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9111 Research Boulevard 
Austin, TX 78758 

512 425-2000 
Fax 512 425-2099 

November 19, 1997 

North Carolina Department ofHealth and Human Services 
Occupational and Environmental Epidemiology Section 
P.O. Box 29601 
Raleigh, North Carolina 276264601 

RE: Information IGeeded to Do Risk Assessment For a Proposed Partitioning Interwell 
Tracer Test at Site 88, Building HP 25, Camp Lejeune, North Carolina 

Dear Dr. Williams: 

Please find attached the response referenced above. To provide some project background 
information, I have included the executive summary from the work plan as well. Ifthere 
are any questions or ifmore information is required, please call me. 

CC: Ms. Laura Y&, Naval Facilities En@neering Service Center 
Ms. Amy Axon, North Carolina DEHNR 
Ms. Kate Landman, Naval Facilities Engineering Command 
Mr. Mick Senuq AC/S EMD Camp Lejeune 
Mr. Fred Holzmer, Duke Engineering and Services 
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EXECUTIVE SUWY 

Site 88 (Building HP29 is the location of the base central dry cleaning operation. Dry chaning 
operations have been conducted there since 1940’s using first Varsol and then tetrachloroethene 
(PCE) as dry cleaning fluids. Environmentsl investigations have detected the presence of both 
compounds in the subsurface. In particular, f+e-phase PCE, a dense nonaqueous phase liquid 
(DNAPL), has accumulated in two shallow wells installed adjacent to the f&zility during August of 
1997. 

The Naval Facilities Eneinswing Senke Center (NFESC), in collaboration with tlhe U.S. 
Environmental Prot+tion Agency (EPA) National Risk Management Research Laboratory 
(NBMRL), is investigating the su6ctant-enhanced aquifer remediation (SEAR) technology for 
the remediation of sites contammated with DNAPL. This work is being conducted under the 
DOD’s Bnvironmental Security Technology Certification Program (ESTCP). The purpose is to 
perform additional validation of SEAR in order to promote its co mmercialization for the rapid 
cleanup of DMAPL sites owned by the government and industry. Based on the results of .recently 
completed DNAPL investigations, Site 88 has been identified as a suitable site to conduct a 
demonstration of SEAR technology, In addition to subsurface treatment by st&hctants, this 
demonstration will include procedures to recover s&ant from the ef!iluent stream for reuse. 

To investigate the ability of SEAR technology to remediate the site, the quantity of contamination 
present both before and after the surf&ant flood must be measured. Because soil cores cannot 
be relied upon to provide reliable DNAPL saturations over large zones, the volume and extent of 
the DNAPL contamination at the demonstration srea will be determined by conducting 
partitioning interwell tracer tests (P1TT.s). The SEAR demonstration will involve a pre-wurf~tant 
flood PITT, a wfktant flood, and a post-surf&tarn flood PITT. 

The PITT was developed by Dr. Gary A. Pope of the University of Texas Department of 
Petroleum and Geosystms Engineering. Application of PITT technology to the environmental 
field was developed in conjunction with Dr. Richard Jackson of Duke Engineering and Se&es 
(DE&S). PITT8 involve the injection of a suite of tracers in one or more wells and the 
subsequent extraction Born one or more other wells in a well field. Analysis of the test results 
allow the detection and estimation of the volume of DNAPL present in the aquifer between the 
injection and extraction wells. 

Duke Engineering andiSeivices (DE&S), has been retained by the Navy to: 

l conduct preWnary wield work in support of a PITT; 

l select the tracers to be used in the PITT; 

l design the PITT, and 

0 conduct the pre and post-surf&tam flood PITTs in the ESTCP demonstration area. 

ITlTnmwDoc vi 
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The resulta of the pre-swfktat flood PITT will be used in the design of a,mrfkctant flaKId to be 
conducted during the summer of 1998. This work plan details the activities to be IU&-@WI to 
perform the pre-SW flood PITT. 
February, 1998. 

