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ABSTRACT

This is the sixth annual report intended to provide the US Department of Energy, the New Mexico
Environment Department, and other interested stakeholders with a status of groundwater protection and
management activities performed during fiscal year (FY) 2002. This report summarizes the data collected
over the past 5 yr that have been integrated to revise the Los Alamos National Laboratory conceptual
model of the hydrogeologic setting and to resolve the decisions that form the basis of the “Hydrogeologic
Workplan.” It also provides a projection of activities for FY2003.

In FY2002, field-based activities included well installation and characterization sampling. Six deep
characterization wells were drilled, as required by the “Hydrogeologic Workplan.” One characterization
well, R-21, was started early in FY2003, and characterization sampling in eight of the completed wells
was conducted.

Hydrologic modeling of the vadose zone has been undertaken to quantify key factors that influence the
transport of contaminants and to assess uncertainties. In FY2002, a site-wide vadose zone model was
constructed to predict the travel time from the ground surface to the water table of the regional aquifer.
The two most important features required to estimate vadose travel times are the infiltration rate and the
hydrologic conditions. The methodology and initial estimates of infiltration across the Pajarito Plateau
were developed and are presented in this report. This infiltration serves as the upper flow boundary
condition for the calculation of travel time. The time is computed assuming local one-dimensional (1-D)
downward flow. The hydrogeologic layers used in the 1-D model are obtained from the three-dimensional
geologic model of the site. Hydrologic properties are based on past laboratory measurements and data
syntheses. A series of calculations were made across the plateau and the results were presented as
maps of travel time. These results can be used to make preliminary assessments of the expected rate of
movement of contaminants from the ground surface to the water table.

Data analysis activities regarding the regional aquifer included generation of a new water table map,
which relies for the first time only on wells with short screens at or near the water table because the
R-wells are sufficiently closely spaced. Historical data concerning all water supply wells on the plateau
were compiled to support detailed analyses of capture zones for well fields supplying Los Alamos. These
data, along with a new geologic model (FY2002), supplemented existing data used to support regional
modeling applications. Further modeling accomplishments for the regional aquifer included calculations
and reporting of capture zones for the Buckman well field, uncertainty analysis for simulated transport in
the vicinity of Mortandad Canyon, and contaminant transport simulations.
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1.0 INTRODUCTION

This is the sixth annual report intended to provide the US Department of Energy (DOE), the New Mexico
Environment Department (NMED), and other interested stakeholders with a status of groundwater
protection and management activities performed during fiscal year (FY) 2002. This report presents a
summary of the data collected over the past 5 yr that have been integrated to revise the Los Alamos
National Laboratory’s (the Laboratory’s) conceptual model of the hydrogeologic setting and to resolve the
decisions that form the basis of the “Hydrogeologic Workplan” (LANL 1998, 59599). It also provides a
projection of activities for FY03.

The current hydrogeologic characterization via the “Hydrogeologic Workplan” is based on regulatory
requirements, specifically applied through Module VIII of the Laboratory’s Hazardous Waste Operating
Permit. The operating permit was preceded by groundwater monitoring waiver demonstrations submitted
by the Laboratory in the 1980s and early 1990s. In May 1995, the NMED issued a letter to the Laboratory
that indicated that there is insufficient information on the hydrogeologic setting upon which to base
approval of the groundwater monitoring waiver demonstrations, and the waiver demonstrations were
denied. By letter dated August 17, 1995 NMED required that a site-wide hydrogeologic characterization
be completed that would satisfy both the RCRA operating permit and the HSWA module requirements
(Section lll. A. 1 of the HSWA portion of the RCRA permit requires that the hydrogeologic setting be
characterized). It was these two regulatory compliance letters in 1995 that drove the development of the
“Hydrogeologic Workplan.” This document is intended as an addendum to the “Hydrogeologic Workplan”
and is specifically written as a summary-level report. It relies on information incorporated by reference.

1.1 Background

This annual report results from commitments made in the Groundwater Protection Management Program
Plan (GWPMPP) (LANL 1996, 70215) and the “Hydrogeologic Workplan” (LANL 1998, 59599). The
Laboratory has had groundwater programs in place since 1945. The early programs focused on the need
to develop a reliable water supply for the Laboratory and the community. Groundwater quality has been
monitored through the environmental surveillance program using test wells, water supply wells, and
springs. Since the early 1990s, there has been an increased emphasis on understanding the
hydrogeologic environment to protect and manage the groundwater resource more effectively and from
an updated scientific perspective.

The GWPMPP (approved by DOE in 1996) commits to submitting an annual groundwater status report to
DOE summarizing the status of groundwater protection activities listed in the GWPMPP. The GWPMPP
was prepared in response to the DOE requirement to conduct operations in an environmentally safe
manner. DOE Order 5400.1: “General Environmental Protection Program” establishes environmental
protection requirements, authorities, and responsibilities for all DOE facilities (DOE 1988, 0075). The goal
of this order is to ensure that operations at DOE facilities comply with all applicable environmental laws
and regulations, executive orders, and departmental policies.

The “Hydrogeologic Workplan” commits the Laboratory to prepare an annual report summarizing the
activities of the previous FY and recommending activities for the current FY. The “Hydrogeologic
Workplan” is the implementing document for the GWPMPP and the Laboratory’s institutional commitment
to complete a hydrogeologic characterization program. It describes the data collection and analysis
activities that will characterize the hydrogeologic setting of the Laboratory as part of the Pajarito Plateau
within the regional context of the Espafiola basin. A critical step in developing an effective monitoring
program and in managing the groundwater resource is to characterize the hydrogeologic setting beyond
what has already been established by studies done over the last 50 yr.

GPP-03-011 1-1 March 2003
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While this annual report serves as the annual status report for both the GWPMPP and the “Hydrogeologic
Workplan,” it also serves as a mechanism to update the scope of and schedule in the “Hydrogeologic
Workplan.” Specifically, the “Hydrogeologic Workplan” will not be revised; however, changes to the scope
and schedule outlined in the plan will be discussed with NMED in quarterly meetings and at the annual
meeting.

1.2 FY2002 Accomplishments Summary

This section provides a concise description of FY2002 groundwater accomplishments. The
accomplishments listed below provide the sources of information for the descriptions in subsequent
sections.

Field-Based Activities

 Completed six regional (R) “Hydrogeologic Workplan” wells: R-8, R-14, R-16, R-20, R-23, R-32

e Started drilling one “Hydrogeologic Workplan” well (R-21) early in FY2003

e Conducted characterization sampling at eight R-wells

e Conducted a pilot test of a new water sampling tool in R-20. The tool filters and collects a water
sample in-line, without having to remove the drill string

Analysis and Interpretation Activities

e Completed capture zone analysis of the Buckman well field to evaluate potential for Laboratory

impacts and presented capture-zone analysis at conferences and to interested groups

* Integrated well-construction and water-level information used for modeling into the Water Quality
database (WQDB) (completed July 2002)

« Designed and constructed new numerical grid for the site-scale model, with a finer resolution to
support the Groundwater Pathways Assessment Project

e Tested and evaluated alternative methodologies for coupling the basin- and site-scale
groundwater flow models

e Compiled and summarized all hydrogeologic information concerning water supply wells on the
Pajarito Plateau (including Guaje replacement [GR] wells)

e Analyzed the effect of horizontal anisotropy within the aquifer

 Developed canyon-focused recharge model that was integrated into the site-scale groundwater
flow and contaminant transport model

e Conducted trend analyses for tritium, high-explosive (HE) compounds, and other chemicals in
wells MCOBT-4.4, R-9, R-9i, R-12, R-15, R-19, R-22, and R-25

* Interpreted data for stable isotopes, metals, and major cations and anions in wells MCOBT-4.4,
R-9, R9i, R-12, R-15, R-19, and R-22 and boreholes MCOBT-4.4 and MCOBT-8.5

 Performed geochemical calculations for speciation (form of dissolved species), mineral
equilibrium, and adsorption using geochemical analytical results collected from wells MCOBT-4.4,
R-9, R9i, R-12, R-15, R-19, and R-22

e Evaluated the breakdown of residual drilling fluids in wells R-9i, R-12, R-19, and R-22

March 2003 1-2 GPP-03-011
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Information Management
< Made available information on water levels for all regional aquifer wells at
http://lwqdbworld.lanl.gov

e Made available well construction data for R-wells in the Water Quality database (WQDB) at
http://wqgdbworld.lanl.gov

e Began working toward a comprehensive database for all groundwater data collected at the
Laboratory

QA and Reports

e Published well completion reports for R-7, R-25, R-31, and CdV -R-15-3 (investigation well)

e Published geochemistry reports for R-9, R-9i, R-12, R-15, R-19, R-22, and R-7 (released in
FY2003)

e Completed numerous QA assessments of field program

Project Management

e Completed a draft Groundwater Protection FY2003 Program Plan and Quality Assurance Project
Management Plan

e Supported Laboratory efforts to conclude cost issues for R-25 and R-8

e Held bi-weekly Groundwater Investigation Team (GIT) meetings, three quarterly meetings, and an
annual meeting

e Produced the groundwater annual status report for FY2001

« Developed two action plans in response to the External Advisory Group (EAG) recommendations

1.2.1 Field-Based Activities

In FY2002, field-based activities included well installation and characterization sampling. Six deep
characterization wells were drilled, as required by the “Hydrogeologic Workplan” (LANL 1998, 59599).
One characterization well, R-21, was started early in FY2003, and characterization was conducted
sampling in eight of the completed wells.

1.2.1.1 Characterization Well Installation

The FY2002 characterization wells were drilled using air rotary in the vadose zone and rotary with stiff
foam or bentonite mud in the saturated zone. Casing-advance with fluid-assist methods, used in drilling
previous characterization wells, was employed only when swelling clays were encountered in the
boreholes. Geologic core was collected in the upper vadose zone in each well, and geologic cuttings
were collected at defined intervals during drilling operations and described to record the stratigraphy
encountered. Geophysical logging was conducted in each well to enhance the understanding of the
stratigraphy and rock characteristics. The six completed characterization wells include R-8 (Los Alamos
Canyon), R-20, R-23, and R-32 (Pajarito Canyon), R-16 near the Rio Grande in White Rock, and R-14
(Mortandad Canyon). R-21 in Cafiada del Buey near Technical Area (TA}54 was started early in FY2003.
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1.21.11 WellR-8

R-8 is located in Los Alamos Canyon east of the confluence of Los Alamos Canyon and DP Canyon. The
primary purpose of this well is to determine regional aquifer water quality downgradient of releases in Los
Alamos and DP Canyons. It also serves as a sentry well for water supply well Otowi (O)-4. Significant
difficulties were encountered in drilling R-8, and the original borehole was abandoned. A second
borehole, R-8a, was drilled 62 ft due east of R-8. All geologic and water samples were collected in R-8;
no samples were collected in R-8a. The well was constructed in the borehole of R-8a. Drilling of R-8a
began on January 9, 2002, and was completed on January 27, 2002. The samples and logs for R-8 are
shown on Figure 1.2-1. The stratigraphy encountered in the borehole was 29 ft of alluvium at the surface
overlying 64 ft of Bandelier Tuff (44 ft of Otowi Member and 20 ft of Guaje Pumice). The remainder of the
borehole to total depth (TD) of 1022 ft is in the Puye Formation, interrupted by one section of Cerros del
Rio basalt between 180 and 362 ft. The R-8 borehole was cored to a depth of 261 ft, into the Cerros del
Rio basalt; no perched saturated zones were encountered in R-8 or R-8a. The static water level in the
regional aquifer is 709 ft below ground surface (bgs).

Well construction and development were completed on February 14, 2002. Westbay sampling equipment
was installed between February 21 and February 24, 2002. The R-8a well is completed with two screened
intervals in the regional aquifer: one straddling the water table at a depth of 705-755 ft and one at a depth
of 821 to 828 ft. One water sample from the R-8 borehole was collected at a depth of 822 ft. Tritium (with
an activity of 15 pCi/L) was detected in the sample. The well construction, stratigraphic, and hydrologic
information is summarized in Figure 1.2-1. The completion report for this well is expected to be complete
by March 1, 2003.

1.2.1.1.2 Well R-14

Well R-14 is located within the Mortandad Canyon watershed in Ten Site Canyon, east of the former
radioactive liquid waste and septic treatment facilities at TA-35. Drilling started on June 2, 2002, and was
completed on July 2, 2002. The samples and logs for R-14 are shown in Figure 1.2-2. The stratigraphy
encountered included a thick section of Bandelier Tuff (534 ft); both the Tshirege and Otowi Members are
present. The Bandelier Tuff is underlain by Puye fanglomerate (534—-620 ft) and then by dacitic lava flows
(not basalt) from 620 to 768 ft. The underlying Puye Formation consists of fanglomerates from 768 to
1210 ft. Finally, the bottom of the borehole contains pumiceous sediments, provisionally assigned to the
Puye Formation, from 1210 to1330 ft TD. The regional aquifer water level is at 1182 ft in the Puye
Formation.

Well construction and development were conducted, and Westbay sampling equipment was installed to
complete the well with two screened intervals in the regional aquifer: one near the water table at a depth
of 1200 ft and one in a productive zone at a depth of 1286 ft. The well construction, stratigraphic, and
hydrologic information is summarized in Figure 1.2-2. The completion report for this well is expected to be
complete in March 2003.
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Construction, Stratigraphic, and Hydrologic Information for Hydrogeologic Workplan Characterization Well R-8/8a Rev. B (04/15/02)

Location: TA-53, Los Alamos Canyon, near

confluence with DP canyon. Borehole
Elevation Core/Geologic Groundwater ~ Groundwater R-8a borehole Stratigraphy
Survey coordinates (brass marker (feet asl) Char. Samples (x) Qccurrences Samples (x) configuration encountered
in NW corner of R-8a cement pad): 6544.7 atTDh.
x 1641139 € y: 1772554 N (NAD 83 ) — ] N Ao Rt 0
7:6544.7 ft asl (NGVD 29) o 2t -
R-81is 62 ft due east from R-8a at survey 13-3/8 in. casing — Otowi Member, .
coordinates (center of cement plug): 10901t Bandelier Tuff 3
x: 1641195 E y: 1772533 N (NAD 83) * | 80ft. Gunfe Pumice Bed gg itt
7:6542.9 ft asl (NGVD 29) - % | 1001t g 3990 2 t
Drilling: air rotary core w/ wireline retrieval Puye Formation ?Ogofr (&%
and fluid-assist air rotary reverse gﬁ‘%?@@
circulation with casing advance. * | 1701t Do Q(%Oi
R-8 Start date: 09/25/01. * 1901t 10t
R-8 End date: 12/11/01. B — 200
R-8a Start date: 01/09/02.
R-8a End date: 01/27/02.
Borehole R-8 drilled to 1022 ft. bgs. (T.D.). Cored to 261 ft = 260 Cerrgzsd:ll Rio
Borehole R-8a drilled to 880 ft. bgs. (T.D.).
i 11-3/4 in. casing —»
Data collection: * 3101t to 684 ft
Hydrologic properties:
Field Hydraulic Testing: Falling head test * 355t ] I
on R-8a screen #2. 362 A TRRT
Cores/cuttings submitted for geochemical R * 380ft =) T2
and contaminant characterization: 156/6 g%% — 400
Groundwater samples submitted for ?9@0 SR
geochem and contaminant 2&' / éqg
characterization: 1 ( R-8) d% &~
Geologic properties: o n&, &
Mineralogy, petrography, and chemistry: 11 - Sk o5
Borehole logs from R-8: Q%QO
Lithologic: 0-1022 ft. RN R
Video (LANL tool): 0-850 ft. (well casing - R-8A) » 560f. )0 Pek
Natural gamma (LANL tool): 0-30 ft. and 0 TS50
0761 ft, (cased); 30-261 f. and s
761-768 1. bgs. (open hole) s 528
Induction (LANL tool): 0-30 ft. (cased); g
30-261 ft. (open hole) ol
Schiumberger Logs: 0-761 ft. (cased); ég
761-764 ft. (open hole): Litho density, )
Spectral Gamma, Elemental Capture, 709 ft ! o (55
Thermal/Epithermal Neutron, r v Puye Formation PR
Natural Gamma. ] g
: . 9-5/8 in. casing __, | oS
Contaminants Detected in R-8 Water Sample: t0 809 ft. 0
Tritium at 15 pCill. Qo
i 55
Well construction: PRI 800
Drilling Completed (R-8a): 01/27/02. %822 ft. (R-8) g
Contract Geophysics (R-8): 11/13/01. -
Well Constructed (R-8a): 01/28/02 - 02/01/02. * 850 ft. 10-3/4 in. open ?99
Well Developed (R-8a): 02/04/02 - 02/14/02. borehole to PI' D Og
Westhay Installed (R-8a): 02/21/02 - 02/24/02 - s 6
S ‘ , . T.D.(for R-8a) = 880 ft PO
Casing: 4.5-in. 1.D./5.0-in. O.D. stainless steel with
external couplings. v
° 50
Number of Screens: 2 2%07 8
4.5-in.1.D./5.56-in. O.D. pipe based, s.s. wire-wrapped;|_ sy 1
0.010-in slotted. + 1020f ™ _ %@_ 1000
. — .D.(for R-8) = 1022 ft. 1022 ft
Screen (perforated pipe interval):
Screen #1 - 705.3-755.7 ft. bgs.
Screen #2 - 821.3-828.0 ft. hgs.
Well development consisted of wire brushing, Geologic contacts are from R-8 and were determined
bailing, surging, swabbing, and pumping. by examination of cuttings and interpretation of
geophysical logs. Contacts may be refined by
Groundwater occurrence was determined in R-8 by recognition of first water analysis of geologic samples by petrography and
produced while drilling, by borehole geophysics, and by horehole rock chemistry. No samples collected from R-8a

video. Static water levels were determined after the R-8 borehole was rested.  horehole.

