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February 22. 1993 

Mr. W. John Arthur. Ill 
Project Director 
WlPP Project Integration ORice 
6501 Americas Parkway, Suite 903 
Albuquerque. NM 871 10 

Ann: Patrick Higgins. WPlO 
Mark Matthews, WPlO 
Ravi Batra, WPSO 

- 
Re: Transmittal of the Technical Support Groups' Report of Findings & Culebra Tracer . 

Testing 

Dear Mr. Arthur: 

The Technical Support Group (TSG) was tasked to provide the WPlO Configuration 
Control Board with recommendations that could facilitate a decision on funding of the SNL 
proposed Expenmental 'plan for. Tracer Testing in the ~ulebra 0010mitf3 at the WlPP Si, . . .  

dated .Oaober-.lS. ;I392 Enc$o.sed. &re &yr cdpies . of. . the .Te@f3ical 'Support Group . : 
. . .  . . . : . . .  . . 

Report onCulebra Tracer Testing.. :, 1 . : . . ;' ;. . .  . . .. ( . . - ' . . . . 
-. . 

. . .  . .  +hereport is specif= to the'qt?estions that were' asked of the .?SG. ~ovmve;,ther6& 
, several significant hues tt!at.wm ide- during the q r s e  of the TSG's ,analysts of 

. the prop'osed test plan that are of concern to the TSG. In the, interest of expediting the' . . . . .  . .  . .  subject repon, the TSO will preparea sepssate.foHm dn.le!tte~ repdn that gddresses the .-.... ..: 
. a d d @ o n a i : q v -  fhe,le&Wqoft will be to. you by t@e'enci of .February. . :, t .::.- . . . . .  . . . .  . . . ' . . . . .  . . . . . . .  . . . . . . . . _ . . .  : .  d . . . . _. :. . . . . .  . . . . . . . _ . . . . ; . . . . .  . . . .  . . . . .  . . . .  , . .  . . . .  . . . . - .  . . . . . . . : .. 

. . .  
. . 

. . . . 
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W. John ArViur, Ill February 22. 1993 

The recommendations from the TSG are: 

1. The types of tern outlined in the reviewed test plan are helpful in resolving the 
hydrogeologic characterization of the Culebra. However, the test plan should be 
augmented to present a program that addresses a broader set of issues than the 
preliminary version does. N s  augmented plan should also address cost and 
schedule optimization for the program outlined in the revised plan. The %flat' test 
plan is currently scheduled for completion in September 1993. The T!SG 
recammends the technical questions listed below, at a minimum, be addressed in 
the final plan. 

A. How will the tests discriminate among candidate conceptual flow models 
and serve to validate the appropriate choice or combination of choices for 
the Culebra? 

6. How will the question of 'scaleup' of the field flow results to a grid size that 
matchesthe grid u t i l i d  in performance assessment be approached? 

C. What is the basis for localion of the test site(s) and. if preliminary drilling is 
deemed advantageous, where precisely will it be done and why was that 
site chosen? . ,.- 

D. Is it desirable to incorporate existing pumping test data that may not have 
been analyzed or Mat require additional interpretation to belter define the 
flow field? If so, what is required to incorporate those data into current 
analyss? 

E. What drilling procedures will be used to ensure that core and water samples 
can be obtajned that aresuitable.for laboratory dnatysis? . . 

F. How are the laboratory retardation results to be scaled-up and correlated 
with field retardation results? How will the results .be further scaled-up to 
the performance assessment gnd size? . 

. . .  . . . . 
: G.' H p  ' 6 H  all the,rksutts b e  in&rpgrated ,into pe~fomrance' as's.essment arid .- . . .  . . .  

,haw does the..eyeri.men@ schedule mesh y@ petfgrmance ass&sment ' . . . . .  . . . .  . . - -  . 1:. . . . . . . . .  . . .  . . . . .  . . . . . .  . , . .  . . 
. . . . .  .. - . .' :. , . . . . . . .  . . .  s&edule, ~dem7. .... . . . .  . - . . . . . . .  , . . .  . . .  . . .  . . . . . . . . . . . .  

, . . . . . . . . . .  . . . . 



W. John Arthur. Ill - February 22. 1993 

H. What is the relative importance of each of the experimental objectives (e.g., 
rank them); and how do each of these objectives contribute to compliance 
demonstration? 

1. How will the experimem data be used to draw condusions that are valid 
for the entire regulatory period (10,000 years)? 

J. What is the Statistical basis for selecting samples utilized in determining the 
values for the coefficients (elements) of retardation? How will the 
mechanisms creating retardation be established? Why is the range of 
geochemistrieo investigated adequate to bound the conditions that might 
occur throughout the regulatory period? 

K. What tens and methodology will be utilized to resolve the effect of the 
numerous wells to the south of the site on the present and long term flow 
field? 

2. The apparent disconnect between performance assessment and the experimental 
program must be resolved. DOE will be judged on the conceptual model, data 
supporting that model, and resulting calculations. Two speafic suggestions for 
improvement are: 

A. Formal procedures could be developed to ensure that the experimental 
program suppom performance assessment data needs and that the 
performance assessment model reflects experimental.understanding. One 
im~lication here is that the exo.erimentaIii mav develo~ a much Water 
interest in pmapatmg in f i r h i t i o n  of the -perlurm&tce assessment 
conceptual and mathemabcal.mod&. A queaon to be considered @ who 
is responsible for defending the resub presented by the perfomance 
assessment group? 

B. SNL should consider instituting some process that ensures communication 
between the data genermon groups and Performafyx assess men^. A . . 

. . 
. . . . major objective- of the process .would be to define the data and m&l. : 

. . .  _ _  .. 
. . .  

. . elemei-rp ne'cessary~o.provide.suCfidient Msoluti0.n of the regional hydrology ' :. . :. 
. . .  . . . .  'to sup- a @&eked baseline cage for d.esci@ig ihe:present hydrdogiced .: .... . . .  . . . . .  . . . .  : . . . . . . . . .  . - . . . .  _. . . . . . . . . .  . ' .  . . .  . . : . r n d i t i . 0 ~ '  . . . . . . .  . . -  . . . . . .  '. . . . .  . . . . .  . . 



4 February 22.1993 

Please do not hesirate to contact me at (505) 845-6321 or Dave Lechel at (505) 845-6290 
wrth any questions you may have concerning this repon. 

Sincerely, .- 

John  hie hies 
Project Manager 

CC: 
G. Hanson 
0. Lecnel 
a.  ROO^ 
0. Sala 
B. Farrell 



Technical Support Groups' 
Report of Fmdings 

on 
bra Tracer Testing 

Issue 
.. 

The WIPP Pmja Intcgmion Office W I O )  Change Control Board (CCB) requested the 
Technical Support Group (TSG) to provide recommendations in support of a decision on p a d  
funding of an 58 million plan for a new set of tracer tests in the Cultbra Dolomite Member of 
the Rualer FOimation. 

Human inmuion sunarios. which presume future inadvertent drilling activiy intercepts an 
underlying prtssuriztd brine ruervoir andlor the repository, have focused on the Culebn 
Member of the Rustler Formation a the final b a & r  in the pored parhway to the 40 CFR 191 
Subpan B subsurface wmplia& boundary. ' A dctcnnwMn . . 

of the effectiveness of the CuMn 
as a geologic barrier to radionudide aanspon is therefore imponant in dcmonsuaring compliance 
with this rcguhion. A sound technical position must be prrparrd if the U. S. Environmcnnl - Protstion Agency @PA) is to accept a U. R Depamaent.of En& 'DOE) position that the 
Culebra is a Mturat gec:ogic barrier to the release of .radionrrclides.. The daP to be colkcd 
from the proposed Ck;a Tracer Tests will prwide additional information that will be utefpl 
in dtmonsaating the tffcctivcness of the Culebra barrier. The unresolved issue is whether the 
pmpowd additional ttsrs will lead to a successful defeate of the radionudidc aanspon 
maniation affects included in the periormancc assessment (PA) model. The objectives of the.. 
test program should ahgn with the reduction i n  uncerrainty nccssaxy for validation of the 
conceptual model. mathematical model and sensitive paramcur ranges u w '  to. predict 
radionuclide.traaspon. .. . . . .  . 

Scope of Evaluation 



In response to the two quesrions srarrd above. the TSG concludes that additional chKacruuaaon . . 
of the Culcbra is necessary but that the prrliminary "Expenmental Plan for Tracer Tetting ia 
the Culcbra Dolomite at the WIPP Site", datcd October 15, 1992, will not provide a linal 
(comprehensive) set of data. The rxperimtal pian needs substantive modification and 
refinement Revisions to this pian (andlor a governing cxperimenral plan of which this spedfic 
test plan is a subset) should support an objective of developing a comprrhensve set ofdata that 
will fullill all the data rcquiremmrs for model selection and nhiatxm . . . Animportant 
COIlSidaarion is that the National Acadtmy of Sciences (NAS) has cwioned, in the Scptanba 
and Doamber 1992 mcuings, that the proposed Culebra Traccr T W  may not substantially 
conuibute to the ovaail reduction of an already high u n a d n f y  level. lEe BsL: confronting 
the WlPP Project is to define an integmcd experimental program that will reduce the u n d t y  
to acceptable levels or. at least. quickiy idmtlfy critical performance assessment paramuen 
whose uncertaintics will not be reduad to acccpmble 1mls  by the planned experiments. 
Spcufic TSG condusions with brief nrpporring rationale follow: 

1. e C e  Expcnmcntally derived fluid flow vdoc i tb  indicate faidy 
rapid movement of fluid to the compliance boundary nlative to the rrgulatory period. 
Therefore, the Culebra cannot be assumed m be amajor b a n k  to ndionudide transport 
if -on is not demonmated to the satisfaction of the rrgutatOry agcndts. An 
expairnatal demmination of charial @rimariiy) and physical raardafion is vital to 
establishing robust evidence thst the Culebra is an cffcctive geologic banicr. This must - 
bedoneinthehbonmrywithcOrrObOntionintheW. 

