iooos | |
| | . NO00164.AR.000464
. | NSWC CRANE

5090.3a

| Final
Ground Water Monitoring Plan
: o for the
- Ammunition Burning Grounds, Old
Rifle Range, and Demolition Range

Naval Surface Warfare Center
Crane Division
Crane, Indiana

VOLUME | OF Il - TEXT

Southern Division

Naval Facilities Engineering Command
Contract Number N62467-94-D-0888
Contract Task Order 0038

September 1999



/V7(§/ /ﬁ//o

//7/(64’ //// 27 |



GROUND WATER MONITORING PLAN

| FOR THE
AMMUNITION. BURNING GROUNDS,

OoLD RIFLE RANGE, AND DEMOLITION RANGE

NAVAL SURFACE WARFARE CENTER, CRANE DIVISION
CRANE, INDIANA

REVISION 2

SEPTEMBER 1999

COMPREHENSIVE LONG-TERM
ENVIRONMENTAL ACTION NAVY (CLEAN) CONTRACT

Submitted to:

Southern Division

Naval Facilities Engineering Command
- 2155 Eagle Drive

North Charleston, South Carolina 29406

Submitted by:

Tetra Tech NUS, Inc.

661 Andersen Drive
Foster Plaza 7
Pittsburgh, Pennsylvania 15220

CONTRACT NUMBER N62467-94-D-0888
' CONTRACT TASK ORDER 0038

RALPH'R. BASINSKI, Q.E.P.
TASK ORDER MANAGER
TETRA TECH NUS, INC.

ol Fondl. o 1500

PAUL V. FRANK
QUALITY ASSURANCE MANAGER
TETRA TECH NUS, INC.

PETER RAMANAUSKAS -
PERMITTING PROJECT MANAGER
_ U.S. EPA REGION 5

'«v Date
TOM BRENT

PERMIT PROJECT MANGER
NSWC CRANE

Date_ /27 (75

DEBBIE WROBLEWSKI
PROGRAM MANAGER
TETRA TECH NUS, INC.

bl Y )l idoes_o/for

Date_ -
JIM HUNSIKER
ENVIRONMENTAL DEPARTMENT MANAGER
" NSWC CRANE .
: Date
KARYL SCHMIDT

HAZARDOUS WASTE GEOLOGIST
INDIANA DEPARTMENT OF ENVIRONMENTAL
MANAGEMENT

Date

E.P. JOHNS o
ENGINEER IN CHARGE U.S. NAVY .
NAVAL FACILITIES ENGINEERING COMMAND



NSWC Crane

GWMP

Revision: 1

Date: May 1999

Section: Table of Contents

' Page 1 of 7
TABLE OF CONTENTS
SECTION PAGE NO.
ACRONYMS ..ciociiieieeiiieeesesseserssrsesasaesstssssssssssssssessatastsrrassstsstasessssssssassanesssassonsamsdnst siessssnestssssssasssesanssssesanans .6
1.0 GROUND WATER MONITORING [40 CFR 264 SUBPART FJ ..o 11
1.1 GROUND WATER MONITORING OBJECTIVES ... 1-1
1.11 Ammunition Burning Ground ............. OO OO POLOT U TPIRTR O UTIUPIPR PP 1-2
1.1.2 Old Rifle RANGE ...t 1-3
1.1:3 DemOlItION REBNGE ...t 1-4-
1.2 RECORDKEEPING [40 CFR 264.77(c) AND 264.97()] -....covovviiviiiienn 1-4
1.21 Field Records............ s 1-4
1.2.2 Analytical Records.................coons RO O ORUPURUPSOTUITRUPROP 1-5
123 Statistical Evaluation RECOTAS ..o e e 1-5
1.2.4 REPOMES .o i ettt 1-5
1.3 REPORTS [40 CFR 264.77(C)]vveoeeeeeeeeeeeen U UU TV RUROPPRRPI 1-5
1.31 Detection Monitoring Program Reports [40 CFR 264.98].............coco i 1-5
1.3.2 Compliance Monitoring Program Reports [40 CFR 264.99] ... 1-8
1.3.3 Corrective Action Program Reports [40 CFR 264.100] ..o 1-10
134 Annual Ground Water Monitoring Report ....... e 1-10
14 COMPLIANCE PERIOD [40 CFR 264.96]......cccooiiiiiiiiiiiiiie i 1-11
1.5 RCRA HAZARDOUS CONSTITUENTS [40 CFR 264.93] ... 1-11
1.6 NATURAL ATTENUATION DEMONSTRATION ... e 1412
17 GROUND WATER PROTECTION STANDARD [40 CFR 264.92]. ... 1-12
.2.0 INTERIM STATUS GROUND WATER MONITORING DATA
[40 CFR 270.14(C)(1)].ccverrerirircmrenessunessserssssnsnssssssssssasessonssnsassssssasnemssssissssssssssmassassisssassanssssssssansanasass 21
3.0 GENERAL HYDROGEOLOGICAL INFORMATION [40 CFR 270.14(c)(2)]..........ccooooovvciricician 31
31 PHYSIOGRAPHY ..o e 3-1
3.1.1 Regional Physiography...................... e e TR 3-1
3.1.2 Physiography of the Ammunition Burning Grounds ... 3-3
3.1.3 Physiography of the Demolition Range ... 3-3
3.14 Physiography of the Old Rifle Range ...y e 3-9
3.2 SURFACE WATER. ..ot 3-9
3.21 Surface Water at the Demolition Range and Old Rifle Range ... 3-9
3.2.2 Surface Water at the Ammunition Burning Grounds ... 3-12
3.3 GEOLOGY AND STRATIGRAPHY ..ot 3-12
3.3.1 General Geology and Stratigrapny ..o 3-12
3.3.2 Stratigraphy and Geology of the Ammunition Burning Grounds ................c.......... ... 3-23
3.3.3 Stratigraphy and Geology of the Demolition Range ... 3-29
3.34 Stratigraphy and Geology of the Old Rifle Range ......... e 3-30
3.4 HYDROGEOLOGY ...ttt R 3-37
3.41 Reglonal Hydrogeology .............. e e 3-37
342 Ground Water Hydrogeology of the Ammunition Burning Grounds Site ................... 3-37
3.4.3 Groundwater Hydrogeology of the Demolition Range ................... e 3-40
344 Ground Water Hydrology of the Old Rifle Range ... 3-47
089711/P CTO 0038



5.0

NSWC Crane

GWMP

Revision: 1

Date: May 1999

Section: Table of Contents

- Page 20of 7
TABLE OF CONTENTS (Continued)
SECTION ' o ’ PAGE NO.
4.0 TOPOGRAPHIC MAP REQUIREMENTS [40 CFR 270.94(C)(3)]...vcueeeeeemrerenenenesrerseessesssssesssesssens 41
CONTAMINANT PLUME DESCRIPTION [40 CFR 270.14(C)(4)] +uvrureveeeerseeerseessressssessssssssssssesens 5-1
51 AMMUNITION BURNING GROUNDS ...........ooiiiiioeeeeeeeeeeeeeeee 5-1
511 Golconda/Haney Limestone AQUIfEr..................icooooooie oo 5-1
51.2 Big Clifty Sandstone/Beech Creek Limestone Aquufer ........ e - 56-2
513 Beaver Bend Limestone Aquifer.....................ccccocoeoi s RO PSS PUUSRUI 5-4
52  DEMOLITION RANGE AND OLD RIFLE RANGE ........ e 5-7
6.0 GENERAL GROUND WATER MONITORING REQUIREMENTS , .
[40 CFR 270(C)(5), 40 CFR 264.97].......covecueeureecrecrsssceecesnsssesseeseessesssseesssessesanssssseessessssesssesseiessss 6-1
6.1 GROUND WATER MONITORING SYSTEM [40 CFR 264.97(a) AND (b)] ................ 6-1
6.2 MONITORING WELL CONSTRUCTION DETAILS [40 CFR 264.97(C)] ......coovo........ 6-2
6.2.1 Ammunition Burning Grounds Monitoring Wells ... 6-2
6.2.2 Old Rifle Range Monitoring WellS.....................c.cocooueuio o ... 6-2
6.2.3 Demolition Range Monitoring Wells ........................ e 6-7
6.2.4 . Old Jeep Trail Monitoring WellS ...............ccocoooooeeeee 6-7
6.3 GROUND WATER SAMPLING AND ANALYSIS [40 CFR 264.97(d) AND )] 6-7
6.4 GROUND WATER SURFACE ELEVATIONS [40 CFR 264.97(f)] ..ovooovovovooo 6-9
6.5 SAMPLING PROCEDURE AND INTERVAL [40 CFR 264.97(Q)] ..o 6-9
6.6 STATISTICAL METHOD [40 CFR 264.97(N)] «...cvovoeoooeeeeeeooe oo 6-10
6.7 MAINTENANCE OF DATA IN OPERATING RECORD AND REPORTING
[40 CFR 26498(1)] .................................... 6-10
7.0 AMMUNITION BURNING GROUNDS...........couerrinrceseesenseessessesssssesssssesssesssssessesseseneeeeesseeseeseeen 71
71 GROUND WATER MONITORING PROGRAMS AT AMMUNITON BURNING
: GROUNDS [40 CFR 264 SUBPART F] ......ooioiiiiioooeooeeoeoeo 7-1
7.2 COMPLIANCE MONITORING [40 CFR 264.99)..........ooooooooooeooooooo 7-2
7.3 CORRECTIVE ACTION MONITORING [40 CFR 264.100] e 7-13
7.4 NATURAL ATTENUATION MONITORING .........ooooviio oo 7-14
7.5 KARST MONITORING ..ot e 7-15
7.6 CLOSURE MONITORING [40 CFR 264.117] c..o.ooooooooeoeoeeoo 7-20
8.0 OLD RIFLE RANGE GROUND WATER MONITORING .....coneeeeeeeeeeeeeeeeeeeeeeeeeeeoeeoeoeoeeeoeeeeeeo 8-1
8.1 = GROUND WATER MONITORING AT THE OLD RIFLE RANGE'
[40 CFR 264 SUBPART FJ.....ooooiiiioiioeeeeeeeeeeeeeeeeeeeee 8-1
82 . COMPLIANCE MONITORING [40 CFR 264.99] ....oooooooooooooeoeooo 8-1
9.0  DEMOLITION RANGE GROUND WATER MONITORING PROGRAM
[40 CFR SUBPART FJ.......oucuiiieemeeesesnssss s ssesssssssssssesssassssssessesssssssssssssessesssesseeeseenseneeses s 9-1
9.1 DETECTION MONITORING AT DEMOLITION RANGE [4OCFR 264.98]................. 9-1
089711/P CTO 0038




' Page 30of 7
TABLE OF CONTENTS (Continued)
SECTION : " PAGENO.
10.0 PROCEDURE FOR DETERMINING STATISTICALLY SIGNIFICANT INCREASES FOR
MONITORED PARAMETERS [40 CFR 264.97 AND 264.98] ......c.cccccuimimimennnnnnnnnnniinnessesscsscsas 10-1
10.1 BASIC-APPROACH OF THE COMPARISON OF DOWNGRADIENT WELLS
TO THE UPGRADIENTWELLS ..................... RSSO PP PSPPSR PSPPI 10-2
10.2- LIMIT OF DETECTION ...ttt ettt e 10-2
10.3 PARAMETRIC AND NONPARAMETRIC ANALYSIS OF VARIANCE (ANOVA) ... 10-2
10.3.1 Parametric ANOVA ... ..o 10-2
10.3.2  Nonparametric ANOVA ... 10-14
10.4 DISCUSSION o ... 10-18
11.0 CORRECTIVE ACTION PROGRAM [40 CFR 270.14(C)(8)] ....cveererrreemrseccrsnsunrerssensmnssssanenscsnenses 111
REFERENCES ............ R-1
APPENDICES
1-1 COMPARISON OF RCRA APPENDIX VIIl CONSTITUENTS TREATED OR EMITTED AT ABG,
ORR, OR DR AND RCRA APPENDIX IX ANALYSES
2-1 ENVIRONMENTAL DATA ASSESSMENT MEMORANDUM FOR SOLID WASTE
: MANAGEMENT UNITS #03/10, #06/09; AND #07/09 '
‘ 2-2 USEABLE HISTORICAL ENVIRONMENTAL MEDIA DATA FOR ABG, ORR, AND DR
o 2-3 SUPPLEMENTAL ENVIRONMENTAL MEDIA DATA OBTAINED IN 1995-1996 FOR ABG,
: ORR, AND DR
- 24 SUPPLEMENTAL ENVIRONMENTAL MEDIA DATA OBTAINED IN 1997 FOR ABG, ORR,
' ANDDR
2-5 SUMMARY OF SITE INVESTIGATION DATA FOR AMMUNlTION BURNING GROUND OoLD
RIFLE RANGE, AND DEMOLITION RANGE
51 PLATE FIGURES
5-2 NATURE AND DISTRIBUTION OF GROUNDWATER CONTAMINATION AT THE ABG STUDY
AREA
5-3 NATURE AND DISTRIBUTION OF GROUNDWATER CONTAMINATION AT THE
DEMOLITION RANGE AND OLD RIFLE RANGE
6-1 STANDARD OPERATING PROCEDURE, GROUND WATER CONTOUR MAPS AND FLOW

s

089711/P

NSWC Crane

GWMP

Revision: 1

Date: May 1999

Section: Table of Contents

RATES

CTO 0038




NSWC Crane

} GWMP

Revision: 1

Date: May 1999

Section: Table of Contents

Page 4 of 7
TABLES
NUMBER - ' PAGE NO.
1-1 Comparison of RCRA Hazardous Constituents (Appendix VIII) Treated or Emitted to
Appendix IX and Constituents Analyzed ... oo s 1-13
1-2 Analytical Methods, Laboratory Reporting Limits, and Alternate Concentration Limits ............ 1-15
3-1 Survey Data for Ammunition Burning Grounds .............................................................. SRR 3-6
3-2 Monitoring Well Construction Details ..............0.......................... USROS 3-24
5-1 Drinking Water Standards ..o e 5-5
7-1 Monitoring Point ObJECtIVES .......c.cocooiiiiiiicoccce e, PR 7-3
7-2 Quarterly Monitoring ~ Quarters 1 through 8............c...cocoooeiioe oo USROS 7-4
7-3 Quarterly Monitoring — Quarters 9 through 30............coovoioioooo e 7-9
7-4 Annual Appendix IX Monitoring .................cccoooeoi e e 7-10
7-5 Natural Attenuation Parameters ... 7-18
8-1 Monitoring Well SUmMmary ... e 8-2
8-2 Old Rifle Range Quarterly MONItOMING .................ocoiiie oo 8-3
8-3 Old Rifle Range Annual Appendix Ground Water Monitoring ..o 8-4
9-1 Demolition Range Monitoring Well SUMmary ... 9-4
9-2 Demolition Range Semiannual Monitoring ... e 9-5
10-1  Coefficients A, for W Test of Normality for N=2t0 50 ... FRU 10-6
10-2  Percentage Points of the W Test for N=31t0 50 ... 10-7
10-3  Percentage Points of the W Test for N>50 ... 10-9
10-4  95th Percentiles of F-Distribution with v, and v, Degrees of Freedom ................................. 10-12
10-5  95th Percentiles of the Bonferroni t-Statistic with v Degrees of Freedom, t, am ....cvoovcoveveenl. 10-15
089711/P

CTO 0038




089711/P

NSWC Crane

GWMP

Revision: 1

Date: May 1999

Section: Table of Contents

Page S of 7
FIGURES
NUMBER I " PAGE NO.
3-1 Physiographic Divisions of INdi@ana ... 3-2
3-2 Surface Drainage in INAIANEA ..........cooiiii 3-4
3-3 Water Basins at Naval Surface Warfare Center............cooo 3-5
3-4 Locations of Wells and Cluster Wells at Old Rifle Range-......................coon TS 3-10
3-5 Surface Drainage at the Naval Surface Warfare Center ..., 3-11
3-5a  Cumulative Thickness of Solution Widened Openings in Beech Creek Limestone ................... 3-13
3-6  Stratigraphy of Naval Weapons Support Center ... 3-15
3-7 Distribution of Geological Groups ............cccoovvviiniiiiiiiiiii STV UIUPORTOPPTRPROPRROT 3-17
3-7a  Extent of Golconda/Haney FOrmation ..o . 3-18
3-8 Stratigraphic Column for Rock Units Encountered at the Naval Surface Warfare Center ......... 3-20
3-9 Geologic Structure Map, Base of Beech Creek, Limestone of Martin County, Indiana ............. 3-28
3-10  Isochore (Drilled Thickness) Map of Big Clifty/Beech Creek Aquifer, Demolition Area/
Old RIfIE REBNGE ... v et 3-31
3-11  Extent of Golconda/Haney Formation Beneath Demolition Area .....................oo. 3-32
3-12 - Contour Map of Soil (Overburden) Thickness, Old Rifle Range ... 3-34
3-13  Elevation of Top of Rock from Soil and Monitoring Well Borings, Old Rifle Range ................. 3-35
3-14  Subcrop Map of Indian Springs and Base of Golconda/Haney, Old Rifle Range ..................... 3-36
3-15 Piezometric Surfaces, Golconda/Haney and Beaver Bend Limestones ................c.ccocoeeenne 3-39
3-16  Piezometric Surface of May-June, 1991, Beech Creek Aquifer, Demolition Area ................... 3-43
3-17  Piezometric Surface of November, 1991, Beech Creek Aquifer, Demolition Area .................. .. 3-44
3-18 . Piezometric Surface of May-June 1991, Golconda/Haney Aquifer, Demolition Area/
Old RiIfl& RBNGE ... .o e 3-45
3-19  Piezometric Surface, Uppermost Aquifer for May-June 1991, Old Rifle Range..................... 3-50
' 3-20 Piezometric Surface for November 1991, Big Clifty/Beech Creek Aquifer, Lower Zone,
T O RIfIE RBIGE ...t 3-51
3-21  Piezometric Surface, Uppermost Aquifer for November 1991, Old Rifle Range........................ 3-52
5-1 Statistically Significant and Borderline Significant Contaminants in Demolition Area Wells ........ 5-8
5-2 Statistically Significant and Borderline Significant, and Non- Statistical Contammants in Old
Rifle RANGE WEIIS ..o 5-9
5-3 Mean TNT, Old Rifle Range ............cccocccoiiiiiinis USROS U P OO PP R PRSPPSO 5-10
5-4  Mean RDZ, Old Rifle Range............oc.coooeiiiiinn, OO UU OO UO PSPPI SRO 5-11
5-5 Nitrates, Uppermost Aquifer, Old- Rlﬂe RENGE ...t 5-12
6-1 Monitoring Locations, Ammunition Burning Grounds ... 6-3
6-2 Monitoring Locations, Demolition Range ... e 6-4
6-3 Monitoring Locations, Old Rifle RaNGe ..o 6-5
6-4 Well Installation Diagrams for the Ammunition Burning Grounds .............cccccooermenecnnnns 6-6
6-5 - Well Installation Diagrams for the Oid Rifle Range and Demolition Range ........... JRRTTOTRUPoN 6-8
7-1 Ammunition Burning Ground Monitoring System.. ... 7-5
7-2 Ammunition Burning Grounds Close up Point of Compliance Wells & Unit Boundary ................ 7-7
7-3 Piper Diagram for Water Chemistry Analysis Taken from the Golconda-Haney Aquifer .......... 717
7-4 Piper Diagram of All Water Chemistry Analysis Taken from the Beech Creek Aquifer ........... 7-21
7-5 Piper Diagram of Water Chemlstry Analysis Taken from “Uncontammated" Wells in the Beech
L CTBEK AQUITBI ... T 7-22
7-6 Piper Diagram of Water Chemistry Analysis’ from wells in the Beaver Bend Aquifer ................ 7-23
8-1 Old Rifle Range Point of Compliance Wells & Unit Boundary ... 8-5
9-1 Demolition Range and Oid Rifle Range Point of Compliance & Unit Boundary ........................... 96

CTO 0038



ABG
ANOVA
B&R
BGS

cc
cmisec
CFR
CLEAN
CTO
DR

FSP

ft
GRITS/STAT
GWMP '
HMX
HpCDD
HpCDF
HPLC
HxCDD
HxCDF
IAC
ICP
IDEM
MCL

mi
NGVD
NSWC
OCDD
OCDF
ORR
PCB
PeCDD
PeCDF

089711/P

NSWC Crane

Revision: 1 .

Date:

GWMP

May 1999

" Section: Table of Contents
Page 6 of 7

ACRONYMS.

Ammunition Burning Grounds
Analysis of Variance

Brown & Root |

Below Ground Surface

Cubic Centimeter

centimeter per second

" Code of Federal Regulations

Comprehensive Long-Term Environmental Action Navy
Contract . Task Order
vDemoIition Range
Field Sampling Plan
Foot; Feet

Ground Water Information Tracking System/Statistics
Ground Water Monitoring Plan

Octahydro-1 ,3,5,7-tetranitro-1 ,3,5,7-tetrazocine
Heptachlorodibenzo-p-dioxin
Heptachlorodibenzofuran

High-Performance Liquid Chromatography
Hexachlorodibenzo-p-dioxin

Hexachlorodibenzofuran

Indiana Administrative Code

Inductively Coupled Plasma

indiana Department of Environmental Management
Maximum Contaminant Level

Milliliter .

National Geodetic Vertical Datum

Naval Surface Warfare Center

Octachlorodibenzo-p-dioxin

” Octachiorodibenzofuran

Old Rifle Range
Polychlorinated Bipheny!
Pentachlorodibenzo-p-dioxin -

Pentachlorodibenzofuran

CTO 0038




PETN
PVC

QAPP

RCRA

RDX

RFi

SC

SDWA ,
SOUTHNAVFACENGCOM
sQL

SWMU

svoc

TCDD

TCDF

TCE

Tetryl

TOC

TOX

TNT

USDA

U.S. EPA’

VOC

WES

~s

088711/P

NSWC Crane
GWMP
Revision: 1
Date: May 1999

Section: Table of Contents

Pentaerythritol tetranitrate

Polyvinyl Chloride

Quality Assurance Project Plan )
Resource Conservation and Recovery Act
Hexahydro-1,3,5-trinitro-1,3,5-triazine
RCRA Facility Investigation

Specific Conductivity

Safe Drinking Water Act

Southern Division, Naval Facilities Engineering Command
Sample Quantitation Limit

Solid Waste Manag.ement Unit

Semivolatile Organic Compound
TetrachIorodibenzo-p-dioxin
Tetrachlorodibenzofuran

Trichloroethene
Methyl-2,4,6-trinitrophenyinitramine

Total Organic Carbon; Top of Casing

Total Organic Halogens

Trinitrotoluene

United States Department of Agriculture
United States Environmental Protection Agency
Volatile Organic Compound

Waterways Experiment Station

Page 7 of 7

CTO 0038



-,-.- y

ORR, and DR) of the regulatory and suppomng objectives.

NSWC Crane
GWMP
Revision: 2

Date: September 1898 '

Section: 1
Page 1 of 21

1.0. GROUND WATER MONITORING [40 CFR 264 SUBPART F]

- This Ground Water Monitoring Plan (GWMP) for the Naval Surface Warfare Center Crane (NSWC
- Crane), Indiana, was prepared for the U. S Department of the Navy (Navy) by Tetra Tech NUS, Inc.

(TINUS) under  the Southern ‘ D|vrsron Naval Facilities Englneenng - Command
(SOUTHNAVFACENGCOM) contract, Contract Number N624467- 94 D- 0888 Contract Task Order (CTO)
038.

This GWMP outlines the overall’. scope of the ground water monitoring- programs to be conducted in
accordance with the Resource Conservation and. Recovery Act (RCRA) permit to be issued by the United
States Environmental Protectlon Agency (U.S. EPA) Region 5 to NSWC Crane, located in Crane, Indiana:
The RCRA permit contains ground water ‘monitoring requirements for three operating units used for the
open burning and open- detonatlon of munitions/explosives at NSWC Crane the Ammunition Burning
Grounds ( ABG) "the Old Rlﬂe Range (ORR), and the Demolltlon Range (DR). This GWM'P was
developed in accordance with the requirements for RCRA ground water monitoring in 40 Code of Federal

, Regulatrons (CFR) 264 Subpart F and U. S. EPA technncal gurdance (U.S. EPA, 1986a). Compliance with

. 40 CFR Subpart F also results in compliance with Indiana Department of Environmental Management

(IDEM) regulations.” Groundwater monrtonng will be conducted in compliance with the approved Field
Sampling Plan (FSP) and the approved Ouallty Assurance Project Plan (QAPP).

1.1 GROUND WATER MONITORING OBJECTIVES

The primary ground water monitoring objectives for each of the three units were developed to meet the
regulatory requirements described in 40 CFR 264 Subpart F. 40 CFR 264. 91 identifies three requrred

‘ programs 40 CFR 264.91(a)(1) requires compliance monitoring - under 264.99 whenever hazardous

constituents are detected .in ground water. Detected is defined-as statistically significant evidence of

contamination. 40 CFR 264.91(a)(2) reqwres corrective action under 264.100 whenever a ground water

_protection standard is exceeded. Exceeded is defined as statlstlcally srgmfcant evidence of increased - -

contamination. 40 CFR 264.91(a)(3) requrres corrective action under 40 CFR 264.100 whenever the
ground water protection standard is exceeded between the compliance point and the downgradient facility.
boundary. 40 CFR 264.91(a)(4) requires institution of a detection monitoring program under 40 CFR
264.98 in all other cases. In order to achieve these regulatory objectives, supporting objectives '(e.g.,

_karst monitoring) must also be achieved-in certain cases. Following is a description for each unlt (ABG,

<
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111 Ammunition Burning Ground

Compliance Monitoring [40 CFR 264.99]

Interim status ground water monrtonng results have shown that hazardous constrtuents consrstrng of
chlorinated organlcs explosives, and metals have been detected in'the ground water underlyrng the ABG.
40 CFR 264.92 requires the permit to coritain conditions designed to ensure that hazardous constituents
- found in ground water do not exceed ground water protection standards established in the facility permit,

beyond the compliance point. Compliance monitoring will be conducted to determine if the ground water ‘

protection standard is berng met at the point of compliance.

Corrective Action Monitoring [40 CFR 264.100(d)]

NSWC Crane is conductlng comphance monrtormg to determrne if the ground water protectlon standard is
being exceeded at the point of compliance. Resampling under an approved QAP will establish a new
background and plume delrneatlon Previous sampling quallty assurance was not sufficient for risk
assessment purposes. 40 CFR 264.91(a)(2) requires institution of a corrective actlon program under 40
CFR 264.100 whenever the ground water protection standard is exceeded 40 CFR 264.91(a)(3) requires
institution of a corrective action program whenever the ground water protection concentration limit is
exceeded at wells between the point of compliance and- the facrllty boundary. Exceeded is defined as
statistically significant evidence of mcreased contamination. Results of the compllance monitoring at the

_point-of-compliance welis and the wells located beyond the point of compllance will be used to determine
if corrective action is reqmred If corrective action is required, a permit modlfcatron to address corrective
action erI be submrtted to the Regional Admmlstrator

Closure Monitoring [40 CFR 265.117(a)(1)]

Surface impoundments and a waste pile located at the ABG are undergoing closure and are subject to
the post-closure care requirements of 40 CFR 265.117. During the post -closure period, ground water

monitoring is required. The monitoring system will also serve to meet the requirements for closure
monitoring. '

Natural Attenuation Monitoring

Chlorinated organics and explosives have been detected in the ground water at the ABG. Preliminary

evaluation of existing data indicates that natural attenuation of these compounds may be occurring. In

¢
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order to determine if natural attenuatron rs occurring, ground water will be monitored for chlorinated '
organics and explosives and therr degradation products and indicator’ parameters. The information will be
used to determine if natural attenuation is occurring and if contaminants have been attenuated below the
ground water protection standard before reaching the fac.ility boundary: If natural attenuation is occurring
but contamination is above the ground water protectron standard at the complrance point, a permit

modification for a correctlve action program meetrng the requirements of 40 CFR 264.100 will be
requested.’ '

Karst Monitoring

Part. of the ABG is underlain by a karst system St'udies have been conducted to determine the behavior
of the karst system ground water flow patterns The identification of the ‘uppermost aquifer system and
the number and Iocatlons of monitoring wells that meet the regulatory objectrves described in 40 CFR 264
Subpart F were based on the results of studies of the karst system. Constituents; which are indicators of
karst system behavior, will be monitored to determine if the Karst system has changed. |If changes oceur
in the karst system, the ground water monitoring system may have to be changed to meet the regulatory
objectrves in 40 CFR 264 Subpart F. -

1.1.2 . Old Rifle Range

Compliance Monitoring [40 CFR 264.99]

Interim status ground.water monitortng results have shown that hazardous oonstituents coneisting' of
explosives and metals have been detected in the ground water underlying the ORR. '40 CFR 264.92
requires the permit to contain conditions desrgned to ensure that hazardous constituents found in ground
water do not exceed ground water protection standards established in the facility permlt beyond the
compliance point. Compliarice momtorrng will be conducted at the ORR to determine if the ground water
protection standard is being met at the point of compliance and at wells located beyond the point-of-
compliance and the NSWC Crane boundary

‘Corrective Action Monitoring [40 CFR 264.100(d)]

"NSWC Crane is conducting compliance monitoring to determine if the ground water protection standard is
being exceeded at the point of compliance. 40 CFR 264.91(a)(2 ) requires institution: of a corrective action
program under 40 CFR 264.100 whenever. the ground water protection standard is exceeded. 40 CFR

264.91(a)(3) requires rnstltutlon of a corrective action program whenever the ground water prot_ectlon'
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concentration limit is _exceeded at wells between the point of compliance and the facility boundary
Exceeded is defined as statistically significant evidence of increased contamination. ‘Results of the
compliance monitoring at the point-of-compliance wells and the wells located beyond the point of
compliance will be used to determine if corrective action is required. If corrective action is required, a

permit modification to address corrective action will be submitted to the Regional Administrator.

143  Demolition Range

Detection Monitoring [40 CFR 264.98]

Interim status ground water monltonng results have shown contamination in the active range area.
However, contamination was not found at point-of- comphance ground water monitoring wells. Therefore
detection monitoring is triggered.

12 RECORDKEEPING [40 CFR 264.77(c) AND 264.97(j)] .

NSWC Crane is required to keep records of all ground wéter monitoring data collected under 40 CFR 264»
Subpart F. Records of ground water monitoring at the ABG, ORR, and DR will be maintained at NSWC
' Crane. All records related to ground water monitoring will be mamtalned at a central recordkeeping
repository. Followung is a description of the records that will be kept.

1.2.1 Field Records

Field records will include the following:

¢ Field notebooks
* Logbooks
~*  Chain-of-custody receipts
* Sample log sheets
e Sample forms
e Task modification requests
s Field analytical da.ta
e Water levels
'« Calibration Forms

» Sample Tags
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1.2.2 Analytical Records

Analyticél records will include the following:
¢ Analytical data (hardcopy and electronic)
« Data packages used for validation of laboratory data

o Data validation letters

1.2.3 ~  Statistical Evaluation Records

Statistical evaluation records will include summaries of the analytical data and statistical analyses.

“Section 10:4 lists the information included. in the Statistical Evaluation Record.

1.24 Reports

)

40 CFR Subpart F requires the p/reparation and s_ubmittal of various reports to the Regional Administrator.
Specific reports are identified for each type of monitoring program [Detection Monitoring (40 CFR 264.98),
Compliance Monitoring (40 CFR 264.99), and Corre'ctive Action Program (40 CFR 264.100)]. Copies of
each report will be kept in the recordkeeping repository located at NSWC Crane.

13 REPORTS [40 CFR 264.77(c)]

40 CFR 264 Subpart F requires the submission of various reports during the ground water monitoring
program. Following, for each type of monitoring program, is a listing of the reports and descriptions of the
conditions under which these reports will be prepared and submitted to the Regional Administrator.

