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r_! USGS (EPA revicwcr) commcms on the WES Durra FicM C'roundwate.r Modeling Rcpor_

FJ>A_s conclusion i_ that the groundwater mode] report does nat contain suffleie_t information to

pcrrmt a critical ¢valuatlon of'the mode: and Cannot b¢ approved witliout file detm'L_ indicated byOUr ['L'_VItrwth"lj,

A USGS memo on minimal contents of groundwater modeling reports wilI be included with these

comments via FED EX after I receive the regular ra_'l from USGS. VVES p_n_pals may contac_

the primary commt=ltor dircctJy: Ivlr. James Rebirth;on, U,qG_; Montgomery, AJ.,, at (334) "_13-

_32, or the USGS project manage, Mr. Jim Kirlgsbury, USGS Ncshville, at (6[5) 786-5424 for

rtheT e/ueid_tioa on nece._ary additions _o the rolm_f/ / /
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Groundwater Modeling Approach for Remediation

Design at the Defense Depot, Memphis

_trOduc#on

The Defense Depot, MemphJs (.J_MT), like many Oepartment of Defense (DoO)
InataiJetions, ha8 been sxpo=eo _o groundwar_t pollution through the course of
defense related activities. ,-he pdmary contaminant at many of these
inataliatlona ere 8o;vanL1 that were often u¢._o In dagrese=ng Ope_tlons. The

pdmery solvents used. euct_ as t[ichteroethylene (TCE), and their Oeughter
produ_ are typically found in concentrations below the Solubility limit. At

DDMT. th_ pdrnary contaminant= for the puq_oses of'this groundwater moda_ng
study include TCE and Its deugh_,er products under Dunn Field (Figures 1-2).

Purpose for Model�rig

It ha8 become commonplace le usa nurneric,=tl models in plannln0 and
conducting remediatlon operations at _)oD Installations. indeed, a substantial
i,qvq_'=tnlent has b_en made by DoO in the development of a ._;tul_-of-the-srt

modeling system to assist in :t_ese cleanup efforts. The reasons _r this are
¢leer s=nce contamination at CoO installations _ signi/]cant as ers the costs of
¢leamJD. Modeling systems are essential f_r DoD to opIIm_,.e rern_liatlon she
provide cost efllcient cleanup.

Even with the stated goal of optimizing cteanup, it is Im_rtant to narrowly focus
the purpose of the modeling exercise. Modeling does not solve all problems at a
tie,cup =lt_ but does indeecl improve the chance for rerncdiatJon su_ss.

Additionally, one modeling approach Is not appropriate for all sites just as
dm'arant contaminants =no treatment technoiogias ere sito opec/tic.

The purpose of n 6 me<isling exercise s o d ' • .
_P_'_.t _'_ th_.confine ...... • .. eslgn a pump and treat re;ned ati0n
-qtY. _* _- *h_..o. . _t!le _-,o.41nedoR plUltle and _lk3w I to be iT

_j, Ule gree,BIst extent pos,Slble, groundwater gt_-tdients wit, be n3aJn=ine_jt se_uchT°

_' way as to pull contarn_ation back onto DDMT where [t can be trusted wltn¢_
inc°nveni_nnl'_O the public. The model= win be use_ to de¢ign the pum_ and
Vest remediatJon syStem and to predict and monitor ctesnup progress Over the
fife of it_u _;l_anup activities, URImate_y, Performance Ot the [emediatJon action '
and the models ability to _redict this behavior will be reviewed at Ihe end offiv_
years to determine the course ot treauTlent action over the rema_nmg hfe of the
raced/erie n project.
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Groundwater Modeling System

Thn moeellng =y',51am chose_t rca_ Ihu DnMT application IS the Oepartment at"

Defense Groundwater Model]n 9 SyStem (GMS). GMS was designed and
sonst[ucled precisely for the type of aPpl(cation presented by DDMT. GMS
contains a wide vadety of database, c°nc°ptueiizstion, simulation. =rcl

sptlmlzatfon tools to perform remediation designs and manage the remedlallon
eNor_ from oeglnnmg to end.

