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THE REGIONAL SETTING

The Waste Isolation Pilot Plant (WIPP) is a nuclear waste disposal facility located 26 miles east
of Carlsbad, New MexicoOfficially opened on March 26, 1999, the WIPP has been receiving
shipments of plutonium waste from nuclear weapons facilities on a regular basis ever since.

The WIPP is locatedn the Mescalero Plain in onéthe largest karst regions in the world

the Pecos RiveValley, famous for Santa Rosa Sinks, Bottomless Lakes, and Carlsbad Caverns.
The Mescalero Plain ends abruptly at Livingston Ridge, which is actually an eastivaeding
escarpment marking the edge of Nash Draw, a broad karst valley, fifteen mgesnid up to

five miles wide, formed by the coalescence of thousands of sinkholes. At the lower end of Nash
Draw is a salt lake, Laguna Grande de la Sal, a regional discharge area for groundwater.

Karst hydrology is characterized by underground draitfageigh open channels and caverns in
soluble rocks. Karst landscag®sve little or no surface drainage; rainwater is funneled
downwardthrough sinkholes or, as on the Mescalero Plain, through perforated caprock.

The Mescalero Plain is a covered karBhe soluble rocks (dolomite, anhydrite, gypsum, and
halite) of the karstic Rustler Formation are overlain by fractured sandstones and siltstbres o
Dewey Lake Redbeds afitk Santa Rosa Formation. &$e, in turn, are overlain logliche
caprock riddld with holesandby windblown sandPhillips, 1987,Prospects for Regional
Groundwater Contamination due to Karst Landforms in Mescalero Calichapter Five).

In porous aquifers composed of sandstone or gravel, groundwater flows uniformly and
predictalty downgradient, that is, from places where the water table is higher to places where the
water table is lowerBut in karst, groundwater flows through preferential pathwagsen

fractures, solutiomhannels, and underground caverria a generally dowgradient direction,
butfollowing the most transmissive pathways.

AThe problem with karst is that shallow groun
space, through open conduits with a minimum of filtration, and (under the right weather

condiit ons) extr e me 1982 WIRPsGeohydrologs @he mplisasigns of Karst,

p. 1) The Nuclear Regulatory CommissiiRC)has warned that Afiltratd.i
porous media to remove many contaminants from the water, is virtually abfeskarst
environment . ONUREG/GRRRAE2, April 2981, @ 57) In other words

radionuclides can traV at the speed of wateKarst is almost universally regarded as an

unreliable wastdisposal environment. (Barrows982,p. 17,citing 16 reports by 2@uthors.

This is why the proponents of WIPP deny the existence of karst at the WIPP site. They argue, in
effect, that WIPP is a karfitee island in the midst of a regional karstland.
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STATEMENT OF PROBLEM

The supposed reliability ahe Rustler Formation as a barrier to the migration of contaminated
waterhang upon a postulated lack of rainwater rechaihile water has been found in all five
members of the Rustler Formation, the principal whesring units are the Culebra doiten

and the Magenta dolomite. Both are saturateztywhereeast of Nash DrawSimply stated,
there is no room for more water. Thereforehé&Culebra and Magenta are recharged by
rainwater at the WIPP site, they must discharge an equal amount ntlgiater somewhere.

The WIPP was certified by the Environmental Protection Agency (EPA) based upon a
conceptual model that assumed zero rainwater recharge to the Culebra dolomite. The Culebra
was modeled as the only potential pathway for groundwaterroordtion, and was treated as a
confined aquiferbounded above and below by impermeabltksin which dssolution

processes were assumed to be minimal oraxistent Theassumed groundwater flow path i

to the south, away from the surface karst of Nawsdw.

Proof of rainwater rechargat the WIPP sitevould constitute proof that WIPP is part of the

regional karstland of the Pecos River Valley. Triaetured dolomites of th€ulebraand

Magenta ar@verlain by soluble rocks anhydrite, gypsum, and lite. If fresh rainwater is

reaching the Culebra through these overlying units, it must be passing through open channels and
enlarging them by dissolution as it does 3bis is thevery definition of karst. Simply stated, i
rainwater recharge does obathe Culebra dolomitéhe Culebra is not a confined aquifer, and

the conceptual model wgrong. If test wells in other watdérearing rocks also respond to rainfall,

the Culebra is not the only groundwater pathway, and the conceptual model is wrong.

Groundwater passing through karst channels must discharge at a karst spring. The only
groundwater outlein the Nash Draw watersh&down to contain the mineral constituents of the
Rustler Formation is the inlet to Laguna Grande de la Ba brine spring at Malaga Bend on
the Pecos River contain the mineral constituents of the Salado Formation, not the Rustler.
Laguna Grande overflows to the Pecos Rimgimes of major flooding, but is otherwise in a
closed drainage basin with no outlet, losing watdy by evaporationLaguna Grande is about
four square miles in extentWater balance analysis shows that Laguna Grande, in order to exist
in the face ohigh measuredvaporation rates, must be receiving alsixitimes as much water
as Malaga Bend. Nather groundwater discharge points have been proposed. Because the
hydraulic headat test well WIPF29 near Lguna Grande are far lower than at any other WIPP
test well,groundwater from the WIPP must discharge there.

A Peer Review Panel recently founch at fAWater | evel observations

term fluctuations that have been correlated
Conceptual Model Peer Revieftinal Report September 24, 2008, p. 19). These correlations

are illustated in four hydrographs presented to the Peer Review Panel by BeaWrsan (

Level Responses to Rainfglhges 7275, included here as AppendiX.EOne of these graphs
illustrates data from wells within the WIPP site, showing sterh responses toirdall over a
five-year period at test wells WQSR WQSR2, H-2b2, H6b, WIPR13 and WIPPL9.
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| have obtained 22 years of precipitation measurements for the WIRP862007) and 32
years for the Carlsbaalrport (19762007) andl have obtained9 years of monthly water level
measurements from dozens of WIPP monitoring wi@¢B832007) The purpose was fmerform

a detailel analysis of the correlatioif any, between specific rainfall events and skterm
fluctuations in water levelat WIPPtest wells. The analysis is complicated by two other causes
for water level fluctuationshortterm disturbances caused by pungests and longterm

rises for which no satisfactory explanation was presented to the Peer Review Panel.

