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Recommended Screening Decision 

Changes in brine density resulting from historical, current and near-future human-initiated EPs 
outside the controlled area have been eliminated from performance assessment calculations on 
the basis of low consequence to the performance of the disposal system. Changes in brine 
density resulting from future drilling inside and outside the controlled area have been eliminated 
from performance assessment calculations on the basis of low consequence to the performance 
of the disposal system. Changes in brine density resulting from future human-initiated EPs othet 
than drilling have been eliminated from performance assessment calculations on regulatory 
zounds. 
L. 

Screening Issue 

The evaluation of compliance with 40 CFR 191 requires the consideration of human-initiated 
. . 

events and processes (EPs). A distinction is made between historical and current events and . . .  
. . .  

'. ... . . . . .  
processes that are taking place or have recently taken place outside the controlled area, events . ' . .  . -.. . .  

. . .  . .. . - . . .  . .  .. 
and processes initiated outside the controlled area in the near future (prior to closure of the . . .. . . _ . ' .  . . .  . . . .. . 

WIPP), and those that might be initiated in the future either within or outside the controlled area . . . . .  . .  - .  . . .  . . _ .  . . .  . . . .. . . .  . . . .  

. . 

The observational data obtained as part of the W P  site characterization reflect any changes that . . . . . . .  
. .  . . . 

human activities may have had up to the time of submission of the Compliance Certification . .  . . . .  . .  . 
. . 
. . 

Application (CCA). Thus, the effects of historical and current human-initiated events and . . 

processes are an inherent part of performance assessment calculations. Human activities initiated . . . . .  .- .  . . 
. .  - 

outside the controlled area in the near future could potentially influence the performance of the . . - .  . . . .  . ... . .  . . . . .  -.. . 
disposal system and require consideration if they are expected to occur based on leases and plans .. . . . 

.. . . . - . .  . 
. . . .. 
. . existing at the time of submission of the CCA. The EPA has provided criteria relating to future . .... 
.. . 

human activities in 40 CFR §194.32(a) that limit the scope of consideration of future human . . .  . . 
. .  . .. 

actions in performance assessments to mining and drilling. Compliance assessments need . . . . . . .  
. . .  . . .:. 

. . consider only the effects of historical, current and near-future human activities on the ... . - .  . . . . . . .. . . . . . .  
performance of the disposal system. - ... . ... . . . 

. . . . .. . 
. . 

. . . . 
. . . . .  

. . .  . .  . 

. . 
. . ... . 
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Both mining and drilling in the vicinity of the WIPP may cause changes in fluid density in units 
above the Salado. Potash mining, and the associated processing, could cause local increases in 
brine densities in the Culebra. Oil and gas exploration and production boreholes that penetrate 
pressurized brine pockets in the Castile could give rise to brine flow to the Rustler through 
degraded casing. Similarly, disposal of oiVgas production byproducts could alter fluid densities 
should leaks develop in the borehole casing. There are no near-future or future human actions 
that are likely to reduce brine densities; operations such as waterflooding use fluids derived from 
the target reservoir, or fluids with a similar composition, to avoid scaling and other reactions. 
The effects of leakage from watefflood boreholes would be similar, therefore, to leakage from 
disposal wells. 

Denser fluids have a tendency to sink relative to less dense fluids and, if the hydrogeological unit 
concerned has a dip, there will be a tendency for the dense fluid to travel in the downdip 
direction. If this direction is the same as the direction of the groundwater pressure gradient, there 
would be an increase in flow velocity, and conversely, if the downdip direction is opposed to the 
direction of the groundwater pressure gradient, there would be a decrease in flow velocity. In 
general terms, taking account of density-related flow will cause a rotation of the flow vector 
towards the downdip direction that is dependent on the density contrast and the dip (see Davies 
(1989) and Appendix 1 for further details). 

