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Table 2.1 Probability of Encountering a Brine Reservoir - 2013: 

 
Trigger Value Derivation  
COMP Title: Probability of Encountering a Castile Brine Reservoir 
COMP Units: Unitless 
Related Monitoring Data 
Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, 
observation) 

Compliance Baseline Value 

DBMP(1) NA Driller’s survey – Field 
observations 

0.01 to 0.60 (uniform distribution) 

COMP Assessment Process 
Analysis of encounters of pressurized brine recorded and reported by industry in the 9-township area 
centered on WIPP. 
Year 2013 COMP Assessment Value - Reporting Period September 2012 to August 2013 
No new data reported in State record during the reporting period; no new report from Field 
Observations. 34 Total Brine Encounters out of 678 boreholes drilled within the monitored area 
   27  CCA total occurrences before 1996 
   0    State Record occurrences since 1996 
   7    Site Personnel/ Drillers Survey occurrences since 1996
Related Performance and Compliance Elements 
Element Title Parameter 

Type & ID 
or Model 
Description 

Derivation Procedure Compliance 
Baseline 

Impact of 
Change 

Probability of 
Encountering 
Brine  

Parameter 
PRBRINE  

CCA MASS Attachment 18-6 
geostatistical study based on 
area occurrences.   
 
EPA Technical Support 
Document justified the upper 
value in their range by 
rounding up the upper value 
interpreted from the Time 
Domain Electromagnetic 
survey, which suggested a 10 
to 55% areal extent. 

0.08 
 
 
 
0.01 to 0.60 
 

Not a sensitive 
parameter.  

Monitoring Data Trigger Values 
Monitoring 
Parameter ID 

Trigger Value Basis 

Probability of 
Encountering a 
Castile Brine 
Reservoir 

None After the DOE proposed the brine reservoir probability as 
potentially significant in the CCA Appendix MONPAR, the 
EPA conducted analyses that indicate a lack of significant 
effects on performance from changes in this parameter.  For 
this reason and since the parameter is evaluated for significant 
changes at least once annually, no TV is needed. 

(1) Delaware Basin Monitoring Program 
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Table 2.3 Drilling Rate - 2013: 

 
COMP Title: Drilling Rate 
COMP Units: Deep boreholes (i.e., > 2,150 ft deep)/square kilometer/10,000 years 
Related Monitoring Data 
Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, observation) 

DBMP Deep hydrocarbon 
boreholes drilled 

Integer per year 

COMP Assessment Process 
(Total number of deep boreholes drilled/number of years of observations (100)) x (10,000/23,102) 
[i.e., over 10,000 years divided by the area of the Delaware Basin in square kilometers] 
Year 2013 COMP Assessment Value - Reporting Period September 1, 2021 to August 31, 2013 
(16,633 boreholes on record for the Delaware Basin)  Drilling Rate = 72.0 boreholes per square 
kilometer per 10,000 yrs. 
Related Performance and Compliance Elements 
Element Title Parameter Type 

& ID or Model 
Description 

Derivation Procedure Compliance 
Baseline 

Impact of Change 

Drilling rate Parameter 
LAMBDAD  

COMP/10,000 years  5.98 E-03 
per square 
kilometer per 
year (CRA-
2009 PABC 
value) 

Cuttings/cavings releases 
increase proportionally with 
the drilling rate.  Doubling 
CRA drilling rate does not 
exceed compliance limit. 

Monitoring Data Trigger Values 
Monitoring 
Parameter ID 

Trigger Value Basis 

Deep boreholes  None Revision 2 of the TV Derivation Report (Wagner and Kuhlman 2010). 
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Table 2.5 Creep Closure - 2013: 
 
COMP Title: Creep Closure 
COMP Units: Closure Rate (s-1 ) 
Related Monitoring Data 
Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, observation) 

Compliance Baseline Value 

Geotechnical  Closure Instrumentation 
located throughout the 
underground. 

