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PREFACE 

This report is the fifth of six studies performed by personnel of the 

Geotechnical Laboratory (GL) of the U. S. Army Engineer Waterways E.xperiment 

Station (WES). Funding for this study was authorized by Order for Work and 

Services-i-;AVCOMPc.c Form 'J..275 (2-81) Number N0016483v,TROG185 dated 17 May 1983 and 

amended 9 and 16 September 1983. 

The field work was conducted during the periods 7 June 1983 to 11 October 

1983. Data reductiDn was performed from October 1983 to April 1984 and report 

preparation was accDmplished during this same period. The drilling was per­

formed by the Exploration Group (EG), Engineering Geology and Rock Hechanics 

Division (l::GRMD) , G I~, under the supervision of Mr. Joseph B. Dunbar, Site 

Characterization unit (SCD), Engineering Geology Applications Group (EGAG) of 

the EGRMD. Mr. Dunbar -yrepared the report and Mr. Dale 1. Barefoot assisted in 

data compilation. 

The study was conducted under the direct supervision of Mr. Jerald D. 

Broughton, Acting Chief, SCU, and under the general supervision of Hr. John H. 

Shamburger, Chief, EGAG, Mr. Mark A. Vispi, Chief, EG, Dr. Don C. l,anks, Chief, 

l<.:GRMD, and Dr. Will:~am F. Marcuson I II, Chief, GL. 

Special acknowledgment is extented to ~Is. Cathy Andrews and Nr. Jim 

Hunsick.er of the Haval Weapons Support Center for their assistance during the 

study. 

Commander and i.lirector of WES during the conduet of the study was 

COL Tilford C. Creel, CEo The Technical Director was Hr. F. R. Brown. 
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PART I: INTKODUCTIOX 

Background 

1. The Naval Weapons Support Center (NWSC) plans to construct a permanent 

hazardous waste flashing facility at the Old Rifle Range (see Figure 1). The 

facility will recover the explosive-contaminated metal components from various 

types of military ordnance (e.g., large diameter projectile bodies). The 

treatment process to eliminate the explosive waste .and salvage the metal 

components is by thermal incineration. The Old Rifle Range (ORR) faciiity will 

consist of two separate flashing areas with each area composed of several pits. 

Disposal of hazardous materials in each area will be dependent on type of 

explosive-contaminated ordnance; separate areas for flashing of explosive D- 

contaminated and explosive A-contaminated ordnance. 

2. The flashing operation was previously located at the Ammunition Burning 

Grounds (ABG) along Jeep Trail 2S and was suspended because of possible contami- 

nation to the area'; ground water and the Little Su:Lphur Creek. The flashing 

operation was moved to the ORR because environmental impact permits currently 

existed (ORR part oE Demolition Area) and personnel from the Demolition Area 

(DEMO) are able to economically conduct DEMO and ORR operations simultaneously. 

In addition, ground-water monitoring wells had been implaced at the ORR for 

subsurface monitoring of a similar disposal operation. Seven monitoring wells 

were installed at the ORR by WES in 1981. The results from this work are 

presented in the WE:< draft report "Hydrogeological Investigation of Waste 

Disposal Sites at the Naval Weapons Support Center, Crane, Indiana" (Dunbar, 

1982) * 

Purpose and Scope 

3. The purposes of this investigation were to (a) define the hydrogeology 

(b) assist in selecl;ing the best site for construction of a hazardous waste 

flashing facility, and (c) install additional ground-water monitoring wells as 

required to supplement the existing ground-water monitoring network to determine 

ground-water quality{. Activities during this investigation included a review 

of existing boring and ground-water data, drilling, selected soil and rock 
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Figure 1. Location of Naval Weapons Support Center and Old Rifle Range 
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sampling, well instailation, physical soil testing, and data analysis. Informa- 

tion on well installation and physical soil testing are omitted from this 

report because they are presented in a previous WI% Nhi!SC; study. 
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P ART II: DATA COLLECTION 

Data Review 

4. A review 0:= existing geological and ground--water data was conducted to 

determine the best location for the flashing facility. The source of hydro­

geological data was from monitoring wells installed by the WES in 19131. The 

data review identified a shallow water table at the southern end of the ORR 

which eliminated this area from consideration. The tentative location for the 

flashing facility was at the north end of the ORR, adjacent to and upslope from 

WES-6-20-8l, where Boil thickness, soil type, topog r~aphy and depth to the water 

table were favorable. 

Field Exploration 

Pit Construction 

5. The NWSC construction of a temporary flashing facility was conducted 

simultaneously with the WES drilling program to accomodate the NWSC time 

requirements for reduction of ordnance inventories. Three temporary flashing 

pits (TFP) for explosive D-contaminated ordnance were constructed adjacent to 

and up slope from monitoring well WES-6-20-Sl (see Figure 2). The size of each 

flashing pit was governed by the dimensions of the temporary impermeable liner 

which was purchased locally. Each pit is about 120 ft in length with a basal 

width of about 15 ft and composed of an impermeable liner (4 sheets of 6 mil 

polyethylene plastic), overlain by L. ft of compacted clay, 1 ft of coarse 

limestone gravel, and 10 inches of sand. Flashing pit construction is shown in 

Figure 3. A 2 ft thick compacted clay layer was omitted from below the imperme­

able liner, because the existing soil (field classified as a CL), met or exceeded 

NWSC pit construction requirements. Soil thickness and uniformity of soil type 

underlying the temporary liner were verified in pits 1 and 2 (see Figure 2 for 

pit locations) by bc,ckhoe excavations in the north and south ends of each pit 

to a depth of apprm:imately 3.5 feet. Each excavation 'was backfilled and 

compacted prior to laying the impermeable liner. Jar samples of the clay 

underlying the line}' were taken at three locations (north end, center, and 

south end) in flashing pits 1 and 2 for laboratory c.lassification to confirm 

the field observations. In addition, ground elevations were taken at the base 

b 
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Figure 3. Schmatic of Flashing Pit Construction 



of the liner at the north and south ends of flashing pits 1 and 2 to establish 

the exact elevation of the impermeable liner with respect to the water table. A 

drain with a shutof: valve was installed in each flashing pit to collect 

precipitation and surface drainage for leachate treatment (see Figure 3). 

Drilling and sampltig 

b. Drilling and sampling were conducted with a truck-mounted Failing 1500 

drill rig. Five bo:rings (“Explosive Pit A" borings EPA-IL-83 to EPA-!j-83) were 

drilled up slope or west of WES-6-20-81 at the proposed flashing site (PFS) for 

A-contaminated ordnance (see Figure 2). Borings were drilled on the outside 

perimeter of the PF!; (approximately 200 x 200. ft) which ‘was selected by WES and 

NWSC environmental and demolition personnel. Three inch undisturbed soil 

samples were taken in each boring at 5 ft intervals and at stratum changes 

until rock was encountered. Undisturbed soil samples were taken either with a 

Hvorsiev sampler (fixed piston sampler) or a Pitcher sampler. When sampling 

with the Pitcher sampler, air was used to remove cuttings. Boring advance 

between soil samples was with a 5 inch open type or folding auger. 