1.31 Detection Monitoring Program Reports [40 CFR 264.98]

1.3.11 Notification of Statistical Exceedences in Detection Monitoring [40 CFR 264.98(g)(1)]

Detection monitoring is being conducted at the DR. Samples are taken semi-annually. Four rounds of
data are évailable. Background will be established and thereaftér, after each sampling round, statistical
evaluations will be conducted: If there is statistically significant evidence of contamination- for any
chemical parameter or hazardous constituents, NSWC Crane will notify the Regional Administrator of this

finding within 7 days of the receipt of the-statistical evaluation report by NSWC Crane. The notification

“will state what chemical parameters or hazardous constituents have shown statistically significant

evidence of contamination.
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1.31.2 Application to Establish a Compliance Monitoring Program [40 CFR 264.98(g)(4)]

If statistically significant evidence of contamination is found during detection monitoring in compliance
with 40 CFR 264.98(g)(2) and (3), the ground water must be sampled in all monitoring wells to determine
whether constituents in the list of Appendix IX of Part 264 are present and, if so, at what concentration.
For any Appendix IX compounds found, the analysis may be repeated in 1 month. If the analysis is
repeated and the results of the second analysis confirm the initial results, then these constituents will form
the basis for compliance monitoring. Alternatively, NSWC- Crane may elect to have the hazardous
constituents found in the initial Appendix IX monitoring serve as the basis for compliance monitoring.
Within 90 days after discovery of statistically significant evidence of contamination, NSWC Crane will
submit to the Regional Administrator; an application for a permit modification to establish a compliance
monitoring program meeting the requirements of 40 CFR 264.99. The permit modification application will

include the following information:

e An identification of the concentration of any Appendix IX constituent detected in the ground water at
each monitoring well at the compliance point [40-CFR‘264.98(9)(4)(i)].

* Any proposed changes to the ground water monitoring system at the DR necessary to meet the
requirements of 40 CFR 264.99 [40 CFR 264.98(g)(4)(ii)).

* Any proposed additions or changes to the monitoring frequency, sampling and analysis procedures or
methods, or statistical methods used at the facility necessary to meet the requirements of 264.99 [40
CFR 264.98(g)(4)(iii)].

e For each hazardous constituent detected at the compliance point, a proposed concentration limit
under 264.94(a)(1) or (2) or a notice of intent to seek an alternate concentration limit under 264.94(b)
[40 CFR 264.98(g)(4)(iv)]. '

1313 Alternate Concentration Limit /Cérrective Action Program [40 CFR 264.98(g)(5)]

Within 180 days after discové& of statistically significant evidence of contamination, NSWC Crane will
submit a report to the Regional Administrator containing the following:

* Al data necessary to justify an alternate concentration limit sought under 264.94(b) [40 CFR
264.98(9)(5)(i)). .
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e An engineering feasibility plan for a corrective action program necessary to meet the requirements of
264.100 [40 CFR 264.98(g)(5)(ii)]-

The engineering feasibility plan for corrective action will not be submitted under either of the following

conditions:

« Al hazardous constituents identified during the Appendix IX sampling are listed in Table 1 of 264.94 and
their concentrations do not exceed the respective values given in the table [40 CFR 264.98(g)(5)(i)(A)].

V-

o NSWC Crane has'?gought an alternate concentration limit under 264.94(b) for every hazardous
constituent identified i40 CFR 264.98(g)(2)]-

1314 Notification of Demonstration that Regulated Unit is not Source of Statistically
Significant Differences [40 CFR 264.98(g)(6)(i)]

If statistically significant differences are not due to the DR, within 7 days after the discovery of statistically

significant evidence of contamination, NSWC Crane will. notify the Regional Administrator that a

demonstration will be made that the contamination is not due to the DR'.'

1315 Demonstration that Regulated Unit is Not Soiu:ce of Statistically Significant Differences
[40 CFR 264.98(g)(6)(ii)]

If statistically significant differences are not due to releases from the DR, within 90‘days NSWC Crane will
submit a report to the Regional Administrator. This report will demonstrate that a source other than the
DR caused the contamination or that the contamination resulted from errors in sampling, analysis, or

evaluation.

1.3.1.6 Application for Permit Modification to Detection Monitoring Program [40 CFR
264.98(g)(6)(iii) and 264.98(h)]

Within 90 days after the discovery of statistically significant evidence of contamination at the DR that is
not due to the DR, NSWC Crane will submit to the Regional Administrator an application for a permit

modification to make any appvropriate‘chan‘ges to the detection monitoring program for the DR.
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If NSWC Crane determines that the detection monitoring program at the DR no longer meets the ground
water monitoring requirements in 40 CFR 264 Subpart F, then, within 90 days, NSWC Crane will submit

an application for a permit modification to make any appropriate changes to the monitoring program.

1132 Comp‘liance Monitoring Program Reports [40 CFR 264.99]

1.3.2.1 Notification of Additional Hazardous Constituents [40 CFR 264.99(g)]

Compliance monitoring is being conducted at the ABG and ORR. The compliance monitoring program
includes hazardous constltuents identified during interim status monitoring. = Annually, comphance
monitoring wells at.the ABG and ORR are analyzed for Appendix IX constituents. If these analyses show
the presence of hazardous constituents i in the ground water that are not aiready identified in the permit as
monitoring requirements, the wells may be resampled within 1 month to confirm the presenée of the
hazardous constituents. If this is confirmed, NSWC Crane will report the concentrations of these
additional hazardous constituents to the Regional Administrator within 7 days and add them to the
compliance monitoring list. If NSWC Crane chooses not to resample, the Regional Administrator will be

notified within 7 days and the parameter(s) will be added to the monitoring list.

1.3.2.2 Notification of Exceedence of Ground Water Protection Standard [40 CFR 264.99(h)(1)]

The permit contains concentrations limits for hazardous constituents including hazardous constituents.
detected in ground water at the ABG and ORR. If statistically significant evidence of increased
contamination exists and any concentration limit is exceeded for anhy point-of-compliance Well, NSWC
Crane will notify the Regional Administrator and IDEM (for the closed units_,), in writing, within 7 days. The
notifibation will state the concentration limits that.have been exceeded after completion of the second

confirmation analysis.

13.23 Request for Permit Modification for Corrective Action Program [40 CFR 264.99(h)(2)]

Within 180 days after the completion of the second analysis that confirms the exceedence of the groun.d
water protection standard -for one or more hazardous constituents at the point of compliahce, NSWC
Crane will submit to the Regional Administrator an application for a permit modification to establish a
Corrective Action Program meeting the requirements of 40 CFR 264.100. If an engineering feasibility
study was previously submitted under 40 CFR 264.98(h)(5), the application will be submitted within 90

dayé. The application will include, at a minimum, the following information:
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e A detailed description df corrective actions that will achieve compliance with the ground water protection
standard specified in the permit [40 CFR 264.99(h)(2)(i)].

e A plan for a ground water monitoring program that will demonstrate the effectiveness of corrective
~ action [40 CFR 264.99(h)(2)(ii)]. ’ '

1.3.2.4 Notification‘bf Demonstration that Regulated Unit is Not Source of Exceedence at
Point-of-Compliance Wells [40 CFR 264.99(i)(1)] '

If contamination resultin’é‘;‘in exceedences of the ground ‘water protection standard are not suspected to
be due to the regulated unit (ABG or ORR) NSWC Crane will notify the Regional Admin_istrator within 7
days after the compl_etio'tn:'of the analysis that a demonstration will be made that the contamination is not

due to the regulated unit.

1.3.2.5  Demonstration that Regulated Unit is Not s_ddrce of Exceedence at Point-of-Compliance
" Wells [40 CFR 264.99(i)(2)]

if exceedences of the ground water protection standards are suspected to not bé.due to the regulated unit
(ABG or ORR), NSWC Crane will submit a report to the Regional Administrator in 90 days. This report
~ will demonstrate that a source other than the regulated unit (ABG or-ORR) caused the exceedence or that

the apparent contamination resulted from errors in sampling, analysis, or evaluation.

1.3.2.6 ‘Application for Permit Modification. to Compliance Monitoring Program [40 CFR
264.99(i)(3) and (j)]

Within 90 days after the discovery of ‘statisticany significanf evidence of contamination at the ABG or ORR
that is not due to the ABG or ORR, NSWC will submit to the Regional Administrator an application for a
permit modification to make any appropriate changes to the compliance monitoring program for the
regulated unit (ABG or ORR).

If NSWC Crane determines that the compliance monitoring programs at the ABG or ORR no longer meet |
the ground water monitoring requirements in 40 CFR 264 Subpart F, NSWC Crane will submit an
application for a permit modification to make any appropriate changes to the compliance monitoring

program. -
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If NSWC Crane determines that compliance monitoring is no longer required (i.e., there are no longer any
statistically significant increases above background or point-of-compliance wells), NSWC Crane may

request a permit modification to enter into a detection monitoring program.

1.3.3 Corrective Action Program Reports [40 CFR 264.100]

1.3.3.1 Semi-Annual Report on Effectiveness .of the Corrective Action Program [40 CFR
' 264.100(g)]

Hazardous constituents, including chiorinated solvents and explosives, have been found in ground water
at the ABG. Natural attenuation has been proposed as the corrective action program. Semi-annually, a
report will be made to the Regional Administrator of the efféctiveness of this program.

1.3.3.2 Application for Permit Modification to Corrective Action Monitoring Program [40 CFR
264.100(h)]

Ground water, spring discharges of ground water, and surface water into which the springs discharge

have been identified for corrective action monitoring. A list of constituents to be monitored has been
identified. If NSWC Crane determines that the corrective action monitoring program no longer meets the
requirements for corrective action monitoring, NSWC Crane' will submit, within 90 days, an application for

a permit modification to make any changes to the corrective action monitoring program.

134 Annual Ground Water Monitoring Report

NSWC Crane will prepare an annual ground water monitoring report. This report will include the following
information for each of the units monitored (ABG, ORR, and DR):

e Ground water elevations to the nearest 0.01 ft for each monitoring well for each sampling event.
» Ground water flow contours for each aquifer monitored, for each unit, for each sampling event.
* A summary of ground water flow conditions for each unit, for each aquifer monitored at the unit.

e A description and explanation of‘any_changes or new interpretations regarding background ground

water quality for each unit, for each aquifer.

* Anevaluation, analysis, and graphical presentation of any potential contaminant migration.
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e An evaluation of the performance of all monitoring devices includirig detailed proposals of the actions
that are needed to restore or establrsh monitoring effectiveness at a unlt or at an individual monltonng
point. ' '

e Maps showing the ground water constltuent concentratrons flow rate and direction for the uppermost~
aquifer monitored, including interconnected aquifers. - '

e Ground water monitoring analytlcal data for all monitoring points in a tabular form including methods of
anaIyS|s ' ' '

e  Summaries of the analytical data and statistical analyses performed as described in Section 10.4.

1.4 COMPLIANCE PERIOD [40 CFR 264.96]

Hazardous constituents have been detected-in the uppermost aquifer .underlying the ABG and theVORR.' oo
in compliance with 40 CFR 264.92, a ground water protection standard has been established. The
standard contaivns concentration limits for the haiardous constituents, -.Compliance monitoring is taking
elace at the ABG and ORR to ensure that the ground water protection standard is not exceeded beyond
tr“w.e point of compliance. Compliance monitoring will take place for the active life of the unit and the
closure period. If corrective action is underway at the end of this period, the compllance period will be
extended until NSWC Crane can demonstrate that the ground water protection standard has not been
exceeded for a period of 3 consecutive years.

1.5 RCRA HAZARDOUS CONSTITUENTS [40 CFR 264.93] -

The list of hazardous -constituents in 40 CFR 261 Appendix VIIl was evaluated to determine if the
‘proposed RCRA Appendix IX analyses described in the approVed QAPP included all hazardous
constituents that were waste constituents.or formed as the result of open burning/open detonation

(OB/OD) treatment and potentially emitted. Appendix 1-1 contains-a summary of the evaluation,

rnformation regarding waste constituents and potential emission products was obtained from the
approved RCRA Air Qﬁality Assessment at the Ammunition Burning Grounds,.OId’ Rifle Range, and
- Demolition Ground (TtNUS, 1997). A Iiet‘of compounds potentially emitted was developed. NoAppendix"
VI hazardous constituents eontaining metals were identified as waste constituents or emission products.

‘Three hazardous constituents (2,4-dinitrotdluene, 2,6-dinitrotoluene, and nitroglycerine) were identified as . '
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explosive waste constituents. All .are analyzed in the routine explosrve analyses conducted for each
. monitoring event at all three units. Twenty -seven Appendix VIIl hazardous constituents were identified as
emission products potentially formed during treatment. All of these compounds except dlethylhexyl
phthalate are included in the Appendlx IX monitoring list in the approved QAPP. Diethylhexyl phthalate
is not a constituent of munitions. It may be emitted at extremely low levels in OD treatments. Due to the
- extremely low potential for the compound to be present as the result of OD treatment, it was not added to

the Appendix IX monitoring list. Table 1-1 I|sts the Appendix VIII compounds potentially emitted.

1.6 NATURAL ATTENUATION DEMONSTRATION.

“The ground water underlymg the ABG has been contaminated by explosives, chlonnated solvents and
metals. A preliminary evaluation of existing data for the ABG indicates that this site is a candldate for
natural and/or enhanced attenuation. A review of the hydrogeology at the 'ABG shows that the primary
ground water flow path from the ABG is down the valley of Little Sulphur Creek. The contaminated
ground water is moving through the alluvium of Little Sulphur Creek, the fractured sandstone of the Big
Clifty, and fractures and solution cavities of the Beech Creek limestone and emerglng as surface water in
sprrngs and seeps downgradlent of the ABG. An area of solution cavities in the Beech Creek limestone
‘acts as a ground water drain to focus contammated ground water down the valley of Little Sulphur Creek.

Drrlllng shows that the solution cavities are found primarily in the valley of Little Sulphur Creek and were
not found in the ground water divides along the valley.’ The dense’ Elwren shale underlyrng the Beech
Creek limestone helps to restrict downward flow of ground water in the ABG area and focuses the flow of
ground water down the Little Sulphur Creek. Dye. tracer tests conducted by Waterways Experrment
Station and Indiana University provrde data indicating that a large portion of the ground water exiting the
ABG emerges as surface flow from Sprlng A.- Ground water also -enters Little Sulphur Creek through
seeps in the alluvium. The contaminated ground water is attenuated as it moves through the Blg Clifty,

Beech Creek, and alluvial materials. As the ground water enters the area of the solution cavrtles dilution

occurs as clean ground water flows in from the sides of the valley. As the ground water and surface
water move toward the installation boundary, the contaminants have been reduced to very low
concentrations. Natural attenuatron is discussed in detail in Section 7.4.

1.7 GROUND WATER PROTECTION STANDARD [40 CFR 264.92]

Hazardous constituents have been found during interim status monitoring in gvround water under the ABG
and the ORR. 40 CFR 264.92 requires that hazardous constituents detected in ground water from a
regulated unit must not exceed concentration limits established under 40 CFR 264.94 in the uppermost
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TABLE 1-1

COMPARISON OF RCRA HAZARDOUS CONSTITUENTS (APPENDIX VIIl) TREATED OR EMITTED
.TO APPENDIX IX AND CONSTITUENTS ANALYZED
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

HAZARDOUS

APPENDIX IX QAPP
CONSTITUENT CAS NUMBER | RCRA CODE| CONSTITUENT | EMISSION UNIT ANALYTE ANALYTE

Acetophenone 000098-86-2 uoo4 NO YES DR YES YES
Benz[a]anthracene 000056-55-3 uo18 NO YES ABG ORR DR YES YES
Benzene 000071-43-2 U019 NO YES ABG ORR DR YES YES
Benzo[a]pyrene 000050-32-8 U022 NO YES. ABG ORRDR | YES YES
Chrysene 000218-01-9 uos0 NO YES DR YES YES
Di-n-octyi phthalate 000117-84-0 U107 -NO YES DR YES YES
Dibenz[a,hjanthracene 000053-70-3 U063 NO YES ABG ORR DR YES YES
Dibutyl phthalate 000084-74-2 U069 NO YES ABG ABG DR YES YES
Dichlorobenzene, p- 000106-46-7 uo72 NO YES DR YES YES
Diethyl phthalate 000084-66-2 uoss NO YES ABG DR - YES - YES
Diethylhexyl phthalate 000117-81-7 uo028 NO YES DR YES NO
Dimethyl phthalate 000131-11-3 - U102 NO YES DR YES ‘YES
alpha,alpha-

dimethylphenethylamine 000122-09-8 P046 NO YES DR YES - YES
2,4-Dinitrotoluene 000121-14-2 U105 YES YES ABG DR YES YES
2,6-Dinitrotoluene 000606-20-2. U106 YES YES ABG DR YES YES
Fluoranthene 000206-44-0 U120 NO YES DR YES YES
Hydrocyanic acid 000074-90-8 P063 NO YES ABG ORR DR YES YES
Hydrogen cyanide 000074-90-8 P063 NO YES . ABG ORR DR YES YES
Naphthalene 000091-20-3 U165 NO YES ABG ORR DR YES -YES
beta-Naphthylamine 000091-59-8 U168 NO YES ABG ORR YES - YES
Nitroglycerin 000055-63-0 P081 YES YES ABG DR YES YES
4-Nitrophenol 000100-02-7 U170 NO YES DR YES YES
p-Nitrophenol 000100-02-7 U170 NO YES DR YES YES
n-Nitrosodiethylamine 000055-18-5 U174 NO YES DR YES YES
Phenol 000108-95-2 U188 NO YES ABG ORR DR YES YES
Toluene 000108-88-3 U220 YES YES DR YES YES
1,3,5-Trinitrobenzene 000099-35-4 U234 YES YES ABG ORR DR YES YES
Xylene (mixed isomers) 001330-20-7 U239 NO YES DR YES YES
m-Xylene 000108-38-3 U239 NO YES DR YES YES
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aquifer'underlying the waste management area beyond the point of compliance during the compliance
period. 40 CFR 264.93 requires specification of the hazardous constituents to which the ground water
protection standards apply. 40 CFR 264.94 contains requirements for establishment of concentration
limits. Concentration limits must-not exceed background [(40 CFR 264.94(a)(1)] or, if listed in Table 1
[(40 CFR 264.94(a)(2)], the concentration limits in the table. 40 CFR 264.94(b) allows the establishment

of alternate limits.

Alternate concentration limits (risk-based target levels) have been established' under 40 CFR 264.93(a) |

for all Appendix IX constituents. The following criteria were considered in determining the alternate

concentration limits:

e Region5 risk-baséd levels for protection of human health

e Region 5 ecological data quality levels

o IDEM health-based criteria

» Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs)

e Federal Ambient Water Quality Criteria ' ' \

In some cases, the alternate concentration |limit was not at the lowest of the listed criteria. Detailed
information on the criteria considered in the establishment of the alternate concentration limits can be

found in approved QAPP Section 1 and Appendix A.

For certain constituents, the alternate concentration limits are based on laboratory reporting limits for

common laboratory methods. In all cases where laboratory reporting limits are used as alternate

concentration limits, the constituent will not present a substantial potential hazard to human health or the _

environment as long as the alternate concentration limit is not exceeded. Table 1-2 lists the alternate

concentration limits.
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ANALYTICAL METHODS, LABORATORY REPORTING LIMITS, AND ALTERNATE CONCENTRATION LIMITS A
NAVAL SURFACE WARFARE CENTER '

. CRANE, INDIANA
\u\ PAGE 1 OF 7
Laboratory Risk-Based
Chemical rRL™M Target Level?

: (ug/t) (ug/L)
EXPLOSIVES (SW-846 METHOD 8330).
1,3,5-Trinitrobenzene 1.0 1.8
1,3-Dinitrobenzene 0.8 2.36
2.4 6-Trinitrotoluene (TNT) 1.6 2.2
2.,4-Dinitrotoluene 1.2 60.8
2,6-Dinitrotoluene . 2.0 37
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 20 1800
2-Nitrotoluene - 20 2.2
3-Nitrotoluene 20 370
4-Nitrotoluene 20 370
4-Amino-2,6-dinitrotoluene 1.6 -
2-Amino-4 6-dinitrotoluene 09 -
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 1.2 370
Nitrobenzene 1.5 15.2
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 0619 0.61
Nitroglycerin- 13 --
Pentaerythritol tetranitrate (PETN) 26 -
2,4-Diamino-6-nitrotoluene 10 -~
2,6-Diamino-4-nitrotoluene 10 -
2.2',6,6'-Tetranitro-4,4'-azoxytoluene 10 --
3,5-Dinitroaniline 10 --
1,3,5-Trinitroso-1,3,5-hexahydrotriazine (TNX) 10 --
1-Nitroso-3,5-dinitro-1,3,5-hexahydrotriazine (MNX) 10 --
EXPLOSIVES (MODIFIED ARMY CORPS METHOD)
[Nitrocellulose | 500 -
EXPLOSIVES (LAUCKS HPLC METHOD)
Picric acid : 06 -
Picramic acid 0.9 -
APPENDIX IX METALS (SW-846 METHOD 6020 ICP/MS, UNLESS OTHERWISE NOTED)
Antimony 1.0 6
Arsenic - 1.0 2
Barium 1.0 3.9
Beryllium 1.0 4
Cadmium 1.0 11,
Chromium (total) 5.0 - 10 °
Cobait 3.0 3
Copper 2.0 11
Lead 1.0 25
Mercury (SW-846 Method 7470A) R 0.2 1.3
Nickel 10 100:
Selenium 1.0 5
Silver 3.0 4.1
Thallium _ - 1.0 2
Vanadium 2.0 19 .
Zinc , - 10 100
ADDITIONAL METALS (SW-846 METHOD 6010B ICP/AES) -
Calcium : : S 1000 --
Iron ' - 100 300
Magnesium - 1000 --
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ANALYTICAL METHODS LABORATORY REPORTING LIMITS, AND ALTERNATE CONCENTRATION LIMITS

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE 20F 7
Laboratory Risk-Based
Chemical RLY Target Level?
(ug/L) (ug/L)
Manganese 15 50
Potassium 1000 --
Sodium 1000 --
APPENDIX IX VOLATILE ORGANIC COMPOUNDS (SW-846 METHOD 8260B WITH 25 ML PURGE)
1,1,1-Trichloroethane 0.5 88
1,1,1,2-Tetrachloroethane 0.5 5
1,1,2,2-Tetrachloroethane 0.5 5
-11,1,2-Trichloroethane 05 5
1,2,3-Trichloropropane 1™ 12.11
1,2,3-Trichlorobenzene 0.5 -
1,1-Dichloroethane 0.5 47
1,1-Dichioroethene 0.5 0.5
1,1-Dichloropropylene 0.5 --
1,2-Dibromo-3-chloropropane 1 1
1,2-Dibromoethane 0.5 1
1,2-Dichloroethane 0.5 1
1,2-Dichloropropane 0.5 380
1,3-Dichloropropane 0.5 -
2,2-Dichloropropane 0.5 --
2-Butanone 10 917.72
2-Chloro-1,3-butadiene (chloroprene) "3 14
2-Hexanone ’ 10 -
4-Methyl-2-pentanone 10 1520
Acetone 10 610
Acrolein 10* 4
Acrylonitrile 3 3.7
Allyl chloride (3-chiloro-1-propene) 10 1800
Benzene 0.5 5
Bromochloromethane 0.5 --
Bromodichloromethane 05 100
Bromoform ~ 05 8.5
Bromomethane 14 8.7
Carbon disulfide 0.5 21
Carbon tetrachloride 0.3 0.17
Chlorobenzene 0.5 10
Chloroethane 0.5 710
Chloroform 0.3* 0.16
Chloromethane 0.5 1.5
cis-1,2-Dichioroethene 05 61
cis-1,3-Dichloropropene 0.3%" 0.081
Dibromochloromethane 0.5 1
Dibromomethane 0.5 370
Dichlorodifluoromethane 05 390
Ethylbenzene 0.5 17.2
Ethyl methacrylate ST 1 550
Methacrylonitrile 1 1
Methylene chloride 3 4.3
Methyl iodide 0.5 --
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Laboratory - Risk-Based
Chemical - rLM : Target Level?
_ : ' (uglt) (ug/L)
Methy! methacrylate 2 - 2800
Styrene - 05 56
Tetrachloroethene 0.5 11
Toluene 05 253
trans-1,2- chhloroethene 0.5 . : 100
trans-1,3-Dichloropropene 0.5 ’ 0.5
trans-1,4-Dichloro-2-butene 10 10
Trichloroethene 0.5 16
Trichlorofluoromethane 0.5 1300
Vinyl acetate ' : ) 0.5 248.03
Vinyl chloride 0.5 2
Total Xylenes 1 1.8
APPENDIX IX VOLATILE ORGANIC COMPOUNDS (SW-846 METHOD 8015B WITH 10 ML PURGE)
1,4-Dioxane (SW-846 Method 8015B) 500" 2
Acetonitrile (SW-846 Method 8015B) ' 40 220
Isobutyl alcohol (SW-846 Method 8015B) i 40 11000
Propionitrile (SW-846 Method 8015B) - . 40 6080
APPENDIX IX SEMIVOLATILE ORGANIC COMPOUNDS (SW-846 METHOD 8270C; 8270C SIM WHERE NOTED)
? 1,2,4,5-Tetrachlorobenzene 10 10
1,2,4-Trichlorobenzene 2 70
1,2-Dichlorobenzene 2 14
1,3-Dichlorébenzene ' 2 71
1.4-Dichlorobenzene . ) . 2 5
1,4-Naphthoquinone 10 10
1,4-Phenylenediamine - 100 6800
1-Naphthylamine 36" 10
2,3,4,6-Tetrachlorophenol ‘ 25* 14.06
|2.4,5-Trichiorophenol 5 . 63
2,4 ,6-Trichlorophenol! 3* 2
2,4-Dichlorophenol ' 3 18
2,4-Dimethylphenol - 5 166.9
2,4-Dinitrophenol - 10 10
2,6-Dichlorophenol - - _ ' 5 --
2-Acetylaminofluorene 12 14.86
2-Chloronaphthalene 2* : 1
2-Chlorophenol - ) 3* 2
2-Methyinaphthalene by SIM 0.04 9.15
2-Methylpheno! 2 . 1520
2-Naphthylamine - 16 --
2-Nitroaniline = : : 2 2.2
2-Nitrophenol . . 5 13.5
2-Picoline . : 20 - 3790
3,3"-Dichlorobenzidine . : : 10 . 10
3,3-Dimethylbenzidine 50* 10
3-Methylcholanthrene ‘ 12 400
3-, 4-Methylphenol™ 4 1800
‘ 3-Nitroaniline . 2 --
4,6-Dinitro-2-methylphenol 10 10
4-Aminobiphenyl ‘ 12 . -
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ANALYTICAL METHODS, LABORATORY REPORTING LIMITS, AND ALTERNATE CONCENTRATION LIMITS
NAVAL SURFACE WARFARE CENTER )

CRANE, INDIANA

PAGE 4 OF 7
Laboratory Risk-Based
Chemical . RL™ Target Leve!?
(ug/L) {ug/L) -
4-Bromophenyl phenyl ether 2 -2
4-Chloro-3-methylphenol _ 2 34.79
4-Chloroaniline / 2 121.6
4-Chlorophenyl phenyl ether 1 1
4-Nitroaniline . 2 --
4-Nitrophenol 10 35
4-Nitroquinoline-1-oxide 100 -~
5-Nitro-o-toluidine 16 -
7,12-Dimethylbenz(a)anthracene 10% 10
Acenaphthene by SIM 0.02 23
Acenaphthyiene by SIM 0.04 1
Acetophenone 20 687.89
Aniline 5 5
Aramite 10 10
Anthracene by SIM 0.04 5
Benz(a)anthracene by SIM 0.04 1
Benzo(a)pyrene by SIM 0.04 1
Benzo(b)fluoranthene by SIM 0.04 1
Benzo(g,h,i)perylene by SIM 0.04 1
Benzo(k)fluoranthene by SIM 0.04 1
Benzyl alcohol 10 281.24
Bis(2-chloroethoxy)methane 5 6400
Bis(2-chloroethyl)ether 164 1
Bis(2-chloroisopropyl)ether 3 3
Bis(2-ethylhexyl) phthalate 2 48
Butyl benzy| phthalate 2 19
Chlorobenzilate 5 25
Chrysene by SIM 0.04 1
Diallate 10 10
Di-n-butyl phthalate 2 3
Di-n-octyl phthalate - 2 30
Dibenz(a,h)anthracene by SIM 0.04 1
Dibenzofuran 1 13.52
Diethyl phthalate 2 220
Dimethoate 10 10
p-(Dimethylamino)azobenzene 15 --
a,a-Dimethylphenethylamine 50 --
Dimethy! phthalate 2 73
Diphenylamine® 10 . 10
Disulfoton. 161 03
Ethyl methane sulfonate - 16 --
Ethyl parathion 15 -
Famphur - 10 --
Fluoranthene by SIM 0.04 8.1
Fluorene by SIM 0.04 10
Hexachlorobenzene 2 2
089711/P 1-18
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ANALYTICAL METHODS, LABORATORY REPORTING LIMITS, AND ALTERNATE CONCENTRATION LIMITS

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGESOF 7
Laboratory - Risk-Based
Chemical RL™ Target Level?
. ~(uglL) (ugiL)
Hexachlorobutadiene e 1@ 1
Hexachlorocyclopentadiene 2 2
Hexachloroethane 2 48
Hexachlorophene . 100* 11
Hexachioropropene 20 20 .
indeno(1,2,3-cd)pyrene by SIM 0.02 - 1.
Isodrin e 10 10
Isophorone P 1. 71
Isosafrole 20 --
Kepone 25* 0.7
Methapyrilene 40 --
Methyl methane sulfonate 16 --
Methy! parathion 10" 9.1
n-Nitrosodi-n-butylamine 10 10
n-Nitrosodiethylamine 10 10 -
n-Nitrosodimethylamine 10 10
n-Nitrosodi-n-propylamine 2 2
[n-Nitrosomethyethylamine 10 10
n-Nitrosomorpholine 10“ 10
n-Nitrosopiperidine 10 10
n-Nitrosopyrrolidine 10 10
Naphthalene by SIM 0.04 24
Pentachlorobenzene 10 10
Pentachloroethane 10 14.39
Pentachloronitrobenzene 10 10
Pentachlorophenot , 10 10
Phenacetin 10 10
Phenanthrene by SIM "~ 0.04 1 -
Phenol 5 100
Phorate 101 » 362
Pronamide " 12 ' 160
Pyrene by SIM R 0.04 1
Pyridine 10 37
Safrole 20 40
Tetraethyl dithiopyrophosphate (Sulfotepp) 10 10
Thionazin ) 100 -
o-Toluidine 15 --
0,0,0-Triethyl phosphorothicate 10 10
APPENDIX IX ORGANOCHLORINE PESTICIDES and PCBs (SW-846 METHOD 8081) '
Aldrin . 0.01 0.01
Alpha-BHC Lt 0.01 0.01
Alpha-chlordane 0.03 0.03
Beta-BHC 0.03 0.037
44-DDD 0.05 0.05
4,4'-DDE - - 0.05* 0.01
4,4-DDT 0.05* 0.01
Delta-BHC 0.05 666.67
Dieldrin 0.02 0.02
Endosulfan | 0.05 0.051
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ANALYTICAL METHODS, LABORATORY REPORTING LIMITS, AND ALTERNATE CONCENTRATION LIMITS
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

PAGE 6 OF 7
Laboratory Risk-Based
Chemical RL™ Target Level®
{ug/L) (ug/L)
Endosulfan Il 0.05 0.051
Endosulfan sulfate 0.05 0.05
Endrin 0.06 0.06
Endrin aldehyde 0.05 0.05
Gamma-BHC (Lindane) 0.05° 0.052
Gamma-chlordane 0.03 0.03
Heptachlor . 0.03 0.03
Heptachlor epoxide 0.01 0.01
Methoxychlor 0.12* 0.05
Toxaphene 3.0" 24
Aroclor-1016 0.5 0.5
Aroclor-1221 0.5 0.5
Aroclor-1232 05 05
Aroclor-1242 0.5“ 0.5
Aroclor-1248 0.5 05
Aroclor-1254 0.5 0.5
Aroclor-1260 0.5 0.5
APPENDIX IX HERBICIDES (SW-846 METHOD 8151A)
2.4-D , 0.2 70
2.45T 0.2 370
2,4,5-TP (Silvex) 0.2 50
Dinoseb 0.2 0.39
DIOXINS/FURANS (SW-846 METHOD 8290) .
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 1E-5* 4 5E-6
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PeCDD) 5E-5* 9E-6")
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD) 5E-5* 4 5€-57
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD) 5E-5* - 4 5€-5"
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD) 5E-5* 4.5€-57
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD) 5E-5 4 5E-47
-11,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (1,2,3,4,6,7,8,9-OCDD 1E-4 45637
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 1E-5 4 5-57)
1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PeCDF) 5E-5 9g-57
2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PeCDF) 5E-5* 9E-6')
1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF) S5E-5* 4 5€-5")
1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,9-HxCDF) 5E-5* 4.5€-5"
1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3 4,7,8-HxCDF) 5E-5* 45g-5"
2,3,4,6,7 8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF) 5E-5* 4 5e-5"
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF) 5E-5 4 5E-4""
1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF) 5E-5 4 5E-4')
1.2,3,4,6,7.8,9-Octachlorodibenzofuran (1,2,3,4,6:7,8,9-OCDF) 1E-4 4 5€-3"")
Total Tetrachlorodibenzo-p-dioxin (Total TCDD) 1E-5 NA
Total Pentachlorodibenzo-p-dioxin (Total PeCDD) - 5E-5 NA
Total Hexachlorodibenzo-p-dioxin (Total HxCDD) SE-5. NA
Total Heptachlorodibenzo-p-dioxin (Total HpCDD) 5E-5 NA
Total Tetrachlorodibenzofuran (Totat TCDF) 1E-5 NA
Total Pentachlorodibenzofuran (Total PeCDF) 5E-5 NA
089711/P . i -1-20 CTO 0038
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‘ TABLE 1-2
' ANALYTICAL METHODS, LABORATORY REPORTING LIMITS, AND ALTERNATE CONCENTRATION LIMITS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

PAGE7OF 7 i
Laboratory Risk-Based
Chemical RLY Target Level?
(ug/L) (uglL)
Total Hexachlorodibenzofuran (Total HxCDF) 5E-5 _ ‘NA
Total Heptachlorodibenzofuran (Total HpCDF) ) 5E-5 NA
MISCELLANEOUS PARAMETERS .
Ammonia (EPA 600 Series Method 350.1) 10 T
Chloride {(SW-846 Method 9056) 1000 -
Cyanide (SW-846 Method 9012A) 10 : 10
Dissolved Methane (Microseeps, Inc., Method AM18) 0.015 5C)
Nitrate (SW-846 Method 9056) ' 200 58000
Nitrite (SW-846 Method S8056) 100 1000
Phosphorus (Total and Dissolved) (EPA Method 365.2) 100 -
Sulfate (SW-846 Method 9056) 1000 -
Sulfide (SW-846 Method 9034) 1000 ' -
Total Organic Carbon (TOC) (SW-846 Method 9060) 1000 -
Total Organic Halides (TOX) (SW-846 Method 9020B) 20 ) -
: ug/L micrograms pér liter
o ~  Asterisks indicate those chemicals for which the laboratory reporting limit (RL) exceeds the risk- based target level for the project.
s 1 Method detection limits (MDLs) (all parameters except metals), instrument detection limits (IDLs) (metals only), and
. RLs as provided by Laucks Testing Laboratories, Inc., Triangle Laboratories, Inc. (dioxins/furans only), and Microseeps, Inc.
‘ ' (dissolved methane only). These values may change throughout the course of the ground water monitoring program as

. laboratory MDLs and IDLs are updated.
B -2 Developed.using U.S. EPA Region 5 support. Value is based on human health or ecological risk-based criteria or practlcal
~ quantitation limits (PQLs) for common laboratory analytical methods.
3 Risk-based target level is not provided, since human and ecological risk-based criteria are not available for this chemical.
4  Laucks Testing Laboratories is confident that it can reliably report to this PQL, even though this value is less than two times
the MDL. '
5  3-Methylphenol and 4-methylphenol-coelute. Therefore, one analytical result for 3-; 4-methylphenol will be reported.
6  N-Nitrosodiphenylamine is more toxic than diphenylamine. However, n-nitrosodiphenylamine rapidly degrades to
diphenylamine. Therefore, only diphenylamine will be reported, but results for diphenylamine will be treated as
.. n-nitrosodiphenylanine during risk assessment.
7 The target level is calculated using the target level for. 2,3,7,8- TCDD and the toxicity equnvalent factor (TEF) presented in
current U.S. EPA gundance (U S. EPA, March 1989).
8 Not applicable.
9 - The target level for dissolved methane is not a risk-based value, but instead represents the target reportmg level for dissolved
methane based on its use in evaluating the natural attenuation of TCE.
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2.0 INTERIM STATUS GROUND WATER MONITORING DATA
[40 CFR 270.14(c)(1)]

¥

This section contains an overview of interim status ground water monitoring data.