Multi-mechanism deformation 
creep model developed by 
Munson and Dawson 

COMP Assessment Process - Reporting Period July 2011 through June 2012 
Evaluate GAR for centerline closure rates, compare to previous year’s rate.  Account for drift 
dimensions and convert to creep rate.  If closure rate increases by greater than one order of 
magnitude, initiate technical review.   
Related Performance and Compliance Elements 
Element Title Parameter Type 

& ID or Model 
Description 

Derivation Procedure Compliance 
Baseline 

Impact of 
Change 

Repository Fluid 
Flow 

Creep Closure Porosity Surface, 
waste compaction, 
characteristics, 
waste properties, 
evolution of 
underground setting 

SANTOS,  
porosity 
surface 
calculations 

Provides 
validation of the 
creep closure 
model. 

Monitoring Data Trigger Values 
Monitoring 
Parameter ID 

Trigger Value Basis 

Creep Closure Greater than one 
order of 
magnitude 
increase in 
closure rate. 

The closure rate increase signals potential de-coupling of 
rock. 
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Figure 2.1. Configuration of the WIPP Underground for Geotechnical COMPs (after DOE 2013b; Reporting 
Period July 2011 through June 2012). 

Shafts and Shaft Stations 
The WIPP underground is serviced by four vertical shafts including the following: (1) Salt 
Handling Shaft, (2) Waste Shaft, (3) Exhaust Shaft, and (4) Air Intake Shaft.  At the repository 
level (approximately 2,150 ft below ground surface), enlarged rooms have been excavated 
around the Salt Handling and Waste Shafts to allow for movement of equipment, personnel, 
mined salt and waste into or out of the facility.  The enlarged rooms are called shaft stations and 
assigned designations consistent with the shaft they service (e.g., Salt Handling Shaft Station). 
 
Shafts.  With the exception of the Salt Handling Shaft, the shafts are configured nearly 
identically.  From the ground surface to the top of the Salado Formation, the shafts are lined with 
un-reinforced concrete.  Reinforced concrete keys are cast at the Salado/Rustler interface with 
the shafts extending through the keys to the Salado.  Below the keys, the shafts are essentially 
“open holes” through the Salado Formation and terminate either at the repository horizon or at 
sumps that extend approximately 40 m below the repository horizon.  In the Salt Handling Shaft, 
a steel liner is grouted in place from the ground surface to the top of the Salado.  Similar to the 
three other shafts, the Salt Handling Shaft is configured with a reinforced concrete key and is 
“open-hole” to its terminus.  For safety purposes, the portions of the open shafts that extend 
through the Salado are typically supported using wire mesh anchored with rock bolts to contain 
rock fragments that may become detached from the shaft walls.  Within the Salado Formation, 
the shaft diameters range from 3.65 m to 7.0 m. 
 
Data available for assessing creep deformations in the salt surrounding the shafts are derived 
exclusively from routine inspections and extensometers extending radially from the shaft walls.  
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Table 2.8 Extent of Deformation - 2013: 

 
COMP Title: Extent of Deformation 
COMP Units: Areal extent (length, direction) 
Related Monitoring Data 

Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, observation) 

Compliance Baseline Value 

Geotechnical  Displacement Meters 
 

Not Established 

COMP Assessment Process - Reporting Period July 2011 through June 2012 
Extent of deformation is deduced from visual inspections and fracture mapping which are 
examined yearly for active cross sections.  Anomalous growth is determined by yearly 
comparison.  
Related Performance and Compliance Elements 

Element Title 
Parameter Type 
& ID or Model 
Description 

Derivation 
Procedure 

Compliance 
Baseline 

Impact of Change 

DRZ Conceptual 
Model 

Micro- and 
macro-fracturing 
in the Salado 
Formation 

Constitutive 
model from 
laboratory and 
field databases. 

Permeability of 
DRZ was 
originally 
assigned a 
constant value of 
10-15 m2 for the 
CCA; per EPA 
direction, a 
uniform 
distribution from 
3.16 x 10-13 to 
3.98 x 10-20 m2 
was used for all 
subsequent PAs 

DRZ spatial and 
temporal properties 
have important PA 
implications for 
permeability to gas, 
brine, and two-phase 
flow. 

