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EXECt:TIVE SUM:\1AR'i 

EnSafelAUrn aDd HO!lhall has cnmpll:ted initilll environmenaai 3SSC!.SllIent act ivities al the Naval 

Hospital Building H·100 at the Naval Air Station Memphis located in Millington. Tennes'iCe. 

This investigation was in respon:se to a release of No.2 fuel oil from an undergmmd storage 

tank system used as a backup fuel supply for the hospital boiler system. 

SoillJld groundwater samples were co1Jected and analyzed for Diesel Range Organic compound!! 

to as.ses.s the extenl of COOIaruination. Initial results indicate that soils and groundwater in !be 

area of the boiler room, the susp«:led rele:ue area, have bc:cn impacted. To a more limited 

uteRI , soils and grouooWllter in the a.ea of the uooerground storage UlJ\k$ have also been 

impacted . 

Much of the ~il contamination =ms 10 be limited to the sandy engineered fill of the building 

founda/ioD. This fill. located beneath the concrete boiler room floor, wa, found to range in 

thickness from 1.0 feet to 2.5 feel . However, it is possible that tlx: fill extends to greater depths 

around building supports. Venical migration ofpctrolrum oontaminanu in the soiJ i~ ~pparent1y 

restricted by a nalUral c lay layer encountcred just below the sandy fill . Falling-bead analysis 

UJdicates Iholl the veltical pcrTDeabilillts of this c lay maIerial ra.oged bel:ween 5 .0 2 x 10" and 

6.26 x 10"9 cmfJCC. 

Groundwater impacts in the area of the boiler room may have been caused by the millration of 

petroleum contaminants along building supports. There are !£veral ~tIUttural footings installed 

in this area which CQuld have been providing a conduit for petroleum contaminant migration. 

It is unclear at this time whctbcr the IOW-Ic:vel50iI and groundwater contamination in the vicinity 

of Ihe undergrouod storage tanks are related to conllunination in the area of the boiler room or 

103 small relcaliC (spill) at the tank pit . COOlinued monitoring or groundwater monitoring well 

MW·2, located at !be southern edge of the tank pit and downgradienl of the boiler room. may 

help in this detennination. 



A. lNTRODUCTION 

~A.~hpotI 

:VAS J>!entphU·MnuI HospiuJJ 
~,,~ IS. 1991 

A release of No.2 fuel oil wa.~ reponed on June 7, 1991, at the Naval HOSpital, Buildin~ H· 

100, Nava.l Air Station Mempllis (NA5MEM). located in Millington. Tennessee. This 

Environmental A~sessment Report (BAR) lliscusscs tile investigation completed \0 determine the 

nawre and extent of conlamination resulting from the release. EnSafeJAl\en & Hosha1l (E/A&H) 

of 1I.lcmpllis, Tennessee. completed tbe assessment and prepared tllis EAR under cootract 

N62467-89-0.Q3l8 to Southern Division (SOUTHDIV) Naval Facilities Engineering Command_ 

Cbar~on. Sooth Carolina. This repon wu p~ in accordance wilh tbe EAR guLllclines 

~ fonh by the Tennes.sce State Underground SIOn.gc TarJk Reference Handbook. 

11IC relcase of No.2 fuel oil was reponed LC the TenllCssee Department of the Environment and 

Conservation (IDEC) after fuel oil was Sc.len seeping from an expansion joint near where the 

tank sYMcm piping intersected Building H- IOO. Following ootuJC3.tkm of the release , a limited 

investigation was comp1c\(:d by NASMEJo..f personnel to determine the point of reJe.ase . The tops 

of the underground storage IaIlb (USTs) and all pipe finings were unearthed for visual 

iospe('tion. Soil at the building-piping juncture wu DOled 10 ha\"e a strong petroleum odor. 

Results of a tightness test. completed on June 13, 1991. by CTC Industrial Services loc. llf 

Mempltb, Tennessee, indicited the tanks ..... ere within acceptable tightne5ll limits. the tightllCSS 

of the system pipiog, however, was outside acceptable limits, indicatiog a leak. The supply and 

return lines were replaced with aoove-ground !ina. 'The llriginal Jines are still In place. No 

funher releases have been reponed. 

Thequan.ity iIIld duration of the release is unknown. App.u=tly, tOO syMem only leaked during 

operation. Comments from area employees indicated fuej oil had been leaking for I number of 

years prior 10 the reponed n::lease. 



&I~ A· ....... , ... hpon 
fo«S U""",II-/llawl Hospiml 

Sqw_ Ill, 1992 

TIle project objecthe was to define the vcrtic.alllIKl lateral extent of contamination, if any, uf 

the shallow wil lOne and water table aquifer n"~ulting from the fuel oil n"lui\e. An 

Environmcntal Assessment Plan (RAP) was developed by EiA&H lIIKI implemented 10 produce 

data of tochnical quality to assess the curren! site condition~ and included tasks nece~sa.ry to 

tkteml;oc the presence of contamination and the appropriate corrective action. TIle HAP 

pl"\!fI3rcd and implemented .... a5 consistent with the Tennessee S~te UST Guidelines and the 

appropriate Na,"3l Energy and Environmental Support Activily (NEESA) requiremenl5. 

The )(.-. of work required a M-allow wil and groundwater inve!>ligatioo in the area of the 

relea!/:. The investigatkm involved completing eight shallow <;oil borings and instAlling four 

.Ihallow monitoring wells. Samples were collected from all soil oorings and monitoring wells 

and wbmitted for iaooratory analysis. SoH samples were alw collected from eight locations 

bcocath the basement floor of Building H-IOO in the ~spected fuel oil release area. Sediment 

s.amples .... ere collected from the draimge ditCh SOtltheasl of Building H-IOO. Tttis drainage ditch 

b fhe receptor of discharge from the Slann waltr drainage sySlem local to the release area. 

Four groundwater samples and 22 soit samples were submincd for laboratory anilIysis. An 

eight-digit alphlnllmeric code was used 10 identify e<l(:h sample. An example of this code is 

oollilled below. 

, 
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Ealln'lple: NHSBOIOI 

Where:NH • 
S • , • 

" • 

" • 

S~ Metrio:, 

N"vll HOSI>'III ISlle Idemifie,s, dilli" 1 ~nd 21 
Soil malfix ISample matrix, dillit JJ 
Sample proeedvre soJll)Qrinli ISample proc~du,., d,g,! 41 
S.mpklloca~on l)Qrlng 01 (Sampklloc.tion, dilliu 5 and 61 
SampkJ mlervil 01 ( Slmp~ intorv"l. dilliu 7 and 81 

S _ Soil 

G - Groundwater 
S.-.pIe proc ... u .... : 

B ~ Soil bonnlJ 
A - Hilnd iluger 
W ~ Moniloring Well 

B. SITE LOCATION 

lbe release ocwrred at Ihe Naval Ho~ital, Building H-lOO, NASMEM, located in the east 

ponion of tile base (Figure I). USTs 106 and 107, uKd to store No.2 fuel oil as a backup fuel 

source for the hospital boiler system , are Joc.aled caS of the building, adjacent to the cooling 

lower (Fignn: 2). 

Producl was transported from the USTs 10 tbe boiler sySlem by gr:a\"ily flow via twe 5Upply 

lil'lo!5. ExcelS;weI unused oil WilS returned 10 the USTs via cwo mnm !ine~ by in electric pump. 

1lIc return lines contained product only during oper:atioo of tbe sy~tem. The supply lod return 

lines were I\lUted around the footing of the cooling tower, buried a few feet below the wIface. 

Surface area drainage i~ to the south and southeast and is ctmtrolled by the parIciDg lot and a 

swrm dBinage system. TIle IlI"ea bcl:wctn the tanks and Building H· lOO slopes stcqlly toward 

the building, as indk:aJ:ed by lhe elevalion diffe= between wel.lheadJ MW-2 (286. 13) and 

MW-4 (178.61). A culven receives stonnwaler runoff from this low area. Runoff is din:cted 

10 the !oOUtbea.sI via (he drainage S)'Mem and disc~ into an earthen ditch. Shallow 

groundwater at the ~itc may be influenced by the south-!Cutheasterly sloping topogr:aphy. 

, 
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NAS Mt lJ¥!lols-f'4JWJ! IWspilaJ 

SqN~T 16, 1992 

1lIe slope hejwecn the tank fann and lbe building is almost entirely covered with COTlCrete (for 

~ Iope control) atxi with componcnt~ of the building support systems (conling tower, cirt:ulation 

pumps, etc.) , (Figure 2). The area is congested with overhead and underground electrical 

conduits ami piping (for example, sewer line~ , natur.ll gas line:s), which restricted available 

sampling points for both iiOil and groundwater . 

C. C.ROti~'D\vATER INVESTIGATION 

A limited hydrologic invest igat ion was comple1ed 10 a!lSess the eJlleflt of ground"'lIter 

contamination. The invuligation required imtalling and sampling four sltillow monitoring 

we ll s. "The groundwater investigadon was completed in accordance with t~ project-specifte 

EAP. 

Monitoring wells were identified with the prefIX MW followed by the boring number. The well 

number indical:e~ the order in which lhe wells wc~ installed. All gmundwatcr !alTlples collected 

during this proja;\. are ideDlified by the weU number. Further di.o;cwsion is provided in Section 

C.S, Groundwater Analytical Re$ul~. 

Well placement was Intrictcd by site suuclures and utilities and rcliod in pan, on imerpreu.l.)on 

of lite surface topogrnphy :u an indicator of tile grootxiwaler now direction. Pl.a.ccmcnt WllS is 

follow s; the first wen was placed upgradient of the tanh and the point of release, the r.econd 

well was placed downgrndicnt of the tanks (at the southern edge of the tank pit), !he third well 

was placed downgradient of the point of re!ease. and the foorth well was placed as close as 

po.~ible to the point of release. This p!accmcnt r.nionaJc was consistent with stale requircm<:nl'i. 

C.I lIydl"Otmioc' 

Site soil boring and " .. clI logs indicate the uppe~ geologic unit (loess) is composed of soft 

to medium ~f. clay and ~ilty clay. Groundwater OCCUIll under paniaUy COI1fined conditions 

along the more silly zone.,. Saturated soi ls were typically encountered 8 to 12 feet below ground 

, 
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."'AS l<I-r"o~No..J ~ 

StrniJ1lbn 18. 1992 

surface . Water levels wert noted to be higher in compkted monitoring ""ells. Piczomclric 

surfaces rnnge in elevation rrom 276.25 to 271.64 foot atxm: mean :sea level (msl) (01113/92 

dala) . Furtlter dis.cussion is provided in Section C.6, Water Level Data. 

C.2 Monitnrinl:; Wl'I.l Coru;truction 

Figure 2 indicate.!; eacb mon.ilOring well location. Each well boring was JogpcI by the project 

geologist during drilling and sampling. Monitoring we U borings .... e re completed with 6.2~Hncb 

inside diameter (TD) hollo\> -Slem augers. AU wc lh were in5lalkd through 1he annulus of the 

augers inlO 1be water table. 

Each well was constructed of a 100foo! section of 2-incb diameter, 0 .010 slot . PVC !oCreet1 

attached to a 2-inch diameter, schedule 40, PVC riser. Well screens were positioned 

approximately 3 feet above rnd 7 feet below tnc top of the willer table (sanllatcd woe) to ensure 

adequate screening of 'flO1l.ter" CQnmmilWlll. while allowing for temporal fllKtUatKKu in the 

water \.able. 

A filter pilCk of clean 20140 silica sand .... u placed through the auger annulu.' to a completed 

depth of aPllroximately 2 feet above the top of tile screen. A benlOnile seal . approximately 

2 feet thick, wu placed above the sand filter pack. TIle bentonite WM allowed to properly cure 

per manufacnlrer's spocifications prior to compJetion of the well. 