Analytical data for environmental media, including ground water, have been obtained from site
investigations since the early 1980s. The analytical database consists of three distinct sampling
programs:

» _ Validated historical data _
+ Halliburton NUS Corporation (HNUS) 1995-1996 supplemental sampling data
o HNUS 1997 supplemental sampling data

VALIDATED‘HISTORICAL DATA

Environmental media (soil, sediment, surface water, spring water, and ground water) have been sampled
'since the early 1980s at the ABG, ORR, and DR. Historical ground water monitoring data are available
for the ABG for sampling taking place beginning in October 1987. For the ORR groun_d water monitorihg,
data are available for sampling taking place since January 1985. For the DR ground water monitoring,
data are available for sampling taking place since July 1982.

As part of a risk assessment conducted.in support of the permitting of ABG, ORR, and DR, U.S. EPA
Region 5 conducted a data quality review of historical environmental media data, incIudingQ,nterim status
ground water monitoring data (U.S. EPA, 1997). As a result of this review, m%h of the historical

database was found not to be acceptable for use in risk assessments. [t was concluded that not all the

. historical data had undergone a data validation effort of sufficient rigor to produce results that met the

minimum data usability standards for risk assessment 'purposes. Data not meeting usability standards for
risk assessment purposes have also been determined not to be usable for_ 40 CFR 264 Subpart F

purposes.i
Appendix 2-1 contains a report -summarizing historical analytical data for environmental media at the

ABG, ORR, and DR. Data meeting usability standards are identified. Appendix 2-2 contains a listing of
usable historical environmental media data, including ground water data for the ABG, ORR, and DR.
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HNUS 1995-1996 SUPPLEMENTAL SAMPLING DATA

In 1994, in preparation for a risk assessment, historical environmental media data for the ABG, ORR, and
DR were reviewed to identify data gaps. This review took place before issues regarding acceptability of
historical data had been identified. Therefore, data gaps wére identified on the assumption that all
historical data were acceptable. These supplemental data, including ground water data, were coIIected

and are summarlzed in Appendix 2- 3

HNUS 1997 SUPPLEMENTAL SAMPLING DATA

Subséquent to the U.S. EPA data validation technical memorandum (U.S. EPA, 1997), a second round:of
supplemental data was collected to again “fill in data gaps.” Data gaps were identified based on usable
historical data and the 1995-1996 supplemental sampling data. These data are listed in Appendix 2-4.

Site- investigation data for the ABG, ORR, and DR were summarized in the Current Contamination Risk
Assessment (Brown & Root Environmental, 1997). Section 4.2 of the risk assessment contains a
summary of usable historical and supplemental environmental media sampling data for the ABG, ORR,

and DR. Included in this'summary are ground water data. Appendix 2-5 contains a copy of the summary,

including relevant tables and figures.
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3.0 GENERAL HYDROGEOLOGICAL INFORMATION
[40 CFR 270.14(c)(2)]

General hydrogeologic information was obtained_‘from_ the following documents prepared by the Army

Corps of Engineers Waterways Experiment Station (WES), that may be referenced for additional details:

e Draft Report, RCRA Fadlity Investigation, Phase || Ground Water Release Assessment, SWMU
06/09, Demolition Range and Phase Il Release Characterization, SWMU 07/09, Old Rifle Range
(Murphy and Wade, 1994).

e Final Report, RCRA Facility Investigation, Phase Il Ground Water Release Characterization, SWMU
03/10, Ammunition Burning Ground (Murphy, 1994). ' ‘

« Draft Report, RCRA Facility Investigation Area (Phase Il Ground Water Release Assessment, SWMU
06/09, Demolition and Phase Ill Release Characterization, SWMU 07/09; Old Rife Range (Murphy

and Wade, 1995).

3.1 PHYSIOGRAPHY

3141 Regional Physiography

The physmgraphrc divisions of the state of Indiana, the limits of Plelstocene glaciation, and the location of
NSWC Crane are shown in Figure 3-1. NSWC Crane lies in an unglaciated area of the Crawford Upland,
a rugged, dissected plateau bounded on the east by the Mitchell Plain and on the west by the Wabash

Lowland. The Mitchell Plain is a low, dissected limestone plateau characterized by sinkhole topography .

and other karst features. The boundary beMeen the Crawford Upland and the Mitchell Plain is known as
the Chester Escarpment, a highly irregular, eastward-facing cuesta. The escarpment trends northwest-
southeast and passes just east of NSWC Crane. Numerous.springs, cavern passages, and caves occur
along the Chester Escarpment and in the eastern part of the Crawford Upland Some of these solution
features are found in the eastern portion of NSWC Crane. The Crawford Upland grades into the Wabash
Lowland near the western NSWG Crane boundary. Elevations on the Crawford Upland at NSWC Crane
range from less than 500 ft National Geodetic Vertical Datum (NGVD) to greater than 850 ft NGVD.
Relief on the upland varies from about 100 ft to 350 ft; with higher elevations and greater relief occurring
generally in the eastern part of NSWC Crane. Surface drainage in the upland is to the south and

southwest.

089711/P 31 . . A CTO 0038

e



NSWC Crane
GWMP
Revision: 1
Date: May 1999
Section: 3
Page 2 of 52

EXPLANAT

NORTHERN LAKE
AND MORAINE REGION

1 CALUMET LACUSTRINE PLAIN
2 VALPARAISO MORAINAL AREA
3 KANKAKEE OUTWASH AND

LACUSTRINE PLAIN
4 STEUBEN MORAINAL LAKE AREA
5 MAUMEE LACUSTRINE PLAIN,

TIPTON TILL PLAIN

ION

NANNY
SN
NN

DEARBORN UPLAND

\

MUSCATATUCK

REGIONAL S

YGRL)
Sene? ]
(AL

SCOTTSBURG LOWLAND

LOPE

77 A
,II/,/,'
/st /7

NORMAN UPLAND

MITCHELLPLAIN £

CRAWFORD UPLAND

WABASH LOWLAND

==l AKE « ——.

MICHIGAN

PTON

s
vsr
e/

(4

<
"7/ .
' vy
’7 /?\ .ﬂy‘I]

s TR
vrsYInyg s he
(R4 KL

KENTUCKY

() 25

SCALES

25 50 M

50 KM

| & & ses—

Source: Draft Report, RCRA Facility Investigation

Phase Il Groundwater Release Assessment, SWMU 06/09
Demolition Area and Phase |l Release
Characterization SWMU 07/09 Old Rifle Rang
November 1995 - Figure 8
by William L. Murphy and Roy Wade

‘Figure 3-1

Physiographic Divisions of Indiana
(Source: Perry and Smith, 1958;
cited in Murphy and Wade, 1995)

Naval Surface Warfare Center

Crane, Indiana

089711/P

3-2 -

CTO 0038




NSWC Crane
GWMP
Revision: 1
Date: May 1999
Section: 3
Page 3 of 52

The surface drainage along major streams in Indiana is shown in Figure 3-2. With the exception of the
extreme northeastern corner of Indiana, all the surface drainage is to the southwest and south.
'Approxrmately two-thirds of the state drains into the Wabash River, WhICh in turn empties into the Ohio
River. Surface drainage at NSWC Crane eventually flows into the White River and then to the Wabash to
:the southwest. The major drainage at NSWC Crane is divided into five basins, as shown in Figure 3-3.
The DR/ORR sites'are located in Basin IV near the confluence of Boggs and Turkey Creeks.

-Ground water in the unglaciated southwestern portion of indiana in general is contained in joint openings
of limestone and sandstone aquifers. In the area of the Crawford Upland (Figure 3-1), aquifers are
essentially isolated from each other vertically by interlayered shale units, which act as aquicludes.
‘Ground water enters the aquifers through outcrops and flows by gravity down the dip of the strata or

locally in directions controlied by the piezometric gradient.

3.1.2 - Physiography of the Ammunition Burning Grounds

The ABG is approximately 2,000 ft long by 1,000 ft wide and is situated in the northern reaches of the
valley of Little Sulphur Creek. A major drainage divide extends from the southwest to the northeast along
NSWC Crane Road 161. Ground surface elevations in the area range from about 480 ft NGVD in the
southeast to 845 ft along the major dralnage divide. The topography is rugged and the terrain heavny
vegetated East of the divide, approximately two-thirds of the area drains to the south and southeast
through Little Sulphur and Sulphur Creek. Ultimate drainage is to Indian Creek, the White River, and then
to the Wabash, generally southwestward. A

The ABG is in a bowl that opens to the southeast, high on the n'orthwest, northeast, and south and low in
“t‘he middle where Little Sulphur Creek has incised its valiey. Table 3-1 presents the horizontal and
vertical survey data for the wells at the ABG. The well locations are correct relative to each other and
have been tied to topography. However, the base (topographic) map features (e.g., roads, buildings) are
not tied to state plane coordinates. Appendix A plates 2 and 3 show the topography of the ABG study
area

A subset of these wells is used in the 'Iong-term ground water monitoring program. These wells have

been resurveyed. The new survey data for these wells are presented in Table 3-1 of the approved FSP.
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SURVEY DATA FOR AMMUNITION BURNING GROUNDS
NAVAL SURFACE WARFARE CENTER

TABLE 31

CRANE, INDIANA
PAGE10F 3 -
X TOC Eievation
Woell Number North Coord, tt East Coord. ft ft NGVD
03-01 490.748 593,688 604.67
03-02 489,940 £93,060 622.67
0303 489,838 594,843 584.29
03-04 498,791 594,610 594,17
03-05 N/A NIA 595.75
03-06 489.796 594,636 589.71
03-07 ' 487.838 §96,316 §56.46
03-08 N/A N/A 586.76
03-09 489,909 593,047 624.72
03-10 487,821 596,515 §57.94
03-1 487,709 §96,435 553.05
0312 487.765 596,232 557.99
03-13 487.634 596,377 552.24
03-14 487,673 596,420 '§52,37
03-15 487.899 596,369 £59.09
03-18 488,568 §95,788 571.61
03-17 487,650 §96,265 553.44
03-18 487,508 596,208 .652.80
03-19 N/A NIA §59.37
03-20 487,674 596,120 554.83
03-21 488,044 £96,243 560.12
03-22 487,820 598,405 §58.72
03-23 487,933 £98,089 562.34
03-24 488,012 §98,482 589.04
03-25 487,902 696,498 573.64
03-268 N/A N/A §95.89
03-27 489,964 £93,967 £99.08
03-28 489,705 £94,008 627.49
03-29 489,992 £93,981 £98.61
03-30 490,818 £93,830 608.60
03-31 498,788 £94,804 882.84
03-32 489,857 £94,822 583.54 -
03-33 498,923 £94,836 583.39
03-34 489,844 594,662 885.06
03-35 489,830 £94,581 838.60
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Source: Final Report, RCRA Facility Investigation, Phase |lI, Groundwater Release Characterization, SWMU 03/10. Ammunition

Burning Ground, Volume 1
May 1994 - Table 5
by William L. Murphy
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TABLE 31
SURVEY DATA FOR AMMUNITION BURNING GROUNDS
NAVAL SURFACE WARFARE CENTER - ) .
' CRANE, INDIANA
PAGE20F 3
) TOC Elevation
Well Number North Coord. ft East Coord, ft #t NGVD
03-38 489,691 594,603 617.54
03-37 489,890 594,618 586.52
) 03-38 490,676 593,744 .| 60474
' 03-39 .| as0,700 593,792 603.25
o 03801 482,590 595,584 504.47
03802 482,573 595,506 503.96
03803 482,578 595,406 504.96
03804 482,631 £95,293 506.47
03805 482,623 595,192 507.05 °
03806 482,666 .| s94,960 509.26
( 03807 482,672 594,768 510.72
‘ 03808 482,667 594,594 - 513.40
03809 482,657 594,417 . 516.04
03810 482,607 £94,209 561.96
03c01 490,064 593,140 627.28
. 03C01P2 490,068 593,146 626.85
a 03C01P3 490,061 593,147 626.50
03C02 489,931 594,793 583.47
03C02P2 489,932 594,798 583.15
03co3 490,203 §94,055 | 600.08
03C03P2 | 4%0,208 594,058 §99.72
03C04 490,620 594,783 624.42
03€05 489,782 - | ses.114 581.36
03C08 : 489,581 594,596 625.40
03C07 480,423 594,371 €36.47
03C08A 489,680° 594,051 ' 630.50
03COBAP2 489,701 $94,014 629.34
03COBAP3 .| 480,885 594,047 630.43
03C09 490,615 593,777 €03.39
03C09P2 490,619 ‘ 593,776 803.56
03c10 490,243 593,857 608.03
oac11 430,025 594,441 £92.36
o3ci2 489,957 ' 594,574 §87.20
: A o3ci13 490,901 ' 593,860 617.75
| 489,932 | 593575 642.79

I3 .
Source: Final Report, RCRA Facility Investigation, Phase IIl, Groundwater Release Characterization, SWMU 03/10. Ammunition
Burning Ground, Volume 1 o

May 1994 - Table 5

by William L. Murphy
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SURVEY DATA FOR AMMUNITION BURNING GROUNDS

TABLE 3-1

NAVAL SURFACE WARFARE CENTER
" CRANE, INDIANA

PAGE 30F 3
TOC Elevation
Wall Number North Coord, ft East Coord, ft #t NGVD
03C15 489,849 693,146 621.34
03C15P3 489,855 §93,143 621.11
03C16 490,478 593,362 683.25
03C17 492,764 594,371 696.15
03c18 489,992 592,967 625.09
03c19 491,442 593,351 650.50
03C19P3 491,431 593,354 " 849.70
03C20 489,880 593,773 646.62
03c21 489,925 593,356 642.22
03C21P2 489,925 593,361 -642.22
03C22 490,090 §93,319 617.58
03c23 490,259 '§93,462 618.61
03c24 485,159 592,615 553.24
03C25 487,148 £92.606 597.03
03C26 490,695 594,134 640.57
03c27 489,658 594,767 603.84
03c28 489,884 595,269 612.96
03C29 488,529 591,095 797.37
03C30 488,967 £92,403 778.91
03c31 488,492 593,743 792.10 °
03caz 491,056 594,471 711.56
03c33 486,651 '594.224 785.03
03C34 487,870 599,301 727.07
03C3s 485,347 598,082 697.00
03C36 485,203 599,202 718.74
03C37 483,933 596,471 820.28
03c3as 485,309 595,951 572.97

NSWC Crane
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Page 8 of 52

Sourcé: Final Report, RCRA Facility Investigation, Phase #l, Groundwater Release Characterization, SWMU 03/10. Ammunition

Burning Ground, Volume 1
May 1994 - Table 5
by William L. Murphy
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3.1.3 Physiography of the Demolition Range

The DR occupies the crest of a north-south-trending topographic ridge bounded on the east by the
southward-flowing Turkey Creek, on the west by the southward-flowing Boggs Creek, and on the south by
the confluence of the two creeks. The ridge is 500 to 1,000 ft wide at its crest and slopes steeply to the
east, south, and west at approximately a 23-percent grade. Maximum elevation on the ridge crest at the
DR is approximately 685 ft NGVD. The peripheral NSWC Crane Roads 333 and 8 follow the base of the
ridge at an elevation of about 500 ft NGVD. The minimum elevation in Turkey and Boggs Creeks is about

475 ft NGVD. Maximum topographic relief at the site is .approximately 210 ft.

The DR active zone is surface drained by four gullies, two of which drain to the southwest and two to the

~east. -All four drainagéways now discharge into sediment retention ponds near the foot of the slope.

Other drainages exist farther up the ridge, north of the active zone, but all surface runoff is ultimately to
Boggs or Turkey Creeks. Boggs and Turkey. Creeks which are. permanent streams, become Boggs
Creek at their confluence at the base of the DR ridge. Boggs Creek flows to the south and discharges
into the White River approximately 5 milés south of the NSWC Crane boundary.

314 Physiography of the Old Rifle Range

The ORR extends from the foot of the ridge below the DR 1,200 to 1,500 ft east to NSWC Crane Road 8
(Figure 3-4). Maximum elevation within the Old Rifie Range is about 530 ft NGVD at the base of the
ridge, and the minimum elevation is.about 500 ft NGVD near the road, for a total relief of about 30 ft. The
area east of the ORR continues to slope toward Tur'key Creek, where the minimdm elevation is
apprdximately 485 ft NGVD. The mean slope from the western side of the ORR to Turkey Creek is about
2 percent. The northern end of the ORR is drained by a perennial stream that flows southeast and east
into Turkey Creek. | ‘ Vo

3.2 SURFACE WATER

3.21 Surface Water at the Demolition Range and Old Rifle Range

The surface drainage at NSWC Crane has formed a dense, dendritic pattern throughout the installation
that flows in a general southwa}d or sou.thwestward direction. Seven creeks in five drainage basins carry
surface water off the installation, where it eventually drains into the East Fork of the White River. Figure 3-5
shows the basins and drainages of NSWC Crane. Drainage Basin IV consists of Boggs and Turkey
Creeks, which are the primary drainageways for the installation and drain the majority of the area. The

northern and northwestern sections (Basin 1) are drained by Furst Creek, the eastern portion (Basin i) is

" 089711/P oo 3-9 CTO 0038
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® 06C16

06-16/06C17

Source: Draft Report, RCRA Facility Investigation
Phase Il Groundwater Release Assessment, SWMU 06/09
Demolition Area and Phase |l Release
- Characterization SWMU 07/09 Old Rifle Range
November 1995 - Figure 4 '
by William L. Murphy and Roy Wade .
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| Figure 34

Locations of Wells and Cluster Wells

at Old Rifle Range

(Source: Murphy and Wade, 1995)
Naval Surface Warfare Center

Crane, Indiana
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DEMO AREA/
OLD RIFLE

Source: Draft Report, RCRA Facility Investigation

Phase Il Groundwater Release Assessment, SWMU 06/09

Demolition Area and Phase 1ll Release
Characterization SWMU 07/09 Old Rifle Range
Volume 2: Appendices A-H

January 1994 - Figure 3

by William L. Murphy and Roy Wade

Figure 3-5

_Surface Drainage at the
Naval Surface Warfare Center
(Source: Murphy and Wade, January 1994)
Naval Surface Warfare Center
Crane, Indiana
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_drained by the Sulphur Creek Complex, the extreme eastern portion (Basin 1) is drained by Indiana Creek,
"and the southwestern section (Basin V) is drained by Seed Tick Creek. Also located within the installation
are several small ponds and Lake Greenwood, an 800-acre, spring-fed lake in the northwestern portion of

the installation.

3.2.2 Surface Water at the Ammunition Burning Grounds

Surface water enters the Big Clifty sandstone outcrop area from two sources within the ABG. [One
source is rainfall and the other is two tributary streams thét flow into the ABG from the west and the
" northwest and form the headwaters of Little Sulphur Creek.} These branches joi‘n at the ABG but sink into
the ground a short distance from the ABG. The tribdtary flow is derived from ground water in sandstones
aﬁd possibly from coal seams in the higher Pennsylvanian strata and from seeps from the
Golconda/Haney limestone. The flow is primarily down the Little Sulphur Creek drainageway and
secondarily down through the Johnson Hollow drainégeway, with a low ground water divide separating
the two discharge areas along a line running approximately from well 03C26 to well 03C14. Johnson
Hollow is an intermittent drainage with recharge occurring from the Beech Creek aquifer. A revised
solution zone map was constructed following the acquisiiion of a new round of ground water elevation
data. The revised solution zone map is presented in Figure 3-5a. The map shows cumulative void
- thickness in affected borings and is contoured on a 2-ft interval (0- to 8-ft contours). Voids include zones
of joints w1dened by solution of the ||mestone as well as open cavities. The greatest cumulative void
thickness was 8 ft, occurring in wells 03C02P2, 03C12, and 03-03. The solution zone elongated to the
northwest toward boring 03C07. Figure 3-5a was inferred from a cumulative 1 ft of solution voids in the
boring. The voids map provides a more detailed delineation of solutioning beneath the ABG but is still
limited (biased) by the distribution of existing borings. The flow then continues out the eastern end of the
site and southward down Little Sulphur Creek. During dry seasons and in light to moderate rains, all the
surface water in the tributary streams becomes ground water in the Beech Creek aquifer through the Big
Clifty sandstone outcrop area within the ABG. During periods of heavier rainfall, the runoff flows out the

eastern enq of the site as surface flow.

3.3 GEOLOGY AND STRATIGRAPHY

3.3.1 General Geology and Stratigraphy

The United States Department of Agriculture (USDA) identifies three-fourths of Martin Couﬁty, which
contains the major portion of NSWC Crane, as belonging to the Zanesville and Muskingum soil series.
These series are identified as a dark brown, organic silt loam at the surface, underiain by 48 inches of

mottled tan, gray, and yellow clay with varying percentages of sand and silt. Occasionally, a clay hardpan

089711/P h 3-12 ’ CTO 0038
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occurs between 25 and 32 inches below surface. Waterways Experiment Station (WES) borings
encountered soil thickness at the NSWC Crane from less than 1 ft to an excess of 40 ft. These borings

identified a surficial organic layer underlain by clay, silt, or sand.

NSWC Crane lies in a region of Indiana that was not covered by Pleistocene glacial deposits. The
surface deposits are divided into two types: unconsolidated deposits of Recent and Pleistocene age and
residual soils formed from the underlying rock. Recent and Pleistocene deposits occur in the many small
' floodplains throughout NSWC Crane and are composed of alluvial, colluvial, and paludal silt, sand, and
gravel and lacustrine clay, silt, and sand. Residual soils at NSWC Crane were derived from the.
underlying sedimentary rocks of the lower Pennsylvanian Raccoon Creek Group and the upper
Mississippian Stephensport and West Baden Groups. These soils are clay, silt, and sand. Lower
Pennsylvanian rock at NSWC Crane consists of shale, sandstone, and coal beds, arid upper
Mississippian‘ rock consists of limestone, shale, and sandstone. Since'NSWC Crane lies on the eastern
edge of the lllinois Structural Basin, the Pennsylvanian and Mississippian sedimentary rocks dip west-
‘southwestward between 30 and 35 feet per mile into the basin. Figure 3-6 present_s the stratigraphic
column of units underlying NSWC Crane. Figure 3-7 shows the distribution of these units at the

installation.

3.3.1.1 Surface and Near-Surface Geology »

The surface exposure (with soil overburden disregarded) of mappable geologic units at NSWC Crane was
provided in a map constructed by Erik Kvale, of the Indiana Geological Survey (Kvale, 1992). A field
reconnaissance of outcrops within NSWC Crane, which included the vicinity of the DR/ORR, was
conducted to map the geologic units. Recognizable formation contacts and formation exposures. were
plotted on the indian Springs, Indiana, 7'-1/2 minute topographic quad.rangle.1 Figure 3-7A shows the
~ extent of the Golconda/Haney Formation beneath the DR.

The reconnaissance showed that the Quaternary alluvium is characterized by graded sequences of thin
gravels that are typically well rounded and that fine upwards to silty loams. The Quaternary sequences
generally correspond to.the Haymond or Wakeland'silt loams of the USDA soils map for Martin, County.

" The map portion is presented as Plate 2 in the Draft Report, RCRA Facility Investigation, Phase I
Ground Water Release Assessment, SWMU 06/09 Démolition Range and Phase Il Release
Characterization SWMU 07/09 Old Riﬂe Range Navel Surface Warfare Center Crane, Indiaria, Volume 1,
William L. Murphy and Roy Wade, November 1995 (Murphy and Wade, 1995).
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COLUMNAR SECTION SHOWING BEDROCK UNITS
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® ROCK-UNIT NAMES FOR PENNYSLVANIAN ﬂ'OCkS IN INDIANA FOLLOW THE USAGE PROPOSED BY WIER
{IN PREPARATIONI, STRATIGRAPHY OF MIDDLE AND UPPER PENNSYLVANIAN ROCKS IN SOUTHWESTERN

INDIANA. NEW NAMES ARE SHOWN IN ITALICS AND ARE TENTATIVE UNTIL FORMAL PRESENTATION.
(After Grey, Wayne, and Wier) )

January 1894 - Table 1

by William L. Murphy and Roy Wade Crane, Indiana
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: Figure 3-6
Source: Draft Report, RCRA Facility Investigation
Phase Il Groundwater Release Assessment, SWMU 06/09 .
Demolition Area and Phase lil Release Stratigraphy of Naval Weapons Support Center
Characterization SWMU 07/09 Old Rifie Range (Source: Murphy and Wade, January 1994)
Volume 2: Appendices A-H Naval Surface Warfare Center
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COLUMNAR SECTION SHOWING BEDROCK UNITS (CONT.)
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Figure 3-6

Source: Draft Report, RCRA Facility Investigation ) )

Phase Il Groundwater Release Assessment, SWMU 06/09 .
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‘)/olume izgg\ppgrnc:lcef A-H : Naval Surface Warfare Center "

anuary 4 - Table ' .
by William L. Murphy and Roy Wade _ _ C':::é Iznglfa;a

089711/P - CTO 0038
3-16 . €10



NSWC Crane
GWMP
Revision. 1
Date: May 1999
Section: 3
Page 17 of 52

0 1

2. Stephensport Group
- 3. West Baden Group
4 (After Hutchinson)
- en
5

Legehd '
1. Racoon Creek Group

Scale

I'.n..l....':niles

\

Source: Draft Report, RCRA Facility Investigation

Phase Il Groundwater Release Assessment, SWMU 06/09
Demolition Area and Phase |l Release

Characterization SWMU 07/09 Old Rifle Range

Volume 2: Appendices A-H

January 1994 - Figure 2

by William L. Murphy and Roy Wade

Figure 3-7

Distribution of Geological Groups at the Naval
: Weapons Support Center
(Source: Murphy and Wade, January 1994)
Naval Surface Warfare Center
Crane, Indiana
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The Pennsylvanian Mansfield Formation may be as thick as 220 ft below NSWC Crane. A major

paleovalley (ancient stream valley) trending north-northeastward to south-southwestward across the

center of the area and beneath the DR has cut out much of the MISSISSIppIan section (Golconda/Haney.

limestone, Indian Springs shale, and Big Clifty sandstone) and replaced it with Pennsylvaman sandstones

and shales. Data from monitoring well borings indicate as much as 100 ft of relief on the paleovalley
'b'ehneath the DR. N

The Big Clifty sandstone to the base of th,e.P.ennsyIvanian unit includes the Indian Springs shale, the

Golconda/Haney limestone, the Hardinsburg Formation, and the Glen Dean limestone. These units were

included as one because‘the contacts between them are not usually discernible in outcrops.

The thick Big Clifty sandstone member varies in thickness from about 30 to 40 ft across NSWC Crane
and forms prominent cliffs in outcrop. '

The walls. of the valley of Turkey Creek are in Miésissippian limestones, sandstones, and shales. The

valley of Boggs Creek is bordered by Pennsylvanlan units. No exposures of Beech Creek limestone were o

found i m the area of reconnaissance.

3.3.1.2 .. Subsurface Geology

W

" The structure, stratigraphy, lithology, andi hydrologic characteristics of the geologic units underlying the

DR arid ORR were evaluated and described with data obtained from the 26 original confirmation well
borings in 1981-1983 and the 34 RF| well borings emplaced in 1989-1990 (Murphy and Wade, 1995).

The geologic units’ dlscussed below are described briefly in the stratigraphic column presented in Figure

3-8. The general stratlgraphy (sequence of depositional units) was known from previous-hydrogeological
investigations at other NSWC Crane sites. The geologic units encountered at the DR/ORR are, in
descending order (youngest and overlying first), the Pennsylvania Mansfield Formation of the Raccoon
Creek Group, the unconformity surface separating the Pennsylvanian from the Mississippian units, the
Hardinsburg shale, the Golconda/Haney limestone, the Indian Springs shale member of the Big"Clifty
Formation, the Big Clifty.sandstone member, the Beech Creek limestone, and the Elwren shale. The
Elwren shale was the deepes't"geologié unit encountered for the investigation. Not all the units were
encountered in every boring. For example, well 06C03, situated at the base of the ridge, encountered
only Golconda/Haney and deeper units because the higher formations have been removed by erosion.

Well 6C01, atop the ridge, encountered all the above-mentioned geologic units.

089711/P 3-19. . : CTO 0038
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’ Local stratigraphic units. The geologic formations encountered by borings in the study area are

described in the following paragraphs, with younger units first.

Mansfield Formation (Pennsylvanian Raccoon Creek Groﬁp). " The Mansfield Formation

comprises most of the ridge on which the DR is situated, attaining a maximum bored thickness of
220 ft in well boring 06C08. The formation was absent at the ORR. The Mansfield consisted of

Valternating beds or lenses of fine- to medium-grained, cross-bedded, friable sandstones; shaly

- sandstone to sandy shale; thinly bedded to laminated, fissile to blocky shale; thinly bedded

- carbonaceous shale; claystone or clayshale; and thin (1 to 2 ft) coal seams. Well screens were

" emplaced in certain sandstone and coal units of the Mansfield for monitoring aquifers beneath the

DR.