RESEARCH METHODOIOGY

The precipitation data is incomplete for the Carlsbad Airport especially, but also for the WIPP
site. Therefore | constructed tables listing the data for these two weather stations, side by side,
on a daily basis, in the form of timelindgeginningwith the year 1989For some reason, the

data are always reported in multiples of 0.10 inches. Ires@ges | was able to reconstruct the
missing precipitation datafthe WIPP siteon a monthly basigtom the hydrographs prepared

by Beauhein(2008) As Nash Draw is located between these two weather stations and would be
affected by rainfall events recorded at either statiomgluded inthe same timelines the water
levelsrecorded at test well WIREO near Laguna Grande, and | calculated theréifiee

between the monthly measurements. The timelines are presented as Appendix A. Rainfall
events of 1.0inch or more in one or two ga are highlighted in dark blwend other rainfall

events of 0.40 to 0.90 inches in one day are highlighted in light bncreases in water levels at
WIPP-29 of 0.20 feet or more are highlighted in dark blue and smaller increases in light blue.
From these datawas able to identify twelve major rainstorms that resulted in increased water
levels at WIPP29, and therefre increased groundwater discharge to Laguna Grande,\verthe

next monthly measurement, indicating a lag time of less than one month. It should be noted that,
in addition to the incomplete record of precipitation measurements, some rainstormsgaffectin
Nash Draw and the WIPP site woldd underreported or missed altogethdyadh weather

stations. The reason for this is the nature of rainfall events in New Mexico, where a common
weat her forecast, especially chancesotwideler mont hs
scattered afternoon thunder showe rraheréhanodMy us e
preserd a fuller picture of the frequency of rainfall affecting the Nash Draw watershed.

To analyze the lonterm rises in water levelt WIPP test wellsit was necessary to filter out
the fAinoi se 0 -tam pumihgdedts do @s net ko @werestimate the magnitude of the
long-term rise. Therefore | constructed tables showing the highest measured water level for each
calendar year atvery WIPP test well where measurementesrgrecorded on a monthly basis
nearly so.The high and lowevels for each well are in black bold face type, and where the
Culebra and Magenta water levels are most nearly equal the measurements are highlighted
light blue. These timelines are presented as AppendiX Bese data are a very good indication
of the longterm rise in water levels not attributable to recovery and equilibration following
shorttermpumpingtests. The longerm rises ranged from@3 feet at test well £268 near

Nash Draw to 75.10 feet at test well WIRP near the center of the WIPP sitésingthese data
from 38 test wells| was able to construct a contour map showing that thetknng rise in the
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water table is recoverydm a cone of depression caused by the sinkingeoYIPP shafts,
which are up tdourteenfeet in diameter As groundwater streamed inthe WIPP shafts, a cone
of depression formed in the water table surrounding the shafts, from which the wates &tble i
recovering. Eamination ofthe timeline indicates thataterlevels have stabilized in on8of

38 test wellspnly two of which arelocated within the WIPP site. Thesrongly suggests that the
water table will continue to rise at the WIPP site

To analyze thehortterm responses to rainfall, | constructed tables showing the amount of the
rise or fall, from month to month, in the water levels for every WIPP test well where
measurements were recorded on a monthly basis or nearlfhedablesare presented as
Appendix C. Thisnonthly analysis of water levels covers an eleyear period from 1997

2007, because during prior years the pungpests at WIPP water wells were so frequent as to
overwhelm the data set with the effects of human igtiv highlighted in black bold face type
the readings that were attributable to human activfiyecipitous drops followed by rapid rises
due to pumjmg tests,or, on occasion, very sharp rises of unknown caigseexample, the 45

foot risesin waterlevelsat three wellsiear the center of the WIPP site detected in March 1997.
Then | examined the rest of the data, highlightttgermonthly rises in water levels that were
substantially out of line with the trends of fhieeceding and subsequenonths. Often these
readings would cluster in the same column, as they were recorded in the saméaeiogth,
responses to the same recharge event; so | color toeleded or orange, generally alternating
by month, so as to distinguish one recharge event &oother.Wells located in Nash Draw are
coded in brown, except for WIPED, near Laguna Grande, which is coded in blue.

Then | constructed maps of thirty different recharge eyenotsrcoded to match the tables

Appendix C Each map illustratespif a certain month, the locations of the wells that are
highlighted in the tables. This gives a visual image not necessarily of the exact location of the
heaviest rainfall but, more importanthyf, theexact locations of the test wells where the rises in
water levels were detected. These are maps not of rainfall, but of recharge events due to rainfall.
On each map the welgith rechargeare colored red or orange, regardless of locatfidre

number of highlighted wells ranges from 6 to 28, averafjhg Sometimes they are spread
throughout the region; sometimes they cluster at the WIPPN@t that arrays of test wells

tens of meters apart are shown as one data pbirg.maps are in digital format, and one can

click from one tcarother to watchihe patterns change. But the point to remember is this: none

of this rainwater recharge is supposed to be happening. Not every one of these recharge events
can be correlated with thhainstormgecorded at the weather stations, but most of them can,
dozens of them, recurrently, over an elewarar periodwith lag timesof less than a montland

this invalidates the groundwater model upon which the certification of WIPP was based.

Data for the thirty recharge events shown on theéalimaps are summagd inTable One

(below). Listed, from left to right, arethe monthshown on the mapghe number of wells
highlighted;the average monthlyse or fallin water levelsin feet for the previous month,

current month, and following montthe dates during/hich the water level measurents were
collected; and the amount of rainfall at the WIPP site, in inches, immediately preceding the water
level measurements, with the period of weeks during which the rain fell shown in parentheses.



Month

Sep 1997
Nov 1997
Feb 1998
Apr 1998
Aug 1998
May 1999
Jun 1999
Jul 2000

Sep 2000
Nov 2000
Apr 2001
Jun 2001
Mar 2002
May 2002
Jun 2002
Aug 2002
Feb 2003
Jun 2003
Apr 2004
May 2004
Oct 2004
Nov 2004
Dec 2004
Feb 2005
Sep 2006
Oct 2006
Nov 2006
Feb 2007
Apr 2007

Jun 2007

TABLE ONE: RECHARE EVENTS AT THE WIPP SITE

Wells

12
18
23

25

12

24

26
13
20

10

11

11

17
19
12
27
19
25
11
19
17
18
23
28

20

Previous

0.30
-0.04
0.10
009
-0.39
-0.08
-0.38
0.02
-0.10
-0.22
0.22
-0.10
0.11
-0.11
0.19
0.03
0.02
-0.05
0.15
-0.21
0.37
0.49
0.36
0.14
0.05
0.28
0.65
-0.09
-0.19

-0.12

Current

0.46
0.59
1.15
0.62
0.65
0.39
0.90
0.45
0.28
0.44
0.37
0.39
0.51
0.32
0.35
0.28
0.36
0.30
0.66
0.66
0.73
0.75
0.72
0.58
0.87
0.91
0.52
0.45
0.58
0.76

Following

-0.02
0.14
0.37

-0.01

-0.67
0.15
0.13

-0.01

-0.17

-0.20
0.01
0.00

-0.49
0.11
0.08

-0.03
0.09

-0.17
0.03
0.31
0.19
0.63
0.55
0.08
0.50
0.29

-0.14

-0.12

-0.08

-0.01

Dates

9/15 - 17
11/10 - 13
2/9 -12
4/13 - 16
8/10 - 12
5/10 - 12
6/7 - 10
7/10 - 12
9/11 - 13
11/6 -9
4/3 -5
6/4 -7
3/11 - 13
5/ 6-8
6/10 - 13
8/12 - 14
2/10 - 11,17 - 18
6/9,12 -13
4/12 - 14
5/10 - 12
10/11 - 14
11/8 -10
12/6 -9
2/14 - 17
9/11 - 13
10/9 -12
11/6,8 -9
2/12 - 13
4/9 - 11

