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STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
137S W. 4&h Avenue *Kennewick, Washington 993?364078 *(509) 735-7551

February 28, 1 996

Mr. James E. Rasmussen
U.S. Department of Energy
Richland Operations Officq
P.O. Box 550 -

Richland, WA 99352

Dear Ar, Rasmussen.

Re: Reactor Compartments Disposal Package s Meet Disposal Requirements

The Washington State Departmeunt of Ecology (Ecology) has reviewed your January 12,.1996,
letter, Rentuest for Concurrence that Reactor COMnartment Disposal Packages CompbLywth
Amended Disoosal Regulations Reurdisng Residual Liquids.

Ecology understands the, Reactor Compartment Disposal Packages-are a unique waste formi and
agrees the proposed disposition of these packages is environmentally protective and in compliance
with WAC. 173-303, provided the fooin conditions are satisfied.

*Liquids in the Reactor Compartment Disposal Packages shall be removed to the maximum
extent practical considering As Low As Reasonably Achievable prin'ciples f5orcontrolling
worker radiation exposure.

" Liquids existing in piping systems external to the-forward and aft bulkhead shall be removed
by draining from existing valves at low pointi, dismantling of the piping systems, or equivalent
method.

" Liquids existing in piping systems internal to the forward and aft bulkheads shall be removed
by draining from existing valves at low points, pumping out, "blowing down," using
compressed gas, or equivalent method.

*Liquids in the reactor ve Issel and primary sheld water tanks shall be removed to the 'maximum
extent practical by pumping or equivalent method. A non-biodegradable sorbent shall be
added to reactor vessels and primary water shield tanks (as internal configuration permits) to
absorb any liquids remaining. R C I E

MAR8119

DOE RL/ICCC,
196-PCA-263
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-Mr. James Rasmussen
February 28, 1996
Page 2

In the event a Reactor Compartment Disposal Package does not meet the criteria listed above,
Ecology should be contacted prior to. disposal to determine compliance with WAC 173 -303. If
you have any questions. please call me at 736-3048.

Sincerely,

Norman, T ,1'W ,P. E.
Nuclear Wkiie Program

NH-mnf

cc: Mark French, USDOE
Jim Wrzeskj. PSNS
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0EPArTmErN7- OF T-irE NAVY
NAVAL C*VIL. INGINXMINOs L.ASCRATORY

Sa= L4/j C

Fr=m: Co-==ndirq Officsr, Naa Civil inq±Lmerinq Lb~~r

To: CneP=qe: sc~e. Nava! h..pud Baee z:n, Worl
98314-5000 (Co-da 220.2)

Subj: COP1PCSION OF BUR= SUBMLRZ~IZ XMC"R C'M Rl-kllS

Emcl: (.1)" N(."T Report wpredictilcn of Pittinq crso
Perforsm~anc of Subuarin Reactor Cozpax--ents Aftsar
Burial at Trsnch 94, wit', ed, asigo

1. Enclosu~re (1) ix a fisaI --sport on an effort~ by the Vaval
Civi-l =±21e=ssogc zabcratcry (N=) to pradlcmu the co-r--oucn
behavior of, decoumissioned.sbai reactor ccoax-=enta that
are to be b~ied at Smaford, Wash-Jintcr. =ae report was prempaxmed
at the rumlaest of the Nuclext, Enqimea-ring Deataent, Code
2300.*1, P~qmt Scnd Naval Shipyard (PS(NS) and is based upnboth

__e ev _uon of hier ' OOjOldatz fro-m t-e1t~a.~
and an NCEL izs-rection of steel mr-=ct.2rt exhtmed frmthe
Viciz~iv' of the bur-ial site. This. ==- cmletas the N=.

effoo onthis project.

2. Based upon a conservatti-ve evaluation of bothL thef histzri cal
corrozion data frocm the 1Ltexet=re and frmthe evaluatilon of
struc~as exhumed a--cm thes viciu4 t7 of the burial site, a
max±mom penetration of O.3s0 inches over- a 100 year burial -mericd
,dm przjected. A morm =malistiLc =a===u pe-nue~ticn of 0.100
inches in I00 years can be achi-eved thxougb. tha us& of. seleaz
backf!-' adjacant to the reactor= eomart:ents and the
inms-m 'ar.±n of a mcisrur =- zia cover over- t.'& -ac
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p---- I~ON OF P!T.7.W- CORROSION P O ~~
S"MRL2qE REACTOR COL?-kRT=?TAFTEBL JLAT TMNCF-94,

HA2NOBD, WAS=flGTON

L PUPOSE

The intent of this re-;iew is to provide a predie-on of the m-u pere--aton which
can be exoec:ed to occur due to pitting corrosion of Submarine Reactor Comar~m=%5
during a 100 year period of burial in Trench 94 at Hanford, Washin. This

informnatioz, is needed th determnine the need for controlling corrosion o' the reactor
canparmuents during the post burial perioi

IL. BACKGROU2ND

No site spec corrosion testing has been per-iormned for reac&or compare= nts buried in
mench 94. Eowever, corrosion in 'bench 94 soil can be related to experience, with

corrosion at other'sites when comparisons are =ade based on chezmical Conten-t,
reistif ae-zation and method of burial. This dationship pernits long range

estimation of corrosion peribrmance in benchL 94 using historical data fr-om the otbper
sites.

This method of uaredicting corrosion is supporzed by the results of a study on the

conditions of underground fuel, storage tanks ezhned at Eanford~l Thus, based on an
invesmigation of testing conducted at various sites by the National Institute of Standazds

and Technclogy (NIST), forinerly N'ational Bureau of Stazudards and correlating the
results with the corrosion of ftze- storage tanrs at Eanford. it was possible to establish a

conservative. estimnaze. of the corzrosion of reactor copraezts buried in I 'xch 94 over a
100 year ,,eriod.

020617.0857 APP 4D ATT 4-4
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M. CONCLU'S0ON.5

The predicted m o pitting corrosion pmne ion !or a 100 year period is 0.350
inches for the reactor cc nai-tmnts buried in T."=Ch' 94 at FEaford, Washigtn The

0c -aoun. of pitig corrosion is Likely to be czzicer1 17 !mss then. the esL-at.ed-
-3dmum penetration for the following reasons:

The HY8O steel used for the submarins hull and the XMZ~--22698 Grade ME-36,
CL-U steel used for fabrication of the conaient biulkheads on the ends oi the
compaertments are more restan to corrosion tbsm the open .imath. .carbon steel
used in the NISTT corosion tests.

The reactor comparemts will be buried with native soil prepared to provide
properties wbich will give corrosion rates lower thanm for =nprepared nati-re soi-Ls.
The Hanford soil will be graded to remnove stones prester than a half inch to m-eate
a ufo= backll that will prevent differmni-l envizonmts. that can crete
galvanic calls that accelerate cor: sion The IST test data and moat of thea data.
from the fual storage tank is f=r steel buried in native soiL4

Modzti=r content of the soil in Tranch 94 wM be lower n a C 63eU~PlISAnt. Vat
the requireent of the lRasaurce Conservaton and Recovery A ct'RCRA) will be
infstalled that reliuces mIstre inCarsion into the soiL The NW test data and the
fal storage tank data are &rom sites that d&d not have such a cover. ]Even without a
11CRA cover the mnoisture content would be lower in Trench 94 since the eaco
campart~mmts will be buried 10 to 40 feet cndargrvud as compared to IT
tasting that was accollshed at 5 fast -Where the moisture conte-nt is13ia

Soil chaatexzistics at Trench. 94 are less corrosive th=un NIST test sites becmuse of
the comparable chloride and sulfa content and 14hihe 77WWsist7

The estimaron oi th~e upper liznit of corrosion, is based on, a linear projec--on of
corrsion, ciaz whic-h results in a consexrvatCive -prediction of long zte corrusion
Deecomnce, since acmnal corrosion rates usually decrease over time.

020617.0857 APP 4D ATT 4-5
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iv. DISCUJSSION

A -review of Bh,3tosic2l cOrrosfion data frOm su-dies previousily ac==owSoLsed a: BE :fOrd

revealed that the condidons an-ethig corroasion. and t'-e m-azeerus investigated i=-=05s1 of

these st 3-e re not co=Pzz-able to therectcr cona .......ents T'rmnCh 54. a2.s

discussed ir. Am endix A). Thus, it was concluded thzaz corzosioni rztes darived im

these studies should not be used to predict corrosion rates for rewtor camprenTS i

TrenCB 94.

On the other hand, xxxvestiasion, of corrasion data from tests candwcmi by the NMUT at

varios sizes, and corrosion data from exumed fluel storage ta-ks at Ezilora& iaznurle

c~nditions mre representative of the buria cosidird"CS for the reactor comaenuz in

Mrenich 94 at zanford, allowing the in~mdepth of penietatiou to be cozifdently

predictead for the 100 year post burial period.

The use of histarical data from other sites to predict corrosion rates at sanford requires.

that the soil ;-ct-aristics be comaparable. TIhe C: aretsi~ of soil which havethe

most significant effect an the corrosion perxormanlce of buried steel are the risistvity,
chbloride ioni cazitent, sulfate ion content, aez-atou and pH.

Extensive soil analysis conducted in 'french 94 b7 Ebasco Services lu ortedm-)

confrm that soil c trsisare very compaahe with values normally used to
dsrObe Feniord(lxE) Testing did identify an isolated area in Trenchi 94 with imdeim'e

amounts of chloride and sulfate. S owever, as rtmor-ted by Ebasco, these sa=injies were
obtsinad fromt a thin layer of clay in the trenc-h side and are noz representative of the soils

ini Mrenich 94.

NIIST has conducted eansive corrosion studies on uncoated :netais exoosed- to soul at
in~ytest. £siisi. Wbh.ie =one of these tests wene oerforameii at :he Eaciford site, --1e data

fromx several NIST test sites con be used to establish a probabie corrosion nate for 'r:ench:

94 since the soil characmemistics are. sinilar. Soil A-czcexiszics and corrmsion mazs at

several of th:e -NIST test sites, and typical soil characteri;stics for 1l7anford are iven in

Thble 1. All of the NIST sites -hive well aerated soils as does Eanford.

3
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Wbile soil chaaceestics of the IST test sites are siirto thocse of "Irenc:h 94, the
istiity wbih i th edn~-~~t act r in tea-.s of ccrvsmmi.: in t:-ese t'.ues of sois

:!s muchL higher at Tnrec 94. Thbereirore, higher corromion =aes use likaeiy to resuit at the

NW~lS test bites than will be expezrimnced Icy the reactor compr~ents buried in premarsd
BaC~rF1 in Tr--Ench= 94. Tae d--= 4-,1-te least corrmisive 2NIS T tart site, Salt Lae Ciat?,

indic3tes a pemet:Atiom raza of 0.00229 incheas per Year based von= AL test duration of 17.4
vears A projecton of the data from the Salt Lake City daza, Ls shown in Fi-gue L This
projection gives a mar~zrm penetration of 0.230 inches in 100 years and establishes a

more realisric prediction of long term corrosion of the reactor compartnents at Trench,
94.

Prediction of long ter= corrosion peemormancs &ro short term corrosion data, Usingm a
linmar projec-tion as discmssed above, is inmreose because the corrosion rate vaies with
time. The corrosion rate for carbon steel generally, decreases with tLme giving ac-v
which is concave downward as depicted in Figm-e 2. If the data is from a snusiantly

long period, the corrosion data from intermnediate periods of exposurn can be used! to
project a realistic, but consearvative estimate of long term corrosionprfrane ThIs is
demnoustated by a line=r projoeton, tangent to the curVe f'or corrosion penetrztion veizus
time Shown as the line to point A4 in Figure 2.. Liner projecti-on of long term

performance &o= o=ly one data point, a secant projection. will result in a vc-7
conservative estimate of long term corrosion perrmnce shown as the ine to paint B in
Figur 2. This secant projection results in a higher estimate of long trm corrosio fromn
the same corrosion dat;L 'Thus the linear projection used in this stuady, to predict

corrosion of remac-.or compatents is considered conservative

D2sta r--= T-Tannord Unyde!-r'-mund SQtoraaPmkv3s

In the period between 1989 and 199., 16 caxbon steel fimia storage takburiemd for as long
as 46 years, were exhumned rm the Hlanford Site in the vioimity of Trench; 94. -An

evaiuazion~of thie eztea-l corrosion of these taniks was Jeriaredc1) anti esabhiisiieA a
4-Asimum pitting corrosion rate of 0.0035 inches pe year. Mhe concinsions of tihis s-.udy

are in agreemnent with results obtainedi using-the. NITtesz data fro= other sites for
predic!:ing corrosion artributed to soil conditions at Hanford.-

4
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Of all the corrosion s-zadies comduc-md at Eamfor%, the s~-.Zdy of the buad fuei S-.Dorzgev

tanksr most closeliy relates to the eonditons under wmichL the reactor comfr--ers will

be buried in Trenca 94. The fael storage t-11cs were buried in soils and backfl
representaive of the genePral diactesist-cs of the Hanford Site'M as desc:ibed in frable L

Frorm ipections of the6 backall adhernmg to0 th-e fuel starage .'-=', it Was 2Ma=ntt

somxe of the z3-ks were buried using 5eljecz baccal (sand), while ot.2-rs Itad been busied

using bac5afl whichL had not been prepared, containing both ver7 fine material and larg
rocm. The tanks buried with unpre-pared bacr!! exhibiied the worst cases of pitt!=g

c-.oxrso due to large somes being in contact- with the tauk. 72his =cited galvznic cells

tixat accelerated the corrosion rats at the point of contac. In c nas n. the msmi

pitting corTosion rate for the fuel storage tanks buried in prepared-backall was

signiacantly lIas and ranged between 0.0013 and 0.0019 inchesa per- year.

The corrosion data from: the evauation of the fuelI storage t--k is considered to be

applicable for estabilishing an umper lizait on the pitting, or-rosion of the reacior

eazaparonents at Trench 94. A linear pricdection of the highest pitting corx.sion -Aze

P-res a comser'ar-ve estimate of O.3S0 inches of pitting corrosion penetasion. ovemr a N0O

year pericid For the reactor comapartnents, lower corrosion rates Will be achLieved by
using prepared manve soil, providing an environmaent whichi is free from szoea or other-

debris whi=' can. -use ri~fermntial cz.fl3 that accelerate corrosion.. In additon, a lowa--
mocistoxre content will he acieved by iustzillaton of a RCRtA cover.

V. SUI"ULA.RY

In asmimating an umper- limit for the corrosion of -reactr- compar--ens buried in Trencil

94 at Hanford. Washington, both historical test data froma smilar sites and d&ta f-om

excaVated matzrial buried in the vicinity of Trench 94 were assesse& In all cas

asumoon made in assessing the data were cnervative and resulit in. a mrojee-on of.
corronon penetration higher than thLat whichL is realis=ically arsipated. An eszimate of

02350 inchies of penetration of the reactor comrezts over a 100 year -zeziod is roject-ed

as a conse-7arrre upper limit cc ieiring the assu~mnnons used =, te mviuaton of the

cmrrosion da=a Eowever, a Penerraton of 0.100 inches in 100 !ears is eazec-ed &-a to the
benign conditions waica will be established in the controlled b=iial of r-ezcter

compartments in Trench 94.
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Soil characmnarsi
8nd Pitmdni Car--u=*= Data .for

theINa~onal lustute of Standards and echmcgogO
Corrohion Test Sites

Compared to EaforCMX)

Eta Rddsivt7 ChlOride Sulfide ME Pe-traion. Rate
(ohm-cm) (mg-eq/O0g) (mg-eo/loog) (Luches/yn)

S=p4m-p-d 2,1908 0.03 U.2 7.3 0.003M
Obio

Los Anpgees . Z6C 0.06 025 7-3- (100338

Salt Lake 1,700 0.067.64(l7.m
Cft~ Utaik

Ea51d~000 0.01 0.10 8.2
Wash*Mno

Trec!% 94 31,000 0.08 0.2 8.2

6
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Appendi= A

z ==W-~7 01 ?-evious Ca m-sicn
S tu dies as They Relate to Buial of

Subm-ine ieact.or Compar~ents in M=&ch 94

Pzior to the underground fuel storage tink corromsion stud: al), corrosion studies a; the
Eanford Site have been peebored, mainly to determine the estimated service liUe of
dr. type waste cotiners and. uneround uriitis- Previous Hanford Site data is
based primuzily on visual observation, as opposed to that obtain d, 1131g Moe acjrZT4Piy
measured data and well d'oc-umntd data gathering tachnieaues C', Thus, oxisting data is
considered only avjp ziate and is limited in scope-

Matny carrosion studies previously peibred at E-anford have limited appi il7 sincez
they documenz suecifc burial conditions that accelerated the rate of c=-orson beyond that
occurring in native Hanfordi soil. These conditions include elevated corsiVity of waste&
internal to the cantainer'1 , excesuive humidity in the disposal environe±C2 -) and
elevated temperatures of soil with mineral or chemical cantent not raresentative of
=ative Hanford sof2im). Thezre:ore, a cdose eizm,-ation of the burWa conditions is
ncessa77 befMr inormatin from a 3pedc study can be used to predict coz-rosion raze

of :natee-als at Hanir& In 'artilar, none of the burial. conditions discussed. in these
sr-diez are representative of the conditious that will exist for the reactor compar~ents
buxied in Trench 94.

Mhe corr.osion data fprom STstuadies coducted at the ToteishU) site is commonly
used in the projec!:on of the cor-rosion behavior of steel at the Hanford SIMe. However, as
shown in Table A-i. the soilC .haraxistim at the other three sites are considerd =ore
representative of Banford than Toppenish. The chloride and sulfate levels at Toppens
ane sigiontly higher than Ranford and the other N=S tests sites. The 01nly soil
chc-2ersric at 'Ibunemnih that is comn-arable to the Hanford Site is z±--7

A-i
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Valu~es Ifor pE btwean 7andil =1 axe =ally cnsidered ~iidly llinme. Consequenty, it
is concluded thata higher corresionm rate at Toppenish results from the highler Chlo0ride

and ulfte eves. t .pears that the decision to use corrosion rtes for Topens to
predic- corrosion at Haniord w=s very conservau've because oi the higer chloride and
sulfate content of the Toppeni-sh so[L, as indicatad by previous stadies0m.

In su .ma7, these earlier- reports doaent cor.-oson rates whichi are hihrand =ot
solely a result of einzro to native 'Fanford soil as 'sil be the condiron for the reactor
czmpartents in Tench 94 at Eanford. In fac-, little e=* ting Hanford corrsion data is
conSioered useful in the accurate predic--on of corrosion perforance of reactor

cmar=ents in Txencbh 94 and s*tdmes with =ore comparable conctions and m.ateials,
such as the exhumed fnal storage tank sud-y, sh~ould be utilized.

A-2 A
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TABLE A-i
Soil Cciaait s

anditngCo mvsion Data f~or
tlie -Natinal Iusite of Standards and Tec~uolo&y4)

Cor~sion Test Sites
Compard to

lbyenihm)and Ra~ford8x--

sice Razsivity Chicride Suifae ;E ?meamton Rate
(ohbm-=) (mj-eaOC) (mg-eq/100g)(Ice/)

Sprinfald 2M98 0.0 0.12 7-3 0.00355-
Obio

Los An~gins 2,60 0.06 02z 7.3 0.00338

Salt Lake 1,700 0.08 0.48 7.6 .C=
aty, utalL

5lppe-migh 6,00 0.9 0.45 . .09
Washington

Hanforcl 5,000 0.01 0.10 &.2
Washingtou

'MmnchL 94 31,00 0.08 0.2 V.
Eanford
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ATTACHMENT 5
2
3
4 LETTER REPORT FROM E.N. PUGH (NATIONAL INSTITUTE OF STANDARDS
5 AND TECHNOLOGY) TO G.R. YOUNT (PUGET SOUND NAVAL SH 'IPYARD)
6 REGARDING REVIEW OF "PREDICTION OF PITTING CORROSION
7 PERFORMANCE OF SUBMARINE REACTOR COMPARTMENTS AFTER BURIAL
8 AT TRENCH 94, HANFORD, WASHINGTON"
9

10
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UNIN STATIED 0SPA~t'rMNT OF1 COMIMPftrN * Nstion.2i lnexitumu of OS:.ndr-de and Teohnoimgy
Gatw...rC. ~wwv~na 20100

i "40 e*

Apil 16, 1992

Cavt GIL. Yount, UJ.S. Navy
Commander
Puget Sound Naval Shipyard
Code 100
Bremerton, WA 98814-5000

Dear Capt. Yount, ey

As requested in your Order For Work And Services number N00251-92-WR-
20230, attached is our letter report on the review of the Naval Civil
Engineering Laboratory document entitled ?rediction of Corrosion
Performance of Submarine Reactor Comparments After Buria at Trench 94,
H*anford, Washington".

Sincerely,

Dr. L.N. Pugh, Chief
Metallurgy Division
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N' LS National Inmtltutfl of Standards and Technology

April 16, 1992

Capt G. R. Yount U.S. Navy
Commander
Puget Sound Naval Shipyard
Code 100
Bremerton, WA 98814-5000

Dear Capt. Youmt,

This is.a letter report on our review of the document entitled "Prediction' o-f
Corrosion Performance of Submarine Reactor Comp~artuients After Burial at Trench
94, Hanford, Washington" by Jim Jenkins 11 ]. Jenkins examined the results of NEBS
(now renamed NIST) underground corrosion tests with soils similar to Trench 94 at
Hanford 12,3] and the results of examinations of tanks buried for up to 46 years at a
site near Trench 94 at Hanford (4] and concluded that the expected pitting corrosion
rate of steel in the trench would be approximately 0.001 inches per year and that the
maximum corrosion penetrtion after 100 years would be less than 0250 inches.
After careful review of Jenkins' report, the report on tanks buried at Hanford and
the original NIST data, we conclude that Jenkins utilized conservative procedures
for developing these estimates and, in our opinion', the corrosion rates for the
.reactor compartmients in Trench 94 will be within these figures.

This opinion is based on the following conditions. The first is that the
corrosion behavior of the NIST samples at the NIST sites with soils identified as
similar to Trench 94 will be representative of the behavior of the reactor
components. The second is that the processes that determined that corrosion
behavior dining the exposure periods used for the NIST study (-17 years) will
continue to limit the corrosion rate in a similar mariner in Trench 94 for 100 Years.
The third is that the soils in contact with all of the steel surfaces will be essentially
the same as that given in the specification for Trench 94 soil. The fourth, is that in
using the maximum penetration data from the tanks buried at Hanford, it is
assumed that the corrosion behavior of these tanks was similar to that obser-vec ifl
the NIST studies.

To evaluate the condition that soils at the MIST sites are :evresen.;tive of !1e
soil in Trench 94, we examined the original data on the characteristics oi the soils at
the INIST sites identified by Jenkins. In Table 1 of his report, Jenkins specifies three
soils at IINIST sites as simnilar to soils at Trench 94 in Hanford. These are site #26 in
Springfield OK. site #35 in Los Angeles CA, and site #47 in Salt Lake City UT. In
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Table Al, appendix A, he also lists NIST site A in Toppenish WA as of interest
because of its proximity to Hanford, but not necessarily similar to the Hanford soils
(2]. References in his document identify N5S7 sites #12 in Los Angeles, site #20 in
Cleveland OH, and site #32 in Rochester NY as similar to soils in the Hanford
complex, but not necessarily at Trench 94 (3]. We agree with Jenkins that, except for
the Toppenish site, these soils are similar to that reported for Trench 94. To
evaluate the validity of using the Toppenish site to estimate the behavior in Trench
94, we went back to the original measurements of the soil characteristics and found
that the values given in reference (3] and cited by Jenkins are correct. This is
important as the chloride content of the Toppenish soil is more than ten times that
given for Trench 94 and, therefore, this site should not be considered representative
of conditions expected for Trench 94. The other sites are reasonable choices, but
underground corrosion is a complex issue and the use of corrosion 'data. from one
site to predict corrosion behavior at another site has not been thoroughly eiviltated
scientifically and, in some cases [6], has failed to provide accurate estimates.

To develop a corrosion penetration estimate from the NIST data for
comparison to Jenkins' estimnate, we combined all of the average maximum
penetration data from the NIST sites identified by Jenkins as similar to Trench 94,
excepting the Toppenish site, and performned a linear regression analysis, figuzre 1.
This approach assumes that the variations in the soil characteristics and the
corrosion rates at thes NiST sites should encompass the variations at Trench 94.
Linear regression analysis of this data estimates the expected maximum penetration
in samples buried at the NIST sites for 100 years as 0.2&-W-03 inches with 4 99%
confidence interval While this corresponds to an estimated penetration rate of
0.0019&-W.0054 inches which is greater than the 0.001 inches per year determined by
Jenidns, the maximum penetration estimated by this technique with a 99.5%
confidence is 0.321 inches which is below Jenkins' =mxmum penetration estimate
of 0.350 inches.

To evaluate the validity of using a linear model for the maximum penetration
(a constant corrosion rate), we examined the exponent, n, determined by Rornanoff
13] by fitting the NIST data to the relationship

For a constant corrosion rate as recuired for linear behavior, the value determined
for this exvonent would be one and, if the corrosion rate decreases with time, the
value of this exoonent will be less than one. Romnanoff's results are given in Table 1
and, by examining this table, it can be seen that for all of the sites identifi~d by
Jenkins as having soil characteristics similar to Trench 94, the exponent, n, was less
than one and, in most cases, significantly less than one. Therefore, Romanoff s
results demonstrate that using 1 as the exponent for estarnatine~ the maximurn
corrosion penetration is a conservative estimate.
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In our discussion, we have used the term maximum penetration rate to
represent the maximumn wall thinning that occurs at the bot 'tom of the corrosion
pits that form when steel corrodes in soils. We avoided using the term "pitting
corrosion"7 to descrbe this form of attack because we did not want to confuse thi
type of -attack with the pitting corrosion that is observed on passive metals such as
stinless steels when they are exposed to solutions containing halide ions. For
pitting of steels in soils, the pits result from variations in the environment in
contact with the surface of the samples which cause local variations in the corrosion
rate and, as corrosion products accumnulate on the surface, the rate of pit propagation
decreases as shown by Romanoff.

Jenkins uses five additional arguments explain why the maximumn penetration af
Trench 94 would be less than that observed at the NIST test sites. Our comments on
each of these is as follows:

2) Jenkins states that the HY 80 steel and the Grade DH-36, CL-U steel are more
resistant to underground corrosion than steels used by NIST. Although 3.5 %
N1 and 0.9% Cr are added to the HY8O alloy to enhance low temperature
toughness and the low carbon improves weldability, these slight variations
from a plain carbon steel would provide only minimal improvement of the
underground corrosion performance of alloy HY 80 for the time frame of
interest. Simnilarly, the Grade DH-36 CL-U Steel has a slightly elevated Mn and
Si compoared to a plain carbon steel, but again, these modifications will not
significantly improve its corrosion performance in .an underground
environment.

2) Jenkins states that by using 'prepare backfill. with no stones larger than 0.5
inches the soils will be less corrosive than sinMiar NIST soils. We believe that
removal of large stones from the Trench 94 backfill makes the Trench 94
backfill more similar to the NIST soils. None of the NIST test site soils contain
the large (10 inch), oblong stones found at trench 94. The largest (2 inch) stones
at any NIST site are found at Site B in Baltimore, and they are relatively few in
number compared to'Trench 94. Jenkins statement is more appropriate for the
tanks buried at Hanford where the maximum penetrations were higher for the
tanks buried with unprepared native soil than the tanks buried with prepared
backfill.

3) We agree that a continuous, unverforated plastic cover at Trench 94 will re'dce
moisture intrusion from the soil surace. i is xso- true tUhat the water table at
most NST sites is considerably higher than that found at Trench 94, Ue&ause
water tables are closer to the soil surface and in general, rainfall is greater.
Since the deterioration rate of the rlastic cover is unknown, it cannot be
factored into the estimates.
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4) We agree that the resistivity of soil at Trench 94 is generally higher than that
found at any of the NIST underground test sites, and in this respect is expected
to be less corrosive than the NIST soils. Chloride and sulfate content at Trench
94 and the NIST sites identified by Jenkins are very similar, and would not be
expected to have a significant effect on relative corrosivity of these soils.

a) We agree that a linear projection of maximum pit penetration as performed by
Carlos, provides a conservative estimate of the corrosion penetration. There is
an uncertainty associated with any extrapolation beyond existing data and
conservative approaches are required.

In summary, it is our opinion that Jenkins' conclusion, that the maximum
penetration of steels buried in these environments will be less than 0.350 inches
after 100 years and the expected or average pitting corrosion rate will be 0.001 inches
per year, is reasonable given the conservative estimation procedures he employed,
our ex:isting knowledge of corrosion mechanisms, the environmental conditio~ns
expected at Trench 94, and the existing NIST data on corrosion behavior of similar
steels at similar sites.

Sincerely,

Edward Escalante
Aorrosion Group

Richard E. Ricker, Ph.D.
Group Leader
Corrosion Group

4
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Table I1- Mean values of constants k5.3 and n and their standard errors. [3)

Site
No. Soil Type 1C5.3 01r5.3 nan

--------------------------------------------------

12 Hanford fine sandy loam 51.2 14.0 0.13 -. r

20 Mahoniig, silt loam 34.4 2-7 0.42 0.09

26 Mviami silt loam 45.7 7.1 0.41 0.22

32 Ontario loam 44.8 2.6 0.33 0.07

35- Ramona loam 26.5 1.3 0.25 0.08

47 Unidentfed silt loam 20.1 1.2 0.32 0.08

6
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Figure I1- Linear regression analysis of the average maxim=m penetration data
obtained at all of the sites identifed by Jenkins as having soils similar
to Trench 94. The dashed lines represent the upper and lower limits
of the expected values at the 99% confidence level based on the linear
growth rate assumption.
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2
3
4 LETTER FROM D.R. HELGESON (CORROSION CONTROL SPECIALISTS)
5 TO C.L. REAUME (PUGET SOUND NAVAL SHIPYARD) REGARDING
6 SOIL RESISTIVITY TESTING, HANFORD, WASHINGTON
7
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!C S CORROSION CONTROL SPECIALIST
R~ & B Cogpoazs Park, Suite P101
6617South 193rd -lc

(2O6) 2514073

June 29, 1990
Puget Sound Naval Shipyard
officer In Charge of Construction
Public Works Dept. Code 460

Brezb, Washington

Attn. Cheryl L. Reaune

Ref: soil Resistivity Testing
Hanford, Washington
Contract No. R62474-90-m-6478

Dear IXs. Reaume,

on Wednesday June 27,1990 CCS completed the testing as
u" directed by the referenced contract. The preli4.naxry results

were faxed to your office on June 28, 1990. The following is
a swmnary of the procedures used 'and a brief 'analysls of the
data.

Test Procedures

Th* test procedure followed was that described by The
ASTIC Standard Method G-57-78, " ield Measurements of1 Soil
Resistivity Csing The Wenner Four electrode Method *. The
testing was . completed using a Nilssoni model .400 soil
resist.ivity meter Certified and Calibrated on June 26, 1990.
A sketch In attachied depicting the general arrangement of
the meter, electrodes, and wiring.

Testing was witnessed by William Carlos (Westinghouse)
and by G.L. Ecklund (U.S.- Navy). Testing was done at six
locations. One test was. completed on each side of the
existing excavation for Trench 94 and one test for each of
two spoil piles. Testing was done at each. location with pin
spacings of 10, 20, 30,.40, and 50 feet.

Prior to leaving the' sits copies of. the raw data

collected was provided to- William Carlos.
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The Wenner f our pin test procedure provides the average
resistivity of the soil to a depth equal to the pin spacing.
Therefore testing was completed at several depth in addition
to the 50 foot spacing requested to better characterize the
soil. Moreover the data may be enhanced by processing the
data with formulations developed by H.E. Barnes. The Barnes
formulations provides an approximation of soil1 resistivities
for depth layers. The data collected for these test were
processed in this manner. The data is tabulated on the
attached data sheets.

The data is useful in both evaluating the potential for
corrosion activity and for designing cathodic protection.
However in evaluating the potential for corrosion activity-,
of a site, .it should not be done using soil resistivities
alone. Soil resistivities should be combined with the other
parameters, as you have scheduled tor testing, including
conductivity, sulf ides, sulfates, chlorides, moisture
content, and pK.

Results and Analysis

The soil resistivity data collected at this site is,
generally classified as high and not very corrosive but it
does show some stratification. Purther the Barnes layer
calculations on the north side of the trenc h would indicate
a more aggressive environment for buried stdelo. However in
analyzing soil resistivities by themselves, caution should
be used in drawing any f im conclusions regarding the
potential for corrosion. The National Association of
Corrosion Engineezs (N.ACE) in their basic zhort courses
provide a guideline 0for the relative amount of corrosion in
the absence of mitigating measures. Those guidelines are as

Relative Corrosion
Soil Resistivity Rate

Below 500 ohm-cm Very Corrosive
5-00 to 1000 ohm-cm Corrosive

1000 to 2Q00 ohm-cm Moderately Corrosive
2000 to 10,000 ohm-cm Mildly Corrosive
Above 10,000 ohm-cm Progressi4vely less Corrosive

NACE does not suggest that in high resistivity soils
that there is no corrosion but only that the rates of
corrosion in general decrease. The conceptual cathodic
prothction design packcage being evaluated by the Navy for
the SRC site provides a xef~erence in Attachment 3 to N.C.
Van Nouhuys.'Van Nouhuys classifies and evaluates soils in
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high ranges that extend up to a million ohm-cm. The majority
of his conclusions were arrived at by collecting pipeline
leak histories in high resistivity soils. His work is
supported by many others working with underground pipelines
and tanks.

Thus it is our recommendation that cathodic protection
be applied, to the SRC's even though the soil resistivities
are classified as high with relativity low corrosion rates.
The basis for this recoummendation is based on the present
plan to maintain the integrity of the SRC in excess of 100
Years.

Also in reviewing the conceptual design being prepared..
it would appear the Navy is desirous of a galvanic system.
This is the most desirable type of cathodic protection
system in nearly all applications. However, to make the
installation of a galvanic system effective in high
resistivity soils economically .feasible, .the current
requirement must be low. Based on my. casual inspection of
the SRC's while on site, it is my opinion the quality- of
coating may need to be upgraded to achieve that. end. it
would be my recoimmendation the a detailed coating inspection
of each SRC be completed prior to formalizing the selection
of a galvanic anode design.

CCS would be pleased to assist the Navy with, this
project as it proceeds. If we can clarity any of the above
please contact our office.

Sincerely

Dennis R. flelgeson, P.N.
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IC Site (Trrench 94) D. Helgeson
Inf Ord, Washington~ 6/27/90

-84 Nilsson~ (Model 400)
S/N 40-2291

soil Resistivity Data
Wenner foibr Pig MethgA,

Barnes
Pin Soil LayerTest Spacing Resistivity Resistivity~~I&A aio f~1~D.~J oh3-ecnl ________

I. zast side of trench 10 36,385 --
20. 65,110 309,270
30 22,990 10,017
40 37,534 -*

so 41,1.73 67,247

2 South side of trench 10 70,95-
20 103,410 -- 191,309
30 2.66,305 o
40 72,004 26,634
so 41,173 15,1.77

3 Spoil pile to sbuth 10 23,938 --
of trench 20 22,980 22,096

30 34j470
40 35,236 37,753
50 54,579 w

4 West side of trench 10 107,240 -

20 91,920 80,432
30 97,665 111,616
40 91,920 78,131
50 85,218 65,975

Page I. of 2
Corrosion Control Specialists
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Barnes
Piz Soil Layer

Zest Spacing Resistivity Resistivity
si~.t Location =11] La-hm-zm

5 North side of trench 10 21,065 --

20 10,140
30 25,283 11.4,182
40 21,448 14,194
50 14,353 6,187

6 Spoil pile to north 10 36,385 --
of trench 20 32,385 30,087

30 41,939 92,481
40 29,108 15,178

so 53,620

The Barnes layer calculation is not valid for these layers

0 Page 2 of 2
Corrosion Control Specialists
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2
3
4 SITE INVESTIGATION REPORT
5
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2
3
4
5 Transmitted from DOE-RL to Ecology.
6
7 Reference: Low-Level Burial Grounds Dangerous Waste Permit Application Supplement 2: Design

8 Documentation for Mixed Waste Nondragoff Land Disposal Facility (DOE/RI-88-20,
9 Supplement 2, Revision 0).

10
I1I Site Investigation Report: WHC-SD-W025-SE-00 1, Revision 0.
12
13 Correspondence Number: 90-PPB- 186, September 20, 1990.
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4 9090A TEST RESULTS
5
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1
2
3
4
5
6 Transmitted from DOE-RI to Ecology.
7
8 Reference: A Final Report: Laboratory Testing of Geomembrane for Waste containment
9 Environmental Protection Agency Method 9090

10
I I Document Number: 9090 Test Results, WHC-SD-WM-TRP-237, Revision 0.
12
13 Correspondence Number: 96-SWT-333, November 7, 1996.
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APPENDIX 4G
2
3
4 SOIL LINER PERFORMANCE CALCULATIONS
5
6
7 Assume Net Infiltration = Total precip - evapon-ans (no run-off)
8
9 [From WHG 1992 (Project W-025 Design Report), Appendix C. 1, page 44]:

10
I1I Precip "7.08"
12 Evapotrans = 5-46
13 Net Infiltration = 1.62"
14
15 Assume landfill is open for 10 years.
16
17 Assume no flexible membrane liner, no holding time/storage for precipitation.
18
19 .. Head on soil liner after 10 years = 10 x 1.62 = 16.2"
20
21 Average head = 16.2 "/2 = 8. 1
22
23 Darcy's Law: q = KiA

-24
25 and q/A =V
26
27 .. V = Ki where K =hydraulic conductivity = i0-'cm/sec
28 i = pressure gradient = 8.1 "/36" = 0.225
29
30 .. V = 0.225 x 1 0" cm/sec.
31
32 In 10 years, penetration =0.225 x I 0-'fcm/sec x 3600 sec/hr x 24 hr/day x 365 day/yr x 10 years
33 - 7.1 cm

35
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APPENDIX 5A

SELECTED GROUNDWATER CONTAMINANT PLUME MAPS IN THE 200 AREAS

This appendix contains groundwater contaminant plume maps for the 200 East and 200 West Areas based
on data collected in fiscal year 2001 and presented in PNNL-13788.

5A.1 200 East Area

Figures 5A-1 through 5A-5 show plume maps for major groundwater contaminants in the 200 East Area.
The lowest concentration contours shown are for the following:

0 1 pCi/L for iodine- 129 (drinking water standard)
* 20 mgAL for nitrate as NO3 (approximately one-half of the 45 mg/L maximum contaminant level)
* 450 pCi/L for technetium-99 (one-half of the 900 pCifL drinking water standard)
0 2,000 pCiIL for tritium (one-tenth of the 20,000 pCi/L drinking water standard)
* 30 ug/L uranium (maximum contaminant level).

5A.2 200 West Area

Figures 5A-6 through 5A-l1 Iare plume maps for the 200 West Area. The lowest concentration contours
shown are for the following:

* 5 gg/L for carbon tetrachloride (maximum contaminant level)
a I pCi/L for iodine- 129 (drinking water standard)
0 20 mg/L for nitrate as NO3 (approximately one-half of the 45 mg/L maximum contaminant level)
* 450 pCiIL for technetium-99 (one-half of the 900 pCiIL drinking water standard)
0 2,000 pCi/L for tritium (one-tenth of the 20,000 pCi/L drinking water standard)
0 30 gg/L for uranium (maximum contaminant level).
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Figure 5A-2. Distribution of Nitrate at the Top of the Unconfined Aquifer, Fiscal Year 200 1.

020617.0858 APP 5A-3



DRAFT DOE/RL-88-20, Rev. 0
06/2002

Btam , o N t~ Tzl Te.gii4,p~l

21 0 3U o EU 12Uo.

Tar Fm 21 1--2 ma5 1 --

V- A- , on
.. ,o024M..4F2.00 a3

Figue 5A3. istrbutin o Tecnetim-9 at he Tp o theUncofind Aqifer2Fical ear 001

0206170858 APCrAb



DRAFT DOE/RL-88-20, Rev. 0
06/2002

-Tec Trench p014

Te*...kC Form 2?. 21 Sia

Fiur 5-4 Dstibtin f riiu a te opofth UcofiedAqifrFica2Yar201

020617.0858 APPrm-



DRAFT DOE/RL-88-20, Rev. 0
06/2002

o~ Bd6-a

M W
I Road. Fom2 -A2 Hh 2 -

- Ururlium

21 ~0 &A-37.-12S~

Fiue5-5 itiuto fUanu tte o fte nofn41qieFiclYa 2001

0206170858 AP 5A-



DRAFT DOE/RL-88-20, Rev. 0
06/2002

Carbon Tetrechia deit 200 West, FY01 BuldhgS

-Carbon Tdtmchllold, u-aL

Tar -T-4 16U-2 ri

Fiscal Yar 2001

020617085S AP 5A-



DRAFT DOE/RL-88-20, Rev. 0
06/2002

Iodine-128 at 200 West. FY01 0 Buldings01020 1 i0'6 o Site

Fences r0ta

Roads

(6- B-A Cr"b

15-4-

BfVfM'O2O T~~m h820 ur

Figure5A-7.istribTo* ormie19a h o fteUcolndAufr iclYa 01

02061 7.0216APP 5A-



DRAFT DOE/RL-88-20, Rev. 0
06/2002

Nitro at 200 We FY1 BuildWWg
wsa slims01030 1 tb

210.8.2 Cub1 la %

SALDS~ .81rae BncL

(0 6-AC" (Dahed1Whre-Il

02061~LWM 5.8SAP5-



DRAFT DOEIRL-88-20, Rev. 0
06/2002

Technetiurn-99 at 200 West, FY01 El BudsaIS Ie G
m~ta SNOB I 15 3C 50 nb

r-Ono i 5 1 050 lo tal

Road.
-Tmchneium-U9, pCVL

(6 a CIr" (Dashed VA*m lnbrrud)

8-T-4-2 %40

MA T

CrTi2 

rib O

Tr1chS 02121&02OMiT 1.202 15A

Figue 5-9.Disribtio ofTecnetum-9 a4th OTop8 ofi th0nofdAufr iclYa 01

02061.085 APP5AT



DRAFT DOE/RL-88-20, Rev. 0
06/2 002

Tritium at 200 We FY1 160 30 4UId0I OW
~m k ' IMitShes I__ I_ _ _

-Fence 0 IC 1 8 16 d
NO000Road.

- 200,000 -TltluM, pCVL
('66ACrib) (Dahed Mure Mmdr

Tnn~OZ0M~ 2A)0 20011* A

Figure ~ ~ T 5-0.Dsrbtof Tiima h o f h ofe qier iclYa 01

02061.085 APP5A&T



DRAFT DOE/RL-88-20, Rev. 0
06/2002

Uranium at 200 % st, FY01 Enoma ldinp

-Ronds

(a SA C" (Do~hed VxArv hifrred) ________

2,5s-i

020617.0858M AP5A1



DRAFT DOE/RL-88-20, Rev. 0
06/2002

APPENDIX 5B
2
3
4 SUMMARIZED RESULTS OF GROUNDWATER MONITORING (1988 - 2001)
5

02061 7,0859 APP 5B-i



DRAFT DOE/RL-88-20, Rev. 0
06/2002

2
3
4
5 This page intentionally left blank.

0206 17.0859 APP 51B-i



DRAFT DOE/RL-88-20, Rev. 0
06/2002

~~1 APPENDIX 5B
2
3
4 SUMMARIZED RESULTS OF GROUNDWATER MONITORING (1988 - 2001)
5
6
7 This appendix includes graphs showing data collected during interim-status groundwater monitoring. The
8 graphs include three contamination indicator parameters (specific conductance, total organic carbon, and
9 total organic halides) and chromium. Another indicator parameter, pH, is not included because it is of

10 limited use in groundwater monitoring at the LLBG. Chromium is included because it is proposed as a
11I statistical indicator during final status monitoring. pH and other data are available in the HEIS database.
12
13 Graphs are presented for each well in the current (2002) interim-status monitoring network. Data for
14 wells previously monitored but now dry are available in HEIS. For Low-Level Waste Management
15 Area 4, graphs are provided for proposed supplemental wells if data are available.
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100.0 50.0

75.0 40.0

50.0130.0

20.0

25.0 10.0 id

0.0 -0.0~
1988 1991 1994 1997 2000 2003 1987 1991 1995 1999 2003

Year Year

0 Undetect * Detect a Undetect 0 Detect

LLWMA-2, Chromium LLWMA-2, Chromium
299-E34-5 Filtered Chromium (ugIL) 299-E34-7 Filtered Chromium (ug/L)

50.0 50.0

40.0 40.0

30.0 30.0

20.0 20.0

10.0 cla 10.0

0.0........... .... ......... 0.0
1987 1991 1995 1999 2003 1989 1991 1993 1995 1997 1999 2001 2003

Year Year
0 Undetect * Detect 0 Undetect 0 Detect

LLWMA..2, Chromium LLWMA-2, Chromium

020617.0859 ALPP 5B-22



DRAFT DOE/RL-88-20, Rev. 0
06/2002

299-E34-9 Filtered Chromium (ug/L)

s0.0

40.0

30.0

20.0

10.0

0.0
1992 1994 1996 1998 2000 2002

Year
o Undetect & Detect

LLWMA-2, Chromium_________ ________
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290-W7-I Total organic carbon (tig/L) 299-W7.3 TulalI organic carbon (ugIL)

10001.50001

9,00.0 A.00

000.0

3000 ItO 0

0.0 00
Is? 1ING IN1 N N 112 1506 119902w 0w 1113 11SM 100 202

aOUndmiect a Detect %I. Ct 0 tjdal..t *Deect ~ c

LLWMA-3 TOC LLWMA-3 TOC
299.W7.4 Totsal organic carbon (ug/L) 219-WY-S Total organic carbon (ug/L)

1.500.0 1,50D00

1.200.0 1.200.0

000.0 900.0

600.1) 000

00 300

1147 isle 1193 1910 1919 20112 1067 199 1903 ION9 1000 2002
Year Year

a Ok.t0Detect A Fkj*t F a Undo at Dtect A Rject

LLWMA-3 TOG LLWIMA-3 TOG
299.W7-7 'fatal organic carbon (ug[L) 299-W7-8 Total organic carb~on tuAIll.

100.0

300.0 900.0- ma

600.0 so00

0.0 101 Io 03 190 100 20

1lo7 1is0 INS 1300 IW0 2002 91 1W ISYa1" I 00

Yer0 Wmdelwc * Detect A RejeCt
oikn0etec1 DOW~c A P)

LLWMA-3 TOG LLWMA-3 TOG
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299.W7.12 Tota organic to rbon (ugJL 229WSM Total organic carbon jullill)

1100.01.500.0 -

1200.0 1200-0

900.0A90.

G6000

300.0

30000

las7 woo 1101 is" Is" 20 0.0
Year 1"0? 11001 1963 1996 199W 2002

OIndstect 00029 A~b~ Year

L W A 3T XoLUndseo 0 Detect Object

LLWMA--3 TOX

299.WIO.14 Total organic carbon Ijug/L) 29-WI041S Total organic Carbon 4ug/L)

1,500.0 1,600.0

13200.0 1,200.0

000.0 90

000.0 600V0

300. 3M0.0

0.0 0.01
1967 1196 1993 ISMS 1900 2002 197 110 1993 110 1996 2002

Year Yar
0 kidstect a Detect A Reect -oLkmw tact 0 Detect A fjo

LLWMA-3 TOX LLWMA-3 TOX
2NM W20 Totsl organ INCCArbon (uDIL) 290-WID-21 Total organic carbon (unhL)

1,200,0100

1,00011 900.0

300.0 300.0

0.01 0.0
1667 190 66 196 168 2 1617 1690 1993 1966 196 2002

o LM060,ct 0 Detect A PAi~t o Uted6tc 0 Dstoct x Ihiec

LLWMA-3 TOX LLWMA-3 TOX
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29-W741 Total organic halides (ugIL) 2994w7.3 Total organic halides (ugifl.

12.0- I8,0

A
150O

9.0I
A I 12.0 F

0.0

1967 199 199 1590 19"99s 2002161 90 913Ya119 les 22

0 Undetect Detact A Reject 3U1tc otc AOC

LLWMA-3 TOX LLWMA-3 TOX
2994VW-4 Total organic halides (ug/L) 299.W7-5 Total organic halides (ug/L)

2.000-0 150.0

1,600.0 120.0

1200.0 90.0

A A

800.0 600 A

400.0 30.0 113 1

0.0 0.01
1397 199 19113 11941 1999 2002 1997 199 191 1999 1it" 2002

Yeer Year
o LJndetatl 0 Detect .4 Fbj30t & Detllg S ect

LLWMA-3 TOX LLWMA-3 TOX
2994N7-7 Total organic halides (ugIL) 299-W-8 Total organic halides (ugIL)

20.0 A16.0 .

16.0 10.0

I20

12.00

12,00

0.0.

4.0 0.
0.0 0.0

logo 11192 1994 Me9 1I9N 2000 2002 1999 1992 1994 13199 1999 2000 2002
Year Year

Lina.0 toCCdeDtect A PJOc OL-d.1-c 0 Detect A fle I

LLWMA-3 TOX LLWMA-3 TOX
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299-W7.12 Tote I organic ha lides (ugIL) 203.W8-1 Total organic halides (ugIL)

15. 15,13 -

12.0 
120

9.0 
A

8.0 A
0.0

3.00

0.01 0.
1102 1064 ING4 10 200 2m0 i17 06 10 110 1910 200

ye f ea
0 Wdetecl a Deec <bjciOW0 A Fbj4

LLWMA-3 TOX LLWMA-3 TOX
2994WI0.14 Total organic halides (ugIll) 29.WIO-19 Total organic halides (ugIL)

12.0 S1.50010

9.0

900.0
A

6.0

2.0 3M.0 A
x A

196.7 m 19,6 113 109 190 2002 Yew
YerE o tdetact *Detect A4 %joel

O Undatedt 0Detect A Asia

LLWMA-3 TOX LLWMA-3 TOX
2994WIO-20 Total organic halides (ug/L) 2M9WIO-21 Total ofganic halides (ug/L)

1,500. 5150.0

12O4400

9M0.0 33D0

8000 220.0

300.09 110.0 L W A3M

0 ndaltect9Dtc *ed0Udtc Detect <POC

_________ _________ ________ TOX
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299-W10-19 Filtered Chromium (ug/L) 299-WIO-20 Filtered Chromium (ug/L)

50.00-

40.0 4.

30.0 3.

20.0. V * 20

10.0100-

0.000
1992 1994 1996 1998 2000 2002 1994 1997 2000 2003

Year Year
0 Undetect 0 Detect o Undetect 0 Detect

LLWMA-3, Chromium LLWMA-3, Chromium

299-W11O-21 Filtered Chromium (ug/L) 299-W7-1 Filtered Chromium (ug/L)

50.0 50.0

40.0 40.0

30.0 30.0

20.0 20.0.

10.0 10.0

0.0................................0.
1993 1995 1997 1999 2001 2003 1987 1991 1995 1999 2003

Year Year
0Undetect 0 Detect F - Undetect * Detect

LLWMA-3, Chromium LLWMA-3, Chromium

299-W7-12 Filtered Chromium (ugIL) 299-W7-4 Filtered Chromium (ugiL)

50.0
50.0

40.0 40.0

30.0 30.0

20.0 20.0

10.0 10.0

0.0 ~~0.0......
1992 1994 1996 1998 2000 2002 1987 1991 1995 1999 2003

Year Year

0II Ui etecIIZIZetectIIZ Fi0 Undetect 0 Detect

LLWMA-3, Chromium LLWMA-3, Chromium
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299-W7-5 Filtered Chromium (ugIL) 299-W7-7 Filtered Chromium (ugIL)

50.0 so.0

40.0 40.0

30.0 30.0

20.0 20.0

10.0......................0.0

1987 1991 1995 1999 2003 1990 1992 1994 1996 1998 2000 2002
Year Year

0 Undetect 0 Detect o Undetect 0 Detect

LLWMA-3, Chromium LLWMA-3, Chromium

299-W7-8 Filtered Chromium {ug/L) 299-W8-1 Filtered Chromium (ug/L)

50.0 50.0

40.0 40.0

30.0 30.0

20.0 20.0

10.0 10.0

00......................0.01
1990 1992 1994 1996 1998 2000 2002 1987 1991 1995 1999 2003

Year Year
0 Undetect 9 Detect [ 0iUi dtecIt i IoIDete II

LLWMA-3, Chromium LLWMA-3, Chromium_
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200-WY.1 20G-WT-3

30C

at - -- 201

LLWMA-
LLWMA-3, Specific Conductance 3, Specific Conductance

20-W7.4 Spedlc conductance (uSlcm) [0-4-
460

150.0 2W -

i l 110 **0 110 1

1lay 19"0 I IWS 16 2

0 L Ikdt.ot 0 W.Od

LLWMA-3, Specific Conductance LLWMA-3, Specific Conductance
21-W-7 200 -67

350 -400

00- 3w0

=1 --

.00

LLWMA-3, Specific Conductance LLWMA-3, Specific Conductance

299-W7-12 2W99-10-

1

LLWMA-3, Specific Conductance LLWMA-3, Specific Conductance
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It - -- A
360

legw

LLWMA-3, Specific Conductance LLWMA-3, Specific Conductance

289WIO-20 25-WI 0-21

ww

LLWMA-3, Specific Conductance 'LM 3 Spcii 1odutac
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299-WI5-15 Filtered Chromium (ugiL) 299-W15-16 Filtered Chromium (ugIL)

50.0 50.0

40.0 40.0

30.0 30.0

20.0 20.0.

10.0 =,/10.