Hardinsburg Shale Formation (Mississippian Stephenspért Grouvp). The Hardinsburg shale

occurred in only one boring, 06C01, at elevations from 126 to 130 ft, immediately below the
Pennsylvanian-Mississippian unconformity. It was absent by erosion in all other borings. The
formation consisted of green, very hard shale.

Golconda/Haney Limestone Formation (Stephensport Group). The Golconda/Haney limestone

was encountered in several borings at the DR/ORR. Maximum bored thickness was 32 ft in
06C01. The base of the formation was above 482 ft NGVD in all borings emplaced for the
DR/ORR study. The Golconda/Haney variably was a fossiliferous, dark green to brown, shaly

limestone; green-brown hard crystalline Iimestone; or, more rarely, beds of limey shale. The site

geologist noted solution zones up to 1/2 ft thick in the Golconda/Haney in two borings (06C03 and

06C04); in both, the formation was near the ground surface (shallow) and was weathered. The

_Golconda/Hahey was screened as an aquifer in three RF! wells (06C03P2, 06C04P2, and

06C16P3) at the foot of the DR ridge, on the east side, and in confirmation well 06-21, slightly -

- upslope and west of the ORR. The Golconda/Haney was dry in other well borings in which it was

encountered. The boring log for well 06C01 noted that the formation displayed negligible porosity

(no jointing or other openings) and did not lose the drilling water even after standing overnight.

indian Springs shale member, Big Clifty Formation (Stephensport Group). The Indian Springs

shale was encountered in many of the RFI borings drilled for the DR/ORR study. Bored thickness
)

- ranged from 1.6 ft in 06C01 to 16.1 ft in 06C04. " The unit was absent by erosion or by

089711/P

unconformity in several wells. The 1.6-ft thickness in boring 06C01 was a depositional thinning of
the unit, not a result of the unconformity or erosion. The Indian Springs was an olive green to

gray, hard, fissile shale to massive claystone with occasional softer zones.
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e. Big Clifty sandstone member, Big Clifty Formation (Stephensport Group). The Big Clifty
sandstone was encountered in all RF| deep borings except 06C06 and 06C07, west of the DR. It

was absent at this location because of the unconformity. The unit was uniformly about 40 ft thick
throughout the study ‘area. It was a tan to green-gray, massive to thick-bedded, rippled, fine- to
very fine-grained, well sorted, rounded, friable sandstone with occasional shaly partings. Boring
log information indicated that jointing in the Big Clifty was sparse in some borings to numerous in
others. Numerous joints noted in two wells were interpreted to be drilling-induced breaks along
incipient parting planes. The Big Clifty produced water from several zones and was screened at

various depths for monitoring.

f. Beech Creek Limestone Formation {Stephensport Group). The Beech Creek limestone was

encountered in all RFI deep borings. The unit was typically 17 ft thick in the DR/ORR study area,
but the thickness ranged from 15 ft in 06C08 and 06C09 to 22-1/2 ft in 06C07. The Beech Creek
'consisted of fossiliferous, hard, dense limestone. The upper 5 to 10 ft were ‘gray to gray-brown,
crystalline limestone with occasional styolites. The lower portion was dark gray, crystalline
limestone with occasional to numerous shaly partings. Joints in the limestone were sparse to
numerous in core recovered from the 18 well borings penetrating the Beech Creek. Drilling water ‘
loss through the formation was greatest in borings at the ORR, where the Beech Creek is shallbow
(see Figure 3-4).. Borings 06C12, 06C14, 06C15, and 06C17 each had an open joint, up to 0.2 ft
wide, within 3 ft of the top of the Beech Creek, near the contact with the overlying Big Clifty
sandstone. Considerable water loss occurred ‘through the open joints.  Those borings also
exhibited numerous other joints in the Beech Creek. The Beech Creek displayed moderate to
extensive solution-enlarged jointing at another site within NSWC Crane (Hunt, 1988). At the
DR/ORR, however, the only solution feature noted was in the open joints in two of the four .
borings listed above. Apparently, tﬁe Beech Creek was sufficiently below the level of incision by

surface streams that extensive solution of open joints had not occurred in the study area.

g. Elwren shale (West Baden Group). The Elwren shale was encountered in all the deep borings of
the 18 well clusters emplaced for the DR/ORR RFI. The Elwren was a hard, dark green to
occasionally red-mottled; occasionally fissile shale. Slickensides were evident in some- borings.
Occasional sandy partings occurred in some borings. The maximum depth penetrated in the .
Elwren shale was 10 ft in boring 06C01.

Aquifer assignments for DR/ORR wells are presented in Table 3-Z as screened formations. ‘
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TABLE 3-2

MONITORING WELL CONSTRUCTION DETAILS
NSWC
_ CRANE, INDIANA
PAGE 1 OF 4

Well I.D. North East Ground Top of Casing { Top/Bottom of Screened Total Depth | Depth to Commentél Well
Coordinate | Coordinate | Elevation® | Elevation®< Screen (ft | - Formation® (ft BGS) | Bedrock Type
(ft) i (ft) (ft) (ft) BGS) (ft BGS)
AMMUNITION BURNING GROUNDS -~ '
03B02 482573 595506 501.46 503.96 9.6-14.6 Alluvium 15.8 NA natural
, : attenuation
demonstration
03B04 482631 595293 503.97 506.47 9.4-145 Alluvium 16.5 NA natural
attenuation
03C02P2 489932 594798 580.65 583.15 38.0-48.0 Beech Creek 49.0 NA downgradient
03C03 490203 594055 597.58 600.08 139.0-149.0 Beaver Bend 150.7 NA compliance/
i natural
attenuation
03C04 " 490620 594783 621.92 624.42 73.5-83.5 " Beech Creek 85.3 NA downgradient
03C07 490423 594371 - 633.97 636.47 88.7-98.7 Beech Creek 101.6 NA downgradient
03C08P2 489701 594014 626.84 629.34 90.0-100.0 Beech Creek 101.6 NA downgradient
03C09P2 490619 A 593776 601.06 603.56 62.0-72.0 Beech Creek 73.0 NA .downgradient
03C10 490243 593657 605.53 608.03 66.0-76.0 Beech Creek 78.8 NA “ natural
) attenuation
demonstration
03C11 NA NA 589.86 592.36 47.5-57.5 Beech Creek 59.5 NA natural
’ atterguation
demonstration
03C12 489957 594574 584.70 587.20 39.049.0 Beech Creek 51.2 NA natural
: ’ “attenuation
demonstra!ion
03C15 489849 593146 618.51 621.34 88.5-98.5 Beech Creek 1011 NA downgradient
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- TABLE 3-2

MONITORING WELL CONSTRUCTION DETAILS

NSWC
CRANE, INDIANA
PAGE 2 OF 4
Well I.D. North East Ground Top of Casing | Top/Bottom of Screened Total Depth | Depth to | Comments/ Well
Coordinate | Coordinate .| Elevation®™ | Elevation®® Screen (ft Formation® (ft BGS) Bedrock Type
(ft) {ft) (ft) (ft) BGS) (ft BGS)
03C17 492764 594371 693.65 696.15 138.5-148.5 Beech Creek 149.5 NA upgradient
03C20 489880 593773 644.12 646.62 108.0-118.0 Beech Creek 120.0 NA downgradient
03C25 ’ 487148 592606 594.53 597.03 59.7-69.7 Beech Creek 70.7 NA compliance/
natural
attenuation
03C26 490695 594134 638.07 640.57 94.0-104.0 Beech Creek 105.7 NA downgradient
03C27 489658 594767 601.34 603.84 60.5-70.5 Beech Creek 73.3 NA downgradient
03C30 488967 592403 776.41 © 778.91 250.5-260.5 Beech Creek 263.6 NA compliance
Springs A NA NA NA NA CNA NA NA NA downgradient/
: surface spring
Springs C NA NA " NA NA NA NA NA NA downgradient/ '
_surface spring
OLD RIFLE RANGE
06C08@ 485027 570384 NA 709.15 239.8-279.8 Big Clifty/ Beech 283.2 58 upgradient
Creek
06C11 484003 573448 NA 502.31 36.2-56.2 Big Clifty/ Beech 61.1 241 downgradient
Creek
06C11P2 484007 573447 NA 502.31 20.0-30.0 upper Big Clifty 30 24.1 downgradient
06C12 484275 572771 NA 522.7 56.5-76.5 Big Clifty/ Beech 82.8 85 downgradient
Creek
06C13 - 484932 573573 NA 507.66 35.0-55.0 Big Clifty/ Beech 62.9. 225 downgradient
: Creek :
06C13P2 484927 573572 NA 507.44 20.0-30.0 Upper Big Clifty 30 225 downgradient
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" TABLE 3-2

MONITORING WELL CONSTRUCTION DETAILS

NSWC
CRANE, INDIANA
PAGE 3 OF 4
Well I.D. North East Ground Top of Casing | Top/Bottom of Screened Total Depth | Depth to | Comments/ Well
Coordinate | Coordinate | Elevation® Elevation®< -Screen (ft Formation® (ft BGS) Bedrock Type
(ft) (ft) (ft) (ft) BGS) : (ft BGS) .
06C14 485445 573908 NA. 510.53 28.048.0 Big Clifty/ Beech 52.7 14.5 downgradient
Creek
06C14P2 485442 573904 NA 510.46 15.0-25.0 Upper Big Clifty 25.0 13.0 upgradient
06C15 485667 573405 NA 513.95 36.0-56.0 Big Clifty/ Beech 62.2 1.5 downgradient
o Creek
06C16 485884 . 573139 NA 532.96 63.8-83.8 Big Clifty/ Beecti 88.5 8.3 downgradient
: Creek .

06C18 484472 573508 NA 507.74 466.04-446.04 | Big Clifty/ Beech 62.4 23.3 downgradient

(elevation) Creek
06C18P2 484478 573508 NA 507.81 23.0-33.0 Upper Big Clifty 33 . 233 downgradient
06C19 NA 35-56 Big Clifty Beech 54 4 18.4 Doanradient

' Creek
06C19P2 NA 11.5-21 Big Clifty Upper 25 18.2 downgradient
DEMOLITION RANGE
06C02 483501 573527 NA . - 512.19 47.1-67.1 Lower 75.4 4.7 downgradient
. Penn/Beech Crk
06C03 481567 - 571965 NA 507.43 66.8-86.8 Big Cliﬂy/ Beech 91.8 15 downgradient
. Creek
06C03P2 481572 571964 NA 507.56 10.0-20.0 . Golconda/Haney 20 8.7 downgradient
06C04 479270 571501 NA 520.2 78.0-98.0 Big Clifty/ Beech 103.3 8.8 dowﬁgradient
Creek .

06C04P2 - 479267 571497 NA 520.39 17.0-27.0 Golconda/Haney 27 8.8 downgradient
06C05 479365 569436 NA 506.93 60.4-80.4 Big Clifty/ Beech 86.4 6.4 downgradient
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TABLE 3-2
MONITORING WELL CONSTRUCTION DETAILS
NSWC
CRANE, INDIANA
PAGE 4 OF 4
Well I.D. . North East Ground Top of Casing | Top/Bottom of Screened Tota Depth | Depth to | Comments/ Well
Coordinate | Coordinate | Elevation®™ | Elevation®® Screen (ft - Formation® (ft BGS) Bedrock Type
() (ft) (ft) (ft) BGS) - (ft BGS)
' N ) Creek
| 06C06 569354 481160 ~ NA 512.19 460.29-440.29 Lower Penn/ 86.4 23.5 downgradient
: " (elevation) Beech Creek

06C06P2 481156 569357 NA A 512.05 22.5-325 Pennsylvanian 132.5 235 downgradient
-06C07 483127 568515 NA 513.26 61.6-81.6 Beech Creek 87.5 3.2 downgradient
06C08P2 485023 570389 NA 709.1 81.5-91.5 Pennsylvanian 91.5 47 upgradient
OLD JEEP TRAIL .
Monitoring well network to be determined later®
(a) Alluvium unconsoldated deposits, shallow aquifer -

Pennsylvanian sandstone aquifer

Golcanda/Haney limestone aquifer

Big Cliftysandstone aquifer

‘Beech Creek limestone aquifer

Beaver Bend limestone aquifer .
(b) Elevations measured to National Vertical Geodetic Datum :
(©) Vertical elevations of all monitoring wells will be resurveyed after retrofitting for.installation of low flow sampling pumps.
(d) 06C08 is listed as an upgradient well for the ORR and a downgradient well for the DR.
(e) Monitoring welf network to be determined following additional investigative activities.
NOTES: .

All monitoring wells installed in the Ammunition Burning Grounds, Demolition Area, and Old Rifle Range (shown above) are constructed of 2-inch polyvinyl chloride (PVC) casing,

riser, and well screens.

BGS = below ground surface.
NA = information is not available.
NT =not tested.
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Geologic structure in the study area

Figure 3-9 presents the structural contour map of the top of the Elwren shale (base of Beech Creek
limestone) at NSWC Crane.. The base of the Beech Creek limestone was contoured for the DR/ORR
study area using elevations from the logs of all borings penetrating the Elwren shale. Elevation contours
‘were plotted on a 5-ft interval. The regioﬁally dominant southwestward dip is preserved in the local
contours with the highest elevations in the northeastern corner of the map (the top of Elwren is 463 ft in
06C14). A local anomaly is evident, however, as a saddle-shaped ridge trending northeast-southwest.
The saddle structure produces local anomalous dips of geologic units to the northwest and southeast
beneath the DR. The contour map is somewhat biased because of a lack of geoiogic information in the
.center of the mapped area, where no borings could be emplaced because of active demolition activities.
The map represents a computer-drawn, gridding algorithm interpretation of available data. The structural

anomaly at the DR is also evident on the regional geologic structure map presented in Figure 3-9.

‘ Geologic cross-sections. Several geologic cross-sections were constructed using graphic boring logs
prepared for the DR/ORR (Murphy and Wade, 1995). Most of the boring data were from the RFI cored

borings emplaced after 1989. Data from the earlier, predominantly uncored, confirmation borings were

used in a few mstances to augment the cross-section construction. The sections display the projected
formation contacts between borings for the Mississippian units, the projection of the unconformity contact
between Mississippian and Pennsyivanian units, and the lithologic contacts in bonngs penetrating the
Pennsylvanian units. Other information provided on the sections includes the positions of well screens,
positions of ground water levels for each screened interval, interpolated piezometric surface for selected
aquifers, and pertinent geologic or hydrologic features. Contacts of Mississippian units were confidently
projected between borings becéuse of the relatively uniform stratigraphy of the Mississippian formations.
The .Pennsylvanian units vary considerably laterally and were pro;ected only short distances from the

bormgs if at all.

332 Stratigraphy and Geology of the Ammunition Burning Grounds
3.3.21 Stratigraphy

The sequence of geologic units.occurring in. the vicinity of the ABG was described in detail in Hunt (1988).
Figure 3-8 is a stratigraphic column of rock units encountered in southern indiana to a depth of several
hundred feet. The ABG studies were concerned only with the Chester and Pottsville Epoch of' Upper
Mississippian and Pennsylvanian age, respectively, représenting a maximum depth of investigation at the
ABG of about 280 ft from ground surface (about elevation 420 ft NGVD). Four geologic formations
‘important to the hydrogeological investigation of the ABG comprise three aquifers, the' Golconda-Haney

© 089711/P 327 - . "~ CTO 0038
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- . Figure 3-9
Geologic Structure Map, Base of Beech Creek
revised 1991)
Naval Surface Warfare Center
Crane, Indiana

Limestone of Martin County, Indiana
(Source: Indiana Geological Survey, 1980,

3-28

Phase |l Groundwater Release Assessment, SWMU 06/09

Demolition Area and Phase |ll Release
- Characterization SWMU 07/09 Old Rifle Range

Source: Draft Report, RCRA Facility investigation
by William L. Murphy and Roy Wade .

November 1995 - Figure 12
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limestone (the upper aquifer), the Big Clifty sandstone/Beech Creek limestone (the middle aquifer), and
the Beaver Bend limestone (the lower aquifer). The Golconda-Haney and Big Cllfty/Beech Creek aquifer

are interconnected, forming the uppermost aquifer.

" Three shale formations béneath the ABG are important aquicludes (deterrents to vertical movement of
ground water and cc.)n'tamina}nts)A The Indiana Springs shale, the upper, 20-ft-thick- member of the Big
Clifty Formation, dﬁderlies the Golconda-Haney limestone in the western half of the ABG but has been
removed by erosion in the eastern half. The Elwren shale is 20 ft thick and occurs at the base of the

Beech Creek limestone. The Sample Formation is a 40- to 45-ft-thick black shale below the Elwren.

3.3.2.2 Surface Geology

The smallest gedlogic units are groups (see Figure 3-8). The contact of the Stephensport and West
Baden Groups is the base of the Beech Creek iimestone.

"The regional dip of the rocks is 50 ft per mile. Younger rocks of Pennsylvanian age cap the ridges.
“Progressively older Mississippian units are exposed in the valleys. ‘

" The ABG valley ﬂoor is covered by 1 to 15 ft of alluvial (stream-deposited) and colluvial (slope debris)
ﬂ.sons The Big CI|fty ‘sandstone has been exposed to surface infiltration in the central part of the site by
“erosional removal of the overlying Indian Springs shale. The Mansfield Formation of the Pennsylvanian

Raccoon Creek Group occupies the higher elevations at the ABG.

3.3.3 Stratigraphy and Geology of the Demolition Range -

The active zone of the DR is uﬁderlain by 0~ to 9'ft of sandy clay or silt, as charactefized in the 13
: cd_r}_ﬁ_rmation borings and one RFI cored boring emplaced in or near the active zone. Bare rock is at the
sﬁ_rface ﬁear the eastern side 6f the active zone and at the edge of the ridge. The rock underlying £he
active demolition area is sandstone and shale of the Pennsylvanian Mansfield Formation. The 220-ft-
thick sequence of Pennsylvanian sediments and the bositio’n of the Pennsy|vanian-Mississipbian
_unconformity beneath the ridge are ewdent in bormgs 06C087 and 06-21. The abundance of shale units,
as much as 55 ft thick, beneath the rldge inhibits vertical infiltration of surface contaminants to the
Mississippian aquifers at depth.
The entire ridge is underlain by Pennsylvaman sandstones and shales because the Pennsylvanian
paleovalley has cut out the underlylng Mississippian unlts This illustrates the relative umformlty and
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continuity of the Mississippian sequence. The Mississippian aquifers, the Big Clifty sandstone, and the
Beech Creek limestone are exposed to surface infiltration in the valley of Turkey Creek north of boring
06C10.

The existence of the saddle structure is evident beneath'the DR. Components of dip vary considerably
from section to section. The general, regional trend of south to southwest dip is preserved in this area.

The Big Clifty sandstone/Beech Creek limestone aquifer underlies most of the study area and is the most
extensively monitored aquifer present. The thickness of the aquifer-penetrated by exploration borings is
shown by the isochore (drilled thickness) map of Figure 3-10. The contours are in feet of vertically drilled
thickness of the combinéd Big Clifty sandstone and Beech Creek formations (base of Beech Creek to top
of Big Clifty sandstone). The decreasing thickness at the upper right of the figure reflects surface erosion
by the modern and ancestral Tﬁrkey Creek. The decreasing thickness on the left (west) reflects the
increasing depth to the Pénnsylvanian erosional surface (the unconformity) to-the west. On the west

side, the Pennsylvanian thickness increases at the expense of the underlying Mississippian formations.

The Golbonda/Haney limestone formation produces water as an aquifer in muckh of the DR study area. lIts
position in the subsurface beneath the study area is illustrated in Figure 3-11. The Golconda/Haney's
position was plotted by projecting the base of the formation along dip from borings to the nearest
erosional surface, either the ground surface or the buried Pénnsylvanian-Mississippian unco'nformity. The
shaded area of Figure 3-11 implies that the Golconda/Haney would be encountered in sufficiently deep
borings placed within the shading. The Golconda/Haney is projected not to exist outside the shaded area

(bounded by the heavy solid line in Figure 3-11), having been removed by erosion.

3.3.4 . Stratigraphy and Geology of the Old Rifle Range

The Subsurface of the ORR is characterized by a greater and more variable thickness of soil than that of
the DR actiye‘ zone. A mixture of colluvial (slope debris), alluvial (strearﬁ-deposited), and residual soils
typifies the section. Soils range in thickness from less than 2 ft at the northwestern corner of the ORR to

~about 28 ft along the .eastern boundary (near NSWC Crane Highway 8). Rock underlying the soil is
Mississippian, predominantly Big Clifty sandstone.

A contour map showing the distribution of the thickness of soil in the ORR is presented ih Figure 3-12.
The contour values represent thickness of soil, which is also the depth from the ground surface to the top of
rock. Contours on the top of rock (elevations in ft NGVD) are shown in Figure 3-13. Data for the two maps’
were obtained from logs of monitoring well borings and soil borings. The thicker soils east of the dashed line
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lsochore of B|g Clifty/Beech Creek AqUIfer
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Figure 3-10

Source: Draft Report, RCRA Facility Investigation ISOChore (D"“e: Th":knDess) I\Iﬂap OfABlglOId
Phase Il Groundwater Release Assessment, SWMU 06/09 Cl'fty/ BeechCreek quer, emolition Area

Demolition Area and Phase il Release Rifle Range. Contours show thickness in feet.
Characterization SWMU 07/09 Old Rifle Range (Source: Murphy and Wade, 1995)
November 1995 - Figure 17 Naval Surface Warfare Center

by William L. Murphy and Roy Wade . .
Y Py y Crane, Indiana
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Source: Draft Report, RCRA Facility investigation

Phase Il Groundwater Release Assessment, SWMU 06/09
Demolition Area and Phase lil Release

Characterization SWMU 07/09 Old Rifle Rang

November 1995 - Figure 18

by William L. Murphy and Roy Wade

Figure 3-11

Extent of Golconda/Haney Formation (Shaded)
Beneath Demolition Area (explanation in text)
- Naval Surface Warfare Center
Crane, Indiana

089711/P

3-32

CTO 0038




.

NSWC Crane
GWMP
Revision® 1

Date: May 1999

Section: 3
Page 33 of 52

26C16

! \
{Nestem limits of streem deposits
T '\ R

->
©

250
SCALE, FT

Contours in feet

Source: Draft Report, RCRA Facility Investigation

Phase |l Groundwater Release Assessment, SWMU 06/09
Demolition Area and Phase Ill Release

Characterization SWMU 07/09 Old Rifle Range

November 1995 - Figure 19

by William L. Murphy and Roy Wade

Figure 3-12

Contour Map of Soil (Overburden)
Thickness, Old Rifle Range
Naval Surface Warfare Center

Crane, Indiana
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of Figure 3-12 wereinterpreted to be alluvial deposits of the ancestral channel of Turkey Creek. The alluvial
soils are clays, sands, and gravels, with the coarser deposits near the base of the soil column. The thick
soil area west of the dashed line of Figure 3-12 was interpreted to be colluvial sons derlved by mass wasting
of the slopes above the ORR to the west. The thick colluvial soils correspond to the deep top-of—rock
anomaly west of bonng 06CO08 in Figure 3-13. The area resembles a region of slope failure that might have
been caused by erosion of the toe of the slope by lateral cutting of the ancestral Turkey Creek channel. The
area is relatively flat-lying, uniformly thick, continuous M|55|551pp|an units beneath the ORR. The Big Clifty
sandstone underlies the active area (the area with flashing operations). The Beech Creek limestone is
beneath the Big Clifty and is within 12 ft of the base of the soil in bor_lng 06C13. The Indian Springs shale
and Golconda/Haney limestone underlie the western slopes of the ORR but are absent by erosion. Figure
3-14 shows the eastern subcrop extent of the Indian Springs and Golcondé/Haney at the ORR, as plotted
on the top-of-rock contour map. Over most of the ORR, the Big Ciifty-Beech Creek aquifer is open to direct

infiltration of surface water penetrating the soil cover.

The geologist logging the core at the drill site noted, when possible, the depth at which the rock ceased to
show signs of oxidation (such as prominent limonite? staining). The position of the base of oxidation is
interpreted to be the deeoest historical position of the water table, or aeration.

The Big Clifty and Beech Creek formationé beneath the ORR were noted to contain more open fractures
(joints or bedding planes) than the same formations elsewhere in the DR/ORR study area. All nine core
» borings emplaced for the ORR assessment recorded many low-angle and some high-angle joints. The
abundant low-angle joints are probably bedding-plane relief joints caused by unioading of the rock by
erosional processes in the Turkey Creek system. A recurrent open discontinuity or fracture zone with

accompanying loss of water return during drllhng occurred at or near the top of the Beech Creek

limestone in five of the nine cored borings. The presence of the open fractures can be expected to make -

the formations more transmissive of ground water. -

3.4 HYDROGEOLOGY

This section contains a description of the hydrogeology for the ABG, ORR, and DR. The ground water
hydrogeology, aquifers and aquitards, and general water flow patterns are described. The uppermost
aquifer is defined in 40 CFR 260.10 as the geologic formation nearest the natural ground surface that is
an aquifer, as well as lower aquifers that are hydraulically connected. A

2 Limonite (primarily the mineral geothite) is an oxide of iron fonned by oxidation (weathering) of iron-

bearlng sediment or rock.
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3.4.1 Regional Hydrogeology

Detailed ground water information at NSWC Crane.is‘lacking, since potéb“le'watér’ is derived primarily
from Lake' Greenwood, Indiana. Regionally, ground water fiow is expected to conform with the westward-
" dipping bedrock with a gradient approaching the dip. Locally, ground water flow is likely to'parallel the
surfacé drainage on the installation. Wells installed by WES for the ground water monitoring network
generally showed ground water flow agreed with local drainage. Seasonal fluctuations in the water table

are expected to be slight since precipitation is well distributed throughout the year.

3.4.2 Ground Water Hydrogeology of the Ammunition Burning Grounds Site

Previous paragraphs discussed the ground water regime for the ABG study area as revised from data
'pfovided by' the five additional Beech Creek wells empléced in 1989. Hunt (1988) presented .én analysis
~of the ground watver system within the ABG site proper. The Golconda/Haney limestone is up to 14 ft
thick in ABG borings and is exposed in outcrops on the hillsides within the ABG. The Golconda/Haney is
underlain by the Indian Springs shale aquiclude. Ground water from the Golconda/Haney flows into the
ABG by seepage eastward along the top of rock, prevented from vertical infiltration by the underlying
Indian Springs shale. - Hunt (1988) showed that ground water seeping from the Golconda/Haney within
the ABG eventually infiltrates the Big Clifty/Beech Creek aquifer. There was no evidence that possible
contaminants entering the Golconda/Haney aquifer would exit the ABG other than through the Beech

Creek aquifer sys'fem.

The Big Clifty sandstone is 40 ft thick and occurs directly beneath the soil cover in the eastern half of the
ABG in the valley floor. The Big Clifty is hydraulically connected to the Beech Creek limestone, which is
18 to 22 ft thick at the ABG. The Beech Creek limestone contains joints and bedding planes, which have '
been widened by solution of the limestone by ground water mbving through the formation. Some of the
solution zones have been enlarged by collapse of Big Clifty sandstone and Beech Creek limestone into '
the solution voids. The Big Clifty sandstone and Beech Creevk limestone are éonsidered one aquifer (the

middle aquifer).

The Beaver Bend limestone is 10 to 12 ft thick and comprises the lowest aquifer considered in the
investigation. The Beaver Bend is considered to be isolated hydraulically from the higher aquifers at the
“ ABG but is monitored by five wells at the ABG. The five Beaver Bend wells are 03C01, 03C02, 03C03,
03C08A, and 03C09. | | |
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The three shale aquicludes at the ABG were briefly described earlier. The Indian Springs shale is present
only in the western half and in the upper slopes to the northeast and southwest of the ABG. The _Indian
Springs therefore is an effective aquiclude for uppermost and surface water infiltration to deeper aquifers
ohly in the western and upper slopes portions of the ABG. The EIwrén sr'ial>e is ah effective hydraulic
barrier to ground water moving through the Beech Creek and forces ground water to move laterally along
the bedding contact and through joints in the Beech Creek. The Elwren forms the floor of the many
springs that drain the Beech Creek aquifer in the valley of Little Sulphur Creek south of the ABG and
springs north of the ABG. The Samplé shale lies between the Elwren shale and Beaver Bend limestone.
The Sample, the Elwren, and other-shales of the West Baden Group form a collective 70 ft of aquiclude to -

separate the lowermost aquifer, the Beaver Bend limestone, frorp the higher aquifers.

Surface and ground water flow characteristics in and near the ABG were summarized in Huntl (1988).
Ground water in the Beech Creek aquifer enters the ABG from the north-northwest. Primary flow out of
the ABG is td the east and south down the Little Sulphur Creek drainageway, with secondary flow out to
the southwest and then south through Johnson Hollow. A low ground water divide separates the two
outflow components along a line running approximately from weli 03C26 to well 03C14. Piezometric
surface studies indicate the Beech Creek aquifer drains into the enlarged openings of the solution zones
in the valley of Little SUlphur Creek.- A karst description is included in Section 3.2.2.

Maps of the piezo'metric surfaces of the Golconda/Haney and Beaver Bend aquifer are presented in
Figure 3-15. Water levels from the eight Golconda/Haney wells (03C19P3 is beyond the area pictured)
and the five Beaver Bend wells for December 28, 1989 the latest date available for those wells, were
Lj)sed to construct the piézometric contours. Beaver Bend contours are shown as solid lines and
Golconda/Haney contours as dashed lines. The Golconda/Haney is absent by erosion in the central
portion of the ABG, as shown by the limit line on Figure 3-15. The direction of flow in the
Golconda/Haney is predominantly to the east (to the northwest from well 03CO8AP3), downslope
topographically, as shown by fhe céntours. It therefore drains to the ground surface or along the soil-rock
interface into the lower Big Clifty/Beech Creek aquifer. The gradient on the Golconda/Haney piezometric
surface is approximately 0.017 ft/ft to the east. The aquifer.is artesian (confined) west of 03C22 and
03C23 but becomes unconfined as the aquifer drains to the' east. The contour interval is 1 ft. .

The Beaver Bend piezometric surface is very flat at the ABG. Note that the contour interval on the
surface in Figure 3-15 is only 0.2 ft. Flow is generally to the south at apbroximately 0.0012 f/ft. The
Beaver Bend is artesian beneath the ABG, with a 55 to 60 ft head above the top of the limestone.
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3.4.3 Ground Water Hydrogeology of the Demolition Range

!
3

Aquifers and aquicludes

Wells were installed in three Mississippian formations and the Pennsylvanian Mansfield Formation to
monitor water quality and ground water flow at the DR. The Big Clifty sandstone and Beech Creek
limestone were treated as a single aquifer, a practice established at other SWMUs at NSWC' Crane in
previous RFI investigations. The Big Clifty and Beech Creek represented the deepest aquifer monitored
for the study. Forty-ft screens were placed in the deep wells 06C01 and 06C08. Ten- and 20-ft screens
were placed in the Big Clifty-Beech Creek wells. An upper and a lower interval in the aquifer were
screened in some well clusters, especially northeast of the DR in the vieinity of the ORR. The underlying
Eiwren shale was determined during the drilling program to be consistently at least 5 ft thick. The
probable total thickness of the Elwren shale is 16 to 20 ft, based on information from borings penetrating
the Elwren at the ABG west of the DR. The Elwren thus provides ample retardation of infiltration of
ground water to deeper aquifers.

The Mississippian Golconda/Haney Formation, a limestone and limey shale in the DR study area, was

momtored with wells in four borings: 06C03P2 and 06C04P2, both at the foot of the ridge southeast of

the DR; 06C16P3 at the northwestern end of the ORR (also monitored for the DR); and confirmation well
106-21 in the slope west of the ORR. The greatest thickness of Golconda/Haney penetrated in the study
.area was 31 ft in deep boring 06C01. However, no well was installed there because there were no

indications that the formation was producing water or that there was any usable porosity present.

* .t

The Golconda/Haney is separated from the underiying Big Clifty sandstone by the Indian Springs shale, a
persistent but variably thick aquiclude. The Indian Springs increases from a few feet thick in borings on

the northern end of the DR to 16 ft thick in.borings 06C04 and 06C05 on the south. A 6- to 9-ft head

difference between cluster wells in the Golconda/Haney and Blg Clifty indicates the Indian Springs shale
provides hydraulic separation.