A bcntonite· Ponland cement miatute was placed above the bentonite seal up to a few feet from 

t~ surface. A flusb-moun! manhole with a walertight, bolt..oown, loa.dbearing cover was 

instaUcd and sccuml with cement 10 complete the wdl comtruction. Each tnanholc was 

idencif"ted as a monilOring weU. l1Je weU boring log and consu\lction diagrams are included in 

A~ndiJ( A. A §ltmmary of weU oollStruClton m.aterial~ is presenll'd in Table I . 

1 
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A betK:hmark was established at the top of each well cuing and wu wfVeyed by a State of 

Termessee registered land surveyor (Jackson Penon & Associates, Inc. of Memphis, Tennessee) 

to the ~rest 0.01 1'00( incorporating USGS NAn '27. A copy of the survey is included as 

Plale J at the end of the TqXIn. Wiler levels were: measurro relative 10 the benchm.trk to aid 

in generating lICCuratc and COIL'Iislenl groolldwllcr eleV1.lioo mu. 

C.J Wttl DeVftopment 

All wells were developed utilil:ing a !.Urge block and I halld bailer. Development coolrnued until 

the pH, temperature and cOIldm::tivity stabilized and tumidity was reduced to a minimum. Data 

coUe(led during well development are presented in Table 2. 'This dati indicate that an wells 

were fully deveJoped. 

Development water wu contained in DOT 17-C, ~-top, 55-gallon d",ms, pc:rmllIlently 

labeled by wcll number and stored al a location onsitc: designated by NASMEM personnel_ The 

malc:riaJ will be: characteriud Ihrough laoorslory anaIy§i5 10 delenniror: if il must be: disposed of 

a! l\aI.ardoos waslc: or wtid WiUlC . 

• 
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&.~ .uu..,.... R..ptm 
NAS ,\I~u-,*,"'" H<MpWI 

S<:pl~ IS. 1992 

Monitoring well !alJIpling involved reading the stalic watcr level iUld calculating wcll casing 

volume. purging the well casing of mgnated water, and retrieving the 5oalllp1e and placing it imo 

properly labeled !ample containers. Groundwater 50alllpies were collected using a dc:dicaled PVC 

sjngle-ch~k vllve bailer and nylon halJing rope. 

Static Willer Levell'lll2.'iuremeDts were completed on all monitorillJ wells prior 1o purging. 

Sial ic \l'atel level dam art: discu~ in deail in SCCl ion C.6. 

Monitoring W~I 1'\111\:;og was completed for each well immcdiaIdy prior to u;mpl ing. A 

minimulTI of three wcll casing vo lumes were removed during purging. Select water quality 

measurement! WCIr collected during purging, including pH, temperature , specific condu~tivity. 

,-. 
Wo ... QoooIHy 0. .. 

CO" 0.0'1., - '---. _00' " .. -, 0 < _0. 0 • _.,-
, ,.~ .~ .w ~. '" • .. ro '" 1.62 ·0" II.' , .515 ,~ ,~ ·017 11.2 , 1525 '" ,.~ ." II.t 

• 1535 '" 1.24 .~ ".8 
Mw·a 0.102/112 

, 1325 '" 7.12 ... 21.1 , 1340 ,~ ~.11 ~, W .• , ,,~ '" 6,15 ~. 20,Z 

• ,~ '" I.n ~. 20.1 , U15 '" ... ~, 20.' 

MW-a 1IMW91. 

, ,~ - 1.01 ". 0 , ,~ ... ,~ ~ . 0 , '''' ." '." ~, 0 

• "" .W 7.52 ~. 0 

• ,~, ." 1 .• 4 '" 
0 

MW-4 o.lOMlJ 

, I 1111 I .~ I 1.til I ." I • 

9 



. _, 
w .... Qooot;ry Do. -....... n· .. CDT ... 

W .. ~ .. 

lOW· , 0.104111 

, 141 G '" , 1411 ,.. , I 421 ". • 14~5 on 
_·1_,.2 

, 1336 '" , ,,~ '" , ,~ '" • 1347 '" 
IIolW·l .... I ... '!1 

, 14~5 '" , ,~ ." • ,~, ... 
_ ... WlO4ltt 

No clot. '00 _. 

0 ..... "" Rodo~ .... ,_ .. 

• T ....... .,_ProI>o __ bOO 

." 

e,s' 
e.7S 

•. U 
.~ 

.~ 

6.65 
6.61 
!I.e. 

7.01 

'" 1.12 

~ Al:>e>.o_ NLp<Jrf 

,VAS M~,o;.,...t Hospiwl 
s.-",tmhu III 1992 . 

~ T_o..,. ., ., 

·on 15.5 

." 14,. 

." n • 

." 11.' 

», 1 ••• 

~. 15.' - IS.' ." 16.6 

~, lB.O ... ... 
~ . ... 

o:odatiOll rffiuction polCDIW lORP) and UIIbidily. [)ala oollcclC:d during Ihe purging process are 

indicated in Table 2. Data indicate: all measured wafer quality parameters wtlt' stable prior to 

53lT1pling. No data wen: collected for MW-4 due lO iln equipment failure; however, three casing 

vulumes of water were: purged prior to YJrlpling. 

Groundwater samples were collected using a dedicated PVC ~inglc check valve bailer and 

nylon bailing rope. No free product was eJ1COUlllemi during well s.ampling. Samph:s were 

transrerred directly from the baikr \0 the appropriate sample COfl(ainers. 

C.S Groundwater Analytical Rf!!IUks 

Grollnd ... ·aler sample, were submitted to CompuCbem Laboratoric!l for analysis by California 

modiflCd EPA Method 801~ for diesel range organiC$ (DRO), petroleum hydrocarbon~. 

Laboratory analysis was conducted hy CompuChcm's western division laboratory in Sacramento, 

" 
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California, All analyi\eS wen: conducted in accordance ".-jtb the laoor.ltory 's NEESA-approved 

Quality As,unllCC Plan (QAP). All sampJc, wen: collected, analy~cd and validatoo under 

NEESA Level C quality a~sllrance protocols. The collected .o;amples, along witb appropriate QC 

sample, (I.e., duplicates, rimate blanks) were analyzed. 

111e overall quality o f lfIc .1I13.1)1.ia.l wort. for NAS Mempbi$ i$ c005KU:rt.'Id [0 be salisf~tory and 

all dala have been detennined 10 be accepabJc and uW>le (with (he appropriale qualir.en) for 

EAR applications. TIle diSlriooliotl of detected levels of ORO indicates tbe eJ.tenl o f impact 

is limited. Analytical results are presented in Table 3. Laboratory repo"';ln!.l as.sociated chain 

Of-cu.ll00y fmm5 are included as Appendix B. 
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C.6 Water Level Dllta 

Groundwater level data wen: collected from the four wells installed during tbis investigation. 

Th~ seu of data .J.Te presented in Table 4. Figures 3 and 4 present piewmctric map! derived 

from daIa oolkcled June: 30,1992 and July 31,1992, n:spo:ctively. 
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GtO\.&'ldwII'" Elevations 

"DEPTH TO "POTENTIOMET 
GROUNDWATER 'WEU "WELL RIC SURFACE 

DATE ,m DEPTH (FT) ELEVATION (FT) ELEVATION 1FT) 

0010419 11.7J ,,. 289.47 2.17 74 , 
06104/9 9.61 21.6 286 13 276.52 , 
0610419 0.65 22.8 218.46 271.81 , 

- - - 278.51 -
061JOi9 11.52 27.4 l1l9.47 217. 95 , 
06/3019 9.60 21.6 286. 1 J 276 .53 , 
06130,19 1.01 22..8 278.46 277.45 , 
06130/9 0.96 15.6 278.5 1 271.55 , 
0713119 12.1 . 21.4 28947 277.33 , 
07131/9 9.88 21.6 286.13 276.25 , 
07131/9 1. 11 22.8 278.46 271.35 , 
0713 1 i9 0" 16.6 278.5 1 277.64 , 

Measured from Too of Cu,ng ITOC) No Free F'rodU(:t o.otllCted in Anv Mon1tonno Wells 
Measu~ from TOe ReI.(iVfl 10 Me.n s... Level 
No dilla for MW-4 on 06104/92 

" 
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Water level data rrotn June JO, 1992, indicated that groundwater flowed in a convergent eaS! and 

~lheasl pattem, where.:l.s luly 31, 1992, data indicated a gem:ral southeast tlow, Flow 

gf1\dients were calculated from the prepared piezometric maps by measuring the cl!.ange in 

groundwater elevation denoted by the isopleths with horizonllli diStance. For tbe folJowing 

calculations, the sotuhcast-ln:ooing now lines in both Figures 3 and " were used as the 1ines of 

meawll;lmen!s: 

Groundwater Flow Gradient = (Change in Elevation) ... (Horizontal Distance) 

.PJL 

6130(91 

7(31192 

(2n.4·276.6)ft -0- (4S)fi 

= 0.018 

(2n.4·276.6)fi -0- (37) ft 

= 0.022 

The calculaIed flow gndicnt) for the two measuring events arc 0.018 and 0.022, with rn average 

gradient or 0.020. 1'1le groundwaler now rate WlIS calculated u5i.ng the a~erage flow gradienl 

and Cl.limated horizontal pc:nncability and porosity or the wlte .... bearing 5Oil. Horiwnlal 

pcnnC<lbility was lISlumcd to be one onIer of magnitude greater than the laboratory reported 

vertical pcrmeabilities for the site soils (Section D) . Porosity for a clay and silt medium was 

a~sumcd at 0.40. 

Groundwater Flow Raie ~ morizooul Permeability) ;0; (Flow Gradjcon 
(Pormily) 

v - K " , 
K _ 10.1 cml"'-"C 

or 10" ftlsec 

= no' fU'sec)(Q,02) 
(0.4(1) 

= S X 10.10 fif50C 
or 4.3 x Irr' ft!day 

or 1.6 x UP ft/year 
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Hcnce, grouoowller flow is very dow, on the order of 10-' ftfyear. 

C.7 Groundwater Classification 

Tho:l Tennessee State UST Guidelines oMlt f(lrth requ~ments to detenninc if Ihe impacted aquifer 

is a drinking water source or il non·drinking water wutce. The cJea.nup level is dim:tly 

dept:mlelll on classiflCalioo of the aquifer usc. This process consists of Ihree pam includiog: 

(1) Waler Use Survey, (2) Waler Quality AN.lysis. and (3) Yield TC:SliJIg. Each step completed 

during Ihis investigation is discussed in seqomce below. 

W~ter t·se Survey: The SheLby County Health Llqmtment surveyed the area local to the Naval 

HOSpital to locate wells whieh were placed in the shallow aquifer used for agricultural. or 

domestic water M1pplies. 'There were no records of weils local to the Naval Hospital that 

utilized the water table_ A CDpy of the survey report is induded as Appendix C. The Shelby 

County Board of utilities indicated to ElA&H that public water wpply lines arc in pla..ce to all 

rcsidel1~ and businesses within O.S miles of the hospital site. This is an indication 00 domestic 

wells are in use in this area. 

Water Quality AoaJysis: A groundwater sample WdS collected from monitoring well MW-J 

and analy«d for water quality balol:d on the primary and secondary drinking Inter mndards. 

lbe sample wu submitted to Specialized Assay, of Nashville, Tennessee, for analysis. 

Analytical results are listed in Table S. Iron, manganese and turbidity were detected in excess 

of the primary and secondary wa.ter quality standards, indicating that the quality oftho:l shallow 

:\quife! doe3; not meet the set criteria for a drinking water source, and should be elassif"Jed as a 

roon-dtinking water 5lJpply. 



7.Il10 , 
w .... 0.-.,. . AnoIytkoi ........... 

PllRAMFITRS I 

... " .... 

-

• 

S'No' 

T,,","'y 

T."" 01 ......... 
Ct"""'. 

'0" 
,~ 

Do'" "'" '''&0..'1) 

.~ 

M. 00. 

~. 

... 
Sod l,", 

s."",. 
S.,;"O.I)I."" ..... 

n-ohoid 0<1", _ •• 

_"'_ ... ",. '~m.I~. ~ .. , 

~EIULT I 
PAlMAIIY ITANIl"'~OS 

~_OO~ 

• 
<0.00' 

" 
IECONDIIAYITAHOIIRP5 

,~ 

22.' 