0.0............. ............ 0.0

1987 1991 1995 1999 2003 1987 1991 1995 1999 2003
Year Year

0 Undetect * Detect 0 Undetect a Detect

LLWMA-4, Chromium LLWMA-4, Chromium

299-WI15-17 Filtered Chromium (ug/L) 299-Wl 8-1 Filtered Chromium (ug/L)

50.0 50.0

40.0 40.0

30.0 30.0

20.0 20.0

10.0 010.0

0.0 1 . . . . I 10.01
1987 1991 1995 1999 2003 1988 1991 1994 1997 2000 2003

Year Year

0 Undetect 9 Detect ~0Dtc

LLWMA-4, Chromium LLWMA-4 Supplemental, Chromium

299-WI8-21 Filtered Chromium (ugIL) 299-W18-22 Filtered Chromium (ugIL)

50.0 50.0

40.0 40.0

30.0 30.0

20.0 20.0

10.0 
10.0 u

0.0...........-..I....................0.
-1988 1991 1994 Yer1997 2000 2003 1988 1991 1994 Yer1997 2000 2003

[I Unect e etec tIII 0 Undetect 0 Detect

LLWMA-4, Chromium LLWMA-4, Chromium
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299-W18-23 Filtered Chromium (ugIL) 299-W18-24 Filtered Chromium (ug/L)

50.0 50.0

40.0 40.0

30.0 30.0

10.0 
20.0 ,

10.0 J30010.0

0.0 [04 .0 .

1988 1991 1994 1997 2000 2003 1988 1991 1994 1997 2000 2003
Year Year

0 Undetect 0 Detect 0 Un detect a Detect

LLWMA-4, Chromium LLWMA-4, Chromium

299-W18-31 Filtered Chromium (ugIL) 299-W 18-40 Filtered Chromium (ug/L)

50.0 50.0

40.0 40.0

30.0 30.0

20.0 Zi 20.0

10.0 10.0

0.01 1I 0%- 0.01 1 . 1

1988 1991 1994 1997 2000 2003 1988 1991 1994 1997 2000 2003
Year Year

0 Undetlect * Detect 0 Uncjetect * Detect

LLWMA-4 supplemental, Chromium LLWMA-4 supplemental, Chromium
Note: No chromium data for supplemental well 299-W 15-3 1.
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"DIW5-15Awnee 29-Wil-16A8g-

400

__ LLWMA-4, Specific Conductance __LLWMA-4, Specific Conductance
200*2-17 Aveage 299-Wi 0-21 Average

40

300

2to

200.

LLWMA-4, Specific Conductance LLWMA-4, Specific Conductance __

290WI-22 Average 299-WI$-23 Average

260/

W4/O Oiffi IMO lil 1,13 7149 1,0

LLWMA-4, Specific Conductance LLWMA-4, Specific Conductance

299-WIB-24 Average"00 2WN63Apef wucn 04m

7w "00

400

320.0

20

0

0 0.0

11147 11181 1145 110 11102 1t"o Is" lot? 154 1it" 2M0 20M 280

LLWMA-4, Specific Conductance LL.'WMA-4 Suppemetl

________________________________SpecificConductance
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2WWI&I Specific cowiductonce (uSiCIM) M6.W18411 Specific Conductanlce (uSICni)

600.0 2700

400.0 1800

2000 90.0

0.0 0.1

11,2 less MY0 1960 2061 3061 1*92 6654 Io6 Is" 2066 2w6

F O 0 Un.elst 
d 6h 0.I61 S A1SI

LLWMA-4 Supplemental, LLWMA-4 Supplemental,
Specific Conductance Specific Conductance

2".W-10-40 Specific conductance (uSlcan)

200.0

1000

100.0

6010

0.0

*061 2M0 200
Yew,

0 Undeted ig

LLWMA-4 Supplemental,
Specific Conductance _____________________

020617.0859 APP 5B-35



DRAFT DOEIRL-88-20, Rev. 0
06/2002

299-WI-I0 Menge 2WW1A1&16 Awa

1.2m0 ,2

400.

0-,4 __________ lM ils 1,15

LLWMA-4, Total Organic Carbon __LLWMA-4, Total Organic Carbon

0 -209-WI-17 Amrap 299-Wi 8-21 Average

1.9o

LW ATotal Organic Carbon LLWMA-4, Total Organic Carbon

299-W18.22 Avrage 299.0016-23 Avefage

1.00-

1 1,00

LLWMA-4, Total Organic Carbon -LLWMA-4, Total Organic Carbon

2WW I B-24 Average 2994WIS-31 70101 organic Carbon (uflILI

2.100D0

1,200.0

200

200. 11)91400.0

U4 n 111M5 1/1n 1020

104 1040 10is" 0"m 2000 200

LLWMA-4, Total Organic Carbon r - i046 lk1501Dt

___________________________LLWMA-4, Total Organic Carbon

Note: No total organic carbon data for supplemnental wells 299-W15-31A, 299-WI18-1, or 299-W18-40.
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299-W18-6 Aiwa~e209.15-16 A10ru

2AW

11,37 ""11 11135 11146 1111M I/I, Viol I/I1I Vil VIM0

LLWMA-4, Total Organic Halides __LLWMA-4, Total Organic Halides

20-Wl5-V~Aalge 299-W18-21 Average

LLWMA-4, Total Organic Halides LLWMA-4, Total Organic Halides

299-Wi &-22 Average 2W9WI&8-3 Averae

46 i

401

25 420

I:II 
IN/l015 1lA /0

LLWMA-4, Total Organic Halides LLWMA-4, Total Organic Halides

299-WI8.24 Ave 2W&I "ogni ainaegL

8000

4o0

0400.00

LLWM -4,Tota OranicHaldesLLWMA-4 Supplemental,
LLWM-4,Tota OranicHaldesTotal Qrganic Halides

Noe o total organic halides data for supplemental wells 299-W15-31A, 299-Wi 8-1, or 299- W18-40.
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I APPENDIX 5C
2
3
4 WELL CONSTRUCTION DATA (AS-BUILT DIAGRAMS)
5
6
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APPENDIX 5C
2
3
4 WELL CONSTRUCTION DATA (AS-BUILT DIAGRAMS)
5
6
7 This appendix contains well construction data (as-built diagrams) for monitoring network wells at the
8 LLBG and includes wells in the interim-status and final-status networks.
9

10 Depth and casing diameters on these diagrams are expressed in English units (feet and inches) as these
I11 were tracked during well drilling and completion. Depths were measured from the ground surface.
12 Elevations are expressed in feet above the National Vertical Geodetic Datum of 1929 (NGVD29), which
13 was the site standard when the wells were drilled. Water levels discussed in the body of this report are
14 expressed in meters above the North American Vertical Datum of 1988 (NAVD88), which is -1 meter
15 higher than NGVD29.
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2 5C.1 Low-Level Waste Management Area 1
3
4 The following diagrams show wells in the monitoring network for Low-Level Waste Management
5 Area 1.
6
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NELL CWITON AD CPLETIWJ USQRY

Drilling 5a'1a Drive barrel WELL TEMORARY
Method: Cable tool MeTod! Hard tool NMBfERl: 29-E26-26 WELL NO: _____
Drilling 201 Vt: Additives Manttf-.
nlid Used: Supply Usd: Not documented Coordinstes: N/S Nf 44,446 91W In 58106c
Llr2OI:' WA ttsc state
NaIMe C. VeMlevj LAG Kr,_______ Coordinates: N 449.605 9 2,239.605
Drill .ng Cwrveny Start
Coetpanym Kaiser Engineer. Looltion: liantord Card 0: Not documented 7___ A___ s -___
tate Dae Elevation
Started: 17sp07 Complete:. 06Nov87 Ground surface: 684.84-ft (erass 04PI

Depth to "tax; 271..3-ft Oct87
(Grod aztae)2).D-t 2Jun3 I - I levationk of tetereloe polnti [S91t2o-ft

(top or casinql
CEMtRALIZED rGeologiet'e I Height of ref erence point above! 2.4-ft I
VIYAFIGPIWY Log I ground surface

Il sighlyI Depth of Surf ace acc 13-271.1-ft]
0-28 Silty, sandy GRAVM Typo of surf aco sea:1
25-30: Bandy GRAVEL I Santonite cruxble. to 271.1-ft
3C-36; 81l silty PI gravelly SAND 4-ft x 4-It X 6-in aortae pod to 3-ft
35-70: Siltr sandy GRAVEL4-
70-75t al. al iy gravelly SAND
1,5-80t aAND L Rolo diameter,
00-05; 81 gravelly SAND I0-79.6-It, 17-in nominal
65-100. $1 silty SAND - 7.7F30-Zt, 15-in nominal
ice-110: Al silty *I gravelly &AND I iiniiirnn, 11-Int nominal
110-151: 91 Silty SAND I W fVF t -in noMLInal
135-14bs 51 silty $I gravelly SAND
145-110: SAPND I4-in ID steinless steel caing,
160-155: fii silty SAND 42.4-2709-ft

170-175: 51 silty 0l gravelly RAND
175-180: silty sandy GRAVEL
180-290: SAND
190-200: Silty sandy GRAVEL
200-205: sandy GRAVEL
205-220: 81 silty SAND I astonite crujublee,
210-2151 SAND 3-271 .1-ft
215-220: *1 silty SAM~d GRAVEL
220-225: Silty SAND : :Ivalolay pellet.,
225-247a Silty sandy GRAVEL a is 271.1-276.2-ft
247-255% Mc eaxplo
255-29O: Silty soandy GRAVEL I Silica send pack,
290-295: No saMple 276.2-293-ft 2030-mesh
295-315: Silty sandy GRAVEL 2 -5, f lD-3-as
3l5-32O. SI Silty gravelly SAND 2hI32.b-t. 7M0--mes
320-326: Silty Sandy GRAVEL
326-32e.5; BAlT

-1 4-in stainless stool screon,
278.B-2908-ft1 02c-slot

I S-in Stainloss stool

315.1-32.-ft. #30-slat

-I Borehole Grilled depth: 328.b-fi)

Drawing By:4 Aj2s-6.ABB
Reference IWTOREUMELLO
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WELL CON3TRUCTroti AND Cg4PUT7GN SJW(ARY

Drilling sample Drive barrel WELL TEMPORARY

Method: Cable tool Method!: Hard tool NUMBER: 299-E28-27 MEL]. NO:______
Drilling 200 2 R-kaer AdditlYs Hanfomd-
rfld Used: Supply Used: Not documented coordinates: 9/9 N 44t595 E/W W 54,670

Driller's NA state state

Maim.: Murpowy'Nobinson Lie Mrt Coordinates- N 449r'156 Z 2,240,541

Drilling company start

Company: Kaimer Egineers Locationl Hanford Card 0! Hot documented T_ A___ S____

Date Dams Elevation

started: 02SeV97 Complete: 29ep87 trond surfae: 678 AS-ft 41rass C!21

Depth to vater: 274t3 S
(Gondm~feV7Tf2Q: n9 ~ I Elevation of reference point: 503-i

(top of c~asing)

GENE14AIZED Geologists egt of ref:ranc point above[ 2.2-ft I

STRTTGRAPHY Log gon ufc

I Depth of surface seal 14.6-259.2-ft I

0-10 Silty, sandy GRAVEL Typo of surface seal:
10-1b; Sandy GRAVEL I Buntonite crumbiles to 25S.2-ft

15-55. Silty sandy GRAV&L 4-ft a 4-ft x G-4.n surface pad

55-60; Sandy GRAVEL L .tendinq 4.5-ft into annulus
60-65: silty gravelly BANDI
65-7D. SAND L Hole diamester,

70-0; Grvell SAN +110-50.3-ft, 17-in nominal

70-SO:~s GrvelyBNDin nomimal
S9-0: Silty SAND W

30-915: silty gravelly SAND I i I t t, .11-in nominal

95-100; SAND t I~ ., 9-in nocwinel

100-110: Gravelly SAND
110-115: silty gravelly BAND
115-120: Gravelly AMD
120-125: &AND I d-in IV stainless steal casing,

125-I40: Gravelly GAND 42.2-269.8-ft. #20-slot

140-145; SAND
145-150: Gravelly SAND
150-1651 SAND
165-190: silty gravelly SAND
190-155: Silty SAND and GRAVEL AgnetLofit* crubles,

195-_210t sandy GRAVEL 4.5-258.2-ft
210-220: SILT, SAND and GRAVEL
220-225- gravelly SAND 13ai IDntonite Pallet&,

225-2301 Silty SAND 27 :1250.2-263.0-ft
230-240: Gravelly SaND
240-290: GRAVEL, SAND and GILT ISilica andp pak,,
260-205; SAND I263.5-301.f. _030-a.
235-300: Silty sandy GRAVEL
300-301t Gravelly BAND -nsailmstlsce,

269.1-289.0-ft. 170-lot

U-in stainless steel
telescoping screen,
291.2-301.5-ft. 9 30-slot

I Borehole drilled depth:! 0.-i

Drawing Ryt WE,F28-27.AS8
Datea
Reference HVANRWLLS
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W-LL COIBTRUC?!ON ANDS CWU4LTION SUM4AAY

Drilling Sample Drive barrel WILL TEMPOPARY
method: Cable tool Method! Hard tool NUMBER! 299-E28-28 wELL No- zo-ien
Dri.liu OEAe Additives Hanfoxid
rluid UWad! Water Usmed! None Coordinated: N/A NK 44,124 Elfr w 56,056
Drillar-a WA Stat* -state
Name: L. W6atkins Lie Mr: Not documented Coordinated! N 449,8612 E 2,239,154
Drilling Company start
Company: ar Egineers 1  Location: Hnerford Card 6:T___ i___ a___

DtDae Clevatin
Startads 02JamLO complete: 17APrg0 Ground aurfacat 453.55-ft (Brame oatp1

Depth to water.- 279.7-ft rabsy
(Ground murfaca2flI-f 25.3 I-------- Elevation of reference point: I.6a6.55-ftl

(top or 4-in adding)
GEWERAL!ZE Goologat'. r I Heaight of refeee point above[ 3.0-ft I
STXRMIORAPY LD'g ground surface

I Depth of msface meal [2.5-20.0-ftl0-10: Sandy OAAVEL Type of surface meal;
10- 25: Huddy sandy GRAVEL a emnt grout to 20.0-ft
25-35: Sandy GRAMiVI 4 x 4-ft x 6-in surface pad
35-40: gravelly BAND 4 equidistant protective poets
40-45; Sandy ORPVEL Pad extends 2.5-ft into annulus
45-60: Gravelly $AD
60-70: Sandy GFAVEL
70-6: Slightly gravelly MAND
635-M5 BAND hole dilmstor,
05-l00; slightly gravelly BaND4.-I019ftI-nnonm
1.00-105; Gravelly BAND Ila-6.:t ±n nominal
1.05-120- Slightly gravelly BAND
120-130: SAND I 4-in ID T304 stainloaa steel coming,
2.5-155: 9lightly gravelly SAND +ND-273.0-ft
IS8-145: Slightly muddy AND
14B-140t BANDI
160-170: Bandy aRAVEL
170-175t Gravelly SAND
175-190: Gravelly M.ND Bentonite crumble.,
150-200: Slightly gravelly 20.0-267.0-ft, 8-20-macb

slightly muddy SAND
200-205t BAND I J~ -n Voisy tablets'205-216t Sandy GRAVEL 267.0-271.5-ft
215-220t Silty muddy ORAVEL 2: :
220-2351 Sandy GRAVEL .
235-275: Muddy candy GRAVEL I Slica send pack,
275-280r No recovery 271 .5-204.6-ft, 20-60-mesh
2:0-2051 Muddy a and y GRAVEL
2 b-290: Gravelly WDN I 4-In stainless steel sermon,
2110-21163 Slightly gravelly SAND 27.-9.-t 1-mlt

Oepth to bottom,
29b.9-ft. D6Nov91
Bacxfill,

-~j-------I ortho.0dil depth: £293.0-ft I

D:avlnq by:Dto
Anterano. HANF DI~L1X
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WLL COOTAIJcTIOI AND COMPLET ION 9IMKRRY

Drilling Sampla Drive barrel WELL TEMPORARY

Method! Cable tool Method: Hard tool NUMBER: 299-E32-2 WELL NO:_______
rilling 250 E Wte Additives Hanford

riuld Usad Supply" Ded: Not doculmentad Coordinates: MIS K 46,904 FIN W 56,565
Driller': a .~Wl liy MR State State
Name.- L. Watlins/L. Cordon Lie Mr_________ Coord~nata N 451,061 E 2,238,642
Drilling Company Start
Comany: Mleler Engineers Locationt Hanford Card 0: Not documented T_ Rt__ a____
Data Date Elevation
Started: l4AuG87 Conlete! 30Sap87 Ground surf ace: 661.91-ft (Brame cap)

Depth to w~ater: 262 3: Kag.
(Ground surface:)6Ey E2

7
h9 1- Elevation of reference point: 1670.06-fti

(top of casing)
G!NDALIZZD Geologist-& I Height of reference point above[ 2.2-ft I
STATTGRAPHY Log g rou.nd surface
11 - Slightly

IDepth of surface Goal (S-246s9-ft)
0-10 Silty Sandy GRAVEL Type of surface meal:
10-15: SI silty SAND I Bantonite crumbles to 246.9-ft
15-55; Silty mandy GRAVEL 4-ft a 4-ft a $-in suzfaoe pad
35-45:; Silty gravelly BAND exctending 5-ft into annulus
6.5-70. Silty sandy GRAVEL 9
70-80; SAND Role diameter,
80-65; Slilty Sandy GRAVEL I 0-36.6-ft, 11-in nominal,
95-95; 61 silty ml gravelly OAND 4---- a7T~-t 13-in nomimal,
95-115: 61 gravelly SAND IIUU!43t,11-in nominal,
115-140; 61 Silty AMD I 9.-8.-t 9-in nominal
140-150; Silty SAND
I50-155: Si silty s1 gzavelly SAND 4 PI4-in
155-190;. S1 Silty BAND
150-200t Silty sandy GRAVEL
200-210t 51 silty SAND
210-245: Silty mandy GRAVEL I4-in ID stainless steel casing,
245-250t 91 silty gravelly BAND 42.2-257.8-ft
250-275% Silty sandy GRAVEL.
275-2003 Silty gravelly SAND
260-285z Silty SAND I Bentonitt crwriblem,
205-2411 Silty gravelly SAND 5.0-246.9-ft
247-29t BASALT

Bentonite pellet.
in mm I246.9-251.9-ft

1,1 1Silica mend pack,
251.9-289.2-ft. 20-3D-mach

I4-in stainless uteel screen,
257.8-277.8-ft, *20-slot

I -i stainless steel
telescoping screen,
27 9.2-289 .2-f t, #30-clot

1j------ ftnrehole drilled depth.- A.2f1
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSTRUCTION AND C04PLLTICK SUMMARY

Drilling SaVlIa Dr~ive barral NELL TEMPORARY
Method! cable tool Method, Hard tool NlILBA 299-L32-3 HET.L NO,______
Drilling 200 2 Hater Aditven Hanford -
rluld Ued: Lh l Ueadt Not documented Coordinates: K/S N 45,631 L/H N 54,721
Driller's r.N~.on WA st&a state
mus.:O. Azbos/D. at George Lic Nr:________ Coordinated: N 450,737 E 2,236,037Drillingq Company - start
Coleny: Kaiser Enginees Location, Hanford Card 0% Not documented T_ ___ f____
Dasta Date Elevation
started! 14.Aug7 Complete:_309ep$7 Ground surface, 675.32-ft (Brats cam(

Depth to vatar: 269-tD3
(Ground aurracal M23.-t2!ii1 MR.- Elevation of reference point: [676.3l-ftl

[top Ofcsing)
(TEXZMIIZED Geologist'&I aih of rafarenae pitaoe________I
STRPTGRPHm Log FT ground N~rfaoe pithOf(12f
81 - Slightly

IDepth of surface seal [A.4-255.7-ftl
655 sIiltsny GRAVELySN Type of surface ealt.

15-7b;Detoit 91sltrraelyBDbles to 255.7-ft75-60; SI silty &I gravelly SAND 4-ft X 4-ft K 6-In surface pad
80-90: 01 silty gravelly SAND etnding 3.4-ft into annulus
90-105: 61 gravelly SAND +
105-I10: 61 silty @I gravelly BAND H ole diameter,

110-120:~~ Si0lySN -60.4-ft, 11-in nominal
120-125. Silty SAND 0415tf,3-namsi,123-130; Gravelly aAND 11- U9f~I-in nmiual,
130-135: 51 silty #I gravelly BAND $-i~Tt,9n nominal
135-140: 5.1 silty BAND
240-1471 silty BAND
147-150: 61 silty ill gravelly &ANo
150-1401; 61 silty BAND
180-155: BAND) I 4-in ID sainless steel casing,
195-200% Bandy GLNAV&L -1 *2-266.2-ft
200-275% Silty sandy OSAVDL
275-20:% 61 silty gravelly BAND
280-203t Silty sandy GRAVEL
2@b-290: SAND Renionite crumbles,
2§D-2953 5.1 silty BAND I3.4-246.9-ft
205-300t Filty sandy GRAVEL
300-303: 51 silty gravelly SAND ill a. Volclay tablets,
303-304: Gravelly AND I[] 1: 246.9-262.0-ft

11S1l0a Sand pack
5 22.0-304. -ft, 20-30-mecah

I 4-in stainles, steel screen.
266.2-286.2-ft, 620-slot

I Sins ataInies steel
talsa coping screen,
261-301.0-ft. *30-slot

BI----- orehole drilled depth: 304.0-it)

Drawing BY .23-3A

Raf~r.nce X AMCR30UWLLS
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSIRUCTIOW AND COEPLLT7ON M1MAAY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Methods Hard tool MUIGLA: 229-E32-4 NELU No!______
Drilling 200E, Arse Additivas j Hanford
riuld Used: Hater - Used: Not documanted Coordinates: N/A X 44,9111 S/if N 56,713
Drillers WA State State
Npae: 0 Amos/L Cordon Lic !Ir:Not documented Coordinates: N 450,141 Z 2,220114117
Drilling Company jStart
Comepany: Kaiser Engineers Location: Hanford Card 0: T- ft-_ a____
Date EATe& _______ Elevation 644-f(Basc)
Started: 21Aug67 Complete: 30lcol? Ground surface:__________________cop)

Depth to water: 23O.-3f Sep67*1'
(Ground surface~ff~l2Tih3j- Elevation of reference point: (665.66- ftj

(top of casing)
GZMRALIZZD Geoloqislas, I Neight of reference point abovel 1.2-ft I
STRAYIGRAPHY Log ground eurface

IDepth of surface seal [3.0-265.7-ft I
0-S. Gravelly sandy SILT 2ype of surface seal:
5-55: Silty sandy GRAVIL Ienoite crumbles to 265.7-ft. Concrete
55-60: Silty gravelly SAND 4x4-ft surfece pad extending 3-ft into
60-70: Slightly silty gravelly SAND annulus.
10-75. Gravelly LAND 4
75-0:; slightly gravelly BAND Hole diameter,
110-415: Slightly silty SAND I- 0-589-ft, 17-in nominal,
85-90: BAND -I 3 ITr16-ft, 13-ini nominel,
30-R5: Slightly silty gravelly SAND -I 122.6-201.0-t, li-in nominal
95-105: Slightly gravelly BaND I I YUIT0-1fI-tF!I S-iLn nominal
105-130: SAND
130-1353: Slightly gravelly BAND
135-140: Gravelly BAND
140-146: slightly silty gravelly BAND
145-150: Gravelly SAND -1 4-1c 11D T304 stainless steel casing,
150-160t slightly gravelly BAND 41.2-276.1-ft
160-165: Gravelly BAND
163-175: SAND
175-185t Gravelly BAND
165-150:i Slightly silty,

slightly gravelly BAND
190-200:t Gravelly LAND
200-206t Silty sandy GRAVEL I aentonite crumbles,
205-210t No recovery 3.0-263.7-ft
210-216: Sandy GRAVEL
213-22D: Gravelly BAND I Bento-nite pellets,
220-2251 Sandy GRAVEL 265.7-272.0-ft
226-230: SAND its
230-235: 61 silty SAND I ii silca sand pack,
235-260: Silty sandy GRAVEL 272.G-32.0-ft, 20-30-mash
260-265: GRAVEL
266-21151 Silty sandy GRAVEL
295-215: Sandy GRAVEL
295-310: S1lty sandy GRAVEL I4-in 7304 stainless ateel screen,
310 : Sandy GRAVEL 2762-21.1-ft. *20-slot

I Depth to bottom, 06Nov11
299.0-ft

I S-in T304 stainless steel
telescoping screen,
29S.0-302.2-ft, *30-slot

4- -_ 1Yrorehnle drilled depth: 1311.0-ft I

Drawing By: M!L2g-2LG4.A
Date 3IRef erance ±HPAFO H ELLS I
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DRAFT DQE/RL-88-20, Rev. 0
06/2002

WELL CONSTAUCf ION ANID CO(JLEf ION SUMMARY

Drilling am~ple Drive barrel WELL TEMPOR.ARY
Method: Cable tool - Method: Hard tool NUMER: 299-L.32-5 WELL NO.' 1.10-W2
Drillig r0 ee Additiyma Hanford -
Fluld Used: ammplY Used- Not documented Coordinates: SE/8 N 45 306 1./N W 56 725
Driller's WA state Otat. NADIS 13-5I1,~ m 512,5 v. V
Ram: L. Cordon Lbc Mr: Not documented Coordinates: K 45,46 . 231,4B4
Drilling Companiy Start
Company: Basin and Range Locatlon:Wot documented Card 0: SVat documented T__ A___- ___Data DateElvto
staited:- 2725205 Comp~lete! 01Nov31 Ground surface, 673.12-ft Brans naP
Depth to water: 274.2-ft Oct89
(Ground ourfaas)277.4-ft 25.7Un3 Irleration of reference point: IA82.14-fti

(tap of 6i-in casing)
GE14ERALIZED Geologist's - Height of reference Point abovel 3.02-ft I
STRATEGPAPNY Log FT ground surface

81 -sligtlyI Depth of surface sak 12-20.2-ft]
0-40: muddy sandy GRAVEL (tr COBS 0 Type of surface seal:
40-45; 81 muddy gravely LAND I Cement grout, 2.0-20.2-ft, concrete
45-50: S1 gravelly ml muddy AD I 4-ft a 4-ft & 6-In surfacef pad
50-53: 61 gravelly WWI) I etending 2-ft into annulus
35-65: 61 msuddy gravelly &AND
65-90: &1 gravelly SAND
90-05: 51 gravelly *I muddy SAND
95-100; WAD Mole diameter,
100-110. 91 gravelly SAND I-0.-t1in nominal
110-185: SAND 4-I 2.l-93At. in nominal
165-190; muddy BAND
19D-195- sandy GRAVEL I 4-i.n ID stainless stoel caing,
195-200: Gravelly BAND +,2.1-270.S-ft
2OD-205i SAND
205-223: Sandy GRAVEL
228-205z muoddy sandy GRAVEL
245-290t Sandy GRAVEL
290-293.61 BAND

I Dentanite crumbles,
20.1-241.4-ft

-in Volclay pellets,
:i. is I 6i.4-265.6-ft

Silica send pack,
I266.6-291.2-t.. 20-40-eah

I4-in stainless steel screen,
270.-3.-f.1-lt
viW/aEon. .c end bottom cap

IL Fill,f I 291.2-213.6-ft
I- sorehole drilled depth: I 293.6-ftl

Drawing Byt ICL/2E32-OS.AB
Doat.s ~ ft
Referenace PR -- 20
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WLL CONSTRUCTTON AND CCNILETION B4MU.RY

Drilling Semple Drive biarrel WELL TEMPORARY
Method! Cable tool Method: Hard tool NU)MMP 299-L32-6 1fLLL NO:______
Drilling Additlves Hanford
rluid used: Bev water *dead- None Coordinates: NIB N 46 060.0 E/3 W bf72Wiir' A at State NADfl3 N 13715.1 F. -72 72N

NaeLColoonto Carpenter Lic Nr: a documented Coordinates: KC 4124 K ,3,1
Drillin Company start

Company: Waelser Engineers Location: Hanhford Card #- Not documented _ R___ a
D.t Date clevatio nstarted! 19Jun31 Complete: 01Aug1 Ground surface, 663.94-ft Br1ais ap)

Depth to water: -258.9-ft .7ul1
(Ground wurfaca)2B2.0-±t 723.7Un93 Z levation of reference point!: [6l4 5-ftI

(top of casing)
GLINERRLIZED Geologist-& H-Ieight of refer-ence point abovel 3.31-ft
BTRATXGRPHY Log 1F ground surf ace
1lslightly

I Depth of eurface, meal [2.1-20.9-ft)
0-20: Sandy GRAVEL Type of surface sal:
20-50; Gravelly SAND Cmtgrt,2.1-20.9-it.
50-55: 81 gravelly BUDl Wm-ft x 6-in concete surface
55-60: Gravelly SAND pal act ends 2.1-it into annulus
50-70; HAND a.-
70-75: 51 gravelly BUND - ~Hole diameter,
73405: Gravelly AMID 1 2.1-21.6-ft 13-n nominal
85-90: 61 gravelly SAND .j i2.4179-t 1in nominal

90-95: Gravelly &AND I17976-f.9-in nomina
95-115; SAND
115-130; SAND w/traco GPAVEL
130-170:* SAND
170-150: SAND w/trace SILT
190-I953 silty HAND
195-2003 &AND w,'traoe SILT
200-210i SAND v/trace SNAVrL
21D-215i Gravelly BANO
215-2501 sandy GNRAWJ.
250-255t Silty gravelly SAMC 4-ia0 ID stainless steel casing,
155-265t Sandy GRAVLL41.-5 5f
265-270: Bandy claeyy GRAVEL
270-270.83 sandy GRAVEL

I Bentonite crumbles
20.9-244.0-ft. 8-20-mesph

-in bentonite pellets
211 1I 1 ~4 .0-25C.D-ft

Bilica sand peck,
I250-278.3-ft, 10-20-wash

-14-in T304 stainless steel screen,
264.5-276.5-ft, 120-alot

I I 275.3-276.6-ft
.j- I Borehole drilled depth! I 275.B-fti

Dlroving BY:!. 23-06.ASB
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSTRUCTIONM D CCKILET70N SUNM.RY

Drilling Sample Drive barel WELL TEMPORARY
Maethod: Cable tool method! Raid tool NUMBER: 299-L32-7 WELL NO:______
oriling ~ pMditlyaeo Ronford
rluid iUed2 Raw water Used. 1Jen Coordinates: VSI N 41 433 &INW It 5 720
Drillar-a WA Stat.- State KAD83 137,7.0171 8 5I2ic-S
NWAm: 1, Rultena Lic Nr: Not documented- Ccoordi noted: N 452,649 K 2,230,46
Drilling Company at art
0ompany: Xalasr Engineers Locationt Honford Card #: Not documented T__ ft__ a___

flasDate Elevation
Statatd 23Mayll complete! 26Jul31 GroUnd surface: 654.93-ft (Biaox capi

Depth to water: 250.*6-ft Junt1
(Ground surfaoml2I.9-f 25Ju3 1t Elevation of reference point: 1158.42-ftl

(top Of Geeing)
GENEUALIZED Geologist's Haight of reference point a.boval 53ftI
RTRP?!GRAPHY Log F ground surface

0-10; silty Pandy GRWVZL yp of sufaeu .veal:.7~t
10-15; Sandy MUVLL Cemetnt qzaout, 3.0-21.7-ft
15-20: 81 silty sandy MRVZL Concrete 4A4-ft a $-in surface pad
20-23; Silty sandy GRAVEL extends, 3.0-ft into annulus
25-30; Sandy GRAVXL4-
30-35: Gravely SADHl dianator, aii
35-40: 51Silty AND 3'.-e,4 h iLn nizal
40-45: Gravelly SAND 20IE.9-7.-t S-n onnl
60-65,. Sandy GRAVEL
65-73: Gravelly SAND
75-95: SI gravelly BAND)
95-105: SMIL
105-1452 91 silty amp
145-130z Silty SAND
150-155: 51 silty NANV
155-1653 Bandy SILT
165-16 Bilty SAND
165-190t 591 silty BAND 4-1c. ID stainess steel rzkainq.
190-20b: SAND 41.0-265.6-ft
195-220s Bandiy GRAV&L
220-235t silty sandy GRAVEL
239-2651 Sandy GRAVEL
265-2703 Silty sandy GRAVEL
270-213.91 Bilty GRhVEL

?72niti -2untlea.

-in177=nt!3 t' pellet.

I illica sand peak,
242.3-270.6-ft

I4-in T304 ostainleja steel screen,
245. 6-266. 6-ft, 120-slot

fill,

r- 270.6-273.8-ft

- 1------ Borehole drilled depth: I2-13.11-ft]

Drawing By = 20.e

Reference___________

0206 17.0859 APP 5C-1 I



DRAFT DOEIRL-88-20, Rev. 0
06/2W02

WELL CONSTRUCTION AND OMPLTION OLWMARY

Drilling sample WELL TEMPOAY

MMethod: Cbeto ehG Drive barrel. NUMBER- 229-L32-8 WE~LL NO:______

Dilling 7Additives Hanford

FliId Usedl KOTA& Used! None Coordinate&- IfS N 461S02 EKW651

Drillarlm An State state NAneS3 W , 77 12ft E 5 72,i33
Wame! 1) Ludthke/J CarTpanter LIc Nr! Not documenlted Coordinated: 9 451,959 X 2,238,692

DrillIng Company Start
Com~pany: Xaiaer Engineers Location: Hanford Card f: Not docuawnted ___R___ 8

Dlate Date EleVaio

Started: 22May91 Conrlete: 10,7unll Lround surfae: 642.13-ft iSras CAsI

Depth to voter! 233.4-ft Jun91
(GroundT rufc)4. -T 2un93 jf ------ I Elevation of reference point: 1!4S.59-t

(top of caning)

GEWERALIZZD Geologis a-I Height of reference point abovel_5.46-ft I

STRAIGPHY Log ground!. surface
Si-blightly

i Depth of ouzfaoo Deal (3.0-21.5-ft)

0-21: Sandy GRAVEL Type of surface meal;
21-40; SAND ICemant grout, .3.0-21.6-ft,

40-55-. Gravelly SAND 4-ft a 4-ft x 6-in concrete pad
5,1-70; SAND extends 3-1t into annulus

70-00: Gravelly BAND
90-93: BAND+
93-100: Gravelly SAND
100-110: silty BaNp I 4-1cn ID stainless steel. caming,
110-115Z gravelly AMD +l .0-234.7-ft
115-166: WAND
166-IO0; sandy GRAVSL
190-191- Gravelly SAND Role diameter.

191-200; Gravelly silty SAND L I 1.O-96t 3i o±

200-256.1i Sandy GRAVEL 4-I 19.-5.- 1-in nominal
I 11.225.7-t.9-In nominal

R Bntanit. crumbles.
21.6-224. 3-ft. e-20-mesh

hi: ''I 224.3-23C.5-ft

I Sllica Band pack,
I230.5-256.7-ft. 10-20-mesh

-14-in T304 stainlesms teel screen,
234.7-255 .3-ft, 020-lot

- I Borehole drilled depth: 256.7-ftI

Drawing By: RXL232-D0.ABS
Date : 10Spl3

REfrenoce___________
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSTRucTrow AND CQ4DILT!G sumKRRY

Drilling Sample Drive barrel WELL TF.MPOPMfY
Method.' Cable tool Method: Hard tool MUMBIR:- 223-L32-9 WELL NO-______
Drilling Addit1vT8s Hanfortd-
Flild Umedi Raw water Used: Runs Coordinates: K/B N 46 802 E/K w 6 1
Drilier'a NA State State Xftfl3 K 13fl7Tifi R K !~nil
Name: K OlsontJ Carpenter Lie Mr, Not docum~ented Coordinats., N 451,960 9 2,233,124
orilling Company Start
Comipany: Kaiser trngineera Location% Hanford Card fi Not documented T_ Rt__ a____
Date Date Elevation
started., 22tky§1 Conplete! 12JUl31 Ground surface: 633.60-ft (Brass capt

Depth to water: 235.9-ft JuD91
(Ground surface)237-5-ft 25JUE93 Elevation of reference points 1643.33-ftl

(top of casing)
GENIATEED Gaoloist'a -IHeight of refemance point above[ 3.53-ft3
S?37T701PPH Log I ground surface
3a-slightly

I Depth of surfaessa [2wbm21*6-ftj
0-59; Sandy MRVEL Type of surfae XII1
39-40: OILT loe w/rinterbadded I Cement. grout, 2.5-21.6-ft,

PEB=LE and OAW 4-ft a 4-ft a $-in concrete pad
4D-33: Gravelly EMUV satnda 3-ft Into annuluo
35-60: Si Filty BAND
60-70: gra'velly BAND
70-75: Sandy ORAVEL

75-O: ANDI 4-in IV stainless steel casing,
80-05: 53. gravel1ly SAND +1.0-230.7-ft
85-100. Oravelly SAND
100-120: BAND
12D-240% S1 gravelly SAND Hole diameter,
1.40-170: SAND I2.5-18 -t 3inn:ia
170-276t Silty SAUD - IF 1175 _-1.-i oia
1.75-100s SAND II.-248-t -in 7om6=4
1060-19J5% Sandy 0P.AV&1.
193-2001 Silty sandy G.AVWL
200-2051 Cravaily SAND
205-2353 Sandy GRAVIL
235-240: Gravelly SAND
240-254.6s Sandy GRAVEL

A-in bentonit* pellets,
::. iiI 221a@-227h2-ft

I Sillca sand pack,
I227.2-254.6-ft, 10-20-mesS

4-in T304 stainless steel screen,
130-7-251. 3-ft

R. Srehola drilled depth: I 254.6-ftl

Dratwing By.- 62 3.02AN
Date :OnS

Reference __________________
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL COdSTRUCTrON AND CG4PLETIaN SUWARY

Drilling Semple HELL TE24PORARY
Method: Coble tool M~ethod: Drive b-arrel NUMBSX., 299-E232-10 HELL NO:______
Drilling Additive& Haford
rlid Used., Rewvowter Usd oecordinates: NIS N 46 600.2 E/KW V5 6
Drillar's HA Stat. - State NAD83 N 137,541.ii. E 7i~l~
Nan%: B aker/a. Naval L10 Nr! Not doclimented Coordinates: N 451,339 E2 2,239,636
Drilling Company start
coampay: Kaiser Engineers Location: Hanford Card I! Not documented T_ Rt__ a____
Dots -ate Elevation
Started: 023an322 conpiaea 15APr92 Ground surface: 634.85-ft lBrass cap)

Depth to water: 232.2-ft W3e332
(ground ourfaeNtdcmne I Elevation of reference point: 1337.93-fi

(top of casing)
CENEA7.LZED Geologist's r I Height of reference point above[ 1.05-ft I

OTSARAPHY Log ground surface

11, lghtlyI Depth of surfae seal L1.8-20.7-ft]
0-4; Not documented Type of surface seal;
4-35: Silty sandy GR(AVEL I Cemment grout, 1.0-2O.7-itp
35-50: Sandy GRAVEL 4-ft x. 4-ft x. 6-in concrete pad
50-60, Gravelly SAND extends 1.9-ft into annulus
60-74; 31 gravelly BAND
14-75; GRAVL 4
'75-140; SAND
140-145: 91 gravelly SAND I 4-in ID stainless steel casing,
145-155: Sandy GRAVEL +0. 9-225.0-ft
255-160; SAND
160-165: 81 silty &I gravelly SAND
165-195; silty SAND Hole dima*tar,
195-205: Gravelly SAND I 1.-3-f 1-inmna
205-215: Sandy GRAVEL *j I 191-5 .h 1-in nominA2
215-235: silty sandy GRAVEL I .z.-4B5: -inQ n =mna
235-2401 51 silty sandy GRAVEL
24D-247; Sandy GRAVEL
247-248.5: ASL

I entonite crurnbles
20.7-217.0-ft. 8-20-msh

I-in bentonita pellets,
* '217.0-220.0-ft

L I Silica sand paock,

2265-25.6ft,10-20-aesh

-1 4-in T304 atainless steel screen,
225 .0-245.3-ft, 920-slot

I- Porchole drilled depth: I245.8-fti

Drawing By., RML/2LSZ-10.ASB

Reaferece : -4
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

NELL CON87RUCTION AND CO(PLETION SUMMA4RY

Drilling sample WELL TEMPORARY
Method: Cable tool Method: Drive barrel NUMER:- 299-C33-28 H ELL. NO'______
Drilling 2DO K Ilatar Additiva Hanford
rild Uwedz Suply Used: Pot documented Coordinated: RIBh W 45,596 K W 54,661
Driller's IM state State
Name: Watr~nalcordan Lic Mr: 1271/0079 Coordinates: W 450,756 Z 2,240,540
Drilling Company start
Company; Kaiser? Engineers L.ocation: Hanford Cord 6: got documented T_ R_ a___
Data Date Elevation"atarted: 243ep@

7  Complete: 15Oct97 Ground surf ace! 662.66-ft lbras cap$

Depth to water% 257-ft Oct67
(Ground wurfac109-t 5inS3 I - - -I Elevation of reference point: [5614w23 ft)

GENERASLIED Geologist's r-iHeight of reference point abcvel 1.6-ftI
ST~hIORPY Log I ground murface

I Depth of murface seal [S.8-241.5-fti
S-40: Silty sandy OT4VEL Type of surface wool:
40-50; Gravelly SAND aetsievwrbe,
50-40: SI gravelly, 3.06-in-f

81 silty SMOHs4-tx4fta6i
60-75; :1 silty gravelly BAND concrete pad extending
15-40: 1 grevelly SAND 3.6-ft into annulus
90-95: Gravelly SAND
65-90: HAND
95-105: B1 gravelly SAND
105-110": SAND
1.1D-125: Silty SAND
115-120: 51 gravelly silty SAND I &-in ID stainless steel caming,
12D-130:. 01 GRAVELLY. +2.6-215.7-ft

el silty SAND
130-136% Si silty gravelly BAND
136-16D% SAND - I Hole diameter, 9-In nominal
160-15: 61 silty gravelly HAND 3.0-270.3-rt
165-1703 S1 gravelly,

ol silty SAND
170-1751 81 silty gravelly BAND Volcay pellets
176-1053 Silty sandy GRAYLL all i I 241.5-247.6-ft
165-220: SAND
210-245: Silty sandy GRAVEL B illow mand pack,
246-2501 61 silty gravelly SAND 247.9-270.3-ft. 20-3D-mesh
250-266s Silty candy GRAVEL
265-270: Si silty gravelly SAND
270-27b: Silty sandy GRAVEL 4i tils te cen

ZS.7-g7E.7-fl, *20-slot

a-in stainless stoel telescoping screen,
j- 213.0-276-ft. 030-clot

Boreho1e drilled depth! 210.3-ft]

Drawing By XtE3-8a
Dato 5 ~ ~ 1
Reference : RMFNOD NZLLU
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DRAFT DOE/RI-88-20, Rev. 0
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NELL CONSTRUCTION AND CCKPLETION SUWMAY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Method: Hard tool NUSUER: 299-933-22 NELL NO._______
Drilling 200 Z Water Additive Hanford
rinid Used: Bupply Used: Not documented Coordinatest NIS N 45,124 LIN W 54,665
Drillalr NA StatE state
me"!: )rplw/Robinson LIc Mr!________ Coordinated: N 450,205 ZL 2,240,544
Drillig Company start
Company: Kaiser Engineers Location: Hanford Cazd 1: Not docuftented T___ R___ a___

Date oar_& elevation
started: 17faug7 Conplete! 30Sep87 Ground surface2 671.53-ft (Brass cap)

Depth to vater: 265.7-tSp
(oudsurfacn s7ti5 n9 SW Elevation of reference point: 1673.77-ft]

(top of Gazing)
GENERALIED Geologist-0 a-I Height of referenoe point above[ 2.2-ft I
TRuATYRAPiHY Log F ground surface

I Depth of surface seal [0-252.2-ft 1
0-5; GRAVEL Typo of surface meal
5-55; Silty sandy GRAVEL I Portland cement to 5.0-ft
55-60; Slightly silty gravelly SAHP bentonite crumble.,
60-70; slightly asly, slightly 5-252.2-ft

grayelly &AD
70-75; Slightly silty BAND L Hole dimeter
*IS-SO: slightly gravelly SAND +1 0-57-f 17-in nominal
S0-U5; Gravwelly SAND i57.1 .- "t ?3-221mia
9.5-S0; Slightly silty gravelly SAND I 1364.5-204.2-ft. 11-in nowinal,
90-95: SAND I 204.2-290.5-:t, 9-1n nominal
95-103; slightly gravelly SAND
105-120: &AND
120-125. Slightly silty gravelly SAND
125-230t Slightly ailty, slightly

gravelly SAND
130-2351 Slightly silty SAND
135-2402 SAND
140-145: slightly silty BAND
145-1501 Slightly gravelly SAND I 4-in IV stainless steel comning,
150-160: Slightly silty, slightly +2.2-252.2-ft

gravelly SAND

160-165' Slightly silty gravelly SAND
I6-O Slghtly gravelly BAND IBentonite pellets.

160-1851 Slightly silty gravelly SAND 21! 252.2-257.0-ft
105-205z SAND .

205-21bt Sany SILT ISilica send packO3
215-250: Silty sandy GRAVEL 257.0-29C.S-ft. 0, 0ms
250-255: Sandy GRAVEL
256-290: Silty sandy GRAVEL
2:0-2=5 SAND -1 4-in stainlfes steel screen,
285-290: GRAVEL 212 .3-282.B-ft. 920-clot
290 1 RASAI.T

I R-1n saies sea telescoping screen,

-I Borehole drilled depth: 20 -t

Drawing By: RXL/2E33-29.A@R
Date :-
Referenoc v I
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSTRUCTION AND CCKLET70K UMMARY

Ibrilai ng Semple Drive barrel WELL TEMPOR.ARY
Methtd cable tool Methods Hard tool NBNER: 299-L33-30 -WELL NO!_______
Drillg - 0 F__te Addit~as Hanford-
fluid Wseds S!4ply Usedt Not documanted Coodinates: NISl N 46,203 K/V W 55,660
Drillor's NA Stite* State
Nowe: L. WatknsC zley LiC NrINat documented Coordinates- N 451,062 X 2,239,547
DrMI4in lheC Company, Start
CoMpany: Ucer Engineer* Location: Hanford Card #.- Not documented T__ R__ a____
Date Data ElavotlonStarted- 23Auq17 Complete: 308.087 Ground surface: 661.92-ft Breamap

Depth to waer* Aih g!S 7
(Ground surfbaeT2D ~t2Jn§3 I- ----- I Elevation of reference point: 1563.70-ft]

(top of casing)
GENERALIZED Geololsts c I Heaight Of refelanoss point above[ 1.5-ft
STRTIGAM Log I ground ourface
I1 - slightly

jDepth of mufae Deal (-4.0--245-ft I
0-60; silty sand y GRAVZL Type of surfaeo seal;
60-S0: Gravelly RAND Portlandi asemnt surface pad,
00-100; RAND 4-ft a 4-ft a S6uin to 2.5-ft
100-105; 61 gravelly SAND bI entonit. crtuibloog
105-115. SAND I 4-245-:t
115-125; 51 Pilty gravelly SAND
25-130: 51 gravelly SAND L Hole diamoter,
230-150; SL Pilty al gzssvelly AMD -.- f 1-inona
.150-160; SAND * - S013-t 2~nnm~
160-leo: S1 silty OAND M2.5-200.u-rt. li-in nominal
190-165: silty HAND 20.-5.-t -nnominal
105-203t 61 milty SANDT
203-203: Sandy SILT
205-210: 61 milty gravelly PAND
210-2161 51 silty &I gravelly SAND
215-225: 81 gravelly BAND
225-2303 Fin. SAND
230-2601 Silty sandy GRAVEL
260-265a Sandy GRAVEL
265-2701 61 silty SAND I4-in ID stainless Steel casing,
270-275: Silty sandy GRAVEL +1.6-255.0-ft
275-271t 91 silty al gravelly HAND
277-201t SASALT Bantonite pallets.~ a: I 245.0-281.5-ft

I silica sand pack,
I251.3-280.1-ft. 20-30-mesh

-14-ift stainless Steel Noreen,
.255.0-275.0-ft. *20-slot

@ -in stainless steal telescoping acreen
266.6-271-ft, *30-alot

Bhorehole drilled depth: (200.1-tth

Drawing By: RX2E330A If
Date :iaape I
Referenoe HAFORDELLS
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DRAFT DOE/RL-88-20, Rev. 0
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WELL CONSTRUlCTrON AND COMPLETION SUWAARY

Drilling Samplea Drive barrel WELL TEMPOR.ARY

Dethod: Cable tool Method!-Hard tool - USR 9-.33 WELL NO, Ll-W?
DillIng 200 V water- Additives afod
riuld Used: SUpply Used: None Coordinates: NIS N 46 796 E/K K 55 065
Driller's WA State State MAD63 N 13-1'701m F T735tKM.9;
Mama:J 3. ydin Lic Nr: Not documented Coordinates: N 45r5 E 2,240,140
Drilln Company start
Cofepny: Kaiser Engineers Location: Hanford Card 0: Not documented T___ W__ a___
ate o;; Elevation
0tartnd: 02Jan90 Co qlate: 21p4,r90 Ground surface: 630-39-ft (Brans car~i

Depth to watert 225.6-ft Mar90
(Ground surface)228.7-ft 25JunS3 IElevation of reference point: 1633.33-ftl

Itop of caging)
GRAFLIZED Geologista s I Height of reference point above[ 2.94-ftI
STWATTGRAPHY L.9 I ground surface
Sl-slightly

I Depth of surface. meal !3-0-19.S-ftl
0-10; Muddy sandy GRAVEL Type of surface wealz
10-20. Sandy GRAVEL I Cment grout to 19.6-f t, ham concrete
20-35; SAND 4x4-ft z 6-in surface pad exteraiinq
35-40: Gravelly HAND 3-ft into annulusa
40-73; 5.1 gravelly SAND
15-80; HAND
00-90; s1 gravelly SAND
90-120: aAND
120-125: SI gravelly SAND I 1-in ID stainless steel casing,
125-140:. SAD +0.5-219.0-ft
140-160; Gravelly UAND
160-175: BAND
175-193: 51 muddy BAND hole diaeater,
195-200: Muddy SAND -i0-147.0-ft 11-i oia
200-205: Gravelly SANG I 14.0
205-215; Sandy 0&AVL
215-2251 Muddy sandy GRAWL
225-230; (No recovery)
230-237: muddy sandy GRAV&L
237-240- SAND IBentonite crumbles,
240 :BASALT 19.0-212.4-ft. 9-20-meaL

-1n V40OI&y tablets

LUA i&S I Silica sand pack,

l i 216.9--239.3-ft. 20-40-mech

4-1a stainless steel screen,
219.0-293-t 110-slot

Fill

4- i Borehole drilled depth! I 240.0-fti

Draviftg BY: RXL/2Z33-34 .ASB
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSTRUCTON4 AND CmpLrT!OCN SUWRY

Drilling Sample Drive barrel NELL TEM?0OMKY

0:thod: Cable tool Method: Hard tool NUMNBER: 2c9%-03-35 WELL NOt L1O-IWU
rilling 200 W Water - Additive.~ Hanford

rFld Used! Supply laced:, Wns, Coordinate@: NISl N 411 .5 S/ 4 as5
Driller's ICA State fit:te NAD3 , ;;:;;;.40. ES 53.HlbI9
Hng,.: C._ ilamalel Lic Nr: Not documented- C.ordinates: N 451,512 K 2,240,h21
Drilling company Start
company: Kalmar Engineers Location: Hanford Card #: N~ot documented T_ R___ a_ __
Date Date Elevatio
Started: 02Jan90 Complete: 17A,rgf Ground curiat 640.05-ft (Brom cap)

Depth to awatert 235.4-ft Feb90
(Ground sUrfaoe(23B.2-ft 25JU593 I- I Elevation of reference point: 1643.Ol-ftj

Itop of coming)
GENERM.IZ2fl ecologist,& f Height of reference point aboveI 2.9g-ft I
STRATIGRAPNY Log qrn-und surface
Slasliqhtly

I Depth of surface goal [2.3_5-20.5-ft1
0-10i Muddy sandy GRAVEL Type of surfaeomal:
10-1.5: Gravelly S.A I Cumant grout to 20.5-ft, ham concrete
15-20: HAND 4x4-ft x 9-in surf ace pad extending
20-2S: Graelly BAND 2.3-ft into annulusa
25-35; Sandy GRAVEL
35-SO: 01 gravelly BAND
BO-60: SAND
60-63: B1 gravelly SAND
65-70: HAND I ti~n ID stainless steel ouaing,
70-SO: Gravelly SAND I +1.9-22e.3-ft
SO-lOD: SAND
100-105: 81 gravelly SAND jHl ~mtr
105-110: Gravelly BAND Rl imtr
110-1402 sAn 1- 0-132.7-ft 1.1-i:n .nona
14D-155i Gravelly &AND 1 I1....e 6___ __.______________
155-1301 01 gravelly BANDr I 5.--±

ISO-Lts: Gravelly BAND
200-205: Muddy SAND
203-220t Gravelly SAND Bentotite crumbles,
210-2351 Muddy candy GRAVEL 20.5-22.6-ft. 8-20-aech
233-245s Bandy GRAVEL
245-240t Muddy sandy GRAVEL
248-250s SAND I -in volclay tablets,
250 1 BASALT z~ i221.i-224.0-ft

I Silica sand pock,4-l -ma

-1 4-1n stainless steel mcreenr
229.-4.-t 90-lot

Fill,
I 249.2-250.0-ft

.j~ Borehole drilled depth: I250.O-ft]

Drawing By! RXL/2E33-35.ASU
Date, i:4 ev§
Roferne*U CN-25
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5C.2. Low-Level Waste Management Area 2

The following diagrams show wells in the monitoring network for Low-Level Waste
Management Area 2.
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DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSTRU~CTION ANID CUt4PZZTXOK UM~MARY

Drilling Swuplik Drive barrel WELL TEMNPOARY
Method: Cable tool Method: Hard tool NUMBER: 219-E27-0 - WELL NO:______
Dri1ling 200 E Water Additiv760 Hanford

riuld Used: SuRRIy Used! Not documented Coordinates: N/S N 44,496 K/K w 49,642
Driller's 91A Staes state
Name: ! Lrphyobinaonl Lic Mfr:_______ Coordinates! W 441,670 E 2,245,569
flrllln Company start
Company: Kaiser Engineer& Locations Hanford Card 0: Not docuimented T_ Rt__ a____
Date Date Elevation
Started: 01Aug87 Comlete: 305.087 Ground surface: 554.64-ft (Brang cap)

Depth to vater! 229.5-ft An 87
(Ground surface) .9., 1i3 Elevationl of reference point: [§37.93-ftl

(top of casing)
GENERALIZED Geoloist'$ I Height of reference point abovel 3.2-ft I
SMTRIAPRY Log I ground surface

I Depth of surface seal t4.5-216-ft]
0-25; Silty, sandy GRAVE.L Type of surfaes seal;
2S-30; Silty gravelly SAND0 I Granular bentonite, portland cement
3:-50: Silty sandy GRtAVEL 4-ft z 4-ft a $-in ocorete Pad
50-55: Silty gravelly SAND etends 4.5-ft into annulus
55-70; Silty sandy GRAVEL + Hl a
70-SO; silty gravelly SAELMoeUimee
90-95: Silty sandy GRAVEL I0-40-ft 1-.In nominal
55-100; Gravelly silty SAND -I4-0-.13-in nminal
100-110: Silty sandy GRAVEL u- 104-16Z.9-r%4 11-In nomirka
110-115: silty gravelly AMD I 163.0-257.0-ft, 9-in nonanal
115-120. Gravelly SAND
120-137. silty gravelly SAND -i 4-in it; stainless stea casing,
137-140: Gravelly RAND .5.2-225.5-ft
140-145% Silty gravelly &AND
144-150; Giravelly LAD
150-155t Silty gravelly RAND
155-170% Gravelly SAND
170-1761 silty sandy GRAVEL
175-150: Sandy GRAVEL
190-155t Gravelly AND IGranular baenite.
115-200: Silty gravelly SAND I4526f
200-240s silty sandy GRAVELI
240-250: Gravelly RAND ii . entanite pellets,
250-256.5i Candy GRAVEL 2i 131 216-221-ft
256.5-2571 BASALT :

silica sand peak,
I221-257-ft. 920-meshb

I4-in stainless steel screen,
225.5-24a.5-ft. #20-slot

$ -in etaInleas steel
telescoping arean,
247-251-ft. #30-slot

Borehole drilled depth- 2S7.0-ftJ

Dlrawing By: M =L/Y27-0.BB~S
Date 0
Referenoe : IWIFUNOD WLLS
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W.LL COMSTI1UCTION AND CCINPLCT!OK SUWIMRRY

Drilling Semple Drive barrel WELL TEM4PORARY

Dethod: Cable tool Method: Hard tool NUMBER: 299-L.27-9 WELL NO'______
Dillinkg 200 E Water - AdditiveSd Hanford

flu"Id Used- Supply Used! Not dewumented Coordinates: NIS N 44,494 L/K ii 49,122
Dlilar's WA Sta-t. State
Name: Cordon/Cordoo,'Nattlnai Lic Mr: Not documented Coordinates: N 449,660 K 2,246,09
Drilling company Start
Copany: Kaier ngieer Location! Hanford Card #:ii Not documented T_ R- a-____

Date []to Elevatio
Started: 22JU187 Copleo 1et87 Ground surface! 627.31-ft (Brags Cap)

Depth to 'dater. 221.1-f J7
(Ground murraceT52 n~~T93 Elevation of reference point: 169.21-t

[top of casing)
GZERPNAZZEO Geologist's r-I Height of reference point abovelI 1.9-ft I
S7RATIGMAPHY Log I ground surface

IDepth of surface seal [2.3-203.3-ftt
0-SO; Silty sandy GRAVEL Type of surface weal;
60-85-. Silty gzavelly SAND I entonit. crumobles, v/?ortland cement
05-90: Sandy GRXV&L 4-ft a 4-ft 3L G-in surface pad
90-100; Silty sandy IRAVEL etonding 2.3-ft into annuluP
100-120; 81. silty .1. gravally SMD
120-125: 51. sility gravelly EM L Role diameter,
125-130; Gravelly MNRD I1 0o-140.7-ft 1ni no I
130-13S: Sandy GRAVEL -I 07139-t1-inona
135-140: 61. silty gravelly AMC 1.5.J-1.77.2-ft. 11-in &nominal
140-103: 51. silty al. gravelly SAND I 177.2-242.2-ft. 9-in noimnal-
145-155: 9I. silty gravelly SAND
153-160: B.1. silty a1. gravelly SAND I 4-in ID stainless steal caning,
160-163: SI. silty gravelly SAND +1.9-219.0-ft
165-1751 silty sandy GRAVEL
175-193: 51. silty gravelly $AND
105-203: silty sandy GRAVEL
205-226: 61. silty gzavelly SAND
226-245: Silty sandy GRAVEL
245 % EASALT

I1 sentonite crumblep.