. . Summary Ratio&. Expaimmml dctnmnanon of dimibution coeffidmts (IC's) is 
q u i d  to cstabihh a consenrarive range of values for each element of raardation. In 
fact, DOE has agreed with the Stare of New Mexico in the Consultation and Coopaation 
Agrrement that, 'in the ab=a of experimentally jusrifiable values, K, will equal zero, 
e . g . , n o c r r d i t f o r ~ o n w i i l b e t a h n i n t k e p e r f ~ a u e ~ m e n t c a l c ~ .  

. . Cumnt 'field expairnatal data support utimated fluid flow .velociries in.the Farrge of 1 
. . mdcr pkz day tb 1 mccir per year. In meetings with the TSG,: Sandia ~atiohal . , . 

Laborarory (SNL) scimtim agxccd that the estimated flow veiocities, when in- 
ovathegmcralfIowpQfhfromthestongepQnclarratothewrticalcompiiuUr 

- boundary, rnnslate to fluid arrirat times at the subsurface compliance boundary that 

. . 
. .. . . 

. . 
. . . .. . .  . 
. , .. 

Pchmay 12.1993 
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may be substantial. Compliance may be assumed if vcry long-term or p-t .--. chemical mmaon of the radionudidcs in the rock mauk can be shown. Chemtnl 
boading with the host rock and/or filler martrials (generally clay) would enturc long-- 
mmrion. However, the degree to which this chemical m t i o n  o m n  has not be= 
uDblishcd cxpaimcntally, which remains as a potential brrach of the previous 
agreement with the State until these experiments arc wmpktal. 

2. Pow in the Culcbra: Additional ch 'on of the Culcbra will enhana tke basis 
far esnblishing a nprrscntative hydrologic model. Sdection of a model tvPe that 
-y ..pI.5..6 a~ the obscrvatiois is an imporrant e ~ ~ ~ ~ e a t  of Compliyla 
d e a n d o n .  Care should be ucrciwd to not bias the approach for diffcradaeing 
baw&n flow model types, especially in light of the stmngly held view that dual porosity 
is the comer model type. 

Summary Rarionale: In addition to the rerardation, umertahtics still exist with orhex 
fmdama~al izsues. These issues indude identification of the ohvsical ch . . of 
the pathways (e.g., layers, channels. fracnuu, connection oi fractum with matrix 
porosity). For example, then is general agreement within SNL tha~ the CuMra is a 
layered member, but layaing has nor been directly incorporated into the model In 
a M t h P  =ample, INTRAVAL has suggested a cmccpWJ flow model bawd atirrly on 
channeling also will p d u c e  an accqnable fit to the currrnt data; but cmmt modeling 
utilim a dual porosity concept instead The impiication is that if only chaanrl flow is 
oaamiag the nardation wil l  be considerably reduced The inability io convincingly - answer such questions indicates. an in'ampkk undcrnanding of the flow regime. A well 
rhrnnrJiTrrl flow regime is -.to the espblishmcnt of acceptable rrraid?tion 
VaLues. 

3. Asan 
addmdurn to these technical conduzions, the TSG notes a lack of inttgraaon of the 
experimental program and the paformvlcc assessmmt group. This is a concan in that 
it affecp. the Project's chances of rcaehing a sound sciuuific basis for compliance. 
F-g ways of fonaing doser inPi?gration, or at least more cffeetive coapaation, 
would greatly enhance the quality and defensibility of the resulting performance 
m c n ~  and therefore is an integral part of rectifying the t&nical issues addrrYcd 
in this rrpoh 

. . . .  . . . . .  . . . . . .  - .  . . . . . .  . . 2 .  . -  : . : . . .  .- : . . . . . . . .  . . .  ,m of, th+ .prrlimin;rr)r'- T- , T ~ ' @ W , ; ~  .SNI; : 
. . . . . . .  c m  the foIlo&ing idcdrnmcnddii~~$.' -- recommendations wiU aid in pniamlhg - . a .. 
both a compdms~ve cxpaimaual test program and a bmad-bascd compliance -. 



1. The types of tens outlined in the reviewed experimtntal p b  arc helpful in resolving th+ 
hydrogeologic chammzm 

6 ' 

'on of the Culebra. Howmr, the pian should be augmmtcd 
to present a program that addnsses a broader set of issues than the pnhminary vcxsh. 
This a u g m d  plan should also a d d w  cost and schedule o p t h k a l h  for the prognm 
outtined in the xevised plan. This "W test plan is currently scheduled for completion 
in September 1993. The TSG recommends the r d m i d  qutsdo~  listed below, at a 
minimum, be addmscd in the final plan. 

How will the tests d i  among candidate conceptual flow models and 
savc to Mtidarc the appmpMte choice or fombinatioa of choices for the 
Cultbra? 

How will the question of 'scale-up" of the field flow results to a grid size that 
mvchts the gnd utilized in performancc assessment be approachzd? 

What is the basis for location of the tcsz sit&) and, if preliminary drilIing is 
dacmcd advanagcous, where precisely will it be done and why was that site 
chosc~? 

Is it  desirable w incorporate existing pumping tut data that may not have bsm 
ad- or that qu ire  addi t id  interprwriOn to b e  define the flow field? 
If so, what is Rquind to inarpontc thosc data into cuxmt  analysis? 

Whatdrillingproadbnt~willbeussdmcnsurethatwrcandwdtasamp~crcpl - 
k obtained that are suitable for laboratory analysis? 

Haw arr the laboratory -on results to be scaled-up and comlatcd with 
field rrardation results? How will the results be funhu sclicd-up to. the 
pcriormancc asscsmmt grid size? 

What is the ret?tive impoaana of each of the expairnatal objccrivcs (e.g., rank 
thean); and how do each .of these objectives conuibute to compliance 
d 'on? . . . 

What is the stntisticrl basis for ulw*ing sample utilized in dtccrmrruag 
. . the 

vaium for the mefkhts (elemam) of rrsrdatim7 How will the mcchaniuns 



cnating recardation be established? Why the range of geochemisaics invertigatcd 
is pdcsuatc to bound the conditions that might occur throughout the re@am~ 
paid? 

K. What tcsu and methodology will be utilized to resolve the effect of the numaour 
wells to the south of the site on the pnsent and long term flow field? 

The tam 'comprrhensive" could be substituted for the tcrm 'final' used in this report 
to describe the d&rcd st an^^ for the dan to be gennaPd from the pmposcd tat 
program. The imponant message is that reactionary c x p a h a t a l  testing of& leadc to 
additional unplanned testing programs. DOE can not afford to be dependent on a r u t  
plan that docs not address all of the issues or potential issues rrlated to v- a 
reprrscntative flow model. Within the bounds of currrnt knowledge, this test plan must 
u~compass coUection of all the data that wiU.be muired for validation. In this same 
'final" meam there is a high level of ceRainty that unplanned tuu will not be requ id  
afm the proposed tern arc concluded. 

2. The apparent disconnect between p a f ~ r m a [ ~ a  assessment and the expaimcntal program 
must be resoived. DOE will be judged on the conceptual model, data supporting tht 
rrtodcl. and fadting c;ilculatiom. T w  spcdfc rrcommmdations for improvcmmt arc 

A. Formal procedures should be developed to ensure that the experimental program 
sup~omOerfonnanceasJejsmCntdatahccdsandthattheperformance~ 
m&l r;fleca cxpcrimcntal undemanding. One impjhkm h a c  is that the . . 
c e e n e t i s t  may develop a much grram in- in psrricipating in 
of the performana assessment canaparat and mathematical modeis. A question 
to be considered is who is responsible for defending the results presented by the 
PaforrnMCC aztcymmt group? 

B. SNL should consider forming a hydrogwlogy intqmup team or instituting some . 
other p n x r ~  that auurrs communicatioa baweta groups. A major objective of . . 
this intQacrive team would be.m define the.data and model eIrmenU nccessq . 
to provide Nffidcnt resolution of the regional hydrology to support a prrfened 
b;ucline case for ducrib'ig the present hydroiogicai condition. 

. . . . .  . . . . .. . - .. 
. . . .. . . . . . .. . .  . 

. . 
. I  _ . -.wneedtobe.. 

addrrsscd' by the cxpaimmral and paformana qscsmmt program. The 
SM, iaitiative to instirue tde proposed Cukbn tesDiPg seems to be partially in r~sponse to this 
influential scimtific communiry. 