6/11 - 13

Rainfall

2.40 (5)
2.90 (7)
2.30 (7)
0.50 (4)
2.70 (4)
1.40 (4)
1.70 (4)
5.10 (4)
1.90 (2)
1.4 0(1)
0.90 (4)
0.90 (4)
0.90 (6)
2.20 (7)
0.20 (5)
4.90 (9)
0.90 (8)
1.40 (3)
4.20 (4)
0.10 (4)
5.80 (3)
0.90 (1)
3.90 (4)
2.40 (2)
4.40 (1)
2.10 (4)
1.00 (4)
1.20 (3)
2.40 (3

4.00 (6)



ANALYSIS OF SHORTTERM FLUCTUATIONS

The table shows that the rainfall upon the WIPP site in the weeks preceding the thirty recharge
events amounted ®7.0inches, about half the average rainfall doreleveryear period.Nearly

all thesemonths with rising water levelgerepreceded by 0.9 inches more of rainfallfjwo of

the exceptions beinttpe second of two consecutive months, the other exception being April

1998, when water levels at 25 testlls rose an average of 0.62 feet with onlyi@chesof rain

in the preceding month. This could have been a lingering response to a previous recharge event
in February 1998which was preceded by 2.20 inches of rainfall, or to a rainstorm absent from

an imperfect data set showing no rainfall at the WIPP site between March 18 and May 18, 1998.

Some years had more rainfall than othergghErecharge events were preceded by 2.1 to 2.9
inches of raintwo of these occurred in 1997 and two in 1998veBeecharge events were
preceded by 3.9 to 5.8 inches of rdhree of these occurred in 2008ome years had more
recharge than other&dmong the wells highlighted on the maps, water levels rose an average of
0.50 feet or more during five of seven reg®events i19971999, during only one of eleven
recharge events in 20@D03, and during eleven of twelve recharge events in-200%.

Water levels rose an averagfe0.59 feet in 18 wells in November 1997 after 2.90 inches of
rain,1.15 feet in 23 wéd in February 199after 2.30 inches of rain, 0.45 feet in 24 wells in
July 2000 after 5.10 inches of raand0.44 feet in 26 wells in November 2000 afte40
inchesof rain. Response timegereseven weeks in November 1997 and February 1998, two
to four weeks in July 2000, and two to twelve days in November 2000.

Water levels rose an average of 0.66 feet in 19 wells in April 2004 after 4.20 inches of rain, and
another 0.66 feet in 10 wells in May 2004 after only 0.10 inch of rain. The latter etsyadi
response to the rainy period of March 11 to April 11 which peaked with 2.00 inches of rain on
April 4. Five of thesewells were the same, at which the water level rises of May 2004 were in
addition to the rises of April 2004. Three were in theeBrd, and two were in the Magenta.

CUMULATIVE RECHARGHN FEET

Test Well Aquifer Apr 2004 | May 2004 Total
H 3bl Magenta 0.54 0.64 1.18
H 4b Culebra 0.51 0.57 1.08
H 7b2 Culebra 0.41 0.27 0.68
H 9c Magenta 0.27 0.69 0.96
H 17 Culebra 0.47 0.43 0.90

Water levels rose an average of 0.73 fee@mweélls in October 2004 after 5.80 inches of rain,
0.79 feet in20wells in November 2004 after 0.90 inches of rain, and 0.72 fe&wels in
December 2004 after 3.90 inches of rainuteen of thes wells were the same; the water level
rises of December 2004 were in addition towlaer levelrises of October and November 2004.
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CUMULATIVE RECHARGHN FEET

Test Well Aquifer Oct 2004 Nov 2004 Dec 2004 Total
H 4b Culebra 0.35 0.74 0.35 1.44
H 7b2 Culebra 0.65 0.77 0.86 2.28
H 11b4 Culebra 0.47 0.75 0.42 1.64
H 17 Culebra 0.34 0.52 0.49 1.35
H 18 Magenta 0.48 0.25 0.27 1.00
P-17 Culebra 0.23 0.57 0.53 1.33
WIPP- 13 Culebra 0.52 0.29 0.42 1.23
WIPP- 27 Culebra 1.14 1.08 0.90 3.12
WIPP- 30 Culebra 0.29 0.68 0.77 1.74
WQSP1 Culebra 0.52 0.22 0.62 1.36
SNL- 1 Culebra 0.86 1.45 0.60 291
SNL- 2 Culebra 2.70 0.71 1.25 4.66
SNL- 3 Culebra 0.41 0.62 0.82 1.85
SNL- 5 Culebra 0.76 0.90 0.83 2.49

Water levels rose an average of 0.8% ied9 wells in September 2006 after 4.40 inches of rain,
0.91 feet in 17 wells in October 2006 after 2.10 inches of rain, and 0.52 feet in 18 wells in
November 2006 after 1.00 inch of rain. Eight of these wetle the same, and are highlighted
on allthree maps; the water level rises of November 2006 were in addition to the water level
rises of September and October 208d.were in the Culebra.

CUMULATIVE RECHARGHN FEET

Test Well Aquifer Sep 2006 Oct 2006 Nov 2006 Total
WIPP- 11 Culebra 0.61 0.86 0.88 2.35
WIPP- 13 Culebra 0.58 0.85 0.66 2.09
WIPP- 19 Culebra 0.29 0.51 0.44 1.24
WQSP1 Culebra 0.64 1.00 0.49 2.13
WQSP2 Culebra 0.65 1.07 0.50 2.22
SNL-1 Culebra 0.58 2.70 0.98 4.26
SNL- 3 Culebra 0.76 0.99 0.72 2.47
SNL-5 Culebra 0.78 0.96 0.57 231

There wereeightother wells where water levels rose each month B@ptember to November
2006, but some or all of the monthly rises were too stodde highlighted on the magwo
were in the Culebrdjve were in the Magenta, and omas in the Dewey Lake Redbeds.
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CUMULATIVE RECHARGHN FEET

Test Well Aquifer Sep 2006 Oct 2006 Nov 2006 Total
H 2b2 Culebra 0.38 0.20 0.44 1.02
H 3bl Magenta 0.24 0.01 0.17 0.42
H 7b1 Culebra 0.08 0.51 0.69 1.28
H- 8a Magenta 0.09 0.08 0.04 0.21
H 10a Magenta 0.01 0.32 0.47 0.80
WIPP- 18 Magenta 0.17 0.04 0.08 0.29
WIPP- 30 Magenta 1.31 0.08 0.41 1.80
WQSP6a Dewey Lake 0.02 0.07 0.20 0.29

In 2007, the recharge events occurred in alternate months. Water levels rose an average of 0.45
feet in 23 wells in February 2007 after 1.20 inches of rain, 0.58 feet in 28 wells in April 2007

after 2.40 inches of rain, and 0.76 feet in 20 wells in June 2007 after 4.00 inches of rain.
Response times were three weeks in February, two weeks inamtifpur to six weeks in June.