131 mmI Bontenite pallets,'':1 203.3-210.5-ft
I Silica sand pack,

I210.5-241.2-ft. 20-30 nosh

I 4-in stainless steal screen,
219.6-239.1-ft. *20-alat

S-in stainless steel
telescoping screen,
233.4-244.3-ft. 020-slot

B- orehole drilled depth! I 245.2-ft]
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WELL CONSTRUCTrON AND CG(PLETION SUMMA.RY

Drilling Sample s.TOPR
Mqethod: Cable tool Method! Hard tool WUMESA; 29-E27-20 WE.LL NO:_______
Thrillig x0 A aer 7dditives ac
riaild Used! Supply Used! Not documented Coordinates: N/O N 44,520 K/H W 40,522
Driler's aKs- tt
Name! 5 urphy/R Robinson Lic Mr.- YNt documented- Coordinates: N 442,697 E 2,246,689
Ur" In Company Start
Company: Kaiser Engineers Location: Hanford Card It Not documented T R__ a____

started* 15Jul597 Complete: 19AuU87 groundi surfae: 622.42-ft (1r... OaPl

Depth towiatert 217.2-ft .TulS7
(Ground aurfac(220.-Ft 23J93 I-------I Elevation of reference point: 162_4.47-ftj

(top of casing)
GZNEMALII!D Geologitcs -I Haight of reference point above[ 2.05-ft
STVA 1GAPY Log F ground saurface
51 - slightly

I Depth of surface Deal I 2-200-ft)0-15: Silty sandy GRAVEL Type of surfae seal:
15-30; Sandy GRAVEL M entonits crumbles v/Portland cemant
30-126: Silty sandy GRAVEL 4-ft x 4-ft a 6-im surface pad
126-143: 01 silty gravelly SAND etending 2.0-ft into annulus
143-160; Silty sandy 13RAVALL ____________
160-170: Silty gxzevs12y BAND Hole diaimeter
170-175: S1 gravelly SAND I1 0-06ft 7i nominal
175-165: Silty sany GRAVEL -I d0.S-O05-ft. is-in nominal
165-190: Silty gravelly SAMD 1 105.6-167.3-ft. 1l-in nominil
190-19a: Silty wandy GRAVEL I 67.3-240.0-ft. 9-in nominal-
195-205; 111 silty gravelly SAND
205-210: 31 silty &I gravelly SAND F14-in ID stainless steel casing,
21D-215; a1 silty BAND +2.0-212.1-ft
215-220z Gravelly silty SAND
220-230: Silty sandy GRAVEL
230-231 BAND
233-240; Sandy GPAVEL
240 tBASALT

I sentonite crumbles,
2-200-ft

III a I Voicley pellets,
Sai*:l 200.0-206.6-ft

: ilia& send pak.I 06.6-240.1-ft. 20-30 Moph

I4-in stainless Steel screen
212.1-232.4-ft. 120-slot

6-in stinless steel
I lcoping screen,
229.1-24.1-ft. 130-slot

- I Borehole drilled depth: I 240m1-ftl
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NELL CONSTRUCTION AND CaGPLETTaI SUMMARY

Drilling Sample Drive barrel NELL TEMOSAA

Method: Cable tool Method: Hard tool NWUME: 299-C27-ll NELL NO:.* _____
Dilling 200 Z Uater Additlvec fianford

rigid used: Supply Used: Not documented Coordinates- Ulm N 44 57t6 K/N W 43 930 3
Driller's WA State state WAD03w 1-- NN T5tlhwF K 5737TA .9i
Nae. Garcia Lie Nr: Not documented Coordinates: N iit.-)3 K 2,245,221
Drilling Company Start
Company: Maimer Engineers Location: Hanford Card 4: Not documented T___ ftR_ Sa ___
Date Data tie'taticp
Started: 27Jun339 complete: 18Oct89 Ground surf ace:, 640.34-ft BRrass cap)

Depth to vater: 234.4-ft Jul13 lvto ___(Ground surf anI23a.6-ft 23"un IEe3to of reference point: 1943.20-ftl
(top of 6-it casing)

GENERALIED Geologlet'c -I Weight of reference point abovel .95-ft I
SBANTIGAHa Lo I - ground surface

I Depth of curiae goal (2-19.5-it)
D-I5: 81. muddy gravelly SAND Type of curface seal:
15-20: Muddy sandy GRAVEL I Cement grout to 19.5-ft v/Portland cement
20-25: Sandy GRAkVEL 4-it a 4-It a 6-in surface pad
2.5-3 0; 01. muddy graelly VAND extending 2.0-it into annulus
30-35: Muddy candy GRAVEL
35-40: Bandy GRAVEL
40-50: Muddy sandy GRAVEL
50-55: 51. gravelly SAND Hole diameter.
55-60: Gravelly SAND !j i 2-143.9-t I-in nominal
60-05: BAND I1 .924-i.9-In nominal
65-65; Gravelly SAND
85-00: 61. gravelly BAND I 4-in ID sainleas steel casing,
95-100: a1. gravelly GAHD I 1. 9-230.4-ft
100-105: BANDI
105-120: Bandy GRAVELI
120-1263 Gravelly BANDI
125-1351 Sandy GRAVEL
135-1.55: Gravelly &AND
155-160: 01. gravelly BAND
160-166s Gravelly BAND q entonite crumblec,
165-175s Bandy GRAVEL I19. 5-223.5-ft
175-1451 Fl. muddy gravelly AMDI
105-195: Gravelly SAND :: iI .I-±n Voiclay pellets.
195-200:- s1. gravelly cl. muddy SAND :z :)223.1-227.4-ft
205-2101 Muddy candy GRAVEL*I
21D-216: Bandy GRAVEL I Silica sand pack,
215-220. muddy candy GRAVEL I227.4-251.4-ft. 20-40 mach
22D-245: Bandy GRAVEL
245-2501 01. gravelly SAND
250-255: Wundy SAND I 4-In stainlesa steel acreen,
256-260; SAND 230. 4-251.4-ft. *10-clot
260-262: GRAVEL Vichanlpc
262-264.7 3BASALT

- I norehole drilled depth: I247ft
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WELL CONS~TRUCTrON AMD CCNPLETIG SUWMY

Drilling Semple Drive barrel WELL TEMPORARY
Method: Cable tool Method: Hard tool NW4BKK 229-.27-17 WELL NO:______
Drilling Additivts -Snod
Flaid Used: ftsw water Used- None Coordinates!:1 N/ 0 44 152.1 Zf3 W S0 337 1Driller's PNA 9tata State NADIS N 13771W.61.u E 574,73ihMass. j7 .lhnaonh Lie Mr: Not documented Coordinates! N 443,926 1 2r244,B3
Drilling ColapaniyStr
Cwmpny: Jansen Location:Not documented Card #: Not documented T_ R_ a___Date Data elevation
Started: 199*p3I Corqlete: 11NCY21 Ground surface! 631.75-ft (Brass capI

Depth to water: 226.1-ft Nov91
iGround surracs)Z29.7-ft 23Junj3 i I Elevation of reference point.- J1S4e2=ftj

(top of casing)GENERALTZZD Geologist's -I Height of reference point above[ 3.41-ft 1
STRATRPHf Log r ground surface
Si-slightly

I Depth of surface seal [2.l-14.0-ftj0-20: Sandy Pilty ORNVEL T
ype of ourface seal:20-50: Sandy GRAVEL I aatgot 211.-t /concrete50-60: Gravelly SAND I 4x4-ft x 6-in sur-fae pad80-105; silty AMD I extending 2.1-ft into annulus

105-120; Gravelly SAND I
120-150; BAND .
150-185; Silty BAND

13-9:Silty sandy GRAVEL -1 -in ID stainless steel casing,
195-200. SILT +ND-223 .2-ft
200-210i Silty SWI)
210-215; Silty sandy GRAVEL
215-220: Sandy GRAVEL Role diasister,220-225: Silty sandy GRAVXL I2.1-16.4-ft 3i oia
225-2403 Sandy GRAVEL __________________________
240-245: Silty sandy GRAVEL V--9413 -t 11 nominal
245-246.21 sandy 0PAVEL
246.2 D ASALT

Bontonite czuables
16.5-214.4-ft. 9-20-meah

6 Silica sand pack,
217.7-244.2-ft. 10-20-ma

I4-in T304 stainless steel screen,
223.2-244.2-ft, 020-slot

fill,
I 244.2-246.2-ft

1I---- Borehole drilled depth, I 246.2-ftj

Drawing By- 2L.27-1.
Dlat: W I
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NEUL CONSTRUCTION AND CNPLCTl2tN SM4ARY

Drilling Sampls Drive barrel. WELL TEMPORARY
Dethod! Cable tool Method: Hard tool NUNRER- 229-E34-2 VILLI NO:_______
Dilling 200 Z Water Additives Hanford -

Fluid Used- supply Used: Not documented Coordinates: 0/S N 45,076 EIN W 50,04e
Drillar's WA Sat astate
NaMe: Amk9/2t. George Lie Nr!ONP/1224 Coordinates: W 450,249 E 2,245,161
Drilling ComfpanyI Start
Company: Xaiser Engineers Location: Hanford Card 1: Not documented T__ ft__ a___
Dote Date Elevation
Started! IBJuI07 Coeylete: 309ep$7 Ground surface: 629.03-ft (Brame cap)

Depth to water: 223.5-ft .7ul57
(Ground surfac.1227.-f 28Jun3 1--------- Elevation of reference point: I630.80-ft)

(top of CRAhInq)
GENERALIED Geologist, a-I Height of reference point abovel l.A-ft I
STARAPHYV Log F ground surface

I Dep~th of surface peal [0-205.4-fi0-12: Silty *ardy GRAVEL Type of surface Peal;
12-50; Sandy GRAVEL I Bentonite crumbles to 205.4-ft, ham
50-60; silty sandy GRAVEL 4-ft x 4-ft x 6-in surface pad
60-70. Sandy GRAVEL extending 3-ft into annulus
10-75. Silty sandy GRAVE.L
75-95: Sandy GRAVEL L Hole diameter,
95-120: Gravelly BAND I0-01f 1-n oia
120-125: Sandy GRAVEL 4 i4.-OAf 3i oia
125-13O: Slightly silty grally SAND I1 .- 1 .- f.11-In nominal
130-135; Gravelly BAND I 66424.0f. 1 nominal-
133-140; slightly silty gravelly SAND
140-145; Slightly gravelly, slightly I &-in ID stainless steel casing,

silty SAND 41.9-219.9-ft
145-153 slightly silty gravelly SAND
155-17D: Gravelly SAND
170-100: slightly silty gravelly SAND
100-16: Gravelly SAND
103-191 Slightly silty gravelly SAND
190-195: Silty sandy GRAVEL
195-210: Slightly silty gravelly SAND
210-240s silty sandy GRAVEL
240-2411 Slightly silty SAND
241 RSBLT

Bentanite Pallets,
1: 20 .4-212.9-ft

I Silica send pact,
212-241-ft, 20-30 wom

I 4-in stainleme mteel screen,
2 9.9-239.0-ft, #20-alot

I I- n stainless steel telescoping screen,
230.2-240.4-ft. #30-olot

- I Borehole drilled depth: [ 4.ft
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WELL CONSTRU~CTION AND CMPLET70K SIM(ARY

Drilling Sample WELL TEMPORMJY
Method: Cable tool Method: Samrd tool NUMBER: 239-L34-3 NEUL NO., -_____Drilling 200 Z Wter - Additie. Sanford-
ricid Used: supply Used! Not documented Coordinates: I9FB N 45,331 E/N N 46,431
Driller's NA SUNte state
Nlame: L Cordon/L Uatkins Lic Nr:Mot documented Coordinates: N - 450,514 E 2,249,721
nrillingq Company - start
Company: Keaiser Erngineers Locationt Hanford Card #: Not documented T___ R___ a___
,)et. Date Elevation
Started- 14.YUIS7 Coqlete: 19Auq87 Ground surface: 603.48-ft (gras cap)

Depth to vater: "' ftS 15' 'lGround surfae) 337.S -f M11ii3 f - I Elevastion of reference point: 1611.52-ftj
[top of csing)GENERALIZED Geologist's -I Height of reference point above[ 2.04-ft ISPRKYIGRAPIY Log F rund surface

al.Nhightly
0-J: Sltyeen~yI Depth of surface seal 10-1.65-ft I
0-30 Sity and GRVELType of surf ace meal;30-5 Sandy GRAVEL ... I Cement grout to 5.0-ft, hap55-S: Silty sandy GRAVEL 4-ft a 4-ft a 6-in oncrete pad

$5-65; Sandy GAVdELAE Hl
65-65; Sildy sandy -RE Hole diameter,
80-90: Bandy GRhVFL -Lj0-4.-t 17-nnoia
90-96: Silty mandy GRAVEL -..- 4 i 40.2-5..-ft 3l-n o na
96-200; WAD I 531L-t LinnMiat.
100-110; o1 gravelly BAND - 6.-1.-t -in novanal
I10-210: Gravelly SAND
120-1.25; 531 gravelly BAND
12$-130: Gravelly SAND -1I 4-in 11) stainless steel casing,
130-135: 61 silty gravelly SAND 1+2.0-195.0-ft
135-155: Sandy GRAVEL
153-160: Silty sandy ORAVEL -1 Vololay grout,
160-105t sandy AVzL 5.0-165-ft
105-2951 Silty sandy GRAVEL
105-2001 sandy GRAvEL
200-2051 Gravelly BAND
205-2101 Silty sandy GRAVUl I Ber~taltoi crumbles,
210-2131 Sandy GRAVEL 1.65-177 .0-ft
213-213.S: BASALT

IBentonite pellets,
Ii' : I177.0-184.0-ft

1 Silica send peak.
I184.0-213.9-ft. 20-30 mesh

I 4-in atainleam steel screen,
19J.0-213.0-ft. #20-mat

3-in telescoping stainlae steel screen,

I 203.S-213.0-ft, 030-alat

- I Borehole drilled depth: I 213.9-ftj

Drawing By: W 2E34-03.ABU-
Date spO3 ~ f I
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WELL CONSTRUCTt0N AND C04PLETION SUWARY

Drilling 99Mp1S NELL TrMPORIARY
Method: Cable tool Method: Hard tool NUMBER: 299-E34-5 WELL NO,______
Drilling Z00 E Water AdditlVes8 Hanford
rild Used- :8wgly md: Not docuented Coordinat*e: K/i N 46,791 KIN N 50,014
Dlrillerrs a i Cordoi- UKA St&te State
)Iea L_ Watkc1meILen Cordon LIe Mr:________ Coordinate&: N 451,964 E 2,245,131
Drilllrg Corpany Start
Corapany: KCaiser Engineere Location: Hanford Card #.- Not documented T_ R___ 8____
Data D&te6 Elevation
Started: 27JunN7 Corplete: 15Aug87 Ground surface: 589.01-ft (grass capi

Depth to water: 182.7-ft JuIB?
(Ground surface) 106.0-ft PlJun93 EI levation of reference point: IS,0-7,-ft]

(top of coming)
GNEPALIZZD Geologist' I H~eight of reference point abovel 1.8-ft I
STRM'!GRAWY Log ground surface
91 - slightly

IDepth of surfae sval __________t

Q-2S Silty sandy GRAVEL Type of surfacesal
25-30: Silty gravelly SAND 1 Bentanit. grout to 79.0-ft
30-35: Si gravelly silty SAND 4-ftz-ftcl-1z concrete pad
35-40: Silty BAND extends 1.5-ft into annuiuw
40-45: Silty gravelly BAND
43-50; Silty sandy GRAVEL I - -in ID atairnleaa ateel caeing,
50-55: Sandy GRAVL +1.0-170.3-ft
5S-65: Silty sandy GRAVEL
65-70: GRAVEL R- ole diameter,
10-75: Silty sandy GRAVEL 1 -59.- t 17-in nominal
I"$4; ORAVEL a9.6=145.1-ft, 1.3-In nominal
S5-90: Sandy GRAVEL 13-i2-r.9-in nomM =al
90- 95: GRAVEL

10-105- Sly GsandyGRVE9 5 - 1 0 3 : S a n d y s Ra n d y I G R A E Le 

g r n u e s
105-110, Bandy GRAVEL
110-135: silty sandy GRAVELIEnott rnls
135-150t Sandy GRAVEL 79-104-ft
150-155: ill silty gravelly LAND Vllygot155-1602 Silty sandy GRAVEL .IVllygot
160-1701 Sandy GRAVEL 106-14 6-ft
170-175t 9l silty gravelly SAND)

175-185; Silty sandy GRAVEL F _ _ _

105-19D.- Gravelly SAND
190-190D.B: BASALT

I Bntonitt granules,
146.0-158.0-ft

I ilica Band pack,
153.0-192.0-ft. 20-D-m~anh

-1 4-in stainless steel scream,
170.5-190.5-ft, 020-olot

S-in stainless steel
teleacoping scream,

rI180.5-190.5-ft, #30-slot

A- I Borehole drilled depth: I 192.0-fti
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WELL CONSTRUCTION AMID COWL6TION SUMMARY

Dlrilling ample Dlrive barrel WELL TD4IPIIX
Vathod: Cable tool Mathod., Hard tool NUMBER: 219-L34-7 WELL No, L12-mf 3

illr~ - 0 x ae Additive& Hanford-
rluid Used: Supply Uiadt Not documented C~ordinatea: W/d N 45 520 ElK K 47 949
Dlriller's WA Stafa State NADS3 K --i355UCff- X 5-T1.514ANama: P. .lohnson/R. Parry Lie Mr: Not doccunmnted Coordinates: N 450,692 E 2,247,259
Drilllnq company Start
Company: Basin and Range LoainNtdomdmentvd Card #.- Not documented T___ R___ a____
Date Date Clavatio
Started- O3Au~ia9 Cohmplete! 170ot89 Ground aurfae: 601.14-ft Drtams Cap

Depth to vater! Au ;3 , 59vtonO 
eeec oit 642-(Ground wurf ace4 F13. 5-itIR~ S I - l v tl no tfrec pit IO -t

(top of 6i-ift oamingiGENERALIZEDl Geologiat a Heiht of reference Point above[I 3.11-ftSTRAflGRAPNY Log F1 ground surface
91 - slightly

I Depth of surface Neel I2-20.2-fti0-10: Gravelly SAND Type of surface meal:
10-20; Sandy GPAVEL ICmn ru o2.-t a20-40: Muddy sandy GRAVEL I Cafat xru 4-to 2-it ur aad
40-60: Sandy GRAVEL etending 2.0-ft into annulup
60-70; Muddy sandy GRAVEL
70-200'. Sandy 93FAVEL
100-105i Muddy sandy GRAVEL R ole diameter,
103-110: Dandy GRAVEL I 0-19.9- ft! 3i oia110-115: Mandy GrAEGAVE
110-125: Dnudy GAVELRVL 962 oia
125-130; Muddy sandy GRAVEL
130-150: Sandy GRAVEL I 

4-ia ID stainless steel caming,
150-155: Muddy sandy GRAVEL +1.5-1B3.9-ft
155-160: Sandy GRAVEL
160-165: Muddy sandy GRAVEL
165-175: Dandy GRAVEL
175-1653 Muddy sandy GRAVEL
185-190: Sandy GRAVEL
150-1931 Muddy sandy GRAVEL
105-205: Sandy GRAVEL I1 Bententit. crumbles,
205-205.51 BASALT 20.2-106.3-ft, 8-20-mesh.

-in Volclay tablet.,

I ISilica sand pack,
113.3-204 .1-ft, 20-40-mash

I4-in atafnleas steel acreari,
193.9-204.6-ft, 0lO-rict

rill,
I204.1-205.5-ft

-i Borehole drilled depth: I 205.5-fti

Drawing Sy: RXW2E3407.A98
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WEL CONSTRUCTIDN AND 1CG4PLETIWI SUWARRY

Drilling sample WELL TEMPORARY

Me:thod: Cable tool Method: Drive barrel NUMBER; 299-E34-9 WELL NO:______
Drilling Additives - Hanford
Hld Used: Raw water Used: None Coordinates- N/IS N 45 76. E/1 1 51l 513 a
Driller's NA State State NAD83S N E7-U 7. 57TA, flX.
Name: C Johnson/S MeXinon Lic Mr: Not documented Coordinates: N 450,935 E 2,243,90
Drilling Company Start
Company: Jensen Drillin Location:Not, documented Card 0: INot documented T-__ ft__ s- ___
Data Date clevat o n
Started-; 13Sep31 Complete: 05Nov91 Ground aurface: 625.32-ft (Brass cap)

Depth to water: 221.2-ft Nov91
(Ground surface) 224.0-It 23Jun93 It F Unction of reference point: 192B.69-fi

(top of casing)
GENERALZED Geol ogist's5 I Height of reference point abovel 2.72-ft I
STRAT:GRPY Log Fi ground surfase

81-Plghtl Depth of surface sal [2.0-16.5-ft]
0-15: Silty GRAVEL Type of surf ace coa:1
15-50; Sandy GRAVEL ICement grout to lS.5-tt, has
50-55: SAND I a-ftxfi-in concrete pad
255-60; U1 gravelly SAND I extending 2.0-ft into annulus
50-75.; SANDI
75-!05: 9I gravelly SAND
95-105: Gravelly SAND
105-12D0: 51 gravelly SAND I 4-an 1ID stainless steal casing,
120-150: SAND +1.5-212.6-ft
150-135; Gravelly LAND
155-165: 51 gravelly SAND
165-170: SAND Hole, diameter,
170-195: BL gravelly SAND +- I 2.0-19.0-ft, 13-fr nominal
165-195t Gravelly SAND I- 13.0-156.0-ft, 11-in nominal
195-197- 8.1 gravelly SAND I 150.0-234.5-ft, 9-in nominal
191-2002 SAND
200-215z Sandy GRAVEL 4 '
215-220: Silty sandy GRAVEL
220-234: Sandy GRAVEL
234-234.5i Silty sandy GRAVEL I Bentocite crumbles,
234.5 z BASALT 16.5-201 .6-ft. 9-20-mesh

Bentonits pellets.
::: iiI 201.6-205.1-ft

I Silica sand peck.
205.1-234.5-ft, 10-20-mesh

-1 4-in T304 stainless steel screen,
212.6-233.7-ft, 920-slot

- I tLorebole drilled depth: I 234.5-ftji

Drawing By: W 2L34-03.ASR
Date P"________

R e reno m
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WELL CONSTRUCTION AND C0411,6T70OW UIARY

Drilling Siample Hard tool WELL TEMPORARY
Method: Cable tool Method! DriVe barrel NUMER: 299-r.34-10 WELL NO______
Drilli1ng Addittves Hanford
rluid used". Raw vatar Usedi -None Coordinates: X/I N 4b 011.0 zV w hl 1968S
Driller' a MR~ Stfits state MAD83 N -Ti7i1,Hdii E 574,94.ii
Nlame: J JTohnson Lic Mr. Not doCUmented Coordinates: N #b0.261 E 2,244,011
Drilling -opany - Start
Company: Jansen Dr1IlI Location:Not documented Card J: got documented T__ F(__ a___
Data __to Elevation
Started: l9Sep92 Complete: 29Oct91 Ground surfice: 637.01-ft j~zasw dapl

Depth to water.- 233.1-ft Oot11
(Ground surfaae) 234.9-ft 23J\rn93 I Elevat-ion of reference point: 1639V17-rtl

Itop of casing)
CZNELIZED Geologist' I r Height of reference point above[ 2.75-ft
STRALTIGRAPHY Log F T 9wn surface
Si-si ightly

I Depth of surface *oal [2.0-10.9-ft
0-1s: 11 silty Mandy GRAVEL Type of surface Meal:
l5-4bi Sandy GRAVEL I Cement grout. to 16.9-ft. has
40-55; Silty sandy GRAVEL I 4x4-ftdLG-in concrote pad
55-65: o1 gravelly SAND I utend4nq 2.0-ft Into annulus
65-100: BAND
115-125: SAND
1.25-135: $1. gravelly BAND -1 4-in ID stainless steel coming,
135-165; 8AND +1.1-225.3-ft

4-in SILT Ions I 163-ft
165-165; 51 gravelly BAND
165-175z 61 gravelly BAND Hole disoster,

2-in SILT lons I 166-ft I2.0-1.0ft 1-in nominal
175-202t BAND jIIlI01 k.-t! 1jIn nominal
202-2031 Bandy GRAVE.L 4 1b.-24 5 r. =E& omna
203-203.63 SiLT
203.6-2063 SAWD
206-226: gravelly SAND
225-241 8"ny GRAVLL
24D-243: 01 gcavelly BAND
245-249t Bandy GRAVEL I Dentonito crumbles,
249 t RAWEL tBAFALT rock?) 10.9-210.2-ft. 0-20-meat

Aentonite pellets,
iiI iI 28.2-222.1-ft

I Silica @and pact,
222.1-249.0-ft, 10-20--mas

-1 4-in 1304 stainless steel screen,
22E.3-246.4-ft. 020-lot

-I Barehoae drilled depth., I 249.0-ft],

Reference I
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WELL CONSTRUCTION AND CORPLTION SUMMARY

Drilling Sairipl WELL TEMPORARY
Mthd 0 Cable tool Kethod: Drive barrel radLMER: 299-F34-11 WELL NOt______
Drlliln Additives Hanford
Fluid limed: None fimed: None Coordinates: N,'S V 4" 26 2 1 1 550 7
Drllear's NA St&Ete State NAD13 N _T37A IT7IJ E 04,t7TTiu
sa D. Luldtke Lic Mr: Not documented. Coordinates: N 451,434 Z 2,243,656

Drilling Company start
Company; Kaiser Engineers Location: Hanford Card 0: Not documennted T__ a ____
Dlata Dae levatio
Started: 07Dec31 Compliete: 7ODea9l C~round urface! 614.73-ft (Bra&& capl

Depth to water! 210.1-ft 180e91
(Ground surface) .7f DR nS Elevation of reference point: 1617.95-ft)

(top of caming)
GENERALIZED Geologist'@.- Height of reference point above[F 3.16-ft I
STRAMIGRAPHY Log ground surface

91-Plihtly IDepth of ourfao, soul 11.5-19.5-ti
0-5; Surface DOLL Type of surfaeoal;
5-20: SAND# v/traco. GRAVEL I Cement grout to 19.S-ft, hem
20-50: Sandy GRAVEIL 4z4-ft&G-in concrete pad
50-55: 61 gravelly SAND extending 1.5-ft into annu~lus
55-65: MXND
65-60: Gravelly SAND
80-125; Si gravelly SM
125-130: SAND v/trace GRAVEL I -io ID stainiless steel casingp
130-140; SAND ~ 0275f
240-15"3: Gravelly LAND
155-15 BND
105-19D-: Sandy GRAVEL Hole diameter,
190-195; GRAVEL I1.5-19.-. 13'-In nominal
195-20-; 61 gravelly SAND - I 15.9-1;.6-ft 11-1n F.EmTna
205-216% GRAVEL WIONDBB I14.-253-t 5-In VCMlzal
216-219.3, MABALT

Bontoit. crumbles,
I19.5-298.5-ft, 6-20-mosh

iica m@and pacit,
I202.1-219.3-ft, 20-40-as

I -ink T3G4 stainle steel screen,
137.5-217.9-ft, *10-slot

- I Borehole drilled depth: 21933ft)
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WELL COSTRUCTraw PJ4C CauPILT!Q4 SUOW.

Drilling sample WELL TFJ4POAlY
Math!d: Cable tool Method: Drive barrel NUMBER: 29-t34-12 WELL NO:______
Dilling Addltivas Hanford -
pid Usmed, Rev water Used: None Coordinates: IM/ N 44 9007.0 E/W N 50 713 0
Drillerta KA Sats Sitate NAD@3 NJ 13tNj.UDi E 577,1m
Nam.- R. Baker/D. Ludtce Li Mr, Not documented Coordinates: N 450,076 E 2,244,427
DrIllin- company Start
copn:Kie nier Location: Hanford Card #: Not documented T_ ___ a

DateDateElevation
Started: 16DeC91 Coq~1ete: lS5atr§2 Ground surface! 435.86-ft (brass cmsy(

Depth to water- 3.-f :9
(Ground aurfane_________ I Elevation of reference point: 1639.93-ft]

(top of comingq)GZWEVIAIEED Geologist- I -.- Height of reference point above[ 2.97-ft I
STAKIGMPHIY Log J- ground surface
61lslightly

f thpth of surface s1 11-19V2-iti
C-7: 81 silty P1 gravelly SAND Typo of surfsae .
7-10. LXD I Cmasnt grout to 19.2-ft, ham10-12.3: 31 silty al sandy GRAVEL 4x4-ftzg-in concrete pad
12.3-25; BAND *standing 1.1-ft into annulus
25-29.3: 51 gravelly RAND :;:

[Perched water I 26.B-~t) I:;: ;:: I bontounito hole plug, 19.2-54.1-ft
29.3-30.1: SILT Iano 19.2-54.1-ft
30.1-40; Gravally LAND
40-47; 61 gravelly HAND I1 4-in ID stainless steel coming,

(Perched water I 44.1-9t) 0-239f
47-48.5-: Sandy CLAY
46.5-193: &AND - Hole disaster,
155-200, Sandy GRAVEL Li1.1-29 6-ft -Ino nl

200-27: LIW I29.5-67.1-Hr 1 - nml
207-210z Clayey sandy GRAVEL 4- 7824MAL11i oInal
210-230: Sandy GRAVEL
230-240: GRAVEL
240-245: 51 gravelly BAND IBntonite crurnbles.
245-2461 SAND 54.1-21.0-ft. 0-20-mesh
246-24'7.9, BASALT

-In bentonite pellets

91110ia &and pack,
220.6-245.3-ft. 10-20-mah

I4-in 7304 stainless steel &croon,
223.1-244.5-rt, 020-slot

Fill,I I245.3-247.9-ft

-jBorehole drilled depth: I 247.9-ftj
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50.3 Low-Level Waste Management Area 3

This section includes well construction data (as built diagrams) for monitoring network

wells at Low-Level Waste Management Area 3.
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5 1111L CONSITRUCTION AND CaEPL-TTON UWMAAY

Drilling Semple Drive barrel WELL. TEMPORMIY

M thod! Cable tool Method: Hard tool N4UMBER, 2 99-W -1 VZLL NO: Nlone

DrIlling 200 N Water A~dditives "Or'ford

Fluid Usead: Supply Umed! Not documented - Coordinates: K/S N 46,551 E/1I W 76,601

frillerlm XA State State

Nme.- W1. #o Lie Mr! Not documented Coordinates. Ncmo 451,622 E 2,217,821

D rIl ling Com~pany Utart

Coman~afy: Onwaga DcillIng Co LooatIon!_Kennok,_VI Card Ot Not documented T___ R_ 2__

Dot Daa Elevation

Itartod: DlJwuB7 Complete: 30.7ulb7 Ground surface (ftl; 666.55 fr~Au CaPI

Depth to 'water: Z26.0-ft Ju117
(Ground murfaoe(229.9-ft F4a93 IElevation of reference point: 1690.71l-ftl

(top of casing)

CGNEHALTEDI Ceoloqii a rI Height of refezmnoe point above[ 2.16-ftI

9TRW7YXGRASNY Iog ground surface

I Depth of surface meal 10-20-ft 1

5-6: Slightly silty gravelly SAND
10-1l: Slighity silty sandy GRAVEL . - Type of surface smal:Pr-mi2 conorete
14-30; Silty sandy GRAVEL -4x4-ft a 6-in surface pad to 3.0-ft

30-64: Sandy GRAVL 4 egiitn rt..tive cost.

64-73: Silty BAND Vllygot322f

73-79: Sandy silty CALLICIE
79-82; CALICHE and BAND
82-91; silty SAND
99-130: coarse SAND I1 I.D. of riser pipe; I 4-in 1

130-135: Slightly gravelly BAND Typo of riser pipe;

135-1359: BAND i.(caloareous, IJDSTONE :Stainless steel
and CLAY layers

139-142: SAND D.~Iiameter of borehole,
142-1%D: Silty sandy GRAVFL 0-10-ft, 17-in nominal

190-194: Gravelly WHD 10-63.4-ft. 13-in niominal

194-244: Silty sandy GAVL . 63.4-157.1-ft. 11-in nomsinal

244-245% Gravelly silty BAND 157.1-245-ft. 9-in nominal

I Type of filler, 3-217-ft

* Volclay grout

itIDepth top of meali I 212.o-ftl

191~a Type of soaliVolclav pellets

IDepth top of sand packt 217-ft
I20-30-mesh slliea a"d

I Depth top of screen: I224.0-ftj
4-In. 42"-lot. continoue wrap
304 asinless steel

I Telescoping scren. 233-243-ft
5-b.#30-lot.contincrns wrap

I Depth bottom of seremn I 245.O-ftl
IDepth bottomf of borehole:

Orsalnq Ay: 5) /2W7-O2.A9P Date: ISAp.

Reference-
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WELL CNS1UCII4 AND CCKPLETICO SU)Q-AUY

Dlrillin±g Sample WELL TEIGP.7.ARY
Method: Cable tool Methodl: Hard tool NUMBER! 229-117-3 WELL NO: Nome
Drillin zo wtr_ Additive.m Sanford
fluid Used! Supply Usled: Not documented coordinates: Nis x 46,520 E/W V 7,420
Drillarlo K. State state
No"e K . Moomaw Lic Mr- Not doctmented Coordinates, N 451,123 E 2,217,796
Drilling Company start
Company.- Onwago DrillingC Location: Kenriewink. W Card 0: Not documented T_ i___ S___
Date Eae levation
Started;- 21 Jul117 Complete! 239ov8*7 rround aurface (ftj! 673.11 (Brame clip)

Depth to wjater- 2117~f~~
(Grouhd ourface _Z_ ~lIjg93 1 I I Elevation of reference point: t676.14-ftl

(top of caalng)
GENKEMLSED Geologist' I Height of reference point abovel 2.43-ft 1
STRKTIGRAPHY Log j ground surf ace

0-; RAE tacho o -f)I Depth of surface snal I 0-20-ft I

10-ab: silty sandy GPRAV&L Type of surface omal:Pr-miz co=crete
35-40; Gravelly silty CLhY 4x4-ft- S -in surfac, ad to 3.0-ft
40-45: Silty sandy G3RAVEL n oiitn ~tci7v. o.t
4530: Gravelly Pandy SILT Drybe ti I-0t
50-65: Silty sandy GRAVEL
63-5: Gravelly silty SAND
B3-95; Gravelly SAND
95-L00: LAND 1I .0. of riser pipe; I4-ink I
100-110. Gravelly BAND Type of riser pipe:
110-120; Silty sandy GRAVEL stainless steel
120-113: silty gravelly BARD
125-10:; silty sandy-sandy GRAVEL 19- Diameter of borehole,
145-140T silty gravelly AMD 0-48-ft, 21-in nominal
140-1751 Silty sandy GRAVEL 40-147-ft, 17-in. nominal
17B-1,00 Silty gravelly SAND L47-230-ft, 13-in nominal
160-1851 sandy GRAVEL 230-360-ft, 1l-in nominal
165-153 Gravelly SAND 350-476.7-ft, 9-in nominal
195-2051 Bandy GRAVEL
205-2201 Silty gravelly SAND IType of filler, 20-1961-ft
220-2351 sandy GRAVEL Dentanits slurry
235-256& Blightly silty-

slightly gravelly BAND IDepth top of seal; 1101.0-ft 1
255-2621 SAND v/CLAY 259-261-ft Type of sooliVolclay grout
2:2:2:0: Bandy GRAVEL
230-2 6 aravelly SAND
265-3101 Sandy GRAVEL-GRAVEL
315-3201 Graveily SAND
320-3251 GRAVEL
325-345: Silty sandy-sandy GRAVEL
345-3501 Gravelly AND I Depth top of sand packs 1427.0-ft I
350-356: Silty sandy GRAVEL 20-30-wmh silia send
35b-370± Gravelly ailty-gravelly SAND
370-380s SAND
310-301 Silty sandy GRAVEL IDepth top of screen: I 449.0-ftl
3%0-400: Gravelly aANlD 4-in, '2-lt .oti "u wrap400-405S Sandy GRAVEL 4stnlasel
405-410: Gravelly silty SANDI Depth bottom of screen: I 470.D-fti
410-415: Silty sandy GRAVEL
415-420! Gravelly silty SAND
420-435., Sandy GRAVEL ITelescoping screen, -410-476. 7-ft
435-445: Gravelly-gravelly silty AMD 6I.60socniosv
445-46S: Silty mandy-andy GRAVEL aa es i m
4655-473! SAND-sandy GRAVEL
473-479.7, mARALLT -J----iDepth to botto, of borehole: I 476.7-ft)

Drawin~g By: RL2407-0S.Afl Date: 11Apr53

Roa tance:
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DRAFT DOE/RI-88-20, Rev. 0
06/2002

WEL.L CONIU0!0 MNM CORPL&TrOM BUJMARY

Drilling sample WELL TEMPORRRY

Detbod: Cable tool Method: Hard tool NUMBER: 299-117-4 WELL NO: Norm
rIlling 200 W1 Nkter - Aditives Raeford

fluid Used, Supply Used: -Not documented Coordinates: MIS N 45,435 LI/N V 7?.040
Driller's WA stalte state
ME"!. f. Vanlce Lie Mr, Not documented Coordinates: N 440,140 Et 2,219,230
Drilling Compan~y Start
Cobpany: onweglo Drilling Cc Location: Kennew.ick, Card #: Vot documiented T__ ft__ a___
Date 9-%t. E levationStarted: 29So7 -Cossplete, 19Mov57 jGround surface (It): 9.02 (Brass cap)

Depth to water: 205-ft Nov17
(Ground murfaoaT5ffT1!72Ii-4-iis-r3 I4 - Elevation of reference point: (671.19-ft]

(top of casing)
GENERALIZED Geologist a F I )(eight of reference point above[ 2.67-ft I
WTRATXGRAPMY Log ground *urface

5:SlghlyPlt GAVLI Depth of surface meal I 0-12-ft I

10: Sandy GRAVEL. Type of surf ace maai:Pre-mix concrete
13: GRAVEL 4-t z 6-in suc~7
19-20; Sandy GRAVEL 4gu4aatrtcieot
23,30r. GRAVEL Pe ll~lnin
35-50: Sandy GAVEL
53:. Silty sandy GRAVEL
60-85: Gravelly AND
60; Gravelly SILT/MJY 1 1.D. of rimer pipe; 4-in I
55: Gravelly sandy SILT :Type of riser pipe:
70; Gravelly silty SAND stainless steel
75: Gravelly BAND
90-IDO: SAND J- Diazeter of borehole,
105,110: Gravelly SAND 0-20.0-ft, 17-±m nominal
±15,120: Bandy GRAVEL 20.0-50.7-ft, 23-in nomnal
125s Silty sandy GRAVEL 50.7-130.3-ft, Il-in nominal
130-140: Sandy GRAV~L. 150.3-239.0-ft, 5-in nomsinal
145-160t Silty sandy GRAVE.L
165: Dandy GRAVEL
170: Silty sandy URAW.L IType of filler, 12-190-ft
1751 Clayey sandy GRAVEL IBentonite slurry
190-203: Silty sandy GRAVEL :I
210,213: Silty gravelly BAND ;13 1: Depth top of meal: 19.-t
220s Slightly ailty gravelly BAND ~ 1 :1Type of meallValclsy pallets
225-235% Silty sandy GRAVEL 'I et o fsadpcs14f

10l-ZO-mesh silica sand

Il Depth top of screen: -L 23.0- f i

ITelescoping screen, 225-233-ft

11-in a inls steel, 030 slot

I Depth bottom of screem i 233.D-ftj

*II Fill 233-235-ft

oa epth to bottom of borehole: E 235.0-ftl

Drawing By-. RXL/2W07-04.%59 Date: 16ApZ131

Rafaruno.:I
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WELL ClIT3ItCYTmI AiND COKPLETION 9UWMARY

Drilling am1ple NELL. TEMPORARY
Mthod: Cable tool Method: Hard tool NUMR.- 292-WI-5 METZ NOR None
Drilling 200 W Wter AddItlyIv;O Sanford
Fluid Used.- Supply Used, Nat docuziented coordinatest NIS Nf 44,50fl I/U 1 6,816
Driller's KA 6toFtsat
Ha10:114 lay/fl. Garcia Lic Xr; Not documented Coordinates: N 445,614 E 2,211,405
D:Illn Company start
ompany: Onwago Drilling Co LooatIon:- Kennewick, N Card #: Not documented T___ R-__ a___
Dats flt levatioSRSltarted: 309ep87 Couplets, 19NOvS7 Ground surface (ftl: 670.41 fErasm cap)

Depth to ilater! 211-ft Nov87
(Ground ourfae235f 4a9 4 I Elevation of reference point- 1173.0-ftti

(top of casing)
G~RZID Geologist'sa I Height of refearencs point aboval 2.14-ft I
STRATTGRAPHY Log ground surfaoe

5,0 RVLI Dspth of surface meal1 I -S-ft
10;23 Sandy ORVL Type of surface msal:Srs-nix concrete

15-3;BadyGRVE z4-ft x 6-in aufsa
30-05; Silty sandy GRAY.L 4a .olitn -rto i.- los.
30,55; silty gravelly MHO- r bnamt 2-5-ft
60: Gravelly silty SAND-
65-75; silty gravelly SAND
90-105: Bandy GRAVEL
110-1225: silty sandy GRAVEL, I 1.). of rimer pipe: I4i
1.30-150; sandy GRAVEL -- Type of riser pipe;
1.35-103: silty sandy GRAVEL Stainless stool
190-200; silty gravelly BAND
20R; Silty sandy GRAVEL .j I Diameter of borehole.
210: silty gravelly SAND 0-10.0-ft, 17-in nominal
21.53 Gravelly SAND .10.0-50.0-ft, 13-in nota.
220i:!Sndy GRAVEL 50.$-1.54.6-ft, 11-in nominal
225: BIty/claymy SAND 154.6-223.0-ft, 92-in nominal

I Type of fillax, 5-190-ft
Beantonitosalurr

III II I Depth top of seal: 5OOf
393 ;:1 Type of P.ali~r bmne is l90-TF7?r-
133 SR.1 Va ay pellt. 19-20-t

16' 1Depth top of sand packi 1 200-ft I
I10-20-.meah silica sand

LI Dlepth top of mcreent t 207.0-fti

I epth bottom of screen I227.7-ft]

SDepth to bottom of borehole: I 229.0-ftl

Drawing By: RKL/2W07-05.ASB Date: 16Apx93
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NELL CGN573MC270N AND COIPLETrCN SUNK"AY

Drilling MP16 Drive barrel WELL TEMPORARY
Method! Cable tool Method: Hard tool NUMBER: 299-mn-7 WELL NO: Name
Drilling-200 I Wif-r Ad0ditiVee Hanford -
Fluid Used: supply Ueed! Not documented Coordinates: NI'S N i5.3 1WV6517
Driller's KA state Stat N11S I310 ~K S 7
Name!~ L. Cordon Lic Nr: Not documented. Coordinates: N 451,615 1 2,211,607
Drilling company start
Company.nRamln a Itange Drill LocationtWot documented Card 8: Hot documented T__ R__ a___
Date Date Elevation
started! 23Oct39 Compl1ete! 27Nov89 Ground surface (ft): 671.36 (Brad@ capl

Depth to water: 211.8-ft Nov@2
(Cround surfaoe}21k.O-f 4Mar93 I ElevAtion of reference point: 1674.84-ft)

Itop of oaffIng)
GENERALIZED Gealogist 'a IJ Height of reference point above[ 2.98-ft
STTGAPAIY lmg IF ground surface
01-alightly

0-30 Mudy sady GAVELI Depth of surface seal 1271794-ftl

30-35; Gravelly sandy MUD Type of surface moal:Pre-mix concrete
35-45; Gravelly muddy WAD 4x4-Zt a 6-in surfac! a o2f
45-50: muddy sandy GRAVEL 4 equidist nt pr tact Ive posts
50-55. 62 gravelly Pl muddy BAND CeetgotPrtland Cement
5.5-60: BAND 4 wi th qysm 201.-ft
60-65: 91 gravelly SAND
63-70t 91 gcavelly ol muddy LAND
70-75. Qravelly &AND - 1I'D.. of risfe: pipe; I4i
75-90: Sandy GRAVEL Type of rimer pipe:
90-105: muddy sandy GRAVEL Stainless steel
105-110: S1 muddy gravelly SAND
IID-135: sandy GRAVEbL IDiameter of borehole,
135-145t Muddy sandy GRAv. -1 0-20.2-ft, 13-in nominal
105-155t sandy GRAvE.]. M- I 2C.2-227.3-ft, 9-in nominal
155-230: Muddy sandy GRAVEL

IType of filler, 17.4-198-ftIBentonite crumbles
212 33 I ~Depth top of selz 9.-

:1 Type of meal:
2/9-in vaiclay Pellets

I Depth top of sand pack: I 202.7-fti
I20.40-mesh silica sand

LI Depth top of screens j 207.1-ft)

l4-in, 32-:lt stainleas steel
with hlelpc

I Depth bottom of screen I227.6-fti

Fill 229.6-230.3-ftf 'Depth to bottom of borehole: I 23_0B-ft)

Drawing By: R)CL/2h07-07.AB Dt:EE~

Rafareno WHC-MR-0204I
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WELL CONSTRUCTON 120 CCEPLLiwI EUDARY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Method: Hard tool NMBSER: 299-N7-8 WELL NO: Wane,
Drilling IOUO- NWater - Additives Hanford
fluid Used: Suoply Used: Not documented Coordinates: N/S N 46 509.8 LPN Wi 16 S8o 1

Drillr's NA State State NADIS T13j1,Ti 564761!7m
Rems: L. Cordon Lie N:: Not documented Coordinates: N 451,614 E 2.210.326
Drilling Company start
Comany:Baain & Range Drill Locsticn:Not documented Card 1z Not documented 7- R___ a___
Date Date Elevatio
Started: 19ct89 Complete: 13Dec89 Ground surface tftj: 684.40 Dress cop)

Depth to water:. 229.2-ft Nov83
(Ground eurface)225.S-ft 24Mar9 I- -- -- I Elevation of reference point: (587.35-ftl

(top of casing)
GENSXALIEED Geologist's H eight of reference point above( 2.95-ft I
STRATIGRAPHY Log ground surfece

D-20: Sandy GRAVEL (trace COGLES Detofsraeelt-11-i
20-2B.63 Muddy sandy GRAVEL Type of surface seel:.Prs-mts concrete
20.5-35: Sandy MUD 4x4-Tt k 6-ir surfaceDad to 2-ft
35-39.5: Muddy BAND (trace CALICHIE; 4 eguldistent Protec0tive posts
39.5-48: Sandy GRAVEL Cment rot-L'ortlend Cement

(fInes 47-48-ftl wit gyps2OKumU, 2.0-18.7-ft
40-51i 51 gravelly SAND
51-571 Muddy sandy GRAVEL
57-59; Gravelly SAND -I r. of riser pipe:; -i
59-701 SAND Type of riser pipe:
78-05: Gravelly SAND stainless steel
85-110: sandy GRAVEL (trace COBBLES)
110-120: SAND I Diameter of borehole,
120-130: Sandy APVEL -1 C-lB-7-ft, 13-in nominal
130-233: Muddy aandy GRAVEL -I l9.1-244.5-ft, 8-in nomainal
236-24C: 91 muddy gravelly BAND
240-244.5: Muddy sandy GRAVEL

I Type of filler, 18.7-215-ft
8-20 mesh bentonite

I Depth top of seal: E215.0-ftI
:!.-IType of seal1/4-in V.ilytalt

I Depth top of sand pack: 1.3ft
I20-40-nash silica sand

LI Depth top of screen: C298t
4-in. OZ0-lot, stainless steel
withn channe l ck

I Depth bottom of scream I 240.5-fti

I Fill 243.4-244.5-ft
I-i Dethto bottom of borehole: 240. 6-ftj

Drawing fly: IUCL/21807-08.ASB Date: 14iApr93

Rsference: NNC-MU-02041
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DRAFT DOE/RL-88-20, Rev. 0
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NEIL CONSTRUCTION AND COMPLETION S=iMMARY

