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PREFACE 

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

Geotechnical 1,aboratory (GL) of the U, S, Army Engineer Waterways Experiment 

Station. Funding for this study was authorized by Order for Work and Services- 

NAVCOMFT Form 2275 (;!-81) Number N0016483WROG185 dalted 17 May 1983 and amenced 

9 and 16 September 1983. 

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

1983. Data reduction was performed from October 1983 to February 1984 and 

report preparation was accomplished during this same period. The drilling was 

performed by the Exploration Group (EG), Engineering Geology and Rock Mechanics 

Division (EGRMD), GL, under the supervision of Mr. Joseph B. Dunbar, Site 

Characterization Uni.C (SCU), Engineering Geology Applications Group (EGAG) of 

the EGRMD. Mr. Dunbar prepared the report and Mr. Dale L,. Balrefoot 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 Mr. John H. 

Shamburger, Chief, El::AG, Mr. 'Mark A. Vispi, Chief, EG, Dr. Don C. Banks, 

Chief, EGRMD, and Dr. William F. Marcuson III, Chief, GL. 

Special acknowledgment is extended to MS. Cathy Andrews and Mr. Jim 

Hunsicker of the Naval Weapons Support Center for their assistance during t!?e 

study. 

Commander and Jjirector of WES durfng the conduct of the study was 

COL Tilford C. Creel, CE. The Technical Director was Mr. F. R. Brown. 
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BACKGROUND 

1. The Waterways Experiment Station (WES) conducted a previous investi- 

gat ion in 1981 at the Ammunitton Burning Grounds (ABG) valley to define the 

hydrogeology of the area. Eight 'borings with monitoring ,we:Lls were installed 

in the ABG valley 'to monitor ground-water flow from the disposal facility and 

provide basic information about the soils and geology. In addition, a bor:tng 

was drilled and sampled in the ash pile for chemical alnalysis of ash 

composition. Information on previous ABG work is cont:ained in the WES draft 

report "Hydrogeologic Investigation of Waste Disposal Sites at the Naval 

Weapons Support Center, Crane, Indiana" (Dunbar, 1982). 

and data analysis. 

DRILSLING AND WELL INSTALL4TION 

3. Field work consisted of drilling and installing one 

ups 

monitoring well 

e as shown by lope and three monitoring wells downslope from the ash pi.1 

Figure 2. Drilling at the ABG was done by a truc'k-mounted Failing 1500 drill 

rig with a 5-5/8-in. tricone roller bit and air to remove drill cuttings. 

Boring advance was terminated 10 ft below the water table,, Soil or rock 

samples were not ta'ken during the drilling operat.i.ons, but soil and rock 

cuttings were field classified to identify soil o'r rock type, color, hardness, 

and estimate water "ontent. Field logs from these borings are presented ir: 

Appendix A. Appendix B graphically summarizes th,fs information. 

4. Monitoring wells were installed in each boring following drilling, 

Well construction and installation are identical ,to the wells installed during 

the previous ABG st.lldy and are not discussed here. The report on the previous 

ABG work describes well installation procedures. Well completion diagrams for 

the four wells are ;rresented in Appendix C. Water levels were measured daily 

PURPOSE AND SCOPE 

2. The purpose of this investigation was to defI.ne the direction of 

ground-water flow and the geology beneath the ash pile at the ABG (see 

Figure 1). Activities during this study include (drilling, well installation, 
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for approximately seven days following well compl,etion. Water level measure- 

ments are presented in Appendix JI. 

DATA ANALYSIS 

Geology 

5. The geology of the ABG consists of residual soils underlain by Mis- 

sissippian age Stephensport Group Sedimentary Rocks from the Hardinsburg 

Formation and Golconda Limestone Formation. The geology underlying the ABG 

ash pile is shown :Ln Figure 3 (see Figure 2 for location) (, Soil in the four 

ash pile borings averages 6.7 ft in thickness and. consists of sandy and grav- 

elly clay. The sedimentary sequence underlying the soil J-s the Hardinsburg 

Formation consisting of sandstone, shale, and sandstone. Boring WES-3-28-83, 

located upslope from the ash pile, encountered a tan to reddish brown sandstone 

composed of very f:lne-grained, quartz sand which is approximately 15 ft thick. 

The sandstone is underlain by a soft, dark grey shale beginning at the 610-ft 

Mean Sea Level (MSL) elevation. At the base of the slope from the ash pile 

this upper sandstone and shale is absent and Borings WES-3-26-83, WES-3-27-83, 

and WES-3-29-83 encountered a sandy clay overlying a lower sandstone. This 

sandstone is a very fine-grained, quartz sandstone ranging, from tan to reddish 

brown and white to light grey and is approximately 40 ft t.hick. The Hardins- 

burg Formation is underlain by the Golconda Limestone Fornlation, a grey, very 

f ine-grained, semicrystalline, fossiliferous, hard limestone, at approximately 

the 548-ft MSL elevation. 