, 
0=. 

<0.05 

13.S 

, .3 1 

0 .. 
14.& 

, 3.3 

,~ 

D ... ~ A_ RqJott 

~ . -
NAS M-Po"-~ H~al 

Sf 1Mhn18 199' 

STO' I ~" 

Q.O$ • 

005 -, .0 , ru 

" " .. c..cO 
,~ • 

" CoO>< Uni .. 

" M. • 
M' 
O~ • , -" ,., 

&.5 · 1.5 ~ 1,1 .. " 

" 
,~ • 
~ m 

Vield Test: No t~~ were complt:lt:d 10 din:clly determine the yield of the water table aquifer. 

Analytical TC.ul,. indical~ poor water quali ty; therefore:, no form.a l };eld test ",IS oJeemed 

" 
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necellS;J.ry, It ,Ihoo!d be noted lhal rechlrge for wcUs MW-3 aoo MW-4 was ~Iow when 

developing wilh a hand bailer. Thi! ~low recharge indicates that yield may be low for the water 

table aquifer. 

The \I.'Hcr table aquifer is a non-drinkins watn wurce. A water use survey did nOl indicate that 

the shillow aquifer was utilized a5 a \I,'8tcr source (drinking or otbetw i~) locaJ to the hospital 

A. lso, I3boratory anal~is dctennined the .... ater quality was not suitable as a drinking water 

source. 8;ued on the:sc data , it cleanup level of 1.000 ppm TPH is required by lhe Tenne.o;see 

Stale UST Regulations. 

e.s Groundwater Contaminant Plume 

Laboratory analy~is detected ORO compounds in groundwater samples collected froro monitoring 

weJJ..s MW-2 and MW-4 (Table 2) , DRO compounds were not detected in groundwater s.amples 

collectw from MW-l or MW-3. The IeveJ.s of ORO detected in samples from \I.'Cl1s MW-2 and 

l\fW-4 differ more than an order of magnitude. Data fmm each well are discu.\.Sed 5CpilRtely 

""~. 

",-oV-2: ORO oompouoos were detected in groundwater sample NHGW0201 at 2 10 .. gil. TIle 

compounds detected were liMed as unknown hydroc:arbons and not idemified u diesel fueL "The 

unknown hydrocarbons are likely a component of No.2 fuel oil. 

Monitoring well MW-2 was installed ilt the !iOOlhern edge of the tank b."ll . The hydrocarboos 

OOlOCted are likely n:ruicta! to the IOtnd fill around !be tanks trapped (both laterally and 

vertically) by the sunuunding, relatively Jess pemlellble natural cla.y. These hydrocarlJow; may 

be an intlicalor of.l small releasc (spill) at the tJ.nk pic 11te extent i~ apparently limited as 

indicated by wil analytical data and borlng log !tau. A w!>ClIssion of soi l data is ilX;ludcd in 

Section 0.5. 

" 
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~1W.4: Analy~is of groundwater WIlple NHGW0401 detected diesel at 5500 .l'gl l. Monitoriog 

we!] MW· 4 wa~ installed at the ~uspected JXlint of release. The concentration of diesel fuel 

detected indicates impact to the ~'ater table aquifer: however. analytical data indicate the extent 

of groundwater contamination is limiu:d. 

TIle level of DRO 00ected in sample NlIGW0401 may be biued high. r..iW·4 l'llil installed al 

a very shallow depth where the top of the filter pack is less than 5 fca. from liIe surface. II is 

pos.clble that oonlaDtinatcd water Pre.'lCrK in the enx~rtd fill benealh the buildin& and coocrtte 

dri~e is infiltrating into the upper portion of the fIller pack, Tewlling in a bb.scd high 

repre!ientation of the DRO contamination in tile groundwater at MW·4 . This relationship is 

unclear. Continued monitoring of MW·4 may provide data to evalualol this reJationsbip. 

Cross·sectiOflil..l maps which indicate groundwater elevations are included in Section D.I. Figure 

5 in lhis section indicates the contaminant plume in tbe groundwater. AnalyticaJ data indiwe 

the core of the plume is restricted 10 tile area 10Clt1 to MW-4. ORO hydrocan)(ms .... ere dc:tected 

in a sample from MW-2 at le"els below the action level of 1.0 ppm . 

D. SOlL It'\'VESTIGATION 

A limited surface and shallow subsurface investigation was completed to asscu tile extent of soil 

contaminalion. The investigation required in~talling and f>1IIIpling eight shallow soil borings 

(fou r completed as monitoriog wells), collecting a series of soil sampies from beneath the 

bascment floor of Building H-lOO, and ~olJocting sroiment samples from the dl1.inage ditch 

receiving ~orm Waler discha.rge from the release lrea. This soil investigation was CQmpleted 

in accotdaoce .. ,ilh the projec1-specilic EAP 10 comply with the Tennessee Stale Underground 

Storage Tank Regulations. 

The placement rAtionale for soil borin,s was consistent with that of the monitoring ... ·ells . Soil 

boring placement was restricted by she stNCturc.s and utilities and rolied. in part. on 
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irnerpretalion of the stlrfacc topography 115 an indicator of the groundwater flow dirtctioo. n.e 
location of !Ia.Illpling points beneath the basement floor were random biased but restrX"ted by 

acce~sibi1ity. Soil/sediment sampling points were selected to determine the extent of 

comamination lIthe discharge point a.nd tlownstream. Figure 6 indicates the location of ill soil 

and well borings along with sample locations through the ba.5c:ment floor. Figure 7 indicates 

aU soil/sediment sample locaJ:ion$ widun the drotinage ditch. 

0.1 Geolol)' 

The rcgiollill geology and hydrogeology consi5b of a th)ck scqur:ru;e of unconsolidated 

Quaternary and Tertiary sediments. This seqUCIJC(: comprises (in a.~ending order) the Wilcox 

Group, Claiborne Groop and Terrace Deposits and the surficial Loess deposits . Two major 

aquifer SyStems are included in this sequence: the Fon Pillow Formation (Wilcox Group) and 

the Memphis Sand Formation (wwer Claiborne Group). Theo;e aquifers are overlain by the 

Jackson-Upper ClaiooTJle confming unit (Jackson Clay, Cockfie ld , and Cook Mountain 

Formations). "This signifirnlll confining Unil rctaros the downward migration of shallow 

groundwillt"r to the subordinale aquifers. Due to the confining I\3rure of tbe Jackson-Upper 

Claiborne. and the limitfd (sha.llow) extent of tbe fuel oil release at the hoij)ital , impact 10 the 

lower aquifer ,ystems is nOl to be a concern at lhe NASMEP.t HOi';pital site. 

The TemlCe deposits and the ~urficia.l loess deposits are stratigraphically above the Jackson 

Clay. The TcITll.cc deposits con~i~t of Pleistocene and Pliocene age sand, gra.~·el , some clay with 

tltin layers of a ferrugineous sandstone and conglomerates at the base. This unit ranges in 

thk:lmt.n from 0 to 100 feel and has limited uses as !I. groondwater SOUT\.>e rOT" l!:r1cUitur.l1 

appliutioos. 
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The 5Urficiallooss deposits are windblown !oCdiments comprising silt. silty clay. cby and. minor 

amounts of Yond.. Loess is typically 0 to 65 feet thick in the Memphis area. Water,bearing 

?ones are prt"sent in this unit ; however, yield is low and. water quality is poor. Fuel oil 

contamination ~t the N~val Hospilll appears to be limited to the upper part of this unit. 

Bomlg log data indicate the shlliow soil profile (O to 26 feet) consists o f a s ilty clay with 

increasing amounts of sill wilb depIh. The s.cillithology varies slightl y wilh depth r:anging from 

iiln orange-brown silly day with moder.loIe amoums of organic, to a hrown and gray mOlded clay, 

10 a Yolurated brown silty clay-clayey silt. Boring logs fer this investigation are includc:d in 

A~nd.i~ A. 

Figures 8 md 9 are cross sections generated from soil boring data. Lithologic changes are 

subtle, both laterally and vertically. The profIle is dominated by clays ranging from orgllUc 

silty clays 10 inorganic clayey sill. 

D.l DrilliDg and Soil Samplioa Methods 

AU borings were complct:ed wilh 3.25-inch ID hoIJow-!il:cm augers and samples collected with 

a Standard 24-inch split-spoon sampler. Soil !o1.mples were coiIectcd continuously from lI. depth 

of 0 to 20 feet. then at 5-fool intervals to tile termination depth. Samples were oomposited over 

a 4-foot interval by placing the soil sample in a stainless steel bowl and homogenizing the soil. 

Soil samples wert colla:ted from beneath the basement floor of Building 11-100 by I:Oring the 

concrete floor and retrieving tile soil samples witb I stainless Sled hand luger. Samples were 

co1Jectod al di5Crete depth i!lleNal5 ju$!. beneath lhe concrete and at the sand filllnatnrdl clay 

interface. 

SOIIl.~irncm samples were collected from Il1edrainagc ditch 50Ulheasl of Building " - 100 (storm 

..... ater dis.charge receptor) wilh a hand auge r. SillIlples were colk:cted al the 5um ee and. at I 10 

2 feet below the !urf~. 
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All soil samples were submined toCompuCbem Laboratories for analysis by Califomia·modirJed 

EPA Method SOlS for ORO compounds. Analytical results of tile: laboratory analysis are 

presented in T~ble 6. Laboratory analysis detected DRO oompounds in soil samples collected 

from borings B2. 84, 86, and BS. DRO compounds wen:.:ilio ooected in soil samples collected 

beneath the ba~ment and so!dilnent samples collected from tOO drainage ditch. 

Soil boring samplCll were split for hcadspace (org~ic vapor) analysis . Result!; of the heaaspacc 

analysis are pn:scmed in Table 7. In general. hcadspace analysis did IlOt indicate any ZOI\e!i of 

not!Iblc levels of ~'oLuile CQfIU.mioation. Vol.lule levels were I:l.!low background levels for the 

IJI3.jority of the wnplc:s scanned. No trr.nds were ooted in the data. 

D.4 Soil Cleanup Levels 

Two Shelby tubes samples were ooUected from boring B9 which was compJetcd adjaccnt to 

monitoring weU MW-4. 1lIese Shelby lUbe samples wen: collcc1od from the zooe of the highe51 

and second higbClit suspected penne.abilitie!. Shelby tubes samples were collected at 6 to 8 fee{ 

(119-1) and 14 to 17 feet (89-2). The selection of sampling depths was based on boring log data 

from boring/monitoring well MW-4. Falling-head tnalysu; detennined the vertical penneabilities 

0I.'i 5.02 X 10"' cmfsa: and 6.26 X 10-' cm/sec for samples 89-1 and B9-2. rcspec:tivcly. Results 

of the fllll!ng Ilcad analy!U; are pre:setJ(ro in ApPendix D. 

Based on [he laboratory reponed soil penneabilities. boring log data, the non-drinking .... ater 

mpply grolll\dwllercla5sifk~tion, and the limiled extent of contamination, the soil cleanup ~1s 

should be 1000 mg/kg lotal pclrolcum bydrocarbons. 
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F igure iO indic3lc:.'5 the horizontal (lrten! and milgnihKk: of contamination. The boundaries of 

the mapped plume: indicate the limited extem of the contamination. Vertical migration of the 

contaminants i5 apparently resuiCtOd by the natural clay layer. Lateral movement of 

contaminants may be reMrictcd by tbe building substructures. 

The fuel oil contamination appe;m to be retained and migrating along the sandy engineered fill 

of (he huilding foundation. This hypothesis is supported by comparing analytical data and 

lithologic data. Review of the al'lil lylical data indicates a trend of dramatically decreasing 

co~mion with incrcas1ng depth. TIle detected levels of DRO compounds drop ~ignirlCafllly 

below the inlerface of the sandy engineered nil and lhe native clays. The vertical extern ofTPH 

wi! COfltaminalion is shown in Figure II . 

