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File 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:

e 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 Zy and Z,. These
two site reports can be used in permit application. s such,
they do not contain (1) 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.

Regarding permit application for Sites 7, and ZIp, we have talked
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 Z; has been inactive, and will require a cleanup plan
with closure and post-closure care. Since Site Zy is considered
active, the IAAP will need to file 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.
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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 O0ffi-
cer .(Messrs. Thompson, Young, and Mitchell). The project was
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,

A G %ma,

Hang-Tan Phung, .
Project Manager
SCS ENGINEERS

HTP/jm]l
Enclosure



Section

1
2

6
7

CONTENTS

Page

Summary.o..oooo..0.oo.oo.ooot.o..o.o.o..000-00000001-1
Introduct‘ionoa...o'oooo.Qo..oo.oo.000000000000000002-1

Description of the Iowa Army Ammunition Plant......3-1
Regional ConsiderationS...cceeeeesecossccssesead=l
Study Sites....................0..........0...3-10

Site Investigation..‘....0....0....................4-1
Review of Existing Information...eeceeeeceesececd=l
Exploration and Field Testing.ceeceeeeeeeecrsacsal=

Field Sampling..ceeeeeeseeessoccccssscsccesscech
Chemical ANATlySeS..eeeeosceacscssoscssaansssseclde=

wo -

1
Eva]uation Of StUdy Sites.aooooooooooo-..ooooooo-oos-l
Site Z; - Abandoned Pinkwater Lagoon...........5-1
S1te 22 - Detonator Line 6.0...‘0...000000000005‘28
Site Z3 - Detonator Assembly Line 4A..........5-53
Facility Operations and Contingency Plan...c.eecee.b6-1

keferences..ooo..oo.0..'.0..toooo..oooo0000000000007-1

Appendices A to G - See Volume II



Number

341
3-2

4-2

4-3

4-6
5-1

5-2

5-3

5-4
5-5

FIGURES

Page

Location Map, Iowa Army Ammunition Plant......e..e..3=2

Generalized Bedrock Stratigraphy at IAAP
(Based on IAAP Well LOGS)eeevecssocesccscoosscsscoseld=?

Project Site Location Diagram....ceeeveeececcecceeasd=11

Site Zq, Abandoned Pinkwater Lagoon,
Exploration Location Plan..ieececeessecnsssssaonessd=4

Site Z,, Detonator Line 6, Exploration
Location Plan...eeeciesesseososcosssssscssonssssassasssd=bh

Site Z3, Spray Lagoon, Exploration Location

P]an.........l.l...I'll.....0..'...'............l..4-6

Monitoriﬂg NE]] Detai] and Legend......a...........4-8

‘Waste Residue (Sediment)'Sample Locations,

Site Zl..oooooooo.o-o-oo-ooooo-oo-oa.-..o-oooo.ooo4-11
Surface Water Sampling Stations, Site Zj.eeeeeee..4-12
51te Zl, Abandoned Pinkwatef‘ LaQOON................5-2

Characteristics of Selected Soil Samples,

Site Zl......too.'..o..o.o'Oo.olnl.ooool'llooaoocoos_g

Soil pH and Cation Exchange Capacity as a
Function of Depth, Site Zj.....00iieieeececeenceessd=-9

Permeability of Selected Soil Samples, Site Zy7....5-10

Interpretative Subsurface Profile Location
Map’ Site lel..I.........l.t..l....l........l....s_ll

Interpretative Subsurface Profile, Site Zy,.......5-12
Interpretative Subsurface Profiles, Site Z;.......5-13
Ground Water Table Contour Map, Site Z7...000.....5-14

Site 2p, Exploration Location Plan...eeeeeeceseassb=29

i



FIGURES (continued)

Number

5-10

5-11

5-12

5-13
5-14
5-15
5-16

5-17

5-18

5-19
5-20
5-21

5-22

5-23
5-24
5-25

Page

. Schematic Portrayal of Treatment Sump Leach

Bed...oooo...0.0..OOOCOOOO0.000COOOOO..o..........5-30

Characteristics of Selected éoil Samples,
Site Zz.ooooooooooooooooooooooooooooooooooocoocoo.5‘36

Soil pH and Cation Exchange Capacity as a
FunCt"Oﬂ Of Depth, Site Zzooooo.o000000000.00000005-37

Permeability of Selected Soil Samples, Site zz....5-38
Interpretative Subsurface Profile, Site Z,,.......5-40
Interpretative Subsurface Profile, Site Zp...0....5-41

Ground Water Table Elevation Contour Map,
Site 22’ NOVember 26’ 1980..0...0000000.00000000005-42

Ground Water Table Elevation Contour Map,
Site 22, December 3, 19800..0-00.0000000.0000000005-43

Ground Water Table Elevation Contour Map,
Site Zz, January 6, 1981....-.0.0.0000000000.0000-5-44

Proposed Surficial Sampling Plan, Site Z,,........5-51
Map Of Site Z3ooooooooooooooooooo.o.ooooooooooooo.5-54

Characteristics of Selected Soil Samples,
Site Z3.................l.........................5-55

Soil pH and Cation Exchange Capacity as a
Function of Depth, Site Z3...¢.000eveeveveeneees..5-56

Permeability of Selected Soil Samples, Site Z3....5-57
Interpretative Subsurface Profile, Site Z3........5-58

Ground Water Table Elevation Contour Map,
S.ite 23000...............O..l..l...........l..00005-60

111



Number

3-1

5-2

5-3

5-4

5-5

5-6

TABLES

Page

Climatic Variables, Normals, Means, and
Extremes for Burlington, Iowa....coceeeceecsccecesesd-4

Monthly Weather Data for Burlington, Iowa,

.in 1980..0..0..000.0.000ooooooooo000.000000000001003"5

Hydrogeologic Units in Southeast [owa..ceeeeeeccesald=9

Analytical Procedures for Physical and Chemical
Characterization of Selected Soil Samples...ceee..4-10

Bottle Types and Preservatives Added..cceeeeeeceacd-14
Analytical Procedures for Water SampleS.ccceceesesd-15

Preservation Methods for Different Parameters
in water Samp]es...0........'..0..................4-18

Results of Ignitability, Corrosivity, and
Reactivity Tests for Sediment Samples From

Site Zlo..o.o.loo.oo..oooooo.oo.Cooo.o.oooooooo.o.ls_s

Analysis of EP Toxicity for Two Sediment
Samp]es from Site Zl.........l.....ll......l.......5-6

Chemical Analyses of Surface Water Samples
Taken at Various Times from Station 1 of
Site Zl.......Q...'...'.OlO.0.'..0'.CO'........OI'5-17

Chemical Analyses of Surface Water Samples
Taken at Various Times from Station 2 of
Site Zl...l........'.0.........'..'..........Q.'..5-18

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 1
of Site Zl.‘....................'...'.............5_19

Chemical Analyses of Ground Water Samples

Taken for 3 Consecutive Days from Well No. 2A
Of Site Zlooo.oooo. ooooooooo ® 9 s 0600 0600 000 0000000005'20

iv



TABLES (continued)

Number

5-7

5-8

5-9

5-10
5-11

5-12

5-13

5-14

5-15

5-16

5-17

5-18

5-19

5-20

Page

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 3
of Site Zl..O...................O....l'...........s-zl

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 6
Of Site Zl.oooo'.oo.oooonoooooooonoo..oooooooo-0005-22

Features of In-Situ Closure Option, Site Zj.eess..5-25
FeatUPeS Of Remova] Optiﬂn, Site Zl...o.o.ooooo.oos-zs

Line 6 Waste Treatment/Disposal Facility,
Site 22.0..................................00000005-31

Results of Ignitability, Corrosivity, and
Reactivity Tests for Two Effluent Samples
From Site 22............'.........0...............5-33

Results of EP Toxicity Tests for Two
Eff]uent Samp]es Taken from Site 220000000000000005-34

Chemical Analyses of Ground Water Samples

Taken for 3 Consecutive Days from Well No. 1
Of Site ZZ.......O..................'..l..'......'5-46

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 2
of Site Zz..’..l............l..i.................05-47

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 18A
Of S.ite ZZ..........'............l.........l..ll..5-48

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 19
Of Site Zz...............l....Oil.0.........00....5-49

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 1

Of Site 23.ooooooooo-ooo..ooo-ooouoaooo-oooooooo.-5-61

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 3
of Site Z3......0.....C.......00................'.5-62

Chemical Analyses of Ground Water Samples
Taken for 3 Consecutive Days from Well No. 4
of Site I,

® 9 5 % 5 0.9 0 0 5 0 0 SO SO LG PO L P SO OBEGCEOE LS ECREDS 000.5-63



TABLES (continued)

Number Page

5-21 Chemical Analyses of Ground Water Samples

Taken for 3 Consecutive Days from Well No. 5

Of S1te Zsooooooooo-o-ooocoouo-o-oooo.oooo-o.o.¢005-64
6-1 Areas of Regulatory Violation at Site Z{,..........6-2
6-2 Areas of Regulatory Violation at Site Zp.eeeeceeeoso6-3
6-3 Facility Operations and Contingency Plan

Information Located in Other Sections of

This Report.000.....0'.0...0.00............l00000006-4
6-4 List of Emergency CoordinatorS.ceeececceccsscsscssssssb=H

6-5 Emergency Equipment Available to IAAP...ceerecesessb=6

vi



SECTION 1
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:
e Site Zy1 - abandoned pinkwater Tagoon.

o Site I, - Detonator Line 6 effluent treatment/disposal
facilities.

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

Results of geotechnical and laboratory investigations at
Sites Zy and Z, reveal that operation of these disposal sites has
not resulted in 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 Z7, @ volume of explosive-contaminated sediments
exists. Additional 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
Ip 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-
water to percolate into the subsurface. However, due to the
small size of the beds and the Tow permeability of the soils at
the site, it is 1ikely 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 Zp.

Two alternatives for site closure exist:
® Removal of contaminated soil and leach bed materials.

¢ Covering and regrading the areas around each of the Tleach
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 Z, 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 Z; and Ly
to effect site closure, ground water monitoring will not %e re-
quired. If Site Z, 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 St'tes 7y and Zp. These estimates were
based on various assumptions, since the the 1limits 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 regquirements for all three sites.

The U.S. Environmental Protection Agency (EPA) currently
requlates 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-
rent interim status of RCRA. Thus, no permit application forms
exist for Sites Zy and 7. 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 Burlington, Iowa.

The investigation was limited to three sites: an abandoned
pinkwater lagoon (Site Z;), leach beds of a detonator line (Site
Z%), and a new evaporation lagoon (Site Z3). The goal of this
study was to provide permit application and construction planning
to bring Sites Z; and Zy 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 regula-
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.

12



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, Llong

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



ﬂ

T e A, LSt
i
~ Q \\'r\ A & Sk
— y 0 K
MRS 4
\ h
N S
~ 3 o =4
v% (\“é:(\
%5
"N Te
- ,.‘a < Y\ !<i§kh§d
N (=R N \JI kgt
P wanry -1 ‘\;Vg
B o Ee g
&, 2R W hu &zyli
o P C‘JL .. i
5 = > 25 /7
s ) ,::? %.\e |
e, — f —
v
MG e { SN v
S / ,}\Mi town N~ 3“ (13
) j. ! L :
! ‘-'—_-‘\ :ﬁm}; L = ’ .
N S jé /l‘ i. \ o : Q\
7 N ; SNl i
S AN = :

"‘\J& et ; — ¥ !
0 Py o) e .
750 | B ! 5

n‘\/‘c_\\“’-‘ﬁéhl‘\ { i
l = i * N
S o

N
.
- \.._) b
Nl &}
S

' A

—

|

AN

e

.

AN
] T4/ QéS&oKaKOn" f
P lgf't- !
SEAV S Camanlg
"> -k - B
pring G AN ‘ /
> . . willo 7

I
dsuc 3
3 ot

nto

-t

i

=

<’

-

RO o T N

B

Scale -

Q 5 =
———————— e | "

Statute Miles

LIMITED REVISION 1967

1958

BURLINGTON, IOWA; ILL.;MO.

T

N2

x| AL

Figure 3-1.

Location Map,

3-2

Iawa Army Ammunition Plant.




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 TAAP
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 steep 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

15



TABLE 3-1. CLIMATIC VARIABLES, NORMALS, MEANS, AND EXTREMES FOR BURLINGTON, IOWA
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Data are from Municipal Airport, Burlington, lowa

‘% Daily temperature extremes and precipitation measurements are from the
Cooperative location beginning 1-1-65; data are from Alrport Statlon
locations and the Cooperative locations occupled prior to 9-30-40.
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TABLE 3-2.

Mean Temperature

Month °F

January 25.1

February 21.3
March 35.9
April 50.2
May ' 63.7
June 70.7
July 78.8
August 76.6

September 62.2%
October 50.8
November 41.6
December 28.8
Total

Average

MONTHLY WEATHER D/ ., FOR BURLINGTON, IOWA, IN 1980
Monthly Records
Precipitation (In.)
°F Depart From
30 Yr. Avg. 30 Yr. Avg. Normal 30 Yr. Avg.
22.9 1.58 1.07 -0.51
27.3 1.25 1.49* +0.24
36.9 2.65 2.43 -0.22
51.3 3.79 1.60 -2.19
61.8 3.58 3.87 +0.29
71.4 4.71 8.60 +3.89
75.4 3.76 5.45 +1.69
73.9 3.36 11.40 +8.04
65.4 3.74 7.22 +3.48
§5.3 3.02 1.89 "-1.13
39.8 1.60 0.81 -0.79
27.6 1.59 2.93 +1.34
34.63 48.76 +14.13
50.8

* Estimated data



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

@ The I1linoian 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 Kelleville Till,
a member of the Glasford Formation deposited during the Il1linoian
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
soils.

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. A1l three study sites
are located to the north of this divide. The estimated elevation
of the bedrock beneath Sites Zy, Zp, 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.

3-6
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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
act?das 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
(lowa 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 th;ck, and is found at or near an elevation of 600 ft (MSL
datum).

The Togs 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.

The elevation of the top of the Cambrian-Ordovician aquifer
is approximately 400 ft below sea level in the vicinity of the

3-8 2



TABLE 3-3.

HYDROGEOLOGIC UNITS IN SOUTHEAST IOWA

Hydrogeolag:i: Uait

MName of Rack Uaiz*

Type of Rock

Sarficial aquiiscs Undif{ferentiated
alluvial Sand, gravel, silt, and clay
buried-chanz 2. Sand, gravel, silt, and clay
drife Till (sandy, pedblyclay), sand, and silt
Aquiclude Undifferentiated Shale, sandstone, limestone. and coal
Mississippian 1juifer St. Loais Limestone and sandstone
upper Spergen Limestone
Warsaw Shale and dolomite
Keokuk Dolomite, limestone, and shale
lower Burliagtoa Dolomite and limastone
Hampton Limestone and dolomite
Starrs Cave Limestone
Prospect Hill Slitstone
McCraney Limestone
Aquiclude

Yellow Spring

St.ale, dolomite and siltstone

Lime Creek Dolomite and shale

Cadar Valley Limestone and colomite

Wapeipinicon Dolomite, limestone, shale, and gypsum
Davonian aquifer

Undifferentiated Dolomite

Maguokata Dolomite and shale
Aquiclude Galena Dolomite and chert

Decorah Limestones and shale

Plattevillie Lirmestone, shals, and sancstone

St. Peter Sandstone

Prairie du Chien Dolomite and sandstone
Cambrian-~

Ordovician aquiler

Jordan
St. Lawrence

Saadstone
Dolomite

Not conaziderec iz
aquifer in sout:2a1t
Iowa

Franconia
Galesville
Eau Claire
Mt. Simon

Skale, siltstone, and sandstone
Sandstone
Sazdstone, shale. and dolomite
Sazdstone

Sandstone, igneous rocks, and
metamorphic rocka
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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
Ly, Z2, and 13.

Site 7,

Site Zq1 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. 1[It is bounded on the south and west by Plant Road D,
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 D.

Site Zo

Site Z, encompasses nine waste processing sumps located in
Detonator Line 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 74

Site Z, encompasses a new waste treatment system spray
lagoon. This facility was under construction during the field
investigation of this study. The lagoon is 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 Z,,
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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 Z;, Zp, and
z3), and associated environmental impact assessment. Specific
data collected for this investigation included:

e A geologic map with descriptions of the formations in the
vicinity.

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

® Topographic maps of the IAAP.
e Maps showing the general layout and drainage of the IAAP.

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

e Climatological data.

e U.S. Army Environmental Hygiene 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 regqgulations 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 drilling/
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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 (1) the development of pertinent site-specific hydro-
geological data, and (2) the ongoing construction at Site 1y
which required the relocation of two borings and associated moni-
toring wells. A1l 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. A1l horizontal
positions discussed in this report refer to the Corps of Engi-
neers Line 4A local coordinate system.

Ground surface elevations 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 D-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
soil.

In general, 24-in-long 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 Taboratory for further classification and testing.

Monitoring Well Installation

Initially, it was specified that Sites Z; and Z; 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 Z; and Z, 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 Zy, 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 1imit 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 Z1
are shown in Figure 4-1.

At-Site ZZ’ the proposed plan originally called for a total
of 19 explorations 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 Z7- Locations of the borings and monitoring wells
are shown in Figure 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 Z1, Z2, and I3
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-ID 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-ID, continuously slotted PVC material (0.02-in open-
ings) manufactured by Johnson UQP.

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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DESCRIPTION SYMBOL

NATURAL GROUND. SURFACE ELEVATION

ZONE OF WELL CASING SEALED BY
A 90% CEMENT, 10% BENTONITE
GROUT

BENTONITE SEAL-GRQUT INTERFACE

ZONE OF WELL CASING AND PELLETIZED
BENTONITE SEAL (MIN. 3' THICKNESS)

SAND PACK-BENTONITE SEAL INTERFACE

ZONE OF WELL CASING AND
SAND FILTER PACK

ELLEVATION OF TOP OF WELL SCREEN

ZONE OF WELL SCREEN AND
SAND FILTER PACK

ELEVATION OF BOTTOM OF WELL

Figure 4-4, Monitoring Well Detail and Legend.
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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 samples were collected
from representative contaminated areas in the abandoned lagoon at
Site Z7. 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 Z; 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 Tlagoon (Site 21) 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 located immediately down-
stream from the TAAP 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
collected on December 18, 1980, and January 16 and 28, 1981.

Flow rates, which were simi]ar 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 wells
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
single continuous period of pumping, each well was pumped or
bailed dry prior to taking the sample. When the well had re-
charged to a sufficient level, the samples were obtained by bail-
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 Z7) 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 Z,, Z,, 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 Permeab11ity
Moisture Content

Dry Density

Cation Exchange Capacity (CEC)

ASTM Procedure

D-423-66/D-424-59
D-422-63

D-2434-68
D-2216-71
D-2937-71

1:1 ratio in water*

* Black, et al., 1965. p. 922,
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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, 5 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 specified 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 Z; and Z, 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 HNO
(EPA, 1974)., After digestion, the sample was ready for tracg
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

4-14

Bottle
Number Type Preservation Parameters
1 0.5 gal, plastic Cool™ Electrical conductivity,
metals, sulfate, chlo-
ride, fluoride, turbid-
ity, TNT, and RDX
2 0.5 gal, plastic Cool Radfum, gross alpha,
gross beta
3 0.5 gal, glass Cool Pesticides/herbicides
4 200 m1, plastic HoS04 to pH < 2 Chemical oxygen demand,
total organic carbon, and
nitrate
5 500 m1, amber glass 1 g CuS04/1 Phenols
6 100 m1, plastic NaHSOy Total coliform
* At 4°C.
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TABLE 4-3. ANALYTICAL PROCEDURES FOR WATER SAMPLES
Parameter Method Reference
pPH Glass electrode 424
Conductivity Conductivity meter 205
Turbidity Nephelometer 214 A
Chemical Oxygen Demand Dichromate reflux 508
Total Organic Carbon Combustion - Infrared 505
(carbon analyzer)
Sodium Flame photometry 320 A
Iron Atomic absorption (AA) 320 A
spectrophotometry
Manganese AA 301 A, II
Barium AA 301 A, I1I
Cadmium AA 301A, 11
Total Chromium AA 301 A, 11
Lead AA 301 A, II
Mercury Flameless AA 301 A, VI
Selenium Conversion to hydride, 301 A, VII
followed by AA
Arsenic Same as selenium
Chloride Argentometry 408 A
Nitrate Brucine 419 D
Sulfate Gravimetry 427 A
Fluoride Electrode 414 B
Phenols Aminoantipurine 510 D
(colorimetry)
Endrine Gas chromatography, 509 A
using EC detector (GC/EC)
Lindane GC/EC 509 A
Methoxychlor GC/EC 509 A
Toxaphane GC/EC 509 A
2,4-D GC/EC 509 A
2,4,5-TP (silver) GC/EC 509 A
Total Coliform Bacteria Membrane filter 909 C
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TABLE 4-3 (continued)

Parameter

TNT and RDX

Radium
Gross Alpha
Gross Beta

Met hod
GC/EC

Proportional counter
Same as radium
Same as radium

Reference*
AEHA APG,
MD, 2 1010
703

703

703

* Standard Methods,

1975, 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. A1l 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
special room designated "custody of sample room." 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, three different 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 milli-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 milli-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

Maximum
Parameter Method Holding Time

pH Cool 6 hr (on-site)
Conductivity Cool 24 hr
Turbidity Cool 24 hr
Chemical Oxygen Demand HoS04 to pH < 2 7 days
Total Organic Carbon Cool, HC1 to pH < 2 24 hr
Metals HNO3 to pH < 2 6 mo
Chloride Cool 7 days
Nitrate Cool HyS04 to PH < 2 24 hr
Sulfate Cool 7 days
Fluoride Cool 7 days
Phenols CuSO0, 24 hr
Pesticides/Herbicides Cool -
Radioactivity Cool -
Total Coliform NaHSO4 24 hr
* At 4°C.

4-18

41



SECTION 5
EVALUATION OF STUDY SITES

SITE Zy - ABANDONED PINKWATER LAGOON

Site Z; 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 Z; 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
Z1 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 Zy, 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
contamination 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 quality 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
1agoon.

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
lagoon 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.

Baratol.
Boracitol.

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 ignitability, 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 1imit 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-
ble in the EP toxicity tests (Table 5-2). A1l concentrations are
below the maximum contaminant levels under RCRA criteria.

The hazardous nature of the waste residue in the sediment at
Site Z7 is probably due to the presence of high concentrations of
TNT and 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 been implemented. Presently, Line
1 discharges are treated by means of activated carbon filtration.

Subsurface Conditions

The extent of the abandoned pinkwater lagoon was controlied

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 Z,

Selected RCRA

Test No. 1 No. 2 Criterion
Ignitability
(Flash Point, °C) 43 >82 <60
Corrosivity (pH) 7.88 7.92 <2 to >12.5
Reactivity N/Df 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 TOXICITY ,FOR TWO SEDIMENT
SAMPLES FROM SITE Z4
Maximum
Contaminqnt
Parameter No. 1 No. 2 Level
------- - (mg/1) - .- - -

Arsenic <0.005 <0.005 5.0
Barium 10.560 0.570 100.0
Cadmium <0.001 <0.001 1.0
Chromium <0.022 0.020 5.0
Lead <0.005 <0.005 5.0
Mercury 0.0017 0.0017 0.2
Selenium <0.005 <0.005 1.0
Silver <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
Toxaphene <0.001 <0.001 0.5
2,4-D <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.

4]



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 Ti11 - 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).

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

@ Alluvium - Tocalized 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 containing 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 Fiqures 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 Toess and till soils are relatively uniform and very
slowly permeable, exhibiting only minor fiuctuations 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 Zy. 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 Z;, measured on January 7,
1981, is presented in Figure 5-8. The ground water flow pattern

5-7
4%



bt

8-9

PLLASTIC INDEX

MOISTURE CONTENT X DRY DENSITY

LBS/FT3

10 20 30 10 20 30 40 S50 80 100 120 140
] 7 =T | T 7
2 ® % °
3
A ’u o
o’
ol e8] | 8 [ | o ‘e, :
o
ofe ot o o%g
@
e o0 ' o o
N - s o*
E
5 sl o002 | |oem 1 L [ ® _
o ,‘ ° .
4ol @ l L@ 4 L ® i
® o o
50l @ 1 1@, 1 o 1
Figure 5-2. Characteristics of Selected Soil Samples, Site Zl‘



6-S

0 6 7 8 10 20 30 40 50 60
] I ! 1 ! ’ 1 1
o ®
®e o®
10 - ‘ ® - F- o o ® -
®° Y
20 | o - -
- [
...
[T
I
o
W o30f o _ F o |
40 |- ® - _ @ -
50 [l 1 1 ] 1 i 1 1
Figure 5-3. Soil pH and Cation Exchange Capacity as a Function of Depth, Site Z

1.




0T-¢

(<

SAMPLE DEPTH (FT)

10

20

30

40

S0

MEASURED PERMEABILITY

(CM/SEC)
x 1078 x 1072 I x 10" '°
| 1 ] F 1T FIsl L I 1 s ¥ 1§ °%3% L | | | LB B}
¢
¢ ¢
-é ¢ ¢ -
¢ ¢
_ ¢ i
’ -
-
i ¢ J
(] [ 1 1+ 11111 ] f ¢t 1t 1L hi1t 1 L 1 1111

Figure 5-4. Permeability of Selected Soil Samples, Site Zl'




Line #1

Ptant Road "D"

LEGEND

(® MONITORING WELL
LOCATION

A BORING LOCATION

PROFILE

"@ é SHOWS ORIENTATION
: OF INTERPRETATIVE re 3

SCALE .
1" = 400"
—
Figure 5-5, Interpretative Subsurface Profile Location Map,
Site Zl'

5-11

52




21-§

ELEVATION (FEET)

690°

680°

TOPSOIL

680°

670° .
A
660°
L
GLACIAL a
TILL =
650° —{650°
]
640° 640°
630°
LEGEND
SCALE
—
A BOTTOM OF BORING 0 4200

Figure 5-6., Interpretative Subsurface Profile, Site Z

1°




— ———
680° <§}* 680°
L
620° - 670°
- f”/:i;CIAL
w TILL
w ° .
E 660 660
L
Z
(@]
- o
'- [
< 650 650
W
-
u
s40° —e— 640°
630° 630°
i V ~ ﬁ BRUSH CREEK
TOPSOIL
—_ 7
o eeo’ & 680°
m LOESS
!.l_. -  J
, 670° GLACIAL | 670°
G TILL
- sy
<
>
ﬂ 660° 6600
.
v A
650°  eso°
HORIZONTAL SCALE LEGEND
1" = 100"
— @ BORING LOCATION

0 S0 100

N BATTOM OF BORING

Figure 5-7.

Interpretative Subsurface Profiles, Site Z

5-13

1.




Plant Road "D"

LEGEND

MONITORING WELL
LOCATION

/A BORING LOCATION

#2
X§Qrush Creek
'SCALE -

1" = 400"
—— ‘\

Figure 5-8. Ground Water Table Contour Map, Site Zl'

5-14

55



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 Z;, as evidenced by the rela-
tively steep upward vertical gradient at monitoring Well Nos. 2
and 2A, and the convergence of the water table equipotentials to
the alignment of Brush Creek.

The average coefficient of permeability of the till soils at
Site z7 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 Z; were determined
subsequent to a period of anomalously high rainfall. However,
since the ground slope around Site Z; 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 permitted 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 is 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 Z; 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 Z;

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium

Chromium, Total

Iron

Manganese

Lead

Silver

Barium

Chloride

Fluoride

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 Silvex

TNT

RDX

Coliform Bacteria, ¢/100 ml
Radium, pCiN

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

Sampling Date

12-18-80 1-15-81 1-29-81
- 4 5
8.41 9.27 9.08
575 875 1220
0.4 1.9 0.3
---------- (mg/1) = = = - - -
<0.001 <0.001 <0.001
0.031 0.048 0.068
0.0470 0.219 0.115
0.149 0.121 0.044
<0.005 <0.005 <0.005
0.002 <0.001 <0.001
0.119 0.090 0.040
48.0 106.0 300.0
0.360 1.38 1.72
99.0 219.0 188.0
63.2 285.0 348.0
<0.005 <0.005 <0.005
<0.005 <0.005 <0.005
0.008 <0.0003 <0.0003
0.01 4.73 3.01
48.0 71.6 12.0
<1.0 29.0 <1.0
<0.01 <0.01 <0.01
<0.0002 <0.0002 <0.0002
<0.001 <0.001 <0.001
<0.01 <0.01 <0.01
<0.001 <0.001 <0.001
<0,01 <0,01 0,01
<0.005 <0.00% <0.005
<0,005 <0.005 0,005
<0.011 <0.011 <0.011
N/D* N/D N/D
0.7:0.1 0.02:0.01 <0.06+0.01
1.941.8 0.841.7 0.640.5
2.443.9 2.446.3 0.4+8.9

Mean

8.92
890
0.9

<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/D

* Not detected.
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TABLE 5-4., CHEMICAL ANALYSES OF SURFACE WATER SAMPLES TAKEN
AT VARIOUS TIMES FROM STATION 2 OF SITE Z,

Sampling Date

Parameter 12-18-80 1-15-81 1-29-81 Mean
Temperature, °C - 4 4 4
pH 8.31 9,22 8.95 8.83
Conductivity, umhos/cm 625 875 3,750 1,750
Turbidity, TU 0.6 2.5 0.5 1.2
----------- (mg/1) = = = = = = ===~
Cadmium <0.001 <0.001 <0.001 <0.001
Chromium, Total 0.037 0.056 0.057 0.050
Iron 0.277 0.269 <0.01 -
Manganese 0.168 0.122 0.109 0.133
Lead <0.005 <0.005 <0.005 <0.005
Silver <0.001 <0.001 <0.001 <0.001
Barium 0.121 0.090 <0.001 -
Chloride 65.5 102.5 700.0 289.3
Fluoride 0.21 1.89 1.66 1.25
Sulfate : 128.0 203.0 204.0 - 178.3
Sodium 73.8 267.0 539.0 293.3
Arsenic <0.005 <0.005 <0.005 <0.005
Selenium <0.005 <0.005 <0.005 <0.005
Mercury 0.0008 <0.0003 <0.0003 -
Nitrate-N ) 6.24 4,87 2.94 4.68
Chemical Oxygen Demand 60.0 7.6 36.0 34.5
Total Organic Carbon <1.0 12.0 12.0 -
Phenols <0.01 <0.01 <0.01 <0.01
Endrin <0.0002 <0.0002 <0.0002 <0.0002
Lindane <0.001 <0.001 <0.001 <0.001
Methoxychlor <0.01 <0.01 <0.01 <0.01
Toxaphene <0.001 <0.001 <0.001 <0.001
2,4-D <0.01 <0.01 <0.01 <0.01
2,4,5-TP Silvex <0.005 <0.005 <0.005 <0.005
TNT <0.005 <0.005 <0.005 <0.005
RDX <0.011 <0.011 <0.011 <0.011
Coliform
Bacteria, ¢/100 ml 56 N/D* N/D -
Radium, pCi/ 0.1:0.1 1.5+¢0.2 0.6+0.1
Gross Alpha, pCi/l 0.3£0.9 1.4+2.0 1.1+3.1
Gross Beta, pCi/l 5.6%£5.3 6.5¢6.5 <0.8t15.6

* Not detected.
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TABLE 5-5.