DrillIng ample Drive harrel WELL TEMPOZRARY

Mthod: Cable tool Method! Hard tool NUMBER: 229-W17-12 WELL NO______

Dilln 0 aa Additives Hanford

Fluid Used* Supply Used: Not documented Coordinates: NIS K 46 514 K/W N 78 246

Driller's NA state State HAD83 K 11,h3.3.F K 6,S08

Nam! T- Gifford Lic Mr- 0867 Coordinates- N 451,615 E 2,216,260

Drilli-ng Company start
Company: Waiar Engineers Location: Hanford Card #: Not docusiented T__ R__ a_ __

Date DaTe2 Elevation

Sterted: 10Apr31 Colllete! 28KAY91 Ground surface Iftl! 604.64 thRxee cap)

Depth to vater: -22.0-ft Jun91
(Ground .ufot2.-t2Mr3Elevation of reference point: 1681.93-ftl

Itop of casing)

GEN2MILZEfl Geologists I Height of reference point above[ 3.29-ft I

STRAYIGRAPHY Log ground surface
01i&21ghtly

D-S;Sany GRVELI Depth of surface seal 11.9-22.1-ftl

5-0 Gravelly SAND Type of surface seal: Pzs-mix concrete

10-30: Silty sandy GRAVEL 4 -t 6inafe pdto 19f
30-33: 01 silty sandy GRAVEL 4 vcuidistant poetv ot
33-50; silty sandy GRAVEL Cement grout, 9221f

50-56: 51 silty oandy GRAVEL

56-60: Silty BAND '7_
63-65; Cemented silty, sandy GRAVLL I I.D. of riser pipe*; 4-in I

65-75: silty SAND jType of riser pipe.
75-SD: S1 silty sandy GAVEL I steinless steel

10-110; 61s8 1 gravelly S ADANDimte fboeoe

120-1153 61sit gravelly it SAND IDaitxo oeoe

115-120: 61 gravelly BAND rJI-- 0-21.4-ft, 13-in nominal

120-125: 61 silty gravelly BAND Iq : 21.4-164.5-ft, 11-in nomina~l

123-135: silty gravelly SAND -I 164.5-245.0-ft, 9-in nominal

133-1403 $1 silty gravelly SAND
140-1603 SI sandy silty GRAVEL
160-1503 silty GPAVEL
L90-225% Sandy GRAVEL - fType of filler, 22.1-207.8-ft

225-230: Qravelly SAND 0 -20 mesh bentonltq crumbles

230-245: Sandy GRAWIL1
31 1 Depth top of seal: I 207.8-ftj

:21 212 Type Of mal,
113 3:: i1/4-3t6-in Voi1clay Pellets

I Depth top or sand pacxS2e.-t
10-20-mesh silica sand

LI Depth top of screen. 1.-t

4-in 20i-slot
T304stailesssteel

I Depth bottom of screen 4.-t

I Fill, 240.5-245.0-ft
*j I Depth to bottom of borehole: I 24500ftj

Drawing By: RXL/2 I7-12.ABB Oato; 1Apr93

Reference:
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DRAFT DOE/RL-88-20, Rev. 0
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WELL DOMUTCION ND CCKYLETXCN AMR

rilling saple WELL EORY
Method: Cable tool Meathod: Hard tool NUMBER: 229-NdI VELL NO * None
Drilling 200 N Watir - AddltIVae& Haeford-
rlid Used., Supply Ueed: -Not documented Coordinates! W/S N 46,hil E/II W 79,200
Drillarla RA stays sat
Nano, L. Bultena tic Nr.- Not documented Coordinates: M 451,650 E 2,246,997
Drill-Ing Company start
ao"Uany. Ornweo Urillig Co Location: Kenneick, N Card 1: Not documented T_ R_ a___
Dats M ate Elevatio
Stted: 09Junpl Complete: 230'u2S7 Ground eurface (ft:: 653.45 Basea OaPI

Depth to Vater; 3.-f eK
10cound wurfa"eT)fl&;r3; i Elevation of reference point: [101o313-ftj

(top of casingi
GZNZPALIZE13 Deolgiot 's H.~- eight of reference point akove[ 1.63-ft I
STNATIGRawY Log ground surface

IDepth of surfce seal 0 -206-ft]
D-5: Backfill
5-65: Sandy GPAVEL Type of surfce wwal:Prw-mix concrete
55-SO: Gravelly EAM0 Wc-ft x G-in murf4c a o30fS0-DO: Gravelly sandy SILT 4- igi~to prtote pet.
90-93: Wilty sandy GRAVFL V. n Vololay P. toit grot -20-

15- 103:;Sandy GRAVEL
105-110: lightly silty gravelly WAND
110-113: Slightly gravelly SAND
115-133. Slightly gravelly ilty MNjJ . - i I.V. of riser pipe: I 4-in 1
135-143: silty SAND Type of riser pipe;
145-155- slightly gravelly silty BAND S tainless steel
155-165. Silty qrhally SAND
165-1003 Sandy sandy GRAVEL 1- Diameter of borehole,
18D-195: Sandy GRAVEL . -62.7-ft. 13-in nominal
lf95-200: Silty candy GRAVEL 62.7-154.3-ft, li-in nominal
200-2083 Silty,'clayoy GRPLVEL .156.6-270.5-ft, 9-in nominal
205-210: Gravelly silty SAND
210-270.5: Silty sandy GRAVEL

IType of filler, 3-200-ft
Volclay bentontit. grout

''1 1i Depth top of seal: 1206.0-ft I
31 2121 Type of aealkvolclayPelt

IDepth top of sand pack. 1210.5-ft
I20-30-masoh alliea sand

IDepth top of screen: I 2362-tj~O-:it~9ntnosrep

Depth bottom of screen; I 25f6-fti

r- jTelesoopinq screen, 257-261.7-ft
-in. *3-&lot. contitioua wrap

304aeainije8* ATeel

-p Depth to bottom of borehole: I 270.5-ftj

Drewing By: El/W~-i.* ate: iPr3

Refernnc:1
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DRAFT DOE/RL-88-20, Rev. 0
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WELL ONK9RUC7TW AND CCPL~F-!OR SUMMARY

Drilling Sample Drive barrel NELL TEMPORARY

Mthod: Cable tool Method: Hard tool NtU1ER: 299-NIO-14 WELL NO- None
Drlling 200 W hat*Fr Additives Hanford-
rigid used. supply Used: Not documented- Coordnaes: NIS N 43.143 E/N W 16,330
Drillersa NA state state
Nana! aey Lie Mr: Not documnted Coordinatent 14 446r244 K 2,216,034
DrIliin Company start
Company: 0waeo Driting 1iCc Location: Kennewick, W1  Card #: Not documented T- R- i___

Date Date Elevation
Started: 23Jul37 Complete: 13Nove7 Ground surface (ftl: 597.09 (Brans capj

Depth to water: 229.-t~A9
(Ground surfaceilS1-3f 2M.a193 Tj I levation of reference point: 1699.43-ftl

(top of caving)

GDMNRL!ED Geologiat 'a Height of referenot point above[ 2.34-ft I
STRY.IGRAWY Log 9 n ufc

01 - slightly
I Depth of surface Deal [0-210-ft I

0-20; SAND 4packhoo to 20-ft)
20-25; Gravelly SAND . . - Type of surf ace sea1:I':e-mIx concrete
25-SC: BANo 4a4-ft x 6-in surfae a o50f
0O-SS: ul1 gravelly SAND . . . itat rotc~tl~ et

05-100; silty sandy GRAVEL Drybetot. . -6-ft
100-105: Sandy GRAVEL .- bentonite slurry 6 -210-ft
103-115; Silty sandy GRAVEL
115-120: Gravelly SAND
120-130: 51 gravelly *I silty SAND I 1'D. of riser pipe;: 4-in I
130-137: Silty BAN" Type of river pipe;
131-145.- 01 gravelly SANE) vCALICIE stainlss steel
145-150: Sandy GRAVEL
150-155; Gravelly SAND .- I Diameter of borehole,
154-2551 Silty SAND O-60-ft, 21-in nominal
155-164; Sandy GRAVEL *50-147.$-ft. 17-in nominal
164-165: silty SAND 147.5-244-ft. 13-in nominal

165-1051 Sandy-silty sandy GRAVEL : 2244-351-ft. 11-in nominal
195S-205z Silty gravelly SAND 313;. :::z 15-462-ft, 9-in nominal

205-221 Gravelly AMC 1: 1i.: 1 Type of filler, 5-210-ft
210-220: Fandy GRAVEL :313 191: Bentonits, slurry
220-230: Gravelly SAMC :222 IzIz
230-945z Silty gravelly-silty SAND 3222 all I Depth top of seall 200f
245-2551 Silty sandy GRAVEL 33:12 311 Type of aal:Velclay grout
255-270s Gravelly-mi1ty gravelly SAND 111: 22:3
270-260: Silty sandy GRAVEL 231 121
200-305t SAND, gravelly 1300-ft 22 :

305-310: Silty candy GRAVEL22 22

310-325: Sandy GRAVEL22 22
325-330: SAND
330-3401 Silty gravely SAND I Depth top of sand packi 1415.0o-ft 1
340-355.1 Gravelly 2AND 20-30-mesh silica and
355-3651 SAND-gravlly SAND
365-3711 SAND-silty SAND
371-305t Clayey SAND, CLAY layer 1371-ftI Depth top of screen: I 427.0-ft]
396-41D: SAND COIn 62-lt, nius wrap
410-4201 Gravelly SAND, CLAY I 415-ft30 ties sta
420-425: RAND I tepth bottom of screen:! 4.-t
425-440: Clayey gravel ly-gravelly SAN4D
440-44B: SAND-sllty gravelly SAND
448-455: Clayey gravelly SAND ITelescoping screen, 437-447-ft
455-460.' Sandy CLAY S-n%3-lt otno rrap
460-462: CLAY30 tnls stl

- I Depth to bottom of borehole: I 462.0-fti

Drawing Dy: RXL/2WlD-14.?XB D E S~r

Referenc: MAN1'0RD WLLR
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WELL CONSTRUCTO AND COMPLETTON SUMKAXY

Drilling Sample Drive barrel NELL TEM4PORARY
Mothod: Cable tool Method! Hard tool NUMBER. 229-NIO-12 WELL NO: None
Drilling Additives Hanford
rluid Used: Revwaer Used! None, Coordinates: W/a tE 44 '54S. K/ Wq 17 246 7
Driller's Kh Stat.s State NAmS3 K -13731.14m E 566,T.
Name: Hi. Blaker Lic Mr- Hot documented Coordinaites:. K 449,649 E 2,211,362
Drilling company start
Company: Kaiser En $Doers Location! Henford Card 1: Not documented T_ R__ S__

ate Date elevation
otar~ted: 15Jan92 complete., 24Jul92 Ground surface (ft): 660.04 Braae cap

Depth to water: 211 .6-ft 03JunP2
(Ground surf ace)________ I- --- I Elevation of reforence point: 1662.99-fti

(top of casing)
GEZAIE eologists I Height of reference pinlt abovel 2.95-ft I

gTRAjIGRPppHY Log F aron urfae
Si-slight-ly I et of surface meal 12.0-9.S-ftl

0-9, BAND
9-10.5: Silty SAND Typo of surfae saa: ?re-niz concrete
10.S-40: Sandy GRAVEL 4aL4-ft x $-in suzfmo Pad to 2.0-ft
40-55: GRALVIL 4 spidiastaut groteotys posts
55-75; Silty sandy GRAVEL Cement Grout, 2 .9.8

17.503: ravlly AND L-113-in nominal hole to 20.2-ft
83-07.5; SMT
97.5-F7; silty BUND I'D. of rimer pipe: I 4-in

(~jL7wcz nodules 90-97-ftl Typo of rimer pipe;
97-110; 81 gravelly NI j tainloew steel
110-111; SAND
117-120. Silty sandy GRAVEL
120-130% Sandy GRAVL

130-141 silty sandy GRAVEL I Punsterx of borehole,

140-1701 Bandy GRAVZL -i 121.7-230.5-ft, 9-in nomInal
170-175: Gravelly WAD
173-151 Bandy GRAVEL IType of filler, 9.0-206.0-ft
195-200: Gravelly SAND 0-20 mash bentonite crw*le.
200-205z Bandy GRAVEL
205-210t Silty sandy GRAVEL
210-215s Gravelly AMP
215-225s Silty sandy GRAVEL
22b-23B.3i Gravelly SAND

Its Do I eth top of meal[ 0.-t
III 3i: Typat of seal:
111 313 -in bentonite pallets

1Depth top of sand p.ck; I 210ab-ft]
I20-40-mesh, silica mand

Il Depth top of screiens I 214.4-fti
4-i, go-lot ontinus wrap

with 0.3-ft and cap

L _ I- Depth bottom of screen I 234.5-ttl

J Depth to bottom of borehole- I________t

Drawing By! RRI./2Wl-l 6.AS Date: =LUn931

RaEarance; WN-ff-EN-GP-04 9j
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D$00519
WELL CONSTRUCTION AND COMPLETION SUMMARY

DMibg 5e0 Ir~ 0414 MPOAA
"ne envy1 0.e1td'-aGvikipli spec. NAMIit, *504-11N AJA* WIV*: MO e

"t-: e- Bleid. LKd 4, IWOA-11able Ca tNo o~ee

CVewa4eY PC Eoplafle Locobon ht~. VIA Cer.twdAelai

S1afae 2lJ.43I Coetpawd: KGNov9 Qiwn St.1io

Depth t water Sn.? ElS~t)Fevation of Raisrene.s Potint: te

Heigt. Reference POWn Abve
GENERALIZEDud ufae
STRATIGF$PHY GCl"ogtofaLog Depth oSurfce Seal. 1 It

Type of Surface St US4 Coocee Pad

FN Casing Steven
2 31:tySand 0.10A. 0.1Ise:

Cemnt 12-314' CS lemp.
27-33 ft Sedy Gra] Linhhaolwed

33-6 I >3yCo Bentonite 4 Molt

"fin -. 53.22f It 15-53.22 i

SO.TLi:S4,G.. Bentonite 10.314"CS Temnp.'
Ft-I *53.22 -251it:

~ l.A..a-si CS Temp.
97;-toll0: sitt~
15llodhi , p " , tr;' n
,..104., I: 5.nd
154.5. 1171 t:Saed4W.

lI-3d0 Santy GieM de~

l32- '76A 6~S'0S i - 322.-212.7 ft:
112- 75 A:Sanf Grow c.e 1 .4 s its.

Cnjntbles

ITS. 103 1, S..oJ1O0-91
iii- 21t Sandpo.l

213 e ASd 212,7 -218.Oft1:

09MWinch hole 221.7- 241,1 f:
Ii ?! HaroMnlW 4 inch

fli Stndr.*218.6 -241.2 fl; Wisp Pipe Sie

23 S2*1 e:Sand G.vN 9-inc hole 241.68-241. eft:
10-20 Silica Sand 4 inch
241.9 -"244.5fft: End Camp

94inci hole
10.20 SlWce Senld

251 Rt Borehole Wtlled depth 244.5.247.58f:
9-inc& hote

o 0-I 15 t -it. 12-2/4*'CS lTtmp 0-12 Sibca 5e-u
Casing 247.5- 261 ft i

15 - 53.22 ft: 1-in. 10-3iW CS Temp. $-Inch hole
Casing slough

* 53.22"- 251 ft: S1-in. 0-5i8" CS lamnp.j casing

DrwngB OLIF
h~aetiar Ialtir Wage

Rawonr Dalt "o?
pit 299dec97
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0-")0 i37 9
WELL CONSTRUCTION AND COMPLETION SUMMARY

sammig WELL. TEMPMORVAM4d Af4.y ,.O .hS4 Go lp...u PUMIR 2NWIO21 A116411 WELL 100i N..

Fluid Used dM Used. hMie" i C . lnft. k sMuit .4.
WNW. WA SWEt

G..p..w PC EWP~OD" Wiesen: PU1.041.4I. WA Care 8: Na Avaiable

Depth to Water 211.97 Rt 24Jan93 Elevation1 of Reftnice Pou01: m

Megh oef telimn Poi AIbour

____________Depth of0990 Surface Seal 11,4 IL.

IlYON at Surfac Se. 4X4 Concret. pad

Pw1 Pillag sl.,;

4.1StS*~0rO3 .lch hole 13 Inch

IS. 34 a: S-eyGQsvel . .Cement. 12-3/4m CS Tamp.,
134nch hote 0 -209.25 ft

3434 GiolBs antonke, 4 inch

41-51 1: S1dy G.,* 14 - M38 ft:

R , Graitysmat :

71 111154704 . W1-d 11s

I'llu" 50 91*0
72.6 9,:a 0eSily e *

"S.01 I:SwO .

D~io :t, Sa.y O. .0
lis '4741 Sandy Grower

.144 15 It: S.if G-

144.701 S..dyOred f143.05. 237.38 it

V~ 'inchr I IS-Sw CS Teino.

lOS 150. nglnd143.85 - 201.2 ft: Casing
1703 ft sndy4* 9 ch hole

Brnantss

201.2204.2 It

o~s.2340o~u~s..~Win-ch. hole 0.25 . 229.25 ft

204W -.220,511 I 41.010SS01(r
204d0Silica Sand

229.58 -233.1 t: pVC Cap
Wi-olil hole

237.30 It Borehole dilleod depth 20-40 Silica Send

0 -14 It 15-in 12-3J4' CS Tanp 223 1- 237.1 i
Casing 9-inch hole

1 4-143.05It: 11-i4n. 10-31IACS Tamp. befltonsFldhip
Casling 2371 -237.38It:a14386 .273.38 R !Jrk. 8-54" CS 9-410M hole

Temp Casing Slough

Drr. By. OiL

Print Data; 2230c$7
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5C.4 Low-Level Waste Management Area 4

This section provides well construction data (as built diagrams) for monitoring network

wells at Low-Level Waste Management Area 4.
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WELL CONTRCTION AND CG(PLXTON EDNMARY

Drilling Sample Drive barrel WELL TEMPORARY
Method: Cable tool Method! Hard tool NUMBER- 229-315-15 WELL 71O: None
Drilling 200 HWater Additives Hanford
riold Used: Supply Used: -Not documented Coordinates: N/B N 40,330 E/ll W 15.103
Driller's 'WA state state

ae: B.aDyley Lie Mr: Not documented Coordinates: N 445,431 E 2,217,119
DrllingL Company start
Company: Orefgo Drillin Co Location: Kenwick, H Card it Not documented T__ At__ A -__
DaeDate Elevation
Started: 14Jul37 Complete! 02Sep87 Ground aurface Ift): 695.74 iUrams cap)

Depth to water: 226.0-t715
1 Ground suriaT3Y.;_=R 9 M ;1- I Elevation of reference, point: 1661.96-fti

(top of caving)
C!J4!PALTZED Goloqiat a I eighL of rcferenac point akbovel 2.22-ft 1
STRATIGRAPW4 Log ground surface
al. - slightly

0-5: SLT/CZMI Depth of surface soal I 0-200ft1

5-10: SAND Type of surface aoal : 2a-mz concrete
10-15: Sandy GRAVEL 4s4-ft x $-in surface Pad to 4-ft
15-20; Gravelly SARI 4:, euidieen protetive ot20-33* SAND olaygutto I2vEs-ft t

3S-40: Gravelly BARD I.D. of surface casing: I Removed 1
40-45; Sity BAND If Present)
50-55:. Bi. gravelly EMU4I
3S-60; silty sandy GRAVEL - I I'D. of river pipe:; 4-in 160-65: Gravelly &AND Type of river pipe:65-S5; Silty sandy GRAVEL stainless steel05-%0: Gravelly slty SAND

IOD-105: silty BAND .0-52.5-fi, 13-in nominal
105-110: Si. silty SAND 52.5-145.lO-ft, 11-in nominal
110-115: Silty SAND 165.1-265.0-ft. 9-in nominal
115-120t BAND)
120-1301 Silty SAND
13D-1404 31. silty SAND
143-145: Bandy &GILT .I Type of filler:
145-1503 silty CLAY Vlga ru
150-1103 Gravelly sandy SILT :
170-175s 31. gravelly silty BAND : r -I Depth top of meal; I 20*.0-ftj
175-160: Bandy GRtAVFL : : Type of sealivolclay pallets
160-200: silty sandy GRAVEL
200-20b: Bandy GRAVEL I Depth top or sand pecki I 213.7-Iti
20b-220: Silty sandy GRAVEL I10-12-msh silica sand
220-230: Sandy GRAVEL
230-24hi Silty sandy GRAVEL
246-2553 Sandy GRAVEL LlDepth top of screent I 223.0-ft)

4-in 078-s1o

I Telescoping serer, 245-2&b-flt
$-in stainlesse steel, 030 slot

I Depth bottom of screen I 253.0-ftj

ota depth to bottom of borehole: I 255.O-ft]

Drawin.g Ry: OKLt2W15-15.AAB Date: 1pr93

Rffiruno.: NARFCD 'WELLS I
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WEIL CONSTRUICTION AND COPLETION BuO4ARty

Drilling Sample Drive barrel NELL TEMPORARY
method: Cable -tool Method! HaNrd tool NUMBER: 229-315-16 NELL NO: Nome
Driling 30 aeir Additives0 Ranford
rlid used: Sujpply Used: Not documented Coordinates: N/S N 40,213 L/fE 3 77,307
Driller,& WA SateO state
Name: D. Ludtke Lie Mr! Not docwumented Coordinates: N 445,372 K 2,217,555
Drilling Comrpeny Start
Comipany± Ornvego Drilling Co Location: Kennewick, "A Card 1: Not documented 72 R_ S__
Date ~D te Elevation-
Started± 293u187 Conpiete: 10Sep37 around surface Cftl: 612.62 (Drama cap)

Depth to water: 2i4:S-fl aeS7(Ground surfaoe flh
1

tYNiS IW O- I Elevation of reference point: [654.59-ftj
top of caning)GENENA=flRD Geologist 'a -I Height of referenoe point above) 2.27-ft

TRrMTOrapwr Log I ground surface

*45;$igty ilySADI Depth of surface goal I 0-2-ft I

*'9-10: SAND 1 - Sacichos samples3 - Typo of surface ssal:Pre-miz concrete
10-15; Sandy GRAVEL U14-ft p6insrfeDa
15-2C0: SAND . ciitn rtoieposts
20-35: Sandy GRAVEL 4-4. of surface ceming: F Removed 1
33-75: SAND -If presenti
7"-0. Sandy GRAVEL
90-e5: Gravelly SAND
85-110: sandy WRAVEL I I.D. of riser pipe: I 41in -1
110-113: Gravelly SEmu Type of riser pipe:
115-12D: SAND to sandy GRAVEL -stainless steel

(Lost drilling water zoneal
120-15 Sandy GRAVEL -I Diameter of borehole,
135-1401 Sandy clayey GRAVEL 0-52.6-it, 13-in nominal
140-145: slightly gravelly sandy SILT 62.6-154.75-ft, 11-in nomimel
145-160z Gravelly silty AND 154.75-2435-ft, S-in nominal

and CALICHE
160-163: Gravelly silty AND
16B-17Dt Silty SAND
170-1751 Slightly gravely silty SAND T yp of filler:
173-1601 Silty sandy GRAVEL * Sntonits slurry
100-1051 Slightly gravelly SAND I .I
185-200t Silty sandy GRAVEL 11: 1i Depth top of seeli 196.3-fti
200-208: Sandy GRAVEL ]is IIIi Type of sealmVclclav pellets
203-225z Silty sandy GRAVEL f
225-23fi: Candy GRAVEL I Depth top of send peck.s 202-ftI
235-240s Sli1ghtly sandy GRAVEL I10-20-mesh silica-send
240-243.5: Sandy GRAVEL 

Dphtpo cen Le-_-ftI

I Telescoping screen, 227.b-237.5-ft
s-In% stainlesso steel, 010 slot

I Depth bottom of screen I23S.0-ftl

et lepth to bottom of borehole: ( 243.5-ftj

Drawing 13y: RICL/2W 1l.h Detr; 12apr53

Reference: HANFORD WELLSI
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WELL CONTRUC!TON AND COIPLETTCf BU)@4RY

Drillinkg Bomple, WELL TEKPORARY
Method: Cable tool Method: Herd tool NUMBR: 229-1115-117 WELL NO-______

1rIng 2DO X Water - Additives Na.ford_
ricild Used: Supply Used: Not documented Coordinated: W/S X 40,221 K/W ii 77,337
Drllear's WA 9tt state
NOUP 0..- Garcia Lie N:!Not documented Coordinates: K 445r324 Z 2,217,835

DrligCmany start
Cowpany: Ormago Drilling Co Location: Kenwick, ~a Card 0: N~ot douisented T- R- a__
DaeDate Elevation
Started: 03Jul37 Coffolate: 23Oct87 Ground surface (ft:: 682.85 (Ba*& cap)

Depth to water: N!4 t~ 7_____
(Ground surfaceT .1 - r93 X Klvation of reference point: 1684.S4-ftl

(top Of casing)
GENEUALIZZD Geologist's HaiNe~ght of reference point above[ 1.71-ft I

STRATaMPH Logground surface

I Depth of surface seal I 0-07-it
0-5-. Gravelly BMD
5-10; AAND T ype of surface sealtConcrete
10-15: Gravelly SAND 4x4-ft x 6-in surface7pa to 3-ft
15-25: BAND- - . . I iguiltn prtc ePosts
25-30: Bandy GRA.VEL Pitltesury36-t
30-75: SAND -. .--

75-65. Sandy GRAVEL I Volclay bentonit. slurry 3-67-rt
95-100: Eilty sandy GR.AVEL - .-
100-115: Bandy GRAVEL I .D. of rimer pipet I 4-in I
115-120; GRIVEL. Type of riser pipe;
120-136: Bandy GRAVEL Stainless steel
136-140": SILT -IDiameter of borehole,
14D-165: Silty BUXD WiCALICHE 6 CLAY 0-47.0-ft, 21-in nominal
163-175: Silty clayey SAND 47.0-140.5-ft, 17-in nominal
176-1300 Silty gravelly BAND 140.5-220.S-ft, 13-in nominal
130-165: Sandy GRAVZL 220.6-323.0-ft, 1±-in nominal
105-2201 Gravelly SAND 323.0-4Z0.0-ft. 9-inL nominal
220-3401 Silty gravelly BARD
340-345t Silty BAND I Type of filler, 37-190-ft
345-370s Silty gravelly BAND0 D rY bentonits a bentoolte slurry
370-30s Gravelly silty BAND Ir
3$0-3901 Gravelly clayey SAND *IDepth top of sealt 9.-L
390-405s Silty gravelly BAND .Type of mealzVolclay grout
409-410z Gilty/clsyey sandy GRAVEL
410-435: Silty gravel BAND
435-450: Bandy CLAY
450 :CLAY

I Dpth top of sand pac=341.-t
10-20-meab ailiesa snd

Depth top of screen, I 422.6-ftl
4-7n. stainless steel 020-slot

I Telescoping saroon, 422.3-432.6-ft
I-in stainless steel, 030 slot

IDepth bottomZ mfsren j 432.5-ft]

I Depth to bottom of borehole: I 450.O-fzI
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ULLL CONSTRUCTICN AND COKPLgTICK SUMMARY

Drilling sample Drive barrel WELL TZMPOMARY
Method: Cable tool method: herd tool NJUR: 299-1116-21 wELL NO______
Drilling 200 X1 Wtr Additives Hlanford
rluld Vsed: Supply Used! Not documented Coodinates: N/S N 31,794 1./l W 'I, OR()
Driller's Un State state
Namee: D- Ludtka Lie Mr! Not documented Coordinates: K 442,895 E 2,217,143
Drilling company start
Copn:O~ rli Location! Ktennewick.,U Card fe Not documented T___ A___ a -__

Date L~i.CEvatlaon
started. 02Jum17 Complete: 23Jul87 Groutd surf ace (ft): 666.50 aras cap)

Depth to weater: 137 -.5-ft J7ul$?
(Ground sutfaoft5202.7-rt lII~rS - I Elevation of reference point: Is6B.62-fti

(top, of casing)
GUI3ZRALIZED Osologiet' a tHeight of reference point shove i 2.12-ft I
ETA NDPHY Leg DI ground su:face

SITI Depth of surface mal 10-186-ftI
9-10: Sandy SITand CLAY loe. Type of surface meal:Sortland cemenat
10-20; BAND *4-ft is 4-ft a 6-i ufc e to a-f
10-22: Gravelly SAND W Etiitn roetv ot
22-23: Silty SAND Ions . ooa got -185.6-ft
23-35; SAND
33-40: Gravelly SAND
40-42; slightly gravelly SAND
42-M0 Bandy GRAVEL. I I.D. of riser pipe,.I 4-in I
50-35: Silty sandy GRAVEL :*-Type of riser pipe;
55-59: GRAVEL stainless steel
59-60; silty sandy GRAVEL
60-1041 Silty SAND 1- Diameter of borehole,
.104-1092 Clayey silty SANG 0-19.2-ft, 17-in nominal
109-124s slightly silty SAND 19.2-83.3-ft, 13-in nominal
194-139% clayey/silty SAND 03.3-ISS.9-ft, 11-in nominal
13S-144: silty BAND 164.9-227-ft. 9-in nominal
144-164t Silty sandy GRAVEL
164-169t Sandy GRAVEL
169-1741 Silty, sandy GRAVEL I Type of fillers

17 14tSnyGRAVEL _____________
1)4-205: Gravelly silty SANDVoea 15.-t

20-1:SnyGRAVEL 3 Depth top of__goals
210-214: Gravelly SAND ii: :11 Type of sealiVolclay pallets
214-22'): Silty gravelly SAND '

1 Depth top of sand paks I 1S7.3-ttl
I20-30-mesh silica sand

LI Depth top of screen: ly13.b-fl)
4-ic. stainleas steel 020-alat

Depth bottom of screen: I 226.5-fti

Telescoping acreen, 215.5-225 .5-ft
S-In stainless steel, *30-slot

SDepth bottom of borehole! I 227.O-ftl

Drawing lay: Da/SVB2.AlOte: 19Ap3

Refearence: NPMIORD InILS
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NEIL CG~iBThIJCTXQ AND CC4PLETI SUMMARY

Drilling sample WELL TEMPORARY
Method: Cable tool Method: B"r tool tUNtI: 290-WlS-22 WELL. NO:______
Drilling 200 PN Wr - AdIt~vZ - Raeford
Fluid Used: Supply Usied: Not documented Coordinates: NIS _N 31,631 E/14 W 70.109
Driller's WA State -stte
Name: X. Olsen Lie Mr: Not documented Coordinates: N 442,932 E 2,217,119
Drilling company- Start
Coey: Owvego Dhrilling Co LoaationtKennewinke W Card #.- Not documented T__ R__ S___
Date Date Elevatio nStarted: 12Jun87 Complete: 2&Sep87 Ground surface (ftl± 65.41 JPrams cmpi

Depth to water: I t5 M-
lOround mutfaae3fts ~ ii9 -j--------- I Elevation of reference points I6I.49-ftl

ttop of casing)
GENUP.LIZED Geologist 's - Height of rofenoe point above[ 2.00-ft
STANAY Log ground surf&..

02,MDI Depth of murfae. meal I 0-3-ft -1

20-25. Sandy GRAVEL - Type of surface xmal:Cvncrete
25-35; slightly silty EANu Wz-ft x 6-in sfaePad35-40: Slightly gravelly sAND . . . equdisan proe ive posts
40-45: sandy GRAVEL [ r utnt -115-ft
45-50: Silty sandy GRAVEL...
50-55: Sandy GRAVEL - I Vololay bontonite slurry 13-169-ft
5 5-60: GRAVEL
60-65:. Uandy GRAVEL I 1.0. of rimer pipe: & -in
65-75: Slightly silty GRAVEL Type of riser pipe;
75-9D-. Silty SAND Steinless steel
90-5: Sandy SILT
95-110; Sandy SILT/CAN imee fboeoe
110-1153 Silty/layey BAND +-I Diamet of -i noeoe, a
120-130: Sandy SILT 50.5-150.1-ft, 17-in nominal1
130-1351 GILT 150.1-250.9-ft, 13-in nominal
135-145% Gravelly sandy SILT/CLAI 250.9-342.5--ft. 11-in nominal
145-150, Silty sandy GRAVEL ,a342.5-t55.0-ftr 9-in nominal
150-155: Sandy GRAVEL
155-:75t silty sandy GRAVEL I Type of filler, le9-404-ft
175-190t Sandy GRAVEL B entonite grout
150-1951 gravelly silty SAND I
195-200: Silty sandy GRAVEL :91 1. Depth top of seal: I 404.0-ftj
200-205; Silty/clayey sandy GRAVEL 313 1 "1 Type of sealiVolclay pellets
205:235; Silty sandy GRAVEL
235-24Si Silty gravelly SAND0 I Depth top of sand pack. I 410-ft I24b-250: Gravelly SAND I10-20-sesh mllicas and
250-25b: Slightly silty gravelly SAND
255-2653 Slightly gravelly silty SAND
266-275: Slightly gravelly LI Depth top of screen: 416.5-f ii

slightly silty BAND 4-n 0 so275-200: Slightly gravelly SAND fE~ i t
280-296: Gravelly BAND
ZUS-2Z?0: Slightly gravelly silty SAND
296-3051 Silty gravelly BAND Telescoping screen, top [ 437.5-fti
305-3301 Biltylolayey gravelly SAND a-in stainless steel, _30 @lot
330-3351 Gravelly silty SAND0 ITescoping screen, bottom I 4d7.-rtj335-340: Gravelly SAND I Depth bottom of screen C70T
340-355-, silty gravelly BAND
355-30b: Gravelly ailty SAND
305-415: Silty SAND
415-430: Slightly gravelly silty RA~nI
430-447: Silty gravelly BAND
447-450: 19ro.~nih/qray CLAY
45D-455: Slightly gravelly sandy CLAY 1f- Depth to bottom of borehole: I455.0-ftJ:455 CLAY ____

Drawing By: RNL/2W18-22.AsU Date: 19Apx9

Raferanae: HARPIORD WELLSI
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WELL COOTNUCTI AND COWLTZG UMMARY

Drlin ample, Drive barrel NELL TEMPORARY
Method: Cable tool Method: Hard tool NUMBER, 299-NI8-23 WLUZ NO:______
Drilling 200 IS Water AdditivesHaor
rluid Used: Supply Used!: Not docusifnted coordinates: K/S x 38,267 L/lt V 10,120
Driller's Kh Ottei state
)lawe: D_. Garcia Lic Mr: Not documnented coordinates! K 445,060 X 2,217,103
Drillin1g Company- Start
Company: Ornng2 Drilling Co Location: Kennewick, W~Card Is Not documnted T_ R A___
Data at Elevation
Started: 7Q4ayB7 Complete: 01Jul57 oun.d surface (ftt: 594.75 IBrads capj

Depth to %atnr: 224.0-ft JUn37
(tround surtaoaT20.-f llArsl 1 Elevation of reference point: 1696.01-ftl

[top Of cedingiGENERA.LIZED Goiogimt' a Height of reference point above I 2.06-ft I
ST3.AIGRAPRY Log 1 g-ond surface

I Depth of Surface seal 10-nO0-ft 1
0-14; Silty gravelly SAND
14-19: Gravelly BAND Type of surfaco. eaal.Presix concrete
19-24: slightly silty HAND 4-ft x 4-ft x 6-Iu surface pad oSf
24-34. Silty SAND - giitc roteative, 2oats
$4-30". Slightly gravelly Silty WMD-V a ru
39-44: Silty BAND
44-49: Silty SAND ie/trasle GRAVEL.
4 9-54: Silty GAND
54-59: Silty sandy GRAVEL I I .D. of rimer pipe; I 4-in 1
59-64; silty gravelly RAND .Type of rimer pipe;
64-105; Silty mandy GRAVEL Stainlesx-gtooel
lOS-119: Gravelly silty SAND
119-129: Slightly gravelly silty SAND a-I Diejoter of borehole,
129-149: Silty SAND 0-62.3-ft. 13-in nomlinal
149-189: Sandy SILT/CLAY I 2.3-146.5-ft, It-in nomsinal
159-164: SILT/CLAY v/treoe SAND I145.5-293.0-ft. P-in nominal
164-169: Slightly gravelly VI.LT/CLAY

and O.LICHF
169-174: Slightly gravelly

silty/clayey SAND and CALICIIE jType of fillers
174-led? Silty SAND v/CALICH9 Volelay grout
104-169: Silty sandy GRAVEL
101-2S4s Sandy GRAVEL 11 491 1 Depth top of seals I 210.0-ftl
234-239: Silty gravelly SAND ]It 191 Type of 8ealiVOICIay Pellets
231-244t silty/clayey sandy (tRAVEL
244-249: Sandy GRAVEL IDepth top of sand pack. i1.-t
249-256t Silty sandy GRAVEL I20-30-mesh silica mend
25h 1silty gravelly AND

Depth top Of screen, 2.-t4-in, stainless steal. 120-mlot

I Telescoping Screen, 241.0-251.0-ft
0-in stainless steel, 930-slot

tDepth bottom of screen: I 251.0-ftl

-----I Depth bottom of borehole- I 255.0-ft)

Drawing By. RXL/2116-22.AB2 Date. 13Apr3

Isfarmenoa: HANFORD WElLS
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UiKit CN8?RuC2TOW AND CONPI.TIO UI WOAY

Drilling aimple Drive barrel WELL TEMPOARIY

Dethod: Cable tool Method: Hard tool NWESER: 219-1118-24 ELL NO______
Dilling 200 X Water AddItivasm Sanford

Fluid Usmed: Supply Used! Not documented Coordinates: HIS N 30,298 LIN W 77,180
Driller's MR At&ta _ state
Nesla: R. Vance Lie Mir. Not documented Coordinates: W 444,102 _ 2,21.I,045
Drilling Company Start
Coftpany: Ormeego DrIlling Co Location: Kennewlak, NA Ca rd 0: Not documanted T A___ a____
Date Eae levation
Started! 22i~y97 CONplete: 1GAug87 ±Ground surface (ftl; 682.10 Iflrams cap)

Depth to water: 213-:ftAjM8.
MGrOUnd PurtaOW1 Ri~ Elevation of refarenoe point. 1664.35-ftj

Itop of casing)
GENERALIZED Geologiet-s - Height of reference point shoe I 2-ft I

SRAT! J.WHY Log I ground surface

U-17. Slightly silty SAND IDpho ufc -IIObi

17-20; Slightly gravelly SAND Type of surfaesa*el:Partland commant
20-38: BAND - 4-ft x 4-ft x $-in ufe d
36-45; Gravelly SAND =weqidit prtct tve posts 18-in
45-50; Slightly gravelly WWI) 1.01. of FstULfOs111 casing; I Rtemoved I
50-55: Slightly silty, slightly [If present I

gravelly SANO
55-65: Slightly silty, gravelly SANO
65-60: AND -I I.D. of riser pipe; 4-in I
00-65: slightly silty, gravelly SAND Type of riser pipe;
65-00: Slightly silty RAND stainless steal
90-112; Silty SAND
112-12D. Sandy GRAVEL fDiameter of borehole,
120-1253 oRAvEL 0-l0.5-ft, 17-in nominalO
125-135z Sandy GRAVEL .10.5-70.2-ft. 13-in nominal
135-250- Silty SAND 70.2-153.2-fte 1l-in nominal
±50-160: Sandy GRAVEL 153.2-240-ft, 9-in nominal
160-170% SAND
170-175: Sandy GRAVEL
.175-190: Slightly silty, sandy GRAVEL .I Type of fillera
190-195: Sandy GRAVEL IVololay grout
195-205t Silty sandy GRAVE.L
205-22D: Sandy GRAVEL 19 i Depth top of seal: 91f
210-216: Gravelly silty BANDL 183 it;1 Type of mealivolclay pallets
216-220t Slightly sandy GRAVEL
220-240s Sandy GRAVEL iWI Depth top of sand pack: 96f

I70-30-mesh silica sand

Depth top of screen: 205-t

I Telescoping screen, 230.0-240.0-ft
@-in, 10-slot, stainless steel

I Depth bottom of screen: I 235..5-f-ti

1- Depth bottom of borehole: I 240 ft 1,

Drewinq 13y: R)CL/2Wl-24.AffH Date: Igpr3

Reference: HANFtMD WELLSI
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WELL SUMMARY SEEUT I w 2__
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a, a"r .4

13,II~S .2~- 'S ,JI .. ,iooc

IA.

il .7'iEla,
4Ipgj /-6 1 _ _ _ __ _ _ _

II AS-
ii ~ i ~sAm

APO
/AS

-- Ms.

I I 'i
I-PA Ad-1.1

23o WIN

0267.5 AP 5C-57________________



DRAFT DOERL-88-20, Rev. 0

06/2002

WELL SUMMARY SHEET

Las" 4 s of- 231 1 . ________________________________

200 JP I o..p'Tt. Its

CHWCNX DATA Dosh"OOSIC C DATA

-4l 
wo+u Uj L1 -ca

~ ~ LoI .lISO
_ _ _ _ _ _ _ _ sti 
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_ _ _

02061,085 APP5C-5



DRAFT DOE/RL-88-20, Rev. 0
06/2002

WELL CONSTRUCTION AND Ca(PLZTIIW UW0GMYI

ncillirq Sample Drive barrel WELL TE.MPORARY
Method: Cable tool Method! Hard tool NUMBERP: 259-Wi5-1 NELL NO:_______
Drilling Additivee Honford-
riuid Used: Water Used, - ot documented Coordinates: N/8 N 39,308 L/W N 17,013
Drillar's NA Star& - -state
Nae:. H_ Osborn/K. Slth Lie Nrt Not documented .Coordinates: N 444,492 X 2,219,211
DrlliWq Company Start
Company! Not documented Location: Not doumented Card #: Not documntad _ A___ a -____
Date --- bte Elevation
Started: 17Nov55 Complete! 123anS3 Ground surface Iftl: 677.4 Eatloated

Depth to water: 209-ft Des8
(Ground murfraeT _ II - Elevation of reference point: 16800oO-ftl

(top of coming)
GINEP.AIBKD Drllear'sj.. Height of reference pointabml26f
ST7TGRAPHY Log F1ground murface*

I Depth of auxfaeo seal I PM 1
0-34; SAND Type of surface peal:
34-40: SAND and COBBLESTONES None documented
40-43: 90JLDZRB-BMID and GRAVEL
45-104: AMD
104-124: LAND and GRKVEL
124-_133: Bxown SILT I .D. of rimer pipe: I S-in 1
133-140: GRAVEL and &AND
140-14C-: cOBBLEBTONSZ-GRAYCL A SAND I HANFORD WLLIJ documents 6-in liner to
146-170: SAND 139-ft. grouted. Installation not
170-104; VILT-MOILDERS otherwise documented.
104-101: $AND I Perforation not documented. amauned
107-195, GAND r. DRAVEL Typo of riser pipes;
195-205: GRAVEL a BAMD All carbon steel
205-2151 COUSLENTON&B-SOA-DSKB

SAND 6 GRAVEL
215-220: BOULDERS 6 BAND
220-2353 BOULDERS a CLAY I 10-in caming pulled beck from
235-25s C0MDLESTQNM-GRAYEL 6 CLAY 163-ft. Cosing parted.
255-265: Sandy CLAY 6 GRAVEL Bottom I 147-ft. top I 72-ft
265-291: GRAVEL & sandy CLAY
201-2621 LAND
202-215t COBBLEFTONFJ & SAND?4- 11-in nominal hole to -165-ft
295-300t SAND
30D-303: COBBLSBTONL 6 aANC Borehole diameter, 115-427-ft I I-in non)
305-309: BOULDERS-BAN -CLAY
309-311: KAND
311-32b: COBBLE5TONSS-SANO-GRAVEL IDepth to top of perroratlonam I 198-tt I

and a little ClAY Description of perforationa:
32b-3273 BOUJLDERS, CLAY a GRAVEL 195-230-ft. 6 holes/ft __
3"7-320% SAND @-In casIng oertad I 23-ft
323-337: BOULDERS, CLAN and AMCD- h en*
331-342s Reddlah brown CLAY
342-34bt GRALVFL a aAND 4
34b-356: COBBLESTONES, SAND & CLAY
355-36'P: HANDt
357-3601 COBBLESTONES, & CLAY
360-311 GRAVEL, SAND 6 CLAY
391-383: BAND
333-4 Dl: ClALY-GRAVEL & SAND
400-423: Sandy SILT
423-427: GRAVEL, SAND E CLAY IDepth bottom of perforations: I 425-ftI
REn1EflTTIN 05-060un6l. by Match
cleaned well and met screen 371-427-ft r~I Depth bottom of perforations: I 427.0-ft]

Screen% plged642-t Depth bottom of borehole: 47.0-fti
26Jul~67, byVHatch -2PUlled, ecreenl

Dwinq B: R U4M180 .A DtelApr93 I
Note: Depth to bottom measured 369.7 feet below top of casing in October 1999.
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URIL CNSTRUCTION AND COMPLETION0I ~ R

Drilling Sample WELL TEKPOPAY
Mathod! Cable tool Method: Drive barrel N)MfR: 299-Nla-31 WE.LL NO:______
Drilling 200 W Watier Addltives Haenford
Flu"id Used: Supply Used, Not documented Coordinates: WES N 31153 E/II V 76 032-1
Driller's KR State State WAD83 N lI1 7M7i. E 569,7W8
Nae: .H-eBker LIC~Ntd~Wine Coordinates- K 44,1 2r21,131
Drilling Compn Notdoumete

Company: Kaiser Inginserm Location: Hanford Card I- Not documsented T__ it a
Data oat& elevation
started: 6ssep31 Complete: MOCK05 Grounid surtace (ftl: 660.23 IBram 05pj

Depth to water: 151.2-ft Dect1
(Ground aurfacs)lIB.4-ft 26MAZ93 1-------- Elevation of reference point: 1664.16-ft]

(top of casing)
GENflALTIED GCulogistl aI Hai~ght of xeforenac point &hovel 3.4S-ft I
STRX3IGRAPHY Log j ground surface
91-sllghtly

D-5: gr-avelly silty SAND IDPbo ufc olMaiw-

5-10; 01 silty BUJD Type of surface oeal:Pro-mix ooncrete
ID-20: Gravelly silty SAND 4x4-ft x 6-in suzfae Ngad
20-23: silty sandy GRAVEL 4 g itn rotactive osts
25-30; 81 silty SAND Cemient grout 2.0-11.0-ft
30-3b: Silty SAND
35-45; 51 silty WAD
45-50-. SAND I I.D. of rimer pip.: I 4-in 1
50-35; Silty SAND IType of rimer pipe:
55-60: 81 silty gravelly BaND stainless steel
6D-65: SAND
65-70: 01 silty AD I Diameter of borehole,
10-75: silty SAND 0-19.0-ft. 13-in nominal
75-SO: SAND I19.0-127.4-ft, 11-in nominal
00-05: silty SAND 127.4-227.6-ft, 9-in nominal
05-95: 61 silty BAND
95-110: silty SAND
110-119: 51 silty LAND IType of filler, 18.0-118.6-ft
II8-119: CLAY, calcareous 3-20-mesh bentonIte crumblep
119-130. Silty SAND w/CLALY stringersa
130-1311 CALICIOL
131-132: Silty GRAVEL li iI Depth top of noel:17.-t
132-140: Silty gravelly &AND : 23Type of seal,
140-155: Silty sandy GRAVEL :; .. 3/9-in bentonite pellets
155-1601 GRAVEL
160-1001 Sandy GRAVEL IDepth top of sand packi 6.-t
180-200: Silty sandy GRAVEL 20-40-es silica send
200-2103 GRAVEL
210-220i Silty Panay GRAVEL
220-221.6: Sandy GRAVEL

I Depth top of screent I 187.3-ftj
4-in, ~ ~ S 10so cntino.. wrap

T3094 Ainlessstee with
fIlter Pack

I Depth bottom of screent I 222.3-ftj

I Fill, 228.0-221.8-ft
- I Depth to bottom of borehole: I 227.6-ftl
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U~iJ4 04 3

WELL CONSTRUCTION AND COMPLETION SUMMARY
Drillin liampl WtLL. TEMPOARY
Meftd: Cribi. TOSIAV Roley Wilmd: Grb5151t Spoe, NUiMSE 21,0-10011-40 C3335 WELL NO& Not Allo,orm.

Flwd Umed: AlrN~O., Veed: Nor. CooNoneo N Not #oK mmili141

owder)1 0. Nomll KI. 01Wi. WA SlatemM Ntgo
No.,. AL 0- L0 Nr: 1500.121?, NA odae Nldo..,d

C.mp"'". Rol LI~gha Woedleftd. C4 C.rd a. 1017415

DaeDell, ENevabe
s5armad. 11"964 Coo"st 21&pm G-od Su.4e

Depth to Walter: 214.6 ft 27111eplil Elevation. of Reference Point:

t~ol~ lagr a Reronce Point Above

GENERALIZED Metgq' u .olurface:
5TRATIGRAPIIY I iokf o Depth of Surface Scel 111 ft

Typ~e of Surface Seal: £4i Gonoee Pod

g F ill C a s in g S w nr

Wy 6t:Il5 0d.,ieleO -d 11chpof 4 inch
17- 11 :CSelly Sood 1Go) Cement Surface 31141. $a Soth 6
ill 23 ft Sando Gravel 1,G) Soso01
2327 5; 0~b ft;W Spsow edyl

So0-47 ft : 8iini I()

47.529 ft: SAY Sandy Gfewel (reoG)
04I3et : G'.alende(W
66 - 14.A N110f Sarn GratE (AUwG)

69.S. 110 ft : Seal nd w at I Ift

11.-202 t
l1-innnh hn6,

ItPl- 132 5 I: 15dy 11IWA) Granular
ftenton.Ie

132.!0- 131 I: Silt 31mily UtenelMV *Me hc
132. 144 ft Sfty Sandy Gravel (MSG)
I" - Stoft- any rd-eIIO)

180O- 220.6 ft. SOY Saody Gre1 (-oG)

2I. 2 t - dSyS"G4 
11 -inch tole

20.0 72.5f:0.010 SAY sot Gad Bentonle Puliet 21827 -25328 ft
222.6 -M - AV If0 tGravl (1111G) I.207111- 255.2 ft. 4 ic

in mCh hole 304L as "m~r
10(20 Silli-a Sand Wisp .020 slot

252.5.250 ft S SttyGrewi (noG) 255.29. 260 ft 25128 - 265,28 ft
11-mali hole

Slough a 'tci
304L SS Suflip

200 It Borehole driled depth

0 -2601).: 11n. 1lemy 10-314' CS csg
ill to 147'wyCabie Tool, advarnced to
176 alAir Rotary, Cale Tooled to 260

ft,

Dravring by: J9A
Re1eeri Hanford Waft

RevisiontDate: 15Oct01
puint Dae: 05Nov01l
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I APPENDIX 5D
2
3
4 MONITORING EFFICIENCY MODEL OUTPUT
5
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1 APPENDIX SD
2
3
4 MONITORING EFFICIENCY MODEL OUTPUT
5
6
7 This appendix provides results of computer modeling used as one tool to evaluate the theoretical spatial

8 coverage provided by the existing well network and to optimize well coverage under different ground-

9 water flow scenarios. Hydrologic data summarized in Section 5.3 was used as input to the model.

10
11
12 5D.1 Model Description
13
14 The model is a numerical tool referred to as the MEMO, which was developed to assist in design of

15 monitoring well networks (Wilson et. at. 1992). The model uses a two-dimensional plume generation

16 routine to compute the size and shape of a plume from hypothetical source locations uniformly distributed

17 within a source area (i.e., waste management area). The model assumes the contaminant is released as a

18 continuous line source into a uniform or homogeneous aquifer. If a contaminant occurrence is more of a

19 short-tenn transient event, there is likelihood to overstate the computed monitoring efficiency because

20 less lateral spreading will occur than with a continuous release source.
21
22 Major input parameters include groundwater flow direction, longitudinal and transverse dispersivities,

23 velocity, buffer zone, and well locations. The X-Y coordinates are entered to define well locations, the

24 waste management area boundary, and the buffer zone. The buffer zone is used to alloxv the hypothetical

25 plume to expand to some point beyond the source area boundary. The farther away the buffer boundary is

26 set, the greater the lateral spreading that will occur in the vicinity of the line of compliance where the

27 wells are located. Thus, there is a trade off between number of wells needed to eliminate areas of non-

28 coverage and the elapsed time when a contamninant plume would be detected. With a narrow buffer zone

29 (boundary set close to the well locations), detection of hypothetical contaminant plumes would occur

30 earlier but requires more wells.
31
32
33 5D.2 Simulations
34
35 Longitudinal and transverse dispersivities, the parameters that control the extent of plume spreading, were

36 estimated based on results of evaluations from the 200 West and 200 East Areas as well as other non-

37 Hanford sites with similar aquifer types.' Dispersivity is directly related to the scale of interest, and most

38 of the studies evaluated areas larger than the LLBG. The researchers plotted dispersivity values from

39 these studies versus scale of measurement on a log-lot plot. The researchers identified a linear

40 relationship and fitted lines to the data, giving more weight to the site-specific data. Researchers were

41 able to extrapolate transverse and longitudinal dispersivity values for the scale of interest of the LLBG,
42 assumed to be 1,000 feet (305 meters).
43
44 Other input parameters and the values used for the computer iterations are defined as follows:
45
46 * X-Y coordinates: State Plane, meters
47

Golder Associates. 1990. Low-level Waste Burial Grounds RCRA Part B Permit Application, Section 5:
Groundwater Monitoring, 903-1201, Prepared for SAIC, Richland, Washington, by Golder Associates Inc.,
Redmond (Seattle), Washington.

