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EXECUTIVE SUMMARY 

This reconfiguration completion report describes the extraction activities for the Westbay sampling 
system, the well reconfiguration activities, and sampling activities associated with the well reconfiguration 
at R-31 at Los Alamos National Laboratory, Los Alamos, New Mexico. The reconfiguration of Westbay 
well R-31 was completed to fulfill a milestone commitment under the 2016 Compliance Order on Consent 
to reconfigure the multiport Westbay systems to either a single- or dual-screen monitoring well. The work 
was conducted under monitoring well reconfiguration plans approved by the New Mexico Office of the 
State Engineer and the New Mexico Environment Department. During the conversion activities, short-
term and extended aquifer tests were performed at several screens, and groundwater samples were 
collected at the end of each test. Screens that were reconfigured were sampled for the following 
analytical suites: metals and generic inorganics, volatile organic compounds, semivolatile organic 
compounds, perchlorate, and radionuclides (gross alpha, gross beta, and tritium).  

The Westbay system was removed from well R-31 on July 10, 2019, after the packers were deflated on 
June 26, 2019. Following the removal of the Westbay system, a temporary packer was set at 690 ft bgs on 
July 12, 2019. Screens 2 and 3 were swabbed on August 14 and bailed on August 15, 2019. Screens 2 
and 3 were pump-tested on August 16 and 17, 2019. Groundwater was sampled from screen 3 on 
August 19, 2019, following the aquifer test of that screen. Screen 2 was jetted on August 22 and 23, 2019. 
Screen 2 was insufficiently productive to be completed as one of two sampling intervals, as had originally 
been planned. With the agreement of the New Mexico Environment Department and U.S. Department of 
Energy Environmental Management Los Alamos Field Office, the plan for reconfiguring R-31 was changed 
such that screen 5 would be plugged and abandoned and screens 3 and 4 would be reconfigured for 
sampling. Screens 4 and 5 were swabbed and bailed on November 7 and 8, 2019. Screen 5 was pump-
tested and sampled on November 9, 2019, and screen 4 was pump-tested on November 10, 2019. 
Screen 5 was plugged with cement and abandoned from November 11 to 15, 2019. Screens 3 and 4 were 
jetted on November 15, 2019. Screen 3 was aquifer tested from November 16 through 19, 2019, with 
groundwater samples collected on November 19, 2019. Screen 4 was step-tested from November 21 
to 27, 2019, and from December 4 to 8, 2019. Groundwater samples were collected from screen 4 on 
December 5, 2019. The Baski sampling system was installed in R-31 from January 7 to 13, 2020. The old 
well pad was demolished on January 14 and 15, 2020, and the new pad was installed from January 17 
to 24, 2020. 
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1.0 INTRODUCTION 

This Westbay wells reconfiguration activities completion report summarizes the field activities and testing 
associated with the well reconfiguration at R-31 at Los Alamos National Laboratory (LANL or the 
Laboratory) (Figure 1.0-1). Plans for the reconfiguration were presented in the “Work Plan to Reconfigure 
Monitoring Wells R-19 and R-31” (N3B 2018, 700130). The original fiscal year 2019 Milestone #14 for the 
Westbay Wells reconfiguration completion report addressed the reconfiguration of the remaining seven 
Westbay wells at LANL, including R-19 and R-31. However, because of subsurface conditions discovered 
at R-31 during the Westbay reconfiguration (screen 2 proved to be unproductive, as discussed in 
section 2.3), the New Mexico Environment Department (NMED) and the U.S. Department of Energy 
(DOE) Environmental Management Los Alamos Field Office (EM-LA) renegotiated the submittal date for 
this separate R-31 reconfiguration completion report now due on February 17, 2020, during the 
fiscal year 2020 Appendix B Milestone process (NMED 2019, 700652). 

The information presented in this report was compiled from field reports, daily activity summaries, sample 
chain-of-custody forms, and aquifer test reports. This section includes a brief summary of the 
reconfiguration field activities and presents background information. Section 2 describes reconfiguration 
activities in detail and the current configuration of the well. Appendix A presents results of the initial 
pumping test and a jetting analysis for the well. Appendix B presents groundwater field parameters and 
analytical results. Appendix C presents an interpretation of the aquifer tests. Appendix D is a Westbay 
packer deflation and removal report. Appendix E includes documentation of the New Mexico Office of the 
State Engineer (NMOSE) and NMED approvals for reconfiguration plans.  

1.1 Field Activity Summary 

Field activities performed as part of the well reconfiguration included the removal of the Westbay MP55 
system, selective lower well screen abandonment, well screen redevelopment, aquifer testing, 
groundwater sampling, and installation of a submersible pump sampling system. The field activities 
described occurred from May 14, 2019, to January 24, 2020. The Westbay system was removed and 
replaced with a dual-screen sampling system. Specific plans for the reconfiguration were presented in the 
“Work Plan to Reconfigure Monitoring Wells R-19 and R-31” (N3B 2018, 700130). This work plan was 
approved by NMED in early February 2019 (NMED 2019, 700216). An updated sampling and analysis 
plan for well R-31 was emailed on May 25, 2019 (Everett 2019, 700606), and NMED emailed 
concurrence on May 31, 2019 (Dale 2019, 700610). The information presented in this report is compiled 
from field reports and daily activity summaries. 

The following documents were prepared to guide field activities associated with the Westbay well 
reconfiguration for well R-31: 

 “Field Implementation Plan for Well Reconfigurations at R-5, R-7, R-8, R-9i, R-25, and R-31” 
(N3B 2019, 700385) 

 Revised Sampling and Analysis Plan—Westbay Reconfiguration, including “Sampling and 
Analysis Plan for Well Reconfigurations at R-5, R-7, R-8, R-9i, R-19, R-25, R-31, Revision 1” 
(Everett 2019, 700606) 

 “Waste Characterization Strategy Form for Westbay Well Reconfiguration Project” (N3B 2019, 
700339) 

Fieldwork was led by the Newport News Nuclear BWXT-Los Alamos, LLC (N3B) team with support from 
Holt Services, Inc. (Holt); Earth Data Northeast, Inc. (EDN); and David Schafer & Associates. 
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Tritium analytical data is from ARS International, LLC. Groundwater samples were submitted to GEL 
Laboratories, LLC. Analytical results are presented in Appendix B. A summary of data results and 
comparison with historical data are provided in section 5.0.  

1.2 Background 

Well R-31 was installed by the Laboratory in support of the Hydrogeologic Workplan (LANL 1998, 059599) 
during December 2000 (Vaniman et al. 2002, 072615). R-31 was designed to provide hydrogeologic, 
water-quality, and water-level data for potential intermediate-depth perched zones and for the regional 
aquifer at a site downgradient of disposal and explosives-testing sites at Technical Area 39 (TA-39).  

Well R-31 was drilled using a variety of drilling fluids and additives and was constructed using rod-based 
screens. A Westbay MP55 sampling system was installed and consisted of modular casing, sets of 
packers to seal off each screened sample interval, groundwater-level measurement ports, and pumping 
ports within the screened intervals. The Westbay system was designed to sample only groundwater 
within the screened interval in real time. The system was not designed to purge multiple well volumes of 
water before sampling. As a result, NMED expressed uncertainty with respect to the representativeness 
of groundwater samples collected from such wells. 

This well reconfiguration effort was initiated in response to NMED’s approval with modifications of the 
“Work Plan to Reconfigure Monitoring Wells R-19 and R-31” (N3B 2018, 700130; NMED 2019, 700216). 
Both of these documents provided guidance for the reconfiguration of R-31. 

In 2012, the Laboratory prepared a well network evaluation for the TA-16 area, which included 
multiscreened Westbay wells. A recommendation from the evaluation report was that multiscreen wells 
should be converted to single-screen wells to improve the reliability and representativeness of water data 
through the use of purgeable sampling systems (LANL 2012, 213573). A result of the evaluations was the 
decision to reconfigure all of the remaining Westbay wells at LANL with either single- or dual-screen 
purgeable sampling systems.  

The following section summarizes the original configuration of well R-31. 

1.2.1 R-31  

Well R-31 is located in the Weapons Facilities Operations area near the north fork of Ancho Canyon, 
within TA-39 of LANL (Figure 1.0-1). The R-31 borehole was drilled to a depth of 1103 ft below ground 
surface (bgs) using air-rotary and mud-rotary drilling with casing-advance methods. Well R-31 was 
constructed with five screened intervals, and the well was equipped with a Westbay MP55 multiport 
sampling system. The well was completed during December 2000 (Vaniman et al. 2002, 072615). 
Pertinent well information is as follows: 

 5.0-in.inside-diamter (I.D.) stainless-steel casing below 297.8 ft bgs, 5.0-in. I.D. mild steel casing 
from 297.8 ft bgs to surface 

 Screen 1: 439.1–454.4 ft bgs (wire-wrapped screen) dry, perched-intermediate aquifer 

 Screen 2: 515.0–545.7 ft bgs (wire-wrapped screen) wet, top of the regional water aquifer 

 Screen 3: 666.3–676.3 ft bgs (wire-wrapped screen) wet, within the regional water aquifer 

 Screen 4: 826.6–836.6 ft bgs (wire-wrapped screen) wet, within the regional water aquifer 

 Screen 5: 1007.1–1017.7 ft bgs (wire-wrapped screen) wet, within the regional water aquifer 
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2.0 R-31 WELL RECONFIGURATION FIELD ACTIVITIES 

The following are descriptions of the field activities that took place during the well reconfiguration. 
Reconfiguration activities included removal of the Westbay system, swabbing and bailing of the screens, 
the initial pump testing of the screens, groundwater sampling, jetting of the screens, screen 
abandonment, aquifer testing, and sampling system installation. Detailed descriptions of each of these 
activities are discussed below.  

Figure 2.0-1 presents the monitoring well R-31 as-built construction diagram post-Westbay conversion. 
Figure 2.0-2 presents the as-built technical notes for monitoring well R-31 post-Westbay conversion. 
Figure 2.0-3 presents the R-31 dedicated pump performance curve. 

2.1 Westbay System Removal  

On June 24, 2019, the Holt hoist rig was mobilized to the R-31 well site and a pressure profile was taken 
in the Westbay system. The packers of the Westbay system were deflated on June 26, 2019. A post-
deflation pressure profile was taken on June 26, 2019, and the bottom port was opened on 
June 27, 2019, to provide a discharge path for water inside the Westbay casing to exit the system when it 
was removed. The hoist rig was demobilized from R-31 on June 28, 2019, and remobilized back to this 
site on July 10, 2019. The Westbay system was removed on July 10, 2019. On July 12, 2019, a 
temporary packer was set at 690 ft bgs. On July 12, 2019, the Westbay system components were 
removed from the site and the hoist rig was demobilized from the site.  

2.2 Swabbing and Bailing of Screens 2, 3, 4, and 5  

The Holt hoist rig was set up on R-31 on July 10, 2019. The temporary packer was deflated and removed, 
and a downhole camera survey was unsuccessfully attempted (the camera did not work) on 
July 11, 2019. Following this unsuccessful downhole camera survey, the temporary packer was 
reinstalled in the well. On August 12, 2019, the hoist rig was mobilized to the R-31 site. The temporary 
packer was deflated and removed from 690 ft bgs, and the camera survey was completed on 
August 13, 2019, confirming the removal of the Westbay casing and the condition of the interior of the 
well casing (some corrosion was observed at 103 ft bgs). The water level was measured at 532 ft bgs and 
approximately 4 ft of silt was observed in the sump of R-31. Each screen was initially redeveloped using a 
surge block and bailer, where the surge block was lowered into the well and drawn repeatedly across 
each screened interval. Screen 2 (from 515.0 to 545.7 ft bgs) and screen 3 (from 666.3 to 676.3 ft bgs) 
were both swabbed on August 14, 2019. The sump for well R-31 was bailed on August 14 and 15, 2019, 
and screen 3 was bailed to remove silt from the screened interval on August 15, 2019. A temporary 
packer was placed back into R-31 following the completion of the swabbing and bailing. The water level 
was not measured immediately following the swabbing and bailing activities, although additional water 
levels were measured in conjunction with other conversion activities. The hoist rig was demobilized from 
the site on August 30, 2019. 

The hoist rig was remobilized to R-31 on November 6, 2019. The temporary packer was deflated and 
removed from 720 ft bgs on November 7, 2019. Screen 5 (1007.1–1017.7 ft bgs) was swabbed for 71 min 
and screen 4 (826.6–836.6 ft bgs) was swabbed for 70 min on November 7, 2019. On November 7, 2019, 
45 gal. was bailed from the sump of screen 5 and an additional 105 gal. was bailed on November 8, 2019. 
Table 2.2-1 records the water produced during the swabbing and bailing of screens 2, 3, 4, and 5, as well 
as water produced during the aquifer pump tests of screens 3 and 4. Table 2.2-2 records the water levels 
measured in well R-31 during reconfiguration activities.  
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2.3 Initial Test Pumping of Screens 2, 3, 4, and 5  

Following swabbing and bailing activities, initial test pumping was performed on R-31 screens 2, 3, 4 
and 5. Screen 2 extends from 515.0 to 545.7 ft bgs and straddles the regional water table within the 
Cerros del Rio basalt. The static water level for screen 2 was measured on August 16, 2019, at 
529.98 ft bgs. On August 17, 2019, the water level for screen 2 was 535.66 ft bgs, following dewatering of 
the screen during the previous day’s test pumping. The water level continued dropping throughout the 
available monitoring period and equilibration had not been achieved when testing began; thus, the actual 
static water level was deeper than the measured result. On November 20, 2019, the screen 2 static water 
level was determined to be 537.21 ft bgs, 1.55 ft lower than observed in August 2019. This is likely a 
more realistic estimate of the true water level as it was measured after several days of equilibration and 
after screen 5 was abandoned by cementing. Testing showed that screen 2 could not support continuous 
pumping with a conventional submersible pump. After operating briefly, the water level dropped to the 
pump intake, and the pump cavitated and had to be shut down. It was necessary to cycle the pump briefly 
after an extended shutdown period and monitor the casing refill rate in order to determine the effective 
pumping rate. The flow rate was measured at 0.0434 gallons per minute (gpm), or 2.60 gallons per hour 
(gph). Longer testing showed that the rate declined steadily, dropping in half after several hours of 
pumping. The long-term yield of screen 2 was estimated to be approximately 1.3 gph. 

Screen 3 extends from 666.3 to 676.3 ft within the Cerros del Rio basalt. The static water level measured 
from August 18 to 19, 2019, was 539.69 ft bgs. During testing in November 2019, the static water level 
was 538.51 ft bgs. With little yield information available from the screen 3 zone, a step-drawdown test 
was performed. Screen 3 was tested at multiple discharge rates for 110 min on August 16, 2019. The 
specific capacity of screen 3 ranges from 0.10 to 0.12 gpm/ft, depending on pumping rate. Derivation of 
the specific capacity is discussed in detail in Appendix C. 

Screen 4 extends from 826.6 to 836.6 ft within Totavi sediments. The static water level measured in 
November 2019 was 534.4 ft bgs. With no yield information available from the screen 4 zone, a step-
drawdown test was performed. Screen 4 was tested at multiple discharge rates for 120 min on 
November 10, 2019. The specific capacity remained fairly constant at all pumping rates, suggesting 
largely laminar flow conditions. The specific capacity of screen 4 ranges from 0.39 to 0.41 gpm/ft, 
depending on pumping rate.  

Screen 5 extends from 1007.1 to 1017.1 ft within Totavi sediments. The static water level measured in 
November 2019 was 534.4 ft bgs. Screen 5 was tested at the maximum discharge rate of the 
3-horsepower (hp) test pump for 105 min on November 9, 2019. The inline flow meter failed during 
testing, so the discharge rate was estimated initially using the “bucket and stopwatch” measurement 
method. Subsequent analysis incorporating data from the pump performance curve and the responses 
observed during other tests showed that the discharge rate from screen 5 was approximately 11 gpm 
during the test. Screen 5 produced 11 gpm with 6.2 ft of drawdown for a specific capacity of 1.77 gpm/ft. 
Derivation of the specific capacity is discussed in detail in Appendix C. Water levels measured during 
these initial pump tests are presented in Table 2.2-2. 

2.4 Groundwater Sampling of Screens 3, 4, and 5 

Following the pumping test of screen 3, groundwater parameters were measured for temperature, pH, 
turbidity, dissolved oxygen (DO), specific conductance, and oxidation/reduction potential (ORP) on 
August 19, 2019. Screen 3 originally was scheduled to be plugged and abandoned, but this plan was 
changed when screen 2 proved to be unproductive and screens 3 and 4 were chosen to be converted to 
the new sampling intervals. Groundwater samples were collected from screen 5 on November 9, 2019. 
Groundwater samples were collected from screen 3 on November 19, 2019. Groundwater samples were 
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collected from screen 4 on December 5, 2019. Appendix B, Table B-1.1-1, presents water-quality data as 
well as analytical results from screen 3. Appendix B, Table B-1.1-2, presents water-quality data as well as 
analytical results from screen 4. Appendix B, Table B-1.1-3, presents water-quality data as well as 
analytical results from screen 5. Appendix B, Table B-1.2-1 presents the field parameters monitored 
during aquifer testing. 

2.5 Jetting of Screens 2, 3, and 4  

Following swabbing and bailing and the initial testing of R-31 screens 2, 3, and 4, the well was developed 
further by simultaneous high-velocity jetting and pumping of screens 2, 3, and 4. The jetting and pumping 
were accomplished by a 10-hp submersible pump being run through each screen section with a jetting 
tool above the pump. While the pump was running, the assembly was raised and lowered through the 
screen and periodically rotated a few degrees so that the water jets eventually covered the entire well 
screen surface. This operation was designed to loosen sediment around the wellbore and simultaneously 
remove it from the well via pumping.  

Screen 2 was jetted for 75 min on August 22, 2019. Jetting began at a pressure of approximately 
350  psi, equivalent to the pumping lift, and increased periodically while jetting continued. Following jet 
development, additional pumping was performed at screen 2. The low yield of this zone was not sufficient 
to support continuous pumping with a submersible pump, so performance was determined by lowering 
the water level by pumping and monitoring the casing refill rate. The average refill rate between 90 and 
120 min was 4.98 gph.  

Screen 3 was jetted for 45 min on November 15, 2019. Following jet development, additional pumping 
was performed at screen 3 at a discharge rate of 6.6 gpm. Before jetting, screen 3 produced 6.15 gpm 
with 53.9 ft of drawdown corresponding to a specific capacity of 0.114 gpm/ft. Following jetting, screen 3 
produced 6.6 gpm with a drawdown of 34.1 ft, yielding a specific capacity of 0.194 gpm/ft.  

Screen 4 was jetted for 52 min on November 15, 2019. Following jet development, additional pumping 
was performed at screen 4 at a discharge rate of 10.7 gpm. Before jetting, after 40 min of pumping, 
screen 4 produced 10.6 gpm with 26.88 ft of drawdown corresponding to a specific capacity of 
0.394 gpm/ft. Following jetting, after 40 min of pumping, screen 4 produced 10.7 gpm with a drawdown of 
19.02 ft, yielding a specific capacity of 0.563 gpm/ft.  

2.6 Abandonment of Screen 5  

Originally, screens 3, 4, and 5 were to be abandoned under the monitoring well reconfiguration plan 
approved by NMOSE and NMED, which is included in Appendix E. However, when screen 2 turned out to 
be largely unproductive, the reconfiguration plan was modified to abandon only screen 5 and to complete 
screens 3 and 4 as the new sampling intervals. On August 19, 2019, a temporary packer was set at 
720 ft bgs after screen 3 was sampled. The temporary packer was removed on August 21, 2019. 
Groundwater from screen 5 was sampled on November 9, 2019. Operations to plug screen 5, the lowest 
screen in the regional aquifer for well R-31, were started on November 11, 2019.The water level was 
measured at 530.0 ft bgs, the bottom of the well was measured at 1075.8 ft bgs, and the BQ pipe was run 
into the well. On November 12, 2019, cement was pumped into the 1075.8 to 957 ft bgs interval, plugging 
screen 5. A k-packer was set from 889.2 ft to 890.7 ft bgs. Cement-impacted water was pumped out of 
the well on November 14, 2019. Sand was installed from a depth of 957.0 to 890.7 ft bgs.  
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2.7 Aquifer Testing and Groundwater Sampling of Screens 3 and 4  

Following jet development, extended hydraulic testing was performed on screens 2, 3, and 4. Pumping of 
screen 2 was performed from August 22, 2019, and continued intermittently for 2468 min through 
August 24, 2019. Screen 2 produced too little flow to support continuous pumping using a submersible 
pump, so testing was accomplished by pumping the water level down into the casing beneath the bottom 
of the screen and observing the recovery rate within the well casing. This was effectively a constant 
drawdown test in which maximum drawdown was applied to the zone while the “pumping rate” was 
determined as the rate of casing refill. 

Screens 3 and 4 were tested using standard constant-rate pumping methods. Screen 3 was tested from 
November 16 through 20, 2019. After the pump was installed and the drop pipe filled on 
November 16, 2019, short trial tests were conducted on November 17, 2019. Trial 1 was conducted for 
30 min at a discharge rate of 6.6 gpm. Following pump shutoff, recovery was recorded for 30 min. Trial 2 
was conducted for 60 min at a discharge rate of 6.6 gpm. Following shutdown, recovery data were 
recorded for 2790 min until November 19, 2019. Extended testing consisted of pumping screen 3 for 
660 min until November 19, 2019. The initial discharge rate was 6.7 gpm. After an hour or so, the rate 
gradually increased to 7 gpm for the duration of the test. There was no apparent explanation for the 
observed change in discharge rate. Following shutdown, recovery data were recorded for 750 min until 
November 20, 2019. 

Screen 4 was tested from November 21 through 27, 2019, and from December 4 through 8, 2019. The 
testing was performed in two sessions because a mandated sitewide shutdown prevented the continuous 
site work that had been planned. In the initial testing session, after the pump was installed and the drop 
pipe filled on November 21, 2019, short trial tests were conducted on November 22, 2019. Trial 1 was 
conducted for 30 min at a discharge rate of 10.7 gpm. Following pump shutoff, recovery was recorded for 
30 min. Trial 2 was conducted for 60 min at a discharge rate of 10.8 gpm. Following shutdown, recovery 
data were recorded for more than 5 days until November 27, 2019, when the original transducer 
programming periods timed out and the transducers ceased recording data. 

