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re: USGS (EPA reviewer) comments on the WES Dunn Ficld Groundwater Modeling Rcport

EPA’s conclusion is that the graundwarer model repart does not contain sufficiem information to
permit a critical evaluation of th

e mode: and cannot be approved without the details indicatcd by
Our revicwers.

gomery, AL, ar (334) 213-
2332, or the USGS project manager, Mr. Jim Kingsbury, USGS Nas

further elucidation on nece

shville, at (615) 736-5424 for
ssary additions 10 the repo R )




Unhited States Department of the Interior

231 2
U.S. SEQLOGICAL SURVEY
Water Resources Division
810 Broadway, Sulte 500
Neshville, TN 37203
April 7, 1997

Dr. Dann Spariosu

U.S. 8aviroamental Protection Ageoevy, Region 1V

Waste Management Division

61 Farsyth Strect SW

Atlenta, Goorgls 30303 -

Dear Dann:

b e —— P e ——— vy

As per our conversiaion on Friday, Apeil 4,1 2m returning ta you the draft docurnent “Groundwe-
ter Modeling Apprach for Remediation Design at the Defense Depot, Memphis" prepared by the
U.S. Anmy Corps of Engineers, Waterways Experiment Smtion. The document way read by my-
self and Jins Kingsbury in tire Nushville office becutse of our famniliaciry with the hydrogeology of
the Memphis area, and by James Robinson of ths U.S. Geological Survey (USGS) Alabama Dis-
trict because of his knowledge of ground-water fiow modeling. I have sttached a copy of the doc-
ument with spectfic and general commentg written in the mwrgins for your informatlon, {\

: y
It is yur upinivu thae the report provides insufficlent documentation of mode! constroctlon and '
calibration to determine the ppropriateness of the moded for its intended use, In other words, the
report is not ready for review. A list of specific probiems end resultan: implicatioas, as wel! ns re-
quired components of USGS reports desoribing modeling studics, way prepared by jumes
Robinson from his raview and i preseated below.

Sesaific Problems

1. There 1o no discussion of model ss3umptions.

2. The mode! boundaries are insdequaleiy dosoribed.

. The catthratinn a Pptoach, steady-state or translent, is nat speciBed.

4. :!}‘-"luv wlh ‘r}\% gg:#{slon of model input parumeters except for the hydrauliv conductivity of the

3. There is no list oz dlscussion of a| the model stresscs.
©. There is no discussion of the model woter burger,

7. There 15 no aiscusslon of model senslilvily unalyses.
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L. Thers is nu way w determine if the model boundaries are valld, aag no way to determine how
model callbretion was influeaced by mode] bounderies,

2. There {5 no we

¥ o comparc model iaput values with previous literature vajues available for the
FITW Arod.

3. Withaut sencitivity nalyses, there is 1.0 way W determine if mode! boundories influence simuy-
lation reaults. :

4. Without | and 3 above, It is risky to use this model for prediciive analyses.

Based on intemal USGS guidelines. the report falls to present and therefore Eatisfy the following
specific requircments for modeiing reports: .

-A description of the } hydrologle system under investigation; _
~A description of the mathematical methods used and their appropriateness to the problem being
solved,

LR LT

-A description of the hydrogeologic character of the boandary conditions dsed in the simulation
of the system; .
-A description of the aquifer Bystem prapertica that are modeled:;

=A descriprion of all the sucises modeled sdch as pumpage, evuperansplradon from groung
Weter, recharge from infiltration, river stege changes, leakage from other aquifers, etc.;
If 8 model i8 calibrated,  presentation of the calibration criteria, procedure, and resuls; and

-A discussion of the limltations of the model's represeniation of the actual system and the impact
those limitations have on tha results ond conclusions pregented in the report.

Please feal free 1o call mpe a1 (615) 736-5424, ext. 3137 if you have any questions or comments
when you recelve thls package.

Sincerely,

John K. Carmichael
Hydrologist

copies: ). Kingsbury
J. Robinson
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Groundwater Modeling Approach for Remediation
Design at the Defense Depot, Memphis

Introduction

The Defense Depot, Memphis {20MT), like many Department of Defense (DoD)
Installations, has been 8Xposec o groundwater pollution through the course of
defense reiated activities, “he primary contaminant at many of these
instalistins ere soivants thet weore often ysed In degreasing oparations. The
primary soivents used, such as trichloroethylgne (TCE), and their daughter
products are typically ‘ound in concentrations below the sclubillty fimit, At
DDMT. the pimary contaminants far the purposes of this groundweter modefing
8tudy include TCE and its dsughter products under Dunin Fleld (Figures 1.2).