Bear in mind when reading these tables that the Magenteniels underrepresented in the

data set. This is partly because, at many locationshitietermwater levelffluctuations in e

Magent are smaller than thogethe Culebra but the principal reason is that there are far more
Culebra test wells than Magenta test wells. In 1997 there were 43 Culebra test wells but only ten
Magenta test wells (1, H-2b1, H3b1, H4c, H5c, H6c, H8a, H10g WIPR-25 andWIPP-27).

In 2007 theravere41 Culebra test wellbut only fourteen Magenta test wells-g81, H3b1,

H-4c, H6c, H8a, H9c, H10a, H11b2, H14, H15, H18, WIPR18, WIPR30and G2737).

One other Magenta test well (D&% has come and gone during this eleyear period.

Most of the hydro (H) wells are located in arrays of three or more wells tens of meters apart. In
many cases (H, H-2, H-3, H4, H5, H-6, H9, H-10, and H11), boththe Culebra and Magenta
were monitored. Three of thes®l within theWIPP site areexaminechere.

H-11is located in the southeastern part of the WIPP site, along a knowtrdmgimissivity
pathway in the Culebra. At-#H1 thee are 51 consecutive months of simultaneous redooas
August 2003 to October 200 Vater leels in the Culebra and Magenta rose togetbam2es,
the rise being higher in the Culebradf 25 times. If we filter out thedata from October@5,
when the Culebra rose 7.t in response to human disturbance (see below), thagevase
in theCulebra was ®5 feet compared to 0.14 feet in the MagenWater levels in the Culebra
and Magenta fell togeth@inetimes, the fall being greater in the Culebrghtof ninetimes.

If we filter out thedata fromAugust2006, when the Culebra fe84.30 feet due to human
disturbance, probably a puing test, the average fall in the Culebra was 0.31 feet, compared to
0.13 feet in the Magenteéurely theCulebrais themoreimportantmember of the Rustler
aquifer at this locationComparativedatafrom periods of rising water levedsegivenbelow:
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RISING WATER LEVELS, IN FEET

Magenta Culebra

H 11b2 H 11b4
Mar04 1 May 04 0.37 1.29
Oct04 i Dec04 0.34 1.64
Feb 05 i May 05 0.43 1.00
Feb 06 i May 06 0.37 1.35
Feb 07 T May 07 0.69 0.99

H-6 is located in the northwestern corner of the WIPP site, 1.3 miles from Nash Draw, and less
than a mile from &roadfluvial incision at Livingston Ridge At H-6 there are continuous
simultaneous records for 192007 (and earlierbut human disturbae in 2005 has corrupted

the data set. During the other ten years, water levels in the Culebra and Magenta rose together
53 times, the rise being higher in the Culebra 30 times, and in the Magenta 21 times, with the
increases in two months being equéhe average rise in the Culebra was 0.30 feet, compared to
0.17 feet in the Magenta. Water levels in the Culebra and Magenta fell togetimes, the fall

being greater in the Culebra 20 times, and in the Maddhiemes, with the decreasen one

mont being equal. The average fall in the Culebra@va8feet, compared t0.10feet in the
Magenta. Examples of the Culebra and Magenta rising and falling together are given below

WATER LEVEL FLUCTUATIONS, IN FEET

700 800 900 10 00 1100

H 6b Culebra 0.28 -0.29 0.14 -0.30 0.61
H- 6¢ Magenta 0.40 -0.20 0.18 -0.39 0.66

201 301 401 501 6 01
H- 6b Culebra 0.13 -0.01 0.29 -0.21 0.28
H 6¢ Magenta 0.11 0.00 0.21 -0.25 0.31

203 303 403 503 6 03
H- 6b Culebra 0.20 -0.15 0.07 -0.15 0.14
H- 6¢ Magenta 0.17 -0.02 0.06 -0.07 0.21

106 2 06 306 406 506
H- 6b Culebra 0.47 -0.06 0.18 0.32 0.15
H- 6¢ Magenta 0.26 -0.23 0.15 0.27 0.16



It would appear from the above table that the Culebra and Magenta are of relatively equal
importance aiH-6. This should come as no surprise, as it has been known for years that the
correded fresh water heads of the Culebra and Magenta are nearly equ@) imditating
effective vertical connection between them somewhere in the vicinify.isHhe tst well

nearest to the WIRB3 borenole, where a nested sequencdioé open, watefilled caverns, one
in Dewey Lake siltstone, two in Fortyiner gypsum, and two in Magenta dolomite, were found
beneath a collapse sink 600 to 700 feet in diameter. Bed&lPP33 was never converted to a
test well, the hydrologic data set lacks any measurements-tilduh karst conditions.

H-3 is located 0.6 miles south of the center of the WIPP site, almost directly above the waste
panels. At H-3 there are continws simultaneous records for 199007 (and earlier), but again,
human disturbance in 2005 has corrupigght months ofhe data set. During the othHiE24

months water levels in the Culebra and Magenta rose togégiemes, the rise being higher in
theCulebrad2times, and in the Magengd times. The average rise in the Culebra va38

feet, compared to 0.27 feet in the Magenta. Water levels in the Culebra and Magenta fell
together only eleven times, one of which, in March 2002, when the Magetetal@vee! fell by
22.81 feet, was due to human disturbar©e.the other ten occasions, the fall was greater in the
Culebra three times, and in the Magenta six times, with the decrease in one month being equal.
The average drop in the water level wa@eet in both th€ulebra andagenta. AH-3, as at
H-6, both the Culebra and Magenta are important wWadaring members of the Rustler
Formation. Examples of tieulebra and Magenta risimy falling together are given below:

WATER LEVEL FLUCTUATION, IN FEET

8 97 997 1097 1197 12 97 198 298 398 498
H- 3b1 Magenta 0.03 0.16 0.01 0.36 0.32 0.43 0.42 0.25 0.88
H- 3b2 Culebra 0.80 0.21 0.12 0.98 0.37 0.57 0.41 0.05 0.84
1198 1298 199 299 399 499
H 3b1 Magenta 0.27 0.15 0.38 0.23 0.21 0.14
H- 3b2 Culebra 0.53 0.26 0.27 0.42 0.27 0.24
503 603 703 803 903 1003
H 3b1 Magenta -0.24 0.42 -0.17 -0.19 -0.56 -0.43
H- 3b2 Culebra -0.02 0.11 -0.17 -0.07 -0.05 -0.14
11 04 12 04 105 205 305 405 505
H 3b1 Magenta 0.40 0.32 0. 07 0.30 0.24 0.13 0.07
H- 3b2 Culebra 0.06 0.62 0.25 0.20 -0.02 0.21 0.22
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Despite their often simultaneous water level fluctuations, there appears to be no effective
hydraulic connection between the Culebra and Magenta in the vicinity3of Fheircorrected

fresh water heads are very different, on the order of 130 feet, which is greater than the thickness
of the Tamarisk member that separates them at this location (more on this later). Bit, at H
there is an effective hydraulic connection betwte Magenta and the overlying Feiyner

member of the Rustler Formation, and the Dewey Lake Redbeds above that. It was reported by
Lappinet al. (SAND 890462, 1989, Tables-@, 38, 310, 311) that the corrected fresh water
heads at I8, in feet abwe sea level, were 3152 for the Magenta and 3126 for the-Raoréy.

