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EXECUTIVE SUMMARY  

As part of the 1998 to 2005 characterization program outlined by the Los Alamos National Laboratory’s 
(LANL’s or the Laboratory’s) “Hydrogeologic Workplan” (HWP), 33 wells (called R-wells) were drilled 
within the Laboratory’s boundary and the surrounding area. It was anticipated that eventually these 
characterization wells might become part of a groundwater monitoring network. During the later years of 
the HWP, concerns were raised that some R-wells might not be suitable for monitoring because fluids 
and additives used in the drilling and well construction appeared to have been incompletely removed 
during the development of some of the wells. These fluids could impact the ability of the wells to provide 
representative groundwater data and compromise the ability to detect reactive contaminants. As a result 
of these concerns, the Laboratory conducted an extensive analysis of the 33 R-wells (documented in the 
Laboratory’s “Well Screen Analysis Report” [WSAR]), on a screen-by-screen basis, to determine which 
screens appeared to be impacted and to what degree. 

The WSAR results indicated that for 64 screens analyzed, 16 of the wells had screens that were in Fair or 
Poor condition and could not be relied upon to provide representative data or to detect contaminants in 
groundwater. These results prompted the New Mexico Environment Department in its reply to the 
Laboratory’s “Interim Facility-wide Groundwater Monitoring Plan” to request a well rehabilitation plan. This 
document responds to that request by providing the basis for rehabilitating or replacing impacted 
characterization wells at LANL to render them capable for inclusion in a monitoring network.  

To arrive at potential courses of action for each of the impacted wells, conditions known to exist at 
individual screens were evaluated. Of the 16 out of 33 wells with screens that scored Fair to Poor in the 
WSAR, two—R-16 and R-20—have been selected for a pilot well rehabilitation study to be conducted in 
the summer of 2006. The present well rehabilitation workplan is informed by the pilot study. 

The highest-priority wells are those needed for monitoring Mesita del Buey and Technical Area (TA) 54, 
including R-16, R-20, R-32, and R-22. Another high-priority well is R-12 because of its importance in 
chromium source monitoring. The next highest priority is monitoring TA-16’s 260 outfall. Here it was 
decided to focus on R-25 in fiscal year 2007 (FY07). Also a high priority is well R-26, which is upgradient 
of the Laboratory and is needed to establish background chemistry. Finally, R-14 is of a rather high 
priority because of its location in Ten Site Canyon. Wells R-12, R-14, R-16, R-20, R-22, R-25, R-26, and 
R-32 are slated for corrective action in FY06 and FY07, and the remaining wells will be decided upon in 
FY08 when insights have been gained from the FY06 and FY07 activities. The results of a decision 
analysis for the groundwater monitoring network to be completed later in FY06 will be used to reevaluate 
this prioritization and to decide on a path forward for the remaining wells that would undergo corrective 
action in FY08.  

This well rehabilitation workplan explains the selection of wells for rehabilitation, the rehabilitation 
methods, and the measures to evaluate the degree of success of rehabilitation. The Laboratory will 
interpret and analyze these results and will report them in an annual update to this well rehabilitation 
workplan. Water-quality data collected as part of the well rehabilitation will be compared with results 
compiled in the WSAR. Success will be defined as a rating of Good or Very Good, according to the 
geochemical criteria developed for the WSAR. In addition, changes in, and improvements to, hydrologic 
parameters will be noted. The collective results of rehabilitation efforts in FY07, along with insights gained 
from the FY06 pilot study, will be used to guide decisions made for wells in FY08 and to refine the 
methods used in their rehabilitation.  

In addition to reporting the results of the redevelopment process in the annual update to this well 
rehabilitation workplan, results also will be discussed and interpreted in a 2008 update of the WSAR. The 
updated WSAR will provide a more comprehensive discussion of well conditions and the degree of 
success of the rehabilitation efforts. 





ER2006-0465 vii June 2006 

Table of Contents 

1.0 INTRODUCTION............................................................................................................................... 1 
2.0 BACKGROUND ................................................................................................................................ 2 
3.0 SITE CONDITIONS........................................................................................................................... 3 
4.0 SCOPE OF ACTIVITIES ................................................................................................................... 3 
5.0 INVESTIGATION METHODS ........................................................................................................... 7 
6.0 IMPLEMENTATION .......................................................................................................................... 8 
7.0 MONITORING AND SAMPLING PROGRAM .................................................................................. 9 
8.0 REPORTING AND DOCUMENTATION ......................................................................................... 10 
9.0 REFERENCES................................................................................................................................ 10 
 

Appendix A Well Screen Parameters and Characteristics 
A.1 Well Construction and Development Information ......................................................................A-1 
A.2 Geology and Geophysics of Screened Interval ...................................................................... A-18 
A.3 Well Screen Evaluation........................................................................................................... A-38 

 
Appendix B Depth and Condition of Well Screens 

 

Figures 

Figure 1-1. Map showing location of wells constructed under the Hydrogeologic Workplan..............13 
Figure 1-2. Overall condition of screens for producing reliable and representative water-quality 

samples as of November 2005 .........................................................................................14 
Figure 2-1. Comparison of well screen performance ..........................................................................15 
Figure 4-1. Water table elevation and location of Hydrogeologic Workplan wells ..............................16 
Figure B-1. Position and condition of well screens in CDV-R-15-3 ................................................... B-1 
Figure B-2. Position and condition of well screens in CDV-R-37-2 ................................................... B-2 
Figure B-3. Position and condition of well screens in R-5 ................................................................. B-3 
Figure B-4. Position and condition of well screens in R-7 ................................................................. B-4 
Figure B-5. Position and condition of well screens in R-8 ................................................................. B-5 
Figure B-6. Position and condition of well screens in R-9i ................................................................ B-6 
Figure B-7. Position and condition of well screens in R-12 ............................................................... B-7 
Figure B-8. Position and condition of well screens in R-14 ............................................................... B-8 
Figure B-9. Position and condition of well screens in R-16 ............................................................... B-9 
Figure B-10. Position and condition of well screens in R-19 ............................................................. B-10 
Figure B-11. Position and condition of well screens in R-20 ............................................................. B-11 
Figure B-12. Position and condition of well screens in R-22 ............................................................. B-12 
Figure B-13. Position and condition of well screens in R-25 ............................................................. B-13 



Workplan for R-Well Rehabilitation and Replacement 

ER2006-0465 viii June 2006 

Figure B-14. Position and condition of well screens in R-26 ............................................................. B-14 
Figure B-15. Position and condition of well screens in R-31 ............................................................. B-15 
Figure B-16. Position and condition of well screens in R-32 ............................................................. B-16 
Figure B-17. Position and condition of well screens in R-33 ............................................................. B-17 
 

Tables 

Table 4.1 Plan of Action for Hydrogeologic Workplan Wells ............................................................17 
Table 6.1 Procedures Governing the Collection, Analysis, and Review of Water Data ...................18 
 



ER2006-0465 ix June 2006 

LIST OF ACRONYMS AND ABBREVIATIONS 

bgs  below ground surface 

Consent Order Compliance Order on Consent ( March 1, 2005) 

DO  division office 

DOE  Department of Energy (U.S.) 

DP  Defense Program 

ECR  Environmental Characterization and Remediation (an ENV group) 

ENV  Environmental Stewardship (a LANL division) 

EPA  Environmental Protection Agency (U.S.) 

ER  environmental restoration 

ERS  Environmental Remediation and Surveillance (an ENV program) 

FY  fiscal year 

GDAP  Groundwater Data Adequacy Project 

HWP  Hydrogeologic Workplan 

LANL  Los Alamos National Laboratory 

MDA  material disposal area 

NMED  New Mexico Environment Department 

ORP  oxidation-reduction potential 

P&A  plug and abandon 

QA  quality assurance 

QP  quality procedure 

RDX  1,3,5-trinitro-1,3,5-triazacyclohexane 

RPF  Records Processing Facility (an ENV archive) 

SOP  standard operating procedure 

TA  technical area 

TKN  total Kjehldahl nitrogen 

TOC  total organic carbon 

WQH  Water Quality and Hydrology (an ENV group) 

WSAR  Well Screen Analysis Report 

XRD  x-ray diffraction 





ER2006-0465 1 June 2006 

1.0 INTRODUCTION 

The Los Alamos National Laboratory’s (LANL’s or the Laboratory’s) “Hydrogeologic Workplan” (HWP) 
(LANL 1998, 59599) outlined a program that was conducted from 1998 to 2005 to characterize the 
hydrogeology, geochemistry, and flow pathways beneath the Laboratory. It was understood that results of 
the HWP would be used, along with other information and knowledge, to design a groundwater 
monitoring network for the Laboratory.  