The PITT is s&eduled for the months of Jammxy and 
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Products Applied to Ground Water or Soil 

Containing No Microorganism8 
Information To Do Risk Asaewment 

Reauired General Information 

1. A& Amy Axon 
North Carol& DEHNR, Ground Water Section 

Underground lqjection Control Program 
2728 Capitol Blvd. 
Raleigl~ NC 27626 

g& q1q -7 15-blb5 I - 

2. Central Dry Cl- Facility for Camp Lejeune, North Carolina 
Mr. Mkk senus 
AC/S EMD 
Bldg. HP 67 
Virginia Dare Road 
Camp Lejeune, NC 28542 
tel. 910-451-5068 

3. lkfr. John T. Londergan 
DukeEngineering and Services 
9111 Research Blvd. 
Austin, Texas 78758 
tel. 5 12-425-2028 

4. The partitioning intenvell tracer test (PITT) will be conducted at Site 88, the 
location of the base central dry cleaning operations. There are no active water supply wells 
located within a one mile radius of this site. The nearest active water supply well is HP- 
642 which is loc&ed approximately 1.5 miles east of the site. 

5. As of November 17, 1997 there wu up to 2.8 f&t of tetrachIoroethene 
accumtition in wells located adjacent to the dry-cleaning kility at Site 88. Contaminant 
levels of up to 26,000 part per million (ppm) tetrachloroethene, 180 ppm trichloroethene, 
46 ppm cis-1,2=dichloroethene, and 4.8 ppm vinyl chloride have been detected in soil 

lzloo4 
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samples cdl4 fibrn the s&Gal aquifer (8-18 A BLS). . Varso& a mineral spirits 
product produced by Exxon, is another cant aminant present in the soils and groundwater. 
The Varsol contamination is found at the water table. Soil samples collected from this 
intend have been analyzed for diesel and gasoline range organics. Analyses for diesel. 
range organics have detected up to 590 mg/kg. Analyses for gasoline range organics have 
detected up to 4,200 m&g. 

6. The New River, located approximately 3,000 feet west of the site, is the nearest 
surf&e water. The location of the site in relation to the New River is shown on attached 
Figure 1. 

7. The dry-cle&ing facility, Building Mp25, is lo.ated in the area of contamination. 
Barracks are located approximately 200 feet away. 

Reauired Product/??roceas Smxific Information 

Duke Engineering and Services will request that the manufacturers of the products c0M.m 

Dr. Luanne Williams representing the State of North Carolina for responses to items 1,2, 
3,8, and 9 of this section. Below, we have included some information fkom the recently 
submitted PITT work plan pertaining to these items. 

mm 1. 

All products to be injected, with the exception of calcium chloride, will be purchased front 
Sigma Aldrich Industries. 

Sigma-Aldrich Fink Chemicals 
3050 SpnlGe street 
St. Louis, MO 63103 
Contact person: Ms. Tracy Langenberg 
Contact phone number: l-800-325-3010 ext. 2385 

The calcium chloride will be purchase from 

Acres Organics N.V. (Fisher Scientific) 
Janssen Pharmaceuticalaan 3a 
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Item 2. 

