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The groundwater densities for the WIPP Culebra monitoring wells were caiculated for 2015 as described
in the Activity/Project Specific Procedure (SP) 9-11 Calculation of Densities for Groundwater in WIPP Wells.
The derivation of the data is explained in the following sections and supporting data are attached.

1. Calculation Process:

As stated in SP 9-11, for each calculation the observed water pressure is divided by the height of the water
column. Specifically, the measured pressure value minus the closest corresponding barometric pressure
was divided by the pressure gauge depth minus the closest corresponding depth to water (from or
adjusted to the same measurement point elevation), and that result was then divided by 0.4335 (psi to
feet of water conversion at 4°C, at which temperature the density of pure water is 1.000 g/cm?). The
individual calculated density results for each well were then averaged for a final density value.

The density data are included in the 2015 Calc Densities.xlsx spreadsheet file created in Excel. Within that
spreadsheet, the worksheet 2015 Calc Dens summarizes the resulting density values and supporting
information for the calculated densities, and the worksheet 2015 Calc Dens Formulas provides the
formulas in the worksheet. In addition, the Excel file contains individual well worksheets that include the
data used for the calculations and plots of the pressure gauge pressure data. The columns in the
worksheets and their contents are described below:

& A -~ Monitor Well - Well name

= B - 2015 Avg Calc Dens (g/cm?) — Average calculated density value for 2015

s C-2015 Specific Gravity (Reference: Freshwater at 70°F) — Average calculated density value for

2015 divided by 0.998 to represent specific gravity in reference to freshwater at 70°F

= D - 2014 Avg Calc Dens (g/cm?) — Average calculated density value for 2014

= [F —2015 - 2014 Diff {g/cm®) — Difference between 2015 and 2014 densities (Column B - Column
D}
F — # of Dens Averaged — number of density values averaged to get the final value
G — 2015 Timeframe of Data — Time period for pressure data used in calculations
H — Pressure Gauge File Name (Gauge SN) — File name for pressure data and INW gauge SN
| - Pressure Gauge Install Depth (ft BTOC/BTEC/BTOT) — Depth below primary measuring point at
which the pressure gauge was installed
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= j-Pressure Gauge !deal Install Depth (ft BTOC/BTEC/BTOT) (ERMS 553781) ~ Mid-Culebra depth
below top of referenced casing

e K -Length Off Ideal Depth (ft) -~ Depth in feet that the pressure gauge is installed below or above
the ideal (Column I - Column J)

s | - Date of Install - Date the pressure gauge was installed

= M - Installation Logbook Page — Reference to scientific notebook and page(s) where the pressure
gauge installation was documented

= N -Comments/Explanations —- Comments and/or explanations regarding data, as needed

The spreadsheet entries were verified by Matt Thomas (6932) and Shelly Nielsen (6930).

2. ldentification/Listing of Input, Input sources, and Output:
s Excel spreadsheet including the data — 2015 Calc Densities.xls

— Worksheet 1 - 2015 Calc Dens — Worksheet 21 - IMC-461

— Worksheet 2 — 2015 Calc — Worksheet 22 —SNL-1
Dens_Formulas — Worksheet 23 —SNL-2

— Worksheet 3 — Baro Data — Worksheet 24 —-SNL-3

Worksheet 4 — AEC-7R
Worksheet 5 - C-2737
Worksheet 6 — ERDA-9
Worksheet 7 — H-2b2
Worksheet 8 - H-3b2
Worksheet 9 — H-4bR
Worksheet 10 — H-5b
Worksheet 11 — H-6bR
Worksheet 12 ~ H-7b1
Worksheet 13 — H-9bR

Worksheet 25 - SNL-5
Worksheet 26 — SNL-6
Worksheet 27 — SNL-8
Worksheet 28 ~ SNL-9
Worksheet 29 — SNL-10
Worksheet 30 —SNL-12
Worksheet 31 —SNL-13
Worksheet 32 — SNL-14
Worksheet 33 —SNL-15
Worksheet 34 - SNL-16