As part of the HWP, 33 wells were drilled within the Laboratory boundary and surrounding area, and they 
continued to be drilled following completion of the HWP (Figure 1-1). The 33 wells are collectively referred 
to as “R-wells” even though a few of them have different prefixes, such as CdV and MCOBT. Data-quality 
objectives were developed for each individual well to address questions about the hydrogeologic and 
geochemical framework beneath the Laboratory, groundwater flow directions in the regional aquifer and 
perched intermediate zone, aquifer characteristics, ranges in hydraulic properties of different lithologic 
units, and other aspects of characterization. The Laboratory, the U.S. Department of Energy (DOE), the 
New Mexico Environment Department (NMED), and an external advisory group all agreed to the purpose 
and objectives for the wells. It was anticipated and assumed by all that eventually these wells might 
become part of a groundwater monitoring network even though they were constructed for characterization 
purposes. 

During the later years of the HWP, and culminating in 2005, numerous parties, both internal and external 
to the Laboratory, raised concerns that some of the multiple-screen R-wells might not be suitable for 
monitoring because fluids and additives used in drilling and well construction appeared to have been 
incompletely removed during the development of some of the wells. These fluids impact the ability of 
those wells to provide representative groundwater data and hence compromise the ability to detect 
reactive contaminants. As a result of these collective concerns, the Laboratory conducted an extensive 
analysis of all 33 R-wells on a screen-by-screen basis (64 screens) to determine which screens appeared 
to be impacted by well construction methods and to what degree (“Well Screen Analysis Report” [WSAR], 
LANL 2005, 91121).  

The WSAR results indicated that 17 of the 33 R-wells had screens that were in Very Good to Good 
condition and that the remaining 16 wells had screens that were in Fair or Poor condition (the rating 
scheme is explained in the WSAR) and could not be relied upon to provide representative data or to 
detect all potential contaminants in groundwater. The screen ratings for the most recent sample taken as 
of November 2005 are shown in Figure 1-2. The outcome of the WSAR prompted NMED in its reply 
(NMED 2005, 91828) to the Laboratory’s “Interim Facility-wide Groundwater Monitoring Plan” 
(LANL 2005, 88789) to state 

“The Permitees must also develop a plan for rehabilitation of all wells where fluids were 
utilized and where construction problems (e.g., misplaced screens/grout or excessive 
filter pack lengths) are documented. This plan must be submitted completed [(sic]) prior 
to and reported in the annual update (2006) of the Monitoring Plan. If the wells cannot be 
rehabilitated to provide representative, quality groundwater monitoring data, the 
Permitees may be required by NMED to plug and abandon and complete a new well in 
an adjacent or more appropriate location.” 

This well rehabilitation workplan provides the basis for rehabilitating or replacing impacted 
characterization wells at LANL so they can function, if needed, in a monitoring network.  



Workplan for R-Well Rehabilitation and Replacement 

June 2006 2 ER2006-0465  

This report is organized in the following way: Section 2 provides background for this workplan in the 
context of the Groundwater Data Adequacy Project (GDAP). Section 3 reviews site conditions and 
conditions known to exist at the impacted wells that influence potential courses of action. Section 4 
provides the scope of activities included in the plan, which follow from criteria established for selecting 
particular wells for rehabilitation or replacement, and the methods used to establish these criteria. 
Section 5 describes the investigation methods chosen for potentially successful well rehabilitation. 
Section 6 provides a framework for implementation, including quality assurance (QA) and organizational 
responsibilities. Section 7 defines how data will be collected and results analyzed to determine whether 
rehabilitation has been successful. Section 8 summarizes the plan and provides a time frame for 
activities. 

2.0 BACKGROUND  

This well rehabilitation workplan is part of the GDAP and is informed by the pilot well rehabilitation study 
to be conducted in the summer of 2006 (LANL 2006, 92471). The pilot study will provide a test of 
rehabilitation methods for two multiple-screen wells, R-16 and R-20. Results of the pilot study will then be 
used to aid the rehabilitation of the remaining wells, which are prioritized in this well rehabilitation 
workplan (section 4.3). This workplan will be revised annually; some aspects of the workplan may be 
revised based on the pilot study’s final results. 

The GDAP was established to improve the defensibility of groundwater sampling data over the period 
from fiscal year 2006 (FY06) through FY08. The objective of the GDAP is to ensure that groundwater 
data meet data-quality criteria. The GDAP consists of eight components, including (1) a pilot well 
rehabilitation project to be completed in FY06 (LANL 2006, 92471), (2) an expanded well rehabilitation 
and replacement project (for which this document serves as the plan), (3) documentation of the regulatory 
guidelines used to establish groundwater data adequacy, (4) performance of QA checks on certain data-
collection methods, (5) specific additional laboratory and field tests on groundwater and aquifer materials, 
(6) chemical speciation and transport modeling, (7) historical and current data qualification, and (8) a plan 
to communicate the GDAP to stakeholders and the public. GDAP activities that were initiated in May 2006 
include #3, 4, 6, 7, and 8 of the above components. Field and laboratory tests (#5) will begin in FY07. 
Laboratory testing and modeling are intended to demonstrate the types and degrees of impact to 
particular screens and their future ability to produce representative groundwater samples. The results of 
testing and modeling will be used to inform subsequent revisions of this well rehabilitation workplan.  

As a follow-up to the WSAR, correlations between various physical characteristics and screen conditions 
were evaluated (e.g., screen performance versus hydraulic conductivity of formation). It was hoped that 
these correlations would help identify some problems that occurred in more than one screen and would 
provide insights into each screen’s potential for rehabilitation. Unfortunately, the only strong performance 
indicator shown in Figure 2-1 is the distinction between single-screen and multiple-screen wells, with 
single-screen wells performing much better than multiple-screen wells. 

As an initial step in making planning decisions for each well, the original data-quality objectives for the 
HWP wells were revisited, along with, to some extent, objectives for monitoring. This assessment 
included tabulated information drawn from well completion reports and other sources (see Appendix A), 
the correlations mentioned above, and a decision peer review. The assessment included examinations of 
drilling methods and fluids appropriate for the depths required and lithologies encountered, of well design 
(having a multiple-screen well versus clustered well monitoring points), and of groundwater sampling 
systems appropriate for multiple-screen or single-screen wells completed at great depths. The decision 
peer review resulted in a preliminary prioritized list of wells for corrective action, as discussed in section 4.  
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3.0 SITE CONDITIONS 

As indicated in section 1, the R-wells drilled for the HWP were constructed to obtain hydrologic and 
geochemical parameters in order to characterize flow and transport in groundwater beneath the 
Laboratory. For the wells to reach the regional aquifer in some wells (e.g., in the Santa Fe Group), fluids 
and additives were used during drilling and well installation to enable the advancement of the drill casing 
or drill bit and to prevent the collapse of open-borehole intervals during the collection of borehole 
geophysical data. The hydrogeologic complexity and varying degrees of competence of the stratigraphic 
units beneath the Laboratory also dictated the use of fluids for penetration. Bentonite drilling muds were 
used at nine screens in four of the wells that are shown in this workplan as requiring rehabilitation or 
replacement. Organic fluids, such as EZ-MUD and QUIKFOAM, were used in all of the wells. If not 
completely removed by subsequent development, bentonite can serve as both a source of ions to 
groundwater as well as a sink for sorbing cations and organic species. Similarly, residual organic drilling 
fluids left in situ provide nutrients for microorganisms, a situation that leads to reducing conditions that 
can dissolve naturally occurring metal oxides and hydroxides, including those of iron and manganese, 
thereby releasing any coprecipitated or sorbed metals. At the same time, organic fluids reduce anions 
such as nitrate to nitrogen gas and sulfate to sulfide. Reducing conditions also may enhance the 
degradation rate of some organic species in the vicinity of the screen. The combined effects of these 
chemical reactions create conditions leading to unrepresentative groundwater quality and the inability to 
determine the presence or absence of contaminants in the groundwater with confidence. For a more 
detailed explanation of these reactions, see the WSAR (LANL 2005, 91121). 

To arrive at potential courses of action for each of the impacted wells, conditions known to exist at 
individual screens were evaluated. This information is tabulated in Appendix A and depicted in the well 
diagrams in Appendix B. The specific conditions relevant to wells that are of the highest priority for 
rehabilitation in FY07 are discussed in section 4.4. 