This is borne out by the monthly test well measurements. Absent human disturbance, the water
level of the Magenta atblis always higher than the water level of the Fdiiger at H3d

(see Appendix B)indicating an ability of Magenta water to rise in the stratigraphic column to

the level of the FortNiner. Moreover, the water levef the FortyNinerat H-3d was higher

than that othe Dewey Lake Redbeds H-3d (see Appendix B)from 1992 until comparative
measurements ceased in 2001. This means that the Dewey Lakd\irertand Magenta are

one aquifer in the immediate vicinity of the waste panels. Adgdigino fluke. Lappin et al.

(1989, op. cit.) also reported that thedénta fresh water head was higher than that of the-Forty
Niner at H14, 1.1 mile southwest of k8, and at H16, in the immediate vicinity of the WIPP

shafts. Note that the Santa Rosa Sandstone is absenrBdtahid at H14). There is nothing

above the Bwey Lake Redbeds but caliche and windblown sand.

At H-3, from January 1997 through Junel1999, water levels in the-Roréy gypsum fluctuated
by smaller amounts than, but very much in tandem with, the Culebra and Magenta. Two very
good examples are s below:

RISING WATER LEVELS, IN FEET

Nov 97 | Dec 97 | Jan 98 Feb 98 Mar 98 Apr 98

H- 3bl Magenta 0.36 0.32 0.43 0.42 0.25 0.88
H- 3b2 Culebra 0.98 0.37 0.57 0.41 0.05 0.84
H-3d Forty - Niner 0.09 0.07 0.21 0.16 0.13 0.15

Nov 98 | Dec98 | Jan 99 Feb 99 Mar 99 Apr 99

H 3bl Magenta 0.27 0.15 0.38 0.23 0.21 0.14
H- 3b2 Culebra 0.53 0.26 0.27 0.42 0.27 0.24
H- 3d Forty - Niner 0.20 0.10 0.13 0.12 0.17 0.11

But from July 1999 through December 2001, when monitoring of the-Rongr ceased at

H-3d, the watelevels rose by a greater amount in the Fotiryer than n either the Culebra or
Magental6 of 30 times, including 12 of 16 months beginning in January 2000, as shown below
On fifteen occasionduring this period (and only six previouslwater rose irthe Forty Niner

while falling in the Culebra and/or Magent&learly the FortyNiner is a significant water

bearing member of the Rustler Formation.
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WATER LEVEL FLUCTUATIONS, IN FEET

Jan 00 Feb 00 Mar 00 Apr 00 May 00 Jun 00 Jul 00 Aug 00

H- 3bl Magenta 0.01 0.24 0.11 0.11 0.14 -0.12 0.20 -0.09
H- 3b2 Culebra 0.04 0.19 -0.02 -0.40 0.26 0.07 0.30 0.09
H-3d Forty - Niner 0.19 0.17 0.14 0.29 0.21 0.10 0.48 0.14

Sep 00 Oct 00 Nov 00 Dec 00 Jan 01 Feb 01 Mar 01 Apr 01

H- 3bl Magenta 0.09 -0.21 0.30 -0.21 0.17 0.07 0.24 0.07
H- 3b2 Culebra 0.12 -0.13 -0.46 0.14 0.42 0.12 0.23 0.09
H-3d Forty - Niner 0.13 0.07 0.34 0.07 0.26 0.15 0.32 0.24

At H-3, water in the Dewey Lake Redbealtspped steadily and very slowly from a peak of
3089.42 feetlaove sea levah July 198%0 a low of 3072.35 in July 199After that, water in
the Dewey Lake Redbeds was in a steady state through December 1999, aydyning8 feet in
two and onehalf years, with no perturbations of more than 0.10 feetinQ the next five years,
throughDecember 200#vhen monitoring of the Dewey Lake ceased €8d{ water levels in the
Dewey Lake Redbeds rose in 69 of 72 months, and by a greater amount eaghigesy 0.49
feet in 2000, 0.95 feet in 2001, 0.96 feet in 24030 feet in 2003, and 1.58 feet in 2004.

The FortyNiner is no longer monitored at any WIPP test wait the Dewey Lake Redbed®
monitored at test well WQS@a, located less than one mile wekH-3. It was here that the
transmissivity of the Deay Lake was estimated at 360/day (SAND 980049, p. 193). This is

four times greater than the highest reported transmissivity in the Culebra within the WIPP site,
88.0 ff/day at H6 (Phillipsand Snow, 1998\ Conceptual Model for Contaminant Transpiort
Karst Aquifers at the WIPP Sit@able 3) Simply stated, transmissivity is the ability of an

aquifer to transmit water. The Culebra is monitored here also, at Y8Q&#l the two aquifers

do respond to some of the same rainstorms. Water levetshWWISR6 and WQSF5a

showed sharp imeases in November 1997, September 20Mxkch 2002, May 2002, February
2003, September 2004, and February 2007 (see App€ndix

By far the most interesting rise in water levelshaformations above the Rustleccurred in
March 199, when the three monitoring wells nearest to the WIPP exhaus{GH2B05,
C-2506 and €507) showed water level rises of 45.32 feet, 44.13 feet, and 47.28 feet,
respectively.lt is not cleawhetherthis water was coming from thefa Rosa santise or

the Dewey Lake Redbeds; accordingitspreadsheet afionthly water level measurements
compiled by Westinghouse and provided by Rick Beauh€2b05, G2506 and €2507were
listed as Dewey Lake wellmtil June 1997, and as SantasRavells thereafterThe water level
measurements iall three wells in July 1997 werithin 0.28 feet of thie June measurements,
so clearly this is onand the samaquifer. As of December 1998, the last month of record for
these wells, the water legehad changed littleince March 1997aving dropped 0.23 feet at
C-2505 and 0.35 feet at£506, and risen by 2.13 feet a2607.
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On March 2, 1999, at tHRCRA hearings in Santa Fe, Lokesh Charturvedi testified orally and in
writing that the SantRosa sandstone produces water in the WIPP exhaustaigwtind his
videotape showing water flowing into the shaft was entered into the record. Thesatatated
horizon in the WIPP exhaust shaft is in the range of 20 to 70 feet below the sutfdtps(P
1999,Direct Testimonyp. 7) Thedepth of water below the surface wHs00 feet at €505,
44.32 feet at 506, and 46.44 feet atZ506in March 1997 These wells are not mentioned in
the text of thel997 Annual Site Environmental Rep@@OE/WIPP 982225). No one has ever
explained where this wateomesfrom, and, if the inflowto the WIPP exhaust shaft has been
diverted where this watenow flows to. But five months later, in August 1997, the water level
began rising precipitously ilné Magenta at test well-H, 1250 feet southwest of the center of
the WIPP sitdsee Appendix C) The water level had risetv.55feetby December 1997, and
85.11 feet byApril 1998. It never again droppdaelow 3183.95 feet above sea lewehjch was
4222 feetabovewnhatits level had been iduly 1997before the precipitous rise began; ane t
water level fluctuated wildly from June 1999 until February 2001 wheHlthevell was shut
down. If this is the same surge of water that appeared in the Bas@Dewey ake in March
1997, it traveled 1250 feet in no more than nine months, or 0.3 miles peatyadrydraulic
gradient of about 18.2% (the water leveisadjuged, being 3369.01 in the Santa Rasa
C-2506, and 3141.73 in the Magenta aLH This is consistent with tdyaulic conductivity at
C-2505,C-2506 and €507, which ranges from 0.44 ft/day to 15.5 ft/d@pE/WIPP 972278,