7. In boring EPA-l-83, continuous sampling was conducted in rock with a 

4 in. inner diameter x S-i/Z in. outer diameter x 7 ft long core barrel for 

detailed rock ciass:Lfication. Rock drilling in borings EPA-2-83 to EPA-5-83 

was with a 5-5/8 tr:Lcone roller bit. Rock classification in roller bit borings 

was made from drill cuttings which identified rock type, grain size, and 

hardness (drilling resistance of the rock). Air was used to remove cuttings 

during rock drilling. Borings were terminated 10 ft: below the water table and 

were left open for a period of several weeks to monitor the water table elevation 

before grouting. For a more detailed presentation of the particular sampling 

and drilling methods employed at the ORR, the reader is referred to the earlier 

WES report on the 01~. 
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PART III: GEOLOGY AND GROUND WATER 

Geology 

b. Tne geology of the ORR was defined from fifteen borings, field obser- 

vations, and physical soil test data. The geology of the ORR is composed of 

residual soils formed by weathering of the underlying parent rock, unconsolidated 

alluvium, and Pennsylvanian and Mississippian age sedimentary rock. Soil 

thickness at the ORR ranges from less than 2 ft to a maximum of about 30 ft. 

The sedimentary rock underlying the two flashing sites is Mississippian age 

seaimentary rock from the Rardinsburg Formation of the Stephensport Group. 

West and up slope Erom the flashing sites (towards DEPIO), the hardinsburg 

Formation is overlain by the Mississippian age Glen Dean Limestone and by 

Pennsylvanian age ,;edimentary rock from the Mansfield Formation of the Raccolon 

Creek Group (see Table 1). The Gleni%.%&tone and Mansfield Formation are 

absent under the 01&R flashing sites. 

9. The geology of the ORR is shown in cross sections A-A', B-B', and C-C' 

in Figures 4, 5, and 6, respectively (see Figure 2 for locations). Overlying 

the rock in cross section A-A' is a stiff, brown clay which is approximately 4 

ft thick below the impermeable liner in pits 2 and 3. Underlying the clay is a 

uniform, moderately friable, very fine-grained, massive quartz sandstone that 

ranges from tan to orange brown in color. South of the temporary flashing 

pits, between borings WI%-6-18-81 and WES-6-19-U and extending south of 

boring WES-6-14-81, is a former channel of the ancestral Turkey Creek which is 

believed to be late Pleistocene or early Iiolocene in age*. The former stream 

channel is filled with gravelly clay, sandy clay, clay, and clayey sand for a 

thickness of at least 20 ft as defined by boring WE:S-6-19-81. 

10. The geology of the PFS and TFS is shown in cross section B-B'. So:ils 

underlying the PFS are predominantly stiff, alluvial clay with minor amounts of 

sand and sandstone gravel or cobbles which range in thickness from 21 ft (EPA- 

j-83) to 30 ft (EPA-2-63). Sandstone underlies the ancestral Turkey Creek 

Channel at the PFS at approximately the 501 ft MSL elevation.. Up slope from 

the PFS, boring WES-6-21-83 encountered a grey, fine-grained, hard limestone 

at approximately tl-.e 537 ft MSL elevation which is approximately 4.5 ft thick. 

* Pleistocene is time period from 2-3 million years ago to 8000 years ago and 
hoiocene is from 8000 years ago to present (Bates and Jackson 1980). 
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This limestone is the Glen Dean Limestone, the upper most formation of the 

Stephensport Group. Overlying the Glen Dean Limestone is siltstone, lignite, 

and shale of the Mansfield formation. Underlying the Glen Dean Limestone is a 

dark grey, soft shale from the Hardinsburg Formation. 

11. In cross section C-C', a predominantly stiff, alluvial clay underlies 

the PFS and ranges in thickness from 17 ft (EPA-4-83) to 25 ft (EPA-L-83). EPA 

borings also identiEy the ancestral Turkey Creek Channel and encountered the 

Hardinsburg sandstone at approximately the 502 to 508 ft MSL elevation. To the 

northeast at boring WES-6-17-81, sandstone lies within a few feet of ground 

surface at approximately the 509 ft. MSL elevation. DrilILing logs for all ORR 

borings are presented in Appendix A. Appendix B graphically summarizes the 

lithology from the field logs. 

Laboratory Soil Test Results 

12. Laboratory classification of NWSC soil samples was according to the 

Unified Soils Classification System (USCS) as shown by Figure 7. Soil at the 

ORR is predominantl:g clay (CL). In fact, from a total of 37 undisturbed and 

disturbed samples (L981 and 1983 studies), 89 percent were classified as a clay 

(CL) and the remaining 11 percent were'either a cla]y (C&i) or a clayey sand 

(SC) - Laboratory classification of the clay underlying the TFS in flashing 

pits 1 and 2 was a rZL at both sites. Average soil density and water content 

are 109.5 pounds pe'r cubic foot and 17.7 percent. Average soil permeability 

from 4 samples (includes 3 samples from PFS was 3.GIL x 10- centimeters per 

second (cm/set) witn a range from 3.70 x 10 -7 to 9.21 x 10'6 cm/set. Soil 

Cation Exchange Capacity (CEC) ranges from 3.71 to ILl.210 milliequivalents per 

100 grams of material. Soil test results are presented in Appendix C. 

Ground Water 

13. Four monitoring wells were installed for this study. Monitoring well 

WES-6-14A-83 was installed adjacent to damaged monitoring weI.1 WES-6-14-83 

which was later removed and grouted. Monitoring we:11 WES-6-21-83 was install.ed 

up gradient from the PFS to replace the existing ground-water monitoring 

system's up grdient well,'WES-6-16-81, which will become a down gradient well 

after construction of the PFS. Monitoring wells WE!%6-22-83 and WES-6-23-83 

were installed to supplement the existing monitoring network. Well completion 

diagrams for all ORR monitoring wells are presented in Appendix D. 