-. In a joint meeting with SNL performance assessmat and cxperimaal prognm staff, agreemat 
was reached that estimated water flow rater within the W P  site arc bounded by a range of 1 
meter per day to 1 meter per year. This esrimattd range is based on fracnrrr flow. It is 
gm-y agreed that the flow over the s-e pancis will be in an south-easuriy d i  until 
it in- a much higher tnmmissivity zone with flow to the sire boundaxy in a southaly 
direction. In a later meeting with the cxpaimenal program group, there was agrummt that 
the inoegration of these miations in flow rates from the storage panels to the site boundary will 
not exceed an aggregate flow time of 1.000 yean and could be as low as 100 years. TEis 
COOCtusion is in appaxat ditagrtancnt with travel times published in the working draft 1992 
P e r f a m w e  Autsunmr Rcporr (9,000 to 14,000 yean). 

Feaaucs of the present flow system in the Culebra suggest a possible rr2ationship with the oil 
and gas wells located south of the WIPP sire. These fcamcs include (1) an anomalous flow 
direction (south) which is not the dirccrion of the slope of the topography as is the usual case, 
(2) closed pomtiomcrric depressions to the south that suggest vereical loss of water. and (3) low 
hydraulic head in the Culcbn with rrspcct to the Magenta abwc the Rustler-Salado Residuum 
below. The ftaaucs could be cxpiaincd by depletion of hydraulic head in the Culebra in the 
vicinity of the oil and gas wells rrsulting from vertical leakage between the Culcbra and 
prrslre-deplued pecrolcum production horizons. Consequently, the flow system may change 
after oil and gas production ccase. . 

' 

~ h c  SNL p c r f o ~ ' a a w z m c n t  report for 1991 discusses r&harge and disc&rgc in Volume 1, 
pages 5-32 to 5-34. This discuYion stares that 'Thcrr is no d k t  evidaxe for the locarion of -- 
cithcrrrchargeto or discharge from the CukbnDolomifc'andthat *smaIlam0ullt0 of inflow 
may llso occur as leakage from owdying uniu throughout the region." QuPlnfying this vcrricJ 
leakage is i m p o m  because it may have a substantial effect on dilution of any anaminant that 
enters the Culcba Note that Figures 5-13 and 5-14 show a hydraulic hcad difference buwecn 

. the Magma a d  Culebra of 45 'fca (959-914 at the southeast c k  of the WIPP site). These 
units are separarcd by the Tamarisl. which has an avaage thiclmey of 118 feet at the WIPP 
@. 5-16). Thus thevertial hydraulic gnditnt is about 0.38 ,Wft.. If the vadcal hydraulic 

. . mmducrivij.of the Tamarisk were 10'' d r  ($hi& sccins'possiblc), cn&'Darry c a b k b m  
show rhat mast of the flow b i  .the- ~ ~ r a  would be coming from v- ,seepage. . . 

Funhamore, the head in the Rustler-Salado Rcsiduum is also considaably higher than the hcad 
in the Culebn, suggesting the possibiity of upward flow as well. These do not 

: p m  that vestid rrchPge to the Culcbn is sigaificaat, bw suggest that it might be and that 
. . it is worthy ofinvufigarion~ Also'noa'rhat the low head in the Culebrarrlative io uniu.aboire . 

and below iJ combteat with depictiq of h@ in the Culebra by. leakage amund oil and'gar well . -. . . 

. . . :  . ~ m y ~ . ~ & : ~ ~ ~ e f i e c r o f ~ , r y d l s ~ g t t i ~ .  ~&bgstothe.sout6. 'If'thed&gaz,~ire.a&cringh~~the~ulcpn;v~,Ieabge'.. . . .  : , .  . .  . . ... . . . .  . . 
. - .  

. . .  . . , .. . . :. .. ... ' .  
' 9  . . . . .  . .  . . 

. .  . .. . . . .. . . . . . . . . . .  

INTIUVA!L has s~ggtned that a h e i  flow m ~ d d  be considaed aS an a l d v e  to the dud 
porosity model now used to desaibe the Cul+a. This channel model a u l d  possibly result in 
much less ma& contribution to rrrardation than is cumntly assumed. Either the d t c n c c  of 



- chnnel flow needs to be shown to be minimal (on the scaie of the pcrfonnance ~t 
model) or it n& to be shown that the channd flow and ma& r c t d a t b n  arc bath ocnuzing 
and not mutually exclusive. It is unlihly rhat the system operate3 as a single porosity sysruu 
because it is already known from ewnination of the cores that the manix is porous and has 
inmc~nnecring fracaucs. It is reasonable to aftcmpt to demonsnare by Wd turing a the 
system is dual porosity and to quantify the effect of clay fractun linings in answer to the 
WIlCAVAL suggcrrion. Otherwise, the regdamq agencies may quire testing at a late stage 
of the pcrmirtiag process. -- 
Thae arr: large mu within the regional hydrologic model that have not been well chaactcrized 
with dafa, but only modded by Kziging techniques. An example is the tone south of the 
repository along the most d i  gcomcaic path to the vatical compiiance boundary. The 
Envimnmaal Evaluation Group (EEG) has suggejted that a well be placed in this umr The 
NAS WIPP panel made the same obsuvarion in the December 1992, mcering in Albuqucrquc 

TSG adds emphasis by reaching the same conclusion. A final set of data should include 
em (even if simple) to obtain hydrologic pamnctCLF in one or mcm of the regions tba! hm 
not been indgaoed.  

There is a prevailing view within SNL that the p r o b a b i i  analysis cunuitly used in 
~ ~ n c e  ascssmmt to define the range of possible transpt path and transpon tima 
adcquapy bound the hydrogeologic regime over the range of time rrquind (10.000 yean). 
'Ihu may not be true bscaute of scale dcpmdencics not yet accountai for and cliff- in - hydrologic and chuniwl behavior not yet expiaincd. 

S e w d  c m  in the '1988 Modification to the Working Agreemcat of the Connritation and 
Coopaanon Between Depamnent of Energy and the State of New Muico on the Wasre Isolation 
Pilot Plant' have special rrlcvance to the hydrological mapping of the Culebra and to the 

One of the major objectiva of the Culebra Tracer Tcsts is to collect mough ravdation data to 
the Consuigtiw and Coopaatbn A~grruncnt with the State of New Mexico. lhis 



agreement stipuiarcs. as stated above, that the flow model's radionuciide dhibution coeff- - 
must be set to zero until a defensible value has been eseblished Cxpaimentally. The DM 
t e a  (including the laboratory phase) can provide a vaiuable set of data. HOW&, & 
dam from other zones will probably be required. 

Despite the unccrrxinty in the overall model, SNL expaimmtd staff state thaf physical and 
chunical rerardation of the radionuclides will occur and will provide a very laqe reduction to 
total rrtease. 'Ihit opinion wntrasrs with some NAS WEPP panel members' commmu in the 
quvmfy mcecings wirh WIPP that DOE will not be able to take credit for cfiemical mandabu 
('You will have rn sa the i(, coeffidenu to zero'). 

AuPming fhtmical retardation is imporraat, the hydrogwiogy Wa the stmage panelr should 
be known with a grcucr degrce of cednty than the higher transmissivity zones to the uur If 
mardation is dunonmafcd, most of the rrtardation should occur in the region above the 
rcpositorysincetbisisthefimregiontobecrposcd. AlsothelowtranSmiYivityofthisrcgion 
means the brinc reside in this region much longer than in the faster flow zoau to the cast. ihc 
TSG designated this ngion as the "local m e '  in our inocrnal dkusiom becauJe of the rrlative 
impomme this tone atrains if rrtardarion is neavary to demonsme compliance. Cumnt planr 
do not include additio-pal -on of this zone. 

Tht objectives of !he Tracer Tests, as described by the SNL staff planning them, azz to pmvidt 
evidence for a nnair -on componmt and to furh& cfianrcmize the flow regime in the 
highatknowncun&&ity'pachtotheboundaty. ~objectivespreimportantandwitl - 
connibutc to a fUliL resolution. The pdntcd objective of proving or d i spvhg  churnel flow; 
although dkcdy Rfated to these real objectives and intnesting from a schrifk view, is not the 
basic objccrivc. Th basic objective should be to esrabiish a modeling approach ha! prwidrs 
a rcpre~cntativc dcseription of the C W n  flow. 

An importam y p ~ r  of the proposed fieid'tesing is to provide high quality core and fluid 
samples for iabot+nxy t&q. TRis aspect bas-not beca fully statcd and hmqma@ into the 
~ Q I W  Plan. 



to predict transport pathways and musport timu bsscd on best-fit tmsmiuivity zones that - 
stis@ the obswsd hydrological response h e)rirtioq web. W m r  that pomibk fume 
conditions have to be applied to a maze of but fit earumissivity isnu dace the bvdtns 
definition consists of multiple best fit cases. 



December 22, 1993 a 
W 

i 
, , 

Mr. George Dials, Manager 
US.  Department of Energy 
Carlsbad Area Office 
P.O. Box 3090 
Carlsbad. NM 88221 

Ann: Patrick J. Higgins, Branch Chief, EPB, CAOlAL I 

Re: Technical Support Group's Rep rt of Findings 
for the Performance Asausme$ Par*njeter List . i . 