Basis for Recommended Screening Decision 

Historical, Current and Near-Future Human-Initiated EPs 

Historical and current human-initiated events and processes taking place outside the controlled 
area have changed fluid densities within the Culebra (Davies, 1989 p. 43), as demonstrated by 
the areas of higher densities around boreholes WIPP-27 and W P - 2 9  (Figure NS-17.1). 
Transient groundwater flow calculations (Davies, 1989, pp. 77-81) show that brine density 
variations to the west of the WlPP site caused by historical and current potash processing 
operations will not persist, because the rate of groundwater flow in this area is fast enoush to 
flush the high density groundwaters to the Pecos River. These calculations also show that 
accounting for the existing brine density variations in the region east of the VvWP site, where 
hydraulic conductivities are low, would have little effect on the direction or rate of groundwater 
flow. Changes in fluid densities from historical and current human-initiated EPs can therefore 
be excluded from performance assessment calculations on the basis of low consequence to the 
performance of the disposal system. 

Compliance assessments and performance assessments need to consider the effects of any potash 
mining that takes place in the near-future outside the controlled area, in addition to the effects 
of drilling and other activities that could lead to changes in brine density in the Culebra. The 
distribution of existing leases and potash grades suggests that near-future mining will take place 
to the north, west, and south of the controlled area (Westinghouse, 1996). Consistent with the 
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guidance in the Supplementary Information to 40 CFR Part 194 concerning the consideration of 
future mining, the direct effect of this near-future potash mining is assumed to be an increase in 
the transrnissivity of the Culebra above the mined region. Groundwater modeling that accounts 
for mining shows a change in the fluid pressure distribution, and a consequent shift of flow 
directions, in the Culebra within the controlled area, towards the west (Wallace, 1996). A 
localized increase in fluid density in the Culebra, in the mined region or elsewhere outside the 
controlled area, resulting from intersection of a pressurized brine pocket in the Castile or other 
drilling-related activities, would rotate the flow vector towards the downdip direction - towards 
the east. A comparison of the relative magnitudes of the freshwater head gradient and the 
,gravitational gradient shows, however, that the density effect is of low consequence to the 
performance of the disposal system (see Appendix 1). 

Changes in brine density from historical, current and near-future human-initiated EPs outside the 
controlled area have been eliminated from performance assessment calculations on the basis of 
low consequence to the performance of the disposal system. 

Future Human-Initiated EPs 

The EPA has provided criteria relating to future human activities in 40 CFR $ 194.32(a) that limit 
the scope of consideration of future human actions in performance assessments to mining and 
drilling. The EPA provides additional criteria concerning the type of future mining that should 
be considered in 40 CFR $194.32(b), which limits assessments to a consideration of " .... changes 
in the hydraulic conductivity of the hydrogeologic units of the disposal system from excavation 
mining for natural resources." The effects of changes in brine density resulting from future 
mining can therefore be eliminated from performance assessment calculations on regulatory 
grounds. 

The type of future human activity that need be considered in performance assessments is limited 
further by 40 CFR $194.33(d), which states that " ... performance assessments need not analyze 
the effects of techniques used for resource recovery subsequent to the drilling of the borehole" 
and by 40 CFR $194.33(b)(1), which states that "(i)nadvertent and intermittent intrusion by 
drilling for resources .... is the most severe human intrusion scenario." The effects of brine 
density changes arising from future post-drilling activities such as waterflooding can therefore 
be eliminated from performance assessment calculations on regulatory grounds. 

Future inadvertent intrusion could intercept a pressurized brine pocket in the Castile, and brines 
could be injected into the Culebra with a consequent localized increase in fluid density. The 
effect of such a localized increase in fluid density would be to increase any gravity-driven 
component of groundwater flow. If the downdip direction, along which the gravity-driven 
component would be directed, is different to the direction of the groundwater pressure gradient, 
there would be a rotation of the flow vector towards the downdip direction (see Davies (1989) 
and Side Effort NS-19 for further details). 
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The groundwater modeling presented by Davies (1989) indicates that an intrusion borehole that 
intersects the excavation and a pressurized brine pocket, and causes a localized increase in fluid 
density in the Culebra above the waste panels, would rotate the flow vector slightly towards the 
east. The magnitude of this effect would be small, however, in comparison to the effects of the 
head gradient (Appendix I), and such a localized increase in density would not divert 
radionuclides into the high-transrnissivity zone within the Culebra. 