Wells were installed in sahdstones at several intervals or depths in the Pennsylvanian Mansfield
Formation. Of the RFI wells installed in 1989-1990, 06C01P2, 06C01P3, 06C08P2, and 06C06P2 were
screened in the Pennsylvanian. The' earlier confirmation borings 06-01 through 06-13 were also
screened in the Pennsylvanian. Because the Pennsylvanian sediments are so difficult to map (correlate)
in the subsurface, monitoring of the Pennsylvanian is at best random." It is unlikely that bodies of ground
water in the sediments persist for more than a few hundred ft areally because of the likelihood of

encountering occluding shales within that distance. Estimates of hydraulic conductivity of two samples of
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a cross-bedded sandstone recovered at depth of 25 and 45 ft from core boring 06C08 were made from
laboratory gas permeability tests performed on the two samples (Fisher, 1994). Values of hydraulic

conductivity for the two samples were 4.97 x 10’5 and 1.8 x 104' c_en‘timete‘ré/second (cm/sec),
. respectively, with corresponding porosities of 23 and 24 percent, respectively. These values indicated
poor Darcian conductivify. Ground water movement is less likely to occur within and from the
_ Pennsylvanian sediments than in the more uniform and persistent Mississippian aquifers. -The
| Pennéylvanian contact with the underlying Mississippian intercepts the ground surface on the eastern and
southern flanks of the DR ridge and consequently would discharge any migrating ground waters to the
surface. The Mississippian-Pennsylvanian contact is buried (i.e., not exposed) on the western side of the’
ridge. Any migration of contaminated Pennsylvanian ground waters to the west would be more likely than

eastward-moving water to escape detection by the monitoring program.

Hydraulic characteristics

Ground water transmission through the limestone aquifers (Beech Creek and Golconda/Haney) is through
systems of connected joints. Flow within the Big Clifty sandstone is believed to be both through joints

(secondary porosity) and through intergranular pores (primary porosity).

" It was not possible to isolate specific joints or zones of ground water flow in the Big Clifty-Beech Creek

aquifer. Long screens were necessary in some wells to ensure intercepting all flow zones.

A sumple nonrigorous Iaboratory test was performed on an unjointed section of sandstone core from the
Big Clifty formation of well boring 06C01 to verify that there was effective porosnty (intergranular
permeability) in the sandstone. Two pieces of the core were weighed air-dry, submerged in water under
equal heads for 2 days, and then weighed wet. The difference in weight in grams, representing the
R weight [and volume in cubic centimeters (cc)] of water absorbéd by the rock, was divided by the volume
of eachi piece to yield a}w estimate of the effective porosity of the }ock, A value of 18 percent effective
porosity was obtained for both sémples of the'sandstone. Effective porosity is a measure of specific yield
of an Jaquifer and is also known as the drainable porosity or the percentage of interconnected pore space.
The Big Clifty likely can yield ground water even where it is not particularly well jointed. L

"Ground water flow patterns. Ground water flow patterns could be described only for the two

: Mississippian aquifers, the Golconda/Haney and the Big Clifty-Beech Creek system. Ground water zones
in the Pennsylvanian rock were not sufficiently uniform nor persistent to permit mapping of the

piezometric surface.
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Figures 3-16 and 3-17 are water-level contour maps of the Big Clifty-Beech Creek aquifer in the DR study
area for May/June and November 1991, respectively. Water levels in the wells decreased by about 5 ft
between the two measurement periods, but the overall shape of the piezometric surface was unchanged.
Ground water levels for the DR are highest in the north and decrease to the “sduth. Flow in the Big Clifty-
Beech -Creek is generally to the south and southwest but locally flows southeastward toward Turkey
Creek near the ORR at the upper right of the map. The flow gradieht from the vicinity of wells 06C01 and
06C08 to well 06C05 to the southwest averaged 0.002, or about 10 ft per mile (ft/mile). Locally, the
gradient was as high as 0.004 (21 ft/mile). The shape of the piezometric surface is distorted from the.
regional trend. The distortion is caused by drainage of the Big Clifty-Beech Creek aquifer through that
portion of the aquifer that is exposed to near-surface flow through the alluvial soils at the ORR.

~ The piezometric surface of the Big Clifty-Beech Creek aquifer was abdve the top of the Big Clifty (within
the overlying shale) beneath most of the DR, a fact that indicates the-aquifer was in a confined flow
condition. Northeast and below the DR, however, the piezometric surface was below the top of the
aquifer. The aquifer became unconfined as it drained toward Turkey Creek through the more permeable

soil and rock beneath the ORR. In its unconfined state, the aquifer is a water-table aquifer.

The Golconda/Haney limestone was unconfined in all wells placed in it. The Golconda/Haney intercepts
the ground surface in most of the study area and is allowed to free-drain, resulting in the unconfined
condition. Water levels in the Golconda/Haney aquifer were also plotted for May-June and November
1991. There were only about 0.5 to 2.5 ft of fall in water levels between the two dates, however, and the
corresponding piezometric surface contour maps showed little variation from one date to the other. Only
fhe map for May-June 1991 is shown (Figure 3-18). There were only four data points (wells) with which to
plot the surface, with all the points on,the eastern side of the DR. The direction of ground water flow in
the Golconda/Haney is similar to that in the Big Clifty-Beech Creek: south and southwest with local
southeastward flow in the vicinity of the ORR (the upper right quadrant of the map in Figure 3-18). The
flow gradient to the southwest across the central portion of the map is 0.012, or about 63 ft/mile.

The distribution of well-screened intervals in the Pennsylvanian rocks was insufficient to permit mapping
of the piezometric surface(s). ' '

Potential ground water receptors

Potential receptors of contaminated ground waters originating at the DR include the Big Clifty-Beech
Creek aquifer, the Golconda/Haney limestone aquifer, water-bearing units of the Pennsylvanian
sediments, the alluvial/rock water table aquifer in the valleys of Turkey and Boggs Creeks, the surface
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Beech Creek Aquifer Water Levels, May Jun ‘91
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Source: Draft Report, RCRA Facility Investigation

Phase Il Groundwater Release Assessment, SWMU 06/09 Piezometric Surface of May-June, 1991
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Beech Creek Aquifer Water Levels, Nov 1991
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waters of Turkey and Boggs Creeks, and the sedimentation ponds at fhe foot of the ridge below the DR.
The Big Clifty and Beech Creek formations extend in ali,directions away from the DR Area. Much of the
Big Clifty has been removed. by erosion and the formation has been “daylighted” by Turkey Creek to the
east of the DR Area. South, north, and west of the DR, however, the Bigﬂ Clifty ahd ’Beéch Creek are
intact and can transport ground water from beneath the ridge for an undetermined distance downgradient.
-The water-table aquifer of the valleys is presumed to be at about the position of the water in the
permanent streams that flow within the valleys. On the BoégsACreek, or western side of the ridge, the
stream valley .is in Pennsylvanian rocks. Near the southern end of the ridge, the valley is probably in, and
the stream flows on, the Indian Springs shale. The alluvial ground water west of the ridge is subject to
contact with ground water issuing from the Pennsyivanian and Golconda-Haney aquifers but probably not

with ground water from the Big Clifty-Beech Creek aquifer.

East of the ridge, the valley of Turkey Creek is in Big Clifty sandstone from north of the DR to an area just
south of the DR. A south-north line shows that the updip-north component of the Mississippian
formations causes the Big Clifty sandstone to be exposed in the stream valley where the ground surface
drops below about an elevation of 490 ft. The Turkey Creek alluvial aquifer is especially subject to
contact with ground water issuing from the Big Clifty Beech Creek aquifer north of well 06C01. South of
well 06C01, the alluvial aquifer is more subject to contact with water from the Golconda/Haney because
the Big Clifty dips below the level-of the alluvial valley floor. Infiltration of surface runoff from the DR into
the alluvial aquifers has probably decreased significantly since the construction of the four retention
' ponds on the slopes of the ridge. The water of Turkey and Boggs Creeks flows southward around the DR
rid.ge of their confluence south of the ridge. The surface water in the creeks is subject to potential
contamination issuing from the formations in the creek valleys, in a manner similar to that discussed in the
preceding paragraph. The stream water is also susceptible to airborne contaminants and surface runoff,

but that discussion is beyond the séope of this report.

The four sedimentation ponds below the DR intercépt surface runoff through four main drainageways.
The two ponds on the western side of the ridge receive water flowing over Pennsylvanian sediments.
Any ground water that seeps from the Pennysylvanian, where it intercepts the ground surface above the
levels of the ponds and within thgir drainage basins, can collect in the ponds. The two ponds on the
eastern side of the ridge receive water flowing over Pennsylvanian rocks and the Golconda/Haney
limestone. Any ground water seeping into the pond drainage basins from the base of the Pennsylvanian
(for example, along the unconformity or from the Golconda/Haney limestone) can collect in the ponds.
No seeps have yet been identified in the slopes above the ponds.  The sedimentation pond water is

. currently monitored under another program.
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344 Ground Water Hydrology of the Old Rifle Range

Aquifers and équic!pdes

The Big Clifty sandstone'and Beech Creek limestone were monitored as one aquifer at the ORR, as they

were for the DR. The Beech Creek limestone was the deepest formation monitored at the ORR. Well

‘screens were placed at two levels within the Big Clifty-Beech Creek. Ten- or 20-ft screens were installed

near the base of the aquifer and 10-ft screens were installed near the top. The upper screens monitor the
uppermost or water-table aqunfer at the ORR. Many of the upper screens partially screen the deep soil

zone that exists at the ORR. The maximum thickness of Big Clifty-Beech Creek penetrated was 58 ft in '

'boringl 06C16. The least penetrated was 26 ft in 06C13. The deeper wells bottom in the Elwren shale

aquiclude, which is persistent beneath the entire ORR.

~ Two wells were installed in the Golconda/Haney limestone. Confirmation well >O6-21 was installed in 1983

and RFI well 06C16P3 in 1990 (two other wells in the DR study area also screened the Golconda/Haney).
The Golconda/Haney well positions are shown in Figure 3-4. The Golcondé/Haney is absent beneath
most of the ORR. The wells are set in or-near the Indian Springs shale aquiclude. The greatest
thickness of Golconda/Haney encountered was 10 ft in boring 06C16.

The thick alluvial soils that occur over much of the ORR constitute part of the uppermost aquifer. The
similarity in water levels in wells installed solely in the soil column and wells installed in the upper Big
Clifty sandstone indicate that the soils are hydraulically connected with the Big Clifty-Beech Creek

aquifer.

Hydraulic characteristics

Ground water flow through the limestones is through systems of connected joints. Flow within the Big
Clifty sandstone at the ORR is believed to be through both joints (secondary porosity) and intergranular
pores (priméry porosity). As mentioned earlier, the Big Clifty and Beech Creek formations beneath the
ORR contained more open discontinuities (joints and bedding planes) than the same formations
elsewhere in the study area. Abundant low-angle joints and the prominent open dlscontmunty near the top
of the Beech Creek were expected to increase the aquifer's ground water transmissibility. The distortion
of ground water elevation’ contoufs in the vicinity of the ORR, shown in the northeastern corner of Figures
3216 and 3-17, supports the conclusion that flow rates through the aquifer are higher there.
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The open discontinuity in the Beech Creek limestone is identified in boring logs of borings 06C12, 06C13,
06C14, 06C15, and 06C17. A loss of drilling water return was experienced in the zone in most of the

borings. This indicates that the zone transmits water rapidly through the formation.

The thick aIIuVial deposits, which generally occur in the eastern half of the ORR (see Figure 3-12),
contain basal gravels expected to have high permeability. The gravel unit is as much as 11 ft thick in
borings. Ground water contours indicate some of the ecolluvial soils near the center of the site may also
be more permeable to water. The flashing pits are a potential source of ground water contamination.
Contaminants would be expected to migrate toward downgradient wells monitoring the sand and gravel
unit, possibly wells 06-19, 06CQ9, 06C13, and 06C18. The statistical and qualitative evaluation of
contaminatioﬁ confirmed that those four wells were among the contaminated wells identified .

The top-of-rock (the Big Clifty sandstone) is near the base of the flashing pits and susceptible to
infiltration by contaminated runoff. Monitoring well 06-20 and weII 06-22 are both screened in the B|g

Cllfty sandstone and are the only wells in which explosives contamination has been detected.

Ground water flow patterns

Ground water flow patterns were determined for the uppermost aquifer (the Big Clifty sandstone and the
soils) and the lower Big Clifty-Beech Creek aquifer at the ORR. The levels of the piezometric surfaces
are within the Big Clifty and overlying soils over the entire ORR. The aquifer is thus an unconfined, or
water table, aquifer and is free to drain under gravity toward lower elevation, in this case, toward the local
base level represented by Turkey Creek to the east.

The water-level contour maps for the fower Big Clifty-Beech Creek aquifer at the ORR are presented as
Figures 3-19 and 3-20. The lower aquifer at the ORR is the deep aquifer of the DR, discussed earlier.
The hydraulic gradient through the lower aquifer is much flatter (little difference in levels between wells)
than in the uppermost aquifer (note that the contour interval is only 0.2 ft). The ultimate direction of flow
is generally to the southeast. The highest levels are in the southwestern quadrant of the map area near
well 06C12, a reflection of local dewatering of the Big Clifty-Beech Creek aquifer from beneath the DR
" ridge as the aquifer becomes. unconfined and free draining. This free-draining aquifer causes the area to
be classified as a potential wetland. The hydraulic gradient computed for a lower aquifer flow path from
the vicinity of well 06C12 toward the center of the area and out to the southeast was 0.0010 for May-June
(Figure 3-19) and 0.0008 for November (Figuré 3-21). Flow paths are shown by arrows.
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Old Rifle Range Lower Water Levels, Nov 1991
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5.0 CONTAMINANT PLUME DESCRIPTION
' [40 CFR 270.14(c)(4)]

This section provides a summary of information on existing plumes of cohtamination at the ABG, ORR,
and DR. This information was obtained from the RFI (Final Report, RCRA Facility Investigation, Phase lil,
Ground Water Release Characterization, SWMU 03/10, Ammqnition Burniné Ground Technical Report
GL-94-15, May 1994) conducted at the ABG and at the ORR/DR (Draft Report, RCRA Facility
Investigation Phase Il Ground Water Release Assessment, SWMU 06/09 Demolition Area and Phase |l
Release Characterization SWMU 07/09 Old Rifle Range Naval Surface Warfare Center, Crane, Indiana,
William L. Murphy and Ray Wade, November 1995). | '

5.1 AMMUNITION BURNING GROUNDS

The extent of contamination of ground water By sources at the ABG is discussed for each of the three
aquifers described earlier in this repbrt: the uppermost aquifer, the Golconda/Haney limestone; the
middle and primary aquifer, the Big Clifty sandstone/Big Clifty iimestone; and the lower aquifer, the
Beaver Bend limestone. As discussed earlier, the -Golconda/Haney limestone and Big Clifty

sandstone/Big Clifty limestone form an interconnected aquifer system. The extent of contamination in

. each aquifer was determined from evaluation of the ground water qualify data obtained during the period

1981 through January 1992.

5.1.1 ' Golconda/Haney Limestone Aquifer

The Golconda/Haney limestone at the ABG was described in Section 3.0. The formation occupies the

northern, southern, and western fringes of the ABG site, west and north of the ABG, and south along the
ridge betWeen Johnson Hollow and Little Sulphur Creek but is removed by erosion in the center of the
ABG site and in the valleys of Johnson Hollow and Little Sulphur Creek to the southwest and east.
Ground water flow in the monitored portion of the Golconda/Haney at the ABG is toward the east and
north from. the west and south, where the formation drains® into the valley. Analysis of ‘the
Golconda/Haney limestone ,aquifér»indicated that one explosive compound (RDX) was detected, several

organic compounds were detected [trichloroethene (TCE), di-n-butyl phthalate, bis(2-ethyIhexyl)phthalate,

. benzene, carbon tetrachloride, and .chloroform]). One pesticide (2,4,5-TP) was detected. Four heavy

metals (barium, cadmium, mercury, and selenium) were detected. Contamination in the Golconda/Haney,

which has been shown to be primarily TCE, is probably limited to the southwestern quadrant of the ABG,
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with ultimate migration into the lower Big Clifty/Beech Creek aquifer in the central and eastern portions of
the ABG. The detection of TCE may be from well integrity problems. The base of the Golconda/Haney in
the vici‘nity of the ABG is at ebout 590 ft NGVD minimum, at least 90 ft above the -valley floors, and is
underlain by the Indian Springs shale aquiclude. Appendix 5-1, plates 19 and 20 show the TCE
contamination plumes for the Golconda/Haney wells. Appehdix A, plate 1 shows the location of the

solvent burn vessels and the well locations.

5.1.2 Big Clifty Sandstone/Beech Creek Limestonei Aquifer

The Big Clifty/Beech Creek aquifer, as discussed earlier in this report, is infiltrated, or recharged, by
precipitation and runoff in the eastern part of the ABG and is directly accessible by percolating
contaminated ground water. In the remaining parts of the ABG, the Big Clifty/Beech Creek Limestone
Aquifer is interconnected with the Golconda/Haney Aéuifer. The gfound water seeping from the
Golconda/Haney aduifer eventually infiltrates the Big Clifty/Beech Creek aquifer. There is no evidence
that possible contaminants entering the Golonda/Haney aquifer would exit the ABG other than through the
Beech Creek aquifer system. Tributary-branches join at the ABG but sink into the ground a short distance
from the ABG. The tributary flow is derived from ground water in sandstones and possibly from coal
seams in the higher Pennsylvania strata and from seeps from the Golconda/Haney limestone. The karst
solution channels in the Beech Creek limestone have been shown to transport Beech Creek ground water
rapidly to the southeast away from the ABG within the valley of Little Sulphur Creek. The Big Clifty
limestone contains joints and bedding planes that have been widened by solution of the limestone by
ground water moving through the formation. Some of the solution zones have been enlarged by collapse
of the Big Clifty sandstone and Beech Creek limestone into the solution voids. The Sample, the Elwren,
and other shales of the West Baden Group form a collective 70 ft of aquiclude to separate the lowermost
aquifer, the Beaver Bend limestone, from the higher aquifers. Figure 3-5 shows cumulative void thickness
in affected borings. The Elwren shale aquiclude at the base of the Beech Creek disperses the ground
water laterally within the Beech Creek. The Beech Creek discharges ground water back to the surface at
the springs in the valley of Little Sulphur Creek. The Beech Creek and its springs are exposed in the
’ valley at least as far as 3-1/2 miles south of the ABG. Water dlschargmg from the springs recharges Little

Su!phur Creek year round.
Only barium was shown to be present outside the ABG site proper. Spring A was sampled alone in

February 1990 following the first dye tracer test. Notable compounds detected were as follows: Spring A
recorded detected levels of RDX on five occasions at amounts as high as 0.14 mg/l and TNT on one
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event (0.03 mg/l). Spring A' also recorded the heavy metal barium three times (maximum level was
0.14 mg/l). Nitrates (as N) were detected in Spring A three times but at levels below the MCL of 10 mg/l.
Spring A indicated gross beta radiation greater than the ‘MCL of 4 mrem/y on three occasions. Spring B
recorded TCE at 0.139 mg/! once and barium twice. Spring B indicated gross alpha radiation above the
MCL of 15 pCi/L once 'and‘gross beta once above the MCL. Spring C is located on the eastern side of the
valley of Little Sulphur Creek and north of Spring A. Spring C recorded RDX at the detection limit
(0.02 mg/l) and TCE on one event each and barium twice. Nitrates (as N) were detected in Spring C
three times at about the same levels as in Spring A. Spring C indicated gross beta at 7.7 mrem/y (above
MCL) once. Spring C was shown by tracer tests to discharge ground water originating at the ABG only at
“ "high flow, for example, following periods of high or extended precibitation. Spring C avnd other springs
would be more effectively monitored by a sampling system or program that sampled on demand, i.e.,
during high flow conditions. Spring D recorded RDX onée at 0.03 mg/l, TCE once at 0.016 mg/l, and
barium once. Spring D indicated gross beta above MCL of 4 mrém/y twice and gross alpha at the MCL of
15 pCilL twice. '

ASf)ring E recordcled barium and di-n-buty! phthalate once each. Spring{E indicated gross beta once above
MCL.

' Sprin‘g F recorded mercury once at 0.002 mg/l and barium twice. Mountain Spring recorded methoxychlor

once at 0.100 mg/l and barium twice. Spring F indicated gross alpha and beta radiation above MCL once.

Springs B, D, E, and F showed the high values of gross alpha and beta radiation on the April 1991
sampling date only. The reported values of gross radiation for the date are suspect. Other parameters
detected in Springs B, D, E, and F were below primary MCLs. There were some parameters above

- secondary MCLs on some sampling dates.

The dye tracer test confirmed the hydraulic connection to the ABG of the Beech Creek limestone conduits
* that feed Spring A. Dye trace results indicated that Spring C was hydraulically connected to the ABG
- under limited conditions and to _Spring B under even more restricted conditions. Springs A, B, and C
release their ground water to surface drainage that ultimately enters Littl‘eASquhur Creek south 6f the
ABG. Any remediation or future monitoring of release to the Beech Creek aquifer of ABG contaminants

should accommodate the area of Springs A, B, and C and of the surface waters released from them.
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Little Sulphur Creek discharges its waters into its alluvium and downstream beyond the boundary of
NSWC Crane. The alluvial wells (03B01 through 03B09) have not shown persistently detectable levels of
contaminants attributable to ABG activities except for the heavy metal barium. . Surface water and bottom
sediment sampling of Little Sulphur Creek was conducted in the spring and‘in the summer (two rounds) of
1992. Preliminary analysis of the data indicates that certain expldsives, organic ‘compounds, metals, and
nitrates have accumulated in the surface water and bottom sediments of Little Sulphur Creek. Two of 11
surface water sampling sites, located immediately below and 1/4 mile below the ABG site, generally
showed higher frequency and quantity of explosives and metals contamination than the other sites.
Explosives in sediments generally were detected at more sites and at higher ievels within the ABG siie
than below it. Generally, contaminants were detected more frequently in bottom sediments of Little

Sulphur Creek than in its waters.

Contamination by explosives of the ground water of the Big Clifty/Beech Creek system and to the surface

water and the alluvial ground water that it recharges south of the ABG extends south beyond the ABG at
_least as far as the mouth of Spring A and the vicinity-of monitoring well 03C38 in Little Sulphur Creek.

Other compounds, including certain volatile organics and heavy metals, occur in the waters as far south

as the NSWC Crane boundary across Little Sulphur Creek.. . .

| 513 Beaver Bend Limestone Aquifer .

The Beaver Bend limestone aquifer was shown to be hydraulically separate from the Big Clifty/Beech
Creek aquifer, exhibiting a piezometric differential of some 35 to 45 ft (Hunt, 1988). Explosives, organics,

and heavy metals were detected in the Beaver Bend but at relatively low concentrations compared to

-

levels in the Big Clifty/Beech Creek. The five wells monitoring the Beaver Bend are in the ABG site .
proper (wells 03C01, 03C02, 03C03, OBCOQA, and 03C09). Table 5-1 lists the detected compounds and
their results. 1t is not possible to determine the extent of contamination in the Beaver Bend beyond the
ABG without further well emplacement, if action levels for detected contaminants necessitate expansion of
the monitoring program. One of the existing Beaver Bend wells (03C03) will continue to be monitored to -
determine its ground water quality. Appendix 5-2 contains the Vfull nature and distribution of ground water
contamination conducted at the ABG. Appendix 5-1, vplates 14 through 18' show the plume,

concentrations, and constituents for the Beech Creek wells.
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5.2 DEMOLITION RANGE AND OLD RIFLE RANGE

Statistical analysis of metals detected over four rounds of sampling from the‘DR and ORR monitoring’o
wells provided evidence of contamination in some wells by the followmg metals: alumi'num arsenic,
“beryllium, cobalt, manganese, nickel, and zinc at the DR and arsemc manganese and nickel at the ORR.
The following metals were considered borderline contaminants (i.e., their statistical values were just below

tabulated critical values): cadmium and chromium at the DR and zinc at the ORR.

Non-statistical evaluation of explosives and nitrates indicated contamination of a centrally located group of
‘'ORR wells by TNT, RDX, and nitrates. '

Contamination is limited to specific wells or groups of wells. Two figures (Figures 5-1 and 5-2) are
provided to show the location of the named contaminants. Figure 5-1 shows the distribution of
contaminants in the DR wells and Figure 5-2 shows the distribution of contaminants in the ORR wells. In
addition, Appendix 5-3 contains figures that show the plume distribution of specific chemicals in the ORR.

Figure 5-3 shows the TNT plume. Figure 5-4 shows the RDX plume. Figure 5-5 shows the nitrates plume.

- Appendix 5-3 contains the full nature and distribution of ground water contamination conducted by the US

Army Corps of Engineers. :

Summary of Contaminated Occurrence in the Demolition Area

The only contaminants .occurring in the DR were metals. Statistical analyéis of metals in the lower (Big
Clifty/Beech Creek) aquifer of the DR identified only aluminum, arsenic, and manganese as significant
contaminants. Although these contaminants were found in the lower aquifer, none of the boundary wells

showed the presence of these contaminants. Surface detection monitoring will continue in the DR.
The following contains a detailed discussion of the occurrence of metal contamination in the DR.

éarium, copper, and antimony persisted.in four rounds -of sampling in Big Clifty/Beech Creek wells
monitoring the DR. The initially selected background well, 06C08, was actually as high or higher in
several metals (nickel, antimony, copper, arsenic,.aluminum, and zinc) than the other wells. Conversely,
06C08 was one of few wells with relatively low levels of the otherwise ubiquitous compound, barium.

Metals are persistent in monitoring wells at other SWMUs at NSWC. Certain metals are likely
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Demolition Area Wells
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Figure 5-1 Statistically significant and borderline significant.
contaminants in Demolition Area wells.
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Figure 5-2. Statistically significant and borderline significant, and non-statistical contaminants in Old
Rifle Range wells. Results of four rounds of sampling. Explosives shown only for wells with
amounts > detection limit. '
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Mean TNT, Old Rifle Range
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- Mean values of TNT (four rounds), 01d Rifle Range.
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- Mean RDX, Old Rifle Range -
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Figure 5-4 Mean values of RDX (four rounds), 0ld Rifle Range.
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Old Rifle Range
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contaminants from'the ordnance operations within NSWC, including DR activities, but may be present in

the natural rocks and soils as well. Additional background evaluation for metals base-wide is needed.

The persistent metals barium, copper, and ’antimony are concluded to be naturally occurring (background)
components 6f the Big Clifty/Beech Creek aquifer or artifacts of rinsates and field blanks (copper and
antimony occurred in the rinsate blanks at comparable Ievelé). The metal antimony was detected at a
level above the MCL (0.01 mg/l) in all wells in the second sampling round (but is probably attributable to
sampling artifacts). No other metals were detected at levels abdve the MCL in Big Clifty/Beech Creek

wells.

Occurrence of the metals vanédium, cadmium, and beryllium was limited to the shallow wells in the
ﬁortheastern portioh of the DR operations area. Cadmium and beryllium were above the MCL. (0.005 mg/|
for cadmium; 0.001 mg/| for beryllium) in well 06-07. The levels and the statistically significant occurrence
of these metals and of zinc, nickel, aluminum, arsenic, manganese, and cobalt in wells 06-06, 06-07, and
.06-12, which are within 300 ft. of each other, imply that the uppermost ground water in that isolated area
is being contaminated by a local source. Wells 06-01A and 06C01P3, which are 650 ft. west and 350 ft. A
east, respectively, of the group of wells, had essentially. no significant levels of the metals (with the '
possible exception of manganese in 06C01P3). Additional sampling of surface and shallow.soils and

continued monitoring of the wells will be necessary to confirm contamination and to delineate its source.
Iron and magnesium were markedly high in at least six DR wells.

Summary of Contaminant Occurrence in the Old Rifle Range

Both metals and explosives were identified as contaminants. Statistical ahalysis identified only arsenic,
nickel, and manganese as significant contaminants in the uppermost aquifer. Explosives were detected in
only five wells, all within the northern half of the ORR. Because both metals and explosives were

detected in boundary wells, compliance monitoring will be conducted in the ORR.
The following is a detailed discussion of the occurrence of contaminants in the ORR.
Barium, copper, and antimony persisted in four rounds of sampling in upper and lower alluvial, Big Clifty

and Beech Creek wells monitoring the ORR but are considered background (naturally occurring) or

artifacts of sampling rinsates or field blanks. Chromium and arsenic were detected several times in upper

089711/P ' 5-13. CTO 0038



NSWC Crane

- . GWMP
Revision: 1
Date: May 1999
Section: 5
Page 14 of 15

and lower zone wells in the southeastern (downgradient) quadrant of the ORR, and nickel was detected in
the upper zone wells of the northern half. Nickel was detected at relatively high values (>0.1 mg/l, where
MCL = 0.1 mg/l) one time in two shallow wells close to the flashing pits and consistentlyland statistically in
06-17, located about 200 ft. north of the pits. -

The metal antimony was detected at a level above the MCL (0.01 mg/l) in most of the ORR wells in many
sampling rounds (antimony was not statistically significant, however, when compared to background
levels). Nickel was detected at levels above its MCL of 0.1 mg/l in three welis on one occasion each .

(including the two shallow wells near the flashing pits). All other metals detected were below their MCLs.
The secondary MCL metals iron and magnesium were markedly higher in.a few wells.

" The levels of metals detected in the ground water of the Golconda/Haney were noticeably less than in
other aquifers of the study area. Barium, copper, and antimony were most persistent but occurred at
lower levels than in other aquifers. Nickel was detected twice in well 06-21, zinc once in 06C04P2, and
arsenic once in 06C16P3. Chromium, lead, and aluminum were not detected. Antimony was above its

MCL in six samples, but both copper and antimony were determined to be probably sampling artifacts.
Statistical analysis was not conducted for the Golconda/Haney because of the limited number of wells.

Wells 06-21 and 06C04P2 were markedly high in the secondary MCL metal magnesium (means of
84.8 mg/l and 48.7 mgl/l, respectively). '

Explosives and Related Compounds

Explosives. Eight explosives compounds were monitored for four rounds; nitrates and nitrites were
monitored for the fourth round only. TNT, RDX, and HMX were the only explosives detected in the
DR/ORR study area, and they were detected in only five wells, all within the northern half of the ORR.
Seven of the 13 detection events for explosives were of "J" values (estimated values below detection
limit). The only HMX detection was a "J" value in well 06C09. '

Values of any explosives above detection limit were recorded only in wells 06-20 and 06-22, both shallow
wells near the flashing pits.
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TNT occurred in well 06-22 in all four sampling rounds at levels above its detection limit. The highest TNT
value was 0.148 mg/l in the first round. Measured TNT levels decreased with each succeeding round.
RDX occurred twice above detection in well 06-20. All other explosives recorded were below detection

limits.

The highest levels of explosives were in the shallow wells 06-20 and 06-22 near the flashing pits. No
explosives compound was detected more than once in deep wells (06C0S and 06C15) and then only at
"J" levels. Explosives apparently are migrating from the source area through the aquifer very slowly, if at

all.
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6.0 GENERAL GROUND WATER MONITORING REQUIREMENTS
[40 CFR 270(c)(5), 40 CFR 264.97]

40 CFR 264.97 contains general ground water monitoring requirements that must be followed for any
ground water monitoring program that is developed to satisfy Section 264.98 (Detection monitoring),
264.99 (Compliance Monitoring Program), or 264.100 (Corrective Action Program).‘ This section contains
a discussion of each. of these requirements and how each requirement is met in the ground water

monitoring systems at each of the regulated units (ABG, ORR, and DR).

Permitting and closure are also factors at these units. NSWC will operate the ABG, ORR, and DR as
permitted facilities, which are subject to 40 CFR 264 Subpart F ground water monitoring requirements.
Compliance with 40 CFR Subpart F is also a permit condition. vCIosed surface impoundments on the ABG

~ are subject to closure/post-closufe ground water monitoring requirements: Therefore, at the ABG, the

ground water monitoring system will also serve as the closure/post-closure monitoring system for the
closed surface impoundments.