4.0 SCOPE OF ACTIVITIES  

Section 4 provides the scope of activities included in the workplan, focusing primarily on activities that will 
be accomplished in FY06 and FY07. Leading up to a decision about the scope of work to be performed, 
an initial tabulation of physical conditions was made for every well that was a candidate for corrective 
action (rehabilitation, replacement, or other action) (section 4.1). This information is found in Appendix A 
and was used in conjunction with well diagrams from Appendix B to help guide a decision peer review 
(section 4.2). Section 4.3 discusses specific actions to be taken in FY07 for each of the wells ranked high 
for corrective action by the Decision Peer Review Team. 

4.1 Pre-Decision Peer Review Assessment 

DOE and the Laboratory established that of the 16 out of 33 wells with screens that scored Fair to Poor in 
the WSAR, R-16 and R-20 should be included in the pilot study. These wells were chosen because they 
had a number of screens showing various degrees of impact from drilling fluids, because they were easily 
accessible, and because of their locations relative to monitoring. (See LANL 2006 [92471] for a more 
detailed discussion of the selection criteria for these wells.) Based on information tabulated in 
Appendix A, eight of the remaining wells are candidates for rehabilitation, two will likely remain in use 
without redevelopment (R-5 and R-33, discussed in section 4.3), and the rest will undergo a combination 
of partial replacement, partial rehabilitation, and partial abandonment. Table 4.1 shows the current plan of 
action for these wells. 
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4.2 Decision Peer Review 

The objective of the decision peer review was to prioritize the impacted wells for partial or full 
rehabilitation, replacement, or other corrective action. This was done within the guidelines identified as 
necessary for the monitoring or characterization of the screens. 

4.2.1 Assumptions Made by the Decision Peer Review Team 

• Not all screens will be needed for monitoring or additional characterization. Some screens have 
achieved their characterization purposes, while others may still be needed for the collection of 
hydrologic properties to further refine conceptual flow models in the regional aquifer. 

• This well rehabilitation workplan will not address screens rated as Good or Very Good. The scope 
of this workplan will include only actions to be taken at the 16 wells that are most impacted by 
fluids. 

• Currently, no acceptable sampling system exists as an alternative to Westbay for situations 
where more than two screens per well are needed for the monitoring system. 

• The Laboratory will opt for as many single- or dual-screen wells as possible, taking into 
consideration technical needs for monitoring and characterization. This option will allow purging 
the well before sampling. This concept includes conversion of wells with three or more screens to 
single- or dual-screen completions by plugging and abandoning some of the deeper screens. 

• Wells having productive screens exclusively in perched zones will be kept and rehabilitated 
(among the wells included in this workplan as requiring rehabilitation or replacement, only R-9i 
meets this condition). 

• If there are perched intermediate zones in multiple-screened wells, either rehabilitation will be 
attempted at all screens, in which case the well will retain the Westbay sampling system, or, if the 
perched zone screen is needed for monitoring, the regional screen(s) will be retained for 
monitoring in the existing well and a new perched intermediate zone well will be drilled nearby. 

• If a well location is needed for monitoring, but there is a low probability of successful 
rehabilitation, then the well will be replaced with a single-screen completion well to the top of the 
regional aquifer. 

• If only one or two screens are needed (in wells converted to single- or dual-screen completion), 
alternative sampling systems to Westbay will be considered. 

• If more than two screens are needed in a well for monitoring, then the well will remain a Westbay 
well, and it will be rehabilitated by methods tested in the pilot study (see section 5).  

• Screens not required for monitoring will be plugged and abandoned (if the lowest screen) or 
isolated (if the screen is situated above or between other needed screens). 

4.2.2 Decision Peer Review Team Discussion 

Before arriving at priorization criteria for the wells to be rehabilitated, the Decision Peer Review Team 
considered many factors, including the following (not ranked by importance): 

• Suitability of the well location for monitoring background 

• Location of the well within the Laboratory footprint 

• Location of the screen at the top of the regional aquifer 
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• Whether the screen shows the presence of contamination 

• Whether the screen shows the presence of conservative Laboratory contaminants, indicating 
“modern” water (e.g., tritium; nitrate; perchlorate; 1,3,5-trinitro-1,3,5-triazacyclohexane [RDX]) 

• For deeper screens, whether the screen shows evidence of a downward vertical pressure 
gradient 

• Whether the screen is needed to support corrective action decisions under the Compliance Order 
on Consent (Consent Order) signed by NMED, DOE, and the Regents of the University of 
California on March 1, 2005 (e.g., Technical Area [TA] 54 material disposal areas [MDAs], 
TA-16 260 outfall) 

• Whether the well and screen are needed to help resolve a highly visible issue (e.g., chromium 
sources and migration) 

• The current status of screen condition and trends, including long-term prognosis for the screen’s 
recovery to predrilling conditions 

• Whether the screen interval is located in a formation that is too tight to ever be adequately 
developed or to allow adequate purging 

• The cost of the applicable rehabilitation method (e.g., retrofitting a well to allow purging before 
collecting a sample is probably not as costly as screen rehabilitation) 

Reasons to assign a low priority to screen rehabilitation or to plug and abandon an interval include 
inadequate hydraulic conductivity in the screen interval; problems during borehole drilling and well 
construction (e.g., bentonite emplaced next to a screen); or lost circulation resulting in a large volume of 
drilling fluids being introduced into the interval. 

4.3 Results of the Decision Peer Review  

The highest-priority wells are those needed for monitoring Mesita del Buey and TA-54. This includes R-16 
and R-20 (both of which are being addressed in the pilot study), R-32 and R-22 (proposed for 
rehabilitation in FY07), and R-21 and R-23 (for which no action is planned because these single-screen 
wells are in Very Good to Good condition). R-12 is a high-priority well because of its importance in 
chromium source monitoring. The next highest priority is monitoring the TA-16 260 outfall, which includes 
wells R-25, CdV-R-15-3, and CdV-R-37-2. The plan focuses on R-25 in FY07 and defers the others to 
FY08. Well R-26, which is upgradient of the Laboratory and is needed to establish background chemistry, 
is also a high-priority well. Finally, R-14 is included in the high-priority list for FY07 because of its location 
in Ten Site Canyon. Having established these wells for corrective action in FY07, the Decision Peer 
Review Team decided that the remaining wells would be acted on in FY08 after insights will have been 
gained by FY06 and FY07 activities.  

Two exceptions are wells R-5 and R-33, where rehabilitation is unnecessary. R-5 has two screens rated 
Very Good, one in the vadose zone (Screen 2), and one at the water table (Screen 3; see Appendix B, 
Figure B-3). Screen 1 in the vadose zone is dry and is not needed for monitoring; Screen 4 (rated Fair) at 
about 860 ft depth in the Santa Fe Group is also not needed for monitoring. Well R-33 has two screens in 
the regional aquifer, a Fair-rated screen right at the water table and a Very Good screen 80 ft below 
(Figure B-17). The same water is sampled at both screens and the Very Good screen meets monitoring 
requirements.  

The final ranking of the wells to be redeveloped in FY07 is as follows: (1) R-12 (which may be accelerated 
to FY06), (2) R-32, (3) R-14, (4) R-26, (5) R-22, and (6) R-25. R-12 and R-32 received very high ranks for 
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monitoring chromium and contaminant sources at TA-54. R-14 and R-26 took middle places in the 
ranking because their rehabilitation is likely to be less difficult than R-22 or R-25. Note that R-22 is 
geologically very complex at depth, which has a bearing on its rank in the prioritization. The 
redevelopment results of the earlier wells will be evaluated to identify appropriate action at R-22. 
R-25 took last place on the list because it is the most complex well with nine screens and because of the 
incomplete nature of the most recent water-quality data for these screens.  

Results of the decision analysis for the groundwater monitoring network, to be completed later in FY06, 
will be used to reevaluate this prioritization and to decide on a path forward for the remaining wells slated 
for corrective action in FY08 (see Table 4.1). 

4.4 Specific Actions at Wells Prioritized for FY07 

The well diagrams in Appendix B help visualize the well conditions (see Figure 4-1 for a visualization of 
the water table with respect to the well locations). 

4.4.1 R-12 

The R-12 well has three screens (Figure B-7). Rehabilitation will be attempted at Screen 1 (rated Poor in 
the vadose zone) and Screen 3 (rated Fair at the water table). Screen 2 will be isolated and the Westbay 
sampling system will be reinstalled (alternative sampling systems to Westbay only work when the pump is 
fully submerged and both screens are in the regional aquifer). If the rehabilitation of both screens fails, 
R-12 will be converted to a single-screen well at the water table, and a new well will be drilled to monitor 
the intermediate perched zone. 