" 



E. SIGNATURE PAGE 

E,.vir""""m,~1 An-~=' R~porl 
NAS Mtmphis-Naval Ho~pirm 

S'l'umlHr /B, /992 

I, the undersigned, do hereby affmn that the infonnation contained in this report is accurate and 

correct to the best of my knowledge and belief. 
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CASING SET! 2M rEno 

~NVIRDNMENTAL ASSESSMENT 
UNDERGROUND STORAGE TANKS 
NAVAL HOSPITAL 

BORING 1 / MONITORING \JELL 1 
BUILDING H-l00 

NAS f.'[MPH[S, TN. 
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DESC::C:IPTlON OF SLBSliRFP>.CE 
"1A7ERIALS 
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CNVJRaN~ENTAL ASSESSMENT 
UNDERGROUND STORAGE 
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BORING 2: I MONITORING IJEll 2 
BUILDING H-IOO 
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DESCRIPTIJN Jr SUBSURF~CE 
f~A TERIAL S 

'10 S""P" ... 0>,... ..... "". to _ odrn 5U0P0I'"'. 
CQftCFete ~rfoC" 

~nd 'T~y nettl . .. ~ I .. y wit h ~ r.o c 
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DETAILS 
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:DESC~!PT:DN OF S:.JBSURFACE 
''1A TER IAL S 

(i'-~ f"" ' l :;,...~ ","0 • • d<oy ~.th """'~ O .... OIoU ".. 
51~ ..... _ orQO~ 

h.U Ibrl< O" •• n C~.Y . ,11, "'.or ~j, 
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Q~ :6.$ 'H~ . ".u ~t ot 
'H. 

"'ELL CJNS TRucr:ON 
DETAILS 

'HI 
~O ~ppt"C" 

i!.~ Pn~ -tnoo. 

ENV!RONMENTAL ~SSESSMENT 
UND ERGROUND STORAGE 
NAVPoL HOSPITAL 

BORING 4 I MONITORING \JELL 4 
BUILDING H-l00 

NAS MEMPMIS, TN 
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NAS MEMPHIS FACILITY IDI 9-7917709 

, client IO 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTASLE 

Lab Name : CHEHW£ST LABS 

Lab Code: CHEHW case /lo.: 9626 

Matrix: (soil/water ) SOIL 

Sample wt/vol: 30.0 (9/m1) G 

Dilution: 

\ Moisture: ". 

NHSS010l 

SOG /lo.: 9626 

Lab Saaple IO: 9626-1 

Date Received: 05121/92 

Date Analyzed: 06/01/92 

GC-2 

Column 10: OB-5 

CONCENTRATION UNITS: RC 
MG/KG COMPOUND MG/KG 

---------------------------------------------------------------------------
01esel 
unknown HC as Diesel 

u 
u 

--------------------------------------------------------------------------u: Not detected at indicated value. 

OJ -L' oJ 



HAS MEM9KIS PACILITY 10' 9-1911709 

, Client 10 
TOTAL PETROLEUM HYOROCARBONS _ EXTRACTABLE 

Lab Name: CHEHWEST LABS 

Lab Code: CHEHW Case flo.: 96 26 

Mat rix: (soil/ .... ater) SOIL 

Sill!lple wt/vo l: 30.0 (q / _l) G 

Dilution: , 
\ t~oi&tur.: 

NHSBOI06 

SOG flo.: 9626 

wb Sal!lple ID: 9626-2 

oate Received: OS/21/92 

Date Analyzed: 06/0119 2 

GC-2 

ColulIln ID : DB-5 

CONCENTRATION UNITS: RL 
HG/KG COMPOUND MG / KG Q 

--------------------------------------------------------------------------
Diesel 
Unknown He as Diesel 

u 

" 
u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

• 



HAS MEMPHIS PACILITY ID. 9-7917709 

, Clhnt 10 
TOTAL PETROLEUM HYOROCARIlONS - EXTRACTABLE 

"HSB020 1 
L~b Name: CHIMWEST LABS 

Lllb Code: CHEMW Case No.: 9626 SOt; No.: 9626 

M~trix: (soil/wllter) SOIL Lab Sa=ple 10: 9626-3 

Sample wt / vol : Date Received: OS / 21 / S2 

Dllte AAlIly:r.:ed: 06 /01/92 

Dilution : , GC-2 

" Moisture: " Colulll.n 10: DB-5 

CONCENTRATION UNITS: RL 
HG/KG COMPOUND HG/KG Q 

---------------------------------------------------------------------------
Diesel 
Unknoyn HC 11& Diesel " 

,. ,. u 

--------------------------------------------------------------------------
0: Not detected at indicated value. 

•• 3_' 
" 



NAS HBMPEIS FACILITY ID' 9-7917709 

, Client III 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

NHSB0205 
Lab Nar:le: CHEWftIEST LABS 

Lab Code: CHEMW Ca •• No.: 9626 SOG NO.: 9626 

Hat.rix: (soil/water) SOIL Lab Sample ID: 9626 -4 

Sample wt/vol: 30.0 (q/ml) G 

Oata Analyzed: 06/01/92 

Dilution: , GC-2 

" Moisture: Column ID: DB-5 

CONCENTRATION UNITS: RL 
MG/KG COHPOUND HG/KG Q 

---------------------------------------------------------------------------
Diesel 
Unknown HC as Diese l " U 

u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

• • 



HAS MEMPHIS PACILITY 10' 9·79~7709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab 11ame: CHEHWES1' LABS 

Lab Code: CHEMW Case No.: 9626 

Matrix: (soil/yater) SOIL 

Salllpl. wt/vol: 

Dllution : 

t Moisture: 

NHSB0302 

SOC NO. : 9626 

Lab Sampl. 10: 9626 - 9 

oat. Received: OS/21/92 

Date Analyzed: 06/01/92 

GC-2 

Colu~n ID: OB-5 

CONC£NTRATION UNITS: RL 
MtO/KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
Diesel 
Unknoyn HC as Oies.l 

u 
u 

----------------------------------------------------------------.---------U: Hot dilltectad at i ndicated valuill. 

... 06J 



NAS KEXPKIS FACILITY ID' 9"917709 

, Client ID 
TOTAL PETROLE~~ HYDROCARBONS - EXTRACTABLE 

NHSB0305 
Lab Name: CHEMWEST LABS 

Ulb Code: CHEMW Case No.: 51626 SOG No.: 9626 

Matrix: (soil/ .... ater) SOIL Lab Sample 10: 9626-10 

Sample wt/vol: 30 .0 (9/ml) G Date Received: OS/21/92 

Date Analyzed: 06/03/92 

Dilution : GC-2 

II; Moisture: Co1ul:ln 10: OB-5 

CONCENTRATION UNITS: RL 
MG /KG COMPOUND MG/KG Q 

---------------------------------------------------.----------------_._----
Diesel 
Unknown He as Oies.l 

u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

" Giu 



NAS HBKPaIS PACILITY lOt 9~7917709 

, Client ID 
TOTAL PETROLEUM HYDROCARBONS _ EXTRACTABLE 

Lab Ilame: CH£./1WEST lJI.BS 

Lllb Code! CHtMW Case No.: 968 0 

Milt.rix: (soll/wat.er) SOIL 

Selllple vt/vo1: 30.0 (9/1111 ) G 

Di1ut.ion : 

, Moisture: ". 

NHSB0401 

SDG No.: 9680 

Lab Sample ID: 91580 - 1 

Da te Received: 06/04 /92 

Date Ana1yz:ed: 015/18/92 

GC-2 

Column 10: OB-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG /KG Q 

---------------------------------------------------------------------------
JP- 5 
Dia.el 
Unknown HC liS Di8sel 

u 

'" 
~ --- --------- --- ----------- -----------------------------------------------
U: Not detected a t indicated value. 

•• 0.12 



NAS MEKPBIS PACILITY ID' 9-7917709 

, Client ID 
TOTAL PETROLE1,."H HYDROCARBOnS - EXTRACTABLE 

Lab Namo: CHEMW I:ST LABS 

Lab Code: CHEMW Ca~. No.: 96 80 

Matri:.:: (soil/wat er) SOIL 

Sa .. ple wt/vol : 

Dilution: 

11 Moisture: 

30.0 {g/ml J G 

, 
'" 

NHSB04 02 

SOO No.: 9680 

Lab Sample 10: 9680-2 

Ollte Recoived; 06/04 / 92 

Date Analyzed: 06/18/92 

GC-2 

Column ID: DB-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG/KG 

---------------------------------------------------------------------------
J'P-5 
Diesel 
Unknown HC as Oiesel " " " " 

u 

u 
--------------------------------------------------------------------------
U: Not detected at indicated value. 

• • 



NAS MEHPBIS FACILITY IDI 9-7917709 

, Client 1D 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name : CHEI':WEST LABS 

Lab Code: CHEM'W Cas e No.: 9680 

Matrix: (soil/water ) SOIL 

Sample wt /vol: 

Dilution : 

30.0 (9 /DlI ) G 

, 
no 

NHSB0403 

SOG No.; 9680 

Lab Sample 10: 9680- 3 

Date Received: 06 /04/92 

Date Analyzed: 06/ 17 / 92 

GC-2 

colu~n ID: DB- 5 

CONCENTRATION UNITS: RL 
MG / KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
.JP- 5 
Di.sel 
Unknown He as Diesel 

" " " 
u 
u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

• • 
0 5? 



NAS MEMPHIS FACILITY IDj 9-7917709 

, Client ID 
~OTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

NHSB0404 
Lab Name: CHEMWEST LABS 

Lab Code: CHEMW Case No.: 9680 SDG No.: 9680 

Matrix: (soil/water) SOIL Lab Sample ID: 9680-4 

sample wt/vol: ~O.O (gjrol) G Date Received: 06/04/92 

Date Analyzed: 06/17/92 

Dilu~ion : GC-2 

t Moisture: Column ID: DB-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
JP-5 
Diesel 
Unknown HC as Diesel 

u 
u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

060 



NAS MEMPHIS PACILITY ID' 9·7917709 

1 Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab l1ame: CML"!WEST LABS 

Lab Code: CHEMW Case NO.: 9690 

Matrix: (Boil/water) SOIL 

sampla .... t/vol: 30.0 (<;/ml) G 

Dilution , 

1; l'Io~sture: 

NHsa0405 

SOQ NO.: 9680 

Lab Sample 10: 9680-5 

Date Received: 06/04 J9 ~ 

Date Analyzed: 06/17/g~ 

GC-2 

Column 10: 08- 5 

CONCENTRATION UNITS: R" 
MG/I<G COMPOtmO MG/KG Q 

---------------------------------------------------------------------------
.1p-~ 

Diesel 
Unknown He as Diese l 

u 
u 
u 

--------------------------------------------------------------------------
U: tlot detected at indicated value. 

. , 



NAS KDU'BIS PACILITY :rD' ,·1917709 

1 Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTftAC7ABLE 

Lab Name: CHEMWEST LABS 

Lab Cede: CHEMW Case No.: 9626 

Matrix: (soil/water ) SOIL 

Sample '<It/ vol: 30.0 (q/1II1) G 

Dilution : 1 

, Moisture : 

NHSB050 1 

SOG No.: 9626 

Lab Samp~e 10; 9626 -5 

Date Received: OS/21/92 

Date Analyzed : 06/01 /92 

GC-2 

colu!ll1l 10: OB-5 

CONCENTRATION UNITS: RL 
MC/KG COMPOUND MG /KC Q 

---------------------------------------------------------------------------otesel 
Unkno'<ln HC as Diesel , 11 

11 
U 
3 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

•• O~ .j 



HAS MEMPHIS PACILITT ID' 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab Code: CHEMW Case NO.: 9626 

Matrix: (soil/IJllter) SOIL 

Sample wt/vol: 

Oilution : 

, Moisture: 

30.0 (q/1Dl) G 

, 
, .. 

NHS80504 

soc No.; 9626 

La};> Sample 10: 9626-6 

Date Rac.ived: OS/21 /92 

Date AZ'Illlyzed: 06!0 1 {92 

GC-2 

ColUlIIn 10: D8-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND KG/KG o 

---------------------------------------------------------------------------
Oia~el 
Unknown HC as Dies.1 " " 

u 
u 

--------------------------------------------------------------------------
U: Not detected at ind1cat.d value. 



