavated and the depth of overexcavation required. The explo
sive contaminated material should be desensitized and disposed of
in a secure landfill.

From a regulatory standpoint, the removal option is more
favorable than the in-situ closure option. It is apparent that
the site does not meet the Iowa siting requirements for solid
waste disposal sites. (Iowa hazardous waste disposal site
requirements have not been finalized as of August 1981; however,
they are expected to be more restrictive than the solid waste
disposal site requirements presented.)

It is further recommended that a study be implemented to
determine whether or not the erosion and transport of explosive
contaminated sediments in the past has resulted in the deposition
of explosive-contaminated alluvium along Brush Creek downstream
from Site Zl. It is possible that this material has been widely
dispersed. However, it is also possible that deposits containing
significant concentrations of these explosives exist. Thus, a
reconnaissance level study of Brush Creek, including sampling and
analysis of sediment, between Site Zl and its confluence with the
Skunk/Mississippi River system is warranted. The findings of
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this preliminary study will determine the need for additional
investigatory and/or remedial work.

SITE Z2 - DETONATOR LINE 6

Site Z2 encompasses the possible area of contamination that
may have occurred during the operation of the wet sump/filter bed
waste processing/disposal facilities used to treat and dispose of
effluent from Detonator Line 6.

Topography

The site slopes in a generally south-southeasterly direc
tion. The elevation ranges from approximately 723 ft at the
north end of the site to about 698 ft at the south end (Figure
4-2). Portions of the study area are leased for use as crop
land, but most of the area within the Line 6 perimeter fence is
covered with native grassy vegetation.

Man-made drainage ways to collect runoff from the northern
portion of the study area connect to several natural intermittent
grassed waterways at the south end of the site. In areas of
particularly low gradient, water rush and cattail-type stands are
found with occasional scrublike deciduous trees. During comple
tion of this study, standing water was normally observed in a
number of the drainage ditches at the north end and central por
tions of the site (north of Borings 5, 14, and 16).

Use History

Detonators are manufactured at Line 6. Effluent containing
excess and scrap explosives and other waste material which has
contacted explosives is placed in one of several sumps for peri
odic desensitization prior to disposal. This effluent is hand
carried to the sumps by Line 6 personnel. Secondary wash water
is also routed to the sumps by means of troughs or metal gutters.
The desensitization sumps are subterranean metal containers (gen
erally stainless steel) used for both storage and chemical treat
ment of the explosive waste material. Treated wastes are pumped
into leach beds (shallow dry wells) for discharge to the subsur
face. The locations of the sumps and leach beds are shown in
Figure 5-9; their pertinent construction features are shown in
Figure 5-10.

Operation of Line 6 began in 1941. Production rates have
varied considerably, with the highest production in recent years
coinciding with the Vietnam conflict. It is assumed that high
production rates were also associated with the Korean conflict
and World War II. No records of waste generation and discharge
quantities are available.

Currently, there are a total of 11 sumps that discharge into
seven leach beds. The characteristics of the sumps and their
reported usage are summarized in Table 5~11. The future use of
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TABLE 5-11- LINE 6 WASTE TREATMBNT/DISPOSAL FACILITY, SITE Z2

Use*

Number of Volume PeakH Current**
Sitet Sumps (gal/sump) (gal/yr ) (gal/yr ) Comments

6-18 1 Old facility, date
of last use not
known, but before
1963

6-25 3 300 0 0 Built for labora-
tory use, appar-
ently never used

6-35 1 See note for 6-18
above

6-68 2 900 46,800 10,800 None

6-88 2 900 93,600 0 Not used since
1975

6-89 2 900 164,250 4,500 None

* Table based on interviews with IAAP production staff and their estimates.

t IAAP designation.

# During Vietnam conflict, earlier information not available.

** 1975 and subsequent years.
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Line 6 is uncertain. The waste treatment and disposal activities
presently carried out at Line 6 will likely be replaced by the
Detonator Assembly Line 4A facilities currently under construc
tion at Site Z3'

Waste Characterization

The primary waste stream is related to the manufacture of
detonators and potentially includes:

• Lead azide.
• Lead styphnate.
• RDX.
• Fulminate of mercury.
• Tetrazine.
• Barium nitrate.
• Antimony sulphate.

The proportions of these materials have been variable
throughout the history of the facility, depending on the product
being manufactured. For the past few years, the primary waste
has been lead azide. Materials introduced into the waste stream
during the treatment process include:

• Acetic acid.
• Sodium nitrite.
• Sodium sulfate.

The characteristics of the wastewater discharge probably
varies significantly from sump to sump according to Line 6 pro
duction rates and products. The composition of the present day
discharge is based primarily on relatively small quantities of
lead azide which have been highly diluted with desensitization
chemicals. However, in the past, a variety of explosives in
substantially greater volumes contributed to the composition of
the wastewater.

Two desensitized waste effluent samples were obtained from
desensitized sumps for hazardous waste characterization. The
effluent is not ignitable, corrosive, or reactive (Table 5-12),
or hazardous based on EP toxicity testing (Table 5-13). Note
that the effluent collected from Line 6 may not be representative
of that generated in past years due to low effluent volumes re
sulting from reduced operations. The AEHA data suggest that the
waste residue in the leach beds may contain high concentrations
of several metals, including lead and barium (U.S. AEHA, 1980).
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TABLE 5-12. RESULTS OF IGNITABILITY, CORROSIVITY, AND
REACTIVITY TESTS FOR TWO EFFLUENT SAMPLES FROM SITE Z2

IIE II Sump IIW I
'

Selected R~RA

Test Sump Criterion

Ignitability >82 >82 <60
(Flash Point, °C)

Corrosivity (pH) 8.84 8.21 <2 to >12.5

Reactivity N/Dt NID Reacts violently
with water

* Federal Register, May 19, 1980. pp. 33121-33122 (EPA, 1980).

t Nat detect ed •
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TABLE 5-13. RESULTS OF EP TOXICITY TESTS FOR TWO EFFLUENT
SAMPLES TAKEN FROM SITE Z2

Maximum
Contamin~nt

Parameter liE II Sump IIWII Sump Level

- - - - - - (mg/l ) - - - - - - - -
Arsenic <0.005 <0.005 5.0

Barium 0.194 0.009 100.0

Cadmium <0.001 <0.001 1.0

Ch rom i um <0.01 0.013 5.0

Lead 0.070 0.050 5.0

Mercu ry <0.0003 <0.0003 0.2

Selenium <0.005 <0.005 1.0

Si 1ve r <0.001 <0.001 5.0

Endrin <0.0002 <0.0002 0.02

Lindane <0.001 <0.001 0.4

Methoxychlor <0.01 <0.01 10.0

To xa phene <0.001 <0.001 0.5

2,4-0 <0.01 <0.01 10.0

2,4,5-TP Sil ve x <0.005 <0.005 1.0

* Federal Register, May 19, 1980. p. 33122 (EPA, 1980).
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Treatment and Disposal Practices

The wastewater is stored at the sumps until it is desensi
tized. The process involves the following elements:

• Five gallons of acetic acid are added to the sump.

• Eight I-quart scoops of sodium nitrite and 6 quart scoops
of sodium sulfate are then added.

• The mixture is charged with steam, and boiled for at
least 3 hours •

• The residue is tested to determine if it is completely
desensitized (nonexplosive). If not, it is subjected to
additional boiling and then retested. If the solution is
desensitized, it is discharged into the leach bed.

The waste solution is pumped from the sump into a small,
shallow leach bed nearby. As sludge builds up in the sump, it is
removed and disposed of at the IAAP landfill. The leach beds are
approximately 4 ft square at the surface, and comprised of coarse
aggregate approximately 18 in deep (exposed at the surface).
Examination of these structures revealed that they probably over
flow when sumps are emptied into them. They were observed to
overflow as a result of precipitation entering them. Earlier,
the AEHA conducted an investigation at the Line 6 facility (U.S.
AEHA, 1980).

Subsurface Conditions

Results of the explorations revealed that the site is under
lain by loess and till soils. The loess forms a surficial layer
blanketing the till to depths ranging from 8 to 17 ft. The phys
ical properties of these units are summarized in Figures 5-11
through 5-13. Grain size distribution analyses were completed on
selected samples; the results are presented graphically in Appen
dix C.

The glacial till consists of a brown to grey, medium to hard
(generally stiff to very stiff) sandy silty clay with occasional
sand seams interspersed.

The loess soil consists of a brown becoming grey, medium to
stiff silty clay with a trace of sand grading upward to a dark
brown clayey silty loam at the surface.

These units are generally separated by a distinct color
change like that usually associated with chemical weathering.
The actual thickness of the till unit is unknown. It is expected
to be relatively thick (estimated to be in excess of 50 ft) in
the vicinity of Site Z2. Detailed logs of all explorations are
presented in Appendix C. The vertical distribution of the loess
and till units is shown on the interpretative subsurface profiles
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(Figures 5-14 and 5-15). The locations of these profiles is
shown on Figure 5-9.

Hydrogeologic Conditions

Ground water levels were m~asured in the exploratory borings
and monitoring wells. The water levels in the borings were
allowed to stabilize prior to grout sealing of the boreholes.
The monitoring wells provide for long-term ground water level
monitoring. Stabilized ground water levels were measured three
times during this investigation, on November 26 and December 3,
1980, and on January 6, 1981.

Interpretative potentiometric surface contour maps were pre
pared, based on these three sets of data, and are presented as
Figures 5-16 through 5-18. In all three cases, the ground water
flow pattern paralleled the land surface topography by exhibiting
a general gradient towards the south. Although the hydraulic
gradient varied with time and location, it averaged approximately
1 ft per 100 ft at Site Z2.

The variations in water table elevations in the central por
tions of the site (i.e., in the vicinity of Borings B-10 and
B-11) are anomalous. The three hydrogeologic maps depict the
development of a distinct water table mound in this area. The
mound appears to be related to preferential ground water re
charge, which is likely the result of surface water ponding. The
surficial drainage pattern is poorly developed in this area, and
considerable ponding was observed during this study. The possi
bility that this mound formed as a result of leakage from a water
or steam line was considered. However, no such subterranean
structure is known to exist in this area. Overall, the three
hydrogeologic maps depict a slight decline in water table eleva
tion between November and December, and a moderate but general
rise in water table in December and January attributable to
recharge in response to unseasonably warm weather, high precipi
tation, and poor surficial runoff. The general vicinity of Site
Z2 must be considered as a ground water recharge area" but verti
cal gradients in the upper 30 ft of the soil profile are not
pronounced. Only minor differences in ground water level were
observed between monitoring Well Nos. 18 and 18A (the shallow
well/deep well combination). The measured downward vertical
gradient at this location ranged from slight to negligible.

The permeability o~ both the loess and till soils are very
low averaging 8.4 x 10- em/sec and 1.4 x 10-8 em/sec, respec
tively. The desensitized Line 6 effluent is discharged into
leach beds adjacent to the sumps. These leachate beds are
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located in the loess soils. The effectiveness of these leach
beds must be questioned since:

• The coarse aggregate comprising the beds is exposed.

• The natural soil surrounding the beds has a very low
permeability.

• The beds are very small relative to the effluent quan
tities that they received during periods of high produc
tion at Line 6.

• Despite limited recent usage, the beds were observed to
be full of water and overflowing during the rainy periods
of November and December 1980, thus demonstrating that
they were overloaded during periods of low production.

• The bottoms of the beds are normally close to ground
water table elevation.

Thus, it appears likely that over the long term, a consider
able portion of the effluent discharged into the leach beds has
overflowed to the ground surface and entered the surficial drain
age ways. The actual effectiveness of each of the beds likely
varied due to usage, location, and topography. The effluent that
did penetrate into the subsurface soils would have moved very
slowly under relatively low hydraulic gradients away from the
beds and southward. The remainder of the effluent would have
entered the surface drainage system, been diluted with surface
water, and dispersed downslope (i.e., to the south).

Ground Water Quality

Concentrations of various constituents analyzed in ground
water samples from downgradient Well Nos. 2, 18A, and 19 were
similar to those from the background upgradient Well No.1
(Tables 5-14 through 5-17). For comparison purposes, maximum
contaminant levels for ground water quality (EPA, 1979) are also
included in the tables. The results indicate that the ground
water in the vicinity of the leach beds was not adversely af
fected by the waste treatment and discharge practices at Site Z2.

Of the constituents analyzed, concentrations of total
organic carbon, chemical oxygen demand, iron, and manganese fluc
tuated greatly with sampling time. Water pHis were near neutral
and, except for manganese, other inorganic and organic chemicals
(including TNT and RDX), coliform, and radioactivity were all
below detection limits. Since relatively high concentrations of
manganese were consistently detected in all samples, this metal
is believed to be indigenous, rather than derived from the waste
source.
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TABLE 5-14. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 1 OF SITE Z2

Sampl i ng Date

Parameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

1-27-81

9
7.06

640
1.1

1-28-81

8.5
7.14

610
0.1

1-29-81

8
7.17

600
0.2

- -(mg/l)-

Mean

8.5
7.12

38.7
0.5

Maximulll
Level

6.5-8.5

1

Cadmium
ChrOO1ium, Total
Iron
Manganese
Lead
Si 1ve r
Barium
Chloride
Fl uoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Lindane
Methoxychlor
Toxaphene
2,4-0
2,4,5-TP Sil vex
TNT
RDX
Col i fonn

Bacteria, c/100 ml
Radi urn, pCi /1

Gross Alpha, pCi/l
Gross Beta, pCi/l

<0.001
<0.005
0.053
0.005

<0.005
<0.001
0.090
4.5
0.52

37.0
31.4
<0.005
<0.005
<0.0003
0.03

104.0
43.0

0.01
<0.0002'
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Dt
0.6:0.1

2.8:2.5
4.7t3.7

<0.001
0.015
0.217
1.455

<0.005
<0.001
0.070
6.0
0.54

33.0
30.6
<0.005
<0.005
<0.0003
1.60
8.0

<1.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D
<0.05:
<0.01
0.3:2.5
3.2t4.5

<0.001
<0.005
0.029
0.561

<0.005
<0.001
0.040
5.5
0.55

29.0
29.0
<0.005
<0.005
<0.0003
1.86
4.0

33.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D
<0.02:
0.01
1.8:2.0
7.5t7.6

<0.001

0.100
0.674

<0.005
<0.001
0.070
5.3
0.54

33.0
30.3
<0.005
<0.005
<0.0003
1.16

38.7

<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.001
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detect ed •
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TABLE 5-15. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO.2 OF SITE Z2

Samp1 i ng Date

2 N/D
1.49:0.2 <0.06:0.01
0.6:1.1 5.1:3.2
5.9:4.4 2.6:3.6

Parameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbi di ty, TU

Cadmium
Chranium, Total
Iron
Manganese
Lead
Si1 ver
Barium
Chloride
F1 uoride
Sulfate
Sodium
Arsenic
Sel eni urn
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endri n
Lindane
Methoxychlor
Toxaphene
2,4-0
2,4,5-TP Si1vex
TNT
RDX
Col ifonn

Bacteria, c/100 m1
Radi urn, pCi /1
Gross Alpha, pCi/1
Gross Beta, pCi/1

1-27-81

7
7.08

640
3.6

<0.001
·0.010
0.117
<0.005
<0.005
<0.001
0.280
4.0
0.38
10.0
36.0
<0.005
<0.005
<0.0003
0.04
208.0
110.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Dt
1/1:0.2
2.3-t2.0
3.0.3.7

1-28-81

8
7.10

625
0.2

<0.001
0.025
0.075
1.426

<0.005
<0.001
0.240
4.5
0.33

122.0
41.1
<0.005
.<0.005
<0.0003
0.43

224.0
23.0

0.019
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

1-29-81

7
7.07

600
0.5

- (mgj1)

<0.001
<0.005
0.036
1.031

<0.005
<0.001
0.200
4.0
0.40

154.0
41.1
<0.005
<0.005
<0.0003
0.14
8.0

109.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

Mean

7.3
7.08

622
1.4

<0.001

0.076

<0.005
<0.001
0.240
4.2
0.37

58.7
39.4
<0.005
<0.005
<0.0003
0.20

146.7
80.7

<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

Maximuw
Level

6.5-8.5

1

0.010
0.05
0.3
0.05
0.05

0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detected.
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TABLE 5-16. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN ·FOR
3 CONSECUTIVE DAYS FROM WELL NO. 18A OF SITE Z2

Parameter

Tempe rature. °C
pH
Conductivity. umhos/cm
Turbidity. TU

1-27-81

7
6.86

400
2.1

Sampl i ng Date

1-28-81

6
6.90

390
6.2

1-29-81

5
6.90

400
0.4

Mean

6
6.89

397
2.9

Maximuw
Level

6.5-8.5

- - - - - - - - - - - - (mg/l) - - - - - - - - - - -

N/D N/D
1.0:0.2 19.1:2.9
0.7-:1.0 0.2-:0.5
0.1:2.5 0.1:2.5

Cadmium
Chrani urn. Total
Iron
Manganese
Lead
Sil ver
Barium
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Lindane
Met hoxych"or
Toxaphene
2.4-D
2.4.5-TP Sil vex
TNT
RDX
Coliform

Bacteria. c/100 ml
Radi urn. pCi /1
Gross Alpha. pCi/l
Gross Beta. pCin

<0.001
<0.005
0.043
0.321

<0.005
<0.001
0.110
4.5
0.35

134.0
31.0
<0.005
<0.005
<0.0003
0.28

64.0
56.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Dt
1.1:0.2

72.1-:9.8
108.9:11.0

<0.001
0.014
0.259
0.420

<0.005
<0.001
0.120
4.0
0.34

128.0
33.9
<0.005
<0.005
<0.0003
0.04
6.0

<1.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
0.032
0.072
0.307

<0.005
<0.001
0.060
4.5
0.37

116.0
34.3
<0.005
<0.005
<0.0003
0.14

20.0
4.0

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001

0.125
0.349

<0.005
<0.001
0.097
4.3
0.35

126.0
33.07
<0.005
<0.005
<0.0003
0.15

30.0

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
{0.005
<0.005
<0.011

N/D

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA. 1979).

t Not detected.
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TABLE 5-17. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 19 OF SITE Z2

Sampling Date

Parameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

1-27-81

8.5
7.88

575
0.80

1-28-81

9
7.61

650
0.30

1-29-81

7.5
7.44

700
0.40

Mean

8.3
7.64

642
0.50

Maximulll
Level

6.5-8.5

- - - - - - - - - - - - (mg/1) - - - - - - - -

Cadmium
Chrcmium, Total
Iron
Manganese
Lead
Si1 ver
Barium
Chloride
F1 uoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenol s
Endrin
Li ndane
Methoxychlor
Toxaphene
2,4-0
2,4,5 -TP Si 1vex
TNT
RDX
Co1ifonn

Bacteria, c/100 ml
Radi urn, pCi /1
Gross Alpha, pCi/1
Gross Beta, pCi /1

<0.001
0.012

<0.01
0.806

<0.005
<0.001
0.110

19.0
0.43

166.0
54.0
<0.005
<0.005
<0.0003
0.24

144.0
76.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

8
0.4-4:0.1
1.4-4:1.6

14.7:5.1

<0.001
0.011
0.027
1.161

<0.005
<0.001
0.110

18.5·
0.38

125.0
60.3
<0.005
<0.005
<0.0003
0.14

108.0
11.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

2
<0.04-4:0.01

2.8-J:2 .4
2.7:4.5

<0.001
0.012
0.137
0.380

<0.005
<0.001
0.120

15.0
0.36

14.0
64.1
<0.005
<0.005
<0.0003
0.14

16.0
<1.0
<0.01
<0.0002
0.001

<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Dt
0.2i:0.1
4.5-4:4.7
4.1.5.6

<0.001
0.012

0.7~

<0.005
<0.001
0.113

17 .5
0.39

101.7
59.5
<0.005
<0.005
<0.0003
0.17

89.3

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detected.
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Remedial Action and Site Closure Considerations

Site Z2 investigations revealed the following:

• No evidence of ground water contam~nation was detected.

• The leach beds do not and probably never have performed
as intended. Since most of the effluent placed in them
has either overflowed to the land surface or evapotran
spired, limited volumes have probably migrated into the
highly impervious s~rrounding soils.

• The present-day effluent likely differs markedly from
effluent generated during periods of high Line 6 pro
duction.

The treatment and disposal operation of Line 6 may have
resulted in the discharge of contaminants to the surface and
their accumulation in the leach beds and adjacent natural soils.
Further investigations will be required to determine the extent
and severity of this probable contamination. The investigation
should address:

• The potential surficial contaminant migration pathways.

• The accumulation and characteristics of effluent sludge
in the leach beds.

• The contamination of natural soils surrounding and under
lying the leach beds.

To fully adctres.s these factors, the invest'igation shou1 d
include a surface and subsurface soil sampling effort and a
detailed geologic study of the leach beds and immediately sur
rounding areas. A recommended surficial sampling and analysis
plan is presented in Figure 5-19. This plan will determine
whether or not overflow of the leach beds has resulted in wide
spread surficial contamination. Additional efforts may be
required to accurately define the impacted areas if significant
levels of contamination are detected. A sample of residue from
each of the beds should be obtained for analysis.

Two of the more intensively utilized beds should be explored
in considerable detail to define the expected zone of contamina
tion both horizontally and vertically. The contaminated zone (if
it exists) probably extends only a few feet or tens of feet from
the leach beds.

We recommend the following subsurface exploration, sampling,
and analysis plan. Sampling locations around the two sumps
should include both surface and subsurface locations, and should
be predicated upon the local topographic conditions and the
ground water table gradients at each. The subsurface samples
should be obtained from depths of 2, 4, 6, and 10 ft below the
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Figure 5-19. Proposed Surficial Sampling Plan, Site ZZ.
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leach beds as well as at comparable depths 20 ft downgradient and
20 ft upgradient. These samples can be taken from hollow stem
auger borings. The surface samples should be obtained at those
locations most likely to have been contaminated by overflow of
the leach beds. At least four samples should be taken from the
immediate vicinity of each of the beds.

It is probable that the leach beds and a restricted volume
of soil surrounding each bed will be contaminated with heavy
metals including lead and barium. If this is the case and con
taminant levels are found to exceed the limits established by the
EP t 0xi citY t est (E PA, 1 980 ), rem edi a1 act ion and sit e c los ur e
options for Site Zz will include (1) removal and disposal of .
con tam ina ted so 11 , nan appro ved chem i calla ndf 11 1, 0r (2) sit e
closure.

Future land use and economic factors will determine the most
feasible course of action (i.e., closure or removal). The 10ng
term advantages of the removal option include elimination of mon
itoring requirements, and considerably greater freedom for future
site use.

Details of the removal option would be predicated on the
findings of the recommended investigation. The details and work
elements of the in-situ closure option are relatively straight
forward, and include the following:

• Improvement of the surface drainage pattern in the gen
eral area of Site Z2 to:

- Eliminate ponding
- Reduce infiltration and hence ground water recharge
- Expedite runoff away from the leach beds.

• Removing the treatment sumps and backfilling the resu1~

tant holes with clayey borrow compacted to achieve low
permeabi1ities in the order of the permeability of the
surrounding soil.

• Installation of a final cover of low-permeability native
clay over the leach bed and backfilled sump location that
extends a minimum of 10 ft beyond the contaminated soil
zon e.

• Installation of a perimeter ditch around the covered
sit e.

• P1 acement of a loamy soil over all di sturbed areas, and
revegetation.

Preliminary cost estimates for closure construction are
given in DO Form 1391 (Appendix F).
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A conceptual portrayal of a closed leach bed area is pre
sented in Figure 5-20. The actual dimensions and material quan
tities that would be involved in closing each of the leach bed
sites will be determined during the recommended investigation.
Additional investigations of sump site G-35 should not be neces
sary (see Appendix E). This facility was constructed for use by
the Line 6 laboratory, but was reportedly never used. Due to a
lack of records, a soil sample should be taken from the bottom of
the leach bed and analyzed to confirm this report. Any correc
tive action required to ameliorate surficial contamination as a .
result of leach bed overflow will be identified during completion
of the recommended investigation.

SITE Z3 - DETONATOR ASSEMBLY LINE 4A

Site Z3 is located in the north central portion of the IAAP
on the relatively flat upland surface. The site consists of a
new spray lagoon and associated structures, and is located
approximately 300 ft west of the new detonator assembly building
of Line 4A, and 550 ft north of Plant Road D. The lagoon was
under construction at the time that the field investigation por
tion of this study was completed.