020627.0634 APP 51D-i
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1 C0 /C0 : Dilution contour where CD is the detection standard selected as the limiting concentration to

2 be detected by a monitoring well, and Co is the source concentration in groundwater at the location of

3 origin within the WMA. To provide adequate early warning of a release, the model should be based

4 on a dilution contour for the more mobile potential contaminants at the site. A dilution contour of

5 0.001 was chosen for this evaluation (Colder Associates 1990, page 99)

6
7 * disp. Longitudinal dispersivity, meters. A value of 8.5 meters was used based on various studies on

8 and off the Hanford Site (Golder Associates 1990, page 102)
9

10 *tdisp. Transverse dispersivity, meters. A value of 2.4 meters wvas used based on various studies on

I11 and off the H-anford Site (Colder Associates 1990, page 102)
12
13 * diffc. Effective Molecular diffusion coefficient (insignificant for this application so set to zero)

14
15 * source width, meters. Thbe length in meters of the initial source dimension (modeled as a line source

16 of the same length spaced evenly over the entire source area). A line source length of 6 meters was

17 used. Although larger widths might be justified to simulate a larger release, the 6-meter width is

18 considered to be conservative (i.e., a source that starts wvith a wider cross section will spread to a

19 greater width at the point of compliance and would result in the need for fewer wells to provide full

20 coverage).
21
22 I mb. First order decay constant. This term wvas set to zero because decay is negligible.
23
24 5D.2.1 Low-Level Waste Management .Area 1
25
26 Figure 51D-I shows results of MEMO using the proposed final-status network for this waste management
27 area. The shaded areas indicate hypothetical source areas that wvould not be detected by the network.

28 Monitoring efficiency is estimated at 96% with most of the undetected areas along the boundaries where
29 there is no waste in place.
30
31 5D.2.2 Low-Level Waste Management Area 2
32
33 Low-Level \Vaste Management Area 2 has a lower efficiency, 58% (Figure 5D3-2). The northern part of

34 this waste management area is unmonitored because there is no unconfined aquifer in that area (basalt is

35 above the water table). A portion of the southwestern Low-Level Waste Management Area 2 also is
36 unmonitored, but there is no waste currently in that area.
37
38 5D.2.3 Low-Level Waste Management Area 3
39
40 Figure 5D-3 shows MEMO output for Low-Level Waste Management Area 3 using existing wells and
41 assuming groundwater flow toward the east-northeast (current flow). Monitoring efficiency is only 65%.
42 Figure 5D-4 shows the same network with flow toward the east (expected ifuture flow). Efficiency
43 decreases to 56%.
44
45 Figure SD-5 shows MEMO output using the proposed monitoring network, including 13 new wells for
46 Low-Level Waste Management Area 3 with a groundwater flow toward the east-northeast. Figure 513-6
47 shows the same network with flow toward the east. Monitoring efficiency increases from -90% to -98%
48 as flow shifts to the east.
49
50

020627.0634 APP 5D-2
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1 5D.2.4 Low-Level Waste Management Area 4
2
3 Figure 5D-7 shows that using the existing wells for Low-Level Waste Management Area 4, monitoring
4 efficiency is only 19%. Adding four existing wells that are located downgradient of the site, the coverage
5 increases to 72% (Figure 5D-8). Using the proposed network of existing wells and 10 new wells (without
6 the supplemental wells), monitoring efficiency is -98% (Figure 5D3-9).
7
8 These simulations assume a downgradient buffer boundary width of about 100 meters downgradient of
9 the line of compliance, except for Figure 5D-8. In that case, the buffer zone was expanded to 200 meters

10 to encompass the supplemental wells.
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MAP ver 1.1 M EMO Simulation Golder Associates Inc.

137800.

13780D. 12

137400.

137200.

137000.

shoo0. s72Bo0. 530c. s73200.

Low-Level Waste Managem~ent Area IHydraulic Gradient Zones (degrees)

Solution time: 03/01/02 10:30:26 7
Monitoring Efficiency - 96.4 % 135.0

Well numbers on figure correspond to actual well numbers as follows:
1 299-E28-26 7 299-E32-9
2 299-E28-27 8 299-E32-10
3 299-E32-3 9 299-E33-28
4 299-E32-6 10 299-E33-29
5 299-E32-7 11 299-E33-34
6 299-E32-8 12 299-E33-35

Figure 5D-1. MEMO Results for Low-Level Waste Managennent Area I Proposed Network.
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MAP ver I1 M EMD Simulation Golder Associates [nc.

137600

137200

Low-Level Waste Management Area 2 Hydraulic Gradient Zones Idegreesi

Solution time: 03/26/02 00.53:49
Monitoring Efficiency -50.2 1 180,0

Well numbers on figure correspond to actual well numbers as follows:
1 299-E27-8 5 299-E34-7
2 299-E27-1O0 6 299-E34-9
3 299-E27-17 7 299-E34-10
4 299-E34-3

Figure 5D-2. MEMO Results for Low-Level Waste Management Area 2 Proposed Network.

020627.0634 APP 5D3-5



DRAFT DOE/RL-88-20, Rev. 0
06/2002

MAP ver 1.1 MEMO Simulation Golder Associates Inc.

5boo 5656000. ;&A00, 5BO

Low-Level Waste management Area 3 Hydraulic Gradient Zones (degrees)

Solution time: 03/21/02 09: 33: 12 1 jJ
Monitoring Efficiency =64.6 % 30.0

Well numbers in this figure correspond to the following Hanford well numbers.

I 299-W7-1 6 299-W8-1
2 299-W7-4 7 299-W1O-14
3 299-W7-5 8 299-W]0-19
4 299-W7-7 9 299-W]0-20
5 299-W7-12 10 299-W]0-21

Figure 5D-3. MEMO results for Low-Level Waste Management Area 3 using existing wells and flow to
the east-northeast.
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HAP ver 1. 1 MEMO Simulation Golder Associates Inc.

Low-Level Waste Management Area 3 Hydraulic Gradient Zones (degrees)

Solution time: 03121/02 09: 36: 09 Rl
Monitoring Efficiency = 55.5 % .0

Well numbers in this figure correspond to the following Hanford well numbers.

I 299-W7-1 6 299-W8-1
2 299-W7-4 7 299-WIO-14
3 299-W7-5 8 299-W10-19
4 299-W7-7 9 299-Wl10-20
5 299-W7-12 10 299-W10-21

Figure 5D-4. MEMO results for Low-Level Waste Management Area 3 using existing wells and flow to
the east.
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173
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Low-Level~~~~ 15t aaeetAea3HdalcGaiel oe dg~

bb 29-W- 650 299-11 (or0 replacement

2 299-W7-17 9-W01 (or replacement) 7 29WO2
3 299-W7-7 (or replacement) 8 299-W]0-20

4 299-W7-12 9 new upgradient
5 299-W8-1 10-18 new dowvngradient

Figure 5D-5. MEMO results for Low-Level Waste Management Area 3 using proposed network
(including new wells) with flowv to east-northeast. Wells 2, 3, and 6 will be replaced if they go dry.
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14

18

10

5650 koo00 561-0~ D60

Low-Leve] waste management Area 3 Hydraulic Gradient Zones (degrees)

Solution time: 04/02102 06:4~8: 03 R3
Monitoring Efficiency = 98.1 % 0

Well numbers in this figure correspond to the following Hanford well numbers.

I 299-W7-1 6 299-WIO-19 (or replacement)
2 299-W7-7 (or replacement) 7 299-WIO-20
3 299-W7-5 (or replacement) 8 299-WIO-21
4 299-W7-1 2 9 new upgradient
5 299-W8-1 10-18 new downgradient

Figure 5D-6. MEMO results for Low-Level Waste Management Area 3 using proposed network
(including new wells) with flow to east.
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I500

.2

4 .5

Low-Level waore var~agerent Ar'ea 4 Fydflau):c Gradient Zones [degreesi

So'utioo t.me, 0.;23/02 14 4B 39B

Hontonong Efhic~cn:y - 19.4 %.0

Well numbers in this figure correspond to the following Hanford well numbers.

1 299-WI5-15 4 299-W18-23
2 299-W15-16 5 299-WIS-24
3 299-WIS-21

Figure 5D-7. MEMO results for Low-Level Waste Management Area 4 using existing wells.
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136000.

12

135600.

4

135N0,.

134800. ____________________________

nb 1 65C .A*00

Low-Level waste Management Area 4 Hyaraulic Gradient Zones (degrees)

Solution timie: 03/22/02 13: 02: 29 E
Monitori~ng Efficiency - 71.7 % 0

Well numbers in this figure correspond to the following Hanford well numbers.

1 299-WIS-15 6 299-W15-31A
2 299-W15-16 7 299-W 18-1
3 299-W 18-2 1 8 299-W 18-31
4 299-W 18-23 9 299-WI8-40
5 299-W18-24

Figure 5D-8. MEMO results for Low-Level Waste Management Area 4 using exi sting wells and
supplemental wells.
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1 *2

135600. 

1

*14
0130,

Low~-Level Waste Managemnent Area 4 Hydraulic Gradient Zones (degrees)
Solution timie: 01/24/02 10 46:02
monitoring Efficienzy =98.3 % .0

Well numbers in this figure correspond to the following Hanford well numbers.

I 299-WI5-15 4 299-W 18-23
2 299-W15-16 5 299-W18-24
3 299-W 18-21 6-15 new downgradient

Figure 5D-9. MEMO results for Low-Level Waste Management Area 4 using proposed network
(including 10 new wvells).
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6
7 This appendix consists of a copy of a letter from Dib Goswami, Washington State Department of
8 Ecology, to Marvin Furman, U. S. Department of Energy, Richland Operations Office, dated May 7,
9 2001. The subject of the letter is "Statistical Assessment for the 300 Area Resource Conservation and

10 Recovery Act of 1976 (RCRA) Ground Water Monitoring Plan." Guidance provided in this letter also is
11 applicable to the choice of statistical evaluation methods for the LLBG.
12
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STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
7315 W 4th Avenue a Xennewkck, Washington 993364018 o (509Ty735.75al

May 7, 2001

Mr. Marvin Furman
U.S. Department of Energy
Richland Operations Office
P.O. Box 550, MSNKA5-13
Richlantd, Washington 99352

Dear Mr. Furman:

Re: Statistical Assessment for the 300 A "rea Resource Conservation and Recovery Act
of 1976 (RCRA) Ground Water Monitoring Plan

The Washington State Department of Ecology (Ecology) has evaluat ed the proposal presented by.
the United States Departmcnt of Energy (USDQE) requesting "varianfce" from applying interim
status regulations at B-Pond and other Treatment, Storage, and Disposal (TSD)'units, and their
request to apply the Shewbart-CUSUM control limits for the 300 Area Process Trenches (APT).
The purpose of this letter is to present regulatory guidance regarding the proposed "variance"
from applying interim status regulations and to denote the requirements for achieving acceptable
control limits for the 300 APT. This letter does not negate the current status of the site, but
allows for variance.

B-Pond - "Variance" from applying iterim status regulations. the following guidance is
provided to the USDOE regarding the request for "variance" from applying interim status
regulations for the RCRA monitoring network at B Pond monitored under interim indicator
evaluation status. The appropriate indica tors of ground-water contamination and statistical
evaluation methods will be proposed by Pacific Northwest National Laboratory (PNNL) and
submitted for approval by Ecology on a case-by-case basis.

The following criteria must be met prior to receiving approval of a variance from applying
interim status regulations.

1 . Identification of appropriate indicators of ground-water contamination and suitable statistical
evaluation methods will be achieved by utilizing best professional judgemecnt (i.e., waste
source terms, conceptual models), expertise, and site-specific knowledge to: <a) determine
the best technical approach based on hydrogeology and (b) tailor statistical approach to each
individual site as necessary (i.e., consider type of monitoring, the nature of the data, the
proportions of non-detects, spatial and temporal variations in the selection of appropriate
statistical methods). A list of the appropriate indicators will be provided to Ecology for
approval prior to implementation of the proposed plan.
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2. The selection of quality background data and data sets for identification of an appropriate
baseline period. Once baseline data has been obtained, outliers will be properly addressed to
avoid substantial bias in the statistical analysis.

3. American Society for Testing and Materials (ASTM) guidance will be utilized for
circumstances regarding non-detects and outliers.

4. The utilization of probability plots in order to maintain normal distribution of data.

5. Input parameter values (e.g., k, h, and SCL) will be proposed and submitted to Ecology for
approval prior to implementation of this plan.

6. Variance from applying interim status requirements for the RCRA monitoring network at
B Pond and other TSD units currently monitored under interim indicator evaluation status
will be allowed for a period to cover four sam pling events. Upon completion of the fouir
sampling events and statistical evaluation of the data, the submitted proposal shall be
reevaluated by Ecology for subsequent approval.

300 Area Process Trenches (300-APT) - Calculation of control limits. The following table
depicts the control limits and special conditions to be applied for each constituent of concern at
the 300-APT as proposed in the USDOEIEcology meeting held December 11 22000.

Table 1. Summary of Various Control Limits at the 300 APT

Constituent ShwatCSMControl Limit
of Concern I Parameter Value (igL

Well # 3-1-16A
cis-DCE (mg1L) I4.5 I 0.803

TCE (p/)4.5 1.72
Well # 3-1 -16B

cis-DCE (gglL) 14.5 I 39, 2621''
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Specific procedures to be used are as follows:

I . For wells where the Maximum Contamination Level (MCL) has been and still
is exceeded, quarterly monitoring will be conducted. One sample will be
collected from each well during each sampling event and compared to the
agreed upon control limits for each identified constituent of concern (i.e., cis-
DCE, TCE, and uranium). Tf aL cnntrnl limit k' exrexiod (proof by verification
sampling), a notification process will be followed.

2. For wells where the MCL has not been exceeded, semiannual monitoring will
be conducted. One sample will be collected from each well during each
sampling event and compared to the agreed upon control limits for each
identified constituent of concern (i.e., cis-DCE, TCE, and uranium). A
notification process will be followed after a confirmed exceedance (by
verification sampling).

3. Cuiently tetrachioroethene (PCE) is not detected in the 300 APT wells.
However, it has been detected in the past PNNL will continue to monitor
POE and report detected results.

The proposed statistical approach shall be in effect for a period of two years or four sampling
events. Based on the results of this trial application, Ecology would decide whether to continue,
madii5F, or abandon the proposed approach in these facilities or to apply the approach to other
facilities. The USDOE is therefore requ~ested not to apply this variance or similar
procedures/methods at other facilities with out Ecology's prior approval.

If further discussion is necessary, please contact Deborah Singleton at (509) 736-5722 or mne at
(509) 736-3015.

Sincerely,.

Dib CGoiWami, PhD

Nuclear Waste Program

DG:lkd

cc: Doug Hildebrand, USDQE
John Morse, USDOE
Charissa Chou, PNL
Stuart Luttrell, PNL
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This letter report presents recommendations for detailed lateral groundwater-flow
characterization (i.e., groundwater-flow direction and hydraulic gradient determination) within

low-gradient areas (e.g., ! 0.000 1), and provides initial results for the Low Level Waste
Management Area 1 (LLWVAIA.. 1), in the Hanford Site 200 East Area. Most of the discussion
pertaining to analytical methods described in this letter report was taken primarily from Spane
(1999).

The results of this study indicate that within low-gradient areas such as the LLW1A- 1,
barometric pressure fluctuations can impose significant effects on well water-level measurements
used to characterize lateral groundwater-flow conditions. These temporal changes in barometric
pressure make it imperative that all well water-level measurements be measured closely i time to

minimize errors in groundwater-flow characterization. In addition, for low-gradient sites
exhibiting variable vadose zone characteristics (i.e., thickniess, pneumatic diffusivity), barometric
pressure fluctuations can cause temporal changes in lateral groundwater-flow direction and
gradient. Discrete water-level measurements, therefore, used to determine the average or long-
term groundwater- flow conditions may provide non- representative results. This would also be

true of discrete measurements obtained using direct, in-well, groundwater- flow measurement
methods (e.g., flowmeters, colloidal boroscope). To ascertain whether barometric effects can
impose discernable changes in groundwater-flow characteristics, detailed barometric response
analysis should be performed for each LLWMA monitor well, which is a candidate for use in
detailed groundw.ater-flow characterization. T'his requires monitoring well water-level responses

and barometric pressure fluctuations over a -.7-day period (i.e., for general Hanford Site

conditions). Calculation of the barometric response characteristics for individual wells provides

E54-1900-0O) (8198)
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the basis for removing the temporal effects of barometric pressure fluctuations from monitor well

measurements, so that long-term, average groundwater- flow pattern behavior can be determined.

Initial results of trend-surface analysis of areal hydraulic head conditions for LLWIM- I
provided fairly consistent groundwater-flow characterization results. Analysis results for six
different measurement dates/data sets over the past 5-year period (1995 - 2000) indicate that the

temporal groundwater- flow directions ranged between 90 0 to 1600, and averaged 1190 (00 = East;

900 - North); while hydraulic gradient conditions ranged between 7.77E-06 and 7.51E-05, and

averaged 3.2 1E-05 across the entire site. The calculated average north-northwest groundwater-
flow direction is consistent with the inferred long-termn north-northwest groundwater- flow
direction, which is suggested by existing contaminant plume patterns proximate to the site, as
reported in Hartman and Dresel (1998).

Introduction

Groundwater-flow characterization is important for accurate prediction and monitoring of

groundwater contaminant migration at the Hanford Site. Accurate delineation of local
groundwater- flow direction and hydraulic gradient conditions within study areas of small size
and/or having low-gradient conditions, however, can be difficult because of the small differences
mn measured water-level elevation. A method that facilitates groundwater-flow characterization in
such areas is the use of trend-surface analysis of representative monitoring well water-level
Measurements, which is discussed in Spane (1999). Previous reports that have utilized this method
for Hanford Site groundwater- flow characterization, however, were for areas having a larger
hydraulic gradients (i.e., >0.000 1) than reported for the LLWIMA- I (e.g., 0.00006; Hartman and
Dresel, 1998). Because of these extremely low-gradient conditions, additional requirements are
needed for accurate groundwater- flow characterization. These additional requirements are
discussed later in the report.

Groundwater-flow direction and hydraulic gradient are commonly based on the areal analysis
of well water-level measurements. Various factors, however, can affect the accuracy of well water-
level measurements and how they are used to determine hydraulic head and to infer groundwater-
flow directions within an aquifer. These factors include measurement error, well fluid-column
density conditions, and external stress effects. Measurement error includes the cumulative effect
of instrument and measuring point elevation errors, borehole deviation, and random measurement
factors, such as operator error. As discussed in Spane (1999), systematic components of
measurement error can be evaluated qualitatively by assessing the relative influence of individual
well water-level measurements on the calculated groundwater- flow characteristics. This is
accomplished by using sensitivity analysis (i.e., "jack-knife" anal*si), wherein each Well's
measurement is removed individually from the selected well data set, and then the remaining wells
are subjected to trend-surface analysis. Wells having a significant impact on the trend-surface
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analysis results can, therefore, be identified by comparison of the individual sensitivity analysis run
results. Based on the limited sensitivity analysis performed as part of this letter report's
investigation, two wells (299-E32-4 and -E33-35) were identified as strongly influencing
groundwater-flow characterization results. As a consequence, well water-level measurements for
these two wells were not included in the quantitative LLWMA- 1 groundwater-flow
characterization.

Well fluid-column density conditions relate to factors that affect the height of a fluid column
in a well above a known elevation datum.L Factors that can affect fluid- columrn density include
fluid temperature, salinity, pressure, dissolved gas content, multiphase conditions, and gravitational
acceleration effects. Generally, these factors are only significant for deep or thick aquifers having
long fluid-column lengths, which was not the case for this investigation.

Natural external stresses that can influence well water-level measurements include
barometric effects, tidal or river-stage fluctuations, and earth tides. Earlier papers have addressed
these effects on well water-level measurements within confined and unconfined aquifer systemis
(e.g., Jacob 1940; Ferris 1963; Bredehoeft 1967; Weeks 1979; Hsieh et al. 1988; Erskine 1991).
Only recently, however, has the importance of removing external stress factor effects from water-

_ level measurements for wells monitoring shallow unconfined aquifer systems been recognized (see
Rasmussen and Crawford 1997, Spane 1999, and Spane and Thorne 2000). As will be discussed in
this letter report, barometric fluctuations can have a significant impact on temporal groundwater-
flow conditions (flow velocity, flow direction) within unconfined aquifers that exhibit low
hydraulic gradient conditions and variable vadose zone properties (e.g., 200-East Area of the
Hanford Site). Thiis is due to the areal variation in transmission of atmospheric pressure to the
water-table surface, which is part of the total hydraulic head pattern governing groundwater flow.

Of the aforementioned factors affecting well measurements, only the effects of external
stresses are quantitatively considered in this repor t analysis. Specifically, this letter report focuses
on:

0 evaluating possible barometric effects on well water-level measurements within
low-gradient areas (i.e., causing miscalculation of groundwater-flow conditions)

0 assessing temp oral barometric effects on actual groundwater-flow conditions (flow
direction, gradient)

* deternumiig existinig groundwater-flow conditions from available historical well
water-level elevation mreasurements within the LLWMA-1, and

* provides recommendations for improving monitoring of groundwater-flow
characteristics in the LLWMA- 1 and other low- gradient areas
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Results from this letter report will be useful not only for groundwater- flow characterization, but
also for the design and placement of future monitoring wells in this area of the Hanford Site.

Barometric Effects in Low-Gradient Areas

Areal well water-level elevations are commonly used in hydrologic studies for determining
groundwater-flow direction and hydraulic gradient conditions within monitored aquifers. The
reliable use of well water-level elevations for groundwater-flow characterization, however, assumes
that the atmospheric pressure is uniform at the top of the aquifer or that the effects of barometric
pressure vaniation are insignificant in comparison to the existing hydraulic gradient conditions. As
discussed in Spane (1999), this is due to the fact that total hydraulic head (i.e., sum of the water-table
elevation and the atmospheric pressure at the water-table surface), and not well water-level
elevation, is the hydrologic parameter controlling groundwater-flow within the aquifer.

Barometric pressure fluctuations can have a significant impact on well water-level meas-
urements that monitor unconfined aquifers; particularly for sites having significant water-table
depths below land surface (e.g., >25 m) or relatively low vadose zone vertical pneumatic
diffusivities. In low-gradient areas and/or sites exhibiting areally-variable vadose zone
characteristics (i.e., thickness and pneumatic diffusivity), these baromietric effects may lead to
erroneous indications of groundwater-flow direction and hydraulic gradient conditions within the
aquifer, i.e., if adjustments or removal of these barometric effects from the well measurements are
not made. This is particularly true for lateral groundwater- flow calculations based on well water-
level elevations not measured at the same moment in time (i.e., susceptible to temporal barometric
effects).

To demonstrate the impact of barometric pressure fluctuations on groundwater- flow
characterization within low-gradient areas, two hypothetical examples are considered. The first
examines the miscalculation of flow direction and gradient conditions due to well measurements
obtained at different times in the presence of temporal barometric pressure fluctuations, while the
second illustrates temporal variations in actual groundwater flow imposed by barometric fluctuations
and variations in vadose zone characteristics.

The first example is appropriate for the LLW/M- 1, since most routine well water-level
measurement surveys for this area have been completed over a several-day period. To illustrate the
effect of temporal barometric fluctuations on the " miscalculation" of groundwater-flow direction
and hydraulic gradient, a simple "three-point" problem was examined for hydrologic conditions
believed representative of the LLWMA- 1 site. For this example, a constant hydraulic gradient of
0.00005 was assumed, and a due East flow direction selected for ease of flow direction comparison.
The two perimeter wells assigned in the three-point analysis were located 1000 m due north and
east, respectively from the central (south) control well location. The well response to barometric
fluctuations was calculated using WBAR program described in Spane (1999). A uniform vadose zone
thickness of 80 mn and a pneumatic diffusivity of 0.20 xn2/s were assumed for the calculations. The
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pneumatic diffusivity value is consistent with the value determined for a neighboring 200-East
monitor well (299-E33-41), as reported in Spane (1999). Three incremnental atmosp heric pressure
step changes of +0.05 m were applied in the simulation for the given well/aquifer system, with
individual step changes occurring at elapsed times of 0.25, 0.50, and 0.75 days. At an elapsed time of
1.0 day, an atmospheric pressure step of -0.15 m was applied, bringing the net applied barometric
pressure back to zero for the given well/aquifer systemn. To examine the potential severity in
miscalculating the groundwater-flow characteristics, well water-level elevation values for the central
(south) well were assumed to be measured at a time 3-hr after the north well measurement, while the
east well water-level measurement was obtained 6-h after the north well measurement. Figure 1
shows the miscalculated groundwater-flow direction from the actual due East (zero degrees)
direction versus the time of the measurement at the north well (X-axis). Note that the error in
calculated flow direction depends on the timing of the measurements relative to the atmospheric
pressure fluctuations. Likewise, Figure 2 displays mniscalculations in hydraulic gradient from the
assigned value of 0.00005 versus the time of the measurement at the north well. As shown for the
example considered, areal well w.ater-level elevation measurements obtained at different times during
periods of significant temporal barometric pressure fluctuations, can produce considerable
miscalculations for groundwater-flow direction (up to 180 degrees) and hydraulic gradient (within a
factor of 4) over actual site conditions. It should be noted that the step change in barometnic
pressure likely contributes to some of the variability exhibited in the plot figures; however, the
relative magnitude of pressure change is within the daily range recorded at the Hanford Site (e.g.,
greatest daily barometric pressure of change = 0.35 mn; Hoitink et al. 1999).

While the first example illustrates how groundwater- flow characteristics can be miscalculated
by using areal well water-level elevations not measured at the same time, barometric fluctuations can
also cause significant temporal variations in actual groundwater-flow characteristics when vadose
zone conditions are not uniform (e.g., thickness, pneumatic diffusivity) within the low-gradient area.
To demonstrate the magnitude of possible groundwater-flow changes, the same simulated

atmospheric pressure step changes were utilized in this example. Vadose zone pneumatic
diffusivities of 0.15 nt2/s (Central/South well), 0.20 m2 /s (East well), and 0.25 m2/s (North well)
were assigned for the three-wells used in the three-point flow characterization analysis. It is not
known whether this amount of areal variability is realistic over the LLW)MA- 1; however, a recent
study by Spane and Thorne (2000) in the 200-West Area indicated well/vadose zone barometric
response characteristics ranging over a factor of two over a similar size area. In addition, vadose
zone thickness conditions vary by approximately 2C% over the LLWVIA- 1, and were fixed at a
uniform 80 m for the simulation. Keeping the vadose zone thickness constant decreases the effect
of barometric fluctuations on actual groundwater- flow changes within the LLWMIA-1.

Figure 3 shows the actual changes in groundwater- flow direction within the aquifer from the
initial due East direction, due to barometric pressure fluctuations and variations in vadose zone

__ characteristics. It should be noted that the groundwater-flow direction changes were based on well
water-level measurements recorded for the same moment in time. As indicated, actual groundwater-
flow directions within the aquifer varied by over 60 degrees over the two-day period, while the
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hydraulic gradient (not shown) varied by less than a factor of two from 0.000043 to 0.00007.
Greater variation in flow direction (and hydraulic gradient) could have been realized by increasing
the magnitude and period of barometric pressure change, which can occur during extended periods
of high or low-pressure activity at the Hanford Site. The results of this analysis indicate that discrete
well measurements used for groundwater- flow characterization will not be indicative of long-term
groundwater- flow conditions, but highly reflective of the temporal aquifer conditions that are
significantly influenced by transient barometric pressure fluctuations. Long-term groundwater-flow
conditions, however, can be determined by removing the temporal barometric effects from the well
response, as described in Spane (1999) and Spane and Thomne (2000) for well-test analysis. This
requires determination of the barometric response characteristics for each well used in the
groundwater- flow characterization, and removal of short-term barometric effects using either the
multiple- regression deconvolution method or the vadlose zone analytical model which are described
in Rasmussen and Crawford (1997) and Spane (1999).

The analysis results also suggest that groundwater- flow characterization within low-gradient
areas using other direct, in-well, measurement techniques, e.g., such as flowmeters, Colloidal
boroscopes, are also highly susceptible to barometric effects that significantly influence temporal
groundwater-flow conditions. Determination of long-term groundwater- flow characteristics using
these in-well measurement techniques, therefore, would likely require extended periods of in-well
measurement (e.g., weeks, months) for determination of average, long-term groundwater- flow
behavior.

LL'1A- I Groundwater-Flow Conditions

To characterize existing groundwater- flow within the LLWM4A- 1 study area, well water-level
measurements from RCRA monitoring wells were evaluated. Figure 4 shows the locations of
monitoring wells having historical water-level data. A review of well completion and current
monitoring conditions for the RCRA wells indicates that A monitoring wells evaluated are
completed in the upper 2.4 to 3.9 mn of the aquifer. As noted in Spane (1999), groundwater-flow
direction and hydraulic gradient can be determined by standard trend-surface- fitting methods (or
three-point problems) using total head measurements obtained from monitoring wells that meet
the following criteria:

* are along the same hydrologic flow plane (i.e., planar potential surface)

0 are measured close in time (e.g., within 1 to 4 hr for low-gradient areas)

* monitor similar depth intervals within the respective hydrogeologic unit

0 display similar dynamic well- response characteristics (e.g., to barometric
fluctuations)

0 are not significantly affected by well-skin effects.
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To evaluate the sensitivity of groundwater-flow direction and hydraulic gradient
determinations within the LLW/MA-1, standard frequency (e.g., quarter-annual) Hanford Site
water-level data over the 1995 to 2000 yr time period were analyzed. This site was identified in
Hiartman and Dresel (1998) as being a low-hydraulic gradient area (<0.00006), with a highly
uncertain groundwater- flow direction (i.e., based on well water-level elevation measurements).

Available RCRA monitoring well data were quantitatively evaluated for groundwater-flow
characterization using some of the screening criteria listed previously. Because data needed for
detailed barometric response analysis were not available for any of the RCRA wells, a general
evaluation of the temporal water- level- response characteristics for wells completed within similar
areas of the WMA was performed for data collected during calendar years 1995 through mnid-2000.
Figure 5 shows the similarity in dynamic wel-response characteristics exhibited for nine
monitoring wells within the northern part of the WMA, while Figure 6 displays the well response
characteristics for ten monitoring wells within the southern region of the WVMA (note- two wells
299-E32-2 and -E33-30 are common to both north and south areas). As indicated in Figures 5
and 6, an overall declining water- level elevation trend pattern is exhibited, which is consistent with
the general pattern of a declining water table associated with decreases in total wastewater disposal
activities within the 200 Areas.

To facilitate quantitative determination of groundwater-flow direction and hydraulic gradient
conditions, the comnmercially available WATER-VEL OIn-Situ, Inc. 199 1) software program was
utilized. Water-level elevation and calculated total head values were used with the WATER-VEL
program to calculate groundwater- flow direction and hydraulic gradient conditions over the
measurement period. The program fits a linear, two-dimensional trend surface (least squares) to
randomly located hydraulic head or water-level elevation input data. Thiis technique is accurate as
long as the two-dimensional liear approximation is applicable (i.e., no significant vertical
groundwate r-flow gradients exist within the aquifer). This method is similar also to the linear
approximation technique described byAbriola and Pinder (1982) and Kelly and Bogardi (1989). A
report that demonstrates the use of the WATER-VEL program for calculation of groundwater-
flow velocity and direction is presented in Gilmore et al. (1992) and Spane (1999).

Because well water-level measurements were collected, in some cases, over a period of
several days, the effects of barometric pressure fluctuations may exert a discernible influence on
calculated groundwater-flow direction and hydraulic gradient. Figure 7 shows the relationship of
well water-level elevation measured at the 15 different LLWMA- I monitoring wells and the baro-
metric pressure fluctuation pattern over the field measurement period (June 3 - 9, 1999). As
shown, the barometric pressure varied by 0. 11 mn during the actual period of well measurements,
which compares with a maximum 0.05 mn water-level elevation difference between wells. Because
barometric pressure variations can exceed actual areal well water-level elevation differences during
protracted measurement periods, only those historical well data sets for measurements completed
during one-day were used for detailed trend-surface analysis. As noted in Spane (1999), to
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minimiz the effects of barometric pressure fluctuations within low-gradient areas, all well water
levels should be measured over a short-period of time (i.e., within 1 to 4 hrs), with more emphasis
placed on measurements obtained during sumnmer months, when diurnal barometric pressure
fluctuations are relatively small.

To quantitatively assess groundwater- flow characteristics within the LLWM- 1 over the
time period of 1995 - 2000, both observed well water-level elevation measurements and calculated
total head values were analyzed (i.e., as expressed in relationship to long-term Hanford Site
barometric value of 10.087 m reported in Spane 1999). Trend-surface analysis was applied to
three different monitor well data sets- one for wells within the northern LLWMA- 1, the second
for wells within the southern LLMA- 1, and a third for all wells across the entire area. Table I lists
the results of quantitative trend- surface analysis for the eight northern LLWNvIA- 1 wells (wells 299-
E32-2, -E32-6, -E32-7, -E32-8, -E32-9, -E32- 10, -E33-30, and -E3 3-34) for six (1-day)
mneasurement periods over the five-year time period (1995 - 2000). It should be noted that
sensitivity analysis indicated that well 299-E33-35 most significantly influenced the results for wells
within the north, and for that reason data for this well were not used in the quantitative analysis
for conditions within the northern LLWIMA. As indicated in Table 1, only a small water-level

elevation and hydraulic head difference ( 5 0.060 m) were evident across the northern LLWvIA for
the data sets selected for analysis, with only minor variations in barometric pressure occurring
during most of the well measurement periods. The trend-surface analysis results provided similar
results when using either water-level elevation or hydraulic head data. Hydraulic head analysis
results for the six 1-day mewasurement data sets indicate that the temporal groundwater- flow

direction ranged between 103 0 to 1380, and averaged 1260 (00 - East; 90' - North); while
hydraulic gradient conditions ranged between 5.58E-05 and 1.05E-04, and averaged 7.33E-05.
Only slightly different groundwater-flow characteristics were evident for the one multi-day
measurement data set (June 7 - 9, 1999), which was examined for comparison purposes.

Table 2 liss the results of quantitative trend-surface analysis for the nine southern LLWVMA-
I wells (wells 299-E28-26, E28-27, -E26-28, -E32-2, -E32-3, -E32-5, -E33-28, -E33-29, and -E33-
30) for five (1-day) measurement periods over the five-year time period (1995 - 2000). It should
be noted that sensitivity analysis indicated that Well 299-E32-4 most significantly influenced the
results for wells within the south, and for that reason data for this well were not used in the
quantitative analysis for conditions within the southern LLWMIA. As indicated in Table 2, only a

small water-level elevation and hydraulic head difference ( ! 0. 110 m) were evident across the
southern LLWVMA for the data sets selected for analysis, with only minor variations in barometric
pressure occurring during most of the well measurement periods. Results of trend-surface
analyses for the southern wells exhibited more variability for both water-level elevation and
hydraulic head data than results obtained from the northern well analyses. Hydraulic head analysi
results for the five 1-day measurement data sets indicate that the temporal groundwater- flow
direction ranged between 79 0 to 3340, and averaged 1590 (00 East; 900 = North); while
hydraulic gradient conditions ranged between 1.23E-06 and 9.19E-05, and averaged 4.02E-05.
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Most of this variability, however, is attributed to the results obtained for the March 21, 2000 data

set. The reason for the greater variability is not known at this time; however, it should be noted

that extremely low gradient conditions (1.23E-06) were calculated for the March 2000 data set.

The extremely low gradient conditions for the March 2000 measurement makes groundwater flow

calculations highly questionable, due to the influence of measurement error. For example, if data

for well 299-E28-27 is not included in the trend-surface analysis, a northwest flow direction (1160)

is indicated. Greater differences for groundwamter-flow characteristics were also evident for the

one multi-day measurement data set (June 3 - 8, 1999).

To examine groundwater-flow characteristics across the entire WMA facility, detailed trend-

surface analysis was implemented for the same six 1-day measurements for all fifteen wells (note 2

wells were common for the northern and southern area analyses). Table 3 lists the results of

quantitative trend-surface analysis for the entire LLWMA- 1 well set. As indicated in Table 3, only

a small water-level elevation and hydraulic head difference ( 5 0.12 mn) were evident across the

LLW/MA for the data sets selected for analysis, with only minor variations in barometric pressure

occurring during most of the well measurement periods. The trend-surface analysis results

provided similar results when using either water-level elevation or hydraulic head data. Hydraulic

head analysis results for the six 1-day measurement data sets indicate that the temporal

groundwater-flow direction ranged between 90 0 to 1600, and averaged 1190 (00 - East; 90

North); while hydraulic gradient conditions ranged between 7.77E-06 and 7.51E-05, and averaged

3.2 1E-05. A significant difference in groundwater-flow characteristics was evident for the one

multi-day measurement data set (June 3 - 9, 1999); however, a much closer correspondence was

achieved when limited to a 3-day measurement period (June 7 - 9, 1999) indicating the important

influence of barometric effects. As indicated, barometric pressure fluctuations were twice the

observed areal water-level elevation differences across the LLWVMA during the extended multi-day

measurement period.

Recommendations

Based on the results of this study, the following recommendations are provided for

improving the characterization of groundwater- flow conditions within the L-LWMA- 1 and other

low- gradient areas:

* efforts should be initiated to characterize and remove the effects of measurement
error (e.g., borehole deviation! gyroscopic surveys) from well water- level

measurements used to characterize groundwater-flow conditions within the
LLWA

* water levels within the LLWMA monitoring wells should be measured on the same

day, and preferably within a 1 to 4-hr period to minimize the impact of barometric
fluctuation effects
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* trend-surface analysis methods should be used for delineating groundwater-flow
direction/gradient conditions

* trend-surface analysis results should be considered more reliable for measurements
obtained during time periods when diurnal barometric fluctuations are low (e.g.,
sumnmer months)

* detailed barometric response analysis should be performed for each LLWA
monitor well, which is a candidate for use in detailed groundwater-flow
characterization. This requires hourly measurements of well water-level responses

and barometric pressure fluctuations over a -7-day period. Determination of the

barometric response characteristics for individual wells allows for removing the
temporal effects of barometric pressure fluctuations at individual well sites so that
total head calculations can be determined for all representative monitor wells at the

same "moment in time", and to support the assessment of long-term groundwater-
flow behavior within the area.
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Figure 1. Miscalculation of Groundwater-Flow Direction Caused by Barometric Pressure
Fluctuations in Low-Gradient Areas Using Well Measurements Not Collected at the
Same T~ire
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Figure 2. Miscalculation of Hydraulic Gradient Caused by Barometric Pressure Fluctuations in
Low- Gradient Areas Using Well Measurements Not Collected at the Same Time
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Figure 3. Temporal Variations in Groundwater-Flow Direction Induced by Barometric Pressure
Fluctuations in Low-Gradient Areas Having Variable Vadose Zone Characteristics
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Figure 4. Location Map of Wells Monitoring the LLWMA- 1.
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Figure 5. Comparison of Well Water- Level Elevation Response for Selected Northern LLWMA- 1
Monitor Wells
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Figurc&6 Comparison of Well Water-Level Elevation Response for Selected Southern LLWMA- 1

Monitor Wells
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Figure 7. Comparison of Well Water-Level Elevation and Atmospheric Pressure for LLWMA Monitor

Wells, June 3 -9, 1999
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Table 1. Trend-Surface Hydraulic Gradient and Groundwater-Flow Direction Detemiinations for
Northern RCRA Wells Monitoring the Low Level Waste MAanagemnent Area 1(a)

Flow Direction, Hydraulic Gradient
( 0 -E;90-I (m/m) Maximum Observed

Water- IWater- IDifference, ir: Water-
Level ILevel ILevel Elevation/Total

Date Elevation_ Total Head Elevationj Total H-ead Head/Barometric Head

March 13, 1995 1400 1310 8.83E-05 1.05E-04 0.052 /0.060 /0.011

June 9, 1997(b) 1140 118 0  8.27E-05 7.38E-05 0.038 /0.035 /0.004

June 5, 1998(c) 1320 1380 6.61E-05 5.58E-05 0.047 /0.043 /0.004

March 4, 1999 1290 1290 8.32E-05 7.68E-05 0.055 /0.051 /0.004

June 7-9, 1999 1340 1490 8.82E-0 8.72E-05 0.044 /0.046J/ 0.035

March 21, 2000 1380 1380 6.66E-05 7.14E-05 0.050 /0.050 /0.002

August 15, 2000(d) 1100 1030 7.86E-05 5.71E-05 0.037 /0.035 /0.017

Average Values(e) 1270 1260 7.76E-05 7.33E-05 0.047 /0.046 /0.007
(Standard (12') (±140) (±9.23E- (±1.78E-

Deviation) I 06) 05)

(a) Northern monitoring well set: 299-E32-2, -E32-6, -E32-7, -E32-8, -E32-9, -E32- 10, -E33-30, and -

E33-34.
(b) Well 299-E32-2 not included (anomalous reading)

(c) Well 299-E33-34 not included (anomalous reading)
(d) Well 299-E32-2 not included (measured on different da3)

I(e) Does not include June 1999 analysis results, which include measurements collected over a 3-dayperiod
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Table 2. Trend-Surface Hydraulic Gradient and Groundwater-Flow Direction Determiinations for
Southern RCRA Wells Monitoring the Low Level Waste Management Area 1(a

Flow Direction, Hydraulic Gradient
(0' = E; 90-N (rn/r) Maxcimum Observed

Water- Water- IDifference, m: Water-
Level Level jLevel Elevation/Total

Date Elevation Total H-ead Elevation _Total Head Head/Barometric H-ead

March 13, 1995 1440 1420 8.63E-05 9.19E-05 0.084 /0.094 /0.010

IJune 9, 1997(b) 780 790 7.57E-05 7.15E-05 0.110/ 0.110/ 0.002

June 5, 1998(c) 1360 1310 3.46E-05 2.43E-05 0.051 /0.044 /0.013

March 4, 1999 1240 1070 1.1113-05 1.21IE-05 0.057 /0.058 /0.005

June 3, 7- 8, 1999 26,60 3270 3.38E-05 9.90E-05 0.037 /0.108 /0.084

March 21, 2000 650 334c 1.80E-05 1.23E-06 0.055 /0.050 /0.010

August 15, 2000(d) - --

Average Values~e) 1090 1590 4.51E-05 4.02E-05 0.071 /0.071 /0.008
(Standard (360) (±1010) (±2.90E- (±3.94E-

Deviation) _____________ 05) 05)

(a) Southern monitoring well set: 299-E28-26, -E28-27, -E28-28, -E32-2, -E32-3, -E32-5, -E33-28, -E33-
29, and
-E33-30

(b) Well 299-E32-2 not included (anomalous reading)
(c) Wel 299-E28-26 not included (measured on different day
(d) No trend-surface analy sis performed; only 3 wells measured on August 15, 2000
(e) Does not include June 1999 analysis results, which include measurements collected over a 6-day period
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Table 3. Trend-Surface Hydraulic Gradient and Groundwater-Flow Direction Determinations for

All RCRA Wells Monitoring the Low Level Waste Management Area- 1(a

Flow Direction, Hydraulic Gradient

(0' - E; 90c N (n/rn) Mimrumnobserved

Water- [Water- Difference, in: Water-

Level Level Level Elevation/Total

Date Elevation Total Head Elevation Total Head Head/B arometric Head

March 13, 1995 1540 1470 6.93E-05 7.51E-05 0.084 /0.094 /0.014

June 9, 1997 870 900 4.47E-05 3.60E-05 0.116 /0.110 /0.006

June 5, 1998 1540 1600 2.33E-05 1.16E-05 0.051 /0.047 /0.014

Mrch 4, 1999 1100 1030 1.99E-05 1.94E-05 0.057 /0.058 /0.005

June 3, 7-9, 1999 1350 3150 1.35E-05 6.60E-05 0.053 / 0.109 /0.106

(June 7-9, 1999) (1430) (6.15E-05)

March 21, 2000 850 1040 1.13E-05 7.77E-06 0.055 /0.050 /0.010

August 15,2000 1170 1100 6.71E-05 4.27E-05 0.037 /0.035 /0.017

Average Values (b 1180 1190 3.93E-05 3.21E-05 0.067 /0.066 /0.011

(Standard (±31-) (280) (±2.50E- (±2.5 lE-
Deviation) 05) 05)

(a) Total monitoring wel set: 299-E28-26, -E28-27, -E28-28, -E32-2, -E32-3, -E32-5, -E32-6, -E32-7,

-E32-8, -E32-9, -E32- 10, -E33-28, -E33-29, -E33-30, and -E33-34

(b) Does not include June 1999 analysis results, which include measuremnents collected over a 7-day period
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BUILDING EMERGENCY PLAN FOR Page: 1 of 34

LOW-LEVEL BURIAL GROUNDS Effective Date: February 1, 2002

This plan covers the following: 200 West Area Burial Grounds, 200 East Area Burial Grounds,

and the MO-223 (200 West Area Burial Ground Trailer).

Approved:

Facility Management Date

Environmental Compliance Officer Date

Hanford Fire Department Date

Fluor Hanford Emergency Preparedness Date

This document will be reviewed at least annually and updated if necessary by Facility Management

unless Hanford Facility RCRA Permit coordination requirements provide otherwise. The Building

Emergency Director has the authority to carry out the provisions of this plan.
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1.0 GENERAL INFORMATION

The Low-Level Burial Grounds (LLBG) are located on the Hanford Site, a 560-square

mile (1,450-square kilometer) U.S. Department of Energy (DOE) operational site in southeastern

Washington State. The LLBG are located in both the 200 East and 200 West Areas near the

center of the Hanford Site. The Hanford Site Emergency Preparedness Program is based on the

incident command system that allows a graded approach for response to emergency events. This

plan contains a description of unit-specific emergency planning and response and is used in

conjunction with DOE/RL-94-02, Hanford Emergency Management Plan. Response to events is

performed using facility specific and/or Hanford Site level emergency procedures.

1.1 FACILITY NAME:

U.S. Department of Energy
Hanford Site
Low-Level Burial Grounds

1.2 FACILITY LOCATION:

Benton County, Washington within both the 200 East and 200 West Areas.

Buildings/facilities covered by this plan are: 200 East Area Burial Grounds

(218-E-10 and 218-E-12B); 200 West Area Burial Grounds (218-W-3A, 2]8-W-3AE,
218-W-4B, 218-W-4C,218-W-5, and 218-W-6); MO-223 Trailer.

1.3 OWNER:

U.S. Department of Energy
Richland Operations Office
825 Jadwin Avenue
Richland, Washington 99352

FACILITY MANAGER:

Fluor Hanford
P.O. Box 1000
Richland, Washington 99352-1000
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1.4 DESCRIPTION OF THE FACILITY AND OPERATIONS

The LLBG consist of eight burial grounds located in the 200 East Area and 200 West
Area. The 218-E-10 and 218-E-12B are located in the 200 East Area and the 218-W-3A,
218-W-3AE, 21 8-W-413, 218-W-4C, 218-W-5, and 218-W-6 are located in the 200 West Area.

The 218-E-10, 218-E-12B, 218-W-3A, 218-W-3AE, 218-WAGC, and 218-W-6 Burial
Grounds are classified as a landfill and the 21 8-W-5 Burial Ground is classified as a landfill and
for greater-than-90-day container storage. The LLBG consist of various sizes and depths of
lined and unlined disposal trenches.

The following provides a brief description and identifies the generic types of waste
disposed in the LLBG. An electronic database is maintained that documents each waste receipt,
type of waste, and disposal location.

" The 218-E-l10 Burial Ground is approximately 8 9 acres in size and began receiving
waste in 1960. Examples of waste placed in this burial ground include failed
equipment, rags, paper, rubber gloves, disposable supplies, broken tools, and post-
August 19, 1987 RCRA and state-only designated mixed waste.

" The 2 1 8-E- 12B Burial Ground is approximately 168 acres in size and began
receiving waste in 1967. Examples of waste placed in this burial ground include
defueled reactor compartments (trench 94), low-level waste, and retrievable
transuranic waste.

* The 21 8-W-3A Burial Ground is approximately 50 acres in size and began
receiving waste in 1970. Examples of waste placed in this burial ground include
ion exchange resins, failed equipment, tanks, pumps, ovens, agitators, heaters,
hoods, jumpers, vehicles, accessories, retrievable transuranic waste, and post-
August 19, 1987, RCRA and state-only designated mixed waste.

* The 21 8-W-3AE Burial Ground is approximately 49 acres in size and began
receiving waste in 1981. Examples of waste placed in this burial ground include
rags, paper, rubber gloves, disposable supplies, broken tools, and post-August 19,
1987, RCRA and state-only designated mixed waste.
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" The 21 8-W-4B Burial Ground is approximately 8.6 acres in size and began

receiving waste in 1968. Examples of waste placed in this burial ground include
rags, paper, rubber gloves, disposable supplies, broken tools, alpha caissons, and

retrievable transuranic waste.

"The 21 8-W-4C Burial Ground is approximately 49 acres in size and began

receiving waste in 1978. Examples of waste placed in this burial ground include
contaminated soil, decommissioned pumps, pressure vessels, post-August 19,
1987, RCRA and state-only designated mixed waste, and retrievable transuranic
waste.

" The 21 8-W-5 Burial Ground is approximately 92 acres in size and began receiving
waste in 1986. Examples of waste placed in this burial ground include rags, paper,
rubber gloves, disposable supplies, broken tools, and post-August 19, 1987,
RCRA and state-only designated mixed waste. This burial ground currently

contains double-lined mixed waste trenches (trenches 31 and 34). Trench 31 is

available for use as a greater-than-90-day container storage area and Trench 34 is

designated as a mixed waste disposal facility. Waste to be placed in Trench 31 for

storage purposes predominately will be macro-encapsulated long-length
contaminated equipment and other containerized waste. Adjacent to the double-

lined mixed waste trenches are leachate collection tanks. The leachate collection
tanks are aboveground, carbon steel tanks, internally coated with an amine-cured

epoxy. The leachate collection tanks are located adjacent to the disposal trenches

and are provided with secondary containment. Secondary containment exists for

all feed piping. The leachate collection tanks have a current design capacity of

37,850 liters.

" The 21 8-W-6 Burial Ground is approximately 40 acres in size, has not received any
waste, and is reserved for future mixed waste disposal.

1.5 BUILDING EVACUATION ROUTING

Figures I and 2 provide identification of the primary and secondary staging areas and a

general layout of the LLBG. Alternate evacuation routes will be used on a case-by case basis,
based on meteorological conditions at the time of the event.
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2.0 PURPOSE

This plan describes both the facility hazards and the basic responses to upset and/or
emergency conditions within the LLBG. These events may include spills or releases caused by
processing, fires and explosions, transportation activities, movement of matefials, packaging,
storage of hazardous materials, and natural and security contingencies. When used in conjunction
with DOE/RL-94-02, this plan meets the requirements for contingency planning as required by
WAG 173-303.

3.0 FACILITY/BUILDING EMERGENCY RESPONSE ORGANIZATION

The LLBG maintains a weekly on-call list for technical expert notification. Upon
notification, the on-call person will notify the primary or alternate Building Emergency Director
(BED) to respond to the scene in person as necessary. The on-call technical expert will maintain
contact with the on-scene Incident Commander (IC) until arrival of LLBG personnel.

3.1 BUILDING EMERGENCY DIRECTOR

Emergency response will be directed by the BED until the Incident Commander (IC)
arrives. The incident command system (ICS) and staff with supporting on-call personnel fulfill the
responsibilities of the Emergency Coordinator as discussed in WAG 173-303-360. During events,
LLBG personnel perform response duties under the direction of the BED. The Incident
Command Post (ICP) is managed by either the senior Hanford Fire Department member present
or senior Hanford Patrol member present on the scene (security events only). These individuals
are designated as the IC and as such have the authority to request and obtain any resources
necessary for Protccting people and the environmcnt.

The BED becomes a member of the ICP and functions under the direction of the IC. In
this role the BED continues to manage and direct LLBG operations.

A listing of BEDs by title, work location and work telephone numbers is contained in
section 13.0 of this plan. The BED is on the premises or is available through an 'on-call' list 24
hours a day. Names and home telephone numbers of the BEDs are available from the Patrol
Operations Center (POC) in accordance with Hanford Facility RCRA Permit, Dangerous Waste
Portion, General Condition II .A .4.
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3.2 OTHER MEMBERS

As a minimum, the Facility Management appoints and ensures training is provided to

individuals to perform as Personnel Accountability Aides and Staging Area Managers. The
Personnel Accountability Aides are responsible for facilitating the implementation of protective
actions (evacuation or take cover) and facilitating the accountability of personnel after protective

actions have been implemented. Staging Area Managers are responsible for coordinating and
conducting activities at the staging area. In addition, the BED can identify additional support

personnel [radiological control, maintenance, engineering, hazardous material coordinators, etc.]
to be pant of the Facility/Building Emergency Response Organization.

The complete Facility/Building Emergency Response Organization listing of positions,
names, work locations and telephone numbers for the LLBG is maintained in a separate location

in a format determined appropriate by LLBG management. Copies are distributed to appropriate
LLBG locations and to Emergency Preparedness.

4.0 IMPLEMENTATION OF THE PLAN

The BED ensures that trained personnel identify the character, source, amount and areal

extent of the release, fire, or explosion to the extent possible. Identification of waste can be made
by activities that can include, but are not limited to, visual inspection of involved containers,
sampling activities in the field, reference to inventory records, or by consulting with facility
personnel. Samples of materials involved in an emergency might be taken by qualified personnel
and analyzed as appropriate. These activities must be performed with a sense of immediacy and

shall include available informnation.