15 
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i4. Two grour.d-water contour maps are shown for the ORR; Figure 8 presents 

a ground-water contour map from EPA borings and p-reviously existing OKR wells 

for 20 June 1983 ard Figure 9 presents a ground-water contour map from previously 

existing and recently installed monitoring wells for 6 October 1983. EPA 

borings were grouted prior to drilling monitoring wells WES-6-21-83 through 

WES-6-23-83 and are consequently not shown in Figure 9. Regional ground-water 

flow at the ORR is to the east with a component oE flow from the southwest and 

west as shown by Figures 8 and 9. In Figure tj at the I?FS, a third component is 

indicated by ground-water measurements from EPA borings with flow towards the 

northeast or towards monitoring wells WES-6-15-81 and WES-6-17-81. Water table 

elevations for 20 June 1983 range from approximately 508 ft MSL (EPA-Z-83) to 

~OC, ft MSL (WbS-6-18-81) for a vertical.difference of slightly less than 8 ft 

over a horizontal distance of approximately SO0 ft. In Figure 9, the regional 

ground-water pattern is similar, but the overall water table elevation is 

lower. Water table elevations on 6 October 1983 are approximately 4 to 5 ft 

less than for late spring or early summer in Figu.re 8, where snow melt and 

higher precipitaticn rates resulted in a higher water table. Water table 

elevations for 6 October 1983 range from approximately 499 ft MSL (WES-6-16-81) 

to 496 ft MSL (WES-6-18-81) for a vertical difference of less than 3 ft over a 

horizontal distance of approximately 350 ft. The new up gradient monitoring 

well, WES-6-21-h3 which is located approximately 400 ft up slope of WES-6-X-- 

bl, has a water table elevation of approximately ,542 ft,, 

15. The water table at the TFS in pit 1 is approximately 9 ft below the 

impermeable liner during the spring and approximately 13.5 ft below the impermeable 

liner during the fall. Ground water is flowing in fractures in the sandstone 

rock beneath the TE'S. At the PFS, the water table was approximately 17 ft below 

ground surface at toring EPA-l-83 during the spring. During the fall, the water 

table is estimated to decline an additional 4-5 ft at this site. Ground water 

is flowing through the soil at the PFS. Ground-water mleasurements from ORR 

borings and monitor,ing wells are presented in Appendix ii,. 
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:?ART IV: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

16. The conclusions from this study are: 

(a) The most favorable siting area for a hazardous waste flashing 

facility at the ORR is adjacent to and west of monitoring well KES-6-20-81 

because soil thicknlzss and depth to the water tabY.e are favorable. 

(b) Low permeability soils underlying the flashing sites should 

minimize vertical migration of contaminants to the ground water because about 

a 3.5 ft thick iow permeability soil occurs between rock and the impermeable 

liner in each flashing pit at the TFS and a 9 to 14 ft (depending on seasonal 

water table fluctua?ion) low permeability soil occurs between the estimated 

position of the impermeable liner and the water tab:Le at the PFS. 

(c) Ground-water flow parallels the surface drainage and is to the 

east in rock fractures at the TFS and in soil at the PFS at an average depth 

below ground surface of about 13 ft. Ground water will fluctuate about 5 ft 

depending on seasonal precipitation. 

(d) Ground-water monitoring wells are located down gradient from 

both disposal facilities and should enable the NWSC to detect ground-water 

contamination that may be associated with the disposal operation. 

20 



Recommendations 

17. In addition to the operational and environmental precautions to 

minimize the introduction of contaminants at the ORR as defined in the "Environ- 

mental Assessment oE Explosive-Contaminated Metal Components Flashing Facility 

at Crane Army Ammunition Activity" (i.e., leachate collection system, covers 

for flashing pits, vegetation on surface slopes, etc. >, the following recommendations 

are made: 

(a) Upon conv8ersion of the TFS to a permanent facility (i.e., replacement 

of the plastic impe,rmeable liner with a rubber membrane liner in each pit), the 

effects of thermal incineration on the plastic liners should be determined and 

appropriate action raken as required. 

(b) During co?lstruction of the PFS, surveyed elevations from each flashing 

pit base should be obtained to define exact position of impermeable liner with 

reference to the wa:er table. 
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APPENDIX A 

FIELD BORING LOGS 
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APPENDIX B 

GRAPHIC FIELD LOGS 



0.0 -- 

5.0 - 

-- 

10.3 - 

15.13 - 

20.0 - 

505787 ft MSL 

Gravelly clay (CL): brown with streaks 
of grey, soft to stiff, organic matter 
to 3 ft, approximately 5% very fine 
sandstone gravel 

Clay (CL): brown with streaks of grey, 
very thinly bedded, soft to stiff, wet 

Clay (CH): grey and dark grey 
soft, highly plastic 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: WES-6-14A-83 



10.0 

20.0 -. 

1=: 
m 

t 
4-J 
CL 

a" 30.0 

40.0 

- 527.88' FlSL 

Silt (ML): brown in color, uniform, dry, 
and stiff-. 

Sandy silt @IL): b,t-own in color, dry, and 
contains 5-10X: fine to medium-grained sand:' 

Clay shale: brown in color, very stiff to 
hard, weathered, and slightly moist in 
regions. 

Sandstone: brown in color, medium hard, 
and fine-grained. 

WS(’ ,, Crane, Indiana 

Old Rifle Range 

Litholofiy 

Bori.ng Xumber-: WES-6-16-81 



5.0 

20.0 

--I 

-- 
-- 
-- 
-- 
-- 
-- 
-. 
-. 
- 
- 
- 

26.6 

Silty sand (%I): brown to rusty brorjn in 
color, fine-grained, and little cohesion. 

t Sand (SP): brown in color, uniform, fine-" 

1 
grained quartz sand, and slightly moist. ' 

Sandstone: brown, weathered, fine-grained, 
medium hard to hard, and contains clay or 
shale lenses from 10 to 11.5 ft . 

NKS C , Crane, Indiana 

0l.d Rifle Range 

Lithology 

Boring Number: KES-6-18-81 



5.0 

10.0 

15.0 

20.0 

25.0 

35.0 

40.0 

45.0 

48.0 

575.27 fit MSL 

Clay (CL): brown, soft to stiff, dry, 
sandy 

-.AGavelly clay (CL): brown, reddish brown, 
sandy, gravelly, stiff to hard, massive 

brown, very stiff, dry, silty, 

same as above 

Clay (CH): brown, soft to stiff, silty, 
slightly damp, very thinly bedded 

- 
grey, soft to stiff, slightly 

black, soft, earthy, sandy 

Siltstone: brownish grey, light to dark 
grey, soft, ghinly bedded 

-4 Shale: grey, soft 

Limestone: grey , very fine-.grained, 
water at 39 ft 

no cuttings, soft 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: WES-6-21-83 



_ 507.64 ft MSL 

Clayey Sand(X) and sandstone gravel: 
brown, soft to stiff, very fine-grained 
sand (25%), sandstone gravel approxi- 
mutely 25% 

Sandstone: brown, reddish brown, 
uniform, very fine-grained, weathered, 
soft, water at 14.6 ft 

Sha 
- 

le (?): poss ible change - no cuttings 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: WE-6-22-83 



25.0 - 

525.62 ft MSL 

Clay (CL): brown and grey, soft to 
stiff, damp, uniform., 

Sandstone and clay (CL): tan, brown, 
reddish brown, weathered sandstone 
interbedded with brown sandy clay; 
sandstone is very fine-grained, uniform, 
quartz sand, friable 

Sandstone: tan, brown, reddish brown, 
weathered, very fine-grained, uniform, 
quartz sandstone, bedding is horizontal 
and very thinly bedded 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring No.: EPA-l-83 