Topography

The site is nearly level with a very gradual slope in all
directions away from the center of the spray lagoon site. A man
made drainage way runs from north to south along the eastern por
tion of the study area. The highest point of the study area,
excluding the proposed lagoon dike, is at an elevation of about
724 ft (MSL datum), and located approximately midway between Well
Nos. 1 and 2. The lowest point on the site occurs in the south
eastern corner of the study area in the drainage ditch, about 30
ft east of Well No.4. The elevation at this location is about
714 ft (MSL datum).

At the time of this report, the spray lagoon and appurte
nances were under construction, and the entire site had been
rough-graded, and materials stockpiled at various locations.

Subsurface Condition

Site Z3 is underlain by loess and till soils. The surficial
loess unit 1S approximately 15 ft thick. The thickness of the
underlying till unit is unknown, but it is expected to be sub
stantial. The engineering characteristics of these units are
shown in Figures 5-21 through 5-23. The natural soils are very
similar to those found at Sites ZI and Z2. The vertical distri
bution of the loess and till soils is shown in Figure 5-24.
Detailed logs of all explorations are presented in Appendix D.
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Hydrogeologic Conditions

The ground water table was encountered in all monitoring
wells. A contour map of the ground water table elevations
measured on January 8, 1981", is presented in Figure 5-25. The
ground water table gradient is approximately 2 ft per 100 ft
toward the southeast, generally paralleling the slope of the
land.

The five monitoring wells provide two upgradient (Nos. 1 and
2) an~ three"downgradient (Nos. 3, 4, and 5) ground water moni
toring locations. This monitoring system, based on the observed
ground water flow pattern, appears suitable to' permit long-term
evaluation of the lagoon's performance.

Ground Water Quality

No appreciable differences in constituent concentrations
were found among the water samples from the four monitoring wells
(Tables 5-18 through 5-21). Contaminants of concern, such as
heavy metals, chlorinated hydrocarbons, coliform bacteria, radio
activity, and explosive residue, were either nondetectable or
below the levels of EPA ground water quality criteria. Two
abnormalities were found: ground water from Well Nos. 3 and 5
showed high pH's and extremely high levels of manganese. They
are believed to be indigenous, resulting from localized limestone
fragments in the till and/or a highly reduced zone near the well.
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TABLE 5-18. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 1 OF SITE Z3

Sampling Date

Parameter

Temperature, °C
pH
Conductivity, umhos/cm
Turbidity, TU

1-27-81

8
7.24

400
3.7

1-28-81

8
7.51

400
1.6

1-29-81

7
7.31

390
1.7

Mean

7.7
7.35

397
2.3

Maximuw
Level

6.5-8.5

1

- - - - - - - - - (mg/l) - - - - - - - - - - -

N/D N/D
<0.05i:0.01 0.6i:0.1

0.2i:0.5 1.9*1.8
1.6*2.8 1.5*3.1

Cadmium
Chromium, Total
Iron
Manganese
Lead
Sil ver
Barium
Chloride
Fluoride
Sulfate
Sodium
Arsenic
selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Li ndane
Methoxychlor
Toxaphene
2,4-0
2,4,5-TP Silvex
TNT
RDX
Coliform Bacteria,

c/100 ml
Radi urn, pCi /1
Gross Alpha, pCi/l
Gross Beta, pCi/l

<0.001
<0.005
<0.01
0.692

<0.005
<0.001
0.110
5.0
0.35

57.0
26.3

0.02
<0.005
<0.0003
0.06

88.0
40.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Dt
<0.04i:0.01

1.7i:1.8
1.8*2.9

<0.001 I

<0.005
0.032
0.509

<0.005
<0.001
0.100
5.5
0.40

41.0
30.5
-<0.005
<0.005
<0.0003
<0.01
56.0
2.0

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
<0.005
0.024
0.272

<0.005
<0.001
0.090
5.5
0.37

43.0
31.0
<0.005
<0.005
<0'.0003
0.07
4.0

<1.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
<0.005

0.491
<0.005
<0.001
0.100
5.3
0.37

47.0
29.3

<0.005
<0.0003

49.3

<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/D

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Qual ity Criteria (EPA, 1979).

t Not detected.
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TABLE 5-19. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO.3 OF SITE Z3

Sampling Date
Maximuql

Parameter 1-27-81 1-28-81 1-29-81 Mean Level

Temperature, °C 8 7 8 7.7
pH 7.24 7.11 6.99 7.11 7.6-8.5
Conductivity, umhoslcm 425 375 375 392
Turbidity, TU 2.2 3.0 0.4 1.9 1

- - - - - - - - - - - - (mg/1) - - - - - - - - -
Cadmium <0.001 <0.001 <0.001 <0.001 0.010
Chranium, Total <0.005 <0.005 <0.005 <0.005 0.05
Iron 0.040 0.109 <0.001 0.3
Manganese 3.940 2.836 1.909 2.895 0.05
Lead <0.005 <0.005 <0.005 <0.005 0.05
Si 1ver <0.001 <0.001 <0.001 <0.001 0.05
Barium 0.150 0.110 0.070 0.110 1
Chloride 9.0 6.0 16.0 10.3 250
Fluoride 0.24 0.21 0.21 0.22 1.4-2.4
Su1 fate 117.0 99.0 114.0 110.0 250
Sodium 29.4 35.8 34.8 33.4
Arsenic <0.005 <0.005 <0.005 <0.005 0.05
Selenium <0.005 <0.005 <0.005 <0.005 0.01
Mercury <0.0003 <0.0003 <0.0003 <0.0003 0.002
Nitrate-N 0.06 0.04 0.11 0.07 10
Chemical Oxygen Demand 100.0 4.0 48.0 50.7
Total Organic Carbon 176.0 93.0 4.0 91.0
Phenols <0.01 <0.01 <0.01 <0.01
Endri n <0.0002 <0.0002 <0.0002 <0.0002 0.0002
li ndane <0.001 <0.001 <0.001 <0.001 0.004
Methoxychlor <0.01 <0.01 <0.01 <0.01 0.1
Toxaphene <0.001 <0.001 <0.001 <0.001 0.005
2,4-D <0.01 <0.01 <0.01 <0.01 0.1
2,4,5-TP Si1 vex <0.005 <0.005 <0.005 <0.005 0.01
TNT <0.005 <0.005 <0.005 <0.005
RDX <0.011 <0.011 <0.011 <0.011
Col i fonn

Bacteria, cl100 m1 NIDt NID NID NID 4
Radi urn, pCi 11 0.09:0.1 <0.05:0.01 0.7tO.1 5
Gross Alpha, pCil1 2.7-:2.1 1.5-:1.5 0.2:0.5 15
Gross Beta, pCil1 4.2:3.5 3.9:4.2 <0.1:0.2

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detected.
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TABLE 5-2 O. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO.4 OF SITE Z3

Sampling Date .
Maximul.D

Parameter 1-27-81 1-28-81 1-29-81 Mean Level

Temperature, °C 9 9.5 9 9.2
pH 7.71 7.54 7~62 7.62 6.5-8.5
Conductivity, umhos/cm 490 475 475 480
Turbi dity, TU 2.2 3.9 1.1 2.4 1

- - - - - - - - - - - - (mgtl) ------ - - - - -
Cadmium <0.001 <0.001 <0.001 <0.001 0.010
Chromium, Total 0.013 <0.005 <0.005 0.05
Iron 0.185 0.136 0.248 0.190 0.3
Manganese 0.032 0.675 0.532 0.413 0.05
Lead <0.005 <0.005 <0.005 <0.005 0.05
Si 1ver <0.001 <0.001 <0.001 <0.001 0.05
Barium 0.160 0.100 0.080 0.113 1
Chloride 6.0 5.5 4.5 5.3 250
Fl uori de 0.36 0.35 0.32 0.34 1.4-2.4
Sulfate 75.0 70.0 79.0 74.7 250
Sodium 34.5 39.0 38.7 37.4
Arsenic <0.005 <0.005 <0.005 <0.005 0.05
Selenium <0.005 <0.005 <0.005 <0.005 0.01
Mercury <0.0003 <0.0003 <0.0003 <0.0003 0.002
Nitrate-N 0.60 0.72 0.78 0.70 10
Chemical Oxygen Demand 4.0 8.0 8.0 6.6
Total Organic Carbon 141.0 307.0 13.0 153.7
Phenol s <0.01 <0.01 <0.01 <0.01
Endri n <0.0002 <0.0002 <0.0002 <0.0002 0.0002
Lindane <0.001 <0.001 <0.001 <0.001 0.004
Methoxychlor <0.01 <0.01 <0.01 <0.01 0.1
Toxaphene <0.001 <0.001 <0.001 <0.001 0.005
2,4-0 <0.01 <0.01 <0.01 <0.01 0.1
2,4,5-TP Si 1vex <0.005 <0.005 <0.005 <0.005 0.01
TNT <0.005 <0.005 <0.005 <0.005
RDX <0.011 <0.011 <0.011 <0.011
Colifonn

N/DtBacteria, c/100 ml 2 N/D 4
Radi um, pCi /1 0.4tO.1 <0.04±0.01 0.2tO.1 5
Gross Alpha, pCi/l 3.3-J:2 .9 0.3-:0.7 0.8-:1.0 15
Gross Beta, pCi/l <0.2±5.0 0.1:2.8 10.2±4.2

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detected.
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TABLE 5-21. CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 5 OF SITE Z3

Samp1 i ng Date

Parameter

Temperature, °C
pH
Conductivity, umhos/clll
Turbidity, TU

1-27-81

9
9.15

300
1.0

1-28-81

9
8.71

325
0.8

1-29-81

8
8.39

350
0.3

Mean

8.7
8.75

325
0.7

Maximu!J!
Level

6.5-8.5

1

- - - - - - - - - - - - (mg/1) - - - - - - - - - - -

N/O N/D
0.5tO.1 0.ltO.1
0.2-.1:0.5 0.7tO.9
0.6*1.5 <0.1-.1:0.2

Cadmium
Chranium, Total
Iron
Manganese
Lead
Si 1ver
Barium
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endri n
Lindane
Methoxychlor
Toxaphene
2,4-0
2,4,5-TP Silvex
TNT
RDX
Col i form

Bacteria, c/100 m1
Radi urn, pCi /1
Gross Alpha, pCi/1
Gross Beta, pCi/1

<0.001
0.015
0.369
0.043

<0.005
<0.001
0.050
5.5
0.38

114.0
26.8
<0.005
<0.005
<0.0003
0.26

100.0
64.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

N/Ot
0.2*0.1
0.6-.1:0.9
0.6-.1:1.5

<0.001
<0.032
0.127
0.083

<0.005
<0.001
0.050
7.5
0.34

98.0
30.4
<0.005
<0.005
<0.0003
0.28
4.0

214.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001
<0.005
<0.01
<0.005
<0.005
<0.001
0.030

10.5
0.29

84.0
29.7
<0.005
<0.005
<0.0003
0.43

36.0
11.0
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

<0.001

<0.005
<0.001
0.043
7.8
0.34

98.7
28.9
<0.005
<0.005
<0.0003
0.32

46.7
96.3
<0.01
<0.0002
<0.001
<0.01
<0.001
<0.01
<0.005
<0.005
<0.011

0.010
0.05
0.3
0.05
0.05
0.05
1

250
1.4-2.4
250

0.05
0.01
0.002

10

0.0002
0.004
0.1
0.005
0.1
0.01

4
5

15

* EPA Ground Water Quality Criteria (EPA, 1979).

t Not detected.
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SECTION 6

FACILITY OPERATIONS AND CONTINGENCY PLAN

A number of regulatory violations were identified during the
course of this study. The areas that do not conform to the
interim and final standards under RCRA Subtitle C are shown in
Tables 6-1 and 6-2 for Sites ZI and Z2.

A facility operations and contingency plan was prepared to
meet the requirements of 40 CFR 265.50, Hazardous Waste Manage
ment System, Federal Register, May 19,1980. Each of the facili
ties addressed in this plan has been investigated as a portion of
this study, and described in detail in earlier sections of this
report. Since many of the specific items required in an opera
tions and contingency plan have been presented in or appended to
thi~ report, they are referenced rather than reproduced in this
section. These items are summarized in Table 6-3.

Recommendations for remedial measures and additional studies
at Sites ZI and Z2 have' been made at the conclusion of each site
evaluation (see Section 5). The findings and conclusions of
these recommended studies will be relevant to this plan, and
should become a portion of this document. Upon completion of'
these studies, this plan should be reviewed relative to the
findings and amended, if warranted.

Emergency coordinator information is summarized in Table
6-4. Fire and emergency equipment is maintained on site, and
cooperative agreements exist between the IAAP and local fire
departments. Available emergency ·equipment and its location are
summarized in Table 6-5.

Additional information on the operations and contingency
plan for Sites ZI and Z2 is presented in Appendix G.
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TABLE 6-1. AREAS OF REGULATORY VIOLATION AT SITE Zl

Area RCRA Regulation*

Waste analysis Subpart B, Section 265.13#

Warning sign Subpart B, Section 265.14#

General inspection Subpart B, Section 265.15#

Personnel training Subpart B, Section 265.16#

Contingency plan Subpart 0, Section 265.52#

Operating record Subpart E, Section 265.73#

Ground water monitoring

Closure and post-closure plan

Waste containment

Subpart F, Sections 265.90
through 265.94t

Subpart G, Sections 265.110
through 265.120**

Subpart K, Section 265.223#

*

#

t
**

Promulgated by EPA under RCRA Subtitle C, Section 3004.
All regulations are specified in Part 265, and published
in Federal Register dated 5-19-80.
Final standard.
Interim final standard.
Sections 265.110, 114, 115 are final standards; Sections
265.111, 117, 118 are interim final standards; Sections
265.112 and 113 are interim final standards, which were
amended on 10-30-80; Sections 265.119 and 120 are final
standards but amendment has been proposed.
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TABLE 6~2. AREAS Of REGULATORY VIOLATION AT SITE Z2

Area RCRA Regulation*

Waste analysis Subpart B, Section 265.13#

Warning sign Subpart B, Section 265.14#

General inspection Subpart B, Section 265.15#

Personnel training Subpart B, Section 265.16#

Contingency plan Subpart 0, Section 265.52#

Operating record SUbpart E, Section 265.73#

Ground water monitoring

Closure and post-closure plan

Waste containment

Subpart F, Sections 265.90
through 265.94t

Subpart G, Sections 265.110
through 265.120**

Subpart K, Section,s 265.222
and 265.2'23#

*

#

t

Promulgated by EPA under RCRA Subtitle C, Section 3004.
All regulations are specified in Part 265, and published'
in Federal Register dated 5-19-80.
Final standard.
Interim final standard.

** Sections 265.110, 114~ 115 are final standards; Sections
265.111, 117, 118 are interim final standards; Sections
265.112 and 113 are interim final standards, which were
amended on 10-30-80; Sections 265.119 and 120 are final
standards b~t amendment has been proposed.
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TABLE 6-3. FACILITY OPERATIONS AND CONTINGENCY PLAN
INFORMATION LOCATED IN OTHER SECTIONS OF THIS REPORT

*Reference
Reguired Information

Description of the sites

Existing topographic plot plan

Proposed topographic plot plan

Operational plot plan

Geologic cross sections

Description of waste characteristics
and quantities

Expected life of site

Site closure plans

Operating procedures

Safety/service provisions

Surface water monitoring

Ground water monitoring

SiteZl

5 -1

5-2

NA

NA

5-7

5-3

NA

5-16

NA

NA

5-16

5-16

Site Z?

5-28

5 -2 8

NA

Appendix G

5-35

5-32

NA

5-50

5 -2 8

Appendix G

NA

5 -45

* Page numbers in text, unless otherwise indicated.
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TABLE 6-4. LIST OF EMERGENCY COORDINATORS

On-Scene Coordinators* Alternatives

D. D. Mellinger
Mechanical Supervisor
Bus. Phone: (319) 753-7315
Home Phone: (319) 753-1914

J. E. Shannan
Safety Manager
Bus. Phone: (319)753-7319
Home Phone: (319) 754-8954

R. H. Ti em e i e r
Plant & Utilities Manager
Bus. Phone: (319) 753-7103
Home Phone: (319) 952-2332

F. C. Laue
Environmental Coordinator
Bus. Phone: (319) 753-7538
Home Phone: (319) 752-5648

G. Miller
Security Police Chief
Bus. Phone: (319) 753-7103
Home Phone: (319) 752-6272

Department of the Army Liaison Personnel

Department of the Army: G. H. Mathes
Chief Engineer
Bus. Phone: (319) 753-7101
Home Phone: (319) 753-1027

* These contractor personnel have been assigned the ~esponsibil

ity of supervising all cleanup and decontamination activities
resulting from an accidental discharge of oil or hazardous
materials within the installation's boundaries. Following an
accidental spill, the on-scene coordinator will notify the
personnel listed as soon as possible.
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TABLE 6-5. EMERGENCy EQUIPMENT AVAILABLE TO IAAP

Bldg. 200-131-3

Bldg. 200-131-3

Bldg. 400-138

Bldg. 400-138

Bldg. 400-138

B1 dg • 400-138

Bldg. 400-138

B1dg • 400-138

Bldg. 400-138

Bldg. 400-138

Bldg. 400-138

Source

Iowa National Guard
U.S. Army Reserve

Engineer Battalion

End loaders

Tractors

Pumps

Oil skimmers

Grade rs

Gradea11s

Bulldozers

Two Ambulances

On-Site Equipment Location

Pump t ru ck, 750 gpm

Available Off Site Equipment

Additional large earth-moving equipment

Tank truck, 1,500 gal

Dump trucks

Fire trucks with 4-man crews (to provide
standby protection for nonexplosive areas
of the installation; total of 2 trucks)

Burlington Iowa,
Fire Department

Ft. Madi son, Iowa
Fire Department
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APPENDIX A

RESULTS OF SPLIT SAMPLES AS
A PART OF QUALITY CONTROL PROGRAM
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• VIJAY THAKORE: PRESIDENT, TECHNICAL DIRECTOR

rlESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM FOR CONTRACT
NUMBER DACA87-C-0333, BURLINGTON lAAP

Sample 1.0.:

BCA Lab Number:

PARAMETER:

Cadmium

Chromium, Total

Iron

1\
ifanganese

Lead

Silver

Barium

Specific Conductivity
(micromhos/Cm)

Chloride

Fluoride

Sulfate

Sodium

Arsenic

Selenium

Mercury

""'urbidity

Endrin

Lindane

Surface ~'Jater

Sta. 1-S-#2
01/15/81
9 : 30 Ai.'1
Temp. 4°C
pH 9.27 S/U

81-284
81-289

REPORTED RESULTS:
rng/l

<0.001

0.048

0.2~9

0.121

.(.D. 005

~0.001

0.09

875.0

106.0

1.38

219.0

285.0

<0.005

L.,0.005

"'-0.0003

1. 9 (NTU)

.(,p.0002

<0.001

SPLIT SAMPLE RESULTS:
mg/l

4).001

0.0486

0.218

0.122

.(.0.005

~0.005

0.092

875.0

110.0

1.385

225.0

289.0

4).005

~0.005

~0.0003

1.85 (NTU)

~0.0002

<..0.001

4940 N. MEMORIAL PARKWAY • HUNTSVILLE, ALABAMA 35810 • 205-859-2161
3443 COVINGTON DRIVE. DECATUR. GEORGIA 30032 • 404-284-1186



RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM
Page 2

~CA Lab 01umber:

PARAMETER:

Methoxychlor

Toxaphene

C.O.D.

Total Organic Carbon

Nitrate (as N)

Phenol

Total Coliform

81-284-
81-289 (cont'd)

REPORTED RESULTS: SPLIT SAMPLE RESULTS:
mg/l mg/1

<0.01 <:0.01

<0.001 ,0.001

71.6 72.0

29.0 30.0

4.73 4.81

<:0.01 ~0.01

N/D N/D



RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM
Page 3

.::iample I. D. :

BCA Lab Number:

PARM1ETER:

Cadmium

Chromium, Total

Iron

Manganese

Lead

Silver

~arium

Specific Conductivity
(Micromhos/Cm)

Chloride

Fluoride

Sulfate

Sodium

Arsenic

Selenium

Mercury

Turbidity

Endrin

Lindane

~ethoxychlor

Toxaphene

Z2 #18A-S-1
01/27/81
Temp. 7°C
pH 6.86 S/U

81-606
81-611

REPORTED RESULTS:
mg/l

~0.001

~0.005

0.043

0.321

.(0.005

~0.001

0.110

400.0

4.5

0.35

134.0

31.0

<.0.005

~0.005

<:0.0003

2. 1 (NTU)

~.0002

<.0.001

<:0.01

<.0.001

SPLIT SAMPLE RESULTS:
mg/l

~0.001

.(0.005

0.048

0.315

~0.005

~O. 001

0.098

400.0

4.0

0.36

140.0

30.5

..(.0.005

,,"0.005

~0.0003

2. a (NTU)

~O.0002

4). 001

~0.01

.(0.001



RESULTS OF SPLIT SM~PLES AS A PART OF QUALITY CONTROL PROGRAM
Page 4

:A Lab Number:

PARAMETER:

C.O.D.

Total Organic Carbon

Nitrate

Phenol

Total Coliform

81-606
81-611

REPORTED RESULTS:
mg/l

64.0

65.0

0.28

~o. 01

N/D

SPLIT SAMPLE RESULTS:
mg/l

68.0

54.0

0.30

0.01

N/D

Il.l



RESULTS OF SPLIT SAHPLES AS A PART OF QUALITY CONTROL PROGRAM
Page 5

ample I. D. :

BCA Lab Number;

PARAJ.\1ETER:

Cadmium

Chromium, Total

Iron

Hanganese

Lead

Silver

Barium

Specific Conductivity
(Mic romhos / Cm)

Chloride

Fluoride

Sulfate

Sodium

Arsenic

Selenium

Mercury

Turbidity

Endrin

Lindane

Methoxychlor

Toxaphene

,-.0.0.

Z3 #1-S-2
01/28/81
Temp. 8°C
pH 7.51 S/U

81-716-
81-721

REPORTED RESULTS: SPLIT SAMPLE RESULTS:
mg/l mg/l

<0.001 <.0.0 01

<0. 005 4).005

0.032 0.031

0.509 0.52

<0.005 ~0.005

~0.001 ",,0.001

0.100 0.095

400.0 410.0

5.5 5.0

0.40 0.395

41.0 39.0

30.5 30.0

.(0.005 ~0.005

~0.005 ~0.005

",0.0003 4).0003

1.60 (NTU) 1.7 (NTU)

~0.0002 ~0.0002

~0.001 ~0.001

~0.01 ~0.01

~0.001 4.001

56.0 60.0



RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM
Page 6

BCA Lab Number:

PARAMETER:

Total Organic Carbon

0!i trate (as N)

Phenol

Total Coliform

81-716
81-721

REPORTED RESULTS:
mg/l

2.0

.(.0.01

<,0.01

N/D

SPLIT Sk~PLE RSSULTS:
mg/l

1.95

4).01

4). 01

N/D



RESULTS OF SPLIT SPMPLES AS A PART OF QUALITY CONTROL PROGRk~

Page 7

ample I. D. :

BCA Lab Number:

PARAMETER:

Cadmium

Chromium, Total

Iron

Manganese

Lead

Silver

Barium

~pecific Conductivity
(Micrornhos/Cm)

Chloride

Fluoride

Sulfate

Sodium

Arsenic

Selenium

Mercury

Turbidity

Endrin

Lindane

Methoxychlor

.oxaphene

Z3 #4-S-3
01/29/81
Temp. 9°C
pH 7.62 S/U

81-832
81-837

REPORTED RESULTS:

<:0.001

<0.005

0.248

0.532

-(0.005

~O. 001

0.08

475.0

4.5

0.32

79.0

38.7

~0.005

4,0.005

~0.0003

1.10 (NTU)

4).0002

(,0.001

.(,0.01

~0.001

SPLIT SAMPLE RESULTS:

<~.o.OOl

<:,0.005

0.25

0.528

<0.005

<0.001

0.075

475.0

4.5

0.315

82.0

38.0

(,0.005

40. 005

4). 0003

1. 0 (NTU)

~O. 0002

,0.001

~O. 01

4J.001



RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM
Page 8

CA Lab Number: 81-732
81-837

PARAMETER: REPORTED RESULTS: SPLIT SAMPLE RESULTS:

Total Organic Carbon 13.0 12.5

Nitrate (as N) 0.78 0.76

Phenol ~.01 <.0.01

Total Coliform N/D N/D



• VIJAY THAKORE: PRESIDENT, TECHNICAL DIRECTOR

TNT & RDX

QUALITY CONTROL DATA

Samples run in duplicate for TNT & RDX:

Sample II: TNT TNT
PPM PPM

284 (0.005 (0.005
618 (0.005 (0.005
704 <0.005 (0.005
796 (0.005 <0.005

Sample #: RDX RDX
PPM PPM

284 <0.011 (0.011
618 (0.011 <0.011
704 (0.011 <0.011
796 (0.011 <0.011

4940 N. MEMORIAL PARKWAY • HUNTSVILLE, ALABAMA 35810 • 205-859-2161
3443 COVINGTON DRIVE. DECATUR, GEORGIA 30032 • 404-284-1186



• VIJAY THAKORE: PRESIDENT, TECHNICAL DIRECTOR

GROSS ALPHA, GROSS BETA, TOTAL RADIUM

QUALITY CONTROL DATA

Duplicate sample with ccunting error:

Sample If: Gross Alpha Pci/L: Gross Alpha Pci/L:

577 3.2 ± 2.3 3.2 ± 2.3
619 1.2 ± 0.5 1.2 ± 0.5
693 2.2 ± 2.2 2.2 ± 2.2
815 4.8 ± 5.0 4.8 ± 5.0

Sample II: Gross Beta Pci/L: Gross Beta Pci/L:

577 5.6 ± 3.8 5.6 ± 3.8
619 1.1 ± 2.5 1. 1 ± 2.5
693 3.1 ± 5.6 3.1 ± 5.6
815 7.5 ± 7.6 7.5 ± 7.6

Sample If: Total Radium Pci/L: Total Radium Pci/L:

577 0.8 ± 0.1 0.8 ± 0.1
619 0.4 ± 0.1 0.4 ± 0.1
693 0.1 ± 0.1 0.1 ± 0.1
815 0.1 ± 0.1 0.1 ± 0.1

4940 N. MEMORIAL PARKWAY • HUNTSVILLE. ALABAMA 35810 • 205-859-2161
3443 COVINGTON DRIVE • DECATUR. GEORGIA 30032 • 404-284-1186 /2..7



APPENDIX B

GENERAL NOTES, UNIFIED SOIL
CLASSIFICATION SYSTEM, AND MONITORING WELL DATA
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Standard "N" Penetration. Blows per toot of a 140 pound hammer failing 30 Inches on a 2 inch 00 split spoon, except
where noted.