The BED shall use the following guidelines to determine if an event has met the

requirements of WAC 173-303 -360(2)(d):

1 . The event involved an unplanned spill, release, fire, or explosion,

AND

2.a The unplanned spill or release involved a dangerous waste, or the material involved
became a dangerous waste as a result of the event (e.g., product that is not
recoverable), or

2.b The unplanned fire or explosion occurred at the LLBG or transportation activity
subject to RCRA contingency planning requirements,



FLUOR HANFORD Document: HNF-IP-0263-BG
Revision 10

BUILDING EMERGENCY PLAN FOR Page: 10 of 34
LOW-LEVEL BURIAL GROUNDS Effective Date: February 1, 2002

AND

3. Time-urgent response from an emergency services organization was required to
mitigate the event, or a threat to human health or the environment exists.

As soon as possible, after stabilizing event conditions, the BED shall determine, in
consultation with the FH Site contractor environmental single-point-of-contact, if notification to
Ecology is needed to meet WAC-l 73-303-360(2)(d) reporting requirements. If all of the
conditions under 1, 2, and 3 are met, notifications are to be made to Ecology. Additional
information is found in DOE/RL-94-02, Hanford Emergency Management Plan, section 4.2.

If review of all available information does not yield a definitive assessment of the danger
posed by the incident, a worst-case condition will be presumed and appropriate protective actions
and notifications will be initiated. The BED is responsible for initiating any protective actions
based on the ir best judgement of the incident.

The BED must assess each incident to determine the response necessary to protect the
personnel, facility, and the environment. If assistance from Hanford Patrol, Hanford Fire
Department, or ambulance units is required, the Hanford Emergency Response Number (911)
must be used to contact the POC and request the desired assistance. To request other resources
or assistance from outside the LLBG, the POC business number is used (373-3800).

5.0 FACILITY HAZARDS

Hazards at the LLBG potentially include industrial hazards, hazardous materials,
radiological materials, radioactive and/or mixed waste, physical hazards, and biological hazards.

5.1 HAZARDOUS MATERIALS

Hazardous materials might include (but might not be limited to) the following: spray
adhesive, sorbent, diesel fuel, hydraulic oil, propane, road salt, industrial cleaner and degreaser,
and unleaded gasoline. The use, storage, and inventory of hazardous materials are controlled.
Hazardous material inventories and material safety data sheets are maintained in MO-720.
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5.2 INDUSTRIAL HAZARDS

Industrial hazards could include transportation incidents, moving equipment accidents,
subsidence (cave-ins), exposure to spilled waste or chemicals, or from radiological or chemical
exposure from spills. Potential material handling mishaps are associated with forklift or crane
operations. These include potential rupture of packages due to misalignment of the forklift tines
or a load dropped during a crane operation.

5.3 DANGEROUS/MIXED WASTE

The LLBG are designed for disposal of bulk and containerized waste.

5.4 RADIOACTIVE MATERIALS

Low-level radioactive materials are disposed or can be stored in both the 200 East and
200 West Area burial grounds. All mixed waste must meet LDR requirements before disposal.

5.5 CRITICALITY

Criticality has been evaluated as being 'incredible,' less than one chance in a million in a
year, in the authorization basis. Therefore, there are no LLBG specific actions required.

6.0 POTENTIAL EMERGENCY CONDITIONS

Potential emergency conditions, under both WAC 173-303 and the DOE, may include
one of three basic categories: 1) operations (process upsets, fires and explosions, loss of utilities,
spills, and releases), 2) natural phenomena (earthquakes), and 3) security contingencies (bomb
threat, hostage situation, etc.). The following are conditions that may lead to an emergency at the
LL13G.

6.1 FACILITY OPERATIONS EMERGENCIES

6.1.1 Loss of Utilities

Electrical power is required for trenches 31 and 34 of the 21 8-W-5 burial ground
operations, however, loss of electricity does not constitute an emergency, but must
be restored as soon as possible. Electricity supplies power to the sump pumps
used to remove accumulated leachate from the primary and secondary liners.
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" Loss of Water - N/A.

* Loss of Ventilation - N/A.

* Loss of Steam - N/A.

* Loss of Air -N/A.

6.1.2 Major Process Disruption/Loss of Plant Control

N/A.

6.1.3 Pressure Release

N/A.

6.1.4 Fire and/or Explosion

Potential fire hazards include smoke inhalation, bums, damage to equipment and/or
structures, and release of hazardous materials, radioactive and/or mixed waste constituents.

6.1.5 Hazardous Material Spill

Low-level radioactive waste and mixed waste are placed in the LLBG. Spills or releases
could result in the following conditions.

* Svill of Hazardous Material. Hazards associated with a spill include potential
exposure to radioactive and/or dangerous constituents as well as potential
environmental damage. Because most waste in the LLBG is solid, spill procedures
primarily are applicable to liquids that might have been improperly received.

" Any dangerous waste spills would involve accumulated leachate that would be
contained within the leachate collection tank(s) and valve gallery secondary
containment area, and spill procedures would be applicable (Trenches 31 and 34 of
the 21 8-W-5 Burial Ground). EXCEPTION: A pumping spray spill that could
result in a release of leachate to the environment.



FLUOR HANFORD Document: HNF-IP-0263-BG
Revision 10

BUILDING EMERGENCY PLAN FOR Page: 13 of 34
LOW-LEVEL BURIAL GROUNDS Effective Date: February 1, 2002

" During the transfer of leachate from the leachate collection tank(s) to a transport
tanker, spills could result in a release of leachate to the environment.

" Toxic Fumes Hazards. Mixed waste disposed in the LLBG could produce airborne
radioactive contamination. Volatilization of solids during a fire might generate
toxic fumes.

" Waste acceptance criteria require that the offsite generators and onsite generating
units document waste with gas-generating potential and that the requirement for
gas recombiners be specified on the waste tracking forms.

" Fires or Explosions Involving Hazardous Material. A fire or chemical reaction in
the LLBG could result in the release of dangerous and/or radioactive constituents
to the air or soil.

" Reactive Chemical/Corrosive Material Hazards. N/A.

" Thermal Reaction s/Hazards. N/A.

" Flammable Material/Liquids Hazards. Although the LLBG does not dispose of
these types of materials, operating equipment requires these materials (e.g.,
gasoline, hydraulic fluids, oils, etc.) for operation. These materials, if ignited could
result in the release of dangerous and/or radioactive constituents to the air or soil.

* Asbestos Release. Asbestos might be released during tornadoes, high winds, fires,
or other events that damage or destroy the packaging iraterial.

6.1.6 Dangerous/Mixed Waste Spill

The potential exists for pressurized or bulging containers to rupture resulting in a release
to the air or soil.

6.1.7 Transportation and/or Packaging Incidents

Potential consequences of transportation and/or packaging incidents ar spills or spread
of radioactive contamination, chemical contamination, or personnel contamination. A forklift-
damaged container could result in a release to the environment.
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6.1.8 Radiological Material Release

" Gaseous Effluent Discharges (stack release) - N/A.

" Liquid Effluent Discharges - N/A.

* Significant Contamination Spread/Releases. Significant contamination spread or
release might involve hazards resulting from exposure to radioactive and/or mixed
waste. The major potential cause of spread or a release includes damaged
containers, high winds, or a fire that might disperse contaminated airborne
particles.

6.1.9 Criticality

Fissionable materials located in the LLBG exist in a form or distribution that ensures a
critical mass cannot be attained.

6.2 NATURAL PHENOMENA

Natural phenomena are discussed in the following sections.

6.2.1 Seismic Event

Depending on the magnitude of the event, severe structural damage could occur
resulting in serious injuries or fatalities and the release of hazardous materials to the environent.
Damaged electrical circuits and wiring could result in the initiation of fires.

6.2.2 Volcanic Eruption/Ashfall

Though not expected to cause structural damage, the ash resulting from a volcanic
eruption could cause shorts in electrical equipment and plug ventilation system filters.

6.2.3 High Winds/Tornados

High winds or tornados might cause structural damage to systems containing hazardous
materials, resulting In a release to the environment.
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6.2.4 Flood

Flooding can cause the release of hazardous materials depending on the type of storage
containers. Floods can also cause short circuits in electrical wiring located at or below ground
level. This may then result in an increased likelihood of fires.

6.2.5 Range Fire

The hazards associated with a range fire are the same as those associated with a building

fire plus potential site access restrictions and travel hazards such as poor visibility,

6.2.6 Aircraft Crash

In addition to the potential for serious injuries or fatalities, an aircraft crash could result
in the direct release of hazardous materials to the environment or cause a fire that could lead to
the release.

6.3 SECURITY CONTINGENCIES

Security contingencies are discussed in the following sections.

6.3.1 Bomb Threat/Explosive Device

A bomb threat might be received by anyone who answers the telephone or receives mail.
The major effect on the LLBG is that personnel will need to perform emergency shutdown of the
facility before evacuation. If an explosive device detonates, the effects are the same as those
discussed under fire and explosion.

6.3.2 Hostage Situation/Armed Intruder

A hostage situation or the entry of an armed hostile intruder(s) in your building or
facility can pose an emergency if either of these conditions has the potential to adversely affect
facility operations. This can result in a loss of facility control or the coercion of an employee to
take some malevolent action.

6.3.3 Suspicious Object

If a suspicious object is discovered, the major effect on the LLBG is that personnel will
need to perform an emergency shutdown of the facility before evacuation.
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7.0 INCIDENT RESPONSE

The initial response to any emergency is to immediately protect the health and safety of
persons in the affected area. Identification of released material is essential to determine
appropriate protective actions. Containment, treatment, and disposal assessment will be the
secondary responses.

The following sections describe the process for implementing basic protective actions as
well as descriptions of response actions for the events listed in Section 6.0 of this plan.
DOE/RL-94-02, Section 1.3, provides concept of operations for emergency response on the
Hanford Site.

This section provides a discussion of protective action responses, response to facility
operations emergencies, response to natural phenomena, and response to security contingencies.
In addition, a section addressing prevention of secondary release, fires or explosions, is provided.

7.1 PROTECTIVE ACTIONS RESPONSES

Protective action responses are discussed in the following sections. The steps identified
in the following description of actions do not have to be performed in sequence because of the
unanticipated sequence of incident events.

7.1.1 Evacuation

If an evacuation is ordered or the evacuation siren sounds in the area of the LLBG,
personnel shall proceed to the staging areas depicted in Figures I and 2.

The BED or Staging Area Manager directs evacuations; however, to ensure that
evacuations can be conducted promptly and safely, all personnel must be familiar with the correct
evacuation procedure. The order to evacuate will normally be passed via the site Crash Alarm
Telephone system.

Area evacuations are rapid or controlled, as pointed out in the following steps. When
possible, these steps must be performed concurrently.
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AREA EVACUATION PROCEDURE

Halt any operations Or work and place equipment and structures in a safe condition. Use
emergency shutdown procedures for rapid evacuation.

Use whatever means are available (portable radios, bullhorns, runners, etc.) to pass the
evacuation information to personnel.

Evacuate personnel to the staging area; group personnel as follows: potentially contaminated
protective clothing, keys immediately available for vehicles, those needing rides. Assist
personnel that are temporary/permanently disabled.

Conduct personnel accountability. If unable to account for personnel, report personnel
accountability results to the Hanford-Emergency Operations Center (Hanford-EOC).

Inform IC of any potentially affected personnel (i.e., injured, contaminated, exposed, etc.) once
the IC arrives at the ICP.

Relay pertinent evacuation information (routes, destination etc.) to drivers.

Dispatch vehicles as soon as the vehicles are loaded.

Report status to the Hanford-EOC, request additional transportation if required, and report if
any personnel remain who are performing late shutdown duties.

NOTE: Iffeasible, classified matter shall be secured in a security container and, ifapplicable,
the intrusion detection system activated. If the emergency is life threatening, the health and

safety of personnel shall take precedence over the need io secure classified matter. Security

containers, vaults, and vault type rooms shall be inspected on return to the facility to determine
whether classified information has been compromised or ifany classified matter is missing.

7.1.2 Take Cover

When the Take Cover Alarm is activated, personnel shall take cover in the nearest
building or trailer.

Normally, the LLBG will be alerted via the Area Crash Alarm Telephone System at

MO-223. A message followed by the Take Cover siren will be transmitted over the area
emergency sirens. Portable, hand-held radios are used throughout the LLBG for communication.
The following actions must be taken or considered:
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* Shut doors and windows and wait for further instructions

* Secure ventilation system

*Follow normnal exit procedures from radiological areas

* Lock up classified documents and prepare for a possible evacuation

* Report your location to the Accountability Aid or the BED

* Accountability Aides will provide accountability status to the Staging Area
Manager for LLBG personnel during an event

* Inform IC of any potentially affected personnel (i.e., injured, contaminated,
exposed, etc.) once the IC arrives at the ICP.

7.2 RESPONSE TO FACILITY OPERATIONS EMERGENCIES

Depending on the severity of the event, the BED reviews the site-wide and LLBG
emergency response procedure(s) and, as required, categorizes and/or classifies the event. If
necessary, the BED initiates area protective actions and H-anford Site Emergency Response
Organization activation. The steps identified in the following description of actions do not have to
be performed in sequence because of the unanticipated sequence of incident events. Attachment
A provides a list of procedures.

7.2.1 Loss of Utilities

A case-by-case evaluation is required for each event to determine loss of utility
impacts. When a BED determines a loss of utility impact, actions are taken to ensure dangerous
and/or mixed waste is being properly managed, to the extent possible given event circumstances.
As necessary, the BED will stop operations and take appropriated actions until the utility is
restored.

*Loss of Electricity. Electricity in the trailers is for lighting, heating, and cooling
only. Loss of electricity will not impair functions or constitute an emergency.
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Electrical power is required for Trenches 31 and 34 of the 21 8-W-5 Burial Ground
operations; however, loss of electricity does not constitute an emergency, but must
be restored as soon as possible. Electricity supplies power to the sump pumps
used to remove accumulated leachate from the primary and secondary liners.

*Loss of Water -N/A.

* Loss of Ventilation - N/A.

* Loss of Steam - N/A.

* Loss of Air - N/A.

7.2.2 Major Process Disruption/Loss of Plant Control

N/A.

7.2.3 Pressure Release

N/A.

7.2.4 Fire and/or Explosion

In the event of a fire, the discoverer activates a fire alarmn (pull box);- calls 911
(373-3800 if using a cellular phone) or verifies that 911 has been called. Automatic initiation of a
fire alarm (through the smnoke detectors and sprinkler systems) is also possible.

Unless otherwise instructed personnel shall evacuate the arealbuilding by the
nearest safe exit and proceed to the designated staging area for accountability.

* On actuation of the fire alarm, ONLY if time permits, personnel should shut down
equipment, secure waste, and lock up classified materials (or hand carry them out).
The alarm automatically signals the Hanford Fire Department.

* The BED proceeds directly to the ICP, obtains all necessary information pertaining
to the incident, and sends a representative to meet Hanford Fire Department

* The BED provides a formal turnover to the IC when the IC arrives at the ICP.
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The BED informs the Hanford Site Emergency Response Organization as to the
extent of the emergency (including estimates of dangerous waste, mixed waste or
radioactive material quantities released to the environment).

a If operations are stopped in response to a fire, the BED ensures that systems are
monitored for leaks, pressure buildup, gas generation, and ruptures.

a Hanford Fire Department firefighters extinguish the fire as necessary.

NOTE: Following afire and/or explosion, 40 CER 265. 196 will be addressed for

the less-than-90-day Leachate Storage Tank regarding fitness for use.

7.2.5 Hazardous Material, Dangerous and/or Mixed Waste Spill

Spills can result from many sources including process leaks, container spills or leaks,
damaged packages or shipments, or personnel error. Spills of mixed waste are complicated by the
need to deal with the extra hazards posed by the presence of radioactive materials.

The discoverer notifies the BED and initiates SWIMS response:

- Stops work
- Warns others in the vicinity
- isolates the area
- Minimizes the spill if possible
- Requests the BED Secure ventilation.

" The BED determines if emergency conditions exist requiring response from the
Hanford Fire Department based on classification of the spiii and injured personnel,
and evaluates need to perform additional protective actions.

" If the Hanford Fire Department resources are not needed, the spill is mitigated with
resources identified in section 9.0 of this plan and proper notifications are made.

" If the Hanford Fire Department resources are needed, the BED calls 911
(373-3800 if using a cellular phone).

" The BED sends a representative to meet the Hanford Fire Department.

* The BED provides a formal turnover to the IC when the IC arrives at the ICP.



FLUOR HANFORD Document: HNF-IP-0263-BG
Revision 10

BUILDING EMERGENCY PLAN FOR Page: 21 of 34
LOW-LEVEL BURIAL GROUNDS Effective Date: February 1, 2002

"The BED informs the Hanford Site Emergency Response Organization as to the
extent of the emergency (including estimates of dangerous waste, mixed waste, or
radioactive material quantities released to the environment).

* If operations are stopped in response to the spill, the BED ensures that systems are
monitored for leaks, pressure buildup, gas generation, and ruptures.

"Hanford Fire Department stabilizes the spill.

NOTE: For response to leaks or spills and disposition of leaking or unfit-for-
use tank systems, refer to 40 CFR 265.196.

7.2.5.1 Damaged or Unacceptable Shipments

In accordance with WAG 1 73-303.-350(3)(b), when an offsite shipment of
dangerous waste arrives at the LLBG and the shipment is unacceptable for receipt, the damaged
shipment should not be moved.

If a damaged shipment or transfer results in a spill or otherwise presents a hazard,
the following action is performed in addition to the actions identified in section 7.2.5 of this plan.

Notify the organization generating the waste of the damaged shipment or transfer, and
request any information necessary to assist in responding to the spill or hazard that is presented.

7.2.6 Radiological Material Release

* Radioactive Gaseous Liouid Effluent Discharge. Air sampling will be performed
using the appropriate equipment any time a worker is likely to be exposed to 10
percent of the isotopes Derived Air Concentration (DAC). Tritium oxide (HTO)
has a DAC value of 20 microcuries per cubic meter (IiCi/m3).

All personnel possibly exposed to HTO will have a tritium bioassay performed as
soon as possible (must be within 30 days of exposure).

* Liouid Effluent Dischar~e. If collected leachate is released, the liquid will be
contained by secondary containment.
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Significant Contamination Spread. There are no continuous air monitors in the
LLBG. Monitoring is performed by RC personnel. If monitoring reveals a
significant contamination spread, stop work activities and immediately exit the area.
RC will survey and provide contamination status. Notify immediate manager and
the BED.

7.2.7 Criticality

Transuranic waste is present in the LLBG. As a Limited Control Facility, the form or
distribution of fissionable material precludes a criticality accident.

7.3 PREVENTION OF RECURRENCE OR SPREAD OF FIRES, EXPLOSIONS,
OR RELEASES

The BED, as part of the ICS, takes the steps necessary to ensure that a secondary
release, fire, or explosion does not occur. The BED will take measures, where applicable, to stop
processes and operations; collect and contain released wastes and remove or isolated containers.
The BED shall also monitor for leaks, pressure buildups, gas generation, or ruptures in valves,
pipes or other equipment, whenever this is appropriate.

7.4 RESPONSE TO NATURAL PHENOMENA

Depending on the severity of the event, the BED reviews sitewide and LLBG
emergency response procedure(s) and, as required, categorizes and/or classifies the event. If
necessary, the BED initiates area protective actions and Hanford Site Emergency response
Organization activation. The steps identified in the following description of actions do not have to
be performed in sequence because of the unanticipated sequence of incident events. Attachmnent A
provides a list of procedures.

7.4.1 Seismic Event

The Hanford Site Emergency Organization's primary role in a seismic event is
coordinating the initial response to injuries, fires, and fire hazards; and acting to contain or control
radioactive and/or hazardous materials releases.

Individuals should remain calm and stay away from windows, steam lines, and
hazardous material storage locations. Once the shaking has subsided, individuals should evacuate
carefully and assist personnel needing help. The location of any trapped individuals should be
reported to the BED or is reported to 911 (373-3800 if using a cell phone).
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The BED takes whatever actions are necessary to minimize damage and personnel
injuries. Responsibilities include the following:

Coordinating searches for personnel and potential hazardous conditions (fires,
spills, etc.)

Conducting accountability

* Arranging rescue efforts, and notif~ying 911 (373-3800 if using a cellular phone) for

* Determining if hazardous materials, radioactive and/or mixed waste were released

Determining current local meteorological conditions

materials pose an immediate danger

possible.

7.4.2

When notified of an impending ashfall, the BED will implement measures to minimize
the impact of the ash fall. BED actions include the following:

Installing filter media or protective coverings on outdoors equipment that may be
adversely affected by the ash (diesel generators, equipment rooms etc.).

Shutting down some or all operations and processes

If other emergency conditions arise as a result of the ashfall (e.g., fires due to electrical
shorts or lightning), response is as described in other sections of this plan.
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7.4.3 High Winds/Tornados

Upon notification of impending high winds, the BED takes steps necessary to secure all

outdoor waste, hazardous material containers, and storage locations. All doors and windows are

shut, and personnel are warned to use extreme caution when entering or exiting the building.
Ventilation, utilities and operations will be shut down as appropriate to lessen the severity of the
impact.

7.4.4 Flood

N/A.

7.4.5 Range Fire

Responses to range fires are handled by preventive measures (i.e., keeping hazardous
material and waste accumulation areas free of combustible materials such as weeds and brush). If
a range fire breaches the LLBG boundaries, the response is as described in Section 7.2.4.

7.4.6 Aircraft Crash

The response to an aircraft crash is the same as that for responding to a fire and/or
explosion (Section 7.2.4).

7.5 SECURITY CONTINGENCIES

Depending on the severity of the event, the BED reviews the sitewide and LLBG

emergency response procedure(s) and, as required, categorizes and/or classifies the event. If
necessary, the BED initiates area protective actions and H-anford Site Emergency Response
Organization activation. The steps identified in the following description of actions do not have to

be performned in sequence because of the unanticipated sequence of incident events. Attachment A
provides a list of procedures.

7.5.1 Bomb Threat/Explosive Device

Response to a bomb threat/explosive device is discussed in the following sections.
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7.5.1.1

Individuals receiving telephoned threats try to gain as much information as possible
from the caller (using the bomb threat checklist if available). Upon conclusion of the call, notify

reporting a bomb threat/explosive device unless beyond 300 feet from the suspected object).

The BED evacuates the LLBG and questions personnel at the staging area regarding

7.5.1.2 Written Threat

Receivers of written threats handle the letter as little as possible. Notify the BED and
Hanford Patrol by calling 911 (do not use a cellular phone or hand-held radio for reporting a bomb

of the letter, the BED might evacuate the affected locations. The letter is turned over to Hanford
Patrol and their instructions are followed.

Hostage Situation/Armed Intruder

The discoverer of a hostage situation or of an armned intruder reports the incident to 911

Hanford Patrol, might covertly evacuate areas not observable by the hostage taker(s)/intruder.
No alarms will be sounded.

Hostage Negotiating Team if necessary.

7.5.3

The discoverer of a suspicious object reports this object to the BED and to 911 (do not
use a cellular phone or hand-held radio for reporting a bomb threat/explosive device unless beyond

The BED will evacuate the LLBG and (based on the description provided by the
discoverer) attempt to determine the identity or owner of the object. Questioning personnel at the
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If the identity/ownership of the object cannot be determined, then Hanford Patrol will
assume conmmand of the incident. The canine unit will be used to determine if the package
contains explosives, If there is a positive indication of explosives or it cannot be assured that there
are no explosives, then an Explosive Ordnance Disposal Team will be dispatched to properly
dispose of the object.

8.0 TERMINATION OF EVENT, INCIDENT RECOVERY, RESTART OF
OPERATIONS

DOE/RL-94-02, Section 9.0, describes actions for event termination, incident recovery,
and restart of operations. The extent by which these actions are employed is based upon the
incident classification of each event. In addition, DOEIRL-94-02 also contains actions for the
management of incompatible wastesthat might apply.

8.1 TERMINATION OF EVENT

For events where the Hanford Emergency Operations Center (Hanford-EOC) is
activated, the RL/ORP Emergency Manager has the authority to declare event termination. This
decision is based on input from the BED, IC, and other emergency response organization
members. For events where the Hanford-EOC is not activated, the ICS and staff will declare event
termination.

8.2 INCIDENT RECOVERY AND RESTART OF OPERATIONS

A recovery plan is developed when necessary in accordance with DOE/RL-94-02,
Section 9.2. A recovery plan is needed following an event where further risk could be introduced
to personnel, the LLBG, or the environment through recovery action and/or to maximize the
preservation of evidence.

If this plan was implemented according to section 4.0 of this plan, the Washington
State Department of Ecology must be notified before operations can resume. DOE/RL-94-02,
Section 5.]1, discusses different reports to outside agencies. This notification is in addition to those
required reports and must include the following statements:

There are no incompatibility issues with the waste and released materials from the
incident.

All the equipment has been cleaned, fit for its intended use, and placed back into
service.
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The notification required by WAC 173-303-360(2)0) may be made via telephone
conference. Additional information that Ecology requests regarding these restart conditions will

For emergencies not involving activation of the Hanford-EOC, the BED ensures that
conditions are restored to normal before operations are resumed. If the Hanford Site Emergency

organization could be appointed at the discretion of the RL to restore conditions to normal. This
process is detailed in RL and contractor emergency procedures. The makeup of this organization

appointed by the appropriate contractor's management.

8.3

After an event, the BED or the onsite recovery organization ensures that no waste that
might be incompatible with the released material is treated, stored, and/or disposed of until cleanup

DOEIRL-94-02, Section 9.2.3, describes actions to be taken.

Waste from cleanup activities is designated and managed as newly generated waste. A

placed in the same container. Containers of waste are placed in approved storage areas
appropriate for their compatibility class.

organization ensures that the cause is corrected.

8.4

DECONTAMINATION

All equipment used during an incident is decontaminated (if practicable) or disposed of as

subsequent use. Consumables and disposed materials are restocked. Fire extinguishers are
recharged or replaced.

operations are resumed. Depleted stocks of neutralizing and absorbing materials are replenished
and protective clothing is cleaned or disposed of and restocked, etc.
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9.0 EMERGENCY EQUIPMENT

Hanford Site emergency resources and equipment are described and listed in DOE/RL-
94-02, Appendix C. Emergency resources and equipment for the LLBG are presented in this
section.

9.1 FIXED EMERGENCY EQUIPMENT

None.

9.2 PORTABLE EMERGENCY EQUIPMENT

PORTABLE EMERGENCY EQUIPMENT

TYPE LOCATION CAPABILITY

Fire extinguishers In motorized equipment (e.g., Use on any Class A, B, or C
trucks, etc.), nearby structures fires. (Note: Some are only
(e.g., change trailers, storage B and C.)
buildings, etc.,).

Do NOT use on sodium.

Radiological Emergency MO-438 Equipment for response to
Response Equipment I______________ facility radiological events.'

9.3 COMMUNICATIONS EQUIPMENT/WARNING SYSTEMS

COMMUNICATIONS EQUIPMENT

TYPE LOCATION CAPABILITY

Hand-held radios Portable Communication

'This equipment is for radiological emergency response purposes only and is not subject to
the permit modification process.
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9.4 PERSONAL PROTECTIVE EQUIPMENT

PERSONAL PROTECTION EQUIPMENT

TYPE LOCATION CAPABILITY

Full-face respirator 271 -T Mask Station Protection from respiratory

hazards
PPE Clothing MO-289 Protection from specific

____________________ exposure hazards

9.5 SPILL CONTROL AND CONTAINMENT SUPPLIES

In the event of a nonradioactive hazardous materials spill, control equipment to be used
for an emergency and/or recovery phase is identified as follows:

SPILL KITS AND SPILL CONTROL EQUIPMENT

TYPE LOCATION CAPABILITY

Absorbents CWC Emergency Response Contain or clean up spills

Trailer

Overpack containers CWC Provide containment for leaking
or damaged containers

Shovels CWC Emergency Response Clean up hazardous material
Trailer spills

Chemical transfer pumps Central Waste Complex Move hazardous materials

Spill kit Trench 34, CWC Emergency Clean up hazardous material
__________________Response Trailer spills
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INCIDENT COMMAND POST

Emergency resource materials are stored at each location. The IC could activate the Hanford Fire

10.0

RL has established a number of coordination agreements, or memoranda of

incidents involving the Hanford Site. A description of the agreements is contained in DOE/RL-

11.0

Post-incident written reports are required for certain incidents on the Hanford Site. The

Facility management must note in the TSD-unit operating record, the time, date and

this plan). Within fifteen (15) days after the incident, a written report must be submitted to

12.0

Copies of this plan are maintained at the following locations:

MO-223
MO-720 Conference room (ICP).
MO.-438
MO-720 Regulatory File.

DOE/RL-94-02, Section 14.3. 1.1.
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13.0

BUILDING EMERGENCY DIRECTOR

LLBG BEDs

LOCATION PHONE

M0720 Complex 372-3066

(373-3800), in accordance with the Hanford Facility RCRA Permnit, Dangerous Waste Portion,
General Condition II.A.4.

14.0 REFERENCES

U.S. Department of Energy, Washington D.C.

DOEIRL-94-02,

WAC 173-303, "Washington State Dangerous Waste Regulations,"
Code, Washington State Department of Ecology, Olympia, Washington.

Recovery Act Permit for the Treatment, Storage, and Disposal of Dangerous Waste, Permit
Number WA7890008967, Washington State Department of Ecology, Olympia, Washington.
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Figure 1. Burial Grounds, 200 East Area
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Figure 2. Burial Grounds, 200 West Area.
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ATTACHMENT A

Listing of Procedures

DQE-0223, Emergency Plan Implementing Procedures, RLEP 3.4, "Emergency Termination,
Reentry, and Recovery"

DOE-0223, Emergency Plan Implementing Procedures, RLEP 1. 1, "Hanford Incident Command
System and Event Recognition and Classification"

DOE-0223, Emergency Plan Implementing Procedures, RLEP 1.0, "Recognizing and Classifying
Emergencies," Appendix 1-2.13.

Facility Specific Emnergency Restonse Procedures

SW-ERP-003, Respond to Spill/Release
SW-ERP-004, Respond to Fire or Explosion
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Department of Energy
Richland operations Office

P.O. Box 550
Richland, Washington 99352

08-AMCP-0063 DEC 19 2001

Ms. J. A, Hedges, program Manager
Nuclear Waste Program
State of Washington JAN 0220
Department of Ecology E M
3 100 Port of Benton E M
Richland, Washington 99354

Dear Ms. Hedges:

HANFORD FACILITY DANGEROUS WASTE PART B PERMIT APPLICATION, LOW-

LEVEL BURIAL GROUNDS (LLBG) DOEIRL-88-20, REVISION 2

The purpose of this letter is to provide resolutions that close Notice of Deficiencies (NODs) on

the Hanford Facility Dangerous Waste Part B Permit Application, Low-Level Burial Grounds

(LLBG) DOE/RL-88-20, Revision 2. The U.S. Department of Energy, Richland Operations .vqA

Office (RL) letter (02-RCA-041 1) dated June 27, 2002, provided the State of Washington 0

Department of Ecology (Ecology) a working draft of a permit application for the Low-Level

Burial Grounds. Ecology and RL held workshops to resolve these NODs. During the

October 2007 Tni-Party Agreement Project Manager Meeting, Ecology and RL agreed to close

the NODs based on these resolutions. The NODs and resolutions are enclosed in two parts; the

first part pertains to non-groundwater and the second to groundwater.

If you have any questions, please contact me, or your staff may contact Mark French, of my

staff, on (509) 373-9863.

Sincerely,

)0ic ormick, stant Manager

AMCP:MSC for the Central Plateau

Enclosures

cc: See Page 2
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Ms. J. A. Hedges -2- DEC 19 2007
08-AMCP-0063

cc w/encls:
G. Bohnee, NPT
L. Buck, Wanapumn
N. Ceto, EPA
S. Harris, CTUIR
R. Jim, YN
S. L. Leckband, HAB
A. G. Miskho, FHI
K. Niles, ODOE
J. F. Olicro, Ecology
R. E. Piippo, FHL
D. G. Singleton, Ecology
J. G. Vance, FFS
Administrative Record (LLBG: D-2-9)
Environmental Portal



Enclosure 1
Responses to Ecology Non-Groundwater comments on LLBG, Part B Permit Application,

Working Draft, Rev. 2, DOEIRL-88-20, dated June 27, 2002



Responses to Ecology comments on LLBG, Part B Permit Application, Working
Draft, Rev. 2, DOE/RL-88-20, dated June 27, 2002

(Chapter 5 GW comments are in a separate file)

____ NOD Comments
Comment Comment Closed on

No.
2-1 Page 2-1, Lines 2-3: Regarding receipt of mixed waste from off-site generators, Ecology Closed 2/13/03

staff expect additional direction from Ecology's upper management and the Washington
State Attorney General's office, prior to issuance of the Low-Level Burial Ground final
status permit conditions, as to the acceptability of off-site waste at the Low-Level Burial
Grounds. However, until such direction is received, the language can remain as written.

I___ Requirement:.
DOE-RL/FH Response: Noted. No response required.

2-2 Page2-1, Lines 25-26: Delete last sentence. The LLBG, as described in the Part A, is a RL/FH to
regulated unit. discuss

response
Re uirement: WAC 173-303-040, 803. 3/27/03
DOE-RL/FH Response: Action

Deferred
2-3 Page 2-1, Line 32: Specify' "other regulatory alternatives" or delete. Closed 2/13/03

Requiemen: WAC 173-303-140.
DOE-RL/FH Response: Accept. The sentence wilt be changed to: "All mixed waste --

destined for disposal meets land disposal restriction (LDR) requirements [WAC 173-
303-140, 40) CFR 268, and RCW-70.1051 or other regulatory alternatives as described
in Appendix 3A." Appendix 3A (Section 1.1, page 1-1, line 32) specifies which
sections describe the regulatory alternatives.

2-4 Page 2-4, Lines 2-4: Identify specific information concerning releases from SWMU's. 5/1/03
Rather than making reference to DOE/RL-91 -28, reiterate exact language. (The DOE/RL- Revisit during
91-28 has undergone several revisions, and is again in revision, so simple reference is not Chapter I1I
sufficient.) discussions

Requirement: WAG 173-303-645, 806(4).
DOE-RL/FH Response: Reject. Based on previous operating unit permitting
application structure, it is appropriate to reference DOE/RL-91-28 for this,
Information. DOE/RL-91-28, section 2.5, and Appendix 2D contain the Information
used to meet WAC-173-303-860(4)(a)(xxiil).

Yes, DOE-RL and FH agree that DOEIRL-91-28 has undergone revision and
currently Is being rewritten, however, until such time as DOE-RL and Ecology agree
how DOE/RL-,91-28 will be referenced, the text will remain the same, ______

3-1 Page 1-3, Lines 37-41: The text states that stored mixed waste will meet LDR Closed
requirements with the exception of containerized waste where treatment in trench will be 9/11/03
performed. This assumes that treatment in the trench has already been authorized. What if
in trench treatment is not allowed? What are the alternative plans for this containerized
waste?

Requirement: Ensure that in trench treatment is acceptable.
DOE-RL/FH Response: If treatment in the trench is not approved, storage In the
mixed waste trenches would be limited to the language in the current Part A, Form 3.
The current Part A Form 3 limits storage to waste that is Land Disposal Restrictions
(LDR) compliant.

Alternative plans for large container waste would be to have this waste remain in
____storage at another TSD unit until capability is developed to perform treatment._______

Page I ofl19



Responses to Ecology comments on LLBG, Part B Permit Application, Working
Draft, Rev. 2, DOE/RL-88-20, dated June 27, 2002

(Chapter 5 GW comments are in a separate file)
NOD Comments ______

Co.mn Comment Closed on

3-2 Page 1-4, Lines 3-5: The term "bulk load" has been added to this WAP as an alternative Closed
to container. It has been verbally stated that this was done as a cost savings issue. 9/11/03
However, the text doesn't provide elaboration on the inclusion of this newly added
acceptable waste tracking unit.

Requirement: Include additional text briefly explaining the basis for specifying bulk
loads as an acceptable waste tracking unit.
DOE-RL/F Response: Biulk load was added to the WAP as an option after seeing
these operations performed at the Environmental Restoration Disposal Facility
(ERDF). Additional text regarding the basis for bulk loads does not appear to be
necessary because the waste acceptance process addresses bulk loads the same as
containers

3-3 Page 1-4, Line 27: Editorial commnent Closed
9/11/03

Requirement: Change the word "addresses" to "addressed".
DOE-RL/FJ Response: Accept.

3-4 Page 1-5, Line 1: The term "newly generated" waste has been added to this WAP as a 8/23/2007
result of the Mod E process. This new designation is very explicit and should be defined. Will be

addressed in
Requirement: Include additional information to define "newly generated" waste. This can future WA?

____either be accomplished within the text, or with a footnote. discussions.
____DOE-RL/F Response:

3-5 Page 2-4, Lines 48-49: The text states that waste might be stored in the TSD unit while Closed
awaiting analytical results for LDR requirements or while awaiting treatment in trench 31 9/11/03
or 34. Once again, is this assuming that in trench treatment has been authorized for these
two trenches?

Requiremnent. Ensure that in trench treatment is acceptable. ______

DOE-RL/FH Response: Comment noted. Refer to response to NOD 3-1. ______

3-6 Page 2-9, Lines 18-19: The text states that chemical screening is not required for small Closed
containers of waste in overpacked containers (labpacks)... What is the justification of this 9/25/03
exemption? What if the waste in the labpacks represent a "not accepted for disposal"
category listed on page 1-2, line 39 to page 1-3, line 19?

Requirement: Provide information on the basis for the exception of labpack chemical
testing.
DOE-RLIF Response: Refer to response to NOD 3-8. ______

3-7 Page 2-13, Line 25, General: This section should note that all non-conformance issues Closed
will be documented and maintained in the facilities operating record. 9/11/03

DOE-RUMF Response: Accept. The following sentence will be added to Page 2-13
line 27: "Conformance issue resolution documentation wll be maintained In
accordance with Section 8.0."

3-8 Page 2-15, Lines 10-li: The text states that, for waste shipments with unresolved Closed
conformance issues that exceed 90 days, this TSD unit shall contact Ecology at least once 9/25/03
per calendar quarter. However, the stated requirement falls short of indicating what the
ultimate plan will be for these waste shipments. Will the nonconformance issues be
corrected, and then will a follow-up report to Ecology be made?

Requirement: Include additional detail of the planned actions for these waste shipments
____With unresolved conformance issues.

DOE-RL/FI Response: The language in the WA? was negotiated as part of Mod E
___for the CWC and WRAP WAPs._____

Page 2 of 19



Responses to Ecology comments on LLBG, Part B Permit Application, Working
Draft, Rev. 2, DOEIRL-88-20, dated June 27, 2002

(Chapter 5 OW comments are in a separate file)
_____NOD Comments

Comment Comment Closed on
3-9 Page 3-3, Lines 46-48: The text states that failure of a chemical screening test is defined as Closed

a chemical screening result that is inconsistent with the associated shipping documentation. 9/11/03
The section then goes on to provide the specific failure criteria for each chemical test. This
is useful information. However, the text does not provide information on what actions will
be taken if and when a chemical test failure occurs.

Requirement: Include an "Action Item" for each test that will be completed if failure of
that chemical screening test occurs.
DOE-RL/FH Response: On page 3-1 lines 5-6, the WAP states conformance issues
are managed In accordance with section 2.4.3, Section 2.4.3 describes the resolution
process. Due to the need for flexibility In determining how to resolve conformance
Issues, additional text appears inappropriate. Furthermore, If conformance Issues
pertain to more than one chemical screening parameter, the resolution process must

_____factor In another layer of complexity.
3-10 Page 5-2, Lines 10-12: The text states that laboratory inspections are performed by the Closed

TSD unit. Is there a pre-set frequency for these inspections, or are they prompted by 10/02/03
certain QA/QC findings in the data?

Requirement: Provide more information on the inspection process._______
DOE-RIFH Response: For on-site laboratories, we use the audIts/inspections
performed by and for the FH quality assurance organization. These Inspections have
no preset frequency, but occur approximately oace per year. The Waste Sampling
and Characterization Facility received Its last inspection In March 2003. The 222-S
Laboratory received Its last inspection in February 2002 and Is due for another
Inspection soon. Inspections can also be prompted by issues with data quality
assurance. Off-osite laboratory inspections are performed and managed by DOE.

The text on page 5-2 lines 10-12 will be revised as follows: "Activity based laboratory
Inspections. Inspections are performed by the TSD unit. Inspections verify that
specific guidelines, specifications, or procedures for the activities are completed
successfully. Inspections are performed on at periodic basis and could be prompted by

_____Issues with data quality assurance."
3-1l Page 5-3, Line 5: The text states that data validation is not required. It is the opinion of Closed

this reviewer that data validation by an independent laboratory is recommended on at least 9/11/03
a small percentage of the data.

Requirement: Re-evaluate why data validation, at the minimum internal, is not needed.
Include the rationale within the text ______

DOE-RLIFH Response: The sentence In the WAP Is based on a. premise that data
validation Is a term reserved for CERCLA activities. According to the 1996-1997
waste analysis plan workshops with Ecology, It was agreed that data validation Is not
required for RCRA processes. For RCRA activities, the phrase "data assessment or
evaluation" was considered appropriate as stated on page 5-3 line 6. DOE/FH do not
know of a requirement to have an independent laboratory perform data validation.

The sentence on page 5-3 lines 5-6 will be replaced with the following: "The TSD unit
is responsible to ensure that data assessment or evaluation is completed. The
activities performed to complete the data assessment or evaluations are different from

____the activities used to perform data validation under CERCLA." ______
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Responses to Ecology comments on LLBG, Part B Permit Application, Working
Draft, Rev. 2, DOE/RL-88-20, dated June 27, 2002

(Chapter 5 GW comments are in a separate file)
NOD Comments

Comment 'Comment Closed on
No.

3-12 Page 7-2, Lines 25-26: The text states that when stored mixed waste does not meet Closed

treatment standards, treatment in the trench will be performed. Once again, has this been 9/11/03
authorized?

Requirement: Ensure that in trench treatment is acceptable.
DOE-RL/FH Response: _Comment noted. Refer to response to NOD 3-1.

3-13 Page 7-2, line 47 thin Page 7-3, Une 4: To better understand the applicable regulations, it Closed

would benefit both DOE and Ecology to work through an example before this language is 10/02/03

captured in the LLBG WAP. Ecology requests a hypothetical EHW, destined for the burial

grounds, be introduced and designated for our understanding.

_Requirement: Ensure everyone's interpretation of the regulations is in line.

DOE-RIJFH Response: To Illustrate this concept for mixed waste EHW, the
following three examples are provided:

1. A mixed waste is designated as WPO1, EHW and has radiological disposal
requirements to bury the waste in a high integrity container. The disposal

package Is designed to meet the high integrity container requirements. Because

the As Low As Reasonably Achievable standard precludes unnecessary exposure,
no additional processing of the waste is performed and the waste Is disposed as
WPM1

2. A mixed waste is designated as WTO1, EHW and no additional disposal
requirements apply. Because the As Low As Reasonably Achievable standard
precludes unnecessary exposure, ao additional processing of the waste Is
performed and the waste Is disposed as WT01.

3. A proper designation (complete designation) results in a FO0l-FOOS waste

designation. Even though the mixed waste possesses properties that would assign,

WTOI as a waste code, the waste designation processes in WAC 173-303-070 do
not require assignment of the WTOI waste code. The EHW LDR does not apply
to the waste because the WTO1 waste code is not part of a proper waste
designation.

3-14 Page 7-3, Lines 32-33 & 43-44: Incorporate into text the following language: "for review Closed

and approval by Ecology". Example: The Permittee can propose, for review and approval 9/11/03

by Ecology, other techniques as a Class 3 permit modification downgraded to a 1 -prime
modification.

IRequirement: Distinguish Ecology to which the proposal will be sent to for approval. ______

DOE-RLJJFH Response: Accept
4-1 Page 4-1, Lines 16-17: Delete first sentence. It is a negative of the proceding sentence. Closed 2/13/03

Requremnt:n/a
DOE-RIJFH Response: Replace the first sentence with: "In general, containers of

mixed waste disposed In the LLBG do not contain free liquids and are greater than or

equa to 0 prcent full."_______

4-2 Page 4-2, Line 17: Delete word "typically" or describe instances where mixed waste Closed

containers would not be removed to an onsite treatment and/or storage unit or other 3/06/03
permitted location before being opened.

____Requirement: WAC 173-303-141, 630(5)._______
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Draft, Rev. 2, DQEIRL-88-20, dated June 27, 2002

(Chapter 5 GW comments are in a separate file)
NOD Comments

CmetCom-aent Closed on

DOE-RLIFH Response: Accept. Delete the word 'typically'. However, the following

will be added to end of sentence on lines 16-18. "However, the LLBG operating
organization needs the flexibility to determine on a case-by-case basis when a
container needs to be moved. Decisions on whether or not to move waste containers
are based on exposure concerns, weather conditions, complexity of operations, risks to

human health and the environment, etc. Scenarios where containers might be opened

I___ at the LLBG include void space filling and grouting."

4-3 Page 4-2, Line 40: Describe the actions to be taken if the spill or release is radioactive in Closed
nature, i.e., if the waste meets LDR but is highly radioactive, then DOE may need to take 3/06/03

some action rather than stabilize and leave in place. Also, does DOE expect all waste
accepted for storage at LLBG to meet LDR requirements?

Requirement: WAG 173-303-145(3).

DOE-RL/FH Response: Reject Section 4.1.3 provides the requested Information, as --

the text describes the actions that could be taken.

Yes, the DOE-RI and FH expect waste accepted for storage at LLBG to meet LDR

requirements. The Part A, Form 3, found in Chapter 1 of this Part B permit
application states, "The greater-than-90-day container storage capability In mixed

waste trenches 31 and 34 of the 218-W-5 Burial Ground provides a location to store
various sized containers of treated mixed waste In a RCRA-compliant manner other

than the Central Waste Complex. Mixed waste will meet land disposal restriction
Irequirements...." ______

4-4 Page 4-2, Lines 43-44: In the event of a spill "solely intesoaecnigurations" actions Closed

are performed, is this to say that nothing will be done in the event of a spill if the trench is 3/06/03
in the "disposal configurations"? This is unclear to distinguish between storage
configurations and disposal configurations for actions taken for spills. Line 38 on page 4-3

states: "Within a trench, storage and disposal of waste could take place at the same time".

Explain the need to delineate between storage configurations and disposal configurations
for actions taken for spills.

Requirement: WAC 173-303.
DOE-RLIFH Response: (NOTE: The text of NOD incorrectly references wkee 4-3.
line 38; the correct reference Is vace 4-2, line 38.)

Specific areas of concern with regard to spills are the storage areas, the truck
unloading areas, and the disposal areas Precautions taken and responses to spills in
the truck unloading areas are described in Section 4.5.3.1.11, Truck Unloading Area

Liner System; 4.5.6 Liner System, Lea chate Collection and Removal System; aind 4.5.7.4

Maintenance Procedures for Leachate Collection and Removal Systems.

Yes, there are no requirements to address actions for releases from disposed
containers. Any actions will be determined based on other requirements outside of
RCRA.

To correctly describe conditions at the LLBG, DOE-RL and FH will change the
second sentence on page 4-2, line 38 to "Waste could be steed-sted tmporarilyn a
trench during the acceptance process."

4-5 Page 4-3, Lines 25: Describe criteria for deciding when soil samples would be taken to Closed

verify cleanup activity. 2/13/03

R___ Reuirement: WAC 173-303-145(3).
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NOD Comments ____

Comment Comment Closed on
No. ___________________________ 

_

DOE-RL/FH Response: Accept. The following phrase will be added to the beginning --

of line 25 on page 4-.3. "In the event col ete cleAnuR cannot be demonstrated

tliroutb visual meanus, soil samples might be taken..."

4-6 Page 4-3, Line 28: Please reapply the following language that incorporates an action to ClOsed

support what is to be performed in the event of a spill or release at the LLBG: "When soil 2/13/03

sampling techniques have verified cleanup, the LLBG supervisor signs the operating

logbook, indicating that the waste was removed from the containment system and cleanup

activities are completed". This language is found in both the 1997 Part B application, page

4-3 lines 40-43, and the 2000 MWDU Part B Revision, page 4-3 lines 16-18,

Requirement: WAG 173-303. ______

DOE-RL/FH Response: Accept. This Information will be added as Item 7 in Section --

4.1.3.
4-7 Page 4-6, Lines 1-3- DOE requests an exemption from liner system requirements for 3/06/03

mixed waste received for disposal in unlined trenches since August 1987. Ecology denies Action: revisit

this request; however, since installation of a compliant liner system for these unlined during Chapter

trenches is unreasonable, Ecology will work with DOE via this permitting process to 11I discussions

develop corrective actions and/or other final status conditions that would serve to protect

human health and the environment since the liner requirements cannot be achieved.

Reguirement: WAC 173-303-665(2).
DOE-RL/FH Response: DOE-RL and FH agree that installation of a compliant liner --

system for these locations is unreasonable and look forward to working with Ecology

to establish the appropriate conditions to address this circumstance.

5I Chapter 5, GROUNDWATER MONITORING FOR LAND BASED UNITS [D101:

thru See separate file for 13 Chapter 5 comments.
5-13 ______________________________________
6-1 Page 6-3, Lines 6-7: Add information as to criteria for implementing immediate remedial Closed

actions with respect to the need for protection of human health and the environment. That 3/27/03

is, ALARA considerations, availability of supplies,.equipment, and personnel are important

factors, but the need to protect human health the environment must be factored in as well.

Requirement: WAC 173-303-320(3). ______

DOE-RL/FII Response: The sentence will be revised to state "Immediate remediation-

actions are implemented based on protection of human healith and the environment,

ALABA considerations, and availability of supplies, equipment, and personnel." ______

6-2 Page 6-3, Lines 27: 'The regulations are written as < 30". Change to match units used in Closed

the regulations. Be consistent with units throughout permit application. 3/06/03

Requirement: WAC 173-303-630(5).
DOE-R.L/FH Response: WAC 173-303-630(5)(c) requires a minimum thirty-Inch --

separation between aisles. The sentence will be revised to Include "(30 Inches)"

Immediately following the metric units. Hanford Is required by Public Law 100-418

and Executive Order 12770 to use the metric system.

6-3 Page 6-8, Lines 32-33: Please replace the following sentence: "No ignitable or reactive is Closed

be stored in mixed waste trenches." with "No ignitable or reactive waste is to be stored in 3/06/03

the mixed waste trenches."

Requirement: Clarification ______

DOE-RL/FH Response: Accept. The sentence will be removed and replaced with:

"No Ignitable or reactive waste subject to 40 CER 268 Is to be stored in the mixed

waste trenches."________
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NOD Comments

Comment Comment Closed on
No. 'ttce

6-4 Page T6-1: Table 6-1I Reiterate types of problems as identified in WAC. (See atahd Closed

example from draft WRAP permit). Add references to applicable WAC regulations. 5/1/03

Requirement: WAG 173-303-320, -395, - 630.

DOE-R1/PH Response: Additional detail regarding the types of problems is found in

Section 6.2.3. The following change to text will be made: The third column in Tables

6-1, 6-2, and 6-3 (all entitled "4Types of Problems") will be marked with the footnote.:

"Refer to Section 6.2.3."

Retitle Table 6-3 to 'General Inspections'.

In addition the word "or' will be changed to "ofr on page 6-2, line 29 to read ".

tyes of problems..".
7-1 APP 7A-1, BEP, Page 11, Section 6.1.1: "Loss of Utilities"- Need to explain a Closed

contingency plan or the next step if power is not restored and the leachate accumulation is 3/06/03

in excess. Generators??

____Requirement: WAC 173-303.

DOE-RL/FH Response: Section 6.1.1 is not an enforceable section of the Building ..

Emergency Plan. See response to 7-2.

7-2 APP 7A-4, BEP, Page 18, Section 7.2.1: "Loss of Utilities"- Need to explain a Closed

contingency plan or the next step if power is not restored and the leachate accumulation is 3/06/03

in excess. Generators??

Reqireen: WAG 173-303.
DOE-RLIFH Response: Accept. The following sentence will be added to the Loss of -

Electricity bullet: "In the event of a loss of electrical power and the leachate

accumulation Is in excess, a generator will be used to provide temporary power.l

7-3 APP 7A-i, BEP, Page 21, Section 7.2.5.1: Damage or Unacceptable Shipments [111. 8.13. 1 Closed

settlement agreement]- What Ecology would like to see in this Section: 3/06/03

During the course of receiving dangerous and/or mixed waste at LLBG, an unanticipated

event could be discovered resulting in a discrepancy concerning the waste. In some cases,

the discrepancy will result from receiving an off-site shipment, manifested pursuant to

Hanford Facility RCRA Permit, condition II.P.l or WAG 1 73-303-370 that is damaged or

otherwise presents a hazard and cannot be transported. Damaged or unacceptable

shipments resulting from onsite transfers are not subject to WAG 173-303-370 however

discrepancies must be resolved in order to maintain proper records.

Regardless of whether the waste is received as an off-site shipment or on-site transfer, the

following actions are taken:

* Operations management is notified of the damaged or unacceptable waste to be

received.
" If the discrepancy results in a spill or release, actions described in section 7.2.5

are taken.
* The generating organization is notified of the discrepancy.

0 An operations representative, in conjunction with the generating organization,

determines the course of action to resolve the discrepancy.

IRequirement: WAG 173-303. ______

DOE-RIFH Response: Accept.
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No. 
_____

7-4 APP 7A-4, BE, Page 28, Section 9.2: "Portable Emergency Equipment" - For the Closed

footnote, within the table contained in Section 9.2 under the Capability heading, at the 3/27/03

bottom of Page 28. Ecology would make the recommendation that it reads: "This

equipment is for radiological emergency response purposes only, Though it is not required

under regulatory authority to be a part of the permit modification process it will be

provided within the Building Emergency Plan as to maintain an up-to-date plan."

I___ Requirement: WAC 173-303.