— Worksheet 14 — H-10c — Worksheet 35 — SNL-17A
— Worksheet 15— H-11b4R — Worksheet 36 —SNL-18
— Worksheet 16 - H-12R — Worksheet 37 — SNL-19
— Worksheet 17 —H-15R — Worksheet 38 - WIPP-11
— Worksheet 18 —H-16 - Worksheet 39 - WIPP-13
— Worksheet 19 —H-17 — Worksheet 40 - WIPP-19

— Worksheet 20 — H-19b0

3. Data Qualification for Compliance Decision Analysis:
Data sources provided in Column H (Pressure Gauge File Name (Gauge SN)), Column M (Installation
Logbook Page), and in the References Section.

4. Software Used:
Intel® Xeon® CPU, Microsoft Windows 7, Microsoft Office Professional Plus 2010 Excel

5. Reviews:

Technical: Matt Thomas, 6932
QA: Shelly Nielsen, 6930
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6. References:

° Pressure gauge installation data and SNL water level data from the following scientific
notebooks (package ERMS 543277):
Long-Term Monitoring Notebook (LTM)-22
Long-Term Monitoring Notebook (LTM}-23
Long-Term Monitoring Notebook (LTM)-24
RES Water Level Data submitted to SNL in monthly memoranda (package ERMS 525178)
Johnson, Patricia B., Culebra Center Depths for Use in Calculating Equivalent Freshwater
Heads of the Culebra Dolomite Member of the Rustler Formation near the WIPP Site, Revision
3, June 10, 2010 (ERMS 553781)

7. List of Attachments:
1. Printout of Excel file worksheet 2015 Calc Dens.xls
2. Printout of Excel file worksheet 2015 Calc Dens Formulas.xls
3. CDincluding the Excel file and memorandum
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2015 Cale Dens