. . ,  

Dear Mr. Dials: 
. , 

I am pieased to submit the Technicai Support Oroup's {TSG) Reponof Findings for the 
Performance Assessment (PA) Paramgter List. The TSG has conducted a detailed 
review of many of the parameters that form the basis for the PA calculations for the 
WlPP Project. This effort emphasized the ke349 PA parameters that were sampled 
in the 1992 PA calculations, and, as time included a preliminary review bf 
an additional 80 parameters. Data type, data qualhy, data intwpretation, and source . , . 
ddcumentation were evaluated 8n.d e&h reviewer cateQoriz.ed.the dnta basedon their . ' 
ptofessional judgmeht.' A 'databai  cri'led PPRSORM, wbi dsvdopird.t~h61p.in the .' 
.management of the reviews. . . 

. . 
! 

The results indicate that the documentation is bd'equate for many.parametem and ' 
, a considerable effort will b.0 'needed.'to -assemble the documentation necesoary to . .'. 
defend the ~A'parameters.. To.that ;brid, the.TSG iecommer~s that tl16 TSG virork. . 
wtth,.~sndi.s- Nati06pf"Labotatocie~ (SNUNtvl). t q  ' ravisd, . updip, and document-,ps : ., : - . . 

: . n ~ $ o ~ ~ ' ' t @  .@$' ~ V ' P A  p&im*terg,' ;Ths: TgG @go iecp-dnds that it..review, .. ' . . . . ' 
. i!'mVise, and bbdata:ttii.wMnirig PA (idiqm&br,rri. Th6 PE~~FORM ~&b:aoeiias:beeri .. .-I . 

. ~e!y'useful in conducting the reviewe and t h d b ~  rbcomfnsndEthht it continue to be . . 
.used to  manage the large amount of Information involved In the revlew process; 



Mr. George Dials - 2 December 22, 1993 ! 

If you have eny questions or comments regarding this review, please contact me a t  
846-6321 or Steve Alcorn at 846-691 8. 

John A. Thies 
Project Manager 

Enclosure 

cc w/enctosure: 
G. Dials, CAO 
J. Coffey, CAOIAL 
D. Ofte, WTAC 
J. Schatz, WTAC - 
P. Drez, WTAC 
R. Root,' WTAC 
D. Lechel, WTAC 
J. Kircher, WTAC .. 

_C 

D. Bretzke, WTAC 
TSG FHas (2Mo R. Root) 
CAOlAL RRA 
WTAC-ABQ r/f 

cc WIO enclosure: 
S .  Atcorn, W A C  

. . L. Eriksapn, WTAC 
. . 

. . . . . .  :.: , 

D. ~ u n n ,  WACIASI-ON . ' . . . . I 

R. Zeiler , WTACIASi-ON . / 
D. Dennison, WTACIASI-DN 

, P. Cloke, WTAClSAlC 
. ' .WTAC-CBD rlf . ' : . . . .. . 

W A C  rlf . , . .  . . . .  . . . . .. . . 
?-' . . .  . . .  , . .  ' . .  , . . . . . . .  

. I I 

. . ., . , .: 
; . .' . ~ * ' i t 4 0 1 ~  ' , : . . .  . , . . .  . , . . . . .. 5 . .. ?.. . .. ' . . . .  ' . . " .  . . . . . . . . . : . . .  ' .:. . . . .  . . . .  

. . 
. . . . , .. 5 . .  , . . .  ' . . " .  1 . ;  . . . . , . . . ' . . . . 

. . a . .  . . . . . . . . . . .. I 



I 

THE TECHNICAL SUPPORT GROUP'S 

REPORT OF FINDINGS I 1 

FOR THE 

PERFORMANCE ASSESSMENT PARqMETER LZST I 

December 1993 

Robat A. Root 



TFIE TECHNICAL SUPPORT CROUP'S 
REPORT OF FINDINGS FOR THE 

PERFORMANCE ASSESSMENT PARAMETER 

Issue 

More than 300 parameters have been used by Sandia National Laboratories, New Mexico 
(SWNM) for Waste Isolation Pilot Plant (WIPP) performance assessment (PA) calculations. 
In the most recent 1992 PA calculations, the distributions of the key 49 PA parameters were 
sampled for use in PA and the remaining were used as constants. Documentation of the 
sources of these parameter values, their ranges, and their distribution types has been . . 
assembled in Y s r n e n t  for the Waste Isolation Pilot P u  
Pecernber 1992 Volume 3: Model P m  (SNUNM, 1992). In anticipation of eventual 
regulatory evaluation, there is a necd to confirm the quality and completeness of source data 
and interpretation through an independent review of the PA parameters. The purpose of the 
Technical Support Group (TSG) review is to ensure that all PA parameters have been 
adequately documented and are suitable for use in the WIPP PA. 

The robustness of the PA paramems is crucial because they are used as input to the PA 
.- calculations, which are used to assess the long-term performan* of the repository. Project 

records must be adequate to defend the pedigree of each paramcier, which means that the 
source of each parameter must be either solidly anchored in the scientific literature or that 
the basis for the parameter must be established through experimental data or some other 
justifiable means. 

An informal check of PA parameta information revealed W e d  gaps in.& aMilabity of 
source data and inconsistencies in intaprrtations. This check convinced the TSG that some 
parameter information is not adequate to defend the PA parameten during a regulatory 
evaluation. ~herefon, work was . undertaken . to provide a newmd concise parameter, 
database a d  associated investigarions of parameter values, ianges, and distributions for data 

. quality; ihtqmtation quality, ai~d doc~mentatibn com@letcn&s: The nsultsof .that %k are ..-- . . . 
. . . , ' . repprM. .. h.&. . JEc .effort emp- Ute hey 49 para met,^^ samplah ip' . 1992 . PA i' . . .  . ' ... . 

. . calc~~latiom. . in addition, 0ih'kr.paramelrs .ha& iind:&one a Se... ,, ,.. 
. . . . . . 

Several guidelines applied to this work: (1) to rcview PA paramltcrs only, and not the 
compu&onal models in which they are used; (2) to avoid miewer bias by having each 
reviewer evaiuate and draw conclusions indeoendentlv: 13) to eatha information from and .. . , 
interact directly with SNUNM; (4) to avoid huplication of effirt by interacting with the U.S. 



Department of Energy (DOE) Headquarters (HQ Performance Assessment Review Team - 
(PART); and (5) to focus on providing recommendations that further the attainment of 
regulatory compliance. 

A database, called PERFORM, was developed as a management tool to facilitate the 
organization of the parameten and to document reviewer comments. The PERFORM 
database was designed to be user friendly and provide an easy way to find the name, value, 
range, distribution, and pertinent documentation of each parameter as well as to record 
reviewer comments. 

Reviewers with relevant expertise (see Appendix for names, afiihtions, and areas of 
expertise) evaluated the PA parameter values, ranges, and distributions for quality and 
completeness of data, interpretation, and documentation. Summary judgments and review 
comments were entered d i t l y  into the database. Each reviewer was asked to assume the 
role of a hypothetical regulator, with emphasis on the following: 

Values, ranges, or disvibutions that are incompietely documented. 

Data or interpretations that are considered of low or questionable quality. 

Data that are not sufficiently relevant to WIPP. 

W h m  difficulties with the data were found, reviewers were asked to provide suggestions for 
resolution. -. 

Scope of Evaluation 

For this review, the report by SNUNM (1992), which describes the PA model parameters, 
was used as the primary source of information on parameters, and it was assumed that this 
report contained all of the values, ranges, and distributions used in the 1992 PA calculatif+. . 
This report also served as the basis for.further litcramre searches, and all refeiences cited in 
it wen reviewed. Only published sources of information such as SNUNM repor&, artides 
in professional journals, and published meeting proceedings we= used for this evaluation. 
AU documents used by the reviewen are listed in the PERFORM database. 

. . 
- . . Table 1 .lists the key 49 PA paramctqs that wore dewed.. These parameters w& sampled . . . 
. . - and usddk 1992 PA (s-, t9!%!). T* 2 lists rqiew pamch.that.  . . Were uied . : .'. . . 

. . , the 1992.PA as qpu?a#s.. % revjrn. iuplts'f~non--pled are preliminary; . .. . . ' . - ... . 
 hit^. ir&ded r0 'providi:uscfukgcml h$foh&iom. Vie, n*panm7es used m (kir . . . . 

. . , . , are taken'from an SNUNh3 intanal database called REF'JRACK; .which w& - 

compiled for the purpose of finding possible errors' in refuences (Rechard, 1993). In cases 
w h m  these names are different from those in S N U N M  (1992). the equivalent name can be 
found by referring to the document page given in the PERFORM database. 



- Reviewers examined the available PA parameter information for compliance determination 
suitability from the perspective of a regulatory agency. However, this review was not 
intended to replace or update the information and expertise originally used by SNUNM to 
develop and implement the PA parameters. Instead, the reviewers wen tasked to find 
problems in quality or documentation based solely on what was found in the documentation 
and references cited and to suggest approaches to solving these problems. 

Each reviewer was directed to do the following: 

1. Review panunetem withii their field(s) of e q m t k .  
Reviewers were to read the relevant documentation for each parameter chosen. 
Emphasis was to be placed on the key 49 parameters sampled in 1992, and, as  time 
allowed, other parameters that are closely related to those sampled were to be 
reviewed. 