DOE-RLIFH Response: Accept The change will be made by placing an asterisk

after the equipment In the left hand column of the table. The asterisk will refer to the

following text: "This equipment is for radiological emergency response purposes

only. It is not Ecology's Intent to regulate radionuclides. However, it Is necessary to

maintain an up-to-ate complete BEP."

7-5 APP 7A-i, BEP, Page 29, Section 9.4: "Personal Protective Equipment"- Where is MO- Closed

289? 7/24)03

Req nirement: WAC 173-303.
DOE-RL/FH Response: MO-289 is located in the CWC Complex in 200 West Area.

MO-289 is directly east of 2401-W and next to Dayton Ave. The text In the table will

be changed to state: "CWC/LLBG Emergency Response Trailers".

In addition, the following changes to enforceable sections are noted anud have been

Incorporated into Revision 11 of the Building Emergency Plan for the Low-Level

Burial Grounds

* Section 3.1, 2Id sentence, capitalize the words "Incident Command System".

*Section 3.1, 4"' sentence, reword to read: "The Incident Command Post (ICP) Is

managed by the senior Hanford Fire Departmentofficial, unless the event is

determined to primarily be a security event, in which case the Hanford Fire

Department and Hanford Patrol will operate under a unified command system

with Hanford Patrol making all decisions pertaining to security."

* Section 4.0, third paragraph, last sentence, removed "Hanford Emergency
Management Plan"

* Section 7.1.1, 'AREA EVACUATION PROCEDURE' table, removed note

* Section 7.1.2, second paragraph, first line, removed 'at MO-233'
0 Section 7.2.4, first ballet, added comma after 'Unless otherwise instructed'

* Section 9.1, information converted to table format
* Section 9.4, changed 'Full-faced respirators' to 'Respirators'; changed 1271-T

Mask Station' to 'MO-721'; changed 'MO-289' to 'CWCILLBG Emergency

Response Trailers'
0 Section 9.5, changed all 'CWC Emergency Response Trailers' to 'CWC/LLBG

Emergency Response Trailers'
0 Figure 1, updated.

In addition, text from Sections 8.2,8.3, 8.4, 9.6, 11.0, 12.0 13.0, inadvertently omitted

in original transmittal has been provided.

8-1 General: The text of this "Unit-specific Chapter 8.0.' is too general to be called unit- Closed

specific. 
7/24/03

Requirement Rewrite Chapter 8.0, making it specific to the LLBG unit, as indicated in

Ecolog Comments below.
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Comment Comment Closed on
No.

DOE-RL/FH Response: Chapter 8 terminology is consistent with the units In Part III
of the Hanford Facility RCRA permit, Including for the Waste Treatment Plant
(WTP). With the exception of the WTP, training plan documentation Is not attached
to the Hanford Facility RCRA Permit. In addition, the text In LLBG Chapters8 Is
consistent with the text In DOE/RL-91-28 Chapter 8 (also referred to as Attachment
33 of the Hanford Facility RCRA permit depending on whether the document is
considered a permit application or a permit attachment). The Chapter 8 text Is
designed for any operating unit at the Hanford Facility.

The development of the information contained in Chapter 8 a few years ago resulted
in Class 1 permit modifications being agreed to by Ecology for the Part III units
(except WTP). The details of the text were negotiated during the 222-S Laboratory
Complex NOD process. Since completion of the 222-S Laboratory Complex NOD
process and the Class 1 Permit modifications, similar text has been-used for CWC and
WRAP settlement agreement processes as well as T Plant NOD processes. Within
FIT, the LLBG is part of a four unit organization structure sometimes referred to as
the "solid waste units" (CWC, WRAP, T Plant, and LLBG). Consistency between
these four TSD units, as well as across all FIT units Is critical to maintaining
compliance from a programmatic perspective.

8-2 Page 8-1, Line 18-19: Lint 18 uses "TSD unit" in the singular, and Line 19 uses it in the Closed
plural. At the Hanford Facility, the LLBG is considered a single TSD unit Also, see 7/24/03
Ecology Comment # 1.

____Requirement: Change "the TSD unit(s)" on Lines 18-19" to "the LLBG TSD unit".
DOE-RL(FH Response, The context of the singular and the plural is proper in the
context of the two sentences. See response to comment 8-1.

8-3 Page 8-1, Lines 25-32: These buileted objectives should be specific to the LLBG unit. See Closed
Ecology Comment # 1. 7/24/03

Requirement: Line 25 - Replace "Hanford Facility personnel" with "LLBG unit
personnel", and "Hanford Facility's" with "LLBG unit's". Line 28 - Replace "Hanford
Facility personnel" with "LLBG unit personnel". Line 32 - Replace Hanford Facility
Personnel" with "LLBG unit personnel". ______

DOE-RL/FH Response: The term Hanford Facility personnel is appropriate because
the LLBG is subject to condition II.C that discusses requirements for Hanford

____Facility personnel See response to comment 8-1.
8-4 Page 8-1, Lines 36-44: See Ecology Comment #1. Closed

7/24/03
Requirement: Line 36 - Insert 'LLBG" in front of "TSD unit-specific training". Line 38

-Insert "The LLBG" in front of "TSD) unit-specific training". Line 38-39 - replace
"Hanford Facility personnel" with "LLBG unit personnel". Line 40 - replace "Hanford
Facility personnel" with "LLBG unit personnel". Lines 42-43 - replace "Hanford Facility"
with "LLBG unit".
DOE-RL/FH Response; See response to comment 8-1 and comment 8-3.

8-5 Page 8-2, Lines 3-25: See Ecology Comment #1. Closed
7/24/03

Requirement: Rewrite the sections on Contingency Plan, Emergency Coordinator and
Operations training making them specific to the LLBG unit.
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NOD Comments ____

Comment Commnent Closed on
NO. ________________________________________ _______

DOE-RLIFH Response; See response to comment 8-1.

8-6 Page 8-2, Line 6: The "description of actions" reference needs to be more specific. Closed
7/24/03

IRequirement: Insert ",as indicated on Table 7-I," after "Appendix 7A"._______
DOE-RL/FH Response: Reference to table 7-1 is not necessary because line 6 already
references to chapter 7 and Appendix 7A. See response to comment 8-1.

8-7 Page 8-2, Line 17: Is the use of "unit-by-unit" here in reference to TSD unit, or to Closed
dangerous waste management unit as defined in WAC 173-303-040? 7/24/03

Requirement: Please clarify.
DOE-RL/FH Response: Unit refers to the definition of "unit" in the Hanford Facility
RCRA permit. The definition states: "The term "Unit" (or "TSD unit"), as used in
Parts I through VI of this Permit, means the contiguous area of land on or In which
dangerous waste is placed, or the largest area in which there is a significant likelihood
of mixing dangerous waste constituents in the same area. A TSD unit, for purposes of
this Permit, Is a subgroup of the Facility which has been identified in a Hanford
Facility Dangerous Waste Part A Permit Application Form 3."

8-8 Pages 8-2, Line 17: The definition of a dangerous waste management unit in WAC 173- Closed
303-04 includes container storage areas, not "container management unit". 7/24/03

_____Requirement: Change "container management unit" to "container storage area".
DOE-RL/FH Response: No change, based on responses to comment 8-7 aind that
other Part [II TSD units manage containers.

8-9 Page 8-2, Line 2 1: The term "general training" is inconsistent with terminology used in the Closed
LLBG Training Plan, and could be confused with General Hanford Facility training. 7/24/03

Requirement: Change "general training" to "general waste management unit training" to
be consistent with your training plan (see Page 3, last paragraph, item #2 (HNF- 122 1, Rev.

DOE-RL/FH Response: Line 32 'General Hanford Facility Training' refers to
DOEIRL-91-28, section 8.1 and not the LLBG training plan.
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8-10 Page 8-2, Line 20-25 and Page 8-3, Lines 3-8: There is not enough detail on the Closed
.,supplemented training" at the TSD unit. In the LLBCI Training Plan, the wording 7/24/03
"supplement training" is used to describe the type of additional training provided when
general waste management unit training curriculum doesn't address the waste management
duties for a job title/position (see Page 3, last paragraph, item #3 (HNF-1221, Rev. 5)).
Once it is determined existing training curriculum does not address waste management
duties for a particularjob title/position, two options are available: 1) provide classroom
instruction, or 2) provide on-the-job training (OJT) [WAC 173-303-330(1)]. Whichever is
provided, both of these types of traininag need to be defined, and Your training plan updated.
Please note that the LLBG Training Plan does not define OJT (i.e. there is no description of
the objectives to be met, a time period for completing those objectives, a training
frequency, nor an indication of how completion of the OJT is documented). Without this
information in your training plan, it is unacceptable to refer to OJT as meeting personnel
dangerous waste training requirements. Also, see Ecology Comment #1.

Requirement: In section 8.2, Description of Training Design, explain the process of
supplementing training when it's discovered existing training curriculum does not cover
waste management duties for a job title/position, addressing both development of new
classroom instruction and OJT. Note that until OJT is defined in the LLBG Training Plan,

_____it is unaccetable to reference it here in Chapter 8.0.
DOE-RL/FR Response: DOE.-RUFH Response: The level of detail requested for
supplemental training at the unit was purposely avoided In the permit application and
the training plan documentation. Compliance review on this level of detail Is reserved
for Ecology compliance inspectors during compliance inspections. Whether PH
chooses classroom or OJT provisions to meet training needs for a particular waste
management duty is documented In Table 3-2 of the LLBG Dangerous Waste
Training Plan (the core document component of the training documentation). FH Is
prepared on compliance inspections to discuss the rationale how this selection is
made.

Regarding the requested level of detail for OJT, it was determined through previous
negotiations with Ecology that the level of detail contained in the permift application Is,
appropriate to meet the permit application requirements of WAC 173-303-
806(4)Xa)(xii). In addition, see response to comment 8-1.
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8-11 Page 8-2, Lines 29-3D and Lines 41-U4: Here you assert that continuing training meets the Closed
WAC 173-303-330(l)(b) requirements which is "...an annual review of the training 7124/03
provided in the training program.". Further discussion states operations refresher training
occurs on many frequencies, and some training occurs one-time only when accompanied
by a justification. This assertion is incorrect. Neither Chapter 8.0 nor the LLBG Training
Plan describes a documented, annual review of the training provided in the training
program with personnel. As a result, training courses offered on a frequency of less than
annual do not comply with WAG 173-303-330(I)(b). For clarification, this does not mean
all training must be offered and completed annually - it means the training provided in the
LLBG Training Program must be reviewed annually to determine if refresher training is
required. In addition, note that the LLBG Training Plan does not provide a justification for
the one-time only frequency for courses 300410 and 300700. Also, see Ecology Comment
#1.

Requirement: Describe in Chapter 8.0 how you intend to meet WAC I 73-303-330( l)b).
For example, this requirement could be met by providing an annual review of the
employees training with their manager to determine what areas the employee requires
refresher training in. The evaluation should be based on employee past performance and
feedback, addition or reduction of waste management duties for their job title/position, and
any changes (i.e. additions/reductions) in the curriculum of required training courses.
Documentation that this annual review is performed must be maintained to demonstrate
compliance.
DOE.RJJFH Response: The Ecology suggested Interpretation of how "annual"
provisions are Implemented at Hanford Is inconsistent with the compliance history at
Hanford from past Ecology compliance inspections during the 1990L. The history
shows that Ecology has been concerned with "annual" being the retraining frequency
when a course has been Identified as annual. This annual provision hats received
much attention In the past and has resulted with Ecology agreeing to a plus or minus
30-day window on retraining frequency documented in DOE/RL-91-28 Section 8.4 as
referenced by Chapter 8, page 8-4 line 18. The text states:
"In administering certain training courses, a retraining date could be set by TSD unit
management. The formal retraining date Is a date (dayf month/year) counting from
the most recent Initial training date or another baseline date established for the
training. The formal retraining date remains the same each year regardless of when
retraining Is completed. Retraining Is to occur within 30 days of the formal retraining
date. While It Is preferable to complete retraining within the 30 days before the
formal retraining date, managers have the ability to authorize personnel for 30 days
beyond the formal retraining date, thus allowing a 60-day window in which to satisfy
the retraining requirements."

Refer to response to comment 8-1 regarding the appropriate level of detail for
Chapter 8.0.

The course frequency must be specified In the TSD-unit specific training plan
documentatio 'n and justified when the frequency is not annal according to Page 8-2
Hone 42-44. According to the course description information provided for courses
300410 and 300700, DOE/FIT agrees that the justification is not provided. The two
course descriptions will be reviewed, and as appropriate, revised.
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Responses to Ecology comments on LLBG, Part B Permit Application, Working
Draft, Rev. 2, DOE[RL-88-20, dated June 27, 2002

(Chapter 5 GW comments are in a separate file)
______ ~NOD Comments______

Comment Comment Closed on
No.

8-12 Page 8-3, Line 10: Other than the reference on Page 8-2, Lines 9-10 to "emergency Closed
coordinator duties in WAC 173-303-360", no other waste management duties are 7/24/03
mentioned. Referencing the reader to the entire Section of 8.1 is misleading.

Requirement: Specifically identify which waste management duties you wish to include
here (i.e. waste management duties contained in the LEBO Training Plan, which includes

____those identified in WAC 173-303-330(l)(d) and -360).
DOE-RL/FH Response: It Is difficult to determine If the NOD is written against Page
8-3, line 10 or Page 8-2, lines 9-10. The text in both iocations is appropriate for the
context of the sentences.

8-13 Page 8-3, Line 14: Here you list procedures for using, inspecting, repairing, and replacing Closed
emergency and monitoring equipment as a training element of WAC I 73-303-330(l)(d) 5/15/03
applicable to the LLBG operations. Note that the LLBG Training Plan does not address
procedures for inspecting, repairing, and replacing emergency and monitoring equipment,
only those procedures for using emergency and monitoring equipment.

Requirement: The LLBG Training Plan requires updating to address procedures for
inspecting, repairing, and replacing emergency and monitoring equipment. Until that is
completed, the listing of those procedures here in Chapter 8.0 is unacceptable.
DOE-RL/FH Response:
The Dangerous Waste Training Plan will be revised. Table 2-1 of the Dangerous
Waste Training Plan will have an asterisk placed at the end of the text contained in
the first row, first column. A new footnote will be added to Table 2-1 which states:
"Duties relating to Inspecting, repairing, or replacing emergency monitoring
equipment are outside the scope of the RCRA training program, but these duties are
met based upon the Hanford Emergency Management Plan, DOEIRL-94-02 Sections
11.3 and 11.4."

The requirements In WAC 173-303-330(l)(d) as described in permit application
documentation have been implemented as "emergency" related duties. The words
"inspecting, repairing, or replacing" are not considered to be emergency response

duties and therefore are considered not applicable according to WAC 173-303-
330(l)Xd). The LLBG DWTP (the core document) does not address these terms
because they are not considered emergency duties. See LLBG DWTP Section 2.1 title
"Emergency Response" and Table 3-2 Operations Program first subsection
"Emergency Response leontingency plan duties from WAC 173-303-330(1)(d)]."
Because they have not been considered emergency duties, they have not been
discussed In the training documentation. See the enforceable sections of the Hanford
Emergency Management Plan (DOE/RL-94-02) that make up the RCRA contingency
plan. Section 11.2, Emergency Equipment of DOE/RL-94-02 Is enforceable but
Sections 11.3, Maintenance and Testing of Alarm And Communication Systems and
11.4, Inventory of Emergency Equipment are not.
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Responses to Ecology comments on LLBG, Part B Permit Application, Working
Draft, Rev. 2, DOE/RL-88-20, dated June 27, 2002

(Chapter 5 GW comments are in a separate file)
NOD) Comments

Comment Comment Closed on
No.

8-14 Page 8-3, Lines 10-17: Pursuant to WAC 173-303-330(lXd)(vi) and Table 3-2 of the Closed
LLBG Training Plan (HNFI 1221, Rev. 5) [Note: see Table 3-2 LLBG Waste Management 5/7/03,
Duty Crosswalk, "Operations Program", "Understand key parameters for automatic waste based on new
feed cut-off systems". Course 300085 qualifies the NCO on the systems of the Mixed text
Waste Trenches, and Course 300090 qualifies and certifies the NCO to operate the Mixed
Waste Trenches.], "Key parameters for automatic waste feed cut-off system" should be
included in this bulleted list, since it applies to the operation of mixed waste trenches.

Requirement: Include "Key parameters for automatic waste feed cut-off systems" as a
bullet in this list.
DOE-RL/FH Response: The leachate tank system Is managed under the generator
provisions. The training documentation addresses both generator and TSD unit
provisions together. The NCO does perform these duties and is trained according to
the generator provisions. It is Inappropriate to add generator duties to a permit
application based on WAC 173-303-600(3)(d). This WAC 173-303-330(l)(d) duty
does not appear In the permit application because the duty Is associated with tank
system operations. Key parameters for automatic waste feed cut-off systems and the
shutdown of operations duty does not apply to container management activities or to
landfill activities. This determination is consistent with other FR/Part InI TSD units

8-15 Page 8-3, Lines 10-17: Pursuant to WAC 173-303-330(l)(d)(vi) and Table 3-2 of the Closed
LLBG Training Plan (HNF-l 221, Rev. 5) [Note: see Table 3-2 LLBG Waste Management 5/7/03
Duty Crosswalk, "Operations Program", "Shutdown operations". Course 300085 qualifies
the NCO on the systems of the Mixed Waste Trenches, and Course 300090 qualifies and
certifies the NCO to operate the Mixed Waste Trenches.], "Shutdown of operations" should
be included in this bulleted list, since it applies to the operation of mixed waste trenches.
In addition, shutdown of operations is also applicable to container storage and
accumulation areas. For example, in an emergency, procedures for container storage and
accumulation areas should address ensuring individual containers and container storage and
accumulation areas are secured (i.e., lids are restored to any open containers and the
container storage or accumulation area is locked to prevent unauthorized access).

Requirement: Include "Shutdown of operations" as a bullet in this list.
DOE-RJJFH Response: Refer to response to comment 8-14.

8-16 Page 8-3, Lines 27-29: The statement is made that Training Plan documentation is Closed
maintained outside of the Hanford Facility Dangerous Waste Part B Permit Application and 5/15/03
the HF RCRA Permit, and therefore, changes made to the training plan documentation are
not subject to the HF RCRA Permit modification process. This statement is incorrect. In
accordance with WAG 173-303-830, Appendix I Modifications, changes in the training
plan that effect the type or decrease the amount of training given to employees is a Class 2
permit modification. All other changes are a Class I permit modification.

Requirement: Add the following qualifier: "therefore, changes made to the training plan
documentation are not subject to the HF RCRA Permit modification process, to the extent
that those changes do not affect the type or decrease the amount of training given to
employees, or do not cause a modification to information contained in Chapter 8.0,
Personnel Training."_______
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Draft, Rev. 2, DOE/RL-88-20, dated June 27, 2002

(Chapter 5 OW comments are in a separate file)
NOD Comments

Comment Comment Closed on
No.

DOE-RLIF H Response: DOEIFH agrees that changes to the training plan,
documentation must be maintained so that the documentation complies with the
training outline contained In the permit application. DOE/FH bear the responsibility
to ensure that the training documentation Is consistent with the Permit. The existing
language has been deemed sufficient to meet this objective through previous
negotiations. The Class 2 modification provisions are applied to Table 8-1.

8-17 Page 8-3, Lines 32-35: This entire paragraph on "documentation" is too general to be Closed
clearly understood. Rather than specifying what exactly that documentation is, you include 5/7/03
the generic sentence "The training plan documentation consists of one or more documents
and/or a training database with all the compohents identified in the core document." This
outline of the training program must be specific to the LLBG unit. In addition, you assert
that all the components of the training plan documentation are identified in the core
document. The "core document" is never identified.

Requirement: Specifically identify what documentation is used to meet the requirements
of WAC 173-303-330. Indicate (for each) if that documentation is maintained in hard
copy, electronic media, or both. For example, you could begin the paragraph with
"Documentation prepared to meet the training plan requirements consists of the LLBG
Training Plan (hard copy), and the Training Records Database (electronic).
DOE-RLIFH Response: Documentation to meet the requirements of WAC 173-303-
330 is broader than the permit application requirements contained in WAC 173-303-
806(4)(a)(xii). Because the Chapter 8.0 language has been negotiated for previous
TSD units and the language must be implementable for all co-operators on the
Hanford Facility, the language In the permit application Is appropriate. Within FH,
the LLBG Dangerous Waste Training Plain Is considered the 'core document' for this
unit. The LLBG Dangerous Waste Training Plan provides reference to other training
documentation components. DOEIFH must maintain a level of flexibility to make
improvements to the training program without unnecessary permit modifications.
The existing text of the permit application strikes this balance. FJI is prepared to
answer questions concerning what media information Is maintained during
compliance Inspections.

8-8 Page 8-3, Lines 47-49: Here you state "Only names of Hanford Facility personnel who Closed
carry out job duties relating to TSD unit waste management operations at the LLBG are 5/15103
maintained." Pursuant to WAC 173-303-200(1 )(e), you are also required to maintain
names of personnel at the LLBG unit who perform >90 day accumulation activities.

_____Requirement: Delete the word "Only".
DOE-RL/FH Response: Regarding the requirement to maintain names, DOE/FH
agrees that generator operations and TSD unit operations are subject to WAC 173-
303-330(3)(a) requiring that names are maintained. Because generator activities aire
not subject to the permit process based on WAC 173-303-600(3)(d), information
about generator activities Is not included in the permit application. During the NOD
workshops Ecology clarified that the comment refers to less than 90 Day
accumulation and not greater than 90 day storage.

8-19 Page 8-3, Lines 48-49: The text "Names are maintained within the training plan Closed
documentation." is too general. Again, you have not defined training plan documentation 5/7/3
(see Ecology Comment# 17).

Requirement: Specify where the names are maintained, and if they are maintained in hard
Icopy, electronic copy, or both.
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Draft, Rev. 2, DOEIRL-88-20, dated June 27, 2002
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NOD Comments

Comment Comment Closed on
No,

DOE-RL/FH Response: Refer to response to comments 8-17 and 8-18. Within

PH, names are maintained within a database called the Integrated Training

Electronic Matrix (ITEM). On page 4 of 22 of Rev 5 of the LLBG Dangerous
Waste Training Plan, Section 3.0 discusses how names are maintained and the

format by which the names are maintained.

8-20 Page 8-4, Lines 1-2: In reference to requisite skills, education, other qualifications for job Closed
itles/positions" See Ecology Comments # 17 and # 19. 5/15/03

Requirement: Specify where this information is maintained, rather than using the
example "human resources".
DOE-RIJFH Response: Refer to response to comments 8-1, 8-17, 8-18, and 8-19.
On page 5 of 22 of the LLBG Dangerous Wagte Training Plan, the text states that 171
Human Resources department maintains this information.

8-21 Page 8-4, Lines 9-12: This paragraph asserts that both the type and amount of training is Closed
specified in the training plan documentation as shown in Table 8- 1. This is too general, 5/15/03
and as to the assertion that the amount of training is shown in Table 8- 1, incorrect.

IRequirement: Specifically identify what training plan documentation you are referring to.

DOE-RJJFH Response: The training plan documentation for FR is explained in
response to comment &-17. The structure of Table S-1 in conjunction with the
training plan documentation has been established in previous TSD unit negotiations
with Ecology; refer to response to comment 8-1.

8-22 Page T8-1, Table 8-1. LLBG Training Mafrix: The training matrix is too general, and Closed
doesn't completely match Table 3-2 LLUG Waste Management Duty Crosswalk (HNF- 6103
122 1, Rev. 5), causing a couple of problems. First the "Operations Program" title from
Table 3-2 does not clearly correspond to Table 8-1. Second, because the categories on
Table 8-1 are listed generally, it is impossible to tell what training from that category each
job title/position is required to have without looking at the training plan. For example,
according to Table 8-1, the NCO is required to have "General Waste Management"
training. Because the amount of training isn't specified on Table 8- 1, the assumption is

that the NCO is required to complete any training related to "General Waste Management".
When Table 3-2 is reviewed, it is clear that the NCO only needs part of the "General Waste
Management" training for the duties he/she is required to perform. Table 8- 1, in its current
format, prohibits Ecology from perforraing its obligation to control, through your RCRA
permit, changes that affect the type or decrease the amount of training being offered to
personnel (WAC 173-303-830, Appendix I).

Requirement: Decide on a consistent title, either "Operations Program" or "Emergency
Response (contingency plan), for clarity within LLBG Waste Management Duty Crosswalk
comparison to Table 8-1 Training Matrix. Revise the format of Table 8-1, providing
enough detail for Ecology to determine the amount of training required for each job
title/position in each training category. ______
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(Chapter 5 GW comments are in a separate file)
NOD Comments

Comment Comment Closed on
No.

DOE-RL/FH Response: To Improve the correlation between the Table 9-1 columns
and the LLDG.Dangerous Waste Training Plan, a new row covering the last five
columns will be added to Table 8-1 with the words 'Operations Program'. The level of

detail In Table 8-1 is constructed purposefully at a level of detail that Is less than
Table 3-2 of the LLBG DWTP in order to provide the appropriate level of control
while still maintaining the appropriate level of flexibility to prevent excessive permit
modifications. Based on previous agreements that established this level of detail,
Ecology compliance Inspectors during compliance Inspections will compare the
Permit information to the training documentation, question appropriate personnel
during the Inspection, request appropriate documentation during the compliance
inspection, and determine if personnel are trained properly for the duties they
perform.

9-1 Chapters 9 and 10: No comment.

10-1

DOE-RIFH Response: Noted.

Revisit NOD 4-7 during chapter I11 discussions,
11-1 Page 11-1, Lines 1-17, 11.0 CLOSURE AND FINANCIAL ASSURANCE [11: The Chapter 11

closure and postclosure activities for trenches within the entire LLBG, TSD unit NODs closed

boundaries must be addressed within the Part B permit application. The radionuclide 11/4104 (See

component of the waste must be addressed as part of the closure action. Integration of workshop

SWMU's, RPP units, post- 1987 mixed waste closure activities and corrective actions must minutes)
be described, upon DOE

commitmnt
Requirement: TPA, Section 6.3.2, WAC 173-303-665(6)(a), -610(3), -645, - to rewrite and

806(4)(a)(xiii). resubmit
Chapter 11.
New Chapter
11 submitted
February
2005.
Perinittees
will update
Chapter 11 on
the next
update of the
Part B
Appiciation.

DOE-RL/FH Response:
11-2 Page 11-1, Lines 3-5: Delete the following sentence that begins with: "Mixed waste is Closed

defined as.... Mixed waste is defined in WAC 173-303-040. See 11-1

Requirement: WAG 173-303-040.
DOE-RIJFH Response:
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Commentent
CmetComment Closed on

No.
11-3 Page 11-1, Line 11: Delete the following sentence that begins with: "The closure process Closed

will be the same .".The requirements for closure may differ depending on the ability to See 11-1
meet the closure performance standards as defined in WAC 173-303-610(2). Landfill
closure standards of WAC 173-303-665(6) are appropriate for the compliant mixed waste
trenches (trenches 31, 34 and 94); however the remaining trenches do not meet the design
and construction requirements. As a result closure requirements may differ. Activities and
releases from all trenches must be evaluated and considered.

IRequirement: WAC 173-303-610(2) and (3).
DOE-RL/FH Response:

11-4 Page 11-1, Lines 24-25: Define the unused portions of the LLBG where future mixed Closed
waste trench locations are anticipated. See 11-1

Requirement: WAC 1 73-303-803(3)(b),
IDOE-RL/FH Response:

11-5 Page 11-1, Lines 27-28: Delete sentence. See comment #3 5. Closed
See 11-1

Requirement:
DOE-R.L/FH Response:

11-6 Page 11-1, Lines 30-34: In addition to complying with WAC 173-303-665(6) and WAG Closed
173-303-6 10, and variations for cover designs, additional requirements for closure may be See 11-1
needed depending on activities and releases from all trenches. See comment #37.

_____Requirement: _______

DOE-RLIFH Response:
11-7 Page 11-1, Lines 37-39, 11.2 CLOSURE PERFORMAN CE STANDARDS 1l-1 a]: Closed

Ecology agrees that the General Information Portion (DOE/RL-91-28, Chapter 11.0) See 11-1
provides a general discussion of landfill closure, however, detailed information on closure
and postclosure activities must be described in the unit specific closure and postolosure
permit applications. Detailed information identifying the steps necessay to perform partial
and/or final closure of the facility at any point during its active life is required.

____Requirement: WAC 173-303-61 0(3)(a).
___DOE-RIJFH Response:_____

11-8 Page 11-1, Lines 42-46 and Page 11-2, Lines 1-30, 11.3 PRE-CLOSURE Closed
ACTIVITIES: Pre-closure activities must describe in detail, on a trench by trench basis, See 11-1
the integration activities described in comment #35,

____Requirement..

___DOE-RL/FH Response:
11-9 Page 11-2, Uines 2-3: Clarify which closure requirements specified in WAG 173-303-6 10 Closed

that USDOE deems appropriate. See 11-1

Requirement: WAC 173-303-610. ______

____DOE-.RL/FH Response:
11-10 Page 11-6, Lines 1-6, 11.7 SCHEDULE FOR CLOSURE [I-Ill: The schedule for Closed

closure should incorporate the time frames associated with the RPP and/or CPP operable See 11-1
unit (OU) activities. In addition, the USDOE shall provide a strategy for partial closure of
individual burial grounds including projected closure dates.

____Requirement: TPA 6.3.2 and WAG 173-303-610(4).
___DOE-RIFH Response:_____
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_____ ~NOD Comments ____

Comment Comment Closed on
No.

11-11 Page 11-6, Lines 14-15, 11.9 POSTCLOSURE PLAN [1-31: A postclosure permit Closed
application is required to be submitted in conjunction with the closure plan per TPA section See il-i
6.3.2. The posiclosure plan must describe maintenance and inspection activities,
groundwater monitoring actions and corrective actions if necessary that will occur during
the postclosure period.

IRequirement: TPA 6.3.2 and WAC 173-303-610(3), (7) and (8).
DOE-RL/FH Response:

12-1 Page 12-1, Lines 2-38: Delete chapter 12. For the draft WRAP and CWC permits, Closed
Ecology and DOE agreed that the Sitewide permit already contains language that requires 3/27103
compliance with all applicable portions of the RCRA permit which currently includes
Attachment 33, General Information Portion and any unit-specific recordkeeping
requirements embodied in the other chapters of the individual unit permits. However, if
DOE's position is that some of the requirements of the GIP are not applicable, DOE should
identify these portions. In this case, exceptions to Attachment 3 3, Table 12-I1, should be
noted in Chapter 12 of the permit application. NOTE: The future of the GIP is under
consideration and may or may not remain as an attachment to the Sitewide permit.

Requirement: WAC 173-303-380, -806. ______

DOE-RL/FH Response: The text of' Chapter 12 will be deleted and replaced with:
"LLBG Reporting and Recordkeeplng will based upon General Information Portion
(DOE/RL-91-28), and any other unit-specific requirements embodied In the chapters
that become attached to the Hanford Facility RCRA permit."

Chapter 13: No Comment.

Requirement:

___DOE-RLFII Response: Noted. ____
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NOD Comments
Comment, Commnent Closed on

No.
5-1 Chapter 5, GROUNDWATER MONITORING FOR LAND BASED UNITS 11/4/04

[0-10): Chapter 5 of the above referenced permit application has been reviewed.
A Washington State Department of Ecology (Ecology) checklist was completed.
Approximately 350 deficiencies were generated. Due to the significance and
number of deficiencies, Ecology has summarized below a number of the most
signifi cant deficiencies (comments 13-24).

DOE-RL/FII Response: Noted.

5-2 Chapter 5: The groundwater flow directions depicted beneath Low Level Waste 11/4/04
Management (LLWMA) units I and 2 are not sufficiently supported by
groundwater data and/or aquifer testing. Annual groundwater monitoring reports
indicate a very flat potentiometric surface with varying potentiometric surface
readings that do not consistently support the identified groundwater flow direction.
For example, in the vicinity of LLWMA 1, from the 2001 annual groundwater
report, it may be concluded that the direction of groundwater flow is due south or
northeast, or even radial. As another example, from the 2000 annual groundwater
report, it may be also be concluded that the direction of groundwater flow is due
east, northeast, northwest, or radial. In summary, the water level measurements
associated with LLWMAs 1 and 2 neither consistently reflect the same
potentiometric surface nor reflect a potentiometric surface gradient that provides
confidence of accurate groundwater flow direction determinations. Sufficient data
must be provided to support groundwater flow direction(s) which allow an
identification of upgradient and down gradient monitoring wells.

DOE-RJJFH Response: Further details on the aquifer testing and flow
directions in LLWMA-2 will be incorporated as noted below. As stated in the
application, the gradient is extremely low in the 200 East Area. The low
gradient means that the declining water levels are expected to continue to
affect flow directions. In addition, the low gradient will lead to high
variability in flow due to minor fluctuations In relative water levels and
barometric effects. This will have the effect of increasing dispersion. These
low and variable gradients are one reason intra-well statistics are
recommended rather than upgradient-downgradient comparisons. Ongoing
evaluation of flow direction through site closure and post closure monitoring
will be needed.

As stated in the application, trend-surface analysis for LLWMA-1 supports
the flow direction to the northwest. In addition, the FY02 groundwater
report (PNNL-14187) presents a new analysis of water-level data which relies
on multiple 3-point calculation of water table surfaces. This technique has the
advantage of providing a measure of the mean flow direction and an
indication of the variability introduced by the measurement process. The
FY02 analysis supports a flow direction towards the northwest. The
calculated flow direction toward the northwest is also consistent with the
shape of contaminant plumes from other sources in the vicinity. The

I___ distribution of monitoring wells around LLWMA-1 provides sufficient _____
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NOD Comments

Comment Comment Closed on
No.

coverage to detect contamination even given the variation and uncertainties in
gradient. The last paragraph of section 5.3.1.1 (p. 5-5 lines 8-22) will be
modified to read:

The groundwater flow direction in this portion of the 200 East Area is believed
to be toward the northwest, with estimated groundwater-flow velocities of less than
0.5 meter per day (Hartman et al. 2002, Table A.2). Water levels in Low-Level
Waste Management Area I monitoring wells are all within 0. 1 meter of each other
and these data indicate low hydraulic gradient conditions (i.e., -0. lrn/km) across
the waste management area. Uncertainties caused by borehole deviation from
vertical and limits of measurement precision restrict the use of water-level data for
quantitative determination of groundwater-flow characteristics in low-gradient
areas. Trend surface analysis, which indicates flow over a larger area by fitting a
plane to a set of water-level data, indicated flow toward the northwest beneath

Low-Level Waste Management Area 1. Results of this analysis are included in
Appendix 5F. The distribution of contaminant plumes also indicates flow to the
northwest, at least in the past. Eventually flow will probably revert toward the
southeast which is believed to be the pre-Hanford flow direction. While trend-
surface and contaminant plume analyses provide large-scale inferences concerning
groundwater-flow characteristics, local in-well flow direction measurements were

also attempted in recent colloidal borescape flowmeter surveys (Section 2.9. 1.1
Hartman et al. 200 1). The study included some wells on the northern and eastern

boundaries of LLWMA- 1, and wells in the B-BX-BY tank farms, east of this waste
management area. Results indicated a wide variation for in-well flow directions,
ranging from southwest to southeast. The representativeness of these local, in-well
measurements for delineating areal groundwater-flow conditions, however, is
considered questionable.

The configuration of the basalt subsurface topography and lack of water table
aquifer under much of LLWMIA 2 limits possible flow directions. The
gradient seen between wells along the southern side of LLWMA 2 Indicates
that groundwater flow is generally towards the west. In partial response to
Ecology's comments, trend surface analysis was performed on water level
measurements from 1997 through 2003. The flow directions obtained were
consistent aind averaged 228 +/- 10.7 degrees. Due to the configuration of the
basalt surface, which rises above the water table In the northern part of
LLWMA 2, this flow direction cannot be uniform across the area. Thus, the
flow, is shown as more directly toward the west in the eastern portion of the
burial ground and transitions toward the southwest in the Western part of the
area. This evaluation result will be incorporated Into section 5.3.1.2 (p. 5-5
lines 25-49) which now reads:

The Hanford formation is the sole suprabasalt unit beneath Low-Level Waste

____Managem ent Area 2. The Hanford formation beneath this area is similar to that
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under Low-Level Waste Management Area 1 and ranges from 57 to 80 meters
thick. The top of the basalt is above the water table in the northern part of the
waste management area and gently dips to the south. The top of the basalt
represents an erosional surface, scoured by Pleistocene cataclysmic floods, and is
gently undulating with enclosed depressions 3 to 4.5 meters deep. A much deeper
depression in the basalt, -12 meters deep, is inferred to exist to the north of the site
(Graham et al. 1984; Last et al. 1989).

The water table beneath Low-Level Waste Management Area 2 is 62 to 72
meters beneath the surface. The saturated aquifer thickness ranges from 0 in the
north and east to 7.5 meters in the south.

Groundwater flow beneath this waste management area has been determined
using trend surface analysis. The analysis was performed on water-level data
between 1997 and 2003 and provided a consistent flow direction to the southwest
of 222 +/- 10.7 degrees (Table 5-1); note: 0 degrees = East; 90 degrees = North.
The high permeability of the Hanford sediments in the vasdose zone mean that
they equilibrate rapidly to changing barometric pressure and it is not necessary to
apply a barometric correction to the water-level measurements that are collected
relatively close in time. The rapid transmission of barometric pressure to the water
table in the 200-East Area, and corrective measures within low-gradient areas are
discussed in Spane (1999, 2002). Previously groundwater- flow direction was
believed to be toward the west, which was the predominant direction when the B
Pond system was active. The groundwater flow velocity is estimated to be -0.05
to -0.8 meters per day (Hartman et al. 2002, Table A.2). The water table beneath
this area is flat, and flow is influenced by the presence of basalt structures that
extend above the water table. The basalt surface in the northern part of Low-Level
Waste Management Area 2 forms a no-flow boundary for the unconfined aquifer.
Because of the presence and influence of the top of basalt surface, it is clear that
the flow cannot be uniformly toward the southwest for the entire unconfined
aquifer beneath the waste management area. This means that there is a component
of flow toward the west in the eastern part of the waste management area which
then transitions to the southwest. Thus wells in the eastern part of the waste
management area should be considered upgradient or cross-gradient from the
potential contaminant sources. Trend surface analysis at the nearby 21 6-B-63
trench (on the southwestern side of Low-Level Waste Management Area 2) also
indicated flow toward the southwest (Spane 1999; Section 2.9. 1.1 of Hartman et al.
2001). Groundwater flow directions will be re-evaluated at least annually to
determine if there is sufficient evidence to revise this interpretation.

As the water table beneath the waste management area continues to drop,
the area where the basalt is above the water table will expand toward the south.
The current rate of decline is -0.2 meters per year. The basalt beneath this area
has a low permeability, indicating it acts as a barrier to downward migration. The
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lack of saturated permeable sediment means that groundwater monitoring is not
practicable in the northern portion of Low-Level Waste Management Area 2.

The upper-basalt confined aquifer in the Rattlesnake Ridge interbed is not
believed to be interconnected with the unconfined aquifer system beneath Low-
Level Waste Management Area 2. Earlier work reported in Graham et al. 1984
suggested that the Elephant Mountain basalt had been removed by erosion in a
small area beneath the northeast corner of the 200-East Area. However, the
installation of Low-Level Waste Management Area 2 interim status monitoring
wells showed this is probably not the case. Most wells installed for interim status
monitoring of Low-Level Waste Management Area 2 were drilled to solid basalt,
indicating the presence of a thin unconfined aquifer with laterally continuous low
permeability rock below (Figure 5-9). The only well in the northeast comner of the
area, 299-B3 5- 1, however, was not clearly drilled to solid basalt, although
geologist logs indicate the "presence of gravel-sized pieces that look like they are
from solid rock". Spane and Vermeul (1994) reevaluated aquifer tests for upper-
basalt confined aquifer wells within this region. Their diagnostic assessment of the
test for upper basalt confined aquifer well 699-47-50, located immediately north of
Low-Level Waste Management Area 2 indicated that the aquifer exhibited a non-
leaky response. This supports the interpretation of a lack of hydraulic
communication with the overlying unconfined aquifer in this vicinity. Current
interpretation of the basalt surface suggests that basalt is present above the water
table in a band through the northeast part of the area (see Figure 5-9) and that the
upper basalt confined aquifer is not interconnected with the unconfined aquifer
beneath Low-Level Waste Management Area 2.

Groundwater flow in the Rattlesnake Ridge interbed upper basalt confined aquifer
system beneath Low-Level Waste Management Area 2 is influenced by the
remnant of groundwater mounding at B Pond, that transmitted increased hydraulic
gradients down into the upper basalt confined aquifer system. Lateral hydraulic
gradients are currently very low in the upper basalt confined aquifer due to
regional flow from the southwest interacting with the remnants of the groundwater
mound at B Pond (Hartmnan et al., 2003). The horizontal flow direction in this area
appears to be generally to the northwest, as reported in Spane and Webber (1995)
and Hartman et al. (2003). A downward gradient exists between the
unconsolidated Ringold sediments in the immediate vicinity of B Pond as the
aquifer reequilibrates after the termination of wastewater discharge. A comparison
of water levels in unconfined aquifer well 299-E34-5 with those in upper-basalt
confined aquifer well 699-47-50, indicates essentially no vertical gradient between
the two aquifers beneath Low-Level Waste Management Area 2 (Figure 5-10).

The recommended network will be modified to reflect this refinement to the
flow direction by modification to section 5..2.1 (p. 5-15 lines 21-48 and figure
5-13). The text now reads:
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Thirteen wells are currently in the groundwater monitoring network for Low-
Level Waste Management Area 2 (see Figure 5-4). These wells monitor the
uppermost portion of the unconfined aquifer.

The final status groundwater monitoring network for Low-Level Waste
Management Area 2 consists of two upgradient well and seven downgradient
wells, and one cross-gradient well that represent flow from upgradient but may
have a component of flow from the burial grounds. (Table 5-9 and Figure 5-17).
The cross-gradient well is 299-E34-7. As discussed in section 5.3.1.2, the eastern
part of the waste management area has a component of flow toward the west
caused by the location of the basalt above the water table. Thus well 299-1334-7
predominantly samples water from upgradient bu 't a contribution from a part of the
Trench 94 in the waste management area cannot be ruled out. Upgradient well
299-E34-5 is likely isolated from the southern part of the Low-Level Waste
Management Area by a ridge of basalt so it only provides general indications of
upgradient concentrations, unsuitable for statistical comparisons. The other
upgradient well is 299-E27- 10 in the southeastern comner of the Waste
Management Area. Interim status downgradient well 299-E34-11I no longer
contains enough water to sample, The proposed statistical method does not rely on
upgradient/downgradient comparisons (Section 5.5.4), but upgradient wells are
included in the final-status network to help assess changing groundwater chemistry
from upgradient sources before it reaches the downgradient wells. As-built
diagrams of the wells in the interim and final status networks are provided in
Appendix 5C.

Two of the wells in the proposed network, 299-E34-5 and 299-1334-7 have less
than I meter of water remaining. At the current rates of water-level decline, these
wells will go dry in 1 to 3 years. It would not be feasible to replace the wells
because they are completed at the top of basalt. These wells will be removed from
the network when they cannot practically be sampled using the dedicated pumps,

The MEMO program was used to evaluate the proposed monitoring network,
assuming flow toward the southwest (Appendix 5D). The modeled monitoring
efficiency was 90%. Therefore, the network coverage is adequate to monitor the
current waste configuration.

Continued groundwater flow evaluations will be made, as part of ongoing
monitoring activities. Contaminant plumes from nearby sites provide
additional indications of flow direction and support the flow direction
determinations. If different flow directions are indicated, then the monitoring
system will be modified accordingly. DOE will revise permit application text
to Include new data regarding flow direction and associated evaluations prior
to certification of the Part B Permit Application.
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5-3 Chapter 5: Washington Administrative Code (WAG) 806(4) (a)(xx)(B) requires 11/4/04
"identification of uppermost aquifer and aquifers hydraulically interconnected
beneath the facility property, including ground water flow direction and rate, and
the basis for such identification (i.e., the information obtained from hydrogeologic
investigations of the facility area)." Regarding LLWMAs I and 2, the application
appears to rely on a conceptual model and does not describe hydrogeologic
investigations performed to determine groundwater flow direction. Similarly, the
application does not describe hydrogeologic investigations performed to determine
if the uppermost aquifer is interconnected with an underlying aquifer (in the
basalt). Similarly, the application does not describe hydrogeologic investigations
(water-level trend surface analysis, water-level hydrographs for multiple wells, in-
situ flow measurements, barometric pressure influence evaluation, etc.) to
accurately determine potentiometric groundwater surface. Instead, the permit
application identifies uncertainties associated with groundwater flow direction,
aquifer interactions, etc. and relies heavily upon a conceptual model. As such, the
application is incomplete.

DOE-RL/FH Response: The uppermost aquifer and aquifers hydraulically
interconnected beneath the facility property at LLWMAs I and 2 are
identified in section in section 5.3.1 per WAC 173-303 806(4)(a)(xx)(B). The
primary hydrogeologic investigations are WHC-SD-EN-TI-290 and PNNL-
12261. The information in these reports is based on data collected during the
long history of drilling in and around the 200 Areas as documented In WIIC-
SD-EN-DP-044; SD-BWI-DP-039; PNL-820; WHC-MR-0205; WHC-MR-
0204; RHO-ST-23; WHC-SD-EN-DP-049; WVHC-SD-EN-DP-086. The
conceptual model for LLWMAs 1 and 2 was developed, based on the cited
investigations. Hydrogeologic investigations of the potential interconnection
between the uppermost basalt confined aquifer and the overlying unconfined
aquifer are reported in PNL-10817 and PNNL-.14187. Based on information
in these reports, the uppermost basalt confined aquifer directly beneath
LLWMA 1 and 2 (the uppermost aquifer beneath the unconfined aquifer) is
not In direct communication with the uppermost aquifer because It is
effectively isolated from the unconfined aquifer by the Elephant Mountain
member of the Saddle Mountain Basalt Formation. The aquifer systems,
however, are in communication north of the 200 East Area and localized
recharge has occurred beneath B Pond (PNNL-10817). However, the vertical
hydraulic gradient is currently upward throughout the region surrounding
the 200 East Area with the exception of the immediate vicinity of B Pond
(PNNL-14187). Further information on hydrologic Investigations and the
results are provided In the modification to section 5.3 (p. 5-3 line 31- p 5-4 line
5), which now reads:

The following sections discuss geology and hydrology for the 200 East and
200 West Areas of the Hanford Site, including site-specific information for the
low-level waste management areas. This information, combined with knowledge
of waste constituents and contaminant mobility, forms a conceptual model for each

____of the low-level waste management areas. This section identifies the uppermost
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aquifer and aquifers hydraulically interconnected beneath the facility as required
under WAG 1 73-303-806(4)(a)(xx)(B).

The Hanford Site lies within the Pasco Basin of the Columbia Plateau. The
bedrock in this region is characterized by a thick sequence of flood basalts of the
Columbia River Basalt Group. The basalt has been folded and faulted, forming
broad structural and topographic basins separated by asymmetric anticlines. The
basalt is overlain by sediment that accumulated in the basins. The suprabasalt
sediment consists primarily of 1) fluvial-lacustrine clay, sand, silt, and gravel of
the Neocene-age Ringold Formation; 2) the Plio-Pleistocene unit made up of
alluvial, eolian, and paleosol deposits that may be cemented; and 3) Pleistocene
cataclysmic flood deposits of the Hanford formation, composed of unconsolidated
gravel, sand, and silt. A thin layer of colian and alluvial Holocene deposits of silt,
sand, and gravel cover much of the Hanford Site. Figure 5-7 presents the
generalized stratigraphy of the Hanford Site.

The hydrology of the Hanford Site cani be divided into two major aquifer
systems: the confined basalt system and the Hanford/Ringold aquifer system. The
confined basalt aquifer system is composed of a series of rubbly basalt flow tops
and, where present, sedimentary interbeds, separated by low-permeability basalt
flow interiors. The Rattlesnake interbed makes up the uppermost basalt-confined
aquifer within the basalt-sequence. The Hanford/Ringold aquifer system includes
the uppermost aquifer beneath the Hanford Site. The aquifer system is generally
unconfined, but there are some localized confined or semi-confined units within
the Ringold Formation. These generally occur below the Ringold lower mud unit.
There are also local zones of perched water in the Ringold Formation, the
Plio-Pleistocene unit, and the Hanford formnation.

Modifications to section 5.3.1 (p. 5-4 line 9 to p. 5-5 line 49) were also made to
address this comment The section now reads:

The primary references for the geologic interpretation are Lindsey et al. (1994)
and Williams et al. (2000). The information in those reports is based on the data

* collected during the long history of drilling that has taken place in and around the
200 Areas (Tallman et al. 1979; Bjornstad 1984; Last et al. 1989; Barton et al.
1990; Goodwin and Bjomnstad 1990; Mercer 1993a, 1993b, 1994b).

The suprabasalt sediment in the 200 East Area consists of the Hanford and
Ringold Formations. Ringold Formation sediments are generally not present
within the northern half of this area where the burial grounds are located. The
Elephant Mountain Member of the Saddle Mountains Basalt is the uppermost
basalt unit beneath the 200 East Area.

_____ The water table beneath most of the 200 East Area is in the Hanford formation.
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The base of the uppermost aquifer is the lower mud unit of the Ringold Formation,
where present, or the uppermost basalt unit. In some locations, basalt is present
above the water table and there is no Hanford/Ringold aquifer. The
Hanford/Ringold aquifer system in the 200 East Area is composed of at l east two
distinct aquifers (Williams et at., 2000): (1) an unconfined aquifer in gravels of the
Hanford formation and Ringold unit 5; and (2) a locally confined aquifer occurring
in Ringold unit 9, below the Ringold lower mud. Within the 200 East Area.
Ringold it is often possible to differentiate unit 9 into 3 hydrogeologic units, 9A,
9B, and 9C. Units 9A and 9C have higher permeability than unit 9B (Williams et
al. 2000).

Testing at the time of borehole installation for the burial grounds was used to
determine the hydraulic conductivity values. Most of the tests were constant-
discharge pumping tests up to 8 hours in duration, followed by recovery tests.
None of the tests in the 200 East Areas created sufficient drawdown to be observed
in nearby observation wells. In many cases, testing was inconclusive because there
was insufficient drawdown in the pumping well to evaluate the results. Hydraulic
conductivity estimates for the other tests ranged from 430 to >1,000 meters per day
(Last et at. 1989).

Groundwater flow in the 200 East Area is influenced by the past disposal of
large quantities of liquid waste to the 21 6-B-3 pond system (also called B Pond) to
the east. A large groundwater mound that developed under B Pond essentially
reversed the pre-Hanford (west to east) flow direction in the northern portion of the
200 East Area. B Pond stopped receiving effluent in 1997, and the groundwater
mound in the unconfined aquifer has dissipated in recent years. Currently, the
water table is fiat in the 200 East Area. Flow directions are difficult to determine
and are also believed to be changing.

North of the 200 East Area near Gable Mountain, geologists have mapped
areas where the uppermost confining unit of basalt is absent (Graham et al. 1984;
Spane and Webber, 1995). The absence of this layer creates a potential pathway
for contaminants to move from the unconfined aquifer into the basalt aquifer
system. However, the hydraulic gradient in this region currently is upward, so
potential groundwater movement would be from the basalt-confined aquifer into
the unconfined aquifer (Section 2.14.1 of Hartman et al, 2002). Beneath the 200-
East Area, the uppermost basalt confined aquifer is hydraulically isolated from the
unconfined aquifer system, as discussed with respect to the individual waste
management areas, below.

Hydrogeology of Low-Level Waste Management Area I

______The suprabasalt sediment in this area consists entirely of the Hanford
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formation, which varies in thickness from 70 to 100 meters. The Hanford
formation consists of sand or gravelly sand with layers of sandy gravel and silty
sand. Basal Ringold Formation Unit 9C deposits are interpreted to be present
beneath the southwestern half of this waste management area (Williams et al.
2000). Potential confining layers, the Lower Mud Unit 8, and Basal Ringold fines,
Unit 9B are absent so the sediments of the Unit 9C aquifer are hydraulically
connected with the uppermost unconfined aquifer in the Hanford sediments and
can be treated as part of a single aquifer system.

Basalt was encountered in monitoring wells on all sides and in the middle of'
Low-Level Waste Management Area I (Figure 5-8). Thus the uppermost basalt
confined aquifer is not interconnected with the uppermost unconfined aquifer
beneath the facility. This is in agreement with regional investigations
hydrogeologic interpretations discussed above. Data from the boreholes that reach
the top of the basalt beneath the burial ground indicate the basalt dips to the west
and south. As-built diagrams in Appendix 5C summarize the geology in each well
location.

The water table is 71 to 87 meters below the ground surface beneath Low-
Level Waste Management Area 1. The saturated thickness of the unconfined
aquifer ranges from 3 meters in the northeast to 14 meters in the south.