The numerical model ee(eoted for applica_0n at DDMT IS FEMWATER.
FEMWATER wu orlglnal/y put Inlo _le GM3 w_th suppo_ provl(:lsd by the EPA
Athena Laboratory. Their purpose for including FEMWATER in GMS was to
provide a dgorous too_ for wellhead protecUon studies. WES continues _o
provide EPA w;-th_uppod for GMS to an¢omplish Ihis goal.

Conceptual Mode/

,-J" 'P" Tt_e conceptual moael Oevelopeo for Dunn Fielo at ODMT was based on the "_"_"J =,,.
base hydto_eolc_;i o data.an provided by the Law Engineering work in 1ggl0_ef_` .,.k,,,.-

=trotlgraphy from which the numerioaJ model was ba_ed (Fiiguro 31` The U_IOe,
the University of Memphis Groundwater Ins_ute. and other agencies were
soticited for conceptual mc!det data that formed the final _nc_ptual model 7' -,'°''"

I,'v.¢ Fe
The DDMI" site overlies a depositlonaJ region that provides _numero_---_," L_,-

s, ._e ancestraJ Misalsslool _;v_r laid down ,'a. ,,,.. r j
._,,_..==__ _, ;" . ¢', ¥_(¢ures that are dlfticult [o de'.erm,_-, _...... ,z,,A''''_'_'T
e==r=pII;l_ D[ sorenoJes Th= Pt=.,,4k ---J .... --_' =CU=I_ ¢_ ol_rete ,1 _ ¢_¢-,,.

hlghly ".,a_iabe throu=i_ t_.- ',_v,-_.u enfcKness of _e sur/icial aquifer are _v"-n;_, "t" '=
. . . . _ ...... m=¢. ,.,ey len_¢_ are I/k I .... _ .... c_ v,-,,-. ,

sud]c.al aquifer On/mS the al:)pe_.rence of a ¢_=,.,,,,,_.,;-_._J'Y'_ _e present In th= _, ,r_-_,. ," (.
me= away an entirety dhV=,,_.,,. ,_,-._. ,- _L "''Z'"W¢"_ _, _e aqUsar when 100 _"""_
understandable mud;':_',_'-'_?'_='_!._-t.-_-°_me-'c-qP_-Lni.nj_/e_'.et!aobserv"_d. G/Yen an .,.re ,'_,'.,,, '

,_,.¢,"*_ Cinto the Momi=hls _-_u p.un= .;o!8= fhrnl;gh th. Iower';'ontlnl'_q unit an8 "_" _'¢".,
_., ,I,_" _'determina whi,-_, ,.-_'- ',-7-'o_uner ,_ takes some "kill and tntemr'_tat_o,-, *,,, "='_ _,

" . . P . mod_l o_ he _ ra iBraphy wa¢ developed, "/" _ _-_. ,',-,,.,,_F/gum 4 #san obhque wew of the sated medea dermic ,_
/ ou_wem apPearance does not Ilium; ........ pad from the boreholes. Its _ _F _'""

,<./ ...... .: =,u varlst_m/=ty_at exrsts insloe. F_ffa "__C'_ :,35__.show am= sections cu throuqh _he salad alan .........
._-.:c=,"_-' _._ ._==, zo me Individual =_._l,,,_. --.- _. , u w,_. me nearest botchers ,.,... r-.

....... na olps zn the cle_n_Ta._ndaq_Jifer In the middle ,aJ_ )_
- ."" of Figures 6 and a are thought Io be o POl_ochann¢l that tuns along the sou horn _,_., .r:=..