Fieldwork was restricted from November 23, 2019, until December 3, 2019, when the safety stand down 
was lifted and fieldwork was allowed to resume. On December 3, 2019, the pump assembly was removed 
and the transducers were reprogramed in preparation of the extended pumping test. The extended testing 
was performed from December 4 through 8, 2019. After the pump was installed and the drop pipe filled 
on December 4, 2019, screen 4 was pumped for 720 min on December 5, 2019. Groundwater samples 
were collected from the screen 4 interval on December 5, 2019, at the conclusion of the 12-hr pump test. 
The discharge rate for the test was 10.8 gpm. Following shutdown, recovery data were recorded for 
4329 min until December 8, 2019, when the data collection protocol for the transducer in the pumped 
zone timed out and the transducers ceased recording data. 

A detailed presentation and analysis of the pumping and recovery data appears in Appendix C. 

2.8 Dedicated Pumping System Installation  

After redevelopment, aquifer testing, and groundwater sampling activities were completed, a permanent 
pumping system was installed in R-31. Before the installation of the pumping system, the protective casing 
was cut off on December 15, 2019, and a 1.5-ft extension placed on the existing 5-in. well casing with steel 
positioning brackets on December 16, 2019. The hoist rig was demobilized from the site on 
December 16, 2019. On December 20, 2019, an extension was welded to the well casing, thus bringing 
the wellhead into compliance with existing surface completion specifications. The temporary packer was 
deflated and removed before Baski system installation and testing. The pumping system was installed from 
January 7 to January 13, 2020. On January 7, 2020, the rig and equipment were mobilized to R-31 and the 
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components of the Baski sampling system were laid out and measured. The lower access port valve 
(LAPV) and packer were successfully tested, and the temporary packer was deflated and pulled from the 
well. Components of the Baski sampling system were tested as they were assembled and installed into the 
well. On January 8, 2020, the lower packer and LAPV were assembled, tested, and lowered into the well. 
Work continued on January 9, 2020. Several failed pressure tests revealed a leak at a fitting on top of the 
upper liquid inflation chamber (LIC) from 643.5 ft to 638.9 ft bgs. On January 10, 2020, fittings were 
tightened, the UAPV was installed and successfully tested, and the pump shroud vent tube was 
connected. On January 11, 2020, the upper packer and the upper LIC were installed and tested. 
Installation of the Baski system was completed on January 12, 2020. Packers and access port valves 
(APVs) were eventually successfully tested, although some tests needed repeating because of leaky tank 
valves and ice in the tubing. On January 13, 2020, the final pressure tests of the packers and APVs were 
completed and the rig was demobilized from R-31. The R-31 sampling system consists of an LAPV screen 
from 703.3 ft to 703.0 ft bgs, a lower packer from 698.0 ft to 695.5 ft bgs, a lower LIC from 690.0 ft to 
686.2 ft bgs, a UAPV from 684.5 ft to 684.2 ft bgs, a Grundfos 5S20-665 pump within a pump shroud from 
680.1 ft to 673.5 ft bgs, an upper packer from 650.5 ft to 648.0 ft bgs, and an upper LIC from 643.5 ft to 
638.9 ft bgs. 

The new sampling system comprises an upper LIC, an upper packer, a 4-in.-diameter Grundfos pump 
and motor within a pump shroud, a UAPV, a lower LIC, a lower packer, an LAPV, and all of the attendant 
plumbing and tubing. The pump column is composed of 1-in. schedule 60 stainless-steel tubing. The 
upper transducer tube is 1-in. flush-threaded schedule 80 polyvinyl chloride (PVC) tubing from surface to 
637.8 ft bgs, 0.25-in. stainless-steel tubing to 652.7 ft bgs, and stainless-steel mesh screen to 
653.7 ft bgs. The lower transducer tube is 1-in. flush-threaded schedule 80 PVC tubing from surface to 
637.8 ft bgs, 0.25-in. stainless-steel tubing to 700.2 ft bgs, and stainless-steel mesh screen to 701.2 ft 
bgs. Both transducers are In Situ, Inc. model Level Troll 500 30-psig transducers. All of the technical 
details of the sampling system are shown in Figure 2.0-2. 

2.9 Well Pad Construction 

The original concrete well pad had deteriorated and was not compliant with current completion 
specifications. The original R-31 well pad was demolished on January 14 and 15, 2020, and a new well 
pad was constructed from January 17 to 24, 2020. A new geodetic survey was conducted on 
January 25, 2020. The geodetic survey coordinates are listed in Table 2.9-1. The geodetic survey data is 
available in Intellus New Mexico.  

3.0 WASTE MANAGEMENT  

All investigation-derived waste (IDW) generated during well reconfiguration activities was managed in 
accordance with applicable standard operating procedures (SOPs). These SOPs incorporate the 
requirements of all applicable U.S. Environmental Protection Agency and NMED regulations, DOE orders, 
and N3B requirements. The SOP applicable to the characterization and management of IDW is 
N3B-EP-DIR-SOP-10021, “Characterization and Management of Environmental Program Waste.” 

A waste characterization strategy form (WCSF) (N3B 2019, 700339) was prepared and approved per 
requirements of N3B-EP-DIR-SOP-10021, “Characterization and Management of Environmental Program 
Waste.” This WCSF provides detailed information on IDW characterization methods, management, 
containerization, and potential volumes. Westbay system components (composed of PVC and stainless 
steel); fluids (purge and decontamination waters); contact waste (gloves, paper towels, plastic and/or 
glass sample bottles); and chase water, concrete, and rebar were the primary waste streams generated 
during the well reconfiguration activities. The fluids produced were sampled and analyzed for the suite of 
constituents listed in the WCSF. 
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4.0 DEVIATIONS FROM PLANNED ACTIVITIES 

Reconfiguration activities at R-31 were performed as specified in the NMED-approved work plans (LANL 
2011, 204372; N3B 2018, 700130), with the exception of the following deviation.  

 The Field implementation plan for the Westbay reconfiguration (N3B 2019, 700385) called for 
plugging and abandoning screens 3, 4, and 5 and reconfiguring the well to sample only screen 2. 
However, screen 2 was found to be largely unproductive, so a revised reconfiguration plan was 
approved by EM-LA and NMED (Rodriguez 2019, 700738; Rodriguez 2019, 700739). The revised 
plan called for plugging and abandoning only screen 5 and installing a dual Baski sampling 
system to sample screens 3 and 4. The details of the fieldwork completed to effect the revised 
reconfiguration of R-31 are provided in section 2.  

5.0 COMPARISON OF ANALYTICAL DATA 

Groundwater samples were collected from the retained screens 3 and 4, and from abandoned screen 5, 
to provide a comparison of groundwater quality from samples collected after purging with samples 
collected using the no-purge Westbay sampling system. For abandoned screen 5, samples were 
collected at the end of a relatively small-volume (105 gal.) purge that achieved stable field parameters. 
Retained screen 3 was sampled twice, once after a relatively short step-test and small-volume purge that 
achieved stable field parameters, and again after the 12-hr constant-rate aquifer test. For retained 
screen 4, samples were collected at the end of the 12-hr constant-rate aquifer tests. Table 5.0-1 presents 
a comparison of the analytical results for constituents that were detected either historically or in the most 
recent round of sampling.  

Note that concentrations of constituents in samples collected after the Westbay systems were removed 
should be considered as preliminary because of potential physical and geochemical perturbations that 
may occur in the aquifer associated with aggressive redevelopment steps, including swabbing and jetting. 
This qualification of analytical results is consistent with observations from newly installed wells, which 
generally require multiple rounds of sampling before the geochemistry stabilizes. In accordance with the 
monitoring year 2020 Interim Facility-Wide Groundwater Monitoring Plan (N3B 2019, 700451), converted 
well R-31 will be sampled as follows: 

 Quarterly for metals, volatile organic compounds, semivolatile organic compounds, low-level 
tritium, and general inorganics 

 Annually for polychlorinated biphenyls, high explosives, dioxins/furans, radionuclides, and low-
level tritium 

 One-time sampling for prometon, low-level nitrosamines, and per- and polyfluoroalkyl substances 
to demonstrate they are not present 

NMED, pursuant to the New Mexico Hazardous Waste Act, regulates cleanup of hazardous wastes and 
hazardous constituents. DOE regulates cleanup of radioactive contamination, pursuant to DOE Order 
435.1, “Radioactive Waste Management,” and DOE Order 458.1, Administrative Change 3, “Radiation 
Protection of the Public and the Environment.” Information on radioactive materials and radionuclides, 
including the results of sampling and analysis of radioactive constituents, is voluntarily provided to NMED 
in accordance with DOE policy. 

Table 5.0-1 shows that analytical results of the most recent samples primarily fall within or below historical 
ranges for each constituent. In some cases, the concentration of a given constituent exceeds the 
historical range, but is within background values for that constituent in the regional groundwater. On rare 
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occasions, a concentration of a constituent exceeds the historical range but is consistent with 
concentrations observed in shallower screens of the same well, suggesting that the concentrations in the 
lower screen reflect small amounts of cross-flow between screens rather than ambient concentrations in 
the aquifer in the deeper screened interval. Examples of this potential cross-flow are silicon dioxide and 
zinc concentrations in screens 3 and 4. The concentrations from the post-Westbay samples are greater 
than the historical range but diminish slightly downward from screen 3 to screen 4, suggesting that some 
remnant groundwater from screen 3 was present in the sample collected from screen 4 . Whereas silicon 
dioxide is not considered a contaminant of primary concern (COPC), zinc sometimes is a COPC, although 
zinc concentrations fall well below maximum historical concentrations in screen 4.  
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Figure 1.0-1 Location of well R-31 
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Figure 2.0-1 Monitoring well R-31 as-built construction diagram post-Westbay conversion 
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Figure 2.0-2 As-built technical notes for monitoring well R-31 post-Westbay conversion 
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Figure 2.0-3 R-31 dedicated pump performance curve 
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Table 2.2-1 

Water Quantities Produced During R-31 Reconfiguration 

Date 
Depth Interval  

(ft bgs) 
Water Produced 

(gal.) 
Cumulative Water Produced 

(gal.) 
8/14/2019 1075  Not recorded (bailed) na* 

8/15/2019 1075  Not recorded (bailed) na 

8/15/2019 676  Not recorded (bailed) na 

8/16/2019 676  837 (pumped) 837 

8/17/2019 545  25.7 (pumped) 862.7 

8/19/2019 676  439 (pumped) 1301.7 

8/23/2019 545  71.8 (pumped) 1373.5 

11/7/2019 1017  45 (bailed) 1418.5 

11/8/2019 1017  105 (bailed) 1523.5 

11/9/2019 1017  360 (pumped) 1883.5 

11/10/2019 836  964.6 (pumped) 2848.1 

11/15/2019 676  584.2 (pumped) 3432.3 

11/15/2019 836  784.1 (pumped) 4216.4 

11/17/2019 836  594 (pumped 4810.4 

11/19/2019 836  4597 (pumped) 9407.4 

11/22/2019 1017  969 (pumped) 10,376.4 

12/5/2019 1017  7776 (pumped) 18,152.4 

*na = Not available. 

 

Table 2.2-2 

Water Levels Recorded During R-31 Reconfiguration 

Well Date 
Water Level 

(ft bgs)  
R-31 Screen 2 08/13/2019 532 0 

R-31 Screen 2 08/16/2019 529.98  

R-31 Screen 2 08/17/2019 535.66  

R-31 Screen 3 08/18/2019 539.69  

R-31 Screen 5 11/09/2019 534.4  

R-31 Screen 4 11/10/2019 534.4  

R-31 Screen 5 11/11/2019 530.0  

R-31 Screen 3 11/17/2019 536.59  

R-31 Screen 2 11/20/2019 537.21  
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Table 2.9-1 

Geodetic Survey Data 

Identification Northing Easting Elevation 
R-31 brass cap embedded in pad 1745646.16 1637356.32 6363.46 ft amsl* 

R-31 ground surface near pad 1745649.43 1637354.63 6362.04 ft amsl 

R-31 top of stainless-steel well casing 1745641.91 1637357.04 6365.19 ft amsl 

R-31 top of 16-in. protective casing 1745642.52 1637356.92 6366.02 ft amsl 

*amsl = Above mean sea level. 
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Table 5.0-1 

Comparison of Recent Groundwater Analytical Results and Historical Results for Well R-31 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range  

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S3a Regional Acetone 8/19/2019 µg/L REGb UFc 1.5 No 1.73 to 12 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Acetone 8/19/2019 µg/L FDd UF 1.5 No 1.73 to 12 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Acetone 11/19/2019 µg/L REG UF 1.5 No 1.73 to 12 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Acetone 11/19/2019 µg/L FD UF 1.5 No 1.73 to 12 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Alkalinity-CO3+HCO3 8/19/2019 mg/L REG Fe 54.8 No 81.4 to 400 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Alkalinity-CO3+HCO3 8/19/2019 mg/L FD F 54.6 Yes 81.4 to 400 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Alkalinity-CO3+HCO3 11/19/2019 mg/L REG F 59.6 Yes 81.4 to 400 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Alkalinity-CO3+HCO3 11/19/2019 mg/L FD F 59.6 Yes 81.4 to 400 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Amino-4,6-dinitrotoluene[2-] 8/19/2019 µg/L REG UF 0.0835 No 0.77 to 0.77 1/9 12/16/2000 9/14/2010 

R-31 S3 Regional Amino-4,6-dinitrotoluene[2-] 8/19/2019 µg/L FD UF 0.0868 No 0.77 to 0.77 1/9 12/16/2000 9/14/2010 

R-31 S3 Regional Amino-4,6-dinitrotoluene[2-] 11/19/2019 µg/L REG UF 0.0838 No 0.77 to 0.77 1/9 12/16/2000 9/14/2010 

R-31 S3 Regional Amino-4,6-dinitrotoluene[2-] 11/19/2019 µg/L FD UF 0.0829 No 0.77 to 0.77 1/9 12/16/2000 9/14/2010 

R-31 S3 Regional Ammonia as nitrogen 8/19/2019 mg/L REG F 0.0539 No 0.096 to 0.407 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Ammonia as nitrogen 8/19/2019 mg/L FD F 0.0627 No 0.096 to 0.407 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Ammonia as nitrogen 11/19/2019 mg/L REG F 0.0532 No 0.096 to 0.407 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Ammonia as nitrogen 11/19/2019 mg/L FD F 0.0417 No 0.096 to 0.407 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Arsenic 8/19/2019 µg/L REG F 2.55 Yes 3.8 to 3.8 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Arsenic 8/19/2019 µg/L FD F 2.43 Yes 3.8 to 3.8 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Arsenic 11/19/2019 µg/L REG F 2.24 Yes 3.8 to 3.8 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Arsenic 11/19/2019 µg/L FD F 2 No 3.8 to 3.8 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Barium 8/19/2019 µg/L REG F 27.8 Yes 62.5 to 240 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Barium 8/19/2019 µg/L FD F 28.6 Yes 62.5 to 240 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Barium 11/19/2019 µg/L REG F 22.1 Yes 62.5 to 240 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Barium 11/19/2019 µg/L FD F 21.5 Yes 62.5 to 240 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Boron 8/19/2019 µg/L REG F 15 No 18.7 to 37.4 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Boron 8/19/2019 µg/L FD F 15 No 18.7 to 37.4 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Boron 11/19/2019 µg/L REG F 15 No 18.7 to 37.4 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Boron 11/19/2019 µg/L FD F 15 No 18.7 to 37.4 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Butanone[2-] 8/19/2019 µg/L REG UF 1.5 No 22 to 22 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Butanone[2-] 8/19/2019 µg/L FD UF 1.5 No 22 to 22 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Butanone[2-] 11/19/2019 µg/L REG UF 1.5 No 22 to 22 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Butanone[2-] 11/19/2019 µg/L FD UF 1.5 No 22 to 22 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Calcium 8/19/2019 mg/L REG F 8.38 Yes 11 to 55 4/4 12/16/2000 5/21/2007 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S3 Regional Calcium 8/19/2019 mg/L FD F 8.5 Yes 11 to 55 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Calcium 11/19/2019 mg/L REG F 10.7 Yes 11 to 55 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Calcium 11/19/2019 mg/L FD F 10.5 Yes 11 to 55 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Chloride 8/19/2019 mg/L REG F 1.48 Yes 2.22 to 7.9 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Chloride 8/19/2019 mg/L FD F 1.49 Yes 2.22 to 7.9 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Chloride 11/19/2019 mg/L REG F 2.03 Yes 2.22 to 7.9 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Chloride 11/19/2019 mg/L FD F 1.93 Yes 2.22 to 7.9 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Cobalt 8/19/2019 µg/L REG F 1 No 1 to 1 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Cobalt 8/19/2019 µg/L FD F 1 No 1 to 1 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Cobalt 11/19/2019 µg/L REG F 1 No 1 to 1 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Cobalt 11/19/2019 µg/L FD F 1 No 1 to 1 1/4 12/16/2000 5/21/2007 

R-31 S3 Regional Fluoride 8/19/2019 mg/L REG F 0.286 Yes 0.322 to 0.46 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Fluoride 8/19/2019 mg/L FD F 0.303 Yes 0.322 to 0.46 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Fluoride 11/19/2019 mg/L REG F 0.415 Yes 0.322 to 0.46 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Fluoride 11/19/2019 mg/L FD F 0.409 Yes 0.322 to 0.46 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Gross beta 11/19/2019 pCi/L REG UF 2.74 Yes 6.25 to 6.25 1/2 8/19/2005 11/30/2006 

R-31 S3 Regional Gross beta 11/19/2019 pCi/L FD UF 3.07 Yes 6.25 to 6.25 1/2 8/19/2005 11/30/2006 

R-31 S3 Regional Hardness 8/19/2019 mg/L REG F 31.1 Yes 41.5 to 44.5 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Hardness 8/19/2019 mg/L FD F 31.6 Yes 41.5 to 44.5 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Hardness 11/19/2019 mg/L REG F 38.8 Yes 41.5 to 44.5 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Hardness 11/19/2019 mg/L FD F 37.7 Yes 41.5 to 44.5 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Iron 8/19/2019 µg/L REG F 30 No 250 to 4170 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Iron 8/19/2019 µg/L FD F 30 No 250 to 4170 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Iron 11/19/2019 µg/L REG F 30 No 250 to 4170 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Iron 11/19/2019 µg/L FD F 30 No 250 to 4170 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Magnesium 8/19/2019 mg/L REG F 2.46 Yes 3.38 to 11 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Magnesium 8/19/2019 mg/L FD F 2.53 Yes 3.38 to 11 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Magnesium 11/19/2019 mg/L REG F 2.92 Yes 3.38 to 11 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Magnesium 11/19/2019 mg/L FD F 2.82 Yes 3.38 to 11 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Manganese 8/19/2019 µg/L REG F 19.7 Yes 257 to 3500 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Manganese 8/19/2019 µg/L FD F 19.9 Yes 257 to 3500 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Manganese 11/19/2019 µg/L REG F 3.15 Yes 257 to 3500 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Manganese 11/19/2019 µg/L FD F 2.99 Yes 257 to 3500 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Molybdenum 8/19/2019 µg/L REG F 1.35 Yes 2.8 to 30 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Molybdenum 8/19/2019 µg/L FD F 1.26 Yes 2.8 to 30 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Molybdenum 11/19/2019 µg/L REG F 2.2 Yes 2.8 to 30 3/4 12/16/2000 5/21/2007 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S3 Regional Molybdenum 11/19/2019 µg/L FD F 2.19 Yes 2.8 to 30 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Nickel 8/19/2019 µg/L REG F 0.815 Yes 2.2 to 40 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Nickel 8/19/2019 µg/L FD F 0.747 Yes 2.2 to 40 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Nitrate-nitrite as nitrogen 8/19/2019 mg/L REG F 0.284 Yes 0.0212 to 0.032 2/4 12/16/2000 5/21/2007 

R-31 S3 Regional Nitrate-nitrite as nitrogen 8/19/2019 mg/L FD F 0.285 Yes 0.0212 to 0.032 2/4 12/16/2000 5/21/2007 

R-31 S3 Regional Nitrate-nitrite as nitrogen 11/19/2019 mg/L REG F 0.4 Yes 0.0212 to 0.032 2/4 12/16/2000 5/21/2007 

R-31 S3 Regional Nitrate-nitrite as nitrogen 11/19/2019 mg/L FD F 0.399 Yes 0.0212 to 0.032 2/4 12/16/2000 5/21/2007 

R-31 S3 Regional Perchlorate 8/19/2019 µg/L REG F 0.236 Yes 0.058 to 0.255 3/6 8/19/2005 5/21/2007 

R-31 S3 Regional Perchlorate 8/19/2019 µg/L FD F 0.234 Yes 0.058 to 0.255 3/6 8/19/2005 5/21/2007 

R-31 S3 Regional Perchlorate 11/19/2019 µg/L REG F 0.283 Yes 0.058 to 0.255 3/6 8/19/2005 5/21/2007 

R-31 S3 Regional Perchlorate 11/19/2019 µg/L FD F 0.265 Yes 0.058 to 0.255 3/6 8/19/2005 5/21/2007 

R-31 S3 Regional Potassium 8/19/2019 mg/L REG F 2.37 Yes 1.6 to 8.1 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Potassium 8/19/2019 mg/L FD F 2.46 Yes 1.6 to 8.1 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Potassium 11/19/2019 mg/L REG F 2.16 Yes 1.6 to 8.1 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Potassium 11/19/2019 mg/L FD F 2.13 Yes 1.6 to 8.1 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Radium-226 11/19/2019 pCi/L REG UF 1.97 Yes 0.816 to 0.816 1/3 12/16/2000 10/24/2008 

R-31 S3 Regional Radium-226 11/19/2019 pCi/L FD UF 1.12 Yes 0.816 to 0.816 1/3 12/16/2000 10/24/2008 

R-31 S3 Regional Radium-226 and radium-228 11/19/2019 pCi/L REG UF 1.97 Yes 1.1 to 1.1 1/2 4/16/2008 10/24/2008 

R-31 S3 Regional Radium-226 and radium-228 11/19/2019 pCi/L FD UF 1.12 Yes 1.1 to 1.1 1/2 4/16/2008 10/24/2008 