Figure 1.2-1. Regional aquifer well R-8 completion
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Figure 1.2-2.

Location: In Ten Site Canyon, east of
the former radioactive liquid waste and septic
treatment facilities at TA-35 .

Survey coordinates (brass marker

in NW corner of R-14 cement pad):
X: 1629855 E y: 1768953 N (NAD 83 )
7:7062.1 ft asl (NGVD 29)

Drilling: air rotary core w/ wireline retrieval,
conventional mud drilling, casing advance.
R-14 Start date: 06/02/02.
R-14 End date: 07/02/02.

Borehole R-14 drilled to 1327 ft. hgs. (T.D.).

Data collection:

Hydrologic properties: Field hydraulic test:
Constant Rate Injection Test on screen #2

Cores/cuttings submitted for geochemical
and contaminant characterization: (24)

Groundwater samples submitted for
geochem and contaminant
characterization: (2)

Geologic properties: (11)

Mineralogy, petrography, and chemistry.

Borehole logs from R-14:
Lithologic: 0-1327 ft.
Video (LANL tool): 0-923 ft. and 0-975 ft.
Natural gamma (LANL tool): 0-1068 ft.
and 1046-1325 ft. bgs.
Schlumberger Logs: 0-12.2 ft (cased),
12.2-1068 ft (open hole): Litho density,
Spectral Gamma, Elemental Capture,
Thermal/Epithermal Neutron, Combinable
Magnetic Resonance, and Natural Gamma.

Contaminants Detected in R-14 Water Samples: none

Well construction:
Drilling Completed: 07/02/02
Contract Geophysics: 06/19/02 - 06/20/02
Well Constructed : 07/04/02 - 07/11/02
Well Developed : 07/19/02 - 11/18/02
Westbay Installed : 11/19/02 - 11/25/02 ..

Casing: 4.5-in |.D. stainless steel with external
couplings.

Number of Screens: 2
4.5-in |.D. pipe based, s.s. wire-wrapped
with 0.010-in slots.

Screen (perforated pipe interval):
Screen #1 - 1200.6-1233.2 ft. hgs.
Screen #2 - 1286.5-1293.1 ft. hgs.

Well development consisted of wire brushing,
bailing, chemical treatments, surging, and pumping.

Groundwater occurrence was determined for R-14
by recognition of first water produced while drilling,
by borehole geophysics, and by borehole video.
Static water levels were determined after

the R-14 borehole was rested.

Groundwater samples collected from packed off screen
intervals after well development.

Geologic contacts for R-14 were determined

by examination of cuttings and interpretation of
borehole video and geophysical logs. Contacts
and stratigraphy may be refined by petrographic,
geochemical, or mineralogic analysis of
geologic samples.
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1.21.1.3 Well R-16

Well R-16 is located above the Rio Grande near Overlook Park in White Rock. Drilling started on

August 16, 2002, and was completed on September 13, 2002. The samples and logs for R-16 are shown
in Figure 1.2-3. The stratigraphy encountered in R-16 was first the Bandelier Tuff, which was thicker than
anticipated, consisting of about 79 ft of Otowi Member. Second, the Cerros del Rio basalts flows were
encountered; they were thinner than expected, separated by interbedded materials including clay-rich
lakebed sediments that caused drilling problems. The sediments were fossiliferous, similar to lakebed
deposits exposed at several locations along the Rio Grande. Many of these lakebed sediments were
deposited when Cerros del Rio basalts were erupted and dammed the river, creating lakes. Below the
Cerros del Rio basalts was a sequence of alternating Totavi sediments and Puye fanglomerates from 377
to 728 ft. The borehole entered the Santa Fe Group at 728 ft and remained in Santa Fe Group to 1287 ft
TD.

Based on the three dimensional (3-D) geologic model, the static water level for the regional aquifer was
anticipated to be 783 ft. When the borehole reached within 100 ft of the anticipated depth of the regional
aquifer, the driller had been instructed to stop if any influx of water was noted, signaled by sudden
dispersal (liquification) of the foam. The first indication of water influx was at 867 ft; drilling stopped and
the water level was measured. The water level rose to 621 ft, much higher than expected. There were
clay-rich zones in the Santa Fe Group, so one possible explanation for the rise in water level is that the
clays create confining zones. Similar conditions were encountered in Los Alamos Canyon (R-9). Well
construction, development, and installation of Westbay sampling equipment were completed to provide a
well with three screened intervals in the regional aquifer:

e screen 1: 863-871 ft,
e screen 2: 1015-1022 ft,
e screen 3: 1237-1245 ft.

The well construction, stratigraphic, and hydrologic information is summarized in Figure 1.2-3. The
completion report for this well is expected to be complete in March 2003.

1.21.1.4 Well R-20

R-20 is located in Pajarito Canyon, east of TA-18 on the south side of Pajarito Road. Drilling started on
August 4, 2002, and was completed on September 19, 2002. The samples and logs for R-20 are shown
in Figure 1.2-4. The stratigraphy encountered in R-20 included a thick section of alluvium (0-68 ft) that
was included a zone of saturation. The alluvium and alluvial saturation were cased off and not
characterized. The alluvial system maybe studied in a future program focused on alluvium. Underlying the
alluvium is Bandelier Tuff (68—392 ft), with both the Tshirege and Otowi Members present. The Cerros del
Rio basalt occurs in two main thick sequences separated by a cinder deposit, all underlain by a zone of
scoria. The full Cerros del Rio sequence extends from 392 to 932 ft. The Puye Formation is present from
932 to 1127 ft, above pumiceous deposits (1127-1240 ft) that maybe assigned to the Puye Formation
pending further study. At the bottom of the borehole, the Santa Fe Group may be present from 1242 to
1365 ft (borehole TD).

No perched water was encountered in R-20. The static water level in the regional aquifer is at 837 ft. The
well was constructed with three screened intervals; deeper screens were emplaced to coincide in part
with screened interval in Pajarito Mesa (PM)-2:

e screen 1: 905-912 ft,
e screen 2: 1147-1155 ft, and
e screen 3: 1329-1337 ft.
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Figure 1.2-3.

Location: West of the waste treatment

Elevation
ponds, north of Overlook Road (feet asl)
in White Rock , N.M. 6256.9

Survey coordinates (brass marker

in NW corner of R-16 cement pad):
X: 1659284 E y: 1756711 N (NAD 83)
7:6256.9 ft asl (NGVD 29)

Drilling: Conventional mud drilling, casing advance.
R-16 Start date: 08/16/02.
R-16 End date: 08/29/02.

Borehole R-16 drilled to 1287 ft. bgs. (T.D.).

Data collection:

Hydrologic properties: Field hydraulic test:
Constant Rate Injection Test on screen #2,
screen #3, and screen #4

Cores/cuttings submitted for geochemical
and contaminant characterization: (0)

Groundwater samples submitted for
geochem and contaminant
characterization: (3)

Geologic properties: (16)

Mineralogy, petrography, and chemistry

Borehole logs from R-16:

Lithologic: 0-867 ft. and 1047 ft.-1287 ft.

Natural gamma (LANL tool): 0-729 ft. (cased),
729-1287 ft. (open hole).

Schlumberger Logs: 0-729 ft. (cased),

729-1287 ft. (open hole): Array Induction,
Combinable Magnetic Resonance, Micro Imager,
Sonic, Caliper, Litho density, Spectral Gamma,
Elemental Capture, Thermal/Epithermal Neutron,
Natural Gamma.

Contaminants Detected in R-16 Water Samples: none.

Well construction:
Drilling Completed: 08/29/02
Contract Geophysics: 08/30/02 - 08/31/02
Well Constructed : 08/31/02 - 09/07/02
Well Developed : 09/14/02 - 12/04/02
Westbay Installed : 12/6/02 - 12/10/02 .

Casing: 4.5-in |.D. stainless steel with external
couplings.

Number of Screens: 4
4.54in 1.D. pipe based, s.s. wire-wrapped
with 0.010-in slots.

Screen (perforated pipe interval):
Screen #1 - 641.0 - 648.6 ft. bgs.
(isolated behind stuck casing)
Screen #2 - 863.4 - 870.9 ft. bgs.
Screen #3 - 1014.8 - 1022.4 ft. bgs.
Screen #4 - 1237.0 - 1244.6 ft. bgs.

Well development consisted of wire brushing,
bailing, chemical treatments, surging, simultaneous
jetting and pumping, and pumping.

Groundwater occurrence was determined for R-16
by recognition of first water produced while drilling,
by borehole geophysics, and by borehole video.
Static water levels were determined after

the R-16 borehole was rested.

Groundwater samples collected from packed off
screen intervals after well development.

Geologic contacts for R-16 were determined
by examination of cuttings and interpretation of
geophysical logs. Contacts may be refined by
petrographic, geochemical, or mineralogic
analysis of geologic samples.
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Construction, Stratigraphic, and Hydrologic Information for Hydrogeologic Workplan Characterization Well R-20 Rev. 0 (1-16-03).

Location: East of TA-18 on the south side
of Pajarito Rd., east of the stream channel.

Elevation
) (feet asl)

Survey coordinates (brass marker
in NW corner of R-20 cement pad): x: 1637835 E 6694.3

y: 1759695 N (NAD 83) z: 6694.3 ft asl (NGVD 29)

Drilling: Conventional mud drilling, casing advance;
air rotary core w/ wireline retrival.
R-20 Start date: 08/15/02, end date: 09/06/02.
Coring start date: 10/16/02, end date: 10/19/02

Borehole R-20 drilled to 1365 ft. bgs. (T.D.).

Data collection:

Hydrologic properties: Field hydraulic test:
Constant Rate Injection Test on screen #1,
screen #2, and screen #3

Coreslcuttings submitted for geochemical
and contaminant characterization: (0)

Groundwater samples submitted for
geochemical and contaminant characterization: (3)

Geologic properties: (12)
Mineralogy, petrography, and chemistry

Borehole logs from R-20:
Lithologic: 0-490 ft. and 785 ft.-1365 ft.
Borehole Video (LANL tool): 82-785 ft. (open hole).
Natural gamma + Induction (LANL tool):
0-80.2 ft. (cased), 80.2 ft.-785 ft. (cased).
Schlumberger Logs: 0-80.2 ft. (cased),
80.2-785 ft. (open hole): Array Induction, Litho
Density, Natural Gamma, Thermal/Epithermal
Neutron,Caliper, Combinable Magnetic
Resonance, and Elemental Capture Sonde.
Natural Gamma (LANL tool): 0-780 ft. (cased),
780-1365 ft. (open hole).
Schlumberger Logs: 0-780 ft. (cased), 780-
1365 ft. (open hole): Thermal/Epithermal Neutron,
Litho Density, Micro Imager, Array Induction,
and Natural Gamma.

Contaminants Detected in R-20 Water Samples: none

Well construction:
Drilling Completed: 09/06/02
Contract Geophysics: 08/26/02; 09/06/02
Well Constructed : 09/07/02-09/15/02
Well Developed : 09/15/02-12/22/02
Westbay Installed : 01/08/03-01/18/03 .

Casing: 4.5-in |.D. stainless steel with external couplings.

Number of Screens: 3
4.5-in 1.D. pipe based, s.s. wire-wrapped
with 0.010-in slots.

Screen (perforated pipe interval):
Screen #1 - 904.6 - 912.2 . bgs.
Screen #2 - 1147.1 - 1154.7 ft. bgs.
Screen #3 - 1328.8 - 1336.5 ft. bgs.

Well development consisted of wire brushing,
bailing, chemical treatment, surging, and pumping.

Groundwater occurrence was determined for R-20
by recognition of first water produced while drilling,
by horehole geophysics, and by borehole video.
Static water levels were determined after

the R-20 borehole was rested.

Groundwater samples collected from packed off
screen intervals after well development.

Geologic contacts for R-20 were determined

by examination of cuttings and interpretation of
geophysical logs. Contacts may be refined by
petrographic, geochemical, or mineralogic analysis
of geologic samples.

Figure 1.2-4.
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The well construction, stratigraphic, and hydrologic information is summarized in Figure 1.2-4. The
completion report for this well is expected to be complete in March 2003.

A tool for sampling water in the borehole was pilot tested in R-20. The EDM formation sampling and
hydraulic testing (FAST) tool was developed to solve the problem of delineating water quality zones at
well sites in order to provide good quality water supplies in rural villages. The FAST tool also can be
adapted to perform aquifer-performance tests or drill-stem tests at selected depths. Patents (for the
United States) have been filed on the new and improved FAST tool and worldwide patents are being filed.
The complete report on the pilot test can be found at
http://www.waterbank.com/Investment/FAST%20Tool.htm.

Two German drillers experienced in handling and operating the FAST tool were brought in to supervise
the use of the tool. The installation and the operation of the FAST tool were straightforward at the R-20
monitoring well site. The FAST tool was added to the drill string directly above the bit. The FAST tool was
deployed at 784 ft and drilling was begun in basalt using foam. This was the first time the tool had been
used in rugged drilling of fractured basalt and it maintained its integrity. It also was the first time the tool
had been used with foam. The Puye Formation drilled without difficulty to 913 ft with the FAST tool. With
the bit at 933 ft, drilling was switched from foam to drilling fluid. An 0.75-in. airline was introduced into the
drill string through a specially constructed head which allowed air-lifted water to exit into the mud pit along
a return-flow channel dug into the soil. The fluid level in the drill string was about 230 ft when air-lifting
began. The airline was lowered gradually to a depth of about 350 ft in stages as fluid was blown from the
hole. The production rate was established at about 1 gal./ min at about 2100 hr on September 2, 2002.
The discharge was stabilized to the satisfaction of Josef Grotendorst, who has used the FAST tool
elsewhere for 10 yr. The test was blind because fluid levels behind the casing could not be measured.

Mechanically, the tool performed perfectly. When it was disassembled at the drill site it was clean
internally and internal valves were free and functional. The reason for the failure to obtain a sample is not
completely clear. The regional potentiometric surface was at 873 ft, based on later water-level
measurements. The final pumping level in the drill string was probably about 380 ft. It was expected
based on conventional science and Bernoulli's equation; if the airline had been below the expected
regional potentiometric surface, water may have been produced if the upper Puye Formation had
favorable transmissivity.

1.2.1.1.5 Well R-23

Well R-23 was drilled in Pajarito Canyon, just west of the State Highway 4/Pajarito Road intersection, on
the south side of Pajarito Road. Drilling started on August 17, 2002, and was completed on October 3,
2002. The samples and logs for R-23 are shown in Figure 1.2-5. The stratigraphy encountered in R-23
was a thin section of saturated alluvium (0-10 ft); however the alluvium and alluvial saturation were cased
off and not characterized. The alluvial system maybe studied in a future program focused on alluvium.
The alluvium was overlying the Bandelier Tuff to a depth of 36 ft, consisting of 20 ft of Otowi Member ash
flows and 6 ft of Guaje Pumice at the base. Underlying the Bandelier Tuff were Cerros del Rio lavas
intercalated with sediments that included gravel zones, zones of alternating sands and clay beds (36—
821 ft). This section of Cerros del Rio basalt was thinner than expected based on data from R-22. Below
the basalts were sands (possibly the Santa Fe Group) from 821 ft to 926 ft TD. Contrary to expectation,
no Puye Formation was encountered in R-23.
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Construction, Stratigraphic, and Hydrologic Information for Hydrogeologic Workplan Characterization Well R-23 Rev. 0 (1-16-03).