Water levels indicated on the boring logs are the levels measured In the boring at the times indicated. In pervIOus soils,
the Indicated elevations are considered reliable ground water levels. In low permeability soils. the accurate determlna·
tlon of ground water elevations is not possible In even several days observation. and additional evidence of ground
water elevations must be sought.

WATER LEVEL MEASUREMENT SYMBOLS:

DRILLING & SAMPLING SYMBOLS:
Piston Sample
Wash Sample
Fish Tail
Rock Bit
Bulk Sample
Pressuremeter
Dutch Cone

While Sampling
While Drilling
Before Casing Removal
After Casing Removal

PS
WS
FT
RB
BS
PM
DC

WS
wO
SCR
ACR

GENERAL NOTES

Waler level
Wet Cave In
Dry Cave :n
After Boring

Split Spoon-1lr'a" 1.0.,2" 0.0., unless otherwise noted
Shelby Tube-r 0.0., unless otherwise noted
Puwer Auger
Hand Auger
Diamond Blt-4 in, N, B
Auger Sample
Ho:low Stem Auger
Vane Shear

Wl
WCI
DCI
AB

ss
ST
PA
HA
08
,AS
I-1S
VS

I
I

I
i

I

I
!
I
i

1

I

I
I

I

DESCRIPTIVE SOIL CLASSIFICATION:
Coarse Grained or Granular Soils have more than 50% of their dry weight retained on a #200 sieve; they are described
as: boulders, cobbles, gravel or sand. Fine Grained SOils have less than 50 % of their dry weight retained on a #200
sieve; they are described as: clays. or clayey silts if they are cohesive. and silts if they are slightly cohesive or non·
cohesive. Major constituents may be added as modifiers and minor constituents may be added according to the relative
proportions based on grain size. In addition to gradation, granu~ar soils are defined on the basis of their relative in-place
,jensity and tine grained soils on the basIs of their consistency and plasticity. Example: Clayey silt, trace sand
moderately plastic, stiff; silty fine sand, trace gravel, medium dense.

GRAIN SIZE TERMINOLOGY RELATIVE DENSITY OF GRANULAR SOILS:

RELATIVE PROPORTIONS

CONSISTENCY OF COHESIVE SOILS:

PLASTICITY OF FINE GRAINED SOILS:

Major
Component
Of Sample

Boulders

Cobbles

Gravel

Sand

Silt or Clay

Deacriptlve Term(a)
(Of Conlponents Also

Present In Sample).

Trace

Little

Some

And

Size Range

Over 8 in. (200mm)

8 in. to 3 in.
(2oomm to 75mm)

3 in. to '4 sieve
(75mm to 2mm)

'4 to '200 sieve
(2mm to .074mm)

Passing #200 sieve
(0.074mm)

Percent of
Dry Weight

1-10

10-20

20-35

35-50

N-Blows/ft.

0-3
4-9

10-29
30-49
50-80
80+

Unconfined Compressl"e
Strength, Qu. psf

~ 500
500- 1,000

1,000- 2,000
2,000- 4,000
4,000- 8,000
8,000-16,000

• 16,000

Term

None to slight
Slight
Moderate
High

Relallve Density

Very loose
Loose
Medium Dense
Dense
Very Dense
Extremely Dense

Conslatency

Very Soft
Soft

Medium
Stiff

Very Stiff
Hard

Very Hard

Plasticity Inde..

0- 3
4- 7
8-25

• 25

TERRACON CONSULTANTS, INC.--------:.....--------
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UNIFIED SOIL CLASSIFICATION SYSTEM

1 ana .)

I
limits plotting in hatched ~

zone with P.1. between 4 ;
and 7 are bordtlr/ine ClIses~

requiring use of dual sym-I

bol~. I

Above "A" line with P.I.
between 4 and 7 are bor
derline cases requiring use
of dual symbols

Not meeting all gradation reQUIremen'" 10' SW

No! meeTing all gradation requirements for GW

Alterberg limits above "A"
line with P.I. greater than 7

Anerberg limits below "A"
line or P.I. less than 4

l

~
~

'i-I-------------------------,-~
~
~

J
~
1

i

,
O'-----------------------------j

~~ ~ r---- I

~ ~ ~ IAn"b", hm"'''''OW''A''1
. • I:: I line or P.I. less than 4c..u...;::1.11

t:l\;) ~ (5 I
S;. ~ ~ ~ i----
q q~ ~I

, Alterberg limits above "A"
I line with P.1. greater than 7
I
I
,--

i,
--- -------j"------_.

TYPIC". names

\~

M.,ordlv'S1ons

Qj
N
';;..
>
C1l
';;;

8,'..,
'0.,.

J Group
I symbols

1---,------+-----+------

I
!

i ~ i I WIlIl-qri>'Jthl :jrdvels. gravel-sand i
I ;:!C = I GW I I f i ~, C1l ~ , mixtures. ,nle or no ,nt!'S I-

I r;: i a; 0 I f ~

,

-uQ ~ j ~ =. I~- ! - -.-------------i ~-, I i

I .... ~i i ~ ~ I GP ; :onO~~j;~~~:s\~;~:~:'n~r:,~~~ i 8
[ ~ 8 <l' i !! II ~I~~ ~ i-;--r--T-------··-- '~

I '2.2; ~ §' I Silty gravels, gravel-sand-silt I~' ~
\ ~ - _ ~ -::; I GM I mixtures .. ?:<

- ~ C1l I '
~ :3 = I --J--______ a 0

~..: ...,:2 - 1 I I IV' 2

~ ~a.-J '0 I', I .::; ==~ ~ GC Clayey gravels, gravel-sand·clay i~'.i:

mixtures '[.~ :-
-~ ~ ~ ( 'y -== ~ I ~~
-~ ~ -------t-------

i
, I ~ ~

31" I ' I ..= c
~:; , a: [ SW i Wellllraded sands, gravelly ~ ~ .9

<3 ~ I c ~;§ i I sandli, little or no fines i ~ U

~ I g] ~ ~ I I Ii~
C1l?_" u~ -t:

C1l I P I d d d II i " ,~a '" ' SP I oor y gra e san s, grill/e y I co - ..
~ ;':.J sands. linht or no tine~ j ~ '0 ~

~ ~ ~ 6 -! ! '0 ~g ~
~ C 0 Z r----i-----i--------------__I ~ ~ .!= C ~

C
:~£C1l0 ~ ~ ~ c S ~ ~ ~ ~ --C£~::l c:~-ua;a.c:

c ~ c: ~ SM Silty sands, sand-silt mixtures ~ ~.~ a. N ~
~~ -10_ 4ic~tJ')-,-;-g £~~ a.o~c:~~
0" '~~.§ r-----t----------------[ ~ g't 2'£ C'~

~.!a ~·u - "E ~ ~ ; ~ ~
] a.c.~ 0 SC Clayey sands, sand-clay mix· E ~ ~ .:i ~ .;;
"" ~ I tures ~ ~ .§

10090807060

~ ----t----t---+--- ,,(:',-'/'--+-·--+----r--~I_-__;
r--r---·+--t ..':'7- OH anp MH-+-_-+-_~

20~t·---, ;7-
r- - - "1""-- ~ - ,- ,/

f=~-=:=.-C-l-t-i·~---~-/~~~==~===:t=:::.:.-.:=I;~::.~-t::.::::~t:...------I
10r----r-·-~- /

7t--'-~ooo,,~?,--
4 • - - •• E,' ~:~-*,-,,? Y-Ml ;;- dOi'-t--- ~-_.-r_-- --+---1----1

- '--4 -,;- -1--+--+--+--+----;'---+-·--1o ' • I

o 10 20 30 40 50

--- /
3Or---+---+---+---+-__I-~¥_-+_-_+_-_+-___1

60 I--..,....--,..----,.--,...--...,...---r--,---..,....-"""T"--/..,.
I----+--.+---f----+--+---+-'--+---f---+-~/'-I

- For classification of f,"e~ra,"ed /
- soils and fine fraction of coarse- ~'---~'---i----i+--1

50=grained soils. /
- Alterberg limits plotting in -+--._+---t--7'/"~+---l
- hatched area are borderline c1assj· - "'CJ:i""-'I---~~--4----l

~Hcatlons requiring use of dual - __'._L-+-_--~~/I-__I--_ __;
40 _ symbols._-+--_'_+"'<--/-+__+_--1

- Equation of A·line: / -- ---1---__;
- Pt=0.73 (Ll-20) ,

-----t---+---I--+-+--+---t---+---i

Inorganic clays of high plas
ticity. fat clays

Organic clays of medium to
high plastici ty, orgamc silts

Organic silts and organic s,lty
clays of low plasticity

Inorganic silts. micaceous or
diatomaceous fine sandy or
silty soils, elastic silts

Inorganic silts and very fine
sands, rock flour, s.lty or clay'
ey fine sands or clayey silts
with slight plasticity

InorganIc clays of low to me
dium plasticity, gravelly clays,
sandy clays, silty clays, lean
clays

Ol

Cl

MH

Ml

CH

OH

o
III
c:.. .,

>-C.. -
1j 1:I
-u.!!c: _

'" ... E
~:.:

U;:!1
~
fj

:.:i
'"..-u

.S
f--------+------+---------------i ~

'u
.~

a:
I

'0-ii
J:.
c:

'"-=
OJ

Pt
Peat and other highly organic
soils

liquid limit

Plasticity Chart

TERRACON CONSULTANTS, INC.

IjO



TABLE ~~IJPPLEHENTAL t,r)NITOI<IW~ I\'ELL LOr, DETAILS
IOI'IA I\R~1Y At1~1lJ~1ITION PLl\ln, [::ilr~L1Nr.TOI~, I o I'ip,
JOB I'JO. 680574

(a)
x

North
We I I (ft. )

Z1 H1 7192

Z1t12 7181

Z1i/2A 7195

Zlfl3 7169

Z14'6 9566

Z21!1 8016

Z2#2 5376

ni/18 6895

Z21!18A 6924

Z2H 19 7 JC~2

Z3# 1 %50

Z3J!2 9730

Z3f13 9500

Z3#4 9330

Z3115 9370

(a)
y

South
(ft. )

14117

13955

13948

13794

13239

8182

10010

9173

9173

10148

8650

8800

8925

8915

8850

Natura I Grade
Elevation

682.1

670.7

671.0

677 .6

683.5

722.7

698.4

712.4

712.5

712.6

723.6

723.9

720.9

720.9

727..2

Top of Pipe
Elevation
(ft. )

685.8

673.8

673.9

680.6

687.3

725.4

69~~.6

716.0

716.9

715.9

726.4

727.1

77..2.1

725.4

725.8

Installation
Date

12-3-80

12-22-80

12-22-80

12-4-80

12-2-80

11-25-80

12-11-eo

12-10-80

12-10-80

12-10-80 an:]
12-11-eO

12- J-8(J

12-5-80

12-12-80

12-9-80

Norll i nil I
Hole

IJ i eJlIlFJh:,
( in. )

8.5

F~. ~I

n. '"j

...') l.:;.
I). _1

h.5

s. :,
Q t:
U • .J

8.5

0.5

8.'5
Q r:
U . ..J

8.5

8.5

1'1,"11
D'~r.th

( tt. )

4(,

c..- /'
_' I ~

')(l

10

19

28

18.5

r . (Ii)
".:15 I nq

Depth
( t t . )

40

20

36

44

20

40

5

9

3

6.5

18

8.5

, (c)
"creen
Lunq-th

( t t . )

10

10

10

In

10

10

10

In

10

5

10

10

Cernf'nt
Use(j

(ba'1S)

.J..

I
::

c:-.
.'

I
~

.!.,
I
ij

I
'2

I
'2

(a) Set according to local coordinate system establ ished by C.O.E. tor construction on Line 4A, for approximate conversion
to State Plane Coordinate System, Iowa South Zone, Est. 1955 use the fol lowing formula S.P.C. = L.e. + (294,126 North)

(7,615,430 East)

(b) Nominal 4" inside casing diameter, schedule 40 PVC plastic pipe in accorrlance with ASTM D 1785-74.

(c) Johnson well screen, V shaped size 20 slot (0.020"), nominal 4" insi<1e diameter PVC.

-u.J-



MONITORING WELL ~rER LEVEL RECORD

IOWA APMY AMMUNITION PLANT

BURL INGTON. IOWA

v

TCI JOB NO. 680574 / 3-3-81

680.6

READING
DATE

L'.A

Zl 1

2

Z2

1
!
I

_s_~_6_~+~_J~_~_~_~_R-+-__T_~_7_:_r~_:_~_1~_~_E_-+-_._~A_E;_~_~---<If-_~_~_~_;_~ ' .__~~~~~~lt~-~jr~ ~r~jr~~~:~~-L_ mFJ
I I 1

:~ ~ ::--0.: 'f-.------+!---._-- ----------·1----·-····--·····1··-----·- .------ '--1--------+--.---- j

67"3.9 ----+------j'------ .-..---.-: --·-------··---r---·--· ; ---·---1----------·!L-'---'--"1
---- -==:~-~~-~~~~~ =~=r----·-T-·---~=~i~=-~-~ t--==J

.. I '

6 od 7.3 ! i I

I--=-.)-~---~;:::; ~ ---~ ~:~_- i~::~~:_~--_-:--~--~~-~r i---- J
1-...:.1.:=.6__......J L!SJ.O .. .-----.--- --------------1.----------. -- - -J ------.--1----- -----.----

1,~A

19

1--":2--~-"--- ~;-~~~---.-.-------- -----.- -----1------ ------ --! ---------I---~------'----------
I-..::=......--+-----·-·-·-----f- ---.- ·----·----·-·--r-··----·----·-· --.-------...; -.--... ···· .. · .. -· .. ··-·....1-----·--....-- -~..------_.._.--..-....

~ ------ ;~~-' :--:==~ ::~-- -- ~===~:~~~L=_===:=. =-=:==-~= __ --~=:_=E:~=-J=: __=~1==~ __-



EI eV.Tt i '.JiI

r
r~~;t?:~,:y;t~
.:.'.:~' .::;". ::'.... : ..;: :

I

Grout

i
I

I
1
1

Benton i -re ~ed 1- (~roll r I nter-tdce I
Zone of Itiell CdsinQ .::in,! Pt2lletiL8d I
Bentonite Se..:ll OJ1in. )' Thickness) I ,

j670.1

( ft. )

(ft. )

Zone of 'tJe II Cas i ng dnd Sand F i Iter _-

Pack

Sand Pack- Ben-ronite Se~1 I nterfdce~
...................... . . . . . . . . . ........ ...................................

~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~.....................

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~ ~:
::::::::::::::::::::....................

>:::::~::::~:::::
:::::::::;:::;::::::
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
:.:-:.:-:.:-:-:.:.:.
::::::::::::::::::::,

Elevation of Top of Wei I Screen

Zone of Wei I Srceen and Sand Fi Iter

Pack

E I eva t i on of Bottom of We I I

660.1 (ft.)
. .. . .
':':~...:..""...."",,:::.:....."-'"''''''''''.....
:->:..:.~~oo::-:-:
.·.·ti.-:' •..".~·.·.
-:-:,,~¥.¥:.:
:.:.:.:-:.--:-~~.:.:
•• ,.J""fII .....~ •••••

-:-:~~~~:-:.....-:. ..... .,.....,.....
:.:.7:".;-......-,..;.:.:
.:.:.::-..:-"""\;.i:.:.....~ ..... .,.." .......:.;...,-.....,~.:.:
:.:~ _..,.~:.: .

.... "' .
:·:·r ~-:-......:·:·:...........................
:.::-....~..."":"....-::.:.

:.:.:w'-7"..:i7~.:.:.... ,. .
:.:-"":"' -:-~..:.:......,....,..."'1-\ .....
··:-N~.;7'.;:·:-:
:.:::....~--"":'"....:::.:.

::::;:r~~:::~

650. 1 (ft. )

1.- TEAAACON CONSULTANTS. INC.--.......------------...L.A.....'-..J
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LOG OF BORING NO. Z 1 111

OWNER IOl'iA ."IRr'iY Mlr.1UtJ IT I ON PLAtH
bliR! I ilGTcrl IO\'iA

ARCHITECT ·ENGINEER

u. S. AR~Y CORPS OF ENGINEERS

01·-
c III
.- +
'- ill
00
+-

656. I

,.... '····'··l

lr~'J&;~',·,,:;,;,::1

659. I

12-3-80

04l$Cription

I nstal led

Continued on Sheet #2

lVe I I

Very Stiff to Stiff
[:.rown

To Gr'ay Brown at 19'.

PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATION

c
o

I
L '"a. >

cS ! ~ Surface Elevation = 682.1 i~

CL

j::;H

15.9 I 15 CH

SITE BF;uSH CREEr'
,A,8Pd'·IOOtJED P I r'~r:\'IATER LA:~OON

<lJ

I'-' '" .i<c
~ ~ cj;

.....
<lJ <lJ oil <li oil

a. Q > Q >- oil
a 0

J.~ c "3

Z E Q.l
0 oil UQD >- C oil J::..

<lJ ~ C ... ~
~ ~ & u ~ ;"')

a. (/) <lJ .....
O~ Dol

Q. > oil 0. C
'"'

~ .c
<lJ E 0 ~ 8 E ~ I

..... - f'c Q. u ~ t. ,/1 C. ,;..1"3 ~ <li g
C 0 =:;..,
~U(/) ~ c~ i ~ V) IVI .- (/) lr CD

1-1'; I
I

, 'JT .::'4 I,) OJ I II) ,Cli'j I '. ~ I
I

I
I

H:,

\
I

2 ~-;T 24 H CL

------
15-=

----- ---
20-=----- ---
25-=--- ::::}::::::::::- :::::::::::::::::

1-6--+P-T-+-2-4--1-S-+---+----+---+---+-r-L..:....I 30} (30~: : n Sa nd Seams at 29'. '1:::I:::I:I::llj

;ri[ =_ 6
6

5
5

0' •• Er-(;;'3;;;'1.;...5;";")C-O-A-R-S-E-S-A-N-D-,--B-ro-w-n--~t ..~\_\I
I-- I-- -I-- -I- -I-- - - -~ - -,-I-- - .--- -

HS

c: )3 1ST ", .1 I 14

H'~"

4 ''::T 24 17

Hs

5 t3T 24 18

Hs

Tilt ,.TR.. rl"C... T,ON L-INt.!> kt...Rt.",t.Nr rHf. .......kUJ"..... ' £ tIOuNO...Ry UN£b b£lW£f.N SOIL- "'NO ROCI( TYPES IN-SITU. THE TRANSITION M...Y BE GR...OU...L

6' _~TER ~EV~':._~~SERVAT~NS___ BORING STARTED 1?- <,_Rn

• ~_~!~__~~~ ~~-~:'?I 4?.' A._~ Terracon Consultants, Inc. BORING COMPLETED 12- 3-RO
W L B C R C R Ct:ld~, ~d~l'b lJ• ..,ellpOfi OtiS MO&rl8S. IA RIG FOREMAN. . . . . A. . . CME 75 ,1M

.-- ----- - ..------ l'\..n~.5 Cit, Wu,;tlltCi, KS

W. L. I 8 ' I ti r. A. B. /7 ' I"\'1_.J....=.;I_R~_:.J.A:l.I-I-I --l-A:..:.;P:..:P..:.R:.:O:..:V:..:E:.:D~J:.:.F....H':""J.::J:.:O:.:B:..#~o~8~O!..o5~7:..:;4!....-..J

I~



LOG OF BORING NO. Zl /11 (Continued)

OWNER IOWA AR~Y A~~UNITION PLANT
BURL IN(;TiJrJ IO\'JA

ARCHITECT -ENGINEER

U. S. ARMY CORPS OF ENGINEERS
SITE tR<H CREr::K

A8AtlDOfJ EO F' INK'rJA TER L,,\CC(JrJ

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

IJI

0).-

c III- ....
L. Ql
00....
c-o <1l
:!:Jr:

DescriptIon

Bottom of Bor i ng

I
PROJECT NAME

SU8~URFACE CONTAMINATION INVESTIGATION

'">QJ

uJ

L-

0.
QJ
o

~L

>

I ~·I

! ~ ,OJ

o~
"'",
6:e

C
QJ

C
C

U

I
! I

I ICLI
I

I ! I. I i

II
!
i
I ,
I

r.:;LI
l

I
I

",L-
VlL

QJ

a
E
'"1Il

'"Cl.
>....

o
Z
Q.>

a.
E
,1)

1Il

..,
~T \2-) 17!

I

I
I-'C::.1",

8 ST 24 12

C HS

9 5T 24 b

HS

10 5T ~4 13

fH~ S fR.. f1FIC"TtON LINES "EPRESENT fHE .." ..R<.)XI.... TE ..oUNO"RY LINEl> bETWEEN SI HL. "NO ROCK TYPES IN·SITU. THE TRANSITION IolAV BE: GRADUAL.

~
WATER LEVEL OBSERVATIONS

lI---r---------.-,------.---
W.L. 43' W.S.ORW.D. 47' A.B.f--+--------. -----
W.L. B.C.R. A.C.R.

W.L·IR' , hr A E3 17' I"ln I-R-RI

Terracon Consultants, Inc.
C~aal RallOOS Oa_enpoll Oos MOines. 'A

K..n~..s C,ly W,,;hll", KS

BORING STARTED 1"'- 'S-RO

BORING COMPLETED 12-3-80

RIG CME 75 IFOREMAN J M
APPROVED 11='1-1 IJOB # F,RflCj74

/36



LOG OF BORING NO. Z I #2
OWNER

Im:A r\F,H't' M 1I\·1U~J I T lor'l r'u\rJT
"I !C.' I ,r i; ~TCI~J I iI"·11'.