R-31 S3 Regional Silicon dioxide 8/19/2019 mg/L REG F 80.9 Yes 59.9 to 60.4 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Silicon dioxide 8/19/2019 mg/L FD F 84.2 Yes 59.9 to 60.4 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Silicon dioxide 11/19/2019 mg/L REG F 70 Yes 59.9 to 60.4 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Silicon dioxide 11/19/2019 mg/L FD F 68.5 Yes 59.9 to 60.4 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Sodium 8/19/2019 mg/L REG F 11.2 Yes 18.1 to 73 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Sodium 8/19/2019 mg/L FD F 11.6 Yes 18.1 to 73 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Sodium 11/19/2019 mg/L REG F 11.5 Yes 18.1 to 73 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Sodium 11/19/2019 mg/L FD F 11.3 Yes 18.1 to 73 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Specific conductance 8/19/2019 µS/cm REG F 113 Yes 172 to 266 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Specific conductance 8/19/2019 µS/cm FD F 113 Yes 172 to 266 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Specific conductance 11/19/2019 µS/cm REG F 109 Yes 172 to 266 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Specific conductance 11/19/2019 µS/cm FD F 109 Yes 172 to 266 3/3 8/19/2005 5/21/2007 

R-31 S3 Regional Strontium 8/19/2019 µg/L REG F 42 Yes 71.3 to 360 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Strontium 8/19/2019 µg/L FD F 43.1 Yes 71.3 to 360 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Strontium 11/19/2019 µg/L REG F 54.1 Yes 71.3 to 360 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Strontium 11/19/2019 µg/L FD F 53 Yes 71.3 to 360 4/4 12/16/2000 5/21/2007 

R-31 S3 Regional Sulfate 8/19/2019 mg/L REG F 1.63 Yes 1.26 to 1.68 3/4 12/16/2000 5/21/2007 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S3 Regional Sulfate 8/19/2019 mg/L FD F 1.63 Yes 1.26 to 1.68 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Sulfate 11/19/2019 mg/L REG F 2.34 Yes 1.26 to 1.68 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Sulfate 11/19/2019 mg/L FD F 2.34 Yes 1.26 to 1.68 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Toluene 8/19/2019 µg/L REG UF 9.67 Yes —f 0/4 12/16/2000 5/21/2007 

R-31 S3 Regional Toluene 8/19/2019 µg/L FD UF 9.41 Yes — 0/4 12/16/2000 5/21/2007 

R-31 S3 Regional Toluene 11/19/2019 µg/L REG UF 2.06 Yes — 0/4 12/16/2000 5/21/2007 

R-31 S3 Regional Toluene 11/19/2019 µg/L FD UF 2.01 Yes — 0/4 12/16/2000 5/21/2007 

R-31 S3 Regional Total dissolved solids 8/19/2019 mg/L REG F 147 Yes 123 to 218 4/4 8/19/2005 5/21/2007 

R-31 S3 Regional Total dissolved solids 8/19/2019 mg/L FD F 107 Yes 123 to 218 4/4 8/19/2005 5/21/2007 

R-31 S3 Regional Total dissolved solids 11/19/2019 mg/L REG F 153 Yes 123 to 218 4/4 8/19/2005 5/21/2007 

R-31 S3 Regional Total dissolved solids 11/19/2019 mg/L FD F 154 Yes 123 to 218 4/4 8/19/2005 5/21/2007 

R-31 S3 Regional Total Kjeldahl nitrogen 8/19/2019 mg/L REG UF 0.11 Yes 0.195 to 0.305 2/2 11/30/2006 5/21/2007 

R-31 S3 Regional Total Kjeldahl nitrogen 8/19/2019 mg/L FD UF 0.173 Yes 0.195 to 0.305 2/2 11/30/2006 5/21/2007 

R-31 S3 Regional Total Kjeldahl nitrogen 11/19/2019 mg/L REG UF 0.033 No 0.195 to 0.305 2/2 11/30/2006 5/21/2007 

R-31 S3 Regional Total Kjeldahl nitrogen 11/19/2019 mg/L FD UF 0.0442 Yes 0.195 to 0.305 2/2 11/30/2006 5/21/2007 

R-31 S3 Regional Total organic carbon 8/19/2019 mg/L REG UF 0.354 Yes 1.61 to 21.9 3/3 9/27/2001 5/21/2007 

R-31 S3 Regional Total organic carbon 8/19/2019 mg/L FD UF 0.33 No 1.61 to 21.9 3/3 9/27/2001 5/21/2007 

R-31 S3 Regional Total organic carbon 11/19/2019 mg/L REG UF 0.33 No 1.61 to 21.9 3/3 9/27/2001 5/21/2007 

R-31 S3 Regional Total organic carbon 11/19/2019 mg/L FD UF 0.33 No 1.61 to 21.9 3/3 9/27/2001 5/21/2007 

R-31 S3 Regional Total phosphate as phosphorus 8/19/2019 mg/L REG F 0.0921 No 0.052 to 0.141 2/3 8/19/2005 5/21/2007 

R-31 S3 Regional Total phosphate as phosphorus 8/19/2019 mg/L FD F 0.0861 No 0.052 to 0.141 2/3 8/19/2005 5/21/2007 

R-31 S3 Regional Total phosphate as phosphorus 11/19/2019 mg/L REG F 0.0223 No 0.052 to 0.141 2/3 8/19/2005 5/21/2007 

R-31 S3 Regional Total phosphate as phosphorus 11/19/2019 mg/L FD F 0.0272 No 0.052 to 0.141 2/3 8/19/2005 5/21/2007 

R-31 S3 Regional Tritium 8/19/2019 pCi/L REG UF 2.081 No 0.1932 to 0.1932 1/11 12/16/2000 9/14/2010 

R-31 S3 Regional Tritium 8/19/2019 pCi/L FD UF 2.03 No 0.1932 to 0.1932 1/11 12/16/2000 9/14/2010 

R-31 S3 Regional Tritium 11/19/2019 pCi/L REG UF -0.210 No 0.1932 to 0.1932 1/11 12/16/2000 9/14/2010 

R-31 S3 Regional Tritium 11/19/2019 pCi/L FD UF 0.591 No 0.1932 to 0.1932 1/11 12/16/2000 9/14/2010 

R-31 S3 Regional Uranium 8/19/2019 µg/L REG F 0.222 Yes 0.1 to 0.17 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Uranium 8/19/2019 µg/L FD F 0.218 Yes 0.1 to 0.17 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Uranium 11/19/2019 µg/L REG F 0.407 Yes 0.1 to 0.17 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Uranium 11/19/2019 µg/L FD F 0.386 Yes 0.1 to 0.17 3/4 12/16/2000 5/21/2007 

R-31 S3 Regional Uranium-234 11/19/2019 pCi/L REG UF 0.281 Yes 0.1 to 0.1 1/3 12/16/2000 11/30/2006 

R-31 S3 Regional Uranium-234 11/19/2019 pCi/L FD UF 0.235 Yes 0.1 to 0.1 1/3 12/16/2000 11/30/2006 

R-31 S3 Regional Uranium-238 11/19/2019 pCi/L REG UF 0.168 Yes 0.0398 to 0.05 2/3 12/16/2000 11/30/2006 

R-31 S3 Regional Uranium-238 11/19/2019 pCi/L FD UF 0.0911 Yes .0398 to 0.05 2/3 12/16/2000 11/30/2006 

R-31 S3 Regional Vanadium 8/19/2019 µg/L REG F 6.13 Yes — 0/4 12/16/2000 5/21/2007 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S3 Regional Vanadium 8/19/2019 µg/L FD F 6.28 Yes — 0/4 12/16/2000 5/21/2007 

R-31 S3 Regional Vanadium 11/19/2019 µg/L REG F 6.01 Yes — 0/4 12/16/2000 5/21/2007 

R-31 S3 Regional Vanadium 11/19/2019 µg/L FD F 6.01 Yes — 0/4 12/16/2000 5/21/2007 

R-31 S3 Regional Zinc 8/19/2019 µg/L REG F 29.3 Yes 3.2 to 6.2 2/4 12/16/2000 5/21/2007 

R-31 S3 Regional Zinc 8/19/2019 µg/L FD F 29.4 Yes 3.2 to 6.2 2/4 12/16/2000 5/21/2007 

R-31 S3 Regional Zinc 11/19/2019 µg/L REG F 5.9 Yes 3.2 to 6.2 2/4 12/16/2000 5/21/2007 

R-31 S3 Regional Zinc 11/19/2019 µg/L FD F 5 Yes 3.2 to 6.2 2/4 12/16/2000 5/21/2007 

R-31 S4 Regional Acetone 12/5/2019 µg/L REG UF 1.94 No 1.3 to 9.8 3/12 12/14/2000 3/9/2016 

R-31 S4 Regional Acetone 12/5/2019 µg/L FD UF 1.5 No 1.3 to 9.8 3/12 12/14/2000 3/9/2016 

R-31 S4 Regional Alkalinity-CO3+HCO3 12/5/2019 mg/L REG F 56 Yes 25.5 to 63.1 15/15 9/27/2001 3/9/2016 

R-31 S4 Regional Alkalinity-CO3+HCO3 12/5/2019 mg/L FD F 54.8 Yes 25.5 to 63.1 15/15 9/27/2001 3/9/2016 

R-31 S4 Regional Ammonia as nitrogen 12/5/2019 mg/L FD F 0.0439 Yes 0.105 to 0.105 1/14 8/23/2005 3/9/2016 

R-31 S4 Regional Arsenic 12/5/2019 µg/L REG F 2.51 Yes 1.74 to 2.9 3/16 12/14/2000 3/9/2016 

R-31 S4 Regional Arsenic 12/5/2019 µg/L FD F 2.23 Yes 1.74 to 2.9 3/16 12/14/2000 3/9/2016 

R-31 S4 Regional Barium 12/5/2019 µg/L REG F 31 Yes 11.1 to 40.1 15/16 12/14/2000 3/9/2016 

R-31 S4 Regional Barium 12/5/2019 µg/L FD F 30.6 Yes 11.1 to 40.1 15/16 12/14/2000 3/9/2016 

R-31 S4 Regional Benzene 12/5/2019 µg/L REG UF 0.3 No 0.23 to 0.23 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Benzene 12/5/2019 µg/L FD UF 0.3 No 0.23 to 0.23 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Bis(2-ethylhexyl)phthalate 12/5/2019 µg/L REG UF 0.33 Yes 2.57 to 2.57 1/7 9/27/2001 3/9/2016 

R-31 S4 Regional Bis(2-ethylhexyl)phthalate 12/5/2019 µg/L FD UF 0.318 No 2.57 to 2.57 1/7 9/27/2001 3/9/2016 

R-31 S4 Regional Boron 12/5/2019 µg/L REG F 15 No 12.6 to 175 8/16 12/14/2000 3/9/2016 

R-31 S4 Regional Boron 12/5/2019 µg/L FD F 15 No 12.6 to 175 8/16 12/14/2000 3/9/2016 

R-31 S4 Regional Bromide 12/5/2019 mg/L REG F 0.067 No 0.0781 to 0.0781 1/16 12/14/2000 3/9/2016 

R-31 S4 Regional Bromide 12/5/2019 mg/L FD F 0.067 No 0.0781 to 0.0781 1/16 12/14/2000 3/9/2016 

R-31 S4 Regional Calcium 12/5/2019 mg/L REG F 8.17 Yes 7.91 to 13 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Calcium 12/5/2019 mg/L FD F 8.3 Yes 7.91 to 13 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Carbon disulfide 12/5/2019 µg/L REG UF 1.5 No 1.2 to 1.2 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Carbon disulfide 12/5/2019 µg/L FD UF 1.5 No 1.2 to 1.2 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Chloride 12/5/2019 mg/L REG F 1.5 Yes 1.21 to 2.5 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Chloride 12/5/2019 mg/L FD F 1.51 Yes 1.21 to 2.5 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Chloromethane 12/5/2019 µg/L REG UF 0.3 No 2 to 2 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Chloromethane 12/5/2019 µg/L FD UF 0.3 No 2 to 2 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Chromium 12/5/2019 µg/L REG F 5.89 Yes 1.9 to 5.88 12/16 12/14/2000 3/9/2016 

R-31 S4 Regional Chromium 12/5/2019 µg/L FD F 5.6 Yes 1.9 to 5.88 12/16 12/14/2000 3/9/2016 

R-31 S4 Regional Copper 12/5/2019 µg/L REG F 3 No 8.4 to 8.4 1/12 12/14/2000 9/20/2010 

R-31 S4 Regional Copper 12/5/2019 µg/L FD F 3 No 8.4 to 8.4 1/12 12/14/2000 9/20/2010 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S4 Regional Cyanide (total) 12/5/2019 mg/L REG UF 0.00167 No 0.00175 to 0.00175 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Cyanide (total) 12/5/2019 mg/L FD UF 0.00167 No 0.00175 to 0.00175 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Dichloroethane[1,1-] 12/5/2019 µg/L REG UF 0.3 No 0.82 to 0.82 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Dichloroethane[1,1-] 12/5/2019 µg/L FD UF 0.3 No — — — — 

R-31 S4 Regional Fluoride 12/5/2019 mg/L REG F 0.361 Yes 0.1 to 0.404 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Fluoride 12/5/2019 mg/L FD F 0.36 Yes 0.1 to 0.404 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Gross alpha 12/5/2019 pCi/L REG UF 2.96 Yes — 0/11 9/27/2001 3/9/2016 

R-31 S4 Regional Gross alpha 12/5/2019 pCi/L FD UF 1.89 No — 0/11 9/27/2001 3/9/2016 

R-31 S4 Regional Gross beta 12/5/2019 pCi/L REG UF 2.64 Yes 1.09 to 5.95 9/11 9/27/2001 3/9/2016 

R-31 S4 Regional Gross beta 12/5/2019 pCi/L FD UF 4.43 Yes 1.09 to 5.95 9/11 9/27/2001 3/9/2016 

R-31 S4 Regional Gross gamma — — — UF — — 39.7 to 70.6 2/8 9/27/2001 9/20/2010 

R-31 S4 Regional Hardness 12/5/2019 mg/L REG F 30.1 Yes 29.8 to 41 14/14 8/23/2005 3/9/2016 

R-31 S4 Regional Hardness 12/5/2019 mg/L FD F 30.6 Yes 29.8 to 41 14/14 8/23/2005 3/9/2016 

R-31 S4 Regional Iron 12/5/2019 µg/L REG F 35.8 Yes 19.3 to 77.5 3/16 12/14/2000 3/9/2016 

R-31 S4 Regional Iron 12/5/2019 µg/L FD F 30 No 19.3 to 77.5 3/16 12/14/2000 3/9/2016 

R-31 S4 Regional Lead-214 12/5/2019 pCi/L REG UF 90.3 Yes — 0/1 12/14/2000 12/14/2000 

R-31 S4 Regional Lead-214 12/5/2019 pCi/L FD UF 84.4 Yes — 0/1 12/14/2000 12/14/2000 

R-31 S4 Regional Magnesium 12/5/2019 mg/L REG F 2.37 Yes 0.63 to 2.57 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Magnesium 12/5/2019 mg/L FD F 2.4 Yes 0.63 to 2.57 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Manganese 12/5/2019 µg/L REG F 2 No 15 to 20 2/16 12/14/2000 3/9/2016 

R-31 S4 Regional Manganese 12/5/2019 µg/L FD F 2 No 15 to 20 2/16 12/14/2000 3/9/2016 

R-31 S4 Regional Mercury 12/5/2019 µg/L FD F 0.084 Yes — 0/16 12/14/2000 3/9/2016 

R-31 S4 Regional Mercury 12/5/2019 µg/L REG F 0.067 No — 0/16 12/14/2000 3/9/2016 

R-31 S4 Regional MNXg — — — — — — 0.41 to 0.41 1/9 12/6/2006 2/1/2012 

R-31 S4 Regional Molybdenum 12/5/2019 µg/L REG F 1.18 Yes 1.14 to 2.72 11/16 12/14/2000 3/9/2016 

R-31 S4 Regional Molybdenum 12/5/2019 µg/L FD F 1.18 Yes 1.14 to 2.72 11/16 12/14/2000 3/9/2016 

R-31 S4 Regional Nickel 12/5/2019 µg/L REG F 0.706 Yes 0.509 to 1.3 5/16 12/14/2000 3/9/2016 

R-31 S4 Regional Nickel 12/5/2019 µg/L FD F 0.6 No 0.509 to 1.3 5/16 12/14/2000 3/9/2016 

R-31 S4 Regional Nitrate-nitrite as nitrogen 12/5/2019 mg/L FD F 0.299 Yes 0.182 to 0.56 12/16 12/14/2000 3/9/2016 

R-31 S4 Regional Perchlorate 12/5/2019 µg/L REG F 0.232 Yes 0.219 to 0.249 13/18 9/27/2001 3/9/2016 

R-31 S4 Regional Perchlorate 12/5/2019 µg/L FD F 0.225 Yes 0.219 to 0.249 13/18 9/27/2001 3/9/2016 

R-31 S4 Regional Potassium 12/5/2019 mg/L REG F 2.94 Yes 1.34 to 3.69 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Potassium 12/5/2019 mg/L FD F 2.98 Yes 1.34 to 3.69 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Radium-226 and radium-228 12/5/2019 pCi/L REG UF 1.34 Yes 0.581 to 0.638 2/3 11/2/2007 10/21/2008 

R-31 S4 Regional Radium-226 and radium-228 12/5/2019 pCi/L FD UF 1.35 Yes 0.581 to 0.638 2/3 11/2/2007 10/21/2008 

R-31 S4 Regional Silicon dioxide 12/5/2019 mg/L REG F 79.3 Yes 67.8 to 82.7 14/14 8/23/2005 3/9/2016 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S4 Regional Silicon dioxide 12/5/2019 mg/L FD F 79.8 Yes 67.8 to 82.7 14/14 8/23/2005 3/9/2016 

R-31 S4 Regional Sodium 12/5/2019 mg/L REG F 11.6 Yes 6.03 to 17 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Sodium 12/5/2019 mg/L FD F 11.7 Yes 6.03 to 17 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Specific conductance 12/5/2019 µS/cm REG F 101 Yes 109 to 135 14/14 8/23/2005 3/9/2016 

R-31 S4 Regional Specific conductance 12/5/2019 µS/cm FD F 100 Yes 109 to 135 14/14 8/23/2005 3/9/2016 

R-31 S4 Regional Strontium 12/5/2019 µg/L REG F 40.6 Yes 43.3 to 61.9 15/16 12/14/2000 3/9/2016 

R-31 S4 Regional Strontium 12/5/2019 µg/L FD F 41 Yes 43.3 to 61.9 15/16 12/14/2000 3/9/2016 

R-31 S4 Regional Strontium-90 12/5/2019 pCi/L REG UF 0.113 No — 0/12 12/14/2000 3/9/2016 

R-31 S4 Regional Strontium-90 12/5/2019 pCi/L FD UF -0.0491 No — 0/12 12/14/2000 3/9/2016 

R-31 S4 Regional Sulfate 12/5/2019 mg/L REG F 1.37 Yes 1.28 to 7.7 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Sulfate 12/5/2019 mg/L FD F 1.37 Yes 1.28 to 7.7 16/16 12/14/2000 3/9/2016 

R-31 S4 Regional Thallium 12/5/2019 µg/L REG F 0.6 No 0.57 to 0.57 1/18 12/14/2000 3/9/2016 

R-31 S4 Regional Thallium 12/5/2019 µg/L FD F 0.6 No 0.57 to 0.57 1/18 12/14/2000 3/9/2016 

R-31 S4 Regional Thorium-234 12/5/2019 pCi/L REG UF 136 No 65 to 65 1/1 12/14/2000 12/14/2000 

R-31 S4 Regional Thorium-234 12/5/2019 pCi/L FD UF 126 No 65 to 65 1/1 12/14/2000 12/14/2000 

R-31 S4 Regional Tin 12/5/2019 µg/L REG F 2.5 No 5.71 to 5.71 1/14 8/23/2005 3/9/2016 

R-31 S4 Regional Tin 12/5/2019 µg/L FD F 2.5 No 5.71 to 5.71 1/14 8/23/2005 3/9/2016 

R-31 S4 Regional Toluene 12/5/2019 µg/L REG UF 1.08 Yes 1.3 to 1.3 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Toluene 12/5/2019 µg/L FD UF 1.1 Yes 1.3 to 1.3 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Total dissolved solids 12/5/2019 mg/L REG F 124 Yes 100 to 167 16/16 8/23/2005 3/9/2016 

R-31 S4 Regional Total dissolved solids 12/5/2019 mg/L FD F 169 Yes 100 to 167 16/16 8/23/2005 3/9/2016 

R-31 S4 Regional Total Kjeldahl nitrogen 12/5/2019 mg/L REG UF 0.0865 No 0.048 to 0.272 5/6 9/27/2001 11/2/2007 

R-31 S4 Regional Total Kjeldahl nitrogen 12/5/2019 mg/L FD UF 0.109 No 0.048 to 0.272 5/6 9/27/2001 11/2/2007 

R-31 S4 Regional Total Organic Carbon 12/5/2019 mg/L REG UF 0.33 No 0.39 to 1.82 7/14 9/27/2001 3/9/2016 

R-31 S4 Regional Total organic carbon 12/5/2019 mg/L FD UF 0.33 No 0.39 to 1.82 7/14 9/27/2001 3/9/2016 

R-31 S4 Regional Total phosphate as phosphorus 12/5/2019 mg/L FD F 0.02 No 0.034 to 0.167 9/15 9/27/2001 3/9/2016 

R-31 S4 Regional Trichlorobenzene[1,2,4-] 12/5/2019 µg/L REG UF 0.3 No 2.29 to 2.29 1/18 12/14/2000 3/9/2016 

R-31 S4 Regional Trichlorobenzene[1,2,4-] 12/5/2019 µg/L REG UF 3 No 2.29 to 2.29 1/18 12/14/2000 3/9/2016 

R-31 S4 Regional Trichlorobenzene[1,2,4-] 12/5/2019 µg/L FD UF 0.3 No 2.29 to 2.29 1/18 12/14/2000 3/9/2016 

R-31 S4 Regional Trichlorobenzene[1,2,4-] 12/5/2019 µg/L FD UF 3.18 No 2.29 to 2.29 1/18 12/14/2000 3/9/2016 

R-31 S4 Regional Tritium 12/5/2019 pCi/L REG UF 1.034 No 0 to 7.2128 2/12 12/14/2000 9/20/2010 

R-31 S4 Regional Tritium 12/5/2019 pCi/L FD UF 0.520 No 0 to 7.2128 2/12 12/14/2000 9/20/2010 