Location: In Pajarito Canyon, just west of

the N.M. 4 and Pajarito Road intersection; Elevation
on the south side of Pajarito Road. (feet asl)

6527.8
Survey coordinates (brass marker —
in NW comer of R-23 cement pad):
X: 1647914 E y: 1755165 N (NAD 83)
7:6527.8 ft asl (NGVD 29)

Drilling: air rotary drilling, casing advance.
R-23 Start date: 8/17/02
R-23 End date: 9/27/02

Borehole R-23 drilled to 935.0 t. hgs. (T.D.).

Data collection:

Hydrologic properties: Field hydraulic test:
Pump test

Cores/cuttings submitted for geochemical
and contaminant characterization: (0)

Groundwater samples submitted for
geochem and contaminant -
characterization: (1)

Geologic properties: (14)
Mineralogy, petrography, and chemistry

Borehole logs from R-23:
Lithologic: 0-935.0 ft.
Video (LANL tool): 0-599 ft. (cased) i
and 599-826.6 ft. (open hole).
Natural gamma (LANL tool): 0-599 ft. (cased)
and 599-840 ft. (open hole).
Schlumberger Logs: 0-599 ft. (cased) and
599-828 ft. (open hole): Litho density,
Thermal/Epithermal Neutron, Array
Induction, Natural Gamma, Elemental
Capture, and Combinable Magnetic Resonance.

Contaminants Detected in R-23 Water Sample: none

Well construction:
Drilling Completed: 09/27/02.
Contract Geophysics: 09/23-24/02.
Well Constructed : 09/27/02-10/02/02.
Well Developed : 10/08/02-pending
Dedicated Pump: 01/06/03-01/08/03 L

Casing: 4.5-in |.D. stainless steel with external
couplings.

Number of Screens: 1
4.5-in 1.D. pipe based, s.s. wire-wrapped -
with 0.010-in slots.

Screen (perforated pipe interval):
Screen #1 - 816.0 - 873.2 ft. hgs.

Well development consisted of wire brushing,
bailing, surging, and pumping.

Groundwater occurrence was determined for R-23
by recognition of first water produced while drilling,
by borehole geophysics, and by borehole video.
Static water levels were determined after

the R-23 borehole was rested.

Geologic contacts for R-23 were determined

by examination of cuttings and interpretation of
geophysical logs. Contacts may be refined by
petrologic, geochemical, or mineralogic analysis
of geologic samples.

Figure 1.2-5.
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The regional water table in R-23 was encountered at 829 ft, higher than expected (892 ft). Based on
geophysical logging, perched water may be present. The well was constructed with one screened

interval, from 816 to 873 ft, at the top of the regional aquifer water table. The well construction,
stratigraphic, and hydrologic information is summarized in Figure 1.2-5. The completion report for this well
is expected to be complete in March 2003.

1.2.1.1.6 Well R-32

Well R-32 is located in Pajarito Canyon, south of TA-54, on the north side of Pajarito Road. Drilling
started on July 13, 2002, and was completed on August 7, 2002. The samples and logs for R-32 are
shown in Figure 1.2-6. The stratigraphy encountered in R-32 was a thick section of saturated alluvium (0—
47 ft) underlain by Bandelier Tuff (47-287 ft). The Otowi and Tshirege Members were present, separated
by a 36-ft thickness of Cerro Toledo. The base of the Bandelier Tuff was marked by a 10-ft section of
Guaje Pumice. The Cerros del Rio basalts were present beneath the Bandelier Tuff; they consist of basalt
flows separated by rubble zones and zones of mixed scoria and sediments extending from 287 to 923 ft.
A thin layer (8 ft) of Rio Grande deposits (Totavi Lentil) was encountered within the Cerros del Rio
basalts, near the bottom of the borehole. No cuttings were recovered below the Cerros del Rio basalts,
but drilling conditions and borehole logs indicate that the Puye Formation underlies the Cerros del Rio
lavas from 923 ft to 1008 ft (borehole TD).

The regional water table in R-32 originally was encountered at 865 ft, the depth predicted by the 3-D
geologic model. However, the water level rose to 715 ft before settling at 784 ft. The well was constructed
with three screened intervals:

e screen 1: 867-874 ft,
e screen 2: 930-933 ft, and
e screen 3: 970-977 ft.

Well construction, stratigraphic, and hydrologic information is summarized in Figure 1.2-6. The completion
report for this well is expected to be complete in March 2003.

1.2.1.2 Characterization Sampling

Characterization sampling consists of collecting four water samples from each screen in a well, generally
on a quarterly basis. The samples are submitted for chemical analysis. After four characterization
samples are analyzed, a geochemical report is prepared to present the data and provide evaluations and
interpretations of the data. The regional well sampling status at the end of FY2002 was as follows:

e R-25, R-15, R-9, R-9i, R-12, R-31, R-19, R-22, R-7: four characterization sampling events have
been completed and geochemical reports have been completed or are scheduled. These wells
will be transferred to the RRES Division, Water Quality Group (RRES-WQH), which is responsible
for custodial care of the wells and maintaining the monitoring network.

* R-5: The first characterization-sampling event has been completed.
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Construction, Stratigraphic, and Hydrologic Information for Hydrogeologic Workplan Characterization Well R-32 Rev. 0 (1-13-03).

Location: In Pajarito Canyon, south of
TA-54, along the north side of Pajarito Rd.

Survey coordinates (brass marker

in NW corner of R-32 cement pad):
x: 1640798 E y: 1757730 N (NAD 83)
7: 6637.6 ft asl (NGVD 29)

Drilling: air rotary core w/ wireline retrieval,
conventional mud drilling.

R-32 Start date: 07/13/02.

R-32 End date: 08/7/02.

Borehole R-32 drilled to 1008 ft. bgs. (T.D.).

Data collection:

Hydrologic properties: Field hydraulic test:
Constant Rate Injection Test on screen #1
and screen #3

Cores/cuttings submitted for geochemical
and contaminant characterization: (13)

Groundwater samples submitted for
geochem and contaminant
characterization: (3)

Geologic properties: (7)

Mineralogy, petrography, and chemistry.

Borehole logs from R-32:

Lithologic: 0-915.5 ft.

Caliper (LANL): 0-1008 ft.

Video (LANL tool): 0-720 ft.

Natural gamma + Induction (LANL tool): 0-808 ft.
and 0-1008 ft.

Schlumberger Logs: 0-54.5 ft. (cased),

54.5-808 ft. (open hole): Epithermal Neutron,
Litho density, Induction, Combinable Magnetic
Resonance, Elemental Capture, Spectral Gamma.

Contaminants Detected in R-32 Water Samples: none

Well construction:
Drilling Completed: 08/07/02
Contract Geophysics: 07/31/02
Well Constructed : 08/09/02 - 08/12/02
Well Developed : 8/18/02 - 11/10/02
Westbay Installed : 11/11/02 - 11/17/02

Casing: 4.5-in |.D. stainless steel with external
couplings.

Number of Screens: 3
4.5-in |.D. pipe based, s.s. wire-wrapped
with 0.010-in slots.

Screen (perforated pipe interval):
Screen #1 - 867.5 - 875.2 ft. bgs.
Screen #2 - 931.8 - 934.9 ft. bgs.
Screen #3 - 972.9 - 980.6 ft. bgs.

Well development consisted of wire brushing,
bailing, chemical treatments, surging, and pumping.

Groundwater occurrence was determined for R-32
by recognition of first water produced while drilling,
by borehole geophysics, and by borehole video.
Static water levels were determined after

the R-32 borehole was rested.

Groundwater samples collected from packed off screen
intervals after well development.

Geologic contacts for R-32 were determined
by examination of cuttings and interpretation of
geophysical logs. Contacts may be refined by
petrographic, geochemical, or mineralogic
analysis of geologic samples.

Figure 1.2-6.
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1.2.2  Analysis and Interpretation Activities

Hydrologic modeling of the vadose zone has been undertaken to quantify key factors that influence the
transport of contaminants and to assess uncertainties. In FY2002, a site-wide vadose zone model was
constructed to predict travel time from the ground surface to the water table of the regional aquifer. The
two most important features required to estimate vadose travel times are the infiltration rate and hydrologic
conditions. The methodology and initial estimates of infiltration across the Pajarito Plateau were developed
and are presented in this report. This infiltration serves as the upper flow boundary condition for the
calculation of travel time. The time is computed assuming local 1-D downward flow. The hydrogeologic
layers used in the 1-D model are obtained from the 3-D geologic site model. Hydrologic properties are
based on past laboratory measurements and data syntheses. A series of calculations across the Plateau
were made and the results presented as maps of travel time. These results can be used to make
preliminary assessments of the expected rate of contaminant movement from the ground surface to the
water table.

Data analysis activities regarding the regional aquifer included generation of a new water table map
(presented in this report), which relies for the first time only on wells with short screens at or near the
water table because the R-wells are sufficiently closely spaced. Historical data concerning all water supply
wells on the plateau were compiled to support detailed analyses of capture zones for well fields that
supply Los Alamos. These data, along with a nhew geologic model (FY2002), supplemented existing data
used to support regional modeling applications. Much of the streamflow and head-data analyses that are
used as part of model calibration were summarized in a report entitled “Overview of the Hydrogeology of
the Espafiola Basin” (Keating et al. 2002), which is currently in review for a peer-reviewed journal. In
addition, the methodologies used in coupling basin- and site-scale models for the site and parameter
estimation were summarized in a report that was published in Groundwater (Keating et al. 2003).

Modeling accomplishments for the regional aquifer included calculations and reporting of capture zones
for the Buckman well field (Vesselinov and Keating 2002), uncertainty analysis for simulated transport in
the vicinity of Mortandad Canyon (Vesselinov et al. 2002), and contaminant transport simulations in
support of the Groundwater Pathways Assessment Project.

1.2.3 FY2002 Information Management
1.2.3.1 Hardware and Infrastructure

The WQDB continues to operate on servers located both behind and outside the Laboratory firewall and
thus is open to the public. Sites can be found at the following URLSs:

e http://wqdb.lanl.gov
e  http://wgdbworld.lanl.gov

During the summer of 2002, the external database performance was improved by tuning the software.
When funding permits, the database will be moved to a more robust server.

1.2.3.2 System Security

Following the attack against the United States on September 11, 2001, the Laboratory tightened its
security requirements for website data distribution. As a result, certain WQDB data, such as maps and
location information, were temporarily removed from the public website. To date, these restrictions remain
in place. These data will be made available on the public website when security restrictions are eased.
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1.2.3.3 Software

Additional web-based forms used to support data entry into the WQDB were developed FY2002. These
forms allow users to produce chain of custody information and to review sample collection data for
accuracy and completeness.

Water-level data are imported directly into the WQDB. Data for 34 wells from October 1992 through the
present have been incorporated into the database.

Data from the Environmental Restoration (ER) Project, now the RRES—Remediation Program (R), have
been merged with the WQDB, including well construction, sample, and analytical chemistry data. The
process for these exchanges, including the ability to synchronize these data, is in progress.

Internal users have been trained to use the Oracle Discoverer software for data review and analysis.
Templates for frequently used queries have been designed and stored in the WQDB, where users may
execute them.

1.2.3.4 Data Import

In FY2002, analytical chemistry data continued to be loaded into the WQDB. Table 1.2-1 illustrates the
data import effort during 2002:

Table 1.2-1
Data Import, 2002
Group Stations Samples Results
2002 groundwater samples 79 812 29,792
2002 all ESH-18% samples 260 1582 65,480

& Now RRES-WQH.

These data are available internally and publicly via the WQDB websites usually 60 days after the samples
are collected. The data are considered preliminary and are revised pending external verification and
validation.

1.2.3.5 Reports

The WQDB public website now contains reports for well-construction diagrams, completion reports,
borehole videos, and montages displaying geophysical data. In addition, water-level data may be
displayed graphically.

1.2.4 QA and Reports

In FY2002, well completion reports were published for R-7, R-22, R-25, R-31, MCOBT-4.4, and 8.5.
Geochemistry reports were published for R-7, R-9 and R-9i, R-12, R-15, R-19, and R-22. All eleven
reports were published as Los Alamos National Laboratory reports.

e Ball, T.M., P. Longmire, D. Vaniman, W. Stone, D. Larssen, N. Clayton, and S. McLin, February
2002. “Characterization Well R-22 Completion Report,” LA-13893-MS, Los Alamos National
Laboratory, Los Alamos, New Mexico.
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Vaniman, D., J. Marin, W. Stone, B. Newman, P. Longmire, N. Clayton, R. Lewis, R. Koch,

S. McLin, G. WoldeGabriel, D. Counce, D. Rogers, R. Warren, E. Kluk, S. Chipera, D. Larssen,
and W. Kopp, March 2002. “Characterization Well R-31 Completion Report,” LA-1390-MS, Los
Alamos National Laboratory, Los Alamos, New Mexico.

Broxton, D.E., R. Warren, P. Longmire, R. Gilkeson, S. Johnson, D. Rogers, W. Stone,

B. Newman, M. Everett, D. Vaniman, S. McLin, J. Skalski, and D. Larssen, March 2002.
“Characterization Well R-25 Completion Report,” LA-13909-MS, Los Alamos National Laboratory,
Los Alamos, New Mexico.

Stone, W., D. Vaniman, P. Longmire, D. Broxton, M. Everett, R. Lawrence, and D. Larssen, April
2002. “Characterization Well R-7 Completion Report,” LA-13932-MS, Los Alamos National
Laboratory, Los Alamos, New Mexico.

Broxton, D.E., D. Vaniman, P. Longmire, B. Newman, W. Stone, A. Crowder, P. Schuh,

R. Lawrence, E. Everett, E. Tow, R. Warren, N. Clayton, D. Counce, E. Kluk, and D. Bergfeld,
December 2002. “Characterization Well MCOBT-4.4 and Borehole MCOBT-8.5 Completion
Report,” LA-13993-MS, Los Alamos, New Mexico.

Longmire, P., March 2002, “Characterization Well R-15 Geochemistry Report,” LA-13896-MS,
Los Alamos National Laboratory, Los Alamos, New Mexico.

Longmire, P., April 2002, “Characterization Wells R-9 and R-9i Geochemistry Report,” LA-13927 -
MS, Los Alamos National Laboratory, Los Alamos, New Mexico.

Longmire, P., June 2002, “Characterization Well R-12 Geochemistry Report,” LA-13952-MS, Los
Alamos National Laboratory, Los Alamos, New Mexico.

Longmire, P., June 2002, “Characterization Well R-19 Geochemistry Report,” LA-13964-MS, Los
Alamos National Laboratory, Los Alamaos, New Mexico.

Longmire, P., September 2002, “Characterization Well R-22 Geochemistry Report,” LA-13986-
MS, Los Alamos National Laboratory, Los Alamos, New Mexico.

Longmire, P., December 2002, “Characterization Well R-7 Geochemistry Report,” LA-14004-MS,
Los Alamos National Laboratory, Los Alamos, New Mexico.

Other related reports were also published in the summer of 2002:

1.2.5

Stimac, J.A., D.E Broxton, E.C. Kluk, S.J. Chipera, J.R. Budahn, July 2002, “Stratigraphy of the
Tuffs from Borehole 49-2-700-1 at Technical Area 49, Los Alamos National Laboratory, New
Mexico,” LA-13969, Los Alamos National Laboratory, Los Alamos, New Mexico.

Stone, W.J., and D.L. Newell, “Installation of the Monitoring Site at the Los Alamos Canyon Low-
Head Weir,” LA-13970, Los Alamos National Laboratory, Los Alamos, New Mexico.

Project Management

Project management activities in FY2002 included maintaining scope, schedule, and costs and promoting
communication. The cost and schedule for the “Hydrogeologic Workplan” activities are incorporated in the
Groundwater Protection Program (GPP) baseline. A separate work-breakdown structure (WBS) is in
place that defines scope, schedule, and cost for each project well. An integrated schedule incorporating
all task activities and associated costs for drilling, installation, sampling, and data analysis for each well
has been prepared.
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In FY2002, bi-weekly GIT meetings were held to keep all participants informed about program activities
and to provide a forum to discuss new data and analysis and future data collection. Three quarterly
meetings and an annual meeting were held to exchange information with stakeholders. The results of the
quarterly and annual meetings are summarized in Section 2.0.

