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U.S. GEOLOGICAL SURVEY
FEXECUTIVE SUMMARY

OCTOBER, 1997

WBS 1.2.3.1 Coordination and Planning

U. S. Geological Survey-Yucca Mountain Branch is currently processing 144 scientific papers prepared by USGS
authors. Ofthese, 95 are relative to geologic studies and 49 to hydrologic studies. In addition. 14 abstracts are
being processed, as well as 17 reports by LANL personnel.

WBS 1.2.3.2 Geology
Geologic Framework

Primary efforts by project personnel involved in stratigraphic studies of the potential repository site focused on the
preparation of the Excel spreadsheet (see September report), composed of a maximum of $1 lithostratigraphic
contacts from about 80 boreholes. The work included the continued preparation of geophysical-log data displays
using the Excel macro CONTACT. 1 .h tasks are to be used lo expedite the technlcal review of Milestone Report
S$PG391M4 that was submitted on September 30, 1997, Project staff also participated in several meetings to assist
1n planning the upcoming tests in borehole WT-24,

Final edits on the 1.6,000-scaie central block geologic map were performed in preparation for its publication as a
form.\ USGS map product. A digital filc of the | 24,000-scale Yucca Mountain sile area map was prepared for
conversion lo the ARC L. rmat, so that it can also be processed for publication as a formal 1)SGS map product. The
geologic map of the Paintbrush Canyon area was submitted for approval to publish as a 1/SGS Open-File Repon.

Project staff conducted ficld investigations in the southern part of Yucca Mountain as pait of the compulation of a
1 50,000-scale geologic map for the saturated zone site area. Tt. primary purpose of these studies 1s to evaluate
faufts and frult zones in southern Yucca Mountain as potertiu zones of flow channelization or as barriers to
hydrologic fiow. [he resulting data are also being used as geologic input (key faults, fault geometry, fault zone
widths, permeabulity characteristics) for the next iteration of the saturated zone site area model.

The geologic map panerns in the vicimty of the dnft in Solitario Canyon that is associated with the “Lrhanced
Characierization ot the Repository Hock™ (ECRB) eftort were refined, and the draft CRB cross section was
modified accordingly. A preliminary version of the cross section was submatted to the M&(). Borehole information
from drill holes adjacent to the ESF and ECRB was compiled and logs were drafied for inclusion in the Cross-Block
Drift Predictive Repori. Data on fracture orientations and densities in the Topopah Spring TufT in Solitario Canyon
were collected to assiet in predicting 9 +-ure densities at the tunnel level,

Geologic mappisg o1 Alcove 7 was completed. including tull-periphery mapping. detailed line surveys, and
stereophotography. Also completed were detailed line surveys and stereophrte: M1y {or Niche #* i the ESF and
the mapping ol shrinkage cracks in the concrete lining of the heated drift. A ¢ plete set of full-periphery maps
shuwing only ground suppont (79 drawings) to be use.. to verify the locations of permancent ground support in the
ESF were prepared and submitied as requested by the CMO

Project personnel completed preparation of appropriate documents relative to a contract for sofiware preparation to
allow nput of detailcd line survey data (from the FSF) directly into a palmiop computer. Technical procedure GP-
32 (Underground Scolagie Mappung) was reviewed and revised. Thas procedure 1s beir  prepared 1o help guids the
prapping o5 fates e v ations 8 Teld sual te be ased an cunnection with Ve procedure s also being prepared

Namatnciens Sediey



The Seismic Source Characterization teams completed feedback discussioiis and the revisions of their final
summary reports. The calculation teams began the modeling of all the teams® fault displacement models. A draft
report on deterministic earthquakes for Type | faults at Yucca Mounain was prepared for the Inte.national High
Level Nuclear Waste Conference to be held in Ma y, 1998. An annotated outline of the USGS report on
deterministic eanthquakes was also competed. PSHA staff worked with Risk Engineering personnel to clarify the
maximum earthquake for ground motion modeling and for inclusion in the Seisnic Design Topical Report. The
PSHY. effort was audited during the last week of October and ne deficiencies were found.

Project scientists prepared an assessment of coupled processes (basaltic volcanism and fault displacemens® for
presentation at the NRC-DOE ;iechnical exchange meeting (held in Las Vegas on November 5). An overview and

models of basaltic volcanism and fault displacement were also presented (0 Sandia personnel in Las Vegas on
October 15

HYDROLOGY

Regional Hydrology

Changes were made to the recording network of siream-gage stations near Yucca Mountain. Monitoring conunued
at the stream gage located on Fortyinile Wash at Amargosa Valley. The stream gages on Fortymile Wash near
borehole J-13 and at the Narrows were deactivated. Formerly used stream gages on upper and lower Split Wash and
on Pagany Wash on Yucca Mountain were reactivated. Project staff kept vigilance during the reporting period for
potential precipitation and runoff. Runoff was neither observed nor reported for the five recording stream gages or

for the Yucca Mountain vicinity. Staff continued entry of streamflow and precipitation data collected in FY97 into
tabular format.