ARCHITECT -ENGINEER

'I. ::. ,/\RMY CORPS OF ENG I NEER5

C SITE ~J~':U·)fl CREEK PROJECT NAME

r---r-T-"".:-'."ttH....·11
.-..;:.......:/.,..:i="....n.:....J.....l.p' 'r"IJ,;,.h'u",jAo.TJ,J'i="..,.P;....J,I.I::.A...( 'r-'( ),:..:n.w.r'~_-r-__r-.Io..-_C:f';1.:.01F....~C;....liu..;..L..IRF:~ArJ",.....lFr...:n,,")~.:.I.l.,l;JT·Alo.l.:'M.ul I.l.lN~AT..!.In~~w.J.....w.1N;:wJVw,E...SwT..l.I.:.,(',pfl"J.TJ.:1(l:.::.N~

UI

01'-
C lQ

- +-
L. III
00
+-
co III
:£~

j6S0.7

IVe I I I nsta lied 12-22-tlO

To Gr-ay at 22'.

-,
>- '"~

DescriptIonJl u C
~ .'Tl D '0 Q
0 <1J Cl ... ...- III
>.

.....
'" E a. >

~ "' C >-, <1J ~ Su rf.::1c8 Elevation 670.10 e :::l VlI 0 w =

c:
<1J

C
o
U

Cl
13.7 I 14 ::;r

::.....
'"~
o

co

>....
<1J
>o
u
<1J

CI:

o"'0.
E
'"Vl

"'a.
>
I-

o
Z

"'Q

E
'0

Vl

f' p.,

':,T -),1 ,;.)
~'-t -'

r',,\

.,
ST r, ;1 12L ~'-t

Pi\

C ,
5T 24

1

20J

PA

·1 5T 24 18

PA

5 5T 124 16

PA

6 5T t24 10

THE 5 TR.. fll'lCA TtON L.'NE~ HEPRESENT rHE ..PPHOK'.... rE OOUNOAHY L.INE~ bETWEEN SUIL. AND HOCK TYPE~ IN·SITU, THE TRANSITION ..AY Il£ GRADUAL.

Terracon Consultanls, Inc.
Cudat RapIJ& Ua~EI"pOrl o,,~ MOines, IA

I(an::tcfl::i GII'Y WICIlIldi, KS

BORING STARTED I?-7?-80
BORING COMPLETED 12-22-80

RIG 80mb -1 FOREMAN REF

APPROVED J FH TJOB # 680574
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LOG OF BORING NO. Z 1 /12/\

01'-
C l\l
- +
'- 4l
00
+-

Eldvation =

b,Jtrorn of Bar i ng

\'1<2 I I Ins +a I I eo 12-22-':30
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ARCHITECT ·ENGINEER

LJ. S..ARr.r( CORPS OF ENG II\IEERS
PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATION

:: SANDY SILT
~ Dark Brown (hg 0,36
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E
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! I I I
I

! I !I
I
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- I l' " I : r I i

j I !I , !
I ! I I I,

I I
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I I
i I I j
I

I I
I

I I

I !
II I

II I I
I I

I
i

I
!

I
II

I
I

I
I

I
I

H:,

SITE 8R' 1:)-1 CRt.E~~

Al:;\JJUCAH::D F'I iJf-.'.\ATER LAt~IJOil

OWNER 10:IA AW,l ( Ai1f.iUfJ I T I ml PLI~.rn
Hi !R I I r;~T (ir; I ml,';

c

n..tc. ~ TRA ftFtCATION L1N£S kEPR£St.t.I r fHt.. AP...kt.))('ht'" It, tJOVNOAHY L.INES b£T\V£EN ~)IL ANO HOCt< TYPf.S IN :ltITU THE TRANSITION MAY S~GMAOUAL

_ WATER LEVEL OBSERVATIONS
..Illk--.,------------ .._- ... '-'-

..~ L. W.~~OR_~D. J1.QOEL_~:~:
W.L. . B.C.R. A.C.R~

W.L. 4.8' on 1-8-81

Terracon Consultants, Inc.
C."Jar Hal>I<IS Oav""poll 0". Main.... IA

Kanstls Clly WH.nlld, KS

BORING STARTED 12-22-80
BORING COMPLETED 12-22-80

RIG Bomb FOREMAN REF
APPROVED J FH JOB # 680574

13'8



OWNER
IOWA AR~Y AMMUNITION PLANT
f~' 'PI I \1r,T(I~1 I !l1t!A

LOG OF BORING NO. Z1 #"3
ARCHITECT ·ENGINEER

II C; ARMY rnppc; nF FN(~ I NFFR':;

v
u '" d~ IlJe I I I nst;] I led 12-4-80c:
~ ~

i:......... '" v '" Q.I '"a. a >J::J >, '"0 '0
lii"'7' g - ill

Z E QJ

'" U DescriptionCOl '" C "'.I::. c:
Q.I ", ~

... ~
~1i.

U ~ .." Q
Vl Q.I ~, i: ~:g0. 0. > '" a. c ~ O~ .c. -a ",

E !lJ E 0 ~ E v ...... E 0. >c- 'J <J >-
~ '" ~ 4J a co:: ", ... '" c: >- <ll ~ Surf ,j,'-e Elevc1tion 677 .6Vl .- Vl ex: iii ::>UVl ~ 09 ::>Vl 0 l.LJ =

III

Ol
e: 40
- +
L. G)
00
+-
co G)

I ::E:X

Continued on Sheet #2

w,

'J T ~ ,1 "-

H')
!

I !
j rT b~,. r

HS

C j

1

ST /4 <)

HS

4 ST 24 12

HS

5 5T 24 13

HS

I I
I ! 1

i ! '
12Io3!lrJ5!CL
i I !

I I
CL

CL

CL

~ 675. vrr;.(~';:'2":'~A';;;'~ Y.;..~_::_Da_:_~_~ ~_~_ro_w_n +j~]"t?
- DiJr-k Brown "'~:,.~.'"..
~ Stiff S72.6

- ~- :-
~ ~'~"=1

8
'l-(9_o_!)_) ----i:-:-:-:-:-:-:-:-:.

I~GG ·'1 ()

~ 7~~~~(~~~~~~~~!:yt:R:::e:~::EL 11
I~ 5, df to Very St;ff lid

- 0'.0' ....-- ......•..- .- .
-

2a-= Greenish Gray with Sand :::::::::
_ Seams at 20'. . .- ::::::::::::::::.= f~rrf-- ::::::::::;::::'.'- :-:.:.:.:.:.:.:.;- ::::::::::;;::;:

2<: = ~}rr\
~---- :::::::::::::::::- ;:::::::::;::::::

~b48.6~'2"~'9,""",04.:) ---lii:i:lii::~
-

3G------- -
ro.E STRA nl'ICAT'ON LINES HEPRESENT THE APJORu.,MA IE ,iOUNOAHY LINEf:> I:IEPNEEN SUIL AND HOCK TYPES IN·SITU. THE TRANSITION MAY BE GRADUAL

Terracon Consultants, Inc.
C~tJa, HdfJUJ:i Davenpurl 01:\'11 MOines, IA

I(..n&d~ Cllv Wlcrllla, KS

BORING STARTED '?-4-Rn

BORING COMPLETED 12-4-80
RIG CME 75 FOREMAN JM
APPROVED J FH JOB It 680574

/39



LOG OF BORING NO. Zl #3 (Continued)

ARCHITECT -ENGINEER

II c~ AP~lY ('()RPc; ()~ n.lr, I ~HTRS

PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATION

OWNER
Im~A ARfV1Y Ar"IMU~~ IT ION PLMH
PIIR' ! t\1r.H1r I I ill,jA

C SITE BRUSH CREEK
,£\Bi\NDONED P I ~~K\'iATER I.AGOCrl
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'-' '" G'C
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'E......
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I <IJ ./l <IJ

~ 8 '0 >n :>-
0
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~ -:'" cz E UIl :>-
41 0 "'c ~ - c "' .c U ~ (~~

"l - _41&
Vl <IJ ......a. n. > '" § a. c: :u 0;:

E n, E 0 ~ oJ E ill -....
n. u 0 ..., >-. ./l
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U
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c :>-.1
::J VlI
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I
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! .'

i
: I

I
j

I
I,
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!
I
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HS
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I
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I
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\
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I
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I
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I

Bottom of Boring

631.6

ft-tE STRA f1t'IC,ATtON LIN£'S rlt,.PH£.SENr (HE A~"'H0"IMAIt. ,JOUNUAHY L.INE~ bETWEEN SUIL AND ROCK TYPES IN SITU. THE TRAN$J~MAY BIt: GRADuAL

Terracon Consultants. Inc.
Lt:dilf Hdl)l(JS DaVC:tllpOI. DU5 Mom.,s, lAo

Kdn~dSi Clly WIf.~hl1d. K.$

BORING STARTED 12-4-80

BORING COMPLETED ! 2-4-80

. RI G_.-=C:.:...:M~'::.E-.:....:75::-_l-F_O_R_E_M_A_N.....;J:..:.M~--It---:.
'APPROVED J FH JOB #680574



LOG OF BORING NO. Z 1 !!-l

c
OWNER 1"""8 AP':-' A~lr 'l't'J I'r 10t.J\.) -;41' .r 1"1' _-I I) I I

[jIJF\LlfJicTOII IoI"jA
SITE bRIJ) I CRELr:

,L\t.:MH.iC'NErJ PI tif\\':A TF.P

ARCHITECT -ENGINEER

U. ~. ARMY CORPS OF ENGINEER~

PROJECT NAME

! SUB~;IJRFACE cmlTAMINATION INVESTIG.A.TION

o
Z
<II

a.
E
'"</l

~.

Q
E
'"</l
<II
Cl.

"">-

c
ill

C
o

U

'".,
I -;... '" CJ).-

'" c: .0

'" I
U I c DeSCription .- t-

~ ,y) Q l.. <11
C -0 00

0 ~
<li .c L iii .-

E a. > .--
>, c:-.. Jl C >. <II ill 0 Ql

0 ~ :J </l 0 w ~.) II r- f ,1 '.. "~
r- Ievar ion = 676.6 x :J:C.

Bottom of Boring

CL

i

I
16.5 116

14.0 119

I I
I I

!

,

13

I' I

12

PA

PA

I " T~: ,j

I ' !
-, I ': r I"1 I
... - J I 1-""'" .

- SANDY SI LT TRACE CLAY

i WITH COAL CHIPS
(2.5) Dnrk Brown to Black

74.1 SArmy SILTY CLAY TRACE GRAVEL I
()~ (GlAC IAL T I LU

I ......, I tk'Mn

.J~lifr

:j I(C)·O)
-':.Jb 7. t) ·-------------------41

IU-= S/\t'Jl}! ::; I LT( Cl.AY TRACE GRAVEL
:: (GLACIAL TILL)
- ('r-rj'/ Brown_ .J.

--- ~ti ff to Very Stiff---
15-=----- --

4 ST 24 16 tL -
t--+-+----1r---+--+---+--+--+---120-= 656. t(j.l...(20..;10,,-,.;.:,0"")-------------1----- -------------=----------- -

hIt. ~THA rWICA1,(JN LlNL~ kt.PHESt.NT Hit APPkuJUMATE tj(;Ul'\luAfo(V L1Nt.~ t1fTWEt.N ~(JIL ANU kOCP( TYfo'ES IN·~tTU. TH~ TAANSITMJN MAY H GRADUAL

C WATER LEVEL OBSERVATIONS :~

w.L~E-'W'S~ ~~~~D:F ~~n~__ .~~B~.
W.L. B.C.R. A.C.R.
~! __ . _. n' _ _

W.L.j :).8' 'AI 1-7-81 !

Terracon Consullanls. Inc.
Cad41 Hid"'I{j~ Da'ltfllporl U"s MUlOtis. IA

t<.dfl::id::t ell.,. Wu.. tut.a, K..S

BORING STARTED 12-23-80
BORING COMPLETED 12-23-80

RIG Bomb/CME 451 FOREMAN REF

APPROVED J FH IJOB +; f,R()574

I'll



LOG OF BORING NO. -1' #5L'

OWNER ImvA ARMY AMri1UN ITION PLANT ARCHITECT· ENGINEER

BUR LIrH-;TorJ ImvA U. c ARMY CORPS OF EI\JG INEERS-.J •

C
SITE

BRUSH
PROJECT NAME

CREEK
,!\H.~ ,lr'()~J~n PI IK":JATFR I Il,(:nnt,j ':t !HC:I iPF,4rF 00NTAM I NAT lor·] INVESTIGATION

QJ
u .... 0

c 0'

''l - C- .~ \II

QJ ,Jt

1 '0 ~ ~
'J.,

,Jt -
0

:>, '" 01--
0 a.

~ ~ ~ i c ~ c: ill
Z E ClIl :>, 0 oil U c Description -+-
QJ ", '= .. ;:: - QJ - I U I ~ ~

Q ... ell

'"
QJ "- C - tlGl ~2

00a. a. > <II
o a. C I ~

Or .... ;;; +0-

j E QJ E 0 J u E <U >. ~~ '2 ~I
a. > --

Ia. I
u 0 ",

~
c:-

", :>, ", QJ co;:'
~ 'oe QJ Surfdce EIE:vation = 674.2 o ell

'" ~ , '" a:: ex: :J U (j')! :J (/) I 0 U,j X3:

1 I
-

I ',T 2.:1 :) ,1L - -I (I ')) SEE NOTE #1 BELOW- 6')'7
I L I •

I -

\

- SANDY SILTY CLAY TRACE GRAVEL
- (GLACIAL TILU-! -

I - Brown to I:; ra y Brown
PA , 5- Stiff to Very St iff; -, - II I -

i -
I

iI I -I , - I

'T I",' I - I" 17 2 3. 5( 101 ~L -.:.. ~ _oj I

IO~ 1IPA

I
I ( I I .0)

I 663. L ISANDY SILTY CLAY TRACE GRAVEL
, WITH SAND SEAMS (GLACIAL TILU) I
! !14. I II 18

I -1 I
C

3 ST 24 16 tL
I~'~

Br'own
I I i Very St iff to Hard

II
I

I
I

I
- -

)
-

PA --
I 1 -, -- I

4 5T 74 18 L i -- (20.0)
'>0- 654.2.. --- Bottom of Bar i ng-- -- NOTE # 1:--- CLAYEY SILT TRACE SAND- WITH COAL CH IPS-- Dark Brown to Black-- ----- ------

rHt: STFfA flf-ICAT.ON LJNES HEPftESoI:.NT "HE APPHI)l(IMA rE ttOuNOAHY L1N£~ bETWEEN ~IL AND ROCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL

- WATER LEVEL OBS~RVAT~ONS----I BORING STARTED 12-22-80....Wl~ --w.s. O"~.EE2n~"ij Terracon Consultants, Inc. BORING COMPLETED 12-22-80
W.L. B.C.R. A.CR. Celldr Rapid::. DcI'<ienpol1 Dtls MOines, IA

RIG Bomb/CME 451 FOREMAN REF
f---- -----.-- ---------, J(dll~aS Glly W'lerllla, KS

!JOB # 680574W.L·i 0.8' on 1-7-81 i i APPROVED J FH



LOG OF BORING NO. Z 1 #6

OWNER I CJ\'iA f\Rr.1'( Mll~lUN I T I J~J PlArJT
'·;;pI irjl'~TClil I (l\.i/\

ARCHITECT -ENGINEER

I J. (. ARMY CORPS OF E~JG I ~jEERS
SITE

~;RU~~I CREEK
A",Ail[JUf,IED P I ~J K,\'iATER L/I,C;')C'i'l

PROJECT NAME

':.Ur3~;I1RFACE CONTAMINATION INVESTIGATION

0\'-
e: '0
-+
'- ~
00
+-
co al
2::.

br'own
Very ~tiff to Hard

SANDY SILTY CLAY TRACE
GRAV~l (GLACIAL Till)
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w I ~urfdce Elevation = bB~.5
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- . (t.O)
- 677. ~~----------------_70.:)
-- ---
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I
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C:;; ......
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1 0 a. 0 -0 > ~ cz E Ull >-
<!J '" 1= 0C II'

"' '" c ~ r <!J
~

U

a. Vl >
...... c ...

a. '" Co C0 ~ 0 o1J
E <lJ E u E o1J Ia. u 0 '"'13 >- ,~ '1J co;:'

~VI ,.. J) 0: co ::IU<Il
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, ::,T l?4 III.-'

H:., I
4 ST ~4 13

HS

5 5T 4 19

H5

I I I
I 1.51117 I CL

I

To Gray at 24.8 Feet.

Continued on Sheet #2

T..E ;,TNA f1l'lc.. r'ON LINES HEf'HLbt.",r THE ..PPHux'..... rL UOu",O...RY LINLb bET\IllEEN !>UIL "''''0 HOCK TYPES IN SITU, THE TR"NSITION M"Y iii: GRADUAL

r WATER LEVEL OBSERVATIONS

--....W_.L--1.__7.•_5_'~~.:... O_R-~:!?E:44_._5 ' __A~~
W.L. B.C.R. A.C.R.
t--f------. --_..-
W.L. 0.0' on 1-8-81

Terracon Consul/ants, Inc.
Lt2LJal HdIJILJ5 Dallenpon Des !'.t0101I5. IA

KaO::a4:» Clly Wldll14, r<.S

BORING STARTED 11-26-80

BORING COMPLETED I 1-26-80

RIG CME 75 FOREMAN JM

APPROVED I ~i-j JOB # hRnS 7 t1



LOG OF BORING NO. Z I #6 (continued)

OWNER IO\·.A "-Rt.!Y N1t·1IJ~J 1T I ON PL/\NT
bUR L I t~CTOtJ , IOVIA

ARCHITECT -ENGINEER

U. S. CORPS OF ENGINEERS
SITE

l::PiY~h CI~C:E t',

i\ [','if;I)I'.H.j En Pit Ji<,':iA TEI~ U\COON

PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATION

rtlf ~rHA rlflCATION LINES t-el,PforESi:.NT ftlE APPHI)X,MA rE UQIJNUARY lINt.::a ut;.TWElN ~ IlL AND ..,OCt\. TYPES. IN·SITU. THE TRANSITION MAY 8£ GRADUAL

co ~
~3C

Description

Bottom of Boring

c
Q

- c - 28.5) ContinlJed from Sheet #1
-b'J'5.0r-.----------- - """.,.,.,- I ( .

'(' ~ : \ANDY SI LTY CLAY TRACE :::;:::::::::::::
.~ 1 GRAVEL WITH SMm LAYERS :?::::::::::::
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145.0 lit-_)8_'_~_~_'~_~ -Ill
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4G-j SANDY SILTY CLAY TRACE GRAVFL h~i~d= WITH COARS E SAND AND GRA VEL (:;:"":::'S;q
-= SEAMS i~:~~i:l"

..--.-.........
- Gray '::E::'~:::'

4~ Hard 1~ll
-_ ::r:~.:...::::j

,.. :~...:.. ~""!.,::l- ,.,.. .
- ::;.-:3-:~::- .;~~~:- :-:--...:....,.....:.....--:.
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55------- ----- -
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0
il ~ ~ I ~
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Z E 'Ai '" C '" .c 0 '" U
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tlE Q; E 0 :t u E 1) I ---a. '-' ~£"I ,., '" Q; 0 co':: '" c
<.f) f-- <.f) cr iIi ~Ulll ~ 0_ ~ II) 1

1 1

6 _,T 24 11 CL ,

I
\

:
I

t-L
I

1
I

; ,

i I
-, :;T "-j .' 14 ICLI -".4 I

I I
I

,'",·1,':'·

i
:~-<, " I ri - :1

I
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I
9 ST 18 CL
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10 ST 12 8 CL
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-
Terracon Consultants, Inc.

C.,Ud; HdPIU~ Ua... .,"'"'on Ot::t MOHld:; IA

"lin!)d:i C,ly Wl(.,nllc. K5

BORING STARTED I 1-7h-Rn

BORING COMPLETED I 1-~6-80

RIG CME 75 FOREMAN J M

APPROVED JFH JOB # 680574



LOG OF BORING NO. Z I #7

OWNER IOWA ARMY AMMUNITION PLANT
8URLINGTON IOWA

ARCHITECT -ENGINEER

U. S. ARMY CORPS OF ENGINEERS
SITE

bRU~~H CREEK
p

PROJECT NAME

(NT MINATION INVESTIGATION

Gray f3rown
Very Stiff to Hard5

---1 ' I

10 g669 . ;1_(-'\_J_.l_J:_1------------1
~ I bottom of Bori n9 I

- I--- ----- --
--- ---------- ----- ----- ----- -

II CL

)

-I

I

QJ
u ...

0'c ;::
'" , C \II

'" '" QJ '" QJ '" -a. :> .0 ;;.. '" 01·-
0 0 "0

~"7 c ~ c: 10
~z E ""

,.. c: 1Il.c 0 '" 0 c De$Griptlon -~

'" c: .... ;::
~tO

0 ~ .'" 9 ... CD

'" Vl '" , c a;c 00c. a. :> '" O-c ~ Ot: _ .0 ~ :; ~

E '" E 0 l 0 E o1l
,

l~ t Q. ;>
0- u u ;:-'" c:-

'" '" <1> .Q c 0':: '" o1l '" Surface Elevation 679.2 o CD,..
~ oe =Vl ~ .n a:: lD :::JOVl ::JVl a w :£31:

SANDY SILTY ClAY
:oT 24 :1 CL

677. ,
( I .5) Brown

~)ANDY SILTY CLAY TRACE GRAVEL

G' II .~.

I
i
I ,

I I f
!
2~ \ '::' 1

.. 0 i
I

, ,

I

)

'ha:;. !:i-' RA (If leA rlON L.JN£S td.PNEst:.... r r ...t. AfI"''''l.Jl(IMA Il ItOtJN(.,ARY l.INE.S bEnvEEN ~IL ANO HOCK TYPES. IN·S.TU. THE TRANsnlON ,......Y 8£ GRAOU.......