R-31 S4 Regional Uranium 12/5/2019 µg/L REG F 0.238 Yes 0.21 to 0.266 12/16 12/14/2000 3/9/2016 

R-31 S4 Regional Uranium 12/5/2019 µg/L FD F 0.242 Yes 0.21 to 0.266 12/16 12/14/2000 3/9/2016 

R-31 S4 Regional Uranium-234 12/5/2019 pCi/L REG UF 0.227 Yes 0.103 to 0.185 11/12 12/14/2000 3/9/2016 

R-31 S4 Regional Uranium-234 12/5/2019 pCi/L FD UF 0.159 Yes 0.103 to 0.185 11/12 12/14/2000 3/9/2016 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S4 Regional Uranium-238 12/5/2019 pCi/L REG UF 0.139 Yes 0.0673 to 0.117 11/12 12/14/2000 3/9/2016 

R-31 S4 Regional Uranium-238 12/5/2019 pCi/L FD UF 0.104 No 0.0673 to 0.117 11/12 12/14/2000 3/9/2016 

R-31 S4 Regional Vanadium 12/5/2019 µg/L REG F 6.36 Yes 5.45 to 8.7 14/16 12/14/2000 3/9/2016 

R-31 S4 Regional Vanadium 12/5/2019 µg/L FD F 6.61 Yes 5.45 to 8.7 14/16 12/14/2000 3/9/2016 

R-31 S4 Regional Xylene[1,2-] 12/5/2019 µg/L REG UF 0.3 No 0.14 to 0.14 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Xylene[1,2-] 12/5/2019 µg/L FD UF 0.3 No 0.14 to 0.14 1/12 12/14/2000 3/9/2016 

R-31 S4 Regional Zinc 12/5/2019 µg/L REG F 6.71 Yes 2.8 to 241 10/16 12/14/2000 3/9/2016 

R-31 S4 Regional Zinc 12/5/2019 µg/L FD F 3.3 No 2.8 to 241 10/16 12/14/2000 3/9/2016 

R-31 S5 Regional Acetone 11/9/2019 µg/L REG UF 7.25 No 1.9 to 11.6 2/8 12/15/2000 3/10/2016 

R-31 S5 Regional Acetone 11/9/2019 µg/L FD UF 4.6 No — — — — 

R-31 S5 Regional Alkalinity-CO3 11/9/2019 mg/L REG F 1.45 No 0.782 to 4.08 8/10 8/24/2005 3/10/2016 

R-31 S5 Regional Alkalinity-CO3 11/9/2019 mg/L FD F 1.45 No — — — — 

R-31 S5 Regional Alkalinity-CO3+HCO3 11/9/2019 mg/L REG F 52.9 Yes 20.4 to 79 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Alkalinity-CO3+HCO3 11/9/2019 mg/L FD F 52.3 Yes — — — — 

R-31 S5 Regional Amino-4,6-dinitrotoluene[2-] 11/9/2019 µg/L REG UF 0.08 No 0.7 to 0.7 1/10 12/15/2000 3/18/2015 

R-31 S5 Regional Amino-4,6-dinitrotoluene[2-] 11/9/2019 µg/L FD UF 0.0808 No — — — — 

R-31 S5 Regional Ammonia as nitrogen 11/9/2019 mg/L REG F 0.095 No 0.118 to 0.118 1/10 8/24/2005 3/10/2016 

R-31 S5 Regional Ammonia as nitrogen 11/9/2019 mg/L FD F 0.0249 No — — — — 

R-31 S5 Regional Arsenic 11/9/2019 µg/L REG F 2.46 Yes 1.77 to 3.01 4/12 12/15/2000 3/10/2016 

R-31 S5 Regional Arsenic 11/9/2019 µg/L FD F 2.37 Yes — — — — 

R-31 S5 Regional Barium 11/9/2019 µg/L REG F 28.9 Yes 11.4 to 32.3 11/12 12/15/2000 3/10/2016 

R-31 S5 Regional Barium 11/9/2019 µg/L FD F 27.5 Yes — — — — 

R-31 S5 Regional Benzene 11/9/2019 µg/L REG UF 0.3 No 0.2 to 0.2 1/8 12/15/2000 3/10/2016 

R-31 S5 Regional Benzene 11/9/2019 µg/L FD UF 0.3 No — — — — 

R-31 S5 Regional Boron 11/9/2019 µg/L REG F 15 No 14.1 to 221 5/12 12/15/2000 3/10/2016 

R-31 S5 Regional Boron 11/9/2019 µg/L FD F 15 No — — — — 

R-31 S5 Regional Bromide 11/9/2019 mg/L REG F 0.067 No 0.0729 to 0.0729 1/12 12/15/2000 3/10/2016 

R-31 S5 Regional Bromide 11/9/2019 mg/L FD F 0.067 No — — — — 

R-31 S5 Regional Calcium 11/9/2019 mg/L REG F 8.31 Yes 6.88 to 13 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Calcium 11/9/2019 mg/L FD F 7.81 Yes — — — — 

R-31 S5 Regional Carbon disulfide 11/9/2019 µg/L REG UF 1.5 No 2.8 to 2.8 1/8 12/15/2000 3/10/2016 

R-31 S5 Regional Carbon disulfide 11/9/2019 µg/L FD UF 1.5 No — — — — 

R-31 S5 Regional Chloride 11/9/2019 mg/L REG F 1.47 Yes 1.16 to 1.7 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Chloride 11/9/2019 mg/L FD F 1.46 Yes — — — — 

R-31 S5 Regional Chloromethane 11/9/2019 µg/L REG UF 0.3 No 1.3 to 1.3 1/8 12/15/2000 3/10/2016 

R-31 S5 Regional Chloromethane 11/9/2019 µg/L FD UF 0.3 No — — — — 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S5 Regional Chromium 11/9/2019 µg/L REG F 4.23 Yes 1.7 to 4.91 10/12 12/15/2000 3/10/2016 

R-31 S5 Regional Chromium 11/9/2019 µg/L FD F 3.9 Yes — — — — 

R-31 S5 Regional Copper 11/9/2019 µg/L REG F 3 No 12.1 to 12.1 1/7 12/15/2000 9/9/2010 

R-31 S5 Regional Copper 11/9/2019 µg/L FD F 3 No — — — — 

R-31 S5 Regional Dichloroethane[1,1-] 11/9/2019 µg/L REG UF 0.3 No 0.58 to 0.58 1/8 12/15/2000 3/10/2016 

R-31 S5 Regional Dichloroethane[1,1-] 11/9/2019 µg/L FD UF 0.3 No — — — — 

R-31 S5 Regional Fluoride 11/9/2019 mg/L REG F 0.417 Yes 0.11 to 0.369 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Fluoride 11/9/2019 mg/L FD F 0.421 Yes — — — — 

R-31 S5 Regional Gross beta 11/9/2019 pCi/L REG UF 5.66 Yes 1.24 to 4.64 5/9 9/28/2001 3/10/2016 

R-31 S5 Regional Gross beta 11/9/2019 pCi/L FD UF 1.32 No — — — — 

R-31 S5 Regional Hardness 11/9/2019 mg/L REG F 32.1 Yes 29.8 to 34 10/10 8/24/2005 3/10/2016 

R-31 S5 Regional Hardness 11/9/2019 mg/L FD F 30.1 Yes — — — — 

R-31 S5 Regional Lead-214 11/9/2019 pCi/L REG UF 16.4 Yes — 0/1 12/15/2000 12/15/2000 

R-31 S5 Regional Lead-214 11/9/2019 pCi/L FD UF 23.8 Yes — — — — 

R-31 S5 Regional Iron 11/9/2019 µg/L REG F 30 No 18.6 to 76 2/12 12/15/2000 3/10/2016 

R-31 S5 Regional Iron 11/9/2019 µg/L FD F 30 No — — — — 

R-31 S5 Regional Magnesium 11/9/2019 mg/L REG F 2.74 Yes 0.56 to 3.2 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Magnesium 11/9/2019 mg/L FD F 2.56 Yes — — — — 

R-31 S5 Regional Manganese 11/9/2019 µg/L REG F 2 No 2.27 to 27.1 3/12 12/15/2000 3/10/2016 

R-31 S5 Regional Manganese 11/9/2019 µg/L FD F 2 No — — — — 

R-31 S5 Regional Molybdenum 11/9/2019 µg/L REG F 1.09 Yes 0.54 to 4 10/12 12/15/2000 3/10/2016 

R-31 S5 Regional Molybdenum 11/9/2019 µg/L FD F 1.17 Yes — — — — 

R-31 S5 Regional Nickel 11/9/2019 µg/L REG F 0.729 Yes 0.62 to 0.775 6/12 12/15/2000 3/10/2016 

R-31 S5 Regional Nickel 11/9/2019 µg/L FD F 0.757 Yes — — — — 

R-31 S5 Regional Nitrate-nitrite as nitrogen 11/9/2019 mg/L REG F 0.334 Yes 0.158 to 0.339 10/12 12/15/2000 3/10/2016 

R-31 S5 Regional Nitrate-nitrite as nitrogen 11/9/2019 mg/L FD F 0.331 Yes — — — — 

R-31 S5 Regional Perchlorate 11/9/2019 µg/L REG F 0.238 Yes 0.197 to 0.257 8/12 9/28/2001 3/10/2016 

R-31 S5 Regional Perchlorate 11/9/2019 µg/L FD F 0.245 Yes — — — — 

R-31 S5 Regional Potassium 11/9/2019 mg/L REG F 2.91 Yes 0.568 to 3.1 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Potassium 11/9/2019 mg/L FD F 2.71 Yes — — — — 

R-31 S5 Regional Potassium-40 11/9/2019 pCi/L REG UF 37.2 No 118 to 118 1/5 12/15/2000 10/22/2008 

R-31 S5 Regional Potassium-40 11/9/2019 pCi/L FD UF 10.1 No — — — — 

R-31 S5 Regional Radium-226 11/9/2019 pCi/L REG UF 0.534 Yes — 0/1 12/15/2000 12/15/2000 

R-31 S5 Regional Radium-226 11/9/2019 pCi/L FD UF 0.793 Yes — — — — 

R-31 S5 Regional Radium-226 and radium-228 11/9/2019 pCi/L REG UF 0.615 Yes — — — — 

R-31 S5 Regional Radium-226 and radium-228 11/9/2019 pCi/L FD UF 1.2 Yes — — — — 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S5 Regional Silicon dioxide 11/9/2019 mg/L REG F 87.8 Yes 71.9 to 88.5 10/10 8/24/2005 3/10/2016 

R-31 S5 Regional Silicon dioxide 11/9/2019 mg/L FD F 82.5 Yes — — — — 

R-31 S5 Regional Sodium 11/9/2019 mg/L REG F 12.3 Yes 2.66 to 12 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Sodium 11/9/2019 mg/L FD F 11.4 Yes — — — — 

R-31 S5 Regional Specific conductance 11/9/2019 µS/cm REG F 95.4 Yes 105 to 120 10/10 8/24/2005 3/10/2016 

R-31 S5 Regional Specific conductance 11/9/2019 µS/cm FD F 93.8 Yes — — — — 

R-31 S5 Regional Strontium 11/9/2019 µg/L REG F 45.6 Yes 42.5 to 60 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Strontium 11/9/2019 µg/L FD F 42 Yes — — — — 

R-31 S5 Regional Sulfate 11/9/2019 mg/L REG F 1.33 Yes 0.94 to 1.41 12/12 12/15/2000 3/10/2016 

R-31 S5 Regional Sulfate 11/9/2019 mg/L FD F 1.31 Yes — — — — 

R-31 S5 Regional Thallium 11/9/2019 µg/L REG F 0.6 No 0.81 to 0.81 2/15 12/15/2000 3/10/2016 

R-31 S5 Regional Thallium 11/9/2019 µg/L FD F 0.6 No — — — — 

R-31 S5 Regional Thorium-234 11/9/2019 pCi/L REG UF -99.7 No 86 to 86 1/2 12/15/2000 9/28/2001 

R-31 S5 Regional Thorium-234 11/9/2019 pCi/L FD UF 140 No — — — — 

R-31 S5 Regional Tin 11/9/2019 µg/L REG F 2.5 No 6.99 to 6.99 1/10 8/24/2005 3/10/2016 

R-31 S5 Regional Tin 11/9/2019 µg/L FD F 2.5 No — — — — 

R-31 S5 Regional Toluene 11/9/2019 µg/L REG UF 12.3 No 1.9 to 1.9 1/8 12/15/2000 3/10/2016 

R-31 S5 Regional Toluene 11/9/2019 µg/L FD UF 0.3 No — — — — 

R-31 S5 Regional Total dissolved solids 11/9/2019 mg/L REG F 141 Yes 101 to 160 11/11 8/24/2005 3/10/2016 

R-31 S5 Regional Total dissolved solids 11/9/2019 mg/L FD F 154 Yes — — — — 

R-31 S5 Regional Total Kjeldahl Nitrogen 11/9/2019 mg/L REG UF 0.0566 No 0.12 to 0.136 2/3 9/28/2001 12/6/2006 

R-31 S5 Regional Total Kjeldahl Nitrogen 11/9/2019 mg/L FD UF 0.0347 No — — — — 

R-31 S5 Regional Total organic carbon 11/9/2019 mg/L REG UF 0.33 No 0.331 to 2.27 4/9 9/28/2001 3/10/2016 

R-31 S5 Regional Total organic carbon 11/9/2019 mg/L FD UF 0.33 No — — — — 

R-31 S5 Regional Total phosphate as phosphorus 11/9/2019 mg/L REG F 0.041 No 0.0365 to 0.0761 6/11 9/28/2001 3/10/2016 

R-31 S5 Regional Total phosphate as phosphorus 11/9/2019 mg/L FD F 0.0416 No — — — — 

R-31 S5 Regional Tritium 11/9/2019 pCi/L REG UF 0.867 No 0.4508 to 6.3112 2/7 12/15/2000 9/9/2010 

R-31 S5 Regional Tritium 11/9/2019 pCi/L FD UF 1.614 No — — — — 

R-31 S5 Regional Uranium 11/9/2019 µg/L REG F 0.139 Yes 0.091 to 0.135 7/12 12/15/2000 3/10/2016 

R-31 S5 Regional Uranium 11/9/2019 µg/L FD F 0.127 Yes — — — — 

R-31 S5 Regional Uranium-234 11/9/2019 pCi/L REG UF 0.0951 Yes 0.08 to 0.115 4/5 12/15/2000 10/22/2008 

R-31 S5 Regional Uranium-234 11/9/2019 pCi/L FD UF 0.0697 Yes — — — — 

R-31 S5 Regional Uranium-238 11/9/2019 pCi/L REG UF 0.0246 No 0.051 to 0.0558 2/5 12/15/2000 10/22/2008 

R-31 S5 Regional Uranium-238 11/9/2019 pCi/L FD UF 0.0521 No — — — — 
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Table 5.0-1 (continued) 

Sample Parameter Recent Results Historical Results 

Location ID 
Hydrostratigraphic 

Unit Parameter Name Sample Date Report Unit 
Sample 
Purpose 

Field 
Preparation 

Code Report Result Detected? 
Detection Range 

(Min-Max) 
Detections 

(Frequency) 
First Sample 

Date 
Last Sample 

Date 
R-31 S5 Regional Vanadium 11/9/2019 µg/L REG F 7.33 Yes 4.7 to 7.17 10/12 12/15/2000 3/10/2016 

R-31 S5 Regional Vanadium 11/9/2019 µg/L FD F 6.95 Yes — — — — 

R-31 S5 Regional Zinc 11/9/2019 µg/L REG F 4.51 No 3.43 to 1730 10/12 12/15/2000 3/10/2016 

R-31 S5 Regional Zinc 11/9/2019 µg/L FD F 7.59 No — — — — 
a S = Screen. 
b REG = Regular sample. 
c UF = Unfiltered. 
d FD = Field duplicate. 
e F = Filtered. 
f — = Not applicable. 
g MNX = hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine. 
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Appendix A 

Initial Pumping Test and Jetting Analysis for Well R-31 
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A-1.0 INTRODUCTION 

This appendix describes the initial step-test pumping performed at regional groundwater well R-31 in 
August and November 2019. The initial pump tests were conducted after the removal of the Westbay 
MP55 sampling system from this well, followed by swabbing and bailing, as approved by the New Mexico 
Environment Department (NMED). Little information existed on the hydraulic properties of the screened 
intervals within well R-31 before the initial installation of the Westbay MP55 sampling system. The step-
testing consisted of brief trial pumping and background water-level data collection. The data thus 
acquired during these step-tests supported other activities associated with the reconfiguration of the well, 
including supporting the jetting of the screens and the subsequent aquifer tests. 

As in most of the R-well pumping tests conducted on the Pajarito Plateau, an inflatable packer system 
was used to isolate each screened interval for step-testing. The double packer system isolated each 
pumped zone and was intended to eliminate casing storage effects on the test data so that early 
drawdown and recovery data could be used in the analysis.  

Following swabbing, bailing, and the initial testing of screens, the wells were developed further by 
simultaneous high-velocity jetting and pumping. A 10-horsepower (hp) submersible pump with a jetting 
tool configured above the pump was rotated and passed through the screened zone to loosen and 
remove sediment around the well. 

A-2.0 R-31 PUMP TESTING 

Following swabbing and bailing activities, initial test pumping was performed on R-31 screens 2, 3, 4, 
and 5. Little was known about the yield potential of the screens, so brief testing was required to achieve 
several objectives: 

 Support jetting tool design for subsequent jet development 

 Guide selection of discharge rate for final aquifer testing 

 Provide baseline production performance to support evaluation of the efficacy of the jetting 
procedures planned for screen 2 

 Support selection of the size of the permanent pump 

A-2.1 Initial Test Pumping of Screen 2 

The screen 2 interval in R-31 extends from 515.0 to 545.7 ft below ground surface (bgs) and straddles the 
regional water table within the Cerros del Rio basalt. The static water level measured on August 17 was 
535.66 ft bgs. However, the water level continued dropping throughout the available monitoring period 
and equilibration had not been achieved when testing began. Thus, the actual static water level was 
deeper than the measured result. 

The observed screen 2 water level was 4.0 ft higher than that of screen 3, described below. However, 
during the last month of available water-level records from R-31 (December 2018), transducer data 
showed the screen 2 level to range from 1.42 to 1.60 ft higher than that of screen 3, averaging 1.50 ft 
higher from December 1, 2018, to January 1, 2019. It was likely that when the well stood open, the 
screen 2 interval was “flooded” with water from the deeper screens, primarily screen 5, raising the water 
level in screen 2 temporarily above its true static level. (Note that the composite water level in R-31 was 
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approximately 530 ft bgs.) This raised water level was slow to subside, apparently because of the 
tightness of the screen 2 zone. 

Of significance is that on November 20, 2019, the screen 2 static water level was determined to be 
537.21  ft bgs, 1.55 ft lower than observed in August 2019. This is likely a more realistic estimate of the 
true water level as it was measured (1) after several days of equilibration and (2) after screen 5 (largely 
responsible for “flooding” screen 2 previously) was abandoned by cementing. 

Testing showed that screen 2 could not support continuous pumping with a conventional submersible 
pump. After brief operation, the water level dropped to the pump intake and the pump cavitated and had 
to be shut down. It was necessary to cycle the pump briefly after an extended shutdown period and 
monitor the casing refill rate in order to determine the effective pumping rate. Figure A-2.1-1 shows the 
refill response observed during the period from 90 to 120 min after inflow began. Based on the rate of 
water-level rise and the annular volume between the well casing and drop pipe, the flow rate was 
determined to be just 0.0434 gallons per minute (gpm), or 2.60 gallons per hour (gph). Subsequent longer 
testing showed that the rate declined steadily, dropping in half after several hours of pumping. Thus, the 
long-term yield of screen 2 was estimated to be approximately 1.3 gph. 

A-2.2 Initial Test Pumping of Screen 3 

The screen 3 interval in R-31 extends from 666.3 to 676.3 ft bgs within the Cerros del Rio basalt. The 
static water level measured from August 18 to 19, 2019, was 539.69 ft bgs. During subsequent testing in 
November 2019, the observed static water level was 538.51 ft bgs. 

With little yield information available from the screen 3 zone, a step-drawdown test was selected for initial 
evaluation of pumping response. Screen 3 was tested at multiple discharge rates for 110 min, from 
3:30 p.m. to 5:20 p.m. on August 16, 2019. Figure A-2.2-1 shows the drawdown response observed for 
four different pumping rates ranging from 4.58 to 10.05 gpm. 

Table A-2.2-1 lists the pumping rates and observed drawdown values from the R-31 screen 3 step-
drawdown test along with the computed specific capacity (gpm per foot of drawdown) at each pumping 
rate. 

Figure A-2.2-2 shows a plot of specific capacity versus discharge rate for the values listed in 
Table A-2.2-1. The specific capacity declined slightly at increasing discharge rate, indicating a minor 
turbulent flow component. 

A-2.3 Initial Test Pumping of Screen 4 

The screen 4 interval in R-31 extends from 826.6 to 836.6 ft bgs within Totavi sediments. The static water 
level measured in November 2019 was 534.4 ft bgs. 

With no yield information available from the screen 4 zone, a step-drawdown test was selected for initial 
evaluation of pumping response. Screen 4 was tested at multiple discharge rates for 120 min, from 
9:30 a.m. to 11:30 a.m. on November 10, 2019. Figure A-2.3-1 shows the drawdown response observed 
for three different pumping rates ranging from 5.14 to 10.6 gpm. 

Table A-2.3-1 lists the pumping rates and observed drawdown values from the R-31 screen 4 step-
drawdown test along with the computed specific capacity (gpm per foot of drawdown) at each pumping 
rate. 
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Figure A-2.3-2 shows a plot of specific capacity versus discharge rate for the values listed in 
Table A-2.3-1. The specific capacity remained fairly constant at all pumping rates, suggesting largely 
laminar flow conditions. 

A-2.4 Initial Test Pumping of Screen 5 

The screen 5 interval in R-31 extends from 1007.1 to 1017.1 ft bgs within Totavi sediments. The static 
water level measured in November 2019 was 534.4 ft bgs. 

Screen 5 was tested (and sampled) at the maximum discharge rate of the 3-hp test pump for 105 min 
from 3:30 p.m. to 5:15 p.m. on November 9, 2019. The inline flow meter failed during testing, so the 
discharge rate was estimated initially using the “bucket and stopwatch” measurement method. 
Subsequent analysis incorporating data from the pump performance curve and the responses observed 
during other tests showed that the discharge rate from screen 5 was approximately 11 gpm during the 
test. Figure A-2.4-1 shows the drawdown observed during pumping. 