4.4.2 R-32 

The R-32 well has three screens, all in the regional aquifer (Figure B-16). Screen 1 at the water table is 
rated Very Good and thus requires no action. Screen 2 is a pressure port which will be maintained. 
Screen 3 will be rehabilitated. Because R-32 will then essentially become a dual-screen well, it is a 
candidate for conversion to a non-Westbay sampling system. 

4.4.3 R-14 

This well has two screens, both in the regional aquifer (Figure B-8). The top screen at the water table is 
rated Very Good and requires no action. The bottom screen is rated Poor. Since the screens are 
separated by only 54 ft and probably sample the same water, the lower screen will be plugged and 
abandoned. 

4.4.4 R-26 

This well has two screens (Figure B-14). The upper screen is located in a thick perched zone, and the 
lower screen is located in what is believed to be the regional aquifer. The top screen at the water table is 
rated Good and thus requires no action. The bottom screen at 1422 ft below ground surface (bgs) is 
nearly 800 ft below the top screen. The Puye Formation at the bottom screen is so tight that even if the 
screen could be rehabilitated, it would probably not yield water. No crossflow of water has been 
demonstrated at this screen. R-26 will become a single-screen well. 
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4.4.5 R-22 

This well has five screens (Figure B-12). The top screen straddles the water table and the other four 
screens are within the regional aquifer. The top screen, rated Poor, will be packed off and isolated. 
Screen 2 is rated Very Good. Since there are only approximately 33 ft between Screens 1 and 2, they 
probably sample the same water, and Screen 2 will become the water table screen. Screen 3 is rated 
Good and thus requires no action. Screens 4 and 5 are rated Poor; they will be plugged and abandoned. 
After rehabilitation, R-22 will become a dual-screen well and a candidate for conversion to an alternative 
sampling system. 

4.4.6 R-25 

This well has nine screens (Figure B-13). Of the 33 wells constructed under the HWP, R-25 is the most 
complicated and the most problematic and has been the subject of an investigation workplan 
(LANL 2005, 89397). However, based on the evolution of events and thinking during the past year, this 
well rehabilitation workplan replaces the R-25 investigation workplan. Action proposed for R-25 will 
depend on the rehabilitation results at the first five wells. It may be possible to salvage the four screens in 
the perched intermediate zone at R-25. Screens 1 and 2 are rated Fair, Screen 3 is unusable except as a 
pressure port and was not rated, and Screen 4 is Very Good.  

There are also five screens in the regional aquifer. Screen 5, just below the water table, is rated Fair. 
Screens 6 and 7 are Very Good, Screen 8 is Good, and Screen 9 (at approximately 1900 ft bgs) is 
unusable. An attempt could be made to rehabilitate Screen 5, or a new single-screen well could be drilled 
to the water table.  

5.0 INVESTIGATION METHODS  

Unless the pilot study’s early results indicate that certain steps performed during that study are 
ineffective, unnecessary, or require more or less time, the same methods will be used and the same 
duration of tasks is estimated for each well described in this workplan. In some cases, additional methods 
beyond those used in the pilot study may be required; these will be determined as the pilot study 
progresses. In addition, pretest calculations estimate the effect of drilling fluids on hydraulic conductivity 
at certain wells and predict the amount of additional development needed to mitigate the chemical effects 
of fluids at prioritized wells. 

Pressure data from well screens will be used along the way to estimate hydrologic properties and the 
degree of connectivity/communication with adjacent screens and with the atmosphere. This information 
may be useful in predicting the likely effectiveness of the proposed rehabilitation (i.e., it may not be 
worthwhile to try to rehabilitate tight intervals). Compiled pressure data will be examined for the well 
screens under consideration, along with the extent to which individual screens (e.g., in R-22) respond to 
pumping. 

In addition to pressure responses, parameters to be measured during the redevelopment include turbidity, 
pH, conductivity, oxidation-reduction potential (ORP), alkalinity, sulfide, total organic carbon (TOC), and 
any specific test criteria that were failed by that particular screen. (Parameter measurement is covered in 
more detail in section 7.) 
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The steps defined in the rehabilitation of wells in the pilot study are as follows. Additional detail can be 
found in the pilot study (LANL 2006, 92471). 

1. Collect baseline water-quality data, including major cations and anions, trace elements, TOC, 
volatile and semivolatile compounds, total Kjehldahl nitrogen (TKN), stable isotopes (particularly 
nitrogen and carbon), radionuclides, and hexavalent chromium. The data also will include field-
measured parameters such as pH, temperature, dissolved oxygen, sulfide, specific 
conductance, ORP, and turbidity. Collect solids (including fine-grained material) by filtration and 
acid-digest for major and trace element analyses. 

2. Remove the Westbay sampling system from the well and install rehabilitation tools. A down-hole 
video of the well will be made after the Westbay system has been removed.  

3. Test the specific capacity at each screen. 
4. Perform air lifting, pumping, and jetting at the screens. This involves forcing water through the 

screen openings, which agitates and rearranges the materials in areas immediately surrounding 
the screens. This activity should help remove some of the residual fluids and redevelop the area 
around the screen. Water is introduced into the screen openings at the jets and reenters the well 
above the jets, bringing fine particles into the well, which are then removed by air lifting and 
pumping. 

5. Use the Hydropuls generator within each well screen to agitate the material and filter pack at the 
screen by high water-pressure pulsations. The screen will then be pumped using an isolation 
swabbing tool.  

6. Pump the well using a dual-packer isolation system.  
7. Repeat the specific-capacity test at each well screen. 
8. As a last resort, chemical techniques will be evaluated for enhanced well development if all of 

the above mechanical techniques are unsuccessful. The chemicals may include dispersing 
agents (e.g., phosphate-free detergent and sodium hypochlorite [bleach], which is used in 
industry for cleaning up water-supply wells). 

9. Remove tools from the well. 
10. The Westbay system may be reinstalled, depending on the rehabilitation approach. 
11. All pumped water will be containerized and managed in accordance with regulatory 

requirements. 

Methods may be revised after the pilot study’s final results have been analyzed. 

6.0 IMPLEMENTATION  

Section 6 provides a framework for the plan’s implementation, including QA and organizational 
responsibilities. 

6.1 Quality Assurance 

Activities described in this workplan will be performed in accordance with the applicable QA requirements 
addressed in the Environmental Stewardship (ENV) Division−Environmental Characterization and 
Remediation (ECR) Quality Management Plan; quality procedures (QPs); standard operating procedures 
(SOPs); and Laboratory requirement documents (e.g., Laboratory implementation requirements and 
Laboratory performance requirements); or equivalent subcontractor documents (e.g., statements of work 
or field implementation plans).  
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The ENV Division procedures that will be used in this workplan are listed in Table 6.1. The ENV-ECR 
procedures are available online at http://erproject.lanl.gov/documents/procedures/sops.html and 
http://erproject.lanl.gov/documents/procedures/qps.html. 

6.2 Organizational Responsibilities 

Beginning in FY07, the Laboratory will administer a contract to conduct well redevelopment methods with 
a company that has yet to be determined. The Laboratory will provide planning, technical oversight, and 
logistical support to the activities, as well as sample collection and archiving, data interpretation, 
assessment, and reporting.  

7.0 MONITORING AND SAMPLING PROGRAM  

Section 7 outlines how data will be collected and results analyzed to determine whether the rehabilitation 
has been successful. 

7.1 Sample Collection and Analysis 

Groundwater samples will be collected and analyzed as needed through the various steps of the well 
development process: (1) before pulling the Westbay system; (2) during initial specific-capacity testing; 
(3) after steps 4, 5, and 6; (4) during final specific-capacity testing; and (5) after the reinstallation of the 
Westbay system. The results will indicate the extent to which various development methods contribute to 
the screen cleaning. However, the analytical results may not be available before initiating the next step of 
development. 

Groundwater parameters from pumping will be collected with a flow-through cell that has data logging 
capabilities. Parameters to be collected with the data logger will consist of pH, temperature, conductivity, 
ORP, and dissolved oxygen. Turbidity data will be collected at specified time intervals. 

Samples will be filtered, while solids will be collected and analyzed chemically (method to be determined) 
and mineralogically (by x-ray diffraction [XRD]). The results of the combined chemical and mineralogical 
analysis should indicate which chemical constituents are being pulled out of the aquifer during the 
intensified well development and which are associated with residual well construction materials or drilling 
fluids. 