"" edge of Ounn Field in a northwesterly direction This aopear_ t_ be he moat ,._ ,,.;,t _,
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provide@ no in'_'-=" • . -"_Ku'_'e J_a-ac-_K=c;(s°nC_IaY• The _u"_cilrellefatDDMT)
. u=uuaon Cr me _rregulartlfes-lha are apparent from ha n
ram the alny Jew relief of the surface to,_,-_m-,- .... be 'ng$.
100 feet of unsaturated zone• _ r...-u _,-)., u_ere =son the omer ct fi0 to

The potenUemetrio ouHaoe .b.elov gives confirm t
(Figure g)• The sou he,=-*-.- ........ _ o,'7 =v;denc¢ of a p_oo=hann¢l

• _ _ ...... ..,,Z*o.*. 0,.._¢ uJ me mOQal shaded in blue, eeal
-. _- _.._..scan¢ camour line =n Fgure 9 This placement of _"....... ong a

- iig llJuue| ooan__,,.._ chosen for_umarical re.sons -a,_._" _ . _ W88
,1 • .. . " ....... -" "- '=_'_ uown =lO • Itnd OU ' ""

_. ".._:. domalrl,...,_'thelwea of the _=1=,_,-_.... . P tlllde the model ,. ,
:_..r,,-. ,., Vv1,-,-f._,,-,-._ ,.,- ,, , /-- ,...,.,.=.,,=t appears to flow to the rtor_hv_,=_/' ,. ¢ J-'_
, _¢._- wu_.gu wl_n a View O_ e sur_;_ "'"'*'_" _-'.

v_==_/ The _a_¢_anne_ ma_ £_'`'_'__A_°_`_)_ _v a _a_e_chdnne_ cann_ be _i_mi_=ed_-_/ ._,..,...., .
• travel o '='= - x *-,_w,..u, ,, as= currently a pathwa:., for _ontatni "
• . ease one potentfatJy trite olnor aquifers, nlln_ tO

.( "; ,C ' ff Numerical Model

_',. _.- ,.,_ =he numonca/mc_el chosen lor Isis a IIcation i
"'.r ' • m the Do0 G PP e the FEMWATER coos foun_

,_ • toundwaler Modeling System (GMR). FEt'.'IVVATER is an
unstructured, veriably.aatute_d groundwater model, it was chosen for th_s

"" applic,.=tlon because It_, un_'uctured nature _u Jde,_l fur describing th'_ular

stratigraphy in a short 0edod of t_me and it perm/Is quick turnaround In les_Jng

muttiple pumping configurations wits min_'_al model setup. /?fp .... _ !

The boundaries for the FEMWATER mesh were chosen where they coufe be
easily deflne_ but scffic/entty clls_anI h'onl Iha prot_tem area not to COnstrain
solutions. Toward that end. the, bottom of the mesh was defi

-:' " ,_'_t:h'm-t_ick-'_3ack=on C:.i_.. = , ned as the tog of _ ,...., P"

..... y...c,_n.n_rig unit under the sur_cial aquifer. The top of_e (.J_.-{ ;,.=?
.c_ ""=" rnc_h was defined by a =udeca d¢_crlbln 9 the poten/Jommr_¢ surface. Them_ore. ..b._..-J'*_, r "

the intention of the exerctse was _.o simulate saturated flow ¢ondltlonl. In the r-e _J-'-"") '

aquifer wlth_ut the nume_cal overused of 50 ¢0 100 feet of unsaturated zone. 0_._'.,, .k

Res°luU°nc°uldthar_b_plasedne_rtheweltsinthe=att:.rat_adzonewherethey .s-,.,_.'_:,.__ .
are more useful. However. the modet is Capable of _accureteN slmul._g . .

o_.,__ _ : unsstur=dud w,ru,tion, when purnprng exceeqs In_u{s to _e aquifer. '_,' .f,_"
C _w.t- , _l -"