3 CONSECUTIVE DAYS FROM WELL NO. 1 OF SITE Z4

CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
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 Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/l
Gross Alpha, pCi/l
Gross Beta, pCi/l

Sampling Date

1-27-81

- 7.55
640
24

<0.001
0.007
3.042
1.173
0.061
<0.001
0.400
5.0
0.62
9.0
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+0.0
2.2+1.9

1-28-81 1-29-81 Mean
9 7 8
7.48 7.28 7.43
610 600 617
5.4 1.1 10.2
----------- (mg/1)
<0.001 <0.001 <0.001
0.038 0.040 0.028
3.042 0.088 1.157
0.827 0.772 0.924
<0'005 <0.005 -
<0.001 <0.001 <0.001
0,480 0.290 0.390
4.0 3.5 4.2
0.59 0.60 0.60
34.0 54.0 59.7
57.7 55.6 55,3
<0.005 <0.005 <0.005
<0.005 <0.005 <0.005
<0.0003 <0.0003 <0.0003
0.06 <0.01 -
6.0 12.0 34.0
<1.0 188.0 -
0.019 <0.01 -
<0.0002 <0.0002 <0.0002
<0.001 <0.001 <0.001
<0.01 <0.01 <0.01
<0.001 <0.001 <0.001
<0.01 <0.01 <0.001
<0.005 <0.005 <0.005
<0.005 <0.005 <0.005
<0.011 <0.011 <0.011
N/D N/D N/D
1 1.1:0.2 <0.02:0.01 -
13.9%5.7 1.5¢1.7 -
8.0£5.3 2.0£3.8

3.423.7

Maximum

Level

6.5-805

* 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 Z,

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium

Chromifum, Total

Iron

Manganese

Lead

Silver

Barium

Chioride

Fluoride

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 Silvex

TNT

RDX

Coliform
Bacteria, ¢/100 m]l

Radium, pCi/l

Gross Alpha, pCi/l

Gross Beta, pCi/l

Sampling Date
1-27-81 1-28-81 1-29-81"  Mean
9 3 8.5 6.8
7.25 7.54 7.27 7.35
590 840 590 673
0.5 0.7 1.2 0.8
------------ (mg/1) = = = = = -
<0.001 <0.001  <0.001 <0.001
0.013 <0.005 0.023 -
0.543 0.375 0.351 0.423
1.075 0.510 0.737 0.774
0.140 0.011  <0.005 -
<0.001 <0.001  <0.001 <0.001
0.330 0.340 0.330 0.330
4.0 34.0 5.5 14.5
0.57 0,22 0.58 0.46
24.0 178.0 22.0 74.7
59,4 46.4 58.0 54,6
<0.005 <0.005  <0.005 <0.005
<0.005 <0.005  <0.005 <0.005
<0.0003 0.0017 <0.0003 -
0.21 0.28 0.79 0.43
369.2 372.0 52.0 264.4
60.0 8.0 202.0 90.0
<0.01 <0.01 <0.01 <0.01
<0.0002 <0.0002 <0.0002 <0.0002
<0.001 <0.001  <0.001 <0.001
<0.01 <0.01 <0.01 <0.01
<0.001 <0.001  <0.001 <0.001
<0.01 <0.01 <0.01 <0.01
<0.005 <0.005  <0.005 <0.005
<0.005 <0.005  <0.005 <0.005
0.445 0.030  <0.011 -
N/D# N/D, | N/D N/D
0.5+0.1 - 0.1s0.1 -
1.5¢1.7 2.1:2.1 -
6.1:4.6 0.6+4.0

Maximu
Level

6.5-8.5

* The January 29, 1981, sample was taken from Well No, 2 because Well No., 2A

did not recharge.

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

# Not detected.

** Insufficient sample.
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TABLE 5-7.

3 CONSECUTIVE DAYS FROM WELL NO. 3 OF SITE 74

CHEMICAL ANALYSES OF GROUND WATER-SAMPLES TAKEN FOR

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
‘Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
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 Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/
Gross Alpha, pCi/l
Gross Beta, pCi/l

Sampling Date

1-27-81 1-28-81 1-29-81 Mean
8 8 7 7.6
7.24 7.26 7.28 7.2

750 740 730 740
0.7 0.7 1.8 1.1

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

<0.001 <0.001 <0.001 <0.001
0.014 0.035 0.038 0.029
2.276 0.179 0.175 0.877
0.308 0.209 0.108 0.208
0.053 <0.005 <0.005 -
<0.001 <0.001 <0.001 <0.001
0.320 0.320 0.300 0.310
4.0 5.0 4.5 4.5
0.44 0.43 0.45 0.44
9.0 8.0 5.0 7.3
61.4 61.2 60.5 61.0
<0.005 <0.005  <0.005 <0.005
<0.005 <0.005 <0.005 <0.005
<0.0003 <0.0003  <0.0003 <0.0003
0.03 0.11 0.14 0.09
76.0 4.0 4.0 28.0
37.0 2.0 591.0 210.0
<0.01 0.01 <0.01 <0.01
<0.0002 <0.0002  <0.0002 <0.0002
<0.001 <0.001 <0.001 <0.01
<0.01 0,01 <0.01 <0.01
<0.001 <0.001 <0.001 <0.001
<0.01 <0.01 <0.01 <0.01
<0.005 <0.005 <0.005 <0.005
<0.005 <0.005 <0.005 <0.005
<0.011 <0.011 <0.011 <0.011
N/Dt 2 N/D -
0.540.1 0.540.1 <0.0240.01
0.210.5 1.3:¢1.8 0.2:0.6 -
5.1:4.9 <0.2+4.7 0.9+¢3.1

Maximug

Level

6.5'8.5

* 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 Z,

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium

Chromium, Total

Iron

Manganese

Lead

Silver

Barium

Chloride

Fluoride

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 Silvex

TNT

RDX

Coliform
Bacteria, ¢/100 ml

Radium, pCi/l

Gross Alpha, pCi/l

Gross Beta, pCi/l

Sampling Date
Maximur
1-27-81 1-28-81 1-29-81 Mean Level
7 6.5 6.5 6.7
7.23 7.21 7.22 7.22 6.5-8.5
800 810 820 810
7.8 2.3 1.1 3.7
------------ Mg/1)= = = = = = = = = = = -
<0.001 <0.001 <0.001 <0,001 0.010
0.012 <0.005 0.034 - 0.05
0.100 1.023 0.133 0.419 0.3
1.211 1.046 0.992 1.083 0.05
<0.005 0.110 <0.005 - 0.05
<0.001 <0.001 <0.001 <0.001 0.05
1.300 0.150 0.230 0.560 1
5.0 7.0 5.5 5.8 250
0.52 0.47 0.51 0.50 1.4-2.4
19.0 12.0 12.0 14.3 250
68.6 72.7 68.2 69.8
<0.005 <0.005 <0.005 <0.005 0.05
<0.005 <0.005 <0.005 <0.005 0.01
<0.0003 <0.0003 <0.0003 <0.0003 0.002
0.03 0.14 0.07 0.08 10
32.0 4.0 8.0 14.7
42.0 <1.0 115.0 -
<0.01 <0.01 <0.01 <0.01
<0.0002 <0.0002 <0.0002 <0.0002 0.0002
<0.001 <0.001 <0.001 <0.001 0.004
<0.01 <0.01 <0.01 <0.01 0.1
<0.001 <0.001 <0.001 <0.001 0.005
<0.01 <0.01 <0.01 <0.01 0.1
<0.005 <0.005 <0.005 <0.005 0.01
<0.005 <0.005 <0.005 <0.005
<0.011 <0.011 <0.011 <0.011
4 N/D* N/D - 4
1.1+0.2 0.8+0.1 0.8:0.1 - 5
0.4%1.0 0.6«1.2 0.9:1.6 - 15
0.2+4.4 16.1+6.3 3.0%6.2 -

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

t Not detected.
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As such, remedijal action to mitigate existing ground water
contamination does not appear to be a consideration at Site Zj.
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.

e 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 7.

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 Zj.

As the site presently exists, it is 1ikely 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
pPlan.

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
site.

¢ 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 vegetation is established, and long-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 z7 (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 explosive-
contaminated sediments and thus delineate the 1imits of excava-
tion required for their removal. This investigation 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 1imits 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 discernable 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 an 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, SITE Z;

Feature

Desensitization of Explosives

Surface Water Control

Permanent

Temporary

Cover Disposal Site

Maintain Site
Monitoring Requirements

Engineering Studies

Work Element

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

Channelize Brush Creek.
Install perimeter diversionary
ditches.

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

Grub site.

Grade site.

Borrow and transport cover
material to site.

Place, grade, and compact
cover material.

Borrow, transport, place, and
grade topsoil.

Revegetate site.

Regrade slopes/cover.
Revegetate slopes/cover.

Ground water monitoring.
Surface water monitoring.

Define actual l1imits of the
contaminated sediments.
Conduct detailed topographic
survey.

Identify and test borrow
source for cover and loam.
Prepare construction plans and
specifications.
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TABLE 5-10. ‘FEATURES OF REMOVAL OPTION, SITE'Zl

Feature

Densensitization of Explosives

Removal of Desensitized
Sediments

Surface Water Cbntro]

Site Grading

Maintain Site
Monitoring Requirements

Engineering Studies

Work Element

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 place
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.

e 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. (lIowa 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 7Z;. 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 Z; 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 Z, - DETONATOR LINE 6
Site I, encompaéses 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 qutters.
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
Figqure 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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Figure 5-9. Site 22’ Exploration Location Plan.
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Figure 5-10. Schematic Portféyéf of Treatment Sump Leach Bed.
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TABLE 5-11.

LINE 6 WASTE TREATMENT/DISPOSAL FACILITY, SITE Zo

Number of Volume Peak#
sitel Sumps (gal/sump)  (gal/yr)
6-18 1 - -
6-25 3 300 0
6-35 1 -
6-68 2 900 46,800
6-88 2 900 93,600
6-89 2 900 164,250

Current**

(gal/yr)

10,800
0

4,500

Comments

01d facility, date
of last use not
known, but before
1963

Built for labora-
tory use, appar-
ently never used

See note for 6-18
above

None

Not used since
1975

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:

e Acetic acid.
e Sodium nitrite.
e 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 effiuent 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 Z,

Test

Ignitability
(Flash Point, °C)

Corrosivity (pH)

Reactivity

Selected RGRA

“E" Sump "W" Sump Criterion
>82 >82 <60
8.84 8.21 €2 to >12.5
Nn/pt N/D Reacts violently

with water

* Federal Register,

t+ Not detected.

May 19, 1980.
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TABLE 5-13. RESULTS OF EP TOXICITY TESTS FOR TWO EFFLUENT
SAMPLES TAKEN FROM SITE Z,

Maximum
Contamingnt
Parameter "E" Sump "W" Sump Level
-------- (mg/1) - = = = = = - -
Arsenic <0.005 <0.005 5.0
Barium 0.194 0.009 : 100.0
Cadmium <0.001 <0.001 1.0
Chromium <0.01 0.013 5.0
Lead 0.070 0.050 5.0
Mercury <0.0003 <0.0003 0.2
Selenium <0.005 <0.005 1.0
Silver <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
Toxaphene <0.001 <0.001 0.5
2,4-D <0.01 <0.01 10.0
2,4,5-TP Silvex <0.005 <0.005 1.0

* Federal Register, May 19, 1980. p. 33122 (EPA, 1980).

5-34



Treatment and Disposal Practices

The wastewater is stored at the sumps until it 1s desensi-
tized. The process involves the following elements:

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

¢ Eight l-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
§g1e€ted samples; the results are presented graphically in Appen-

ix 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 Toess 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 ZI,. 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 Tocations of these profiles is
shown on Figure 5-9.

Hydrogeologic Conditions

Ground water levels were measured 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. 1In 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 1,

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 1ikely 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
Zp 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 of both the loess and tgl] soils are very
low averaging 8.4 x 107 cm/sec and 1.4 x 10-% cm/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 Zp.

O0f the constituents analyzed, concentrations of total
organic carbon, chemical oxygen demand, iron, and manganese fluc-
tuated greatly with sampling time. Water pH's 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 Z,

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TV

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
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 Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/1l

Gross Alpha, pCiN
Gross Beta, pCi/l

Sampling Date

1-27-81

9

7.06
640

1.1

<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/ot
0.6+£0.1

2.8+2.5

Maximup
1-28-81 1-29-81 Mean Level
8.5 8 8.5
7.14 7.17 7.12 6.5-8.5
610 600 38.7
0.1 0.2 0.5 1
------------ (mg/1)= = = = = = = = = - -
<0.001 <0.001 <0.001 0.010
0.015 <0.005 - 0.05
0.217 0.029 0.100 0.3
1.455 0.561 0.674 0.05
<0.005 <0.005 <0.005 0.05
<0.001 <0.001 <0.001 0.05
0.070 0.040 0.070 1
6.0 5.5 5.3 250
0.54 0.55 0.54 1.4-2.4
33.0 29.0 33.0 250
30.6 29.0 30.3
<0.005 <0.005 <0.005 0.05
<0.005 <0.005 <0.005 0.01
<0.0003 <0.0003 <0.0003 0.002
1.60 1.86 1.16 10
8.0 4.0 38.7
<1.0 33.0 -
<0.01 <0.01 -
<0.0002 <0.0002 <0.0002 0.0002
<0.001 <0.001 <0.001 0.001
<0.01 <0.01 <0.01 0.1
<0.001 <0.001 <0.001 0.005
<0.01 <0.01 <0.01 0.1
<0.005 <0.005 <0.005 0.01
<0.005 <0.005 <0.005
<0.011 <0.011 <0.011
N/D N/D N/D 4
<0.05% <0.02% - 5
<0.01 0.01
0.322.5 1.8%2.0 - 15
3.2¢4.5 7.5¢7.6 -

4.7+£3.7

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

t+ Not detectgd.
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TABLE 5-15.

CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR

3 CONSECUTIVE DAYS FROM WELL NO. 2 OF SITE Z,

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
Sulfate
Sodfum
Arsenic
Selenium
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D
2,4,5-TP Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/1l
Gross Alpha, pCi/1l
Gross Beta, pCi/l

Sampling Date

Maximup

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

7 8 7 7.3

7.08 7.10 7.07 7.08 6.5-8.5
640 625 600 622

3.6 0.2 0.5 1.4 1

----------- (mg/1) = = == -------
<0.001 <0.001  <0.001 <0.001  0.010
0.010 0.025  <0.005 - 0.05
0.117 0.075 0.036 0.076 0.3
<0.005 1.426 1.031 - 0.05
<0.005 <0.005  <0.005 <0.005  0.05
<0.001 <0.001  <0.001 <0.001 0.05
0.280 0.240 0.200 0.240 1
4.0 4.5 4.0 4.2 250
0.38 0.33 0.40 0.37 1.4-2.4
10.0 122.0 154.0 58.7 250
36.0 41.1 41.1 39.4
<0.005 <0.005  <0.005 <0.005 0.05
<0.005 <0,005  <0.005 <0.005 0.01
<0.0003 <0.0003  <0.0003  <0.0003 0.002
0.04 0.43 0.14 0.20 10
208.0 224.0 8.0 146.7
110.0 23.0 109.0 80.7
<0.01 0.019  <0.01 -
<0.0002 <0.0002  <0.0002  <0.0002 0.0002
<0.001 <0.001  <0.001 <0.001 0.004
<0.01 <0.01 <0.01 <0.01 0.1
<0.001 <0.001  <0.001 <0.001 0.005
<0.01 <0.01 <0.01 <0.01 0.1
<0.005 <0.005  <0.005 <0.005 0.01
<0.005 <0.005  <0.005 <0.005 .
<0.011 <0.011  <0.011 <0.011
N/DT 2 N/D - 4
1/10.2 1.490.2 <0.06+0.01 - 5
2.382.0 0.6:1.1 5.13.2 - 15
3.043.7 5.9¢4.4 2.6+3.6 -

* 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 Z»

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
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 Silvex
TNT
RDX
Coliform

Bacteria, ¢/100 ml
Radium, pCi/l
Gross Alpha, pCi/l
Gross Beta, pCi/l

Sampling Date

1-27-81 1-28-81 1-29-81 Mean
7 6 5 6
6.86 6.90 6.90 6.89
400 390 400 397
2.1 6.2 0.4 2.9
------------ (mg/1) =« = = = = -
<0.001 <0.001  <0.001 <0.001
<0.005 0.014 0.032 -
0.043 0.259 0.072 0.125
0.321 0.420 0.307 0.349
<0.005 <0.005  <0.005 <0.005
<0.001 <0.001  <0.001 <0.001
0.110 0.120 0.060 0.097
4.5 4.0 4.5 4.3
0.35 0.34 0.37 0.35
134.0 128.0 116.0 126.0
31.0 33.9 34.3 33.07
<0.005 <0.005  <0.005 <0.005
<0.005 <0.005  <0.005 <0.005
<0.0003 <0.0003 <0.0003  <0.0003
0.28 0.04 0.14 0.15
64.0 6.0 20.0 30.0
56.0 <1.0 4.0
<0.01 <0.01 <0.01 <0.01
<0.0002 <0.0002 <0.0002  <0.0002
<0.001 <0.001  <0.001 <0.001
<0.01 <0.01 <0.01 <0.01
<0.001 <0.001  <0.001 <0.001
<0.01 <0.01 <0.01 <0.01
<0.005 <0.005  <0.005 <0.005
<0.005 <0.005  <0.005 <0.005
<0.011 <0.011  <0.011 <0.011
N/t N/D N/D N/D
1.1£0.2 1.0£0.2 19.1:2.9 -
72.1+9.8 0.7¢1.0 0.2+0.5 -
108.9:11.0  0.1:2.5 0.1£2.5 -

Maximug

Level

6.5-8.5

1.4-2 04
250

0.05

0.01

0.002
10

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

t+ Not detected.



TABLE 5-17.

CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR
3 CONSECUTIVE DAYS FROM WELL NO. 19 OF SITE Z,

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
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 Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/l
Gross Alpha, pCi/1
Gross Beta, pCi/l

Sampling Date

1-27-81 1-28-81 1-29-81 Mean
8.5 9 7.5 8.3
7.88 7.61 7.44 7.64

575 650 700 642
0.80 0.30 0.40 0.50

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

<0.001 <0.001  <0.001 <0.001
0.012 0.011 0.012 0.012
<0.01 0.027 0.137 -
0.806 1.161 0.380 0.782
<0.005 <0.005  <0.005 <0.005
<0.001 <0.001  <0.001 <0.001
0.110 0.110 0.120 0.113
19.0 18.5 15.0 17.5
0.43 0.38 0.36 0.39
166.0 125.0 14, 101.7
54.0 60.3 64.1 59.5
<0.005 <0.005  <0.005 <0.005
<0.005 <0.005  <0.005 0,005
<0.0003 <0.0003 <0.0003  <0.0003
0.24 0.14 0.14 0.17
144.0 108.0 16.0 89.3
76.0 11.0 <1.0 -
<0.01 <0.01 <0.01 <0.01
<0.0002 <0.0002 <0.0002  <0.0002
<0.001 <0.001 0.001 <0.001
<0.01 <0.01 <0.01 <0.01
<0.001 <0.001  <0.001 <0.001
<0.01 <0.01 <0.01 <0.01
<0.005 <0.005  <0.005 <0.005
<0.005 <0.005  <0.005 <0.005
<0.011 <0.011  <0.011 <0.011
8 2 N/DT -
0.440.1 <0.04£0.01 0.2:0.1 -
1.411.6 2.842.4 4.5:4.7
14.745.1 2.7+4.5 4.145.6 -

Maximup

Level

6.5-8.5

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

t Not detected.

5-49

99



Remedial Action and Site Closure Considerations

Site Z, investigations revealed the following:
® No evidence of ground water contamination 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, 1Timited volumes have probably migrated into the
highly impervious surrounding 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:

e The potential surficial contaminant migration pathways.

@ The accumulation and characteristics of effluent sludge
in the Teach beds.

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

To fully address these factors, the investigation should
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
pian is presented in Figure 5-19. This plan will determine
whether or not overflow of the Teach 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 Tocal 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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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 toxicity test (EPA, 1980), remedial action and site closure
options for Site Zp will include (1) removal and disposal of .
contaminated soil in an approved chemical landfill, or (2) site
closure.

Future land use and economic factors will determine the most
feasible course of action (i.e., closure or removal). The long-
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:

e Improvement of the surface drainage pattern in the gen-
eral area of Site 2, to:

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

¢ Removing the treatment sumps and backfilling the resul-
tant holes with clayey borrow compacted to achieve low

permeabilities 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

Zone.

o Installation of a perimeter ditch around the covered
site.

¢ Placement of a loamy soil over all disturbed areas, and
revegetation.

Preliminary cost estimates for closure construction are
given in DD 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 29 is located in the north central portion of the IAAP
on the re]agively 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 Tocation 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 Zq 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 Z; and I,. 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) and 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 l1imestone
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 Zg3

Sampling Date

Parameter 1-27-81 1-28-81 1-29-81 Mean
Temperature, °C 8 8 7 7.7
pH 7.24 7.51 7.31 7.35
Conductivity, umhos/cm 400 400 390 397
Turbidity, TU 3.7 1.6 1.7 2.3

------------ (mg/1)
Cadmium <0.001 <0.001 ' <0.001 <0.001
Chromium, Total <0.005 <0.005 <0.005 <0.005
Iron <0.01 0.032 0.024 -
Manganese 0.692 0.509 0.272 0.491
Lead <0.005 <0.005 <0.005 <0.005
Silver <0.001 <0.001 <0.001 <0.001
Barium 0.110 0.100 0.090 0.100
Chloride 5.0 5.5 5.5 5.3
Fluoride 0.35 0.40 0.37 0.37
Sulfate 57.0 41.0 43.0 47.0
Sodium 26.3 30.5 31.0 29.3
Arsenic 0.02 <0.005 <0.005 -
Selenium <0.005 <0.005 <0.005 <0.005
Mercury <0.0003 <0.0003 <0.0003 <0.0003
Nitrate-N 0.06 <0.01 0.07 -
Chemical Oxygen Demand 88.0 56.0 4.0 49.3
Total Organic Carbon 40.0 2.0 <1.0 -
Phenols <0.01 <0.01 <0.01 <0.01
Endrin <0.0002 <0.0002 <0.0002 <0.0002
Lindane <0.001 <0.001 <0.001 <0.001
Methoxychlor <0.01 <0.01 <0.01 <0.01
Toxaphene <0.001 <0.001 <0.001 <0.001
2,4-D <0.01 <0.01 <0.01 <0.01
2,4,5-TP Silvex <0.005 <0.005 <0.005 <0.005
TNT <0.005 <0.005 <0.005 <0.005
RDX <0.011 <0.011 <0.011 <0.011
Coliform Bacteria,

/100 m N/DT N/D N/D N/D
Radium, pCi/1 <0.04:0.01 <0.05:0.01 0.6+0.1 -
Gross Alpha, pCiNl 1.7+¢1.8 0.2+0.5 1.9+1.8 -
Gross Beta, pCi/l 1.8%2.9 1.6%2.8 1.5%3.1 -

Maximum

Level

6.5-8.5

1.4-2 a4
250

0.05

0.01
0.002

10

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

t+ Not detected.
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TABLE 5-19.

3 CONSECUTIVE DAYS FROM WELL NO. 3 OF SITE Zg

CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenijum
Mercury
Nitrate-N
Chemical Oxygen Demand
Total Organic Carbon
Phenols
Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D
2,4,5-TP Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/l
Gross Alpha, pCi/l
Gross Beta, pCi/il

Sampling Date

1-27-81 1-28-81 1-29-81 Mean
8 7 8 7.7
7.24 7.11 6.99 7.11
425 375 375 392
2.2 3.0 0.4 1.9
------------ (mg/1) = = - - - -
<0.001 <0.001 <0.001 <0.001
<0.005 <0.005 <0.005 <0.005
0.040 0.109 <0.001 -
3.940 2.836 1.909 2.895
<0.005 €0.005 <0.005 <0.005
<0.001 <0.001 <0.001 <0.001
0.150 0.110 0.070 0.110
9.0 6.0 16.0 10.3
0.24 0.21 0.21 0.22
117.0 99.0 114.0 110.0
29.4 35.8 34.8 33.4
<0.005 <0.005 <0.005 <0.005
<0,005 ' €0.005 <0.005 <0.005
<0,0003 <0.0003 <0.0003 <0.0003
0.06 0.04 0.11 0.07
100.0 4.0 48.0 50.7
176.0 93.0 4.0 91.0
0,01 <0.01 <0.01 <0.01
<0,0002 <0.0002 <0.0002 <0.0002
<0.001 <0.001 <0.001 <0.001
<0,01 <0.01 <0.01 <0.01
<0.001 <0.001 <0.001 <0,001
<0.01 <0.01 <0.01 <0.01
<0.005 <0,005 <0,.005 <0.005
<0.005 <0.005 <0.005 <0.005
0,011 <0.011 <0.011 <0.011
N/Dt N/D N/D N/D
0.09+0.1 <0.05+0.01 0.7%0.1 -
2.7'&2-1 105*1.5 0.2‘&0.5 -
4.2+£3.5 3.9:4.,2 <0.1:0.2 -

Maximup

Level

7.6-8.5
1

250
1.4-2.4
250

0.05

0.01

0.002
10

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

+ Not detected.
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TABLE 5-20.

CHEMICAL ANALYSES OF GROUND WATER SAMPLES TAKEN FOR

3 CONSECUTIVE DAYS FROM WELL NO. 4 OF SITE Z3

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
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 Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/l
Gross Alpha, pCi/l
Gross Beta, pCi/i

Sampling Date
1-27-81 1-28-81 1-29-81
9 9.5 9
7.71 7.54 7.62
490 475 475
2.2 3.9 1.1
------------ (mg/1)
<0.001 <0.001 <0.001
0.013 <0.005 <0.005
0.185 0.136 0.248
0.032 0.675 0.532
<0.005 <0.005 <0.005
<0.001 <0.001 <0.001
0.160 0.100 0.080
6.0 5.5 4,5
0.36 0.35 0.32
75.0 70.0 79.0
34.5 39.0 38.7
<0.005 <0.005 <0.005
<0.005 <0.005 <0.005
<0.0003 <0.0003 <0.0003
0.60 0.72 0.78
4,0 8.0 8.0
141.0 307.0 13.0
<0.01 <0.01 <0.01
<0.0002 <0.0002 <0.0002
<0.001 <0.001 <0.001
<0.01 <0.01 <0.01
<0.001 <0.001 <0.001
<0.01 <0.01 <0.01
<0.005 <0.005 <0.005
<0.005 <0.005 <0.005
<0.011 <0.011 <0.011
2 n/ot N/D
0.4:0.1 <0.04:0.01 0.2%0.1
3.382.9 0.3:0.7 0.8:1.0
<0.2£5.0 0.1:2.8 10.2:4.2

Maximug
Mean Level
9.2
7.62 6.5-8.5
480
2.4 1
<0.001 0.010
- 0.05
0.190 0.3
0.413 0.05
<0.005 0.05
<0.001 0.05
0.113 1
5.3 250
0.34 1.4-2.4
74.7 250
37.4
<0.005 0.05
<0.005 0.01
<0.0003 0.002
0.70 10
6.6
153.7
<0.01
<0.0002 0.0002
<0.001 0.004
<0.01 0.1
<0.001 0.005
<0.01 0.1
<0.005 0.01
<0.005
<0.011
- 4
5
- 15

* 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 Z4

Parameter

Temperature, °C

pH

Conductivity, umhos/cm
Turbidity, TU

Cadmium
Chromium, Total
Iron
Manganese
Lead
Silver
Barium
Chloride
Fluoride
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 Silvex
TNT
RDX
Coliform
Bacteria, ¢/100 ml
Radium, pCi/l
Gross Alpha, pCi/l
Gross Beta, pCi/l

Sampling Date

Maximump
1-27-81 1-28-81 1-29-81 Mean Level
9 9 8 8.7
9.15 8.71 8.39 8.75 6.5-8.5
300 325 350 325
1.0 0.8 0.3 0.7 1
------------ (Mg/1) = = = = = = = =« = =
<0.001 <0.001 <0.001 <0.001 0.010
0.015 <0.032 <0.005 - 0.05
0.369 0.127 <0.01 - 0.3
0.043 0.083 <0.005 - 0.05
<0.005 <0.005 <0.005 <0.005 0.05
<0.001 <0.001 <0.001 <0.001 0.05
0.050 0.050 0.030 0.043 1
5.5 7.5 10.5 7.8 250
0.38 0.34 0.29 0.34 1.4-2.4
114.0 98.0 84.0 98.7 250
26.8 30.4 29.7 28.9
<0.005 <0.005  <0.005 <0.005 0.05
<0.005 <0.005 <0.005 <0.005 0.01
<0.0003 <0.0003 <0.0003 <0.0003 0.002
0.26 0.28 0.43 0.32 10
100.0 4.0 36.0 46.7
64.0 214.0 11.0 96.3
<0.01 <0.01 <0.01 <0.01
<0.0002 <0.0002 <0.0002 <0.0002 0.0002
<0.001 <0.001 <0.001 <0.001 0.004
<0.01 <0.01 <0.01 <0.01 0.1
<0.001 <0.001 <0.001 <0.001 0.005
<0.01 <0.01 <0.01 <0.01 0.1
<0.005 <0.005 <0.005 <0.005 0.01
<0.005 <0.005 <0.005 <0.005
<0.011 <0.011 <0.011 <0.011
nN/Dt N/D N/D 4
0.2£0.1 0.5¢0.1 0.1+0.1 - 5
0.6+0.9 0.2¢0.5 0.7+£0.9 - 15
0.6£1.5 0.6x1.5 <0.1:0.2 -

* 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 Z; and Zp.

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
this 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 Z; and I 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 haintained 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 Z; and I is presented in Appendix G.
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b



TABLE 6-1.

AREAS OF REGULATORY VIOLATION AT SITE Z

1

Area

Waste analysis
Warning sign

General inspection
Personnel training

Contingency plan

Operating record

Ground water monitoring

Closure and post-closure plan

Waste containment

RCRA Regulation*

Subpart
Subpart
Subpart
Subpart
Subpart
Subpart

Subpart
through

Subpart
through

Subpart

B, Section 265.13
B, Section 265.14
B, Section 265.15
B, Section 265.16
D, Section 265.52

S e ¥k Sk Sk T

E, Section 265.73

F, Sections 265.90
265.94+

G, Sections 265.110
265.,120**

K, Section 265.223"

* Promulgated by EPA under RCRA Subtitle C, Section 3004.
A11 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;

265.111, 117, 118 are interim final standards;
265.112 and 113 are interim final standards, which were

amended on 10-30-80;

standards but amendment has been proposed.

6-2

Sections
Sections

Sections 265.119 and 120 are final
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TABLE 6-2. AREAS OF REGULATORY VIOLATION AT SITE Z,

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 D, Section 265.52#

Operating record Subpart E, Section 265.73#

Ground water monitoring Subpart F, Sections 265.90
through 265.94+

Closure and post-closure plan Subpart G, Sections 265.110
through 265.120**

Waste containment Subpart K, Sections 265.222
and 265.223%

*

% %

Promulgated by EPA under RCRA Subtitle C, Section 3004.
A1l 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 6-3. FACILITY OPERATIONS AND CONTINGENCY PLAN
INFORMATION LOCATED IN OTHER SECTIONS OF THIS REPORT

Required 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 Tife of site
Site closure plans
Operating procedures
Safety/service provisions
Surface water monitoring

Ground water monitoring

Reference™
SiteZ; Site 7o

5-1 5-28
5-2 5-28
NA NA
NA Appendix G
5-7 5-35
5-3 5-32
NA NA
5-16 5-50
NA 5-28
NA Appendix G
5-16 NA
5-16 5-45

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

. L
On-Scene Coordinators

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. Tiemeier

Plant & Utilities Manager
Bus. Phone: (319) 753-7103
Home Phone: (319) 952-2332

Alternatives

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:
Home Phone:

(319) 753-7101
(319) 753-1027

* These contractor personnel have been assigned the responsibil-
ity of supervising all cleanup and decontamination activities
resulting from an accidental discharge of o0il 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

On-Site Equipment

Pump truck, 750 gpm
Two Ambulances

Tank truck, 1,500 gal
Tractors

Bulldozers
Gradealls

Dump trucks

Graders

End loaders

Pumps

0i1 skimmers

Available Qff Site Equipment

Additional large earth-moving equipment

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

Location
Bldg. 200-131-3
Bldg. 200-131-3
Bldg. 400-138
B1dg. 400-138
Bldg. 400-138
B1dg. 400-138
Bldg. 400-138
Bldg. 400-138
Bldg. 400-138
Bldg. 400-138
Bldg. 400-138
Source
Iowa National Guard
U.S. Army Reserve
Engineer Battalion
Burlington Iowa,
Fire Department

Ft. Madison, Iowa
Fire Department

I
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- (2.0) Dark Brown
HS —J21.6
- SILTY CLAY TRACE SAND
= — Gray Brown
I BT |24 p3.7 lloo -] 53 Stiff
L;H -—l
o—
HS —
—]
2 BT 24 {11 CL 0 _—
HS —]
(o) =
3 |sT pa |12 NI i
—
HS —
B == Troa. 1122
ST b4 |14 13.6 120 D0 — SANDY CLAYEY SILT TRACE GRAVEL
ML o 121, 0)(GLACIAL TILL)Brown, Hard
=1702.6
i Bottom of Boring
—
—
5 —
= .
-
-

THE STRA MFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES. IN-SITU. THE TRANSITION MAY BE GRADUAL

WATER LEVEL OBSERVATIONS ‘ BORING STARTED 12-5-80
W.L| g 51 WS.ORWD.| ;7 o1 AB. Terracon Consultants, Inc. BORING COMPLETED [|2-5-80
Cedar Rapids Davenport Des Moines, 1A
W.L. B.C.R. A.C.R. v e v RIG CME 75 FOREMAN |y
W.L 10" | hr A.B./5.2' on |-8-8 | APPROVED ¢}y - 1JOB #3074
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APPENDIX A

RESULTS OF SPLIT SAMPLES AS
A PART OF QUALITY CONTROL PROGRAM

aTt



Tarn TRl Reewtbie o, AT o Do e Tt s kit s 8 At am s Wi o s L e B b

® VIJAY THAKORE: PRESIDENT, TECHNICAL DIRECTOR

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

Sample I.D.:

01/15/81

9:30 aMm

Temp. 4°C

pH 9.27 S/U
BCA Lab Number: 81-284-

81-289
PARAMETER: REPORTED RESULTS: SPLIT SAMPLE RESULTS:

mg/1l mg/1l
Cadmium £0.001 £.001
Chromium, Total 0.048 0.0486
Iron 0.219 0.218
Manganese 0.121 0.122
Lead £0.005 £ .005
Silver £0.001 £0.005
Barium 0.09 0.092
Specific Conductivity 875.0 875.0
(micromhos/Cm)

Chloride 106.0 110.0
Fluoride 1.38 1.385
Sulfate 219.0 225.0
Sodium 285.0 289.0
Arsenic £0.005 £0.005
Selenium Z0.005 £0.005
Mercury £0.0003 £0.0003
Turbidity 1.9 (NTU) 1.85 (NTU)
Endrin £0.0002 £0.0002
Lindane £0.001 £0.001

Surface Water
Sta. 1-S-%2

4940 N. MEMORIAL PARKWAY e HUNTSVILLE. ALABAMA 35810 e 205-859-2161
3443 COVINGTON DRIVE o DECATUR. GEORGIA 30032 e 404-284-1186
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RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM

Page 2

BCA Lab Number:

PARAMETER:

Methoxychlor
Toxaphene

C.0.D.