6.1 GROUND WATER MONITORING SYSTEM [40 CFR 264.97(a) AND (b)]

40 CFR 264.97(a) requires the ground water monitoring system to consist of a sufficient number of wells,

_installed at apprdpriate locations -and depths to yield ground water samples from the uppermost aquifer

that represent the quality of background water that has not been affected by leakage from a regulated

unit; represent the quality of ground water passing the pbint of compliance; and allow for the detection of

. contamination when hazardous waste or hazardous constituents have migrated from the waste

management area to the uppermost aquifer. 40 CFR 264.97(b) states that, where a facility contains more
than one regulated unit, separate ground water monitoring systems are not required for each regulated
unit if prowsmns for sampling the ground water. in the uppermost aquifer will enable detection and
measurement at the compliance point of hazardous constituents from the regulated units that have
entered the ground water in the uppermost aquifer. The uppermost aquifer i is defined in 40 CFR 260.10
as the geologic formation nearest the natural ground surface that is an aquifer, as well as lower aquifers
that are hydraulically connected.
The ground water monitoring system wells to be sampled.under the direction of this Ground Water
Monitoring Plan and the Field Sampling Plan (TtNUS, 1998a) were installed as a part of a RCRA Facility
Investigation perfofmed at the ABG (Murphy, 1995) and RFIs performed at the ORR and DR (Murphy and
Wade, 1994 and 1995). The locations of all existing wells propbeed for monitoring at the ABG, DR, and
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VORR are provided on Figures 6-1, 6-2, and 6-3, respectively. Further investigations are necessary to
determine which wells will be selected for ground water monitoring at the Old Jeep Trail.

All wells at the ORR and DR are installed in the uppermost aquifer. In the case of the ABG, welis are
installed in two aquifer systems, the Golconda/Haney and the Beech Creek, which are interconnected

aquifers, and the Beaver Bend, the lower aquifer.

6.2 MONITORING WELL CONSTRUCTION DETAILS [40 CFR 264.97(c)]

40 CFR 264.97(c) requires that all monitoring wells must be cased in a manner that maintains the
integrity of the monitoking well borehole. This casing must be screened or perfofated and packed with
gravel or sand where necessary to enable collection of ground water samples. The annular space (i.e.,
the space between the borehole and well casing) above the sampling depth must be sealed to prevent

contamination of samples and the ground water.

All mohitoring well locations at the ABG, CRR, and DR have been surveyed. Monitoring. well horizontal
locations are surveyed to the nearest 0.10 ft. Vertical elevations are referenced to the NGVP. Monitoring
well elevations and ground surface elevations are surveyed to the nearest 0.01 ft. All wells were
surveyed vertically at a measuring point where the uncapped well riser is notched and at the top of the
protective casing. Appendix C of the approved FSP contains boring logs and as-built well consfruction

diagrams.

6.2.1 Ammunition Burning Grounds Monitoring Wells

A total of 98 monitoring wells have been installed in the ABG as a part of the field investigation for the RFI
(Murphy, 1994). Eighteen of the monitoring wells have been selected to be sampled as a part of the Iongk-
term ground water monitoring plan at the ABG. Each of these wells was constr.ucted of 2-inch-diameter
polyvinyl chloride (PVC) or Teflon riser and well screen. Each of the wells was installed with 10-ft—lbng
well screens. Table 3-2 summarized the ABG ground water monitoring well construction details for the
long-term RCRA monitoring program. Figure 6-4 shows a ty»pical well installed at the ABG. Additional
information is provided in the RFI_report for the ABG (Murphy, 1994).

6.2.2 Old Rifle Range Monitoring Wells

Twelve monit‘drih‘g wells from the ORR have been selected to be sampled as part of the long-term ground
~water monitoring plan at the ORR under the RCRA permit. Each of these wells was constructed of
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2-inch-diameter, PVC riser nipe and well screens. The well screens range in length from 10 to 40 ft. A
40-ft well screen was used for monitoring well 06C08 because it was not clear during drilling and logging
of .the boring where formation water was entering the boring. Twenty-ft screens were used in the Big
Clifty/Beech Creek aquifer to ensure interception of flow zones. All other well screens were 10 ft in
length. Table 3-2 summarized the well construction details for the long-term RCRA monitoring program
wells at the ORR. Figure 65 shows typical wells installed at the ORR. Additional information is provided
in the RCRA RFI for the ORR (Murphy and Wade, 1985). ‘

6.23  Demolition Range Monitoring Wells

Eleven monitoring wells from the DR have been selected to be sampled as a part of the long-term ground
water monitoring plan at the DR under the RCRA permit. One of the upgradient welis (06C08) is also an
upgradient well for the ORR. Each of these wells was constructed of 2-inch-diameter, PVC riser pipe and
well screens. The well sCreeﬁs range in length from 10 to 20 ft. Twenty-ft well screens were used in the
Beech Creek aquifers to ensure interception of flow zones. Table 3-2 summarized the ‘well construction
details for the long-term RCRA monitoring program wells at the DR. Figure 6-5 shows typical wells
installed at the DR. Additional information is provided in the RFi report for the DR (Murphy and Wade, '
1995).

" 6.2.4 Old Jeep Trail Monitoring Wells

Currently, insufficient information is available on which monitoring wells will be sampled at the Old Jeep
Trail Area. Further investigative activities must be performed to determine a proper monitoring network to
meet the objectives of this investigation. Once a monitoring well network is determined, a long-term
ground water monitoring plan for this site will be included as an addendum to this report.

6.3 GROUND WATER SAMPLING AND ANALYSIS [40 CFR 264.97(d) AND-(e)]

40 CFR 264.97(d) requires that the monitoring program must inblude consistent sampling and analysis
procedures that are designed to ensure monitoring. results that provide a reliable indication of ground
water quality below the waste management area. At a minimum, thé program must include sample
collection; sample preservation” and shipment; analytical procedures; and chain-of-custody-control.
40 CFR 264.97(e) requires. that the ground water program must include sampling and analysis

procedures.
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The approved FSP contains sample collection procedures in Sections 4.2.6 and 4.2.7, sample
preservation and shipment procedures in Section 4.2.11,-and chain-of-custody control in Section 4.2.12.
The approved QAPP details analytical procedures and analyses in Table 1-3 and laboratory Standard

Operating Procedures in Appendix B. The analytical procedures were chosen to accurately measure

. hazardous constituents in ground water samples.

Analytical procedures must accurately measure hazardous constituents that may be present in the |
ground water either as the result of being present in the treated waste or that are formed du-ring the
treatment process. An e_\;aluation was conducted to determine if the Appendix IX analytical analyzes all
Appendix Vil hazardous constituents that are present in the treated waste or formed in the treatment
process procedures described in the approved QAPP. The evaluation was conducted by compa'rin.g the -
list of RCRA Appendix VIII constituents to those contained in the treated waste or formed in the treatment
process to those analyzed. The RCRA.Air Quality Assessment at ABG, ORR, and DR (TtNUS, 1997)
was used as the source of information on the composition of the wastes treated and potential emission

constituents. The results showed that all hazardous constituents present in the wastes were analyzed by .

" the Appendix IX procedures. The results of this evaluation are discussed in Section 1.5.

6.4 GROUND WATER SURFACE ELEVATIONS [40 CFR 264.97(f)]

40 CFR 264.97(f) req'uires that the ground water monitoring program must include a determination of the
ground water surface elevation each time ground water is sampled. The sampling procedures in the
approved FSP include determinations of ground water surface elevations each time any monitoring well is
sampled (See FSP Tables 4-1, 4-5, and 4-8).

The ground water elevation data along with hydraulic conductivity data are used to annually establish
ground water flow rates and direction and develop ground water contour maps. Appendix 6-1 contains

the procedures to be used to develop ground water contour maps and flow rates. ' -

- 6.5 SAMPLING PROCEDURE AND INTERVAL [40 CFR 264.97(g)]

40 CFR 264.97(g) requi'res that, in detection monitoring or where appropriate in compliance monitoring,
data on each hazardous constituent specified in the permit will be collected from background wells and
wells at the compliance point(s). 'The numbers and kinds of samples collected to establish background

will be appropriate for the form of statistical test employed. Sample size will be as large as necessary to

- ensure, with reasonable degree of confidenqe, that a contaminant release to the ground water from the
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facility will be detected. The sampling procedures will be a sequence of at least four samples, taken at an
interval that assures, to the greatest extent technically possible, that an i'ndependent sample is obtained
by reference to the uppermost aquifer’s effective porosity or that an alte{rna'te sampling procedure is

proposed by the owner or operator and approved by the Regional Administrator.

Detection monitoring is conducted semi-annually at the DR. Compliance monitoring is conducted
quarterly at the ABG and ORR. Annually Appendix IX monitoring is conducted at the ABG and ORR.

66  STATISTICAL METHOD [40 CFR 264.97(h)]

40 CFR 264.97(h) requires that. statistical methods for evaluating ground water quality be specified for
use in evaluating ground water monitoring data for each hazardous constituent. 40 CFR 264.97(i)
contains performance standards for statistical methods used to evaluate ground water monitoring data.
Section 10 of this ground water monitoring plan contaiﬁs the statistical procedures to be uséd in

evaluation of ground water monitoring data.

6.7 MAINTENANCE OF DATA IN OPERATING RECORD AND REPORTING [40 CFR 264.98(j)]

40 CFR 264.98(j) requires that ground water monitoring daia, including actual levels of constituents, must
be maintained in the facility operating record, and the Reéional Administrator must specify in the permit
- when the data must be submitted for review. Section 1.2 of the GWMP describes recordkeeping.
Section 1.3 describes the submitted reports and the schedulé of reporting.
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7.0 AMMUNITION BURNING GROUNDS

Thls sectron contains a descrlptlon of the ground-water monrtonng programs at the' NSWC Crane ABG

L Ground water momtorlng is bemg conducted at the ABG to meet the requrrements of 40 CFR 264 :
_ SubpartF ' S

®

7.1 GROUND WATER MONITORING PROGRAMS AT AMMUNITON BURNING GROUNDS,"' '
' 40 CFR 264 SUBPARTF]

Followrng is a listing of the ABG: ground water programs requrred in order to meet 40 CFR 264 Subpart F R
requrrements SRR s

Compliance Monitoriﬁ[«) C"F.R _264.99] '

|nter|m status ground water monitoring results show that hazardous constltuents have been detected m;. -

the ground water Therefore in complrance wrth 40 CFR 264. 99 a comphance-momtonng program |s-'
belng |mplemented at the ABG to determine whether the ABG is in compllance with the ground water -

protectlon standard estabhshed under 40 CFR 264.92.

: 'Correcti'\)e' Kétidﬁ' Monito'r'ing [40 CFR 264.100]

There is an exnstmg plume of TCE and explosives wrthrn the ABG A comphance momtonng program has

" been establrshed In compliance. wrth 40 CFR 264.100, corrective actron monltormg rs conducted to

determrne if ‘this plume has moved beyond the pomt of comphance and a need exrsts for correctlve :

actrons

‘ Natural.-Attenuation MonitoriLq_

_'Tetrachloroethylene exploswes ‘and’ metals in the ground water may be undergorng natural attenuatlon ‘

Therefore, momtorrng is being conducted to determiine if natural attenuatron |s occurnng and rf monrtored

natural attenuatron may constitute correctrve action.

3y
v‘
b
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‘Three aqurfers are present at the: ABG one of which is a karst system The locatrons of the monrtonng'

‘ pornts m the three aqurfers and the frequency of monltonng are based on: current understandmg ‘of- the o

behavror of the aqurfers rncludrng -the. aqurfer in the karst system In order to determlne if the aqurfers :

rncludrng the karst system are behavmg as currently understood karst parameters are belng momtored

' Cl_osure,v Monitoring [40 '.'c_'F_R 264.117(3’}(1 N

. A waste pile and surface lmpoundments Iocated wrthln the ABG have’ been closed These closed umts o

“are located among the actlve unrts 40 CFR 264 117(a)(1)(r) and the closure permit - |ssued by IDEM' )

'requure closure monltorlng ‘The ground water momtonng system at the ABG also serves closure- '
' ‘momtorlng requrrements A ‘ :

' Table 7 1 lists the wells, sprlngs and surface water momtormg pomts and descrlbes the obJectlves for A -_‘

each momtonng pomt Table 7-2'lists. the monrtonng points’ and analyses for each momtonng pornt for the

first eight quarters Figure: 71 shows the locations of each momtormg paint. Flgure 7-2 is a close up of

the wells located at the point of compllance and shows detarls of existing and closed treatment unlts at the A
ABG Table 7-3 lists the monitoring pomts and analyses for each monrtorlng pomt for quarterly monltonng
after the f rst elght quarters. Table 7-4 lists the compliance momtorrng pornts for the annual Appendlx IX :

monltorrng Following is a dlscusswn of the regulatory requlrements appllcable to ground water ’

monltormg and how these regulatory requlrements are met.

12 cﬁorl’n'PLiAuc,E MONITORING [40 CFR 264.99]

.Compliance monitoring programs atthe ABG must meet the requirements of 40 CF'R.264'L99l'

40 CFR 264.99(a) requires that ground water be monitored to determine whethe'r'"'régulated units are ln

‘ compllance wrth ground water protectlon standards under 264. 92 _The permit.-must spemfy the followrng PEN

1) A list of hazardous constltuents |dent|ﬁed under 264 93, 2) Concentratlon limits under 264.94 for.each. -

~

hazardous constltuent Concentratron limits must not exceed background at the trme that lrmrt is specrﬁed .
in the: permlt or the specrf ed concentratlons for constituents listed in Table 1 of 264 94, or alternate llmlts

establlshed by the Regional Admlmstrator 3) The compliance point under 264. 95 and 4) the compllance _
perlod under 264.96. '
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NSWC Crane meets these requirements. Hazardous constituents: identified under 40 CFR 264.93, which

will be ‘monitored, include metals, explosives, and TCE and degradation products. A'd_etailed listing of

~ constituents, including -h@zardbus constituents, in each of these dategories is-included in Table 1-2.

Alternate concentration limits (risk-based target Iévels), established undér 40 CFR 264.94(a)(3), are also
listed in Table 1-2. The""c:ompliance point at which th_e ground-water protection- standard appliés is the
vertical surface located at thé.hydraulically downgradient limit of the waste management area. Figuré 7-1
shows the compliance point. The period of compliance will.include the- entire active life of the ABG and
the closure period. Thé’f’compliance period will be extended if corrective éction is occurring at the ABG
untit.it is demonstrated':f:qr a period of 3 years that the ground .water protection standards (risk-based

target levels listed in Table 1-2) are attained.

40 CFR 264.99(b) requires 'the .installation of a ground water monitbring system at the compliance point.
The. ground ‘water monitoring system must represent the -quality of ground water passing the point of

complian;jek[264.97(3)(2)]. Where the facility contains more than one regulated unit, separate ground

water monitoring systems are not required for each regulated unit if the provisions for sampling will enable
detection and measurement of hazardous constituents that have entered the ground water. The waste
manageh;;:égf'érea is described "by an -imagihary line 'circumscr_ibing the several regulated units (40 CFR
264.95(b)(2). Monitoring wells-must meet the casing, screening, and annual space sealing requirements

in 40 CFR 264.97(c). NSWC Crane meets these requirements. Compliance ground water monitoring

~wells af the ABG are placed at the edge of the waste management area and monitor ground water in the

uppermost aquifer system. Table 7-1 lists the ABG compliance wells. . Figure 7-1 shows the locations of
these wells at the compliance.‘pbint. The ABG contains several waste management'units. Figure 7-1
shows that a line circumscribing the regulated units describes the waste rﬁanagement area. The ABG
monitoring .wells meet the construction requirements of 40. CFR 264.97(c). ABG monitoring _Well

construction diagrams are shown in Figure 6-4.

40 CFR264.99(c) requires the specification of sampling procedures and statistical methods appropriate
for the constituents and the facility, consistent with 264.97(g) and-(h). 40 CFR 264.97(g) requires that
data be collected on each hazardous cbnétituent specified in the permit at background and compliance
point welis. The number.and kinds of samples collected to establish background will be appropriate for.

the form of statistical test employed. The sampling procédure must consist of a sequence of at least four

-samples taken at'intervals sufficient to assure that an independent sample is obtained that considers the

aquifer's characteristics and the fate and transport characteristics of the potential contaminants. 40 CFR
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264.97(h) contains requirements for statistical evaluations. NSWC Crane will collect data each quarter at
the ABG background and compliance-point wells listed in Table 7-1. -After, four- rounds of data are
available, background will be re-established and statistical comparisons will be made to downgradient

wells. Statistical procedures are described in Section 10 of the GWMP.

40 CFR 264.99(d) requires the determination, at the frequency épeciﬁed in the .permit,‘of whether there is’
statistically significance evidence of increased  contamination’ for chemical: parameters or -hazardous
constituents specified in the permit.' The statistical method must meet 40 CFR 264.97(h) requirements. A
time period for completion of statistical evaluations must:-be included ‘in the permit. NSWC: Crane will
conduct four rounds of ground water sampling and re-establish background concentrations fo_r the ABG.
After backgrou'nd is re-established, statistical evaluations will be conducted éach q’uartef. ‘The statistical |
evaluation procedure contained in Section 10 meets the requirefnent__s of 40 CFR 264.97(h). - Results of
the statistical evaluations will be submitted to the Regional Administrator within 45 da'ys of the date that

the complete analytical results are available from the laboratory. '

40 CFR 264.99(e) requires anﬁual determination of ground water flow rate and direction in the uppermost
aquifer. NSWC Crane will'prepare an annual ground water monitoringf report, as described in ‘Section
1.3.4. This report will inci_ude iméps showing ground water flow'rate and direction in the Beech Creek
| _ Aquifer (uppermost aquifer). Appendix 6-1 describes how the .ground water flow rates and direction will

be d‘etermined.b '

40 CFR 264.99(f) requires specification in the permit of the frequencies for collecting samples and
conducting statistical tests in accordance with 264.97(g).. NSWC Crane will collect data each quarter at
the ABG background.and compliande-pqint' wells listed 'in" Table 7-1. "After four rounds of data are
" available, background will be re-established and statistical comparisons made to. downgradient wells.

Once background is_re-e'stablished, statistical evaiuations wili-'be conducted every quarter.

40 CFR 264.99(g) requires analysis of samples, at least annually, from all wells at the ‘compliance point
for all constituents contained in hAppendix' IX, Section 264, to determine whether additional hazardous
constituents have entered the ground water. ‘Requireménts for confirmation analysis, r‘e‘ports‘ to ‘the
Regional Administrator, and additions of new hazardous constituents to the monitoring list are included.
NSWC Crane will monitor wells annually at the ABG compliance point for Appendix IX cdnstituents. 1.
these analyses show the presence of hazardous constituents in- the groﬁnd water that are not already

identified in the permit as monitoring requiremenis, the wells may be resampled within 1 month to confirm
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the presence of the hazardous constrtuents If Confi rmed NSWC Crane will report the concentratrons of

these additional hazardous constituents to the Regional Administrator within 7 days and add them to the

comphance momtormg list. If NSWC Crane chooses not to resample the wells, the concentratrons will be .
reported-to the Reglonal Admmlstrator within 7 days and added to the momtormg trst '

40 CFR 264.99(h) contains requurements for notrﬁcatlon and submrssnon for a permrt modlﬂcatuon for A’
- establrshment of a Correctlve Action Program where ‘concentration lrmlts establlshed under 264 94 are
+ being. exceeded. NSWC Crane wull rmplement the procedures. descrlbed in Sectron 1.32. 3 if lt is .

‘ determrned that .the alternate concentratron limits (risk- based target Ievels) llsted in. Table 1~2 are’ '

exceeded for any compllance well at the ABG

. 40 CFR 264 99(:) contalns procedures for demonstratrons that sources other than the regulated unrt‘

caused the exceedence at the compliance: pomt NSWC Crane will notify the Regional Admmrstrator that .
a demonstratlon will be made that the - contammatron is not due to the regulated unrt lf contammatron
resulting in exceedence(s) of the ground water protection standard at the complrance pornt is not due to
the regulated unit (ABG) Thls notifi catron wrll be made within 7 days after the completion of the analysus

40" CFR 264 99(_;) requrres that if it rs determmed that the compllance monltormg program no longer )

meets the requnrements of Subpart F wrthln 90 days a permit applrcatron must be submrtted for a permlt

'modrﬂcatron for approprlate changes NSWC Crane will evaluate-the complrance momtorrng program at-

-the ABG each quarter If it is determiined that the ABG compliance momtonng program no longer meets

40 CFR 264 Subpart F requrrements NSWC Crane will submit a permit appllcatlon to modrfy the ABG '

ground water momtorlng program to meet the requrrements of 264 Subpart F.

" The . ABG compllance monltonng program must also meet ‘the general ground water monrtorlng-

" requirements descrlbed in 40 CFR 264.97. Complrance with general ground water. monrtorlng

requrrements is descrlbed in Sectlon 6
73 'CORRECT'ivE-ACTlON MONITCRING 140 CFR 264.100]

There is an exrstmg plume of contammatlon wrthm the ABG within the Beech Creek aqurfer system
Comphance monitoring is belng lnltlated at the point- of-compliance wells. Two downgradrent Beech
Creek aqurfer wells, 03025 and 03C30 -are being monitored to determlne if the existing plume in the ABG

has moved beyond the point of compliance. Monitoring well 0C03, located in the Beaver Bend aquifer, is
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being monltored to determlne if there is any contamination in the Beaver Bend aqurfer The Beaver Bend

aquifer is con51dered to be hydraullcally separated from the upper Golconda Haneleeech Creek Aquifer - °

system NSWC will evaluate results from these wells every sampling event. If.itis determrned that the =

- existing plume of contamlnatlon has moved beyond the compliance point in the Beech Creek aqulfer :
system or if contammatlon is, found in the Beaver Bend:aquifer in excess of the ground water- protection ,.
standard, NSWC Crane will submit to the Regional Administrator an appllcatlon for a permlt modification
to establlsh a Corrective Action Program meeting the requirements of 40 CFR 264. 100. Thls appllcatlon
wrll be made within 180 days of the date that the determlnatlon is made The applicatlon will mclude ata

mlnlmum the followmg mformatlon

e Adetailed descnptlon of correctlve actlons that WI|| achreve compliance with the ground water protectlon o
standard specified in the permit. ' ' o

o A plan for a ground water monitoring. program that will demonstrate the effectiveness of corrective action. ) '

7.4 NATURAL ATTENUATION MONITORING -
Ground water in the Beech Creek aquifer has been contaminated with chlorinated’ solvents, explosiv'es ‘
and metals. A preliminary evaluation of the exrstrng data mdrcates that the ABG site i is a good candidate

~ for remediation by natural and/or enhanced attenuatlon Natural attenuatlon monitoring will be conducted.-

to determine if natural attenuatlon is occurrlng in the ground water.:

A review of the hydrogeolgy at the S|te shows that the pnmary ground water flow" path. from the ABG |s_'
down the valley of Little Sulphur Creek the fractured sandstone of the Blg Clifty, and the fractures and .
solution cavities of the Beech Creek limestone and emerging as surface water in springs and seeps -
downgradient of the ABG. An area of solution cavities in the Beech Creek leestone acts as a ground
water drain to focus contaminated ground water down the valley of thtle Sulphur Creek Extensrve drilling - '

shows that the solution cavities found prlmanly in'the valley of Little Sulphur Creek were not found in the ‘_ |
ground water dlvrdes along the valley The dense Elwren shale underlylng the- Beech Creek limestone A

restricts downward flow of ground water in the ABG area and focuses the flow of ground: water down the.
Little Sulphur Creek valley. Dye tracer tests provrded data mducatmg that a large portion of the: ground

water exiting the ABG emerges as surface flow from Springs A and C. Ground water also enters Little

Sulphur Creek through seeps in the alluvium. The contaminated ground water is attenuated as it moves ' -

through the Big Clifty, Beech Creek, and alluvial mate_rlals. As the ground water enters the area of the
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solution cavrtres dllutlon occurs as clean ground water ﬂows m from the srdes of the “valley. As the'
ground-water.and- surface water move toward the installation boundary the contamlnants are reduced to
low concentrations. B i :

Eight momtormg wells (03025 -03C03, 03CO4 03B02,-03C10, 03C11, 03C12 and 03BO4) SprlngsAand A'

.C,- ‘and Lrttle Sulphur: Creek (near -the .installation boundary and at’ Spnng A) will be monltored

Parameters that will be monitored- include TCE and degradatron products eprosrves and degradatron
products, and parameters that are ‘indicative of condltlons favorable to natural attentuatron of explosrves‘
and chlonnated hydrocarbons will- be momtored " Table 7- 5 contams a lrstrng of parameters to be'j
momtored for natural attenuation and the rationale for thelr analysrs -

Natural attenuatlon monitoring, data will be evaluated to determiné.if there are clear and meanlngful trends‘
of decreasing contaminant mass and/or concentratlon over trme Graphs showing concentratlon trends

over time will be prepared “Geochemical data will be used to evaluate the types of degradatlon that may

be occumng The presence of degradatlon products will be’ consrdered evrdence that natural attenuatlon o

is occurnng The characterization. data will: be used to quantrfy the rates of contaminant sorptron dllutron

or volatrllzatron or to demonstrate and quantify the rates of blologrcal degradatlon processes occurnng at

‘the ABG

'

_ Natural attenuatlon ‘monitoring W|Il take place over a period. of up to 2 years. lf the data indicate that the

TCE, explosrves and metals contaminants in the ground ‘water or surface water have not been attenuated- A

below risk-based. levels before they reach - the installation boundary, remediation actrvrtles such as’ .

phytoremedratron will be consrdered Plant enzyme ‘mediated degradatron of munrtrons-contammated

' sorls sedlments ‘and surface waters has been. shown to reduce the concentratron of these contamlnants

CUf contaminants are present in ground water or surface water near the mstallatron boundary above risk-"

based levels NSWC Crane will submit a permit modlf cation request to address addltlonal femediation of *
ground water and/or surface water. NSWC Crane. may also: submlt a permrt modrf catuon request to

modrfy the natural attentuation monrtonng program based on the results of the initial screenlng

75 KARSTMONITORING

~ Part'of the ABG i is underlaln by a karst system Several studres of the karst system have been conducted .

‘by the United States Army Corps of Engineers Waterways Experrment Statron (USACE WES) and the

Indiana Unrversrty Department of Geological Sciences. Information regardrng the karst system and’
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-parameters to be monitored for karst behavior is contained in this section. lnformatron on behavror of the
karst system was obtamed from a thesrs that was prepared by Stephen J. Baedke a graduate student at

' lndrana Unrversrty Appendrx 7-1 contarns this thesis. .

" Three aqurfers are present at the ABG One aqurfer is a karst system Karst systems show both temporal
. and spatial vanatlon between dlffuse type and. condurt-type ground water flow. The locations of ‘the-

. monitoring pornts are based on the current_ understandrng o_t the aqur_fer system present at the ABG. -

From hrghest to lowest the three aqurfer systems present at the ABG are the Golconda -Haney aqurfer

the Beech Creek aquer and the Beaver Bend aqurfer

“The Golconda Haney aqurfer consrsts of the Golconda and Haney limestones. ‘The prevalent chemlcal'
character of ground water from this. aqurfer is Caz’ HCO3 - Figure 7-3°is a Piper diagram ‘of water
: chemrstry analysrs for the GolcondalHaney aqurfer Underlyrng the aquifer is the Indian Sprlngs shale,

“which acts ‘as an aqurclude Water entenng this aquifer moves Iaterally along its base and eventually

" exits the aqurfer via seeps. Once at the ground surface, water:enters the Beech Creek’ aqurfer erther by - -

- ‘percolation through the Blg Clifty sandstone or by entenng the headwaters of the Little Sulphur Creek.
The Golconda -Haney aqutfer is ata hrgher elevatron than the operatrng area at the ABG,; therefore, there -

is little potentral for this aquifer to be contaminated by ABG operations.

The Beech Creek aquifer consists of the Big Clrfty sandstone and the Beech Creek lrmestone Underlyrng
the aqurfer is the Elwren shale Wthh acts as an aquiclude. The prevalent natural” chemrcal character of
| the ground water is Ca" + Mg® -HCO,, which is expected from a carbonate terraine. The determrnatron of -
chemical character of the Beech Creek aquifer is complicated: by a plume of Mg" and: SO.,2 from- past'
- practrces and the presence of Na K*, ‘and Ct.in-wells near roads where salting occurs in the winter. -
Figure 7-4 is.a Piper diagram of water chemrstry analysrs for the Beech Creek aquifer. Figure 7-5 is'a
Piper (diagram of water chemistry analysis from* uncontamrnated wells in the Beech Creek aquifer.” This
figure' was constructed by removrng wells that contained anamously high Mg, SO, CI', and Na". The
Beech Creek aqurfer is partrally open to recharge from surface water infiltration during precrprtatron B
Precrprtataon falling on the ABG drains into the headwaters of Littie Sulphur Creek. As surface waters
travel down Little Sulphur Creek, the Indian Springs shale pmches out and the Big Clifty sandstone comes

to outcrop Here surface water percolates into the B|g Cllfty sandstone
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76 CLOSURE MONITORING [40 CFR 264.117]

A waste pile and surface impoundments located within the ABG are currently undergoing closure. These
units are located among the active units. The approved closure plan will require post-closure monitoring

by the ‘IDEM.A The monj.ioring' wells located in the Beech Creek aquifer that are used for the monitoring of

"the active units will also be used for.‘monitoring of ihe closed: waste pile and surface impouriaments.

Table 7-1 contains é list of the wells that will be monitored- for post-closure monitoring. The monitoring

frequencies and anélyses are described in Tables 7-2,7-3, and 7-4.

&
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MONITORING POINT OBJECTIVES

'/

TABLE 7-1

AMMUNITION BURNING GROUNDS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA -

Monitoring Aquifer Background [Compliance ‘|Corrective |Closure Natural Karst
|Point Monitored [Monitoring Monitoring | Action Monitoring Attenuation |Monitorin
03B02 Al K ' X : X -
03B04 Al : X X
03C02P2 BC X X X
03C03 BB X X X X X
03C04 BC X ~ X X X
03C07 BC X X : X
03Co8P2 - BC X X X
03C09P2 BC X X X
03C10 BC X X
03C11 |BC X X
03C12 BC X X X X
03C15 [BC X X X
03C17 [BC X X X X . X
03C20 BC X ' X X
03C25 BC X X X X X
03C26 BC X X - X
03C27 .|BC X X X
03C30 BC X X X X
Little Sulphur Creek

Below Spring C NA X X
Little Sulphur Creek

at Boundary NA X X X X .
Spring A NA - X X X X
[Spring C NA X X X - X

Al Alluvium

BC Beech Creek Aquifer
BB Beaver Bend Aquifer

NA Not Applicable




S - o
\ | . | | ’

TABLE 7-2

AMMUNITION BURNING GROUNDS
QUARTERLY MONITORING - QUARTERS 1 THROUGH 8
NAVAL SURFACE WARFARE CENTER ' -
CRANE, INDIANA :

Monitoring Field™ | Volatiles'” | Dissolved | Explosives'” | Metais"’ Metals'’ Cyanide | TOX | TOC | Sulfide | Sulfate | Phosphorus | Chioride
Point Gases” | (Total) | (Dissolved) ' (Total and '
. : Dissolved)
03B02 A B, C B, C A A B A B,D A C D . . . . . . .
03B04 A B,C B,C A A, B A B, D ACD . . o ' . . . .
03C02P2 A, . A CD . . . . . .
03C03 A B C B,C A A, B A,BD A C D . . . . . . .
03C04 A, B C B,C A A B A, B, D A, C D . . . . . . .
03C07 A, B B A A D AC,D . . . . . .
03C08P2 A B B A A, D A CD e . . . ‘e .
03C0o9P2° A, B B A A, D A, CD ‘. . . . . .
03C10 A B C B,C A A B A B D A, C,D . . . ‘e . . .
03C11 A B C B,C A A,/B A, B;D A C D . . . . . . .
03C12 A B C B,C A A, B A, B, D A C D . . . ‘. . . .
03C15 - A, B B ) A A D A C,D . . . . . .
03C17 A B B A A, D A C,D . . . . . .
03C20 A, B B A - A, D A, C,D . . . . . .
03C25 A B, C B,C A A B A,B,D A CD . . . . . . .
03C26 A B B - A A D A CD . . . . . .
03C27 A B B A A, D A, CD . . . . . .
03C30 A, B B A A, D A, C D . . . . .
Little Sulphur A B, C B,C A A, B A, B, D A, CD . . . . . . o
Creek Below
Spring A . . -
Little Sulphur A B,C B,C A A, B A B, D A CD . . . . . . .
Creek at . :
Boundary ) .
Spring A A, B. C B, C A A, B A, B, D A, C, D . . . . . . .
Spring C A B C B,C A A B. A, B,D A C D . . . . . T e .