Over the 10,000-year period of regulatory concern, the EPA requires the DOE to assume that a 
large number of boreholes will be drilled within and around the controlled area. If sufficient of 
these boreholes intersect pressurized brine pockets and connect with the Culebra, density changes 
in the Culebra may become widespread. Geophysical measurements and borehole records 
indicate that the most probable locations for pressurized brine in the Castile, and hence for higher 
densities in the Culebra, are to the south and north of the waste panels (Earth Technology Corp., 
1988; SNL, 1992). 

Gravity effects related to increase in density of Culebra groundwaters south of the waste panels 
will be small in comparison to freshwater head gradients (see Appendix 1). The calculations 
undertaken by Davies (1989) show that a density increase in the northern part of the controlled 
area could rotate the flow vector and hence affect flow in the region of the waste panels. These 
calculations did not, however, consider any effects of mining and were based on a very flat 
pressure gadient in this region. Accounting for potash mining, following the methodology 
suggested by the EPA, results in a rotation of the freshwater head gradient towards the west'. 
Density-related gravity effects would oppose this gradient, and increase travel times to the 
western boundary of the controlled area. Although locally significant, these effects would not 
affect flow south of the waste panels or divert radionuclides into the high-transmissivity zone 
within the Culebra. 

In summary, then, brine density changes brought about through future drilling will be of low 
consequence to the performance of the disposal system. 

' The effects of changes in brine density resulting from future mining have been eliminated from performance 
assessment calculations on regulatory grounds, but the hydrogeological effects of potash mining need to be 
accounted for in the analysis of the effects of intrusion into a pressurized brine reservoir in the Castile. The 
dismbuuon of existing leases and potash grades suggests that near-future mining will take place to the north. 
west, and south of the controlled area, and that future mining may extend from this region into the eastern part 
of the controlled area, but not to the area directly above the waste panels. Consistent with 40 CFR $194.32(b). 
the direct effect of potash mining is assumed to be an increase in the transrnissivity of the Culebra above the 
mined region. Groundwater modeling that accounts for mining shows a change in the fluid pressure distribution. 
and a consequent shift of flow directions within the Culebra towards the west and away from the high- 
transmissivity zone within the Culebra Some re-direction of flow inside the controlled area is calculated to take 
place as a result of near-future mining outside the controlled area. Future mining inside the controlled area 
results in a more pronounced re-direction of flows towards the west (Wallace, 1996). 
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Appendix 1 

Groundwater flow may be influenced by a density gradient as well as by the gradient of fluid 
pressure. If fluid density is constant across the region of concern, flow can be assumed to be 
horizontal, and pressure gradients can be represented by equivalent freshwater heads. Lf. 
however, there is spatial variability in fluid density, the density-related component of flow will 
be in the down-dip direction, which may be in a different direction to the pressure gradient. 

Flow in an iso&opic medium (Darcy's Law) is governed by the gradient of fluid pressure and a 
gravitational term. . . 

Where: - 
v = Darcy velocity vector 
k = intrinsic permeability 
P = fluid viscosity 
V p  = gradient of fluid pressure 
P - - fluid density - 
g - - gravitational acceleration vector 
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The relationship between the gravity-driven flow component and the pressure-driven component 
can be shown by expressing the velocity vector in terms of a freshwater head gradient and a 
density-related elevation gradient: 

where: 
K = hydraulic conductivity (m2 s-l) 
VHf = gradient of freshwater head (-1 
Ap = difference between actual fluid 

density and reference fluid density (kg m") 

pf = density of freshwater (kg m-3) 
VE = gradient of elevation (-1 

Davies (1989) defined a driving force ratio (DFR) to assess the potential si,+ficance of the 
density gradient: 

DFR = A P  IvEI 
~f IVHfl 

and concluded that a DFR of 0.5 can be considered an approximate threshold at which density- 
related gravity effects may become significant (Davies, 1989, p. 28). 