2. Assign each parameter to judgment categories. 
Reviewers were to assign each parameter to the judgment categories provided in the 
areas of Data Type, Data Quality, Data Interpretation, and Source Documentation. 
Examples are *acceptable," "u~cceptable," and "needs work." These categories are 
introduced an& explained below. 

3. Explain judgments and make recommendations. 
Reviewers were to explain judgments'and recommend specific~solutions in the areas 
of parameter values, ranges, and distributions. Reviewer comments were to be 
documented on a signedldated hard copy of their comments. An example of signed- 
off reviewer comments is presented on Figure 1.. 

.Reviewers were instructed to act independently. That is, each reviewer was to work alone in 
forming their judgments, except where help was .requind.in locating source materials. - 

. . 

The use of judgment categorik allowed a succinct summary of all nviiwerk' work 
to be entered into the database. A definition of each.judgrnc$ category is presehted in' .'. 
Table 3. Comments supporting reviewers' judgments are documented in the database in the . . . . 

categories of Parameter Value, Parameter Range, Parameter Distribution, and General 
Comments. 

. .  . . . 
. . . . 

. . . . - .  . . . . . . . - s ~ r y o f . , % d i n g s -  . . . . . 

. . .  . . . . . . . .:. : . . . . . . . : - C  : . . 
. .Each.sf the kef 49'&ri&bt, -pled. &the im +A docim&tati& iMs 'nyiew&:48'if . . .:: : 

them by two or'.mon &'us. Eighty non-sampled parameters .were.also d e w & ,  40 of : . . 

these' by two or more reviewen. Results for the key 49 sampled parameters are prrstntcd in 
Tabk 4; results for the non-sampled parameters are presented in Table 5. 



The column labelled "Overall Standing" on these tables provides an assessment of the 
completeness of the documentation for each parameter. Each parameter is rated as either 
excellent, n d s  some work, or needs significant work. The overall standing is a subjective 
rating determined by John Schatt, the principal author of this Report of Findings. The 
ratings indicate which parameters appear to be defendable in a regulatory setting (rated 
'excellent") and the degree of work anticipated to bring the others up to a raring of 
"excellent. " 

Data Type. Table 6 summarizes the results for Data Type for the key 49 parameters and for 
al l  the parameters reviewed (key 49 parameters + 80 additional parameters). The results 
indicate that only 20 of the key 49 parameters were judged to be based on an "unjustified 
assumption' or have an "unknown source' by one or more reviewer. For 5 of the key 49 
parameters, two or more reviewers concurred on this judgment. However, this low level of 
agreement suggests that some of the "unjustified assumption" listings can be fixed by better 
identification of information sources. 

Data Quality. For Data Quality, 24 of the key 49 parameten were found to be 
"unacceptable" by one or more reviewer; however, two or more reviewers concurred on 10 
of the key 49 parametqrs. Concurrence by &ewers on this unfavorable category occurs 
more frequently for Data ~ual i ty  than for Data Type. Whm. reviewers failed to concur, 
generally one reviewer chose "unacceptable," while another chose "needs work," reflecting a 
difference of opinion regarding unacccptability for this category. - Data Interpretation. For Data I n t a p d o n .  18 of the key 49 parameters were found to be 
'unacceptable" by one or more reviewer. Two or more reviewas wncumd on only one 
parameter. This low level of concurrence indicates considerable overlap between the 
"unacceptable" and "needs work" categories, a stronger difference of opinion among 
rexiewers than for the other categories. 

. * 

Source ~oeumentation: f o r  Sou* Docu'mentation, 32 of the key 49 parameters were 
found to be 'incomplete' by o m  or more' reviewer. For 27.of the key 49 pafameters, two or 
more reviewers concurred: ~ o n c u k  OCCHK for Source Documentation more frequently 
than for any of the other categories, indicating general agreement among reviewers in cases 
where documentation could not be found. 

Ove'rall Standing. For Overall Standing of the key 49 parameters, 32 were "needs 
significant work,' 13 were "needs some work," and 4 were "excellent." . . 

. . 
. . . . . . .  . . . .  ... . . . . . . .  . . . . .  . . . . .  . . . .  . . . . . .  . . .  . . .  . . . . . . - .  

. . . . .~6nc~usi& a id  R2commen@Mions . '  ' ' ' . . . . .  . . 
. :  . . .  . . 

. . 

i 
. . 

Results of the TSG review O ~ P A  parameters indicate thai improvement is needed in '- of 
Data Quality, Data Interpretation, and Source Documentation. It is the opinion of the TSG 

; that this n d s  to be accomplished to ensure regulatory compliance. 
t - 

One or more of the six reviewers who participated placed approximately 50 percent of the 
key 49 parameters in the unfavorable categories of 'unjustified assumption," 'unknown 



source," "unacceptable," or "incomplete" in various areas. Two or more reviewers 
concurred in these unfavorable categorizations for 22 percent of the parameters. 
Concurrence values are lower than individual values primarily because of a difference in 
opinion in placement in categories such as "incomplete" and "needs work." There were few 
disagreements among reviewen where, for example, one chose "unacceptable" and another 
chose "acceptable." When a parameter was judged to have a problem, most reviewers 
agreed, differing only in their judgment of the magnitude of the problem. 

Documentation that DOE is likely to submit to the U.S. Environmental Protection Agency 
(EPA) in support of compliance (e.g., the supporting data for the 300-plus PA parameters) 
will need to be comprehensive in scope and yet concise and accurate in detail to help EPA 
understand the need for the data, data sources and quality, and to tnce their interpretation 
and use. This level of detail does not currently exist in the PA documents and needs to be 
achieved prior to any submission of a PA compliance statement to the EPA. 

The TSG recommends the following: 

1. Revise and update the key 49 PA parameten. The quality and completeness of 
data, interpretation and documentation for each PA parameter must be improved. 
S W N M  should provide additional, up-to-date information, as available, for the key 
49 parameters, with emphasis on the problem areas identified in this report. This 
information should be incorporated into the PERFORM database. A reasonable fmt 
goal is to upgrade the parameters in the 'needs some work" category. 

The TSG recently obtained a list of additional documentation from SWNM to be 
used to further clarify the status some of the key 49 parameters. This information 
needs to be transmitted to the original reviewen for consideration in updating their 
evaluation of these parameters. , 

A periodic status report should be prepared that summarizes the state of the PA 
parameter, list and provides recommendations on how to revise and update it. 

2. Rwiew, revise, and update the remaining 300-plus additional PA panuneten. 
The TSG should conduct a similar review on the remaining 3Wplus PA parameters. 
Following the review, the TSG and SNUNM should implement the actions 
recommended above. 

. . . .  . . 3.. ', Continue to u$e the PERFORM. tlataba& to manage the P A  pacplll&?n:: ' . . 
. . . . .. itt wrnmdcd  thai the PERFORM database bem$ntained in t& f u t u . k ~ ~  ... .: . . . . : ., : .- 

. innag= iht PA parameters: list: m e  PERFORM dambase is .a useful.'madagemi?nt . . ' '. . . - 
. . 

tool which can help DOE and. othin track thedata and its use, especially the 
document trail to the origin of information. 



Table 1. Key 49 PA Parameten Sampled in 1992 

etas for Pmbabilitv Mod& 

heal Extent of Brine Resa frution 

Index for Drilling Intmsity Functioas 

Bulk Stontivity. Cpslile B M ~  Reservoir 

Index for computing recharge amplitude factor 

Intrusion Drill Bit Diameter 

Permeability. Fi, BOR H Fill Prop. 

Pressure. Initial, Castile Brine ResM 

EneiMmd Barrier and Soum Tenn 

Amxic Iron Corrosion Stoichiomccry 

Brine Saturuion, initid (We) 

Gu Gcomtion, Stoichiom. Micm 

Gu .Production Rate, Corro Humid 

Gu Production Rate, Corro Inundated 

G u  Production Rate. Micro. Inuod.ttd 

Gas Production Rate, Miuobii Humid 

solubility (Am) 

Solubility (Np+S) 

Solubility ( h + 4 )  

solubility (Ra) . . 

&lubility a) . - 
S+bility (U +6) 

Volume Fraction-IDB, Combustibles 

Volume Fnctim-IDB. M W G h  

Indax for Computing DRZ Pomsity (Sdado) 

Pumubility, U d i  (Anhydrite) 

Pumubility, Undislurbcd (Halite) 

Pore Pressure at Reps Lev (Anhydrite) 

Porosity, Undiahlrbed (Anhydrite) 

Residual Gas Saturation (Halite) 

Residual We(ting Phase Saturation (Halite) 

Clay Filling Fraction. Culcbn 

Fnchue Pomsity, Culcbn 

F n d u n  Spacing, Culcbn 

Io&x for Culebn TrrPrmisrivity Fields 

M.trix Porosity, Cul* 

Palition Coeff. (Cul Fnsarrr) (Am) 

Palition Coeff. (Cul Fnchlrr) (Np) 

Putition Coeff. (Cul Fncrurc) p a l )  

Putition Coeff. (Cul Fncauc) (R.) 