Monitoring Data Trigger Values 
Monitoring 
Parameter ID 

Trigger Value Basis 

Fractures at 
depth 

None TV Derivation Report, Revision 2 (Wagner and Kuhlman 
2010) 
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2.2.3 Initiation of Brittle Deformation 
 
Table 2.9 summarizes data and TV information relating to the COMP parameter Initiation of 
Brittle Deformation, as well as its implementation in PA.  Initiation of brittle deformation around 
WIPP openings is not directly measured and is therefore a qualitative observational parameter.  
By definition, qualitative COMPs can be subjective and are not prone to the development of 
well-defined TVs.  In addition, this COMP is not directly related to a PA parameter.  Brittle 
deformation eventually leads to features that are measured as part of geotechnical monitoring 
requirements, such as the extent and displacement of deformation features.  Initiation of brittle 
deformation is expected to begin immediately upon creation of an opening.  The ongoing 
geotechnical program will help quantify damage evolution around WIPP openings.  Initiation,  
growth and extent of the DRZ are important considerations for the operational period panel 
closures as well as compliance PA calculations.  As stated previously, this COMP is qualitative 
and is not directly related to PA parameters. 
 

Table 2.9 Initiation of Brittle Deformation - 2013: 
 
COMP Title: Initiation of Brittle Deformation  
COMP Units: Qualitative 

Related Monitoring Data 
Monitoring 

Program 
Monitoring 
Parameter 

ID 

Characteristics 
(e.g., number, 
observation) 

Compliance Baseline Value

Geotechnical  Closure Observational 
 

Not Established 

COMP Assessment Process - Reporting Period July 2011 through June 2012 
Qualitative and pertinent to operational considerations. Captured qualitatively in association with other 
COMPs 

Performance and Compliance Elements 

Element Title 
Parameter 
Type & ID 
or Model 
Description 

Derivation 
Procedure 

Compliance 
Baseline 

Impact of 
Change 

Not directly 
related to PA 
as currently 
measured 

NA NA NA NA 

Monitoring Data Trigger Values 
Monitoring 
Parameter ID 

Trigger 
Value 

Basis 

Initiation of 
Brittle 
Deformation  

None Qualitative COMPs can be subjective and are not 
prone to the development of meaningful TVs. 

 
2.2.4 Displacement of Deformation Features 
 
Table 2.10 summarizes data and TV information relating to the COMP parameter Displacement 
of Deformation Features, as well as its implementation in PA.  The displacement of deformation 
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features primarily focuses on those features located in the immediate vicinity of the underground 
openings, e.g., mining-induced fractures and lithological units within several meters of the roof 
and floor.  As discussed previously, fracture development is typically continuous sub-parallel to 
the surface of the openings and terminating near the corners.  These fractures tend to propagate 
or migrate by arching over and under the openings and, thus are designated “low-angle fractures” 
relative to the horizontal axis.  Typically, the fractures intersect or asymptotically approach 
lithologic units such as clay seams and anhydrite stringers.  As a result, salt beams are formed.  
In the roof, the beams are de-coupled from the surrounding formation requiring use of ground 
support.  In the floor, the beams sometimes buckle into the openings requiring floor milling and 
trimming.  Lithologic units of primary interest are Clays G and H.  These features are located 
approximately 2.4 m and 4.5 m respectively, above the roof of Panels 1, 2, 7 and 8.  Marker Bed 
139 (anhydrite) is located approximately 2 m below the floor of these panels.  For Panels 3 
through 6, the panels are mined up to Clay G.  Clay H is therefore located 2.1 m above the roof 
of these panels and Marker Bed 139 is located approximately 4.4 m below the panel floors. 

 
Table 2.10 Displacement of Deformation Features - 2013: 

 
COMP Title: Displacement of Deformation Features 
COMP Units: Length 
Related Monitoring Data 
Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, observation) 

Compliance Baseline Value 

Geotechnical  Delta D/Do Observational 
 

Not established 

COMP Assessment Process - Reporting Period July 2011 through June 2012 
Observational – Lateral deformation across 203 boreholes in Panels 6 & 7. 

Related Performance and Compliance Elements 
Element Title Parameter Type 

& ID or Model 
Description 

Derivation Procedure Compliance 
Baseline 

Impact of Change 

Not directly 
related to PA 

N/A N/A N/A N/A 

Monitoring Data Trigger Values 
Monitoring 
Parameter ID 

Trigger Value Basis 

Borehole 
diameter 
closure 

None TV Derivation Report Revision 2 (Wagner and Kuhlman 
2010)   

 
Monitoring of these deformation features is accomplished through visual inspection of 
observation boreholes (OBH) drilled from the openings through the feature of interest.  In 
general, these boreholes are aligned vertically (normal to the roof and floor surfaces) because of 
the location and orientation of the fractures and lithological units of interest.  All of the OBHs 
are 7.6 cm (3 in) in diameter, and many intersect more than one deformation feature.  The ages 
of the OBHs vary from more than 20 years to recent. 
 