The final finite element _esh use6 Io design a 17 well pumping plan had a total

of 23,016 elernenta. 13.73,_ node--., 3rid 6 Ic_),¢_ro(Figure '_1). Thi_ number willva_ slfgh_:lyas '
diff_ret_I configura.:bns ere !ested in future_.simulation.._.
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A preliminary calibre_on ha= bear" :_mpleted based on the best estimate I of the "_
strat/g_phy aa defined by the boring information collected to date. This model

calibrstton Will continuously Imp.'ovs as each eddltlensl drilled well provides
...Jr, oaoditional =_etigraphJc de a for tee model COnceptualization. tn h

C_" _,_'_;'_a_'prcceedlng quickly with the ¢ieanun ',ev°,, .:........ t _e mterast of

_,=_ _scheduled soon end wll provide rhis'addit_'_'J'.,u._l*u,-''L p'annse W_llS am
'_,,= =u=uvrapn¢ c,ata. After the

mode/ is updste_, the remaJnlng we_ls will be added and a (sW calibrationpe_d.

;_ The fn/tiel 17 wallca_llb._raf;_consisted of match ng pt.cnp test pen,ormence at

• __p_urnplngwee sad o_afion wef_ PZ-SJ an_ PZ-62-{Figure 12}, Th_A w _a

=m IOCamo in the eXtreme northwestern comer of Ounn Field. T_e'-m_u_
ma_ched _e observed monltonng data fair/'/ well. The bes_ c211breZJon
simulations to date used hydrau c conduc_Jv_fee of2 8 f_3/jn the herr....... G1 "_ -i_ "t

. ve.e._..q_LThese values are consistent with _= -,-_ '.-,',-.i" ",'° raurl_; n _ - ,_._.._ .
,.._ r _ _imUer aevllcetla_e In ,h_ ._ '=0'.= =uvp.eooy other modelem for .t.= r _-

'_" J ' - hea_- _ -=-._= • "'= area. rne average .dh_erence betwe.en obaerv-._ *,..,_-

,1 " me degree of u_erte!nty in the stra*:---=,- ...... -: ........ ons_e_ng O. -_ " _,

_._n_.=--...,,, _ _. o ,_r, aoor_=Onsl rmprovement_ in the _.
_'o1,'_!_¢=u_1 W_lJ0e paSSels aS m0r_ St_etJ ra hi • v
are artfleC, g p C data%:supptiod as new.wels

• " wh,--,7

Pre/!_/nary Mode/Results

Sev_raal wel j oonnfi_;]urat!orlns have oeen tested to date. In eed, this h '
mafn reason Ior sek_cbn GMS to co ,'-,,'t .... d . ghhgh= the

g ec ...p,_ ms moee,ng. Vanauon_ of w_ll

Iocatfons and pumping schedule= can be tested without diffiCulty, initial te_ng
centered on s fOur well configuration hel/eved adequate to capture flows tOward
the southwest and ultimet01y into the paleochannsL be1 these were found to be

- insufficient in accomplishing that purpose. The four we_lschema did not capture
plume mlgrat_o_ tothe northwest _ntc what could be _nother pa eochen_sL

The second configurallon tested a !ine of InZerceptor weirs that lined the _est and
noah boundaries of Dunn _:ie_d. This was a psr_cut_ly st_sct_ve

since wens cauld be placed on DDMT properly w_tho_ access pro¢_nfigu_'ati°n

local lanEt ownsra. This secor:e co_flgumt_on was effectlve¢_ _'_"
contarnthant from leaving DDMT out was not tote ly ef:t'e"_v_ v.= _
entire _lume. Adcll_onal wells would be needed to[cap ure off !n _a e _ J,'., °t'h'_.-" base portions of
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A third configuration was tasted that included a ¢ornblnstldn of perimeter wel/s
and off bass wetls Ic capture most of the plume. Initlatly 14 welts were used but
later 3 additional we_la w_re added off ba¢g to capture additional portion0 Of the
plume. To date, the 17 welt configuration (drgure 13) provides the best capture
plan ¢onsloedng _'_pr0per_ acct"constraints. P'fgure 14 snOws the flow _ld

}huaotbefore oumplng begins ana Figure '_5 shows the capture zone after pumping
reached equilibrium. Heads era ditpleyed as color shaded contours end

velocity direction= (not magnltuce) are shown as e,TOW_. Figure l_J =hews e

cro=a ee_onal view of the drawdown for '.hewelts in the northwestern corner ofDunn Fiord.