MAS MEMFBIS FACILITY 10* 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LASS 

t,,,,b Code: CHEKW 

Matrix: (soil / water) SOIL 

Samp l e wt/vol: 30.0 (9/m1) G 

Dilut i on: 

'" Mo i sture: 

NHSB0601 

SDG No.: 9626 

Lab sa_pIe 10: 9626-7 

Date Received: OS/21/92 

Datu Analyzed: 06/01{92 

GC-2 

Column 10: OB-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------Di esel 
Unknown HC as Diese l 

no 
no u 

--------------------------------------------------------------------------U: tlot detected at indicated valu •. 

• 05~ 



NAS MEMPHIS PACILITY ID' 9-7917709 

, Client ID 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

La):) Nama: CHEMWEST LABS 

Lab Coda: CHEI1W C,,"se No.: 9626 

Matrix: (soi l/water) SOIL 

sampl. wt{vol: 30.0 (g/ml) G 

Dilution: , 
\: Moist.ure: 

NHSB060J 

SOG NO.: 9626 

Lab Sa=ple IO: 9626-8 

Date AnalYJ;ed: 06/01{92 

GC-2 

Colultln 10: 06-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG/l<G Q 

---------------------------------------------------------------------------
Die.sel 
Unknown He as Oiesel , " n 

U 
3 

--------------------------------------------------------------------------U: Not detected at 1n~1eated value. 

.. OGO 



NAS MEMPHIS PACILITY 10' 9·7917709 

1 Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

NHSB0701 
Lab N&~e: CHEMWEST LABS 

Lab Code: CNEKW Case No.: 9626 SDO No. : 9626 

Matrix: (so il / water) SOIL La' Sample 10: 9626-11 

Sample wt/vol: 30.0 (q/ml) G Date Received: 0!5/21/92 

Date AnalY2.ed: 06 / 03 / 92 

Dilutio n : GC-2 

, Moistl.lre: Colu!!In 10: DB-5 

CONCENTRATION UNITS: 
COMPOUND MIOtKe 

RL 
MG/l<G Q 

---------------------------------------------------------------------------
Diesel 
Unknown HC as 01e5el 

12 
l2 

u 
u 

--------------------------------------------------------------------------U: Not d.tected at indicated value. 

•• 



NAS MEMPHIS PACILITY ID. 9-7917709 

, Client 10 
TOTAL PETROLEUM HYOROCARBONS - EXTRACTABLE 

Lab Name: CHEHWEST LABS 

Lac Code: CHEMW Case No.: 96 26 

Matrix: (soil/1Jater) SOIL 

SaJllple 1Jt/vol: 

Dilution : 

, Moisture: 

30.0 (9/JIIl) G 

, 
". 

NHSB070'l 

SOC No.: 9626 

Lab Sample 10: 9626-12 

Date Received: OS/21/92 

Date Analyzed: 06/0J/92 

GC-2 

Column 10: DB-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG/KG Q 

... ------------------------------------------------------------------------
Diesel 
Unknown HC as Diesel " " 

u 
u 

--------------------------------------------------------------------------
U: Not det ected a t indicated value. 

•• o 7G 



NAS MEMPHIS FACILITY 10' 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS ~ EXTRACTABLE 

NHSBoa02 
Lab Name: CHEMWEST LABS 

Lab Code: CHEMW Case No.: 9680 SDG No.: 9680 

Matrix: (soil/water) SOIL Lab Sample ID: 9680~6 

Sarr.pIe wt/vol: )0.0 (g/ml) G Date Received: 06/04/92 

Date Analyzed: 06/18/92 

Dilution : GC~2 

% Moisture: Column ID: DB~5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MGjKG Q 

~~-~~~~~~~~----------------------------------------------------------------
JP-5 u 
Diesel 
Unknown HC as Diesel u 

U: Not detected at indicated value. 

,. 



NAS MEMPHIS FACILITY IDt 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Nal'le: CHEMWES1' LABS 

Lab Cod.: CHEKW Casa No.: 9680 

Matrix: (soil /water) SOIL 

Sample wt/vol: 30.0 (go/mIl C; 

Dllut.ion : 

\: Moi!ltur.: , .. 

NHSBOB2D 

SOG No.: 9680 

Lab Sal!lple 10: 9680-7 

Oat. R~coiv.d: 06/04/92 

Oat.e Analy~ed: 06/17/92 

GC-2 

Column 10: OB-5 

CONCEII'TRATION UNITS: RL 
MG/KG COMPOUND MG/KG Q 

------------._-------------------------------------------------------------
JP-5 
Diesel 
Unknown HC as Dies. 1 

u 
u 
u 

--------------------------------------------------------------------------
U: Not detected at i ndicated value. 



, Client 10 
TOTAL PETROLEUM HYDROCARBOtlS - EXTRACTABLE 

I.!Ib Nlllno: CHEMWEST LABS 

Lab Code: CHEMW Casa No.: 9680 

Matrix: (soil/water) SOIL 

Sample "'t/vol: 30.0 (9/m1) C 

Dilution: , 
, Moisture: 

NHSBOS03 

SDG No.: gEeO 

Lab Sample 10: 9680-8 

Oat. Received.: 06/04/92 

Oat. Analyzed: 06/17/92 

(;C-2 

Colullln 10: 08-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOtmD MG/KG Q 

----------_.---------------------------------------------------------------
.JP-5 
Diesel 
Unknown He as Diesel 

" " " 
u 
u 
u 

--------------------------------------------------------------------------
U: Not d.tected lit indicated value. 



HAS MEMPHIS FACILITY IDI 9-7917709 

, client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Na~e: CHEMWEST LASS 

Lab Code: CHElolW Case No.: 9680 

l1atrix: {soil /wate..-, SOIL 

sample wt/vol: 30.0 (q/ml) C 

Dilution: 

\ Moisture: 

NHSB0805 

SDG /1O.: 9680 

Lab sa~ple 10: 9680-9 

Data Received: 06/04/92 

Date Ana1y~ed: 06/17/92 

GC-2 

Column 10: D8-5 

CONCENTRATION L~ITS: RL 
MC/KG COMPOUND MG/KG 

---------------------------------------------------------------------------
.1P-5 
Diesel 
Unkno~n HC as Diesel 

u 
u 
u 

--------------------------------------------------------------------------
U: tlot detected at .indicated value. 

• • 



NAS MEMPHIS PACILITY ID' 9-7917709 

, Client to 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

NlfSA0101 
Lab Name: CHEMWEST LABS 

u, Coc!e: CHEMH Case No. : 915~ 9 "'" NO. : 915~ 9 

Matrix: (soil/water) SOIL Lo' Sample 10: 9639-1 

Sample Io't/vol: 30.3 ('1/=1) G Date RecEIi lied: OS/26/ 92 

, Moisture: '" Date Analyzed: 06/11/92 

Dllut ion , , GC-2 

Column 10 : 05- 5 

CONCENTRATION UNITS: 
COMPOUND MG/KG 

RL 
MOll<O Q 

---------------------------------------------------------------------------
Diesel 
Unknown HC as Diesel , 13 

13 
u , 

---------------------------------------------------------------------------
U: !lOt detected at indicated value. 



NAS MBKPBIS PACILITY IDI '-7'17709 

, Client 10 
TOTAL PETROLEUM H¥OROCARBONS - I:XTRACTABL£ 

NHSA020 1 
Lab Name : CH£l1\o1£5T LABS 

Lob Code: ""'" Casa Ho. : 9 639 'DC Ho. : 9 639 

Matrix : (soil/water ) SOIL Lab Satnple 10: 9639-2 

Sample vt /vol: lO.S (g/ml) G Date Received: OS/26/92 

• Moisture: '" Date Analyzed: 06/ 11 / 92 

Dilution , "0 GC-2 

Column ID: DB- 5 

CONCENTRATION UNITS: 
COMPOUND KG/KG 

RL 
KG/KG Q 

---------------------------------------------------------------------------
Diesel 11, 000 
Unk nown HC as Diesel 

1100 
1100 u 

---------------------------------------------------------------------------
U: Not detected at indicated value. 



NAB MEMPHIS PACILITY 10' 9-791770' 

, Client ID 
TOTAL PETROLEUM HY DROCARBONS - EXTRACTABLE 

Lab Name: CHEM~EST LABS 

Lab Code: CHEMW C;,.se No.: 9639 

Matrix: (soil/ .... ater) SOIL 

Sample .... t/vo}: 

t J.\oii:turQ.: 

Dilution, 

30.6 (q/ml) G 

, .. 

NHSAOJ 01 

SOG No.: 9639 

Lab Sample 10: 9639 -3 

Date Reeaived: 05/26/92 

Data Analy~ed: 061 11 /9 2 

GC-2 

Column 10: 08- 5 

CONC£NTRATION UNITS: RL 
MGIKG COMPOUND MG/KG 

---------------------------------------------------------------------------
Diesel 
Unknown HC as Diesel 

u 
u 

---------------------------------------------------------------------------
U: !lot detected at indic!lted value. 



NAS lImKPHIS PACILITY lOt 9-7917709 

1 Client IO 
TOTAL PETROLEUM HYDROCARBONS - ~RACTABLE 

La)) !lame: CHEMWEST LABS 

Lab Codo: CHEMW Case No.: 9639 

Matrix: (aoil/wat~r) SOIL 

sample wt/vol: )0.3 (g/rol) e 

It Mo15ture.: 

Dilution : 1 

tlHSA0401 

SOG No.: 9639 

Lab Sample IO: 9639-4 

Date Received: 0506/9 2 

Date Analyzed.: 06/11/92 

GC-2 

ColUllln ID: 08- 5 

CONCENTRATION UNITS: RL 
Me/KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
Diesel 
Unknown HC as Dies~l 

10 
10 

u 
u 

---------------------------------------------------------------------------
U, Not detected at indicated value. 



NAS MEMPHIS PACILITY ID' g · 7g17709 

1 Client ID 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab Code: CHEMW Case No.: 9835 

Matrix: (soil/water) SOIL 

sample wt/vol: 

Extraction: JAR 

Dilution : 

, MQisture: 

)0 (qlllll) G 

NHSA0701 

SOG No.: 9835 

Lab sample 10: 9835-13 

Date Received: 07116192 

Date Extracted: 07128/ 92 

Date Analyted: 08/04/92 

Instru.ent 10: GC-2 

Colulm 10: 08-5 

CONCENTRATION L~ITS: '"' I'IG/KG COMPOUND HG/KG Q 

---------------------------------------------------------------------------
Diesel 55 40 
Unknown Hydrocarbon '" ,oo u 

---------------------------------------------------------------------------
U: not detected at indicated value. 

FORM I TPM 



NAS MEMPHIS FACILITY ID' 9-7917709 

1 Client 10 
TOT~L PeTROLEUM HYOROCARBOIlS - EXTRACTABLE 

Lab Name: CHD\l<JEST LABS 

Lab Code: CHEMW Cai:e No.: 98 35 

Matrix: (soil/ ... ater) SOIL 

Sample vt/vol: 

Extract ion: JAR 

Dilution: 

, Moisture: 

30 (go/ml) G 

1 

'" 

NHSA0102 

SOC No.: 9835 

Lab Sample 10: 9B35-14 

Date Received: 07/16/92 

Date Extracted: 07/ 28/92 

Date Analyzed: 08/04/92 

Instr~ment 10: GC-2 

column ID: OB~ 5 

CONCENTRATION UNITS: RL 
MG /KG COMPOUND MG/KG Q 

--------¥~---- -------------------------------------------------------------Diesel " Unknown Hydrocarbon 
7.' 
7 •• u 

---------------------------------------------------------------------------U: not detected at indicated value. 

FORK I TPH 1 / 90 Rev. 