The deformation features in OBHs are classified as: 1) offsets, 2) separations, 3) rough spots and 
4) hang-ups.  Of the four features, offsets are the principle metric for this COMP and are 
quantified by visually estimating the degree of borehole occlusion created by the offset.  The 
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Table 2.11 Subsidence - 2013: 
 

COMP Title: Subsidence 
COMP Units: Change in surface elevation in meters per year 
Related Monitoring Data 
Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, 
observation) 

Compliance Baseline 
Value 

Subsidence 
Monitoring 
Leveling Survey 
(SMP) 

Elevation of 62 original 
monitoring monuments 

Decimal (meters) Not Established 

SMP Change in elevation over year Decimal (meters) Not Established 

COMP Assessment Process – 2013; Data acquired between September through  
November of 2012 
Survey data from annual WIPP Subsidence Monument Leveling are evaluated. 
Elevations of 48 monitoring monuments in nine loops are compared to determine changes. 
Related Performance and Compliance Elements 
Element 
Title 

Parameter 
Type & ID 
or Model 
Description 

Derivation 
Procedure 

Compliance 
Baseline 

Impact of Change 

Subsidence 
 
FEP [W-23] 

Predictions are 
of low 
consequence to 
the calculated 
performance of 
the disposal 
system – based 
on WID (1994) 
analysis and 
EPA treatment 
of mining. 

Maximum 
total 
subsidence of 
0.62 m above 
the WIPP. 

Predicted subsidence will not exceed 
existing surface relief of 3 m – i.e., it 
will not affect drainage.  Predicted 
subsidence may cause an order of 
magnitude rise in Culebra hydraulic 
conductivity (CRA-2009 Appendix 
PA, Attachment SCR , Section SCR-
6.3.1.4) – this is within the range of 
hydraulic conductivity modeled in PA.  
Predicted WIPP subsidence is below 
that predicted for the effects of potash 
mining (0.62 m vs.1.5 m; DOE 2009). 

Monitoring Data Trigger Values 
Monitoring 
Parameter 
ID 

Trigger Value Basis 

Change in 
elevation per 
year 

1.0 x 10-2 m 
(3.25 x 10-3 ft) 
per year 
subsidence 

Based on the most conservative prediction by analyses referenced in 
the CCA. 

 
Several monuments have also been included in various annual surveys, but were not included in 
the current surveys because the monuments no longer exist or have been physically disturbed.  
Table 2.12 lists these monuments.  Historically, the surveys were conducted by private 
companies under subcontract to DOE; however, since 1993, the WIPP M&OC has conducted the 
surveys using a set of standardized methods.  Starting with the 2002 survey, the M&OC has been 
following WIPP procedure WP 09-ES4001 (WTS 2002). 
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Figure 2.2. Monuments and vertical control points comprising WIPP subsidence survey loops. 
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Figure 2.8. North-South subsidence profile A-A’. 
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Figure 2.9. North-South subsidence profile B-B’. 
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Figure 2.10. East-West subsidence profile C-C. 

 
The elevation changes of individual monuments shown in these figures are referenced to the 
elevations determined from the annual surveys that first incorporated the monument so, in some 
cases, direct temporal comparisons between pairs of monuments cannot be made.  For example, 
only 29 monuments were included in the 1987 survey, while 50 monuments were included in the 
1992 surveys and more than 60 for all surveys since 1996.  Although direct comparisons cannot 
always be made, several observations for this reporting period are possible including: 
 

1. The most significant total subsidence (greater than - 0.25 ft) occurs above the waste 
panels (Monuments S-23, S-24, S-25, S-28, S-29, S-30, S-46 and PT-32).  This 
subsidence trend is centered over Panels 1 and 2 while the maximum subsidence of 
0.42 ft is over Panel 2 (S-46).  

2. Only monuments over the Experimental and Waste Panel areas show any appreciable 
subsidence rate (approximately +/-1 x 10-2 m/yr) with the higher rates located directly 
over the Waste Panels.  The highest subsidence rates measured for the 2011-2012 
surveys correspond to benchmarks located generally over the newer panels (e.g., S-
24, S-28, S-29 and S-46) which had a range from approximately -1.2 x 10-2 to -9.1 x 
10-4 m/yr.   