25.0 

38.5 

530.91 ft MSL 

Clay (CL): brown with streaks of grey, 
soft, damp, organic matter (roots) 

GraveILly clay (CL): reddish brown 
clay with weathered fine to coarse 
grave:L sized sandstone fragments 

Clayey Gravel (GC): reddish brown, fine 
to coarse sandstone gravel (65%) and 
soft clay (35%), sandstone is fine-grained 
weathered 

Sandstone: reddish brown, soft 

Clay: brqwn, damp, soft 

Clay: grey, damp, soft 

Clay: brown, damp, soft 
Sandstone: reddish brown, soft, fine- 
grained 

NJJSC. Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: EPA-2-83 



0.0 - 

5-O - 

10.0 - 

15.0 - 

20.0 - 

25.0 - 

30.0 - 

32.5 - 

523.20 ft MSL 

T Clay (CL): brown and grey, soft, damp, 
slightly sandy 

Clayey gravel (CC): reddish brown, 
fine to medium gravel sized sandstone 
fragments with soft, sandy clay 

Clay (CL and CH): grey and light brown, 
soft, damp, dense, grades from a CH to 
a CL between lo-11 ft 

Sandy gravel (CW): reddish brown, black, 
very fine-grained sandstone 

(CL) f brown, reddish brown, damp, 
sandy, gravelly (fine) 

(SM): brown very fine-grained, damp, 
silty/clayey (slight binder) 

Sandstone: brown, uniform, weathered, 
very fine-grained, quartz sand. Water 
at 20 ft 

-L 
NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: EPA-3-83 



25.0 -. 

30.0 -2 

-T- 521-89 ft MSL 

Clay (CL); brown, soft, uniform, damp 

+ 

Gravelly Clay (GC): reddish brown, dark 
brown, brittle, stiff, dry, approximately 
10720% poorly sorted sandstone fragments 

Clay (CL): brown with streaks of grey, 
stiff and brittle to soft, slightly 
moist 

Sandstone: brown, black, very weathered 

greenish grey, brittle, dry,soft, 

brown, weathered, soft. 

Sandstone: tan, light grey, medium, 
very fine-grained, quartz sand 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: EPA-4-83 



0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

32.0 

-_ 

-. 

- 
- 

- 
- 

- 

- 

- 521.16 ft MSL 

Clay (CL): brown with streaks of grey, 
soft t:o stiff, sandy, slight cohesion 

Gravell:y Clay (CL): reddish brown, 
stiff, brittle, dry, gravel fragments 
angular, fine to coarse, sandstone 
predominant 

Clay (CIL) : brown and grey, soft, damp, 
slight cohesion 

Silty sand (SM): brownish grey to grey 
brown, very fine-grained, uniform, wet 

Sandstone: light brown, light grey, 
very fine-grained, uniform 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: EPA-5-83 



0.0 

5.0 

10.0 

15.0 

17.5 

I .  

j 

-  

- -  

- -  

- -  

- -  

- -  

- -  

- -  

- -  

- -  

- -  

505.06' FiSL 

Sandy clay (CL) and sandstone gravel: 
brown in color, moist, and low 
plasticity. 

Sandy clay (Cl,): grey to brown in 
color, moist, and low plasticity. 

Clay (CH): dark grey in color, 
uniform, ssoft, and high plasticity. 

IE!SC, Crane, Indiana 

Old Rifle Range 

I,ithoLogy 

Boring Number: \,rES-6-15-81 



0.0 - 

5.0 - 

10.0 - 

t 

i- 
a 
cz 

15.0 - 

20.0 - 

505.87 ft MSL 

Gravelly clay (CL): brown with streaks 
of grey, soft: to stiff, organic matter 
to 3 ft, approximately 5% very fine 
sandstone gralvel 

Clay (CL): brown with streaks of grey, 
very thinly bedded, soft to stiff, wet 

Clay (CH): grey and dark grey 
soft, highly .plastic 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: WES-6-14A-83 



u 
v-4 

0.0 -- 
-. 
-. 
- 
- 

5.0-A 
- 

17.25 

T 
510.42' ML 

Sand (SP) and s'andstone fragments: brown 
to orange b-rown in color, very fine to 

and dry. 

Sandstone: brown to rusty brown in color, 
uniform, fine-grained quartz sand, moderately 
hard and oxidized. Bedding ranges from thinly 
bedded to around one foot maximum and nearly 
horizontal in attitude. 

-L 

I*!.:SC, Crane, Indiana 

Old RiELe Range 

Litk3logy 

I3ori.n; :Gumber: WES-6-15-81 



20.0 -I 

e 
s 
u 

% 

p 30.0 

40.0 

45.15 

J--- 527.88' NSL 

f 

Silt (ML): brown in color, uniform, dry, 

and stiff. 

Sandy silt (XL): brown in color, dry, and 
contains 5-10X fine to medium-grained sand:' 

Clav shale: brown in color, very stiff to I harh, weathered, and slightly moist in 
regions. 

I : 
Sandstone: brown in color, medium hard, 
and fine-grained. 

mi s c , Crane, Indiana 

01.i Rifle Singe 

Lirholo~y 

Boring Number: WS-6-16-81 



Clay (CL): brown in color, soft, slightly 
moist, altd low plasticity. 

. . 

Sandstone: brown in color, uniform, fine- 
grained quartz: sand, medium hard, and 

** 

oxidized in regions. 

MJSC, Crane, Indiana 

Old Burning Grounds 

Lithology 

Goring Number: WES-6-17-81 



10.0 

1 

15.0 

3 

o.o- 

.I 

- 

I -1 

5.0- 

25.0 

26.6 

---j-- 508.03' MSL 

Silty sand (SM): brown to rusty broom in 
color, fine-grained, and little cohesion. 

Sand (SP): brown in color, uniform, fine-" 
grained quartz sand, and slightly moist.’ 

Sandstone: brown, weathered, fine-grained, 
medium hard to hard, and contains clay or 
shale lenses from 10 to 11.5 ft , 

w.6 c , Crane, Indiana 

Old Rifle Range 

Lithology 

BIoring Number: k'ES-6-18-81 



u 
u-4 

n 
s u 
a 
cz 

o.o--- 

5.0 -- 

-- 

-- 

1 

10.0 -- 

-- 

-- 

1 

15.0- ' . . -1 

Ti 
2 20.0 - 

-I- 503.42 ’ MSL 

Fill 

Clay (CH): grey with streaks of brown, 
soft, and high plasticity. 

- 

Sandy clay (CL'): dark grey in color, soft, 
low to medium plasticity, and contains 20% 
very fine-g,rained sand. 

: - 
Gravelly clay (CL): brown to grey with 
traces of red and green, soft, low plasti- 
city, and contains fine to medium sized 

-gravel. 

WSC, Crane, '[ndiana 

Old Burning Grounds 

iithology 

Eoring Number: IiES-6-1?-Sl 



-1 

5.0 5.0 -- 

10.0 10.0 -- 

'U 'U u4 u4 
e. 