Unsaturated-Zone Hyidrology

Monitoring of borehole instrumentation continued during October. Borehole data from NRG-7a, UZ #4, UZ #5,
UZ-7a. and SD-12 were transferred to Denver, converted to engincering units, and archived to optical disk on a
routine basis throughout the month. Daily EKES files were checked for any shelter activity. Sensor readings were
checked daily as well for unusual occurrences, and any statistical outliers were flagged. Seven technical procedures
were revise 1 1o .eet new QA requirements and to clarify submittal of supporting documentation Calibration runs
were conducted on three pressure transducers and one thermistor, a barometer was checked, and PRED diagnostics
were run on benches #5 and #8. One digital thermometer was repaired and calibrated. Sufficiem: calibrated
thermocauple psychrometers are in stock for anticipated experiments. '

Nunierous trins were made to tield sites for correcting generator, UPS, and chil'cr problems, including 18 site visits
for routine generator maintenance, seven site visits to correct UPS and generator vroblems (the utility UPS at UZ-7a
is not tunctioning and there is no backup for chiller power at this site), and f~ -+ visits made for temperature-
related problems at UZ #4 and #5. The two new generators promised for Uz .ad SD-}.> still do not have
instrument-grade governors. The generators have been on site since early April. The latest KiewitTRW plan is to

order two additional larger generators rather than equipping the two new generators on site with instrument-grade
governors. No progress has been reported.

In air-permeability and hiydrochemical testing in the ESF, compilation of data from ESF testing (started in FY96)
continued during October. Corc-water samples from the footwall of the Ghost Dance fault in the Southem Access
Drift exhibit post-bomb tritium levels. Tritium "evels of five footwall samples are 9.1, 11.6, 2.6, 6.6, and 7.5 tritium
units (TU). Those levels indicate thar the fault is a fast pathway for the transport of water from the surface and that
the travel time from the surface to depth (to the ESF level) 1s less than 50 years. In active testing, preliminary
aralysis of the NAD cross-hole preumaic testing in the Topopah Spring Formation (Tptpmn® broken zone cdjacent
to the Ghost Dance fault indicates permeability values of 6 to 12 darcies and  wrosity values of 2 to 6 percent. Tests
conducted it the Ghost Dance fault hreccia zone indicate lngher permeabili | and porosity values (12 1o 18 darcies
und 8 to 14 percent, respectively). Pncumatic and tracer testing results show a northwest-southeast preferer.al flow
direction indicating that the fault zone is anisotropic.



Collection of temperature and relative humidity data continued at eight sites in the ESF. Wind- speed data are
currently being collected at five sites. Water-potential and water content data are being collected with heat-
dissipation probes and time.domain reflectometry (TDR) probes in Alcove 3. Planning and preparation for water-
balance data collection in the cross drift has begun, Varjous types of instrumentation systems are being developed
and tested for use in the TBM water-migration study.

Hydrologic studies in the South Ramp of the ESF continued with collection of water-potential data from sets of
tensiometers and heat-dissipation probes instatled at ESF Stations 66+99, € (+33, 70+54, and 70+56. Water-
content data were collected from TDR instrumentation installed at ESF Station 66+99. The areas around these
instruments are still covered with plastic 10 monitor the recovery of the rocks from the drying effects due to tunnel
ventilation. Tensiometer data collection at Stations 66+99, 67+33, 70+54, and 70+56 will be stopped because the
rock has dried out beyond the tcnsiometer range, and no usable data were being collected. The rock is not expected
1o re-wet to the tensiometer measurement range. Pore-water extraction from a single Lexan-enclosed sample from
each South Ramp borehole was started using a centrifuge. Boreholes ESF-SR-MOISTSTDY#1 and
ESF-SR-MOISTSTDY#2 are not included in these samples because all available cores were previously distributed.
The water samples extracted from core will be sent to LANL for analysis of CI', Br, and SO, Selected water
samples will be analyzed for **Cl. Planning for core distribution and types of analysis to be done on the core
samples from the South Ramp boreholes was started. Core will be divided between the USGS and LANL, and

proposed analyses include CI, Br', SO, , *C), *H*, "'C, major ions, 5"'O, Sr/U isotopes, thin sections, and XRD
analysis.

Several areas of isotopic analytical support to other studies ere underway. Preparations for assessment of infiltration
of construction water into the repository block (as part of the enhanced characterization of the repositary block
[ECRB])) began with planning of potential locations for boreholes. Actual locations are still under discussion.
Investigation of matrix water sources and interaction of fracture/matrix water began with sampling of core from
USW SD-9, Pore-water Srisotope analyses as well as whole-rock Sr isotope analyses have begun. In preparation
for isotopic analytical support to drift-scale thermal testing, staff discussed layout of necessary boreholes.

In investigations supporting ECRB, staff reviewed existing sccondary mineral data from the ESF and discussed
reasons for possible variations in the cross-drift due to structural, stratigraphic, and infiltration controls expected
over the drift footprint. The excavaton will allow important tests of how the current infiltration model may be
affected by possible lateral flow in the PTn. Completion of a final predictive repont is planned for November. Staff
also discussed possible mechanisms for collecting airhomne dust or liquid/dust slurries from the TBM with Alan
Mitchel (LANL-TCO). The use of large volumes of water during construction is expected. in par, to eliminate
much of the airborne dust. Collecticn of the fine particles, however, is important to provide an independent
quantitative estimate of the distribution of calcite and opal in the volume of material excavated by the TBM.