1.3 Annual Report Organization

This report is organized to present the programmatic and technical activities that were accomplished
during FY2002; programmatic activities are described in Section 2.0. A synthesis of data that have been
collected and analyzed during the past 5 yr has resulted in a major revision to the hydrogeologic
conceptual model. The resulting FY2002 hydrogeologic conceptual model is presented in Section 3.0.
The hydrogeologic setting based on data collected is presented in Section 4.0. Section 5.0 describes the
numerical simulation of groundwater flow in the vadose and saturated zones. Section 6.0 summarizes
progress made toward resolving decisions (in the “Hydrogeologic Workplan”) by integrating data collected
over the past 5 yr. Section 7.0 summarizes activities proposed for FY2003. Section 8.0 lists the
references cited in this report.
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2.0 PROGRAMMATIC ACTIVITIES

Programmatic activities are functions required to manage the technical, cost, and schedule aspects of the
program and to communicate the status and results of the program to stakeholders. The technical
aspects of the program are tracked by the GIT, an interdisciplinary Laboratory group that provides
guidance and oversight to the program. The GIT meets bi-weekly to discuss the status of data collection
and data interpretation activities.

The GIT holds three quarterly meetings and one annual meeting each FY. The purpose of these meetings
is to communicate the status of program activities with stakeholders and to provide an opportunity to
receive stakeholder input on progress and plans for the program. The issues discussed and decisions
made in the quarterly and annual meetings become addenda to the “Hydrogeologic Workplan.” Section
2.1 summarizes those meetings and the resulting decisions.

The technical aspects of the program have also been reviewed by the EAG, which has provided peer
review of the program. Section 2.2. summarizes the EAG semiannual reports and the action plans
developed to respond to those reports.

2.1 Summary of FY2002 Meetings

Four meetings were held to discuss the FY2002 groundwater characterization activities. The participants
of the meetings were Laboratory staff involved in the activities, DOE representatives, and representatives
from the NMED bureaus of Hazardous Materials (HMB), Groundwater Quality, and DOE Oversight. Other
interested stakeholders attending the meetings included representatives from San lldefonso Pueblo,
Santa Clara Pueblo, Los Alamos County, the New Mexico Attorney General, Northern New Mexico
Citizens’ Advisory Board, and Concerned Citizens for Nuclear Safety. The following sections summarize
each meeting and points of agreement.

211 October 16-17, 2001, Quarterly Meeting

The notes from the October 16-17, 2001, quarterly meeting were issued by memorandum from Charles
Nylander of the Laboratory's Water Quality and Hydrology Group (ESH-18) on December 17, 2001. The
agenda included status reports from GIT subcommittees (information management, well construction,
geochemistry, hydrology, and modeling); a review of the performance of the hydrogeologic
characterization program; presentations on an approach to risk assessment; and presentation of the
characterization program data quality objective (DQO) iteration. The following significant issues were
discussed:

e completion of R-8 and R-13 and drilling and completion of R-14 and R-20.

 completion of three “Hydrogeologic Workplan” wells (R-22, R-7, R-5) and three investigation wells
(MCOBT-8.5 and -4.4 and CdV-R-37-2). MCOBT-8.5 was dry so it was plugged and abandoned.
e drilling of two “Hydrogeologic Workplan” wells (R-13, R-8).

e description of the first order groundwater pathway assessment to rank contaminants of potential
risk-significance to groundwater receptors on a site-wide basis. The assessment modeled
contaminant movement across the plateau on a site-wide basis rather than on one specific area.

- proposed modification of the groundwater water analysis strategy that determines (1) when
samples are representative of the predrilling groundwater conditions to minimize the cost by
eliminating analyses for analytical suites not detected in two subsequent samples, (2) the cost
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associated with analysis for both dissolved and total constituents in every sample, and (3) the
analytical methods used.

e proposed revised hydrogeologic characterization program DQO iteration including
? installing 15 regional aquifer wells,

? conducting 13 other field-based activities: hydrologic testing, collecting groundwater for
geochemical analyses, geologic mapping and sampling,

? conducting 10 analytical activities including regional aquifer modeling, geochemical
modeling, information management, and

? conducting three project management activities.

2.1.2  January 30, 2002, Quarterly Meeting

The January 30, 2002, quarterly meeting is documented in notes issued by memorandum from Charles
Nylander of the Laboratory's Water Quality and Hydrology Group (ESH-18) on March 19, 2002. The
agenda included presentations on the integrated groundwater protection action plan, an interactive
demonstration of the water quality database, possible perchlorate contamination, and the results of the
DOE value engineering study. The following significant issues were discussed:

e Well R-13 in Mortandad Canyon was finished as a single completion well.

 Well completion reports for R-25, R-31, and R-22 are near completion; a completion report for
R-7 is in progress.

e The integrated groundwater protection action plan has the goal of protecting groundwater users
from known and potential releases. This plan is an integrated three-step approach: (1) objectively
evaluate the existing groundwater monitoring program, (2) identify alternative actions to optimize
the existing groundwater monitoring program, and (3) implement optimal actions and iterate
continuously.

e Overview of water supply results for perchlorate:
?  Well O-1 appears to have perchlorate, possibly at 2 ppb.

? No perchlorate detections were found in other water-supply wells based on data from the
Babcock analytical laboratory.

? Possibly 33% estimated J-flagged "detections” occurred in other water-supply wells
based on General Engineering Laboratory (GEL) data; however, this conclusion does not
consider the revised GEL method detection limit (MDL) of 4 ppb.

e The draft groundwater annual status report for FY2001 will be sent to NMED in February 2002.

2.1.3  April 10-12, 2002, Annual Meeting

The notes from the April 10-12, 2002, annual meeting were distributed by memorandum from Charles
Nylander, RRES-DO, dated June 10, 2002. The agenda for the meeting included status reports from the
GIT subcommittees: well construction, modeling, hydrology, geochemistry, and information management.
There were technical presentations and posters on the following topics:

* status of Groundwater Protection Plan

e single-well testing of R-wells at the Laboratory
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regional aquifer modeling results with reference to the Buckman well field
vadose zone geochemistry

permeable reactive barrier in Mortandad Canyon
incorporating uncertainty in the regional aquifer modeling
groundwater pathways assessment

well development survey

WQDB and ERDB

updated 3-D geologic model

seismic hazards program results

TA-16 high-resolution resistivity survey

permeability of fault zones

fracture characterization of the Bandelier Tuff in Cafion de Valle for seismic hazards and flow and
transport analysis

The following significant issues were discussed at the April 10-12, 2002, annual meeting:

2.1.4

Wells planned for FY2003 include three Defense Program (DP)-funded wells (R-2, R-11, R-24)
and three EM-funded wells (R-4, R-24, R-27).

Planned FY2003 nonfield activities include information management and strengthening ties
between RRES-R Program (formerly the Environmental Restoration Project) (ERDB) and WQDB;
continuing the groundwater pathway assessment into FY2003; modeling the regional aquifer;
finalizing capture zone analysis and updating the geologic model; completing reports; and
scheduling meetings.

Drilling accomplishments include three “Hydrogeologic Workplan” wells (R-5, R-13, R-8/8a) and
three investigation wells (MCOBT-8.5, MCOBT-4.4, CDV-R-37-2).

Well completion reports for R-25, R-31, and R-22 were published. The well completion report for
R-7 has been peer-reviewed and will be available in April 2002. The Laboratory has published
two geochemical reports (R-15 and R-9i).

A study is being conducted of the potential impact of Laboratory operations on the Buckman well
field.

A core team was formed to assess the current state of knowledge. Members are Beverly Ramsey
(the Laboratory), Larry Goen (the Laboratory), James Bearzi (NMED), Greg Lewis (NMED),
Corey Cruz (DOE), and Mat Johansen (DOE).

July 24, 2002, Quarterly Meeting

Notes from the July 24, 2002, quarterly meeting were distributed by memorandum from Charles Nylander,
RRES-DO, dated September 23, 2002. The agenda for the meeting included status reports from the GIT
subcommittees: well construction, modeling, hydrology, geochemistry, and information management. The
Groundwater Protection Program, Groundwater Protection Core Team, and an FY2003 planning session
with stakeholder participation were discussed. The following significant issues were discussed:
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2.2

FY2003 proposed work. With anticipated funding, DP will drill four wells (R-2, R-6, R-11, R-24)
and EM two wells (R-4, R-18). With these wells, LA/Pueblo Canyon wells will be completed along
with fault-related wells. Characterization sampling and analysis will be conducted in completed
wells, and hydrologic testing will be done in new wells.

The URL for the WQDB is http://wgdbworld.lanl.gov (external) and http://wgdb.lanl.gov (internal).

Two wells have been completed (R-8, R-14), and four more wells will be installed by end of
FY2003 (R-16, R-20, R-23, R-32). R-21, located near TA-54, will be installed early in FY2003 by
DOE; the US Army Corps of Engineers (COE) will conduct drilling.

The sampling activity for the quarter included completion of characterization sampling for eight
wells (R-7, R-9, R-9i, R-12, R-15, R-19, R-22, R-25). Screening samples were collected at R-13
and MCOBT 4.4. Sampling rounds were completed for the CdV-wells (R-37-2, R-15-3).

The well completion report for R-7 was completed. Two geochemistry reports (R-19, R-12) were
completed.

Groundwater Protection Program scope is larger than characterization efforts; it encompasses
aspects of the overall concept of protecting groundwater. The program plan will be drafted by end
of FY2003. The plan will capture how all aspects (including stewardship) are integrated to protect
groundwater and to ensure proper funding.

The core team, composed of the Laboratory, DOE, and NMED personnel, is designed to provide
leadership and guidance to the GPP, to address criticisms regarding lack of management in the
hydrogeologic characterization program, and to improve communication between the three
management entities (the Laboratory, DOE, and NMED).

External Advisory Group Activities

The GIT formed an EAG to provide an independent review of the GIT's implementation of the
Laboratory’s “Hydrogeologic Workplan.” The EAG consists of six members with diverse technical and
professional backgrounds who provide broad technical and managerial review of the Laboratory’s
“Hydrogeologic Workplan” activities and methods.

The EAG consists of the following members:

Robert Charles, Ph.D.—Dr. Charles has a doctorate in geology with a specialty in geochemistry
and a Master of Arts in organizational management, with more than 25 yr experience .
Dr. Charles served as chair of the EAG.

Jack Powers, PE—Mr. Powers is a drilling consultant with more than 45 yr of worldwide
professional drilling experience.

Robert Powell, MS—Mr. Powell has a Master of Science in environmental science, with 25 yr of
experience, and has published 33 groundwater-related documents. Mr. Powell has expertise in
the area of low-flow groundwater sampling.

Elizabeth Anderson, Ph.D.—Dr. Anderson has a doctorate in inorganic chemistry and more than
20 yr of experience in health and environmental science. Dr. Anderson is a nationally recognized
expert on risk assessment and has established major national risk assessment programs at the
US Environmental Protection Agency (EPA).

David Schafer, MS—Mr. Schafer has 25 yr experience in computer modeling using numerical
models, analytic element models, and proprietary analytical models he developed.
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e Charles McLane, Ph.D.—Dr. McLane, the founder of McLane Environmental, has over 20 yr
experience in hydrogeology, environmental investigation and remediation, and exposure and risk
assessment.

The EAG met in conjunction with the quarterly meeting held October 16-17, 2001, and with the annual
meeting on April 10-12, 2002, for semiannual reviews of activities proposed under the “Hydrogeologic
Workplan.” The EAG reports findings and observations based on the semiannual reviews. In response,
the GIT develops an action plan that specifies how the recommendations of the EAG will be incorporated
into the program. In FY2002, the following reports were completed:

e EAG semiannual report to the GIT, meeting dates 16—18 October 2001,
e GIT action plan for the EAG, October 2001 recommendations;
e EAG semiannual report to the GIT, meeting dates 9-12 April 2002; and

e GIT action plan for the EAG April recommendations.

At both EAG semiannual reviews, sessions were offered for stakeholders to discuss concerns about the
program. The EAG is committed to holding similar sessions in conjunction with each semiannual review.
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3.0 FY2002 HYDROGEOLOGIC CONCEPTUAL MODEL

The FY2002 hydrogeologic conceptual model describes current understanding of the hydrogeologic
setting of the Pajarito Plateau. Section 3.1 describes mesa-related elements of the hydrogeologic
conceptual model. Section 3.2 describes the elements related to alluvial groundwater. Section 3.3
addresses elements related to perched intermediate groundwater. Section 3.4 addresses elements
relating to the regional aquifer. Section 3.5 describes elements of the geochemical conceptual model.

3.1 Mesas

1. Within drier mesas (generally in the eastern portion of the Laboratory), water occurs in the
Bandelier Tuff under unsaturated conditions. Relatively little water (~1 mm/yr) moves downward
beneath the mesa tops under natural conditions because of low rainfall, high evaporation, and
efficient water use by vegetation. Atmospheric evaporation extends within mesas, drying the
mesa interior and limiting downward movement of moisture. Moisture content of the tuff varies
with recharge rate and with the textures of the lithologic units.

2.  On wet mesas (generally along the western portion of the Laboratory), water occurs in the
Bandelier Tuff primarily under unsaturated conditions. Groundwater also occurs as transient
zones of saturation and in perennial saturated ribbons of limited spatial extent, which feed springs
on the mesa sides. The saturated zones are localized by fractures and by permeability changes
related to lithologic variations within the Bandelier Tuff. Higher rainfall and increased welding and
jointing of the tuff lead to greater recharge rates for wet mesas than for drier mesas.

3. In addition to spring discharge at mesa sides, saturated and unsaturated flow through mesas
results in recharge to the underlying intermediate perched zones or the regional aquifer.

4. Mesa-top recharge under disturbed surface conditions is higher than under natural conditions.
Increased recharge occurs when the soil is disturbed by compaction or during vegetation
disturbance. Increased recharge also occurs when more water is added to the hydrologic system
by features such as pavement, lagoons, or effluent disposal.

5. Fractures within mesas could provide preferential pathways for contaminants, especially in
regions of high infiltration and in rocks of low-matrix permeability. Fracture flow is less likely when
the rock matrix is porous and permeable because water is drawn out of the fractures.
Contaminants in vapor phase readily migrate through mesas.

6. Water quality within the mesas reflects the initial composition of rainwater, chemical interaction
with the surrounding rocks, evaporative concentration of solutes, and effluent discharges at the
mesa surface.

3.2 Alluvial Groundwater

1. Infiltration of surface water flow (caused by effluent discharges, spring discharge, or stormwater
runoff) maintains shallow groundwater in the alluvium of some canyons. Alluvial groundwater is
unconfined and is perched on underlying Bandelier Tuff, Cerros del Rio basalts, or Puye
Formation. Evapotranspiration (ET) and percolation into the underlying strata deplete alluvial
groundwater as it moves down the canyons. Alluvial groundwater is a source of recharge to
underlying intermediate perched zones and to the regional aquifer, usually by unsaturated flow.
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3.3

1

Dry canyons have little surface water flow. In these canyons, groundwater may occur seasonally
in the alluvium. Dry canyons generally originate on the Pajarito Plateau east of the Jemez
Mountains.

In wet canyon bottoms, infiltration of surface water maintains shallow groundwater in the alluvium.
Wet canyons generally have seasonal surface water flow, originate in the Jemez Mountains, or
the surface water flow is maintained by effluent. Groundwater levels typically are highest in late
spring from snowmelt runoff and in mid- to late summer from thunderstorms. Groundwater levels
and extent of saturation decrease during the winter and early summer when runoff is at a
minimum.

Percolation losses from alluvial groundwater by unsaturated flow account for an important source
of contaminants in recharge and relatively rapid rates of groundwater flow (reaching the regional
aquifer in decades or less). In some cases, percolation might occur by saturated flow. Faults,
fractures, joints, surge beds, and highly permeable geologic units that underlie saturated alluvium
(such as the Guaje Pumice Bed, Cerro Toledo interval, Cerros del Rio basalts, and Puye
Formation) could provide pathways for downward movement of water and contaminants.

Water quality of the alluvial groundwater reflects the composition of base flow, storm runoff,
snowmelt, and effluent discharges where present. In canyons affected by effluents, the alluvial
sediments contain most of the adsorbing contaminants (such as plutonium). Only the mobile
solutes (such as tritium, HE compounds, and anions) typically are found associated with alluvial
groundwater, and these migrate with moving groundwater and are present in recharge.