The density of Castile brines is assumed to be 1215 kg/m3 (SNL, 1992), and Culebra brines in 
the vicinity of the high-transmissivity zone have densities ranging from 1050 to 1100 kg/m3 
(Davies, 1989, p. 32). The dip of the Culebra in the vicinity of the WJPP is about 0.44" or 
8 m/km (SNL, 1992). According to Wallace (1996), freshwater head gradients in the Culebra 
between the waste panels and the southwestern and western boundaries of the accessible 
environment range from 4 m/km to 7 m/km, with only small changes in gradient arising from 
the calculated effects of near-future and future mining. These values lead to a DFR of- between 
0.13 and 0.38. 

These values of the DFX show that, in the region of the high-transmissivity zone, density-related 
gravity effects caused by an injection of Castile brine are not si,onificant. Human-initiated brine 
density changes can, therefore, be eliminated from performance assessment calculations on the 
basis of low consequence to the performance of the disposal system. 
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EXPLANATION 

WlPP ZONE I V  BOUNDARY 

----- WlPP SITE SOUNDARY 

-1.025- LINE OF EQUAL FLUID DENSITY--Interval 0.025 gram per cub~c 
centimeter 

WELL OR TEST HOLE 

Figure NS-17.1 Distribution of approximate fluid density in the Cdebra Dolomite 
Member of the Rustler Formation @avies, 1989, p. 46) 
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HUNTAN-INITIATED BRINE DENSITY CHANGES 

Qualitative screening arguments for 
Side Efforts NS-17, NS-18 

R'D. .Wilmot, Galson Sciences Ltd 
D.A. Galson, Galson Sciences Ltd 

5 July 1996 d 

Recommended Screening Decision 

Changes in brine density resulting from historical, current and near-fume human-initiated EPs 
outside the controlled area have been eliminated fiom performance assessment calculations on the 
basis of low consequence to the performance of the disposal system. Changes in brine density 
resulting fiom future drilling inside and outside the controlled area have been eliminated from 
performance assessment calculauons on the basis of low consequence to the perfonnance of the 
disposal system. Changes in brine density resulting from future human-initiated EPs other than 
drilling have been eliminated from performance assessment calculations - on reaplatory pmds. 

Screening Issue 

The evaluation of compliance with 40 CFR 191 requires the consideration of human-initiated 
events and processes (6Ps). A distinction is made between historical and current events and 

? .  processes that are taking place or have recently taken place outside the connolIed area, events and 
processes initiated outside the controlled area in the near future (prior to closure of the WIPP), and 
those that might be initiated in the fume either wirhin or outside the controlled area 

Thc observational data.obtained as part of the WlPP site characterization reflect any changes that 
human activities may have had up to the time of submission of the Compliance Certiiicarion 
Application (CCA). Thus, the effects of historical and current human-initiated events and 
processes are an inherent part of performance assessment calculations. Hornan activities initiated 
outside the controlled area in the near future could potentially influence the performance of the 
disposal system and require consideration if they are expected to occur based on leases and pLans 
existing at the time of submission of the CCA. The EPA has provided criteria relating to fum 
human activities in 40 CFR §194.32(a) that limit the scope of consideration of fun- human 
actions in performance assessments to mining and driUing. Compliance assessments need cansider 
only the effects of historical, current and near-future human acrivities on the perfonnance of the 
disposal system. 
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Both minin~ aud drilling in the vicinity of the WPk' may cause c h a p  ~II fluid density in units 
a h  thc Salado. Potash mining, and the assoclarcd ptxssing, could cause local increases in 
brinc densities in the Culebra. 0;II and gas explmtioa and production boreholes that pcserratc 
pressurized brine pockets in the Casdle could give risc to brine flow to the Riistler through 
degraded caqing. Similarly, disposal of oiVgns production byprodnets could alter fluid clcuhics 
should leaks developin  in^ borcbolc cae@~g;"Thcre are no near-- or future h m  actions that 
arc likely to redmi tlinc densitjcs; &perations such + ar;rfsd&ding use fluids &rived from the 
tar@ ~tscrvoir, or fluids with a similar-@n$&tion. ro avoid d i n g  and orher reactions. The 
effects of lcaknge b m  waterflood boreholes would be &dorc; to 1-e from chpowl 
wrlls. 