Purposgse for M odeling

it has become commonplace 1o use numerical models in rlanning and
conducting remediatlon operations at DoD Instaflations. Indeed, g substantial
Inveztmaent has bsen made by DoD In the developmeant of a sials-of-the-art
modeling system to assist in :hese cleanup efforts. The reasons for this are
clear sinee contamination ar CoD installations is significant as are the costs of

clsanup. Modeling systams ara assantial for DoD to optimize remediatian and
provide cost efficiant cleanup.

f chance for remediation success.
Additionally, cne modaling apprcach Is not appropriate for all sites just as
difftarent contaminants ang treatment technoiogies ars site specific.

evivly

. The purpgse of tnis modeling exercise is to design a pump and treat remediation
4&‘&"* 1 cm thet wili-confina the contamination plune end allgw i to be treared. To
l.\."

the grestest extent Possible, groundwater gradients will be maintained in such a
way a8 to pull contamination back onto DDMT where it can be treated witheu:

traat remediation System and to predict
life of the clsanup activities. Uliimate;
and the madels abllity to prediet :5i
years to determine *he course of
remaediation projact.

Y. performance of the remediation action
s behavior will be raviewad at the end of five-
treatrrient action over the remaining lifs of the

DRAFT
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Groundwater Modellng System

The modeling system choawn fur thy DOMT applicalon Is the Depanment of
Defense Groundwater Modeling System (GMS). GMS was deslgned angd
construcled precisely for the type of application presanted by DDMT, GMS
comaing a wide varisty of database, concoptualization, simulation, ang
cptimizetion fools to perform remediation designs and manage the ramadlatlon
effort from beginning to andg.

The numerical model selacted - for application at DOMT s FEMWATER,
FEMWATER was originally put Into the GMS with suppon provided by the EPa
Athens Laboratory. Thalr purpesa for including FEMWATER in GMS was 1o
previde a rigorous tool for welthead proteclion slydies. WES continues to
provide EPA with support for GMS 1o accamplish this geal.

Conceptual Model e

The concepiual mode! developed fer Dunn Fislg gt 90MT, was based on the .j:...-.m P
best hydrogeclogic data as previded by the Law Engineering work in 1880 -arr™  Fnmt
laler wark by CHZMHill in 1866. A total of 84 wel. were usad 1o, 4eVelop the
stratigraphy from which the numerical modal was based (Figure 3). The UGS,

the University of Memphis Groundwatsr Institute, and other agencies ware , .
solicited for conceptusl medel data that formed the final concaptual model, z Y
. ’ [y et
The DDMT site overlies a depositional rggion that provides numercls 5+ L‘; -
wnceplualization  diMculties, The ancestral _Misslssmp_f___a&gr ‘lald down :;::, L-’T
numersus depositiong) fealures that are difficult to detsrmine from a discrete e fm 3%
sampling of boreholes. The. dspth and thickness of the surfisiaf aquifer are @ DomT 4
highly variabie throughout the aitc. Clay lensea are Hkely rB_D'é-ﬁFE;arTl*ln the ~caqi¥ ;;,'] /
suficial aquier giving the appezrance of a shallowing &f the aguifar whan 100 ;;';‘,'9,\,;, '
feet away an entlrely differant Q_EI:EHLL@Q.QQD.ﬁuinQ layer la observad. Given an ‘
understandabia relu(ganca to punch hoies thrugh the lower 2onfinf unit and T kT

Pave €

determine which observaflon of Whe: waler tubis is likely to be parchag and,w dr avel
clay leng ig likely to ba part of g larger continuous confining unit, A "—
_ B ™~ '-'.I.--;'gn-.r?-d
Given these CanEtraints, a concepiual modsl of the st'ratigraphy was developed, 1 & ey in

_~-Flgure 4 Is an oblique view of the 8olid mode! devaloped from the boreholgs, Its ~ SIHF s

ard eppearance does a0t lfuminate the variabiiity that axists insiga. Floures - ";c" .
5-8 show croas sections cut through the solig aleng with the nearest borehole 1;...":.
da1s to the individual sactions, “"he dips in the clean send aguifer in the middle  wivee s
of Figures 6 and § arm thought to be a peleochannel that runs along the southern the - fiw -
odge of Dunn Fiald in g northwesterly direstion. This appears to be the most A e