Intermediate Perched Groundwater

Intermediate perched zones occur beneath major canyons and in the western portion of the
Laboratory. Intermediate perched zones are found particularly beneath wet canyons that receive
effluent discharges, have large surface water flow, or originate in the Jemez Mountains. These
intermediate perched zones occur in the Guaje Pumice Bed at the base of the Bandelier Tuff, the
underlying Cerros del Rio basalts, and the Puye Formation. The location of intermediate perched
zones is determined by the presence of sufficient recharge, permeability variations of the rocks
(reflecting lithologic variations), and geologic structure. Intermediate perched zones may be
confined or unconfined. Discharge at springs and percolation into the underlying rocks (resulting
in recharge to the underlying regional aquifer) deplete intermediate perched groundwater.

Intermediate perched zones beneath canyons do not generally extend laterally beneath the
mesas. Intermediate perched zones are not continuous along the length of the canyon. Variations
in stratigraphy and in recharge and percolation losses along the canyon cause changes in
thickness or presence of the intermediate perched zones. Lateral movement of intermediate
perched groundwater away from the canyon axis may occur if the dip of the perching horizon and
the canyon orientation do not coincide.

In the western portion of the Laboratory, groundwater occurs as a large (300-ft-thick) intermediate
perched zone within the lower Bandelier Tuff and the Puye Formation, approximately 700 ft below
the mesa top with limited eastward extent. Most recharge for this zone originates as underflow of
groundwater from the Jemez Mountains, with some contribution from recharge through mesas
and canyon bottoms. Percolation losses from this intermediate perched zone result in recharge to
the underlying regional aquifer.

Water quality within intermediate perched zones refl ects that of the recharge water, including
effluent discharges and native groundwater. Flow within intermediate perched zones could
transport contaminants some distance away from their surface source.
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3.4

3.5

Regional Aquifer

The regional aquifer beneath the Pajarito Plateau occurs in rocks of the Puye Formation, the
Cerros del Rio basalts, the Tschicoma Formation, and the Santa Fe Group. The hydraulic
conductivity of aquifer rocks is heterogeneous and averages approximately 140 m/yr. The aquifer
is unconfined in the west and confined or partially confined in some locations near the Rio
Grande.

At the western edge of the plateau, the water table is located approximately 300—-400 m bgs. The
hydraulic gradient in the western portion of the aquifer is generally downward. Groundwater flow
is east/southeast, toward the Rio Grande. The hydraulic gradient in the eastern portion of the
aquifer near the Rio Grande is generally upward. Groundwater velocities vary spatially with a
typical value of 10 m/yr. Local deviations in flow direction occur because of lithologic
heterogeneities and water supply pumping.

The Rio Grande is the main discharge area for the regional aquifer. The largest component of
recharge occurs as underflow of groundwater from the Sierra de los Valles, west of the Pajarito
Plateau. Recharge also occurs from leakage from mesas, from alluvial groundwater in canyon
bottoms on the Pajarito Plateau, and from intermediate perched groundwater. Local recharge on
the Pajarito Plateau is important because it provides pathways for contaminants that originate
from effluent discharges.

The radiocarbon ages of water from deep wells beneath the Pajarito Plateau range from about
1000 to 6000 yr, although tritium activity indicates that a portion of the water is less than 50 yr old.
Groundwater chemistry in many wells near the Rio Grande (high total dissolved solids [TDSs],
high concentrations of naturally occurring solutes such as arsenic, boron, uranium, and fluoride,
and depleted stable isotope values) is different from that beneath the Pajarito Plateau and from
the eastern Espafola basin, suggesting that old water (about 30,000 yr) discharges near the
river. Water flowing east-southeast from beneath the Pajarito Plateau mixes with this older water
as it approaches the Rio Grande.

Geochemical Conceptual Model

The following 11 elements reflect current understanding of the geochemistry of groundwater and are
incorporated into the FY2002 geochemistry conceptual model.

1.

Because of geochemical processes, the natural composition of groundwater can vary in the
alluvium, perched intermediate zones, and the regional aquifer.

Residence times of groundwater and chemical solutes (mass of water or solute/flux of water or
solute) increase with depth and from west to east across the Pajarito Plateau. Accordingly,
increasing concentrations of major ions and trace elements are observed along the flow paths.

Reactive minerals and solid phases approach equilibrium with groundwater when residence time
exceeds reaction half-time (amount of time required for 50% of reactant A to form product B,
assuming B is not present initially). These reactive constituents, consisting of CaCOgs, Ca-
smectite, kaolinite, sodium feldspar, amorphous SiO,, MnO,, and Fe(OH)3z, may control
groundwater composition for the major ions and selected trace elements including aluminum,
iron, and manganese.

Alluvial aquifer materials provide the largest reservoir for effluent-discharged constituents such as
strontium-90, cesium-137, plutonium-238, plutonium-239,-240, and americium-241 becausethe
constituents readily adsorb onto clay- and silt-sized material.
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5. In general, adsorption of radionuclides and inorganic species decrease at circumneutral pH
conditions as follows: cesium-137 (highest sorption) = americium-241 > strontium-90 > uranium
> nitrate = sulfate = chloride = perchlorate = TNT = RDX = tritium (lowest sorption). Adsorption
capacities of sediments and aquifer material may change over time as a result of changes in
solution speciation and mineralogy.

6. Activities of adsorbing radionuclides and inorganic species generally decrease downgradient
along the groundwater flow path.

7. Non- and semisorbing constituents can migrate from alluvial groundwater to perched intermediate
zones and to the regional water table.

8. Adsorption processes dominate over mineral precipitation for removing metal and radionuclide
constituents from groundwater. However, in isolated cases where effluent discharges have
changed alluvial groundwater alkalinity or pH, elements such as strontium and barium may
precipitate as SrCQO3, BaCOs3, or (Sr-Ba)SO4 in alluvial groundwater.

9. Transport of constituents in groundwater occurs as both dissolved solutes and as colloids.
Colloids may include natural material (silica, organic matter, calcium carbonate, clay minerals,
and ferric hydroxide) and possibly solid phases associated with Laboratory discharges.

10. A component of groundwater within perched intermediate zones and to the regional water table is
less than 59 yr old, based on measurable tritium activities considerably above the cosmogenic
baseline of 1 pCi/L.

11. Short-term increases in the concentrations of dissolved organic carbon (DOC), carbonate
alkalinity, calcium, potassium, iron, manganese, and other solutes occurred in alluvial
groundwater since the Cerro Grande fire. Oxidation and reduction reactions and carbonate
complexation with metals influence aqueous speciation of redox-sensitive solutes. The
concentrations of these solutes have returned to prefire conditions.
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4.0 HYDROGEOLOGIC CHARACTERIZATION -
4.1 Physical Setting

The Laboratory is located approximately 25 mi northwest of
Santa Fe on the Pajarito Plateau, a dissected volcanic apron
extending eastward from the Jemez Mountains. The Pajarito
Plateau consists of a series of finger-like mesas separated by
deep east-west oriented canyons cut by largely ephemeral
streams. The plateau ranges in elevation from approximately
7800 ft on the flanks of the Jemez Mountain front to 6200 ft at
their eastern termination at the Rio Grande.

41.1 Climate

The climate is a semiarid, temperate mountain climate (Bowen 1990, 6899). Annual precipitation is 18 in.
Precipitation normally occurs as about 50% thundershowers in the summer and fall and 50% snhow during
the winter and early spring months. There are 58 thunderstorm days in an average year. Snowstorms
with accumulations exceeding 4 in. are common, and the average annual snowfall is about 51 in.

Precipitation events vary in intensity and size. Thunderstorms can be localized and intense, resulting in
overland flow in one area of the plateau while other areas remain dry. Snowfall is usually either plateau-
wide or isolated to the Sierra de los Valles due to colder temperatures at higher elevations. Annual data
collection shows that precipitation in the Los Alamos area is generally greatest in the Sierra de los Valles
and decreases eastward across the plateau.

4.1.2 Surface Water

Most Los Alamos surface water occurs as ephemeral (flowing in response to precipitation), intermittent
(flowing in response to availability of snowmelt or groundwater discharge), or interrupted (alternation of
perennial, ephemeral, and intermittent stretches) streams in canyons cut into the Pajarito Plateau.
Springs on the flanks of the Jemez Mountains, west of the Laboratory’s western boundary, supply flow to
the upper reaches of Cafion de Valle and in Guaje, Los Alamos, Pajarito, and Water Canyons (Purtymun
and Rogers 2002). These springs discharge water perched in the Bandelier Tuff and Tschicoma
Formation at rates from 2 to 135 gal./min (Abeele et al. 1981). The volume of flow from the springs
maintains natural perennial reaches of varying lengths in each canyon.

4.1.3 Land Use

The federal government acquired all lands within Los Alamos County in 1942 and established the
Laboratory in January 1943. Most townsite and Laboratory facilities were constructed on mesa tops, in
areas previously cleared for agriculture. In the mid-1960s, the federal government either sold or
transferred title to the areas beyond the current DOE boundary to various private interests, Los Alamos
County, the US Forest Service, and the US Park Service.

Within DOE property, land uses include building sites, experimental areas, waste disposal locations,
roads, and utility rights-of-way. Most of the land controlled by the Laboratory serves as a buffer zone for
Laboratory activities, providing security and safety to the public, and as a reserve for future construction.
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The Laboratory has produced a long-range site development plan (LANL 1996, 70215) that addresses
the best possible future uses of available Laboratory lands.

4.2 Geologic Setting

Laboratory facilities are located almost entirely on mesas and within canyons that are erosional remnants
of the Bandelier Tuff, which forms the southern Pajarito Plateau. The Bandelier Tuff consists of ash flows
and minor airfall pyroclastic deposits with ages of 1.61 Ma (Otowi Member) and 1.22 Ma (Tshirege
Member). Deeper units are poorly exposed at the surface but provide important components of the
hydrogeologic system. Figure 4.2-1 summarizes current understanding of the geologic history at the
Laboratory, extending to the beginning of the Miocene; earlier strata are not discussed because they are
too deep to affect contaminant flow and transport.

4.2.1  Stratigraphy

The distribution of igneous and sedimentary units by age and in relative extent beneath west, central, and
east portions of the Laboratory are indicated in Figure 4.2-1 and described in Table 4.2-1. For Miocene
samples, individual data points are shown for ages of basalts (solid circles), intermediate lavas (gray
circles), and rhyolites (open circles). Age data for younger samples are too numerous to list. Information
about stratigraphic units older than about 5 Ma is limited to mapping areas peripheral to the Laboratory
and samples from Laboratory boreholes because surface exposures of these units are rare in the vicinity
of the Laboratory. The limited access to deeper units translates into increased uncertainty in the character
and extent of deeper, older strata.

The oldest units represented in Figure 4.2-1 (early Miocene) are inferred from mapping near Saint Peter’s
Dome, southwest of the Laboratory (Goff et al. 1990, 21574) and from regional studies of the Rio Grande
rift (Ingersoll et al. 1990). The oldest lava nearby, exposed within Santa Fe Group sediments south of
Saint Peter’s Dome, has a radiometric age of 25.3 Ma. Other thin (<15-ft-thick) basaltic flows have been
dated at 20.7 Ma (south of Saint Peter’'s Dome) and 18.6 Ma (Medio Canyon). The earliest Santa Fe
Group sediments in the area are >25 Ma in age and are also exposed near Saint Peter's Dome, where
they are deposited unconformably on Eocene sediments of the Galisteo Formation (>37 Ma). Similar
stratigraphic relations may occur beneath the Laboratory, but drilling has not been deep enough to test
this possibility.

The oldest datable lithologies sampled by drilling beneath the Laboratory are basalts that represent a
suite of lavas of 13.1-10.9 Ma, encountered by drilling in the central to northern and eastern portion of the
Laboratory (Tb1 in Figure 4.2-1). One sample is a basalt within the Santa Fe Group dated at 12.0 Ma,
from 2226-ft depth in the borehole for water supply well O-1. Another basalt of 10.9 Ma was collected at
2700-ft depth in the borehole for water supply well PM-5. The Tb1l basalts are comparable in age with
basalts encountered to the north in the Guaje Replacement (GR)-series water supply wells of Guaje
Canyon and in outcrop at Santa Clara Canyon. Tb1l basalts were erupted at the same time as rhyolites
and basalts of the early Keres Group exposed to the southwest (rhyolite lava and intrusion in Sanchez
Canyon and basalt of Capulin Canyon) (Goff et al. 1990, 21574).

Early- to middle-Miocene sedimentation is poorly characterized and is attributed entirely to the Santa Fe
Group. Tectonic reconstructions of the early to middle Miocene (Ingersoll et al. 1990) suggest that
sediment sources at this time could have been from the west (incipient Nacimiento block) as well as the
east (Sangre de Cristos).
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Figure 4.2-1.  Stratigraphy of the Pajarito Plateau
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Table 4.2-1
Stratigraphic Units in 3-D Geologic Model

Geologic Unit

Symbol

Description

Santa Fe Group
sediments

Intercalated
basaltic lavas

Keres Group
volcanic rocks

Unattributed
fanglomerates
and sands

Tsf

Thl & Th2
Tk

Tf, Ts

In the vicinity of the Pajarito Plateau, the stratigraphy and geochronology of the
Santa Fe Group (Tsf) is poorly understood because it is covered by a near-
continuous blanket of younger deposits. Based on exposures near the Rio
Grande, the Santa Fe Group beneath the Pajarito Plateau may include
components of the Tesuque, Ancha, and/or Chamita Formations; these units are
not differentiated in the 3-D geologic model, where they are treated as an
unattributed sand unit (Ts). This designation is used in lieu of Tsf because data
from deep drilling at the Laboratory produce sands and gravels of dominantly
volcanic rather than Precambrian metamorphic/granitic provenance, whereas
recognition of Tsf in White Rock Canyon has been based on prominent presence
of Precambrian sands (Dethier 1997, 49843). Incomplete evidence from earlier
boreholes at the Laboratory suggests that some volcaniclastic units coarser than
the typical Santa Fe Group sands and gravels occur above Ts, interspersed with
sands of unknown provenance. These coarse-grained deposits are of unknown
origin, possibly related to either local volcanic sources (Keres, Tk) or unknown
distant volcanic or Precambrian sources. Because the hydrologic properties of
these coarser deposits are likely to differ significantly from the underlying sands,
they are mapped into the 3-D geologic model as unattributed Tertiary
fanglomerates (Tf).

Two principal cycles of middle- to late-Miocene basaltic volcanism are included
within the 3-D geologic model. These volcanic cycles produced lava flows in the
age range of 13.1-10.9 Ma (Tb1) and 9.6—8.3 Ma (Tb2). Both Tb1 and Tbh2 are
treated as units with a certain percentage (x) of lava flows between which there is
a complementary percentage (100-x) of sediment. The percentages are based on
relative thicknesses of lavas and intercalated sediments encountered in the
boreholes.

Tschicoma
Formation

Tt

The Tschicoma Formation of the Polvadera Group (Tt) makes up the highlands
west of Los Alamos and crops out in the headwaters of the larger canyons that
cut the Pajarito Plateau. The Tschicoma Formation consists of numerous thick
lava flows derived from a series of volcanic domes of Pliocene age (Figure 4.2-1).
Fragmental deposits of ash and lava debris occur in the distal parts of the
formation. It has a variable thickness because of its thick wedge-shaped lava
flows and is at least 2500 ft thick in the Sierra de los Valles. The Tschicoma
Formation thins eastward beneath the Pajarito Plateau where it interfingers with
its largely derivative deposit, the Puye Formation. The lower parts of the
Tschicoma Formation may interfinger with the upper Santa Fe Group.

Tschicoma Formation lava flows range in composition from andesite to low-silica
rhyolite but are dominantly dacites. The rocks are mainly gray to purplish gray, but
in places they are reddish brown. These flows display pronounced jointing and
have bottoms commonly marked by blocky breccia. Lavas contain glassy and
microcrystalline groundmass; the glass is partially devitrified, giving the rocks a
stony appearance.
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Table 4.2-1 (continued)

Geologic Unit

Symbol

Description

Unassigned
pumiceous
deposits

Tpp
Tppl
Tppu

Thick deposits of rhyolitic pumice occur in the central and northwest portion of the
Laboratory, generally beneath pumice-poor fanglomerates of the Puye Formation.
These pumiceous deposits were the deepest units encountered in boreholes
CdV-R-15-3 and R-19, which reached TD without penetrating through the
pumiceous deposits. Radiometric ages obtained on the upper- and lowermost
pumice beds in R-19 were 7.0 and 7.5 Ma, respectively. No equivalent outcrops
are known; therefore the unit is included in the 3-D geologic model as an
unassigned Tertiary pumiceous deposit (Tpp). Borehole R-7 penetrated a thick
sequence of alternating pumiceous beds and dacitic (Tschicoma?) fanglomerates
before reaching TD in deposits that appear to be axial gravels (Totavi, Tpt),
indicating that some of these pumiceous beds postdate the initial spread of Totavi
deposits across the Laboratory site at ~5 Ma. To construct an internally consistent
3-D geologic model, it has been necessary to subdivide the pumiceous deposits
into lower (Tppl) and upper (Tppu) units, respectively below and above the initial
horizon of Totavi deposition.