. - --- -7 , . . 
. h z  fluids have a E&G~ to sink rcldvc tole& d~?& fluids a n 4  ifthe hy&@olugicaI unit 
mxmed has a dip, will bc a tuidency for'the +, fl11id ta travel in rht duwudip direction ' 
-If If rhisection is thc same as thi? direction ofthc g r o u u d w a ~ p r c s k  gradient, them would be . - 
iui h k a s c  in flow velpcity, and conversely, if the downdip @txti&n is opposcd to the directicm of - 
thcgro&dwlsw pres&re gradiinr, there wo@d be a k c &  hi fldw velocity. In'geoeral t m ~  

:: -. '  account of dmnty-relaud now wiU ausc a rotation of the flow vector towards the downdip - 
dirrction that is dependent on rht: r le l ls i ty  contrast md the dip (see Davier (1989) and Appendix 1 
for fi~rther details). 

- 

Basis for Recommended Screening Declsion 

Historical and current hm-initiated cvcnts and processes taking place outside the con~n,Ucd arca 
have changed fluid h i t i c s  within the Culebra (navres. 1989, p. 43). as dzmonstratcd by the 
areas of higher densities nromd boreholes WJ VK27 and WIE'P-29 (Figurc NS-17.1). Trmsknt 
g~aundwatcr flow calculations (Davits. 1989. pp. 77-81) show hat brine dcnsiry variations to the 
west of the W P  site caused by Iistorical a d  current pornsh processing opcmtinns will nor 
persist, h ~ i e  the rate of groundwata flow in this men is fast enough to flilrh the high densiry 
groundwaters to the Pecob River. Thcsc calculations also show that arcounting for the c&tiug 

- brine densiry vluiations in thc region esst of the WlPP sire, when hydraulic wductivities arc low, 
< would havc littlc effut on the dtection or rate ot pmdwarer flow. Cbuges in fluid densities 

from listorical and current human-initiated t:Ps can rherefore bc excluded from performance 
asxssment cdculations on the. hasis of low co11~cquenu: to tbc performance of the dispsal 
system. 

IInmpliance asscssIIlenls and performance asse.ssments need rn consider Ehe of my pot& 
mining rhat p l a a  in thc ncar future outside the emtrolled area in zulJiliou to the cffcctr of 
d r i h g  aad other activities that could lead to changes in brint: cleusity m thc Culebn The 
didbution of exirdng leases md polash gtades suacsts that nmr-futum mining will take place to 
the n o d ,  west, and ~011th of the conrrolIed area (Wwtinghoase, 1996). Consistent with rhc 
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guidancc in the Supplementary f n f o d o n  ro 40 CFR Part 134 concerning the consideration of 
fum mining, the ~ECCC of this ucar-future potaah mining k assumA to be an incmw iu chc 
t r a d s i v i t y  of the Culebra above thc mind ragion. Groundwater modeling thal clucounts for 
mining shows a change in the fluid prcssurt dis$ibution, and a mnsequetlt shift olflow dkcdom, 
in rht Culebrd within the controlled area, towards the west (Wallam, 1996). A locaked increase 
in nuid busiry in thc Culebra, in.& mined region or elscwherc outsidc the controlled ma, 
multing from intoqtion of a prr.~curizeci brlne pocket in the +tile or other drillinprclared 
nctivities, would m r e  the flow vcctur ~ow&Lt!~c downdip direction - towards the cast. A 
cornpaison of the dative mag@t;d& of tbe fimbwtw head gradient and the gravitatiwal gradient 
shows, however. rhaf thc clcusig cffcct is of law consequence tn the performan= of thc dispod 