5 fY 
8 15.0 8 15.0 -- 
c c 

- 

. . 

20.0 20.0 -- 

25.0 -- 25.0 

r 
515.68' MSL 515.68' MSL 

Silt (ML): brown in Silt (ML): brown in 
of grey, soft, low pl of grey, soft, low pl 

Sandstone: brown in Sandstone: brown in 
and fine-grained. and fine-grained. 

color with traces 
asticity, and dry. 

color, weathered, 

XiiL'SC, Crane, Indiana 

Old Rifle Range 

Lithology 

Earing Number: WES-6-20-81 



0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

_- 
40.0 

45.0 

48.0 

575.27 ft MSL 

Clay (CL): brown, soft to stiff, dry, 
sandy 

-.&!avelly clay (CL): brown, reddish brown, 
sandy, gravel.ly, stiff to hard, massive 

very stiff, dry, silty, 

same as above 

Clay (CH):: brown, soft to stiff, silty, 
slightly clamp, very thinly bedded 

- 
grey, soft to stiff, slightly 

black, soft, earthy, sandy 

Siltstone: brownish grey, light to dark 
grey, soft, ghinly bedded 

grey, soft 

Limestone: gl:ey, very fine-grained, 

I water at 39 ft. 

no cuttings, soft 

NWSC:, Crane, Indiana 
Old Rifle Range 
Lithology 
Roring Number: WI.%-6-21-83 



s%uT22na ou - a%eqa aTqrssod :(i> av4s 

23 g-q1 2.5 laJeM ‘230s 
‘paz4aq2wm ‘pau~e;r%-au-F3 ihan ‘mlo3run 

‘uMolq IJSrpp;>I (uMolq :auo~spul2s 

-yxozdde ~a~ecc% auo~spu~s ‘ (%g) pues 
paurez%-auy3 Xzah ‘33Tzts 02 230s ‘uftozq 

: pva% auo~spue~: pue (3s) pues XaXe~g 

0’9Z 

O’SZ 

O’OZ 

0’07: 

O’S 

0’0 



25.0 

27.0 

- 506.41 ft MSL 

Sandy clay (CL): brown, soft to stiff, 
dry, sandy - very fine-grained 

. 

Sandstone: light brown, brown, and 
reddish brown, very fine-grained, 
uniform quartz sandstone, soft and 
weathered to 24 ft. Water at 16 ft 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: WES-6-23-83 



525.62 ft EEL 

Clay (CL): brown and grey, soft to 
stiff, damp, uniform 

Sandstone and clay (CL): tan, brown, 
reddish brown, weathered sandstone 
interbedded with brown sandy clay; 
sandstone is very fine-grained, uniform, 
quartz sand, friable 

Sandstone: tan, brown, reddish brown, 
weathered, 'very fine-grained, uniform, 
quartz sandstone, bedding is horizontal 
and very thinly bedded 

- 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring No.: EPA-l-83 



0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

38.5 

- 530.91 ft MSL , 

Clay (CL): broom with streaks of grey, 
soft, damp, organic matter (roots) 

- Gravelly clay (CL): reddish brown 
clay with weathered fine to coarse 
gravel sized sandstone fragments 

- 

Clayey Gravel (GC): reddish brown, fine 
to coarse sandstone gravel (65%) and 
soft clay (35%), sandstone is fine-grained, 
weathered 

t 

Sandstone: reddish brown, soft 

Clay: brown, damp, soft 

T Clay: grey, damp, soft 

Clay: brown, damp, soft 
Sandstone: reddish brown, soft, fine- 
grained 

WSC. Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: EPA-2-83 



523.20 ft MSL 
I 

Clay (CL): brown and grey, soft, damp, 
slightly sandy 

Clayey gravel (GC): reddish brown, 
fine to medium gravel sized sandstone 
fragments with soft, sandy clay 

Clay (CL and CH): grey and light brown, 
soft, damp, dense, grades froma CH to 
a CL between lo-11 ft. 

Sandy gravel (GW): reddish brown, black, 
weathered, very fine-grained sandstone 

\Clay (CL):' brown, reddish brown, damp, 
sandy, gravelly (fine) 

Sand (SM): brown very fine-grained, damp, 
silty/clayey (slight binder) 

Sandstone: brown, uniform, weathered, 
very fine-grained, quartz sand. Water 
at 20 ft 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Horing Number: EPA-3-83 



o.o- 

5.0- 

lO.O- 

15.0 - 

20.0 - 

25.0 - 

30.0 - 

T 
521.89 ft MSL 

Clay (CL); brown, soft, uniform, damp 

t 
Gravelly Clay (CC>: reddish brown, dark 
brown, brittle, stiff, dry, approximately 
10~20% poorly sorted sandstone fragments 

Clay (CL): brown with streaks of grey, 
stiff and brittle to soft, slightly 
moist 

1 /- 
If Sandstone: brown, black, very weathered 

soft 

Shale: 4L greenish grey, brittle, dry,soft, 
uniform 

Sandstone: brown, weathered, soft. 

l--f 
Sandstone: tan, light grey, medium, 
very fine-grained, quartz sand 

NWSC, Crane, Indiana 
Old Rifle Range 

. Lithology 
Boring Number: EPA-4-83 



0.0 0.0 -- 
--I 

25.0 -. 

30.0 -' 

32.0 1 

- 521.16 ft MSL 

Clay (CL): brown with streaks of grey, 
soft to stiff, sandy, slight cohesion 

Gravelly Cltay (CL): reddish brown, 
stiff, brittle, dry, gravel fragments 
angular, fine to coarse, sandstone 
predominant 

Clay (CL): brown and grey, soft, damp, 
slight cohesion 

Silty sand (SM): brownish grey to grey 
brown, very fine-grained, uniform, wet 

Sandstone: light brown, light grey, 
very fine-grained, uniform 

NWSC, Crane, Indiana 
Old Rifle Range 
Lithology 
Boring Number: EPA-5-83 



APPENDIX C 

LABORATORY SOIL TEST RESULTS 
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APPENDIX D 

WELL COMPLETION DIAGRAMS 



L 

Grout 0.6' - 

Bentonite 2.0' 

2.6' 

,i- 

Sand 14.44' 

, 3" Steel. Protector Pipe and Cap 

Bentonite 0.5 
_- 

f 

El we -1 screen 

- - - - - - 
-l - - - - - 

- 
- 
- 
- - 

- 

_ 

I 3.0' 

1 
9.17’ 

I 

5.33' 

17-5' 

l 

Tz- Water depth at 
- time of drillin; 

\ 2" Schedule 40 PVC Pipe 

li\iSC, Crane, Indiana 

Rifle Rar.ge 

LTell Completiorl 

T;oring Number: VES-6-l:-Sl 



3" Steel Protector Pipe with Cap 

7 

T-----l 
Grout 3.0' v 

4 2' 

Bentonite 2 3’ 

Pea 
Gravel 15.0' 

.- - 

1 

7 

3.0' 