A B8 C D 3 F G H | ¥ ] K L M N
2015
Prassure
2015ave | 5P | a1aav | 2015- Gauga insra | Pressure Geus tdent |\ o
Monitor wall| CaleDens | S™Y | corc pang [ 2014 e | #0FDens | 2015 Timeframe Prassure Gauge Flle Name (Gauge SN) Depth (ft nstall Depth (ft | o) oapen | Date ot install Installation Logboak Page Cammants/Explanations
4 (Reference: 4 a | Averaged of Data BTOC/BTEC/BTOT)
{g/ecm®) Frashiiter (gfem’) (g/em®) BTOC/BTEC/ (ERMS 553781) {f)
at70°F) aret)
AEC-7R 1.056 1,058 1.071 0,015 5 Sept-Nov  |AEC-7R C10 082715 (21237086) 866.00 872.98 -6.98 8/27/2015 LTM-23 pg 96
C-2737 1.023 1.025 1.022 0.001 & Aug - Oct C-2737 €27 012715 {21237046) §88.85 689.78 -0.93 1/27/2015 LTM-22pg 108
ERDA-S 1.071 1073 1.070 0.001 © Aug - Oct ERDA-9 €20 052715 (21237055) 717.20 717.81 -0.61 5/27/2015 LTM-23 pgs 43-44
H-2b2 1.009 1011 1.010 -0.001 1] Aug - Oct H-2b2 €13 121714 (21237090} 635,50 63550 0.00 12/17/2014 LTM-22 pg 78
H-3b2 1.017 1019 1.025 -0.008 ) Aug - Oct H-3b2 €21 012715 (21237040} 670.60 687.10 -16.50 1/27/2015 LTM-22 pg 107
H-4bR 1.027 1.029 1.028 0.002 7 Aug - Nov H-4bR C11 011415 (21237060) 507.90 507.54 0.36 1/14/2015 LTM-22 pg 96
H-5b 1.083 1.085 1.087 -0.004 6 Aug - Cct H-Sh €17 022415 (21237033} 509.22 909.22 0.00 2/24/2015 LTM-22 pg 125
H-6bR 1.036 1.038 1.036 0.000 ] Aug - Oct H-6bR €09 121014 (21237075) 616.60 616.58 0.02 12/10/2014 LTM-22 pg 75
H-7b1 1.007 1.009 1.007 0.000 5 Aug - Oct H-7b1 €20 121714 (21237008) 269.90 26913 0.77 12/17/2014 LTM-22 pg 79
H-9bR 1.002 1.004 1.002 0.000 6 Aug - Oct H-9bR €9 041515 (21237042), H-9bR C10 100615 (21534011) 660.54 660.54 0.00 4/15/15, 10/6/15 LTM-23 pgs 24, 125
H-10c 1.095 1.097 1.094 0.001 6 Aug - Oct H-10c €17 012718 (21237016), H-10¢R COL 102215 (21237013) 1372.10 137190 0.20 1/27/15,10/22/15 LTM-22 pg 106, LTM-24 pg 6
H-11b4R 1.076 1078 1.075 0.001 13 Aug - Oct H-11b4R €8 120314 (21237070), H-11b4R C9 092915 (21237080} 735.85 735.85 0.00 12/3/14, 9/29/15 LTM-22 pg 66, LTM-23 pg 117
H-12R 1.106 1.108 1.040 0.066 S Oct - Dec H-12R €07 090215 (21237085) 835.80 837.67 -1.87 9/2/2015 LTM-23 pg 99 2014 value was nated as not being representative of formation water
H-15R 1117 1119 1.116 0.001 13 Aug - Oct H-15R C16 033115 (21237072) 872.50 872.57 -0.07 3/31/2015 LTM-23pg 8
H-16 1.032 1.034 1.033 -0.001 6 Aug - Oct H-16 €08 070115 (21237087}, H-16 €10 091115 (21237087) 715.10 715.10 .00 7/1/15, 9/11/15 LTM-23 pgs 60, 115
H-17 1.131 1133 1.132 -0.001 ] Aug - Oct H-17 C15 041515 (21225021} 719.93 719.93 0.00 1/14/2015 LTM-22 pg 97, LTM-23 pg 25
H-19b0 1.064 1.066 1.085 -0.001 6 Aug - Oct. H-19b0 £20 022515 (21237044} 754.00 753.49 0.51 2/25/2015 LTM-22 pg 129
IMC-461 1.002 1.004 0.994 0.008 3] Sept - Nov IMC-461 €28 121014 (21237064), IMC-461 £29 090415 {21237076) 376.50 376.10 0.40 12/10/14, 9/4/15 LTM-22 pg 74, LTM-23 pg 100
SNL-1 1.028 1.030 1.028 0.000 6 Aug - Oct SNL-1 €27 011315 (21237030} 612.90 612.23 Q.67 1/13/2015 LTM-22 pg 91