DRAFT - e umtoar
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le {ptar lion of the data. Howavey, it is possible that Ihg_.pa!egcha_lmal’.- "ﬂ\d ;}ﬁ"
that is inferred from a faw borings could/ actually be localfy Ehomallas Clayy ot

lansas that are not truly the tep of the

Jackson Clay. The sufface reliaf at DDMT
provides no indication of the irregulariliés Rat ars apparent from tha barings.
From the ‘airy low reilef of the surface opography, there is on the orgar of 50 1o
100 feet of unsaturated zone. L7 '

The potentiometrio surfags beloy. gives confimaetory evidence of a paloochanne]
(Figure 9). The southwestem edge of the modal, shaded in biue, lias along a
constant cantour line in Figure 8. This placement of the medel boundary wag
-‘_-‘m

oot chosen for purmsrcal feasons. Farther down slope and outside the mode!™
-~ . T — -
“ar domain, Afie thaiweg of the pale

urface connecting the contacts of the bottom

afining unit (Figure 1 0)..the eosslbiity of a paleachgnnst cannat ba dismigsed.

Jes/ 7 The paleochannel may bacome, if a0t currently, a pathway for contaminants to
o~ travel off base and potentlally tnto clhor aquifars.

e’ f@_:\l"ph . '

€475 Numerice! Model
i, L

L Y
ochanne! appears to flaw ta the northweat 5 whe¥ °

e Tt 'j ‘The numerical madel chosen for this appiication is the FEMWATER code found
J“l * i !

- in the DoD Groundwatar Modeling Systern (GMS).  FEMWATER is an
w

, unstructurad, variably-saturateg groundwater model. it was chosen for thig

pef application bacause |t unstructured nature iy igesl for describing iregular
stratigraphy in a short peried of time ang it permils quick umaround In lasting
muliple pumping configurations witn minimal mode! setup. '

e

ﬂ/"ptfl -

The boundaries for the FEMWATER mesh were chosen w
easlly defined byt sufficlently distant from (he
3olutions.  Toward that end, the scitorn af the
s —~theE | micm_gmLconﬁning unit under the
P tohe mcsh was defined by a surface describing ths po

the intention of the axercise wag

hefe they couic be )
problem area not to consrain . _

mesh was defined as the tog of .+, o -

surficial aquifer. The top of the {udee !

to simulate saturated flow conditions In the

\ LR
are more usefyl However, the model iIs capable of accurate! R oaf
n ,:l.” unsaturaled vuiditions whan pumplng exceeds Inpur_s 10 the aguifer. e nltides
g e

yers {Figure 11). This number will
vary aiightly as diffsran: configurations are tested in future simulations.

DRAFT

tentiomerric aurfaca, Therafore, bae s Aot ;:s .



231 7
Muode/! Callbration

-
A prellminary calibration has bear completec based on the best estimate of the

stratigraphy as defined by the boring information coliacted to date. Thig modal
calioraiton will continuousty imp-ove as eech additlanal drilled wall provides
~acditional stratigraphic data for the modsl concaplualization. n the interest of

C,, WV ii~prooeeding quickly with e Claanup, seven of the 17 planned wells are

"
'm"h‘
2
;
lh‘l » -
[
'f' el
G"‘"i ('r
e

scheduled soon and will provide this additional strotigraphic data. After the
model ia updated, the remalning wells will be added and a ney calibration
performae

d. W\M‘f.:\ . R '

___,____!,-.,0‘ I’i.'f'

o e -,
The Mitial 17 wal} crilbration consisted of matching pump test parformance at the

© _pumping wall and obsarvation weils PZ81 ang PZ2.52 (Figure 12). Thege wellg

are located in the extrame northwastern comer of Dunn Fleld. The model

maiched the obsarveq monitonng data fairly well. The beat callbration + Ff
simulations to date usad hysraulic conductivities of ‘2.8 in tha horiz I {;1' Gef !
vertical. These valyes are consisten! with data supplied by other modelers for o 7

— Similac_applications in the ares. The average difference between obaerved  gui.en? 1o

neads and compuled in the Dunn Flaid area s fgss than 0.6 feet. Considering a3y i * .

the dagree ol uncertainty in the stratigraphy, this ig considered acceptabia for the S

pumoses of the model study. However, addRlens Improvements in the A

callbration will be possible as more stratigraphic data ‘supplied as new.wells
n

are crilled. - b‘j whia?