7.2 Evaluation of the Well Redevelopment Process 

A summary report will document field activities and field parameters measured at each well or well 
screen. The report will document all field activities, including variations from the workplan. The Laboratory 
will then interpret and analyze these results and will report them in an annual update to this well 
rehabilitation workplan. Water-quality data collected as part of well rehabilitation will be compared with 
results compiled in the WSAR. Improved collection methods will be implemented based on 
recommendations made by U.S. Environmental Protection Agency (EPA) contractors (Ford et al. 2005, 
90545). Success will be defined as a rating of Good or Very Good according to the geochemical criteria 
developed for the WSAR. In addition, changes in, and improvements to, hydrologic parameters will be 
noted. Pre- and postrehabilitation specific-capacity test results will be compared. There should be no 
doubt as to the success of the methods used and the screen condition after the redevelopment. However, 
postrehabilitation monitoring will be an important means of measuring the effectiveness of the well 
redevelopment. If screens do not show improvement, additional speciation modeling may be performed 
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and predictions made as to whether the screen might ever be expected to improve. In consultation with 
NMED, a final decision will be made whether to plug and abandon the screen, attempt additional 
rehabilitation at the screen, or drill a new well to the depth needed.  

8.0 REPORTING AND DOCUMENTATION  

The collective results of the rehabilitation efforts in FY07, along with the results from the FY06 pilot study, 
will guide decisions made for wells in FY08 and refine methods to be used in their rehabilitation. 

A specific workplan for each individual well will identify the quality objectives for the well, along with 
specific methods to be used and requirements to be met. After the work has been completed, a summary 
report will document the field activities and field parameters measured at each well or well screen. 
The report will document all field activities, including variations from the workplan, redevelopment and 
sampling procedures, and recommendations, if any, for consideration in follow-up rehabilitation activities 
at other wells.  

The Laboratory will report results of the redevelopment process in an annual update to this well 
rehabilitation workplan. Such an update will allow feedback on lessons learned from the pilot study, the 
incorporation of any refinements to quality objectives, and adjustment of priorities and actions in response 
to changing water-quality conditions and trends. In 2008, an update of the WSAR will also discuss and 
interpret the results. The well rehabilitation workplan updates in FY07 and FY08 will include an 
assessment of the then-current geochemical status of all the wells, including those drilled after publication 
of the initial WSAR in November 2005. The updated FY08 WSAR will provide a more comprehensive 
discussion of well conditions and of the degree of success of the rehabilitation efforts. 
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Figure 1-1. Map showing location of wells constructed under the Hydrogeologic Workplan 
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Figure 1-2. Overall condition of screens for producing reliable and representative 
water-quality samples as of November 2005 
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Figure 2-1. Comparison of well screen performance 
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Figure 4-1. Water table elevation and location of Hydrogeologic Workplan wells 
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Table 4.1 
Plan of Action for Hydrogeologic Workplan Wells 

Note: This revision reflects actions taken as a result of the decision peer review on the Well Rehabilitation Plan held on April 27, 
2006 and is consistent with BCP-005. 

Well 

OK As Is 
Rated Very 
Good/Good Rehabilitate Redrill P&A* Notes 

CdV-16-1 X     
CdV-R15-3  X partial – in FY08  Partial in FY08 May replace Westbay in upper 

screen(s) with different sampling 
system – defer action to FY08 

CdV-R37-2  X defer to FY08    
MCOBT-4.4 X    May need different sampling system 
R-1 X     
R-2 X     
R-4 X     
R-5     No action – Screen 1 dry, 2 Very Good, 

3 just a port, 4 Fair but not needed 
R-6 X     
R-6i X     
R-7  X defer to FY08    
R-8    Partial in FY08 P&A lower screen, replace Westbay 

with pump – defer to FY08 
R-9 X     
R-9i  X defer to FY08    
R-11 X     
R-12  X in part-in FY07 Possibly in 

FY08 
 Rehab perched screens, drill 

supplemental regional well 
R-13 X     
R-14  X in FY07    
R-15 X     
R-16  Pilot 06    
R-18 X     
R-19  X in FY08    
R-20  Pilot 06    
R-21 X     
R-22  X in FY07    
R-23 X     
R-25  Part in FY07 In FY07 or 

FY08-partial 
 Leave current well in place and 

continue to monitor 
R-26  X in FY07    
R-28 X     
R-31  X in part  In FY07 May replace Westbay with alternative 

sampling system 
R-32  X in FY07    
R-33 In part    No action - Screen 1 (Fair) and 

improving; Screen 2 Very Good  
R-34 X     
*P&A = plug and abandon. 
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Table 6.1 
Procedures Governing the Collection, Analysis, and Review of Water Data 

ENV-DO-203 Field Water Quality Analyses 

ENV-DO-206 Sample Containers and Preservation 

ENV-DO-207 Handling, Packaging, and Transporting Field Samples 

ENV-ECR-QP-4.4 Record Transmittal to the Records Processing Facility 

ENV-ECR SOP-05.02 Well Development 

ENV-ECR SOP-06.01 Purging and Sampling Methods for Single Completion Wells 

ENV-ECR SOP-06.03 Sampling for Volatile Organic Compounds in Groundwater 

ENV-ECR SOP-06.32 Multi-Level Groundwater Sampling of Monitoring Wells—Westbay MP System 

ENV-ECR SOP-15.01 Routine Validation of Volatile Organic Data 

ENV-ECR SOP-15.02 Routine Validation of Semivolatile Organic Data 

ENV-ECR SOP-15.03 Routine Validation of Organochlorine Pesticides and Polychlorinated Biphenyls Data 

ENV-ECR SOP-15.04 Routine Validation of High Explosives Data 

ENV-ECR SOP-15.05 Routine Validation of Inorganic Data 

ENV-ECR SOP-15.06 Routine Validation of Gamma Spectroscopy Data 

ENV-ECR SOP-15.07 Routine Validation of Chemical Separation Alpha Spectrometry, Gas Proportional 
Counting, and Liquid Scintillation Data 

ENV-ECR SOP-15.09 Chain of Custody for Analytical Data Packages 

ENV-WQH-QP-029 Creating and Maintaining Chain of Custody 

ENV-WQH-SOP-048 Groundwater Sampling Using Bladder Pumps 

ENV-WQH-SOP-049 Groundwater Sampling Using Submersible Pumps 

ENV-WQH-SOP-050 Groundwater Sampling Using Westbay System 
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 d
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). 
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 c
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 c
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w
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 d
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 c
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 c
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at
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ra
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 re
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 d
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 c
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l o
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 c
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 c
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 p

ro
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at
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 o
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s 
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 p
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 c
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 c
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 c
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 re
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 m
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 c
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 p

la
gi

oc
la

se
 fe

ld
sp

ar
, a

nd
 a

 la
rg

e 
in

cr
ea

se
 in

 
ho

rn
bl

en
de

. T
hi

s 
in

te
rv

al
 li

ke
ly

 c
or

re
sp

on
ds

 to
 th

e 
pr

es
en

ce
 o

f 
vo

lc
an

ic
 tu

ff 
or

 p
um

ic
e 

de
po

si
ts

, b
as

ed
 o

n 
si

m
ila

r l
og

 re
sp

on
se

 in
 

ot
he

r w
el

ls
.  

5.
 A

 d
is

tin
ct

 g
eo

lo
gi

c/
lit

ho
lo

gi
c 

zo
ne

 e
xi

st
s 

fro
m

 1
86

 to
 3

67
 ft

, m
ar

ke
d 

by
 a

 d
ec

re
as

e 
in

 p
ot

as
si

um
 a

nd
 s

ili
co

n 
an

d 
an

 in
cr

ea
se

 in
 ir

on
 a

nd
 

tit
an

iu
m

. T
he

 in
fe

rr
ed

 m
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 m
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 b

as
al

t 
flo

w
.  

S
ch

lu
m

be
rg

er
 lo

gs
 ru

n 
in

 (a
ba

nd
on

ed
) B

H
1 

to
 a

 d
ep

th
 o

f 
ab

ou
t 7

64
 ft

 b
gs

. 
Th

er
e 

ar
e 

zo
ne

s 
in

 th
e 

R
-8

 lo
g 

in
te

rv
al

 w
he

re
 th

e 
bu

lk
 

de
ns

ity
 a

nd
 to

ta
l p

or
os

ity
 (d

er
iv

ed
 fr

om
 b

ul
k 

de
ns

ity
) a

re
 

un
re

as
on

ab
ly

 lo
w

 a
nd

 h
ig

h,
 re
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 b
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 p
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 b
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at
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 c
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 c
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 c
m

 in
 d

ia
m

et
er

. T
hi

s 
zo

ne
 a

pp
ea

rs
 to

 m
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 b
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 d
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m
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 ft

 
to

 1
00

0 
ft.