Puye Formation

Tpf
Tpt
Tpl

The Puye Formation is an apron of large alluvial fans that were shed eastward
from the Jemez volcanic field into the Espafiola basin, covering the Santa Fe
Group rocks west of and along the Rio Grande. This formation crops out in
eastern Los Alamos Canyon and in canyons to the north. Its estimated areal
distribution is 518 mi” and its volume is approximately 3.6 m i lts age is generally
placed between 1.9 and 3.5 Ma, but it may be as young as 1.6 Ma and as old as
6.7 Ma because of its expected temporal and spatial association with eruption of
the Tschicoma Formation. The dominant lithology of the Puye Formation is a
fanglomerate (Tpf) consisting of subrounded dacitic and andesitic lava clasts in a
sandy matrix. At least 25 ash beds of dacitic to rhyolitic composition are
interbedded with the conglomerates and gravels (Turbeville et al. 1989, 21587),
and basaltic ash and lacustrine layers are present along the eastern margins of
this formation.

In addition to the fanglomerates, Griggs (1964, 8795) originally included two other
units, in ascending order: an axial facies (called the “Totavi Lentil” by Griggs, here
designated as Tpt) and a lacustrine facies (here designated Tpl). The axial facies
of the Puye Formation (also called “Totavi Lentil” or “Totavi Formation”) overlies
the Santa Fe Group and crops out at Totavi and in areas to the east in lower Los
Alamos Canyon and in White Rock Canyon (Griggs 1964, 8795). It is
approximately 50 ft thick under the eastern Pajarito Plateau but thickens in a
northwest direction. It consists of coarse, poorly consolidated conglomerate
containing cobbles and boulders of quartzite, granite, and pegmatite. It is a
channel-fill deposit as opposed to an alluvial-fan deposit, which is characteristic of
most of the overlying fanglomerate facies.

The Tpl unit is of limited extent and is not used within the 3-D geologic model. The
lakebed deposits (Tpl) include clays and sands deposited in episodes when flow
along the Rio Grande was impeded; these deposits are rare at the Laboratory and
occur principally in exposures along White Rock Canyon and in borehole R-16 at
the eastern margin of the site.

Older Alluvium

Ta

The “older alluvium” consists of sand, gravel, and cobbles derived principally from
the Sangre de Cristo Range. The older alluvium generally overlies Puye
Formation deposits and may be intercalated between lava flows and other
deposits of the Cerros del Rio. Older alluvium is generally restricted in extent and
found only along White Rock Canyon and in boreholes in the eastern part of the
Laboratory (e.g., R-9 and R-16).
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Table 4.2-1 (continued)

Geologic Unit

Symbol

Description

Deposits of the
Cerros del Rio
volcanic field

Th4

The basaltic rocks of the Cerros del Rio volcanic field (Tb4) crop out primarily
along White Rock Canyon and occur in the subsurface below much of the Pajarito
Plateau. The deposits include lava flows separated by interflow breccias, scoria,
cinder, and ash. The lavas were erupted from numerous vents both east and west
of the Rio Grande. In the vicinity of the Pajarito Plateau, these basalts form a
north-south trending highland (now buried by the Bandelier Tuff) extending from
the western edge of White Rock to the confluence of Los Alamos and Pueblo
Canyons. These basalts are interbedded with the upper part of the fanglomerate
facies of the Puye Formation. An extensive series of mafic alkalic basalts grading
upward into more evolved tholeiitic basalts occurs beneath the northeastern part
of the Laboratory, beneath Los Alamos, Sandia, and Mortandad Canyons.
Elsewhere, the lateral extent of this lava series is variable, and it is difficult to
determine widespread lava stratigraphy. As noted in Section 4.2.1, basalts
predominate within the Cerros del Rio, but andesitic and thin dacitic lavas also
occur.

Throughout the southeastern portion of the Laboratory, the top of regional
saturation is within the Cerros del Rio. Evidence from hydrologic testing at the
Laboratory and data from other basalt aquifers (e.g., Whelan and Reed 1997)
indicate that hydraulic conductivity in such lava series is quite heterogeneous.
Breccia and scoria zones may be highly transmissive, compared with the poorly
connected fracture transmission in most flow interiors. However, the lowest
hydraulic conductivity generally occurs in clay-rich sediments between flows.

Bandelier Tuff
and Cerro Toledo
deposits

Qb
Qct

The Bandelier Tuff (Qb) consists of the Otowi (Qbo) and Tshirege (Qbt)
Members, which are stratigraphically separated in many places by tephra and
volcaniclastic sediments of the Cerro Toledo interval. Bandelier Tuff was
emplaced during two cataclysmic eruptions of the Valles caldera at 1.61 Ma

(Qbo) and 1.22 Ma (Qbt). The tuff is composed of pumice, minor rock fragments,
and crystals in an ashy matrix. The Tshirege Member includes prominent cliff-
forming subunits that are strongly consolidated due to compaction and welding at
high temperatures within some cooling units after the tuff was emplaced. The
Cerro Toledo interval (Qct) was deposited between eruptions of the two members
of the Bandelier Tuff. Because Bandelier Tuff is the most prominent rock type on
the Pajarito Plateau, its detailed stratigraphy and that of the included Cerro
Toledo interval are of considerable importance and are included as separate units
(Broxton and Reneau 1995, 49726).

Otowi Member
and Guaje
Pumice Bed

Qbo
Qbog

The Otowi Member crops out in several canyons but is best exposed in Los
Alamos Canyon and in canyons to the north. It consists of moderately
consolidated (indurated), porous, nonwelded vitric tuff that forms gentle,

colluvium -covered slopes along the base of many canyon walls. The predominant
lithology consists of Otowi ash flows (Qbo), but the Guaje Pumice Bed (Qbog)
occurs at the base of the Otowi Member, making a significant and extensive
marker horizons in many well boreholes. The Guaje Pumice Bed consists of well-
bedded fall deposits containing well-sorted pumice fragments whose mean size
varies between 0.8 and 1.6 in. The thickness of Qbog averages approximately

28 ft below most of the plateau with local areas of thickening and thinning. The
Guaje Pumice Bed has greater porosity than the overlying ash flows, and in
borehole logs it is marked by a greater abundance of pore-associated water, even
in the vadose zone.
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Table 4.2-1 (continued)

Geologic Unit

Symbol

Description

Cerro Toledo
interval

Qct

The Cerro Toledo interval (Qct) is an informal hame given to a sequence of
volcaniclastic sediments and tephras of mixed volcanic and sedimentary
provenance deposited in early Quaternary time between the Otowi and Tshirege
eruptions. Although the Cerro Toledo is intercalated between the two members of
the Bandelier Tuff, it is not considered part of that formation. The unit contains
deposits of reworked equivalents of Cerro Toledo rhyolite tephra erupted from the
Cerro Toledo and Rabbit Mountain rhyolite centers in the Sierra de los Valles, as
well as intercalated and reworked volcaniclastic sediments. The occurrence of the
Cerro Toledo interval is widespread; however, its thickness ranges from complete
absence in eastern portions of the Laboratory to ~200 ft in the south-central part
of the Laboratory. The pumice falls form porous and permeable horizons within
the Cerro Toledo interval. Clast-supported gravel, cobble, and boulder deposits
made up of porphyritic dacite derived from the Tschicoma Formation are
interbedded with the tuffaceous rocks, and in some deposits, dacitic materials are
volumetrically more important than rhyolitic detritus.

Tshirege Member

Qbt

The Tshirege Member (Qbt) is the most widely exposed bedrock unit of the
Pajarito Plateau. It is a multiple-flow, compound cooling-unit, ash-and-pumice
sheet that forms the prominent cliffs in most canyons. It also underlies canyon
floors in all but the middle and lower reaches of Los Alamos Canyon and in
canyons to the north. The Tshirege Member is generally >200 ft thick but exceeds
600 ft near the southern edge of the Laboratory. The Tshirege Member differs
from the Otowi Member most notably in its generally greater degree of welding
compaction and loss of glass to crystallization.

The Tshirege Member can be divided into mappable subunits based on a
combination of cooling-unit related density and porosity transitions, loss of glass
to crystallization, and mineralogic or chemical transitions. Details of stratigraphic
differentiation within the Bandelier Tuff can be found in Broxton and Reneau
(1995, 49726) and Stimac et al. (2002, 73391). Borehole geophysical logs,
particularly natural gamma and combined magnetic resonance, have proven to be
particularly useful in recognizing some subunits of the Bandelier Tuff and
separating the Cerro Toledo interval. The subunits of the Tshirege Member
recognized in the 3-D geologic model are described as separate units.

Tsankawi Pumice
Bed

(Qbtt)

The Tsankawi Pumice Bed forms the base of the Tshirege Member. Where
exposed, it is commonly 20 to 30 in. thick. This pumice-fall deposit contains
moderately well-sorted pumice lapilli in a crystal-rich matrix. Several thin ash beds
are interbedded with the pumice-fall deposits.

Vitric nonwelded
ash flows

Qbt 1g

The lowermost subunit of the thick ignimbrite sheet overlying the Tsankawi
Pumice Bed consists of porous, nonwelded, and poorly sorted vitric ash flow tuffs
(Qbt 1g). The “g” in this designation stands for “glass” because none of the glass
in ash shards and pumices shows crystallization by devitrification or vapor-phase
crystallization. This unit is poorly indurated but nonetheless forms steep cliffs
because of a resistant bench near the top of the unit that forms a hard, protective
cap over the softer underlying tuffs. A thin pumice-poor surge deposit commonly
occurs at the base of this unit.

GPP-03-011
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Table 4.2-1 (continued)

Geologic Unit

Symbol

Description

Vapor-phase
altered
nonwelded ash
flows

Qbt 1v

Ash-flow unit Qbt 1v forms alternating cliff-like and sloping outcrops of porous,
nonwelded, but crystallized tuffs. The “v” stands for vapor-phase crystallization,
which together with crystallization from slow cooling (devitrification), has
converted the glass in shards and pumices into microcrystalline aggregates. The
base of this unit is a thin, horizontal zone of preferential weathering that marks the
abrupt transition from glassy tuffs below to crystallized tuffs above. This feature
forms a widespread map pable marker horizon (locally eroded in outcrop and
hence termed the “vapor-phase notch”) throughout the Pajarito Plateau, visible in
many canyon walls. The lower part of Qbt 1v is orange-brown, resistant to
weathering, and has distinctive columnar joints, forming a “colonnade tuff.” A
distinctive white band of alternating cliff- and slope-forming tuffs overlies the
colonnade tuff. The tuffs of Qbt 1v are commonly nonwelded (pumices and shards
retain their initial equant and have an open, porous structure).

Major welded
interval

Qbt 2

Unit Qbt 2 is the most prominent cooling unit and forms a distinctive, medium
brown, vertical cliff that stands out in marked contrast to slope-forming, lighter-
colored tuffs above and below. A series of surge beds commonly mark its base in
the eastern part of the Laboratory, and it displays the greatest degree of welding
in the Tshirege Member. It is typically nonporous and has low-matrix permeability
relative to the other units of the Tshirege Member. Vapor-phase crystallization of
flattened shards and pumices is extensive in this unit.

Most pervasive
upper cliff-
forming interval

Qbt 3

Unit Qbt 3 is a nonwelded to moderately welded, vapor-phase altered tuff, which
forms many of the upper cliffs in the mid- to lower reaches of canyons on the
Pajarito Plateau. Its base consists of a purple-gray, unconsolidated, porous, and
crystal-rich nonwelded tuff that overlies a broad, gently sloping bench developed
on top of Qbt 2. This basal, nonwelded portion forms relatively soft outcrops that
weather into low, rounded, white mounds, which contrast with the cliffs of partially
welded tuff in the middle and upper portions of Qbt 3. In the western part of the
Pajarito Plateau, Qbt 3 is further subdivided into Qbt 3, as described above, and
Qbt 3t, a series of welded tuffs with chemical and petrologic features that are
transitional between units Qbt 3 and Qbt 4. These subdivisions are not included in
the 3-D geologic model.

Western mesa-
capping unit

Qbt 4

Unit Qbt 4 is a partially welded to densely welded ignimbrite characterized by
small, sparse pumices and numerous intercalated surge deposits. This unit crops
out on the mesa tops in the western part of the Laboratory, but it is missing from
mesa tops over the mid- to eastern Pajarito Plateau. It forms the bedrock unit in
the canyon floors along the westernmost part of the Laboratory near the Sierra de
los Valles. Deuvitrification and vapor-phase crystallization are typical in this unit,
but thin zones of vitric ignimbrite occur within the upper part of the unit in the
southwestern part of the Laboratory.
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By about 9.5 Ma, pre-Puye fanglomerates (“older fanglomerates” of 9.5-5.3 Ma in Figure 4.2-1)
appeared, containing detritus derived from large-scale Keres intermediate to rhyolitic volcanism to the
southwest and west. The Keres volcanic centers may have cut off sediment sources from the west
(Nacimiento block), but deposition of sands and gravels derived from the Sangre de Cristos in the east
continued. A series of basaltic lavas, emplaced to the east (Tb2 in Figure 4.2-1), were erupted
contemporaneously with the large-scale Keres Group intermediate to rhyolitic volcanism. The Tb2 basalts
are equivalent in age and probably related to basalts exposed to the north in Bayo Canyon. Older
fanglomerates and Santa Fe Group sands and gravels are intercalated between these lavas.

Beginning at some time prior to 7.5 Ma, rhyolite sources produced extensive pumiceous deposits that are
encountered at drilling depths of about 700 t01800 ft and unknown maximum thickness. Radiometric ages
of 7.0 and 7.5 Ma were measured on two samples from borehole R-19, which indicate that these deposits
overlap in age with late-stage rhyolitic volcanism of the Keres Group to the southwest (intrusions and
domes near Bland Canyon and the Peralta Tuff [Goff et al. 1990, 21574]). These rhyolitic sediments are
part of a complex depositional system in the deepening southwestern portion of the Espafiola basin
during the late Miocene (Ingersoll et al. 1990).

Relationships between the southwestern rhyolites and the rhyolitic pumice deposits beneath the
Laboratory are not known. The full age range of pumiceous deposits beneath the Laboratory remains
undefined. The youngest pumiceous deposits may be no older than 5 Ma where they occur above axial
stream gravels (probable ancestral Rio Grande deposits) in boreholes in Los Alamos Canyon. The oldest
dated pumiceous deposits are late Miocene (7.5 Ma), and they are intercalated between fanglomerates
derived from western Keres Group volcanic sources.

The prominent Sierra de los Valles highlands at the western margin of the Laboratory are remnants of
Tschicoma volcanic constructs, which began to form in the early Pliocene (~5.3 Ma). The Tschicoma
volcanic centers are characterized by large domes with viscous flank lavas up to several hundred feet
thick. The Tschicoma volcanic sources provided detritus for the Puye Formation fanglomerates. The Puye
Formation dominates the sedimentary history beneath the Laboratory from about 5.3 Ma until the 1.61-Ma
eruption of the Otowi Member of the Bandelier Tuff. The proximal and active Tschicoma volcanic sources
produced abundant volcaniclastic detritus that pushed the margins of Santa Fe Group deposition farther
east.

Starting about 5 Ma, Totavi sediments were deposited in the Laboratory area. The Totavi (axial river
gravels) marks the course of the ancestral Rio Grande, which first linked the Espafiola basin with
southern portions of the Rio Grande rift. The first appearance of Totavi with abundant quartzite cobbles
from northern sources (Rio Mora, Truchas, Picuris, and Taos mountain ranges) marks the establishment
of the through-flowing Rio Grande. The ancestral Rio Grande disrupted deposition of Santa Fe Group
sands and gravels at the Laboratory site by acting as a barrier to movement of sediment from eastern
sources to locations west of the river. Lateral shifting of the ancestral Rio Grande river channel between
Tschicoma and Cerros del Rio volcanic barriers at the Laboratory site make the Totavi depositional
system complex. Current models suggest widespread lateral migration of the river channel in the earliest
Pliocene with a more easterly restriction of the channel at later times up to the present.