Active Ingredients in Inject&es 

I xnieetate I AdIve Ineredients I PUPDOSe I 

4-Mctbyl-2-Pen~ 4-Methyl-2-Pentanol paftitioningbear;er 

BIWIli& SodiumBromide consemativfz or no~qartitioning 

l-pwpanot Prop)4 aIooho1 or l-+Jpanol nonco~veorpartitioning 

I-HCUUlOl HemI alc4Jhol. n-HexsIlo or I-Hexanol DartitioninnG -I 

2,4-Dimethyl-3- 
pentanol 

DiimproPjdcarbind or 2.4-Dimethyl-3-pentad partitioningtiracer 

1-w-l Hfsptyl#lkolm~n-Heptanol~l-Hepw psutiioniagtracer 

2-Ethyl-1-M 2-Ethyl+hexaml piMitioning~ 

Item 3. 
Biolonical Effects of Some Partitioniw Tracers 

I Toxicity ThreshoId~ I-Eeptamal 
(ceII multiplication inhibition test) I m&L I 

bact&a(P-putida) i52 67 

algae (Mlmqstis aullginosa) 12 3.5 - i 

30 17 - 

75 31 - I 

*Verschuerea. K. 1983. ‘Wandbook of Environmental Data on Omanic Chemicails9p, 

Van Nostrand Reinhold. New York 

Item 4. Based on numeri Cal simulations conducted using a three-dimensional multi-phase 
simulation code known as UTCHEhrl, it is anticipated that about 93% of the injected 
tracers will be recmmd after 40 days of pumping. 
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Item 5. The final tracer concentr8tions Hill be approximately l-5 mg&. 

Item 6. The PITT will be conducted in a well fidd constructed during the course of this1 

project. Under the current conceptualization, the well field will consist of three injection 

wells and six extraction wells arrangedsin a pattern known as a line-drive geometry. The 

injection wells and Faction wells will be spaced 15 feet apart, while neighboring 

injection and extr&on wells will be spaced 10 ft apart. A hydraulic control well will be 

installed at each end of the line of three injection wells to help contain the injected fluids 
and maxim& injectate recovery. Figure 9 from the project work plan, attached, is a: 

schematic of the proposed well pattern. 

At no time will the product co&entrations in the groundwater exceed the injected 

concentrations. The concentrations and quantities of injectates to be used during the Site 

88 PITT are provided in the table below. 

Concentration8 and Quantities of Iujectates to be Used for Site 88 PITT 

TrrrCr I h&ted Concemtrationr 
I 

Quantity (Iba) to be 
mti inhcted I 

- 
4-Iihithyl-24entanol 1,~ 55 

Bromide 1,of)o 66 

1-W 1,~ 55 

I-- 800 44 

2,4-Dimethyl-3qeaanol 800 44 

l-HcptaIiol 800 44 

2-Ethyl-l-hxanol 500 28 

calciwl chloride* I 1000 I 1,120 
I 

*QuanlilyliBtadretlactBrJJeto~amouIltrequircdforthccnlire 
demonstraoknandnotjuatth~perioduftracefiQecGon. 

Item 7. It is not anticipated that any of the injectate will discharge to the New River, the 

nearest s&we water body. The location of the site in relation to the New River is shown 

on attached Figure 1. 

Items 8dk 9. The product manuf&ur ers will provide responses to these items. 
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DATE: 1 vl9/97 

REF: TDN 30499999 Site Location Map 
FILE: CAMPLXAR Camp Lejeune, North Carolina 

(Modlfled from 1997 Delorme. Street Atlas USA) Figure ‘I 
I- 
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Item 10. The volume and extent of DNAPL contamination at the demonstration area ,wti 
be determined by conduct@ a PITT. The PITT involves the injection of a suite of tracers 
in one or more wells and subwquent extraction from other weUs in a well field. 
Conservative (i.e., non-partitioning) tracer8 pass unretarded through the DNAPL zone, 
whereas the pa&ion& tracers ace retarded due to their partitioning into and out of the 
DNAPL. The mival times and concentrations of the tracers at the extraction we& are: 
usedto me&e the volume and distributkm of DNAPL in the interwell zone. 

Reference 

Jii M., M. Del&ad, V. Dwarakanath, D.C. McKinney, G.A. Pope, K. Sepehmoori, C. 
Tilburg, and RE. Jackson: 6Partitioning Tracer Test for Detection, Estimation 
and Ranediation Performance Assessment of Subswfhce Nonaqueous-phase 
Liquids,6 Water Resources Research, 3 1 (5), pp. 1201, 1995. 
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