~
WA~L~VEL OBS~ERVATlONS _

W.L. W,S. OR W,O. None A.B,
W,L. _. -_.- - -B-.C~R :-_..- -A~C~R~f-r----,., ..- -----:;- --.-
W,L., I.·) on 1-1-81 '

Terracon Consultants, Inc.
Ct;dcU Hdl,Jll,JS (lilv.supon DtHi MOil"", lAo

Kdn~d~ c·,~ WI(.tllld, t(S

BORING STARTED 12-22-80
BORING COMPLETED 12-22-80

IRIG Bomb/CME 451 FOREMAN TT
: APPROVED J FH IJOB # 680574

//15



lOG OF BORING NO. Zl 11'.:<u
OWNER 1m·...; ,;P~·;1' A:::V1UN I T lor>J PLAtH ARCHITECT·ENGINEER

~ bURL I i:i~TC'rJ IO\'JA u. s. ARMY CORPS OF ENGINEERS
\.1 SITE ;:')K:.! >'1 CREE r~

PROJECT NAME

;\ ::,"\,' ~~},)j'J ED ~. ! i li<.'Ji\TER ~iCl,:~;COr-J ~: [!L~ ~;LI RF .I\CE COf'HAr,11 NAT I ON INVESTIGATION
IlJ

C N ~~-.., .... <::;; -.... l/l
1 IlJ IlJ oil IlJ

..., -,
0 U 0>1:) >- oil 01-

a I
Q

I
-n"7 c:

l~
c III

Z E IlJ a oil C c De~riptlon - +-au >- c: oil C
IlJ '"

I
c: I ~ ::
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U ~<Tl Q ~ \II

U) IlJ I -, c
~ ~I

00a. a. i > oil Qc a:: .r..; ni +-
IlJ a

!
~ a IlJ --E E I u E '1; -.... a. 0>Q I U 0 ... >-oIl c-... >- ~ I 'U c: o ~ :: oE? c >- IlJ ~ Surfdce Elevation = 670.2 o IIIU) l- V) Cl: en ::JUU) ::JU) a UJ ~:lI:

- SILTY CLAY TRACE SAf'JD-
f~A - Dark Brown-- (') ())

I - '672 .2-
I - ',flJII'"

.~

TRACE GRAVEL
I :..T I' CL

~
---'---'---'-- 'J

drown.' " ,~ ,/

I - - \j e r~/ Stiffi i J .. )

I - I
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ABANDONED PINKWATER LAGOON

LOG OF BORING NO. Z I #9

ARCHITECT· ENGINEER

'I ( ARMY II-< " (IF rNr,INEERS
PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATION

o
Z
~

is.
E
"l

l/)

)

ao
C

a.
E

'"l/)

c
~

c
o

U

'"'"'"u
~ 8
~ E
c >
:::ll/)

L-

a.
~

o

c
o...
"l
>
~
UJ

Description

Sin" face E I eVdt i on - c,T7. 4

CLAYEY SILT WITH SAND SEAMS

Dark Brown

SILTY CLAY LITTLE SAND
NUMEROUS SAND SEAMS

Brown Gray
Stiff to Very Stiff

Buttom of Bar i ng

1Il

Ol
e 00
-+
... <D
00
+-
e
O <D
XJ

C
THE STRAIIFICAT,ON ..oNES "EPRESENT lHE APPRuXUI.AU IIUU",aARY ",,,,t.~ bETWEfN SUI.. ANa~K T'rPt.~ IN·SITU. THE TAAHSITION MAY 84E GRADUAL
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OWNER IOWA ARMY A~~UNITION PLANT
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LOG OF BORING NO. Z I 1110
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DEPTH
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BORING I

DEPTH
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BORING 2

DEPTH 4 - 6

SAMPLE
fl

.~-----1__----

Terracon Consultants, Inc.
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IA. ARMY AMMUNITION PLT.
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--------------t
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BORING 2

DEPTH
SAMPLE

9 - t t fl

2
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SSlflCATION lA. ARMY
BURLIN
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BORING 19

DEPTH
--._-----~
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O'{AWN At-'h;;O
--- -_. - .._--------~ .•_..
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CLA
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PI
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PLLL
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IOWA AHMY AMMUNITION PLANT

BUf{LINGTON, IOWA

JOB NO. 680574

CONSTANT HEAD PERMEABILITY TEST RESULTS

SITE Z-l

Moisture Dry Coefficient
Bu ring S.:.ilTlple Depth Content Density of

( f t ) 0/ pef Permeability10

em/sec
.-_____ --______0_-_---- -- -________________

4.0- 6.0 19.2 110.3 5.3 X 10-9

1+ 19.0-21.0 15.9 115.3 8.9 X 10-9

2 2 9.0-11.0 20. 1 103.8 1.3 X 10-9

6 28.0-30.0 13.7 0114.4 8.7
-9

2 X 10

3 2 9.0-11.0 21 .3 104.8 1.2 X 10-8

~ 8 39.0-39.5 32.5 80.5 5.9 X 10-9
J

4 2.0- l}. 0 14.0 118.9 2.9 X 10-9

4 3 13.0-15.0 16.5 116.2 2. 1 X 10-9

5 2 8.0-10.0 23.5 101 • 1 3.5 X 10-9

13.0-15.0 14. 1 118. 1 1 .0
-8

5 3 X 10

6 3.5- 5.5 27.8 89.5 7.9 x 10-9

6 3 13.5-15.5 11.5 117.4 9. 1 X 10-9

161



Table rjl)R I ~J(~ A~JD \'IELl_ SUF;vEl' nATA
SITE Z1 - !\~iAl'lnOrJED P: rH<\"liHER LN~OON

I GilA. ,A,R~lY PI:'r,1Ui,/1 T I ON PL.AiH - BURL I !,Jr,TIJI'I, I OI;lA
JOB NO. o~0574 MARCH 31, 1981

C.O.E.
Luc, i I Coordinate Elevation

"J E rJatural (~roun<J Top of PiDe
Sit~ ( F r ) ( f t) ( ft) (ft)

21 61 1 -, 10::: 14117 632.1 635.8

l1 i'~
-7 1 ..., 1 13055 670.7 673. S.' i i'., J

Z l,'I2A 71°5 13948 671.0 673.9

ZI#3 /16'1 13N4 677 .6 680.6

Zl/14 7cl() 13677 676.6

ZIi!5 7366 13868 674.2

ZI/16 ')566 13239 683.5 687.3

ZI#7 7679 13760 679.2

Z1f8 74,138 13584 676.2

Z1#9 7862 13390 677 .4

Z1iil0 7990 13405 678.3
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Tab I.e \vATEJ< LEVEL ORSERVAT ImJ'
~: 1HZ 1 -A,t";,A,['JDONt:[1 P I NI<\~.ATFT ll\:()OtJ

IOWA !\f<flY f',rH'11IiJITION PLANT - [,llt,llIWl'iil, !iY::I\

JOB !'JrJ. ()8()'~)74 ~1Af~CH'>" 19,\,1

Water Encountered
D.B. A. B.

Date (ft) (ft)

Zl111

Zl#2

Zl#2A

Zl#3

Zl#6

Zl#4

Zl115

Zl117

71#8

Zl1/9

Z1/ll0

12-3-80

12-22-80

12-22-80

12-4-80

11-26-80

12-23-80

12-22-80

12-22-80

12-23-80

12-23-80

12-22-80

43

12.5

7.5

47

4

44.5

1-B-81 675.1

1-8-81 671.1

1-8-81 666.2

1-8-81 675.6

1-8-81 683.5

1-7-81 67).7

1-7-81 673. '5

1-7-81 677. q

1- 7-P, 1 f>T,.7

1-7-Bl 674.0

1-7-81 675.0

\'JL F
f){j1e E I ('V ( f t ) I ) ,ie-

1-b-81 (,7/. 1 l-q-~'~l

1-8-Bi hI', :, . ':, l- ',j-H 1

1-8-81 (,6'). ? l- '-H 1

1-8-81 675.c) l-<J-Hl

1-8-81 681 ') 1-9- 81. '-



T3hle WATER SA~1PL I NG OBS[f,;VAT lOW

SITE Zl - AR.AJJrlON En PI NnJATf:F! L.A/~onrj

1000iA AF:11)' AI1I'i! IN ITION PU\NT - fjlJ[<L I ! j( ;TOtj. lOW"
JOB r'm. 6U0574 MARCH 7 1g.~l,.

\~ater Saf!l.Q.~nq Rf:.s.~orcl s

WLE Temp \~LE Temp WLE Temp
Site Date' ElevCft) °c Q!i Date Elev,(:'t) °c Q!i Date [ lev (ft) °c [,Ii

----

Zl#l 1-27-81 676.4 9 7.55 1-28-81 676.4 9 7.48 1-29-i:>1 6 '/ (. . ') 7 '7. 1''-7

Zl#2 1-Zg-i~1 e71 . r; 8.5 7.27

Zl#2A 1-27-81 667.7 6.5 7.25 1-2e-n 1 61'" n "I, 7.54

Z 1/,'3 1-27-81 675.8 8 7.24 1-28-(31 675.8 F) 7.26 1-29-81 075.7 --, 7.2('.I

Z 1116 1-27-61 682.3 7 7.n 1-23-81 682.1 (. . ~) 'i.21 1-.29-81 6····' <:: 6 7.2?-. tiL. _J

6. <:: 7.2/)



)

SIIRF:\CE l'JATER SM·1PLE. RECORD
SITE Z 1 - AHAtJDONED PI NK,WATER LN;OON

10\vA ARr.1 Y I\,N1lH,11 T 10f'J PU\NT - BURL I f'Jt~TON, I mvA
JOB NO. 680574 ~ARCH 3, 198'1

Tern!'.
S i t<~ ::,;jr:lP Ie Ddte T i r'lt~ °C £li !?Y. Remarks

---
"

S\~~J~Zlfj1 12-1B-30 EGH By SCS, Eng ineers*

c: Ide: "7 1 i.J. 1 2 1-15-i:; 1 9 : ~' \ AJ1. 4 q -, J FH Clear VI i th S/)otJd ..... .:.....l I \j '..... -)

') ..IS Z 111 I ) 1-:23-.':3 1 10:55 5 9. 1 J FH Clear vJi th Sc,.Jt

:;'-:JSZ 1#?- 12- 18-8() EGH By SCS, Enn i neer's*

S'8SZ1:i2 I 1-15-31 9:50 A. ~1. 4 9.2 J FH Clear vJi th Soot

S'/JSZ 1f2 3 1-28-81 16:45 :l 9.0 J FH Clear With Soot

* nata Not Avai lable to Terracon

OJat,::;) Stream F low was v i sua I I Y est i mated as 1 CFS on January 15 and January 2.'3, 1981.

17!



APPENDIX D

SITE Z2 DATA

/7~



OWNER

,~ SITE

I O'.'1A AR~iY AMr.1UI'J I T ION F'l.ANT
bURL It~GTON, IO\'!A

liNE L

DETmlATOR liNE

LOG Of BORING NO. 22 it I
ARCHITECT ·ENGINEER

lJ. ~;. ARr,,!y CORPS OF Et,jG I ~jEERS
PROJECT NAME

;';U8SURF,ACE CONTAMINATION INVESTIGATION

.... ~.i:.-----QJ JI OJ .1

U > D >- '"is
III

4J '" '" Uc '" .s= c
:::

~ ~ r:c u
I
~ ~, D Q

--- ~'" o9-
C I ~ 0 l= .:; L. -i!.o '"~ u t: QJ --- E 0. >>-0 C 0 "- III a .II C >- <U ~

co ::JuVi ~ D ::J VI 0 UJ

\:11211 Installed 11-25-80QJ
u
C
III

J" '"
0 0 0
z E Gjj >-
QJ '" ~

~

;..,'j ~a. a.

I
>

E '" E 0
0 J;'" >- '"tI'l ...... tI'l .:z::

I
PA

I
I

'~T :2 :.1 I.···
j

I
PP,(

I

.r·1/I 24 I .:'
~l

_} I

\

!
PA

6b 3 ST 24 " 8

PA

4 5T 24 20

PA

5 5T 24 16
~.

I PA.,

6 5T 24 10

I

I )0·.:'.1 'J I

i
I
I
I

I
!

I,
\
I

• 19. 3 109

Cl

CL

Cl

Cl

De$Crlption

Surhce Elt:lvation = 722.7

SilTY CLAY TRACE SAND

Continued on Sheet #2

'"
01'
c«J

- -t-
~ Ql
00
+-
co Ql
:i:3t

719. !

rt,~ !> TFtA IIftC A T,ON LINES HEPFtESENT rt1E APPH')"MA 1[ IjQUNDA!lY LINE.. bE TWEEN ~'JlL AND HOCK TYPES IN,SITU. niE TRANSITION MAY BI: GRADUAL.

4~ ~~!ER LEVEL OBSERVATlO~~._._

W.L. H' W.S. OR W.D+_.I I .3' A.B.,-- --- . '. ---... - --- -_..--.- .-_.-
W.L. B.C.R. A.C.R.--- - -- -- . -- -- --
W.L. 18.2' on 1-8-81

Terracon Consultants, Inc.
Cf:UJdf Aa",uJs OaVllflpo,' Dtf::i MOlml:ll, IA

I'\dnSdS Ct.';' W,(;rllid t\!)

BORING STARTED I 1-20-80
BORING COMPLETED I 1-20-80

RIG CME 55 #4 FOREMAN REF
APPROVED J FH JOB # f,R0C574

175



- OWNER IO\~A ARMY AfvlMUN IT ION
BURLINGTON. IOWA

PLAtH

LOG OF BORING NO. Z2 #2
ARCHITECT ·ENGINEER

U. S. ARMY CORPS OF ENGINEERS
SITE LINE 6

DETONATOR LINE

PROJECT NAME

:3UBSURFACE CONTAM INAT ION \I\II/EST IGAT lOt'-

111

0)'

c: '".- +-
'- ~
00
+-

678.4

668. L

695.L!

De5criptlon

Sur'face Elevation = 698.4

Dark Brown
St iff

\~e II Installed 12-11-80

SILTY CLAY TRACE SAND

c
2

.c
0-
v
o

--------
5 -
~

- 692.4=69 I • 9~(~6,;;.',;:..5,;,.)--------------l:::::::::- .

-= SANDY 5 I LTY CLAY TRACE GRAVE L ~~}UU\
,~ \'1 I TH sAI'm SEAMS (G LAC I.A L TIL L) [i~i~;~~!:):!~

- Brown 1-:-:':':-:-:-:-:1= I Very St iff to Hard ///~):I- :::::::::::::::::-- .- .

I~ \~~~~~j:!~i~i~J
= I'lith Occasional Sand Seams at }ff~~\
- 16' :::::::::- .........- :::::::::- .

- ~:}~{{:~-
20.....=--------
2~------=--
Z~ - 30 0)
3~668.4~·...------- --

_ Continued on Sheet #2
--- -

CL

CL

CL

c-
~

C-
o
u

17.9 I 12

23.6 89 CL

I
I

I lCL

I
I

CL

o
000
C

a.
E
"VI

o
Z
~

Q
E
'"Vl

PA

I ::;1 24 8

pp..,

2 ST 2.cl I

PA

)3 ST 24 19

PA

4 ST 24 19

PA

5 5T 24 I I

PA

6 5T 24 13

rH~ & fRA TltleA lION LINES HI::PRESt:Nf THE APPff,)MIMA 1t. ril./IJI'..,uJAHY LlNE::lI::IEl"WEEN =>t IlL AND HOCK rVPES IN-SITU. 1l1l: TRAft51TION MAY ttE GRADUAL

• .11 WATER LEVEL OBSERVATIONS
W.L. i.-5-'--W-.S~-O-R-W.Drl-0:-3-' -A-.8~
,----~- --- - -----_. -_._----
W.L. B.C.R.I A.C.R.

t---t------.------ -
W.l. 2.0' on 1-8-81

Tarracon Consultants, Inc.
Lc:uclf fia;.mb OdvcnpUIi D,,~ MOlfU,s. lAo

K..ns"s CltV W,ehl'''. KS

BORING STARTED I 1-20-80
BORING COMPLETED I 1-20-80

RIG CME 55 #4 FOREMAN REf
APPROVED J FH JOB:;; 680574



LOG OF BORING NO. Z2 :'1"2 (Cont i nued)

.-
OWNER IU\';/\ AF·;r·!Y AJ1r·iLHJ! T I or~ PLMJT

HJRLil!(~TOr~ !C','IA

ARCHITECT ·ENGINEER

II. S. AF~\'.1Y CORPS OF ENG INEERS
SITE t.\ ii[ n

Ur:-!,)iiATOR L Ii'JE

PROJECT NAME

~,lJLLI J\~FACE CONT,A,M I NAT ION 1NVEST IGAT I O~

o
Z
QJ

a.
E
'"I/)

co

'"cn·-c: oQ

- +
L.. Ql
00
+-

I e -o Ql
X~

Bottom of Boring

\'Ji th Numer'ous Sand Seams
at 43.5'.

PA

I} ',T 24\1)

10 ST 24 12

Iii I II = pC\Xl t i nu,~,1 f rom Sheet # 1

I r = (",0.(1)
""'--1---+--+--+---+'---+---+----t-...., .() -= bud. L1 - - - - - - - - - -I-----l

I I = II :ji\I~DY~, IlTY CLAY TRACE l-;RAVEL
Pi\ I' ! - \':ITH ::;AND SEAHS (GLACIAL TILL)

i '-----= I; , I brown

7 '::T :2{~ I c3 I I CL Very St iff to Hartl
I--+_-+__+-i_+- +-__.,..i'__-+i__-+-__ ':,5 --= I

III I I Ii::
I \ I -=-

(j ',T \ 2 ,[ !,:' \ I CL ~
1--+_-+-_-1-_-1-__-;-1 -+-_-+__-+-~4() "I

! -:::1
I ~ >

j ------
l CL =-1--+--+--+---+---+---+---+--+-.-.,45 -----------

=I CL - 50.0)
1--+---I-~f--+--+---+--1--+--t50--= 648.41--------------~

------------------ ----- -
THt. ~rRA rUoK.Al:ON LINkS k~f-HE.sc.Nr rHt. AP~"'\)XIMA IE ~)UNLJ"HY lINE~ bt:rwt;:£.N ~,IIL "NO HuCK TVfOt.S IN-SITU, THE TRAH&lTIOH MAY 8E GRADuAL-

Terracon Consultants. Inc.
Cuua' H."'ILJS Oa-"8l1pOll UtlS MOiOuS, IA

K.n::.... ::a eily WU;llIld "'~

BORING STARTED I 1-20-80

BORING COMPLETED 1 1-20-80

RIG CME 55 #4 FOREMAN REF

APPROVED J FH JOB # 680574

/77



lOG OF BORING NO. Z2 #3

C) OWNER IOWA ARMY AMMUNITION PLANT ARCHITECT· ENGINEER

BIJRL Ii¥:;TON Im'IA LJ • c: ARMY CORPS OF ENGINEERS" .
SITE LINE 6 PROJECT NAME

DE TOHr'\TOR LINE SUBSLJRFACE CONTAMINATION INVESTIGATION
ill

I ~
I

u ~~C
"l C '"ill '" I ill '"

ill
., -

Q 0 c ~ E? ,., '" 01'-0 C ~ C iO
Z E ill '" ,ClQ '" C '" C

0 '" u c Description .- +-
iI.l "l C

ill
t: - ill & U ~''''I Q '- <Il

lJ1 ~ o '- 00
"0 Q > '" c Cl C I Q., G~ ~ a .L -;Q +-
E ... E ::l ~ 3 E ..,

~ t Q > .- -
'"

a.
I ~ I 0 c 0 .-:: '1l ~~ <II I1J c-

'"' "l o Q)
In t- 111 a:: m ::lUU1 ~ G_ ::ll11 G uJ Sudace Elevation = 716.9 ::£3<

- CLAYEY SILT- BrownPA - (2 n) Dark- 714.9- - :') ILTY CLAY TRACE SAND
ST -; CH - I

I 2..+ - Brown
J-"= ~~e rj i urn

-
PA

, - (3r-ay elf 4' .

I
-- II - -

I
I ICL - Brown at 9' .2 5T 24 20 I -CH -10- I--

PA --... II.. - ( I3.0)
.... 7

- 703.9
5T 24 7 16.4 I l:'i CL - SMJDY SILTY CLAY TRACE

~ -
15-= GRAVEL \'1 ITH SAI~D SEM·1S

- (GLAC IAL TILU
IPA ~ t3rown

- Sti ff to Very Sti ff- -- With Numerous Sand Seams4 5T 24 15 CL -- aT 19' .20--
PA =-- -- Gray at 24' .5 5T 24 I I 15.7 IcJ8 CL -

2'1 --'---PA --- --
6 ST 24 10 CL -- 30.0)

.'
30- 686.9-- Bottom of Boring--- -

~~ r,,( ;,TNA "FICA loON LINE!> HEPNE!>k,Hr rHE APPR"'.,MATt t<OUNO"NY LINt" bETWEEN ""-ilL AND .....c" rY"ES 'N ;'!TU. THE TRANSITION _v 11£ GRAOUAL

-' ~~~~LE~~~OBSERVATIC?~61 BORING STARTED I 1-21-80

WL .. 2 .D' ws 00_":'",+ B. L'u .~q Terracon Consultants, Inc. BORING COMPLETED 11-21-80

W.L. a.C.R. A.C.R. LICllcU HalJ1tJ:i Q.v8fl1JOIi o.t::s Mom..s. loA RIG O~E 55 #4 1FOREMAN REF- ---- - -_.. . ---- - -------- J(dnb.~ ell... Wn,nlla, K::'

J FH 1JOB -# 680574W.L. 4.7' on 11-25-80 ' i APPROVED



LOG OF BORING NO. 22 #4

-
OWNE R IOhA AR~,1Y Ar-V1UN 1T IUN PLMJT

BlJRLINGTON IOWA

ARCHITECT -ENGINEER

II. S. AR~·1Y CORPS OF ENG INEERS
SITE

L I tiE b

f'FTC'[lATOR II rJE

PROJECT NAME

~UGSURFACE CONTAMINATION INVESTIGATION

OIl

01-
c RJ
.- +-
.... cD
00
~

>
",
oil

'"oil U
~ ;~lor

!
c J1

oE:!

~I
a..
; I

u1

o
Z

<1J

0.
E
~

</l

-- -
Seams

Sti ff

Brown to Gray Brown
i\lt,rJiurn to Stiff

SILTY CLAY

Continued on Sheet #2

CL

CL-

CL

1'1 I,(., -

I
I

I
II

Q
u

I 1

18

15

17

24

24

24

PA

PA

PA

I (jT

4 ST

6 ST

- CLP,'(E'( SILT,
- 1.5) Dark Brown
- 7 I :2 • "3~";'-'-----------------l-- -

c =: I
J_ I
= I- ,-= \=1 I=t }) .. )

1Cl.-....., / 04. ) ,i----------------l
1 I :iI:iD'l'SILTYCLAYTRACE:1 I CRA~EL (CLACIPL TILL)

_.-~.' I ~r-cJV brown
~ Stiff to Very

15-~ Br'Mn d1 13' .•

~---
1----+-_-+--+_-+-_-+__..,...._-+-_-+---1 2a-=-------

5 ST 24 16 CL -
t--+--+-~-+---t---I---+--+-...-l 2~----- -

:: With Occasional Sand
- (30.0) at 29' •

1---4--+--4--+--.,-+---+--+--+---1 3~p83.8 -- - - - - - - - - -

---- -

)
< "T_ ..J::>

Too" ,,'R... "flC'" 'oON LINES "EP"E:~ENT , ........P....ux,..... If. ..uUNuAfI't LlNf.:, bE TWEEN ::'<'JIL "'NO WOO< T'tf'f.S 'N :>lTU. THE: TRAN5ITION MAY K GRADuAL

.-
.. ~ WATER LEVEL OBSERVATIONS . __

W.L. 3.5' W.S, OR W.O. 3.75' A.B.---- ------- -------~-- --.-
W.L. B.C.R. A.C.R.

--- ---_........._---~
W.L. 3.3' on 11-25-80

Terracon Consultants, Inc.
Cttd.., Hiap,,'S Dill/811port Uti~ MOIOOS. IA

K..na... C,.y Woe,,, .... KS

BORING STARTED I 1-21-80

BORING COMPLETED i 1-22-80
RIG CME 55 #4 FOREMAN REF
APPROVED JFH JOB #680574

/79



- OWNER IOWA ARMY AMMUNITION
f3URL INGTON 1000IA

SITE L I ~JE 6

CETOt~ATOR LitlE

LOG OF BORING NO. Z2 #4 (Cant i nued)

ARCHITECT oENGINEER

U. S. ARMY CORPS OF ENGINEERS
PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATION

o
Z

o1J

a.
E
"l

<II

a
COl
c
a.
E
"l

<II

::.....
'"~
o
co

c:
CI>

C
o

U

»-.

'"
~("f'l

0::....,

~, />'0 :::

'"Jl
"l

U

,~ ~1c >-
::::><11

c
Q
"l
>
CI>

W

De5Criptlon

lJl

01'-e: 10
- +
~ <D
00
+-
co Ql
~::c

--

Brown at 48.5' .

BI"own
Stiff to Very Stiff

Bottom of Boring

SANDY SILTY CLAY TRACE
GRA VEL (GI_AC IAL TIL l)

Grdy
Very St iff

CH1824

PA

PA
I I !

i
7j<:T\r: 1 lsi '7 I II r;, CL.J r .:..."1' ~ . '- ....

, I i

I I I
I I ,

UA I J I I I

I
I, ,.
\

1
24

I

IcL:j r'T 15 I.~ I

t I , :

PA \ I 1 II
9 ST 24 17 25.3 101 CH

10 ST

-= Continued from Sheet #1

50..:: b85.8 .20.:.£} - ---= SArJDY SILTY CLAY TRACE
- GRAVEL (CLAC I AL TILU- ---

3s.....=----- ----40_=
----=671 .31'-4.;.:2;,,;0;..;5;..;)-------------1- .--

1---+--+--+--+----+---+--.......--+-----l4~----- ---':in--:: 663. 8 f-5;;;.:O~.:.:.O'-l.) ~

---- ---------- ----- -
ft-t£ ~ rHA rl........ A liON LJr,at:S Id::Pkt:::.t."" "it. APt"Hv"IM,A' t. I"t(JUf'lfO'-'HY LII'tES b~rwE£N ~(JIL AND HOCK TY ... t,:a, IN ~ITU. TH~ TRANSITION MAY Sf GRADuAL.......

• ,- fW~T~~. L~VEL._q,8~~RrVA~~?-~~ ." 
W.L. 5.5' WS.ORW.O. 3.75' A.B.-- - - - --_. - _. --- - - -
W.L. B.C.R. A.C.R.---- ---- - - ---------------
~ 'S. V on 11-25-80

Terracon Consultants, Inc.
LtHJdI( AdI~mJa O.venpon Oes MUlIltfS 1.4

Kttn:ut:t Cia." Wu,;hua, K5

~RING STARTED 11-21-80
L~ORINGCOMPLETED I 1-22-80

[RiG"-CME 55 #4 FOREMAN REF
i APPR?VED J FH JOB # (801) 74



LOG OF BORING NO. Z2 "r.;/fj

OWNE R 1O~'JA ARHY AM1..1Ui'J I T ION PLA~n
ARCHITECT -ENGINEER

r f31 JRI I ~,H~TON 1000JA LJ • r ARMY CORPS OF ENGINEERS.) .... SITE
LINE PROJECT NAME

0

DETOtJATOR LINE SUl3:jURFACE cmnM~ 1~~AT I ON INVESTIGATION
-lJ
u ...