SNL-2 1.006 1.008 1.008 -0.002 ] Auf SNL-2 €32 011315 (21237056} 470.70 470.69 0.01 1/13/2015 LTM-22 pg 83
SNL-3 1.026 1.028 1.025 0.001 6 Aug - Oct SNL-3 C18 011315 (21237032} 766.50 766.19 0.31 1/13/2015 LTM-22 pg 92
SNL-5 1.007 1.009 1.006 0.001 6 Aug - Oct SNL-5 C27 021415 (21237089), SNL-5 C28 052715 (21237039) 649.00 648.84 0.16 1/14/15, 5/27/15 LTM-22 pg 300, LTM-23 pgs 42-43
SNL-6 1.244 1.246 1.244 0.000 & Aug - Oct ISNL-S C18011315 (21237012} 1338.20 1338.03 0.17 1/13/2015 LTM-22 pg 80
SNL-8 1.093 1.085 1.093 0.000 13 Aug - Oct ISNL-8 €37121714 (11225019! 569.70 969.70 0.0 12/17/2014 LTM-22 pg 76
SNL-8 1.016 1018 1.016 0.000 4 Nov - Dec SNL-2 €29 110215 (21237067} 567.20 567.20 0.00 11/2/2015 LTM-24 pg 8
SNL-10 1.008 1.010 1.008 0.000 6 A!! - Nov SNL-10 C21 100814 (21237067), SNL-10 €22 092915 (21237083} 613.50 613.46 0.04 10/8/14, 9/29/15 LTM-22 pg 27,1TM-23 pg 119
SNL-12 1.008 1.007 1.005 0.000 6 Au! - Oct SNL-12 €20 012715 (21237034) 570.90 570.68 0.22 1/27/2015 LTM-22 pg 104
SNL-13 1.023 1.025 102 0.003 6 Aug - Oct SNL-13 €23 021215 (21237083), SNL-13 €24 052715 {21237048) 401.00 400.62 0.38 2/12/15, 5/27/15 LTM-22 pg 122, LTM-23 pg 44
SNL-14 1042 1.044 1.044 -0.002 6 Aug - Oct SNL-14 €30 011415 (21237082, 668.95 668.95 0.00 1/14/2015 LTM-22 PE 98
SNL-15 1229 1231 1.228 0.001 6 Aug - Oct SNL-15 €26 012715 (21237037) 922.18 922.18 0.00 1/27/2015 LT™-22 P8 106
SNL-16 1.012 1014 101 €.002 6 Oct - Dec SN €23 090215 (21237005}, SNL-16 €24 110915 {21237005) 207.86 207.86 0.00 8/2/15, 11/9/15 LTM-23 pg 99, LTM-24 pg 22
SNL-17A 1.007 1.009 1.005 0.002 6 Aug - Oct SNL-17 €21 120414 (21237007), SNL-17 €22 092915 (21225017) 349.60 349,93 -0.33 12/4/14, 9/29/15 LTM-22 pg 72, LTM-23 pg 116-117
SNL-18 1.007 1.009 1,007 0.000 6 Aug - Oct SNL-18 C26 052715 (21237027) 549.30 549.30 0.00 5/27/2015 LTM-23 pg 42
SNL-18 1.003 1.005 1.004 -0.001 6 Aug - Oct ISNL-19 C18 011315 (21225020) 355.10 354.18 0.91 1/13/2015 LTM-22 pg 94
WIPP-11 1.036 1.038 1.036 0.000 6 Aug - Oct (WIPP-11 C27 012815 (21237057) 857.80 857.41 0.39 1/28/2015 LTM-22 pg 108
WIPP-13 1.034 1,036 1035 -0.001 5 Aug - Oct (WIPP-13 €21 033115 (21237081) 715.30 714.88 0.42 3/31/2015 LTM-23 pg 7
WIPP-19 1048 1.050 1.051 -0.003 5 Aug - Oct (WIPP-19 €13 060315 (21237083), WIPP-19 C14 081315 (21237064) 770.20 769.50 0.70 6/3/15, 8/13/15 LTM-23 pgs 51, 91
Notes:
All pressure gauges are INW brand and cables are all non-vented
Barometric data are from INW gauge - gauge - 21237000 {file - PAC-A BARD3 011415)
ft BTOC = feet below top of casing
ft BTEC = feet below top of environmental casing
ft BTOT = feet helow top of tubing
LTM = Long-Term Monitoring
NA = Not available
The "SNL-17A" and "SNL-17" names are used interchangeably
Mid Denths are from ERMS 553781, except for AEC-7R, H-SbR, H-11b4R, and H-12R, which are from RES BDRs and/or construction diagrams
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2015 Calc Dens_Formulas