Screen 5 produced 11 gpm with 6.2 ft of drawdown for a specific capacity of 1.77 gpm/ft. This amounted 
to 77 percent of the total capacity of all of the combined screens in R-31. 

A-3.0 R-31 JETTING OF SCREENS 2, 3, AND 4 

Following swabbing and bailing and the initial testing of R-31 screens 2, 3, and 4, the well was developed 
further by simultaneous high-velocity jetting and pumping of screen 2. This was accomplished by running 
a 10-hp submersible pump through each screen section with a jetting tool above the pump. While the 
pump was running, the assembly was raised and lowered through the screen and periodically rotated a 
few degrees so that the water jets eventually covered the entire well screen surface. The method is 
designed to loosen sediment around the wellbore and simultaneously remove it from the well via 
pumping. It is an extremely powerful and effective method of development and has been used several 
times at Los Alamos National Laboratory with good success. 

A-3.1 R-31 Jetting of Screen 2 

Development of screen 2 began on the morning of August 22, 2019, and continued for more than an hour 
from 8:33 a.m. to 9:48 a.m. The pump used for jetting had an estimated capacity of 22 to 27 gpm at the 
discharge pressures applied during jetting operations. Jetting began at a pressure of approximately 
350 psi, equivalent to the pumping lift. Then the pressure was increased periodically by incrementally 
closing the discharge valve at the surface while jetting continued. The jetting pressures achieved during 
the process were 450 psi, 550 psi, and 630 psi. 

Following jet development, additional pumping was performed at screen 2. As before, the low yield of this 
zone was not sufficient to support continuous pumping with a submersible pump, so performance was 
determined by lowering the water level by pumping and monitoring the casing refill rate. Figure A-3.1-1 
shows the refill response observed from 90 to 120 min after pumping began. For comparison, the 
pre-jetting response is included in the plot. 

The average refill rate between 90 and 120 min was 4.98 gph. This represents a 92% increase over the 
initial flow rate of 2.60 gph measured before jetting, demonstrating the effectiveness of the simultaneous 
jetting and pumping method. 
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A-3.2 R-31 Jetting of Screen 3 

Development of screen 3 was performed on the afternoon of November 15, 2019, continuing for 45 min 
from 2:44 p.m. until 3:29 p.m. The pump used for jetting had an estimated capacity of 30 gpm at the 
discharge pressure of 250 psi applied during jetting operations. 

Following jet development, additional pumping was performed at screen 3 at a discharge rate of 6.6 gpm. 
Figure A-3.2-1 shows the pumping response observed over two pumping cycles lasting a total of 120 min. 
For comparison, the pre-jetting response is included in the plot. 

The pre-development discharge rate closest to the post-development rate of 6.6 gpm was the second 
pumping step from the original step-drawdown test, conducted at a rate of 6.15 gpm. This step was used 
to establish a before-and-after performance comparison to evaluate the effectiveness of the jetting 
procedure. 

Before jetting, R-31 screen 3 produced 6.15 gpm with 53.9 ft of drawdown, corresponding to a specific 
capacity of 6.15/53.9 = 0.114 gpm/ft. Following jetting, screen 3 produced 6.6 gpm with a drawdown of 
34.1 ft, yielding a specific capacity of 6.6/34.1 = 0.194 gpm/ft. This corresponded to a yield increase of 
70%, showing that the jet development was highly effective. 

A-3.3 R-31 Jetting of Screen 4 

Development of screen 4 was performed on the afternoon of November 15, 2019, continuing for 52 min 
from 4:09 p.m. until 5:01 p.m. The pump used for jetting had an estimated capacity of 30 gpm at the 
discharge pressure of 250 psi applied during jetting operations. 

Following jet development, additional pumping was performed at screen 4 at a discharge rate of 
10.7 gpm. Figure A-3.3-1 shows the pumping response observed from a 1-hr test. For comparison, the 
pre-jetting response is included in the plot. 

The pre-development discharge rate closest to the post-development rate of 10.7 gpm was the first 
pumping step from the original step-drawdown test, conducted at a rate of 10.6 gpm. This step was used to 
establish a before-and-after performance comparison to evaluate the effectiveness of the jetting procedure. 

Before jetting, after 40 min of pumping, R-31 screen 4 produced 10.6 gpm with 26.88 ft of drawdown, 
corresponding to a specific capacity of 10.6/26.88 = 0.394 gpm/ft. Following jetting, after 40 min of 
pumping, screen 4 produced 10.7 gpm with a drawdown of 19.02 ft, yielding a specific capacity of 
10.7/19.02 = 0.563 gpm/ft. This corresponded to a yield increase of 43%, showing that the jet 
development was highly effective. 

It is evident from Figure A-3.3-1 that during the original test on screen 4, the drawdown was continuing to 
increase rapidly after 40 min—a trend not accounted for in the 40-min yield calculations. A better relative 
yield comparison was achieved by evaluating the performance after 60 min of pumping when 
approximate stability was achieved during both the pre-jetting and post-jetting tests. 

Before jetting, after 60 min of pumping, R-31 screen 4 produced 8.3 gpm with 22.39 ft of drawdown, 
corresponding to a specific capacity of 8.3/22.39 = 0.371 gpm/ft. Following jetting, after 60 min of 
pumping, screen 4 produced 10.7 gpm with a drawdown of 19.24 ft, yielding a specific capacity of 
10.7/19.24 = 0.556 gpm/ft. This corresponded to a yield increase of 50%—a more representative 
measure of the yield response to jetting. 

In summary, jetting produced yield increases beyond those achieved with swabbing at screens 2, 3, and 
4 of 92%, 70%, and 50%, respectively. 
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Figure A-2.1-1 Well R-31 screen 2 initial refill response 

 

Figure A-2.2-1 Well R-31 screen 3 initial step-drawdown test response 
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Figure A-2.2-2 Well R-31 screen 3 specific capacities 

 

Figure A-2.3-1 Well R-31 screen 4 initial step-drawdown test response 
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Figure A-2.3-2 Well R-31 screen 4 specific capacity 

 

Figure A-2.4-1 Well R-31 screen 5 initial pumping response 
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Figure A-3.1-1 Well R-31 screen 2 post-jetting refill response comparison 

 

Figure A-3.2-1 Well R-31 screen 3 post-jetting pumping response comparison 
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Figure A-3.3-1 Well R-31 screen 4 post-jetting pumping response comparison 
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Table A-2.2-1 

Well R-31 Screen 3 Specific Capacities 

Pumping Rate  
Q (gpm) 

Drawdown  
s (ft) 

Specific Capacity 
Q/s (gpm/ft) 

10.05 98.8 0.10 

7.90 77.6 0.10 

6.15 53.9 0.11 

4.58 38.9 0.12 

 

Table A-2.3-1 

Well R-31 Screen 4 Specific Capacities 

Pumping Rate 
Q (gpm) 

Drawdown 
s (ft) 

Specific Capacity 
Q/s (gpm/ft) 

10.6 26.9 0.39 

8.30 22.7 0.37 

5.14 12.5 0.41 
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B-1.0 GROUNDWATER SCREENING ANALYSIS AT WELL R-31 

Well R-31 is located in the Weapons Facilities Operations (WFO) area near the north fork of 
Ancho Canyon, within Technical Area 39 (TA-39) of Los Alamos National Laboratory (LANL), and was 
completed in 2000. The well was designed to provide hydrogeologic, water-quality, and water-level data 
for potential intermediate-depth perched zones and for the regional aquifer at a site downgradient of 
disposal and explosives-testing sites at TA-39. R-31 was drilled to 1103 ft below ground surface (bgs) 
with five screens, screen 1 from 439.1 ft to 454.4 ft bgs, screen 2 from 515.0 to 545.7 ft bgs, screen 3 
from 666.3 to 676.3 ft bgs, screen 4 from 826.6 to 836.6 ft bgs, and screen 5 from 1007.1 to 
1077.7 ft bgs. 

This appendix presents the screening results for samples collected during well development and aquifer 
testing at R-31. 

B-1.1 Laboratory Analysis 

One groundwater sample was collected from screen 3 in August 2019 following the initial pumping test, 
and a second sample was collected in November 2019 following the 11-hr pumping test. A sample was 
collected from screen 4 in December 2019 following the 12-hr pumping test. These samples were 
analyzed for target analyte list (TAL) metals, alkalinity, total cyanide, gross alpha, gross beta, high 
explosives, perchlorate, sulfate, volatile organic compounds (VOCs), semivolatile organic compounds 
(SVOCs), total dissolved solids (TDS), total organic carbon (TOC), and total phosphate (TP).  

Table B-1.1-1 lists the analytical results for the samples from screen 3, and Table B-1.1-2 lists the 
analytical results for the sample from screen 4. 

B-1.2 Field Analysis 

Groundwater field parameters were recorded for the sample collected following the initial pumping test for 
screen 3 in August, 2019. This sample subsequently was submitted for laboratory analysis. Field 
parameters included temperature, pH, oxidation-reduction potential (ORP), dissolved oxygen, specific 
conductance, and turbidity. The time of sample collection and discharge rate were also recorded for each 
of these samples. The field parameters were subsequently monitored during 11-hr pumping tests during 
aquifer testing.  

Table B-1.2-1 lists the field parameters recorded for the sample collected from screen 3 in August 2019. 

B-2.0 SCREENING ANALYTICAL RESULTS 

This section presents the concentrations for all analytes that were reported at or above their detection 
limits as well as the field parameters measured during the aquifer testing. These include VOCs and 
SVOCs; TAL metals; perchlorate; and radionuclides, in this case only gross alpha, gross beta, and tritium. 

B-2.1 Field Parameters 

Field parameters for the sample collected from screen 3 on August 19, 2019, were 23.3°C for 
temperature, 7.76 for pH, 104.1 mV for ORP, 109.2 µS/cm for specific conductance, 5.90 mg/L for 
dissolved oxygen (DO), and 2.69 nephelometric turbidity units (NTU) for turbidity (Table B-1-2.1).  
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Field parameters for the sample collected from screen 3 on November 19, 2019, were 22.0°C for 
temperature, 8.26 for pH, 173.9 mV for ORP, 124.5 µS/cm for specific conductance, 5.26 mg/L for DO, 
and 1.74 NTU for turbidity (Table B-1-2.1).  

Field parameters for the sample collected from screen 4 on December 5, 2019, were 22.1°C for 
temperature, 7.99 for pH, 153.8 mV for ORP, 116.8 µS/cm for specific conductance, 4.87 mg/L for DO, 
and 28.4 NTU for turbidity (Table B-1-2.1).  

Field parameters for the sample collected from screen 5 on November 9, 2019, were 22.8°C for 
temperature, 7.88 for pH, 108.4 mV for ORP, 108.0 µS/cm for specific conductance, 5.44 mg/L for DO, 
and 6.23 NTU for turbidity (Table B-1-2.1).  

B-2.2 Water-Quality Parameters 

Water-quality parameters for screen 3 sampled in well R-31 on August 19, 2019, were 0.354 mg/L for 
TOC, 147 mg/L for TDS, 7.88 standard units (SU) for acidity/alkalinity, 54.8 mg/L for alkalinity as  
CO3–HCO3, 0.248 for nitrate-nitrite as nitrogen, 1.63 mg/L for sulfate, and 0.11 mg/L for total Kjeldahl 
nitrogen (TKN). 

Water-quality parameters for screen 3 sampled in well R-31 on November 19, 2019, were 153 mg/L for 
TDS, 8.4 SU for acidity/alkalinity, 59.6 mg/L for alkalinity as CO3–HCO3, 0.4 mg/L for nitrate-nitrite as 
nitrogen, and 2.34 mg/L for sulfate. 

Water-quality parameters for screen 4 sampled in well R-31 on December 5, 2019, were 124 mg/L for TDS, 
8.13 SU for acidity/alkalinity, 56.0 mg/L for alkalinity as CO3–HCO3, 0.299 mg/L for nitrate-nitrite as 
nitrogen, and 2.34 mg/L for sulfate. 

Water-quality parameters for screen 5 sampled in well R-31 on November 9, 2019, were 141 mg/L and 
154 mg/L for TDS, 7.91 SU and 7.95 SU for acidity/alkalinity, 52.9 mg/L and 52.3 mg/L for alkalinity as 
CO3–HCO3, 0.334 mg/L and 0.331 mg/L for nitrate-nitrite as nitrogen, and 1.33 mg/L and 1.31 mg/L for 
sulfate. 

B-2.3 VOCs and SVOCs 

VOC and SVOC results for samples from screen 3 in well R-31 on August 19, 2019, were 9.67 µg/L for 
toluene. VOC and SVOC results for samples from screen 3 in well R-31 on November 19, 2019, were 
2.06 µg/L for toluene. 

VOC and SVOC results for samples from screen 4 in well R-31 on December 5, 2019, were 1.08 µg/L for 
toluene. 

No VOCs or SVOCs were detected in samples from screen 5 in well R-31 on November 9, 2019. 

B-2.4 Inorganic Chemistry 

Analytical inorganic chemistry results for samples from screen 3 in well R-31 on August 19, 2019, were 
2.55 µg/L arsenic, 27.8 µg/L barium, 8.38 mg/L calcium, 1.48 mg/L chloride, 0.286 mg/L fluoride, 
2.46 mg/L magnesium, 19.7 µg/L manganese, 1.35 µg/L molybdenum, 0.815 µg/L nickel, 
2.37 mg/L potassium, 80.9 mg/L silicon dioxide (dissolved silica), 11.2 mg/L sodium, 42 µg/L strontium, 
0.222 µg/L uranium, 6.13 µg/L vanadium, and 29.3 µg/L zinc. 
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Analytical inorganic chemistry results for samples from screen 3 in well R-31 on November 19, 2019, 
were 2.24 µg/L arsenic, 22.1 µg/L barium, 10.7 mg/L calcium, 2.03 mg/L chloride, 0.415 mg/L fluoride, 
2.92 mg/L magnesium, 3.15 µg/L manganese, 2.2 µg/L molybdenum, 2.16 mg/L potassium, 70 mg/L 
silicon dioxide (dissolved silica), 11.5 mg/L sodium, 54.1 µg/L strontium, 0.407 µg/L uranium, 6.01 µg/L 
vanadium, and 5.9 µg/L zinc. 

Analytical inorganic chemistry results for samples from screen 4 in well R-31 on December 5, 2019, were 
2.51 µg/L arsenic, 31 µg/L barium, 8.17 mg/L calcium, 1.50 mg/L chloride, 5.89 µg/L chromium, 
0.361 mg/L fluoride, 35.8 µg/L iron, 2.37 mg/L magnesium, 1.18 µg/L molybdenum, 0.706 µg/L nickel, 
2.94 mg/L potassium, 79.3 mg/L silicon dioxide (dissolved silica), 11.6 mg/L sodium, 40.6 µg/L strontium, 
0.238 µg/L uranium, 6.36 µg/L vanadium, and 6.71 µg/L zinc. 

Analytical inorganic chemistry results for samples from screen 5 in well R-31 on November 9, 2019, were 
2.46 µg/L and 2.37 µg/L for arsenic, 28.9 µg/L and 27.5 µg/L for barium, 8.31 mg/L and 7.81 mg/L for 
calcium, 1.47 mg/L and 1.46 mg/L for chloride, 4.23 µg/L and 3.9 µg/L for chromium, 0.417 mg/L and 
0.421 mg/L for fluoride, 2.74 mg/L and 2.56 mg/L for magnesium, 1.09 µg/L and 1.17 µg/L for 
molybdenum, 0.729 µg/L and 0.757 µg/L for nickel, 2.91 mg/L and 2.71 mg/L for potassium, 87.8 mg/L 
and 82.5 mg/L for silicon dioxide (dissolved silica), 12.3 mg/L and 11.4 mg/L for sodium, 45.6 µg/L and 
42 µg/L for strontium, 0.139 µg/L and 0.127 µg/L for uranium, and 7.33 µg/L and 6.95 µg/L for vanadium. 

B-2.5 Perchlorate 

Perchlorate results for samples from screen 3 in well R-31 on August 19, 2019, were 0.236 µg/L. 
Perchlorate results for samples from screen 3 in well R-31 on November 19, 2019, were 0.283 µg/L. 

Perchlorate results for samples from screen 4 in well R-31 on December 5, 2019, were 0.232 µg/L. 

Perchlorate results for samples from screen 5 in well R-31 on November 9, 2019, were 0.238 µg/L and 
0.245 µg/L. 

B-2.6 Radionuclides 

There were no analytical radionuclide results above detection limits for samples collected from screen 3 
in well R-31 on August 19, 2019. However, samples collected from screen 3 in well R-31 on 
November 19, 2019, showed an activity of 2.74 pCi/L for gross beta, 165 pCi/L for bismuth-214, 
1.97 pCi/L for radium-226 + 228, 0.281 pCi/L for uranium-234, and 0.168 pCi/L for uranium-238. 

Radionuclide results for samples from screen 4 in well R-31 on December 5, 2019, showed an activity of 
87.2 pCi/L for bismuth-214, 2.96 pCi/L for gross alpha, 2.64 pCi/L for gross beta, 90.3 pCi/L for lead-214, 
0.227 pCi/L for uranium-234, and 0.139 pCi/L for uranium-238. 

Radionuclide results for samples from screen 5 in well R-31 on November 9, 2019, showed an activity of 
5.66 pCi/L for gross beta, 16.4 pCi/L and 23.8 pCi/L for lead-214, 0.534 pCi/L and 0.793 pCi/L for 
radium-226, 0.615 pCi/L and 1.2 pCi/L for radium-226 + 228, and 0.0951 pCi/L and 0.0697 pCi/L for 
uranium-234.  
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Table B-1.1-1 

Analytical Results from Aquifer Test Samples for Well R-31, Screen 3 

Sample ID Sample Date Analyte Report Resulta Lab Qualifier 
CAAN-19-182001 8/19/2019 Toluene 9.67 µg/L NQb 

CAAN-20-190530 11/19/2019 Toluene 2.06 µg/L NQ 

CAAN-19-182001 8/19/2019 TOC 0.354 mg/L Jc 

CAAN-19-181998 8/19/2019 TDS 147 mg/L NQ 

CAAN-20-190530 11/19/2019 TDS 153 mg/L NQ 

CAAN-19-181998 8/19/2019 Acidity/alkalinity 7.88 SU NQ 

CAAN-20-190530 11/19/2019 Acidity/alkalinity 8.4 SU NQ 

CAAN-19-181998 8/19/2019 Alkalinity–CO3+HCO3 54.8 mg/L NQ 

CAAN-20-190530 11/19/2019 Alkalinity–CO3+HCO3 59.6 mg/L NQ 

CAAN-19-181998 8/19/2019 Nitrate-nitrite as nitrogen 0.248 mg/L NQ 

CAAN-20-190530 11/19/2019 Nitrate-nitrite as nitrogen 0.299 mg/L NQ 

CAAN-19-181998 8/19/2019 Sulfate 1.63 mg/L NQ 

CAAN-20-190530 11/19/2019 Sulfate 2.34 mg/L NQ 

CAAN-19-182001 8/19/2019 TKN 0.11 mg/L NQ 

CAAN-19-181998 8/19/2019 Arsenic 2.55 µg/L J 

CAAN-20-190530 11/19/2019 Arsenic 2.24 µg/L J 

CAAN-19-181998 8/19/2019 Barium 27.8 µg/L NQ 

CAAN-20-190530 11/19/2019 Barium 22.1 µg/L NQ 

CAAN-20-190530 11/19/2019 Bismuth-214 165 pCi/L NQ 

CAAN-19-181998 8/19/2019 Calcium 8.38 mg/L NQ 

CAAN-20-190530 11/19/2019 Calcium 10.7 mg/L NQ 

CAAN-19-181998 8/19/2019 Chloride 1.48 mg/L NQ 

CAAN-20-190530 11/19/2019 Chloride 2.03 mg/L NQ 

CAAN-19-181998 8/19/2019 Fluoride 0.286 mg/L NQ 

CAAN-20-190530 11/19/2019 Fluoride 0.415 mg/L NQ 

CAAN-20-190530 11/19/2019 Gross beta 2.74 pCi/L NQ 

CAAN-19-181998 8/19/2019 Magnesium 2.46 mg/L NQ 

CAAN-20-190530 11/19/2019 Magnesium 2.92 mg/L NQ 

CAAN-19-181998 8/19/2019 Manganese 19.7 µg/L NQ 

CAAN-20-190530 11/19/2019 Manganese 3.15 µg/L J 

CAAN-19-181998 8/19/2019 Molybdenum 1.35 µg/L J 

CAAN-20-190530 11/19/2019 Molybdenum 2.2 µg/L NQ 

CAAN-19-181998 8/19/2019 Nickel 0.815 µg/L NQ 

CAAN-19-181998 8/19/2019 Perchlorate 0.236 µg/L NQ 

CAAN-20-190530 11/19/2019 Perchlorate 0.283 µg/L NQ 

CAAN-19-181998 8/19/2019 Potassium 2.37 mg/L NQ 

CAAN-20-190530 11/19/2019 Potassium 2.16 mg/L NQ 
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Table B-1.1-1 (continued) 

Sample ID Sample Date Analyte Report Resulta Lab Qualifier 
CAAN-20-190530 11/19/2019 Radium-226 + radium-228 1.97 pCi/L NQ 

CAAN-19-181998 8/19/2019 Silicon dioxide 80.9 mg/L NQ 

CAAN-20-190530 11/19/2019 Silicon dioxide 70 mg/L NQ 

CAAN-19-181998 8/19/2019 Sodium 11.2 mg/L NQ 

CAAN-20-190530 11/19/2019 Sodium 11.5 mg/L NQ 

CAAN-19-181998 8/19/2019 Strontium 42 µg/L NQ 

CAAN-20-190530 11/19/2019 Strontium 54.1 µg/L NQ 

CAAN-19-181998 8/19/2019 Uranium 0.222 µg/L NQ 

CAAN-20-190530 11/19/2019 Uranium 0.407 µg/L NQ 

CAAN-20-190530 11/19/2019 Uranium-234 0.281 pCi/L NQ 

CAAN-20-190530 11/19/2019 Uranium-238 0.168 pCi/L NQ 

CAAN-19-181998 8/19/2019 Vanadium 6.13 µg/L NQ 

CAAN-20-190530 11/19/2019 Vanadium 6.01 µg/L NQ 

CAAN-19-181998 8/19/2019 Zinc 29.3 µg/L J+d 

CAAN-20-190530 11/19/2019 Zinc 5.6 µg/L J 
a Only detected regular sample results are reported; analytes below detection limits are not listed. 
b NQ = No validation qualifier flag is associated with this result, and the analyte is classified as detected. 
c J = The analyte is classified as detected, but the reported concentration value is expected to be more uncertain than usual. 
d J+ = The analyte is classified as detected, but the reported concentration value is expected to be more uncertain than usual with a 

potential positive bias. 