Total Organic Carbon
Nitrate (as N)
Phenol

Total Coliform

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

REPORTED RESULTS:

mg/1

<£0.01
<L0.001

71.6

SPLIT SAMPLE RESULTS:
mg/1l

£0.01
£0.001

72.0




RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM

Page 3

sample I.D.:

BCA Lab Number:

PARAMETER:

Cadmium
Chromium, Total
Iron

Manganese

Lead

Silver

Rarium s

Specific Conductivity

(Micromhos/Cm)
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Turbidity
Endrin
Lindane
Methoxychlor

Toxaphene

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

81-606-
8l1-611

REPORTED RESULTS:
mg/1l

<0.001
£0.005
0.043
0.321
£0.005
£0.001
0.110

400.0

31.0

£0.005
£0.005
£0.0003

2.1 (NTU)

£0.0002
£0.001
£0.01

<£0.001

SPLIT SAMPLE RESULTS:
mg/1l

£0.001
£0.005
0.048
0.315
£0.005
£0.001
0.098

400.0

4.0

0.36
140.0
30.5
£0.005
£0.005
£0.0003

2.0 (NTU)
£0.0002
£0.001
£0.01
£0.001




RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM
Page 4

A Lab Number: 81-606-
81-611
PARAMETER: REPORTED RESULTS: SPLIT SAMPLE RESULTS:
mg/1l mg/1l

C.0.D. 64.0 68.0

Total Organic Carbon 65.0 54.0

Nitrate 0.28 0.30

Phenol Z0.01 0.01

Total Coliform N/D N/D

2



RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL

PROGRAM

Page 5

ample I.D.:

BCA Lab Number;

PARAMETER:

Cadmium
Chromium, Total
Iron

Manganese

Lead

Silver

Barium

Specific Conductivity
(Micromhos/Cm)

Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Turbidity
Endrin
Lindane
Methoxychlor
Toxaphene

«.0.D.

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

81-716-
81-721

REPORTED RESULTS:

mg/1l
£0.001

<0.005
0.032
0.509
<0.005
£0.001
0.100

400.0

5.5
0.40
41.0
30.5
£0.005
£0.005
£0.0003
1.60 (NTU)
£0.0002
£0.001
£0.01
£0.001
56.0

SPLIT SAMPLE RESULTS:
mg/1l

£0.001
£0.005
0.031
0.52
£0.005
£0.001
0.095

410.0

39.0
30.0
£0.005
£0.005
£0.0003
1.7 (NTU)

£0.0002
£0.001
£0.01
<0.001
60.0




RESULTS OF SPLIT SAMPLES AS A

PART OF QUALITY CONTROL PROGRAM

Page 6

BCA Lab Number:

PARAMETER:

Total Organic Carbon
Nitrate (as N)
Phenol

Total Coliform

81-716-
81-721

REPORTED RESULTS:
mg/1l

£0.01
£0.01

N/D

SPLIT SAMPLE RESULTS
mg/1l
1.95
£0.01
£0.01
N/D




RESULTS OF SPLIT SAMPLES AS A PART OF QUALITY CONTROL PROGRAM

Page 7

ample I.D.:

BCA Lab Number:

PARAMETER:

Cadmium
Chromium, Total
Iron

Manganese

Lead

Silver

Barium

opecific Conductivity

(Micromhos/Cm)
Chloride
Fluoride
Sulfate
Sodium
Arsenic
Selenium
Mercury
Turbidity
Endrin
Lindane
Methoxychlor

.oxaphene

Z3 #4-5-3
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
£0.001
0.08

475.0

79.0
38.7
£0.005
£0.005
£0.0003

[

.10 (NTU)
.0002
.001

.01

& & &

£0.001

SPLIT SAMPLE RESULTS:

£0.
0.
0.
0.
0.
<0.
0.
475.

82.
38.

001
005
25

528
005
001

075

.005
.005
.0003

.0 (NTU)
.0002
.001

.01

.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 £0.01 £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 #: 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



Duplicate sample wi

J T - C—

* VIJAY THAKORE: PRESIDENT, TECHNICAL DIRECTOR

GROSS ALPHA, GROSS BETA, TOTAL RADIUM

QUALITY CONTROL DATA

th ccunting error:

Sample #: 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 #: 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 f#: 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 e HUNTSVILLE, ALABAMA 35810 e 205-859-2161

3443 COVINGTON DRIVE  DECATUR. GEORGIA 30032 e 404-284-1186
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APPENDIX B

GENERAL NOTES, UNIFIED SOIL
CLASSIFICATION SYSTEM, AND MONITORING WELL DATA
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GENERAL NOTES

DRILLING & SAMPLING SYMBOLS:

SS . Spitt Spoon—1%" 1.0, 2” O.0., unless otherwise noted PS Piston Sample
ST Shelby Tube—2" O.0., unless otherwise noted WS : Wash Sample
PA Power Auger FT : Fish Tail

HA Hand Auger RB . Rock Bit

08 Diamond Bit—4 in, N. 8 8S . Bulk Sample
AS Auger Sampie PM Pressuremeter
HS Hoilow Stem Auger DC . Dutch Cone
VS Vane Shear

Standard "N Penetration. Blows per toot of a 140 pound hammer falling 30 inches on a 2 inch OD split spoon, except
where noted.

WATER LEVEL MEASUREMENT SYMBOLS:

WL . Water Level WS . While Sampling

wCl  © Wet Cave In wD . While Drilling

DCH  :  Dry Cave in BCR : Before Casing Removal
AB . After Boring ACR :  After Casing Removal

Water ievels indicated on the boring logs are the levels measured n the boring at the times indicated. In pervious soils,
the indicated elevations are considered reliable ground water levels. In low permeability soils, the accurate determina-
tion of ground water elevations is not possible in even several days observation, and additional evidence of ground
water elevations must be sought.

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 Sols have less than 50 % of their dry weight retained on a #200
sieve; they are described as: clays, or clayey stlts 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, granular soils are defined on the basis of their relative in-place
density and tine grained soils on the basis of their consistency and plasticity. Exampie: Clayey siit, trace sand
moderately plastic, stiff; siity fine sand, trace gravel, medium dense.

GRAIN SIZE TERMINOLOGY RELATIVE DENSITY OF GRANULAR SOILS:
Major N-Biows/ft. Relative Density
C t
oo'n;;:?:;; Size Range 2-3 \dery Loose
Boulders Over 8 in. (200mm) 10:29 ’ Mﬁﬁm Dense
) . 30-49 Dense
Cobbles 8in. to 3 in.
50-80 Very Dense
(200mm to 75mm) 80 + Extremely Dense
Gravel 3in. to #4 sieve
(7Smm to 2mm) CONSISTENCY OF COHESIVE SOILS:
Sand #4 to #200 sieve

(2mm to .074mm) Uncontined Compressive

Strength, Qu, psf Consistency
Silt or Clay Passing #200 sieve - 500 Very Soft
(0.074mm) 500~ 1,000 Soft
1,000- 2,000 Medium
R ) PORTIONS 2,000- 4,000 Stiff
ELATIVE PROPO 0 4,000- 8,000 Very Stiff
Deascriptive Term(s) 8,000-16,000 Hard
(Ot Components Aiso Percent ot » 16,000 Very Hard
Present in Sampie) Dry Weight
Trace 1-10 PLASTICITY OF FINE GRAINED SOILS:
Little 10-20 Term Plasticity Index
Some 20-35 None to slight 0-3
N Slight 4- 7
And 35-%0 Moderate 8-25
High > 25

TERRACON CONSULTANTS, INC.
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UNIFIED SOIL CLASSIFICATION SYSTEM

o

TERRACON CONSULTANTS, INC.

‘ i
) | Group Laborat lassification criteri
Major divisons | symbols Typical names I' aboratory ¢ on criteria
‘; e ‘ -
; = ! Diol
: o o ) - | Os0 {D31o i
; » § | GW W.e“grdded gravels. gravelsand | < G, -greater than 4; C.= ———~— between 1 anc o
s ! mixtures, little or no fines 2 u Oio D10XDsg :
[ 2 | o = B
2. sl e > ER ;
Q9 9! - = b1 : i
2 ; i 50 = 2 ;
~ o &= . wels  ar 3 S .
& 3t OF Gp Poorly graded gravels, gravel- g = | Not meeting all gradation requirements for GW
“w ®a I ) sand mixtures, littie or no fines i E 3
28w X S
zo .S SR

—_ 2w o - -

2le2z [_ g | . . 3 22%

® 23 %232 Silty gravels, gravel-sandsiit =220 Atterberg limits below A"

2 SziE 2 GM mixtures . . -8 tine or P.1. less than 4 . .

R N O 3 3 8 T2 Above “A” line with P.i.

8 - 3ze, 335 .28 2 between 4 and 7 are bor-

o -l o < (_;9 3 ) E derline cases requiring use
) ~ = P i) e [ Al PO e
sz = 380 Ge Clayey gravels, gravel-sand-clay | '3 E : > “1 Atterberg limits above “A" | of dual symbols

D5z S8 mixtures jE= . . line with P.1. greater than 7
- 9q -
DE S - = . . )
3w c E ‘ N T
P g2 i (D30)*

2 2 bl : T Dao D30 :
z= g Sw Wellgraded sands, gravelly | — & . . . e 1 ;
§ % e § 3= sands, little or no fines L5 § : oo c, D_xo greater than 6; C. D—_loxoso between 1 and 3 j

=z 23, g2 52 . .o 4

I 5N c Pep=t . : { 4

3 a'ad c 5 c w r 2

Bl 2 332 SE

- 2 0% Poorly graded sands, gravelly 2z L ) ) ) .

] 2 c R . S - v ; it irement- o1 SW

2 5 : = sP sands, little or no fines 235 ¢ : - Not meeting all gradation requ n ' &

218231 3%2 E .| ;

§ | R2% $§=2¢8 - :

£ |d355| ¢ $5ads . A ,

» cL)g 2 q it mi Er1v3os Atterberg limits below “A”

Qa £y ,__5 g SM Silty sands, sand-silt mixtures § Qg Eg o line or P.|. less than 4 Limits plotting in hatched

2 £z1233 88351 zone with P.l. between 4 :

g E 323 E @23 2L and 7 are borderline cases!
S2|l2Ge ) Efeyey requiring use of dual sym-]
=z 20 Clayey sands, sand-clay mix- 5 S R § 2 | Atterberg limits above “A” | pols. :
3 a sc tures T 3% = < © i line with P.I. greater than 7
s aa g [
|
Inorganic silts and very fine
sands, rock flour, silty or clay-
3 ML ey fine sands or clayey silts 60
€ with slight plasticity ! Jr - 1 rr Ir 7
EX S For classification of finegrained 7

- S a Inorganic clays of low to me- [ soils and fine fraction of coarse-

% - & cL dium plasticity, gravelly clays, 50 [ grained soils.

@ S'E sandy clays. silty clays, lean — Atterberg Limits plotting in //

8 2= clays — hatched area are borderline classi- —- CH 7

N. (3 — tications requiring usa of dual

-2 g’ L. . 40— symbals. 7

c o oL Organic silts and( organic sity < [ Equation of A-line: yd

2 = clays of low plasticity 8 ——— P1=0.73 (LL - 20) jj

£
8 % Z 30 l 7
° g § lr?orgamc silts, Mmicaceous or 4 &7
£ a p MH diatomaceous fine sandy or g _ N OH anid MH
;ﬁ e silty soils, elastic silts o T o
oS £
c 2 “>‘. - 7
g a3 7

- : S Inorganic clays of high plas-

I~ -3 CH ticity, fat clays —~

2 £E - 7T

g B3 R

g 3 LML and OL -

3 .

1 5 o | g e ot et o

s ’ 30 40 50 60 70 80 90 100

= i

sl Liquid Limit
E e @ p Peat and other highiy organic | Plasticity Chart
2873 ! soils 1
o i
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TABLE SUPPLEMENTAL MONITORINA WELL LOG DETAILS
TOWA ARMY AMMUMITION PLANT, BHIRLINGTON, OWA
JOB ND. 680574

(a) (a) . Nominal () :
X y Top of Pipe Hole Wel | Casina Screen Cement

North South Natural Grade Elevation Instal lation Diameter Dizpth Depth Lenagth sed
Well (ft.) (ft.) Elevation (ft.) Date (in.) (ft.) (ft.) (ft.) (bans)
Z1#1 7192 14117 682.1 685.8 12-3-80 8.5 50 40 10 4%
2142 7181 13955 670.7 613.8 12-22-80 B 5 30 20 10 3
Z142A 7195 13948 671.0 673.9 12-22-80 §.5 10 5 2 g
Z1#3 7169 13794 677.6 680.6 12-4-80 8.5 4€ 56 10
2146 9566 13239 683.5 687.3 12-2-80 8.5 49 24 10
Z2#1 8016 8182 T22.7 125, 4 11-25-80 5.5 54 44 10 4
Z2%#2 5376 10010 698.4 692.6 12-11-80 8.5 Aty 20 10 :
Z2#18 6895 9173 712.4 716.0 12-10-80 &y 5 50 40 10 5
Z2#18A 6924 9173 112:5 716.9 12-10-80 8.5 10 5 5 '
72419 7192 10148 712.6 715.9 12-10-8C and 9.5 50 40 10 3

12-11-80

Z23#1 9650 8650 123.6 1264 12-5-80 5.5 19 g 10 &
Z3#2 9730 8800 723.9 727.1 12-5-80 8.5 & 3 5 g
Z3#3 9500 8925 720.9 1221 12-9-80 8.5 hia 6.5 5 3
Z3#4 9330 8915 720.9 125.4 12-12-80 8.5 28 18 10 1
Z3#5 9370 8850 $22.2 725.8 12-9-80 Bie D 185 8.5 10 3

(a) Set according to local coordinate system established by C.0.E. for construction on Line 4A, for approximate conversion
to State Plane Coordinate System, lowa South Zone, Est. 1955 use the following formula S.P.C. = L.C. + (294,126 North)
(2,615,430 East)

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

(c) Johnson well screen, V shaped size 20 slot (0.020"), nominal 4" inside diameter PVC.

(€1



MONITORING WELL WATER LEVEL RECORD
[OWA APMY AMMUNITION PLANT

BURL INGTON,

| OWA

TC1 JOB NO.

680574 / 3-3-81

READ ING
DATE
SITE| WELL ELEVAT ION WATER WATER WATER WATER WATER WATER WATER WATER
NO. [NUMBER TOP OF PIPE DEPTH LEVEL DEPTH LEVEL DEPTH |  LEVEL DEFTH LEVEL
(FEET) ELEY. | ELEV. - ELEV. ELEV.
Z1 1 655. 3 ____“_; - : o - .
2 £73.8 I i | ;
e : e s e S ; = e ""!
A 673.9 N i L | '
3 680.6 i B
6 687.3 | __
75 T '
72 | 125 .4 L . R B ~
2 692.6 o - ) 1 |
18 716,.0 L o 3 )
12A 716.9 I _
19 715.9 R L I . ]
|
% |1 126.4 N L e ! e P S
2 7271 L D R
z 7271 I ! . -
4 (2%, 4 o e
T _ I o o

g/




MONWITURING WELL DETAIL LEGEND

DELCRIPT FOb

SYMBOL

Natural Grounst Surfsce Elevation e

Zone of Well Casing Lealed by

3 Q0% Cement, 10% Eentonite <

Grout

Bentonite Seal- Grout Interface

Zone of Well Casing and Pelletized

Bentonite Seal (Min. 3' Thickness)

Sand Pack- Bentonite Seal In*erfuce-///////

Zone of Wel!l Casing and Sand Filfer‘______<
Pack

Elevation of Top of Well Screen

Zone of Well Srceen and Sand Filter
Pack \—{

Elevation of Bottom of Well K

BANFR D

i

ek
I

f
Y

'(‘
1

4

b

}l
3
3

i
I

N
W

s

.
’

)

TERRACON CONSULTANTS, INC. v

(£ .0

€ F )

(fifa )

Cfis )




APPENDIX C

SITE Z1 DATA
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LOG OF BORING NO. 71 41
OWNER | 0wA ARMY  AMMUNITION PLANT ARCHITECT-ENGINEER
BURL IMOTOH, . S. ARMY CORPS OF ENGINEERS
SITE  RBRUSH CREER PROJECT NAME
AEANDONED PINFWATER LAGOCN SUBSURFACE CONTAMINATION INVESTIGATION
3 ~
g = ; Well Installed 12-3-80 )
NIE i3 £ |z |2 23
- q - - —
sla 88| 2 (585 S 815 g Descripto 53
a a > 7 Sac 5 Qr |@c £ ) r_
E1QVEl S| & |258 5 1z21E€ B 3 , 53
0 ol B z |50K] 2 |22154 A & Surface Elevation = 632.1 22
—s L1.0) SILT TRACE SAND, Dark Brow
—{ 3
HE . CLAYEY SHLT
] Brown
a7y, R4
Poasipaat o Cii { = SANDY SILTY CLAY TRACE CRAVEL
= (SLACIAL TILL)
He — Hrown
= Very StTiff fto Stiff
-
o loT |24 cL | 1]
HS —
.
o
Q'j 5t loa cL | 15—
—
—
—_
—
H —
]
. To Gray Brown at 19",
4 ST 124 7 CH 20 ]
-
—
3
. —
HS -
—
5 KT |24 CH | 25—
s —
. Thin Sand Seams at 29'.
6 BT |24 L |95 305
— T ___E’[_ 650, 63! .5)COARSE SAND, Brown
— Continued on Sheet #2
THE STRATIFICATION LINES REFRESENT THE APPHOUXIMATE HOUNDARY LINES BE TWEEN SOIL AND ROCK TYPES IN-SITU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED 19-2-80
W.L| 43" WS ORWD. Terracon Consultants, Inc. BORING COMPLETED 17_3.g0
w.L. R. Cedar Hapids Davenport Des Moines, 1A RIG CME 75 FOREMAN]M
Ransas City Wichita, KS =
W.L| |8 A.B./7'Ar APPROVED JFH [JOB # 80574




LOG OF BORING NO. 71 #1 (Continued)
OWNER | oA ARMY( AMMUNITION PLANT ARCHITECT-ENGINEER
BURL INGTOH,  TOWA U. S. ARMY CORPS OF ENGINEERS
m SITE  pR:‘+ CREEK PROJECT NAME
ABANDOMED PINKWATER LAGCON SUBSURFACE CONTAMINATION INVEST [GAT ION
s S . @
o 213 o2 8] & 1> iz oz
Z! E| ao| » ewaTl & 3 Iz [ Description £2
@ 2| E 3 S Sdvgl ¢ R R 2 53
a2l a|z| ¢ [S§ad| 5 [(c=i¢3 = S £
El&|E| 3| & |[EEE 5 2a|EE B | 2 53
w2 Al e & |D0a| = a2 |34 o ] £
— Continued from Sheet #|
30__—1
— (31,5
r— et s —— | o——e — —— —— — ——— — —— w] :550@ 51 3)
h ] SANDY SILTY CLAY TRACE GRAVEL
= (GLACIAL TILL)
7 “T121 |7 CL )5_——- G(‘él‘/ Brown to Gr‘ay
- Very Stiff to Hard
HS —
5 5T {24 |12 CL 40_;.
q HS =
‘ CL- =
9 ST 124 o} | 45 |
- -
-—-*
HS -
-
oy
—
10 | ST 24 |13 Lo |50—
- (51.0)
631,01
—y
— Bottom of Boring
55 ]
-
f
THE STRATIFICATION LINES HEPRESENT THE APPROXIMATE BOUNDARY LINES GETWEEN SOIL AND ROCK TYPES IN-SITU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED 12-3-80
W.L] 43" WS . ORWD.| 47! A.B. Terracon Consultants, Inc. BORING COMPLETED 12-3-80
WL 8 CR A.C.R Ceaar Rapids Davenport Des Moines, 1A R'G CME 75 FOREMAN JM
— - M Kansas City  Wichita, KS
WLJ8" | hr, AB. /7" on |-8-8] APPROVED  riy |JOB # ¢an574
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0

O

LOG OF BORING NO. 7| 42
w R .
OWNER | OwA ARMY ATMUNITION PLANT ARCHITECT-ENGINEER
s e TON. TOWA . 5. ARMY CORPS OF ENGINEERS
SITE LS CREEK PROJECT NAME
ATANUONED PINKWATER 1L ACOCH SURSURFACE CONTAMINATION INVESTICATION
9]
g “;: o Well Installed 12-22-80
= ~ © w
2 é g:g 5 o) S 01—
. o 3 $ | =
2l e wl ~ AT B 215 c Description £2
R B I El29gl © 15" |os 2 53
= n\ = = ~ ] =
a a > Iy S ac z axr |y s £ a hat
E & 1= 2 g o E W = ,\: =< E Q 2 ] ] . ) ==
al>l 31 & g [58&| = 533|153 & = Surface Elevation = 670.7 g9
:—: SANDY SILT
— Dark Brown
PA —
—— I \
6.7 (fliﬁ%‘-' CLAY TRACE SAND
S o R CL | 5— e 2
— Gray
—_ .- Very STiff
The3, 7 L)
FA —
= SANDY SILTY CLAY TRACE GRAVEL
L - . (GLACIAL TILL)
2 {sTica (12 DOL 1 104 Jom—
CH — Gray Brown
= Very Stiff to Hard
PA —
ST |24 |20 CL | 15—
PA —
]
—
—
1 ST |24 18 L (20—
-
. To Gray at 22'.
PA —
ey
nad
—
5 |ST R4 |6 -CL |25
=
PA -
-
. st ba |10 137|114 D - - Fine to Medium Sand Seam
. - - yy at 29'.
C 130 — 640 7=
= Bottom of Boring
—

THE STRA TIFICATION LINES HEPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SUIL AND ROCK TYPES IN-SITU. THE TRANSITION MAY BE GRADUAL

WATER LEVEL OBSERVATIONS |
WL, W.S.OR W.D.| 4! AB.
W.L. ~ B.CR. ACR.
WL| +0.4 on 1-8-8I

Terracon Consultants, inc.
Cedar Rapids Davenport Des Moinas, 1A
Kansas City Wichita, KS

BORING STARTED

12-22-80

BORING COMPLETED

|2-22-80

RIG Bomb

FOREMAN prF

APPROVED JFH

JOB # 680574
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LOG OF BORING NO. 71 #2A
OWNER | 0iia ARMY ATRIUNITIOM PLANT ARCHITECT-ENGINEER
BURLINCTON, TOWA U. 5. ARMY CORPS OF ENGINEERS
SITE  priyok CREEX PROJECT NAME
‘:} ABAHGONED FINFWATER LAGOQOH SUBSURFACE CONTAMINATION INVEST IGATION
g o s well Installed 12-22-30
e E -
q 7 v S ; 4 2
sl glc 3381 £ 12 |3 . 23
E E é’" e E % § g S < - g = _ § Gescription .gg
a G 2 ¢ 6 8c 3 agrgje s c ) e
& 3 g 8 g ggs 3 :: -ég 8 ; ~...—f- : i';'i_, .t.' —6_,‘ O E:
Lg > = &J & sSa z a0 |33 a o HirTace tlevarTion = il g_a‘a
_ SANDY SILT
b, - Dark Brown
hes .ol Medium
- SILTY CLAY TRACE SAND
Ty + cL — Gray Brown
— Very STiff
- -
—- ., ~17.0)
—t, 0, () -
SANMDY_SILTY CLAY TRACE GRAVE

(GLACIAL T1LL

Gray to Gray Brown 2
FD .00 Yy ORI fF R

Bottom of Boring

llJLU UllllJJJ'HLJ]IHJIIHJJIJUIHHIHLJ\_HUI

THE STRATIFICATION LINES REPRESENT THE APPFRUXIMA 1E BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES N 31TU THE TRANSITION MAY BE GRADUAL

WATER LEVEL OBSERVATIONS BORING STARTED 12-22-80

LI WS ORWD.| Nope  AB. Terracon Consultants, Inc. BORING COMPLETED 12-22-8C
w.L. ___BCR AAC.RJ G ”‘::‘“f‘c';"’::m‘.’:f K:“"“- “ IRIG  Bomb FOREMAN ReF
W.L.|4.8" on -8-81 ; APPROVED |FH [JOB # $80574

/33



LOG OF BORING NO. 7 #3
OWNER AR .
|OWA ARMY AMMUNITION PLANT CHITECT-ENGINEER
EORLINGTON, 1 QWA U, S. ARMY CORPS QF ENGINEERS
SITE . PROJECT
(® BRUSH CREEK OJECT NAME
ARANDOMED PIMKWATER | AGOOH SURSURFACE CONTAMINATION INVESTIGAT IO
Q
g Tl = Well Installed 12-4-80
3 ~ < )
o —; (g © g 2 ‘2 2 ﬁ o=
Z| E| wl| = a4zl o @ O c Description £2
L I S =T - £ = vgl © g™ |o B 2 58
a v = > a 8 a g T or |28 < s 9
el & el g | & 1288 5 |z2|28 8 | 8| . . . Tz
al2181 & d 585 2 (82|54 a o Surtace Elevation = 677.6 22
— CLAYEY SILT 2
— - (2.0) Dark Brown
. _—6e75.
H- — CLAYEY SILT
—_ Dark Brown
— Stiff
IO R O s CL =
s —
ey 1 I lo.m
T ’[ —Ce3.E
S 2 21.30105 jou| ' o
- SANDY SI1LTY CLAY TRACE GRAVEL
——t {(GLACIAL TILL)
HS | Gray Brown to Greenish
= Brown
i 15— Stiff to Very Stiff
5 | ST R4 9 CL
—
| HS —
20 3 Greenish Gray with Sand
4 |ST 24112 CL ] Seams at 20'.
] ,
HS -
ey
ey
s
5 |sT |24 (13 cL | 25—
—
HS -
o486 L)
——
30 .
- Continued on Sheet #2
-
-
—
s
THE STRA NIFICATION LINES HEPRESENT THE APPROXIMATE BOUNOARY LINES BETWEEN SOIL AND ROCK TYPES. IN-SITU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED  |-_,_g(
AW.L|[2.5' WS ORWD. AB.|  Terracon Consultants, Inc. | BORING COMPLETED |5_4_g0
Wi BCR AAC.R. Cedar Hapids Davenpurt Des Moines, I1A RIG CME 75 FOREMAN JM
— Kansas City Wichita, KS
WL|2.0" on |-8-8I APPROVED |FH |JOB # 580574
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LOG OF BORING NO. Z1 #3 (Continued)
OWNER ARCHITECT-ENGINEER
[OWA ARMY AMMUNITION PLANT
BLRLINGTON, [0OWA U, S, ARPMY CORPS QF ENGINEERS
o SITE BRUSH CREEK PROJECT NAME
ABANMDONED PINKWATER LAGOCH SUBSURFACE CONTAMINATION INVESTIGATION
S el I
o | 2 ¢ g - A i T,i_’ i
o [=% o g 3= c ':-1' « . H C; Q i
SlElels] = |88 S 2.0, 8 Description 52
a » ey > P € ad o - g < @ r
E| S| E! 3 : |3€es| = | XSz € @ > T =
T Q@ x O Qo c o= T A NS @ 2 53
% — wn o @ D200V > aL (owv Q w fx
! 486 (27.0) Continued from Sheet #l|
Poopis s CL | 30— SANDY SILTY CLAY TRACE GRAVEL
i - (GLACIAL TILL)
}fﬂ& — Brown Gray to Gray
— Hard
g
= With Coarse Sand and Gravel
s v CL | 55—l Seams at 3G'.
ﬂ
o —
o1 oT 1 P =T . Very sandy at 39.5°'.

s
[

IJIUIIIHJ]HU]HII llllllLlL]lllJlllJllllll

Q H

D
-
)
0|
A
—

Very Silty at 44.5'.

N
N

o
L/
-
—
)
L
J
=
n
o

A50.0)

627.

Botfom of Boring

THE STHATIFICATION LINES REPRESENT THE AFPROXIMA LE BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL

WATER LEVEL OBSERVATIONS. ] BORING STARTED [2-4-80

W.L| |2 5! WS . ORWD. AB. Terracon Consultants, Inc. BORING COMPLETED |2-4-80
D ST Cevar Hapids Davenport Dus Moinus, 1A

W.L. _ BCR __A_.c_.(q s Davenpon Dus M RIG_CME 75 |FOREMAN Jum

WL 2.0" on 1-8-8] 'APPROVED JFH [JOB £680574
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LOG OF BORING NO. 7} #1
OWNER | \a AR AYMUNITION = LATT ARCHITECT-ENGINEER
BURL TIRTOM, | OWA U. 5. ARMY CORPS OF ENGINEERS
O SITE  Lri 1) CRECH PROJECT NAME
ACAMDONED PINKWATER LACOON SUBSHURFACE COMTAMINATION INVYESTIGATION
g ~ c
g ¢ o
a i v own 7 ) “ -t
21815 32 ¢ | £ |2 | 25
slalEisl e 5859 [ [5e 5 pescnoton 53
a a > P §ac 5 Qr (¢ & £ o .
E1816l 8| 2 258 5 |22(E8] &8 | 2 =
2 B B B @ |20&a! 2 |&82|53a1 & o Surface Elevation = 676.0 2=
A - SANDY SILT TRACE CLAY
] ~ WITH COAL THIPS
—74. | (2.5) Dark Brown to Black
Pl sTizal 132 14,0 (119 |CL — S
= SANDY SILTY CLAY TRACE GRAVEL
o= (GLACIAL TILL)
— Brown
ot 5 Shifr
% = (9.0)
20 sTlzd s cL bel.o —
6] SANDY SILTY CLAY TRACE GRAVEL
- (CLACIAL TILL)
FA = Gray Brown
—_— Stiff to Very Stiff
2724 112 16.5 {116 [CL -
| 5]
PA =
4 | stl2a Le ol -
20— 65¢ , f-al-Q)
-~ Bottom of Boring
e
—
e
w—
H
—
—
Thie STRATIFICAT,ON LINES HEPRESENT THE APPRIUXIMATE HOUNGARY LINED BETWEEN SOIL ANU ROCK TYPES IN-SITU, THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS 8ORING STARTED 12-23-80
-EVEL OB>ERVATIONS |
W.L. ~ WS.ORWD.| None AB.  Terracon Consultants, Inc. BORING COMPLETED 12-23-80
W.L. B.C.R. A.C.R,| Uvua Hawds Davenport Des Mowes. 1A | p1c Bomb/CME 45(FOREMAN REF
B L il WAl Kansas City  Wicthita, KS
WL| 2 8" on |-7-8] : APPROVED JrH |JOB # 80574
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LOG OF BORING NO.