p. 1). The surge in Magenta water levels af Beginning in August 1997 was not a response to
a pumping test. BeteenJanuary 1989 and July 1997 the Magenta water levellatifeet
above sea level, rose steadily from 3117.21 feet to 3141.73 feet, only 0.24 feet perthenth.
timeline below compares the monthly chang®legentawater levels at HL with the aveaige
monthly change in Santa Rosa/Dewey Lake water levels2&06, G2506 and €507.

WATER LEVEL FLUCTUATIONS, IN FEET

397 497 597 6 97 797 897 997
C- 2505, 2506, 2507 SR/DL 45.58 -0.30 -0.14 0.00 0.08 0.34 0.35

H1 Magenta 0.08 0.32 0.28 -0.20 | 0.11 3.83 11.32

1097 1197 12 97 198 298 398 498
C- 2505, 2506, 2507 SR/DL 0.15 0.70 -0.41 0.38 0.08 -0.06 -0.01

H1 Magenta 7.03 12.66 12.71 3.56 1551 3.23 15.26

Thus it is shown, from thehortterm fluctuations in water leve{&ppendixC), that the Rustler
Formation at the WIPP site is rapidly recharged by rainwater; that the Créebiaes much of
thisrainwaterthrough vertical infiltration, and theforeis not confined; that the Culebra is not

the only potential groundwater pathwiay contaminated wategndthat the Magentdolomite
Forty-Niner gypsum Dewey LakeRedbedsand Santa Rossandstonall are significant
interconnectedvaterbearingmembers of a single aquifer the immediate vicinity of the WIPP
shafts and the waspanels. For all of these reasons, the conceptual model is wrong. Because
the certification of WIPP was based upon this conceptual model, it must therefore be rescinded.
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ANALYSIS OF LONGTERM RISES

I n the words of t he Pleongeptudlenodeldypotistzadttat.the it he o
Culebra was effectively at hydraulic steady state. Subsequent monitoring has shown that water

|l evels in the Culebra are steadily rising.?o
Magenta and Culeer has shown a gradual rise in groundw
(Culebra Hydrogeology Conceptual Model Peer Revianal Report September 24, 2008pp

1, 4. This has been known since before the WIPP was certified. Beauheim, in Silvée6EEG

August 1996, pages 32), presented 36 hydrograpinearly all of which depicted this long

term rise in water levelsi-ive smilar hydrographsvere presenteatthe Peer Review Panel by

Beauheim \VaterLevel Responses to Rainfglage$5-69, included here as AppendiX E

These hydrographs illustrate steady leegn rises interrupted by shagrm pumping tests over

a 25 to 30year interval at seventeen WIPP test wells, eleven of them within the WIPP site.

Although thesdong-termwaterlevel rises have been detectechearly everyWIPP test well,

their magnitude variefsom place to placeTo quantify their magnitude constructed tables

showing thehighest measured water level for each calendar year at every WIPP test well where
measurementsere recorded on a monthly basisornearlyBdhvi s f i | t ered out th
created by shoiterm pumping tests. The tables are presented as Appendix B.

For each of these WIPP test wells, using the highest measured water levels for each year
(AppendixB), | subtracted thiowest year from the highest ydarcalculate the magnitude of
the longterm rise. | recorded the results in a separate table, stasvhable Twdbelow).

Then | mapped thdata points (Figure One, beloand found the cause of thang-term rises.

As Figure One showshe closer to the center of the WIPP site, the higher thetngrise in
water levels.Contour linesdepict what appears to be a moulat,what is in fact the partial
recovery of the water table from a hurriaduced cone of depression caused by the sinking of
the WIPP shafts beginning in July 198Ihese shafts are up to fourteen feet in diameter. As
groundwater streamed into the WIPP shafts, a cone of depression formed in the water table
surrounding the shaftdiom which the water table the Culebra and Magenstill recovering.

The longterm rises range from 3.03 feet at test weR@&38 (between the WIPP site and Nash
Draw) to 75.10 feet at WIRP1 (1550 feet north of the center of the WIPP site). Watets

have risen bywentyfeet or more in eleven wells, all located within 1.4 miles of the center of the
WIPP site; the closer to WIPZL, the higher the rise. All the wells around the periphery of the
WIPP site showetbng-termwater level rises oklss thanenfeet, with the exception of H7.

Examination ofthe timeline indicates thatater levels have stabilized in only 8 of 38 test wells,
only two of which (H-6 and WIPP12) arelocated within the WIPP siteThe others are 2to 7
miles south osoutheast of the WIPP site-@] H-10 and H12), or between the WIPP site and
Nash Draw (P14 and D268), or in Nash Draw (H). This strongly suggests that the water
table will continue to rise at the WIPP sit€hus the Culebra is not in hydraulic dgastate, as
hypothesized in the conceptual model, on the basis of which the WIPP was certified.
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TABLE TWO: LONG TERM RISES IN CULEBRA WATER LEVELS, IN FEET, 1989- 2007
Well Low High Rise Well Low High Rise
D- 268 C | 3003.27 | 3006.33 3.03 P-14 C | 3037.71 | 3044.22 6.51
DOE 1 C | 2974.06 |2995.97 21.91 P- 15 C | 3008.95 | 3016.26 7.31
DOE 2 C | 3054.06 |3060.89 6.85 P-17 C | 298250 | 2991.36 8.86
ERDA9 C | 2943.98 |3013.32 69.34 P- 18 C |3003.29 | 3164.05 | 160.76
H1 C | 2971.68 | 3036.27 64.59 WIPP- 12 C |3023.54 | 3033.63 10.09
H 2b2 C | 3004.20 |3046.53 42.33 WIPP- 13 C | 3053.07 | 3064.89 11.82
H 3b2 C |2981.22 | 3002.49 21.27 WIPP- 18 C | 3010.10 | 3033.79 23. 69
H 4b C | 2997.67 |3004.71 7.04 WIPP- 19 C |2998.66 | 3047.78 49.12
H 5b C | 3020.29 | 3039.60 19.31 WIPP- 21 C |2942.83 | 3017.93 75.10
H 6b C | 3044.75 |3061.04 16.29 WIPP- 22 C | 2974.77 | 3031.99 57.22
H 7b1 C | 2995.19 |3001.27 6.08 WIPP- 25 C | 3049.66 | 3068.84 19.18
H- 9b/c C |2988.76 | 2997.38 8.62 WIPP- 26 C |3016.40 | 3026.28 9.88
H 10b/c C | 2989.12 | 303351 44.39 WIPP- 27 C | 3074.04 | 3087.92 13.88
H 11b2/4 C | 297490 |2989.59 14.69 WIPP- 30 C | 3061.05 | 3082.43 21.38
H 12 C |2965.99 | 2971.29 5.30 WQSP1 C 1 3051.81 |3063. 93 12.12
H 14 C | 3000.06 |3009.79 9.73 WQSP2 C | 3058.39 | 3069.07 10.68
H- 15 C | 2952.14 | 3005.29 53.15 WQSP4 C |2969.09 | 2990.91 21.82
H 17 C | 2949.44 |2967.18 17.74 WQSP5 C | 2991.08 | 3006.44 15.36
H- 18 C | 3045.04 | 3060.59 15.55 WQSP6 C | 3003.33 | 3021.56 18.23