3. The effects of subsidence extend away from the repository footprint approximately 
1,000 to 1,500 ft (e.g., S-26, see Figures 2.2 and 2.10).  

 
Furthermore, total subsidence and subsidence rates are small, and are approximately at the 
resolution level of the survey accuracy.  The highest subsidence rates are seen above the mined 
panels and have increased since the mining of Panels 4 through 7.  Based on the latest survey 
data, one benchmark has exceeded the 1 x 10-2 m/yr TV.  This benchmark’s rate is -1.2 x 10-2 

m/yr which is slightly greater than the TV.  The TV was based on several analyses of potential 
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Table 2.13 Change in Groundwater Composition - 2013: 
 

COMP Title: Groundwater Composition 
COMP Units: mg/L 

Related Monitoring Data 

Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, observation) 

Compliance Baseline 
Value 

Groundwater 
Monitoring 

Composition Annual chemical analysis RCRA Background Water 
Quality Baseline 

COMP Derivation Process – Data acquired in one round (round 34) 2013  
Annually evaluate ASER data and compare to previous years and baseline information  

Related Performance and Compliance Elements 

Element Title Type & ID Derivation Procedure Compliance 
Baseline 

Impact of 
Change 

Groundwater 
conceptual 
model, brine 
chemistry, 
actinide 
solubility 

Indirect Conceptual models Indirect – 
The average 
Culebra brine 
composition 
is not used. 

Provides 
validation of the 
various CRA 
models, 
potentially 
significant with 
respect to flow, 
transport, and 
solubility and 
redox 
assumptions. 

Monitoring Data Trigger Values 

Monitoring 
Parameter ID 

Trigger Value Basis 

Change in 
Culebra 
groundwater 
composition 

Both duplicate 
analyses for 
any major ion 
falling outside 
the 95% 
confidence 
interval (see 
Table 2.14) for 
three 
consecutive 
sampling 
periods 

The 95% confidence interval for a particular analyte 
defines the range of concentrations that 19 out of 20 
analyses, on average, should fall within.  Therefore, TVs 
should not be set so that a single analysis falling outside 
the 95% confidence interval is significant.  In addition, 
analysis of solutes in the concentrated brines of the 
Culebra is not a routine procedure, and occasional 
analytical errors are to be expected, particularly when a 
new laboratory is contracted to perform the analyses 
(SNL 2002). 
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Figure 2.11. Map showing locations of WQSP wells (red) in relation to the WIPP LWB and the rest of the 
groundwater-monitoring network. 
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Figure 2.12. Generalized Stratigraphic Cross Section at the WIPP Site. 

 
Solute concentrations in Culebra waters differ widely among wells across the WIPP site, 
reflecting local equilibrium, diffusion, and, perhaps most importantly, slow regional transport 
rates.  The conceptual model for the Culebra was presented in the CRA-2009 (DOE 2009) and is 
implemented in the PA hydrological models.  The conceptual model consists of a confined 
groundwater flow system with natural-gradient solute travel times across the WIPP site on the 
order of thousands to tens of thousands of years.  In such a system, no changes in water quality at 
an individual well outside the range of normal analytical uncertainty and noise are expected.  If 
sustained, representative, and statistically significant changes in the concentrations of major 
ionic species (Na+, Ca2+, Mg2+, K+, Cl-, SO4

2-, HCO3
-) are observed, this condition could imply 

that groundwater movement through the Culebra is quicker than what is predicted by the PA 
models.  Stability of major ion concentrations, on the other hand, is consistent with and supports 
the Scientific Advisor’s Culebra transport conceptual model.  Thus, this evaluation of the water-
quality data focuses on the stability of major ion concentrations. 
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for the affected parameters.  The 95% CIs derived from the baseline data (SNL 2002) are 
presented in Table 2.14. 
 
Using the baseline analysis described above, a Trigger Value (TV) for Culebra groundwater 
composition has been defined.  The TV occurs when both primary and duplicate analyses for any 
major ion fall outside the 95% CI for three consecutive sampling periods.  Should the TV be 
reached, the project will first evaluate the sampling and analytical procedures to ensure the 
adequacy of the sampling.  If the change appears to accurately reflect Culebra conditions, the 
Scientific Advisor will investigate what effects the changes might have on Culebra model 
conceptualization. The model will be revised to be consistent with the new information if 
appropriate. 
 