71
A

#9

OWNER | A ARMY AMMUNITION PLANT
BURL INGTOM, |OWA

U.

ARCHITECT-ENGINEER

5. ARMY CORPS OF ENGINEERS

C

SITE __ PROJECT NAME
BRUSH CREEK
ABANDONED PINKUATER L AGOOH SUBSURFACE CONTAMINATION INVESTIGATION
[ 1]
g ~ | o«
E g o
) L n k v -
o| 318 w28 = |2 |3 o @
Z | E|w| > o |e&acs| o a |0 c Description <«
T I I t |s2g © 37 v 2 6a
a a | 3 ¢ |§ac| 3 |o=ledl <« s <
E| &1 €e| 3 g loe2 5 | ~L12El B 3 &
al2!lala g |58a31 2 |&5|534] & o Surface Elevation = 674.2{ £%
bl uT (24 5 ML  POSEE (L)) SEE NOTE #1 BELOW
- — L
‘ — SANDY SILTY CLAY TRACE GRAVEL]
; - (GLACTAL TTLL)
‘ e Brown to Gray Brown
PAL = SHIff to Very Stiff
21T 124 117 23,51 101 CL ]
| Q—
o :60'3.’“"0)
:1. SANDY SI1LTY CLAY TRACE GRAVEL
— WITH SAND SEAMS (GLACJAL TILLY
| e
3T 4 |16 1411118 CL = Brown
9] Very Stiff to Hard
—
PA —
=
N L p—
4 |ST p4 118 CL —
20 654.2(20'0)
- Bottom of Boring
= NOTE #1:
— CLAYEY SILT TRACE SAND
- WITH COAL CHIPS
- Dark Brown to Black
—
—]
p—

THE STRATIFICATION LINES REPRESENT YHE APPRONXIMA 1€ BOUNDARY LINES BETWEEN SUIL AND ROCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL

WATER LEVEL OBSERVAT_IONSAN__
QW.L.__ W.S.ORWD.| None A.B.
wil  BCR ACR.
WLl 0.8' on |-7-81 T

Terracon Consultants,

Ceuar Rapids Oavenpoit Ows Moines, |A

Kansasg Ciiy Wichita, KS

BORING STARTED 12-22-80

inc. BORING COMPLETED 12-22-80

RIG Bomb/CME 45|FOREMAN REF

[APPROVED JFH |JOB # 680574
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LOG OF BORING NO. 7| #s6

OWNER

FOWA ARMY AMMUN I T 1ON PLANT

CuRLINGTON,  TOWA

ARCHITECT-ENGINEER
L. S. ARMY CORPS OF ENGINEERS

o SITE

st CREEK

I%e
[

3

PROJECT NAME

0

A-AMDONMED PINKWATER LAGOUN SURSURFACE CONTAMINATION INVESTIGATION
BY]
g % I Well Installed 12-2-80
& % m; g : “a 2
o al| o 2 ;E z = a i
SI518 5] = |88 S 1819, § Description 58
@ wn = ~ C = - ~ Y C - a
a a| 3 $ s &cl I SE|ze = 3 Sz
E| g1 e S 3 128 % 3 ~»|EEl @ ® 53
b > q L = € 2= S 25> @ - Coype o o . ~ Qa7 © o
73 Gl B @ {DOn!l 2 S8 (cal o & surface Elevation = 68,5 = =
= . JUt.0) CLAYEY SILT, Dark Brown f
) — 032.°
HO - - . AN
1 SILTY CLAY SOME SAND
= Dark Brown .
ST | s 7.8 90 |cL| 5T Very STiff
—_ (6.0)
—677,¢
MG :
I SAMDY SILTY CLAY TRACE
— GRAVEL (BLACIAL TILL)
2 1ST 24 4 ! CL! o Brown
- Yery Stiff to Hard
HS —
-
-
ST g4 121 P57 1CL | s
-ﬁ
H _
4 ST g4 [I3 CL [ 20
—
HS —_—
5 |sT ba |19 cL | 25— To Gray at 24.8 Feet.
=
—
HS —
P55.0088:2) o e
—
-
30 Continued on Sheet #2
——
ﬂ
—

THE STRATIFICATION LINES REFRESENT THE APPRUXIMA TE BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES IN SITU. THE TRANSITION MAY HE GRADUAL

WATER LEVEL OBSERVATIONS

C

wW.L. 7,_5_'_ W.S.ORW.D.144.5' AB. Terracon Consultants, Inc. BORING COMPLETED [ 1-26-80

W.L. B.CR. A.C.R. Cudal Hapids Davenpont Des Moines. 1A RIG CME 75 FOREMAN JM
— Kansas Cily Wichita, K8

W.L. 0.0' on 1-8-8] APPROVED |1 [JOB # canc74

BORING STARTED 11-26-80

t43



LOG OF BORING NO. Z! #6 (continued)
OWNER |y A ARMY AMMINITION PLANT ARCHITECT-ENGINEER
EURLINCTON, [OWA U. S. CORPS OF ENGINEERS
q'S”E BRI CREER PROJECT NAME
' ACANDONED PINKWATER LAGOON SUBSURFACE CONTAMINATION INVESTIGATION
9]
g ~l %
s - o
¢ 3 c 38 2 > |2 o=
[=) o - ) 5= c E ~ B L. E o
sl 5|2 5] g |22¢ S | &a (9. § Description - 5
al“213a] 2 v |ga®l 5 |lag|ed < 5 20
|Gl 8El g 3 |82 5 izalcE B | 2 <
Al 2|slal & [28a] 2 |[62|541 a & 22
—b”) 28.%) Continued from Sheet #!
—— ")
6l -Tl2al 11 cL | o, — CANDY_SILTY CLAY TRACE
_ — GRAVEL WITH SAND LAYERS
- Gray Green
, o o200 Yery STiff
(i [
I - SANDY SiLTY CLAY TRACE GRAVEL
7 f:,‘T 2-4‘ |4 CL )l) -‘— Gra\y/
-~ Hard
]
it ]
— . .138.5)
o oil G ) TT —p45 0
1] - .
40— SANDY SILTY CLAY TRACE GRAVEL
¥ — WITH COARSE SAND AND GRAVEL
Q ) - SEAMS
. Gray
9] ST{18 CcL p Hard
45—
He 3
_
—
—
0] sT{12| 8 CcL =
5 —
HS 3
:630.0 53.5)
—
) Bottom of Boring
S—y
—
e
oy
THE STRA HFICATION LINES HEPRESENT THE APPROURMA TE BOUNOARY LINES BE TWEEN S0t AND ROCR TYPES. IN-SITU, THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED | -26-80
(W.L| 7,5'" WS.ORWD.| 44.5' AB. Terracon Consultants, Inc. BORING COMPLETED | |-26-30
W.L. BCRT Ach Codai Haprds Uaftunpon Des Moines 1A lRlG CME 75 FOREMAN JM
R Ransas City Wichita KS
wil 0.0' on 1-8-8] [APPROVED JFH [JOB # 680574

(¥¢



LOG OF BORING NO. Z1| #7
OWNER | oA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
\ EURL INGTON, [0WA U. S. ARMY CORPS OF ENGINEERS
SITE PROJECT NAME
: BRUSH CREEK
ARALINONED PINKWATER LACOOM SURSURFACE CONTAMINATION INVESTIGATION
[ F}
5 £l ¢ o
v | 2 val & | . |2 =
2| 8% 2221 5 |13 |2 iption £
1o el s = |88 S i lee : pescrte 52
al v a 2 A Sac b crlva £ = -
E| 81 €| S 2 |2E2| 3 ~L € @ 2 . . . €<
2 T S - s |583 = |&8&2|54 & o Surface Elevation = ©79.2 S
: — SANDY S1LTY CLAY
| ST 24 } CL :677 401.5) Brown
—— SANDY SILTY CLAY TRACE GRAVEL
j Gray Brown
5_ Very STiff to Hard
| = !
RO VR R B CL =3 lao.o
10 669 .
—
—
] sottom of Boring
(@ =
f—
—
—_
-
3
—
-
—
T
-
_—
THE STRA NFICATION LINES REPHESENT THE APFROXIMA T SOUNDARY LINES BETWEEN SUIL ANO ROCK TYPES. IN-SITU. THE TRANSITION MAY BE GRADUAL.
WATER QEVEL OBSERVATIONS N BORING STARTED 12-22~-80
WL WS ORWD.| None A.B. Terracon Consultants, Inc. BORING COMPLETED [2-22-80
WL BCR. ACR. Codar Hu:nus D':::mp:;:;l 'Des K:mnu, 1A RIG BOIT)D/CME 45 FOREMAN TT
—— e —— - diads ‘y WChita, !
W.L. 1.5 on |=7-8 .APPROVED |FH 'JOB # 680574
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LOG OF BORING NO. 7| #1
OWNER |0va AR AMMUNITION PLANT ARCHITECT-ENGINEER
-, BURL INGTON,  [OWA U. S. ARMY CORPS OF ENGINEERS
SITE ... . ~ocr PROJECT NAME
SIa SIS H U Gl il o
ArsALONED SHHKWATER  LASOON SUESURFACE CONTAMINATION INVESTIGATION
; o~ ES
2 Sl L, »
ol 3la v 38 % a 3 A e
Z! E] w| = _ 1eacl| o VTS c Description =+
sl 31St1s ) £ 1288 Q 18" (os 2 53
Py 1%2) = - - (= . -
a al 2 $ |la2c| & | j2a < T .
El &1 el 2| 3 |cEE 5 | ~%IZEl 8 | 2 . . _ <=
Sl 2121 ¢& @ 535 = aaisal 8§ o Surface Elevation = 670.2( 22
- SILTY CLAY TRACE SAND
—
A — Dark Brown
It oy
72,0
= CAMPY T TRACE GRAVEL
bloT) 2 p) CL L = Al R - G
Co T/ Brown
- Ty Nery Stiff
=y I -
—
: =
7 T - | C! —
2 - CL — Lim mn
!O :Jbb 2 'U.O/
p—
—
—1
—— .
— Bottom of Boring
—
=
—_
e
—
.
—_
]
han
——
—
e
—
—
THE STRATIFICATION LINES HEPRESEN] THE APPRUXIMATE HOUNDARY LINES BETWEEN SOIL AND ROCK TYPES IN-SITU, THE TRANSITION MAY BE GRADUAL
WATER L_E_YEL OBS_ERVATIOLJE BORING STARTED 12=-23-80
w.i. WS . ORWD.]| None AB. Terracon Consultants, Inc. BORING COMPLETED 12-23-80
T T T AT T Ceuur Rapids Oavenport Des Moines, 1A i
W.L. L B.CR.| _A:p_.R. Cansas City Wichia, KS RIG Romb/CME 45(FOREMAN TRT
WL 7.5 on |-7-8l . APPROVED |Fy |JOB # 680574
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LOG OF BORING NO. Z| #9
OWNER | oiva ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
, SURL INGTON, 1 OWA U, S, ARMY CORPS OF ENGINEERS
SITE ERUSH CREEK PROJECT NAME
' ABANDCONED PINKWATER LAGOGN SUBSURFACE CONTAMINATION INVESTIGATION
[:8])
5 £ = -
o 318 238 & |2 |3 23
z E an > 2 4 ; S g O c Description £ 2
2|1 318l 5] & |2=¢%| © {o™ |lvs 2 58
) a a | 2 A §ac| g ar|jeal £ o ol
El &l €| 9 2 lecegs| 2 | ~S|=El B 2 P
Q BSS ] L = c o= il € > Y - : . . - O @
|- lnl ® >onl 2 o= >n O w Surface Elevation = £77.4 =
- CLAYEY SILT WITH SAND SEAMS
PA - Dark Brown
i ff
~ CL = (4.6?'
} i1 20010 TT —6735.4
) SILTY CLAY LITTLE SAND WITH
— NUMEROUS SAND SEAMS
©a 3 Brown Gray
H mn Stiff to Very Stiff
= e
SaTi 2400 ‘iE' =
b 0—T667.4K10.0)
]
- Buotiom of Boring
—
]
—
-
_{
—
—
-
—
b
.
———
]
THE STRANFICATION LINES MEPRESENT THE APPROXIMATE BOUNDARY LINES BETWEEN SOUIL AND GOCK TYPLS IN-SITU. THE TRANSITION MAY BE GRADUAL
c WATER LEVEL OBSERVATIONS BORING STARTED 12-23-80
(W.L{ 7' W.S.ORW.D.| None AB.| Terracon Consultants, Inc. BORING COMPLETED |2-23-30
w.L. B.C.R A.C.R,| Crdw haeds Davenport Des Mowes. 14 | piG Bomb/CME 45| FOREMAN REF
—— Kansas City Wictuta, K5
WL| 2 4' on |-7-8] {APPROVED JFH |JOB #680574
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LOG OF BORING NO. 7| #0

OWNER

[OWA ARMY AMMUNITION PLANT
BURLINGTON, [OWA

ARCHITECT-ENGINEER
U. S. ARMY CORPS OF ENGI

NEERS

Q SITE

BRUZH CREEK
ABANCONED PINKWATER LAGOON

PROJECT NAME
SUBSURFACE CONTAMINATION

INVEST IGAT ION

s ~ g
c >
' ; [ § ;C: : a 2
2| 2| g22| ¢ | & & . 29
f E w E . E @ E, 8 gn L; N 5 Dascription %5
& ) = ~ T - - [e] ) = oQ
a 2] > 3 Sac 5 Qr|ev s £ P r_
elgl B2l 5 lges| 2 |2502E & | 3 | . s -
Sl 218l e & |5S8a|l 2 |az|sal & & Surface Elevation = 678.3 g3
= SANDY SILT WITH COAL CHIPS
FA — (2.5) Dark Brown to Black
1675 84—
ST | 24] 12 cL — SANDY SILTY CLAY TRACE GRAYVE!.
5 Brown :
] very Stiff
PA - |
—
|
AR cL - ,
- — (10.0)
10 668.3 2.0
E Bottom of Boring
o
C =
-q
-
—
ﬂ
-
-
FHE STRATIFICATION LINES REPRESENT THE APPROXIMA TE BUOUNDARY LINES BETWEEN SOIL AND ROCK TYPES IN SITU. THE TRANSITION MAY 8E GRADUAL
c _ WATER LEVEL OBSERVATIONS BORING STARTED  |2-23-80
(wi] ws %\ﬁl;p;[-ﬁl‘o_n'e_h AB.|  Teracon Consultants, Inc. | BORING COMPLETED |2-23-80
wW.L B.C.Ri A.CR. Cedar Hapids Davenport Des hfonms, 1A RIG Bomb/CME 45 FOREMAN TBT
b——— e — Kansds Cily Wicmita, KS
W.iL 5.3" on |-7-81 APPROVED JFH JOB # 680574
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b/

U. S Standerd Sieve Opanings in inches

U. 3. Stendard Seove Neminn

Hysroauter
100 ) 2 i : % % ? 4 ? : 10 IIA lle 2;1 jIc 410 wo‘oro 1?0 1;0 7({0 270 0
T
%0 1] - — — 10
1=
T ] -
\h\
80 R o 20
70 —\ 30
3
£ )
s 0 © i.
E3 N -
5 e s
n -
s % < 50 !
< S 2
« T 3
£ I\EL s £
g+ A 60
: | :
30 -+ -1 70
innl
2 g 80
10 e 90
0 - 100
100 50 10 S 1 0.5 0.1 005 0.0 0.00% 0.001
Grain Size 1n Millimeters
GRAVEL SAND
Coarse | Fine Coar 3¢ L_ Modiom ] Fine SILY or CLAY
SAMPLE
No. | WC | LL PL P1 CLASSIFICATION IA. ARMY AMMUNITION PLT.
| 54 18 36 BURLINGTON, IOWA

UNIFIED CLASSIFICATION C CH O

SITE Z-1

BORING | SAMPLE 1
DEPTH 4.0 - 6.8 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, I|A
Kansas City Wichita. KS

DRAAWN | AROVED DATX JOB No.

JEH.  |etrissst] 680574
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U. S Slanderd Sieve Opsnings in inchas

U. 3 Stansard Siuve Normbe. .
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Grain Size in Millimeters
GRAVEL SAND _ [
Coarse Fine Coorse ! Medium ] Fina 1 SILT or CLAY
SANPLE ' o
. |WC | W Pt M CLASSIFICATION IA. ARMY AMMUNITION PLT.
4 58 17 4 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-1
~ BORING | SAMPLE 4
DEPTH 19.8-21.8 ft

-

DHRAWN

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, 1A
Kansas City Wichita, KS

AP*’F-"RO\IED1 ODATH JORB No.

SEW et/is/81] 680574
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U S Swnderd Sieve Opsnings In taches U. S Standerd Siewe Nemban Hydromatar
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0 did 100
100 50 10 ] 0.5 0l 005 0.01 0.005 0.001
Grain Siu in Millimeters
GRAVEL SAND T
Coerse Fine Coarse | Medium 1 Fine SILT or CLAY
MMMt we. | w | e CLASSIFICATIO ;
No. . ION TA. ARMY AMMUNITION PLT.
9 19 14 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ( CL-ML ) SITE Z-1
BORING ¢ SAMPLE 8
DEPTH 44 - 45 ft
Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, 1A
4 Kansas City \Lvlcnlla. KS
L DRAWN | APPIOVED DATY JOB No.
<JEH  |e1/15/81] 680574
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V. $. Standard Sieve Openings In inches

U. 3 Slanderd Siewe Mumasrs
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100 50 10 s 1 0.5 01 005 0.0 0.00% 0.001
Grain Size in Milimeters
GRAVEL . SAND -
Coarse ] Fine Coarse | Med ium 1 Fine SILT or CLAY
Myl we | w | P | p CLASSIFICATION
No. : IA. ARMY AMMUNITION PLT.
| 45 24 21 BURLINGTON, IOWA
UNIFIED CLASSIFICATION € CL O SITE Z-1
- BORING 2 SAMPLE 1
DEPTH 4 - 6 ft

Terracon Consultants, Inc.

Ce0ar Rapids Davenport Des Moines, 1A

Kansas City Wichita, KS

DRAWN | AP#HOVED DATE JOB No.

2FH.

lai/15/81] 680574




£s/

U. S. Standerd Sieve Openings In Inches

U. S Stendard Siove Members

» Hydromeotor
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Grain Size n Millim.it'e_vs
Coarse | GRAFYiEnl; Coarse | Modium SA]NJ? Fine SILT or CLAY
SAMRLEl we. | w | eL Pt CLASSIFICATION
NO. : 5 TA. ARMY AMMUNITION PLT.
2 48 16 32 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE Z-1
BORING 2 SAMPLE 2
DEPTH 9 - 11 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A
Kansas City Wichita, KS

DHRAWN | APVWROVED DATHE JOB No.

<&l |ei/15/81| 688574
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U. $. Stansard Sieve Openings in Jnches

U. 3 Standerd Siave Numaiiens

Hydrometsr
100 2 : 13 : 18! 1] : ) |03\1\jn|]cj ﬁrr 3 oTo 3,os'o7lo u'>o u'q 1nlm 270 0
9% T _ i 10
] TP
S - L ]
~N
w Y : .
=Nl
70 . - 30
\\ -
= g -
5 6 Sy ©3z
i oL Fy
L N -
: % - \EE 50 &
: 2
U a I~ (8]
€ w * 3| 0
e T B 1 3
< - e . - \\ K.
30 - -] aSEE 70
RRTj
,\\
201 = 80
| RN ~
10 44— %0
0 . | 100
100 50 10 1 0.% o1 005 0.0 0.00% 0.001
Grain Size in Millinieters
GRAVEL SAND
Coerse ] Fine Coor se 1 Madiom l" Fine SILT or CLAY
saerllwe. | w | P | m CLASSIFICATION
NO. : IA. ARMY AMMUNITION PLT.
6 32 16 16 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ cCL ) SITE Z-1
BORING 2 SAMPLE 6
DEPTH 28 - 38 fi
a Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, A
e e _‘ K’an.saf CLty_ j!ichila, KS
o DRAWN | A+ icOVED DATY JOB No.
_, e |eiziessi | eses74
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U. § Standerd Siove Opunings ia taches

U. 3 S15ndsrd Sieve Numben
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~ i Dr.:s_m §1{e in Millimeters
CRAVEL R T
Coarse I Fine CN'“_ }: Madium 1 Fine . SILT or CLAY
SAMPLE
no. | W.C | LL PL P CLASSIFICATION IA. ARMY AMMUNITION PLT.
2 28 15 13 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE Z-1
BORING 3 SAMPLE 2
DEPTH 9-11 ft
3 Terracon Consultants, Inc.
Cedar Rapids Davenport Des Maines, IA
K§n§§s an W'C,Ditf' )S,
DRAWN | APvwovED | DATK JOB No.
JFY  |et/16/81] 680574
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U. 3 Standard Sisve Opaning) la inchas

U. 3. Stendard Stave Numosns

Hydromaston
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Grain Size in Millimeters

GRAVEL SAND
Coarse I Fine Cooru_;l Modium ]_ Fine SILT or CLAY
et lwe. | w | e | m CLASSIFICATIO
NO. . N IA. ARMY AMMUNITION PLT.
5 29 13 16 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-1
BORING 3 SAMPLE S
DEPTH 24-26 ft
L Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, |A

Kansas City Wichita, KS
DRAWN | AP#HROVED DATX JOB No.
o - | SEHl |et1/16/81] eses74
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U. 3 Slenserd Sieve Openings in inchas

U. 3 Stsnsard Sieve Numbers
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Grain Size in Milimeters
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Coarse | Fine Coarse | Medium | Fins SILT or CLAY
SANPLE
NO. w.C. Ll PL CLASSIFICATION

IA. ARMY AMMUNITION PLT.

BURLINGTON, IOWA

UNIFIED CLASSIFICATION ( sc D

SITE Z-1

BORING 3 SAMPLE 8
DEPTH 39-38.5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A
Kansas Cily Wichita, KS

ek e 6 LR

CRAWN | AP#kOYED DATY JOB No.

SJFM.  Jei/i6/81 | 688574




e : —— v o
U. 3 Swsnderd Sieve Opanings in inches U. 3 Stanidard Srove Nuaeo_ o Mydvomotor
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Grain Size in Millimeters
GRAVEL SAND T
Coaerse | Fine Coarse | Medium 1 Fine SILT or CLAY
Mot lwe | w | P | P CLASSIFICATION
KO. 5 JA. ARMY AMMUNITION PLT.
| 28 14 14 BURLINGTON, IOWA
UNIFIED CLASSIFICATION C CL ) SITE Z-1
BORING 4 SAMPLE |
DEPTH 2-4 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A

R Kansas City Wichita, KS

DRAWN | ARPKOYED DATK 2JOB No.

Y e1/16/81] 680574

S/




U. S Stenderd Sieve Opanings in inches U. 3. Sisnderd Sieve Numbenn Hysromotor
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Grain Size in Milimeters
GRAVEL SAND
Cosrse | Fine Coorse ! Medium Fine SILT or CLAY
Mt lwe. | w | o | m CLASSIFICATION
NO. X TA. ARMY AMMUNITION PLT.
2 29 13 16 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL > SITE Z-1
BORING 4 SAMPLE 2
DEPTH 8-18© ft
Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, lA
Kansaﬂs City Wichita, KS
DRAWN | APFROVED DATK JOB No.
& | SN lo1/16/81] 680574
~o ’




N, £ 3 Nkl P

U. 5 Stenderd Sieve Oponings In inches

U. 3 Staniecd Shews Nuraben

UNIFIED CLASSIFICATION ¢ CL

Mydromutss
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SAND T
Cocvu_‘r Medium T Fina SILT or CLAY
CLASSIFICATION

IA. ARMY AMMUNITION PLT.
BURLINGTON, IOWA
SITE Z-1

BORING 4 SAMPLE 3
DEPTH 13-15 ft

Terracon Consultants, Inc.

Cedar Raptds Davenport Des Moines,
Kansas City Wichita, KS

DRAWN | APF-AOVED DATX JOB No.

a9/

i,

<FH  Jei/i6/81] 680574
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U. § Swnadard Sieve Openings in inches

U. 3 Standerd Stove Nemoers
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100 50 10 1 0.5 (VI 005 0.01 0.00% 0.001
Grain Size in Millimeters
GRAVEL SAND !
Coarse I Fine Coarse | Medium I Fine | SILT or CLAY
Mwtlwe | w | pL | P CLASSIFICATION
NO. : TIA. ARMY AMMUNITION PLT.
2 45 20 25 BURLINGTON, IOWA

UNIFIED CLASSIFICATION C CL )

SITE Z-1
BORING 5 SAMPLE 2
DEPTH 8 - 18  ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A
Kansas City Wichita, KS

- DRAWN | AFPROVED DATE JOB No.
o . SEN  lai/16/81 | 688574
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V. § Standard Siave Openings in Inches

3

2

U. 8 Stanssrd Sieve Nembers
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Grain Size in Milhimeters
GRAVEL TsaND T T I
Coarse Fine Coaru‘_L__- Modium I _;,FJL' SILT or CLAY
St lwe. | w | e Pt CLASSIFICATION
NO. : JA. ARMY AMMUNITION PLT.
3 39 18 13 BURLINGTON, IOWA

UNIFIED CLASSIFICATION ¢ CL

SITE Z-{
BORING 5 SAMPLE 3
DEPTH 13.0-15.@ ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, [A

Kansas City Wichita, KS

. ‘ONAWN [ APPROVED | DATE ] JOB No.
- - 5 N ,‘)ﬁf;,v 81/16/81 | 688574
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TN T T~

U. S Standard Sieve Openings in tnches
) 2 Yy

U. 3 Stenserd Sieve Numben
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Grain Size in Millimeters
GRAVEL SAND
Cosrse ] Fine C“.““l Medium ] Fine SILY or CLAY
o jwe |l w| e | p CLASSIFICATION TA. ARMY AMMUNITION PLT.
! 35 21 14 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ( CL ) SITe Z-1
BORING 6 SAMPLE 1
DEPTH 3.5-5.5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, I|A
Kansas City V\_Iichna, KS

DRAWN

APPROVIED DATE JOB No.

el lei/1e/81) 680574
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U. S Standerd Srove Openings in iaghes

U. 3 Standard Siuve Mumben
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G(f_in_gife in Millimeters
GRAVEL SAND
Coarse [ Fine Coarse m{ Modium 1 Fine SILT or CLAY
MRt we. | w | pL Pt CLASSIFICATION
No. : IA. ARMY AMMUNITION PLT.
3 29 14 15 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE Z-1
BORING 6 SAMPLE 3
DEPTH 13.5-15.5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, 1A
Kansas City Wichita, KS

—_ PR P

DRAWN

AFFROVED

DATY

JOB No.

JEH

81/16/8

680574
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U. 3 Standard Sieve Openings ia Inches

ET RS VY OO

U, S Standerd Siave Numbens

Hydrometon
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Grailér‘u_e in Milﬁlvn__r_r}iliis
Coarse | GRA:iEn‘; Coarse | Medium SAIND Fine SILT or CLAY
MMt we. | w | P | Pt CLASBIFICATION
no. = IA. ARMY AMMUNITION PLT.
7 28 17 I BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-1
BORING 6 SAMPLE 7
DEPTH 33.5-35.5 ft
B Terracon Consultants, Inc.
Cedar Rapids Davenpori Des Moines, IA
. Kansas City Wichita, KS
- DXRAWN | AP#RCVED DATE JOB No.
) - . | R lei/16/81] 680574
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U. $ Stendard Sieve Openings in inches

U. S Standard Siewe Numbens
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Grain Size in Mithmeters
GRAVEL SAND T
Coarse Fine Coarse »L___ Mudium ___I_ Fine SILT or CLAY B
st we. | w | pL | Pt CLASSIFICATION | -
No. : . TA. ARMY AMMUNITION PLT.
i 34 IS 19 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE Z-f
BORING 7 SAMPLE |
DEPTH g -2 fi
B Terracon Consultants, Inc.
Cedar Rapids Davenport Des Mornes, IA
— - ] l(ansas City ‘W:c.llila, KS
DHAWN | APFHOVED DATK JOB No.
o o - JEH. lei/16/81] 6808574
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it e A kia

U. S Standard Sieve Opunings in inches u.s Slohbf'i Sieve Nemlen MHydrowmoton
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Grain Size n Millimeters
GRAVEL SAND
Coarse | Fine Coarse | Medium ] Fine SILT or CLAY
MMl we | w | pu Pt CLASSIFICATION
NO. : IA. ARMY AMMUNITION PLT.
{ 29 18 1 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE Z-1

BORING 9 SAMPLE |
DEPTH 3 -5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A
Kansas City Wichita, KS

DRAWN | APPROVED DATX JOB No.

<JEXN a1 16/81 ]| 688574




U. 3 Stsnderd Sieve Openings in inches U. 1 Stenderd Siove Numben Hydremmsto
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- [[1] 1] T L
. N MU RN I .
Eu\ |
444 o N 0 I O O Oy -

8 i \ R 444 2

70 Tt 1 }L - 30
£ N s
2 e . > 18 8 w3
3 i B
z IR 5
5 50 - 50 3
g IIREAEN il 3
€ N 2
5 Hi — “}
a 4 f e - N I

30 - 14— At —— _ 7

- —_—t— \\

2 - - 80

10 H-t- = %0

0 o . 100

100 50 10 s 1 05 01 00% 0.0l 0.005% 0.001
Erain §i_z_g in Millimeters B
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st we | w | po Pt CLASSIFICATION A
Ko. = JA. ARMY AFMUNITION PLT.
I 29 13 16 BURLINC {ON. IOWA
UNIFIED CLASSIFICATION ¢ CL O SIit Z-1

B BORING 10 SAMPLE 1

DEPTH 2 5 - 4.5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, 1A

—_ Kansas City Wichita, KS

v S s i

DHRAWN | AFriiOVKD DATE JOB MNo.

39/

<™. Jai/16/81] 680574




Boring

o

w N

g0 W W

Sample

IOWA ARMY AMMUNITION PLANT
BURL INGTON,
JOB NO. 680574

CONSTANT HEAD PERMEABILITY TEST RESULTS

Depth
(ft)

k.o~ 6.0
19.6-21.0
9.0~11.0
28.0-30.
9.0-11.
39.0-39.
2.0- bk,
13.0-15,
8.0-10.
13.0-165,
3.5 5.
13.5-15.

v O O O O unw o o

§ OWA

SITE Z2-1
Moisture Dry Coefficient
Content Density of

% pcf Permeability
cm/sec
19.2 110.3 5.3 % 1072
15.9 115.3 8.9 x 1072
20.1 103.8 1.3 x 1072
13.7 P1h.b 8.7 x 107"
21.3 104.8 1.2 x 1078
32.5 80.5 5.9 x 1077
14.0 118.9 2.9 x 1072
16.5 116.2 2.1 x 1072
23.5 101.1 3.5 X 1077
1k, 118.1 1.0 x 1078
27.8 89.5 7.9 x 1072
1.5 117.4 9.1 x 1077




Table

Z1#5

2146

ZV#7

Z1#8

Z1#9

Z1410

BORIHNG AND WELL

SURVEY DATA

SITE Z1 - ABANDONED PINKWATER LAGQOON

IOVA ARMY AMMUMITION PLANT - BURLINAGTON, [OWA
JOB NO. 030574 MARCH 31, 1981
C.0.E.