Pralin(mary Mode! Reguits

,
- F CEst
"’ P Bt -

Several weli configurations have seen tested to date. Indeed, this highlights the
main reason for selacting GMS 15 @ccomplish the modeling. Varations of weli

locations and PUMping schedules can be lested without difficulty. Initial tasting

The sacong configuration 1asted a ine of Imierceptor wells that lined the west and
north boundariss of Dynn Field. This was a particularty attractive configuration

since wells could be piaced on DOMT property withou! access prob[gmu?p_ o
local fand owners. This secoru configuration was effective «in elimipafing e

contaminant from leaving DOMT out wag not totally effective in captuing the o foh et -
entre plume. AddWonal wells would te needed to cap off |

ture off basa portiona of
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A third configuration was tasted that includec 3 combination of parimeter wellg
and off basa wells tc capture most f the plume. Initlally 14 wella were used but
! later 3 additions! wells wers addad off bacwe to oapture additional portiong of the
plume. To date, the 17 wall configuration (figure 13) provides the best captura
: plan consigering the property access consiremts. Figure 14 shows the flow fald
! Just before pumping begins and Figure 15 shows the capture zone aftar pumping
: has reached equillbrum. Heads are dispiayed as color shaded contours and
velocity directions (not magnituce) mre shown as arrows. Flguie 18 shuws p
| Cross sectional view of the drawdawn for *he wells in the northwestarn comar of
: Dunn Fisld. L bt o bast, <  Lomdnn

' oty = el a2 Az e amal e
:5 rku" ...« JUs clsar that the_plan effectively captures the on base portion of the plume. To  wp/t =tenp 2

- a .~ thenorth of Dunn Fielg, the scenaria ectiany reverses graNlénts ang pulsthe T°°°
e piume Back from off basg. The area directly wast of Dunn Field negds more 7 1/ e
; Ay .t attention and efforis arg Brway to locate wells optimaily In this sres. “Figure espee
£ _,:";_‘.-l 17 gives thorjournping stafistico for sach well in thia pien and the projected  simes 2 .
\,? e dfﬂWdD?vn'. It anticipated tHat the pumping rates along the northern boundary of baliewe oA
Vo, . r,k * Dunn Fieig can be reduced ang still be affactiva. Tha puUmps along the westem  Hew~ .r‘z;r--

! ’

~= Y+ boundary wli likely ba eptitilzad individually but the magnitude of the pumping T

o+ .Will not change much - g o7
' » f\ or ' ' : ; ; " r
= ' +t : e~
lﬁﬁ o 1 | B
w2t Future Studies oA sk eea
W o - ] rtae®
v_‘l g?..-"‘ VT—.‘ 1]
w} Studles to date have concentrated on Suiickly finding .a configuration of wells that o :__'5. b/
~ &0 1, can, through hydraufic control, minimize the migration of groundwater flows fang  ** H~ warals |
P . _,,v"‘} hencg contamination) off base. It 5 possible that additions! weiis and altemative  °°' ta
ol h pumping rates will be more effective in accomplishing that task: Optimization of A ek
L;-'( f,ﬂ'\ L pumping iccatong ang rates wilt reduce overall costs of the cleanup action and Lo P
e &’ imprave cleanyp Flcw_:imujaﬁocg_a;a__gyrranﬂy R8ing optimized Q,-f e
3 ‘_)J 5') rc.fvri'- Lol Aranad o o‘-r-}- v-rt; o ¢ -
Onse the Row Processes are thoroughly medeled; transport simulﬁti?:'ns‘uru"' ‘:: _,‘..-(-
plenned 1o track the plume as it is impacted by the flows angd trangpord  ° _ al e

processes.  Thess simulations will ultimatsly provide projections of the e

effectivenass of the mmediation dasign. Calibratlon of the transpont mods) will w<*"*' !
be ?‘1:’”90'"9 process, with impraving accuracy a3 monitoring date becomeg dr=s
avalable,

Optimization of the flow and transpon models will be useful to mest projected
goals of the remediation action, tc minimize casts, and to provide sslimates as fo Los%s
how long the cleanup setion will take. With the five year reviaw period in mindg, Db

. ~" e numericat mode! and naw maonitoring data Wil be essental T “planmng The
e Lan >, remainder of the cleanup aclion, including the Impacts of natural attenuatlon an

ol e o lhe fste of the centaminants. — N :.(
L;.;"'"-'l.‘gﬁc. s -&"-‘-..lt J‘i-ﬂ-ﬁ pdnan Fe L WY,
1 s ' . .
A . of W\' Q’"\‘S DRAFT I - TE e el NM +3
N\.‘" o ‘V ﬂg'; é—— C“:‘-Eha_)f w"“j oy t.t

$C. v~ s P 0N
- L' - . "uf )\ NWN) po cme A= L
dastv @ R -t
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