Putitiw Cqff. (Cul Fnsarrr) (Th) 

.~utitiLin Coeff. (Cul F&) (u 
putitioa ~oef f .  (cul ~ u r i x )  (Am) 

Plrritim Coeff. (Cul Murix) (Np) 

Putitioa Coeff. (Cul Murix) (Pu) 

Putition C d .  (Cul Murix) (R.) . . 

. putiiioqCoeff.(&l MMur) (nl) . . . . . 
f I & ~ & & ( ~ ~ & ) . o : ' ; . . .  . . r ' .  

. . 
~ordoity of d y  (Culcbn) 



Table 2. Addit ional  PA Parameters Reviewed 

etcr of Global Mataials and Anm6 Sbloeic  B a m a .  continued 
-m 

Amplitude Factor, P~osipiution Variuion Sdado. continued 
Bulk Density (Salado Halite-Borehole Fill) 
Compressibility (Salado Brine) 
Dcnsity (Salado Brine, 300K) 
Dcnsity. Avg. Storage (Borehole Fill) 
Dcnsity. Mud 
Drilling Rate Function-Rate Const. in Poisson 
Drilling Model 

D'irsivity. Long.~Tr~ns. Ratio (Halite in Salado) 
Disprsivity. Longitudinal (Halite and Polyhalite) 
Log Permeability. Disturbed (Anhydrite) 
Log Permeability. Disturbed (Halite) 
MB139 Thickness (Anhydrite) 
Putition Coefficient (Anbydrite) (Am) 

Elevation of Top, Castile Brine Reservoir 
Glacial Fluctuation, Precipitation 
Hinorid Drill Bit DiMuers 
M u a  Annual Pmcipitntiw. Rcgiod 
Porosity (Borchole Fill Pmp.) 
Recharge Amplitude Factor. Culebra 
Short-Term Precipitation Fluctuation Frequency 
Viscosity (Sllado Brine) 
Viscosity, Mud 

Eneineered Bamer and Source Tan 
Absolute Roughne~ of W w  . . .~ 

Effective Sbar  Strmgth E r o d d  Unmod. 
Eh-pH Conditions 
Hdflife (Ac =7) 
Hdtlife (Ac 225) - 
Haltlife (Ac 228) 
Permeability. Combustibles. F i  
Pamability, MecnWGlrrc. F i  
Pcrmabiity. Sludge. F i  
Porosiry. Combustibles, F i  
Pomsity. MetllsIGl~u.  id 
Porosity. Sludge, F i  
Solubility (Cm) Log 

M m i e  Barrier 
w ,  

Base of Anhydrite III Elevation above M u a  
Su Level @ ERDA-9 

Br06k.s k Corny Exponeat, Anbydrite , 

Capillvy Presurc. Anbydrite 
Dmsity. Average (Nat Fieid W O ) . .  
Dmsity. Bulk (Halite). . 

. ~ e n s i t i .  GniD (Anhydritc) , : 

. .  .Deosicy; Gnid (Halite in'S.ldo) . . . . . . 
. . . .  . 

D ~ ~ ~ ~ @ ; - G -  poiyh;Li& in. *). . . 

Dispcnivity. Longiaidiial (Aeydrite) 
Diirsivity. Long.TTnns. Ritio (Anhydrite) 

Partition Coefficient (Anhydrite) (Np) 
Putition Coefficient (Anhydrite) (Pb) 
Partition Coefficiat (Anhydrite) (Pb) 
Putition Coefficiat (Anbydrite) (Pu) 
Putition Coefficient (Anhydrite) (Ra) 
Putition Coefficient (hhydrite) (Th) 
Partition Coefficient (Anhydrite) (U) 
Partition Coefficient (Halite and Polyhllite) 
Pore Prcssurr: (Halite) 
Porosity, Disturbed (Anhydrite) 
Porosity, Disturbed (Halite) 
Porosity. Undislurbed (Halite) 
Rzsidual Wetting Phrse Saturntion (Anhydricc) 
Residual GGPI Saturation (Anhydrite) 
Sgscific Stonge (Anhydrite) 
Specific Stonge (Halite) 
Top of Bell Canyon Elivuion above Mean Su Level @ ERDA-9 
Tortugity (Anbydrite) 
Tortugity (Halite) 
Tbrrshold Displacemeat Prrsaut (Salad01 
Threshold Displacemeat P- (Anhydrite) 

D i i v i i y ,  Lmgitudi~I (Cutebn) 
Dispwtiiviy Ratio<&&) 
Had,  Frrshuntcr (Culebra) 

Hydraulic Condudivity-Sk (Culcbn) 
Hydropa ViscbJily @ 27'C 
Matrix Tormasity. Culebn. 
.Partiti011 Coefficiat (Cul Fncrure) (Cm) 
Putitioh M c i e u t  (C@ pn&mc)).(Pb),, , . 
I!artition Coefficient (Cul Maujx) (Cqr) . . . '  

'. ~ ~ ~ . . ~ f f i ~ ~ t , ( ~ u l  hf.triir) (pb) . . . . . .. 
Storage Coefficient (Cuicbra) - . . . . 

Thiclwsr, Dolomite (Culebta) 
TomLosity in clay Linhg (Culcbn) 



Table 3. Judgment Categories Used to Evaluate PA Parameters 

Assumplion-Un-. The original d4sumcnucion for the p lnmacr  value. a g e ,  or d i i u t i o n  b found. but w 
rupponing exphmion u given for (hc choke. An uumpk of thit would bc the urc of only (hc phnrc  'PA d y s t ' r  
choice' KO dcrribe the source of puamctu vdue. whh no d*od documauuion. but where orhcr a h a n u i v o  
applrsntly c i a .  

U&own Source. No w u m  b found for the p u ~ c c u  infondon.  

Field Dam. h n m ~  infomubn ia derived fmm W(PP-apsif~ field dnu, but judgmau u 4. nther th.n thc dm 
only. to lrrivc at ruulta. Typiully. lhu would be donc if thc field dnu arc inwrnpldc or noI fuUy rcpmsentzlivc. In 
nuny cum. judgment ia wed out of ncaraity. 

Lob D u a  h n m a e r  infomution u derived from m P P - r p i G c  Lbonlory dnu. but judgmcnt k d. rather th.n IIU 
data only. lo amvc U ruulta. TypiuUy, lhia would be donc if & W n a o r y  &u uc inwmpkle or  not hUy 
rspmsawive. 

Generic Dafa h n m a c r  infomution u derived fmm generic data found in the Licuuurc. but judgment u wed. Nhc 
h n  the dnu only, tn arrive at ruults. Typically, rhir would be donc u, .d.p non-WPP &U for use u W P .  

MCOIMIIUU 

i-uld Dam. Rnmacr inrotmuion ir daiwd ocircty from WW-spoifx lieid dnu. svcn if M uuupmive model 
m u t b e ~ t o d s r i v e i h c u r l u a .  

Lob Dafa RIIIIIC(Q infomution ia daivcd anirrly fmm WlPP-apsifii tbon(ory dnu. cwn if M intcrpraivs mod 
mu8 be urcd lo duivc  rhc valua. 

Needs Work. D m  qurlity u LcLhy. but .pprrruly un be rand& by ongoing or plumed work. Rcvimr'r 
wm!neau pmvidc funhcr uplnuioo. 

I ~orqdar. AU prim- info- (mn il found urvsapubic or  -ing w o k  in romc w y )  ia ~ w m e ~ ~ s  



Table 4. Results for the Key 49 PA Parameters Sampled in 1992 

PA Parameter 

Flusmeters for ScwPrio Robabiity Models 

Anal Extent of Brine Rtsmoir Fraction 

Index for Drilling Iatmsity Funuiont 

Runmetcr of Globs) hiaterids and Agents 
Acling on Disposal Systen 

Bulk Storntivity, Castile Brine Reservoir 

Index for Computing Rshnrge Amplitude 
Factor 

lnvusion Drill Bit D i i r  

Permeability, Fi. BOR H Fill Pmp. 

P r r~urc ,  Initid. Castile Brirre Reservoir 

Enginered Barria-and So* T a n  

Anoxic 11-00 Conuiioo Stoichiomury 

Brioe Saturation. loitid (W&) 

G u  ~eo&tion, ~toishiomeuy M i c m b i  

G u  Production We. Corro Humid 

Grr Production We, Corn 

Gas Produnion Rate. Microbial Ipuadated 

G u  Production We, Microbial Humid 

Solubility (Am) 

Solubility (Np+S) 

Solubility (Pu+4) 

Solubility (R.) 

Solubility CTh) 
. . 

Solubiity fi+6) 
. . . . 

Data Data Data Sourte O I d  
Type Q d i t y  Intapretation Document Standing 

IF. IF A. NW A. NW C. C ... ... ... 
IG, IG ND. N D  A. A c. C ... ... ... 

MF. MF A. A NW. NW C. C 

UA, IG U, N D  NW. NW 1. I 0 

IF. IG A. A A. NW C. C 

IG. IG NW. NW C. C 
... 

A. A ... ... 
I L  IF A. A NW. A C. C 

1G.UA NW.ND A. U 1. 1 0 

UA.UA N W . U  NW. u 1. I 0 

1 0 . 1 0  A. A A,' A C. C 

UA. IL u. u NW. U L I 0 

M L M L  NW,NW NW. U C. I ... ... ... . 