Local Coordinate Elevation

N £ Natural Ground Top of Pipe
ir) ) {(ft) (f+)
1az 14117 632.1 635.8
T1R1 13955 670.,7 673.3
7145 13948 671.0 673.9
169 13794 677.6 680.6
1o 13677 ) 676.6 -
7366 13368 674.2 -
9566 13239 683.5 687.3
7679 13760 679.2 -
74838 13584 676.2 -
7862 13390 877.4 -

13405 678.3 -

7990
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Table WATER LEVEL OBSERVATION:
SHTE 721 - ADBAMDONED PINKWATEE { ACOON
JOWA ARMY APMINTITION PLANT = DBURLINTTON,  1T0WA
JOB NO. 80974 MARCH =, 1401

Water Encountered Water level Records L e
D.B. A.B. WLE WLF Wik

SiTe Date (1) (ft) Date Elev(ft) Date Flev(ft) Date Elev({t)
211 12-3-80 43 47 1-8-81 675.1 1-5-81 6721 T-u-t1] 67¢.7
2V#2 12-22-80 - 4 1-8-81 671.1 1-8-81 £55, 3 1-4-81 [5G E
ZVE2A 12-22-80 - - 1-8-81 666 .72 1-5-81 ABH 7 T-n-81 -
Z1#53 12-4-80 12.5 - 1-58-81 675.6 1-8-81 675.8 1-G-H1  67%.9
Z1£6 11-26-80 7.5 44.5 1-8-81 683.5 1-8-81 681.2 1-9-81 66205
Z1#4 12-23-80 - - 1-7-81 673.7
Z1#5 12-22-80 - - 1-7-81 V 673.3
2147 12-22-80 - - 1-7-81 677.0
Z1#8 12-23-80 - - 1-7-81 6757
Z1#9 12-23-80 - - 1-7-81 674.0
21410 12-22-80 ~ - 1-7-81 675.0



zl/

Table WATER SAMPLING OBSERVAT 1OM<.
SITE Z1 - ABANDONED PINKWATER LACOON
TOWA ARMY AMMUNITION PLANT - BURLINGTON, TOWA
JOB NO, 680574 MARCH %, 1931

14

Water Sampling Records

WLE Temp WLE Temp WLE Temp

Site Date - Elev(ft) °c pH Date Elev(:t) °c pH Date Elev(ft) °c
Z1#1 1-27-81 676.4 9 7.55  1-28-81 676.4 9 7.48  1-20-8]1 676.5 7

Z142 - - - - - - - - 1-26-81 671.0 8.5
Z1#2A  1-27-81 667.7 6.5  7.25  1-28-81 607,10 K 7.54 - - -
Z1#3  1-27-81 675.8 8 7.24  1-28-81 675. 58 f 7.26  1-29-81 675.7 7
Z1%6  1-27-81 682.3 7 7.23  1-28-81 682. 1 €5 7.2 1-29-81 662.5 6

6.5



Tablo SURFACE WATER SAMPLE RECORD
SITE Z1 - AHANDONED PINKWATER LAGOON
[OWA ARMY AMMUNITION PLANT - BURLINGTON, |OWA
JO3 NO. 630574  MARCH 3, 1981

Temn.

Site Samp le Date Time oC gﬂ By Remarks
SWRZ14 1 12-18-30 - - EGH By SCS, Engineers®
SWSZ1 4] 2 i-15-31 950 ALM, 4 9.3 JFH Clear With Soot
SaSZ 1 3 1-28-81 1p:3% 5 9.1 JFH Clear With Scot
SWOZTHL 1 12-18-30 - - - ECH By SCS5, Enainesrs*
SWSZ142 2 1-15-31 9:50 A.M, 4 9.2 JFH Clear With Soot
SWSZI1#2 3 1-28-81  16:45 1 9.0 JFH Clear With Soot

* Data Mot Available to Terracon

(Mote) Stream Flow was visually estimated as 1 CFS on January 15 and January 23, 1931.
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APPENDIX D

SITE Z, DATA

2
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LOG Of BORING NO. 2 |
OWNER |0wA ARMY AMMUMITION FLANT ARCHITECT-ENGINEER
BURL INGTON, 10OWA U. . ARMY CORPS OF EMNMGINEERS
SITE LINE & PROJECT NAME
DETOMNATOR LINE SUBSURFACE CONTAMINATION INVESTIGATION
o ~ B well Installed [11-25-80
= =l - -
kn bl o L >y ;: —-
e ag|] o b ; 9 g ,.7,): ~ o tion o
S5 E 8l = 285 S 18- 12, S esere 53
- 2 & 2 K ol % - . T 5
S| 12|k 2 1£3zl £ 1523|1523 & : Curface Elevation = 722.7 £
— CLAYEY SILT TRACE SAND :
pA :_m/‘ oo Dark Brown
: [AES )
—_— SILTY CLAY TRACE SAND
ST za |1 50.7 CL| . T Sray Brown
i Medium
Pa = ]
i SA8.00)
—714.7
7 12411 CL 10 — SAMGY SITLTY CLAY TRACE GRAVEL
{(CLACTAL TILL)
: oA _ Brown
e Medium to StTiff
‘@5 ST 24v 8 J19.3{109 |cL -
; 15—
' PA -
—
441 STt 24120 CL —
0
—
—
PA —
- To Gray Brown at 23'.
5| sTi24 |16 cL 3
; by =
N Tegg 71026.0)
‘ - SANDY SILTY CLAY TRACE GRAVEL
— (GLACIAL TILL)
. -] Gray
6] ST{24 |i0 CL — .
0 oo, 7| 30.0)very S¥iff
. Continued on Sheet #2

Trie STRATFICATION LINES REPRESENT MHE APPROXIMATE BOUNDARY LINES HETWEEN SOl AND ROCK TYPES IN-SITU, THE TRANSITION MAY BE GRADUAL.

WATER LEVEL OBSERVATIONS

W] s WS ORWD[ || 3 AB]
wt]  BCR ACR
WLl 18,.2' on |-8-8]

Terracon Consultants, Inc.
Cedar Rapids Davenport Des Mowney, A
Ransas Ciy Wichiia RS

BORING STARTED

I 1-20-80

BORING COMPLETED

| 1-20-80

RIG CME 55 #4

FOREMAN REF

APPROVED jFH

JOB # 680574
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LOG OF BORING NO. 72 #2
OWNER | OwA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
BURL INGTON, [0OWA U. S. ARMY CORPS OF ENGINEERS
¢S|TE LINE 6 PROJECT NAME
DETCNATOR L INE SUBSURFACE CONTAMINATION INYEST IGAT ION
¢ o | Well Instalied 12-11-80
Z Ste o, @
o % a o 2 § % é E L. g';
Z| £} w| = P 2 O c Description -
2| 31 S| s E |2vyl ¢ s lo s _ e 3 a
[=) [+ > n 5 9c b ar (¢ c < ) _
El&16| 2| 2 |282] 5 |25[E§ B | 2 53
a |l Z|al| @ |364] 2 14825258 A @ Surface Elevation = 698.4 2%
| -
PA — ~SILTY CLAY TRACE SAND
-q
] D‘arjk Brown
Howtl 24| 8 28.6| 89 |CL - Stiff
5 ———
PA e . of2)
- SANDY SILTY CLAY TRACE GRAVEL
21 ST 24 CL — WITH SAND SEAMS (GLACIAL TILL)
Q]
) Brown
PA - Very Stiff to Hard
—1
—
-
3 eT| 24 19 CL =
|9~
] With Occasional Sand Seams at
PA — 16",
af sT|24] 19 cL 3
201
PA -
<
5] ST{24 ] 11 17.9]112 |CL -
25—
—
PA =
6| ST{24 | 13 CcL -
3 Continued on Sheet #2
—-{
THE STRATIFICATION LINES HEPRESENT THE APPRONIMATL BUUNDARY LINES BETWEEN 5L AND ROCK TYPES IN-SITU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED | | =20-80
WL, .7.»5_'_7 W.S. OR W.D.| |O.»3_'___:A_;B.7 Terracon Consuitants, Inc. BORING COMPLETED | |1-20-80
w.L. B.C.R ACR| Cotor Rawus Davengoct Dos Mones 4 [RIG CME 55 #4 |FOREMAN RE[
- — ansas City ichuta,
W.L| 2.0' on |1-8=8I APPROVED JFH [JOB # 680574
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LOG OF BORING NO. 72 #2 (Continued)
OWNER | (A ARMY AMMUN I TION PLANT ARCHITECT-ENGINEER
GURLITGTON,  1OWA 5. S. ARMY CORPS OF ENGINEERS
¢sn£ e o PROJECT NAME
DETOMATOR L INE SUBTURFACE CONTAMINATION INVEST IGAT [ON
QG
g =l I
- ~ c ]
o % é o 238 2 z 5 o=
Z|E| w| ~ a2 3 a G c Description £g
L A < o £ s vgl @ T v oo 2 58
2 218z s |§ad) v == |28 £ 3 2
&l ey 3 288y 5 N R g
Sloial ) 8 (5835 (8855 & | & 23
- Continued from Sheet #1
JP— (50.0)
20 BHE , (s e e e s — s —— —n
oA = SANDY L ILTY CLAY TRACE GRAVEL
’ — WITH SAND SEAMS (GLACIAL TiLL)
| ——
- Brown
71T | 24] 8 CL = Very Stiff fo Hard
PA .
guT {24712 cL —
40
PA 3
- With Numerous Sand Seams
GIUT | 24413 CL ] ar 43.5",
45—
PA -
-
fQ|ST | 24112 CL n
50 ——648 . 4f=22
= Bottom of Boring
H
-
THE STRATIFICATION LINES NEFRESENT THE APPROXIMA TE BOUNUDARY LINES BETWEEN SHL AND RUCK TYFES IN-SITU. THE TRANSITION MAY BE GRADUAL.
WATER LEVgL OBSER JATIONS ] BORING STARTED 11-20-80
| WL| 7,5' WS.ORWD.| |0,3' AB,| Terracon Consuitants, Inc. BORING COMPLETED | |-20-80
W.L. B.CR. AC.R.| Coawr Raws 02‘:’“"‘:;' e “:“““"" “ |RIGCME 55 #4 |FOREMAN REF
— e e e e anaas Cily hChila ®
WL 2.0' on 1-8-81 | APPROVED JFH [JOB # 680574

(11



LOG OF BORING NO. 72 43
OWNER | hiyA ARMY AMMUNIT ION PLANT ARCHITECT-ENGINEER
Q RURL INGTON, |OWA L. S. ARMY CORPS OF ENGINEERS
SITE LINE 6 PROJECT NAME
DETOMATOR LIME SUBSURFACE CONTAMINATION INVESTIGATION
QJ -
g ~ s
a T = w
¢ | 2 val 8 | . |2 o=
| a c22 g = S o
A LS I 5 Description 53
al 213 2 a |€ad $ |Qel2El = = -
E1 & El 3| & 258 3 |z2]28 % | 55
- SR I I @ |50a 3 |&d2|54 & Surface Elevation = 716.9 23
-~ CLAYEY SILT
= ; Dark Brown
PA 714 of L)
— STLTY CLAY TRACE SAND
[1ST | 24 7 CH - Brown
Y — Medium
—
PA = Gray at 4'.
olsT | 24! 20 gm ‘_j Brown at 9'.
10
PA -
¢ 03, o2
2| 5T | 24 7 16.41113% |CL = SANDY SILTY CLAY TRACE
15 GRAVEL WITH SAND SEAMS
-] (GLACIAL TILL)
PA = gBrown
- Stiff to Very Stiff
4lsT 1241 15 cL — With Numerous Sand Seams
>0 = at 19'.
—
PA -
——
- 1]
5|sT |24 11 15.71108 |CL = Gray at 24%.
25 —
ﬁ
pa—
PA -
-
H
cL =
6|ST |24 10 —
— 30.0)
30 686.9 0.0
. Bottom of Boring
-
—
THE STHRATFICATION LINES HEPRESENT THE APPROXIMATE BOUNDARY LINED BETWEEN SUIL AND RUCK TYPES IN SiTU. THE TRANSITION MAY BE GRADUAL
__ WATER LEVEL OBSERVATIONS “ BORING STARTED | 1-21-80
WLl g ot WS.ORWD.| g y' AB.| Teracon Consuitants, inc.  |BORING COMPLETED | !-21-80
wL|  BCR __ A.cg:l Loeular “:"Z "“C'j""‘;;'m"":“x‘f'"“- " IRIG CME 55 #4 |FOREMAN ReF
WL| 4.7' on 11-25-80 Q ' APPROVED JFH [JOB # 680574

/178



LOG OF BORING NO. 72 ¥4
OWNER |0 ARMY ALEIUNIT ION PLANT ARCHITECT-ENGINEER
BURL INCTON, 1OWA t, S. ARMY CORPS OF ENGINEERS
& SITE LINE o PROJECT NAME
DETOMATOR L INE SUBSURFACE COMTAMINATION INVESTIGAT ION
-— ~ c vi
L : - g 2 2 2 g o=
2 E‘ @ | o= - § a O c Description £2
P T T |Sergt © TR Q 52
= 2} = c - 5 € Pt
a a > N §ac T Qx| 2 = ) r
E 2 [ A g D = - = E a > =
< 5 3 + S € o s ‘S c . U 2 _ L. _ oo
w | S |lwn|ax @ 2Cal = c2 oh Q ") Surface Elevation = 713.8 ==
-— AYEY SILT,
— 5)%L—LT‘ Dark Brown
-A712.3
ke e . o
A — 5ILTY CLAY
ot 1ol s Ll - Brown to Gray Brown
- cHy 9 Meaium to STiff
—
PA -
amy
2097 (241 11 CL —~1) o
[l |( -1 /( 4 . _3 ]
‘)"'._ SALDY SILTY CLAY TRACE
- CRAVEL (TL LTIl
bA » ( ML. « ACIA FLL)
A Sray Brown
- Stiff to Very Stiff
- Br, at 3,
2lst (241 15 cL _‘_1:! Brown at 13 '
15—~
PA -
—
—
4 |ST {24 | 7 CL -
20
—
——
A -
e
5 (ST [24 | 16 CL :.?
‘ZR
-
PA =
- With Occasional Sand Seams
6 ST |24 |18 CcL - 20.0) at “2‘9,
30 83 B = o —
= .
— Continued on Sheet #2
—
TrE STRATIFICATION LINES HEPHESENT THE APFROXIMATE BOUNDARY LINES BETWEEN SOQIL AND ROUCK TYFPES IN SITU. THE TRANSITION MAY BE GRADUAL
q WATER LEVEL OBSERVATIONS BORING STARTED 11=21-80
_W.E.___}__, §1___g,§t93w49._ 372 ILB_ Terracon Consultants, Inc. BORING COMPLETED | |-22-80
WL, B.CR. A.C.R. Cudvar Rapids Oavenpont Dex Mainas, 1A RIG CME 55 #4 FOREMAN REF
Kansas City Wichita, XS
WL| 3.3'" on 11-25-80 APPRQVED JFH [JOB # 580574
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LOG OF BORING NO. 72 #4 (Continued)
OWNER | 0un ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
BURL INGTON, 1OWA . S. ARMY CORPS OF ENGINEERS
SITE LINE 6 PROJECT NAME
CETOMATOR LINE SUBSURFACE CONTAMINATION INVEST IGAT{ON
Y ~
< aF
] -
@ .3 [Y : g : A =
el gl gz22| z |2 |= _ 25
i E o0 5 = < o ‘5:1 8 :C:,-. (; ~ 5 Description _Bg
a| 213l z| ¢ |588  |ocieg =« s £
x| 2| 2lBes| B 25 E 5 B 5=
Al d |« @ IsCal 2 |82 |54 & & 2=
- Continued from Sheet #1|
—f 30.M
>0 683.8"—‘————————'J
— SANDY SILTY CLAY TRACE
PA = GRAVEL (GLACIAL TILL)
— Brown
7I8T 124 15 2122 el - Stiff to Very Stiff
35
LA =
sloT l2a] 15 cL 3
JaQ
o =
671.3 42.5)
(ST {241 17 25.31101 |CH - SANDY SILTY CLAY TRACE
A5 GRAVEL (GILACIAL TtLL)
— Gray
. Very Stiff
FA —
hn Brown at 48.5'.
QST [24] 18 CH -
- -
5066 5. 82
E Bottom of Boring
—
—
—
=
3
-
po—
ey
THE STHADFILA HON LINES HEPRESENT THE APFRORIMA TE HOUNDARY LINES BETWEEN SUIL AND RUCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL
Q WATER LEVEL_Oﬂ_SERV_A_]:I_(‘)ﬁ{S~ B BORING STARTED 11-21-80
iv__l. 3. 5' w.s. ORWDW 3.75" AB Terracon Consuitants, inc. BORING COMPLETED | |-22-80
B comm o Cudar Rapids Oavenpont Des Momes 1A
r_w_'L..,._..___ B c R ACR Kansas Cily Wichita, KS ‘[RIG —C—ME 55 ‘#4 FOREMAN REF
W.L| 3.3 an ||—2‘:-—80 : 'APPROVED jry [JOB # 580574

/8o



LOG OF BORING NO. 72 #5
OWNER | hoa ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
4 BURL INCTON, 1OWA U. 5. ARMY CORPS OF ENGINEERS
STE | PROJECT NAME
DETONATOR L INE SHRSIURFACE CONTAMINATION INVESTIGATLON
)
8 | =
- ~ c wr
[~} %; ’g ° ; 3 2 3: ﬁ o=
Z [ E [ w]| » eail 8 12 |G c Description il
v | 81| 3 E J2egl © |8~ |os o 58
= A = c - [ - 00
a | 7 a 2 4 g 8 c & QF |¢a £ o r_
ElS|El 8| 2 (€52 5 |22 & | @ i S
n |l 213z o SOonl 2 a8 |canl o & Surface Elevation = 710.6 =
- SILTY CLAY TRACE SAND
-1 (2.0) Dark Brown
on 108 . 6=
— SITLTY CiLAY TRACE SAND
¢ - CLA - Gray Brown
—
PA =
. (3.0)
-0 .0 - - o TTLE SAN
2|57 | 24] 1o 2z 1w jel] 3 SILTY CLAY LITTLE SAND
!O b (Jra\-/
—_ (11 0 I\ﬂ;eijium
oA {6599 . O
— SANDY CLAYE/ SILT TRACE
— GRAVEL (SLAZIAL TILL)
3|ST | 24| 13 cL = Brown
15 — Stiff
PA =
—
] Gray Brown at 18'.
4|sT | 24| 19 cL =
20 1
PA :688.6(22'0)
—_ SANDY SILTY CLAY TRACE
CLH = GRAVEL (GLACIAL THEL)
51ST |24 15 CH »s_ Brown
— Very Stiff to Hard
PA = With Sand Cz2ams at 24'.
6[ST |24 18 CL -
-
— Continued on Sheet #2
THe STRATIFICATION UINES HEPRELSENT THE APPRONXIMATE BOUNDARY LINES BETWEEN S0t AND ROCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS BORING STARTED | 1-21-80
WLl 7,0' WS ORW.D.I™" 11, 5A8| Terracon Consultants, Inc. BORING COMPLETED | |-21-80
W.L. B.CR. ACR. Couar Rapids Oavenport Des Moines, 1A RIG CME 55 #4 FOREMAN REF
el e el - e e e Kansas City Wichita, KS
wLi|3.7" on |1=-26-80 APPROVED JFH [JoB # 680574
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LOG OF BORING NO. 22 #% (continued)

OWNER

OWA ARMY AMMUN T 1ON
BLIRL INGTON,

ARCHITECT-ENGINEER
. 5. ARMY CORPS OF ENGINEERS

WTE

DETONATOR L

PROJECT NAME

SUBSURFACE CONTAMINATION INVESTIGAT 10N

@ I;S‘ @ E .s 9 w
o aia v 20 = z S o=
f % 2 g c "’é ﬁ 5 3 ¢, o ) 5 Description .Eg
al 713l 2 w 532y § (S ok % 2
el 8l el s & 128 5 |08 B H Tz
a Sl Al @ |DOoxnl £ S £ |34 o & 23
—‘ .
— Continued from Sheet #1
— (30.0)
50 680 g ——— e T e
nd
PA — “ANDY SILTY CLAY TRACE GRAVEL
- WITH SAND SEAMS (GLACIAL TILL)
= Brown
71 5T 24 CL|_. T Vary Stiff to Hard
jjo Jumm— ’
e e |
PA 3
gl ST 24 CL =
30—
—
PA —
o
—
2
G AT CL -
45 -
PA —
= (47.5)
—1663.1 N
] SANDY SILTY ClAY TRACE GRAVEL
10l ST CL - (GLACIAL TILL)
50 _660.6(50 M Greenish Gray, Very Stiff
= Bottom of Boring
—
—
———
——
-
—
ot STHATIHICATION LINES HEPRESENT THE ARPHHOXIMATE BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL
0_ WATER LEVEL OBSERVATIONS BORING STARTED I'1-21-80
wil 5 Terracon Consultants, inc. BORING COMPLETED | 1-21-80
oy 1 | Cedat Hapids Davenport Des Mouwws 1A
Wt Kansas City Wichia, KS RIG CME 55 #4 FOREMAN REF
WL |APPROVED JFH |JOB ¥ 80574




LOG OF BORING NO. 72 #6
OWNER | oya ARMY AMMUNITION PLANT ARCHITECT-ENGINEER )
BURL INGTON, |0WA U. S. ARMY CORPS OF ENGINEERS
c SITE — PROJECT NAME
LINE ©
NETONATCR | INF SURSHIRFACE CONTAMINAT ION INVEST IGAT IO
[ 7’ v own S v 2
3| o 20| = [Z2 |3 =
Z ? w | > “:’ﬂz' 5 a 8 c Description £2
el 31 Sl e & |8l @ |8 luvs 2 58
:
= o o v - »: = E a > . . -
> E: E & u% Seal 2 1881530 & 2 Surface Elevation = 712.8 ég
— CLAYEY SILT
—_
— Dark Brown
PA = 710. gidl)
- SILTY CLAY TRACE SAND
il sT) 24 € 28.6/ 91| CH - Gray
5 Stiff to Medium
oA =
ST
L 24| 2 20.0] 90 =]
ST J O 9 CLl g —
3 701 g lD)
B 3 SANDY SILTY CLAY TRACE
- GRAVEL (GLACIAL TILL)
A i CH — Gray
4 ST| 24( 14 CLF|5 - Stiff
3
PA -
1 Brown at 19.0°'.
4 ST | 24115 CL -
20
PA -
— (23.0)
- 689.9
CHT . SANDY SILTY CLAY TRACE
5| ST | 24} 14 Cl 5= GRAVEL WITH SAND SEAMS
- (GLACIAL TILL)
PA - Gray Brown to Gray
— Very Stiff to Hard
6| ST | 241 16 CL =
— (30.0)
30 682.
_ Bottom of Boring
po—
THE STRATIFCA LION LINES REPRESENT THE APPRUOXIMA FTE BOUNUARY LINES BETWEEN SUIL AND ROCK TYPES IN-SITU. THE TRANSITION MAY Bk GRADUAL
W WATER LEVEL OBSERVATIONS | BORING STARTED __ |)-27-80 |
__W_l_.ﬂlLéo ''ws OR W.D.| _éh_ZS_'____A_.B. Terracon Consuitants, Inc. BORING COMPLETED 1-22-80
wL| ~ BCR AC.R.| Couer Fans ‘?z"l’y"“‘;:m""j*x:""'“- ' |RIG CME 55 #4 |FOREMAN REF
wiL| 4.5 on |1-25-80 ' APPROVED JFH |JOB # 680574
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LOG OF BORING NO. 72 #7
OWNER | 5iA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
; BURL INGTON, 1OWA U. S. ARMY CORPS OF ENGINEERS
W SITE PROJECT NAME
LINE o
NETONATOR. L INE SUESIRFACE COMTAMINAT ION INVESTIGAT ION
4| -
z S »
g ij o Q:J 2 2 = ‘2:; P
z g S B 27| S 5 < < Description e
7 - = IS L A S e - 9 53
a|2yea] 2 s 1sadl g |2 |28 & ] -
Eleel o 5 1282l s | ralEE 8 3 53
% R - @ SCHAL < alEs] Dﬁl a) o Surface Elevation = 715.8 23
. — CLAYEY SILT
A - Dark B
— (2.0) ar rown
— 7138
Clat oal 28.6 89| CHT = SILTY CLAY TRACE SAND
C — Dark Brown
- 5 Very Stiff to Stiff
FA —
- To Gray Brown at 5.0'.
CH+4 —
2 1ST 240113 —
CL —
—
10_T]
A - (12.0)
3703, g—=
5187 124114 CH — . .
— SANDY SI1LTY CLAY TRACE GRAVEL
5 (GLACIAL TILL)
PA ] Brown Gray to Brown
‘ — Stiff to Very Stiff
4 |ST | 24|24 CL -
20 ]
PA .
5 |ST | 24118 17.91112 |CL -
P55
PA =
—
——
& |ST (24|15 CL E
50 85,8220
pu—
E Bottom of Boring
Tre STRATIFICATION LINES HEFRESENT THE APPHIRIMATE HOUNDARY LINES BETWEEN SOIL ANO ROCK TYPES IN SITU. THE TRANSITION MAY B€ GRADUAL
/ WATER LEVEL OBSERVATIONS _ | BORING STARTED | | 24-50
WL[B. 7' WS ORWD| 20 AB. Terracon Consuitants, Inc. BORING COMPLETED | |-~-24-80
[~ T Ta o, T A Codar Hapids Davenport Des Momnes, 1A
wil T BcR|  acR. e D e RIG CME 75 [FOREMAN
L|5.5" on |1-26-80 APPROVED JFH |JOB # 680574
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LOG OF BORING NO. 7> #g
OWNER | WA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
SURL INGTON, QWA U, 5. ARMY CORPS OF ENGINEERS
G SITE . PROJECT NAME
LINE ©
DETONATOR _LINE SUSSHREACE CONTAMINATION mvs:sm;mm%
2 Y : . -
) ala v 2 2 Eé z 9 o
z E| aw| = 24 -: o) 2 O c Description -+
el 31Sls | & [£¢w Q |&82lse 2 8o
a al| 2= “ §oec hy or Yo L ® r_
E| Y| E| 2 E |2E2 = |~2]FE & H o S=
sl 3l&] & [58a| 2 |62|534| & : Sirface Elevation = 712.7 s
] CLAYEY SILT
— Dark Brown
PA 3710, 7
— SILTY CLAY TRACE SAND
T | 2414 CH - Gray Brown
5 ) Mad ium
PA =
73,5 100 |CL g nl8. 7
2 o7 |24 1o cC =740
1Q — SANDY SILTY CLAY TRACE GRAVEL
- (GLACIAL TILL)
PA —
| Gray Brown
— Stiff
Q;ﬁ ST |24 10 21.8 {104 |cL - 5
A -
— (18.
—£94.7 18.0)
. ‘ ]
a4 BT l24 |Is CL |, 3 SANDY SILTY CLAY TRACE
- GRAVEL WITH SAND SEAMS
— (GLACIAL TILL)
PA et Brown
\ )
- Jery Stiff
5 BT [24 |15 CL 3
25—
PA -
6 |ST R4 |17 CL - _
30 682 7130.0)
- Bottom of Boring
1€ STHRATIFICALION LIMES NEPHRESENT THE APFROXIMATE BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED | |-22-80
W.L| 7,00 WS.ORWD| |7 21 AB. Terracon Consuitants, Inc. BORING COMPLETED [ 1-22-80
w.L. 8.C.R. ACR Ceuvar Rapids Davenport Des Moines, 1A RIG CME 55 FOREMAN REF
. — Kansas Cily Wichila, KS
WL 5.3'" on 11-25-80 APPROVED ry |JOB # ¢an574




LOG OF BORING NO. 72 #9
OWNER | 0wa ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
EURLIMGTON, 10OWA U. S. ARMY CORPS OF ENGINEERS
Q?:TE LINE ¢ PROJECT NAME
I [ S )
NETAMATOR | LLE SUBSURFACE CONTAMINATION INVEST IGAT ION
& o s -
s - a
z é o] ; 2 2 3-‘ 2 o=
2|l el o] - o |22Z] & a5 c Description £2
v ™oy C 5 £ vyl © T loz = 53
al i1 a 2 3 lgad|l ¢ |[2e|2& = n -
El&lel ¢ 5 (285 5 |oa(28 § | 2 =
Al 2| alc © Sum| =2 Q2 |5n O w Surface Elevation = 714.3 2=
: CLAYEY SILT
PA — o Dark Brown
/125 STCTY CLAY TRACE SAND
P IST L 23] 4 CH —
— Gray Brown
—
™ Hard
FA =
—
— (8.0)
- CH-JL — JEB8.0
ST | 241 1€ —]706.3 ~
2 9 [ T CANDY SILTY CLAY
1 = ?r(:)wn Gray
PA ] 1.0y VTFS
’ —1703-3 -
- SAMDY SILTY CLAY TRACE
- GRA\ (G
o st 12al s 21.1 1107 loL — GRAVEL (GLACIAL TILL)
— Brown
15 - Stiff
PA =
—
4 |ST |24 |27 CL -
2 O]
FA .
3
—*
5 (ST {24 18 CL :
2 St
PA -
—g6.5128.0) \
6 (ST |24 115 (9.7 108 |CL - {GLACIAL TILL)
> o 30.0) Gray, Very Stiff
30 84.3
—
- Bottom of Boring
Trik STHATIFICATION LINES HEPRESENT THE APPRUXIMA NE BOUNDARY LINES BE TWEEN SOIL AND ROCK TYPES IN SiTU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED | 1-24-80
WL| g.5° WS ORWD/| g, 7' AB. Terracon Consuitants, Inc. BORING COMPLETED |1-24-80
T T T T o T T X < 4] Cevar Rapids Davenport Des Mownws, 1A
Wi RO BCR ACR—J Kansas City Wichua, Kb RIG_CME 75 FOREMAN JM
W.LI5. 7" ot 24 hr./4.9' on |=6L=id] APPROVED Fy |JOB #can574
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LOG OF BORING NO. 75 4
OWNER | 0wA ARMY AMMUNITION FLANT ARCHITECT-ENGINEER
BHRUINGTON, [OWA J. S. ARMY CORPS OF ENGINEERS
b/ SITE - - PROJECT NAME
LINE ¢ .
| DETONATOR L INE SUBSURFACE COMTAMINATION INYESTIGATION
c ~ |
2 S e . L
) g a el QZ) § E z S o5
2| E| »w] = evel & |2 o < Description s
v Bl e 3 £ <2%% o c” los _ e oa
a a > @ Sac| & Qr |28 £ ] r_
E| 8| | S| & [S€Es| 5 |~ B b S
b 2 Il IV o 20n!l 2 cgiswnl o @ Siurface Elevation - 715.5 £
— CLAYEY SILT
— (1.5) :
PA 3 2120 Dark Brown
— STLTY CLAY TRACE SAND
T |~ . - Gray Brown
| ] < O 32.6 82 CH 5 — Medium
]
PA -
— (3.0)
- 705, S
— SILTY CLAY LITTLE SAND
2 15T | za( 14 CL ] WITH SAN MS
10 ] Qa;;k; Gray
:702.5( [1.0) Sofft
PA —
e, SANDY SILTY CLAY TRACE
: GRAVEL (GLACIAL TILL)
3 1ST {24112 CL - Gray
15— Medium to Stiff
PA -
_
4 |ST | 24118 17.5(116 |CL -
20
—
PA 3
CH e (24.0)
5 ST |24 13 —689.
CL ps 89.5 SANDY SILTY CLAY TRACE
-] GRAVEL (GLACIAL TILLD
— Brown
PA - 25.0) Stiff
8.0
oLl % ANy SITTY CIAY TRACE CRAVEL
6 |ST |24 |16 CH - (GLACIAL TI1 L)
20 ] 83.5 30.0) Tight Grav, Verv Stiff
— Bottom of Boring
—]
The STRANFICATION LINES REPRESLENT THE APPHOXIMA TE BOUNDARY LINES BETWEEN SUIL AND ROCK TYPES IN-SifU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS | BORING STARTED | 1-22-80
W.L| 4.,0'" WS.ORWD.| 5.0!' AB. Terracon Consultants, Inc. BORING COMPLETED | 1-22-80
W.L. B.C.R. ACR. Cedar Rapias Davenport Des Moines, 1A RIG CME 55 FOREMAN REF
A, Kansas City Wichua, KS
WL.| 3.9' on |]-25-80 APPROVED jrH [JOB # can574
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LOG OF BORING NO. 72 #11

OWNER | WA ARMY AMMUNITION PLANT

BURLINGTOMN, [OWA

ARCHITECT-ENGINEER

S ARMY CORPC OF ENGINFERS

R
SITE | |NE 6 PROJECT NAME
DETOMNATOR LINE SUBSURFACE COMTAMINATION INVESTIGAT ION
: | s
b e I " @
o 213l s 22| 2 2 = Description E”'E
z E " - v o @ c escripti =
slal el f] 2 1285 9 |Exse g 58
a =t > W 5 Qac by Qy (¢ £ < o t _
S1&|s| 2| & [25%) 5 |22(2¢8 & | @ 53
sl 2lale o SOn| 2 ag|shal A ) Surface Elevation = 711.2 X x
— CLAYEY SILT
1 Dark Brown
PA ... 1.5
- 708. A
- SITLTY CLAY TRACE SAND
T 245 CL| » 3 Oray
2 Medium
—
) _
—703_"(7.L._>)
3 SANDY S1LTY CLAY WITH SAND
2 15T | 2a) - Cli,, — SEAMS
19 — .
hray HBrown
— Stiff
PA 3
—:698.2( 15.0)
ST | 24120 23.21 97 |CL = SANDY SILTY CLAY TRACE
5 _— GRAVEL (GLACIAL TILL)
- Gray Brown
PA — Stiff to Very Stiff
q
— Gray at 18"'.
wanan
4 |ST {2412 CL —
20 ——]
PA —
—
5 |ST (24 (14 CL -
05 ]
—
PA -
po—
——
TC - 28.8)
6 |ST [24 |16 —£82.4
16.9 (114 |[CL 20 - 30.0) SEE NOTE #1 BELOW
—_ 81.2 - BotTtom of Boring
- NOTE #1: .
— SANDY SILTY CLAY TRACE GRAVEL
— (GLACIAL TI1jil), Brown, Hard
Trie STRATIFICATION LINES HEPRESENT THE APPROXIMATE BOUNOARY LINES BETWEEN SOIL AND ROCK TYPES IN SITU THE TRANSITION MAY BE GRADUAL
_ WATER LEVEL OBSERVATIONS BORING STARTED [ {=22-80
wL] 5.0' ws ORWD[9.75' AB|  Terracon Consultants, Inc.  |BORING COMPLETED | [-22-80
W-I_- — R BCR. ACR. Codar Rapids Davenport Des Moines, 1A RIG CME 55 FOREMAN REF
I Kansas Cily Wichita KS

19R



LOG OF BORING NO. 72 #12

0-

OWNER -
ER |OWA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
B3 INGTON, 1QUWA U. S. ARMY CORPS OF ENGINEERS
STE | |1c PROJECT NAME
DETONATOR LINE SUBSURFACE CONTAMINATION INVEST IGATION
-7
=l 2
s 2 $3| 2 |2 |3 o
Q a Q24 = - Q —
2152 2 £ Eéé é 2. 19 . s Description Eg
Elwlzi e 5 |28 - |2:1%8] < = so
Q o (=4 @ ) v C - Q -~
El&s| 2| & |288 5 |22128 & | & z3
17, 8 I BV S I m |[DOown| 2 gl |anl a ! Surface Elevation - 713.7 £=
= CLAYEY SILT
o :7”_7(74)) Dark Brown
= SILTY CLAY LITTLE SAND
, - Brown
1 ST | 241 1Q CL| 5— Stiff
—
-q
PA -
— -
705, 4823
21sT | 241 3 CL|i0o ] SAMDY SILTY CLAY TRACE
. — GRAVEL (GLACIAL TILL)
—_ Brown
— Very CtTiff
PA -
r = (14.5)
ST | 24] 12 15 —699.2
13.2] 120 | ML — FINE TO MEDIUM SANDY SILT
= TRACE CLAY
~ Brown
PA 3 (oo, Medium to STiff
Te9a. /2l
4 |ST | 24| 8 cL |20 =] SANDY SILTY CLAY TRACE
— GRAVEL (GLACIAL TILL)
-] Gray Brown
PA - Stiff
5 (ST |24] 8 5.1 119 [CL {25
PA ]
6 |sT {2413 cL -
P 30.0)
30 683.7
— Bottom of Boring
-
—]
THE STRATIFICATION LINES HEPRESENT THE APPROXIMATE BOUNUARY LINES BETWEEN SO AND ROCK TYPLS IN-SITU. THE TRANSITION MAY BE GRADUAL.
WATER LEVEL OBSERVATIONS | BORING STARTED 12-4~80

wil7.0' wsorwD[g8.5" a8
B.CR. ACR.