SO5.87 

-I I 
ft MSL 

2" Schedule 40 PVC Pipe 

1L Water depth at time of drilling 

a Well Screen 

NWSC, Crane, Indiana 
Old Rifle Range 
Well Completion 
Boring Number: WES-6-.L4A-83 



/ 3" Stt:el Protector Pipe and Cap 

Grout L.-l 0.56'1 
Ebentonite 1.0' 

i 

xz 
7.0' 

Sand 15.44 

L 

- 
- - - 
- 
- 
- - 
- 
- - - - 
- 
- - 
- - 

_1 
\ 

2.56' 

-I 
9.11' 

510.42' PISL 

.17.'0' 

Y 5.33' 

2" Schedule 40 PVC Pipe 

I3 Well screen 

\/ 
Water depth at 
time of drilling 

ibis c , Crane, Indiana 

Rifle Range 

Kell. Completion 

Goring Number: ICES-6-U-S1 



/ 3” Schedule 40 PVC Pipe 

G::out 26.55’ ’ 

Bentanite 

:Sand 16.6’ 

a k’ell screen 

n Water depth at 
time OF drilling 

9.06’ 

5.56’ 
--.--.A-- 

30.53’ 

527.88’ MSI, 

2” Srhedu:Le 40 PVC Pipe 

WSC, Crane, Indiana 

Rifle Range 

Kell Completion 

Boring Number: WES-6-16-Sl 



, 3" Steel. Protector Pipe and Cap 

T---J 
Grout 4.0' 

Ben:ronite 2.0' 

Sand 16.55' 

El LJell screen 

G!atcr depth at 
time of drilling 

- 
- 
- 

- 
- 

- 

- 

- 

- 
- 
- 
- 
- 

1 

3.0' 

1 
7.85' 

3 
9.34' 

1 
5.36' 

510,73' PISL 

22.55' 

-l -- 
‘\, 2" Schedule 40 PVC Pipe 

N\,:r,c CKJ.IlC! L > , Indiana 

Rifle Range 

lie11 Completion 

IIoring Nurr,ber: ms-6-17-81 



r------ 

Grout 7.6' 

I------ 
Bentonite 2.0' 

\/ 
16.6' 

Sand 16.6' 

El \Jel:L screen 

\/ 

Nater depth at 
time of drilling 

- 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - = 

T 

3.0" 
-- -- 

I 

11.6' 

\I 
rC 

9.27' 

-I 

5.33' 

505.03' FISL 

26.2' 

1 .-- 
\ 

1 2" Schedule 40 PVC Pipe 

WSC, Crane, Indiana 

Rifle bilge 

Ir'ell Completion 

bring Nilmber: KU-6-lS-8% 



T- 
Grout 2.26” 

c 
Bentonite 2.0' 

, 3” Steel Protector Pipe and Cap 

Sand 1 

77 8.0’ 
li.74’ 

El Vc.11 screen 

I/_ Water depth at 
tl.me of drilling 

- - - - - - 
- - - - - - - - - 

- 

- - - 
- 

5.26’ 

9.29’ 

503.42’ MSL 

--.L 
2” Schedule 40 PVC Pipe 

h?,:SC, Crane, Indiana 

Rifle Range 

Nell Completion 

Bori.ng Number: WES-6-19-81 



Grout 11.94' 

5 
3" Steel Protector Pipe and Cap 

1 
Bentonite ‘2.0' 

Sand 16.56' 

\/ 
20.5' 

15.94' 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

T 

9.14' 

- 

i 

5.42' 

L.-- 

L 2" Schedules 40 PVC Pipe 

L 

. . 

\/ 
Water depth at 
time of drilling 

NKSC, Crane, Indiana 

Rifle Range 

Well Completion 

Boring Number: \,TS-6-20-81 



Grout 29.0’ 

Bentonite 2.0' 

39’ 

- Pea 
Gravel 

17.0' 
Y 

y Water depth at time of 
drilling 

3" Steel Protector Pipe with Cap 

57 5.27 ft MSL 

33.5' 

48.0' 

9.1’ 

---I 
5.4' 

\ 2" Schedule 40 PVC Pipe 

INWSC, Crane, Indiana 
Old Rifle Range 
Well Completion 
Boring Number: ~~-6-21-83 

F--l Well Screen 



3" Steel Protector Pipe w:ith Cap 2 -T 

=T-r- 

Grout 7.0’ 

Bentonite 2.0' 

Pea 
Gravel 

17.0’ 

5.z 
R 

lz 
14.6 

Well Screen 

f- 

507.64 f't MSL 

26.0’ 

L 2" Schedule 40 PVC Pipe 

Water depth at time 
of drilling 

NWSC, Crane, Indiana 
Old Rifle Range 
Well Completion 
Boring Number: WES-6-22-83 



J-- bfleel Yrotector ripe witn c;ap 

'-1 

I------ 

Grout 7.0' 

Bentonite 2.0' 

Q- 16 

P& 
Gravlzl 

17.0' 

I- 
y_ Water depth at time 

of drilling 

a 
Well Screen 

I 5-35' 

-J-4-- + 

506.41 ft MSL 

26.0' 

L 2" S(*hedule 40 PVC Pipe 

NWSC, Crane, Indiana 
Old Rifle Range 
Well Completion 
Boring Number: WE,-6-23-83 



APPENDIX E 

GROUND-WATER ELEVATIONS 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WES-6-14-81 

Top of Pipe Elevation: 508.06 ft MSL 

Screen Interval Elevation: from 502.06 to 492.89 ft MSL 

Grid Coordinates: 

Depth to Water Elevation, 
Date 

11 Jun 83 

20 Jun 83 

30 Jun 83 

7 Jul 83 

15 Jul 83 

18 Jul 83 

2 Aug 83 

8 Aug 83 

9 Aug 83 

10 Aug 83 

11 Aug 83 

12 Aug 83 

13 Aug 83 

16 Aug 83 

23 Aug 83 

30 Aug 83 

6 Sep 83 

13 Sep 83 

20 Sep 83 

28 Sep 83 

Time -- 
8:03 

8:41 

4:50 

1:08 

9:08 

3:40 4.50 503.56 

2:16 4.73 503.33 

8:14 4.76 503.30 

1:15 4.80 503.26 

2:46 5:oo 503.06 

9:17 5.09 5Oi!.97 

9:56 5.12 502!.94 

8:30 5.48 502.58 

9:30 6.03 502 03 . . 