The EPA has provided c r i h a  relating to futllre human activities in 40 CFR $194.32(a) rhnt limit 
the scope of considerition of fmre human aclivns in performance assessments to mining 2nd 
drilling. The EPA provides additional c r i e  c o d g  thc type of future mining that should be 

... considered in 40 CFH 9 194.32@). which limits asscssmcnts to a consideration nf ". changes in 
the hydraulic conductivily uf thc hydrogcologic units of the djvosal system frotIl excavation 
mining for naaual ~suums." Thc effects of changes in brine M t y  resulbp h r u  future mining 
can therefore bc diminared fiom parforrnarice assessment calculations on ngulatory grounds. 

Thc typc of future human activity that need be consided in pcr fomce  assessments is limited 
further by 40 CFR glW.:43(d). which stiiks chat "... pcrfonnmce assessments need not analyze 
the effects of ter.hniqWs used for RWLUIX ~ccovcry subsequent to the drilling of the borehoIe" auJ 
by 4.0 CFR $194.33(b)(l), which s t a m  thot "(i)nadvertcnt and interminenr inmioll by drilling for 

.... resources is k mast sevcrc human inburion saenarin." The effects of brine density chnnges 
aiWg frou T u r n  post-drilling activities such as watemoodlng can &ercfort bc climinsted from 
pmfonnancc assessment cal&ons nn re,dacory gmuncL. 

F u m  inadvertent intn~slon could intercepl a prcssurizcd brine pocket in the Cast1 le, and brines 
could he. injected infO rhe Culctra witb a consequent localized incre;r.se in fluid density. The cffcct 
of .such a locallzed in- in fluid density would be to incn=~.ce any gravfry-drivcu mqmnent of 
groundwaer flow. If thk downdip direction, 4ong which the gravhy-driven component would be 
dilated, is different ro the direction nf the groundwater pimsurc gradient, there would be a 
rotation of the flow vector towards the downdfp dira;tion (scc Davics (1989) and Side EBnrr NS- 
19 for furrher details). - 
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T~IC gomdwater mDdrling pese.ntcd by Davits (1989) indicates that an in&n horehole thar 
intersects the excawitinn and a ~ ~ b r i n t  pocket, and c a w s  a Iwalized haease iu Duid 
density in thc C:llltbra above the waste panels, would rotate the flow vector slightly cuwards thc 
east The rnaO&~di70f rhis; e m  would be omPlL however, in comparison w LLc cffccts of the 
head gmdicn~ (Appendix 1). ond such a locaked incrasc in densily would not divert ndioawlides 
h the l&h-&mix&siGty . r 

zone within the Wba 
= - _ __.-  - .  - 

Over & e l ~ & $ ~ p a i i ; d  a *&& &&cm, the EPA mq&es the J XIE to aSSumc b L  a 
large mmb+ iiffbt&w.*.k drilled within nnd mound the mtrnl led ank If sulIicicnt of 
th& bor&c~le.i&&& wriiircd brinC'*kets and c- with the Culebra, dcu&ty c b g a  
in tlie C u l e b r S G ~ ~ ~ - w i ~  *el . * 

anJ t01choIe m r d s  indicate 
d& inbst pithb1p. ~ o c a r i o ~  for ~~ brine in the Castile, and 

h&&-r"l hiw&&iS'6;&*m&,-& p mu& u d  no& of rbo waste ppnek ( h T h  

Techn~logy~Coip~;, 1988;-S~ &:%W-19~, Pvw&s .ct al, 1396). Recent geostati.Ftical smdies 
m&est &it .Z-,..- Gh I ..-# &&:I * &d%$&P -- bprcklei d$kd within tbc &a underlain hy fhe p%te pi&& 
!&&&n, #b-'& &'&tile, and that th. probaht lity inma& @ d y  

- a wimln the conm,Utd ii&ar&nd , .- 7 ., +.- PJlPP 12 (Po& .+ al., 1996). 