Cerros del Rio volcanism (largely basaltic) began to the east at 4.6-3.8 Ma with volcanic centers that fed
relatively thin (tens of feet thick) and fluid lavas with interspersed breccia or scoria zones and near-vent
accumulations of cinder. Although the Cerros del Rio is mostly basaltic, andesitic and thin dacitic lavas
are also present. The age and compositional overlap between the Tschicoma and the Cerros del Rio
make attribution of some lavas difficult, notably the “Tschicoma (3.0-2.5?)” lavas shown beneath the
western part of the Laboratory in Figure 4.2-1. It is possible that Tschicoma and Cerros del Rio represent
a single volcanic system, with eruption of Tschicoma magmas from the central magma chamber, while
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more basaltic lavas leaked from the eastern margins of the system to form Cerros del Rio eruptions.
During and after the major episode of Cerros del Rio volcanism at 3.3-2.2 Ma throughout the eastern
Laboratory site, stream gravels of older alluvium derived from mixed sources (including Sangre de Cristo
granitic rocks) appear in the stratigraphic record.

The defining event in development of current Laboratory landscape was the eruption of two members of
the Bandelier Tuff at 1.61 Ma (Otowi Member) and 1.22 Ma (Tshirege Member) to form the Pajarito
Plateau. The 400,000-yr hiatus between Otowi and Tshirege eruptions included a separate erosional
cycle with canyons up to 200 ft deep cut into soft, nonwelded ash flows of the Otowi Formation. Within
these paleo-canyons Cerro Toledo ash and sediments were deposited. The number and orientations of
these earlier canyons are not known, but orientations may be more southerly than the present canyon
system. Stream incision after the eruption of the Tshirege Member created the canyons of the Pajarito
Plateau, principally within the Tshirege Member. Erosion has been the principal geologic activity at the
Laboratory site over the past 1.22 Ma yr.

4.2.2  3-D Geologic Model for the Laboratory

Temporal relations between stratigraphic units are summarized in Figure 4.2-1. Further subdivisions and
the interrelationships of volcanic and sedimentary series were used for development of a 3-D model of
geology at the Laboratory. The unit descriptions (Table 4.2-1) define the stratigraphic components that
have been used to subdivide the 3-D space beneath the Laboratory, down to depths of approximately
3000 ft. The 3-D geologic model incorporates data from published maps (Goff 1990, 21574; Dethier 1997,
49843; Rogers 1995, 54419) as well as yet unpublished maps of the Puye (Dethier, in press) and Frijoles
(Goff, in press) geologic quadrangles. For the central and western Laboratory site, the 3-D geologic
model relies heavily on subsurface data from more than 30 deep wells. A major effort has been made to
capture features of hydrogeologic significance, emphasizing characterization of those geologic features
believed to be pertinent to groundwater flow. Units perceived to have hydrogeologic importance and that
have heterogeneous physical characteristics that can be measured and correlated in three dimensions
were subdivided. Figure 4.2-2 shows a simplified block view of the 3-D geologic model. Contact surfaces
for the 3-D geologic model were generated by the following steps.

1. Creating a plot whose contours show structural offsets removed. Data-support included controls
indicating the absence of the unit.

2. Hand-contouring of the surface based on the data and constrained by the conceptual model
based on current interpretations of geologic history at the Laboratory (Section 4.2.1).

3. Machine gridding, with the hand-drawn contours, borehole control points, other quality (global
positioning system [GPS] location) data as input, and a bias to fit the point data. The ANUDEM
software (Hutchinson, 1996), as implemented by the Arcinfo geographic information system
(GIS), was used to create topographically realistic grids.

4. Using various software (Arcinfo, Stratamodel) to insure appropriate melding of the full set of
contact surfaces into a computationally consistent model.

Alternative models were created for several units of possible hydrogeologic importance providing the
most likely (conceptually) and a worst-case (hydrogeologically) scenarios. Models were made for the
basalts of Bayo Canyon (Th2) and the Cerros del Rio basalts (Tb4), including spatially defined volumes
that could be identified as either basalt or sediments during numerical groundwater-flow modeling
processes.
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Figure 4.2-2.
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Units perceived to have hydrogeologic importance and which had differentiable physical characteristics
that could be measured and correlated in two dimensions (x, y) were assigned attributes for these
characteristics within an x-y grid conforming to the x-y spatial extent of the unit. For example, the Cerros
del Rio deposits (Tbh4) consist of numerous flows and interzones that are difficult, if not impossible, to
correlate between borehole observations. Although subunits for the multiple flows are not modeled, the
percentages of flow interior, clay-filled breccia, and open breccia within the Tb4 interval are modeled as
two-dimensional (2-D) distributed properties. These percentage measurements provided a 2-D
distribution for each of these attributes within the range of (x, y) data support provided by the borehole
locations. Two-dimensional, gridded attribute distributions were created for all basalt units and subunits of
the Puye Formation (Tpp, Tpf), using splining or kriging. High hydraulic transmissivities are suspected
where large thicknesses of Th4 and high percentages of open breccia coincide. Further work on the
distribution of hydrogeologic variability within Th4 will be pursued.

42.3 Geologic Structure

The Laboratory is located on the Pajarito Plateau near the western margin of the Espafiola basin of the
Rio Grande rift. The Pajarito Fault system is the major border fault on the west side of the basin. This fault
system has experienced Holocene movement and historic seismicity (Gardner and House 1987; Gardner
et al. 1999, 63492; Gardner et al. 2001, 70106). Characterized by north-trending normal faults that
intertwine along their traces, the Pajarito Fault system shows dominantly downeast movement and
produces a series of prominent fault scarps west of the Laboratory. East of the major downeast faults is a
zone of distributed, predominantly downwest structures extending more than 10,000 ft east of the major
fault scarps. These antithetic structures reflect the extensional nature of the structural regime and reduce
the amount of net (apparent) vertical throw by up to 40%. The net vertical throw on this fault system is
over several hundred feet/million years in areas south and west of the Laboratory but decreases north of
Los Alamos Canyon, where the fault system is less prominent.

In addition to the main traces of the Pajarito Fault system, other faults cut the Pajarito Plateau. The
Rendija Canyon Fault is a normal fault trending north-south in the northwestern part of the plateau; it
crosses Pueblo Canyon near its confluence with Acid Canyon and Los Alamos Canyon near TA-41 but
does not have clear surface expression south of Sandia Canyon. The Guaje Mountain Fault parallels the
Rendija Canyon Fault and is projected to cross Los Alamos Canyon near TA-2, although there is no clear
offset of the Tshirege Member south of North Mesa. North of the Laboratory both these faults have
downwest displacement and zones of gouge and breccia up to several meters wide, and they produce
recognizable scarps with visible offset of stratigraphic horizons.

A structural block model has been developed that allows spatial reconstruction of the control data within
the 3-D geologic model of the Laboratory for any time in the past. This structural block model was
developed with assistance from the Seismic Hazards Project and is based on faults and offsets identified
by Gardner and House (1987), Gardner et al. (1999, 63492; 2001, 70106), and Lewis et al. (2002). Each
structural block defines a region that has a nonlinear offset relative to adjoining blocks. Based on offsets
within the Tshirege Member of the Bandelier Tuff (1.22 Ma), a constant-rate offset model was developed
for the major faults and fault zones back to 5 Ma. Prior to that time, major faulting is assumed to have
occurred west of the site (Aldrich and Dethier 1990), although some pre-Bandelier faulting has occurred
closer to the site as evidenced by fault traces within the Puye geologic quadrangle (Dethier, in press),
field observations (WoldeGabriel and Warren, personal communication), and possible offsets in some of
the modeled topographic surfaces for older units. Given the lack of quantifiable observations, additional
offset prior to 5 Ma is not included in the current structural model.
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Figure 4.2-3 identifies the maximum fault offsets within the site-wide structural model. These gridded
offsets were applied when modeling units with an age of 5 Ma or older. Gridded offsets were subtracted
from the elevations of the unit control points to allow contouring of “paleo” contact surfaces. Offsets then
were added back to the final contact surface grids to reconstruct the current unit offsets. These fault
offsets can be seen in various sections produced from the 3-D geologic model.

4.3 Hydrologic Setting

The hydrogeologic conceptual model for the Laboratory was described in Section 3.0. In the Los Alamos
area, groundwater occurs in three modes: (1) water in shallow alluvium and underlying tuff in some of the
larger canyons, (2) intermediate perched zone groundwater (a perched groundwater body above a less
permeable layer and separated from the underlying aquifer by an unsaturated zone), and (3) the regional
aquifer of the Los Alamos area.

4.3.1 Alluvial Groundwater

Alluvium as much as 100 ft thick has been deposited in the canyons of the Pajarito Plateau by intermittent
and ephemeral streamflows. Alluvium in canyons that originate in the Jemez Mountains is generally
composed of sands, gravels, pebbles, cobbles, and boulders derived from the Tschicoma Formation and
from Bandelier Tuff on the flanks of the mountains. Alluvium in canyons that originate on the Pajarito
Plateau is relatively fine-grained and consists of clays, silts, sands, and gravels derived from the
Bandelier Tuff.

Ephemeral runoff in some canyons infiltrates the alluvium until downward movement is impeded by less-
permeable underlying strata. The impeded downward movement results in a buildup of shallow alluvial
groundwater. In some cases, relatively thin zones of shallow groundwater can be contained in the
weathered tuff or some other geologic unit immediately underlying the alluvium. The horizontal and
vertical extent of the alluvial groundwater is limited by depletion via ET and movement into the underlying
rocks (Purtymun et al. 1977).

Lateral flow of alluvial groundwaters is down-canyon and easterly. Purtymun (1974, 5476) estimated that
the velocity of alluvial groundwater flow ranges from about 60 ft/day in the upper reach of Mortandad
Canyon to about 7 ft/day in the lower reach of the canyon. Purtymun (1974, 5476) determined field-scale
hydraulic conductivity values for several zones of different texture within the Mortandad Canyon alluvium,
which were identified in a study by Baltz et al. (1963, 8402). Chloride and tritium tracer measurements
were used to estimate the hydraulic conductivities. The upper zone has a hydraulic conductivity of 1.6 x
10~ m/s between MCO-5 and MCO-6. The lower zone has a hydraulic conductivity of 5.8 x 107 m/s
between MCO-6 and MCO-7.5, and 8.8 x10™> m/s between MCO-7.5 and MCO-8. These estimates of
alluvial sediment hydraulic properties are for Mortandad Canyon and their applicability to alluvium in other
canyons will be the subject of future investigations.

4.3.2 Perched Intermediate Groundwater

The areas where intermediate perched zone groundwater has been encountered in wells are shown in
Table 4.3-1. Groundwater also occurs as transient zones of saturation and in perennial saturated ribbons
of limited spatial extent, which feed springs on the mesa sides. The saturated zones are localized by
fractures and by permeability changes related to lithologic variations within the Bandelier Tuff. Higher
rainfall and increased welding and jointing of the tuff lead to greater recharge rates for wetter mesas than
observed in drier mesas. In addition to spring discharge at mesa sides, saturated and unsaturated flow
through mesas results in recharge to the underlying intermediate perched zones or the regional aquifer.
In the western portion of the Laboratory, there is a large (300-ft-thick) intermediate perched zone within
the lower Bandelier Tuff and the Puye Formation, approximately 700 ft below the mesa top.
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Table 4.3-1
Occurrences of Intermediate-Depth Perched Groundwater
Perched Water
Level Depth Unit Containing

Well (ft) Perched Saturation Data Source
Pueblo Canyon
TW-2A 120 Puye Formation Purtymun 1995, 45344
O-1 183 Puye Formation Purtymun 1995, 45344
TW-1A 180 Cerros del Rio basalt Purtymun 1995, 45344
R-5 375 Cerros del Rio basalt Well completion report expected

to be completed by 3/30/03

Los Alamos Canyon
H-19 (20-ft interval) Guaje Pumice bed LANL 1995, 50290
R-7 378 Guaje Pumice bed/Puye Formation | Stone 2002, 72717
LAO(A) 295 Guaje Pumice bed LANL 1995, 50290
LADP-3 325 Guaje Pumice Bed LANL 1995, 50290
04 253 Puye Formation Purtymun 1995, 45344
R-9 137 Cerros del Rio basalt Broxton et al. 2001, 71250
R-9 264 Cerros del Rio basalt Broxton et al. 2001, 71250
R-9 524 Cerros del Rio basalt Broxton et al. 2001, 71250
Sandia Canyon
R-12 424 Cerros del Rio basalt Broxton et al. 2001, 71252
PM-1 450 Cerros del Rio basalt Purtymun 1995, 45344
Mortandad Canyon
MCM51 55 Tsankawi/Cerro Toledo LANL 1997, 56835
MCM5.9 105 Tsankawi/Cerro Toledo LANL 1997, 56835
R-15 646 Cerros del Rio basalt Longmire etal. 2000, 66602
MCOBT-4.4 493 Puye Formation Broxton et al. 2002
Pajarito Canyon
SHB-4 145 Cerro Toledo interval LANL 1998, 59577
R-19 909 Puye Formation Broxton 2001, 71253
54-1016 592 Cerros del Rio basalt LANL 1998, 59577
Cafion de Valle
R-25 | 747 | otowi Member | Broxton et al. 2002, 72640
Ancho Canyon
R-31 | 440 | Cerros del Rio basalt | Vaniman et al. 2002, 72615

The vertical and lateral extent of the perched zones, the nature and extent of the perching units, and the
potential for migration of perched groundwater to the regional aquifer are not fully understood. However,
based on data from wells that intersect intermediate perched groundwater, it appears that the perched
saturated zones do not have significant vertical extent. Lateral movement of intermediate perched
groundwater may occur if the dip of the perching horizon and the canyon orientation do not coincide. Most
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recharge for westside perched intermediate groundwater originates as underflow of groundwater from the
Jemez Mountains, with some contribution from recharge through mesas and canyon bottoms. Discharge
from intermediate perched zones occurs at springs or results in recharge to the underlying regional
aquifer. Studies have shown that the intermediate perched zone groundwater in Pueblo Canyon is
hydrologically connected to the stream in Pueblo Canyon (Abrahams and Purtymun 1966). This perched
zone water discharges at the base of the basalt at Basalt Spring, located on San Ildefonso Pueblo land
east of the Laboratory in lower Los Alamos Canyon. The estimated rate of movement of perched
groundwater in this vicinity is about 60 ft/day, or about six months from recharge to discharge (Purtymun
and Rogers 2002).

The direction and flux of water through the unsaturated zone have been examined in two studies. Rogers
and Gallaher (1995, 55334) tabulated Bandelier Tuff core hydraulic properties from several boreholes at
the Laboratory to estimate recharge rates beneath the Pajarito Plateau. Rogers et al. (1996, 55543) used
hydraulic properties from seven boreholes that had sufficient data to evaluate movement of water in the
vadose zone. The seven boreholes were from mesa-top and canyon-bottom locations, which represent
two of the distinct hydrologic regimes on the Pajarito Plateau. Most head gradients determined for the
boreholes were approximately unity, implying that flow is nearly steady state. One exception was found
for boreholes at TA-54, Area G, where gradient reversals at depths of about 100 ft suggest evaporative
drying may be occurring.

Infiltration rates for liquid water at the seven locations were approximated by Rogers et al. (1996, 55543),
who used vertical head gradients and unsaturated hydraulic conductivity estimates in their calculations.
As such, the apparent fluxes beneath mesatop locations range from approximately 0.06 cm/yr beneath
Area G to 245 cml/yr directly beneath the TA-53 surface impoundments. It is believed that high
precipitation or surface disturbances (e.g., anthropogenic ponds) lead to higher fluxes beneath some
mesas. Beneath Cafiada del Buey and Potrillo Canyon, two typically dry canyons, the apparent canyon-
bottom infiltration rates range from 0.4 to 8.3 cm/yr. Beneath Mortandad Canyon, the only relatively wet
canyon for which data are currently available, canyon-bottom infiltration rates range from 1to 10 cm/yr.
Data from several wetter canyons have been interpreted to provide more comprehensive estimates. In
Los Alamos Canyon, moisture profile measurements in canyon well LADP-3 were estimated to be
consistent with infiltration rates of about 10 to 60 cm/yr. Similar estimation techniques for well R-15 in
Mortandad Canyon yield estimates of on the order of 50 cm/yr. Such values are large enough that
contaminants are predicted to travel through at least 100 m of Bandelier Tuff during the time of
Laboratory operations. This result is consistent with the observations of relatively deep penetration of
contaminants such as perchlorate ion in R-15.