Ground water 

6. Ground water at the ABG as defined in the 1981 study is flowing da3wn 

valley or towards the east in rock fractures with the water table in the ABG 

valley at an average depth below ground surface of approximately 50 ft. Tie 

water table depth at the ash pile averages 31.7 f t below ground surface. 

Ground-water flow s.t: the ABG is shown by the ground-waiter contour map in 

Figure 4, with flow to the north under the ash pile and t’o the east for thee 

entire ABG valley. The installation of four additional wel:Ls at the ash pile 

has not altered previous findings. The water table gradient is fairly steep 

as shown by the cross section (Figure 3) and the ground-water contour map 

(Figure 4)) reflecti,ng the steep topographic relief between the valley and 
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surrounding upland!; (see Figure 1). Ground-water elevations differ by approx- 

imately 55 ft between wells WES-3-28-83 and wells WES-3-26-83 and WES-3-29-83. 

Monitoring well WE:+-3-27-83 was dry and was not used in map construction in 

Figure 4. 

SUMMARY 

7. The four monitoring wells installed at t:he ABG ash pile have defined 

the geology and ground water at the ash pile. Soil adjacent to the ash pile 

consists of sandy and gravelly clay which averages 6.7 ft in thickness and is 

believed to underlie the ash pile. Rock beneath the ash pile to a depth of 

about 50 ft consists of Mississippian age sandstone, shale, sandstone, and 

limestone of the Stephensport Group. Ground water under the ash pile is in 

rock fractures and flows to the north into the ABG valley where ground-water 

flow changes to an easterly direction. 
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APPENDIX A: FIELD BORING LOGS 
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Project 
Location 
Drill Rig 

I SAMPLE DATE 

I 
I 
I 

I 

NUMBER 
l~~~ 

5 Oct 

I i 
I I 

WES ,.o~ ... 
JAN 74 819 

Inspector Operator 

STRATUM DRIVE SAMPLE 

FROM TO FROM TO FROM TO 

I I I 

EDiTiON OF NOV 1971 MAY BE USED 

BORING LOG 
FIELD DATA 

Site Date 
Job No. 

<;IJrf;l_C~ E! ~".;"~,..~ WES- 3-27 -R 1 
-- _VI II '!:I .'W\oI. 

TYPE OF 
SAMPLER 

CLASSIFICATION AND REMARKS 

Installed monitoring well after 

blowing water from boring. 

I I I I 

Sheet __ 2 __ of __ 2 __ Sheets 
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Project NWSC Ground-Water Study 
Location ~mmunition Burning Grounds 

BORING LOG 
FIELD DATA 

Site Crane, IN Date 6 October 1983 

Job No. 441-G150. 14GR21/22 
Drill Rig Failing Inspector J. Dunbar Operator B. Harried Surface EI 628.31 Boring No. WES- 3-28-83 

SAMPLE DATE 
NUMBER TAKEN 

1983 

6 Oct 

17 Oct 

WES FOAM 
JAN 74 819 

I 

STRATUM DRIVE SAMPLE TYPE OF 

FROM TO FROM TO FROM TO SAMPLER 

0.0 5.2 0.0 27.5 IS-S/8 Rock~ 

S.2 20.0 

20.0 27.5 

I I I I I 

EDITION OF NOV 1971 MAY BE USED 

CLASSIFICATION AND REMARKS 

tit ISandv ('1:lv (n.)· hrnwn ~nft" t"n 

stiff. damo. or2anic matter. 

Sandstone: brown, reddish brown, 

and tan, very fine-grained, uniform 

quartz sandstone, water at 16 ft. 

Shale: A .,._1r -re ..... ro_ ~ ... uniform vaL"" OV.1.L 

~ry. 
oJ, 

I I !Blew water from boring and in- I 
~talled monitoring well. 

Sheet _~l,---_of_-,l=--_Sheets 



Project NWSC Ground-Water Study 
location Anununition Burning Grounds 

BORING LOG 
FIELD DATA 

Site Crane, IN Date8 October 1983 
Job No. 441-G150 .13GR21i 22 

Drill Rig Failin~ Inspe~tor J. Dunbar Operator C. Drake Surface EI 596 78 Borinn No WES-1-7Q-R1 .. . 
~ -- --

I SAMPLE DATE 
STRATUM DRIVE SAMPLE 

TYPE OF 
CLASSIFICATION AND REMARKS NUMBER 

1~~Ef FROM TO FROM TO FROM TO SAMPLER 

8 Oct 0.0 2.1 0.0 51.0 5-5/8"Rock E it Sandy clay (CL) : brown, soft to 

stiff, damp, sandy - very fine-

~rained. 