Gravity e~acs-m~azcd k increase in density at Chlebra grolmdwms south of the waste panels 
will be rmnll in comparison to kqhwater head g~a3ieots ( x c  Appendix 1). The calc~ilations 
udcmken by Davies (1989) show that a densily iucrcasc in thc northem part of &e cnntrolled area 
could rotate rhe flow vector and hence dfcct flow in the region of the waste panels. W c  
cdculatinns did noL hwcvcr, considcr any effects of minios and were based UII a ~y flat 
p~-$sure gradient in this rcgion. Accounting for potash mining. following thc methodology 
suggested by the BPA, mults in a rotation of the freshwater head gradieni ~uwards thc wcstl. 
-dated gravity cffect~ would oppose this gradenr. and i n c m  mvcl times to the western 
boundary of the cantrolled area. Although locally bi@cant, thcse affects would not atfect flow 
south of the waste pands nr divert radionuclides into thc high-transmissivity rrnne within the 
a e b n  

1 Ile effects of changes iu brine dcasig mulring from fr~nlre mining have been elhhatcd from pcrformancc 
asKsnrlcllt caldaxiom on r c ~ ~  gm~mds. but b c  hydrogeologicd cffe3s of p o ~ h  mining need m he 
oseounted for in rhe analysis of the emcs or iuuusion  in^ n p d z e d  brine e r v o i r  in the Castile. Tbc 
distribution of existing lcsscs and poto~h grades suggcrc hat near-tufun minJng will d s  placc to the n o d .  
p r r ~  and rourh of cbe camr011rA area. and mat mhhg ~uay txtcnd from thu region im the castem p~ of 
the mmlled axed. but not a, b e  uca dirraly W e  the waste pds. ~~t wirh 40 CPR 91%32@). thc 
d i r # r C f i C E t v f ~ m i a i a g i r d t o b e n n ~ m ~ ~ v i l y  ofIbcaJcbanrbovetbcmiDd 
rcS;.n. Gmundwa~w m&bg tbal accounts for mini~~g a change in rbe fluid plrmre dimbution, and a 
mnsequeat shiR of no& dimlions wid& ths Crrlcbrr d rhe u a  and away froxn rttc high-tmdsivity 
mar: within thc C u l k  Some rcdiwtinn of tlow insidc rhe conw;llcd a m  is c d c d a d  to take PI= as a 
d t  of ncp-frmm raintng outside rhc conuuned m hlum mkbg i d e  the coanolled area resub in a 
moke pronounced tc-on of flows to& the MS~ p a l k c  1%). 

Einata SWCF- A 1.1 .B.~:PA:QA:TSENS~~, NS18 5 July 1996 
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In summary, then, brine density changes brought about through future drilling will be of low 
consequence to tbe paformaucc of thc ~ o s d  system. 
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Appendix 1 

Groundwater flow may be hfluenccd by a density pdient  as well as by the g r d t u t  of fluid 
prsmn. If fluid densily is constant across the region of concern, flow c u  be assumcd to be 
horizontal, aud prwsurc gradients can be represented by cyuivalcnt freshwater heads. If, 

1:. . 

. , 
-hdwcv~f, there is spatial variability in illlid densiv. the density-rclwd component of flow arill be 

: . .  . . . .  -- kl rhc down-dip direction, which msy be in a Merenl Jinction to the pressure gradient. 
. . 
I_ . . .  - .- ~ ' .  ' . . - ; - . 
-. - > 

. . . .  -. . . . F h w  in'= isotmpic medium @arcyls Law) is governed by the gradient of Quid pressure and a 
,. . :. . : . . . . gravitatimal . . . . B m  
,-. . - . . . . .  . . . .  
5. : 

. - . . - . . . . . . . .  . :i;... . . . . . . 
. . 