The groundwater flow direction in this portion of the 200 East Area is believed
to be toward the northwest, with estimated groundwater-flow velocities of less than
0.5 meter per day (Hartman et al. 2002, Table A.2). Water levels in Low-Level
Waste Management Area I monitoring wells are all within 0. 1 meter of each other
and these data indicate low hydraulic gradient conditions (i.e., -0. lm/km) across
the waste management area. Uncertainties caused by borehole deviation from
vertical and limits of measurement precision restrict the use of water-level data for
quantitative determination of groundwater-flow characteristics in low-gradient
areas. Trend surface analysis, which indicates flow over a larger area by fitting a
plane to a set of water-level data, indicated flow toward the northwest beneath
Low-Level Waste Management Area 1. Results of this analysis are included in
Appendix 5F. The distribution of contaminant plumes also indicates flow to the
northwest, at least in the past. Eventually flow will probably revert toward the
southeast, which is believed to be the pre-Hanford flow direction. While trend-
surface and contaminant plume analyses provide large-scale inferences concerning
groundwater-flow characteristics, local in-well flow direction measurements were
also attempted in recent colloidal borescope flowmeter surveys (Section 2.9. 1.1
H-artman et al. 2001). The study included some wells on the northern and eastern
boundaries of LLWMA-l, and wells in the B-BX-BY tank farms, east of this waste
management area. Results indicated a wide variation for in-well flow directions,
ranging from southwest to southeast. The representativeness of these local, in-well

Lmeasurements for delineating areal groundwater-flow conditions, however, is
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considered questionable.

Hydrogeology of Low-Level Waste Management Area 2

The Hanford formation is the sole suprabasalt unit beneath Low-Level Waste
Management Area 2. The Hanford formation beneath this area is similar to that
under Low-Level Waste Management Area 1 and ranges from 57 to 80 meters
thick. The top of the basalt is above the water table in the northern part of the
waste management area and gently dips to the south. The top of the basalt
represents an erosional surface, scoured by Pleistocene cataclysmic floods, and is
gently undulating with enclosed depressions 3 to 4.5 meters deep. A much deeper
depression in the basalt, -12 meters deep, is inferred to exist to the north of the site
(Graham et al, 1984; Last et at. 1989).

The water table beneath Low-Level Waste Management Area 2 is 62 to 72
meters beneath the surface. The saturated aquifer thickness ranges from 0 in the
north and east to 7.5 meters in the south.

Groundwater flow beneath this waste management area has been determined
using trend surface analysis. The analysis was performed on water-level data
between 1997 and 2003 and provided a consistent flow direction to the southwest
of 222 +/- 10.7 degrees (Table 5-1); note: 0 degrees = East; 90 degrees = North.
The high permeability of the Hanford sediments in the vasdose zone mean that
they equilibrate rapidly to changing barometric pressure and it is not necessary to
apply a barometric correction to the water-level measurements that are collected
relatively close in time. The rapid transmission of barometric pressure to the water
table in the 200-East Area, and corrective measures within low-gradient areas are
discussed in Spane (1999, 2002). Previously groundwater-flow direction was
believed to be toward the west, which was the predominant direction when the B
Pond system was active. The groundwater flow velocity is estimated to be -0.05
to -0.8 meters per day (Hartman et al. 2002, Table A.2). The water table beneath
this area is flat, and flow is influenced by the presence of basalt structures that
extend above the water table. The basalt surface in the northern part of Low-Level
Waste Management Area 2 forms a no-flow boundary for the unconfined aquifer.
Because of the presence and influence of the top of basalt surface, it is clear that
the flow cannot be uniformly toward the southwest for the entire unconfined
aquifer beneath the waste management area. This means that there is a component
of flow toward the west in the eastern part of the waste management area which
then transitions to the southwest. Thus wells in the eastern part of the waste
management area should be considered upgradient or cross-gradient from the
potential contaminant sources. Trend surface analysis at the nearby 21 6-B-63
trench (on the southwestern side of Low-Level Waste Management Area 2) also

____indicated flow toward the southwest (Spane 1999; Section 2.9. 1.1 of Hartman et al.
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2001). Groundwater flow directions will be re-evaluated at least annually to
determine if there is sufficient evidence to revise this interpretation.

As the water table beneath the waste management area continues to drop,
the area where the basalt is above the water table will expand toward the south.
The current rate of decline is -0.2 meters per year. The basalt beneath this area
has a low permeability, indicating it acts as a barrier to downward migration. The
lack of saturated permeable sediment means that groundwater monitoring is not
practicable in the northern portion of Low-Level Waste Management Area 2.

The upper-basalt confined aquifer in the Rattlesnake Ridge interbed is not
believed to be interconnected with the unconfined aquifer system beneath Low-
Level Waste Management Area 2, Earlier work reported in Graham et al. 1984
suggested that the Elephant Mountain basalt had been removed by erosion in a
small area beneath the northeast comner of the 200-East Area. However, the
installation of Low-Level Waste Management Area 2 interim status monitoring
wells showed this is probably not the case. Most wells installed for interim status
monitoring of Low-Level Waste Management Area 2 were drilled to solid basalt,
indicating the presence of a thin unconfined aquifer with laterally continuous low
permeability rock below (Figure 5-9). The only well in the northeast corner of the
area, 299-E35-1, however, was not clearly drilled to solid basalt, although
geologist logs indicate the "presence of gravel-sized pieces that look like they are
from solid rock". Spane and Vermeul (1994) reevaluated aquifer tests for upper-
basalt confined aquifer wells within this region. Their diagnostic assessment of the
test for upper basalt confined aquifer well 699-47-50, located immediately north of
Low-Level Waste Management Area 2 indicated that the aquifer exhibited a non-
leaky response. This supports the interpretation of a lack of hydraulic
communication with the overlying unconfined aquifer in this vicinity. Current
interpretation of the basalt surface suggests that basalt is present above the water
table in a band through the northeast part of the area (see Figure 5-9) and that the
upper basalt confined aquifer is not interconnected with the unconfined aquifer
beneath Low-Level Waste Management Area 2.

Groundwater flow in the Rattlesnake Ridge interbed upper basalt confined
aquifer system beneath Low-Level Waste Management Area 2 is influenced by the
remnant of groundwater mounding at B Pond, which transmitted increased
hydraulic gradients down into the upper basalt confined aquifer system. Lateral
hydraulic gradients are currently very low in the upper basalt confined aquifer due
to regional flow from the southwest interacting with the remnants of the
groundwater mound at B Pond (Hartman et al., 2003). The horizontal flow
direction in this area appears to be generally to the northwest, as reported in Spane
and Webber (1995) and Hartman et al. (2003). A downward gradient exists
between the unconsolidated Ringold sediments in the immediate vicinity of B
Pond as the aquifer reequilibrates after the termination of wastewater discharge. A
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comparison of water levels in unconfined aquifer well 299-1334-5 with those in
upper-basalt confined aquifer well 699-47-50, indicates essentially no vertical
gradient between the two aquifers beneath Law-Level Waste Management Area 2
(Figure 5-10).

Flow in the Rattlesnake Ridge uppermost confined aquifer system beneath
Low-Level Waste Management Area 2 is influenced by the remnant of
groundwater mounding at B Pond which transmtted increased gradients down into
the interbed. Horizontal gradients are currently very low in the upper basalt
confined aquifer due to regional, flow from the southwest interacting with the
remnants of the groundwater mound at B Pond (Hartman et al., 2003). The
horizontal flow direction in this area appears generally to the northwest, according
to this report. A downward gradient exists between the unconsolidated Ringold
sediments in the immediate vicinity of B Pond as the aquifer reequilibrates after
the termination of discharge. Based on a comparison of water levels in unconfined
aquifer well 299-E34-5 with uppermost basalt confined aquifer well 699-47-50, the
vertical gradient between the two aquifers is nearly 0 beneath Low-Level Waste
Management Area 2 (Figure 5- 10).

Slight rewording to section 5.3.3.4 is needed to reflect the changes above. P. 5-
10 lines 17-35 will be changed to read:

The saturated thickness of the aquifer varies from 0 in the northern part of the
waste management area to approximately 7.5 meters at the southern end. The
uppermost basalt in this area is generally impermeable to vertical and horizontal
groundwater movement. Thus, the only expected transport in groundwater would
be in the southern portion of the waste management area. Groundwater-flow
direction is expected to change from southwestward to the south-southeast.

Direct measurement of flow direction and velocity were made during 2001 at
C tank farm, located approximately 400 meters south of the southern fence line of
Low-Level Waste Management Area 2. These measurements suggest aquifer flow
rates of approximately 2 meters per day toward the south to southwest.' Darcy
velocity estimates for Low-Level Waste Management Area 2 were 0.8 meters per
day (Table A.2 of Hartman et al. 2002)

Hypothetical breakthrough of mobile contaminants (e.g., nitrate, chromate,
uranium, technetium-99) would travel to the west and spread over 500 meters per
year in lateral extent based on the 2 meters per day rate. Groundwater monitoring
data to date, however, do not indicate the presence of these contaminants from

____Low-Level Waste Management Area 2, suggesting that either contaminant _____

'McDonald, John P.(Pacific Northwest National Laboratory), personal communication with Vernon
Johnson (Pacific Northwest National Laboratory), February 2002.
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migration through the vadose zone has not reached groundwater or that leaching
from the waste containers has not occurred.

Additional information on the investigations to evaluate flow directions are
provided as stated in the response to 5-2. DOE will revise permit application
text to include new data regarding flow direction and associated evaluations
prior to certification of the Part B Permit Application.

5-4 Chapter 5: The lack of saturated thickness of the unconfined aquifer in the vicinity 11-4-04
of LLWMA 2 (particularly in the northern part of the unit), and the continued decline
of the water table may result in groundwater monitoring not being practicable. In
January 2002 (by cover letter from Joel Hebdon, USDOE to Fred Jamison, Ecology
dated January 24, 2002), a groundwater evaluation plan for the Liquid Effluent
Retention Facility (LERF) was submitted. This evaluation plan identifies LERF-
specific monitoring issues and includes descriptions of the geology (including basalt
depth, orientation, and characteristics), hydrology, aquifer properties, flow dynamics,
well completions, geochemistry, anid contaminant chemistry. Most importantly, the
plan includes an evaluation approach by which the declining conditions of the aquifer
as well as the aquifer conditions at the top of the basalt may be
determined/characterized. The evaluation plan provides a sequence of activities by
phase. Due to similar aquifer conditions at LLWMA 2, the permit application is
required to include a groundwater evaluation plan. It is recommended that the plan be
modeled after that of the LERF unit. If the performance of LLBG WTMA 2 can not be
effectively monitored to assurance with environmental requirements, then vadose
zone monitoring should be evaluated, either separately or in combination with
groundwater monitoring, as a means of assuring facility compliance.

DOE-RL/FH Response: Because waste characteristics at Low-Level Waste
Management Area 2 are sufficiently different from the Liquid Effluent
Retention Facility, a groundwater evaluation plan Is not of value at the burial
ground waste management area. The waste at LERF Is liquid while the burial
grounds contain a mixture of past-practice solid waste with solid state-listed
waste in a unique high-integrity waste package that exceeds the performance
requirements for lined trenches. While an increase in liquid In the vadose
zone beneath LERF might indicate a loss of Integrity of the facility, at Low-
Level Waste Management Area 2, any liquid would not suggest a release from
the waste form. A sufficient number of wells are projected to remain In
service along the southern boundary of the waste management area
(hydraulically downgradient and topographically dowudip along the basalt
surface) providing adequate detection for potential future releases of
contaminants from the burial grounds. Otherwise, new wells will be
addressed through the M-024 process. In addition, the LLBG portions,
except naval reactor compartment disposal locations, are being closed and
closu re plan documentation Is being prepared in conjunction with operable
unit activities. The information requested in the NOD is provided in
Chapter 5. The M-024 milestone will address the need for new wells as
groundwater conditions change.
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5-5 Chapter 5: WAC 806(4)(a)(xx)(B) requires "identification of uppermost aquifer 11/4/04

and aquifers hydraulically interconnected beneath the facility property, including'

ground water flow direction and rate, and the basis for such identification (i.e., the

information obtained from hydrogeologic investigations of the facility area)."

Regarding LLWMAs 3 and 4, the application appears to rely on a conceptual

model and does not describe hydrogeologic investigations performned to determine

unit-specific aquifer properties, Similarly, the application does not describe

hydrogeologic investigations performed to determine if the geologic features are

continuous or if the uppermost aquifer is interconnected with an underlying aquifer

(beneath the Ringgold Lower Mud). Similarly, the application does not describe

hydrogeologic investigations to determine aquifer properties such as hydraulic

conductivity, lateral dispersivity, vertical dispersivity, etc. As such, the application

is incomplete especially in the characterization of the aquifer and groundwater

quality at depth (below the top 40 ft.) in the unconfined aquifer in the 200 West

Area.

DOE-RLIFII Response: The uppermost aquifer and aquifers hydraulically

interconnected beneath the facility property at LLWMAs 3 and 4 are

identified in section 5.3.2 per WAC 173-303 806(4)(a)(xx)(B). The primary

hydrogeologic investigations are WI{C-SD-EN-TI-290 and PNNL-12261 as

referenced in that section. The information in these reports is based on data

collected during the long history of drilling in and around the 200 Areas as

documented in RHO-ST-23; SD-ABWI-DP-039; WHC-SID-EN-AP-015;

WflC-MR-0205; WHC-MR-204; WHC-SD-EN-DP-044; WHC-SD-EN-DP-

049; WHC-SD-EN-DP-086, as referenced in section 5.3.2.

Further Information from previous studies of aquifer identification and

properties are provided by modifications to section 5.3 and 5-3.2. Section 5.3

(p. 5-4 lines 9-44) now reads:

The following sections discuss geology and hydrology for the 200 East and

200 West Areas of the Hanford Site, including site-specific information for the

low-level waste management areas. This information, combined with knowledge

of waste constituents and contaminant mobility, forms a conceptual model for each

0o.f the low-level waste management areas. This section identifies the uppermost

aquifer and aquifers hydraulically interconnected beneath the facility as required

under WAC I 73-303-806(4)(a)(xx)(B).

The Hanford Site lies within the Pasco Basin of the Columbia Plateau. The

bedrock in this region is characterized by a thick sequence of flood basalts of the

Columbia River Basalt Group. The basalt has been folded and faulted, forming

broad structural and topographic basins separated by asymmetric anticlines. The

basalt is overlain by sediment that accumulated in the basins. The suprabasalt

sediment consists primarily of 1) fluvial-lacustritle clay, sand, silt, and gravel of

the Neocene-age Ringold Formation; 2) the Plio-Pleistocene unit made up of

alluvial, eolian, and paleosol deposits that may be cemented; and 3) Pleistocene

Icataclysmic flood deposits of the Hanford formation, composed of unconsolidated _____
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Application, Working Draft, Rev. 2, DOEIRL-88-20, dated Junie 27, 2002
(Non-GW comments are in a separate file)

NOD Comments
Comment Comment Closed on

No.
gravel, sand, and silt. A thin layer of eolian and alluvial Holocene deposits of silt,

sand, and gravel cover much of the Hanford Site. Figure 5-7 presents the

generalized stratigraphy of the Hanford Site.

The hydrology of the Hanford Site can be divided into two major aquifer

systems: the confined basalt system and the Hanford/Ringold aquifer system. The

confined basalt aquifer system is composed of a series of rubbly basalt flow tops

and, where present, sedimentary interbeds, separated by low-permeability basalt

flow interiors. The Rattlesnake interbed makes up the uppermost basalt-confined

aquifer within the basalt-sequence. The Hanford/Ringold aquifer system includes

the uppermost aquifer beneath the Hanford Site. The aquifer system is generally

unconfined, but there are some localized, confined or semi-confined units within

the Ringold Formation. These generally occur below the Ringold lower mud unit.

There are also local zones of perched water in the Ringold Formation, the

Plio-Pleistocene unit, and the Hanford formation.

Section 5.3.2 (p. 5-6 lines 2- p. 5-7 line 35) now reads:

The primary references for the geologic interpretation are Lindsey et al. (1994)

and Williams et al. (2002). The information in those reports is based on the data

collected during the long history of drilling in and around the 200 Areas (Tallman

et al. 1979; Bjornstad 1984; Last et al. 1989; Barton et al. 1990; Goodwin and

Bjornstad 1990; Mercer 1 993a, 1 993b, 1 994a),

The 200 West Area is underlain, from the ground surface to the top of the

basalt, by the Hanford formation, the Plio-Pleistocene unit, and the Ringold

Formation. The Plio-Pleistocene unit in this area consists mostly of carbonate-

cemented alluvial and eolian facies.

Testing at the time of borehole installation for the burial grounds was used to

determine the hydraulic conductivity values. Most of the tests were constant-

discharge pumping tests up to 8 hours in duration, followed by recovery tests.

Only two of the tests in the 200 West Area created sufficient drawdown to be

observed in nearby observation wells. Hydraulic conductivity estimates ranged

from 0.02 to 61 meters per day (Last et al. 1989). These values are comparable or

slightly higher than reported hydraulic conductivity estimates ranging between

0.05 to 28 meters per day, derived from recent hydrologic tests conducted between

FY 1999 -2002, as reported in Spane et al. (2001 a, b, 2002, 2003).

The water table beneath the entire 200 West Area is in the Ringold Formation.

The base of the unconfined aquifer is the lower mud unit 8 of the Ringold

Formation, which confines the coarse-grained unit 9 of the Ringold Formation
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NOD Comments

o.mn Comment Closed on
N.beneath most of the 200 West Area. Where the lower mud is not present,the -unit

9 aquifer in the Lower Ringold Formation is unconfined and hydraulically

connected to the uppermost unconfined aquifer. Within the 200 West Area, unit 9

is undifferentiated because, in contrast to the 200 East Area, the geologic data do

not support subdivision.

,Groundwater flow in the 200 West Area is influenced by past disposal

practices. The pre-Hanford groundwater flow was predominantly west to cast.

Liquids discharged to the 216-U-10 pond (U Pond; decommissioned in 1984) and

other disposal facilities created a substantial groundwater mound in the southern

part of the 200 West Area, -25 meters above the pre-Hanford water table. This

mound has since decreased to -15 meters. Figure 5-11 is a water table map for

March 2001.

Hydrogeology of Low-Level Waste Management Area 3

Low-Level Waste Management Area 3 is underlain, from the ground surface to

the top of the basalt, by the Hanford formation, the Pio-Pleistocene unit, and the

Ringold Formation. The Ringold formation at this location is mostly sand and

gravel with minor units of finer-grained sediment., The Ringold lower mud, Unit 8

is absent beneath the northernmost part of the area as shown in Figure 5-12

(Williams et al. 2002). The suprabasalt sediment ranges from 145 to 160 meters

thick and generally dips to the south. The Plio-Pleistocene unit rises to within 6

meters of the surface along the northern boundary of this waste management area

(Bjornstad 1990).

The water table is 67 to 76 meters beneath the surface at this waste

management area. The water table beneath Low-Level Waste Management Area 3

is entirely within the upper Ringold Formation unit 5 aquifer. The saturated

thickness of the unconfined aquifer system is -60 meters in the south and 75

meters in the north where the Ringold lower mud unit is absent (Williams, et al.

2002). There is some evidence that there may be a locally confining layer or at

least a zone of lower permeability just at the water table.

Groundwater beneath Low-Level Waste Management Area 3 flows to the east-

northeast, and slightly more eastward in the eastern portion of the area (burial

ground 21 8-W-3AE) (see Figure 5-11). Estimates of groundwater flow rate range

from 0.0001 to 0.12 meters per day (Hartman et al. 2002, Table A.2). As the 200

West Area groundwater mound continues to decline, groundwater flow beneath

this waste management area may change to a more eastward direction. Disposal of

tritiurn-contaminated water at the State-Approved Land Disposal Site (SALDS) to

the north slightly distorts groundwater flow paths, but does not affect groundwater

____flow beneath Low-Level Waste Management Area 3 significantly.
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Hydrogeology of Low-Level Waste Management Area 4

The stratigraphic units beneath Low-Level Waste Management Area 4 are

similar to those beneath Low-Level Waste Management Area 3. The

P1 jo-Pleistocene units 2 and 3 underlies the entire area and is up to 12 meters thick,

is generally thickest to the north and west, and thins to the east and south. The top

of the Plio-Pleistocene unit is very irregular with only a minor overall dip to the

south. Perched water may be present locally on carbonate-rich layers in the unit,

but because of the presence of numerous discontinuities such as pinch-outs and

fractures, the lateral distribution of perched water probably is limited. The entire

sedimentary sequence in this area ranges from 165 to 172 meters thick.

The water table ranges between 65 and 74 meters beneath the surface at this

waste management area and lies within the Ringold Formation unit 5. The

saturated thickness of the Ringold Formation unit 5 above the lower mud unit 8

varies from 60 to 70 meters (Williams et al. 2002). The unit 8 mud is -15 to -20

m thick beneath Low-Level Waste Management Area 4. This unit forms a

continuous low-permeability layer separating the unconfined unit 5 aquifer from

the locally confined Lower Ringold unit 9 aquifer. The upward hydraulic gradient

and low permeability sediments of intervening unit 8 limit any potential transport

of contaminants downward into the confined Ringold unit 9 aquifer within the area

of Low-Level Waste Management Area 4.

Groundwater currently flows from west to east beneath Low-Level Waste

Management Area 4 (see Figure 5-11), at a rate of 0.2 to 0.6 meters per day.

Groundwater flow has been influenced by past effluent disposal and current pumnp-

and-treat activities. The groundwater-flow direction at the start of the RCRA

monitoring program was east to west, with a northwest component in the northern

portion of the area, because of the 200 West Area groundwater mound. The

groundwater mound currently is dissipating at a rate of 0.2 to 0.4 meters per year.

A pump-and-treat program initiated in August 1996 in the 200-ZP- I Groundwater

Operable Unit extracts groundwater from wells east of the waste management area

and injects the treated water west of the area. This program is intended to contain

the highest concentrations of the carbon tetrachloride plume beneath the 200 West

Area. The injected water contains contaminants that are not removed by the

treatment system, affecting groundwater chemistry beneath Low-Level Waste

Management Area 4.

DOE will revise permit application text to include new data regarding flow

direction and associated evaluations prior to certification of the Part B Permit

Application.
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5-6 Chapter 5: The Monitoring Efficiency Model (MEMO) used to evaluat-e -and 9/27/07

design detection groundwater monitoring networks for RCRA sites is used to
justify proposed wells. The MEMO input parameters are not provided for any of

the model runs. Prior to review of this permit application, Ecology performed a

review of groundwater monitoring observations and considered the MEMO

model's application to single-shell tank farm Waste Management Areas (WMAs).

In a letter dated October 13, 2000, Ecology concluded that "until such time that

MEMO output can be validated by the comparison of field-confirmed site-specific

input parameters (i.e., transverse dispersion coefficients, longitudinal dispersion

coefficients, source concentrations, seepage velocities, etc.) and groundwater

contaminant observations, Ecology will promote usage of conservative input

parameters and/or the reliance upon closer well spacing." To date, MEMO output

has not been validated by the comparison of field-confirmed site-specific input

parameters. Ecology has performed an evaluation of well spacing at the

LLWMAs. Regarding LLWMAs 3 and 4, due to aquifer property indications of

tighter formations resulting in narrow shaped plumes (i.e., lower dispersivities) in

the 200 West Area, Ecology's analysis of groundwater monitoring well needs at

LLWMAs 3 and 4 has been based on a spacing of approximately 7 5 to 100 feet.

Preliminary evaluation made by Ecology shows that the need for additional wells

in these two waste management units could be as high as 90 (approximately). Due

to aquifer property indications of higher groundwater flow rates and permeabilities

in the 200 East Area, Ecology's analysis has been based on a spacing of

approximately 100 to 150 feet. Similarly, the permit application should identify' the

well need for LLWMA I and LLWMA 2. Using a similar approach, Ecology

identified approximately 45 additional wells and for LLWMA 1 and LLWMA 2.

In summary, either adequate aquifer property testing must be performed to support

MEMO modeling or the application should identify a planning basis that relies

upon closer well spacing until such time that the MEMO output can be validated

by the comparison of field-confirmed site-specific input parameters. Ecology

expects a detail process to evaluate these requirements through data quality

objectives and finally the network design using required statistical analysis,

modeling and other applicable appropriate tools.

DOE-RL/FH Response: DOE will discontinue use of the MEMO model

and delete Appendix 5D. Groundwater monitoring will be addressed in

conjunction with the new groundwater strategy.
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5-7 Chapter 5: The permit application proposes to use a combined Shewbart-CUSUM 3/20/07

control chart method for satisfying WAC 173-303-645(9) (g) requirements. In

demonstrating the appropriateness of the Shewbart-CUSUM technique, the owner

or operator must distinguish between what is statistically defensible (i.e., meets

statistical tests/criteria) and the technical and regulatory objectives to be met to

satisfy WAC 173-303-645 (i.e., whether the facility is impacting groundwater).

Environmental Protection Agency (EPA) guidance entitled Statistical Training

Course for Ground-Water Monitoring Data Analysis (EPA 530-R-93-003, 1992)

identifies the necessary assumptions when Control Charts are used. The first

assumption is that the data at an uncontaminated well (i.e., a well process that is

"in control") are -normally distributed. The second assumption is that the data are

independently distributed from a statistical standpoint. The third assumption is

that baseline parameters at the well reflect current background concentration

levels. In consideration of the proposed, it is concluded that none of the necessary

assumptions are well fitted to the proposed statistical approach. Furthermore,

another EPA guidance document entitled Statistical Analysis Of Ground- Water

Monitoring Data At RCRA Facilities Interim Final Guidance (EPA 530-S W-89-

026, 1989) discusses the use of a combined Shewhart-CUSUM control chart in the

case where the level of each constituent within a single uncontaminated well is

monitored over time. The same EPA guidance document includes a "cautionary

note" which states: "Control charts are a useful supplement to other statistical

techniques because they are graphical and simple to use. However, it is

inappropriate to construct a control chart on wells that have shown evidence of

contamination or an increasing trend..." Furthermore, another EPA guidance

document entitled Statistical Analysis Of Ground- Water Monitoring Data At

RCRA Facilities Addendum To Interim Final Guidance (EPA 530-S W-89- 026

Addendum, 1992) states: "Since the baseline parameters for a Control Chart are

estimated from historical data, this method is only appropriate for initially

uncontaminated compliance wells." The proposed Shewhart-CUSUM control

chart method is inappropriate for LLWMAs 1-5. As an intra-well comparison

technique, the opportunity to compare upgradient and down gradient water quality

as an indicator of potential effects of the facility in groundwater is not assured.

DOE-RL/FH Response: DOE proposes to use the statistical approach in

WAC 173-303-645(g)(h)(iil). The Peratittees will develop a proposal in the

revised Chapter 5.0 based on site-specific conditions (e.g., hydrogeology,

spatial variability, percentage of non-detects) using this approach to meet the

performance standards, as appropriate, in WAC 173-303-645(8)(1).
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5-8 Chapter 5: The application asserts that "RCRA monitoring has shown no evidence 11/12/04

of groundwater contamination from the burial grounds." In addition, the application

indicates that total organic halides in down gradient well 299-Wl5-16 have exceeded

the upgradient/down gradient comparison value since January 1999. Considering the

carbon tetrachloride concentrations measured in riser pipes of trenches 1, 4, and 7 of

LLWMA 4 and the soil gas vapor characterization efforts (and results) within the

vicinity of these trenches, it can be argued that there is considerable evidence that

shows waste constituent releases from the LLWMA 4. Therefore, the application

must acknowledge the carbon tetrachloride releases from LLWMA 4. Until such

tim as the LLWMA 4 releases have been characterized, it is inappropriate to assume

that the source is the regional carbon tetrachloride groundwater plume. Considering

the deficiencies associated with the groundwater monitoring network, the carbon

tetrachloride concentrations measured in riser pipes of trenches 1, 4, and 7 of

LLWMA 4, and the soil gas vapor characterization efforts (and results) within the

vicinity of these trenches, it can be argued that there is considerable evidence that

shows waste constituent releases from the LLWMA 4. As such, it is appropriate that

LLWMA 4 be placed in an assessment monitoring program until characterization

information indicates the statistical increases associated with well 299-W 15-16

irrefutably indicate the source is not LLWMA 4.

DOE-RL/FH Response: RCRA groundwater monitoring has shown no

evidence of groundwater contamination from the burial grounds. Wording

will be modified to clarify that the groundwater monitoring has not

determined the presence of groundwater contamination attributable to the

burial grounds. For example, in section 5.2, p. 5-2 lines 20-24 will be modified

to read:

Over 13 years of RCRA interim-status monitoring data have not demonstrated

groundwater contamination with dangerous waste constituents from the low-level

burial grounds. Contamination that does exist is attributed to upgradient sources.

Data are stored in the Hanford Environmental Information System (HEIS) database

and made available to the regulators through that database. Indicator parameters

are plotted on graphs in Appendix 513. Results for each waste management area

are discussed below.

Section 5.2.2 (p. 5-2 line 41 to p. 5-3 line 2) will be updated to reflect more

recent sampling of well 299-E34-7, indicating a lack of dangerous waste
constituents attributable to LLWMA-2:
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Figure 5-4 illustrates the interim-status monitoring network for Low-Level Waste

Management Area .2. RCRA interim status monitoring has not indicated any

contamination related to waste disposal at the burial grounds. No downgradient

exceedances have been confirmed. Upgradient well 299-E34-7 has had significant

increases in specific conductance in recent years and is now well over the

comparison value. This increase is related primarily to an increase in sulfate.

Total organic carbon also has been increasing in this well. Analysis for oil and

grease (April 2001) reported 1.7 mgIL but oil and grease were not detected in

October 2002. Volatile and semnivolatile organic analyses were negative for

samples taken from this well with the exception of low-levels of endrin aldehyde

(0.08 ug/L) in a sample collected in October 2002. Total organic halides also have

shown an increase in this well. The source has not been determined for any of

these constituents, but the area of the burial ground near this well does not contain
any organic dangerous wastes.

CERCLA investigations have shown the presence of carbon tetrachloride in

some of the trenches. Follow-on investigations in the shallow vadose zone

detected lower levels of contamination (Rohay, V.G. and D.C. Weekes, 2003.
200-PW-1 Operable Unit Report on Step 1 Sampling and Analysis of the

Dispersed Carbon Tetrachloride Plume. CP413514, Fluor Hanford, Richland

Washington). This will be reflected in the application by changing Section
5.4.3 p. 5-12 lines 43-45 to read:

As discussed in Section 5.3.3, contamination could be present in the vadose zone

beneath the burial grounds, Limited data are available. Field screening for carbon

tetrachloride was made for safety purposes while drilling monitoring wells and no

significant contamination was detected. Rohay and Weekes, 2003, report the

results of CERCLA investigation into sources of the dispersed carbon tetrachloride

vadose zone plume. The investigation included sampling of vent risers and soil

gas within the northern part of Law-Level Waste Management Area 4. They

concluded, "Relatively high concentrations of carbon tetrachloride (maximum
1,760 ppniv) were detected within the east end of Trench 4 in the 2 1 8-W-4C Burial

Ground. Carbon tetrachloride concentrations detected in samples collected from.

the vadose zone three months later were much lower (maximum 62.1 ppmv in

August and 45.8 ppmv in September). The highest vadose zone concentrations
were in samples collected at site 2, near the location of the elevated concentration

within the trench." Further investigation of the dispersed carbon tetrachloride is

ongoing under the CERCLA process.

The statement that it is appropriate that LLWMA 4 be placed in an interim
status assessment monitoring program Is outside the scope of this permit
application.
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5-9 Chapter 5: In general, interim status data is neither presented in its entirety nor .11/12/04

sufficiently described or analyzed. Although some groundwater monitoring results

are summarized (by graph) in Appendix 5B3 of the application , the application does

not include all data. For example, for well 299-W15-l 6, there were 3,538

"returned results from HEIS" (Hanford Environmental Information System). The

majority of the data returned for this well was not provided in Appendix 51B. All

data for all wells used in the past (even those wells which have gone dry) for Low-

Level Burial Ground (LLBG) interim status monitoring must be provided in the

application in a manner that can be easily and effectively evaluated.

DOE-R-LIFH Response: Per WAC 173-303-806(4)(a)(Ix)(A), a summary of

the groundwater monitoring data obtained during the interim status period

must be provided. There Is no requirement to provide the data in Its entirety.

The data provided form the basis for the monitoring system presented In thse

application. All data for the interim status monitoring of LLBGs have been

made available to Ecology through HEIS. These data were referenced in the

application (p. 5-2 lines 22-23). The information in chapter 5, Section 5.2 and

Appendix 5B will be updated to current information prior to certification of

the Part B Permit Application.

5-10 Chapter 5: In general, information to support permitting of LLWMA 5 is omnitted. 11/112104

The application includes the unit but does not provide supporting information to

allow final facility permit conditions to be crafted. Either remove the LLWMA 5

from the application or provide sufficient supporting information (i.e., a complete

permit application).

DOE-L/FHResponse: Accepted. Detail about LLWMA-5 will be deleted

from the entire chapter. For example, section 5.2.5 and 5.3.2.3 will be deleted

along with any text that discusses LLMWA-5. The following text will be

added to page 5-1 line 3 after the second sentence: "One waste management

area, LLMWA-5, is reserved for future landfill activities and is not discussed.

Before construction commences on any TSD unit in LLMWA-5 or at an

alternate point agreed upon by the Permittees and Ecology, the Permittees

will submit a permit modification to add LLMWA-5 groundwater monitoring

information."
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5-11 Chapter 5: The application proposes to filter samples to be analyzed for metals. It 9/27/07
is inappropriate to filter samples collected for analyzing metals. As indicated
previously in the T and TX-TY Waste Management Areas RCRA groundwater
inspection report, all groundwater samples were inappropriately filtered. Ecology
recognizes that due to a declining water table, certain groundwater monitoring
wells (typically, wells installed in or before early 1 990s), are going dry. As the
water table drops, yield also declines and turbidity may become a problematic
issue. During the T' and TX-TY WMA groundwater inspection, in-situ
measurements for turbidity were collected. Those measurements are documented
in the inspection report. The conclusion reached in the inspection report was that
the filtration of groundwater samples after in-situ turbidity measurement criteria
had been reached is inconsistent with existing guidance (RCRA Ground- Water
Monitoring Technical Enforcement Guidance Document, EPA 1986) on this issue.
In addition, the groundwater inspection report also concluded that collection of
only filtered groundwater samples where in-situ turbidity measurement criteria has
not been reached (i.e., in-situ groundwater turbidity measurements are greater than
5 NTUs), is inconsistent with existing guidance on this issue.

DOE-RLJFH Response: Based on the joint Ecology/EPA letter dated August
7, 2007, titled "Field Filtering of Groundwater Samples Prior to laboratory
Analysis", and subsequent DOE response letter, Chapter 5 will be revised to
reflect the filtering policy.

5-12 Chapter 5: The application includes statements that are not supported by either the 11/12/04
data collected from groundwater monitoring wells or adequate groundwater
monitoring network configurations. Due to the significant deficiencies associated
with the groundwater monitoring networks (i.e., well spacing, uncertainties
associated with groundwater flow direction in the 200 East Area, groundwater flow
direction reversals in the 200 West Area, inherent deficiencies associated with use
of indicator parameters for "detection" monitoring, etc.), conclusions that the
LLBGs do not appear to have contaminated groundwater with dangerous waste
constituents are unfounded and unsupported.

DOE-RL/FH Response: Document will be revised to say that the Interim
status monitoring has not provided any evidence of contamination from the
LLBGs. For example, section 5.2, p. 5-2 lines 20-24 will be modified to. say:

Over 13 years of RCRA interim-status monitoring data have not demonstrated
groundwater contamination with dangerous waste constituents from the low-level
burial grounds. Contamination that does exist is attributed to upgradient sources.
Data are stored in the Hanford Environmental Information System (HEIS) database
and made available to the regulators through that database. Indicator parameters
are plotted on graphs in Appendix 51B. Results for each waste management area
are discussed below.
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Section 5.2.2, p. 5-2 lines 42-43 will be modifled to read:

RCRA interim status monitoring data have not indicated contamination related
to waste disposal at the burial grounds.

Section 5-3.3 p. 5-7 line 39 will be changed to:

RCRA interim-status monitoring data have not demonstrated groundwater
contamination with dangerous waste constituents from the low-level burial
grounds.

Section 5.4 p. 5-12 lines 8-10 will be modified to read:

Past-practice waste sites such as cribs, ponds, ditches, and underground tanks
have contaminated groundwater beneath the 200 Areas. Plume maps are included
in Appendix 5A.

5-13 Chapter 5: Throughout the application, statements such as the following are 11/12/04
made: "Accordingly, any procedures, methods, data, or information provided to
Ecology in Hanford Facility Dangerous Waste Permit Applications that relate
solely to the radioactive component of mixed waste are for information purposes
only and are outside the scope of Ecology's regulatory authority and the Hanford
Facility RCRA Permit" Ecology is not endeavoring to regulate radiation hazards
posed by the source, byproduct, or special nuclear components of mixed waste
through the terms of this permit modification and the authority of chapter 70.105
RCW. Ecology notes, however, that the presence of radionuclides in mixed waste
may be implicated in managing the dangerous waste components of such waste
without constituting regulation of the radionuclides themselves. For example,
tracking radionuclides may serve as a tool for monitoring whether releases of
mixed waste have occurred. While such an approach would not constitute
regulation of the radioactive component of mixed waste for its hazards, it would
create an enforceable provision related to that component. To recognize this
potential while addressing Ecology's concerns, the following sentence is
recommended en lieu of the above referenced sentence: "Where information
regarding treatment, management, and disposal of the radioactive source,
byproduct material, and/or special nuclear components of mixed waste (as defined
by the Atomic Energy Act of 1954, as amended) has been incorporated into this
permit, it is not incorporated for the purpose of regulating the radiation hazards of
such components under the authority of this permit and chapter 70. 105 RCW."
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Responses to Ecology Groundwater comments on LLBG, Part B Permit
Application, Working Draft, Rev. 2, DOE/RL-8 8-20, dated June 27, 2002

(Non-GW comments are in a separate file)
NOD Comments

Comment Comment Closed on
No.

DOE-RL/FH Response: DOE agrees that the language pertaining to
radionuclides in the chapter 5.0 of the permit application requires revision.
The proposed changes are consistent with current DOE policy regarding
radionuclide text In a Part B Permit Application. In all cases, the text will be
deleted.

Page 5-1 lines 45-47: Delete sentence

Page 5-1 lines 49-50 and page 5-2 lines 1-6: Delete paragraph

Page 5-7 lines 40-43: delete the two sentences.

Page 5-8 line 26: delete the words "and radionuclides."'

Page 5-8 line 27-28: delete the words "uranium and neptunium."~

Page 5-8 lines 35-37: delete sentence beginning with "While."

Page 5-8 line 42: delete the word "1TRU."

Page 5-9 line 32: delete the words "technetium-99, and uranium."

Page 5-9 lines 34-35: delete the sentence starting with "Nitrate."

Page 5-9 lines 37-38: delete the words "technetium-99, and uranium."

Page 5-10 line 30: delete the words "uranium, tech netium-99."

Page 5-11 lines 5-8: delete the two sentences starting with the sentence
beginning with the word "Uranium."

Page 5-11 lines 39, 40, and 50: delete the word "TRU" in three locations.

Page 5-12 line 2: delete the words "technetium-99 and."

Page 5-12 lines 15-17: Delete three sentences and replace them to read: "The
major chemical groundwater contaminant Is nitrate."

Page 5-12 lines 19-20: Change sentence beginning "Technetium-99 and other
contaminants..." to "Nit rate and other contaminants..."

Page 5-12 lines 24-28: Delete paragraph

Page 5-12 lines 33-35: Delete sentence beginning with "Groundwater."
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Responses to Ecology Groundwater comments on LLBG, Part B Permit
Application, Working Draft, Rev. 2, DOE/RL-88-20, dated June 27, 2002

(Non-GW comments are in a separate file)
NOD Comments

Comment Comment Closed on
No.

Page 5-12 lines 37-38: Delete the following words "and tritium and iodine-129
have sources."

Page 5-12 line 44: Delete the words "radioactivity and." ; change "were" to

Page 5-13 lines 44-47: Delete the sentence.

Page 5-14 line 2: Delete the words "low-level" and "1TRU."1

Page 5-19 line 39: Delete the words "Hazardous and radioactive."

Page 5-25 lines 17-18: Delete reference to DOE Order 435.1

Page F5-9 through FS-11: Delete radionuclides from the three figures.

Page TS-1: Delete rows from table pertaining to radioactive constituents.

In addition to the language pertaining to radionuclides, text appears on Page
5-14 lines 24-25 pertaining to topographic maps that requires correction.
Replace the two sentences with: "The requirement of WAC 173-303-
806(4)(a)(xx)(C) states that the point of compliance needs to be identified on a
topographic map. To meet this requirement, Figures 5-12 through 5-15 are
used in conjunction with the topographic map identified in Chapter 2.0." _____
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Collins, Michael S

From: Collins, Michael S

Sent: Thursday, October 02, 2008 8:22 AM

To: 'Ollero, Jennifer (ECY)'

Cc: Wang, Oliver S; Mandis, Michelle (ECY); Singleton, Deborah; MoKarns, Anthony C (Tony); Collins, Michael S

Subject: RE: LLBG Process Chapter Questions

Jenifer,

I would like to make sure we have the right people and information for you when we meet. Do you have a list of specific

questions?

Mike C.

From: Ollero, Jennifer (ECY) [mailto:jo11461@ecy.wa.gov]
Sent: Wednesday, October 01, 2008 9:19 AM
To: Collins, Michael S
Cc: Wang, Oliver S; Mandis, Michelle (ECY); Singleton, Deborah; McKarns, Anthony C (Tony)

Subject: LLBG Process Chapter Questions
Importance: High

Mike,

During our review of the Process Chapter of the LLBG Part B Permit Application we have identified several areas where we need

more information. I am requesting that we set aside some time with you and appropriate contractor personnel to complete this

chapter.

We will have some questions regarding the design/construction elements described in the Chapter. I am not sure if that requires

specific personnel, but if possible, having someone who can address the design/construction available at the meeting would be

really helpful.

Please let me know when you have some time available to meet.

Thank you,
J en nife r



Collins, Michael S

From: Collins, Michael S
Sent: Monday, February 23, 2009 7:48 AM
To: Singleton, Deborah
Cc: Williams, Joel F Jr; Miskho, Anthony G; Barnes, Brett M; Collins, Michael S

Subject: RE: LLBG permitting

See below.

From: Singleton, Deborah (ECY) llmailto:dsin461@ecy.wa.gov]
Sent: Thursday, February 19, 2009 2:10 PM
To: Collins, Michael S
Subject: LLBG permitting

Mike, the following text is currently in the draft permit. I would like to incude volume requirements or limits for

trenches 31, 34 and 94:

The following provides a brief description and identifies the generic types of mixed waste disposed in the LLBG. An

electronic database is maintained that documents each waste receipt, type of waste, and disposal location.

*LLBG 218-E-12B, trench 94 is approximately 68 hectares in size (Addendum A, Part A Permit) and receives defueled

reactor compartments .The volume limits for this trench is' 1.5 million cubic meters

*LLBG 218-W-5, trenches 31 and 34, approximately 37.2 hectares in size (Addendum A, Part A Permit) began

receiving waste for disposal in 1986. Mixed waste may be stored on the asphalt storage pad at the Trenches 31 and

34. Mixed Waste to be moved into trenches 31 and 34 for treatment via macro-encapsulation [40 CER 268.45 Table

1 for Hazardous Debris and MACRO in 40 CFR 268.42] to meet LDR requirements. Adjacent to trenches 31 and 34

are leachate collection tanks. -:he voldume linlit fot these 1 enh(K's aeu? 120,000 cubic mneters each,

Thanks for your assistance

Deborah
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STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
711IS W 4th Avenue a Kannwik. H~Iftrn mfl4M0a a (s0rn 73S-7581

Marh6 1997

Wr ames F. Rasswsen
U.S. Department of Energy
P.O6 Box 550, MSIN: A5-15
Ricblmnd, WA 99352

Dew Mrk. Ransusse:

1rt Approval of Low-Level Eurial Ground ([LEG) Part A, Revision 9

The Washington State Dceartniern of Ecology (Ecology) has received the LLBG Parr A.
Revision 9, dated March 4, 1997. It is Ecology's understanding that there is an urgent need for
storage of bulky and long-lenlgth mixed wasne awaiting disposal at Hanford. Trench 34 provides
the necessary safeguards and the most affordable option to safely miage this waste form at
Hanford.

Based on the above conuideatiaus, Ecology is approving the LLDG Purt A. Revision 9. If you
have .zy quesions concerningthislapproval, please contact rme at (509) 736-3043.

Sinceey,

P Norma n T. epuer FE
Nuclear Waste Program

NH:sb
Enclosure

CC: Cliff ClarkUSDOE
William, Adair, PDH
Sue Price, FliH
Mary Lou Blazek, ODOE
Administrative Record: LLBG

For questions or comnments, contact Mike Cine at michael-w cline~rl.gov
URL: httpi/wwvw.rI.gov/rcra/approvalsj4.2.a.1 revS apprvl.li ml
Last Modified: 09/0812000 07:33:00
Return to the Hanford home page. Maintained by PH
Privacy & Security Notice
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FORM 3 DANGEROUS WASTE PERMIT APPLICATION
Ui.S. ENVIROMIENTAL PROTECTION AGENCY/STATE IDENTIFICATION RENER WA7890008967
Section IC.. Description of Process Codes listed in $ectlan 111.a.

PAI1

The Low-Level Burial Grounds (LLBG) began waste management operations in January of1960. The LLBG comprise a landfill disposal unit (D81) and cover a total area ofapproximately 225 hectares (556 acres). The landfill is divided into eight burialgrounds. Six burial grounds are located in the 200 Vest Area and two in the 200East Area, as depicted on the attached drawings. The LIBS consist of lined and
unlined trenches of various sizes and depths. All mixed waste destined for disposalin lined trenches will meet land disposal restriction requirements. The linedtrenches consist of a double-liner leachate collection and removal system.

The process design capacity for mixed waste in the LLBG is 174 hectare-meters(2,275,819 cubic yards) of which 150 hectare-meters (1,961,913 cubic yards) isdedicated solely for the disposal of reactor compartment disposal packages.

The greater-than-90-day container storage capability in mixed waste Trenches 31 and34 of Burial Ground 218-W-5 provides a location to store various size containers oftreated mixed waste in a Resource Conservation and Recovery Act (RCRA) compliant
manner other than the Central Waste Complex. The placement of these containers InTrenches 31 and 34 eliminates the need to construct a mixed waste storage pad. Thiscapability also reduces the need to transfer this waste prior to disposal. Theprocess design capacity for storage of containers is estimated to be
10,000,000 liters (2,641,700 gallons).
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iV. 0ISCMPI1OM OF 0ANGEROLS WASTU tmahluad?
E. USE TfIl 3PACE T0 LIST A00MOMAL PIOCESI COM# MKOW SECTIOWB OI~PA E 3.

The mixed waste disposed in the LE8G will consist of toxicity characteristic waste
(0001 through D043), state-only waste (WI01, WTO2, IdP01, WP02, WPO3, and WODl), and
listed waste from nonspecific sources (F601 through FOOS and Ff039). Currently there
is no mechanism in place to treat collected leachate with listed wapte numbers other
than F001 through FOOS. However, regulatortly acceptable alternatives for leachate
management will allow for the disposal of other listed waste that include all "'m
"P," and other "F" dangerous waste numbers. The reactor compartments in the
218-E-lZB Burial Ground contain shielding constructed of metallic lead
(state-only D008). Mixed waste could consist of up to 25 percent debris; however,
this estimate could fluctuate as waste management needs dictate.

The mixed waste stored in the LOBG will consist of toxicity characteristic waste
(0004 through D043), state-only waste (WTO1, WTOZ, WPOL, WP02I, WP03, and WONl), and
I sted waste from nonspecific sources (Fool through F005 and F028). Other waste
that may be stored at the LLBG include all "U and 'T' dangerDus waste numbers.
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X. OPERATOR CERTIFICATION

I certify under penalty of law that I have personally examined and am familiar
with the information submitted in this and all attached documents, and that
based on my Inquiry of those individuals Immediately responsible for obtaining
the information, I believe that the submitted information Is true, accurate,
and complete. I am aware that there are significant penalties for submitting
false information, including the possibility of fine and imprisonmenit.

U.S. Department of Energy
Richland Operations OIffice

President and Chief Executive Officer
Fluor Daniel Hanford, Inc.
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TYPICAL LINED MIXED WASTE
TRENCH (TRENCH 34)
218-W-5/200 WEST AREA

46*33136" 95030469-44CIA
119038'24"1 (PHOTO TAKEN 1995)
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Collins, Michael S

From: Collins, Michael S
Sent: Tuesday, February 24, 2009 1:34 PM
To: 'Szendre, Steve (ECY)'
Cc: Collins, Michael 3; Williams, Joel F Jr; Miskho, Anthony 0; McKarns, Anthony C (Tony);

Barnes, Brett M; Dixon, Brian J; Engelmann, Richard H
Subject: FW: LLBG TRAINING MATRIX
Attachments: OWO Addendum G Training matrix.dloc

Importance: High

Hi Steve,

Hope this helps.

Mike C.

From: Williams, Joel F Jr
Sent: Tuesday, February 24, 2009 10:02 AM
To: Collins, Michael S; Miskho, Anthony G; McKarns, Anthony C (Tony)
Cc: Barnes, Brett M; Dixon, Brian J; Engelmann, Richard H
Subject: FW: LLBG TRAINING MATRIX
Importance: High

Table 8-1. LLBG Training Matrix.

Training Category*

Permit Attachment 33 General Contingency Emergency Operations Training
Chapter 8.0 Hanford Plan Training Coordinator

Training Category Facility Training
Training _____ _____ _____

LLBG DWTP Orientation Emergency Emergency General Container Landfill

implementing category Program Response Coordinator Waste Management Management

(contingency Training Management

Job title/position_______ _______ _______ _____ ___ ___ _____

Nuclear Chemical X X X X X
Operator (NCO)________________________

Operations Team Lead X X X X
Operations Manager X X X X X
Environmental X X X X
Compliance Officer
(ECO) __________

Non-Resident Waste X X X
Service Provider_______ _____________ _________ _______

From: Szendre, Steve (ECY) [mailto :ssze46l@ecy.wa .gov]
Sent: Tuesday, February 24, 2009 9:47 AM



To- Barnes, Brett M; Williams, Joel F Jr

'Subject: LLBG TRAINING MATRIX

Hi Brett and Joel, Long time no contact! Hope all is well with you two!

I have been asked to put together the Training Addendum for the LLBG Permit. I was wondering if you have a recent
training matrix for LLBG personnel? I have attached the CWC training matrix (Addendum G) for you to reference. Does
LLBG have something like this that you send and I can use for the LLBG Permit? As you aware we are on a pretty fast
track for this Permit, so sooner the better. If I need to contact someone else to get this please let me know.

Thanks,

Steve

PS. Let's get together sometime...!

Steve Szendre
Ecology's Nuclear Waste Program
3 100 Port of Benton Blvd.
Richland, WA 99354
509-372-7911
509-372-7971
ssze46l (decywa.gov

Please care abouit our environm-ent!

2



tollnsMichael S
From:Collins, Michael S
Sent:Tuesday, February 24, 2009 1:36 PM
To: 'Szendre, Steve (ECY)'
Cc: Williams, Joel F Jr; Miskho, Anthony G; McKarns, Anthony C (Tony); Dixon, Brian J;

Engelmann, Richard H; Collins, Michael S
Subject:FW: LLBG TRAINING MATRIX

Attachments: CWC Addendum G Training matrix.doc

Importance: High

Steve,

One addition to the LLBG Training Matrix I just sent you. See Joel's mnessage below.

Joel,

No problem.

Mike C.

From: Williams, Joel F Jr
Sent: Tuesday, February 24, 2009 10:08 AM
To: Collins, Michael S; Miskho, Anthony G; McKarns, Anthony C (Tony)
Cc: Barnes, Brett M; Dixon, Brian J; Engelmann, Richard H
Subject: FW: LLBG TRAINING MATRIX
Importance: High

M ike/Tony/Tony

The cut and past of the LLBG Training Matrix that I emailed to you did not have the following that needs to be added as a
footnote to the Table 8-1

* Refer to the LLBG Dangerous Waste Training Plan for a complete description of coursework in each training category.

Sorry about that 0

Thanks - Joel ©D

From: Williams, Joel F Jr
Sent: Tuesday, February 24, 2009 10:02 AM
To: Collins, Michael S; Miskho, Anthony G; McKarns, Anthony C (Tony)
Cc: Barnes, Brett M; Dixon, Brian J; Engelmann, Richard H
Subject: FW: LLBG TRAINING MATRIX
Importance: High

Table 8-1. LLBG Training Matrix.

Training Category*



Permit Attachment 33 General Contingency Emergency Operations Training
Chapter 8.0 Hanford Plan Training Coordinator

Training Category Facility Training
Training

LLBG DWTP Orientation Emergency Emergency General Container Landfill

implementing category Program Response Coordinator Waste Management Management

(contingency Training Management

Job title/position_______ _______ _______ _____ ___ ___ _____

Nuclear Chemical X X x x x
Operator (NCO)
Operations Team Lead X X X X _____

Operations Manager X X X X X
Environmental X X X X
Compliance Officer
(ECO) _______

Non-Resident Waste X X X
Service Provider

From: Szendre, Steve (ECY) [mailto:ssze46l@ecy.wa .gov]
Sent: Tuesday, February 24, 2009 9:47 AM
To: Barnes, Brett M; Williams, Joel F Jr
Subject: LLBG TRAINING MATRIX

Hi Brett and Joel, Long time no contact! Hope all is well with you two!

I have been asked to put together the Training Addendum for the LLBG Permit. I was wondering if you have a recent
training matrix for LLBG personnel? I have attached the CWC training matrix (Addendum G) for you to reference. Does
LLBG have something like this that you send and I can use for the LLBG Permit? As you aware we are on a pretty fast
track for this Permit, so sooner the better. If I need to contact someone else to get this please let me know.

Thanks,

Steve

PS. Let's get together sometime...!

Steve Szendre
Ecology's Nuclear Waste Program
3 100 Port of Benton Blvd.
Richland, WA 99354
509-372-7911
509-372-7971

Please care about our environmnent!

2