Table 2.14. Round 34 major ion concentrations and charge-balance errors, with a baseline 

95% CI defined for each major ion. 
 

Well Round 34 
Cl- 

(mg/L) 
SO4

2- 
(mg/L) 

HCO3
- 

(mg/L) 
Na+ 

(mg/L) 
Ca2+ 

(mg/L) 
Mg2+ 

(mg/L) 
K+ 

(mg/L) 
CBE 
(%) 

WQSP-1 

primary 37500 5130 51 22000 1820 1190 528 -0.27

duplicate 37700 5080 51.7 21400 1860 1220 542 -1.4 

diff % -4.0  0.0  3.9  0.4  -1.2  -1.8  -3.1   
CI 31100-39600 4060-5600 45-54 15900-21100 1380-2030 939-1210 322-730  

WQSP-2 

primary 33000 5560 47.8 21900 1670 1110 499 4.2 
duplicate 33900 5580 48.8 20700 1570 1040 477 0.15 

diff % -2.7  -0.4  -2.1  5.6  6.2  6.5  4.5   
CI 31800-39000 4550-6380 43-53 14100-22300 1230-1770 852-1120 318-649  

WQSP-3 

primary 145000 8060 32.8 79200 1550 2390 1530 -6.2 
duplicate 143000 8140 33 83300 1490 2350 1500 -3.4

diff % -4.0  0.0  3.9  0.4  -1.2  -1.8  -3.1   
CI 114000-145000 6420-7870 23-51 62600-82700c 1090-1620 1730-2500 2060-3150a  

WQSP-4 

primary 61900 7180 39.9 35700 1750 1260 780 -3.6
duplicate 66000 7250 39.6 34100 1740 1250 789 -8.7 

diff % -6.4  -1.0  0.8  4.6  0.6  0.8  -1.1   
CI 53400-63000 5620-7720 31-46 28100-37800 1420-1790 973-1410 832-1550b  

WQSP-5 

primary 16900 5430 52.4 10900 1080 505 313 -1.1 

duplicate 19800 5240 52.5 10900 1060 497 302 -7.5 
diff % -15.8  3.6  -0.2  0.0  1.9  1.6  3.6   

CI 13400-17600 4060-5940 42-54 7980-10400c 902-1180 389-535 171-523  

WQSP-6 

primary 5900 4990 45 4720 688 221 160 -1.7 
duplicate 6140 4990 43.3 4700 696 225 165 -3.0 

diff % -4.0  0.0  3.9  0.4  -1.2  -1.8  -3.1   
CI 5470-6380c 4240-5120c 41-54 3610-5380c 586-777 189-233c 113-245  

Bold denotes analyses returning values outside the 95% CI or a charge-balance error ≥5%  
Italics denotes sample and duplicate analyses differ by >10% 
a baseline defined from rounds 8-10  
b baseline defined from rounds 7-10   
c baseline definition excludes anomalous values 

 
In addition to the comparison of species concentrations with trigger values, a charge-balance 
error (CBE) was also calculated for each analysis.  The CBE is defined as the difference between 
the positive and negative charges from the ions in solution divided by the sum of the positive and 
negative charges.  CBE is useful in evaluating analysis reliability because water must be 
electrically neutral.  CBE is rarely zero because of inherent inaccuracy in analytical procedures, 
but a reliable analysis should not have a CBE exceeding ±5% (Freeze and Cherry 1979).  A CBE 
in excess of ±5% implies either the analysis of one or more ions is inaccurate, or a significant ion 
has been overlooked.  The variation between the results of primary and duplicate sample analysis 
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WQSP-1 WQSP-2 

WQSP-3 WQSP-4 

WQSP-5 WQSP-6 
 

Figure 2.13. Piper diagrams of all data collected from WQSP-1 through WQSP-6.  The plots show 
both historical data (gray areas) and results from rounds 34 (primary = blue star and duplicate = red 

star). 
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Table 2.15 Changes in Groundwater Flow - 2013: 

 
COMP Title: Changes in Culebra Groundwater Flow 
COMP Units: Inferred from water-level data 

Related Monitoring Data 

Monitoring 
Program 

Monitoring 
Parameter 

ID 

Characteristics 
(e.g., number, observation) 

Compliance Baseline Value 

Groundwater 
Monitoring 

Head and 
Topography 

Monthly water-level 
measurements, annual 
pressure-density surveys. 