- .  .:- . . . k .. .... - - 
. . . > ii = --[Vp - pg] . - 

. . . . . .  P . . .  - .  . 

. . -.--- 
z ,: . . . . . .  . . . .  .F . -.. . .  - . 

.: ; . .&: . . . . .  . . - . . ,'.. - . . , '  .. < 
. . 

......... ,% . a , . .  9-  . . .  
2~ 

. . .  3 
g .:.-, d.. - . > 

E . . I ?arty yclociry war (ms-1) 
. . . . . . . . . . . . .  . . ' '. .-,. k = hicwbw.  

. . (mZ1 
p = . ' fluid viscosity (pa S) 

vp = - p en[ of fluid pressure 
P - ud density 

= pvitati.onal acceleratfon wlol. (m S-2) 

The. relationship bmau . thc  gravity-driven flow component and rhe pressuc-3rivcn component 
can be shown by cxpmsing the velocity vector in terms of a freshwater head gradient and a 
&~S&-r&kd elevation &enc 

- whm: 
K s hyJraul i ccwvi ty  (m s-1) 

gH! EP erence enr of between fnxhwalu aaual head fluid 
( -1 

- 
+; density and ~t'erence fluid densfy (kg m-3) 

Pf = density of freshwater f ig m-3) 
VE = pdient of &.vatinn (-1 

I Ja* (1989) &hd a driving force d o  (Dm) to asPws rhe poter~ual siRuificancc of the density 
p r . u t '  
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md concluded that a UFR of 0.5 cul k considcrcd an approximate: threshold at which density- 
dated gravity effects rnay bccomc s i p f i a t  (Davies. 19x9. p. 28). 

The density of Castile briua is assumed to be 1215 k@m3 (SNL. 1992-1993), and Culebra brincs 
in rhe vic%uty of thc high txansmissivity 7nne have densilics ran,& from 1050 to 1100 k m 3  
(Daviw, 1389, p. 32). The dip nf the Culebra in be vicinity of the WIPP is abo1rt 0.44" or 8 m/km 
(SNL, 1992-1993). Accnrding to Wallace (1996), freshwater head m i e n &  in the Culebra 
bemeerr the waste panels iuid the southwestern dd wr.ste~1 boundaries of tbc accessible 
envimnment range fnnu 4 m k n  to 7 mlkm, with only small cbanges in gradient arising ftoxn tbc 
ralculatcd cflecls of near-future and future mining. ~ b c i e  valu& lead to a DFR of between 0.13 
and 038. 

, . 

Thesc values of the DFR shnw that in rbe ngon of thc high transmissivity 7 n e .  dcns i ty .~W 
W i t y  effects caused by an injection of Castile brine are not significanr Human-iuiw brine 
density cbanges can. rhcrcfu~e, be eIiminoted from perfanuance-ikessrntnl ~dculations on the 
basis of low consequence to t&c pcrformmce . of , the system . - 

- .  - - 

Errata SWCF-A 1.1.6.3:PA:QA:TSKXS17. NSl X 
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Figure NS-17.1 Distribution of approximate fluid density in the Culebra 
Dolomite Member of the Rustler Formation (Davie-~, 1989. p. 
4 6 )  

0 5 10 KILOMETERS 

- WIPP zoue IV eourJonRv 
----- WlPP SITF BOUNDARY 

-1.025- LlNC OF EQUAL FLUID DENSITY-lntennt O.lJZi gnm per  cunk 
cen~~rnerer 

WF1.L OR TEST HOLE 

Errata SWCF A I.I.~~:PAQA:.ISIC.NS 1'7. NS 16 
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