2.1 9.1 Sandv clay (eL) and sandstone: 

brown. reddish brown.thtnlv JLed.d.e.d 

! (soft and hard) weathered sli~htlv 

Idamn Yery fine-~rained aaDdatQDe. I r--- _+i~~~1~9~.~1~1~124~.~1_1~ __ -+ ____ -+ ____ ~ ____ ~ __________ t-__ ~ __ ~1~s~a~n~d~sLto~n~e~;~b~ruQ~wn~.~r~e~d~d~j~s~h~b~r~QWD~~.~ 
I I I I I I very fine-grained. Quartz sandstone-->. I I I 

soft. weathered. 

14.1 30.1 Sandstone: li2.ht 2.rev verv _f.ine.-

grained quartz sandstone, soft. 

130.1 i 45.5 i ~andstone: brown to reddish brown I 
WES ;AONF!~4 819 EDITION OF NOV 1971 MAY BE USED Sheet _--'-__ of __ .... 2'---_ Sheets 



BORING LOG 
FIELD DATA 

Project Site Date 
Location Job No. 
Dril! Rig Inspector Operator Surface EI Boring No. WES-3-z'9-83 

STRATUM I I 1 I SAMPLE DATE DRiVE SAMPLE TYPE OF 
NUMBER 

l~~ SAMPLER 
CLASSiFiCATION AND REMARKS 

FROM TO FROM TO FROM TO 

and light grey, very fine-grained 

quartz sandstone, soft. 

45.5 51.0 Li~one' medillm Qrev verv fine-

grained, hard 

10 Oct Blew water and installed monitoring 

Iwell. 

I I I I I 

I I I I I I I 

WES ;AO:~. 819 EDITION OF NOV 1911 MAY BE USED Sh eet _--'2=--__ of _-..!:.2c-_Sheeis 



APPENDIX B: GRAPHIC FIELD LOGS 



0. 0 

5. 0 

10.0 

15.0 

20.0 

- 

- - 

593.39 ft MSL 

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

Sandstone: brown, reddish brown, soft, 
very fine-grained, uniform quartz sand. 

Sandstone: white to light grey, soft, 
very fine-grained, uniform quartz sand. 

Limestone: medium grey, hard 
very fine-grained. 

NWSC:, Crane, Indiana 
Ammunition Burning Grounds 
Lithology 
Boring Number: WES-3-26-83 



0.0 - 

5.0 - 

10.0 - 

15.0 - 

25.0 - 

30.0 - 

34.0 - 

- 597.54 ft MSLS 

Fill (sandy clay): brown, moist, soft, 
sandy-very fine-grained, 

Fill (sandy clay): grey, moist, soft, 
sandy-very fine-grained. 

Sandstone: brown, reddish brown, uniform, 
very fine-grained, quartz sandstone, soft, 
wet at 2;! ft. 

NWSC, Crane, 1nd:iana 
Ammunition Burning Grounds 
Lithology 
Boring Number: \JES-3-27-83 



0.0 -- 

5.0- 

10.0 - 

I=: 
n 15.0- 

5 
G- n 

20.0-- 

25.0--- 

27.5 -J 

- 

- 

- 628.31 ft MSL 

Sandy clay (CL): brown, soft to stiff, 
damp, organic matter. 

Sandstone: brown, reddish brown, and 
tan, very fine-grained, uniform quartz 
sandstone, water at 16 ft. 

Shale : dark grey, soft, uniform, dry. 

- 

NWSC, Crane, Indiana 
Ammunition Burning Grounds 
jLithology 
Boring Number: WIZS-3-28-83 



0.0 - 

5.0 

# 

10.0 - 

15.0 -- 

20.0 -- 

25.0 -- 

596.78 ft MSL - 
Sandy clay (CL): brown, soft to stiff, clamp, 

_ sandy-very fine-grained. 

Sandy clay and sandstone: brown, reddish 
brown, thinly bedded (soft and hard), 
weathered, slightly damp, very fine-grained 
sandstone, 

- Sandstone: brown, reddish brown, very 
fine-grained quartz sandstone, soft, weathere 

Sandstone: light grey, very fine-grained 
quartz sandstone, soft. 

Sandstone: brown, reddish browr., light grey, 
very fine-grained quartz sandstone, soft, 
water at 41 ft. 

Limestone: medium grey, very fine-grained, 
hard. 