LO:10 6.38 501. 68 

2:03 6.75 501..31 

4:42 6.89 501.17 

8:21 7.07 500.99 

Water, ft ft MSL 

2.48 505.58 

2.73 505.33 

4.65 503.41 

4.25 503.81 

4.97 503.09 

Remarks 

Bentonite in well 

Blew well-screen 
is broken 

Removed well and 
grouted 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WlSS-6-14A-83 

Top of Pipe Elevation: 508.87 ft MSL 

Screen Interval E:!evation: from 499.58 to 490.48 ft MSL 

Grid Coordinates: 

Depth to Water Elevation, 
Date Time -- Water, ft ft MSL Remarks -- 

8 Aug 83 2:15 5.00 503.87 

9 Aug 83 8:14 5.11 503.76 

10 Aug 83 1:14 5.37 503.50 

1lAug 83 2~46 5.34 503.53 

12 Aug 83 9:18 5.48 503.39 

13 Aug 83 9:57 5.56 503.31 

16 Aug 83 8:30 5.93 502-94 

23 Aug 83 9:29 6.54 502,,33. 

30 Aug 83 1O:ll 6.72 502,,15 

6 Sep 83 2:02 7.00 501.,87 

13 Sep 83 4~42 7.25 501.62 

20 Sep 83 8:21 7.83 501,04 

6 Ott 83 11:34 6.58 502.,29 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WRS-6-15-81 

Top of Pipe Elevai:ion: 513.42 ft MSL 

Screen Interval E:Levation: from 507.86 to 498.75 ft MS?., 

Grid Coordinates: 

ERG Purged well 

Depth to Water Elevation, 
Date Tirr.e -- Water, ft ft MSL Remarks -- 

11 Jun 83 7:51 9.28 504.14 

20 Jun 83 8:49 9.85 503.57 

30 Jun 83 4:40 10.35 503<,07 

7 Jul 83 1:21 11.30 502.,12 

15 Jul 83 8:53 11.75 5O.L.867 

2 Aug 83 3:lO 12.78 500-64 

9 Aug 83 8:25 12.34 501.08 

16 Aug 83 8:44 13.00 500.42. 

23 Aug 83 8:43 13.28 500.14 

30 Aug 81 lo:28 13.49 499.93 

6 Sep 83 2:L6 13.58 499.84 

13 Sep 83 4:.51 13.70 499.72 

20 Sep 83 8:110 14.74 498.68 

6 Ott 83 11:41 13.75 499.67 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WES-6-16-81 

Top of Pipe Elevation: 530.88 ft MSL 

Screen Interval Elevation: from 497.35 to 488.29 ft MSL 

Grid Coordinates: 

ERG Purged well 

Depth to Water Elevation, 
Date Time Water, ft ft MSL Remarks -- 

11 Jun 83 7:45 24.20 506,,68 

20 Jun 83 8:15 26.25 504.,63 

30 Jun 83 4:56 27.55 503.,33 

7 Jul 83 1:Ol 28.76 502.,12 

15 Jul 83 8:56 29.00 501.88 

2Aug83 2:56 29.85 5O.L.03 

9 Aug 83 8:lO 29.98 500., 90 

16 Aug 83 8:26 30.54 500.34. 

23 Aug 83 9:26 31.00 499.88 

30 Aug 83 lo:06 31.18 499.70 

6 Sep 83 2:oo 31.28 499.60 

13 Sep 83 4:39 31.62 499.26 

20 Sep 83 8:L7 31.89 498.99 

6 Ott 83 11:32 32.52 498.36 
~- 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WES-6-17-81 

Top of Pipe Elevation: 513.73 ft MSL 

Screen Interval Elevation: from 502.88 to 493.54 ft MSL 

Grid Coordinates: 

ERG Purged well 

Depth to Water Elevation, 
Date Time Water, it ft MSL Remarks -- 

11 Jun 83 7:49 9.73 504.00 

20 Jun 83 8:49 10.20 503,,53 

30 Jun 83 4:39 10.55 503.,18 

7 Jul 83 1:21 11.70 502,,03 

15 Jul 83 8:51 12.20 501#,53 

2 Aug 83 3:lO 13.40 500.33 

9 Aug 83 8:24 12.73 5OL.,OO 

16 Aug 83 8:43 13.58 500.15. 

23 Aug 83 8:42 13.68 500.,05 

30 Aug 83 lo:27 13.89 499..84 

6 Sep 83 2:15 14.25 499.,48 

13 Sep 83 4:52 15.00 498.73 

20 Sep 83 8:39 14.92 4988.81 

6 Ott 83 11:42 15.46 498.,27 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WE:s-6-18-81 

Top of Pipe Elevation: 511.03 ft MSL 

Screen Interval Elevation: from 496.43 to 487.16 ft MSL 

Grid Coordinates: 

ERG Purged Well 

Depth to Water Elevation, 
Date Time Water, ft ft MSL Remarks -- 

11 Jun 83 7:57 9.78 50L.25 

20 Jun 83 8:36 10.35 500.68 

30 Jun 83 4:46 10.96 50r1.07 

7 Jul 83 1:15 11.61 499.42 

15 Jul 83 9:oo 11.86 499.17 

2 Aug 83 3:34 12.72 498.31 

9 Aug 83 8:19 12.42 498.61 

16 Aug 83 8~38 12.76 498.27. 

23 Aug 83 9:36 13.30 497.73 

30 Aug 83 lO:L6 13.42 497.61 

6 Sep 83 2:139 13.63 497.40 

13 Sep 83 4:46 13.90 497.13 

20 Sep 83 8::!4 14.10 496.93 

6 Ott 83 11:.39 14.51 496.52 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WKS-6-19-81 

Top of Pipe Elevation: 506.42 ft MSL 

Screen Interval Elevation: from 498.16 to 488.87 ft MSL 

Grid Coordinates: 

Depth to Water Elevation, 
Date Time Water, ft ft MSL Remarks -- 

11 Jun 83 8:00 4.51 501*91 

20 Jun 83 8:38 3.22 503.20 

30 Jun 83 4:48 5.65 500.77 

7 Jul 83 1:12 6.57 499.85 

15 Jul 83 9:02 6.75 499.67 

2 Aug 83 3~36 10.65 49!i . 7 7 

9 Aug 83 8:16 7.42 499 .oo 

16 Aug 83 8~34 7.96 498.46. 

23 Aug 83 9:.33 8.35 498.07 

30 Aug 83 10::33 8.77 497.65 

6 Sep 83 2:07 8.77 497.65 

13 Sep 83 4:45 9.14 497.28 

20 Sep 83 8::!7 9.32 497.10 

6 Ott 83 11:X6 9.88 496.54 

ERG Purged Well 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WES-6-20-81 

Top of Pipe Elevation: 518.68 ft MSL 

Screen Interval E.Levation: from 499.74 to 490.60 ft MSL 

Grid Coordinates: 