¢.- t '_ ='i". b" Ic., _J _-t,_

v,", ,_,',.,,. It is cteer that the plan &ffectivet ........... <" . /"_ - .". -., ._. "," " t
-""" ..v' t_ha no,.Cot.Dub;n=. ,_._¢m- r__._=_J_um=.meen aase po_o0 of the plume To ,-,M..-";,',''_
• ,,, rH_,u me $c,srlero ilct_a'_y reverses era'_._wG-= - = .-" J_.:: : .. J •
4;_ ,,,.- pfurae beck from off baa_. The _r ,,_ .Jr._-., . _. 2 --'==Jano puJIS t/le ,

_- " .." _ and efforts are _t_:l-=::---=,=='_"_='_y west or uunn Field needs more T/1 s"'!,

• _ , 41 _at the pump_g rates aldn the northern . :,,^_-
;,.,,: . _ ' Dunn F=eld can be reclucad and .',-till_.= ,,_,,-,,.,= "-,- g , bcunda._y of b, I,, ,,

,.,.o " -_ bounder/will tlke,, be ._.,.L ..... ,1_ =,,,=_,u_e, _ne oumps mong the wee, em _..,_/_.""
"_',_.' _ . _ wil not Change m_ch u_.m_z_ Inmv,euefly but the megnitude of the pumping .-,...J..1-_,

._,> Studies to data h_ve concent_ted oneuickl flndin • ....h..".. .L ,> ,,_ can, through hvdr _._,.,_.,...,--.....= __, g.a configuration of we is that _.'u .F*-'
V/ _ hence ,:_rtt'am_at_oUn_.,_'--"_'' m,:,:,mtze,.n._migration ofQrOundwater flows (and " ....
. e.,_ ,/ . - .... -,._.v,,au. =_=PO=='_lelhatadditi . _ _.,.b.I

_- ._J pump,no rate_ wll be -_r =, o_,_^'w._- , , o.ne_w_e_ltsgod alteraat_e == , &
, I ;- .' t pumplna tocauoS_"_n_r'_f'i_,, ""t=-= =n accomphshmg that tasE. Optimization of _ '"" ';
_.,= ._, /_.. ..... ..'= _ .,,. =,==. wm reduce overall cost= of the cfeanun =,-+_,,,.o.,-, _:"_"_ !"_'
,.,e. ,_ "Hk'.UVO _le_f3up _-I_*i_,,a_*= .... r" -_,_,wH =i_',_ ;.¢.,l.

,)I"' " ""-" _aa_tu_LclLrrentl_f I_J_o_oaqfimizgd. "-"" _,,..=4"

He now processes Are thoroughly m,_,4.._., , ,- _P_---_-..*_-_'_

planned to track the plume as it is Impacted by the flow's and banspod c. t ( .
processes, These simulations will ultimately provide projections of (he c"J*t J"
effecbveness of the. mmediaticn d_slgn. Calibration of the transport model will _ ¢'_" ' _'

be an'ongoing procasa, wlth improving accuracy as monitoring data become)_ ;I,_ •available,

goats of the remediation action, _ minlmJa¢ costs and to provide ea re=tad as to
Optimization of the flew an# transport models will be caeful to meet projected _ .,j& o,,_,._,

,"_lne n_oa¢ t an:l new men(torlh-_Ua_a will be e_n_ng.[_"J'_-_<' how long he C_eanup action wl take. With the t'Ne year review pedod In mind, . ,_-

remainder of the cleanup S_on, it_cluding the fmpacls of natural gttenuallnn nn• - the fate of the contaminants•

.,..%
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