 F
or

m
at

io
ns

 c
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ta
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in
g 

th
e 
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gh

es
t a

m
ou

nt
 o

f p
er

m
ea

bi
lit

y 
ar

e 
th

e 
G

ua
je

 P
um

ic
e 

B
ed

 (8
08

–8
40

 ft
) a

nd
 th

e 
lo

w
er

 P
uy

e 
Fo

rm
at

io
n 

(1
17

8–
19

02
 ft

). 
N

ot
ab

le
 p

or
os

ity
 z

on
es

 a
re

: 
83

0-
 to

 8
40

-ft
 in

te
rv

al
 

Th
is

 in
te

rv
al

 fr
om

 a
bo

ut
 8

30
 ft

 to
 8

40
 ft

 w
ith

in
 th

e 
G

ua
je

 P
um

ic
e 

B
ed

 e
xh

ib
its

 a
 

lo
w

er
 fo

rm
at

io
n 

de
ns

ity
 th

an
 th

e 
ov

er
ly

in
g 

O
to

w
i M

em
be

r a
nd

 a
n 

el
ev

at
ed

 
de

ns
ity

 p
or

os
ity

 u
p 

to
 2

0%
. T

he
 C

M
R

 lo
g 

da
ta

 in
di

ca
te

 to
ta

l p
or

os
ity

 u
p 

to
 4

0%
 

in
 th

is
 in

te
rv

al
, a

 fr
ee

 fl
ui

d 
po

ro
si

ty
 o

f u
p 

to
 2

8%
, a

nd
 a

 c
al

cu
la

te
d 

pe
rm

ea
bi

lit
y 

up
 to

 1
00

0 
m

ill
id

ar
ci

es
 (m

d)
. H

ow
ev

er
, f

lo
w

in
g 

w
at

er
 w

as
 n

ot
 e

nc
ou

nt
er

ed
 in

 th
is

 
zo

ne
 a

nd
 th

e 
in

cr
ea

se
d 

m
oi

st
ur

e 
co

nt
en

t m
ay

 b
e 

un
sa

tu
ra

te
d 

m
oi

st
ur

e 
co

nt
ai

ne
d 

w
ith

in
 th

e 
fo

rm
at

io
n,

 w
hi

ch
 m

ay
 h

av
e 

be
en

 in
tro

du
ce

d 
du

rin
g 

dr
ill

in
g.

 
Th

e 
de

ep
 re

si
st

iv
ity

 c
ur

ve
s 

sh
ow

 h
ig

he
r r

es
is

tiv
ity

 a
nd

 s
ep

ar
at

io
n 

fro
m

 th
e 

sh
al

lo
w

 c
ur

ve
s 

fro
m

 8
34

 to
 8

38
 ft

, w
hi

ch
 in

di
ca

te
s 

so
m

e 
ne

ar
-b

or
eh

ol
e 

fo
rm

at
io

na
l c

ha
ng

es
 p

os
si

bl
y 

ca
us

ed
 b

y 
dr

ill
in

g.
  

89
6-

 to
 9

12
-ft

 in
te

rv
al

 
A

 1
6-

ft 
in

te
rv

al
 fr

om
 8

96
 ft

 to
 9

12
 ft

 in
 th

e 
up

pe
r P

uy
e 

Fo
rm

at
io

n 
ab

ov
e 

th
e 

C
er

ro
s 

de
l R

io
 b

as
al

t a
ls

o 
ex

hi
bi

ts
 h

ig
he

r p
or

os
ity

 v
al

ue
s.

 T
he

 d
en

si
ty

 p
or

os
ity

 
ra

ng
es

 fr
om

 3
0%

 to
 6

0%
. T

he
 re

la
tiv

e 
ne

ut
ro

n 
m

oi
st

ur
e 

co
nt

en
t i

nc
re

as
es

 b
y 

a 
fa

ct
or

 o
f a

bo
ut

 3
 c

om
pa

re
d 

w
ith

 th
e 

ad
ja

ce
nt

 z
on

es
 w

ith
in

 th
e 

P
uy

e 
Fo

rm
at

io
n.

 
Th

e 
op

en
-h

ol
e 

vi
de

o 
lo

g 
sh

ow
s 

an
 in

cr
ea

se
 in

 m
oi

st
ur

e 
on

 th
e 

w
al

ls
 o

f t
he

 
bo

re
ho

le
 b

et
w

ee
n 

90
0 

ft 
an

d 
91

0 
ft.

 T
he

 to
ta

l C
M

R
 p

or
os

ity
 in

cr
ea

se
s 

fro
m

 a
n 

av
er

ag
e 

in
 th

e 
fo

rm
at

io
n 

of
 6

%
 to

 2
0%

, w
ith

 a
 h

ig
h 

of
 a

bo
ut

 3
5%

. T
he

 c
al

cu
la

te
d 

pe
rm

ea
bi

lit
y 

fro
m

 9
06

 ft
 to

 9
10

 ft
 is

 fr
om

 1
 to

 1
0 

m
d.

 B
el

ow
 9

12
 ft

 th
e 

po
ro

si
ty

 
cu

rv
es

 re
tu

rn
 to

 4
%

 to
 6

%
 w

ith
 n

o 
de

te
ct

ab
le

 c
al

cu
la

te
d 

pe
rm

ea
bi

lit
y.

 T
he

 C
M

R
 

po
re

 w
at

er
 d

at
a 

sh
ow

 th
at

 th
e 

m
aj

or
ity

 o
f t

he
 w

at
er

 in
 th

is
 in

te
rv

al
 is

 b
ou

nd
 to

 
fin

e-
gr

ai
ne

d 
se

di
m

en
ts

, s
m

al
l-p

or
e,

 m
ic

ro
-p

or
e,

 a
nd

 c
la

y-
bo

un
d.

 
99

8-
 to

 1
03

0-
ft 

in
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rv
al

 
A

 3
2–

ft 
in

te
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al
 c
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sp
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ds
 to

 th
e 

zo
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 o
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ol
ca

ni
cl
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 s
ed

im
en

ts
 b

et
w

ee
n 

tw
o 

m
as

si
ve

 b
as

al
t f

lo
w

s 
in

 th
e 

C
er

ro
s 

de
l R

io
 b

as
al

t. 
Th

e 
re

d 
sc

or
ia

 z
on

e 
fro

m
 

10
18
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 to

 1
03

0 
ft 

is
 d

iff
er

en
tia

te
d 

fro
m

 th
e 

br
ec

ci
a 

zo
ne

 a
bo

ve
 b

y 
a 

hi
gh

er
 

ga
m

m
a 

va
lu

e 
of

 1
40

 A
P

I u
ni

ts
 c

om
pa

re
d 

w
ith

 a
bo

ut
 1

00
 A

P
I u

ni
ts

 in
 th

e 
br

ec
ci

a 
zo

ne
. T

he
 lo

w
er

 p
ar

t o
f t

he
 b

re
cc

ia
 z

on
e 

fro
m

 1
00

6 
ft 

to
 1

01
8 

ft 
co

nt
ai

ns
 d

en
si

ty
 

po
ro

si
ty

 o
f 5

0%
 to

 6
0%

 a
nd

 c
or

re
sp

on
di

ng
 C

M
R

 to
ta

l p
or

os
ity

 o
f 1

7%
 to

 2
5%

. 
Th

e 
sc

or
ia

 z
on

e 
co

nt
ai

ns
 d

en
si

ty
 p

or
os

ity
 o

f 2
0%

 to
 3

0%
 a

nd
 C

M
R

 to
ta

l p
or

os
ity

 
of

 1
0%

 to
 2

0%
. H

ow
ev

er
, t

he
 C

M
R

 fr
ee

-fl
ui

d 
po

ro
si

ty
 in

 th
e 

br
ec

ci
a 

zo
ne

 is
 

ab
ou

t 5
%

, w
hi

ch
 in

cr
ea

se
s 

up
 to

 1
5%

 in
 th

e 
sc

or
ia

 z
on

e.
 T

he
 n

eu
tro

n 
lo

g 
in

di
ca

te
s 

so
m

e 
le

ve
l o

f e
le

va
te

d 
m

oi
st

ur
e 

co
nt

en
t i

n 
th

e 
br

ec
ci

a 
zo

ne
, w

hi
ch

 
de

cr
ea

se
s 

do
w

nw
ar

d 
in

 th
e 

sc
or

ia
 z

on
e.