NOTES: Data are culled from Appendix B, which presents the highest measured water

levels for each test well for e

anomalously low short

- term measurements due to localized pumping tests.

High numbers in blue are

High nu mbers in red are wells that are n

ach calendar year, in order to filter out

water levels that appear to have equilibrated.
High numbers in black are water levels that are s
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till rising.
o longer monitored; of these,
only D -268,P -14and WIPP - 12 appear to have equilibrated.
The mea surements shown in this table are highlighted in black in Appendix B.



FIGURE ONE: PARTIAL RECOVERY OF WATER TABLE AT WIPP SITE

IN FEET ABOVE SEA LEVEL

® 21.38

Nash Draw

@
s
©
w
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WIPP SITE BOUNDARY

Nash Draw

530 @

® 6.08

Data derived from Appendix B, which lists the highest measured water levels in each test well
for each calendar year, in order to filter out short-term disturbances caused by pumping tests.
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In an aquifer, growhwater velocity is proportional to the hydraulic gradient, which is, simply
stated the drop in the water tabletween two pointglivided by the horizontal distance. The
greater the slope of the water talthes faster the groundwater flovspecificaly, the hydraulic
gradientis the change in hydraulic head per unit distafidee hydraulic hegdr potientiometric
surfacejs the level to which water rises in a cased well. The Department of Energy (DOE)
adjuststhe raw data to equivalent freshwatead (e.g2006 Annual Site Environmental Report,
DOE/WIPR07-2225,pp. F12 to F30), andprovides these datar the Culebra.

Becausehehydraulic heads, since 1981, have been rising more rapidly near the WIPP shafts
than at the WIPP site peripheryinrNash Draw, the hydraulic gradient from the WIPP shafts
outward has steadily increased. This, in turn, increases the potential groundwater vatotity.
because, as shown in Figure One, the cone of depression from which the water table is still
recoveing is not symmetrical, being less steep on its eastern side, a more westerly component to
groundwater flow is developing as the water table recovers and moves towaitttiequil

When a number of cased wells tap the same aquifer, the measured headaraheeplotted on

a map, and potentiometric contour lines can be d@mnecting interpolated points of equal
value. In a porous aquifer, such as sandstone, the flow paths parallel the hydraulic gradient,
always perpendicular to the potentiometric caniaes. However, where preferred pathways
exist, such aspenfractures in dolomite, or solution conduits in gypsum, the flow direction will
reflect a balance between the path of least resistance (maxnamsmissivity, and the steepest
hydraulic gragent. It may, in places, be almost parallel to the potentiometric contours, but the
water can never flow upgradient. (Phillips and Snowg8183Conceptual Model for

Contaminant Transport in Karst Aquifers at the WIPP Sife,2, 3).

The hydraulic gradent is also affected by shegrm fluctuations in response to rainfédecause
water levels in some wells rise more than oth@is illustrate the Culebra potentiotrie surface
after a major recharge evehthose November 2006 (7.50 inches of raad Fallen on the WIPP
site since September 1, 2006). Using data from November 2006 where avhpjadpared a

table listing the measured water levels and the adjusted freshwater heads for 40 Culebra test
wells (Table Three, below), and plotted themaomap (Figure Two, below).

As the map shows, smooth contour lines can be drawn between the WIPP site and Nash Draw.
But within the WIPP site the potentiometric contours bend northward, much like topographic
contours bend northward where a stream flowdlsgard. This valleyin the water table may be
due to a known path of high transmissivity in the Culebra in this area ingdbst wells H3,

DOE-1, H11,H-17and R17 (Phillips and Snow, 199 Potential Flow Paths from the WIPP

Site to the AccessibEnvironmentpp. 1011), or to incomplete recovery of the water table from
the sinking of the WIPP shafts, or bothatever the reasons, the potentiometric contours show
that Culebra groundwater, once past the southern boundary of the WIPP sitetddlail¢o

the southeastsouth orsouthwestfollowing the pathof least resistance (highest transmissivity).
That would be toward test well-Ain Nash Draw, where Culebra transmissivity was measured
at 1430 ft/day, the highest of any WIPP test wetid¢hence to WIPR9 near Laguna Grande

de la Sal, where Culebra transmissivity was measure@b@tftt/day, and where thedjusted
freshwateiheadis 2968feet above sea lev@\lercer, 1983)the lowest of any WIPP test well

17



TABLE THREE: MEASURED WFAER LEVELS AND CORRECTED FRESH WATER HEADS, CULEBRA DOLOMITE

Well Level Head Date Well Level Head Date
AEG 7 3230.46 3270.27 11/06 WIPP- 26 3024.14 3025.47 08/06
DOE 1 2995.97 3031.85 08/06 WIPP- 30 3080.47 3087.84 11/06
ERDA9 3012.44 3033.82 11/06 WQSP1 3062.13 3076.37 11/06
H 2b2 3045.33 3049.25 11/06 WQSP2 3067.33 3084.45 11/06
H 3b2 3000.42 3011.22 11/06 WQSP3 3016.55 3072.00 11/06
H 4b 3003.77 3005.6 8 | 11/06 WQSP4 2989.65 3009.74 11/06
H- 5b 3037.84 3081.50 11/06 WQSP5 3005.25 3010.94 11/06
H 6b 3060.73 3074.21 11/06 WQSP6 3020.68 3023.21 11/06
H 7b1 3000.89 3001.08 11/06 C 2737 3012.69 3015.72 11/06
H 9c 2994.02 2995.27 11/06 SNL- 1 3082.78 3087.90 11/06
H- 10c 3025.94 3032.36 11/06 SNL- 2 3075.85 3078.08 11/06
H 11b4 2987.01 3006.96 11/06 SNL- 3 3074.18 3086.46 11/06
H 12 2970.15 3001.75 11/06 SNL-5 3077.90 3081.71 11/06
H 15 2989.38 3026.22 03/06 SNL- 8 3029.89 3054.71 11/06
H 17 2966.17 3007.0 7 | 11/06 SNL-9 3053.16 3058.80 11/06
H 19b 2992.21 3014.14 11/06 SNL- 12 3001.49 3002.41 11/06
P-17 2990.67 3006.22 07/06 SNL- 13 3008.71 3015.03 11/06
WIPP-11 | 3069.88 3088.85 11/06 SNL- 14 2992.18 3010.16 09/06
WIPP- 13 3063.79 3082.34 11/06 SNL- 15 2821.43 2881.05 11/06
WIPP-19 | 3045.96 3068.78 11/06 IMC- 461 | 3054.18 3054.74 11/06