JL. ML 

UA. UA 

US, IG 

US. IG 

US. IG 

US. IG 

us. IG 

US IG 

NW. Mv 

u. U 

u. NW 

U. NW 

U. NW 

U. N W  

U. W 

JF ludgmatFieldD.1. A Acapuble C Complete Excellcot 
JG Judgmat Gmmc D.1. NW Nerds Work I Inmmplete H NsedsSomcWorir - L Judgment L8b Data U Ulll~~eptable 0 Needs Signifiont Work 
MF M0~1urcmmt Field D.1. ND NOD- 
MH M a a u m m t  Hdbook Data 
ML MaavemauL8bD.t. 
UA Unjustified Assumption 
us UnlmorvllSwse 

10 



Table 4. Results for the Key 49 PA Parameters Sampled in 1992 (continued) -. 

Data Data Data Source O I d  
Type Quslity Intupretation Doanncnt Shading 

Volume Fraction-IDB. Combustibla 10 NW u I 0 

Volume Fractioo-IDB. MLuldGIass 10 N W  u I 0 

&&& 

B m h  & Cony Expooeot (Halite) 10. JG NW. NW NW. NW I. I 0 

Brooh & Carey Weight F-r U A w NW c 0 

Indu for Computing DRZ Pomsity (Salado) U C  UA NW. ND NW. N W  C. C 0 

P-bility. Undisturbed (Anhydrite) IF. MF NW. A U. N W  1. I 

Permeability, Undidjsturkd (Halite) IF. MF NW. NW NW. N W  C. C 
0.. ... ." 

Pore Pressure at Repmitory Level (Anhydrite) IF. MF A. A U. A 1, I 
... ... ... 

Por~sity. Undisturbed (Anhydrite) UA.UA ND.ND NW. N W  1. I 0 

Rexidud GU Satuntim (Hdik) JG.JG NW, NW NW. N W  C. C ' =  ... 
R & d d  W&g Phrse SMmrion (Hditc) JG, JG NW, N W  NW. Nw C, C 

-. ... ." 
Ql&e - 
Cky F i g  Fraction. Culebn 

C. C. c ." 
FnctuwPorobity, cujh MP,JF.JF NW, NW. A NW. NW. U ... .- 

." 
Fnctun Spacing. C u l h  m.m,ff W,NW.A NW.N~.A .C.C.C ... ... 

.- 
Indu for C u l h  Tnnrmircivity Fields US. ME. A. A. N W  NW. NW. C. C. C ... .- 

MF 

Matrix P h i t y ,  C u l h  &ML. A.A.U. NW.NW.A . c.C.C ' ... - ... . 
ML 

parlition Codficisnt ( ~ u l h  F-) (A=) uh JG. n u. U, NW NW. NW. NW L L C  o 

TF Judgmmt Field Data c c O = P b  Excellot 
JG Judgment Gamc Data NW Nsadr Work I Incomplete ... = Nsedr Some Work 
JL Judgment I A ~  D.1. U Unrapublc  0 Nods Significant Wo4- 
MF Morsurtmenc FieldDItr ND N o w  
MH Merrurrmeat HaadbookDam 
ML Merrurrmeat kbD.1 .  
A U n j u a ~ f i e d ~ o o  
US U ~ S a v o s  



Table 4. Results for the Key 49 PA Parameters Sampled in 1992 (continued) 

Putition Coefficimt (Culebn F-E) Clb) 

Putition Coefficimt (Culebn Fndwc) (U) 

Putition Cocfficimc (Culebn Matrix) (Am) 

Putition Coefficimt (Culebn Matrix) (Np) 

Putitioo Coefficimt (Culebn Matrix) (Pu) 

Putition Coefficimt (Culebn Matrix) (Ra) 

Putition Cocfficimt (Culebn Matrix) m) 
Putition Coefficimt (Culebn Fracture) (U) 

Porosity of Clay (Culebn) 

h J L  IG 

R R I O  

R R J L  

u&n..n 

R JL. IL 

R R l O  

10. R JL 

JL n IL 

IG. IG. IG 

u. U. NW 

A. U. NW 

NW. NW. U 

u. u, NW 

A. U. NW 

U. U. NW 

u. u. NW 

u. U. NW 

NW. NW. U 

NW. NW. NW 

NW. NW. NW 

NW. Nw. NW 

NW. NW. NW 

NW. NW. NW 

NW. NW. NW 

NW. NW. NW 

NW. NW. NW 

NW. HW. u 

IF Judgmmt Field Data A Acapc.blc C Complae Exccllmt 
JG Judgmmc G m a i c  D.1. NW Needs Work I lacomplu~ :: NcedcSomc Work 
JL Judgmmt Lob Data U Uo.cccpuble 0 Needs Signifiant Work 
MF Mcrnvcme~t Fidd Data ND NOD& 
MH Mernvemmt Handbook Data 
ML Meravcme~t  LPb Data 
UA Unjustified Arsumption 
US Uokn~wosouroc 



Data mu Data Soum overall 
Type Qullie Intapretation Doan,ent Sst.oding 

Panmeter of GloW Materink and Agents 
Acting on Diiposnl System 

Amplitude Factor. ProEipituion V.rLtioo 10. IG NW. A NW. NW 1. C 0 

Bulk Deacity (Salad0 Halite-Borrhole Fil) U A Nw NW 1 0 

Compnsibiity (Salad0 Brine) ML A NW c 

Deasity (Salad0 Brine. 300K) ML A A c W 

Density, Avg. Slonge (Borehole Fil) U A NW A I 0 

Dead),. Mud IG NW A I 0 

Drilling R ~ L C  Function-R.te Const. in Poison -' ND NW c CI 
Drilling Model 

IF. IF NW. A 
... 

Elevuion of Top, Crrcile Brine Rcsmoir A. A 1. I ... ... 
IF A NW C 

0.. 

Glacial Flucfuati~~. P ~ ~ ~ i p i u t i 6 n  ... ... 
Historical Drill Bit DiPmccas MH A NW c ... 

0.. ... 
MF A Nw C 

... 
Man Annual Precipimtion. R e g i d  ... -. 
Porosity (Bonhole Fill Prop.) 10 A NW c ... ... ... 
R&hnrge Amplitude Factors. Culcbn U A NW NW I 0 

A NW C 
... 

Sbat-Term Precipitation Flushytion Frsqucocy IF ... ... 
V i t y  (SI*do Brine) MH A NW c ... 

0.. -. 
Viscosity, Mud , . JG NW A I CI 

E n g i a d  Barrier and Source T a n  

A ~ S O ~ U ~ C  Roughness of W- JG A NW C 
0.. ... -. 
-. ... Effective Shar  SIrragtb Eroziod Unmod. 10. . A  N"! . .  . C ... 

Eb-pH CoDditiopr UA - u u . I 0 .  

Hdflife (Ac '225) MH A A c rn 
Hdflife (Ac 227) MH A A C rn 
Hdflife (Ac 228) MH A . A  c 

. . . . 
. . . . . . . .  . 

I . i l ~ ~ ~ u * r ~ ~ t h t u u l r r l . a ~ ~ . ; u o f ~ ~ Y ? M L y - ~ ~ u c n . ,  . . _.. . .  . 
. .  . .  . . . ... . . 

' . ? .  . . . : . . , . . . .  ' . 
L . . . . . . . . D.i. QUdity! . S o u m  . . O i d  

I w a m J B  . Strndinn 

IF Judgmmt Field Data A Ampt.ble C Complete i E X ~ C O C  

JG Judgmat Geocric Data NW Nadc Wok I Incomplete Needs Some Work - 
JL Judgmmt L.b Data U Unnccq&le 0 Needs Significant Work 
MF MCLIU-~ Field Data ND N0D.c. 
MH M e r a v w e t  H.adtm0kD.c. 
ML Mcsuremmt kb Data 
UA Unjuswied Assumpuon 
us U ~ S o u r c +  



',*, :; ;- 
Table 5. Results of Additional Plrameters Reviewed (continued) % .. 