NWSC, Crane, Indiana 
.Ammunition Burning Grounds 
'Lithology 
Boring Number: WES-3-29-83 



APPLNDIX C: WELL COFlPLETION DIAGRAMS 



3" Steel Protector Pipe 1 
with Cap ----7-.---\ 

Grout 31.0' 

Bentonite 2.0' 

r-- 

lz 
38' 

Pea Gravel 17.4' 

Q Water depth 2.t time of 
drilling 

B Well Screen 

35.88' 

50.41' 

!" Schedule 40 PVC Pipe 

NWSC, Crane, Indiana 
Ammunition Burning Grounds 
Well Completion 
Boring Number: WES-3-;!6-83 



3" Steel 
with cap 

Grout 
I- 

I 
14.0' 

Bentonite 2.0' 

r 52 
23' 

Pea Gravel 17.0' 

Protector Pipe 

CL 

I 
_zI Water depth at time of 

drilling 

El Well Scree,n 

1 

1 
- -4 

3.0' 

- r 

18 .52’ 

9.06’ 

----I 
5.42' 

I 

/ 597.54 ft MSL 

33.0' 

2" Schedule 40 PVC Pipe 

NWSC, Crane, Indiana 
Ammunition Burning Grounds 
Well Completion 
Boring Number: WES-3-27-83 



3” Steel Protector Pipe 
with cap .- z 

I-- 
Grout 7.7’ 

L 
Bentonite 2.0’ 

Pea Gravel 17.3' 

?J 
16' 

t 

x Water depth at time of 
drilling 

El Well Screen 

c 

- 

- 

- 

- 

- 

- 

- 

- 
- 

- 

12.5' 

9 .( 18 ’ 

628.31 ft MSL 

5.42:’ 

A-- 

27.0’ 

\ 
2" Schedule 40 PVC Pipe 

NWSC, Crane, Indiana 
Ammunition Burning Grounds 
Well Completion 
Boring Number: WES-3-28-83 



3 II Steel Protector Pipe 
with cap .z, 

Grout 31.0' 

Bentonite 2.0' 

I- 

Pea la.01 

Gravel Y 
41' 

I- 

- - - - - - 
I 

52 Water depth at time of 
drilling 

36.58’ 

596.78 ft MSL 

9.05’ 

5.37’ 

J 
2" Schedule 40 PVC P:i.pe 

NWSC, Crane, Indiana 
Ammunition Burning Grounds 
Well Completion 
Boring Number: wEs-3-29-83 

a Well Sc:reen 



APPENDIX D: GROUND-WATER ELEVATIONS 



Ground-Water ELevatigns 

Ammunition Burning Grolunds 

Boring Number: WES-3-26-83 

Top of Pipe Elevation: 596.39 ft MSL 

Screen Interval Elevation: from 560.51 to 551.38 ft MSL 

Grid Coordinates: 

--- 
Depth to Water Elevation, 

Date Tim2 Water, ft ft MSL Remarks --- ---. 
4 act a3 11:34 36.90 559.49 

5 act a3 9:53 36.93 559.46 

7 00 a3 1: 05 37.22 559.17 

8 Ott 83 9: 31 37.33 559.06 

10 Ott 83 7: 54 37.38 559.01 

13 act a3 9 :49 37.04 559 l 35 

17 act a3 9 :32 37.34 559.05 

--- 



Ground-Water E12vations 

Ammunition Burning Grounds 

Boring Numb2r: w-3-27-83 

Top of Pip2 Elevation: 600.54 ft MSL 

Screen Interval Elevation: from 579.02 to 569.96 ft MSL 

Grid Coordinat2s: 

Date 

7 Ott 83 

8 Ott a3 

10 act a3 

Time -- 
1: 10 

Depth to 
Water, ft 

29.76 

--- 
Water Elevation, 

ft HSL ---. 
570.78 

Remarks 

Purgzd well 

Dry 



Ground-Water Elevations 

bmunition Burning Grounds 

Boring Number: WES-3-28-83 

Top of Pipe Elevation: 631.31 ft MSL 

Screen Interval Elevation: from 615.81 to 606.73 ft MSL 

Grid Coordinates: 

-PI 

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

8 Ott 83 9:33 15.72 615.59 

10 ckt a3 7z.51 15.94 615.37 

13 act a3 9:46 15.71 615.60 

17 act a3 9:35 15.57 615.74 



Boring Number: WES-3-29-83 

Top of Pipe Elevation: 599.78 ft MSL 

Screen Interval EleyJation: from 560.20 to 551.15 ft MSL 

Ground-Water Elevations 

Ammunition Burning Grounds 

Grid Coordinates: 

Depth to 
_I-- 

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

10 Ott 83 7:56 34.17 565.61 

13 Ott 83 9:52 37.05 562.73 

17 Ott 83 9:30 37.38 562.40 