4.3.3 Regional Aquifer

The groundwater hydrology of this site is influenced by many factors, including geologic setting, climate,
topography, both natural and anthropogenic-derived surface water flows across the Pajarito Plateau,
groundwater development (both locally and regionally), and regional flow directions.

In the saturated zone, the geologic framework can influence flow direction and velocity by influencing the
spatial distribution of permeability and porosity. The geologic framework can influence solute transport by
controlling the spatial distribution of chemically reactive minerals. Both permeability and porosity can be
controlled by primary geologic processes (e.g., depositional facies, cooling fractures in basalt flows)
and/or secondary processes such as diagenesis, pedogenesis, and rock/water interactions over geologic
time.
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4.3.3.1 Permeability

The geologic framework, as expressed in the site-wide 3-D geologic model, defines 35 units. Several
methods were used to estimate permeability variations within and between a portion of these units. These
methods, ordered in increasing spatial scale, are borehole geophysics (centimeters) and analysis of
water-level responses to instantaneous injection in a single well (tens of meters), 1- to 10-day pump tests
(10-100s of meters), and decades of pumping in wells across the plateau (1000s of meters). Results from
the first three methods are presented in Table 4.3-2. For comparison, estimates for the Santa Fe Group
collected in other parts of the Espafiola Basin (Daniel B. Stephens & Associates, 1994) are included.
These data are plotted in Figure 4.3-1, grouped according to the dominant rock type within the screened
interval of the tested well. (For comparison, estimates for the Santa Fe Group from other locations in the
basin are also shown. Rock types 11 to 1 are defined in Table 4.3-3.) Mean permeability values for six
units ranged between 10"° and 107 m% however, within-unit variability tends to be larger than
between-unit variability. Very low permeability (less than 10" m2) zones occurred within the Puye
Formation, the Santa Fe Group, and Cerros del Rio basalts. The highest permeability estimate (greater
than 107 mz) was for a well completed within the Totavi Lentil. There is no apparent tendency for the
three methods of estimating permeability to provide systematically different results.

Table 4.3-2
Hydraulic Conductivity Estimates
Hydraulic | Permeability
Conductivity Log
Dominant Rock Type Well Method (ft/day) (m2) Source
Bayo Canyon Basalt PM-5 Pump test 0.71 -12.6 1
Cerros del Rio DT-10 Pump test 14.87 -11.3 1
Cerros del Rio R-22-2 Injection 0.04 -13.8 2
Cerros del Rio R-31-3 Injection 0.41 -12.8 2
Cerros del Rio R-9i-1 Injection 4.87 -11.8 2
Cerros del Rio R-9i-2 Injection 0.11 -134 2
Cerros del Rio R-9i-1 Injection 3.88 -11.9 2
Cerros del Rio R-9i-1 Pump test 4.75 -11.8 2
Older Basalt G-5 Pump test 1.17 -12.4 1
Older Basalt G-6 Pump test 0.90 -125 1
Older Basalt GR-1 Pump test 0.50 -12.6 3
Older Basalt GR-3 Pump test 1.30 -12.3 3
Older Basalt R-22-4 Injection 0.54 -12.7 2
Older Basalt R-22-4 Injection 0.72 -12.6 2
Tschicoma CdV-R-37-3 Injection 7.01 -11.6 4
Tschicoma CdV-R-37-4 Injection 11.36 -114 4
Tschicoma TW-4 Pump test 2.55 -12.0 1
Puye CdV-R-15 (all Puye) | Geophys 0.60 -12.7 5
Puye R-19 (all Puye) Geophys 0.30 -13.0 5
Puye (pumiceous & fang) R-13 Pump test 13.70 -11.3 2
Puye (pumiceous & fang) R-13 Pump test 21.40 -11.1 2
Puye fanglomerate CdV-R-15-3-4 Geophys 0.20 -13.1 5
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Table 4.3-2 (continued)

Hydraulic | Permeability
Conductivity Log
Dominant Rock Type Well Method (ft/day) (m2) Source
Puye fanglomerate CdV-R-15-3-5 Geophys 0.20 -13.1 5
Puye fanglomerate CdV-R-15-3-5 Injection 0.25 -13.0 4
Puye fanglomerate R-22-3 Injection 0.21 -13.1 2
Puye fanglomerate R-22-5 Injection 0.27 -13.0 2
Puye pumiceous TW-8 Pump test 3.35 -11.9 1
Puye pumiceous CdV-R-15-3-6 Geophys 0.70 -12.6 5
Puye pumiceous CdV-R-15-3-6 Injection 0.10 -134 4
Puye pumiceous R-19-6 Geophys 1.40 -12.3 5
Puye pumiceous R-19-6 Injection 1.10 -12.4 2
Puye pumiceous R-19-7 Geophys 0.60 -12.7 5
Puye pumiceous R-19-7 Injection 0.73 -12.6 2
Puye pumiceous R-7 Geophys 0.10 -134 5
Totavi Lentil R-31-4 Injection 1.23 -12.4 2
Totavi Lentil R-31-5 Injection 0.75 -12.6 2
Totavi Lentil TW-1 Pump test 0.54 -12.7 1
Totavi Lentil TW-2 Pump test 32.29 -10.9 1
Totavi Lentil TW-3 Pump test 16.08 -11.2 1
Santa Fe Group - fanglomerate | O-4 Pump test 4.02 -11.8 1
Santa Fe Group - sandy DT-9 Pump test 16.35 -11.2 1
Santa Fe Group - sandy G-1 Pump test 0.94 -12.5 1
Santa Fe Group - sandy G-1A Pump test 1.22 -12.4 1
Santa Fe Group - sandy G-2 Pump test 1.22 -12.4 1
Santa Fe Group - sandy G-3 Pump test 0.71 -12.6 1
Santa Fe Group - sandy G-4 Pump test 1.51 -12.3 1
Santa Fe Group - sandy GR-2 Pump test 0.60 -12.6 3
Santa Fe Group - sandy GR-4 Pump test 0.70 -124 3
Santa Fe Group - sandy LA-1B Pump test 1.25 -12.3 1
Santa Fe Group - sandy LA-2 Pump test 0.47 -12.8 1
Santa Fe Group - sandy LA-3 Pump test 0.44 -12.8 1
Santa Fe Group - sandy LA-4 Pump test 0.76 -12.6 1
Santa Fe Group - sandy LA-5 Pump test 0.40 -12.8 1
Santa Fe Group - sandy LA-6 Pump test 1.22 -12.4 1
Santa Fe Group - sandy O-1 Pump test 0.63 -12.6 1
Santa Fe Group - sandy PM-1 Pump test 4.15 -11.8 1
Santa Fe Group - sandy PM-3 Pump test 23.99 -11.1 1
Santa Fe Group - sandy PM-4 Pump test 3.22 -11.9 1
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Table 4.3-2 (continued)

Hydraulic | Permeability
Conductivity Log
Dominant Rock Type Well Method (ft/day) (m2) Source
Santa Fe Group - Not reported in cited | Not reported in the | 0.68 -12.6 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.43 -12.8 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.12 -134 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.09 -135 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.51 -12.7 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 4.55 -11.8 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.34 -12.9 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in the Not reported in the | 0.66 -12.6 6
undifferentiated cited reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.12 -13.3 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 2.41 -12.1 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 14.39 -11.3 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.91 -12.5 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.08 -135 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.12 -134 6
undifferentiated reference cited reference
Santa Fe Group - Not reported in cited | Not reported in the | 0.13 -13.3 6
undifferentiated reference cited reference
Note: (permeability (nf) = hydraulic conductivity (ft/day)x 3.6 x 10™3).
*Data sources :
1. Purtymun (1995, 45344).
2. Stone and McLin (in prep.).
3. John Shomaker and Associates (1999).
4. Fact Sheets for characterization wells.
5. Borehole geophysics logs prepared by Schlumberger, Inc.
6. Daniel B. Stephens & Associates (1994).
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Figure 4.3-1. Permeability estimates for rock types on the Pajarito Plateau

Table 4.3-3

Rock Types Shown in Figure 4.3-1
1 Puye — fanglomerate (Tpf) 7 Santa Fe Group — fanglomerate (Tf)
2 Puye- undifferentiated 8 Tschicoma Formation (Tt)
3 Puye — pumiceous (Tpu, Tpl) 9 Bayo Canyon basalt (Tb2)
4 Totavi Lentil (Tpt) 10 Cerros del Rio basalt (Tb4)
5 Santa Fe Group — sandy (Ts) 11 Older basalts (Tb1)
6 Santa Fe Group - undifferentiated

Note: Unit symbols are described in Table 4.2-1.

Analysis of large-scale temporal and spatial trends in water levels across the plateau (Keating et al. 2000)
also suggests that there may be little difference between the mean effective permeability of the rock types
present on the Pajarito Plateau. Large-scale (kilometers) aspects of the groundwater flow system, as
evidenced by water-level data, appear to be controlled by the spatial distribution of recharge, topography,
and pumping.

The three methods of estimating permeability (Figure 4.3-1) demonstrate that significant heterogeneity
exists within the major rock types present within the saturated zone at the site. Model calibration results
(Keating et al. 1999; Keating et al. 2000) supply further evidence. This heterogeneity may play an
important role in local-scale flow directions and velocity. For simulating solute transport, statistical
methods are appropriate for addressing this scale of heterogeneity. Both purely stochastic and geologic-
based stochastic approaches, ascertained from site-specific geologic and hydrologic data, are described
in Keating et al. (2000). These approaches can be applied for predictions of small-scale transport in a
stochastic framework.
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4.3.3.2 Porosity

There are two current sources of site-specific information about porosity. The first is borehole geophysics,
which provides measurements at very small scales (centimeters). These have been summarized for the
Puye Formation (LANL 1998, 59599). Mean values range from 0.01 to 0.2. Corresponding estimates of
permeability are based on a theoretical relationship which predicts that permeability and porosity are
correlated (see Figure 4.3-2, for R-19). Within the range of large-scale effective permeabilities measured
at the site (see Figure 4.3-1, 10 % to 107, typical values of porosity are 0.1 to 0.3).
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Figure 4.3-2.  Estimates of porosity in well R-19 based on theoretical relationship that predicts
permeability and porosity are correlated

The other source is carbon-14-based age estimates for groundwater. These data were originally collected
by Spangler (Rogers et al. 1996, 55429) and have been since corrected for dc by Kwicklis (Keating

et al. 2000). Age estimates provide constraints on the range of large-scale effective permeability and
porosity possible for the aquifer. Simulations of carbon-14 suggest that waters sampled at wells on the
plateau represent a mixture of waters of a wide range of ages. In flow and transport simulations,
assuming values of porosity shown in Table 4.3-4, a reasonable agreement between measured and
simulated mean groundwater age for most wells was achieved. Water sampled in wells near the Rio
Grande, however, is much older than the model predicts. Possible reasons for this discrepancy are that
the porosity values shown in Table 4.3-4 are too low or that the model misrepresents the mixing of young
and old water near the river.

The porosity assumed for basalts (0.05) corresponds to measurements made at Idaho National
Engineering and Environmental Laboratories and represents effective porosity of fractured rock. The
degree to which fracture-flow occurs in basalts beneath the Laboratory is unknown.
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Table 4.3-4
Porosity Estimates Literature-Derived
Parameter
Porosity

Name Code [-]
Precambrian PC 0.02
Shallow Precambrian Frac. PC 0.02
Paleozoic/Mesozoic P/M 0.10
Pajarito Fault Zone Paj. Fault 0.10
Tschicoma Formation Tt 0.05
Tschicoma Formation—shallow Frac. Tt 0.05
Cerros del Rio basalts Tb 0.05
Puye—fanglomerate Tpf 0.25
Puye—Totavi Lentil Tpt 0.30
Chaquehui Formation Tsfuv 0.30
Santa Fe Group Ts 0.25
Ancha Formation Ancha 0.25

Source: Keating et al. (2000).

4.3.3.3 Discharge

The primary discharge zone for the regional aquifer is the Rio Grande. Several studies have concluded
that the reach of the Rio Grande between Otowi Bridge and Cochiti Reservoir has historically gained
between 0.009 and 0.023 m*/s/km (see Keating et al. 2002). The reach directly downstream of the
Laboratory (between Otowi and Frijoles Canyon, 18.5 km) receives 0.17-0.43 m*/sec total discharge from
the aquifer. Assuming roughly 50% of the discharge to this reach is from the west (model results suggest
this proportion could be even larger), total flux from the aquifer beneath the Laboratory to the Rio Grande
would be 0.09-0.22 m¥/sec.

Groundwater also discharges to springs along White Rock Canyon, totaling ~0.091 m®/sec (Purtymun
1966, 11789). It is unclear what proportion (if any) of this water is discharging from perched aquifers
rather than from the regional system.

4.3.3.4 Recharge

The posited conceptual model of aquifer recharge is that the predominant proportion of recharge occurs
at high elevations (greater than ~2200 m). Some recharge does occur at lower elevations along wet
canyons. Very little recharge occurs at lower elevations along mesa tops. The body of evidence to
support this conceptual model includes water budget studies and streamflow studies both on the Pajarito
Plateau (Gray 1997, 58208; Keating et al. 1999) and in the eastern portion of the Espafiola basin
(Wasiolek 1995). Chloride mass balance studies both on the plateau (Newman 1996, 59118; Keating

et al. 1999) and in the eastern portion of the basin (Anderholm 1994) confirmed the validity of the model.
Finally, analysis of head gradients both on the Pajarito Plateau and in the larger basin (Keating et al.
1999; Keating et al. 2000; Keating et al. 2002) provides supporting evidence for the conceptual model.
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Kwicklis (Keating et al. 1999) calculated that total streamflow losses across Laboratory property total
~0.009 m*/sec. If all streamflow loss became aquifer recharge, this “canyon-focused” recharge would
represent a maximum of 4% to 10% of the total flux through the aquifer beneath the Laboratory. Since
chloride mass balance studies suggest that recharge rates through mesa tops within the Laboratory
boundaries are extremely low, the remainder of aquifer recharge (at least 90—-96%) must originate in
relatively high elevations, west of the Laboratory. Simulations of flow and transport within the regional
aquifer acknowledge that the ratio of high-elevation, diffuse recharge, and lower-elevation canyon-
focused recharge is uncertain; therefore, the ratio is allowed to vary widely during analyses of model
sensitivity. Examples of models used in sensitivity analyses are shown in Figure 5.1-3.

Oxygen isotopes can be used as an indicator of recharge elevations for groundwaters in regions where a
strong relationship exists between elevation and oxygen isotope concentrations in precipitation. Such a
relationship has been proposed by Vuataz and Goff (1986, 73687), but no precipitation data were
presented. In a study of oxygen isotope concentrations in groundwater in the eastern portion of the basin,
including the Buckman well field, Anderholm (1994) concluded that oxygen isotope data in groundwater
were not useful tracers of flowpaths in this region.

4.3.3.5 Groundwater Development

The 50-yr history of production from wells on the Pajarito Plateau and the nearby Buckman well field is
shown in Figure 4.3-3. The impact of pumping on water levels in the area has been variable; variations
are controlled by rock types and production rates. The most dramatic declines have occurred in the
Buckman well field (over 90 m). Declines up to 30 m have been observed in the Guaje and Los Alamos
well fields. Relatively modest (less than 15 m) declines have occurred in the vicinity of Pajarito Mesa
wells. Very little decline (less than 5 m) has occurred to the south (DT wells) and west (TW -4) of the water
supply well fields.
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Figure 4.3-3.  Production from wells on Pajarito Plateau and nearby Buckman well field
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Figures 4.3-4 and 4.3-5 show the most recent contoured water-level data available for the plateau. Figure
4.3-4 represents the elevation of the water table primarily using data from wells screened at or near the
water table. This figure is based on data shown in Table 4.3-5, some of which are very preliminary
(R-wells drilled in the summer of 2002). The map of the water table suggests that the horizontal
component of flow in the regional aquifer is predominately from west to the east, with perturbations in the
center of the plateau that probably are caused by pumping. It is possible, however, that local flow
directions may depart from regional flow directions. Local scale geochemical, geologic, and hydrologic
data might be necessary to determine if such departures exist.

Contour interval =20 m

Figure 4.3-4. Water table map, using primarily data from wells with relatively short screens at or
near water table
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