HAS KEXPBIS FACILITY I D' 9-1911109 

, Client ID 
TOTAL PETROLEUM H~DROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LASS 

Lab Code: CHEMW Case No .: 9835 

Ma t r i x: (soil/ .... ate.r ) SOIL 

Samp l e wt / vo l : 30 (g"/ml ) C 

Extraction : JAR 

Dilut ion : 

t Moist.ure: 

NHSA080 1 

SOG No .: 9835 

Lab Sample ID: 9835-15 

Date Received: 07/16 /92 

Date Ext racted: 07/~8/92 

Date Analy zed : 01/3 1 /92 

Instrument 10 : GC-2 

Colullln 10: DB- 5 

CONCENTRATION L~ITS: RL 
HG/KG COMPOUND MC/KG Q 

---------------------------------------------------------------------------Di esel 
Unknown Hydrocarbon 

---------------------------------------------------------------------------U: not detect ed at indicat ed value. . 

FORM I TPH 1 /90 Rev. 



NAS HZMPRIS PACILITY 10' 9 · 7917709 

, Client 10 
TOTAL PE'l'ROLEUl'I HYDROCARBONS - EXTRACTABLE 

NHSA0802 
Lab Name: CKF.MWEST LABS 

Lab Code: CHEMW Case No.: 9835 SOG No. : 9835 

Matrix: (soil/water) SOIL Lob sample 10: 9835-16 

Sample wt/vol: 30 (<J/ml) CO Date Receive!:!: 07/16/92 

Extraction: JAR Date Extract.!:!: 07/28/92 

Dilution : I Date Analyzed: 07/31/92 

, Moisture: Instru.ent 10: GC-2 

COMPOUNO 

Column 10: 08-5 

CONCENTRATION UNITS: 
MG/KG 

RL 
MC/KC Q 

------------------------------------------------------------.--------------Diesel 
Unknown Hydrocarbon 

u 
u 

-.-._----------------------------------------------------------------------
U: not detected at indicated valUe. 

FORM r TPH 1/90 Rev. 



NAS MEMPHIS PACILITY lot 9-7917709 

, CHent 10 
TOTAL PETROLEUM aYDROCARBONS - EXTRACTABLE 

NHSA0901 
Lab Name: CHEMWEST LABS 

Lab Code: CHEMW CU'e No.: 98)5 'DC No. : 98.35 

Katrh:: (soil/water) SOIL Lab Sal:lple 10: 9835-11 

sampl" wt/vol: )0 (g/lIIl) C Date Reeeived: 07/16/92 

Extraetion: JAR Oate Extracted: 07/28192 

Dilution : 1 Date Analyzed: 07/31/92 

1; Mo.isture: Instrulllent 10: GC-2 

Coll.lmn 10: OB-5 

CONCENTRATION UNITS: 
COMPOUND MG /KG 

RL 
KG / KG Q 

---------------------------------------------------------------------_.----
DiefOel 
Vnknown Hydrocarbon 

u 
u 

---------------------------------------------------------------------------
0: not detected at indicated value. 

FORK I TPH 1/90 R"v. 



NAS MEMPHIS PACILITY ID' 9·7917709 

1 Client 10 
TOTAL PETROLEUM HYOROCARBONS - £XTRACTABLE 

Lab Nllm .. : CHEMW£ST LABS 

Lab Code: c:HEMW else No.: 9935 

Matrix: (soil/water) SOIL 

SlImpl. wt/vol: 

Extrac tion: JAR 

Dilution : 

" Mois ture: 

30 (g/:nI) G 

1 

'" 

tlKSA0902 

SOC; No.; 9835 

Lab Sa~ple 10: 9835-18 

Date Received: 07/16/92 

Date Extracted: 07/28/92 

Dat. Analyzed: 07jJl/92 

Instru.ent 10: CC-2 

Column 10: 08-5 

COnCENTRATION UNITS: RL 
MGjKG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
Diesel 
Unknown Hydrocarbon 

, , u 
u 

---------------------------------------------------------------------------U: not doteeted at indicated value. 

FOR>! I TPH 1/90 Rev. 



NAS MEMPHIS FACILITY ID' 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab Coda: CHEMW Case No.:. 9835 

Matri:c (soil/· ... ater) SOIL 

Sample wt/vol: )0 (q/ml) G 

Extraction: JAR 

Dilution : 

t Moisture: 

NHASIOOI 

soc lIo.: 9835 

Lab Sample 10: 9835-8 

Date Received: 07/16/9~ 

Date Extracted: 07/ ~8 / 9~ 

Date Analyzed: 08/04/9~ 

Instrument 10: GC-~ 

Column 10: DB-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
Diesel 
Unkno .. m Hydroc(!'rbon 

u 
u 

---------------------------------------------------------------------------
U: not detected at indicated value. 

FORM I TPH 1/90 Rev. 



NAS MEMPHIS FACILITY 10' 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

NHAS1002 
Lab Name: CHEMWEST LABS 

Li!lC Code: CHEMW Case No.: 9835 'DO No. : 9835 

Matrix: (soil / water ) SOIL Lab Sal:lple 10: 9835-9 

sa.ple wt/ vol: 30 (<l / Dl ) G Doto Received: 07/16/92 

Extraction: JAR Date Extracted: 07/28/92 

Dilution: 100 Date Analyzed: 08/0./92 

, Moisture: Instrument 10: GC-2 

COMPOUND 

Colwnn 10: DB-5 

CONCENTRATION UNITS; 
MG J KG 

RL 
MGJKG Q 

---------------------------------------------------------------------------Oiesel 4210 
Unknown Hydrocarbon u 

---------------------------------------------------------------------------
U: not detected at indicated value. 

FORM I TPH 



NAS MEMPHIS FACILITY ID' 9-7gl7709 

, Clie.nt ID 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab Code: CHEKW cas. No.: 9835 

Matrix: (soil/Yater ) SOIL 

sample V1:fvol: 

Extraction: JAR 

Dilution : 

, Moisture: 

]0 (q/ml ) C 

" m 

NHAS100J 

SOG No.: 983' 

Lab sampla 10: 9835-10 

Data Racaived: 07/16/92 

Date Extracted: 07/28/92 

Date Analyzed: 08/04192 

Instr~ent ID: CC-2 

Column 10: 08-5 

CONCENTRATION UNITS: RL 
HG/KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------Diesel 
Unkno ... n Hydrocarbon " " u 

---------------------------------------------------------------------------U: not detected at indicated valu •. 

FORM I TPH 1 /90 Rev. 



NAS MEMPHIS PACI~ITY ID' 9-79l7709 

, Client ID 
TOTAL P£TROLEUK HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab Code: CHEMW Caso No.: ge35 

Matrix: (soil/water) SOI L 

Sample vt/vol.: 

Extraction: JAR. 

Dilution: 

" Moisture: 

)0 (q/ml) G 

, 
'" 

NHASllOl. 

SOG No.: ge35 

Lab Sample 1 0: 9835-6 

oate Roceived: 07/l.6/92 

Date Extracted: 07/28/92 

Date Analyud: 08/04/92 

Column 10: OB-5 

COtlCENTRATIOl1 UNITS: RL 
HGIKG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
Ciesel 
Unknown Hydrocarbon 

u 
u 

---------------------------------------------------------------------------U: not detected at indicated value. 

FORM I TPH 1 /90 Rav. 



HAS MEMPHIS PACILITY ID' 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS • EXTRACTABLE 

lAb Code: CHEHW Case tlo.: 9835 

Matrix: (lIoll/watctr) SOIL 

Sam.ple ",tjvol : 

Extraction: 3AR 

Dilution : 

, Moisture: 

30 (go/ml) G 

, 
," 

NHAS1102 

SOG No,: 9835 

lAb Sample 10: 9835-7 

Data aeceived: 07/16/92 

Date Extracted: 07/ 28/92 

Date Analyzed: 07/31/92 

1n.tr~ant 10: CC·2 

Column 10: 05·5 

CONCENTRATION UNITS: RL 
HG/ KG COMPOUND MG/KG Q 

._------------_.-----.. __ ._.-------------------------------------------.---
Di •• el 
Unknown Hydrocarbon 

u 
u 

---------------------------------------------------------------------------U: not detected at indicated value. 

FORK I TPH 1/90 Rav. 



NAS MEMPHIS PACILITY ID' 9-791770' 

, Clilnt ID 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Nama: CHEliWEST tJ>.SS 

Lab Code: CHEKW Casa No.: 9680 

Match:: (soil/water) SOIL 

Sample wtlvol: 30.0 (g{ml) G 

Dilution : 

t Moisture: 

}JIfS1>C/OI 
Niun,Q},Q }, 

SDG NO.: 9680 

Lab sampla IO: 9680-10 

Date Received: 06{04/92. 

Date. AnalY2:ad: 06/18/92. 

GC-2 

Col ullin ID: 06-5 

CONCENTRATION UNITS: RL 
MG/l':G COMPOUND MG/l':G Q 

---------------------------------------------------------------------------
J'P-5 
Diesel 
Unknown HC as Diesel ". 

". ". ". 
u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

. , 



NAS MEMPHIS FACILITY 10' 9-7911109 

, client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Nallle: CHD{WEST LABS 

Lab Code: CHEMW eliSe No_: 9680 

f'latrix: (soil/water) SOI L 

sample wtjvol: 30.0 (g/llIl) C 

Dilut ion : 

" Moisture: 

H tfS t>O<LO L 
1Il!S:MI~OI 

SOC No.: 9680 

Lab SlI.ple ID: 9680-11 

Date Received: 06/04j9 a 

Ollte Analy~Qd: 06/1II/9a 

GC-2 

Column 10: OB-5 

CONCENTRATION UNITS: RL 
MG /KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
.JP-5 
Diesel 
Unknown He as Diesel '" 

)2. 
)2. 
m 

u 
U 
J 

--------------------------------------------------------------------------U: Not detected at indicated value. 

e. 



NAS KEHPBIS FACILITY ID' 9-791770' 

Lab Mallie, CHEMWEST LABS 

Lab Code: CHEMW Case No.: 9835 

Matrix: (soil/water) SOIL 

Sample wt/vol: 

Extraction: JAR 

Dilution , 

1: Moisture.: 

30 (g/ml) G 

1 

NHJ\.S1201 

SOG No.: 9835 

Lab sample 10, 98]5-1 

Date Received: 07/16/92 

Datil Extracted: 08/04 /92 

Date Analyzed: 08/0~/92 

In~trum.nt 10: GC-2 

c01wnn 10: DB-5 

CONCDtTRATION UNITS: '"' HG/XG COMPOUND MG/XG Q 

--------------------.. -----------------------------------------------------
Oiesel II 
Unknown Hydrocarbon u 
---------------------------------------_.--------------------------------~ U: not detected at indicatlld value. 

TORM I TPH 1/90 Rev. 



NAS MEMPHIS FACILITY ID' 9-7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab code: CHEMW Case No.: 9835 

Matrix: (soil/water) SOIL 

sample wt/vol: 

Extraction: JAR 

Dilution : 

t Moisture: 

30 (g/ml) G 

NHAS1301 

SDG No.: 9835 

Lab Sample 10: 9835-2 

Date Received: 07/16/92 

Date Extracted: 07/28/92 

Date Analyzed: 08/03/92 

Instrument 10: GC-2 

ColuIlll1 10: DB-5 

CONCENTRATION UNITS: RL 
MG/KG COMPOUND MG/KG Q 

---------------------------------------------------------------------------
Diesel 
Unknown Hydrocarbon 

u 
u 

---------------------------------------------------------------------------
U: not detected at indicated value. 

FORM I TPH 1/90 Rev. 



NAS MEMPHIS PACILITY 10' 9·791770, 

, CHent 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

IfHASIl02 
Lab Name: CHEMWEST lABS 

Lab Code: CHEMW Case No.: 91335 'DO No. : 9835 

Matrix: (soil/water) SOIL Lab Sample. 10: 9835-3 

Sample wt/vol: )0 (g/ml) G Date Received: 07/16/92 

Extraetion: .JAR Date Extracted: 07/28/92 

Dilution : t Date Analyted: 07/31/92 

, Moisture: Instrument 10: GC-2 

COMPOUND 

ColWlln 10: 08-5 

CONCENTRATION UNITS: 
MG / KG 

RL 
MG / KG Q 

---------------------------------------------------------------------------Diesel 
Unknown Hydrocarbon 

u 
u 

---------------------------------------------------------------------------
U: not detected at indicated value. 