NOTES: Data are culled from Annual Site Environmental Report (ASER) for 2006
(DOE/WIPP 07 - 2225). November 2006 was chosen as an example of recent
water levels following heavy rains at the WIPP site (approximately 7.5 inches in
two months; see Appendix A). Data for DOE -1,H -15,P -17, WIPP -26 and SNL -14 are
not synoptic, being the last measurements recorded for calendar year 2006.
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FIGURE TWO: CULEBRA POTENTIOMETRIC SURFACE

IN FEET ABOVE SEA LEVEL
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This map utilizes adjusted fresh water heads for the Culebra from November 2006 where
available, and otherwise from the last monthly measurement in calendar year 2006.
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Although the DOE has not, in recent years, provided adjusted freshwater heads for the Magenta,
it has in the past. It has long been known (Mercer, 198Ble 7 that the Culebra and Magenta
freshwater heads are equal, or nearly so, at test wellitHthe northwestern corner of the WIPP

site, and at WIPR25, nearly three miles to the west in Nash Drawis indicates good vertical
communication between thevo aquifers Somewhere between the WIPP shafts ar@ltHe

Culebra and Magenta lose their hydraulic distinction and beeositggle, unconfined aquifer.

To prepare a larger data set, | compahedraw data for water levels, unadjusted, at the same
locations, for the Culebra and Magenta, as shown in Appendikigse are the highest
measured values for each year. | preparadble showing themallestdifferencebetween

them, in feet, and ideififing the yearof measuremer(irable Four, below) The data show the
Culebra and Magenta heads to be nearly equal at six test wells, the difference between them
being as small as 0.10 feet at WiPP, 0.98 feet at WIRBO, 4.11 feet at WIRR7, 7.51 feett

H-6, 17.27 feet at DOR, and 18.89 feet at-##8. These data confirm that unconfined
conditions extend three miles east of Nash Draw, including the northwestern part of the WIPP
site. By contrastthe smallest differences between Culebra and Magesids at test wells
elsewhere within the WIPP site were 97.36 feet-4dthnd 97.37 feet at-B, in the west

central part of the WIPP sitdf a line is drawn midway between data points below 20 feet and
data points above 90 feet (there beiaigthe WIRP site,no values in between), it gives an
estimate of the geographic extent of unconfined conditions in the Rustler (Figure Three,
below). This geographic area would include test wells WEPWIPR11, WIPR13,

WIPP-14 and R14, where hydraulic headn the Magenta have not been reported.

Hydraulic heads for two aquifers need not be equal to be an indicator of a vertical connection
between them. In a karst region, drill holes rarely intercept the actual karst conduits. The
smaller the differencediween the hydraulic heads, the nearer the drill hole is to the vertical
conduits. Nor is a large difference between hydraulic heads proof of confined conditions. If an
aquifer isreceiving rainwater recharge througbwnwardinfiltration, it is not fully confined.

In the stratigraphic column, all that separates the Culebra and Magenta is the Tamarisk member
of the Rustler Formation. The Tamarisk is 179 feet thick 28,RPone mile east of the WIPP site,
in what is believed to be a complete Rustlerisaawith little dissolution having occurredit
P-18there is halite remaining above the Magemal{e FortyNiner), between the Magenta and
Culebra (in the Tamarisk), and below the Culebra (in the Unnamed Lower Menrhher).
Tamarisk is 82 feet thickt sthe WIPR33 sinkhole, where watdilled caverns were found in the
Dewey Lake, FortyNiner and Magenta, no halite remains in the Rustler, all the anhydrite has
been converted to gypsum, and some of the gypsum has been dissolved and carried away.
Betweenthese two extremes of little dissolution andchdissolutionare 55 other boreholes,
which are listed in Table Fivgelow) These include the 21 potash test holes drilled more than
thirty years ago. The Tamarisk is 100 feet thick in dlpf 57 bordoles one within the WIPP
site (WIPR13), one on the periphery {#, four east of the WIPP sitB-10, R18,P-19, AEC-

7), two south of the WIPP site (2, H17), and two in Nash Draw (WIPE5 and WIPF28), as
listed in Table lve. When the data pointre plotted on a contour m@pigure Fou, below), it

is seen that WIPR3 and H4 are outliers, the region where the Tamarisk is 100 feet thick being
otherwise confined to the southeastern part of the WIPP sité9by?R, P2 and P11.
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TABLE FOUR: COMPARISON OF MAGENTA AND CULEBRA WATER LEVELS, IN FEET ABOVE SEA LEVEL

Well Magenta Culebra Difference Year
H1 3134.32 3019.70 114.62 1994

H 2 3128.31 3030.94 97.37 1994

H 3 3132.14 3000.62 131.52 2003

H 4 3141.71 3002.60 139.11 1993
H5 3154.85 3047.49 107.36 1992

H 6 3068.55 3061.04 7.51 2006
H9 3136.42 2997.36 139.06 2005

H 10 3159.63 2994.94 64.69 1997
H 11 3133.24 2986.13 147.11 2004
H 14 3106.99 3009.63 97.36 2001
H 15 311353 2962.22 151.31 2001
H- 18 3078.59 3059.70 18.89 2001
WIPP- 18 3140.68 3033.69 106.99 2001
WIPP- 25 3056.12 3056.02 0.10 1994
WIPP- 27 3069.93 3074.04 4.11 1989
WIPP- 30 3078.34 3079.32 0.98 2005
DOE 2 3058.12 3040.85 17.27 2001
C 2737 3145.86 3024.01 121.85 2001
NOTE: Data are highest measured wat er levels for calendar year (see Appendix B).

The measurements shown in this table are highlighted in blue in Appendix B.

COMPARISON OF MAGENTA AND FORTXINER WATER LEVELS, IN FEET ABOVE MEAN SEA LEVEL

Well Magenta Forty - Niner Difference Year
H 3 3152 3126 26 1989
H 14 3168 3109 59 1989
H 16 3116 3106 100 1989
SOURCE: Lappin et al., 1989 (SAND 89 - 0462).
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FIGURE THREE: DIFFERENCE BETWEEN HYDRAULIC HEADS

MAGENTA AND CULEBRA, IN FEET

This map shows the smallest measured difference between the adjusted fresh water heads
of the Culebra and Magenta where measurements of both aquifers are available.
Bulls-eyes are wells where the Magenta head is higher than the Forty-Niner.
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