 T
he

 C
M

R
 lo

g 
sh

ow
s 

lim
ite

d 
pe

rm
ea

bi
lit

y 
in

 th
e 

br
ec

ci
a 

zo
ne

 b
ut

 p
er

m
ea

bi
lit

y 
ra

ng
in

g 
fro

m
 1

 to
 1

0 
m

d 
in

 th
e 

sc
or

ia
 z

on
e.

 T
he

 C
M

R
 b

ou
nd

 w
at

er
 d

at
a 

in
di

ca
te

 th
at

 m
oi

st
ur

e 
in

 th
is

 z
on

e 
is

 
pr

im
ar

ily
 b

ou
nd

 u
p 

in
 c

la
y-

si
ze

d 
po

re
s.

 

15
30

–1
90

0:
 T

he
 n

eu
tro

n 
lo

g 
sh

ow
s 

av
er

ag
e 

po
ro

si
tie

s 
of

 3
5–

40
%

. T
he

 C
M

R
 lo

g 
sh

ow
s 

 
24

–4
0%

 to
ta

l p
or

os
ity

 w
ith

 a
n 

av
er

ag
e 

of
 4

–2
0%

 
fre

e 
flu

id
 p

or
os

ity
. T

he
 c

al
cu

la
te

d 
K

 v
ar

ie
s 

ge
ne

ra
lly

 fr
om

 0
.1

 to
 1

77
.8

 m
d,

 w
ith

 th
e 

hi
gh

es
t 

po
ro

si
ty

 a
nd

 p
er

m
ea

bi
lit

y 
zo

ne
s 

at
 1

63
4–

16
38

 a
nd

 
17

33
–1

73
6 

ft 
bg

s.
 

To
ta

l p
or

os
ity

 =
 3

1.
6%

, c
al

cu
la

te
d 

K
 =

 1
78

.7
7 

m
d.

 
Th

e 
C

M
R

 lo
g 

in
di

ca
te

s 
a 

m
od

es
t r

is
e 

in
 p

or
os

ity
 a

t 
15

81
–1

59
5 

ft.
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 W
ell

 S
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In

te
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al 
ft 
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Li

th
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ee
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al 
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op
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al 
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gg
in
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Su
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(d
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s i
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Ge
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hy
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al 

In
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n 
of

 S
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In
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ep
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n 
ft 
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S

cr
ee

n 
6 

(1
67

5.
9–

17
79
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) 

P
um

ic
eo

us
 

se
di

m
en

ta
ry

 
de

po
si

ts
, u

na
ss

ig
ne

d 
15

30
–1

90
2.

5 
W
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ho

ut
 z

on
e:

 
17
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–1

77
8.

 

To
ta

l p
or

os
ity

 =
 3

4.
9%

, c
al

cu
la

te
d 

K
 =

 1
31

.7
9 

m
d.

 
Th

e 
C

M
R

 lo
g 

in
di

ca
te

s 
a 

si
gn

ifi
ca

nt
 ri

se
 in

 p
or

e-
he

ld
 w

at
er

 fr
om

 1
73

0 
to

 1
74

0 
ft.

 

S
cr

ee
n 

7 
18

28
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P

um
ic

eo
us

 
se

di
m

en
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de
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d 

15
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–1
90

2.
5.
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- t
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-ft
 in

te
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al
 

Th
is

 8
-ft

 in
te

rv
al

 is
 p

re
se

nt
 d

ire
ct

ly
 b

en
ea

th
 th

e 
lo

w
er

 m
as

si
ve

 b
as

al
t f

lo
w

 a
nd

 
m

ay
 re

pr
es

en
t a

 b
as

al
t b

re
cc

ia
 z

on
e 

si
m

ila
r t

o 
th

e 
br

ec
ci

a 
zo

ne
 fr

om
 9

98
 to

 
10

18
 ft

. T
hi

s 
zo

ne
 e

xh
ib

its
 in

cr
ea

se
d 

m
oi

st
ur

e 
co

nt
en

t o
n 

th
e 

ne
ut

ro
n 

lo
g,

 
de

ns
ity

 p
or

os
ity

 o
f 3

5%
 to

 4
0%

, C
M

R
 to

ta
l p

or
os

ity
 o

f 1
6%

 to
 2

0%
. H

ow
ev

er
, t

he
 

C
M

R
 lo

g 
do

es
 n

ot
 in

di
ca

te
 th

e 
pr

es
en

ce
 o

f s
ig

ni
fic

an
t f

re
e-

flu
id

 p
or

os
ity

, n
or

 
do

es
 th

e 
C

M
R

 lo
g 

in
di

ca
te

 th
e 

pr
es

en
ce

 o
f s

ig
ni

fic
an

t c
al

cu
la

te
d 

pe
rm

ea
bi

lit
y.

 
Th

er
e 

is
 s

om
e 

se
pa

ra
tio

n 
in

 th
e 

re
si

st
iv

ity
 c

ur
ve

, i
nd

ic
at

in
g 

th
at

 th
e 

fo
rm

at
io

n 
co

nt
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ns
 lo

w
 p

er
m

ea
bi

lit
y.

 
R

eg
io

na
l a

qu
ife

r 
Th

e 
w

at
er

 le
ve

l o
f t

he
 re
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on

al
 a
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r w
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 e
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ou
nt

er
ed

 a
t 1

17
8 

ft 
at

 th
e 

tim
e 

of
 

th
e 

S
ch

lu
m

be
rg

er
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gg
in

g.
 T

he
 n

eu
tro

n 
m

oi
st

ur
e 

an
d 

C
M

R
 d

at
a 

in
di

ca
te

 le
ss

 
th

an
 1
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 o

f c
ap

ill
ar

y 
fri

ng
e 
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ov

e 
th

e 
w

at
er

 le
ve

l. 
Th

e 
pe

rm
ea

bi
lit

y,
 a

s 
in

te
rp

re
te

d 
fro

m
 th

e 
ge

op
hy

si
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l l
og

s,
 a

t t
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 to
p 
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 th

e 
w
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er

 ta
bl

e,
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w
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 to
 1
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m

d)
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r p
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f t
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gi
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ur

at
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ut

 1
55
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ft 

ex
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 p
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n 
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e 
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n 
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g 
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d 
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%

 to
 4
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 p
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os
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e 
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g 

w
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e 
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t p
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e 

at
 1
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ft 
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 1
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ft.

 T
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l p
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os
ity
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w
n 
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e 

C
M

R
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ge
s 
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t 2
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, w
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%

 to
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%
 fr
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d 

po
ro

si
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. T
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 p
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ity

 
th

ro
ug

h 
th

is
 z

on
e 
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 g

en
er

al
ly

 fr
om
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m

al
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r p
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e 
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s 
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m

 c
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y 
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e 
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. C
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te
d 
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y 

sh
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e 

C
M

R
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rie
s 
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ra
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 T
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 c
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y 
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y 
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g 
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e 
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ra
te

d 
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re

 o
f 
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e 
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n;
 th

e 
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ly
 s
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at
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n 
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 th

e 
de
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 o
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s 
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, w
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e 
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e 

pr
es

en
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t d
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es

 
fro
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d,
 w

ith
 th

e 
hi
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ft 
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w
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f t
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at
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 in
 th
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iv
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 z
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 o
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s 
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e 
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iv
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w
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e 
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m
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e 
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ns

m
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e 
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al
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, c
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C
M

R
 lo
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m
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hi
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 p
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en
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Appendix B 

Depth and Condition of Well Screens 





 

ER2006-0465 B-1 June 2006 

Screen Colors

Dry Poor Fair Good Very good Not rated

CdV-R-15-3 Sampling System
Westbay

Dry Tuff Screen 1=617'−624.5'
Air/foam/rotary

Dry Puye Screen 2=800.8'-807.8'
Air/foam/rotary

Dry Basalt Screen 3=964.8'-980.9'
Air/foam/rotary

Good Puye Screen 4=1235'-1279'
Top of regional=1245' Puye Straddles the water table

Trend Stable

Poor Puye Screen 5=1348'-1355'
Trend Improving

Fair Puye Screen 6=1638'-1645'
Trend Variable

Not to scale  

Figure B-1. Position and condition of well screens in CdV-R-15-3 

Note: This figure shows the depth of well screens, their rating in the WSAR as of November 2005 (color-coded), 
thickness of unsaturated zone (brown), top of the regional aquifer, regional aquifer (blue), geochemical 
trend (variable, improving, etc.), sampling system, drilling methods, and other notes. 