FORM I TPH 1/90 Rav. 



NAS HBHPHiS FACiLiTY IDt 9-7917709 

, Cliant. 10 
TOTAL PETROLEUM H'tOROCARBOIiS - EXTRACTABLE 

Lab Code: CHEMW Case No.: 9835 

Matrix : (50il/vater) SOiL 

Sample ""t/vol: 

Extraction: J AR 

Dil1.ltion : 

, Moist.ure: 

30 (q/ml) G 

, 
'" 

NHAS1401 

SOG No.: 9835 

Lab Sample 10: 9835-4 

Dat.e Racei ved: 07/16/92 

Date Extracted: 07/28/92 

Dat.. Analyzed: 07/31/92 

Instrument. 10: GC-2 

colul:II1 ID: OB-5 

CONCENTRATION UNITS: RL 
HG/l(G COMP OUND MG/KG 

Diesel 
Unknown Hydrocarbon 

s. , 
s. , 

Q 

u 
u 

---------------------------------------------------------------------------
U: not detected a t indicated value. 

FORM I TPH 1/90 Rev. 



NAS MBMPHIS PACILITY ID' 9'7917709 

1 
TOTAL P~LEUM HYDROCARBONS - EXTRACTABLE 

Lab code: CHEMW Case No.: 983' 

Matrix: (aoil/water) SOIL 

Sample Io't/vol: 30 (q/ml) G 

Extraction: JAR 

Dilution : 

, Moisture: 

NHAS1402 

SOG No.: 9835 

Lab Sample 10: 9835-5 

Date Received: 07/16/92 

Datil Extracted: 07/28/92 

Date Analyzed: 07/31/92 

Instru_ent 10: GC-2 

Colwnn 10: 08-5 

CONCENTRATION UNITS: RI. 
COMPOUNO HG I KG MG/KG Q 

---------------------------------------------------------------------------
oieael 
Unknown Hydrocarbon 

7. , 
7. , 

u 
u 

---------------------------------------------------------------------------'1: net detected at indicated value. 

FORM I TPH 1/90 Rev. 



NAS MEMPHIS PACILITY ID. 9 -7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

NHGW01 

Lab code : CHEKW Case No.: 9687 SOG tlo .: 9687 

Matrix: (soil/water) WATER Lab Semple 10: 9687 -1 

semple wt/vol: 1000 (q/ml) ML Date Received: 06/05/92 

Date AnalYl!:ed: 06/17/92 

Dilution GC-2 

Column 10: OB-5 

CONCE~TRATION UNITS: RL 
UG/L COMPOUND UG/L 

---------------------------------------------------------------------------
J P-5 
Diese l 
Unknown HC as oi.sel 

u 
u 
u 

--------------------------------------------------------------------------
U: Not detected a t indicated value. 



NAS HEHPHIS FACILITY IO' 9 -7 917709 

, Cl ient 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

NHGW02 
Lab Name: CHEHWEST LABS 

La b Code : CHD1W elise No.: 9687 SOG !lo.: 9687 

Matrix: (soil/water) W~TER LII b sa .. ple 10 : 9687 - 2 

Sample wt /vo l: 1000 ( '1 / lIll ) li t. Date Received: 06/05/92 

oat. Ana l y z e d: 06/18/92 

Dilution , GC- 2 

Column 10: OB- 5 

CONCENTRATION UNITS: RL 
UG/ L COl'!POl]ND UG/ L Q 

---------------------------------------------------------------------------
JP- S 
Diesel 
Un known HC as Diesel 

u 
u 

--------------------------------------------------------------------------
Ul Not datec:ted a t indicated v a l ue. 



NAS MEMPHIS PACILITY 10' 9-1911109 

, Client IO 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab lIame: CHEMWEST LABS 

Lab Code : CHEMW Caee No.: 9687 

Matrix: (soil/water) WATER 

Sample wt/vol: 1000 (<;}ml) HL 

Oilution 

NHGW020 

SOG No.: 9687 

wb Sample 10: 9687-3 

Date Received: 06/05/92 

Datil Analyzed: 0 6 /18/92 

Column 10: 06-5 

CONCENTRATION UNITS: RC 
UC/L COMPOUND UC/L Q 

---------------------------------------------------------------------------
J P-5 
Oissel 
Unknown He aB Diesel 

" " 50 

u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 



NAS HEKPBIS FACILITY ID' '·7917709 

, Client ID 
'rOTAL PETROLEUM HYDROCAR80tIS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab CO~O: CHEMW Casa No.: 9687 

Matrix: (eoil/water) WATER 

sample wt/'101: 1 000 (9/m1) ML 

Dilution 

tniGWOJ 

SOG No.: 9697 

Lab Samp l e ID: 9687 -4 

Date RecGive.d: 06/05/92 

Date Analyzed: 06/18/92 

GC-2 

Column 10: OB - 5 

CONCENTRATION UNITS: RL 
UG/L COMPOUND UG/L Q 

---------------------------------------------------------------------------
']P-5 
Diesel 
UnXnown HC as Diesel 

" 50 

" 
u 
u 
u 

--------------------------------------------------------------------------
U; (lot detected at. indicated value. 



NAS MEMPHIS PACILITY ID. 9-7917709 

, Client tD 
TOTAL PETROLEUM HYDROCAABOtlS - E:XTRACTABLE 

Lab N~mB: CHEMWE:ST LABS 

L~b Code: CHEMW Case No.: 9696 

M~trlx: (soil/water) WATER 

SlImple w1; /vol : 1000 (q/ml) tiL 

Dilution : ,. 

NHGW04 

SOG No.: 9696 

Lab Sample 10: 9696- 1 

Date Received: 06/09/92 

Data A1lalyzed: 06/25/ 92 

GC-2 

Colulll.I'I 10: DB-5 

CONCENTRATION UNITS: RL 
UG/L COMPOlJNO VG/L Q 

---------------------------------------------------------------------------
Diessl 5500 
Unknown He as Diesel 

, .. 
soo u 

---------------------------------------------------------------------------
U: Not detected at indicated value. 



NAS HBMPHIS PACILITY IVI 9'7917709 

, Client 10 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

~b Name: CHEMWEST LABS 

Lab Cooe: CHDo!W Case No.: 9835 

Matr ix: (soil/water) WATER 

sall1ple ve/vol: 1 

Dilution: 1..1 

\: Ho iature:NA 

(q/mL) L 

NHPB0714 

SDG No.: 9835 

Lab sample 10: 98)5-11 

Date Received: 07/16/9 2 

Oat. Extracted: 07/22/92 

Date Analyzed: 07/29/92 

CC-2 

COlulllll 10: 08-5 

COMPOUND 
CONCENTRATION UNITS: 

(U'1/L or mg/Kg) VG/L Q 

-------------------------------------------------------------------------------
D1esel 

Unknown Hydrocarbon M1xture. 
" 
" 

u 

u 

-------------------------------------------------------------------------------u: NO~ de~ected at indicated value. 

FORM I 1/90 Rev. 



NAS MEMPHIS PACILITY 10' 9-7917709 

1 Client 10 
TOTAL PETROLEUM HYOROCARBONS - EXTRACTABLE 

Lab Name: CHEMWEST LABS 

Lab Code: CHEMW Case NQ.: 9835 

Matrix: (soil/watQr) WATER 

Sample wt/vol: 1 

Dilut.ion: 1.1 

, I"IO isturo:NA 

(g/mL) L 

NHRB0714 

SOG No.: 9 835 

Lab Sample 10: 9835-12 

Date Received: 07/16/92 

Oat.e Extracted: 07/ 22/92 

Date Analyzed: 07/29/92 

GC-' 
ColWlln 10: 08-5 

COI"IPOUND 
CONCENTRATION UNITS: 

(ug/L o r !:Iq/Kq) UG/L o 
-------------------------------------------------------------------------------

Diesel 

Unknown Hydrocarbon Mixture. 

u 

u 

-------------------------------------------------------------------------------U: Not detected at indicated value. 

YO"" I 1/90 Rev. 



NAS MEMPHIS FACILI'l'Y ID' 9-1911109 

, Client IO 
TOTAL PETROLEUM HYDROCARBONS _ EXTRACTABLE 

Lab l1am.: CHEMWEST LABS 

Lab Code : CHEMW Cas. No.: 9680 

Matrix: (soil/water) WATER 

sampl. "'t/vol : 950 ( 'J /ml) ML 

Dilution 

NHFB0001 

SDC No.: 9680 

Date Rec.ived: 06/04/92 

Date Analyzed: 06/16/ 92 

GC-2 

Column 10: DB-5 

CONCENTRATION UNITS: RL 
UG/L COMPOUND UG/L Q 

---------------------------------------------------------------------------
JP-5 
O.l.e901 
Unknown HC as Oi0gel 

50 
50 
50 

u 
u 
u 

--------------------------------------------------------------------------U: )Iot detected a t indicated value. 

" 



NAS MEMPHIS FACILITY ID~ 9-7917709 

, Client ID 
TOTAL PETROLEUM HYDROCARBONS - EXTRACTABLE 

Lab Name: CHEHWEST LABS 

Lab Code: CHEMW Case No.: 9680 

Matrix: (soil/water) WATER 

Sample wt/vol: 950 (g/ml) ML 

Dilution , 

NHFB0002 

SOG No.; 9680 

Lab Sample 10: 9680-12 

Date Received: 06/04/92 

Date Analyzed: 06/16/92 

GC-2 

Column ID: DB-5 

CONCENTRATION UNITS: RL 
VGJL COMPOUND UG/L 

---------------------------------------------------------------------------
JP-5 
Diesel 
Unknown He as Diesel 

u 
u 
u 

--------------------------------------------------------------------------
U: Not detected at indicated value. 

-. 



NAS KSMP8IS PACILITY ID' 9-7917709 

, Cliant IO 
TOTAL PETROLEUli H'J'OROCAREOIIS - EXTRACTABLE 

Lab Name: CHEMWLST LABS 

Lab Code: CH:EMW Ca~e No.: 9580 

Katrix: (~o11/w"'ter) WATER 

Sample wt/vol: 950 (g/1II1 ) KL 

Dilution , 

NHRB0601 

SOG No.: 9680 

Lab Saaple I O: 9680-14 

Date Received: 06/04/92 

Date Analyzed: 06/16/ 92 

GC-2 

colUl!ln IO: OB-5 

COMPOUND 
CONCENTRATION UNITS: 

ue/L 
RL 

UG/L 

---------------------------------------------------------------------------
JP-5 
Diesel 
Unknown HC as Diesel 

50 
50 
50 

" " " --------------------------------------------------------------------------
U: !lot detected at indicated. value. 

'. 



NAS HEKPEIS PACILITY ID. 9-7917709 

, Client Irl 
TOTAL P~TROLEUM HYDROCARBONS - EXTRACTABL~ 

NHRB0602 
Lab Name: CHEMWEST LABS 

Lab Code: CHEMW Ca&8 No.: 9680 SOG No.: 9680 

Matrix: (soil/vater) WATER Lap Sample ID: 9680-15 

Sample vt /vol: 950 (9/ml) ML Date Received: 06/04/92 

Data Analyzed: 06/16/92 

Dilution , GC-2 

colulIln ID: DB- 5 

COMPOUND 
CONCENTRATION UNITS: 

tIO/L 
RL 

UG/L 

---------------------------------------------------------------------------
J'P-~ 

Oie.el 
Unknovn He as DieGel 

so 
SO 
SO 

u 
u 
u 

------------------------------------------------------.-------------------U: Not detected at indicated value. 

•• 
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COMi'I£HEM 
L\llrn>lO<£' CHAIN-Of -CUSTODY RECORD 

"~. 