Indirect 

COMP Derivation Procedure - Data acquired between December 2011 and December of 
2012 

Annual assessment from ASER data. 

Related PA Elements 

Element Title Type & ID Derivation Procedure Compliance 
Baseline 

Impact of Change 

Groundwater 
conceptual 
model, 
Transmissivity 
fields 

T-Fields Computer codes are 
used along with 
groundwater data to 
generate transmissivity 
fields for the Culebra 
on a regional scale.  A 
summary of the 
conceptualization, 
implementation and 
calibration of the 
Culebra T-fields is 
given in Kuhlman 
(2010b). 

Attachment 
T-FIELDS to 
Appendix PA. 

Validates 
assumptions used 
in T-Field 
modeling and the 
groundwater 
Basin model. 

Monitoring Data Trigger Values 

Monitoring 
Parameter ID 

Trigger 
Value 

Basis 

Change in 
Culebra 
Groundwater 
Flow 

PA 
Compliance 
Baseline  
 

Model-predicted travel time in the Culebra is compared to 
the distribution found in PA, for an ensemble-average model 
with best-fit boundary conditions to the current year’s 
observed freshwater heads.  The travel time from the center 
of the WIPP panels to the WIPP LWB must fall within the 
distribution found using 100 model runs used in the baseline 
PA. 
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Figure 2.14. Map of the WIPP area showing well pad locations discussed in this section  
(See Table 2.16 for listing of wells at each well pad). 
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Figure 2.15. Distribution of Particle Travel Times from C-2737 (Center of Waste Panels) to WIPP LWB for 

CCA (black line), CRA-2004 (blue line), and CRA-2009 PABC (red dots).  Figure from Hart et al. (2009). 
 
In Universal Transverse Mercator, North American Datum of 1927 (UTM NAD27) Zone 13 
coordinates (meters), the waste-handling shaft is located at the (X, Y) location (613579, 
3582079), while the center of the waste panels is (613597, 3581401).  The distance between 
these two points is 678 meters, mostly in the north-south direction; the difference can be seen by 
comparing the location of the tail of the blue arrow and the location of C-2737 in Figure 2.17.  
The particle trace in the ensemble-average flow field has a length of 4,089 meters. 
 
The ensemble average transmissivity (T) field used to compute the contour map for the ASER is 
by construction much smoother than any of the 100 stochastically generated fields it is averaged 
from.  This smoothness of the input T field results in a smoother and relatively faster particle 
trace; compare the particle traces in Figure 2.17 (smoothed average field) and Figure 2.18 
(original T fields from PA).  
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Figure 2.16.  February 2012 modeled Culebra potentiometric surface of the immediate WIPP vicinity (DOE 
2013c) generated using ensemble average distributed aquifer parameters from the SNL Culebra flow model 

used in performance assessment baseline calculation for CRA-2009; see Kuhlman (2010b). 
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Figure 2.17. Distribution of 100 particle traces (red lines) from C-2737 (center of waste panels) to WIPP LWB 
(heavy black line) for CRA-2009 PABC. Figure is combination of contours and blue contour from 2013 ASER 

(DOE 2013c), and individual realization particle traces from CRA-2009 PABC (Kuhlman, 2010a).  Culebra 
monitoring wells are indicated with blue circles. 
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    Table 2.18. Summary of 2009-2012 water-level changes in units other than the Culebra. 