-1 The letters A, B, C, etc., indicate subsets of the parar\neter group shown in the column headings. Specific parameters included in each subset are listed in Appendix D of the
approved FSP. : ) )
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TABLE 7-3;" :

AMMUNITlON BURNING GROUNDS
QUARTERLY MONITORING-QUARTERS 9 THROUGH 30
NAVAL SURFACE WARFARE CENTER

CRANE; INDIANA

Monitoring | Field®” | Volatiles'” | Explosives” | Metals ™ Metals Cyanide | TOX " TOC Sulfate | Phosphorus | ‘Chloride

Point ' (Total) (Dissolved) _— (Total and

: - Dissolved)

03C02P2 A B B A A A C . o o o o .
03C03 A B B A A A, C . o . . . .
03C04 A, B ' B A A A C . ‘. . . . o
03C07 A B B . A A A C . . . . . .
03Co08P2 A B B A A AC . . . s . ‘.
03C08P2 A B B A “A A C . . . . . .
03C15 A B B: A A A C . ‘o ' s . e
03C17 A, B B A A A, C [} . 'y . . [y
03C20 A B B8 A A A C * . . . . . .
O3C25 A, B B A : A A. C [ . ‘e . ° °
03C26 A, B B’ A A A C 0 ‘. . . . .
03C27 A B B A A A C . 0 . K . .
"03C30 " A B B A A A, C . . . . . ..
Spring A " AB B A A A, C . . . .. ‘e ‘e
Spring C A, B B A A A C . . . . . ..

1 The letters A, B C, etc., indicate subsets of the parameter group shown in the column headings. Specific parameters included in each subset are listed in Appendix D of the

approved FSP.

Note Monitoring for natural attenuation is scheduled only for the first eight-quarters. ‘Therefore the analyhcal scheme hasbeen modified to discontinue analys:s of natural attenuatlon

parameters.
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TABLE 7-4

AMMUNITION BURNING GROUNDS
ANNUAL: APPENDIX IX MONITORING

- NAVAL SURFACE WARFARE CENTER
CRANE INDIANA '

. NSWC Crane

GWMP

Revision: 1
Date: May 1999
Section: 7

Page 10 0f24 . .
o ‘l"y
. Ji

Monitoring
Points

Appendix iX
“Volatile
Organic

Compounds

i Appendlx 1X-

Semivolatile.
Organic

- Compounds -

Appendlx IX
Pesticides/
PCBs '

[t}

- Appendix X
- Herbicides -

_Appendix IX

Dioxins/

" 'Furans
. m

Su!fide

03C02P2

03C03

03C04

03C07 .

03C08P2

.03C09P2

03C15

03C17:

03C20

03C25

03C26

03C27

03C30

B R

Spring A

Spring C

AR B B R R A PSP PP P R P P P

> »| 2| > | B >|»| 3| | >| 3| > »|»| =

12 »| >3 >/>| 2| > 3| >| 3| >|>|>|>|

> > > > 2| > > >|>| > > >|>|>» = =

> | >l > > B > > 3] > 3| 3> > B|

1 The letters A, B, C, etc., indicate subsets of the parameter group shown in the column headmgs_.

Specific parameters rncluded in each subsetiare Irsted in Appendrx D of the approved FSP.-

Note: Annual Appendlx IX monltonng will be performed in conJunct|on wrth quarterly monrtonng
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' TABLE 7-5

NATURAL ATTENUATION PARAMETERS
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
PAGE 2 OF 2
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ANALYSIS

RATIONALE

(MNX) -

Nitrobenzene (NB).

Exblosive dégrédatidh procliu{:t A‘

1,3-dintrobenzeéne (DNEIB),

Explosive degradation product

. Nitrocellulose (NC)

Explosive contaminant .

\Nitroglycerine (NG)

Explosive contaminant
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vAfter entering the Blg Ciifty sandstone, ground water moves vertically and horlzontally by diffuse and
condurt flow. Vertlcal ground water movement aIIows recharge. into the underlying Beech Creek

limestone. Ground water then enters the Beech Creek Limestone and moves through solutron features

and fractures and along beddlng ptanes The Elwren Shale inhibits further vertical movement of"

groundwater and forces subsequent movement to be parallel to the contact between the Elwren Shale.‘

and Beech Creek limestone. Several spnngs emerge from the waIIs of Little Sulphur Creek at the contact
between the Elwren Shale and Beech Creek limestone. Spring A has been shown to be hydraullcally
connected to the Beech Creek aquifer. ' | |

The Beaver Bend aquifer consists of the Beaver Bend. limestone. It is a confined aquifer overlaid with 70
ft of Elwren and Sample shales. Hydraulic heads in this aquifer are 50 to 60 ft above the top of the aquifer
and 33 to 47 ft below the heads in the overlying Beech Creek aquifer. The extreme differences in head

‘and the presence of a thick shale between these two aquifers show that there is no hydrologic connection

between these two aquifers. This is supported by the prevalent chemical character of ground water in this -

aquifer, which is Na* -HCO,. The chemistry of ground water from the Beaver Bend aquifer is distinctly
different from the other aquifers. Figure 7-6 illustrates the prevalent water chemistry of the Beaver Bend

aquifer.

Karst parameters will be monitored at all monitoring points to determine. if there are any changes in the
behavior of the aquifers present at the ABG. The parameters that will be monitored include pH, Ca*,
Mg*, Na*, K*, HCO;, SO,%, and CI. Piper diagrams of water chemistry will be constructed for each
aquifer. Information from the Piper diagrams witl be used to determine if the behavior of the aquifers
"-present at t'he‘ ABG has changed. _.If the behavior of the aquifer system changes, evaluations will be

conducted of the necessity for changes in the current monitoring system. A permit modification request

will be made to the U.S. EPA in the event it is determined that changes to the current monitoring system-

are necessary to meet 40 CFR requirements.

- 089711/P . 7-20 CTO 0038




—

-
[ 3
+

" - 7_71:‘“:::-_‘2 ',' y ) = > o
’_;'3;-""‘?‘-‘- —:‘:‘;}“ P T e %

i
H5R B
T —— N 4|
—— ——— M‘"W/’:%%;__.— _— 4 e .
= - T —— -‘_b‘_ -
S =
=
] HEE
" P!
Ly e
- Py
h)\ _{,
L
&\ 4{_“_
e
y/ \ s
Py -
//:/ L
’ { N\
/4 N
74
/7, /
// ]
7/
¥/ 4
7/ & s
-‘J‘r"‘ "
/
z"-’
//
_1{/ ;
//
/
1/
_' ' .
7/
174
Y A
7/
7 /
i N
7/
/=7
/,
7/
¥
i
i we
.'.!J'r .
£///
TSI
1/

236

833
e .

i
™,

U3 I'lf !,ﬁ-
{

=
N [\
N »
- 03C02P2! 1] ) 2908
L JSZR S 'y \
—— il | I
Aty %
g o

ATV /

/ L &
// L : 1

!.-jr‘. i ! s \

. /\ 53 |\\ ‘ ] 1518
.'/_I/ \/\/ RO . NG BURIAL SITE | \.‘_-'
/ % ) ‘” ;fr'.m:- TVE it

L}
1

/ F

K

—

03-5PR-C

LEGEND
@® RCRA Permit Monitoring Point
®  Monitoring Well

/\/ Point of Compliance

\
400 N0 400 800 Feet

P:\GIS\CRANE\7651.APR (/15/99 CPG ABG vs'2

AS NOTED

N\ CONTRACT NO.

“_\ /

AMMUNITION BURNING GROUND \ gnﬁu?a_uo.
MONITORING SYSTEM A

NAVAL SURFACE WARFARE CENTER = -

1 _FIGURE7-1 | o

CRANE, INDIANA DRAWING NO. REV.

7N\

N\

N\

7 m) i ;" s- Ja f‘
Lale 800 S




Rewision: ¢

b ' . Figure 7-4. Piper diagram of all water chemistry analysis' taken from the Beech Creek aquifer.
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7.6 CLOSURE MONITORING [40 CFR 264.117]

A waste pile arld surface lmpoundmentstlocate'cl within the ABG are currently undergoing closure- These -

" units are located among the active units. The approved closure plan will require post-closure monltorlng
by the IDEM. The monltonng wells located in, the Beech Creek. aqunfer that are used for the monltormg of

“the active umts wull also be used for monltorlng of the closed waste pile and surface lmpoundments
Table 7-1 contains a list of the wells that will be’ monitored for post- closure monitoring. The momtonng

frequencies and analyses are described in Tables 7 2, 7-3, and 7-4.
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8.0 OLD RIFLE RANGE GROUND WATER MONITORING

This section contains a description of the gfouhd water monitoring prdgrarﬁs at theb NSWC Crane ORR.
Ground water monitoring is being conducted at the ORR to meet the requirements of 40 CFR 264
Subpart F.

8.1 GROUND WATER MONITORING AT THE OLD RIFLE RANGE [40 CFR 264 SUBPART F]

Compliance Monitoring [40 CFR 264.99]

Interim status ground water mohitoring results show that hazardous constituents have entered the ground
water. Therefo‘re, in compliance with 40 CFR 264.99, a compliance-monitoring program .is ‘being
implemented at the ORR to determine whether the ORR s in compliance with the ground water protection
standard established under 40 CFR 264.92.

Table 8-1 lists each of the monitoring points at the ORR and the purposes for which each point is being

monitored. Table 8-2 lists the analyses conducted at each monitoring point each quarter. Table 8-3 lists

' the analyses conducted during the annual Apbendix IX monitoring. Figure 8-1 shows the locations of the

ground water monitoring points at the ORR. The upgradiént well for the ORR screened in the Big
Clifty/Beech Creek aquifer, 06C08, is also the upgradient well for the DR. Figure 8-1 shows the location
of this well in relation to the DR and ORR. ’

8.2 COMPLIANCE MONITORING [40 CFR 264.99]

Compliance-monitoring programs at the ORR must meet the requirements of 40 CFR 264.99.

40 CFR 264.99(a) requires that ground water be monitored to detefmine whether regulated units are in

compliance with ground water protection standards under 264.92. The permit must specify the following:
e Alist of hazardous constituents identified under 264.93.
e Concentration limits under 264.94 for each hazardous constituent. Concentration limits must not

exceed background at the time that limit is specified in the permit, or the. speciﬁed' concentrations for

constituents listed in Table 1 of 264.94, or alternate limits established by the regional administrator.
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TABLE 8-1

OLD RIFLE RANGE

MONITORING WELL SUMMARY
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

NSWC Crane
GWMP
Revision: 1
Date: May 1999
Section: 8
Page 2 of 8

BCU - Big Clifty Upper

BC/BC - Big Clifty/Beech Creek
POC - Point-of-Compliance

089711/P

8-2

Wells ~ Screened Formation Objective
06C08 BC/BC Upgradient
06C11 BC/BC Downgradient (POC)
06C11P2 BCU ‘Downgradient (POC)
06C12 , BC/BC Downgradient (POC)-

T 06C13 BC/BC Downgradient (POC)
1 06C13P2 BCU Downgradient (POC)
v | 06C14 BC/BC "‘Downgradient (POC)
|/ | 06C14P2 BCU ~ Upgradient
| | 06C15 BC/BC Downgrédient (POC)
06C16 BC/BC Downgradient (POC)
06C18 BC/BC Downgradient (POC)
06C18P2 BCU Downgradient (POC)
06C19 BC/BC Downgradient
06C19P2 BCU Downgradient
Notes:
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TABLE 8-2

OLD RIFLE RANGE
_ QUARTERLY MONITORING
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

~ Wells Field” | Explosives!” | Ammonia | AppendixIX | Appendix IX Cyanide‘ TOX | TOC
i : Metals'" Metals'"
(Total) | (Dissolved) i

| osCo8® A A, C . A, D A, D . . .
-06C11 A A, C . A, D A, D . . .

[osci1p2 A A C . A, D A,D . . .
06C12 A A, C . A, D’ A D . . .
06C13 A A, C . A, D A D . e |
06C13P2 A AC . A, D A, D . . .
06C14 A A, C . A, D A, D . . .
06C14P2 A " AC . A, D A, D . . .
06C15 A A C . AD - A, D N .
06C16 A A, C . : A.D A, D . . .
06C18 A A, C . A D “ AD . . .
06C18P2 A A, C . A, D A,D . . .
06C19 A A, C . A D A, D . . .
06C19P2 | . A A C . ‘AD A.D . . .

1 The letters A, B, C, efc. indicate subsets of the parameter group shown in the column headings. Specific
parameters inciuded in each subset are listed in Appendix D of the approved FSP.

2  Monitoring well 06C08 is also an upgrédient well for the DR. Analyses are aiso listed in Table S-2.
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TABLE 8-3
OLD RIFLE RANGE :
ANNUAL APPENDIX IX GROUND WATER MONITORING
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
Wells Appendix IX | Appendix IX | Appendix IX | Appendix IX | Dioxins/ | Sulfide
Volatile Semivolatile | Pesticides/ Herbicides Furans
Organic Organic PCBs m "
Compounds | Compounds m
(1) (1) N
06C08 A A A A A .
06C11 A . A A A A .
06C11P A A A A A .
2 : .
06C12 A A A A A .
06C13 A A A A A .
06C13P A A . A A A .
2 .
06C14 A A A A A .
06C14P A A A A A N
2 .
06C15 A A A A A o
1 06C16 A A A A A )
06C18 A A A . A A .
06C18P A A A A A .
2
06C19 A A A A A .
06C19P A ‘A A A A .
2

1 The letters A, B, C, etc. indicate subsets of the parameter group éhown in the column headings.
Specific parameters included in each subset are listed in Appendix D of the approved FSP.

Note: Annual Appendix IX monitoring will be performed in conjunction with quarterly monitoring.
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o The compliance point under 264.95.
e The compliance period under 264.96:

NSWC Crane meets these requirements for compliance monitoring at the ORR. Hazardous constituents

identified under 40 CFR 264.93 that will be monitored include metals. In addition to metals, explosives

will be monitored. A detailed listing of constituents, including hazardous constituents, in each of these
categories is included in Table 1-2. Alternate concentration limits (risk-based target levels), established
under 40 CFR 264..94(a)(3), are also listed in Table 1-2. The compliance point at which the ground water
protection standard applies is the vertical surface located at the hydraulically downgradient limit of the
waste management area. Figure 8-1 shows the compliance point. The period of compliance will include
the entire active life of the ORR and the closure period. - The compliance period will be extended if
| corrective action is occurring at the ORR until it is demonstrated for a period of 3 years that the ground

water protection levels (risk-based target levels listed in Table 1-2) are attained.

40 CFR 264.99(b) requires the installation of a ground water monitoring system at the compliance point.
The ground water monitoring system must represent the quality of ground water passing the point of
compliance [264.97(a)(2)]. Where the facility contains more than one regulated unit, separate ground
water monitoring systems are not required for each regulated unit if the provisions for sampling will enable
detection and nﬁeasurement of hazardous constituents that have entered the ground water. The waste
management area is described by an imaginary line circumscribing the several regulated units (40 CFR
264.95(b)(2). Monitoring wells must meet the casing, screening, and annual space sealing requirements
in 40 CFR 264.97(c). NSWC Crane meets these requirements. Compliance ground water ‘monitoring
wells at the ORR are placed at the edge of the waste management area and monitor ground water in the
uppermost aquifer system. Table 8-1 lists the ORR compliance wells. Figure 8-1 shows the locations of

these wells at the complia_ncé point. The ORR contains several waste management units. Figure 8-1

shows that a line circumscribing the regulated units describes the waste management area. The ORR .

monitoring wells meet the construction requirements of 40 CFR 264.97(c). ORR monitoring well

construction diagrams are shown in Figure 6-5.

40 CFR 264.99(c) requires the specification of samplihg procedures and statistical methods appropriate
~ for the constituents and the facility, consistent with 264.97(g) and (h). 40 CFR 264.97(9) requires that
data be collected on each hazardous constituent specified in the permit at background and compliance

point wells. The numbers and kinds of Samples collected to establish background will be appropriate for

089711/P ‘ 8-6 . CTO 0038
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the form of statistical test employed. The sampling procedure must consist of a sequence of at least four
samples taken af intervals sufficient to assure that an independent sample is obtained that considers the
aquifer's ch‘aracteristics and the fate and transport characteristics of the botential confaminants. 40 CFR
26497(h) contains requirements for statistical evaluations. NSWC Crane will colleét data each quarter at
the ORR background .and compliance point wells listed ih Table 7-1. After four rounds. of data are
available, background will be re-established and statistical comparisons will be made to downgradient

wells. Statistical procedures are described in Section 10.

40 CFR 264.99(d) requires the determination at the frequency _speciﬁed in the permit, of whether there is
statistically significance ;evidence of increased contamination for chemical parameters or hazardous
constituents spgciﬁed in;the permit. The statistical method must meet 40 CFR 264.97(h) requirements. A
time period for completion of statistical evaluations must be included-in the permit. NSWC Crane will
conduct four rounds of ground water sampling and re-establish background concentrations for the ORR.
After background is re-established, statistical evaluations will be conducted each quarter. The statistical

evaluation procedure contained in Section 10 meets the requirements of 40 CFR 264.97(h). Results of

. the statistical evaluations will be submitted to the Regional Administrator within 45 days of the date that

‘the complete analytical results are available from the laboratory.

-~ 40 CFR 264.99(e) requires annual determination of ground water flow rate and direction in the upperfnost

- aquifer. NSWC Crane will prepare an annual ground water monitoring report, as described in Section
1.3.4. This report will include maps showing ground water flow rate and direction for the Big Clifty Upper
and Big Clifty/Beech Creek aquifers. Appendix 6-1 describes how the ground water flow rates and

direction will be determined.

40 CFR.264.99(f) requires specification in the permit of the frequencies for collecting samples and
conducting statistical tests in accordance with 264.97(g). NSWC Crane will collect data each quarter at
the ORR background and compliance point wells listed in Table 7-1. After four rounds of data are
available, background will be re-established and statistical éomparisons will be made to downgradient

wells. Once background is re-established, statistical evaluations will be conducted every quarter.

40 CFR 264.99(g) requires analysis of samples, at least annually, from all wells at the compliance point
for all constituents contained in Appendix IX, part 264, to determine whether additional hazardous
constituents have entered the ground water. Requirements for confirmation analysis, reports to the .

regional administrator, and additions of new hazardous constituents to the monitoring list are included.
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NSWC will annually monitor wells at the ORR compliarice point for Appendix [X constituents. If these
analyses show the presence of hazardous constituents in the ground water that are not already identified
in the permit as monitoring requirements, the wells may be resampled within 1 month to confirm the.
presence of the hazardous constituents. If this is confirmed, NSWC Crane will report the concentrations
of these additional hazardous constituents to the regional admini.strat,or within 7 days and add them to the
' compliance-monitoring list. If NSWC Crane chooses not to resample the wells, the concentrations will be

reported to the regional administrator within 7 days and added to the monitoring list.

40 CFR 264.99(h) contains requirements for notification and submission of a permit modification for
establishment of a Corrective Action Program where concentration limits established under 264.94 are
being exceeded. NSWC will implemeht the prdcedures described in Section 1.3.2.3 if it is determined tHat
the alternate concehtration limits (risk-ba'sed target levels) listed in Table 1-2 are exceeded for any

compliance well at the ORR.

40 CFR 264.99(i) contains procedures for demonstrations that sources other than the regulated unit

caused the exceedence at the compliance point. NSWC Crane will notify the region.al administrator that a

demonstration will be made that the contamination is not due to the regulated unit if contamination
resulting in exceedence(s) of the ground water protection standard at the compliance point are not due to

the regulated unit (ORR). This notification will be made within 7 days after the completion of the analysis.

If it is determined that the compliance monitoring program no longer meets the requirements of Subpart F,
40 CFR 264(99)(j), within 90 days, a permit application will 'be submitted for a permit modification for
appropriate changes. NSWC Crane will evaluate the compliance-monitoring program at the ORR each
quarter. If it is determined that the ORR compliance monitoring program no longer meéts 40 CFR 264
Subpart F requirements, NSWC Crane will submit a permit application to modify the ORR ground water

monitoring program to meet the requirements of 264 Subpart F.
The ORR compliance-monitoring program must also meet the general ground water monitoring

requirements described in 40 CFR 264.97. Compliance with general ground water monitoring

requirements is described in Section 6.
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9.0 DEMOLITION RANGE GROUND WATER MONITORING PROGRAM
[40 CFR SUBPART F]

- This section contains a description of the DR ground water monitoring program. The monitoring program

meets the requirements of 40 CFR 264 Subpart F for ground water monitoring programs. Descriptions of
the applicable 40 CFR Subpart F reqwrements and discussions of how each requirement is met are
provided in this section.

Table 9-1 lists each of the monitoring points at the DR and the purposes for which each point is being
monitored. Table 9-2 lists the analyses conducted semi-annually at each monitoring point. Figure 9-1
shows the location of each ground water DR monitoring point, including the compliance point.

‘91 -. DETECTION MONITORING AT DEMOLITION RANGE [40CFR 264.98]

Interim status ground water monitoring results show contamination from metals in the active range area.
No contamination was found from explosives or from other constituents. However, contamination was not
found at the point-of-compliance groundwater monitoring wells. Therefore, detection monitoring is

warranted. Section 5.2 contains information on interim status ground water monitoring data.
40 CFR 264.98 contains the requirements for detection monitoring programs:

40 CFR 264.98(a) requires monitoring of indicator parameters that provide a reliable indication of the
presence of hazardous constituents in ground water considering waste composition, mobility in the
environment, detectability, and background variations. The hazardous constituents that will be monitored

at the DR include explosives, metals, cyanide, total organic carbon (TOC), and total organic halogens

~(TOX). The munitions/explosives detonated in the DR are composed of metals and explosives. Cyanide

is a potential degradation product from the detonation of explosives. TOC and TOX are indicator

parameters that indicate the potential'for ground water contamination.

40 CFR 264.98(b) requires instellétion of a ground water monitoring system at the compliance point
speciﬁed under 264.95 and in the genefal ground Water monitoring requirements in 264.97(a)(2), (b)v, and
(c). 40 CFR 264.95 defines the compliance point as a vertical surface located at the hydraulically
downgradient limit of the waste management area that extends down into the uppermost aquifer
underlying the regulated units. 40 CFR 264.97(a)(2) requires that the ground water monitoring system

represent the quality of ground water passing the point of compliance. NSWC Crane has located the DR
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ground water monitoring system at the compliance point. Samples from the downgradient wells represent
the quality of ground water passing the point of compliance. Three aquifers are monitored at the DR.
Monitoring wells 06C08P2 (upgradient) and 06C06P2 (compliance point) monitor tHe Pennsylvanian
aquifer. Monitoring wells 06C03P2 and 06C04P2, both located at the compliance point, monitor the
Golconda’Haney aquifer. The major aquifer system underlying the DR is the Big Clifty/Beech Creek
(BC/BC) aquifer system. These two aquifers are treated as one aquifer system. The upgradient well is

06C08, and the compliance point wells are 06C02, 06C03, 06C04, 06C05, 06C06, and 06CO7.

40 CFR 264.97(c) contains construction requirements for monitoring wells. NSWC Crane has constructed
the monitoring wells to meet the requirements of 40 CFR 264.97(c). Details of monitoring well

construction are provided in Section 6.2.

40 CFR 264.98(c) requires collection of samples at background wells and wells ét the compliance points.
The numbers and kinds of samples collected to establish background will be appropriate for the form of
statistical test employed, and the sample size will be as large as necessary to ensure with reasonable
confidence that a contaminant release to ground water from a facility will be detected. A-record of ground
water analytical data as measured must be maintained in a form necessary for determination of statistical
significance under 264.97(h). NSWC Crane will collect groundwater samples semi-annually at
background and compliance-point wells at the DR. Baékground concentrations will be established after
-four rounds of sampling and compared to concentrations in downgradient compliahée-point wells. The
Iaborétory will supply analytical data in a form suitable for statistical evaluations. All analytical data will be

maintained in the recordkeeping repository located at NSWC Crane.

40 CFR 264.98(d) requires the collection of a séquence of at least four samples from each well
(background and compliance) collected at least semi-annually. 40 Ci’R 264.97(g) requirements are also
referenced. The samples must be taken at an interval that assures to the greatest extent technically
feasible that an independent sample is obtained. NSWC Crane will collect samples semi-annua'lly and

will conduct statistical evaluation when four rounds of analytical data are available.

40 CFR 264.98(e) requires annual determinations of ground water flow rate and direction in the
‘uppermost aquifer. NSWC Crarfe will obtain ground water elevation data at each monitoring well every
~ sampling event. The elevation data wil be used along with Hydraulic conductivity data in the annual
determination of ground water flow rate and direction. This information will be included in the annual
report, described in Section 1.3.4.
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40 CFR 264.98(f) requires determination of whether there is a statistically . significant evidence of
contamination for indicator parameters. Data collected at compliahce points must be compared to

- background water-quality data. Results of the statistical evaluation must be reported in writing within a

reasonable period of time. NSWC Crane will collect four rounds of samples at the DR and re-establish
background. When the fourth round is collected, statistical evaluations will be conducted. Analysis of

ground water samples will be completed within 45 days, after the completion of each semi-annual

- sampling at the DR. Within 45 days, the data will be statistically evaluated and the results made available

to the regional administrator.

40 CFR 264.98(qg) contains requirements for various reports and actions that must occur if there is
statistically significant evidence of contamination at any well at the compliance point. NSWC will
implement the procedures in Section 1.3.1. Section 1.3.1 describes the reports to be submitted and
actions to be undertaken if stétistically significant evidence of contamination is found at any well at the DR

compliance point.

40 CFR 264.98(h) requires submission of an application for a permit modification if it is determined that
the detection monitoring program no longer satisfies the requirements of 264 Subpart F. NSWC Crane
will evaluate the detection-monitoring program semi-annually. |If it is determined that the DR detection
monitoring program no longer meets 40 CFR 264 Subpart F requirements, NSWC Crane will submit a
permit -application to modify the DR ground water monitoring program, within 90 days to meet the
requirements of 264 Subpart F.

The DR detection-monitoring program must also meet the general ground water monitoring requirements

described in 40 CFR 264.97. Compliance with the general ground water monitoring requirements is

addressed in Section 6. ==
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DEMOLITION RANGE

MONITORING WELL SUMMARY
NAVAL SURFACE WARFARE CENTER
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Wells Screened Formation Objective
06C02 BC/BC Downgradient (POC)
06CO03 BC/BC Downgradient (POC)
06C03P2 .G/H - Downgradient (POC)
06C04 BC/BC Downgradient (POC)
06C04P2 G/H Downgradient (POC)
06C05 BC/BC Downgradient (POC)

1 06C06 LP/BC Downgradient (POC)
06C06P2 P Downgradient (POC)
06C07 BC Downgradient (POC)
06C08 BC/BC Upgradient.
06C08P2 P Upgradient
Notes:

BC = Beech Creek
BC/BC = Big Clifty/Beech Creek
G/H = Golconda/Haney LS _

LP/BC = Lower Pennsylvanian/Beech Creek
P = Pennsylvanian
POC = Point of Compliance

089711/P
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TABLE 9-2
DEMOLITION RANGE
SEMIANNUAL MONITORING
NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA
Wells Field"” | Explosives'’ | AppendixIX | Appendix X | Cyanide | TOC | TOX
: ' Metals'" Metals'"
Total Dissolved

06C02 A A A D A D . . .
06C03 - A A ,D ,D ° . .
06C03P2 A A AD A D . . .
06C04 A A A D A, D . . .
06C04P2 A A A, D A D . . .
06C05 A A A, D A D’ . . .
06C06 A A A D A, D . . .
06C06P2 A A A, D A D . . .
06C07 A A A, D A D o ° .
06C08%? A A A,D A, D . . .
06C08P2 A A A, D A, D . o .

1 The letters A, B, C, etc. indicate subsets of the parameter group shown in the column headings.
Specific parameters included in each subset are listed in Appendix D of the approved FSP.
2 Monitoring well 06C08 is also an upgradient well for the ORR. Analyses are also included in

Table 8-2.
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10.0 PROCEDURE FOR DETERMINING STATISTICALLY SIGNIFICANT
INCREASES FOR MONITORED PARAMETERS
[40 CFR 264.97 AND 264.98]

For purposes of determining compliance with RCRA 40 CFR Subpart F ground water requirements, it is
necessary to differentiate between- downgradient concentrations poteniially attributable to waste
" treatment at the NSWC Crane sites (ABG, ORR, and DR) and those present in the upgradient wells at
these sites. o ‘ ‘

The statistical methods proposed to evaluate the ground water-data for the NSWC Crane are employed to

e Develop summary statistics (e.g., range, mean, standard deviation) that describe environmental
contaminant concentrations at the NSWC Crane sites. i

e Allow comparisons of upgradient concentrations to those detected in site environmental samples (i.e.,

samples collected in areas potentially contaminated by waste treatment) at the NSWC Crane site.
The statistical methods presented are based on the following references

.« Snedecor, George W. and William G Cochran, 1980. Statistical Methods. The lowa State University
Press (Snedecor and Cochran, 1980).

o Gilbert, Richard O., 1987. Statistical Methods for Environmental Pollution Monitoring. Van Nostrand
Reinhold Company. New York, New York (Gilbert, 1987). '

e U.S.EPA, 1989. Guidance Document on the Statistical Analysis of Ground-Water Monitoring Data at
RCRA Facilities. EPA 530/SW-89-026 (EPA, 1989).

. e US. EPA, July 1992, Statistical Training Course for Ground-Water Monitoring Data Analysis. EPA
530/R-93-003 (EPA, 1992).

10.1 BASIC APPROACH OF THE COMPARISON OF DOWNGRADIENT WELLS TO THE
UPGRADIENT WELLS '

Downgradient data will be compared to ‘upgradient data using either parametric or nonparametric

analysis, as defined below. No correction for seasonal variability is required, since all wells at the facility
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should be affected similarly. The statistical methods described in the following paragraphs will be used to
determme whether parameter concentrations detected in downgradient wells are significantly different,

statistically speaking, from those detected in samples from the upgradient wells.’

The Analysis of Variance (ANOVA) technique will be the basic approach used to compare data from
upgradient and downgradient monitoring well locations. The ANOVA technique 'is used to test whether
there is statistically significant evidence of contamination. The two types of ANOVA are parametric and
nonparametric. Parametric ANOVA methods make two important assumptions: the data residuals are

normally (or lognormally) distributed, and the group variances are homogeneous.

If the analysis of the data demonstrates that these assumptions, critical to the parametric ANOVA, are
violated, nonparametric ANOVA techniques will be conducted using the ranks of the observations rather

than the observations themselves (U.S. EPA, 1989). The Kruskal-Wallis test will be employed as the

nonparametric ANOVA for comparing the downgradient wells to the upgradient wells.

10.2 . ASSESSMENT OF DATA FOR USE IN STATISTICAL ANALYSIS

As discussed in Section 9.2.2 of the QAPP, qualification of analytical data during the validation process
(i.e., the appllcatlon of U, BU, J, BJ, JN, UJ, UR, and R qualifiers) will be conducted as required by
Region 5 data validation SOPs. The addition of the data qualifiers to analytical results srgnlfles the
- occurrence of QC noncompliances that have been noted during the course of data validation. The

various data qualifiers are defined as follows:

e U- Indicates that the chemical was not detected at the sample quantitation limit (SQL) noted. The

laboratory. reports the SQL for an anaIyte‘foIIowed by this qualifier code if the analyte was not

detected at a concentration greater than or equal to the SQL. This quallf ler is added to a positive
result (reported by the laboratory) during data valldatlon if the detected concentration is determlned to

be attributable to contamination introduced during field sampllng.
* BU - Indicates that the chemical was not detected at the SQL noted. This 'qualifer is added to a
positive result (reported by the Iaboratory) during data validation if the detected concentration is

,determmed to be attrrbutable to contamination introduced dunng laboratory analysis.

* UJ-Indicates that the chemical was not detected at the SQL noted. However, the SQL is considered

to be an estimate based on technical problems identified during data validation.
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J - Indicates that the chemical was detected. . However, the laboratory-reported quantity is considered
to be an estimate of the concentration that is actually present in the sample.

BJ - Indicates that the chemical was detected in the sample as well as in an associated laboratory
’ .blank. The detected concentration was not determined during data validation to be wholly attributable
to contarﬁination introduced.during laboratory analysis. However, the laboratory-reported quantity is
considered to be an estimate of the concentration that is actually present in the sample.

JN - Indicates that the qualitative presence of the chemical cannot be definitely confirmed, but that
the chemical is presumed to be present. The laboratory-reported quantity is considered to be an
estimated concentration. This qualifier is added to a positive result duﬁng data validation. whenever
" qualitative and quantitative confirmation is not definitive. -

UR - Indicates that the nondetected analyticalb result (i.e., the SQL) reported by the laboratory is
considered to be unreliable or unusable and has been rejected. The chemical may or may not be
present. This qualifier is applied in cases of gross technical deficiencies (e.g., holding times missed
by a factor of two times the specified limit, severe calibration noncompliance, and extremely low QC

recoveries).