A B C D E F G H 1 J K L M N
essure Gi
101::;:|ﬂ= Fitocte Swine PrIdell Inst.al:ln
2015 Avg Cale 2014 AvgCole | 2005-2014DIf | #ofvens | 2015 Timeframe install Depth (ft Length Off [deel ook
i Gi Flle N: { SN} Dej Date of I
MorttorWel | pensfgrem®y | nererer®: | pens (fem’ [ Averaged of Data Frassure Cavps Flle Neme (Saugs SH) BTOG/BTEC/ p Depth (ft) ofinsisl Page Somments/Explanations
70 oM 1) fenwis ss2781)
AECTR (1056 “84/0.998 1071 e 5 Sept-Nov__|AEC-7R C10082715 (21237086) I3 37298 Siaa 42283 [TM-23 pg 95
[ ) -55/0.958 1022 8505 6 Aug-Od__[C-2737 €27 012715 (21237046) 8835 6e5.78 555 2031 LTM-22 pe 108
ERDAS (1071 -B6/09% 107 -h6.06 3 Aug-Odt__|ERDA-9 (20052715 (21237055) 1172 iuuu ek 42151 LTV-23 pgs 4344
Wab2 1o -87/0.998 1o C87.07 3 Aug-Oct _|H-2b2 C13 121714 (21237090) 6355 6355 1707 41950 (TM-22 pg 78
H-3b2 1.025 <8808 6 Aug-Oct__|H-3b2 C21 012715 (21237040) 6706 687.1 188 12031 TTM-22 pg 107
H-4bR 1.025 6509 7 Aug-Nov__|H-4bR C11011415 (21237080} Jso79 s07.52 1933 12018 TM-22pg96
H-5b 11.087 =810-D10 3 Aug - Oct lu-sb €17 022415 (21237033} 905.22 .22 =110-110 112059 1TM™-22 P8 125
H-GbR 10% 811021 3 Aug-Oct__|H-6bR C09 121014 (21237075} 6166 61658 T 1583 M 220875
Kbt 1007 2512-012 3 Aug-Oct__|H-7b1 (20121714 (21237008) 2639 26313 12112 41990 LTM-22 579
HILR 1.002 -813.013 s AuB-O%  luy.obR C9 041515 (21237042), H-9bR C10 100615 (21534011) 66054 66054 L1313 4/15/15, 10/6/15 | LTM-23 pgs 24, 125
1/27/15, | (TM-22 pg 106, LTM-
H10c Aug-Oct
1.095 =B14/0.998 1,098 =B14.D14 6 JH-10c €17 012715{21237016), H-10cR €01 102215 (21237013) 1372.1 13719 =114-14 10/22/15 24pg6
LTM-22 pg 66, LTM-
WIBR -, g -a1sp99s 1075 -815-D15 6 A8-Oct |1 110aR B 120314 (21237070, H-11b4R C9 092915 [21237080) 73585 73585 11515 nauonied BRIETIOL
H-12R 1106 -816/0.998 104 B16.015 s Oct- Dec l1-12R CO7 090215 (21237085) 358 v37.67 11616 42249 LTM-23 pg 99 2014 value was noted as not being representative of formation water
e ey =B17/0.998 1.116 =B17-D17 6 Aug-Oct _[1-15R C16033115 (21237072) 4725 17257 =117-117 42094 1TM-23 pg8
s 1032 =_1M3 1.033 =B18-D18 6 Avs:0c H-16 C09 070115 (21237087}, H-16 C10 091115 {21237087} 715.1 715.1 =118-J18 7/3/35,9/13/15 | LTM-23 pgs 60, 115
W47 Aug-Oct (TM-22 pg 97, LT
1.131 =B19/0.998 1.132 =B13-D12 6 8 H-17 C15 041515 [ 21225021 11993 719.93 =119-/18 42018 2325
Wisb0  |Loes B20/0998 1065 B20-020 s Aug-Oct__|H-19b0 €20 022515 (1237044} isa 75349 120120 12060 [TW-22 pg 125
[TM-22 pg 74, LT
MC46L 1 o2 -B21/0998  0.9%4 B21.021 3 SeP-NOY liac.a61 €28 121014 (21237064), IMC-461 €29 030415 (21237076 1765 3761 21021 12014948038 | " o3 o 100