W.iL.

WL 2.1 on |-7-8]

Terracon Consultants, Inc.

BORING COMPLETED |2-4-80

Cadar Hapids Qavenport Oes Moaines, (A RIG
Kdnsas City Wichila, K§

FOREMAN JM

APPROVED

JOB 7 680574
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LOG OF BORING NO. ZZ #15

WN .
OWNER | oWA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
BURL INGTCON, |0OWA U. $. ARMY CORPS OF ENGINEERS
SITE o PROJECT NAME
LINE ©
DETONATOR 1 INE SUBSURFACE .CONTAMINAT ION |NVESTIGAT|OI‘1
< T %
s -~ [ . "]
o g a o] g S -1:) 2 '-J ; o=
1 5lel 2 ozl & N VR < Description £3
21315l 5§ jftg| T 1y les 2 53
e al 3 Y 9 8c| g I I e B ] +
Sl Els| 3| & |82 5 |24]28 B | 3 32
D9 |»n X © |[Dual| 3 Qf |5h A w Surtace Elevation = 704.6 £
- CLAYEY SILT
—] Dark Brown
PA = 702,42 0)
- SILTY CLAY TRACE SAND
- Gray Brown
| [sT| 24)10 ol R Srift
2H -
FA —:696.,(8'0) — ‘ .
] SAMDY STLTY CLAY TRACE
10— GRAVEL (GLACIAL TILL)
Z 15T 24]1s 1.5/ 108 |cL| ] Cray
] , Med i um
—692. ottt
PA -
= SILTY CLAY LITTLE SAND TRACE
15 _ = GRAVEL (GLACIAL TILL)
31ST 24110 19.0| 13 | CH ] Gray
- Very Stiff
—~
PA —
:686.4( 18.5)
20 SANDY SILTY CLAY TRACE
4 ST | 24115 CL — GRAVEL (GLACIAL TILL)
3 Gray Brown
- Hard
PA - To Brown at 22'.
5 |ST | 24]12 :b” 25—
PA —
6 (ST {2417 &Lﬂ —]
- (30.0)
30 674.9
= Bottom of Boring
THE SIRATIFICATION LINES HEPRESENT THE APPHOXIMATE BOUNUARY LINES BETWEEN SOUIL AND ROCK TYPES IN SiTU. THE TRANSITION MAY BE GRADUAL
WATER LEVEL OBSERVATIONS % BORING STARTED 12-5-80
W.L|2.0' WS Cﬂi__\ﬁl.._?]m_s_,?' _ AB] Terracon Consuitants, Inc. BORING COMPLETED 12-5-80
Cedar Rapids Devenport Des Moinas, 1A
W.L. L B.C.R. A.C.R. Karsae ity Wichita, KS RIG CME 45 (BomblFOREMAN REF
WL|0.0' on |-6-81| {APPROVED JFH [JOB # 680574

18



LOG OF BORING NO. Z? #14
OWNER- |0wA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
BURL IHIGTON, |OWA U. S. ARMY CORPS OF ENGINEERS
G SITE LINE & PROJECT NAME
NETOLATOR LINE SUBSURFACE CONTAMINAT ION INVEST IGAT ION
5 = 2
: |z val & |, |3 e
[) alo © 22 < = B =
E E & s z ig’ @ §, S :lé:m (é _ § Description EE
al|l“Y|a]| z 2 |53l ¢ |oeg |28 = I Mt
EV &l e | & |25 5 |~.(5€ § | 2 -
al 231 & o 120&1 2 |ae|3a a Iy Surface Elovation = 709.5 g2
oa - CLAYEY SILT
A =1 707 5142.0) Dark Brown
bLsTh 24 4 22.7) 97 [CH - SILTY CLAY TRACE SAND
= Dark Gray
: — SHiff
FA . Gray at 6'.
2] sT] 29 14 25.8| 97 CC:T‘ =
10—
PA =
5057 2a 15 CL -
? 5.5 (14.0)
15— SANDY SILTY CLAY TRACE
FA - GRAVEL WITH SAND SEAMS -
. (GLACIAL TILL)
CH- Gray
4| ST 2419 oL - Very Stiff
= Brown at 7',
20—: Light Gray at 20'.
PA -
Ch-| —
c =
5| ST| 24] 15 Ll -
25—
PA -~
o
arv—
Cr— =] '
6 | st 24|13 EII:' - Brown at 29'.
30 679 f30.0)
-~ Bottom of Boring
THE STRATNFICATION LINES HEPRESENT THE APPROXIMATE HOUNOARY LINES BETWEEN SUIL AND ROCK TYPES IN-SITU, THE TRANSITION MAY B€ GRADUAL
~ WATER LEVEL OBSERVATIONS | BORING STARTED [ 1-25-80
wt] 17.5"Wws.ORWD.] 21.0' AB| Terracon Consuitants, Inc. | BORING COMPLETED [ |-25-80
w.L. B.CR. A.C.R,| Couer Rais DZTHD;'C.D:”KZO'""' “ [RIG CME 75 |FOREMAN JM
e mewa — em D — dnNsay Cily 1IChita,
w.L| 5.2' on 12-3-80 APPROVED JFH |JOB #680574

19/



LOUG OF BORING NO -
Owner o ARCHITECT-ENGINEER
, ST ' ' L e i ST ENPINEERY
y SITe . PROJECT NAME
. . l oy I TAMHATION INVESTICAT TON
S E I N i 25
ZL f. - : = ::_‘ z r 3 :Cj ) .a: i 5 Duscription .gg
a| o= z 2 A Sy |53 e = £°
S R R I - e b 2 53
V-3 I - @ |[DTA| = as|z4Al o O Surface Elevation = 711.7 =
o - CLAYEY SJLT
— (2.0) Dark Gray
CLd —1709.7
by=rai e CH - SILTY CLAY TRACE SAND
- Brown Gray
— STiff
- ]
r_)A L |
-
ST | 24) ¢ CL =
B 751 70.0)
e . SANDY STLTY CLAY TRACE
- CRAVEL (GILACIAL TILL)
. . Gray Brown
>ofet st cL - Stiff
c 15 - To Brown at 157,
FA —
=
4 5T | Z4 |16 t7.4 (114 jCL =
-
20—
PA .
cL| — 3.0)
5 [ST [24 15 CH :688.7
— SANDY SILTY CLAY TRACE
PA e — GRAVEL (GLACIJAL TILL)
- Gray to Gray Brown
— Very Stiff to Hard
]
ey
6 ST |24 |i6 18.9 |108 |[CL =  4130.0)
81.7+
3P
- Bottom of Boring
e STRA HFICA TION LINES HEPRESENT THE APPROXIMA TE HOUNDARY LINES HETWEEN SOGIL AND HOCK TYPES IN SITU. THE TRANSITION MAY BE GRADUAL.
WATER LEVEL OBSERVATIONS | BORING STARTED 11-25-80
! W.S.ORW.D. 5.5" AB. Terracon Consultants, Inc. BORING COMPLETED ! 1-25-80
oo N T T Cuavdar Rapds Davenport Des Mumnes, 1A
T T B‘C.R‘ ACR. Kansas Cuy Wichita, KS rR'G CME 75 FOREMAN JM
at €hre/3.9' on_ 1-6-81 APPROVED Jrj 1JOB # 650574
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LOG OF BORING NO. 72 #16
OWNER | WA ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
EURLINCTON, 10WA U. S. ARMY CORPS OF ENGINEERS
QSITE LINE o PROJECT NAME
DETOMATOR LINE SUBSURFACE CONTAMINATION INVESTIGATION
Y
g = 2
2 val $ 2 @
sl 5|3 333 £ 1z |3 2%
z E g’ § S _E §§; {3 ;é:m Lg) o é Description EE
g gl 2] 53 $ |sg35| & |=2¢ € = 3 E—
q > S @ o = g SaC s L . . Y
Al A @ S5Cal 2 a3|5a & W Surface Elevation - 709.7 23
PA - CLAYEY SILT
— 2 Dark Brown
— 707." D)
[ ST 241 4 CH —_ SILTY CLAY TRACE SAND
_ Dark Gray
5 ] Medium fo Stiff
PA —
ol
TFt _
2 15T 2 22,4 97]cL| =
2| 5T =4 9 3 Gray at 9.0'.
10—l .
(10.9)
PA —1699. 47—
= SANDY SILTY CLAY TRACE
GRAVEL (GLACIAL TILL)
3057 240 19 cLi
d ! N 3 Gray Brown
15__ Medium to Stiff
PA —
- Gray at 7',
4 | ST 24|20 CL -
20—3
PA 4
- 688.2(2| .5)
cLd — SANDY SILTY CLAY TRACE
5 18T 2419 13.8| 119 CH . GRAVEL (GLACIAL TILL)
= Gray Brown to Brown
25— Very Stiff
PA -
sT| 24|13 ct| o
6 24| 1 -
30 679.7(30'0)
p—
- Bottom of Boring
e —
—
Trit STRATIFICATION LINES HEFPRESENT THE APPRUOXIMATE BOUNDARY LINES BETWEEN SUIL AND ROCK TYPES. IN SITU. THE TRANSITION MAY BE GRADUAL.
b _WA]E_&_LE_VEL&BS_ER&ILOE BORING STARTED | 1-25-80
W.L| 6.0' WS O_R_y\_l:D:]__ze,o' AB. Terracon Consultants, Inc. BORING COMPLETED [1-25-80
T TS| Cedar Rapws Davenport Des Moines, 1A
w.L. _____BCR. ACR. aivsas ity Wachute, KS RIG CME 75 FOREMAN M
W.L.I3 3. at 4hrs/1.9' on '12-3-8( APPROVED |FH |JOB #680574

] 93



LOG OF BORING NO. 77 #|7
OWNER | 0A ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
BURIL INGTOM, [OWA ', S, ARMY CORPS OF ENGINEERS
SITE LINE & PROJECT NAME
DETONATOR L INE SUBSURFACE COMTAMINATION INVESTICAT HON
LY "’:‘ v own g a i 2
2| 815 2220 513 I3 ot e
i E ? : = % g"fl \) g., \; . § Description | ES
alolal ® a |Sadl 5 ([ac|ve|l = 3 b
3 a £ ::)" g 2 é N o :: 'é E 8 P ) ) . . ==
Aal>2isl 2 & 15385 = sa|sal 8 o Surface EBlevation = 719.0 23
Fa = CLAYEY SILT
! 2 —_ (2.0y Dark Brcwn
: =717.q0
{ ST g | CL = SILTY CLAY SOME SAND
— Sray Brown to Brown
g Very GTiff
PA _
Cl —_— )
ST g 2 — L _ (8. 0
2 (5T d s T =71 e
—
10— SAMDY SILTY CLAY TRACE
PA - GRAVEL (GLACIAL TILL)
— Brown
~ — Stiff to Very Stiff
5 15T 24 115 22.2| 164 |CL —
15—
PA —
-
4 |sTpa |18 cL| T2
—
20 T
PA -
: =
S |ST | 24113 CL -
25 ]
PA -
—
—
oy
6 |ST [24 10 13,1123 |CL —
30 —‘689 0 30.0)
-]
- Bottom of Boring
]
c The STRATIFICATON LINES HEPRESENT THE APPROXIMATE BOUNOARY LINGES HETWEEN SOIL ANDO ROCK TYPES IN-SITU. THE TRANSITION MAY BE GRADUAL
L WATER LEVEL OBSERVATIOEé o BORING STARTED | 1=-24-80
!V_.L.q 71 WS.ORWD.| n n1 AB Terracon Consuitants, Inc. BORING COMPLETED | 1-24-80
N T - T~ o Couas Rapids Davenport Des Momnes, A
WL . _BCR. ACR. anses Oty wchita, XS RIG  CcME 75 FOREMAN M
W.L.|4.9' on 11-26-80 APPROVED JFH |JOB #:80574
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LOG OF BORING NO. 7- 418

OWNER | s ARMY AMMUN (T ION PLANT ARCHITECT-ENGINEER
EURLINIGTOM, 10wWA U. S. ARMY CORPS OF ENGINEERS
? STE PROJECT NAME
IR [
DETOHATOR L INE SUBSIIRFACE CONTAMINATION INVESTIGATION
2 ~ s Well Installed [2=10-10
2 =| € “ @
gl a w38l & 2 5 o3
% § 2| ¢ . jc:" ﬁ;_ é %m o g Description -gg
2]l Y| 3 P € g Xl . gz - - ¥=!
[=% Q 2 @ 5 ac 2 el £ o r
ELE&| el g | & |82 5 | 2,128 % 2 | =
Al 2|3 e g |53al = |88 |54 & & Surface Elevaticn = 712.4 g2
- CLAYEY SILT :
- Dark Brown
s —710. 20
: SILTY CLAY TRACE SAND
_ 3 Brown Gray
| i ' T 28.21 91 |CL b aman Stiff
Hi R Gray at 8.0"'.
.
st 2al 7 cL | '
-
HS —
é 3T |24l 13 cL |14
= {16.5)
—695.9 =
H> — SANDY SILTY CLAY TRACE
: GRAVEL (GLACIAL TILL)
alst |24 18 cL | 20— Gray to Brown Gray
- Stiff to Very Stiff
HS —
p—
—*
51sT |24 | 10 cL | 25—
oy
-
HS ——1684.4 28.0)
— SANDY SILTY CLAY TRACE GRAVEL
- (GLACIAL TILL)
6 |ST (24 9 CL 50 R Gray Brown to Brown
—£8] .4 - 3' O)JEQL.S.LL” 1Q—.HQ.Ed
=
— Continued on Sheet #2

frik STRANFICATION LINES HEPRESENT THE APPRUKIMA f£ HOUNDARY LINES BETWEEN SUIL AND ROCK TYPES IN SITU, THE TRANSITION MAY HE GRADUAL

c ‘WATER LEVEL OBSERVATIONS BORING STARTED 12-10-80
w.il 4.0'" WS.ORW.D[32.0' A B.]  Terracon Consultants, Inc. BORING COMPLETED |2-10-80
VI i (i ’ .| Covar Rapids Davenport Des Mowws, 1A
WL. e e B C R A C'R_'. Kansas City Wichilg, RS RIG CME 75 FOREMAN JM
Wil 4.5 o |-8-8] APPROVED FH |JOB # 680574
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LOG OF BORING NO. Z2 #18 (Continued)
OWNER | pa ARMY AMMUNITION PLANT ARCHITECT-ENGINEER
GURLITEGTCN,  |CWA tJ. 'S. ARMY CORPS OF ENGINEERS
¢sm: LIHE o PROJECT NAME
DETONATOR LINE SUBSURFACE CONTAMINATION INVESTIGATICH
&
& o oS
2 E T w
[ ki v w» v 2 -
of 3|3 w20l £ | X % , 2%
L n 7 - —-
z E %u E s < § go 8 2. L() ] ) S Description 8:56
a a | 2 I Sec| % arld 3zl <« K 2
el e e s % (258 R |~alEE B | 2 <3
a3l e @ |Don! = oL |>h] A & 23
50— Continued from Sheet #1
Hesl _.1(_3.|£)__ ———
i —
e -] SANDY SILTY CLAY TRACE
! — GRAVEL (GLACIAL TILL)
i ] .
N .. . N IR 1 Gray Brown to Brown
9| T ) b) . 26
et At R R il Very Stiff fo Hard
J vy
-
p—
83T | 24| 18 cL |0 —
| -
© =
=
GIST V24| 17 CL 45 —
| ]
HS —
1O§sT |24 14 CL ]
0 662.4(50'0)
] Bot+tom of Boring
—
—_
g
) ol
—
-
—l
Tk STRATIFICATION LINES REPRESENT THE APPRURIMA Tt 13OVUNDARY LINES BETWEEN SUIL AND ROCHK TYPES IN SITU THE TRANSITION MAY BE GRADUAL
G_‘ WATER LEVEL OBSERVATIONS BORING STARTED 1 2-9-50
WL| 4.0!' WS.ORWD.I 35 o1 AE Terracon Consultants, Inc. BORING COMPLETED (2-{0-80
WL : B.CR. ACR. Guudat Rapds  Davenpon Des Moines, 1A RIG CME 75 FOREMAN JM
SRS S PRI Kdnsas City Wichia, K§
Wi 4,3" on |-8-8I 1 APPROVED JFH (JOB # 680574
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LOG OF BORING NO. 72 #]|8A

OWNER | yiua ARMY AMMUNITION PLANT

BURLIMGTON, 1OWA

ARCHITECT-ENGINEER

U. S. ARMY CORPS OF ENGINEERS

Q SITE L ine
__DETONATOR LINE

PROJECT NAME

SUSSURFACE CONTAMINAT [ON

INVEST IGAT ION

Bottom of Boring

IIJUlIlUJIUIl'HIlJlllllllll]ljllJlHlJllH LUI]HHJMHIJUI

EN ) ]
2 o Well Installed [2-10-80

il , :
Y i PRV O -
o| alo v 28| = z 3 o
1 E ) =) > gazl 8 |2 |5 c Description =
A £ leenl © " o3 e 33

e lal 3 ¢ Sac| x Ay |92 L ® <
51 a = ~ 1= -
E e ,?, T 2 c g: o i IR E > _5_ ; ) i 53
Ml Nl BN T |20n, = SZ215al O w surface Elovation = 712.5 zx

CLAYEY SILT
-~ C < B
10 ) Dark Brown
STLTY CLAY TRACE SAND
EA ) Brown Gray
> Stiff
Gray ot 8.0'.
(10.G)
1o 702.5

THE STRATHICATON LINES REPRESENT THE AFFHUAIMATE GUUNDARY LINES HETWEEN SOIL AND ROCK TYPES IN SITU THE TRANSITION MAY BE GRADUAL

é_ WATER LEVEL OBSERVATIONS

wt] 4. 0r Ws.ORWD| _ _ A8

WLl 3.2 on 1-8-8] j

Terracon Consultants, Inc.
Wi B CR T-_--' A C R Ledar Hapids Ddvenport Des Maines, 1A RIG CME 75

BORING STARTED

12-10-80

BORING COMPLETED |72_10-80

Kanaas Lily Wichita, KS

FOREMAN M

APPROVED |FH

JOB # 680574
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LOG OF BORING NO. . ziy
WN R - S :
OWNER |0 x ARMY AMMUNITIOH PLANT ARCHITECT-ENGINEER
EURLINCTON, 1OWA U. ARMY CORPS OF ENGIMEERS
SITE | g - PROJECT NAME
FeTolaTor LINE SUESURFACE CONTAMINATION INVESTIGATICON
: | ~ € el Iasralled 12-10-80 and
! l oz 12-11-80 “
< t': £ ! & g ] %J ke :Jv:: o=
zZ €| o - v a2zl & 2 S < Description cg
o o < | - = Sarl O € <] Lo
al| ¥ Lo @ E L R <. = ge
S - 3 |S9E 3| & DS < Bl 3 S ==
< > R ° cc = 3 AR = o v ‘ 5%
o R PO & |Doon; 3 | QE[Dhl O & Loirtacs Elavation = 712.6 =
— Aj\: Y.C[ . P
= w ]/JLH) Dark BErown
e -
= SILTY CLAY TRACE SAND
; - Gray Brown
12T |23y P Stiff
A ey
| L i
oy i
| l 3
i ’ —
ST TSt ud CH T =
—
-
e 699 30
=
G ST [ 24012 cL (15 ——
_— SANDY SILTY CLAY TRACE
— GRAVEL (GLACIAL TILL)
HS — Brown
| = Stiff to Very Stiff
¢ 74 1'7 —-‘-' - ~ .
41T 242l CL [0 it Sand Seams at 20.5'.
HS _—
~nmuny
—
51T |24 |11 cL ps —
.—1
—
HS S
-
&6 |ST 24 110 CL PO ——
i i —— — T — —- —p79.6 (BS'O%W#.WJ e——ree——is

Thie STRATIFICATION LINES PEPRESENT THE APPRUXIMATE BOUNUARY LINES BETWEEN SOiL AND RUCK TYPES IN SITU THE TRANSITION MAY BE GRADUAL

WATER LEVEL OBSERVATIONS _ BORING STARTED __12-10-80
L]18.0" WS . ORW.D.| 42.0' AB. Terracon Consultants, Inc. BORING COMPLETED |2-10-80

VI S T~ o | Cutar Hapus Davenport Des Moines, (A B

w.L. L B.C.R. ACR. Kaoas ity Wichits, KS RIG CcME 75 FOREMAN

WL} 3.3' 5n 1|-8-8] APPROVED |FH |JOB # 680574
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LOG OF BORING NO. 72 #19 (Continued)
OWNER | 0wiA ARMY ALIUNITION PLANT ARCHITECT-ENGINEER
GURLINCTON, 1OWA U, S, ARMY CORPS QF ENGINEERS
J SITE LIME o PROJECT NAME
DETONATOR LINE SUBSURFACE CONTAMINATION INVESTIGATION
v ~ 1 .
s | ¢ -
w hit v o v N n =
ol 3 1S 322 g | = |z tion £o
SIElelg] = |85 8 18,10 § Descriphio 52
a2 a1 321 » |58 & |oz|2d = ® £
Elg el S 3 (28 5 |-L158 § | 3 s
Al >l 3| < @ |Doal 2 as|swnl a oy 23
-
—y
30—
-
—T —+ 4 —————————| " Jero.of
— SANDY_51LTY _CLAY TRACE
. - , — GORAVEL (GLACITAL T!LL)
EURFEE T CL |35 — Sl
o 5 — Brown
- v Hard
, 3@75.6(3"0’
HS —_—
- SANDY SILTY CLAY TRACE GRAVEL
= (GLACIAL TILL)
SleT 24 12 CL |40 — Gray Brown
- Stiff to Very Stiff
—
HS S
9|sT |24 12 CL 45 —
HS =
l0|sT {24 16 23.2] 99 |cL =
5 -«662.6(50.0)
—_—
-
=
rHe STRATIFICATION LINES REPRESENT THE ARPPRUXIMATE BOUNDARY LINES BETWEEN SUIL ANO ROCK TYFES 1IN SITU. THE TRANSITION MAY BE GRADUAL.
“WATER LEVEL OBSERVATIONS | BORING STARTED 12-10-80
w.L] 18.0'W.S.ORWD.| 42 0' AB. Tercacon Consultants, Inc. BORING COMPLETED {2-10-80
w7 T TS A S T T T | Cevar Rapids Davenport Des Momes. 1A
WwW.L L B.C.R. A‘C‘R_' Kansas City Wichia, KS RIG CME_ 75 FOREMAN JM
wil 35t on 1-8-81 APPROVED JFH [JOB # 680574
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U. 3 Standerd Sieve Openings ia inches U. 3 Stsaserd Sieve Numben Mydromeior
4 7
o — T B e T R R 0
. : A
LNy
%0 10
r —\"}

80 . 20
70 _ § 30
rs
£ \ 5
s 60 w3z
3 i \ =
5 % 3 % 3
c A 3
< -
2« “ 8
< HT : z
30 S 70
20 80
10 ’"-- 90
0 l - 100

100 50 10 5 1 0.5 0.1 0.05 0.01 0.00% 0.001

Gratn Size in Miliimeters B
GRAVEL SAND
Coarse | Fine Coar se I Medium T Fine _ ) SILT or CLAY
SAMPLE
wo |WC | WL | P M CLASSIFICATION 1. ARMY AMMUNITION PLT.
I 46 20 26 CURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE Z2-2
BORING | SAMPLE |

DEPTH 3-6 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, I|A

Kansas City Wichita, KS

DRAWN | APPROVID DATK JOB No.

907

IRl fei/16/81| ese874




lop

U. 3 Standerd Sove Oponings In inches

3

3

U. S Standerd $ieve Numbers

100 T ’lJ } x : #“ ? % 10 l]‘ IIG 20 3C "O 50‘?70__1700 l;o""'jm 270 o
90 - - - 10
™
L ~< o
80 — I 20
\\ |
E | et
70 }\\qu 30
NEg .
r N (] )
o 60 —- r\i w3
z BN 5
pe} :] -~
§ % 1 S % 3
[
: ] il i | 2
< ™ — €
E « - ‘ g
&‘ I 44 {
30| e g 70
20 80
10 90
(1] L 100
100 50 10 L) 1 05 01 0.0% 0.01 0.00% 0.001
Gran Sixe_in Millimeters
GRAVEL SAND
Coarse [ Fine Coarse | Modium Fine SILT or CLAY
MMt lwe | w | eL Pt CLASSIFICATION
NO. : IA. ARMY AMMUNITION PLT.
3 41 15 26 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING | SAMPLE 3
DEPTH {3 - 1S ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A
Kansas City Wichita, KS

DRAWN | APPROVIED DATX JOB No.

SFH. 91/20/81| 680874




Ty

U. $ Sandard Sieve Oponings in Inches

Py A it ik i b b -

U. 3 Standerd Sinve Nomdens

Mydromaio
100 2 ; 1 ; to! ! ; s 8 10 xlc l]a 7?'} ,[c—"flo 50%0%0 1?0__‘;0 f‘{o JAo_ 0
o~ [11] 1T
e
90 - g et i— —t 10
HARLCN i —

80 O O S T SN S . . 20

70 o — — \ . 30
o ®
2 e “0z
* ﬁ@g 3
£ U% 3
:é; w© — A w(:cf
£ 1T 4 8
a bt \\4~ &

30 - el 70

) .
{1
20 80
10 'L~-~ 90
i 1 —

[¢] 100
100 50 10 1 0.5 0.1 0 0% 0.01 0.005% 0.001
Grain Size in Millimeters

GRAVEL SAND B

Coarse l Fine Coor se .ll Medium ] Fine L SILT or CLAY
SAMPLE
o | WC W e m CLASSIFICATION TA. ARMY AMMUNITION PLT.
8 29 14 15 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) B SITE Z-2
_ . BORING 1 SAMPLE 8
DEPTH 38 - 48 ft

Terracon Consuiltants, Inc.

‘+ Rapids Davenport Des Moines, I|A
Kansas City Wichila, KS

| APPROVED | DATE JOB No.

_i JEH.

01/16/81§ 680874
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U. 5. Standard Sieve Dpenings In inches

3

U. 3 Stenderd Sieve Numden

100 r]_J ! T : L] e 10 14 l[‘ 2{0 30 40 50%070 I?O I?O 2’?0 270 0
s
9% - . 10
\\ F
80 LJS\ 20
QE{TA
70 ‘l, 30
y ' :
) A L 3 ;
‘» 66
; N :
»
f 50 Ej\ 0 'a‘
2 I AN e
(v SHE 3
- T peig o
[ 4 « . -
§ «0 ‘L‘}k 60 E
< HA - o
30 \\‘hr 70
20 80
10 90
0 100
100 50 10 1 0.5 01 0.05 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse Fine Coarse | Madiom ] Fine SILY or CLAY
st i we. | w | L | A CLASSIFICATION
NO. . IA. ARMY AMMUNITION PLT.
2 42 14 28

BURLINGTON, IOWA

UNIFIED CLASSIFICATION ¢ CL >

SITE Z-2
BORING 2 SAMPLE 2
DEPTH 8 - 1@ ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA

Kansas.qu Wichita, KS

DHRAWN | APPROVED DATK JOB No.

<. 81/20/81

680874




e

V. S SLndard Sieve O!Ollh.l in lnches U. 8 Stendard Sieve Numbuns Hydreinutes
h) 2 14 0 D pdy 8 8 10 141¢ 20 3L 40 %EDIC jO0 140 200 270
100 LIS i ad LI o) 4 J{." IIJ ITNT IT'T YT n- ﬂm 1] 1 °
\_h\ [ —
90 by k O Gt s e - - = - 10
O [ O _A K RSN G —4 ——
80 S DYy S U § f ———— OISR W 20
-S BRI S
"’ TN H ?
£ T ' \ ' T &
5 60 - Ll wi
* N b3
> g1 =
p-] [
- 50 tl\ A4 50 3
H g T 4
& T E | 3
: A2 o E
g - 8
& L e :

30 » *.u ~._ |f

- e 70
b K
20 ~ ‘D 80
] QL
10 4 90
0 JJ*, L . J_ - 100
100 50 10 s 1 05 ot 005 0.01 0.00% 0.001
Grain S_|£e|n Millimeters
GRAVEL SAND T T
Coarse J Fine Coarse | Madium ] Fine SILT or CLAY
SAMPLE N
No. (WG| WL | PL | P CLASSIFICATION IA. ARMY AMMUNITION PLT.
4 26 14 12 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL > SLTE Z-2

BORING 2 SAMPLE 4

DEPTH 18 - 20 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, (A

hoe

Kansas City Wichita, KS

DRAWHN | APFROVED DATY Jot No.