 

Table B-1.1-2 

Analytical Results from Aquifer Test Samples for Well R-31, Screen 4 

Sample ID Sample Date Analyte Report Resulta Lab Qualifier 
CAAN-20-190539 12/05/2019 Toluene 1.08 µg/L NQb 

CAAN-20-190539 12/05/2019 TDS 124 mg/L Jc 

CAAN-20-190539 12/05/2019 Alkalinity–CO3+HCO3 56.0 mg/L NQ 

CAAN-20-190539 12/05/2019 Nitrate-nitrite as nitrogen 0.299 mg/L NQ 

CAAN-20-190539 12/05/2019 Sulfate 1.37 mg/L NQ 

CAAN-20-190539 12/05/2019 Toluene 1.08 µg/L NQ 

CAAN-20-190539 12/05/2019 Bis(2-ethylhexyl)phthalate 0.33 µg/L J 

CAAN-20-190539 12/05/2019 Bismuth-214 87.2 pCi/L NQ 

CAAN-20-190539 12/05/2019 Gross alpha 2.96 pCi/L NQ 

CAAN-20-190539 12/05/2019 Gross beta 2.64 pCi/L NQ 

CAAN-20-190539 12/05/2019 Lead-214 90.3 pCi/L NQ 

CAAN-20-190539 12/05/2019 Uranium-234 0.227pCi/L J 

CAAN-20-190539 12/05/2019 Uranium-238 0.139 pCi/L J 

CAAN-20-190539 12/05/2019 Arsenic 2.51 µg/L J 

CAAN-20-190539 12/05/2019 Barium 31 µg/L NQ 
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Table B-1.1-2 (continued) 

Sample ID Sample Date Analyte Report Result* Lab Qualifier 
CAAN-20-190539 12/05/2019 Calcium 8.17 mg/L NQ 

CAAN-20-190539 12/05/2019 Chloride 1.50 mg/L NQ 

CAAN-20-190539 12/05/2019 Perchlorate 0.232 µg/L NQ 

CAAN-20-190539 12/05/2019 Chromium 5.89 µg/L J 

CAAN-20-190539 12/05/2019 Fluoride 0.361 mg/L NQ 

CAAN-20-190539 12/05/2019 Iron 35.8 µg/L J 

CAAN-20-190539 12/05/2019 Potassium 2.94 mg/L NQ 

CAAN-20-190539 12/05/2019 Magnesium 2.37 mg/L NQ 

CAAN-20-190539 12/05/2019 Molybdenum 1.18 µg/L NQ 

CAAN-20-190539 12/05/2019 Sodium 11.6 mg/L J-d 

CAAN-20-190539 12/05/2019 Nickel 0.706 µg/L J 

CAAN-20-190539 12/05/2019 Silicon dioxide 79.3 mg/L NQ 

CAAN-20-190539 12/05/2019 Strontium 40.6 µg/L NQ 

CAAN-20-190539 12/05/2019 Uranium 0.238 µg/L NQ 

CAAN-20-190539 12/05/2019 Vanadium 6.36 µg/L NQ 

CAAN-20-190539 12/05/2019 Zinc 6.71 µg/L J 
a Only detected regular sample results are reported; analytes below detection limit are not listed. 
b NQ = No validation qualifier flag is associated with this result, and the analyte is classified as detected. 
c J = The analyte is classified as detected, but the reported concentration value is expected to be more uncertain than usual. 
d J- = The analyte is classified as detected, but the reported concentration value is expected to be more uncertain than usual with a 

potential negative bias. 

 

Table B-1.1-3 

Analytical Results from Aquifer Test Samples for Well R-31, Screen 5 

Sample ID Sample Date Analyte Report Resulta Lab Qualifier 
CAAN-20-190546 11/9/2019 Acidity/alkalinity 7.91 SU NQb 

CAAN-20-190548 11/9/2019 Acidity/alkalinity 7.95 SU NQ 

CAAN-20-190546 11/9/2019 Alkalinity-CO3+HCO3 52.9 mg/L NQ 

CAAN-20-190548 11/9/2019 Alkalinity-CO3+HCO3 52.3 mg/L NQ 

CAAN-20-190546 11/9/2019 Arsenic 2.46 µg/L Jc 

CAAN-20-190548 11/9/2019 Arsenic 2.37 µg/L J 

CAAN-20-190546 11/9/2019 Barium 28.9 µg/L NQ 

CAAN-20-190548 11/9/2019 Barium 27.5 µg/L NQ 

CAAN-20-190546 11/9/2019 Calcium 8.31 mg/L NQ 

CAAN-20-190548 11/9/2019 Calcium 7.81 mg/L NQ 

CAAN-20-190546 11/9/2019 Chloride 1.47 mg/L NQ 

CAAN-20-190548 11/9/2019 Chloride 1.46 mg/L NQ 

CAAN-20-190546 11/9/2019 Chromium 4.23 µg/L J 

CAAN-20-190548 11/9/2019 Chromium 3.9 µg/L J 
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Table B-1.1-3 (continued) 

Sample ID Sample Date Analyte Report Resulta Lab Qualifier 
CAAN-20-190546 11/9/2019 Fluoride 0.417 mg/L NQ 

CAAN-20-190548 11/9/2019 Fluoride 0.421 mg/L NQ 

CAAN-20-190545 11/9/2019 Gross beta 5.66 pCi/L NQ 

CAAN-20-190546 11/9/2019 Hardness 32.1 mg/L NQ 

CAAN-20-190548 11/9/2019 Hardness 30.1 mg/L NQ 

CAAN-20-190545 11/9/2019 Lead-214 16.4 pCi/L NQ 

CAAN-20-190547 11/9/2019 Lead-214 23.8 pCi/L NQ 

CAAN-20-190546 11/9/2019 Magnesium 2.74 mg/L NQ 

CAAN-20-190548 11/9/2019 Magnesium 2.56 mg/L NQ 

CAAN-20-190546 11/9/2019 Molybdenum 1.09 µg/L NQ 

CAAN-20-190548 11/9/2019 Molybdenum 1.17 µg/L NQ 

CAAN-20-190546 11/9/2019 Nickel 0.729 µg/L J 

CAAN-20-190548 11/9/2019 Nickel 0.757 µg/L J 

CAAN-20-190546 11/9/2019 Nitrate-nitrite as nitrogen 0.334 mg/L NQ 

CAAN-20-190548 11/9/2019 Nitrate-nitrite as nitrogen 0.331 mg/L NQ 

CAAN-20-190546 11/9/2019 Perchlorate 0.238 µg/L NQ 

CAAN-20-190548 11/9/2019 Perchlorate 0.245 µg/L NQ 

CAAN-20-190546 11/9/2019 Potassium 2.91 mg/L NQ 

CAAN-20-190548 11/9/2019 Potassium 2.71 mg/L NQ 

CAAN-20-190545 11/9/2019 Radium-226 0.534 pCi/L J 

CAAN-20-190547 11/9/2019 Radium-226 0.793 pCi/L NQ 

CAAN-20-190545 11/9/2019 Radium-226 and radium-228 0.615 pCi/L NQ 

CAAN-20-190547 11/9/2019 Radium-226 and radium-228 1.2 pCi/L NQ 

CAAN-20-190546 11/9/2019 Silicon dioxide 87.8 mg/L NQ 

CAAN-20-190548 11/9/2019 Silicon dioxide 82.5 mg/L NQ 

CAAN-20-190546 11/9/2019 Sodium 12.3 mg/L NQ 

CAAN-20-190548 11/9/2019 Sodium 11.4 mg/L NQ 

CAAN-20-190546 11/9/2019 Strontium 45.6 µg/L NQ 

CAAN-20-190548 11/9/2019 Strontium 42 µg/L NQ 

CAAN-20-190546 11/9/2019 Sulfate 1.33 mg/L NQ 

CAAN-20-190548 11/9/2019 Sulfate 1.31 mg/L NQ 

CAAN-20-190546 11/9/2019 TDS 141 mg/L NQ 

CAAN-20-190548 11/9/2019 TDS 154 mg/L NQ 

CAAN-20-190546 11/9/2019 Uranium 0.139 µg/L J 

CAAN-20-190548 11/9/2019 Uranium 0.127 µg/L J 

CAAN-20-190545 11/9/2019 Uranium-234 0.0951 pCi/L NQ 
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Table B-1.1-3 (continued) 

Sample ID Sample Date Analyte Report Resulta Lab Qualifier 
CAAN-20-190547 11/9/2019 Uranium-234 0.0697 pCi/L NQ 

CAAN-20-190546 11/9/2019 Vanadium 7.33 µg/L NQ 

CAAN-20-190548 11/9/2019 Vanadium 6.95 µg/L NQ 
a Only detected regular sample results are reported; analytes below detection limit are not listed. 
b NQ = No validation qualifier flag is associated with this result, and the analyte is classified as detected. 
c J = The analyte is classified as detected, but the reported concentration value is expected to be more uncertain than usual. 
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Table B-1.2-1 

Field Parameters Monitored during Aquifer Testing 

Sample ID Location Date Time 
Temp. 
(°C) pH 

ORP 
(mV) 

DO 
(mg/L) 

Specific 
Conductance 

(µS/cm) 
Turbidity 

(NTU) 

Discharge 
Rate 

(gpm) 
CAPU-19-182001 R-31 S3* 8/19/2019 1415 23.3 7.76 104.1 5.90 109.2 2.69 6.6 

CAAN-20-190545 R-31 S5 11/9/2019 1609 22.8 7.88 108.4 5.44 108.0 6.23 12.0 

CAAN-20-190526 R-31 S3 11/19/2019 1746 22.0 8.26 173.9 5.26 124.5 1.74 7.0 

CAAN-20-190539 R-31 S4* 12/5/2019 1745 22.1 7.99 153.8 4.87 116.8 28.4 10.7 
* S = Screen. 

 



 

Appendix C 

Aquifer Testing Report for Well R-31 
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C-1.0 INTRODUCTION 

This appendix describes the hydraulic analysis of pumping tests conducted on R-31 screens 2, 3, and 4 
from August to December 2019 as part of the Westbay Reconfiguration Project at Los Alamos National 
Laboratory (LANL or the Laboratory). The tests were conducted to characterize the saturated materials 
and quantify the hydraulic properties of the screened intervals. Testing consisted of brief trial pumping or 
step-drawdown pumping, background water-level data collection, and extended constant rate pumping 
and recovery tests on each of the relevant screen zones. The durations of the extended tests were 
2468 min for screen 2, 660 min for screen 3, and 720 min for screen 4. 

As in most of the R-well pumping tests conducted on the Pajarito Plateau, an inflatable packer system 
was used in the testing program. A double packer system was used to isolate each pumped zone and, 
where possible, to eliminate casing storage effects on the test data so that early drawdown and recovery 
data could be used in the analysis. This setup was largely effective at eliminating or minimizing storage 
effects except in the case of screen 2, which is screened across the water table.  

C-2.0 BACKGROUND DATA 

The background water-level data collected in conjunction with running the pumping tests allow the analyst 
to observe water-level fluctuations that occur naturally in the aquifer and help distinguish between water-
level changes caused by conducting the pumping test and changes associated with other causes. 

Background water-level fluctuations have several causes, among them barometric pressure changes, 
operation of other wells in the aquifer, Earth tides, and long-term trends related to weather patterns. The 
background data hydrographs from the monitored wells were compared with barometric pressure data 
from the area to determine if a correlation existed. 

Pumping tests on the Plateau have demonstrated a barometric efficiency of between 90% and 100% for 
most wells. Barometric efficiency is defined as the ratio of water-level change divided by barometric 
pressure change, expressed as a percentage. In the initial pumping tests conducted on the early R-wells, 
downhole pressure was monitored using a vented pressure transducer. This equipment measures the 
difference between the total pressure applied to the transducer and the barometric pressure, this 
difference being the true height of water above the transducer. 

Subsequent pumping tests, including the Westbay reconfiguration wells, have used non-vented 
transducers, devices that record the total pressure on the transducer, that is, the sum of the water height 
plus the barometric pressure. This results in an attenuated “apparent” hydrograph in a barometrically 
efficient well. Take as an example a 90% barometrically efficient well. When monitored using a vented 
transducer, an increase in barometric pressure of 1 unit causes a decrease in recorded downhole 
pressure of 0.9 unit because the water level is forced downward 0.9 unit by the barometric pressure 
change. However, when a non-vented transducer is used, the total measured pressure increases by 
0.1 unit (the combination of the barometric pressure increase and the water-level decline). Thus, the 
resulting apparent hydrograph changes by a factor of 100 minus the barometric efficiency, and in the 
same direction as the barometric pressure change, rather than in the opposite direction. 

Barometric pressure data for most tests have been obtained from the Technical Area 54 (TA-54) tower 
site from the Environmental Protection and Compliance Programs (formerly the Waste and Environmental 
Services Division–Environmental Data and Analysis). For the R-31 screen 3 tests, however, it was 
necessary to use atmospheric data from TA-06 instead, as data were not recorded at TA-54 during the 
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screen 3 tests. The TA-54 and TA-06 measurement locations are at elevations of 6548 and 6363 ft above 
mean sea level (amsl), respectively, whereas the wellheads and static water levels were at different 
elevations than these. Therefore, the measured barometric pressure data from TA-54 or TA-06 had to be 
adjusted to reflect the pressure at the elevation of the water table within each tested screen. 

The following formula was used to adjust the measured barometric pressure data: 

 ௐ்ܲ = ்ܲହସ ቂ− ଷ.ଶ଼ଵோ ቀாೈಶಽಽିாಲఱర்ಲఱర + ாೈିாೈಶಽಽ்ೈಶಽಽ ቁቃ Equation C-1 

where PWT = barometric pressure at the water table inside R-31 

PTA54 = barometric pressure measured at TA-54 or TA-06 

g = acceleration of gravity, in m/s2 (9.80665 m/s2) 

R = gas constant, in J/Kg/degree Kelvin (287.04 J/Kg/degree Kelvin) 

EWELL = elevation at wellsite, in feet 

ETA54 = elevation of barometric pressure measuring point at TA-54 or TA-06, in feet 

EWT = elevation of the water level in R-31, in feet 

TTA54 = air temperature near TA-54 or TA-06, in degrees Kelvin  

TWELL = air column temperature inside R-31, in degrees Kelvin  

This formula is an adaptation of an equation LANL’s Environmental Protection and Compliance Programs 
provided. It can be derived from the ideal gas law and standard physics principles. An inherent 
assumption in the derivation of the equation is that the air temperature between TA-54 or TA-06 and the 
well is temporally and spatially constant and that the temperature of the air column in the well is similarly 
constant. 

The corrected barometric pressure data reflecting pressure conditions at the water table were compared 
with the water-level hydrograph to discern the correlation between the two and to determine whether 
water-level corrections were needed before data analysis. 

C-3.0 IMPORTANCE OF EARLY DATA 

When pumping or recovery first begins, the vertical extent of the cone of depression is limited to 
approximately the well screen length, the filter pack length, or the aquifer thickness in relatively thin 
permeable strata. For many pumping tests on the Plateau, the early pumping period is the only time the 
effective height of the cone of depression is known with certainty because soon after startup the cone of 
depression expands vertically through permeable materials above and/or below the screened interval. 
Thus, the early data often offer the best opportunity to obtain hydraulic conductivity information because 
conductivity would equal the earliest-time transmissivity divided by the well screen length. 

Unfortunately, in many pumping tests, casing-storage effects dominate the early-time data, potentially 
hindering the effort to determine the transmissivity of the screened interval. The duration of casing-
storage effects can be estimated using the following equation (Schafer 1978, 098240). 
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 Equation C-2 

where tc = duration of casing storage effect, in minutes 

D = inside diameter of well casing, in inches 

d = outside diameter of column pipe, in inches 

Q = discharge rate, in gallons per minute (gpm) 

s = drawdown observed in pumped well at time tc, in feet 

The calculated casing storage time is quite conservative. Often, the data show that significant effects of 
casing storage have dissipated after about half the computed time. 

For wells screened across the water table or wells in which the filter pack can drain during pumping, an 
additional storage contribution from the filter pack may occur. The following equation provides an 
estimate of the storage duration accounting for both casing and filter pack storage. 
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  Equation C-3 

where Sy = short-term specific yield of filter media (typically 0.2) 

DB = diameter of borehole, in inches 

DC = outside diameter of well casing, in inches  

This equation was derived from Equation C-2 on a proportional basis by increasing the computed time in 
direct proportion to the additional volume of water expected to drain from the filter pack. (To prove this, 
note the left-hand term within the brackets is directly proportional to the annular area [and volume] 
between the casing and drop pipe, while the right-hand term is proportional to the area [and volume] 
between the borehole and the casing, corrected for the drainable porosity of the filter pack. Thus, the 
summed term within the brackets accounts for all of the volume [casing water and drained filter pack 
water] appropriately.) 

In some instances, it is possible to eliminate casing storage effects by setting an inflatable packer above 
the tested screen interval before the test is conducted. This has been the standard approach used in 
testing the R-wells. 

C-4.0 TIME-DRAWDOWN METHODS 

Time-drawdown data can be analyzed using a variety of methods. Among them is the Theis method 
(1934-1935, 098241). The Theis equation describes drawdown around a well as follows: 
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  Equation C-4 
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where 
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 Equation C-6 

and where s = drawdown, in feet 

Q = discharge rate, in gpm 

T = transmissivity, in gallons per day per foot 

S = storage coefficient (dimensionless) 

t = pumping time, in days 

r = distance from center of pumpage, in feet 

To use the Theis method of analysis, the time-drawdown data are plotted on log-log graph paper. Then, 
Theis curve matching is performed using the Theis type curve—a plot of the Theis well function W(u) 
versus 1/u. Curve matching is accomplished by overlaying the type curve on the data plot and, while 
keeping the coordinate axes of the two plots parallel, shifting the data plot to align with the type curve, 
effecting a match position. An arbitrary point, referred to as the match point, is selected from the 
overlapping parts of the plots. Match-point coordinates are recorded from the two graphs, yielding four 
values: W(u): 1/u, s, and t. These match-point values are used to compute transmissivity and the storage 
coefficient as follows: 
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 Equation C-7 
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 Equation C-8 

where T = transmissivity, in gallons per day per foot 

S = storage coefficient 

Q = discharge rate, in gpm 

W(u) = match-point value 

s = match-point value, in feet 

u = match-point value 

t = match-point value, in minutes 
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An alternative solution method applicable to time-drawdown data is the Cooper-Jacob method (Cooper 
and Jacob 1946, 098236), a simplification of the Theis equation that is mathematically equivalent to the 
Theis equation for most pumped well data. The Cooper-Jacob equation describes drawdown around a 
pumping well as follows: 

  Equation C-9 

The Cooper-Jacob equation is a simplified approximation of the Theis equation and is valid whenever the 
u value is less than about 0.05. For small radius values (e.g., corresponding to borehole radii), u is less 
than 0.05 at very early pumping times and therefore is less than 0.05 for most or all measured drawdown 
values. Thus, for the pumped well, the Cooper-Jacob equation usually can be considered a valid 
approximation of the Theis equation. An exception occurs when the transmissivity of the aquifer is very 
low. In that case, some of the early pumped well drawdown data may not be well approximated by the 
Cooper-Jacob equation. 

According to the Cooper-Jacob method, the time-drawdown data are plotted on a semilog graph, with 
time plotted on the logarithmic scale. Then a straight line of best fit is constructed through the data points 
and transmissivity is calculated using 

 s

Q
T
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 Equation C-10 

where T = transmissivity, in gallons per day per foot 

Q = discharge rate, in gpm 

s = change in head over one log cycle of the graph, in feet 

Because many of the test wells completed on the Plateau are severely partially penetrating, an alternate 
solution considered for assessing aquifer conditions is the Hantush equation for partially penetrating wells 
(Hantush 1961, 098237; Hantush 1961, 106003). The Hantush equation is as follows: 

  Equation C-11 

 

where, in consistent units, s, Q, T, t, r, S, and u are as previously defined and 

b = aquifer thickness 

d = distance from top of aquifer to top of well screen in pumped well 

l = distance from top of aquifer to bottom of well screen in pumped well 

dʹ = distance from top of aquifer to top of well screen in observation well 

lʹ = distance from top of aquifer to bottom of well screen in observation well 

Kz = vertical hydraulic conductivity 

Kr = horizontal hydraulic conductivity 
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In this equation, W(u) is the Theis well function and W(u,β) is the Hantush well function for leaky aquifers 
where 

 
b

rn

K

K

r

z   . Equation C-12 

Note that for single-well tests, d = dʹ and l = lʹ. 

Another solution for partially penetrating wells is the Neuman method (Neuman 1974, 085421), which 
applies to unconfined conditions and accounts for delayed yield. The relevant equations are given in 
Neuman (1974, 085421). 

C-5.0 RECOVERY METHODS 

Recovery data were analyzed using the Theis recovery method, a semilog analysis method similar to the 
Cooper-Jacob procedure. In this method, residual drawdown is plotted on a semilog graph versus the ratio 
t/tʹ, where t is the time since pumping began and tʹ is the time since pumping stopped. A straight line of best 
fit is constructed through the data points and T is calculated from the slope of the line as follows: 
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 Equation C-13 

The recovery data are particularly useful compared with time-drawdown data. Because the pump is not 
running, spurious data responses associated with dynamic discharge rate fluctuations are eliminated. The 
result is that the data set is generally “smoother” and easier to analyze. 

When the earliest recovery data violate the u value assumption inherent in the semilog method, the data 
can be analyzed using a log-log plot and Theis curve matching. 

Recovery data also can be analyzed using the Hantush equation for partial penetration. This approach is 
generally applied to the early portion of the data set in a plot of recovery versus recovery time. In general, 
the semilog method for recovery versus time since pumping stopped is not valid for late recovery times. 