My e

' "5 - lhgi'éatéé’ that the positive analytical result reported by the laboratory is considered to be
unreliable and unusable and has been rejected. The chemical may or may not be present This

quallﬂer is applied in cases of gross technical deficiencies.

Analytica_l results that are qualified as rejected (R or UR) are considered to be invalid will not be used for

sfatistical analysis or decision making. ‘Analytical results that are qualified as estimated (J, BJ, JN, or UJ)
are considered to be suitable for statistical analysis and decision making purposes. In cases where-a
chemlcal is not detected by the laboratory or is qualified as not detected during data validation (i.e.,

'quallfled with U, BU, or UJ), half the value of the reported SQL will be used for statistical analysis.
Clearly, if all the results are nondetects, no statistical analysis is warranted. In addition, field duplicate

results will be averaged and counted as one sample for use in statistical analysis.
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10.3 PARAMETRIC AND NONPARAMETRIC ANALYSIS OF VARIANCE (ANOVA)

10.3.1 Parametric ANOVA

ANOVA is widely Jsed in the examination of environmental data sets. A one-way classification ANOVA
is used to determine whether or not the difference between average concentrations of a parameter
detected in downgradient wells and upgradient concentrations is statistically significant. The data
residuals are the values resulting from subtracting each measured value from the arithmetic mean. The
assumptions that the residuals are drawn from an underlying normat (or lognormal) distribution and that
the upgradient and downgradient data sets have homogeneous variances must be examined before a

parametric ANOVA is employed.

As stated above, the data residuals must be analyzed to determine whether they were drawn from an
underlying normal, lognormal, or undetermined distribution. A number of statistical evaluations may be
used.to determine which, if either, of the distributions are exhibited by a'given data set. As recommended
by the U.S. EPA, the Shapiro and Wilk "W-test" (for sample sets SSO) and the Shapiro-Francia “W-test"
(for sample sets >50) will be used to determine whether the data are normally or lognormally distributed
(U.S. EPA, 1992). '

10.3.1.1  The Shapiro and Wilk “W-test” of Normality (n<50)

The Shapiro and Wilk W-test (Gilbert, 1987) is an effective method for determining whether a data set has
been drawn from an underlying normal (or lognormal) distribution. In addition, when the Shapiro and Wilk
W-test is conducted on the log-transformed data, the test may be used to determine whether the data
have been drawn frorﬁ an underlying lognormal distribution. The null hypothesis (Hg) that ié tested is

Hy The population has a normal (or lognormal when the data are lqg—transformed) distribution.

The alternate hypothesis (Ha) is

HA The population does not have a normal (or lognormal when the data are log-transformed)

distribution.

If Ho is rejected, then HA 'is accepted. If Ho is not rejected, the data set is consistent with the Ho

distribution.
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A "W statistic (W.ai) is computed for a data set (or a log transformed data set) and compared to a test

statistic (Wiest). If Weaie 2 Weest, then the null hypothesis is not rejected [i.e., the data are assumed to be

normally distributed (or lognormally distributed if log transformed data are tested)]. If Weae <Wiest, then

the null hypothesis is rejected and the alternative hypothesis is accepted [i.e., the data are not assumed

to be normally distributed (or not lognormally distributed if log transformed data are tested)].

The following equations present a step-by-step procedure for conducting the W-test on the residuals:

o Step 1. Group all the data from each of the individual wells.

e Step 2. Calculate the mean for each Qf the k wells x_, by the equation

n

2 x

i=1
n

X

. . y .
where n is the total number of samples in each well.

¢ Step 3. Calculate the residuals for each i" well and j" sampling round by

Ry = x;j - Xi

The equation for conducting the W-Test is

. b 2 .
- o . calc I:SR _\/;___1}

where

- k k
b = z a; (R/,,_m; - R,) = Z b

i=l . i=1
and n is the total number of sampling rounds.

o Step 4. Order the n residuals from smallest to largest to obtain the sample order statistics:
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. Step 6. Determine the coefficients a,, a,,as,..,a, for the sample size n using Table 10-1 where

n
k = 3 if nis even ; and

-1
k = n2 if nis odd

Step 7. Determine b by the formula

! k
b =
i=1

k
a; (R/n—i+l/ - Ri) = Z b

.Step 8. Calculate W, using b from above

b 2
WC[IL“ = D
I {SR\/VI-]:'

Step 9. Determine W, at the 5 percent significance level from Table 10-2.

Step 10. Reject Hg at the 5 percent significance level if W, is less than Wie.
To test the null hypothesis that the data set has been drawn from an underlying lognormal distribution,

transform the data to yy; y2,¥3.... Yim Where ¥i = In Ry, Repeat steps 1 through 10 as described in the
preceding paragraphs. ' '
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in 2 3 4 3 3 7 8 9 10
1 0.7071] 0.7073| 06872] 06646 06431] 0.6233] 06052| 0.5888] 0.5739
2 0.1677| 02413| 0.2806] 0.3031] 0.3164] 03244 0.3291
3 0.0875] 0.1401] 0.1743] 0.1976] 0.2141
4 0.0561] 0.0847] 0.1224
5 0.0399
iin 11 12 13 14 15 16 17 “18 - 19 20
1 05801 05475 05358] 05251] 05150] 0.5056] 0.4968] 04886] 0.4808] 04734
2 03315] 03325 03325 03318] 03306 03290 0.3273] 0.3253] 0.3232f 0.3211
3 02260 0.2347| 02412| 02460 0.2495] 0.2521] 0.2540] 0.2553] 0.2561] 0.2565
4 0.1429]  ©0.1586] 0.1707| 0.1802] 0.1878] _0.1939] 01988] 0.2027] 02059} 0.2085 )
- 5 00695] 0.0022] 0.1099] 0.1240] 0.1353] 0.1447| 01524] 0.1587] 0.1641] 0.1686 '
3 0.0303] 0.0538] 0.0727| 00880 0.1005] 0.1108] 0.1197] 0.1271] 0.1334
7 0.0240] 0.0433] 00593] 00725 00837] 0.0932] 0.1013 '
8 0.0196] 0.0359] 0.0496] 0.0612] 0.0711
9 j 0.0163] 0.0303] 0.0422
10 0.0140
iin 21 22 . 23 24 25 26 - [ 27 28 29 30
1 04643 04590 04542] 04493] 0.4450] 0.4407| 0.4366] 04326 0.4291] 04254
2 03185 03156 0.3126] 0.3098] 0.3069] 0.3043| 0.3018] 0.2992| 0.2968| 0.2944
3 02578] 02571] 0.2563] 0.2554] 0.2543] 0.2533] 0.2522| 02510] 02499] 0.2487
4 02119 0.2131] 02139] 0.2145] 0.2148] 0.2151] 02152] = 0.2151] 0.2150f 02148
5 0.1738] 0.1764| 0.1787] 0.1807] 0.1822| 0.1636] 0.1848] 0.1857| 0.1864] 0.1870
3 013991 01443 0.1480] 0.1512] 0.1539] 0.1563] .0.1584] 0.1601] 0.1616} 0.1630
7 01092] 0.1150] 0.1201] 0.1245] 0.1283] . 0.1316] 0.1346] 0.1372] 0.1395] 0.1415
8 0.0804 0.0878 0.0941 0.0997] 0.1046] 0.1089] 0.1128] 0.1162 0.1192 0.1219
© 9 0.0530] 0.0618] 00696 0.0764] 0.0823] 0.087€ 0.0923] 0.0965] 0.1002 0.1036
10 0.0263| 0.0368] 0.0458] 0.0538] 0.0610| 0.0672 0.0728] 0.0778] 0.0822]| . 0.0862
11 0.0122f . 0.0228] 0.0321 0.0403| 0.0476] 0.0540] 0.0598} 0.0650 0.0697
12 0.0107] 0.0200] 0.0284] 0.0358] 0.0424] 0.0483] 0.0537
13 0.0094] 00178 0.0253] 0.0320] 0.0381
14 0.0084] 0.0159]  0.0227
15 R 0.0076

iln 31 32 33 34 35 36 7 38 39 40
1 0.4220] _04188] 0.4156]| 0.4127] 0.4096| 0.4068] 0.4040] 0.4015 0.9689{ 0.3964
2 0.2921 0.2898] 0.2876] 0.2854] 0.2834] 0.2813] 0.2794] 0.2774 0.2755] 0.2737
3 0.2475| 0.2463] 0.2451] 02439] 0.2427] 0.2415] 0.2403] 0.2391 0.2380 0.2368
4 0.2145] 0.2141 0.2137] 02132 0.2127] 0.2121 0.2116] . 0.2110] 0.2104] 0.2098
‘5
6
7
8
9

0.1874] 0.1878] 0.1880] 0.1882] 0.1683] 0.1863] 0.1883] 0.1881 0.1880( 0.1878
0.1641 0.1651 0.1660| 0.1667| 0.1673] 0.1678] 0.1683] 0.1686] 0.1689 0.1691
0.1433] 0.1449] 01463] 0.1475| 01487 0.1496] 0.1503 0.1513] 0.1520f" 0.1526
0.1243] 01265 0.1284] 0.1301] 01317 0.1331 0.1344] 0.1356] 0.1366] 0.1376
0.1066] 0.1093] 01118] 0.1140] 0.1160] 0.3179] 0.1196] 0.1211 0.1225] 0.1237

10 0.0899f  0.0931 0.0951| 00988 01013] 0.1036] 0.1056] 0.1075] 0.1092 0.1108
1 0.0739] 00777] 0.0821] 0.0844] 0.0873] 0.0900{ 0.0924 0.0947| 0.0967] 0.0986
12 0.0585| 0.0629] 0.0669] 00706] 00739 0.0770] 0.0798] 0.0824 0.0848] 0.0870
13 0.0435| 0.0485| 00530] 0.0572] 00610 0.0645] 0.0677] 00706 0.0733] 0.0759
14 0.0289] 00344| 0.0395] 00441] 0.0484] 0.0523] 0.0558] 0.0592 0.0622] 0.0651
1§ T0.0144| 00206] 00262] 00314 0.0361] 0.0404] 0.0444i 0.0481 0.0515] 0.0546
16 0.0068] 0.0131 0.0187] '0.0238] 0.0287| 0.0331 0.0372] 0.0409] 00444
17 0.0062] 00119] 00172] 0.0220] 0.0264] 0.0305] .0.0343
18 5 0.0057] 0.0110] 0.0158] 0.0203] 0.0244
18 ! 0.0053] 0.0101] . 0.0146
20 0.0049

in 41 42 43 44 45 46 . 47 48 49 50

1 03940 0.3917] 03894 0.3872| 0.3850] 0.3830] 0.3808 0.3789] 0.3770] 0.3751
2 0.2719[ 0.2701 0.2684] 02667 0.2651] 02635] 02620] 0.2604] 0.2589 0.2574
3 0.2357| 02345] 0.2334] 02323] 02313] 0.2302] 0.2291 0.2281 0.2274] 0.2260
4 0.201 0.2085] 0.2078] 0.2072] 0.2065] 0.2058] 0.2052f 0.2045 0.2038[ 0.2032
5

6

7

8

9

0.1876] 0.1874| 0.1871 0.1868] 0.1865] 0.1862] 0.1859] 0.1855] 0.185% 0.1847
0.1693| 0.1694| 0.1695] 01685 0.1695] 0.1695] 0.1695 0.1693] 0.1692] 0.1691
0.1531 0.1535] 01539] 0.1542] 0.1545] 0.1548] 0.1550 0.1551 0.1553] 0.1554
0.1384] 03392] 01398 0.1405] 0.1410] 0.1415] - 0.1420 .0.1423]  0.1427] 0.1430
0.1249] 01259 01269 -0.1278] 0.1286] 0.1293] 0.1300 0.1306] 0.1312] 0.4317

10 0.1123] 01136] 01149] 01160] 0.1170] 0.1180] 0.1189 0.1187] 0.1205] 0.1212
11 0.1004] 0.1020] 0.1035] 0.1048| 0.1062] 0.1073] 0.1085 01095 0.4105] 01113
12 0.0891] 00909 00827] 00943 0.0959] 0.0572] 0.0986 0.0998] 0.1010[ 0.1020
Lo 13 0.0782] 00804 0.0824] 0.0842] 0.0860] 00876] 0.0892| 0. 0906 0.0918] 0.0932
- 14 0.0677] 0.0701] 0.0724] 00745 0.0775] 0.0785] 0.0801 0.0817] 0.0832] 0.0846
15 0.0575] 00602 0.0628] 0.0651] 0.0673] 0.0634] 0.0713 0.0731] 0.0748] 0.0764
16 0.0476] 00506 0.0534] 0.0560] 0.0584] 0.0607| 0.0628 0.0648] 0.0667] 0.0685
17 0.0379] 00411 0.0442] 00471] 0.0497] 0.0522] 0.0546 0.0568] 0.0588] 0.0608
18 0.0283] 00318] 0.0352] 0.0383] 0.0412] 0.0439] 0.0465 0.0489] 0.0511] 0.0532
19 0.0188] 00227| 0.0263] 0.0296| 00328] 0.0357| 0.0385 0.0411] 0.0436] 0.0459
20 0.0094] 0.0136] 00175] 0.0211] 0.0245] 00277 0.0307 0.0335] 0.0361 0.0386
21 0.0045] 0.0087| 0.0126] 0.0163] 0.0187| 00229 0.0259] 0.0288] 0.0314
22 0.0042] 00081] 00188] 0.0153] 0.0185] 0.0215 0.0244
- 23 R S 0.0039] 0.0076] "0.0111] ~ 0.0143] ~0.0174]""" I
24 0.0037| 0.0071] 0.0104
25 0.0350
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PERCENTAGE POINTS OF THE W TEST FOR N=3 to 50

TABLE 10-2

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

n 0.01 0.05
31 0902  0.929
32 0.904] 0930
33 0.906] 0931
34 0.908]  0.933
35 0.910] 0.934]
36 0912 0935
37 0.914]  0936]
38 0.916] 0938
39 0.917] 0.939
40 0.919]  0.940
41 0.920]  0.941
42 0922 0942
43 0923 0943
44 0.924] 00944
45 0926] 0945
46 0.927] 0.945
47 0.928] 0.946
48 0929] 0047
49 0.929] 0947
50 0.930] 0947

DRAFT
n 0.01 0.05
3 0.753 0.767
4 0687 0.748
5 0.686 0.762
6 0.713 0.788]
7 0.730 0.803|
8 0.749 0.818
9 0.764 0.829
10 0.781 0.842
11 - 0.792 0.850
12 0.805 0.859
13 0.814 0.866
14 .0.825 0.874(
15 0.835 0.881
16 0.844 0.887
17 0.851 0.892
18 0.858 0.897
19 0.863 0.901
20 0.868 0.905
21 0.873 0.908
22 0.878 0.911
23 0.881 0.914
24 0.884 0.916
25 0.888 0.918
26 0.891 0.920
27 0.894 0.923
.28 0.896 0.924
29 0.898 0.926
30 0.900] . 0.927
088711/P
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10.3.1.2  Shapiro-Francia Test of Normality (n>50)

The Shapiro-Wilk test of Normality can be used for sample sizes up to 50. When the sample size is larger
than 50, a slight modification of the procedure, known as the Shapiro-Francia test (U.S. EPA, 1992), can
be used instead. o

Like the Shapiro-Wilk test, the Shapiro-Francia test statistic (W’) will tend to be large when a probability

. plot_of the dataindicates a nearly straight line. Only when the plotted data show significant behds_ or

cu:rves will the test stati;tic be small. :

To calculate the test statistic W', one can use the following formula:

o]

.. where x; represents the " ordered value of the sample and m; denotes the approximate.expected

value of the i ordered normal quéntile. The values of m, can be approximately computed as

m = (D_'( ! )
! A n+l

where @ "'denotes the inverse of the standard normal! distribution with zero mean and unit variance.

Normality of the data should be rejected if the Shapiro-Francia statistic is too low‘when compéred to the
critical values provide in Table 10-3. Otherwise, one can assume the data are approximately normal for

purposes of further statistical analysis
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PERCENTAGE POINTS OF THE W’ TEST FOR N>50

TABLE 10-3

(SHAPIRO-FRANCIA TEST)

NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

n 0.01 . 0.05
51 0.935 0.954
53 0.938 0.957
55 0.940 0.958
57 0.944 0.961
, 59 0.945 0.962
61 0.947 0.963
63 0.947 0.964
65 0.948 0.965
67 0.950 0.966
69 0.951 0.966
71 0.953 0.967
73 0.956 0.968
75 0.956 0.969
77 0.957 0.969
79 0.957 0.970
: 81 0.958 0.970
83 0.960 0.971
85 . 0.961 0.972
87 0.961 0.972
89 0.961 0.972
91 0.962 0.973
93 0.963 - 0.973
95 0.965 0.974
97 0.965 0.975
99 0.967 0.976
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10.3.1.3 Homogeneity of Variance

An important assumption in ANOVA is that the variances in the different” groups are equal
(homogeneous). A powerful and commonly used test of this assumption is the Levene test. This test has
practically replaced the older and less robust Bartlett's test and Chi-square test.

Levene's test (homogeneify of variances) is as follows: For each dependent variable, an analysis of
variance is performed on the absolute deviations of values from the respective group means. If the

Levene test is statistically significant, then the hypothesis of homogeneous variances should be rejected

To conduct Levene's test, first compute the absolute value of the residuals:
Zij = [Xij - Xi

where Xijj represents the j"’ value from the " well. Then perform a standard one-way analysis of variation
(ANOVA) on the variable Zjj (see Section 10.3.1.4). If the F test is significant, reject the hypothesis of

equal group variances. _Otherwise, proceed with th'e analysis of Xi/'s as planned.

10.3.1.4 - -Parametric ANOVA Procedure

Assume that a site has k wells and that n; data points (analyte concentrations) are available for the " well.

The following equations presént a step-by-step procedure for conducting the parametric ANOVA
o .Step 1. Compute thie sums and means of each well () as follows:

» - Step 2. Compute the sum of squares of differences between the individual well means and the grand

" mean:

e k

- —\2 £
SS.\-qmp/e = ;ni(Xi_X) = Z/|: ; N

XX
n

This sum of squares has (k-1) degrées of freedom associated with it and is a measure of the

variability between welis. -
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o Step 3. Compute the corrected total sum of squares

k k
SSua = Z (Xy—.?)' = Z

‘

+ This sum of squares has (N-1) degrees of freedom associated with it and is a measure of variability in

the whole data set. ...

e Step 4. Compute the sum of squares of differences of observations within wells from the well means.

This value is the sum of squares due to error and is obtained by simple subtraction:
SS Error = SS Total — SS Sample

The sum of squares due to error has associated with it (N-k) degrees of freedom and is a measure of
the variability within wells.

» Step 5. Set up the ANOVA table. The sums of squares and their degree of freedom were obtained

from Steps 2 through 4. The mean square quantitiés are simply obtained by dividing each sum o_f

squares by its corresponding degrees of freedom.

ONE-WAY PARAMETRIC ANOVA TABLE

Source of Sums of Degrees of . Mean F
"Variation Squares Freedom Squares
Between Sssampie MS sampie=k-1 SSsampiel(k-1) F=MS sampies/MSerror
Locations ' .
Error (within SSkeror MSgror=N-k SSeror/(N-K)
locations)

Total . SStotal N-1

Step 6. To test the hypothesis of equal means for all k wells, compute F = MSsampe/MSenor (last column in
above table). Compare this statistic to the tabulated F statistic with (k-1) and (N-k) degrees of freedom
(Table 10-4) at the 5 percent significance level. If the calculated F value exceeds the tabulated value,
4reject the hypothesis of equal well means‘. Otherw_ise, conclude that there is no
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TABLI.-4
95™ PERCENTILES OF F-DISTRIBUTION-WITH v, and v, DEGREES OF FREEDOM

NAVAL SURFACE WARFARE CENTER
CRANE, INDIANA

vV, 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120

1 161.4 199.5 215.7 224.6 230.2 234.0 236.8 238.9 240.5 241.9 243.9 2459 248.0 249.1 250.1 251.1 252.2 253.3
2 18.51 19.00 19.16 19.25 19.30| . 19.33 19.35 19.37 19.38 19.40 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49
3 10.13 9.55 9.28 9.12 9.01| - [ 894 8.89 8.85 8.81 8.79 8.74 8.70(-. 8.66 8.64 | 8.62 8.59 8.57 8.55
4 7.71 6.94 6.59 6.39 6.26 . 6.16 6.09 6.04 6.00 5.96 .5.91 5.86 5.80 5.77 5.75 5.72 5.69 5.66
5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.62 4.56 4.53 4.50 4.46 4.43 4.40
6 . 5.99 5.14 4.76 4.53 4.39 4.28 4.1 4.15 410 4.06 4.00 3.94 3.87 3.84 -3.81 3.77 3.74 3.70
7 5.59 4.74 4.35 412 3.97 3.87 3.79 - 3.73 3.68 3.64 3.57 3.51 3.44 3.41 3.38 3.34 3.30 3.27
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.22 3.15 3.12 3.08 -3.04 3.01 2.97
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.90 2.86 .2.83 2.79 2.72
10§ 4.96 4.10 3.71f. 348 = 3.33 3.22 3.14 3.07 3.02 2.98 2.91 2.85 2.77 2.74 2.70 2.66 2.62 2.58
1 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.79 272 2.65 2.61 2.57 2.53 2.49 2.45
12 4.75 3.89 3.49 3.26 3.1 3.00 2.91 2.85 2.80 2.75 2.69 2.62 2.54 2.51 247 2.43 2.38 2.34
13 |- 4.67 3.81 3.41 3.18 3.03 2.92 2.83 277 2.71 2.67 2.60 2.53 2.46 2.42 2.38 2.34 2.30 2.25
14 - 4.60 3.74 3.34 3.1 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 2.39 2.35 2.31 2.27 2.22 2.18
15 ! 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.48 2.40 2.33 2.29 2.25 2.20 2.16 2.11
16 | 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.42 2.35 2.28 2.24 2.19 215 2.1 2.06
17 ¢ 4.45 3.59 13200 296 2.81 2.70 2.61 2.55 249 2.45 2.38 2.31 2.23 219 2.156 2.10 2.06 2.01
18 ! 4.41 3.55 3.16 2.93 277 2.66 2.58 2.51 2.46 2.41 234 . 227 2.19 215 2.1 + 2.06 2.02 1.97
19 . 4.38 3.52 3.13 2.90 C2.74 2.63 2.54 2.48 242| . 2.38 2.31 2.23 2.16 211 2.07 2.03 1.98 1.93
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.28 2.20 2.12 2.08 2.04 1.99 1.95 1.90
21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 242 2.37 2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.92 1.87
22 . 430 3.44| 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.23 2.15 2.07 2.03 1.98 1.94 1.89 1.84
23 | "4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 . 2.32 227 2.20 2.13 2.05 2.01 1.96 1.91 1.86 1.81
24! | 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.18 2.1 2.03 1.98 1.94 1.89 1.84 1.79
25 ! 4.24 3.39 2.99 2,76 2.60 2.49 2.40 234 - 2.28]° 2.24 2.16 2.09 2.01 - 1.96 1.92 1.87 1.82 1.77
26 | 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.15 2.07 1.99 1.95 1.90 1.85 1.80 1.75
27 1 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25 2.20 213 2.06 1.97 1.93 ©1.88 1.84 1.79 1.73
28 | 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.12 2.04 1.96 1.91 1.87 :1.82 1.77 1.71
29 | 418 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22 2.18 2.10 2.03 1.94 1.90 1.85 1.81 1.75 1.70
30 417 3.32 2.92 2.69 2.53 242 2.33 2.27 2.21 2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 212 2.08 2.00 192 = 1.84 1.79 1.74 1.69)- 1.64 1.58
60 . 4.00 3.15 2.76 2.53 237 2.25 2.17 2.10 2.04 1.99 1.92 1.84 1.75 1.70 1.65 -1.59 1.53 1.47
120! 3.92 3.07 2.68 2.45 2.29 217 2.09 2.02 1.96 1.91 1.83 1.75) 1.66 1.61 1.55 1.50 1.43 1.35
5
- 2

o®n &

°3z? 2

NOTE: vi: Degrees of Freedom for Numerator : b g"&’ gﬁ [n) 8

v2: Degrees of Freedom for denominator % Nk g §
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significant. difference between the concentrations of the k wells and thus no evidence of

contamination.

In the case where the downgradient well data exhibit a statistically sigriiﬁcant difference from the
upgradient well data, the following steps may be followed to determine which areas are contaminated.
This is done by comparing each individual well to the upgradient well separately using the Bonferroni

t-statistic.

e Step 7. Determine whether the significant F is due to differences between upgradient conCentratio_ns

and downgradient well concentrations (computation of Bonferroni t-statistics).

Assume that, of the k wells, u are from the upgradient well and m are from downgradient wells (i.e.,
u+m=k). Then m differences need to be computed and tested for statistical significance. If there
are more than five downgradient wells, the individual comparisons are done at the signiﬁcance level
of 1 percent, which may make the experiment's significance level greater than 5 percent (U.S. EPA,
1989).

e Step 8. Obtain the total sample size of all upgradient concentrations.

u
ny, = Zni
i=1

) ‘Step 9. Compute the average concentration from the upgradient well.

. ‘Step 10. Compute the m differences between the average concentrations from each downgradient
well and the upgradient well.

089711/P ' 10-14. CTO 0038
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e Step 11. ‘

Compute the standard error of each difference as

' ) 1
SEi = \[MS Error (_ + —)
Ny n;

where MSg,; is detg’fmined'from the ANOVA table from Step 5 and n; is the number of observations

it

at downgradient well i.

[IoN
ks

e Step 12. Obtain thé;t-statistic t = k) (1-aim) from Bonferroni's t-table (Table 10-5) with a =0.05 and
(N-k) degrees of freedom.

e Step13. CompUte the m quantities D; = (SE)(t) for each downgradient well i. If m > 5, use the entry

for tink, 1001 Thatis, use the entry atm = 5.

Interpretation of Bonferroni's Statistic:

‘ If the difference : .

Xi— X

exceeds the value D;, conclude that the downgradient well has significantly higher concentrations
than the average upgradient concentrations. Otherwise conclude that the downgradient well is not
contaminated. This exercise may be performed for each of the m downgradient wells individually.
The test is designed so that the overall experimental error is 5 percent if there are no more thanbfive

wells.

If the number of wells is greater than five, the experimental error will be greater than 5 percent. In
this case, the Bonferroni t-test should be modified by doing the individual ‘comparisons at the 1

percent level.

10.3.2 Nonparametric ANOVA

The parametric ANOVA technique is the preferred approach for comparing environmental measurements
from downgradient monitoring wells to upgradient well data. However, parametric ANOVA methods make

. N
. .
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95™ PERCENTILES OF THE BONFERRIONI t-STATISTIC WITH DEGREES OF FREEDOM, t,;,
NAVAL SURFACE WARFARE CENTER

CRANE, INDIANA

m 1 2 3 4 5
v o/m 0.05 '0.025 0.0167 0.0125 0.01
4 2.13 278 3.20 . .3.51 3.75
5 2.02 2.57 2.90 3.17 3.37
6 1.94 2.45 2.74 2.97 3.14
7 1.90 2.37 2.63 2.83 3.00
8 1.86 2.31 2.55 2.74 2.90
9 1.83 2.26 2.50 2.67 2.82
10 1.81 2.23 2.45 2.61 2.76
15 1.75 2.13 2.32 . 2.47 2.60
20 1.73 2.09 2.27 2.40 2.53
30 1.70 2.04 2.21 2.34 2.46

v = degrees of freedom associated with mean squares error

m = # of comparisons
o = 0.05, the experimentwise error level
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two key assumptions: the inter-well-residuals are normally (or lognormally) distributed and the group

variances aré approximately equal. If either of these assumptions is violated, non-parametric tests (i.e..
Kruskal-Wallis or Wilcoxon Rank-Sum tests) may be used to vdetermine whether constituent
concentrations present in the downgradient areas significantly exceed t_hdse presént in the upgradient

well.

Nonparametric tests are conducted using the ranks of the analytical results rathe‘r‘than the analytical
results themselves. Therefore, the data sets are inspected for extremely high values that may have been

underestimated as a result of the ranking process.

The Kruskal-Wallis (U.S. EPA, 1989) test should be employed when comparing three or more data sets.
However, it is not amenable to two-well comparisons (e.g., one downgradient well to one upgradient well).
In these situations, the Wilcoxon Rank-Sum test (U.S. EPA, 1992) should be employed.

10.3.2.1 __jhe Wilcoxon Rank-Sum Test

o e

When data from multiple downgradient wells are being compared to a single upgradient well-and a non-
parametric test is needed (i.e., the population is not normally or lognormally distributed), the Wilcoxon
Rank-Sum test (also known as the Mann-Whitney U test) should be employed (EPA, 1992). In general,'
the Wilcox:orj, Rank-Sum test should be employed whenever the proportion of nondetects is greater than
15 percent (but less than 90 percent). However, to provide valid results, the Wilcoxon Rank-Sum test
" should not be used unless the downgradient and upgradient wells have been sampled at least four times.

The following equations present a step-by-step procedure for conducting the Wilcoxon Rank-Sum test.

e Step 1. Combine the upgradient and downgradient. data and rank the ordered values from 1 to N.

_Assume there are n downgradient samples and m upgradient samples so that N =m +n.
, ; _
W = ZEi‘E”(”“L])

e Step 2. Compute the Wilcoxon statistic W

where E are the ranks of the downgradlent samples (Large values of the statistic W give evidence of

contamination in downgradlent wells).
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» Step 3. Compute an approximate Z-score. To find the critical value of W, a normal approximation to
its distribution is used. The expected value and standard deviation of W under the null hypothesis

(i.e., no contamination exists) are given by the formulas

. EWw) = —;-mn,' SD(W) = ,}J—IZ—mn(N+1)

An approximate. Z-score for the Wilcoxon Rank-Sum test may be calculated by the following '

equations:

[N

W - E(W) -
SD(W)

The factor of 1/2 in the numerator serves as a continuity correction, sihce the discrete distribution of
the statistic W is being approximated by the continuous normal distribution. If n,m > 10 and ties are

present, an adjustment to the approximate Z-score must be made:

W E)- -
T s
1
g 2
> Ij(f% - )
where: SD' (W)= mn N+ 1 - /=1
nere: 12 N(N-1)
g = the number of tied groups and ¢, is the number of tied data in the ™" group.

e Step 4. For a one-tailed, 0.05 significance level test for H, versus the H, (i.e., the measurements
from population 1 tend to exceed those from population 2), reject H, and accept Hp if Z > Zpgs =
1.645. For a one-tailed a significance level test for H, versus the H, that the measurements from
population 2 tend to exceed those from population 1, reject H, and accept Hy if -Z5 < -Zpg5 = -1.645.
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104 DISCUSSION

Summaries of the analyﬁcal data and statistical analyses performed will be presented in the quarterly and

semiannual reports and will include the following

e Summary of concentrations of each consfituent for which analysis was performed at each
downgradient and upgradient well for the most recent quarter and the detection limit for each

constituent.
« Summary of the most recent quarter’s statistical results including.
- Concentration of each chemical at each well for that quarter.

- Results from tests of normality (Shapiro-Wilk or Shapiro-Francia, where appropriate); tests of
- homogeneity of variance (Levene's test); one-way analysis of variance [parametric ANOVA
. (F test) or nonparametric ANOVA (Kruskél-WalIis test), where appropriate] for each chemical at -

each well for that quarter.

. Tables showmg frequency of detection, range of detections, arithmetic"mean location of
maximum detectlon 95 percent upper confidence limit at the upgradient well, and the appropruate
-data quality level.

- ldentification of_ downgradient wells with concentrations statistically higher than the upgradient
concentration. Those parameters found statistically to be exceeding upgradient will be in
boldface for clarity. ' '

- Sample calculations for all statistical tests performed that quarter.

Annual reports will also include a trend analysis showing méan concentrations of each chemical for the
upgradient and downgradient wells for the four most recent quarters {e g., quarters 2, 3, 4, and 5 in fifth
qUarter) These moving averages will be compared to the moving averages from the previous quarters
(e.g., quarters 1, 2, 3, and 4 from the fourth quarter). Graphical representations of these trends comparing
. upgradient versus downgradient concentrations for co_nstltuents that have_been shown to be statistically

higher than the upgradient concentration will be presented.
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. 11.0 CORRECTIVE ACTION PROGRAM .
[40 CFR .270.14(c)(8)] ‘

Corrective action for Sohd Waste Management Units (SWMUs) is dlscussed in the RCRA Part B permit
application submitted by NSWC Crane in November 1997, and is included in the operating permit for the

Central Storage Facmty and Incinerator.
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