Workplan for R-Well Rehabilitation and Replacement 

June 2006 B-2 ER2006-0465  

Screen Colors

Dry Poor Fair Good Very good Not rated

CdV-R-37-2 Sampling System
Westbay

Dry Puye Screen 1=914.4'-939.5'
Air/foam/reverse circ

Fair Lavas Screen 2=1189'-1214'
Top of regional=1197' Lavas Straddles the water table

Trend Stable Casing advance

Good Lavas Screen 3=1354'-1377'
Trend Stable Casing advance

Poor Lavas Screen 4=1549'−1556'
Trend Stable Casing advance

Not to scale  

Figure B-2. Position and condition of well screens in CdV-R-37-2 (see note on Figure B-1) 
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ER2006-0465 B-3 June 2006 

Screen Colors

Dry Poor Fair Good Very good Not rated

R-5 Sampling System
Westbay

Dry Puye Screen 1=326.4'−331.5'
Air/foam/rotary

Very good Puye Screen 2=372.8'−388.8'
Trend Stable Air/foam/rotary

Very good Santa Fe Screen 3=676.9'−720.3'
Top of regional=685' Santa Fe Straddles the water table

Trend Stable Casing advance

Fair Santa Fe Screen 4=858.7'−863.7'
Trend Variable Air/foam/rotary

Not to scale  

Figure B-3. Position and condition of well screens in R-5 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-7 Sampling System
Westbay

Dry Puye Screen 1=363'−379.2'
Air/foam/reverse circ

Dry

Dry Puye Screen 2=730.4'−746.4'
Air/foam/reverse circ

Poor Puye Screen 3=895.5'−937.4'
Top of regional=903' Puye Straddles the water table

Trend Stable Air/foam/reverse circ

Not to scale  

Figure B-4. Position and condition of well screens in R-7 (see note on Figure B-1) 



Workplan for R-Well Rehabilitation and Replacement 

ER2006-0465 B-5 June 2006 

Screen Colors

Dry Poor Fair Good Very good Not rated

R-8 Sampling System
Westbay

Very good Puye Screen 1=705.3'−755.7'
Top of regional=709' Puye Straddles the water table

Trend Stable Air/foam/rotary

Fair Puye Screen 2=821.3'−828'
Trend Indeterminate

Not to scale  

Figure B-5. Position and condition of well screens in R-8 (see note on Figure B-1) 
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June 2006 B-6 ER2006-0465  

Screen Colors

Dry Poor Fair Good Very good Not rated

R-9i Sampling System
 Westbay

Fair Basalt Screen 1=189.1'−199.5'
Trend Improving Air/foam/rotary

Fair Basalt Screen 2=269.6'−280.3'
Trend Improving Air/foam/rotary

Not to scale  

Figure B-6. Position and condition of well screens in R-9i (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-12 Sampling System
Westbay

Poor Basalt Screen 1=459'−467.5' 
Trend Improving Air/foam/rotary

Fair
Dry Older Alluv Screen 2=504.5'−508', older alluvium

Casing advance

Fair Basalt
Top of regional=805' Basalt Screen 3=801'−839'

Trend Variable Straddles the water table
Casing advance

Not to scale  

Figure B-7. Position and condition of well screens in R-12 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-14 Sampling System
Westbay

Top of regional=1182'
Very good Puye Screen 1=1201'−1233'

Trend Improving Stiff/foam/rotary

Poor Puye Screen 2=1287'−1293'
Trend Worsening Mud rotary

Not to scale  

Figure B-8. Position and condition of well screens in R-14 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-16 Sampling System
Westbay

Dry Puye Screen 1=641'−648.6', cased off
Stiff foam/rotary

Top of regional=642'
Fair Santa Fe Screen 2=863.4'−870.9'

Trend Stable Mud rotary

Good Santa Fe Screen 3=1015'−1022'
Trend Improving Mud rotary

Poor Santa Fe Screen 4=1237'−1245'
Trend Stable

Not to scale  

Figure B-9. Position and condition of well screens in R-16 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-19 Sampling System
West Bay

Dry Guaje Screen 1=827.2'−−843.6'
Casing advance

Fair Puye Screen 2=893.3'−909.6'
Trend Stable Casing advance

Fair Puye Screen 3=1171'−1215'
Top of regional=1178' Puye Straddles the water table

Trend Worsening Casing advance
Good Puye Screen 4=1410'−1417'

Trend Stable Casing advance

Poor Puye Screen 5=1583'−1590'
Trend Stable Casing advance

Poor Puye Screen 6=1727'−1734'
Trend Improving Casing advance

Fair Puye Screen 7=1832'−1840'
Trend Variable Casing advance

Not to scale  

Figure B-10. Position and condition of well screens in R-19 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-20 Sampling System
Westbay

Top of regional=837'
Poor Puye Screen 1=904.6'−912.2'

Trend Variable Mud rotary

Poor Pumiceous Screen 2=1147'−1155'
Trend Variable mud rotary

Fair Santa Fe Screen 3=1329'−1337'
Trend Stable Mud rotary

Not to scale  

Figure B-11. Position and condition of well screens in R-20 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-22 Sampling System
Westbay

Poor Basalt Screen 1=872.3'−914.2'
Top of regional=890' Basalt Straddles the water table

Trend Stable Quick foam/rotary

Very good Basalt Screen 2=947'−988.9'
Trend Stable Mud rotary

Good Puye Screen 3=1272'−1279'
Trend Variable Casing advance

Poor Basalt Screen 4=1378'−1385'
Trend Variable casing advance

Poor Puye Screen 5=1447'−1452'
Trend Variable casing advance

Not to scale  

Figure B-12. Position and condition of well screens in R-22 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-25 Sampling System
Westbay

Fair Tuff Screen 1=737.6'−758.4'
Trend Improving Casing advance

Fair Puye Screen 2=882.6'−893.4'
Trend Variable Casing advance

Not rated Puye Screen 3=1055'−1065'
Casing advance

Very good Puye Screen 4=1185'−1195'
Trend Variable Casing advance

Top of regional=1286'
Fair Puye Screen 5=1295'−1305'

Trend Improving Casing advance

Very good Puye Screen 6=1405'−1415'
Trend Stable Casing advance

Very good Puye Screen 7=1605'−1615'
Trend Stable Casing advance

Good Puye Screen 8=1795'−1805'
Trend Improving Casing advance

Not rated Puye Screen 9=1895'−1905'
Casing advance

Not to scale  

Figure B-13. Position and condition of well screens in R-25 (see note on Figure B-1) 
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Screen Colors

Dry Poor Fair Good Very good Not rated

R-26 Sampling System
Westbay

Top of regional=604'
Good Cerro Tol Screen 1=651.8'−669.9'

Trend Stable Mud rotary

Not rated Puye Screen 2=1422'−1445', clogged
Mud rotary

Not to scale  

Figure B-14. Position and condition of well screens in R-26 (see note on Figure B-1) 



Workplan for R-Well Rehabilitation and Replacement 

ER2006-0465 B-15 June 2006 

Screen Colors

Dry Poor Fair Good Very good Not rated

R-31 Sampling System
Westbay

Dry Basalt Screen 1=439.1'−454.4'
Casing advance

Poor Basalt Screen 2=515'−545.7'
Top of regional=522' Basalt Straddles the water table

Trend Variable Casing advance

Not rated Basalt Screen 3=666.3'−676.3'
Casing advance

Not rated Totavi Screen 4=826.6'−836.6'
Casing advance

Not rated Puye Screen 5=1007'−1017'
Casing advance

Not to scale  

Figure B-15. Position and condition of well screens in R-31 (see note on Figure B-1) 



Workplan for R-Well Rehabilitation and Replacement 

June 2006 B-16 ER2006-0465  

Screen Colors

Dry Poor Fair Good Very good Not rated

R-32 Sampling System
Westbay

Top of regional=783.4'
Very good Basalt Screen 1=867.5'−875.2'

Trend Stable Mud rotary

Not rated Puye Screen 2=931.8'−934.8'
Mud rotary

Poor Puye Screen 3=972.9'−980.6'
Trend Stable Mud rotary

Not to scale  

Figure B-16. Position and condition of well screens in R-32 (see note on Figure B-1) 



Workplan for R-Well Rehabilitation and Replacement 

ER2006-0465 B-17 June 2006 

Screen Colors

Dry Poor Fair Good Very good Not rated

R-33 Sampling System
BarCad

Top of regional=979'
Fair Pumiceous Screen 1=995.5'−1018.5'

Trend Indeterminate Stiff foam/rotary

Very good Pumiceous Screen 2=1112.4'−1122.3'
Trend Indeterminate Stiff foam/rotary

Not to scale  

Figure B-17. Position and condition of well screens in R-33 (see note on Figure B-1) 

 