.:.l'C

'" t::
C:;; ...... III

"" ~ VI Qj VI -
Q Q u :> .0 >. VI m'-0

Qj .i> -;- c ~ C 10
Z E all >.

~ ~ .c 0 VI 0 c De~crlptton - +-
~ '" ~ "- t:: U ~ ,ry Q '- II>

I.Il Qj ...... c ~. &. ~g 00
a Q :> VI o Q C "- at:: L 7;j +-oJ;

E OJ E
G ~ u E Qj ...... -= f a. :> .- -

Q '-' a ~ ~~ c-
'" '" Q.l C o ;:. c >. Q.l ~'" ~ aee SUd:::JC8 Elevation 710.6 o II>

I.Il >- I.Il a: tIl ::JUU) ::JU) a L.U = ::::£31:

- SILTY ClAY TRACE SAND- Dar"k Broym- U .())
PA - HJ8.t.>- - SILTY ClAY TRACE SAND

CL -
I 5T - (;rdY f3rown24 v C' -r:H .J_

I
St i f t

-
I I-

fJA -- l<c:\. 0 )-
ICL

- -/O~.tJ I- SILTY elf\ '( L IIT Lt SAND
2 ST 2-1 Ib 22 . I II n-l - j

I - (;r3,/ ,
, ,10_ 1

r;\~ j i urn I- ,( ! I n\ j

- 699 0 t,! . ~, ,

PA - SANDY CLAYE ( SILT TRACE-- I GRAVEL (C3 L,e...::; 1AL TILL)

q -
5T 24 13 CL - Brown

3 -
15-= Sti ff

--
PA --- Gray Brown at 18' •--

4 ST 24 19 CL -
hO~

--
PA - (22.0)- 688.6- SANDY SI LT'( CLAY TRACE-

CL - GRAVEL (GLPC I AL T Il:.L)
5 ST 24 15 -CH 25-= Brown

- Very Stl ff to Hard
PA -- With Sand ~ :Jams at 24' •----

6 ST 24 \8 CL -- 30.0)
30- 680.6r-o.'----- ----------- Continued #2.. - on Sheet-- -,\. THt. ~rHA r't-.(:A liON LINf.S f~t."'FcE~t.Nr rt-tt. APPWtJKIMArt: ti()"NO",HY LlNE.S bETWEE.N ~llIL AND HO<':" ry~t.s IN ~lru, THE TRANSfTtON MAY 81. GRADUAL

• WATER LEVEL OBSERVATIONS BORING STARTED 11-21-80._- r-- ----- ._--- rr- --. -
W.L. ._J ,_Q~ W.~_ O~~:D: .__11 ~.5._!~~B~ Terracon Consultants, Inc_ BORING COMPLETED !I-21-80-- I-----
W.L. B_C.R. A.C.R. C.,LJ., Hilp,ds U.v&II~Orl o..s /,Io,n..s, I'"

IRIG CME 55 #4 FOREMAN REF
- -- ". --"-'- _._--_._- l\iln~.... Clh w,cnllil, KS

WL. 3.7' on 11-26-80 i APPROVED JFH JOB # 680574

/91



LOG OF BORING NO Z..2 #') (continued)_.
OWNER

Ili\'i,;:" AF~MY ,t;f\lr·lIll~ IT I ON F' u\rJl ARC HITECT· ENGINE ER

UilRL INGTON. 1000iA IJ. ~) . ARrW CORPS OF ENGINEERS

4;> SITE L I Nt:
PROJECT NAME

tJ

[lETOtJ,\ rOR L INJ:' SLJt3:jURFACE COrHM,11 NAT ION INVEST IGAT Im
l>
'. N

0'C ...
." .... c oJ)... .I'> OJ '" i1!

,0 -
i Cl

u ~ ~ I '"
.I'>

I OJ--
(> Cl '" c: <'ll
Z E I Q.J Jl , s I(J De~nptlon

1
"" '~ C Jl C "' C .- +-

J., I '" c - :::: ..= ~ ~
u

I
~ ~~ Q i L Q)

v-,

I
OJ i .... 3 .1~ i~: .:

j

00
Cl

I
0. ~

Jl C 0. ~ I J.. ~ +-

E I
... " () E - l> l-~ .. Q .--a. E .~ , ~ 0 :' ~ ~ I EO

>

'" .., 1> 0 "J ~ .J)
~ ~ "' i1! C --

'" i as ~u.7l1 ~ c~
o Ql

</1 ,.. ,j) i L:' J \..1) Q W :E:J:

i I !
I

-
I

- CCfltinued from Sheet #1- ( 30.0)
50-=

I
680. t~------------I -PA

\
- ;~ANDY SILTY CLAY TRACE GRAVEL- It) I TH SAND SEAIVlS (GLACIAL T I LLl-I -

I -II 1
- Brc)\l'in

7 '~T I 2 ·1 I CL - I Very Stiff to HardI i I I 'C") - II

I I
I

1»-=
- I.-

PA
I

--
I15.4\ I IS

-
ST 24 I'S CL -

d -
I .10-=

1
-- I

C
P,I\ I --

I -
qJ --

9 , I /'4 16
j

CL -
i -

4~)---
PA -- (47.5)- 663. I- SANDY SILTY ClAY TRACE GRAYEL-

10 ST 24 16 CL - (GLAC IAL T I LLl- 111;(\ (\)'r:rt=>Anish Grav Verv Sti ff50- 660.(--- Bottom of Bor i ng

--=-----=---- ----- -
r'll ~rHA r ... u.. A rlON L1Nt.~ kl.foIfoll.St.Nf rHl .. ..,..·k.JJ(IM... JE: lj(juNUAfo;'Y LINES b£TW£lN ~J'L "'NO ",OCt( T", ...t:.S IN SITu. THE TR...NSITION "AY _ GRAOUAL

4;& r~T~Rt~VE~-"'BSEr T10"~ ,1 BORING STARTED I 1-21-80
~.

11-21-80
~~. _7.,Q' W.S. O_~.VJ_:D . ___11 .2' ~:Bj Terracon Consultants, Inc. BORING COMPLETED

W.L. B.C.R. A.CR. ct\'ua, Hii4JfUa Dilvellport 0 ... McumUa IA
RIG CME 55 #4 FOREMAN REF

W.L.j ~ 7;' ()~- i1:76=80--- - : "lSn~lSs CIC,;, WIUUla, K::i

[APPROVED JFH JOB # 680574



OWNER Im~A ARMY AMMUN IT ION PLANT
BUR L. INGTON. Im~A

LOG OF BORING NO. Z2 #6
ARCHITECT· ENGINEER

U. S. ARMY CORPS OF ENGINEERS

." SITE LINE 6
nFTnrJATOR I IN!='

PROJECT NAME

SUl~~IIRFACF. CONTA~1INATION INVESTIGATlm

roof .. rNA ".0<.;.0' 'ON UNt.!> kt.PRESENT r"to APPR,j.'MA r~ ,t(JUNUAHY LINt.!> bElWEI[N SOIL ANO HQ<;. TYf't.;; IN·!>ITU. T"E TRAHliITlOH MAY lit: GRAOUAL

'"" r. -C
o~

'" r
C

""
...... 1II

~ III 1II III '" -
Ia. 0 u > 0 c >- ,/l 0).-a

III ~ ~ ~ c: 10
Z E c.ll ;. c: '" .c 0 "" u c: DescriptIon - +0-

w '" c: ~ r - III ~ U ~.~ Q L. <1'0

<.Il III ...... ~ "6 00a > c a. c ~ elL: .... j;jC. 1II III
_ C ....

E ~ E 0 ~ 8 E QJ ......
"2 t a. > .- -

c. u 0 '" t'.r. c:.-
'" >- .." <:J C a =

~ oe III ~ Surfclce Elevation = 71L.3 o <ll
<.Il ..... <.Il a: I CD ::JU<.Il ::><.Il 0

""" ~:K

- CLAYEY SILT- Da r-k Brown- (2.0)PA - 7\0.- - SILTY CLAY TRACE SAND- GrayI 5T 2,1 f) 28.6 91 CH -
5-= St iff to Med i um

I--
PA

I
-- I I- - I

1 ! CHI -
I'" 1-') I 29.0' 90 I T - I IL ST -:.. -;. ...:. \ I II CL 10-= I i I- 701.(11.0) j .- 1- S/',NDY SILTY CLAY TRACE

I
P"

I
- !f, - GRAVEL (GLAC I AL TILL)

~l
- i

~ CH - Gray I
5T 24 14 - j

CL. 15-=
St iff !

; ---
PA -- -- Drown at 19.0' .

4 5T 24 15 CL -
20-=-- .

PA --- (23.0)- 689. I
CH - SANDY SILTY CLAY TRACE

5 ST 24 14 -
('I 25-= GRAVEL WITH SAND SEAMS

- (GLACI AL T I LU

PA - Gray Brown to Gray-- Very Sti ff to Hard- -
6 ST 24 16 CL --- (30.0)

30- 682.~-- Bottom of Bar i ng-
.' ---

.....
,·,,-l---W-A-T-ER-L-E-V-E-L-O-S-S-E-R-V-A-T-IO-N-S-----y-------------.-B-O-R-IN-G-S-T-AR':"'"T--E....O----I-I_-.2-2---80. -

-._W=.L.~~. q~~" 'W.S- ~-~-~J>E'_4-.-Z5-.~-__.A..:.~ Terracon Consultants, Inc. BORING COMPLETEO 11-22-80
W.L. B.C.R. A.C.R. Ct:lJcU Hd",UJS DdV8f1POIi Dttd MOlHtts. IA RIG CME 55 #4 FOREMAN REF

I---r--- - >. - _... -- - • - "60'''. C'I~ W,eh,'io, ,,::>
W.L. 4 • .5' on 11-25-80 \APPROVED JFH JOS,tt: 680574



LOG OF BORING NO. T" #7<-

OWNER IU\'IA ,\RrJ1Y AMf\lUN I T ION fjLANT AkCHITECT -ENGINEER

4~ [jum Ii~GTOlj. lm-lA u. s. AmW CORPS OF ENGINEERS
., SITE

L I r'JE
PROJECT NAME

u
nFT!1tJATnR I Itlr c,lI8~)URFACE cmlTAMI NAT ION INVESTIGATIOr

~ I I
'" J'-'" C III

~ III Q)
v, -oJ)

0 c. , , 0 ~ 0 c '"
0)--

Q) oJ) - - C lIJ
Z E ~ - c oJ) ..::.

0 oJ) ( , c Descnptlon .- +-
~

.., r:

! i :' ~ u ~ " Q L.. 0
u) ~' - r: 00

:::l. C. .. _, -Q.c ell: .:." '..!. ,i;. - +-
E 1 c. s 8 E Q) I Q)

~ Eo! a. ." .- -
I

to '- >
." c. i i 0 c 0 ~ '" • oJ)

~ ~I
Q.J Q.J c-- 'J aD ' ) II r' f rj C e' Elevation 715.8 o ~

U1 :=l ,_, J) I ~ a =..- , Vl :t. CD , oJJ ::i:3:

- CLAYEY SILT
PA - Dark Grown- (2.0)- 7 I3. E

CH -
I 'iT ~4 t) '28.6 89 - SILTY CLAY TRACE SAND

("'I -- Di'lrk Brown

I h - Very S tiff to Stiff

1

-1-

PA ---
I

To Gr'ay Brown at 5.0' .
-

2 ST 24 CH-t -
13 -

I CL -

I I
-

I 10 -'-

I
- I

PA - I- (12.0)- 703.8

I -..~~) ~T 24 14 CH -- SANDY ~) I LTY CLAY TRACE GRAVEL-.... ,....
15 - (GLAC IAL T I LU- Br-own Gray to BrownPi\ -

I - St iff to Very Stiff
I I ---

4 ST 24 24 CL ---
20-=

PA -----
5 5T 24 18 17.9 112 CL ---

~5-=
PA ----- -

24 15 -6 5T CL -- 30.0)0-685.8--- Bottom of Sori ng-
.' - -

4"
Ute.. ~ utA 11"IC"" iON UNt.~ Hi. ...Ht.~t.NT ftt£. AP"'wl )Jl.IMA fiE. rtOuNOARV LINES bEn-EEN ~J'L ....NO HO(;K T'W' ...lS IN ~ITU, THE TAA~JTIONMAV BE. GRADUAL

" WATER LEVEL OBSERVAnONS BORING STARTED I 1-24-80-1-'--- -·-------r---- .. - .... -
W.L. 8.7' W.S OR W.D 20' A.B. Terracon Consultants, Inc. BORING COMPLETED I 1-24-80-- ._-- -- -- -_. - _._-_. .._- _._.-

Oa. "'c... (UtS, IA
~-

W.L. B.C.R. A.C.R. C••U.JIlU HIIi~llb [)a.,bIIVc.irt RIG CME 75 FOREMAN JMtWLl---- --- ---- -- .--- ----. --- K.,*f1~.:t Clly Wlcl\lIa, l\S 1------

W.L. 5.5' on 11-26-80 APPROVED J FH JOB # 680574



OWNER I O\~A ARr,1Y AMMUN I T ION
Bl JR L INr;TON IOVJA

LOG OF BORING NO. Z2 #8
ARCHITECT -ENGINEER

[I <: ARMY rilRPC; nr: 1="t\1r, I W=-r:R<:;

SITE
LINE 6
DETOW\TOR 1 I NF

PROJECT NAME

,;[ IH"I IRF Af~i= r( ,r-JTAM I t\IA T I rlr-J I 1,I\/F<;T I r,A T' mJ..
w ... ,.

0'

'" -...... C III
J" '" 111 '" iii

., -
0 0 u ~ D

,. oJ> Cl'-
0

ell iii "7" c: ~ c: l\J
Z E

~
>. c: III .c 0 '" U c: De~r1ptlon - +-.. '" ~ ::: -=-ttiO U ~'" ~o

9 L.. 41
I/) ...... 00

Q a. ~ <II c: a. c: ~ 0::: _ D .<... ;;; t-
E 111 E 0 J 8 E ~ ...... "'= E a. ~ --a. '-' 0 '"

.»- . c:-
'" 111 co:: '- oJ> c: > iii ~>. '" iii ::: oE SIJridc~ E:.levation 712.7 o 41I/) .... I/) 0: :::lUI/) :::ll/) 0 W = %~

- CLAYEY SILT- Dark Brown- ') . ())PA - 710.7-- SILTY CLAY TRACE SAND- Gray BrownI ::..1 24 14 CH -- Mediurn
~-PA ---

/4.) IUU IU- < -
704.0 tS .7)

, -
~I '-,T ., I IU CL -"- ..: -t

I~ SANDY SIl TY CLAY TRACE GRAVE- U';LAC IAL T I LLl-PA -- Gray f:3rown- - St iff

)3 2 1.8
-5T 24 10 104 CL -

15--=
--CJA --- (18.0)-p94.7

I -
4 r3T 24 15 I~L - SANDY SILTY CLAY TRACE

20-= GRAVEL WITH SAND SEAMS-- (GLACIAL TILL)
PA - Brown-- Very St iff-

5 pT 24 15 CL --
25-=-

PA ---- -
6 ST ~4 17 CL --- UO .0)30- 682.7--- Bottom of Boring-- -.. TI.l ",,,.. /I~'''''IIOHL.IHES "EPHE!iEH r rHE APPRO.'.... TE dOUNO"RY L.IHt.!i bETWEEN SUIL. "NO ROCK TYPES IH "IIU. THE TRAHSITIOH MAY Il€ GRAOUAL

.. ' WA!~~EV~~OBSERVATIONS.

W.L. 7.0' WS. OR W.O. 17.2' A.B.
~--- .... - .. -_. -_._---

W.L. B.C.R. A.C.R.- .. ----- ---.1....-----.-,
W.L. 5.3' on 11-25-80

Terracon Consultants. Inc.
CalJ~r RdPld:i DilwtJilpor1 0 ..& MOIOtl., lAo

K~n~.s City lIII,ellll., KS

BORING STARTED I 1-22-80

BORING COMPLETED I 1-22-80

RIG CME 55 FOREMAN REF

i APPROVED II="~ JOB # f,A()')7.1



LOG OF BORING NO. Z2 #9
OWNER 101'lA ARt·rr' Ar·1i·1Ut~ IT ION PLAtH ARCHITECT·ENGINEER

~, elJRL Irlt-;TOf\j I OVIA U. r
AR~·1Y CORPS OF ENGINEERS.) .'If SITE

L I ~JE
PROJECT NAME

t~

I 11:-(\1'1.4~nR I I r,1I=" SUBSURFACE CONTAr-11 NA T I ON INVEST IGAT 1m
·lJ
'-' ~. 0"- -c
'" :::

C-- III,,, '" <lJ "" <II '" -
"" JI

0 Q, a a '! 0 C '"
01-

Z E <II '" "7' 0 '" D05cnption
c: co

au ~ .c. '" .c U c - +-
'1.1 '" C .- t: .:: <II U. U ~ .~ Q ... Ql

III ... -- ~Q 00
~ Q,

I
> I

v, ~ a. c ~ Ot: L. ~ +-11;
_ .w

E '" E
(" ~ '..J E <.. -- E E. > ._-

Q, I 0 ;;; t' 0/1 ~
c:-

n:I >. ,'l ~ C o ;:.
~

o~ C ""I Q) o III
III ~ (/) I c:: III ..)ulll ::>- ~Vl a w C; IJd,lC2 Elevation = 714.3 :::E3I:

- CLAYEY SILT
PA -- (7 OJ Dark Brown- 7 I ::' . ~ ::; ITT Y l:lll' iKALt.- ::>ANU

I ST / " cj CH -~~ - Gray Brown-- Hard

PA
;---

I ---
706.)8.0)2 ST "11 19

1 H-C L -
L..""'t ( L":C -H - SAl,mY SILTY CLAY- Brown Gray10....::

P,A. - I I .0)
Sr iff

- 703.3- SMIDY SILTY CLAY TRACE-- GRA\jFL (GLACIAL T I LU, 5T ::::0..\ I ' 2 I • 1 107 CL -
1'/ -'

1 - Brovln-• ~

I~
Sti ff

IPA -----
4 ST 24 ,-) 'j CL --- --

20....=
FA -----

5 5T 24 18 CL ---
2S-=

PA ----- p86.3
28.0)- Ic;ANny I TY (" AY R AI ~1- r~RAVFI-

6 5T 24 15 19.7 108 CL - (GI AC IAI T II I )- 30.0) Grav. Very Stiff30-F'84.3
.~ -

- Bottom of Bar i ng--- -

C
Tllk Sf"" r,t'C" T,ON L1Nt:l> I<t.P"£SlLNT r.,£ ""Pl<v.,.." r£ ..oUNU""Y LINES bETWEEN ", ilL "IOU I«.X:K T~Pt:S '10 SiTU. TH£ TRANSITIOH MAY 8Ii: GRACUAL

I WATER LEVEL OBSERVATIONS BORING STARTED I 1-24-80
,---------- -------. -~-- -

W,L. 6.5' W,S,OR W,D, 10.7' A.B. Terracon Consultants, Inc BOR ING COMPLETED I 1-24-80
--- ~--- - --- ..__ . - ---- . 1-'-'-- - . - .. -- -

C~uat R..p'd$ Da"ellpotl Des MOlllufl, I'"W,L. B,C.R. A.C,R. RIG CME 75 FOREMAN JM---- ---- --_.- Ka"'''$ C,ly w,cnllil,K:'
W,L. 5.7' d r ')<1 hr./4.9' on I-f)-' I APPROVED II="I-j JOB # F;An") 7,1

/1{,6



LOG OF BORING NO. 7') #10'-~

OWNER IQIi,:A M~MY M1MUN ITION PLANT ARCHITECT· ENGINEER.. HI JRl I NGTON 1000iA U. c- ARMY CORPS OF ENGINEERSoJ •

" SITE LI r,n:: PROJECT NAME
li

[if=TONATOR liNE SIIBSIJRFAr:F r:OtHAMIf\JATlnN If\JVFSTIr,ATlnN
<l>
e, N 0

C "...
'" " C \II

<1.0 '" ~ '" I1l
., -a. 0 "0 > Q C >- '" 01-

0 I1l ;;, "7 ~ c IQ
Z E OIl ;-.

C '" .c 0 '" U c DeKrlp1l0n .- +-
<1.0 '" c: :: ~~lii; u ~., Q L.. 4)

VI 'IJ " "?2 00a. a > '" c a. c d; 0.:: L ;;; +-
E '1> E 0 ~ 8 E 'IJ " 2 t c. > --Cl oJ

c~ c-o co;: '" <1) ~'" >. ," 'IJ
~ S'JrfClCe

o 4)
(J1 f- VI a: aJ ~U(J1 0- ~(J1 Q u.J Elevation - 713.5 %31:

- C.I AYEY SILT- ( I . ') ) Ddrk Brown
PA - 712.l- SILTY CLAY TRACE SAND- -
ST I - Gray Brown

I ,-) " 32.6 82 CH -_-I 0 5-= Med i um

--
PA ---

705.~
<.'300)-- ~~ I Ln CLAY LITTLE SAND

" ST ~4 14 CL -
~'i I TH SAND SEAr'iSL -10_

Dad~ Gray- (I I.e)) Soft- 702. :'
PA -- SANDY SILTY CLAY TRACE-- GR,lWEL (GLAC 1AL TILL)

C -
:5 5T 24 12 CL - Grdy

15-=
- ~1ed i um to Stiff

PA ---- --
4 5T 24 16 17.5 116 CL -

'">0 -~. ---
PA --- -

5 ST 24 13 CH - 24.0)- 689.5CL
"5-=

SANDY SILTY CLAY TRACE

- GRAVEL (GLAC IAL TIL! )
- Brown

PA - Stiff-- ~85.5
28.0)- SANOY SII TY ClAY TRACECL- - GRAVEl

6 ST 24 16 - <GLACIAL Till)CH - 30.0} I ir1h+ (~r"'\1 V~rv Stiff0-083.5-- Bottom of Boring--- -
,,,. ~ If"'II~Il,"loON LINt.~ lit-PRESt-Nr rHE ...PPH.),,,...... Ik liQu"""RV L'Nfl> bETWEE" SlUL "HU HOCK TVPEl> IN·Slru. THE TIlAN&lT1QN _v BE GIlAOUAL.....

.. , WATER LEVEL OBSERVATIONS BORING STARTED I 1-22-80
-'''r--' _.-- --- . ---~--~-
W.L. 4.0' W,S, OR W.O. 6.0' A.B. Terracon Consultants, Inc. BOR ING COMPLETED I 1-22-80--' - _.- - ------ . ---- ......-

Ct:dllf Jotil.j.lI(JS Oc.v8f1J.'Ort Des IolQ,n..., I"W.L. B.C.R. A.C.R. RIG CME 55 FOREMAN REF
....- .. _. ---- Kansas C,ly W,Ch,la, KS

W.L. 3.9' on I 1-25-80 APPROVED .IFH JOB # f"A()'i7d

1f67



OWNER

"'" SITE

IOI'lA AR,\1Y AMr·1UN I T ION
HI iR! I i~GTmJ I m'iA

LINE 6
DETOrJA TOR LI NE

PLANT

LOG OF BORING NO. Z2 1/ 11
ARCHITECT ·ENGINEER

I' ,~ Am.1 Y r.nRP': (If=' eN(:; I NFFPS
PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATION

N

o
Z
Q.I

0.
E
"l

(/)

.... I
-~

c i ~

~

c. >
E 0

.'l 3)
(/) a::

c
u
c
o

U

oil
>. oil- "l
oil U 9~"l D '0
a t:- v D t:.. ~..... E 7i >,.,
~ oil ~

,#- c..> ~
0 ~ :J VI 0 UJ

Description

SUrfC1C<.' Elevation = 71 1.2

1/1

m'-e <U
.- +-
.. ltl
00
t-
c-o Q,l
::i:31

(~ray

1'!E:d i urn

PA

I -I -I 'j'.' I I - .~

;, ,\ I I
I

". I I
') ::T L4 --L

Pfl.