ERG Purged Well 

Depth to 
Date Time 

Water Elevation, 
-- Water, ft ft MSL -- Remarks 

11 Jun 83 7:54 16.23 502.45 

20 Jun 83 8:33 16.85 501.83 

30 Jun 83 4:ri3 17.34 501.34 

7 Jul 83 1:18 17.97 500.71 

15 Jul 83 8:_'i8 18.00 500.68 

2 Aug 83 3:31 19.40 499.28 

9 Aug 83 8:21 18.95 499.73 

16 Aug 83 8:40 19.58 499.10. 

23 Aug 83 9:3'9 19.76 498,92 

30 Aug 83 lO:l!? 19.92 498.76 

6 Sep 83 Z:li- 20.24 498.44 

13 Sep 83 4:48 20.63 498.05 

20 Sep 83 8:3i 20.80 497.88 

6 Ott 83 11:45 21.22 497.46 
.c 



Groundwater Elevations 

Old Rifle Range 

* Boring Number: WIX-6-21-83 

Top of Pipe Eleva.tion: 578.27 ft MSL 

Screen Interval EILevation: from 541.77 to 532.67 ft MSL 

Grid Coordinates: 

Depth to Water Elevation, 
Date Time Water, ft ft MSL Remarks -- 

18 Jul 83 1o:oo 33.28 544.99 

20 Jul 83 9:21 33.42 544.85 

21 Jul 83 3:44 33.50 544.77 

22 Jul 83 3:33 33.51 544..76 

23 Jul 83 12:04 33.52 544#,75 

25 Jul 83 lo:24 33.62 544,65 

26 Jul 83 11:Ol 33.65 544.,62 

2 Aug 83 2:52 34.08 544.,19- 

9 Aug 83 8:07 34.23 544.04 

16 Aug 83 8:23 34.34 543.#93 

23 Aug 83 9:20 34.71 543.56 

30 Aug 83 10:03 34.90 54:3.37 

6 Sep 83 1:57 34.98 543.29 

13 Sep 83 4:36 35.22 543.05 

20 Sep 83 - 8:14 35.39 542.88 

6 Ott 83 11:29 35.70 542.57 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: WBS-6-22-83 

Top of Pipe Elevation: 510.64 ft MSL 

Screen Interval E:.evatFon: from 496.32 to 487.19 ft MSL 

Grid Coordinates: 

Depth to Water Elevation, 
Date Time Water, ft ft MSL Remarks -m -- 

26 Aug 83 7:47 11.22 499.42 

29 Aug 83 12~24 12.34 498..30 

30 Aug 83 10:21 12.44 498.20 

31 Aug 83 2~24 12.40 498.24 

1 Sep 83 11:32 12.34 498.,30 

2 Sep 83 8:37 12.56 498,,08 

3 Sep 83 10:07 12.52 498-12 

6 Sep 83 2:13 12.56 498.,08 

13 Sep 83 4:49 12.91 497., 73 

20 Sep 83 8:35 13.03 497.,61 

6 Ott 83 11:47 13.53 497.11 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: VES-6-23-83 

Top of Pipe Elevation: 509.41 ft MSL 

Screen Interval E:levation: from 494.86 to 485.76 ft MSL 

Grid Coordinates: 

Depth to Water Elevation, 
Date Time Water, ft ft XL Remarks -- 

1 Ott 83 7:21 12.30 497.11 

3 Ott 83 1:22 12.33 497.08 

4 Ott 83 4:06 12.34 497.07 

5 Ott 83 3:54 12.30 497.11 

6 Ott 83 11:51 12.64 496.77 

10 Ott 83 7:43 12.43 496.98 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: EPA-l-83 

Ground Elevation: 525.62 ft MSL 

Depth to Water Elevation, 
Date Tim12 Water, ft ft MSL Remarks 

-- - 13 Jun 83 10:34 14.3 51l.32 

14 Jun 83 1:135 14.6 511.02 

15 Jun 83 1:45 15.2 510.42 

16 Jun 83 11:111 15.50 510.12 

17 Jun 83 lo:.38 15.68 509.94 

20 Jun 83 8::!1 16.72 508.90 

22 Jun 83 

30 Jul 83 

Caved In 

Grouted Boring 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: EPA-2-83 

Ground Elevation: 530.91 ft MSL 

Depth to Water Elevation, 
Date Time -- Water, ft ft MSL Remarks 

14 Jun 83 1:OR 21.70 509.21 

15 Jun 83 1:48 21.74 509.17 

16 Jun 83 11:39 22.14 508.77 

17 Jun 83 lo:28 22.30 508.61 

20 Jun 83 8:19 22.85 508.06 

22 Jun 83 11:40 23.15 507.76 

25 Jun 83 1:35 23.32 507.59 

30 Jun 83 4:32 24.05 506.86 

7 Jul 83 12:50 24.75 506.16 

15 Jul 83 Caved In 

23 Jul 83 Grouted Boring 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: EPA-3-83 

Ground Elevation: 523.20 Et MSL 

Depth to Water Elevation, 
Date Time Water, ft ft MSL Remarks -* 

15 Jun 83 1:50 16.0 507.30 

16 Jun 83 11:36 16.34 506.86 

17 Jun 83 lo:25 16.70 506.50 

20 Jun 83 8~13 17.37 505.813 

22 Jun 83 11:38 17.70 505.50 

25 Jun 83 1:47 18.08 505.12 

30 Jun 83 4:31 18.80 504.40 

7 Jul 83 12:58 19.60 503.60 

15 Jul 83 8:31 20.70 503.50 

30 Jul 83 8:00 22.00 501.00. 

30 Jul 83 Grouted Boring 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: EPA--4-83 

Ground Elevation: 1521.89 ft MSL 

Depth to Water Elevation, 
Date Time Water, ft ft MSIL Remarks -- -- 

16 Jun 83 11:45' 14.70 507.19 

17 Jun 83 10:3:1 14.80 507.09 

20 Jun 83 8:2:1 16.43 505.46 

22 Jun 83 11:4;: 15.70 506.19 

25 Jun 83 1:3s 15.72 506.17 

30 Jun 83 4:34 16.42 505.4;7 

7 Jul 83 12:54 18.65 503.24 

15 Jul 83 8~35 17.95 503.94 

23 Jul 83 Grouted Boring 



Ground-Water Elevations 

Old Rifle Range 

Boring Number: EPA-Is-83 

Ground Elevation: 521.16 ft MSL 

Depth to Water Elevation, 
Date Time Water, ft ft MSL, Remarks -- 

17 Jun 83 10:35 16.50 504.66 

20 Jun 83 8:29 16.80 504.36l 

22 Jun 83 11:45 16.50 504.66 

25 Jun 83 1:42 17.05 504.11 

30 Jun 83 4:37 18.35 502.81 

7 Jul 83 Caved In 

30 Jul 83 Grouted Boring 


	PREFACE
	TABLE OF CONTENTS
	LIST OF APPENDICES

	INTRODUCTION
	DATA COLLECTION
	GEOLOGY AND GROUND WATER
	CONCLUSIONS AND RECOMMENDATIONS
	BIBLIOGRAPHY
	APPENDICES
	APPENDIX A: FIELD BORING LOGS
	APPENDIX B: GRAPHIC FIELD LOGS
	APPENDIX C: LABORATORY SOIL TEST RESULTS
	APPENDIX D: WELL COMPLETION DIAGRAMS
	APPENDIX E: GROUND-WATER ELEVATIONS