SEh  le1/16/81] 680874




$9¢

U. S. Standard Sieve Openings in inches

U. 3 Stsnserd Siewe Mumaen

UNIFIED CLASSIFICATION C CL O

Hydremetor
3 2 1y (30 s, WEE I | ) o 6 8 10 1416 20 30 40 308070 100 140 200 270
100 T T 1T T T T T 0
m
4 -
90 M <] - — 10
B
80 \\\ — 20
‘\
70 %_< . 30
ry
£ Ny =
o 60 . w3
* § 5
2 -
3 %0 so 3
& 3
9 ' “3
£ ™~ :
_\E
30| _ 70
| T
I ™~
10 90
1] 100
100 50 10 -] ] 0.5 01 0.0% 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coarse | Medium | Fine SILT or CLAY
SAMPLE
wo. |[WC.| W | PL| P CLASSIFICATION TA. ARMY AMMUNITION PLT.
10 30 16 14

BURLINGTON, IOWA

SITE Z-2
BORING 2 SAMPLE 10
DEPTH 48 - 58 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | APFROVED DATX JOB No.

680874

Jek. |ersiess




U. 5 Stundard Sieve Openings in Inches U. S Standers Sieve Mumbenry

Hydromas
100 2 2 1 ; i—rb } ‘-11 ? ia.l : :__{_q 416 2 ¥ a0 50679"0 100 \?c—lmo 270 § 0
d - B
9C i SF;L‘\' 10
-5 } - .

2 A N P{\ .
Z A\ :
‘® &0 — 40
3 \ ;
» = . r_ o
s 50 le\ s 3
< . 3
B 4 T © §
S | | _ M~ ;

30 — J0

B
20 — 4 80
r— +— —

10 A f— 90

0 . 100

100 50 10 - 1 05 0.1 0.0% 0.01 0.005% 0.001

Grain Size in Millimeters
Cosrse | GRAFviE"L. Coarse | Med ium SAIND Fine B SILY or CLAY
vt lwe | w | pL Pt CLASSBIFICATION
NO. : IA. ARMY AMMUNITION PLT.
1 54 22 32 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2

BORING 3 SAMPLE 1
DEPTH 3-5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
»

9ov

_ Kansas City Wichita. KS

DRAWN | APFRKOVED DATY JOB No.

ek fet/21/81] 680874




Lo¥

U. S Stendard Sieve Openings in taches

U. 3 Stenderd Sieve Numben

Pypdrometor
100 2 21y : 4 N 3 l[ s 10 lll 1[6 ?;J :Ic lf') ”‘f)"‘%AL‘@ 1;0 r;lo__T_gm 0
_ | 10
90 <] T
80 j\\ 2¢
BEl SRR
70 \\ 30 }
£
- L]
tu AN o
: o :
¥ "‘\ .
e %0 -+ - 50 #
: ¢ 2
L: 445 1:_5_ 8
[+ N -
£ 40 —- - & g
£ I T~ 8
o - t e ——— — - ~ ,_l &
30 = 70
1B
20 = 71 ®
10 90
0 100
100 50 10 1 0.5 01 005 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse [ Fine Coarse | Madium | Fine SILT or CLAY
MwElwe | w | P | m CLASSIFICATION
NO. . IA. ARMY AMMUNITION PLT.
3 45 19 26 BURLINGTON, IOWA

UNIFIED CLASSIFICATION ¢ CL

SITE Z-2
BORING 3 SAMPLE 3
DEPTH 13 - 15 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Maoines, |A
Kansas City Wichita, KS

PPNEY

DRAWN | APPROVED DATY JOB No.

St o1/16/81] 680874

L Ak 2




gor

U. § Standard Siave Openings in Inches

U. 3 Standerd Sheve Numiban

Hydromota
100 2 ; M\ ; Ly % 1_1;):“-14 : 10 1[4 1[6 z?j_go ‘IO _ ?“‘Iyl?"“%*%o”?% 170 0
E}'\\ A1 v
9% T - 4 . w0
\C\ \ 1

80 N 20

70 N - 30
z i s
B o q w03z
z - F
5 ] 3
e % 2
£ : \f} K
3 I 3
g 40 \ & g
a. 11 —r N &

30 g \El 70

.}... \
20 l 80
\\
B ud

10 _ %

0 A 100
100 50 10 s 1 05 01 005 0.01 0.00% 0.001
Grain Size in Miliimeters

GRAVEL SAND
Coarse | Fine Coarse | Meodium | Fine SILT or CLAY
MMt lwe. | w | pL | A CLASSIFICAT
NO : IFICATION TA. ARMY AMMUNITION PLT.
5 26 14 12 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 3 SAMPLE S

DEPTH 23 - 25 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A

Kansas City Wichita, KS

DXAWN | APPROVED DATH JOB No.

JEH.  |e1/16/81] 680874

ot Bt . ealtns D 5




U. S Stendard Siove Openings in Inches U. 3 Stenderd Sieve Numbon

Hydroanota
100 3 21§ : r‘—' } 3 ﬁ} } 11 ““:‘, 14 16 -—1—».?"1 ,%)[i‘iLT ?_)o 1(;0 ‘?ﬁ..ﬁ"’ﬁ,.’w’ﬂﬁ 0
1 D\h 1T —
% \‘_3\ + : 10
ERE
80 \1\\ 20
& 0

70 30
! £
-
® 60 © 3z
* 1l z
< : N é
E © ++ :\ 60 3
& 3 &

30 < \ 70

N

2 ~m | e

i0 90

0 TILL o0

100 50 10 L) i 0.5 01 005 0.01 Q.005 0.001
Grain Size m__M‘iIlimeters
GRAVEL SAND
Coarse | Fine Coarse | Modium | Fine SILT or CLAY
SNt lwe. | w | P | A CLASSIFICATION
NO. . TA. ARMY AMMUNITION PLT.
2 43 19 24 BURLINGTON, IOWA
UNTFIED CLASSIFICATION ¢ CL ) SITE Z-2

BORING 4 SAMPLE 2
DEPTH 8 - 10 ft

Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, |A

ot

Kansas City Wichna, KS

DRAWN | APPROVED DATE JOB No.

QF"" 01/16/81] 680874




U. S Stengard Sieve Openings in inches

3 2

3|

U. 3 Standerd Sieve Mumbens

100 ! ' ] ; s 1418 2¢ )tj_.rg__so?mro f(r)o ‘%OTT(TDFT 70 o
1"‘ + ——
% “h{ J;,\;— ~ 4 J - . 10
e 4t 1 .
! N | T
80 1- ['—t B s B B & —t- l’ 11 20
: ~
N
70 S 2 0

- N - £

8o E\ w%’

5 ] - >

¥y ! -

s %0 -+ k\ %0 3

- il :

s 40 E &0 ‘g

s -

& . ~ T r—n! ;
30 r ] 70
20 11 ﬂ 80

T
10 - S AN S B I M )
HTH- N 1]

o ,l_ L L 100
100 50 10 1 0.5 ol 005 0.01 0.005 0.001
Grain Size in Millimeters

GRAVEL SAND T
Cosrse | Fine Coorse | Mediom | Fine SILT or CLAY
SAMPLE
o (W WL [Pt M CLASSIFICATION TA. ARMY AMMUNITION PLT.
9 si 18 33 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ») SITE 7-2
BORING 4 SAIPLE 9
DEPTH 43 - & ft

Terracon Cun uiltants, Inc.
Ceoar Rapids Daveopoit Des Moines, 1A
Kansas City Wichita, KS

DRAWN [AppiiovED | DATE JOB No.

JEh |oi/1ess1] eseers
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U. S Snderd Siove Openings in inches

U. 3 Standerd Sieve Numbers

UNIFIED CLASSIFICATION C CL O

100 k] ;‘;" : s, } ? % : {& 14 16 7’23 30 A;]n 50![07;) 1;)0 140 KXl.Tz‘?O o

90 &l 10

® Rolif 20

layg=

70 H: 1 -~ 30
£
& \'"1 3
e &0 i 403
3 N\ -
g L0
A \\ -
$ % 50 3
£ 3
s (@]
£ w ] o E
E 3
a 41 g P

20 80

10 90

(4] 100

100 50 10 1 0.5 0.1 005 0.0} 0.00% 0.001
Gran Size in Millimeters
GRAVEL SAND
Coarse [ Fine Coarse | Medium | Fine SILT or CLAY
saemElwe. | w | eL Pt CLASSIFICATION
NO. . TA. ARMY AMMUNITION PLT.
2 35 15 20 BURLINGTON, IOWA

SITE 7-2
BORING S SAMPLE 2
DEPTH 8 - 18 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A
Kansas City Wichita, KS

DRAWN | APPKOVED DATY JOB No.

Jel.

81/16/81 § 6806874
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U. $. Standerd Sieve Openings in inches

3 2

1

1

[l 3

U. 3 Stanserd Sieve Numdens

100 : } ll ‘[ ; [] 10 I'LIl( ?? 30 A‘O 5061070 l;ﬂ I;O 200 _179 _} o
— I..:l'\‘\ -
% - ~3 10
\F\ .
80 R AN 20
70 7 30
j\ 3
£ ) =
s 60 w3z
: e 2
e [
. N ]
[ 3 30 w ~
& N 3
H <
g 40 N 1] © %
“ M LN =
30 70
\'\ -
‘ ull B
20 e 80
10 90
0 100
100 50 10 1 05 0.1 005 0.01 0.005% 0.001
Grair Size in Millimeters
Coarse TGRA:iEnL. Coarse | Medivm SAIND Fine SILT or CLAY
et we. | w | eo Pt CLASSIFICATION
NO. M TA. ARMY AMMUNITION PLT.
8 30 13 17 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING S SAMPLE 8
DEPTH 38 - 48 ft

Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, |A
Kansas City Wichita, KS

GRAWN | AF#HOVED DATYZ JOB No.

JEH. |ai/16/81] 680874




¢l

U. S Standerd Sieve Openings in inches

U. 3. Stenserd Sieve Numbers

100 3 (R : lln : An 8 8 0 114 lls z? 3 40 5;).;)7]0 nl)o u,oTﬁoj l‘ro 0
\ﬁr\ -
90 - '\E1 10
J\\
w AN g .
N
70 S 30
N £
% & kD\ . 40 g
3 N 5
> l. [
: 50 J\4‘ - 50 3
c 3
< ] N ot
g' “ ™ -L 60 E
< H4 sist kg
30 15N \ 70
0 -+ B 80
10 — %0
o L - 100
100 50 10 1 0.5 ol 005 0.01 0.005 0.001
Gramn Size in Millimeters
GRAVEL SAND
Coarss | Fine Coarse | Medium | Fine SILT or CLAY
SAMPLE )
o |WC | W PL M CLASSIFICATION TA. ARMY AMMUNITION PLT
10 37 15 22 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING S SAMPLE 1@
DEPTH 48 - 568 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA

Kansas City Wichita, KS

DRAWN | APPIROVED DATK JOB No.

et

1e1/19/811 0680874




V. S. Standard Sieve Openings in inches U. S Stenderd Sieve Mumbenn

Mypdrometo
100 3 2 l' ; ’Lr } : f ® ! 'IOL_:’i llt 20 30 40 50?7]0 100 140 200 2{0 0
— : s oAl
90 10
80 \ 20
:
70 30
\ x
£ \ ks
o 60 - N w3
3 -
- - o
D -~
§ %0 - 50 3
N 3
E, -~ “}
& 8
& | 3
30 70
20 -~ 80
MY 90
o [ LT - 100
100 30 10 5 1 0.5 0ot 0.0% 0.01 0.00% 0.001
Grain Size 0 M_ilhmclefs
GRAVEL SAND
Coarse | Fine Coarse I, Med ium I Fina SILT or CLAY
st lwe. | w | eu Pl CLASSIFICATION ‘
NO. X IA. ARMY AMMUNITION PLT.
| 58 20 38 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH O SITE Z-2

BORING 6 SAMPLE 1

DEPTH 3-5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, 1A

Kansas City Wichita, KS

DRAWN | APPROVED DATY JOB No.

JEH.  lei/21/81| 680874

H1T




[T 4

U. $. Standard Sieve Openings in Inches

U. S Standerd Sieve Numbeors

7 7
3 1 1 3 [ [ 14 18 20 30 06070 100 140 200 270
100 L B T ‘fj\: T v T l °
\.\ -
[y
80 k’\ 20
70 L{ 30
2 \\ Z
£ -
S 60 N 40 ;
2 N, IS
z 1 -
5 % Y 50 3
& N 2
£ N ©
g 40 = 60 ‘é
e b 'd
30 70
20 80
10 %0
o 100
100 50 10 5 1 0.5 01 00% 0.0 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coarse | Medium [ Fine SILT or CLAY
SANPLE
NO. w.C. Ly PL Pl CLASSIFICATION
IA. ARMY AMMUNITION PLT.
2 49 20 29 BURLINGTON, IOWA

UNIFIED CLASSTIFICATION ¢ CL O

SITE Z-2
BORING 6 SAMPLE 2
DEPTH 8 - {8 ft

ik

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A
Kansas City Wichita, KS

DRAWN

AFPROVED DATY JOB No.

I

Ri/19/81.1. 0680824




917

U. 3. Stendard Siave Openings in Inches

U. 3 Standerd Siove Numinn

3 2 3 4 ¢ s 10 4 16 b4 70
100 1y } } 3 =2 -Jll\l 1? ] 36 40 50-019 ro u‘ao 140 rc'wo 2 °
9% ~:>£rj\ 10
80 20
£ £
3 w3
* YL z
5 O 3
$* s, "
h.. Il
H N <
g N <3
s -1 <
30| {1 70
13-
20 80
10 90
1] 100
100 50 10 L) 1 0.5 0.1 005 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse l___Fine Coarse |~ Medium | Fia SILT or CLAY
SAMPLE
o | WG| W | PL | M CLASSIFICATION IA. ARMY AMMUNITION PLT.
6 2 | 17 | 15 i BURLINGTON, IOWA
| UNIFIED CLASSIFICATION ( CL ) SITe Z-2
BORING 6 SAMPLE 6

DEPTH 28 - 38 ft

Terracon Consultants, inc.

Cedar Rapids Davenport Des Moines, IA

Kansas City Wichita, KS

DRAWN | APPAOVED DATE JOB No.

JER  fei/19/81] 680874




Lie

U. 3 Slendard Siove Openings in inches

3 LI} |

1

U. 3 Sunderd Siew Namders

100 : : ’I_, — .} L] % L_J 114 l]l 20 c a 50‘(1_7: I0.0 l‘(:L‘?OO 270 0
2 om
|
90 T 10
(]

80 . 20
70 \ 30
£z R
£, A wd
ES >
> 0
-] -
s 1\ 50 3
s i o 3
g H “}
& 4 - z
30 1 0
20 80
10 - %0
) 100
100 50 10 s 1 0.5 0.1 0.05 0.01 0.00% 0.001
Grain Size in Millimeters

GRAVEL SAND
Coarse L Fine Coarse | Medium i Fine SILT or CLAY
MLt we. [ w | PL | P CLASSIFICATION
NO. . IA. ARMY AMMUNITION PLT.
1 49 i8 34 BURLINGTON, IOWA
UNIFIED CLASSIFICATION (¢ CL ) SITE Z-2
BORING 7 SAMPLE ¢
DEPTH 2 -4 ft
Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, IA
Kansajgny Wichita, KS
L DRAWN | APBROVED DATX JOB Mo.
o JEN. 81/19/81] 680874




3T

U. S Stenssré Siove Openings in inches

U. 3 Standerd Sieve Numbers

Mpdrometor
1 [ ] | 41 20 10
100 k) 2 I. : = — ) e I? 1 [] H[ :lo 0 50.1070 l?O 160 ?iﬂ 2 0
*"*Fl\
9 ™ 10
iﬁ\\Ei\\
80 ) 20
\\
\

70 30
N 3
b -
o ] )
‘s 60 L 3
z 4 N, z
2 - o ¥
l: 1 \ (8]
S w © g
e N 8
e Hd P <

30 =T 7

2 80

10 - %0

o 100

100 30 10 1 0.5 0.1 0.05 0.01 0.005 0.001
Gragjize in Millimeters
GRAVEL SAND
Coarse | Fine Cocrse L Madium T Fine SILT or CLAY
st iwe. | | L | m CLASSIFICATION
NO. ) IA. ARMY AMMUNITION PLT.
3 54 19 35 BURLINGTON, IOWA

UNIFIED CLASSIFICATION ¢ CH )

SITE Z-2
BORING 7 SAMPLE 3
DEPTH 12 - 14 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DAAWN | APFROVED DATE 03 MNo.

FEE 57 T A ANC Y S Lty e FIORTORINE? - ana

ey

Je1/19/81] 680874




bie

- .z

U. S Standerd Sieve Opsnings in Inches

3

2

1

U. 3 Stendard $ieve Numben

100 ; } ' : T l]‘ Il‘ 20 30 40 500‘07!0 N[)O IO'O 2?0 270 0
n — 1]
~<ti1
% T 10
) Y

80 20

70 ‘—\\ o .,J\ 30
- [ e
£ e
2 e \rl\“{ w3
: LR :
Fel -
3 %0 ] s0 3
£ 2
L 11T 1 O
g 0§
& ;

30 J\\. 70

'\‘j.

20 \D 80

10 90

0 100

100 50 10 1 0.5 01 0.0% 0.01 0.00% 0.001
Grain Size in Millimeters
Coarse 1 GRAFViEnl; Coarse | Medium SAIND Fine SILT or CLAY
SAMPLE
o |WC | LWL | P M CLASSIFICATION TA. ARMY AMMUNITION PLT
S 30 iS IS BURLINGTON, IOWA
UNIFIED CLASSIFICATION ( CL ) SITE Z-2
BORING 7 SAMPLE S
DEPTH 22 - 24 fi

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A
Kansas Cltry chhita, {(S

DRAWN | APE:OVED DATY JOR No.

J¥H. |ei/19/81] 680874

it

S B e <, 2




0zT

U. 5 Swundard Sieve Openings in Inches U. 3 Staadard Siove Numbenn Hydromaotor
3 2 li t 3 A [] o 10 14 18 ¢ 3C 40 50 80 70 J1OC 140 200 270
100 T g T A 0 I R A °
90 1 i~ 10
q\j
80 L\ 20
N
70 L{\ 30
z s
E 60 X\ w03
- Fy
A 3
£ A g
3. & o}
4 T I 3
< H : — J‘“f[:z\ z
30 - |t ~qT7{ 70
20 80
10 90
1+
0 _ 100
100 50 10 5 1 0.5 01 005 0.01 0.00% 0.001
Grain Size in Millimelers
GRAVEL SAND T T
Coarse | Fine Coorss | Medium 77 Fine B SILT or CLAY
SAMPLE
. w.C. LL PL Pt CLASSIFICATION
o IA. ARMY AMMUNITION PLT.
1 S| 22 29 BURLINGTON, IOWA
UNTFIED CLASSIFICATION ¢ CH ) SITE Z-2
BORING 8 SAMPLE |
DtPTH 3-5 ft
Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, 1A
Kanifs CxLy ,\./.,V'Ch“a' KS
L DRAWN | AF®iiOVED DATY JOB No.
e IFN- |oi/1az8i] ceesrs




ey

PP IVIREE e S q
U. $. Standard Sieve Openinge In inches U. 3 Standerd Lieve Humbery Hydromete:
100 1] ? 1 ; % 3 . 2 10 “r I‘Q 20 30 .To sooToro l?g"'l!]oT w0270 . 0
18] HJ ¥ 1 + —LF_, N'ﬁ'\l*;]\\ i T J
1 g U B A ] -
90 '\\ - o -7 - j—1 10
S>E}*<\Hﬁ
80 EL\ 20
70 — q\\ 30
o8 »
© & - @03z
3 AN S
¥ N .
e X - S % 4
E - his! 3
P D w
< He — &
30 ~1= 70
20 1 B8O
10 90
0 I AJ 100
100 50 10 1 0.5 01 005 0.01 0.00% 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarss l Fine Co‘"“ul____ Medium ‘[ Fine SILT or CLAY
SANPLE
&
no. |WC | UL | PL| M CLASSIFICATION TA. ARMY AMMUNITION PLT.
2 42 18 24 BURLINGTON, IOWA

UNTFIED CLASSIFICATION ¢ CL O SITE Z-2
BORING 8 SAMPLE 2
DEPTH 8 - 18 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Motines, 1A
Kansas City  Wichita, KS

DHRAWN

APFHOVED

DATY

JOB No.

IEH .

61/21/814

680874




TT7T

100

V. § Stnderd Sieve Openings ia inches

3 2 1y

dy
1

U. 3 Stensard Sieve Numion

4 & 10 14 18 20 ¢ 40 308070 100 140 200 70

T T } T T T T T T T 1 [ °
41 J.0 BN
80 - !\“{5~ 10
AN
80 )\\r, - 20
70 ALL\\L\ 30
[0 =
£ IRE! )
[ ] o
® 60 w0z
i a
Fy .
5 50 8 = s 3
i . 3
K Nk z
B w0 (] “ 8
e H E h g
30 = 70
\\
2 ] 80
10 90
0 —JL 111 100
100 30 10 1 0.5 o1 005 0.01 0.005 0.001
Grain Size In Millnme(:f:
GRAVEL SAND
Coarse Fine Coarte ! Madium ] Fine SILT or CLAY
tamtlwe | w | Po Pt CLASSIFICATION
NO. : IA. ARMY AMMUNITION PLT.
3 36 15 21 BURLINGTON, IOWA

UNIFIED CLASSIFICATION ¢ CL O

30RING 8

SITE Z2-2

SAMPLE 3

DEPTH 13 - 15 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | AFFROVIED

DATE

JOBR No.

OFH .

01/21/81

680874




U. § Standard Sieve Opsnings in inches

U. 3 Standerd Sieve Nuwmbans

1 [} 1 3C 7
;] ] [ } 14 1¢ ¢ « 30 60 70 100 40 00 270
100 Lo e e i ‘l:% = #l‘f‘f_‘ =YL : 'l}—}~ ‘j °
SO I R ﬂ;m‘:{:l_\ - -t
90 - '*ﬂ —1 i r— ‘—QE 10
80 41 \ S S VN S
1 \ _
70 qT 30
2 + Z
Z A : §
i 6C \ 40 i
S \ - 2
e 0 N %0 !
[
€ - 3
[} = 8
7 Y 2
g« o+ w?
& 1 B =g 2
30 \{3 70
20 80
10 0
0 100
100 50 10 1 05 0.1 0.0% 0.01 0.005 0.001
Grain Size in Millimeters
Coerse ] GRAFviEnL. Coorse | Meod um SA]ND Fine SILT or CLAY
SAMMLE | we. | w | pL Pt CLASSBIFICATION
No. ' IA. ARMY AMMUNITION PLT.
I 58 26 32 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2
BORING 8 SAMPLE |
DEPTH 2 -4 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, I|A

7 Kansas City Wichita, KS
DRAWMN | APPROVED DATK JOB No.
PR, loi/19/81] 680874




U. $ Stenserd Sieve Opealings in inches U. § Standard Sieve Numbenry Hydrometor
100 3 ? )] : 3 % : A, 8 3 mjilli 2? c ‘]o 50.;)1’0 1(])0 “IO 7?0_1 270 °
90 T \ 10
N
1 1{
80 S —1 1 20
N 1
<
70 - \El\ 30
- NENS £
L \\ .g
2 6 =t w3
3 B i.
T < 0 §
E ~ -
2 ‘r\\ 3
€ 40 0
£ 8
P -+ 4
30 -- ~— 7
20 80
10 90
1] 100
100 50 10 5 i 0.5 0.1 0.0% 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse T Fine Coorse | Madiom ] Fine SILT or CLAY
SANRLE lwe. | w | pL Pt CLASSIFICATION
NO. . TA. ARMY AMMUNITION PLT.
3 40 16 24 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢  CL O SITE Z-2

BORING 8§ SAMPLE 3

DEPTH 12 - 14 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA

S Kansas City Wichita, KS

DRAWN | AFFROVED DATE JOB No.

JFA. lei/19/81] 680874

1o




SZT

el il TN

U. S Swndard Sieve Openings in inches

U. 3 Standend Sieve Nwmbens

Hydromotor
1 1 ] [ ] 14 16 20 E [o] 4 7 70
100 —2 2y L JI 3 ? . ﬁ‘% o Io 306070 100 \;o MT 2 0
e }
90 \ 10
80 20
4

30
70 L’L\ B}
rd T L;rl\ -
g 60 3 w3
3 TN =
2 . 5
5 50 50 3
é _ \\ H 3
- 85} o
[ -
E 40 \Lj\r 60 5
a 4 el ~ - ll..

30 =0 5

. |- -

10 )

0 100
100 50 10 1 0.5 0.1 0.05 0.01 0.005 0.001
Grain Size in Millimeters

GRAVEL SAND
Coarse | Fine Coorse | Medivm 1 Fine SILT or CLAY
SANMPLE
o |WC. b | P | M CLASSIFICATION TA. ARMY AMMUNITION PLT
6 44 16 28 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ( CL D SITE Z2-2
BORING S SAMPLE 8
L DEPTH 28 - 30 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN

APPROVED DATE JOB No.

SFH

1/19/81} 680874




92¢

U. S Stsndard Sieve Opunings ia Inches

U. S Stenderd Siove Nembers

1 4 70
100 3 2 iy : % ; : :“11 1416 r«?? sg:_‘c_; wwro-_jg_nj%z.(ﬁ; iW\D °
90 L:l\ 10
11 \tl
80 t— \ 20
" - \ }
£ | £
[ ] -~
‘@ 40
fw \ >
B I N
‘é %0 N 50 !
o
: . :
E w ) ©3
¢ M s
30| 70
20 B0
10 90
[+] 1. _ 100
100 50 10 1 05 01 0.0% 0.01 0.00% 0.001
Grain Sizerin Millimeters
GRAVEL SAND
Coarss | Fine Coarse | Medivm | Fine SILT or CLAY
st we. | w | eL Pt CLASSIFICATION
NO. . IA. ARMY AMMUNITION PLT.
| 53 20 33 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2
BORING 10 SAMPLE |

DEPTH 3 -5 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | APFROVED DATE JOB No.

M. |a1/19/81] 680874




U. S Swndard Sieve Openings In inches U. S Steaierd Sieve Nembers

3 2 Yy | 1 4 L K & 8 10 1416 20 30 40 306070 100 140 200 270
100 a1 H] T T T T T T 0
-
90 F 10
REN
AN
\
80 —— — {-4t-4 SN 20
1 A\\ 1

70 >4 - 30
z ) £
S N w3
2z 3 Fy
3w ™ o}
E B 2
€ A 8
§ 40 x 60 5
& M z

30 ey 70

IN
1 -

20 80

10 %0

0 100

100 50 10 3 1 0.5 0.1 0.05 0.01 0.005 0.001
Grain Si_zﬂe in Millimeters )
GRAVEL SAND
Cosrse [ Fine Coorse | Modiom ] Fire SILT or CLAY .
et lwe. | w | e Pt CLASSIFICATION o
No. i ; TA. ARMY AMHUMITION PLT.
4 28 14 14 BURLINGT(:+, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE /-2

BORING 18 SAMPLE 4

DEPTH 18 - 280 ft

| 7 Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, A

] Kansas Cily Wichita, KS

DRAWN | AP-1iOVED DATY JOB No.

S e1/21/81] 680874

Lee




8ze

U. S Swndaréd Srove Openings in inches

3

1]

U. S Stendard Sieve Nomben

3 e 6 8 40 1416 20 3G 40 308070 100 140 200 270
100 T T TP P TITT =TT Y T AT °
—
90 = {H 10
80 a' 20
Bt m]
70 30
£ ) N E‘
£ ST - i “w3
> el 5
-] R -
§ % == s 3
€ 3
& il z
S % o &
e
& H L ;
30 e s 70
20 = 80
10 90
0 100
100 50 10 5 H 0.5 0.1 005 0.01 0.005 0.001
Gramn Si_zc in Millamete_r}
Coarse GRA:iEn‘; Coarse | Med ium SﬁND Fine SILT or CLAY
SAMMLE | we. | w | pL Pt CLASSIFICATION
NO. : TA. ARMY AMMUNITION PLT.
5 52 25 27 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2
BORING 18 SAMPLE S
DEPTH 23 - 25 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | AFPFROVED DATY JOB No.

S lez/es/81] 680874




U. $. Swandard Sieve Openings in Inches U. § Standerd Shave Nemban

brr

{ {
3 2 1 1 3 4 [ [ ] 10 14 18 20 30 40 50 80 70 100 140 200 270 — —
- Sl 1 2 e 2 e A A 1 1 1 R 1 I O °
%0 k\ 1 - 10
80 \\k: 20
70 \ ko]
z b% L
e BHEEN w3
: - >
= D
< 3
s X0 - % 2
& | N 3
e i :
g 40 — | 60 g
a -1+ : S =
30 HJ\NEL | 70 {
j
20 80
10 90
0 100
100 50 10 L] 1 05 0.1 0.05 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL " SAND *
Coarse | Fine Coarse }_____ Modium 1 Fine SILT or CLAY
setlwe | w | pL P CLASSIFICATION
NO. : TA. ARMY AMMUNITION PLT.
3 39 17 22 BURLINGTON, IOWA
UNIFTED CLASSIFICATION ¢ CL O SITE Z-2
BORING |1 SAMPLE 3
DEPTH 13 - 15 ft
o Terracon Cons iltants, Inc.
Cedar Rapids Davern oot Des Moines, 1A
Kansqs Cit. vir hita, KS
DRAWN AWHO\:D! LATE JOB No.
e e e SER {01981 ] eeesz4




age

U. $. Standerd Sieve Dpenings in inches

2 1y

U. 3. Stendard Sieve Numbers

UNIFIED CLASSIFICATION ¢ CL )

) [} [ ] 10 14 16 radl 36 40 50 80 70 100 140 200 270
100 1 T T 171 T T 1T °
. -
~<
%0 -~ 10
hEY {
N T 7T
80 S\ +H 20
\hx

S w
70 N -
- N, ! a
rs )
s 60 al w3z
* z
E l—.‘ 1
e % l\ 50 3
€ L 3
: RN z
< <
g T N ®3
a Hr—- N z

30 b T_!\ 70

I

20 80

10 %0

[+] i 0L 4 100

100 50 10 1 0.5 o1 005 0.0 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse Fine Coarse | Medium ] Fine SILT or CLAY
SRt we. | w | PL | mt CLASSIFICATION
MO. : TA. ARMY AMMUNITION PLT.
4 31 15 16 BURLINGTON, IOWA

SITE Z-2
BORING {1 SAMPLE 4
DEPTH 18 - 28 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, [A
Kansas Cily Wichita, KS

DRAWN | AF+FROVED DATK JOB No.

IJrH. |e1/21/81] 680874




(e¢

U. 3 Standard Sieve Openings in iaches

U. 8§ Standard Sieve Humbers

100 2 : !‘] : s % ,&-} 3 T. :j 1416 _E‘"T 30 01043'001070 I?O 130 21‘)0 170 0
_ N o
b Bl
80 —- < |- - 20
=) =

70 L—\ S B 30
N3 -
& oty s
[} o
£ ) | w0 $
Fy - - o
Fe-) -
s X J 50 !
c b 2
- ‘%"'*1 O
;o = "1
& L 1] ¢

30| 70

20 80

10 [* ]

0 ) R 100
100 50 10 1 0.5 01 0.05 0.01 0.00% 0.001
Grain Sixe_m Miftimeters
GRAVEL SAND .

Coarss { Fine Coarse | Medivm | Fine SILY or CLAY
SAMPLE
WwW.C. LL PL Pl CLASSIFICATION
NO. TA. ARMY AMMUNITION PLT.
6 42 16 26 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING |1 SAMPLE 6
L DEPTH 28 - 30 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | AB#<OVED DATU JOB No.