NQ 028232 

>i 



CC\\1PLO-Jf-M 
!AB()W\IOU S CHAIN-OF-CUSTODY RECORD 

NQ 028197 

PROJECT NAME: ~ G. • GC/MS GC IN(l~ GAnCS OTHER """,,,PUNG'NH) j REM ARKS 

"ru,,, ,"M'" " • IIII III'TI III I I I I I,. I I I SAMPLF_ ISIr.N "':U I~" " L· 

DATE I TIME .J"-nl 
, I , I , I, I ,I, I :1':'1, 1"1 I I I 16ITITI~I -1 6 ITI~ 1 6 1110 1 ~ lf l '9 I I I I ~ 7/\ 

::,;; 11+ :'1-" II'> 17 1 14 I -1/+ "6 -, I 14 I 1', 6>7 a -
,_ it 5 t1 D 7 ~ -. t W 613 L.c • ., J 'r ' 
., Iff 5 I AI ,..,1- 0 L ~ //228 
tJ III' S 1<[0 j 61T { .. - 1,/" //24

0 

iJ Iff .<; III 0 S 017 { < h~I~" 
iJ t ~ ,4 0 D { L : 7'~~h-. 
~if~ O~ lnl 7 ( ,#~~.~ 

7-1';, """ 

f), , -t.; 
:::--- 1;?Y7~~ " 

I ' 
"""' '''-

"' ,-

NA'" 

" AM' 

-, 

SHIPPIf< 
NurTlber of $hil 

Method III Sh'pmefil 

SpecIal Hoodllrlg R<lqLmcmcnts 
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MEMPHIS AND SHELBY COUNTY 

HEALTH DEPARTMENT 

Auqust 6, 1992 

EnSafe I AII.n & Hosh.ll 
~720 Summer Trees Drive. Suite 8 
M.mphis. Tennessee 3B13~ 

Attn: La1JSOn M. AndetlOn 

RE: Environmental Site Assessment 
WatlH Wall Search 
Millin9ton Naval Air StationhWillis Gate 
Interlection or Navy Road And Thicd Avenue 
Millington. Tennessee 

Dear Mr. Anderson: 

Pleiu,e find enclolled a lillt o r quasi hpUblic. cOll:lllleccial, and 
residential wells located within an approxi.ate t1JO (2) .ile 
radius or the above l ocation that are conuinfld I n OUI !iles. 
This list doe6 not contain the location of any public 1Jater 
~upply w8lh that are operated by the Public Utility Division, 
nor does i t contain welill used for qIoundwate, monitorlnq. 
Public watet well information lI:Iay be obu.ined fco. Heillphis L19ht. 
Gas. and Wolter Division. 240; SOuth Main St .• Me.phis. Tennel'ee 
(901)528-4011. Intor •• th," [1'I9'Uo1109 1II0nitodnq wellll aSliochted 
1Jith leakinq petroleum storage tankG !IIay be obtained from the 
Tennessefl Departml'lnt of I':nvicoDl.'nt <lnd Conservation. Division or 
Water Man''ilI.ent. 2500 Mt. Moriah Road. (901)541-6695. 

OUr records indicate flve (S) wells on the Naval Air Stoltion 
property, howevec. information rlejardinQ tl'le exact location. Ule. 
and dl'lpth ot these 1Jel1s is not included in our tiles. YOU .ay 
contact Lt. Ron Gcu~esky. NAS Melllphill. 973-5230 for addition,l 
inforMation about these wells. 

Paqelot2 Al.lqulit 6. 1992 

wp.00751/115 

81 " JEFF'tASON AVEN~ MEMPHIS. ~NE$SEE 381 as 
PHoN., 111011576-7800 FAX 111011 576-7832 



Paqe 2 o t 2 Auqu llt 6. 1992 

I hope thie c larifies the facts tor which we have cecords on tile 
in our office. !f Pollution Control can be o f !\lether assista.nce, 
feel frs. to c ontact me at S7S - 771 S. , i sinefrelYo\... ' 

c/I.It" "'"", ,' ~):~efi l 
S. L. 5 (( 11, Jr.o Allst. Mana<;Jer 
POLLUT! N CO NTROL 

ENCLOSURE 

wp-007 5 1/11S 
WI\S/5LS 
HK_199 



WIITER WELL LIST 

PalOI!' 1 at 2 

Wat e r Well Number: I 
OIoIner of Well: J<lmeB E. Krosp 
Location at Well: 7378 Krosp Roa"­
Ha il inq AddreBs : James E. Kro sp 

7378 Krosp Road 
Millington. TN 

NUMber of well s at th i, location: 
Well Depth: 15 0 Feet 
Well Class ification: Resi"-ent1al 

Wate r well NUlO.ber: 2 

) 805) 
1 

~ner of Well: Cliffo rd o. Longmi re 
Location of W.ll: 7 431 Krosp Road 
Mailing IIddre ss : Cliff o rd O. Long.ire 

7431 Kcosp Road 
Mil l1nq ton. TN 

Number of w,lls at thl' location: 
We l l Depth: 120 Feet 
We l l Classification: 

Watltr WliIll Number: 3 

Residentid l 

O'oIner of Well: Terry Lonqmire 
LOcation ot Well: 7(73 Krosp Road 
Hailing IIddre.s: Te rry Longlllire 

7473 Krosp Road 
Millington, TN 

Number of wells at this location: 
Well Depth: 130 Feet 
Well Class i f ication: Resident ial 

Wa ter Well Number: 4 
o..:ner of Well: Phoen i x Zinc 

3805) , 

38053 , 

Locarion of Well: .525f4599 Big Creek Church Roa~ 
M.ilinq A~~t'8.: 4S25f4599 Big Cteek Chur c h Roa~ 

Millington, TN l80S3 
NUllibee at we lls at this location: 1 
Well Depth: Not Li8ted 
Well cl<l. •• it1cation: Commercial 

Wilter Well NUlllber: 5 
o....ner ot Well: Shelby County Co na eevatiol'l 80.td 
Loe.tion at Well: EdlllQnd o rgill Park 
Ha i linq IIddres s: Shelby county Conservation Board 

2S99 Avery 
Memphis, TN 38053 
Attn: Ed Pe1ce 

Numbe r ot wella at thi, location: 1 
Well Depth: Deptb Not Listed 

IIUqUBt 6. U92 

Well claa.ifieation: Irriqation And To M<l.intilin Lake Level 

""p0075 II1l7 



WAT~R WELL LIST (Continued) 

P"ge l of 2 

Water Well Nu.ber: 6 
OWne~ of We ll: Harold Bradley 
LOl;ation af Wel l: 5230 Batelll,/Hl Roa d 
Mailin!] Address: Harold Braillay 

5210 Batman Road 
Mtllinqton. TN 3B053 

NIHllbtr ot wells at this location: 1 
We ll Oapth: 150 l'eet 
Well Classification: Re,idential 

IoIp00751/118 

Auqust 6, 1992 



PERMEABILITY TEST R[SULTS 

Ph,,,\ ~r:1!!!1 IIIUb. n. mw, nt ~lJ!IIlbllltt ~I" 

""':I Kosplhl B-9·l , .. 91.4 S.ot x 10" 

..... :1 Hosl>tt~l B-9-Z 11 100.2 6. 26 x 10'" 
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NA VAL HOSPIT AL 
MILLINGTON, SHELBY COUNTY, TENNESSEE 

• 

l' 

REVISIONS 

" 

8 

Y--I-

1 

1 

I 
.., 
• 
r 0 0/' '" 0 r d 
<0 0 
o ... 
z 

1 

I 

1 

e 1_ -

8 

NOTES: 

-

1. PlOT PREPARED FOR DiSAIE / ALLfN A; H05HAU. 
" JOINT \DITURE f'OR PROFE:S$lCI{AL SatVSCES sn4 SlJt,NDI TR££S DR. SIJIlE .. WEWPttlS. 1DiNESS£E 

S 83'44'50' e: 
- - --4~0:;::0:-:,0:;::0;-' -

S 83"44'50' e: - - -
'40 ,nO''', 0"0'" --

-

SURVEY 

-

., 

12 

.., 
b/' _ a 
;" 0 
r d 

"'/0 o ... 
z {" 

<0 
d .., -

BLDG'~'23' 
y,£U No. 1 

I El£V.- 289.47 

{ { ASPHAlT 
30,3" PARKING LOT ''', 

MI.l No. 2 WELL No.4 51 

~' 

~~29'2 Vt£U.. N027i .. 

/ /. "<T ....... """ .~ .... 

f0?f$iJ U;,.286,,3 

;..,. .., 
1 J 

., .., 
:8 -

/;~ 
~~ 
~~' 

~l/ ___ , __ 
I 

12 

-, 

~ 

- -

, 

- -

, 

S 83'44'50' e: 
400,00' - -

• o 
.",0 

.f> '''';/''0:'' 
'" 7 ,l)'" 

CP I 1 
NORTHING = 10,000,00 
EASTING = 10,000,00 

S 83'44'50' e: 
- -~4 ., no,no, ~OO..;,· - -

, 

• 

16 

MONUMENT No: 62 
ELEVATlON= 280,649 

-

, , 
, , 

-

I 

-

1 

I 
~ 

bj' 
_ 0 

• 0 
III ' 
r 0 

8 S-
CI> 

I 
1 

I 
I 

-1- I -. e 

16 

LEGEND 
• - MONITORING v.aLS 

A - NAVY GRID MONUMENT 

,~ 

, 

, 

' . .... 

, , 
'. '-, "' ... ' ," .,. 

" 

~ . , . 
',' 
" 

" 

" " 

~. I,' ,," .. 
.~ . .. .. -.. .. .' , '.' 

, " ~", .' . ',,", 

... " ' ., , :>, ;',:'~ ~ . 

. 
" -'. ~ . -:~, 

", ... 
• '. " : ~ ,<. >;.~ .I ' 

" 

, 
, .j , '-, 

, 
','-, , ~' ',' ' .. ~ ~. 

," 
" ., 

, 
, , ' 

" 

., 

CERIFICATE OF SURVEY. 
r HEMBY CERTIFY lHAT 1HJS IS A ClASS -,,- SlM\IEY 
AND THAT THE RATTO Of' T0H Of 1H£ UNAO..lJSJBr'l 
SUR't'EY IS 1:7~ OR GREA t' JM':KSOH PERSON a. ASSOClA INC. 

I 'A / / 

WALttR v. PERSON ""' .. R.l..$.. TENN. CERT. 'NO. 1St, 

/ 
• 

'. ,-

• 

" 

" '" 
, , . , -~ j , 

-,', 

" 

' ,~ 

, ' 

/ 

.' -; ' .. ' . ~.: .,.- .' ;:" '- :,~,- " '.' . " . 

,SCALE',1 -50 ' ",', ' 

/ 

, . . .' :,~. ", _ .. ---.. ~- ". ;, ~'- .. '. >;. ~"'~": ~:;.,:.~"> .. ;.,> . 

, ·S::: ~~~~~" ." JACK!~~=~~~:~:I!~~::~ ':'''',J: 
, , ' MEMPHIS TENNESSEE , ,." " ," ,',' '" ' • '. t .' .'. _, ' .. 

, ", ',' , (901)526-8388 ,'.'- ':,,' ,,",' ' .. , 
. - ; .. '-

~SCAP£ AROIllEC1II!E, PI.ANNlNC, AND' SlJR\£YlNG " " '" 
'" 

"'. y' "," ,': .. :' .,:", " :', ';:: -~ " ~ , :" - \<:-:,~ ,'.:.::,,' 
, • DATE: 7/11/9;1', ;" ,; : <-", JOB NO, :~ 92029S ' 

' . .' I ,,\.~, . • ,- . .~:.:' .. ~; .':' ." .. : '- .. 1: '<,','-,-~"' . . '.' .' ':-. 

" 

.', ~, ,. ,,--
'" 

..... ' 

~ 

.! • 

,>"~ .. , 
of,' 

, 

," 

, , 
, 

" 

~.t 

" 
, .. 

, 
• 

,- l , 
,!-
• 

~: , 

, 

" 

I{ ; 

, ' 

J 

• 

00 L/L/? GGS 07)( 