4~ 5T 24 20

PA

4 5T 24 12

PA

5 ST 24 14

PA

6 5T 24 16

23.2 97 CL

CLAYEY SILT
Dark Brown

-7',u (2.5)lu _ I

SILTY CLAY TRACE SAND

I
70 3 -1 (7 _c) )

I q\/my Sil fY CLAY 'tIlTH <,Mm
I S'E~r.1S

(:;r3'! 8rcwn
5t i t f

GRAVEL
Hard

rttt, ~rHA flf'I(..AfION L.INE~ HIL"M&E:~r rHE APPHOM.INATl: tiOlJNOAHY LI~E~ h£rWEE~&( HL A.~O ROCK TYPES IN SITU Tl'1E TRANSITION MAl., K GRADUAL

..~ .~TE._LEV~LOB~~__
W.L. ').0' W.S OR W.O. 9.75' A.B.--- -_. -.-. _..._-- =-----
W.L. B.C.R. A.C.R.
I----r-. ------. -- .-
W.L. 2.2' ()n 11-"<)-80

Terracon Consultants, Inc.
Cudat HapuJs Da'ltillpOJI 0"0 MOlfltts. IA

Kdll::tilS Clly WIChllci KS

BORING STARTED I 1-22-80
BORING COMPLETED I 1-22-80

RIG CME 55 FOREMAN REF

'APPROVED J FH JOB ~ 680574



lOG OF BORING NO. Z2 #12

OWNER lalvA ARMY A~lMUN IT ION PLANT
ARCHITECT -ENGINEER

r~r '~I I r,j(-:; H1t\l ImlA U. S. ARMY CORPS OF ENG II'JEERS

C SITE L I ~~E 6
PROJECT NAME

DETOr·JATOR l_INE ~jUBSURF ACE CONTAMINATION INVE~~TIGATION

~
u '" ,:.-<c ::"' C..... U'I... ~,

;V '" ~
-, -

0 "0 > 0 >. '" 01'-
0 0- III .ii -;- c:: ~ c '"z E O<l >. c:: II> J:: 0 '" U <:: DeKrtptlon - +-
~ '" c ~ :: - III iii: U ~ ,.., Q ... III

Vl <1.1 ..... "C .;, 00
0- > II> C a. c Cot: ~ .c L <- ...0- III '"E <lJ • 0 ~ 8 E III

.....
"= E 0. > --

~!
E u 0 '" ~ 'ft ~

c-
'" .1) Q.I <:: 0 .:: c >. III o III

Vl oJ') ex: iii :::lUVl == o~ ::::l<./l 0 w Surface Elevation - 713.7 :1::.

- CLAYEY SILT-- (? 0) Dark Brown- 7 II.PA - - ~ I LTY CLAY LITTLE SAND--- Brown
I 5T 24 10 CL 5- Sti ff---

P,A. -- - 705./ (8.5)-
\ -

I CL - SNIDY SI L.TY CLAY TRACt:2 :iT 24 3 10-
- GRAVEL (GLAC IAL TILL)
- Brown- !- Very ~~t iff-PA -- ( 14.5)-

'~3
- 699.2ST 24 12 15-

13.2 120 ML - F IrJE TO MED IUM SANDY SILT
-- TRACE CLAY
- Brown

PA - - Med i um to Sti ff- ( 19.0)

\

- 694. 'J-
4 ST 24 8 CL 20- SANDY SILTY CLAY TRACE-- GRAVEL (GLAC IAL TilL>- Gray Brown-

PA - 5ti ff----
5 5T 24 8 15. I 119 CL 25---

PA --- --
6 5T 24 13 CL -- 30.0)

'50- 683.7
. -

- Bottom of Boring--- -
'>tt: STR.. nf'C"',O'" LIN"S ....PH..::>.."'T rHE .........J.,M"'r .. t10UNlJAHY LINES bElWEEI'< &<IIL "NO ROCK r,p..s IN'=>ITU. TME TR..NSITION MAY 8[ GRADuAL., WATER LEVEL OBSERVATIONS BORING STARTED 12-4-80
-_._------~.__. '--.... W.L. 7 . 0 ' W. S OR W.O. 8 . 5 ' A.a. Terracon Consultants, Inc. BORING COMPLETED 12-4-80
- _._- - - --- - . ----_. - ----

W.L. B.C.R. A.C.R. Cou." H,*plda Oa".llpon DtI~ MOines, IA RIG CME 75 FOREMAN JM
.,-- . . - ----- t<. ..n~..~ C,ly Wlcn,ld. KS

W.L. 2. I ' on 1-7-81 APPROVED JFH JOB ~ 680574



LOG Of BORING NO. Z') #15<.

OWNER IOI'J,A, I,Rr·W AHr'lLJN ITION PLflJJT ARCHITECT ·ENGINEER

~
.... BUF<L IrJCTOrl I01'1A U. l' ARMY CORPS OF ENGINEERSJ.

" SITE LINE G
PROJECT NAME

fltTnr,JI:.TOR 1 Irw SU8SlJRFACE CONTAMINATION INVE5TIGA Tim
OJ I I I
l) N

0'C

'" :::
C 1Il

<lJ '" QJ III .'lJ i~: -
0 is. 0 "0 ~ e I:~ . I I

0)'-
c: <J

Z E ~
I1J III 0 .... -, I c Description .- +-to c 1.1' .c ~

,c; i
'- Ql'" C ::: - <1J _ G

'<:1 'b
i Q1) (J) <lJ -, C ~ t:.l.

~ '. 00
a. a. 0> oJ> .;) a. c <lJ Q~ I ..~ .c L ;; +-
E <lJ E a ~ '.' Eo <lJ "2 ~

a. '> --
Q. u ;; c:-

'" ::., .1] <lJ 0 co:' C'" <1J ~ o Ql
v1 .... (J) 0::: CD ::JUJI ~ a:e ::J(J) a w :.; ur- f c3"~f:' EI8vdtion = 704.9 :::E:J:

- CLAYEY SILT- Dar'k Brown- 702. '.: (2.0)
PA -- - SILTY CLAY TRACE SAND- Gray Brown-

~L- 5 - Stiff
I 5T 24 10 -r:H ----

FA - (8.0)- 696. /- '';AJ1DY SILTY CLAY TRACE-- GRAVEL (GLAC IAL TILU
2 :3T 24 I \, 19.5 10,1) CL 10- Gray'J -- Md i um- 17 Ii )- 692. :

PA -
I -

~" - 5 ILTY CLAY LITTLE SAND TRACE

"
- GRAVEL (GLACIAL T ILU15-=

3 5T r) 1 10 19.0 113 CH Gray<'-'-+ -- Very Sti ff- I-
PA - - ( 18.5)- 686.4- SILTY CLAY TRACE20-= SANDY

4 5T 24 1~i CL - GRAVEL (GLAC IAL TILU
- Gr-ay Brown-- Hard

PA - To Br-own at 22' .---
5 5T 24 12

:L- 25-=
'1-1 ---PA --
CL -

6 5T 24 17 -
CH -- (30.0 )

30- 674.9-- Bottom of Bar i ng

\

-.. -- -
ro'L ",rRAr"'C""ON LINtS kt.PHE"'t.NT l"'~ ..P.."'oj.,.... ,~ tiOUNUAHV LINES Il€nN£EN SOIL AND ROCK rvp£s IN SITU. TH€ TRANSITION MAY _ GRADuAL..II..

'-'_ WATER LEVE~_~~SERVATIS>NS _ BORING STARTED I?-<j-RO

w.LF.or W.S. OR w.DE' A.B. Terracon Consultants, Inc. BORING COMPLETED 12-5-80-- ._. _..._- ._.- --_._.__._ ..__._- -- . ---
C..Oa, Aal>lu. Ditvanpo,' Dtts MOlndS, tAoW.L. B.C.R. A.C.R. RIG CME 45(Bomb I:FOREMAN REF

w·L.1 O. O·;--~-n-i--6-8-1-
K~f1.a. Guv w,cnlla. K~

i APPROVED J FH JOB # 680574
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LOG OF BORING NO. Z2 /114

OWNER. IO\vA /\1~f'vlY Arv1~j'UN I T ION PLANT ARCHITECT· ENGINEER

C" Elllr~ L I rIGTON IOWA U. S. ARfv1Y CORPS OF EI'JG INEERS
." SITE L I r~c

PROJECT NAME
,~.>

r;tTOr!t\ TOR LINE SUBSURFACE cmnAM INAT ION II'N EST IGAT I ON

'"" .... .,),,'
c r'" ...... c U1

'" '" 4> '" ~ '" -
is. 0 o :>0 .0 '" '" 01'-

0
41~'7 c: ~ c ItJ

Z E ',j) ~ c: '" .c 0 '" u c: Description .- +-

'" '" c: Qj r - ~ til U ~ ,-., Q L. aI
V) ...... c C 00a a. :- U1 c a. c: o~ s: ~ L - +-il- IQ

E '" E
Q ~ 8 E ~ E 0. > --u. .... .2 '" ~ ,11 c-

.~ >- '" ~ c: 0 = c :> '1J !! o aI
Ul l- V) a:: CD :::JUUl 5 o e :l<Jl 0 w SIJrfuce E I ,:}vati on - 709.5 ~:K

- CLAYEY SILT
PA -- (2.0) Dark Brown- 707 :5

97 CH -I ()T 24 .+ 22.7 - SILTY CLAY TRACE SAND-- Dark Gray
5 - St iff,-

FA - Gray at 6' .--
I

-
')7 ICH - -.,

ST 2 ~~ 14 25.8 -!.. CL . -
I

-
10-=

PA --
I ---I ST 2·1 15 CL -

"
~.J - ( 14.0)- p95.5...III"

15-= SANDY SILTY CLAY TRACE
P.'\ - GRAVEL WITH SAND SEAMS-- (GLACIAL T I LLl-

CH- - Gray
4 ST 24 19

CL - Very St iff-- Brown at 17' .
20-= Light Gray at 20' .-

PA ---
~H- -

5 ST 24 15 -rL --
25-=-

PA ----
:H- -

ST 13 - Brown at 29' .6 24 -:L - ,( 1()())
30- 679.-- Bottom of Bar i ng-. ---

A' Tllf SIRA T,FlCAT'ON LI!'<£S IIU'RIES£NT THIE A......l.l.'..ATIE HOUNUAHY LINIES bElWEIEN S("L ANU HQ<.;K TYf'ES INSlru, THL lllA_TION /oIAY. GRADUAL

,., WATER LEVEL OBSERVATIONS BORING STARTED I 1-25-80

~L,=11 ,5'WS- OR ...'Of2 I, 0~ A~i!: Terracon Consultants. Inc. BORING COMPLETED I 1-25-80
W.L. B.C.R. A.C.R. CtuJetl A.~JlCJ. O.....enpOfl Des Mo,o... , IA IRIG CME 75 FOREMAN JM-- -- -.--_ ..-_._. -- _._- I<....n!t,.~ Clly WU;hllil, i'\S

W.L:. 5.2 T on 12-3-80 i APPROVED J FH JOB #680574

,"



r--------.---------...--------------------,

ARCHITECT· ENGINEER

LUG OF BORING NO
r-:;:;-::-;~:------------..-.--

" '.; ,. ,': r- [: ~ Jr I NE[f~ ~....r-;:-;-;;-;---------"------------.----.----I-::-=--'-..:,-...:.:...:.. ......:..........::..:-:.--'-.:.-.:-.w.......~~.;.;;....---___1
PROJECT NAME

~··.LV'I~JA,Tll'N INVESTIGATiON
.--..----,.---.,---r-----

c
Q

<II
>
Q)

UJ

D':l~cnptton

Surface clevdtion = 71 1.7

ul I-
0).-
c OJ
.- f-
Lo Q)

00
f-.- -
c:-
0 <l)

~J

To Brown at 15'.

SIL1'( CLAY TRACE SAND
Brown Gray
Stiff

Bottom of Boring

SANDY SILTY CLAY TRACE
GR~VEL (GLACIAL TILL)

Gray to Gray Brown
Very Stiff to Hard

·'f'17(10.O)
II) .,

~;ANi)''( S ILTY CLA Y TRAC E
GRAVEL (GlACIAL TILL)

Gr,jy Brmm
St iff

CL

CL
CH

CL

CH

CL

CL

CL

17.4 I 14

IS.9 lOS24 16ST6

:: CLAYEY SILT
- ( 2 . 0 ) Da r k Gra y-= 709. 7r----......;..;;;..;...;~;.;"",,;;:..L-------~

---
"i -
~

----- ----
li}...-

----- ---
I~

----- ---
20-=------=I6ss .7,..:2...3~0~) __l

--2:r--=----- ---- 30.0)
I---+-T---+--+--+----+---+---l-~3O--=PSI • 7~--.;..-------------l

---- -

F'A

,.. <~T 71 I C I._~

i

i~ '\
I Ir h I

.: ~'I
~ /1 17

4
-~.,

PA

4 ST L4 16

p!'\

5 Sf 24 15

PA

rto. "IH.. ,II'I..... 'oON LII<I;5 I<t.P"t."t.NT 'HI' ..PPIl.).. ,M.. rt. tiCJUNO"HY LINES tlETWEEN s<'''L "NO HOCK "Pt.S IN SITU, THE TRANSITION MAY BE: GRADU..L.....
~~.__ ~~T_ER_._~~VE':._ OBSERVATIONS _

WL. 'J 'j' W.S. OR W.Dj 5.5' A.B.- .....,'~. .... _. ---.. "" - .. _,_._-
WL. B.C.R. A.C,R.--, _.. .. _.. __..--. ----
WL. 'J.d' ,It' (,t,r c.!).9' on 1-6-RI

Terracon Consultants, Inc.
Ct;lOat AaJ,lIlJs O..,veopott Des MVlntJs. lAo

Kllin:»as Clf'; WlctUUa, K.S

BORING STARTED I 1-25-S0
BORING COMPLETED I 1-25-S0

RIG CME 75 IFOREMAN J M
APPROVED J HI IJOB # 680574

I'll



LOG OF BORING NO. Z2 #16
OWNER

100:lA ARMY Ar-.1MUN I T ION PL,';NT ARCHITECT -ENGINEER

... ... PI IR I IW~TnN ImlA U . ,~ ARMY CORPS OF ENGINEERS'" .•'" SITE LINE b
PROJECT NAME

DETONATOR LINE SUBSURFACE COt'JTAM I NAT ION INVESTIGATION

'"u .... 0'c
"" r

C:;; ..... oil
a" '" <II QI -" -
C. a "0 > ..:l >. '" 01'-

0
QI Ji "7 c: ~ c: IQ

Z E 00 .... c oJ> .c 0 <II U c Description - +-

'" "" '= ~ r - QI ~ U ~~ Q ... QI

VI '" '-. ~ ~~ 00
a C. > oJ> c a ~

'"
Qr L :;; +-

E '" E
a ~ 8 E ~ '-. ~ e:1 Q. > .- -

a ,~ a "" :: Jl ~
c:-

'" >. "
(l) co;; c >1 ill

in ~ o~ Elev3tion 709.7
o QJ

<fl ..... Ul cr -:JUlIl :::l 1Il. Q w Su rface - ~~

- CLAYEY SILTPA -- (I,()) Dark Brown- 707.-
I ST 24 4 CH - SILTY CLAY TRACE SAND- Dark Gray-

5-= Medium to St iff

PA ---
CH --

2 ST 24 9 22.4 97 CL -- (3ray dt 9.0' .,-
10-= ( I O. ::; )

PA - 699 ..-- SMIDY SILTY CLAY TRACE- CGLAC I AL Tl LU- GRAVEL
:5 5T 24, 15 CL -

~ ~- - Gray Brown-...
15-= Medium to St i ff

PA --- Gray at 17' .--
4 ST 24 20 CL ---

20-=

PA -- (21.5)- 688.-
CL - SANDY SILTY CLAY TRACE

13.8 119 -5 ST 24 19 rH - GRAVEL CGLAC IAL T I LU
- Gray Brown to Brown

25-= Very Sti ff-
PA ------

6 5T 24 13 CL -- (30.0)
30- 679.--- Bottom of Boring-

" - -.. , ..t. :.rHA r'~ICAr'ONLINES HU"f<t.:.t.NT rHE API'HuXIMA rE lKluNDARV LINES bETWEEN fo<J1L AND ROCK TYPES IN SITU, THE TRANSITION MAV H GRADUAL

4", WATER LEVEL OBSERVATIONS BORING STARTED I 1-?5-80r-p- -- ._- ._.._- p----.--
W.L. 6.0' W.S.ORW.D. 26.0' A.B. Terracon Consultants, Inc. BORING COMPLETED I 1-25-80

f---- -- _... ~ - -. _.- .. - ..~,-_. -- -- ---
c ......, H"p.... , Oa.e"po,1 Oes Mo,n"a. IAW.L. B.C.R. A.C.R. RIG CME 75 FOREMAN JM-"-' - -~ -- Kall."» CII~ Wlelllia. KS

W.L·13.3: at 4hrs/I.9' on '12-3-8( APPROVED JFH JOB #680574

I?J



LOG OF BORING NO. Z2 # 17

ARCHITECT· ENGINEER

~I. S. ARr1'( CORPS OF ENG INEER:;

OWNER

'",... SITE

IO~A ARMY AMMUNITiON
[)lJRI. IN.~TOrl 1o\'1A

L I rJE (,
i:FT('l.!; lOR I rlF

PLANT

PROJECT NAME

')lI8'-;1 jRF A(~F rnNTAM I NAT ION 1NIf Fc; T I(';AT I ON

co <l)
::1;)1:

i T:;j
i ._ +
, L <l)

00
+-

I
DescriptIon

CLAYEY 5 I LT
Dark Brcwn

~Ud'JC8 Elevation =

'~Af'JDY SII TY CLAY TRACE
GRAVEL (GLACIAL TI LU

l3rcJwn
Stiff to Very Stiff

Bottom of Boring

c
o-'">
~
w

71' (2.0)
I . C

SILTY CLAY SOME SAND
,~r"]Y GrOVIn to Brown
'181'1' ~~t iff

fC-

C
(l,l

o

CL

CL

CL

CL

CL

CL
CL

.,
VI

'"U

~ 0_ c

c t
:;..n

13. I 123

22.2 10415

PA

PA

PA

PA

PA

I I ~,T::':\

4 5T 17 4 18

5 ST 24 13

6 5T 24 10

o
Z
Q.l

a
E
I1l

Vl

I r" I.,.,
I i

----- ----
'J--

=Lp.(.;.:!~....,.n.:...)------ ~I_ II.l

--
10-

----- ---
15--=

----- ---
20-=

----- ---
25--=------=--

1--+_+--+_-+-_-+__+-_+-_+-....-.130 -= 689. 0~30~.;.;;0;..:.) --l
----- -

.~ ST 24

,,,. "I H.. riFle.. I ,ON L1Nf.S Hf.PRf.St.N' r.tE """"oJ'1M"rt: tOOUNO..HY L'Nt.S bt:TWE£N !>O'L ..NO ROCK TYPLS 'N·S'TU. THE TR"NSITION MAY 11£ GRADu"L

"1\1111" WATER lEVEL OBSERVATIONS

W:i,c_Z:~WS OR WEI' 0 0~~ :;;;:B~
W.L. B.C.R. A.C.R.
f-----,----- -- ---- -----
W.L. 4.9' on 11-26-80

Terracon Consultants, Inc.
Gall'" A;ojlllb D...."poll Des Mo'n.... II'

K..ns... CII. wlcnll ..,",5

BORING STARTED I 1-24-80
BORING COMPLETED 11-24-80

RIG CME 7~ IFOREMAN JM

APPROVED J FH IJOB #680574

1~4



OWNER IO\'IA ARfV1Y Ar.lr.lljN IT I ON PLArH
lJURL.II'JGTOfJ IOr'I,A,

LOG OF BORING NO. 72 .# 18
ARCHITECT ·ENGINEER

U. S. ARMY CORPS OF ENGINEERS
,~ SITE

L ! fiE l

i);:' TI',r j'; TOR I W-=-

PROJECT NAME

S\I[)C,IIRFAi.E CONTAMINATION I~~VE-:STIGATION
-1i
.~ .... ;~c ...
ttl ...... C

~. '" -1i '" V
0 C- o u > .e c::z E OQ ;,..

QJ '" 0c '" ~

OJ ", C
Q;

r QJ iii. u
Ii lI'l > '" c d,a. a. C I
E '" E 0 ~ oJ

E v Ia. '-' 0
u

~," '" ", Q; C o ~

~lI'l >-- v'1 cr co , ::J Uv'1

f1'

'"
oil-

~ '" 01'-
~

DescriptIon
c 10

'" U c .- +-
~,., Q '- al

u
~

00
0 r <lJ L. - i-ftI-. E Q >~ c-
O '" C >, Q; .'!! Sur-face El2vdtie,n 712.4 0 al.e ::JlI'l 0 =W ::E:K

T ., ,
C-••1 ~ _ • t

H'~

", ':, T 24 ';

HS
I ..'.I '3 5T ') 1 13-""

HS

4 ST 24 18

HS

5 ST 24 10

HS

6 5T 24 9

28.2 91 CL

CL

ICL

CL

CL

SANDY SILTY CLAY TRACE
GRAVEL (GLACIAL TILL)

Continued on Sheet #2

692.4

rtil: ~ rNA rifle", ION LINtS tott"PH£~t.NT IHt. A......h\.J.'MA ft.. ti()UNuAHt LINE~ t1ETWt:.EfIt ~lJIL AND HOC'" TYPl.S IN StTU, THE: TRANSJT10N MAY ttE GRAOUAL.

~l- .~~T~,l~Y.~L._~~~~REVA~I~,~~-- -
W,l. 4.0' WS.ORW,D. 32.0' AB.--_... ~-- .. _ ..._- ....__ . . - ---.-
W.L. B.C.R A C.R .

..--f-----.- --., ------'0 -.--...-----
W.l. 4>;' nn I-R-R I

Terracon Consultants, Inc.
LtuJd( Ad"W.b Davf;tllpOit OtiS WOllld5. IA

K ..n~iU CII) WI(,;tHld, ",S

BORING STARTED 12-10-80

BORING COMPLETED 12-10-80
f--------,------.----1
RIG CME 75 FOREMAN JM

!APPROVED JFH JOBfF6R0574

I?S



LOG OF BORING NO. Z2 II 18 (Cant i nued)

OWNER IOViA AR~:1Y M·l~·1UN IT ION PLArH
i3LJPL 1i Ie rotJ. IOViA

ARCHITECT· ENGINEER

!J" ~. ARf\1Y CORPS OF ENG I t,IEERS
,~ SITE L IIIE ~)

Di="'iJIIA TOR L II\jF

PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATIO~

01'
e: Q

.- +- I'- Q)
00
+-.- -
e:-

I ~ ~

Description

Bottom of Boring

Continued from Sheet III

c:
Q

CL

.,
J1

."
U

I e; Q.'" ~'.:. E
c: ,
::JU1

12tI () , 4

(1,
u
c:
'"

I

HS

(
I

!
'7 '~T 1-1 12

9 ST 24 1-;

8 ST 24 16

o
Z
~
Q

E
'"U1

---
50--=

- (31.0)
- 6C51.,1~----- - - - --.......~~= :~<>/>-= ~;ArWY S1LTY CLAY TRACE «<::::::
- GPfl..VEL (GLACIAL TILL) ;';'.-:<';':-;':- :::::::::

CL )J -= Gray Brown to Brown »~«= Very Stiff to Hard :::::::::- :::::::::- :::::::::.........----- .. .- :::::::::= :8G
40 -= 672 " ~~I

~Ii- .- :::~~:~:::

- :::::::~:::¥~<::

I, CL 45 -= L~~~i}- ~-:;;.-:-::.-:.