Well Name 

Dec 2009 
Water Level 

Elevation 

Dec 2010 
Water Level 

Elevation 

Aug 2011 
Water Level 

Elevation 

Feb 2012 
Water Level 

Elevation  

2012-2011 
Water Level 

Change  

(m AMSL) (m AMSL) (m AMSL) (m AMSL) (m) 

Magenta Wells 

C-2737 958.06 958.22 958.35 958.42 0.07 

H-02b1 958.24 958.25a 949.69 955.81 6.12 

H-03b1 958.59 958.95 959.12 959.15 0.03 

H-04c 959.49 959.49a 958.78 959.02 0.24 

H-06c 935.8 935.91 936.07 936.09 0.02 

H-08a 922.78 920.37 922.1 922.53 0.43 

H-09c 956.68 956.7b 956.39 956.14 -0.25 

H-10a 981.95 948.6 948.71 948.73 0.02 

H-11b2 956.69 956.78 956.97 956.94 -0.03 

H-14 946.77 955.05 956.16 956.57 0.41 

H-15 954.55 955.78 958 958.63 0.63 

H-18 960.08 961.03 961.46 961.68 0.22 

WIPP-18 960.1 959.89 960.11 960.2 0.09 

Dewey Lake Well 

WQSP-6A 974.44 974.36 974.29 974.24 -0.05 

Bell Canyon Wells 

CB-1 917.35 918.41 919.39 920.11 0.72 

DOE-2 934.71 934.73 934.88 934.9 0.02 
a March 2010 water level; no December water level due to Scientific Advisor sampling activities  
b September 2010 water level; no December water level due to drilling and plugging activities 
Bold = absolute changes in water level ≥ 0.61 m (2.0 ft) 

 
2.4 Waste Activity 
 
Table 2.19 summarizes data and TV information relating to the COMP parameter Waste 
Activity, and its implementation in PA.  The reporting period for the waste activity COMP 
started at first waste receipt and ended on June 30, 2013.  A comparison of the tracked actinides 
and the total repository inventory used in the PABC-2009 is detailed in Table 2.20.  No other 
activity-related assessment has been made at this time. 
 
There are no TVs for CH activity, only RH.  The TV for RH is the regulatory limit of 5.1 million 
Curies. The total curies of RH waste for the period ending June 30, 201 is 2.11 x 104 Curies, well 
below the TV.  There are no recognized reportable issues associated with this COMP.  No 
changes to the monitoring program are recommended at this time.  A detailed waste inventory 
assessment has been provided in the CRA-2009 (DOE 2009).
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Table 2.19 Waste Activity - 2013: 
 

COMP Title: Waste Activity 

COMP Units: Curies 

Related Monitoring Data 
Monitoring 
Program 

Monitoring 
Parameter ID 

Characteristics 
(e.g., number, observation) 

Compliance Baseline Value 

Waste Data 
System (WDS; 
formerly the 
WWIS), BIR 

Radionuclide 
activity per 
container and 
volume 

Curies , volume TRU Waste Inventory for the 2009 
Compliance Recertification 
Application Performance Assessment 
Baseline Calculation (Crawford et al. 
2008) 

COMP Assessment Process - Reporting Period July 1, 2012 to June 30, 2013 
Total curie content of emplaced CH-TRU and RH-TRU waste. 
[Total radionuclide inventories reported  by the WDS]

Year 2013 COMP Assessment Value 
A comparison of emplaced and PA waste parameters is found in Table 2.20.  
 
Element Title Type and 

ID 
Derivation Procedure Compliance 

Baseline 
Impact of Change 

Radionuclide 
inventories 

Parameter Product of waste stream 
content and volume 
scaled up to the Land 
Withdrawal Act limits. 
(U.S. Congress 1992) 

Table 5-6 of 
Crawford et al. 
2008 

May affect direct brine 
releases for those 
radionuclides that become 
inventory-limited during a 
PA simulation. 

Activity of waste 
intersected for 
cuttings and 
cavings releases. 

Parameter Function of waste 
stream volumes and 
activities 

Crawford et al. 
2008 

Cuttings are a significant 
contributor to releases. An 
increase in activity of 
intersected waste is 
potentially significant. 

WIPP-scale 
average activity 
for spallings 
releases 
 
 

Parameter Average of all CH-
TRU waste only. 

Crawford et al. 
2008 

Spallings are a significant 
contributor to releases. An 
increase in average 
activity of intersected 
waste is potentially 
significant. 

Monitoring Data Trigger Values 
Monitoring 
Parameter ID 

Trigger Value Basis 

Waste 
emplacement 
records 

None Administrative controls address waste limits. TV Derivation Report, 
Revision 2 (Wagner and Kuhlman 2010) 

Total emplaced 
RH-TRU waste 
activity 

5.1 million curies LWA emplacement limit reached.  Administrative controls address 
these limits. 
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