C-6.0 SPECIFIC CAPACITY METHOD 

The specific capacity of the pumped well can be used to obtain a lower-bound value of hydraulic 
conductivity. The hydraulic conductivity is computed using formulas that are based on the assumption 
that the pumped well is 100% efficient. The resulting hydraulic conductivity is the value required to sustain 
the observed specific capacity. If the actual well is less than 100% efficient, it follows that the actual 
hydraulic conductivity would have to be greater than calculated to compensate for well inefficiency. Thus, 
because the efficiency is not known, the computed hydraulic conductivity value represents a lower bound. 
The actual conductivity is known to be greater than or equal to the computed value. 

For fully penetrating wells, the Cooper-Jacob equation can be iterated to solve for the lower-bound 
hydraulic conductivity. However, the Cooper-Jacob equation (assuming full penetration) ignores the 
contribution to well yield from permeable sediments above and below the screened interval. To account 
for this contribution, it is necessary to use a computational algorithm that includes the effects of partial 
penetration. One such approach was introduced by Brons and Marting (1961, 098235) and augmented by 
Bradbury and Rothschild (1985, 098234). 
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Brons and Marting introduced a dimensionless drawdown correction factor, sP, approximated by Bradbury 
and Rothschild as follows: 
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In this equation, L is the well screen length, in feet. When the dimensionless drawdown parameter is 
incorporated, the conductivity is obtained by iterating the following formula: 
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The Brons and Marting procedure can be applied to both partially penetrating and fully penetrating wells. 

To apply this procedure, a storage coefficient value must be assigned. Storage coefficient values 
generally range from 10−5 to 10−3 for confined aquifers and 0.01 to 0.25 for unconfined aquifers (Driscoll 
1986, 104226). Semiconfined conditions generally are associated with intermediate storage coefficient 
values between these ranges. 

The analysis also requires assigning a value for the saturated aquifer thickness, b. This parameter is not 
always known and must be estimated. The lower bound transmissivity calculation is not particularly 
sensitive to the assigned value of saturated thickness. It is only necessary to use a value well in excess of 
the screen length. Ignoring deeper sediments has little effect on the calculation results because 
sediments far from the screened interval have minimal effect on yield. 

C-7.0 WELL R-31 SCREENS 2, 3, AND 4 PUMPING TESTS 

C-7.1 Introduction 

This section presents analysis of data obtained from the final pumping tests conducted on R-31 screen 2, 
3, and 4. Previous field activities at each of the screens included Westbay equipment removal, swabbing 
and bailing, initial test pumping, and simultaneous jetting and pumping development. Final test pumping 
was performed to evaluate screen zone capacities, assess formation parameters, and document the 
results of jet development. 

The screen 2 interval in R-31 extends from 515.0 to 545.7 ft below ground surface (bgs) and straddles the 
regional water table at the top of the Cerros del Rio basalt. The static water level measured on 
August 17, 2019, was 535.66 ft bgs. However, the water level continued dropping throughout the 
available monitoring period and equilibration had not been achieved when testing began. Thus, the actual 
static water level was deeper than the measured result. 

The observed screen 2 water level was 4.0 ft higher than that of screen 3. However, during the last month 
of available water-level records from R-31 (December 1, 2018 to January 1, 2019), transducer data 
showed the screen 2 level to range from 1.42 to 1.60 ft higher than that of screen 3, averaging 1.50 ft 
higher for that period. It was likely that when the well stood open, the screen 2 interval was “flooded” with 
water from the deeper screens, raising the water level in screen 2 temporarily above its true static level. 
(Note that the composite water level in R-31 was approximately 530 ft bgs, well above the water levels of 
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screens 2 and 3.) The raised water level in screen 2 was slow to subside, apparently because of the 
tightness of the screen 2 zone. 

Figure C-7.1-1 shows equilibration data from screen 2, demonstrating that the levels were slow to 
equilibrate. Figure C-7.1-2 shows an expanded-scale plot of the data along with an indication of the 
probable actual static water level of screen 2 (538.19 ft bgs) taken as 1.50 ft shallower than the known 
screen 3 water level. 

R-31 screen 3 extends from 666.3 to 676.3 ft bgs within the Cerros del Rio basalt. The screen 3 static 
water level measured on August 19, 2019, was 539.69 ft bgs. This level served as the basis for 
estimating the screen 2 static water level because of the slow equilibration of levels in screen 2. During 
subsequent testing in November 2019, the observed static water level at screen 3 was 538.51 ft bgs. 

R-31 screen 4 extends from 826.6 to 836.6 ft bgs within the Puye Formation, primarily including Totavi 
river gravels. The static water level determined in November 2019 was 534.4 ft bgs. 

R-31 screen 2 produced too little flow to support continuous pumping using a submersible pump. 
Therefore, testing was accomplished by pumping the water level down into the casing beneath the bottom 
of the screen and observing the casing refill rate. This was effectively a constant drawdown test in which 
maximum drawdown was applied to the zone while the “pumping rate” was determined as the rate at 
which the casing refilled. 

Pumping of screen 2 was performed beginning at 2:50 p.m. on August 22, 2019, and continued 
intermittently for 2468 min until 7:58 a.m. on August 24, 2019, while the water level in the well was 
maintained below the bottom of screen 2. 

Screens 3 and 4 were tested using standard constant rate pumping methods. 

Screen 3 was tested from November 16 through 20, 2019. After the pump was installed and the drop pipe 
was filled on November 16, short trial tests were conducted on November 17. Trial 1 was conducted for 
30 min from 8:00 a.m. to 8:30 a.m. at a discharge rate of 6.6 gpm. Following pump shutoff, recovery data 
were recorded for 30 min until 9:00 a.m. 

Trial 2 was conducted for 60 min from 9:00 a.m. to 10:00 a.m. at a discharge rate of 6.6 gpm. Following 
shutdown, recovery data were recorded for 2790 min until 8:30 a.m. on November 19, 2019, when the 
extended test began. 

Extended testing consisted of pumping screen 3 for 660 min from 8:30 a.m. until 7:30 p.m. on 
November 19, 2019. The initial discharge rate was 6.7 gpm. After an hour or so, the rate gradually 
increased to 7 gpm for the duration of the test. There was no apparent explanation for the observed 
change in discharge rate. However, it was possible that the rate change may have been caused by 
expansion of the small flow aperture in the discharge valve as its temperature increased from below 
freezing (ambient air temperature) at the start of the test to the groundwater temperature of around 
70 degrees Fahrenheit. 

Following shutdown, recovery data were recorded for 750 min until 8:00 a.m. on November 20, 2019, 
when the pump was pulled from the well. 

Screen 4 was tested from November 21 through 27, 2019, and from December 4 through 8, 2019. The 
testing was performed in two sessions because of a mandated sitewide shutdown, which prevented the 
continuous site work that had been planned. 
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In the initial testing session, after the pump was installed and the drop pipe was filled on November 21, 
short trial tests were conducted on November 22. Trial 1 was conducted for 30 min from 8:00 a.m. to 
8:30 a.m. at a discharge rate of 10.7 gpm. Following pump shutoff, recovery data were recorded for 30 
min until 9:00 a.m. 

Trial 2 was conducted for 60 min from 9:00 a.m. to 10:00 a.m. on November 22 at a discharge rate of 
10.8 gpm. Following shutdown, recovery data were recorded for more than 5 days until November 27, 
when the original transducer programming periods timed out and the transducers ceased recording data. 

Site access was prohibited from November 23 until December 3, 2019, when work was allowed to 
resume. At that time, it was necessary to pull the pump, retrieve and reprogram the transducers, and 
prepare for the extended pumping test. 

The extended testing was performed from December 4 through 8, 2019. After the pump was installed and 
the drop pipe was filled on December 4, screen 4 was pumped for 720 min from 7:30 a.m. until 7:30 p.m. 
on December 5. The discharge rate for the test was 10.8 gpm initially, declining gradually to 10.7 halfway 
through the test. Following shutdown, recovery data were recorded for 4329 min until 7:39 p.m. on 
December 8, when the data collection protocol for the transducer in the pumped zone timed out. 

C-7.2 Background Data Analysis 

Background aquifer pressure data were collected from R-31 screens 2, 3, and 4 during the tests on 
screens 3 and 4. These data were plotted along with barometric pressure to determine the barometric 
effect on water levels. 

Figure C-7.2-1 shows aquifer pressure data from R-31 screen 2 during the screen 3 pumping tests, along 
with barometric pressure data from TA-06 that have been corrected to equivalent barometric pressure in 
feet of water at the water table and also corrected for barometric efficiency. Atmospheric data from TA-06 
were used because no data were available from TA-54 during the screen 3 pumping tests. The R-31 
screen 2 data measurements reflect the sum of the water pressure and barometric pressure that was 
recorded using a nonvented pressure transducer and are referred to in Figure C-7.2-1 as the adjusted 
hydrograph. The times of the pumping periods for the R-31 screen 3 tests are included in the figure for 
reference. Because of the significant data scatter evident in the plot, a rolling average of the hydrograph 
data is plotted in Figure C-7.2-2. 

It appeared that the hydrograph and barometric pressure curve matched fairly well when the barometric 
pressure data were corrected for a barometric efficiency of 50%—a moderate barometric efficiency. There 
appeared to be no effect in screen 2 water levels from pumping screen 3. 

Figure C-7.2-3 shows the analogous plot of aquifer pressure data from R-31 screen 3 during the screen 3 
pumping tests, along with barometric pressure data from TA-06 that have been corrected for a barometric 
efficiency of 60%. In the interest of reducing data scatter, a rolling average of the hydrograph data is 
plotted in Figure C-7.2-4. 

An alternative analysis of the screen 3 background data is shown in Figure C-7.2-5. In this plot, the 
barometric pressure curve has been corrected for a barometric efficiency of 43% and an assumed time 
delay of 12 hr between barometric pressure changes and corresponding water-level response. The curve 
match shown in Figure C-7.2-5 appeared to be as accurate as those in previous plots. Thus, it was not 
possible to obtain a unique combination of time delay and barometric efficiency describing the 
relationship between atmospheric pressure and screen 3 water levels. Figure C-7.2-5 is presented 
because it is consistent with observations made of screen 3 water levels during the screen 4 pumping 
tests, described below. 
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Figure C-7.2-6 shows a plot of aquifer pressure data from R-31 screen 4 during the screen 3 pumping 
tests, along with barometric pressure data from TA-06 that have been corrected for a barometric 
efficiency of 50%. This barometric efficiency value was selected to be consistent with analysis of screen 4 
background data collected during the screen 4 trial testing, described below. There was a steady rise in 
screen 4 water level relative to the position of the barometric pressure curve, likely a result of ongoing 
water-level recovery. Any time the well stood open, screen 4 water flowed steadily into the well and exited 
into the other screen zones. Thus, after the inflatable packers were set around the screen zones, screen 
4 water levels showed gradual recovery over time. 

The screen 4 hydrograph showed a diurnal sinusoidal effect having an amplitude of several hundredths of 
a foot, not seen in the barometric pressure curve. This was likely caused by Earth tides. There was no 
evidence of a response in screen 4 due to pumping screen 3. 

An extensive set of water-level and barometric pressure data was obtained during trial testing at screen 4 
because of the forced sitewide shutdown that delayed the 12-hr pumping test on screen 4 as well as the 
follow-up retrieval of the pressure transducers. With the transducers left in place, water-level data were 
recorded for approximately 1 week. 

Figure C-7.2-7 shows a plot of aquifer pressure data from R-31 screen 2 during the screen 4 trial tests, 
along with barometric pressure data from TA-54 that have been corrected for a barometric efficiency of 
60%. The times of the screen 4 trial tests are indicated on the graph for reference. The correlation 
between water levels and atmospheric pressure shown on the plot is not particularly good. It was not 
possible to obtain a good data match even when applying time delays and using other barometric 
efficiencies in the correction calculations. There was no apparent screen 2 response to pumping screen 4 
during trial testing. 

Figure C-7.2-8 shows a plot of aquifer pressure data from R-31 screen 3 during the screen 4 tests along 
with corrected TA-54 barometric pressure data. The data match shown was obtained for a time delay of 
21 hr between barometric pressure changes and screen 3 water-level response, and for a barometric 
efficiency of 43%, the same percentage used in the plot shown in Figure C-7.2-5 for the screen 3 
pumping tests. The data match shown on Figure C-7.2-8 was quite good. 

As shown in Figure C-7.2-8, there was no apparent screen 3 water-level response to pumping screen 4 
other than a slight increase in data scatter caused by “noise”—either electrical or mechanical—associated 
with running the submersible pump. 

Figure C-7.2-9 shows a plot of aquifer pressure data from R-31 screen 4 during the screen 4 trial tests, 
along with barometric pressure data from TA-54 that have been corrected for a barometric efficiency of 
50%—the same percentage applied to the screen 4 data shown in Figure C-7.2-6. The early data shown 
in Figure C-7.2-9 showed water-level recovery relative to the barometric pressure curve—a response to 
packing off the screen zones from one another, allowing screen 4 levels to recover from antecedent flow 
into the other zones. Following trial testing, there again was evident recovery of screen 4 water levels 
relative to the barometric pressure curve. The sinusoidal diurnal pattern seen in the hydrograph was likely 
caused by Earth tides. 

C-7.3 Well R-31 Screen 2 Pumping Test Analysis 

Figure C-7.3-1 shows water levels measured in the casing beneath screen 2 from August 22 to 24, 2019. 
The intermittent pumping was successful in maintaining the water level beneath the bottom of screen 2 
for the entire 2468-min test period. Thus, maximum drawdown was applied to screen 2 for this period 
resulting in maximum inflow throughout the test. 
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A rolling average of the water-level data shown in Figure C-7.3-1 was used to compute the inflow rate 
between consecutive measurements. The inflow rate was based on the volume of casing that refilled 
during the time between measurements. A rolling average of water levels was needed because of noise, 
or data scatter, in the transducer output (not noticeable at the scale of Figure C-7.3-1). The volume 
calculation was based on assuming 0.809 gal. of fill per foot of annulus between the 5.047-in. inside 
diameter well casing and the 2-in. stainless-steel drop pipe. The resulting refill rate calculations are 
depicted in Figure C-7.3-2. 

The initial refill rate was near 50 gallons per hour ([gph] off the scale of the graph) and declined steadily, 
reaching approximately 14 gph after half an hour. From 90 to 120 min, the refill rate averaged 4.98 gph. 
The flow rate continued to decline, eventually reaching approximately 2.6 gph at late time. It was likely 
that the greater initial yield was attributable to the transient, greater saturated thickness of the screen 2 
zone caused by antecedent flooding from deeper zones that have higher static water levels. 

Remarkably, the inflow rate actually increased slightly toward the end of the monitoring period. This could 
have been an indication of slight ongoing well development over time. The steady water production may 
have helped clean the screen, filter pack, and formation fractures somewhat. 

In addition to the unavoidable data scatter shown in Figure C-7.3-2 associated with the accuracy limits of 
the transducer pressure measurements, there were large fluctuations, both above and below the average 
position of the graph, corresponding to periods of pump operation. Data points well above the average 
level on the graph represented the exaggerated flow rate calculations corresponding to early post-
pumping recovery when water levels were in the area of the pump and shroud where the actual annular 
water volume was less than the value of 0.809 gallon per foot used in the calculations. Data points below 
the average graph position represented periods of pump operation when the computed refill rate value 
was a negative number. 

The data from Figure C-7.3-2 were used to calculate specific drawdown—the ratio of drawdown to flow 
rate. For these calculations, thinning of the saturated zone was assumed to have continued well after the 
time that the false high static water level had been observed. The effective baseline water level was 
assumed to have reached the estimated static level of 538.19 ft bgs, particularly at late time when the 
inflow rate appeared to stabilize. At this water level, the saturated length (and drawdown) at screen 2 was 
7.51 ft. This drawdown was corrected for dewatering, yielding 3.76 ft of theoretical drawdown. 
Figure C-7.3-3 shows the resulting specific drawdown plot. 

The data from Figure C-7.3-3 were replotted as a rolling average, shown in Figure C-7.3-4, to reduce the 
amount of data scatter. The transmissivity calculated from the line of fit shown on the graph was 
4.9 gallons per day(gpd)/ft. This value represents an underestimate of the true value because of the 
steady thinning of the aquifer that occurred during the test. This was not unlike the effect of a negative 
boundary on a conventional time-drawdown graph. 

Later data were not as affected by ongoing thinning of the aquifer and were used to try to improve on the 
transmissivity estimate. Figure C-7.3-5 shows a line of fit using intermediate data up to the point where 
the specific drawdown began decreasing. The transmissivity computed from the analysis was 
13.7 gpd/ft—probably a more realistic value than the early-time value. 

The late specific drawdown values decreased, consistent with the slight increase in inflow rate observed 
at late time in Figure C-7.3-2. Again, this suggested the possibility of increasing well efficiency with 
continued pumping. 
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The transmissivity value implied by this analysis may be considered approximate. However, the degree of 
confidence in it should not be as great as typically applied to pumping test values because of the ongoing 
and unknown thinning of the aquifer that occurred during the test, as well as the significant noise (data 
scatter) in the transducer output. 

C-7.4 Well R-31 Screen 2 Specific Capacity 

Specific capacity data were used along with well geometry to estimate a lower-bound transmissivity value 
for the permeable zone penetrated by R-31 screen 2 to provide a frame of reference for evaluating the 
foregoing analysis. 

Fully penetrating conditions were assumed, so rather than using the Brons and Marting method (1961, 
098235), the lower-bound transmissivity was calculated by iterating the Cooper-Jacob equation (Cooper 
and Jacob 1946, 098236). An arbitrary pumping time of 750 min was used for the analysis. Because of 
substantial scatter in the recorded data, numerous head readings before and after 750 min were 
averaged to identify a representative specific drawdown of 80.8 ft/gpm. This corresponded to an inflow 
rate of 0.0465 gpm with a theoretical drawdown of 3.76 ft for a specific capacity of 0.0124 gpm/ft. In 
addition to specific capacity and pumping time, other input values used in the calculations included a 
range of storage coefficient values from 0.001 to 0.01 and a borehole radius of 0.51 ft (based on the 
12.25-in. borehole size). Even though unconfined conditions were assumed, basalt is expected to have 
very low porosity and, therefore, a low storage coefficient. 

Applying the Cooper-Jacob method to these inputs yielded the lower-bound hydraulic transmissivity 
estimates shown in Figure C-7.4-1. According to the figure, they range from approximately 9 to 13 gpd/ft, 
consistent with the result from the specific drawdown plot. 

C-7.5 Well R-31 Screen 3 Pumping Test Analysis 

This section presents drawdown and recovery data recorded during the screen 3 trial tests and the 11-hr 
pumping test. Unfortunately, the data did not support a definitive determination of aquifer parameters for 
two reasons.  

First, the water produced from R-31 showed effervescence, a common occurrence in many of the R-wells 
on the Plateau. The air/gas produced by screen 3 appeared to build up both within the well and within the 
pores/fractures near the borehole. Modest gas accumulation within the well caused a minor storage-like 
effect, effectively negating the value of the very early test data. Gas buildup within the formation near the 
well appeared to cause a gradual, dynamic change in well efficiency during pumping, altering the slopes 
of the drawdown graphs. 

Second, the data suggested a highly transmissive aquifer despite the relatively modest yield of screen 3. 
This implied a limited hydraulic connection between the well and the transmissive portion of the aquifer, 
not unusual in partially penetrating fractured bedrock wells. 

Figure C-7.5-1 shows a semilog plot of the drawdown data collected during trial 1 at R-31 screen 3 at a 
pumping rate of 6.6 gpm. The first two data points on the graph showed exaggerated drawdown while the 
discharge piping filled. During initial filling of the pipe, there was no artificial backpressure on the pump so 
the pumping rate was a maximum—likely more than 10 gpm. Once the discharge piping filled and water 
reached the flow control valve, backpressure built up and the discharge rate dropped to 6.6 gpm. 
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The drawdown data were replotted at an expanded scale shown in Figure C-7.5-2. Although a 
transmissivity value (2170 gpd/ft) was computed from the line of fit shown on the graph, it was identified 
as “apparent” because it was likely just an artifact of gradually declining well efficiency rather than a true 
value. (This conclusion will be illustrated below by comparing drawdown and recovery data from the trial 2 
test.) 

Figure C-7.5-3 shows a semilog plot of the screen 3 recovery data collected during trial 1. The 
transmissivity value (5320 gpd/ft) computed from the line of fit on the plot was again not considered 
representative of formation properties. Subsequent testing, described next, indicated that the typical 
recovery pattern showed a steep initial slope, gradually flattening to a horizontal line. Thus, any 
transmissivity value could be computed, depending on which portion of the data set was used in the 
calculations.  

The recovery data were plotted on an expanded scale as a rolling average as shown in Figure C-7.5-4. 
The calculated transmissivity from the late data was 106,000 gpd/ft. The accuracy of this value may be in 
question because the magnitude of the data scatter, even using a rolling average of the data, was large in 
comparison with the change in water level over time. 

Figure C-7.5-5 shows a semilog plot of the drawdown data collected during trial 2 at R-31 screen 3. Even 
though the discharge piping remained filled following trial 1, the data showed exaggerated drawdown 
initially (for a second or two). This may have been an indication of inertial effects. Another possible cause 
is gas accumulation within the drop pipe following trial 1, as residual effervescence collected at the top of 
the drop pipe. A tiny volume of trapped gas would temporarily negate the backpressure from the 
discharge valve until the void were refilled/repressurized, thus resulting in a brief, transient exaggerated 
discharge rate. 

Figure C-7.5-6 shows an expanded-scale plot of the drawdown data. Although a transmissivity value 
(2060 gpd/ft) was computed from the line of fit shown on the graph, it was identified as “apparent” 
because it was likely just an artifact of gradually declining well efficiency rather than a true value. 

Figure C-7.5-7 shows a semilog plot of the screen 3 recovery data collected during trial 2. The data 
showed an initial steep slope, probably a storage effect from gas buildup within the well, followed by a 
gradual flattening to a horizontal slope. Thus, any transmissivity could be calculated from the data, 
depending on the line of fit’s placement on the graph. 

Figures C-7.5-8 and C-7.5-9 show expanded scale plots of the recovery data, including a rolling average 
plot. These graphs highlight the fact that any arbitrary slope could be obtained from the data, as a 
function of which portion of the data set was used. The early data (steep slope) were not analyzable 
because of storage effects. The late data (flat slope) suggested a very high transmissivity for the basalt 
aquifer. 