~--+-+---+--+---+---+-----!-...-.---I - I' :::-s:-.:::~:::
'rIJ(' - ::;:~:~:::- :-:..--::..."':"".....~:-- ...• ,.,.,.,.,...- ::~:~~::- :::~-:-:.::~::-

lOST 24 14 CL - .::::-~-:-.:;~:::
1--+--+--+--I----.+---+---I-----4--fi0 -= 662 ,,4 50" 0 ) 662 , 4----- ----

-.::---- ----- -

C)

'tIt. '0 rkJt. JIF,CAlION L1Nt.S H€,fo"HEs.t.Nf THI:. A~~Hl..J.IMA It- tjUllNLJAHV L.INt:.~ bETWEEN SlJIL ANU ROCI'( lYP£S IN ~ITU THE: TRANS.lnQN ,..AY BE. GRADUAL

Terracon Consultants, Inc.
Ccdl..ll Hct,".mJ$ l)iIf,yttUPO(' Oe:i MUln.l, IA

I'\cll1:aoas Cit., Wn,;t"ta, f(,S

BORING STARTED 12-9-c)Q

BORING COMPLETED : 2-1 0-80

RIG CME 75 IFOREMAN J ~J1

APPROVED _I FH /JOB ~ 680574

"6



lOG OF BORING NO. Z2 II ISA

OWNER IOl'iA ARMY A~1r.1UN I T I ON
t~UR I. I r'JCTOrJ lO'viA

SITE L I r,IE {
DETOrJATOR LINE

PLANT ARCHITECT ·ENGINEER

U. S. Am:1l' CORPS OF ENG INEERS
PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGATIO~

01'
e: 10
- +-
L <1/
00
t-

709.5

= 712. ')

Description

SILTY CLAY TRACE SAND

Bo~tom of Boring

\.'ell Ir;sta lied 12-10-8CJ

c
Q

~ ~
'ii >
'll ~

0 uJ

,'.'"

f-'A

o
Z
~

a.
E
'"c.Il

- CLA(r-'y S! LT-
- n\ Dark Brown- -/ I (j. ,,~(...;,';'-u.J..- _----
- Br'own Grdy 707. ~

I
') -= ':, 1- " f f .._. __..

v <~""'..;,."'..;,."":-

I ..._._ .,: ..
......,., ~...

I - :':?:';":";'~::

I II -=- I , ::~~:::lI?rcly ,jr 8.0 . ...__'_ •..~

1---+-+--1--+
1

__+-l__+i__+-1_....;.1----410.i 702. 5\-(_'0_.l_))----- 4~....:~t..;;:~~~~=-~4{.
I ~

- -=,
-- ----- ----- ----- ----- ----- ----- ----- -

I Ill:. ~ rRA r,fICATIO"" LI""t.~ kEftftESl:Nr fHt. Afo"'fo(.)A.MAlf I1lJlJNO~IiCY l,.INlS tsETWEI::N ~UL AND ROCK Ty,..tS IN SITU TH£ TRANSITtON MAV Ii£ GRAOUAL

Terracon Consultants, Inc.
1.,c;..Jdl Hd"ml:. Ud"trnporc 0.,. MUln.,a, 1.1.

KcSJ):»tI:» "',ty WU;hUCi, ~s

BORING STARTED 12-10-80

BORING COMPLETED 17-10-FlO
RIG CME 75 FOREMAN JM

,APPROVED J-FH JOB # 680574

197





LOG OF BORING NO. Z2 # 19 (Continued)

OWNER IO';iA ARi.]Y Ar-1i·:Ui~ I T IOij PLANT
....... [,I't)Lltj(~Tmi IC'MA

ARCHITECT ·ENGINEER

IJ S ARri]Y rORp') llt=' i='N(~ INEfRS

." SITE L I tJE. [)
DETOIJA TOR LINE

PROJECT NAME

~;Utf;LJRFACE CONTAj\llINATION INVESTIGATIOf\

o
Z
Q.o

Ci
E
'"Vl

III _
C Q.o

C. I >E D I
'" I;

JJ cr:

.... .;":

t:
C'- 1Il

Q.o '" <lJ vI -
~ ~ .e I

>-. '" cn·-
c ~ c: '"C IA ..c 0 '" l) C De5Crlptlon .- +-

~ ~ ti,
U ~ ~ 2 '- Q)

I
D b ~

00

o Q C I <lJ 0 ,I; C L

'" +-

~ ~ ~ c. t Q > ._-
'"

,
..n IV 111 c:-

::lU<Il ~ 0 .e ::Ju"l 0
0 Q)

! W ~JC

-T-~- --------,-1--

CL

jCL

----
30------= 679. hr-(,;;,3,;;,3.;"• .;;;.0,;;,)-------------1::~~:::7::7= SAND'( SILTY CLAY TRACE .
35---= GR.AVEL (GLACIAL T!LL) :::::::::

_ I Brown :::::::::
- Hd r-d :<.;.;.;.;.;.:.:.
- . '5 • f-(,;.3_7..;,•..;,0...) --I(::::::::::::::::--= 0 I • 0 :t<{<:
- SANDY SILTY CLAY TRACE GRAVEL .;.;«.;.;<.:-:- :::::::::
- (GLAC IAL TIL L) ..

40 -= Gray Brown :-~2~~}= 5t iff to Very 5t iff ::;&§;;::- -: ..:""..:.....~......::.- ::~--::~~~::
_ :'7';'~';'''':'"'';-:

- ::::'2-:~::
_ :·;i.:..7:':"~.s.;.r",:·:

- ::t:;~§::

45-
- .'~.'-'."'."'.... .,.....,........

-: ......~...;:"'.....:-:-
_ :-:-w7:':'~-:

- ::8-::~~::
- :-:..7~7.=.,?::·:_ .:.:""'-........:."...J-:.

- ::~~:E-3:::
- -:l'"..:......-.-.,...::-:.- ::~~::

23.2 99 CL - .
1---+--+---+--+----j1----+---+--+--tl1~0 -= 662. 6~50.;....;..;'0;.;.) -+.::;6.:::.6;;;.2~.C

----- -----=---- ------

7 :..iT 2-4 15

HS

B ST 24 12

C~ HS

9 5T 24 12

H5

10 5T 24 16

rtlt. :afHAllfILAIICJN L.INES HEPHt.~tNr rH[ A.......,u.. IMArl:, U(,)UNOAHY L.lN£51 *,ETWIE£N Sot...tIL ANO HO<..:K TVf"£S IN ~Iru. THE TRANStTION MAY BE GRADUAL.

tiL ~T~R__L~"-E~ OBSE1ATl9NS _

W.L: _.18.• Q' W.~. O~~~~~ :1.f~ ~__ ~B..:

W.L. BC.R. A.C.R.-- _..__ ._- .- -- - ----- --
W.L. 3. :z,' on I -8-8 I

Terraeon Consultants, Inc.
c.""", Hal'lds OavlInpOrl OilS MUIlll.s. IA

Kanoae C,ly WIClllla, KS

BORING STARTED 12-10-80

BORING COMPLETED 12-10-80

lRIG CME 75 FOREMAN JM
, APPROVED J FH JOB # 680574



r-' ... " Nt ,.,." -, -'~~ ..... .............. --
". I l&a....,. ,,_ 0,.-",-. I. ,..... U.' SI ......... '-- .........,. ~

) 2 It I ,...; • rt- ) ,., • • j1~ I~ II Xl )0 fo£ '-0 &0 '0 \00 1400 h."oO 110
0100 I [I I f+-I I ~ I ,~ I I L .... .r rr- II I I T .~

~ I J 1 !'". 1--. -.

I~"Rgo - . i- - -' . ~ - 10

rJ.. _.
"f-~

\
.- ..- -- --~

80 - f- . ._-- "-- --
\

- 20

...

70
h }O

- . - - "\ ~
jE \ c.

• w
.• 60 - f-- - - .-f------ .- .- -.-

\
4<l~

~ >--- .. .-

\
.&l

.;; ~.$0 - f-- ~~
c: '\ 3
~ --- . - . I-- .. - ._- - ..-

.~
0

I:
,~ 601:

e4<l
- .-

i~ a
• l.a. rE

30 . "'- 10
.....~

- -
----0

20 80

-1--- r-

IO _. - ~f-- - ._- ~

.. - . - --- -- -_._~

0 -,--, "-- __.1 - . 100
100 50 10 ~ 1 0.5 01 O.O~ 0.01 O.OM 0.001

Gratn Size in Millimeters

~
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IOWA ARMY AMMUNITION PLANT

BURLINGTON. IOWA

JOB NO. 680574

CONSTANT HEAD PERMEABILITY TEST RESULTS

SITE Z··2

Moisture Dry Coefficient
Bar i n9 Sample Depth Content Density of

(ft) % pef Permeabil ity
em/sec

- --------------

3.0- 5.0 30.2 90.6 9.2 X 10-9

3 13.0-15.0 19.3 109.1 3.8 X 10-8

2 2 8.0-10.0 21 .9 100.0 8.2 X 10- 10

2 4 18.0-20.0 13.5 111.5 1.3 X 10-8

3 3 13.0-15.5 16.4 112.8 6.2 X 10-9

3 5 43.0-25.0 15. 7 108.5 5.0 X 10-9

4 7 33.0-35.0 12. I 121 .9 1.6 X 10-8

4 9 43.0-45.0 25.3 100.6 1.6 X 10-9

5 2 8.0-10.0 22. 1 104.2 3.8 X 10-9

5 8 38.0-40.0 15.4 . 115.0 3.4 X 10-9

6 3.0- 5.0 28.6 90.5 1•1 X 10-8

,- 2 8.0-10.0 29.0 89.6 2. 1 X 10-8
0

7 2.0- 4.0 28.6 89.3 9.6 X 10- 10

7 5 22.0-24.0 17.9 111 .6 1.0 -8
X 10

8 2 8.0-10.0 24.5 100.4 4.5 X 10-8

8 3 13.0-15.0 21 .8 103.7 1.4 X 10-8

9 3 12.0-14.0 21 •1 106.8 2.5 X 10-9

9 6 28.0-30.0 19.7 107.9 3. 1 X 10-9

10 1 3.0-5.0 32.6 81 .2 9.9 X 10- 10

10 4 18.0-20.0 17.5 11 5. 7 7.4 X
-810



IOWA ARMY AMMUNITION PLANT

BURLINGTON, lO\JA

JOB NO. 680574

CONSTANT HEAD PERMEABILITY TEST RESULTS

SITE l-2

Bar i ng SeJl1lple D~pth

(ft)

Mo is tu re
Content

%

Dry
Dens i ty

pef

Coefficient
of

Permeab iIi ty
em/sec

------------------

11

11

12

12

13

1 3

14

14

1 5

15

16

16

17
17
18

18

19

19

3

6

4

5

2

3

2

4

6

2

5

3

6

7
2

10

13.0-15.0

28.0-30.0

19.0-21.0

24.0-26.0

9.0-11.0

14.0-16.0

2.0- 4.0

7.0- 9.0

17.0-19.0

28.0-30.0

7.0- 9.0

22.0-24.0

12.0-14.0

28.0-30.0

4.0- 6.0

34.0-36.0

9.0-11.0

48.0-50.0

23.2

16.9

13.2

15. 1

19.5

19.0

22.7

25.8

17.4

18.9 .

22.4

13.8

22.2

13. 1

28.2

10.4

25.4

23.2

96.5

11 3.6

120.3

119. 1

108.3

112.5

96.7

97.4

11 3.5

107.6

96.8

118.9

103.8

123.2

91 .3

126.0

97.7
98.7

8.3 X 10-9

1.2 X 10-9

6. 1 X 10-9
-9

3.9 X 10
-8

3.4 X 10

1 .7 X 10-9

6.4 X 10-9

8.6 X 10-9

3.3 X 10-8

7.7 X 10-9

1 .6 X 10-8

5.4 X 10- 10

2.8 X 10-8

10
-8

1 .5 X

2.0 X 10-8

1 • 1 X 10-9

2.4 X 10-9

2.5 X 10-9



Table BORING AND WELL SUPVEY DATA
SITE Z2 - DETONATOR L I ~JE #6

IOI'JA ARHY Mlf·1Uf'J I T I C~J PU\~H - BUR L I NGT0N, IO':JA
JOB NO. 680~74 ~A~CH 31, 1981

C.:J. E.
LUC31 C:lord i ndre Elevdtion

N E Natural Ground Top of Pipe
Sire (ft ) (ft ) eft) ( ft)

nil l 8t) 16 8182 722.7 725.4

ZU2 5376 10010 698.4 692.6

Z2i1 3 7679 10234 716.9

Z2.'!4 7132 8066 i ~.1.. '
J ! ). b

Z2.!i5 6726 10628 71 :i. 6

Z2P6 7045 8473 712.;)

Z2H7 7464 9756 715.3

Z2.i! 3 7049 8695 712.7

Z2i!9 70'59 976q 714.3

Z2fiiO 7052 9081 713.5

Z2!f 11 7054 9318 711 .2

Z2#12 7542 10792 713.7

Z2#13 6136 8211 704.9

Z2#14 6622 8683 709.5

Z2/i15 6810 9839 711.7

Z2#16 6725 9539 709.7

Z2.# 17 7999 9523 719.0

Z2,118 6895 9173 712.4 716.0

nil18A 6924 9173 712.5 716.9

nl!19 7192 10148 712.6 515.9



Table WATER LEVEL OBSERVflT lOW,
SITE Z2

IOvJA ARt1Y AM~~LJN ITION PLAtH - BURLINI.TON, IOWA
JOB NO. 680574 ~1Af~CH ." , 1QS1

Water Encountered \~ater Level RAcords
D. B. A.B. WLE WLE WLE

Site Date (ft) (ft) Date Elev(ft) Da -te Elev(ft) Datr" EIpv (fi-)--..- -----

Z2#l 11-20-80 8 11.3 11-25-80 715.6 12-3-80 715.4 1-6-81 718.7

Z2#2 11-20-80 7.5 10.3 11-26-80 695.2 12-3-80 695.2 1-8-81 696.4

Z21118 12-9-80 4.0 32.0 1-H-81 708.1

Z2#18A 12-10-80 4.0 '1-B-81 709. :J

Z2#19 12-10-80 18.0 42.0 1-8-81 709.3

Z2#3 11-21-80 9.0 8.1 11-25-80 712.2 12-3-80 712.0 1-A-81 714.6

Z2#4 11..,.21-80 3.5 3.75 11-25-80 710.5 12-3-80 711 . () 1-6-S1 711. 2

Z2#5 11-21-80 7.0 wei 11.5 11-26-80 706.9 12-3-80 706.6 1-7-81 706.9

Z2#6 11~22-80 6.0 4.75 11-25-80 708.5 12-3-80 708.6 1-6-81 708.4

Z2#7 11-24-80 8.7 20.0 11-26-80 710.3 12-3-80 710.5 1-6-81 711. 0

Z2#8 11-22-80 7.0 17.2 11-25-80 707.4 12-3-80 707.4 1-6-81 707.1

Z2#9 11-24-80 6.5 10.7 11-25-80 708.6 12- 3-80 707.4 1-6-81 709.4

Z2#10 11-22-80 4.0 6.0 11-25-80 709.8 12- 3-80 709.8 1-6-81 710.4

Z2# 11 11-22-80 5.0 9.75 11-25-80 709.0 12-3-80 709.0 1-6-81 709.0

Z2# 12 12-4-80 7.0 8.5 11-25-80 1-7-81 711 .5

~.



Table i'JA1 EF< LEVEL Ofi~;ERVAT lOW, '
SITE n

IOlvA I'\F<r~Y ,M1HI H~ I T lorj F'LflJJT - !II JF~L ItK,TOI:, IO\\'A
Jml NO. bH()', 'j·l rlAF<CII -2') 1qi~ 1,

Water Encountered \'Jdtel- Lovel Records
'--~--

D.B. A.B. \-JLE WLE WLI
Site Date (ft ) (ft) Date Elev(ft) Date Elev(ft) [)()t(~ Elev ( ft' )----

Z2#13 12-5-80 2.0 8.5 1-(;-?31 704.9

Z2#14 11-25-80 17.5 21.0 12-7,-80 704. "3 l-(,-r; 1 jor). r.J

Z21l15 11-25-80 5.5 5.5 11-25-80 706.9 12-3-80 704. "3 1-( -. ",1 j()7.B

Z7#16 11-25-80 6.0 26.0 11-25-80 706.4 12-3-80 707.8 1-C-I: " /0(, . (.

Z2f!17 11-24-80 7.7 10.0 11-25-80 714. 1 12-3-80 712.3 1-()- .'l 1 714.9



0
WATER SM1PLI NG OElSERVAT IONS

Table SITE Z2
IOWA ARt-1Y AMt~UN ITION PLANT - RURL INCTON, IO\~A

JOB NO. 680574 ~1ARCH
-z 19f)1-) ,

\'Jater Sampl ing Records

WLE Temp WLE Tern" WLE Temp
Site Date Elev Cft) °c £!i Date ElevCft) °c £!i Date Elev(ft) °c Q!:i

Z2#1 1-27-81 709. 7 8.5 7.6 1-28-81 685.2 8.5 7 . 1 1-2q-81 685.0 8 7.2

Z2#2 1-27-81 687.3 7 7. 1 1-28-81 687.3 8 7. 1 1-29-81

Z2#18

ZI#18A 1-27-81 709.2 7 6.9 1-28-81 708.9 6 6.9 1-29-R1 708 5 6.9

ZI*19 1-27-81 709.2 8.5 7.9 1-28-81 709.2 9 7.6 1-29-81 709. 1 7.5 7.4



APPENDIX E

SITE Z3 DATA



APPENDIX F

PRELIMINARY CLOSURE CONSTRUCTION
COST ESTIMATES FOR SITES Zl AND Z2

TO! MA . SI tJh PlTIttlt ~g
FM COR __ eN
OFC qf ft~C= SA RfO _ d lSi1

9ATE~ INIT~r\lS~
INFO~ NEe ACf _
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FOR OFFICIAL USE ONLY (WilEN DATA IS ENTERED)

• 1. COMPONENT

FY 19_MILITARY CONSTRUCTION PROJECT DATA
ARMY

2. DATE

Feb. 1982

In-Si tu Closure

3.. INSTALLATION AND LOCATION

Site ZI Iowa Army Ammunition Plant
5. PROGRAM ELEMENT 6. CATEGORY CODE

4. PROJECT TITLE

7. PROJECT NUMBER 8. PROJECT COST ($000)

9. COST ESTIMATES

ITEM UIM QUANTITY
UNIT
C~

• Channelization of Brush Creek yd3 2,700 20.0
• Perimeter diversionary dtiches yd 3 2,623 15.0
• Clay/topsoil cover, 16 ac* yd 2 38,720 3.00
• Grading slope and cover, 16 ac,.3 ft thick yd2 77,440 0.50
• Revegetati on, 16 ac . yd 77,440 1.00

Contingencies, 20% of above costs
.

• - - -
* The 16-ac contaminated area is estimated

from low water area (4 ac), high water
area (6 ac) and surrounding area (6 ac).

10. DESCRIPTION OP PROPOSED CONSTRUCTION

COST
(SOOOt

54.0
39.3
116.2
38.7
77.4
65.1

390.7

One of the closure scenarios is in-situ closure which will entail:

A. Desensitization of explosives in-situ (no estimate).

B. Surface water control.

C. Placement of final cover.

D. Revegetation of covered area.

E. Post-closure/site maintenance (no estimate).

F. Surface and ground water monitoring (no estimate).

Since the actual limits of contaminted sediments are not known and
there is no detailed topographic survey available, the cost estimates
at best are preliminary. Further engineering studies are needed.

DO 1~~~";6 1391
PREVIOUS EDITIONS MAY BE USED INTERNALLY

UNTIL EXHAUSTED
FOR OFFICIAL USE ONLY (WHEN DATA IS J::.7VTERED)

PAGE NO.



, 1. COMPONENT

ARMY

FOR OFFICIAL USE ONLY (h'HEN DATA IS ENTERED)

FY 19_ MILITARY CONSTRUCTION PROJECT DATA
2. DATE

Feb. 1982

3. INSTALLATION AND LOCATION

Site Zl Iowa Army Ammunition Plant
4. PROJECT TITLE

Sediment Removal/Site Closure

5. PROGRAM ELEMENT 6. CATEGORY CODE 7. PROJECT NUMBER 8. PROJECT COST ($000)

9. COST ESTIMATES

ITEM

• Removal of desensitized sediments, 16 ac*
• Disposal of desensitized sediments

• Sedimentation basin, 2 ac

• Clay/topsoil cover, 16 ac, 3 ft thick

• -Gradi ng, 16 ac
• Revegetation, 16 ac
• Contingencies, 20% of above costs

UIM QUANTITY
UNIT COST

"'l
COST ($000)

yd,'" 24,2-00 1.90 46
yd3 24,200 50.0 1.210

yd3 12,017 2.20 • 26.4

yd3 38,720 3.00 116.2

yd2 77,440 0.50 38.7

yd2 77,440 1.00 77.4

- - - 302.9
1,816.7

* Area of contamination is estimated to be
16 ac ( 4 ac low water area, 6 ac high
water area, and 6 ac surrounding area).

10. DESCRIPTION OF PROPOSED CONSTRUCTION

The recommended closure is the removal of contaminated sediments and
burial in an approved landfill. The proposed procedure entails:

A. Desensitization of explosives in situ
(no estimate).

B. Removal and burial of desensitized sediments.

C. Surface water control.

D. Placement of final cover.

E. Revegetation.

F. Post-closure site maintenance (no estimate).

Since the actual limits of contaminated sediments are not known and there
;s no detailed topographic survey available, the cost estimates at best
are preliminary. Further engineering studies are needed.

DO 1~~~~61391
PREVIOUS EDITIONS MAY BE USED INTERNALLY

UNTIL EXHAUSTED
FOR OFFICIAL USE ONLY (WHEN DATA IS ENTERED)

PAGE NO.

_d--bS .



FOR OFFICIAL USE ONLY (WilEN DATA IS ENTERED)

. 1. COMPON ENT

FY 19_MILITARY CONSTRUCTION PROJECT DATA
ARMY

2. DATE

Feb. 1982
3. INSTALLATION AND LOCATION

Z2 Iowa Army Ammunition Plant
4. PROJECT TITLE

In-Si tu Closure

5. PROGRAM ELEMENT 6. CATEGORY CODE 7. PROJECT NUMBER 8. PROJECT COST (Soool

9. COST ESTIMATES

ITEM UIM QUANTITY
UNIT COST
COST (Sooo.

• Remova 1 of 11 sumps, 50 yd3/sump yd3 550 1.90 1.05

• Backfielding yd3 550 3.80 2.09

• Surface water control through grading
yd20.63 ac 3,056 0.50 1.53.

• Perimeter ditches yd 1,100 15.0 16.50

• Clay/topsoil cover, 0.63 ac, 3 ft thick yd3 3,056 3.00 9.17

• Revegetation, 0.63 ac yd2 3,056 1.00 3.06

• Contingencies, 20% of above costs - - - 6.68

40.08

10. DESCRIPTION OF PROPOSED C9NSTRUCTION

The proposed in-situ closure entails:

• Removal of eleven treatment sumps.
• Backfilling the holes with clayey borrow.
• Installation of ground water monitoring wells (no estimate).
• Post-closure site maintenance (no estimate).
• Improvement of surface drainage.
• Placement of final cover.
• Installation of perimeter ditch around covered site.

• Revegetation.

Since the actual limits of contaminated soils are not known, the
cost estimates at best are preliminary. Further engineering studies
are needed. In. estimating, it is assumed that the area o~ co tamina
tion is 2 x 11 sumps /beds 50' x 25', or 0.63 ac (3,056 yd ).
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.1. poMPONENT

FY 19-:,.. MILITARY CONSTRUCTION PROJECT DATA
ARMY

2. DATE

Feb. 1982

3..NSTALLAT10N AND LOCATION

Z2 Iowa Army Ammunition Plant

4. PROJECT TITLE

Waste Removal and Site Closure
5. PROGRAM ELEMENT 8. CATEGOAV CODE 7. PROJECT NUMBER 8. PROJECT COST (sooot

I. COST EmMATES

ITEM UIM QUANTITY UNIT COST
,

COST CSOOOt

Removal of 11 sumps. 3 yd3 550 1.90 1.05I 50 yd /sump

I Removal of contaminated s~i1 yd3 6,111 1.90 11.61

I Disposal of contaminated soil yd3 6,111 50.0 305.56

I Grading to improve surface dr~inage yd2 3,056 0.50 1.53

I Perimeter ditches yd 1,100 15.0 16.5

I Final clay/topsoil cover, 0.63 ac, 3 ft.
yd3thick 3,056 3.00 9.17

I Revegetation, 0.63 ac. yd2 3,056 1.00 3.06

I Contingencies, 20% of above costs - - - 69.70

418.18

10. DESCRIPTION OP PROPOSED CONSTRUCTION

the proposed procedures for removal and site closure entail:

• Removal of the sumps and leach beds.

I Removal and hauling to an approved landfill for disposal.

I Grading and placement of a final cover.

I Revegetation of the covered area.

I Grading to improve surface drainage.

I Installation of perimeter ditches.

• Post-closure site maintenance (no estimate).

Since the actual limits of contaminated soils are not known, the cost
estimates at best' are preliminary. Further engineering studies are
needed. In estimating, the volume of contami~ated material is 2 x 11
sump/beds x 50' x 25 1 X 61 (deep) or 6.111 yd .
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