SNL1__ 1o Cam/09%8 1oz “822.02 3 Aug-Oct__[NL-1C27 011315 (21237030) 5129 lo12.23 122022 2017 [T™-22 pg 91
SNL-2 1.006 -823/0.998 1.008 =823-D23 16 Aug - Oct SNL-2 €32 011315 {21237056) 1470.7 470.69 ~123-123 122017 LTMW-22 pg 93
SNL-3 1.026 ~B24/0.998 1.025 =824-D24 = Aug - Oct ANL-3 C18 011315 (21237032) 1766.5 766.19 =124-)24 142017 LTM-22 pg 52
LTM.22 pg 100, LTM-
SNLS -oa 1/14/15,5/27/15
1007 sospe9s  [1006 -825.025 s i 5 C27 011415 (21237089, SNL'S C28 052715 (21237039) 649 648,84 -125-125 23 pgs 4243
SNCe (1044 a26/0398 1284 826026 3 Aug-Oct__[4NL-6 C18 012315 (21237012) 13382 1338.03 “25126 2017 1™ 22 pg 30
SNLB_ [ros3 =527/0998 1093 =B27.D27 3 Aug-Oct__|3NL-8 C37 121714 (21225019) 62,7 607 127127 l1950 TV-22pg 76
SNLS (1016 B28/0998 _ |1016 -B28.028 e Nov-Dec 9 29110215 (21237067) 567.2 5672 128128 2310 (TM-24 pg38
1TM-22 pg 27, LTM-
SN0 oo e/0998  |1008 -529-029 3 AUB-NO¥  Ni-10 C21 100814 (21237067), SNL-10 C22 052915 (21237083) 135 1345 129429 1088972905 | 33 pg 115
SNz 1005 ew/osss (1005 <B30-030 3 Au- Ot [5NI-12 C20012715 (21237034) 5709 57068 EEEY 42031 [TM-22 pg 104
[TM-2 pg 122, LTM-
I3 | Ligin 310998 |102 <B31.D31 3 AuB-O% o113 23 021215 (21237083), SNL-13 C24 052715 (21237048) w0062 =313 i diad N
SNl [iow “R32/0898 |108 832032 B Aug-Oct__I'NL-14 C30 011415 21237082) 66895 EEFEE 2018 (-2 pg 38
SNL-15 1,229 ~B33/0.998 1.228 =B33-D33 6 Aug-Oct 5NL-15 €26 012715 {21237037) 322,18 =|33-J33 42031 LTM-22 pg 106
LTM-23 pg 99, LTM-
SMAE o1 -83/0398 |1o1 -B34-034 o Oct-Dec |, n116.c23 00215 [21237005), SNL-16.C24 310915 (24237005) 20786 (34034 92015, 11/9/15 24022
TM-22pg 72, (TM-
SNAPA o -e35/0998  |1.005 -835.035 s AuB-O% . N147 21 120414 (21237007), SNL-27 €22 093915 (21225017) 3496 34993 135435 124N 9015 | g g 16117
SNL-18 11.007 =836/0.998 1.007 =836-D36 6 Aug - Oct SNL-18 €26 052715 (21237027) 549.3 549.3 =136-136 42151 LTM-23 E‘Z
sNC1s 1008 ea7/0958  |1004 -837.037 A Aug-Oct__|3NL-19 C18 011335 (21225020) 3551 35419 37437 42017 (TM-22 pg4
WIPP-11 1.036 =838/0.998 1.036 =B38-D38 6 Aug - Oct IPP-11 C27 012815 [21237057] 857.8 857.41 =138-138 142032 LTM-22 pg 108
WIPP13_ [1.034 /0358 1035 839039 3 Aug-Oct xmw-u 21033115 (21237081) 7153 71488 3939 42094 iM-23pg7
‘WIPP-19 1.048 =w(2.993 1.051 =B40-D40 o g - Oct W IPP-19 C13 050315 {21237083), WIPP-19 C14 081315 (21237064) 1170.2 [73-5 =140-140 6/3/15,8/13/15 | LTM-23 [ 51,91
Notes:
Al pressura gauges
‘Barometric data ar
fUBTOC =feet belo

1t BYEC = feet beloy
ft BTOT =feet belo'
LTM = Long-Term M
NA= Not avallable
The "SNL-17A" and
Mid Depths arefro
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