S 3 N e b < amd

I

1017197818 G8ART4




el

U. 5. Stangerd Sieve Opanings In Inches

3 2 1}

U. S Standerd Sheve Numdens

100 - : g- ! } 3 : o 10 1416 ?;) 30 ‘]Q 50‘107'0 l(])o lA,O 2?0 270 0
90 - \EL\ 1 Al IO
4]

80 j{:‘-r s 20

70 L‘\ - 30
= .
£ )
I w$
3 -
B 0
§ %0 50 3
& a 3
E w “F
e M4 s

30 70

20 80

10 — 90

[+ 100

100 50 10 1 0.5 01 005 0.01 0.00% 0.001
Graimn Size in Milhimeters
GRAVEL SAND ) !
Coarse Fine Coorse | Medium | Fine 1 SILT or CLAY
sl we. | w | eL P CLASSIFICATION
No. : JA. ARMY AMMUNITION PLT.
2 43 16 27 BURLINGTON, IOWA

UNIFIED CLASSIFICATION (¢ CL

)

SITE Z-2

BORING 12 SAMPLE 2

DEPTH 9 - 11 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA

Kansas City Wichita, KS

DRAWN | ABFROVED DATE JOB No.

orl  fai/:9/81] 680874




V. $. Standerd Sieve Openings in inthes

U. 3 Standerd Sieve Numbens

100 ) 2 IL : { 3 4 L[] 7 10 lll ]]6 ?:) 3¢ 610 506‘0710 l(')O 14C 7(1)9_ ,.170 °

90 ] 10

80 \\\ 20

70 41-t= 30
- NI - :
- B
[~ ] ]

- - 0
3 T %
B T <
5 50 :L\x so X
H 3
‘E -t
S 40 & €
3 M 2
o M+ L K d

30 - 70

20 \\llj 80

10 H %0

0 — 100

100 50 10 3 1 0.5 0.1 0.05 0.01 0.005 0.001
Grain Size in Milimeters
GRAVEL SAND
Coarsa Fine Coarse I Madium —] Fine SILT or CLAY
SAMMLE
¥o. | W.C. | LL PL P1 CLASSIFICATION IA. ARMY AMMUNITION PLT
4 30 16 14 BURLINGTON, IOWA

UNIFTED CLASSIFICATION ¢ CL O

SITE Z-2

BORING 12

SAMPLE. 4

DEPTH 19 - 21 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A
Kansasputy Wichita, KS

CRAWN | APPROVIED

DATY

JOE No.

SJFHL

81/19/81

680874
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U. S. Standard Sieve Opanings in Inches

3

1]

U. 3 Steaderd Sivws Nuwabenn

UNIFIED CLASSIFICATION ¢ CL O

100 zl ; 1:’7 Qr T[t_] ) 4 . ’ 10 1’4 llt 20 30 “o 500]070 1?3 140 2\]70 270 0
‘ 3\\ 1
90 = 10
NS
i
w Aﬁ - m
\\
70 30
z ~{ Z
5 60 RER w3
E3 N z
¥y ks .
50 RNs! 50 3
c
& 0 3
% N @3
B \L 8
n.. 1 {
N\
30 1+ - 70
™~
20 \ﬁ.\n 80
10 0
0 1] 100
100 50 10 L) 1 0.5 01 00% 0.01 0.00% 0.001
Grain Size in Millimeters
GRAVEL SAND -
Coarse Fine Coorse | Madium ] Fine SILT or CLAY
tlwe.| w | L | m CLASSIFICATION
No. . JA. ARMY AMMUNITION PLT.
5 30 15 15 BURLINGTON, IOWA

SITE Z-2

BORING 12 SAMPLE S
DEPTH 24 - 26 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWH | AP+ROVED DATE JOB No.

Jrt lei/z1e/81] 660874

A e A\ ol T,




U. $. Standerd Siove Openings in Inches U. S Stendsid Sieve Numbers Mydroasio

100 2 LR | : g 3 ‘_]F- s xoj\\la lla I‘W I 40 w.lom )?o )?o zclwo 270 ] 0

%0 an ‘ER 10

80 — 20

\\:1 N

£ aeital &
; 60 - PN\¢ . 40 i
> pol
B g
; EY 0 ~
; N g
T ~ “3
& - i

30 N _ 70

S
- ~]
10 90
1T 171
4] - 100
100 50 10 - 1 0. 01 005 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse |  Fine Coarse | Medium 1 Fioe SILT or CLAY
Metlwe. | w | po | m CLASSIFICATION
NO. . IA. ARMY AMMUNITION PLT.
2 30 13 17 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 13 SAMPLE 2
DEPTH 9 - It ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, 1A

Kansas City Wichita, KS

DRAWN | AR ROVED DATE JOB No.

JBt lei/tosei] eses74
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U. 3. Standerd Sieve Opaaings la Inches U. $ Standard Sieve Numbens

[ i ) s 1o 14 30 607 40 200 370
100 ) 2 1 1 } L) 9 14 18 20 30 40 0 70 100 1 0
T 1 1ﬁ ] Aﬂ\%k\w T T
90 \K; 10
N
80 ] 2
BHaE Riany
70 30
£ :
‘s 60 w3z
z A : B
L -
§ % @t 50 3
& 3
E 40 ) “,g
& e
30 70
20 80
10 90
0 100
100 50 10 - 1 0.5 0.1 005 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse [ Fine Coarse | Medivm 1 Fine v SILY or CLAY
BAMPLE | we. | w | pL Pt CLASSIFICATION
NO. : TIA. ARMY AMMUNITION PLT.
3 52 18 36 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2

BORING 13 SAMPLE 3
DEPTH 14 - 16 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | APFROVED DATX JOI No.

e el Jeisi9/81] 680874




Lec

V. S Stendsrs Siove Openings in inches U. 5 Standerd Shave Numbnars
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Grain Size in Milimeters
GRAVEL SAND
Cosrse | Fine Coarse | Medium ] Fine SILT or CLAY
SAMPLE
W.C. L CLAS C
No. P M SIFICATION TA. ARMY AMMUNITION PLT.
6 28 13 15 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢  CL ) SITE Z-2

BORING I3 SAMPLE 6
DEPTH 28 - 38 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | Ap#iioveED | DATE Jom No.

— U ot leizioze ] eseer




U. S Stundard Sieve Dpenings in Inches U. 3 Standard Siove Numben Hydromotes
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Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coorse | Medium | Fine SILT or CLAY
st i we. | w | pL | P CLASSIFICATION
No. . TA. ARMY AMMUNITION PLT.
| 54 21 33 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2

BORING 14 SAMPLE |

DEPTH 2 -4 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA

Kansas City Wichita, KS

DRAWN | AFFROVED DATK JOB No.

get

S |ei/1a/81] 680874




U. S. Sandard Sieve Openings in inches

U. § Suaderd Sieve Numbens

Mydrometo
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100 50 10 1 0.5 01 0.0% 0.01 0.00% 0.001
Grain Size in Millimeters

GRAVEL SAND
Coarss | Fine Cour se _L___ Medium ] Fins SILT or CLAY
SAWPLE |l we. | w | PL Pt CLASSIFICATION
xo. : TA. ARMY AMMUNITION PLT.
2 47 18 29 BURLIMNGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 14 SAMPLE 2
DEPTH 7-9 ft
- Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, |A

Kansas City Wichita, KS
DRAWN | APPrOVED | DATY JoB No.
o o s Jet. lai/19/81] e8e874




U. 3. Standard Sieve Openings 1a inches U. 3. Stenderd Sieve Mumbens

Hydromoter
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1] 100
100 50 10 -] 1 0.5 0.1 0.0% 0.01 0.005 0.00}
Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coarse | Medium | Fine SILT or CLAY
SAMPLE
we. | w | e | P CLASSIFICATION
NO. A TA. ARMY AMMUNITION PLT.
4 47 14 33 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 14 SAMPLE 4

DEPTH 17 - 19 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A

oz

Kansas City Wichita, KS

DRAWN | AFPROVED DATE JOB No.

e rnin — I 01/19/811 688874




1€

U. $ Swnserd Sieve Openings in inches

V. 3. Standsrd Sieve Numbers Hydromator
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100 50 10 5 ] 0.5 01 0.05 0.01 0.00% 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coorse | Madium | Fine SILT or CLAY
st lwe. | | P | A CLASSIFICATION
NO. : TA. ARMY AMMUNITION PLT.
2 4\ 19 22 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2

BORING 1S SAMPLE 2
DEPTH 7-9 fi

Terracon Consultants, inc.

Cedar Rapids Davenport Des Moines, |A
Kansas City Wichita, KS

DRAWRN | APEOVED DATY JOB No.

R o 3. la1/20/81) 680874




U. 5. Standsrs Sieve Openings in Inches

) 2

1

U. 3 Stendard Sieve Nuimders
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100 50 10 1 0.5 0.1 005 0.01 0.00% 0.001
Grain Size in Millimeters
GRAVEL SAND T
Coarse | Fine Coorse | Medivm | Fine SILT or CLAY
SAMME we | w | L Pl CLASSIFICATION
NO. N TA. ARMY AMMUNITION PLT.
4 36 15 21 BURLINGTON, IOWA

UNIFIED CLASSIFICATION ¢ CL

D)

SITE Z-2
BORING 15 SAMPLE 4
DEPTH 17 - 19 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA
Kansas City Wichita, KS

DRAWN | APPROVED DATY JOB No.

PN, 91/20/81] 680874
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U. S Stenderd Sieve Opuaings in Inches

L N S I I S | 3

U. 3 Stendsisd Siuve Numben
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Grain Size in Millinieters
GRAVEL TSAND -
Coarse | Fine Coorss | Masdium | Fine SILT or CLAY
SANPLE
o |WC | WL | P ™ CLASSIFICATION TA. ARMY AMMUNITION PLT.
6 39 1S IS BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 1S SAMPLE 6
DEPTH 28 - 38 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A

Kansas City Wichita, KS

DRAWN | APFROVED DATY JOB No.

RO WP SO

S R1/20/81| 680874




U. 3. Standard Sieve Opeaings in inches U. S Siensard Sieve Numbers Hydrom.otes
100 L) 2 1y : 3 ? i ? ﬁ: s 8 10 14 lli 2? 30 40 aoc'oro |c‘>o 1;0 x‘)o 270 0
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100 50 10 S 1 0.5 0.1 0.0% 0.01 0.00% 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coorss ! Medium | Fine SILT or CLAY
SAMPMLE —
no. |WC | WL | PL| M CLASSIFICATION TA. ARMY AMMUNITION PLT.
| 59 24 35 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2

BORING 16 SAMPLE 1
DEPTH 2 -4 ft

Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, IA

e

Kansas City Wichita, KS

DRAWN | APPIIOVED DATX JOB No.

SJFH. o1720/81| 680874




e

U. S. Standers Sieve Openings ia inches

U. 3 Stengerd Sieve Numben

Hydrometos
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100 50 10 -] 1 0.5 01 005 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coorse | Mediom | Fine SILT or CLAY
Motlwe. | w | P | P CLASSIFICATION
No. : IA. ARMY AMMUNITION PLT.
2 48 15 33 BURLINGTON, IOWA
UNIFIED CLASSIFICATION C CL ) SITE Z-¢
o - BORING 16 S MPLE 2
DEPTH 7 -5 ft

Terracon Consuitants, Inc.

Cedar Rapids Davenpoit Des Moines, A

Kansas City Wichita, KS

DRAWN

APPROVED DAT! JOB No.

JEM.  |ei/20/81] 680874




9HhT

U. S Standard Sieve Openings in Inches

U. 3 Standerd Siove Numbers

Hydromete
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Grain Size in Millimeters
GRAVEL SAND
Coarse Fine Coorse | Medium 1 Fine SILT or CLAY
Metlwe. | w | P | P CLASSIFICATION
NO. : TA. ARMY AMMUNITION PLT.
1) 50 14 36

BURLINGTON, IOWA

UNIFIED CLASSIFICATION C CH )

SITE Z-2

BORING 16 SAMPLE S

DEPTH 22 - 24 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, IA

Kansas City Wichita, KS

DRAWN | APFROVED DATE JOB No.

JFH. 01/28/81] 680874




Lye

V. S Stendard Sieve Opeaings in inches

U. 3 Sianderd Siove Numben

PO

Hydromeots:
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Grain Size in Milhmeters
GRAVEL SAND
Coarse Fim c“'“, T MIUI‘“ l Fine SILT of CLAY
uMitlwe. | w | e | m CLASSIFICATION
NO. : IA. ARMY AMMUNITION PLT.
3 36 17 19 BURLINGTON, IOWA

UNIFIED CLASSIFICATION C CL

D)

SITE Z-2
BORING 17 SAMPLE 8
DEPTH 12 - 14 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A
Kansas City Wichita, KS

DRAWN [ APpROVED | i ATE JOB No.

et {oio0/81] esesy




8¢

V. S. Standard Sieve Openings In lathes U. 3 Stenderd Sieve Numbers
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Grain Size in Millimeters

GRAVEL SAND
Cosrse 1 Fine Coorse | Modium [ Fine SILT or CLAY
sustlwe. | w | L | Pt CLASSIFICATION
NO. : JA. ARMY AMMUNITION PLT.
4 26 15 11 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 17 SAMPLE 4

DEPTH 17 - 19 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, 1A
Kansas City Wichita, KS

DRAWN | AP#ROVED DATK JOB No.

o JEY. |et/2e/81] 680874




333

U. $. Stendsrd Sieve Opunings in inches

U. 3 Stangerd Siove Numbdens
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90 \ — 10

o A\ 0

N

70 & 30
S
i 60 \ 40 i
B : + 5
§ % L=t - % 3
c | %Q . 3
< | “[{l | <
e T T “3
s 1L ] 2

RS
30 s s 70
NS o S

’° T (] 80

10 90

[} 100
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Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coarse | Medium | Fine SILT or CLAY
SAMPLE | we. | w | pL Pt CLASSIFICATION
No. . IA. ARMY AMMUNITION PLT.
6 27 13 14 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 17 SAMPLE 6
DEPTH 28 - 38 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, |A
Kansas City Wichita, KS

D#RAWN | APEROVED DATK JOB No.
Il ets2e81] eses74




as?

U. 3 Swunderd Sieve Openings ia inthes U. § Standerd Stews Numbers
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100 %0 10 S 1 0.5 0.1 005 0.01 0.00% 0.001
Grain Size in Millimeters
GRAVEL SAND
Cosarse T Fine Coorse ! Medium | Fine SILT or CLAY
st i we. | w | pL | P CLASSIFICATION
NO. . TA. ARMY AMMUNITION PLT.
I 44 21 23 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE 7-2

BORING 18 SAMPLE 1
DEPTH 4-6 ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, I|A
Kansas City Wichita, KS

DRAWN | APPROVED DATX JOB No.

IFH. 01/28/81| 680874




Ist

U. 3 Standerd Sieve Openings in inches

U. 3 Stenserd Siove Numbers

UNIFIED CLASSIFICATION ¢ CL O

Nydromotos
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Grain Size in Millimeters _
GRAVEL SAND
Coarse | Fine Coarse | Medium 1 Fine _M_' _'E[_N CLAY
Mot we | w | P m
NO. : P CLASSIFICATION TA. ARMY AMMUNITION PLT.
7 25 12 13

BURLINGTON, IOWA

SITE Z-2
BORING 18 SAMPLE 7
DEPTH 384 - 36 ft

Terracon Consultants, Inc.
Cedar Rapids Davenport Des Moines, A

—{ Kansas_Cny Wichita, KS
B DRAWN | APPROVID DATE JOB No.
Stk o1/20/81] 680874




gst

U. S. Standard Sieve Openings in inches U. 3 Standerd Sieve Numben Hydromotor
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Grain Size in Millimeters
GRAVEL SAND
Coarse I Fine Coar se l Medium I Fine SILT or CLAY
SAMPLE
o (WG| WL | L ™ CLASSIFICATION TA. ARMY AMMUNITION PLT.
9 32 12 20 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL O SITE Z-2
BORING 18 SAMPLE 8
DEPTH 44 - 46 fi
L Terracon Consultants, Inc.
T ] Cedar Rapids Davenport Des Moines, IA
Kansa; “Cnlt\_/'_vﬂincpna, KS
DRAWN | APPIOVIED DATY JO3 MNo.
JEH. Jet/20/81] 680874




eqr

U. 3 Stenderd Sieve Openings in laches

U. 3 Standerd Sieve Numben
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Grain Size in Millimeters
GRAVEL SAND
Coarse | Fine Coarse | Medium | Fine SILT or CLAY
sentlwe. | w | pL | m CLASSIFICATION
No. : IA. ARMY AMMUNITION PLT.
2 50 19 31 i BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CH ) SITE Z-2
GORING 19 SAMPLE 2
DEPTH g - {1 ft
.erracon Consultants, Inc.
- Ceten ‘tapids Davenport Des Moines, A
5ansas City Wichita, KS
paaw:: | a--kovib | pate | Jos Ne.
[ e loi/20/81] 680874




$ST

U. 5. Standsrd Sievw Openings In inches

U. S Stenderd Sieve Num_ .

3 2 )y ) i 3 8 8 10 1416 20 30 40 308070 100 140 200 270
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A1 —|
90 ] 4 ] 10
- I~
80 ‘-\ 2
N
70 \h 30
g
] )
5o N w3
3 ™ N -
5 AE 0
§ %0 g 0 3
£ = é
£« ~ “}
<M ' d
N
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100 50 10 1 0.5 0.1 0.0% 0.01 0.005 0.001
Grain Size in Millimeters
GRAVEL SAND
Coarse [ Fine Coarse ! Modium ] Fine SILT or CLAY
setlwe. | | PL | m CLASSIFICATION
NO. : TIA. ARMY AMMUNITION PLT.
8 35 13 22 BURLINGTON, IOWA

UNIFIED CLASSIFICATION ¢ CL )

SITE Z-2
BORING 19 SAMPLE 8 |
DEPTH 39 - 48 ft «

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, 1A

Kansas City Wnchila, KS

DRAWN | APFROVED DATEL JOB No.

A I e e KL

IFH. |aiszess1] 680874




U. $. Slandard Sieve Openings in inches
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1

+
U. 3 Steadard Shive Numbers
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Grain Size in Milhimeters
Coarse GRAFVE: Coar se ;7{ Medium STD Fina SILT or CLAY
susitlwe | w | eL CLASSIFICATION
NO. N JA. ARMY AMMUNITION PLT.
10 35 13 BURLINGTON, IOWA
UNIFIED CLASSIFICATION ¢ CL ) SITE Z-2
BORING 19 SAMPLE 10
DEPTH 48 - SB ft

Terracon Consultants, Inc.

Cedar Rapids Davenport Des Moines, A

DRAWN

Kansas City Wichita, KS

APFROVUED DATR JOB No.

JFH. 01/28/81] 680874




[OWA ARMY AMMUNITION PLANT
BURLINGTON, 10WA
JOB NO. 680574
CONSTANT HEAD PERMEABILITY TEST RESULTS

SITE 22
Moisture Dry Coefficient
Boring Sample Depth Content Density of
(fr) % pcf Permeability
cm/sec
] | 3.0- 5.0 30.2 90.6 9.2 X 10 2
i 3 13.0-15.0 19.3 109.1 3.8 x 108
2 2 8.0-10.0 21.9 100.0 8.2 x 10710
2 L 18.0-20.0 13.5 111.5 1.3 X 1078
3 3 13.0-15.5 16.4 112.8 6.2 x 1072
3 5 23.0-25.0 15.7 108.5 5.0 x 1072
4 7 33.0-35.0 12,1 121.9 1.6 x 1078
4 9 43.0-45.0 25.3 100.6 1.6 x 1072
5 2 8.0-10.0 22.1 104.2 3.8 x 1072
5 8 38.0-40.0 15.4 115.0 3.4 x 107
6 | 3.0- 5.0 28.6 30.5 1.1 x 107
6 2 8.0-10.0 29.0 89.6 2.1 x 1078
7 | 2.0- 4.0 28.6 89.3 9.6 x 10710
7 5 22.0-24.0 17.9 111.6 1.0 X 107
8 2 8.0-10.0 24.5 100.4 L5 x 1078
8 3 13.0-15.0 21.8 103.7 1. x 1078
9 3 12.0-14.0 21.1 106.8 2.5 x 1072
9 6 28.0-30.0 19.7 107.9 3.1 x 1072
10 ! 3.0-5.0 32.6 81.2 9.9 x 10710
10 4 18.0-20.0 17.5 115.7 7.4 x 107

286



|OWA ARMY AMMUNITION PLANT

BURL INGTON, |0WA
JOB NO, 68057k

CONSTANT HEAD PERMEABILITY TEST RESULTS

SITE 2-2
Moisture Ory Coefficient
Boring Sample Depth Content Density of
(ft) % pcf Permeability
cm/sec

1 3 13.0-15.0 23.2 96.5 8.3 x 107°
11 6 28.0-30.0 16.9 113.6 1.2 x 1072
12 4 19.0-21.0 13.2 120.3 6.1 x 10°°
12 5 24,0-26.0 15.1 119.1 3.9 X 107
13 2 9.0-11.0 19.5 108.3 3.4 x 1070
13 3 t4.0-16.0 19.0 112.5 1.7 x 1072
" | 2.0- L.0 22.7 96.7 6.4 x 1072
1k 2 7.0- 9.0 25.8 97.4 8.6 x 1072
15 L 17.0-19.0 17.4 113.5 3.3 x 1070
15 6 28.0-30.0 18.9 107.6 7.7 x 1072
16 2 7.0- 9.0 22.4 96.8 1.6 x 1078
16 5 22.0-24.0 13.8 118.9 5.4 x 1070
17 3 12.0-14.0 22.2 103.8 2.8 x 1078
17 6 28.0-30.0 13.1 123.2 1.5 x 1078
18 1 4.0- 6.0 28.2 91.3 2.0 x 1078
18 7 34.0-36.0 10.4 126.0 1.1 x 1072
19 2 9.0-11.0 25.4 97.7 2.4 x 1072
19 10 48.0-50.0 23.2 98.7 2.5 x 1072




7249
Z2410
72411
Z2#12
Z2#13
Z2#14
72415
72416
72417
72418
Z2418A

Z2#19

BORING AND WELL SURYEY DATA
SITE Z2 - DETONATOR LINE #6
[OWA ARMY AMMUMITION PLANT - BURLINGTON,
630574 MARCH 31, 1981

JOB NO.

el e D

[ OWA

Elevation

N
(f+)

8N16

7052
7054
7542
6136
6622
6810
6725
7999
6895
6924

7192

9756
8695
9769
9081
9318
10792
8211
8685
9839
9539
9523
9173
9173

10148

Natural Ground

(£1)

7122.
698.

716.

VAR
713,
704.
709.
JARIR
709.
719.
712,
712.

712,

~d

4=

0.6

Top of Pipe
(ft)

725.4

$592.6

716.0
716.9

515.9

358



Table WATER LEVEL OBSERVATIONS
SITE 72
FOWA ARMY AMMUNITION PLANT - BURLINCTON, 10WA
JOB NO. 680574 MARCH 35, 1081

Water Encountered Water Level Records

- D.B. A.B. WLE WLE WLE
Site Date (1) (ft+) Date Elev(ft) Date Elev(ft) Date Elev(ft)
Z2#1 11-20-80 8 1.3 11-25-80  715.6 12-3-80 7115.4 1-6-81 718.7
2242 11-20-80 7.5 k 10.3 11-26-80  695.2 12-3-80 695.2 1-6-81 696 .4
Z2#18  12-9-80 4.0 32.0 - - - - 1-4-81 708.1
Z2#18A 12-10-80 4.0 - - - - - 1-8-81 709.5
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 1-6-81 714.6
2244 11-21-80 3.5 3.75 11-25-80 710.5 12-3-80 711.0 1-6-81 711.2
Z2#5 11-21-80 7.0 WCI 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
2248 11-22-80 7.0 17.2 11-25-80  707.4 12-3-80 707 .4 1-6-81 707.1
Z24#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  7090.8 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

22412 12-4-80 7.0 8.5 11-25-80 - - - 1-7-81 711.5



NT

Table WATER LEVEL ORSERVATIONS
SITE 22
TOWA ARMY AMMUNET EON BPLANT = BURLINGTOR,  1OWA
JOB NO. 680574 HMARCH 5, 1981

Water Encountered Water lLevel Records _
D.8B, A.B. WLE WLE WLE
Site Date (ft) (ft) Date Elev(ft) Date Elev(ft) Date Elev(ft)
2213 12-5-80 2.0 8.5 - - - - 1-6-81 704.9
Z2#14  11-25-80 17.5 21.0 - - 12-5-80 704,73 1=t 105.5
Z2#15  11-25-80 5.5 5.5 11-25-80  706.9 12-3-80 704.3 1=t 07.8
Z7¥16  11-25-80 6.0 26.0 11-25-80  706.4 12-3-80 707.8 T-6-1 106, €
22817 11-24-80 7.7 10.0 11-25-80  714.1 12-35-80 712.3 1-6-11 714.9



\v€

WATER SAMPLING OBSERVATIONS
Table SITE 722
IOWA ARMY AMMUNITION PLANT - BURLINGTON, IOWA
JOB NO. 680574 MARCH 3, 1941

Water Sampling Records

. WLE Temp WLE Temp WLE Temp
Site Date  Elev(ft) ° - pH Date Elev(ft) ‘c pH Date Elev(ft) °c
7281 1-27-81 709.7 8.5 7.6 1-28-81 685.2 8.5 7.1 1-20-81 685. 0 8
7282 1-27-81 687.3 7 7.1 1-28-81 687.3 8 7.1 1-29-81 - -
72#18 - - - - - - - - - - -
ZI#18A  1-27-81 709.2 7 6.9 1-28-81 708.9 6 6.9  1-29-81 706 5
Z1%¥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

E:
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APPENDIX F

PRELIMINARY CLOSURE CONSTRUCTION

COST ESTIMATES FOR SITES Z1 AND Z
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FOR OFFICIAL USE ONLY (W/IEN DATA IS ENTERED)

‘1. COMPONENT 2. DATE
FY 19___ MILITARY CONSTRUCTION PROJECT DATA
ARMY Feb. 1982
3..INSTALLATION AND LOCATION 4. PROJECT TITLE
Site Z1 Iowa Army Ammunition Plant In-Situ Closure
5. PROGRAM ELEMENT 6. CATEGORY CODE 7.PROJECT NUMBER 8. PROJECT COST ($000)

9. COST ESTIMATES

ITEM um| auanmity | 2547 oo
e Channelization of Brush Creek yd3 2,700 20.0 54.0
e Perimeter diversionary dtiches ‘ yd3 2,623 15.0 39.3
e Clay/topsoil cover, 16 ac* yd2 38,720 | 3.00 116.2
e Grading slope and cover, 16 ac,3 ft thick yd2 77,440 | 0.50 38.7
e Revegetation, 16 ac . 1yd™}| 77,440 | 1.00 77.4
e Contingencies, 20% of above costs - - - 65.1
* The 16-ac contaminated area is estimated 390.7
from low water area (4 ac), high water
area (6 ac) and surrounding area (6 ac).
10. DESCRIPTION OF PROPOSED CONSTRUCTION
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 1limits 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.
DD, 727, 1391

FOR OFFICIAL USE ONLY (WHEN DATA IS ENTERED)



FOR OFFICIAL USE ONLY (WI{EN DATA IS ENTERED)

¢ 1. COMPONENT

ARMY

FY 19_ MILITARY CONSTRUCTION PROJECT DATA

2. DATE
Feb. 1982

3. INSTALLATION AND LOCATION

Site Z1 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 um| QUANTITY | E0at 5000)
o Removal of desensitized sediments, 16 ac* [ydo| 24,200 [ 1,90 | 46
o Disposal of desensitized sediments yd3 24,200 | 50.0 1,210
o Sedimentation basin, 2 ac yd3| 12,017 | 2.20 { 26.4
e Clay/topsoil cover, 16 ac, 3 ft thick yd3 38,720 | 3.00 116.2
e Grading, 16 ac yd?| 77,480 | 0.50 | 38.7
o Revegetation, 16 ac yd?| 77,840 | 1.00 | 77.4
e Contingencies, 20% of above costs - - - 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.

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).

The proposed procedure entails:

Since the actual limits of contaminated sediments are not known and there
is no detailed topographic survey available, the cost estimates at best

are preliminary.

Further engineering studies are needed.

DD ,FORM 1391

1DEC76

PREVIOUS EDITIONS MAY BE USED INTERNALLY

UNTIL EXHAUSTED
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FOR OFFICIAL USE ONLY (WI/EN DATA IS ENTERED)

+ 1. COMPONENT

ARMY

FY 19__ MILITARY CONSTRUCTION PROJECT DATA

2. DATE

Feb. 1982

- 3. INSTALLATION AND LOCATION

Z2 Iowa Army Ammunition Plant

4. PROJECT TITLE

In-Situ Closure

5. PROGRAM ELEMENT 6. CATEGORY CODE 7. PROJECT NUMBER

8. PROJECT COST ($000)

9. COST ESTIMATES

ITEM um| auanmity | JoeT o50)
o Removal of 11 sumps, 50 yd°/sump yd3| 550 1.90 | 1.05
o Backfielding | yd>| 550 3.80 | 2.09
o Surface water control through grading 2 ‘
0.63 ac yd2| 3,056 |o0.80 | 1.53
o Perimeter ditches yd | 1,700 |15.0 | 16.50
o Clay/topsoil cover, 0.63 ac, 3 ft thick |yd3| 3,056 | 3.00 | 9.17
o Revegetation, 0.63 ac yd?| 3,056 | 1.00 | 3.06
e Contingencies, 20% of above costs - - - _6.68
40.08

10. DESCRIPTION OF PROPOSED CONSTRUCTION

The proposed in-situ closure entails:
Removal of eleven treatment sumps.

Improvement of surface drainage.
Placement of final cover.

Revegetatian.

cost estimates at best are preliminary.

Backfilling the holes with clayey borrow.
Installation of ground water monitoring wells (no estimate).
Post-closure site maintenance (no estimate).

Installation of perimeter ditch around covered site.

Since the actual limits of contaminated soils are not known, the

Further engineering studies
are needed. In estimating, it is assumed that the area of co tamina-
tion is 2 x 11 sumps /beds 50' x 25', or 0.63 ac (3,056 yd¢)

.

DD FORM 1391 PREVIOUS EDITIONS MAY BE USED INTERNALLY

1DEC76 UNTIL EXHAUSTED
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FUR UPFPIVIAL UIE UNLTY (WHEN DAL IS ENTEKED)

Z2 Iowa Army Ammunition Plant

.1. COMPONENT 2.DATE
ARMY FY 19__ MILITARY CONSTRUCTION PROJECT DATA Feb. 1982
3. INSTALLATION AND LOCATION 4, PROJECT TITLE

Waste Removal and Site Closure

5. PROGRAM ELEMENT 6. CATEGORY COOE 7. PROJECT NUMBER 8. PROJECT COST (S000)
9, COST ESTIMATES
ITEM . um| auanTity | UNT o0
e Removal of 11 sumps. 50 yd3/sump yd3 550 1.90 1.05
e Removal of contaminated soil . yd3 6,111 1.90 11.61
o Disposal of contaminated soil |yd®| 6,111 | s0.0 | 305.56
e Grading to improve surface drainage yd2 3,056 0.50 1.53
e Perimeter ditches yd 1,100 15.0 16.5
e Final clay/topsoil cover, 0.63 ac, 3 ft. 3
thick yd 3,056 3.00 9.17
o Revegetation, 0.63 ac. ya?| 3,056 | 1.00 | 3.06
e Contingencies, 20% of above costs - - - 69.70
418.18
10. DESCRIPTION OF PROPOSED CONSTRUCTION
The proposed procedures for removal and site closure entail:
e Removal of the sumps and leach beds.
e Removal and hauling to an approved landfill for disposal.
e Grading and placement of a final cover.
o Revegetation of the covered area.
e Grading to improve surface drainage.
e Installation of perimeter ditches.
o 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 contamigated material is 2 x 11
sump/beds x 50' x 25' x 6' (deep) or 6.111 yd~.
FORM EVIOU E
DD, oM 1391 PREVI SEDLE%{SE%: gs-rtg.n INTERNALLY PAGE No.
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