The trial 2 drawdown and recovery data were compared to illustrate the “non-usability” of the data for 
determining aquifer coefficients. Figure C-7.5-10 shows a plot of both drawdown and magnitude of 
recovery versus time. Figure C-7.5-11 shows the data plotted on an expanded scale for easier 
comparison. 

Theoretically, these curves should coincide at early time. Clearly, they do not. The drawdown data should 
show the same slope as the recovery data but, instead, showed a much steeper slope. This discrepancy 
suggested an artificial dynamic increase in drawdown over time, explainable only by a gradually declining 
well efficiency. Consequently, the drawdown data could not be used for determining aquifer coefficients. 
The recovery data were unusable also, showing an initial artificially steep slope (storage related) that 
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gradually transitioned to a horizontal slope. The flat late slope did, however, suggest a very high aquifer 
transmissivity. 

Figure C-7.5-12 shows a semilog plot of the drawdown data collected during the 11-hr test at R-31 
screen 3. Curiously, the discharge rate started out at 6.7 gpm but increased to 7.0 gpm after about 
90 min. There was no obvious explanation for the unusual spontaneous rate increase. Although a 
transmissivity value (780 gpd/ft) was computed from the line of fit shown on the graph, it was identified as 
“apparent” because, as in previous drawdown plots, it was likely just an artifact of gradually declining well 
efficiency rather than a true transmissivity value. 

Figure C-7.5-13 shows a semilog plot of the screen 3 recovery data collected following the 11-hr test. The 
data showed an initial steep slope, probably storage affected from gas buildup within the well, followed by 
a gradual flattening to a horizontal slope. Thus, as seen on the previous recovery plots, any transmissivity 
could have been calculated from the data, depending on which portion of the recovery curve was used. 
As in the previous tests, the flat recovery slope suggested a very high transmissivity for the Cerros del Rio 
Basalt. 

Figure C-7.5-14 sows a comparison of recovery data from trial 2 and the 11-hr pumping test. The plot 
shows specific recovery (ratio of recovery to discharge rate) versus recovery time. The two curves 
matched, exhibiting the same response. Calculation of transmissivity using the early, steep slope yielded 
an impossibly low value, while the late, nearly horizontal slope led to an impossibly large value. In 
between, any arbitrary value of transmissivity could be computed. The transition from steep slope to flat 
slope was smooth and continuous, making it impossible to identify a representative section of the data set 
that might reveal true aquifer coefficients. 

C-7.6 Well R-31 Screen 3 Specific Capacity 

Specific capacity data were used along with well geometry to estimate a lower-bound hydraulic 
conductivity value for the permeable zone penetrated by R-31 screen 3. 

An arbitrary aquifer thickness of 50 ft was assigned in the calculations. After 11 hr of operation, R-31 
screen 3 produced 7.0 gpm with 36.6 ft of drawdown. In addition to specific capacity and pumping time, 
other input values used in the calculations included an assigned storage coefficient value of 10-4 and a 
borehole radius of 0.55 ft (based on the 13-1/8 in. borehole size). 

Applying the Brons and Marting (1961, 098235) method to these inputs yielded a lower-bound hydraulic 
conductivity estimate for the screened interval of 15.8 gpd/ft2, or 2.1 ft/day. 

C-7.7 Well R-31 Screen 4 Pumping Test Analysis 

This section presents drawdown and recovery data recorded during the R-31 screen 4 trial tests and the 
12-hr pumping test. 

Figure C-7.7-1 shows a semilog plot of the drawdown data collected during trial 1 at R-31 screen 4 at a 
pumping rate of 10.7 gpm. The transmissivity computed from the earliest data on the graph was 
710 gpd/ft. This likely corresponded to a formation thickness roughly equal to the well screen length of 
10 ft, making the hydraulic conductivity approximately 71 gpd/ft2, or 9.5 ft/day. Later data showed 
flattening of the curve and a greater transmissivity, presumably corresponding to a greater, unknown 
thickness of sediments. Subsequent tests described below, having longer pumping periods, showed 
continued flattening corresponding to continued vertical expansion of the cone of depression over time. 
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Figure C-7.7-2 shows a semilog plot of screen 4 recovery data collected following trial 1. The 
transmissivity computed from the early slope on the graph was 520 gpd/ft, corresponding to a hydraulic 
conductivity of 52 gpd/ft2, or 7.0 ft/day. Later recovery data showed the expected flattening of the curve 
associated with vertical expansion of the cone of impression. 

Figure C-7.7-3 shows a semilog plot of the drawdown data from screen 4 collected during trial 2 at a 
discharge rate of 10.8 gpm. The first few data points showed inertial effects associated with pump startup. 
The transmissivity computed from the early slope on the graph was 530 gpd/ft, corresponding to a 
hydraulic conductivity of 53 gpd/ft2, or 7.1 ft/day. Subsequent data showed flattening of the curve similar 
to that observed during trial 1. During the last half of the trial 2 pumping period, the slope of the drawdown 
graph continued to decline further in response to ongoing vertical growth of the cone of depression and 
leakage from adjacent water-bearing strata. 

Figure C-7.7-4 shows a semilog plot of screen 4 recovery data collected following trial 2. The 
transmissivity computed from the early slope on the graph was 510 gpd/ft, corresponding to a hydraulic 
conductivity of 51 gpd/ft2, or 6.8 ft/day. Later recovery data showed the expected flattening of the curve 
associated with vertical expansion of the cone of impression. 

Figure C-7.7-5 shows a semilog plot of the drawdown data from screen 4 collected during the 12-hr 
pumping test. The initial discharge rate was 10.8 gpm but declined gradually to 10.7 gpm during the test. 
The transmissivity computed from the early slope on the graph was 660 gpd/ft, corresponding to a 
hydraulic conductivity of 66 gpd/ft2, or 8.8 ft/day. Subsequent data showed flattening of the curve in 
response to vertical expansion of the cone of depression. 

Figure C-7.7-6 shows a semilog plot of screen 4 recovery data collected following the 12-hr test. The 
transmissivity computed from the early slope on the graph was 580 gpd/ft, corresponding to a hydraulic 
conductivity of 58 gpd/ft2, or 7.8 ft/day. Later recovery data showed the expected continuous flattening of 
the curve associated with vertical expansion of the cone of impression. 

Table C-7.7-1 summarizes the transmissivity values obtained for the screened interval at R-31 screen 4. 
The computed values averaged 585 gpd/ft, making the estimated hydraulic conductivity 58.5 gpd/ft2, or 
7.8 ft/day. 

C-7.8 Well R-31 Screen 4 Specific Capacity 

Specific capacity data were used along with well geometry to estimate a lower-bound transmissivity value 
for the permeable zone penetrated by R-31 screen 4. 

An arbitrary aquifer thickness of 50 ft was assigned in the calculations. After 12 hr of operation, R-31 
screen 4 produced 10.7 gpm with 19.4 ft of drawdown. In addition to specific capacity and pumping time, 
other input values used in the calculations included an assigned storage coefficient value of 5 × 10-4 and 
a borehole radius of 0.45 ft (based on the 10-3/4 in. borehole size at screen 4). 

Applying the Brons and Marting (1961, 098235) method to these inputs yielded a lower-bound hydraulic 
conductivity estimate for the screened interval of 47.5 gpd/ft2, or 6.4 ft/day. This result was reasonable, 
providing corroboration of the pumping test value and suggesting a fairly efficient well. 
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C-7.9 Well R-31 Screens 2, 3 and 4 Summary 

Pumping tests were conducted on R-31 screens 2, 3, and 4 to gain an understanding of the flow capacity 
of the screens, evaluate the effectiveness of jet development, and assess the hydraulic characteristics of 
the screened intervals. Several important observations and conclusions from the test pumping include the 
following: 

 The formation is extremely tight at screen 2. The likely sustained yield is approximately 2.6 gph. 

 Higher yield was obtained at early time. This was because water from screens 4 and 5 (at greater 
head) flows into screen 2 when the well is open, temporarily increasing the saturated thickness. 
For example, initially, the inflow rate was near 50 gph. After 30 min, it was approximately 14 gph 
and from 90 to 120 min it averaged 4.98 gph. 

 Test pumping yielded a low estimated transmissivity in the range of about 14 gpd/ft. 

 The saturated thickness at the outset of testing was 10.04 ft but aquifer thinning occurred during 
testing. The projected actual saturated thickness that would occur in the absence of flooding from 
screens 4 and 5 was 7.51 ft. 

 Screen 2 produced a theoretical specific capacity of 0.0124 gpm/ft (after correcting for 
dewatering). This implied an estimated lower-bound transmissivity of 9 to 13 gpd/ft (consistent 
with the pumping test value) assuming a saturated thickness of 7.51 ft. 

 Screens 3 and 4 showed moderate barometric efficiency, atypical of deep wells on the 
Pajarito Plateau. 

 Screen 4 water levels showed distinct diurnal fluctuations indicative of Earth tide effects. The 
basalt intervals (screens 2 and 3) did not show this effect. 

 The Cerros del Rio basalt at screen 3 appeared to be highly transmissive. However, the relatively 
low yield of screen 3 suggested that the screen zone was not well connected to the highly 
permeable sections of the aquifer—not unusual in partially penetrating rock wells. 

 It was not possible to quantify aquifer properties at screen 3 using the pumping test results. 
Gas/air accumulation during pumping induced storage effects and caused dynamic reductions in 
well efficiency. Both phenomena altered drawdown and recovery data slopes. 

 While the Cerros del Rio appeared to be enormously permeable, the low specific capacity of 
screen 3 implied a lower-bound hydraulic conductivity limit of just 2.1 ft/day adjacent to screen 3. 

 The screen 4 pumping test suggested an average transmissivity for the 10-ft screened interval of 
585 gpd/ft, making the estimated hydraulic conductivity 58.5 gpd/ft2, or 7.8 ft/day. 

 Specific capacity data for screen 4 were consistent with this result, implying a lower-bound 
conductivity of 47.5 gpd/ft2, or 6.4 ft/day. 

 In all tests, pumping a given screen zone had no effect on water levels in the other zones. 

 Simultaneous high-velocity jetting and pumping was effective, improving the yields of screens 2, 
3, and 4, beyond that achieved with swabbing, by 92%, 70%, and 50%, respectively. 
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Figure C-7.1-1 R-31 screen 2 equilibration response 

 

Figure C-7.1-2 R-31 screen 2 equilibration response—expanded scale 
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Figure C-7.2-1 R-31 screen 2 adjusted hydrograph during screen 3 pumping tests 

 

Figure C-7.2-2 R-31 screen 2 rolling average hydrograph during screen 3 pumping tests 
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Figure C-7.2-3 R-31 screen 3 adjusted hydrograph during screen 3 pumping tests 

 

Figure C-7.2-4 R-31 screen 3 rolling average hydrograph during screen 3 pumping tests 
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Figure C-7.2-5 R-31 screen 3 adjusted hydrograph during screen 3 pumping tests with 12-hr 
time delay 

 

Figure C-7.2-6 R-31 screen 4 adjusted hydrograph during screen 3 pumping tests 
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Figure C-7.2-7 R-31 screen 2 adjusted hydrograph during screen 4 trial tests 

 

Figure C-7.2-8 R-31 screen 3 adjusted hydrograph during screen 4 trial tests with 21-hr time 
delay 
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Figure C-7.2-9 R-31 screen 4 adjusted hydrograph during screen 4 trial tests 

 

Figure C-7.3-1 R-31 screen 2 pumping and refill response 
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Figure C-7.3-2 R-31 screen 2 refill rate 

 

Figure C-7.3-3 R-31 screen 2 specific drawdown 
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Figure C-7.3-4 R-31 screen 2 specific drawdown—rolling average 

 

Figure C-7.3-5 R-31 screen 2 specific drawdown—intermediate data 
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Figure C-7.4-1 R-31 screen 2 lower-bound transmissivity 

 

Figure C-7.5-1 Well R-31 screen 3 trial 1 drawdown 
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Figure C-7.5-2 Well R-31 screen 3 trial 1 drawdown—expanded scale 

 

Figure C-7.5-3 Well R-31 screen 3 trial 1 recovery 
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Figure C-7.5-4 Well R-31 screen 3 trial 1 recovery—rolling average 

 

Figure C-7.5-5 Well R-31 screen 3 trial 2 drawdown 
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Figure C-7.5-6 Well R-31 screen 3 trial 2 drawdown—expanded scale 

 

Figure C-7.5-7 Well R-31 screen 3 trial 2 recovery 
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Figure C-7.5-8 Well R-31 screen 3 trial 2 recovery—expanded scale 

 

Figure C-7.5-9 Well R-31 screen 3 trial 2 recovery—rolling average 



R-31 Reconfiguration Completion Report 

C-32 

 

Figure C-7.5-10 Well R-31 screen 3 trial 2 drawdown and recovery comparison 

 

Figure C-7.5-11 Well R-31 screen 3 trial 2 drawdown and recovery comparison—expanded scale 
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Figure C-7.5-12 Well R-31 screen 3 drawdown, 11-hr test 

 

Figure C-7.5-13 Well R-31 screen 3 recovery, 11-hr test 
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Figure C-7.5-14 Well R-31 screen 3 specific recovery comparison between trial 2 and the  
11-hr test 

 

Figure C-7.7-1 Well R-31 screen 4 trial 1 drawdown 
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Figure C-7.7-2 Well R-31 screen 4 trial 1 recovery 

 

Figure C-7.7-3 Well R-31 screen 4 trial 2 drawdown 
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Figure C-7.7-4 Well R-31 screen 4 trial 2 recovery 

 

Figure C-7.7-5 Well R-31 screen 4 drawdown, 12-hr test 
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Figure C-7.7-6 Well R-31 screen 4 recovery, 12-hr test 
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Table C-7.7-1 

Well R-31 Screen 4 Transmissivities 

Test Transmissivity (gpd/ft) 
Trial 1 Drawdown 710 

Trial 1 Recovery 520 

Trial 2 Drawdown 530 

Trial 2 Recovery 510 

12-Hour Drawdown 660 

12-Hour Recovery 580 

Average of All Tests 585 
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and System Removal Report for Well R-31 
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D-1.0 INTRODUCTION 

This appendix details the on-site technical services performed by Earth Data Northeast, Inc. (EDN) under 
subcontract to Tetra Tech, Inc. (a venturing partner in Tech2 Solutions, [T2S]), to deflate packers and 
complete related tasks in the Westbay System MP55 monitoring well from borehole R-31 at Los Alamos 
National Laboratory (LANL). EDN Westbay technicians were on-site to perform the work from 
April 1, 2019, through July 2, 2019. Supporting documentation is in Attachment D-1.  

D-2.0 PREVIOUS SITE ACTIVITIES 

The Westbay MP55 system in monitoring well R-31 was installed by Westbay Instruments, Inc., in 2000. 
Monitoring well R-31 was initially completed with 5.0-in. stainless-steel casing below 297.8 ft below 
ground surface (bgs), 5.0-in. mild steel casing from 297.8 ft bgs to surface, and five screens ranging in 
depth from 439.1 to 1077.7 ft bgs. Before the Westbay packer deflation process, EDN staff removed 
MOSDAX probe strings. Table D-2.0-1 presents a summary of the Westbay packer deflation activities. 

D-3.0 WESTBAY SYSTEM EXTRACTION  

The Westbay packer deflation tasks performed by EDN included pressure profiling, packer valve opening, 
and pumping port operation. The removal of the Westbay components was performed by Holt Services, 
Inc., using Westbay lifting tools provided by EDN, Holt Services, and Weatherford International. 

D-3.1 Equipment and Materials 

EDN used equipment provided by both Westbay Instruments and T2S to complete the Westbay system 
packer deflation. All work was performed using the T2S on-site Westbay trailer. Primary Westbay System 
deflation tooling included the following: 

Westbay Instruments 

 Westbay MP55 OCI tool (S/N: TIE2324) 

 MAGI interface (S/N: MGI5107) 

 Electric water pump (S/N: IPW2724) 

 Motorized inflation reel (S/N: MIR3104) 

T2S 

 Westbay sampler probe (S/N: 3079)  

 Westbay sampling winch 

 Westbay MOSDAX transducer winch 

 Laptop computer 
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D-3.2 Pre-Deflation Pressure Profile 

The initial Westbay packer deflation task at each location was to take a pressure profile. A pressure 
profile consists of head pressure measurements collected from Westbay measurement ports located 
between packers with the use of a Westbay sampler probe and winch. The pre-deflation pressure profiles 
were used to confirm the location of Westbay components and to observe the head pressure differentials 
of the isolated intervals. The profile also was used to measure the current depth to water inside the 
Westbay casing.  

D-3.3 Removing Water from the Westbay Casing 

The results of the initial pressure profile indicated that water needed to be removed from inside the 
Westbay casing. When the Westbay casing pressure is lower inside than outside, the flow of water from 
the packers into the Westbay casing during packer deflation is facilitated. The amount of water removed 
should be enough to lower the water level to a point below the lowest zone pressure observed in the 
pressure profile.  

Practical limitations did not allow the water level in R-31 to be lowered before packer deflation. The large 
amount of water to be removed exceeded the capabilities of the available equipment. 

D-3.4 Westbay Packer Valve Operation 

The Westbay packer valves were opened using a Westbay MP55 OCI tool. The OCI tool was lowered 
down the Westbay casing on a wireline, with an attached water hose, to the deepest packer in the 
Westbay System. The packers were then deflated in order from deepest to shallowest. 

At each packer, the OCI tool was engaged in the packer valve using the tool’s arm and shoe out 
functions. Once the tool was confirmed to be properly engaged in the packer valve, the tool was 
pressurized to 800—900 psi using a water pump. Pressure was monitored throughout the packer 
deflation procedure at the surface by a pressure gauge on the pump and by a transducer in the OCI tool, 
which was monitored on a laptop in real time. 

The inflate function of the OCI tool was then used to apply the pressure to the packer valve, causing the 
valve to open, though some packer valves required the pressure to be applied repeatedly for successful 
operation. Valve opening was indicated through a drop in pressure observed on the pressure gauge and 
transducer. EDN then confirmed the valve was open by pumping a small amount of water into the packer. 
An open valve was confirmed by a gradual increase in pressure when water was added as opposed to a 
sharp spike, which would indicate a closed valve.   

A secondary indicator of successful packer deflation was a rise in the water level inside the Westbay 
casing because of water flowing in from the packer; however, since many of the packers were above the 
water level inside the Westbay casing, the usefulness of this confirmation method was limited. 

After a packer valve was confirmed to be open, EDN proceeded to the next packer and repeated the 
procedure. As each packer was deflated, an increasing amount of weight was borne by the remaining 
inflated packers. The Westbay system weight in R-31 was low enough for a single packer or the surface 
clamp to bear the additional weight. Packer deflation records are included in Attachment D-1.  
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D-3.5 Post-Deflation Pressure Profile 

Following the successful opening of all packer valves in the Westbay system, EDN performed a second 
pressure profile. The second profile was performed to confirm the deflation of the packers through the 
absence of the previously observed head pressure differentials between isolated intervals. If packer 
deflation was successful, all previously isolated intervals would be under hydrostatic conditions. 

The post-deflation pressure profiles, with a few exceptions, confirmed the packer deflations were 
successful. Pressure readings that indicated a head differential was still present were likely the result of 
packers which had not yet pulled away from the well casing at the time the profile was performed, which 
was typically right after the packer valves were opened. Field records of pressure profiles and graphical 
representations of the data are included in Attachment D-1. 

D-3.6 Hydraulic Pumping Port Operation 

Once all of the packer valves in the Westbay system were opened, the deepest pumping port in the 
system was opened to allow the water inside the Westbay system to drain into the borehole when 
removed. Hydraulic pumping ports consist of a sliding valve and screen. The position of the slide valve is 
changed using high or low hydraulic pressure, depending on the depth below water. The pumping ports 
were opened using a Westbay sampler probe with a sample bottle attached. 

For pumping ports under less than 400 ft of hydraulic head, high pressure was used to open the port. In 
these cases, the sample bottle was pressurized to 400 psi using a water pump, and lowered to the port. A 
special face plate was used on the sampler tool to ensure the tool engaged the high-pressure side of the 
slide valve. Once engaged, the sampler probe valve was opened and the pressure from the sample bottle 
pushed the valve into the open position. Successful pumping port opening was confirmed by a change in 
water level inside the Westbay casing. 

In pumping ports under greater than 400 ft of hydraulic head, low pressure was used to open the port. In 
these cases a different face plate, designed to engage the sampler probe in the low-pressure side of the 
valve, was used. The sampler tool was lowered to the port with an unpressurized sample bottle. Once the 
sampler tool was engaged and its valve was opened, the pressure differential created by the low-
pressure sample bottle caused the port to slide open. This is again confirmed by a change in water level 
inside the Westbay casing.   

D-3.7 Westbay System Removal 

After all packer valves were opened along with the deepest pumping port, the Westbay system was 
allowed to sit for a minimum of 24 hr to allow sufficient time for the water in the packers to drain out and 
the packers to return as closely as possible to their initial uninflated diameters.  

Staging and final disposal of the extracted Westbay components were performed by others and were 
outside the scope of the services performed by EDN. 
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Table D-2.0-1 

Summary of Westbay System Extraction 

Monitoring 
Well No. Packer Deflation Date 

No. of 
Packers 

MP38 Casing Depth 
(ft bgs) 

R-31 Jun 26, 2019 15 1060 
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Attachment D-1 

Supporting Documentation 
(on CD included with this document) 

 
  



 



Well R-31 
Pressure Profiles 

Packer Deflation Forms 







15
14

13

12
11

10

9
8

7

6
5

4

3
2

1

300.0

400.0

500.0

600.0

700.0

800.0

900.0

1000.0

1100.0

0.00100.00200.00300.00400.00500.00600.00700.00800.00

D
ep

th
 (

ft
)

Equivalent Depth to Water (ft)

Figure 11
Well: R-31

Pre-Deflation Pressure Profile

Atmospheric 
Pressure Line





15
14

13

12
11

10

9
8

7

6
5

4

3
2

1

300.0

400.0

500.0

600.0

700.0

800.0

900.0

1000.0

1100.0

0.00100.00200.00300.00400.00500.00600.00700.00800.00

D
ep

th
 (

ft
)

Equivalent Depth to Water (ft)

Figure 12
Well: R-31

Post-Deflation Pressure Profile

Atmospheric 
Pressure Line



































Appendix E 

New Mexico Office of the State Engineer and  
New Mexico Environment Department Approvals 
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