PewPbiity. Combustibles, Fi 

P d i l i t y .  Mcuk/Glrrr. Final 

P d i l i t y .  Sludge. F i  

Pomsity, Combustibles, F i  

Porosity. MecrWGlrrr, F i  

Porosity, Sludge. Final 

Solubility (Cm) Log 

Geologic Barria 

UIdQ 
Buc of Anhydrite 1U Elevation h v e  M a n  
Sea Level @ ERDA-9 

Brooks k Cony Exponat, ~ n h ~ d r i t e  

Capillary R+sun. Anhydrite 

Dcasity. Avmge (Neu Field Wdo) 
..- Den*~ ,  Bulk (Halite) 

Den*ty, Gnin (Anh~drite) 

Dasicy. Gnia  (Mte in Slldo) 

Deasity, Gnin  (Polyh.lite in SII.do) 

D i v i t y ,  Longimdid (Anhydrite) 

D i i v i t y .  Long.n&. Ratio (Anhydrite) 

Dibpmivity, LongTTm. Ratio (Halite in 
. W o )  

Dispr~ivity. Lbngi tudi i  (Halite and ' , 

PolyMite) 

Log Perrmbiity. Dimutui  (Anhydrice) 

Log Penmbii ty.  Disturbed (Halite) 

Data Data Data souroe C h a d  
Type Quality Intapretation Doannmt Stsdin# 

10.10 

- 
lo. IF 

US. MF 

a, MH 
MH. MH 

MH. MH 

UA. I O  

UA, JG 

10.10' 

U A 

IF. MF 

NW. NW 

- 
A. ND 

U. ND 

NW. A 

& A  

A. A 

NW. ND 

NW. ND 

NW, ND 

' NW. ND 

u 

NW. NW 

NW. NW 

- 
Nw.A 

U. A 

NW. A 

A. A 

A. A 

NW. NW 

NW. A 

NW. A 

NW. NW 

Judgmmt Field D ~ t r  A Acceptable C Complccc E x a l l a t  
Judgmmc G m a i c  Data NW N d  Work I Locomplete iii ~t+ds  Some Work 
Judgmmt Lb DW U Unacceptable 0 N d S i g n i f i m t W d  
M a a v a ~ c o t  Field Data ND NOD& 
Masunmmt Handbook Data 
Mauuemeot k b  Data 
Unjustified Assumption 
UnLnoum Sovrcc 



Table 5. Raults of Additional Parameten Reviewed (continued) 

PA Palameta 

MB139 'Ibickntu (Anhydrite) 

putition Coefficient (Anhydrite) (Am) 

Putition Coefficient. (Anhydrite) (Np) 

Pmtition Coefficient (Anhydrite) (Pb) 

Putition Coefficient (Anhydrite) (Pu) 

Putition Cocfficiat (Anhydrite) (R.) 

Putition Coefficiat (Anhydrite) (I%) 

Partition Coefficicut (Anhydrite) 

Putition Coefficiat, Halite a d  PolyNite 

Pore Phrmrr (Halite) 

Porosity. Disturbed (Anhydritc) 

Porosity. Disturbed. (mite) 

Pomsity. Undishubed (Halite) 

W d d ' W d g  Ph- SaNntion (Anhydrile) 

R m i d d  Gas Saturation (Anhydrite) 

Specific Stongc. Anhydrite 

Sp&fic Stongc (Halite) 

Top of Bell k y o n  Elevation .bou;e M u n  Sa 
Level @ ERDA-9 

Tortuodty (Anhydrite) 

Tortuosity (Halie?) 

'Ihrashold ~ i s p l m & m t  P- ($&do) 

Thrrshold Displacement Prasure (Anhydrite) 

.u?h 
Dcasity. Bulk Ciay. Culcbn 

Data Data 
TJP Qrvlity 

MP. MF NW. W 

IG. n U. NW 

10. n U. NW 

la. n u. NW 

IG. IG U, NW 

la, n u. NW 

JG. n U. NW 

la. IG U. NW 

U A NW 

IF. MF U. U 

UA. UA ND.ND 

UA. UA U. ND 

UA. IF ND. A '  

1G.10 NW. W 

10.10 NW. NW 

US, ML NW. A 

US. ML A. N W  

IF N W  

u A NW 

U A . I G  NW. ND 

IG. IF. . NW. A 

IG. 1G NW. A 

US. US, ND. NO. 
U A U 

Data 
Intapretation 

NW. NW 

NW. NW 

NW. NW 

NW, NW 

NW, NW 

NW. NW 

NW. NW 

NW. NW 

A 

W. u 

u. NW 

U. NW 

U. NW 

W. NW 

NW. NW 

W. NW 

w. NW 
NW 

NW 

. w.NW 
NW. A 

NW. A 

NW. NW. Nw 

Dispcrsiviv. L o n g i W i  (Culebn) IG. IG. IG w. Nw. U.NW.NW 1.1.1..  0 
ND , 

. . 

Jud-t Field D m  A Accepuble C Complecc E x d m t  
Judgwot Generic Data NW N d s  Work I h m p l u c  Nerds Some Work - 
Judgmmt Lab Data U Unaccepuble 0 Needs S~gnifiwt Work 
M e ~ ~ r c m a ~ t  Field Data ND NOD.(. 
MeMI-t Handbook Data 
M a s u n m a t  L b  Data 
Unjusufied Assumpcroo 
U ~ S o u r e c  



Table 5. Results of Additional Parameten Reviewed (continued) 

Data mta Data Soum 
Type Qualie Interpretation Documrnt 

Dispcrsivity Ratio (Culcbn) la. 10. IG w. w. w. W. NW I. C. I 
ND 

Had, Fnshmtcf (Culcbn) MP A A C 

Hydnulic Conducting--5k (Culebn) Us.Us NW, ND u -' 1. I 

Hydmgat Viswsity @ 27.C MH A NW - 
Matrix Tortuosity. Culcbn M 1 M L  A . & A  NW. A. HW C. C. C 

ML 

Partition Coefficient (Cul Fnsture) (Cm) 10, R U. NW NW. NW C. I 

Pucition Coefficimt (Cul Fraclun) (Pb) lo. n. U. NW W. NW C. I 

Partition Coefficient (Cul Matrix) (Cm) IL, IL U. NW NW. NW C. I 

Partition Coefficimt (Cul Matrix) (Pb) 10, IL U. NW NW. NW C. I 

Stonge Coefficimt. Culcbn - MF. IF. A. A. A NW. A. A C. C. C 
MF 

Thickoess. Dolomite. Culcbn MF.MF. A.A.A. NW.A.NW.A C.C.C.C 
MF. M I  A 

Tortuosify in Clay Lining. Culcbn UA. UA. ND.ND. NW. NW. Nw C. I. C - la ND 

- IF Judgment Field Dau  A Acapuble C Complete 8 Exscllmt 
IG Judgmmt G m m c  Dlc. NW Needs Work I Incomplete Needs Some Work 
JL ludgmmtL.bDat8 U Uoacccptable Needs Significant Work 
MF Masurcmmt Field Dau ND No Dab 
MH Measuremeat Handbook Dau 
ML Measuremeat l a b  Dau 
UA Uojustified Assumpuon 
US uokI lo \~~Sour r r  



Table 6. Summary of Results 

ludgenmt (dl) 

Mc~zulCrnCIlt (dl) 

Data Oulity 

Actep(.ble 

N d s  Work 

Unrcocp~le  

No Data 

,411 129 PA para met^ 

> 1 mi- ? 2 rcvicwe~ 

Aceept.ble 9 2 37 6 

Necds Work 42 28 100 58 



Fire 1. Example of Signedoff Reviewer Comments 

Data 10UrOe Data 
m e  Docruent tioe au=litr ~ntemretatioa 
JWDGElIENT - FIELD DATA INCOPIPLSlT ACCEPTABLE NEEDS WORK 

PAIU~~TZR w m :  
The value given is stated as the elevation (vith respect to 
sea level) of the point at which brine production began in 
the well WIPP-12. This is certainly acceptable. It is NOT 
discussed Ln Table3-19 of SAND89-0462, as the reference 
states. Checking other references, the value appears to be 
correct, but the reference should be fixed. what i s  it? 

Q- IUYOE: 
The range chosen corresponds to the top and bottom of the 
Castile over the area of the WIPP site. It is also 
incorrectly referenced, but appears to.a correct value. 
This range apparently means that the thickness of the brine 
reservoir can-range from zero to the entire Castile 
tbickneas, but it is not directly stated as ouch. 

DIITXIBUTIOm TYPE: 
The Oistribution heavily weights the observed 170 +depth, 
but vith no stated and clear justification. .If there is 

. any sensitivity to this paramatar, the distribution may be 
brought into question andneeds to be explicitly justified. 

0-1. WICSUI : 
. . 

. . 

-7 sgna~rc.. - , . Dlfc.  .. 
.. . .  . . . .  . . . '  : .  

. . 
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APPENDIX: PA PARAMETER REVIEW TEAhX 

The Technical Support Group (TSG) wre member expert and reviewer was Paul Drez. John 
Schatz, a specialist in rock properties analysis and testing, lead the technical effort and 
provided the initial input of expert comments used for fine-tuning of the database system. 
He guided the entry, evaluation, and nporting of other expert input. TSG ad hoc reviewers 
Paul Cloke, Daml Dunn, Rose Zeiler, and David Dennison provided technical input in the 
axeas of hydrology, geochemistry, and waste package performance. The resumes for all  
reviewers are in the WIPP Proiect fdes. In addition to the review team, several individuals 
contributed to database suppon. Jody Cruse and Mark David provided the database 
organization and programming support, as well as results compilation. D'Ann Bretzke 

database management. 

A complete list of reviewers, their affiliions, and their areas of expertise is presented 
below. 

- - - -- - 

Affiliation s) of E x w e  J?wticioa@ 

Paul D m  TSG Core Member Waste Characterization 
(Geochemistry)' 

John Schaa Consultant Gwmechanics 
( H Y ~ ~ o ~ Y ) '  

Paul Cloke SAIC-Nevada Geochemistry 

Darrcl Dunn ASI-Denver Hydrology 

Rose Zeiler ASI-Denver Hydrology 

David D ~ M ~ s o ~  ASI-Denver Geechemistry 

' Secondary aru of expernu 