In support of determination of watzr flux through the repository block, stafT updated the ESF mineral-distribution
data base using previously collected data, subtracting portions of w. s in cach 30-m segment covered by ribs,

lagging and muck. Revised estimates of the percentages of secondary minerals arc similar to or slightly higher than
previous values.

A manuscript titled Alired “*Th/U uges for unsaturated-zone opals due to slow rates of deposition, Yucca Mountain,
Nevada, USA (by L.. Nevinark and J. Paces) was revised based on technical reviews. The manuscript was submitted
to the Publications Unit for additional processing and for Director's approval after which it will be submitied for
publication in the journal Earth and Planetary Science Letters. Staff also worked on extended abstracts for the
1998 High Level Radioactive Waste Management meetings. Papers dealing with aspects ¢ secondary minerals
from the ESF or from ¢-ill holes include:

Secondary minerals record pust percolunion flux ar Yucca Mountan, Nevada, by B. Marshall, ], Paces, L.
Neymark, J, Whelan, and Z. Peterman,

History of calcite and opal deposuion at Yuccu Mountain: Evidence for long-term stability of the
unsaturaied zone, by L. Neymark, Yu V. Amelin, and J. Paces.



Anomalous urantum soiopic compasitions of ground waters in the Y ucca Mountatn vicinity: Evidence of
local rechurge? by J. Paces, K. Ludwig, Z. Peterman, and L. Neymark.

Isotupes aid in understunding the Yucca Mountain flow system. Z. Peterman and G. Patterson.
Secondury mineral evidence for pust water table changes, by J. Whelan and R. Moscati,

Carbon isotope ¢vidence for past climates (million-year scale) in southern Nevada, by 1 Whelan, L.
Neymark, and R. Moscati.

Inferences on UZ hydrologic behavior bused on secondary minerol records, by J. Paces, L. Neymark, B.
Marshall, and J, Whelan.

Additional abstracts were prepared for the Field Testing and Associated Modeling (FTAM) workshop to be held at
LBNL in December:
Hydraulic inferences from strontium isotopes in pore water from the unsaturated zone at Yucca Mountan,
Nevada, by B, Marshall, K. Futa, and Z. Peterman.

Secondary mineral evidence of lurge-scule water table fluctuanons at Yucea Mountain, Nye County,
Nevadu, by 1. Whelan, and R. Moscati.

In unscheduled work, USGS staff inet with G. Bodvarssoa and E. Sonnenthal (J... .. . ‘iscuss impacts of various
hydrogeochemical data on the UZ flow model. The curren: version of the moca . 0. . >imited chemical data
such as Cl (including *Cl), SO,. “*C, ’H. Sr, and ¥'S¢/**Sr, commonly in one-din.. ...+ .orm. Hydrologic
inforination contained within secondary minerals is not being seen by the flow moael. it was agreed that
hyvdrogeochemical data are important to the flow model, and that USGS and LBNL will attempt to incorporate more
information inta the model or to provide observational tests of the model.

Efforts in Uz hydrochemistry continued with extraction and analysis of water from WT-24 and from ESF cores.
Anion and cation concentrations were analyzed using the ion chromatograph on two water samples collected from
the WT-24 borehole. Two samples collected from the WT-24 borehole were processed by vacuum distillation. The
water samples will be analyzed for tritium, deuterium/Mydrngen (D/H), and **O/"*O. Similar work continued on
seven ESF pore-water samples with ihe ion chromatograph; seven ESF pore-water samples were also prepared for
tritium analyvsis and counted for tritium concentration. Four ESF core samples were distilled to extract CO. and
pore water. The extracted pore water will be analyzed for tritium, D/H, and *O/"*0 isotopes, and the extracted CO,
gee samples will be analy zed for carbon isctopes. Two ESF core samples were compressed. The extracted pore
water will be analyzed for chemical consposition, C, and stable isotopes.

In unscheduled analytical work, dissolved CO, was collected from four SD-12 core samples by vacuum distillation
under heat and collected from two SD-12 core samples by acidification. Four SD-12 CO, samples were sent to Beta
Analytical, Inc., for carbon isotope analysis. A sample of tuff which had previously been distilled and acidified was
heat-evacuated under vacuum for 8 hours at 150°C. The sample was then imbibed with a 3.1 mmol solution of
NaHCOQ, in an enclased flask that was purged with nitrogen, in preparation for later distillation and acidification to
collect the dissolved CO,. Water was collected from one SD-12 and eight UZ-7A cores by distillation. The water
samples will be analyzed for tritium, D/H, and '*0/"0. Eight SD-12, three NRG-7A. and two UZ-14 pore-water
samples were prepared for tritium analysis, counted for tritium concentration; the resulting data were reduced.
Results were iecurded in the water-collection data base,

Efforts also continued in improvement of instrument capability. The process of restarting the DX-100 jon
chromatograph and acquisition of quality data continued with various calibrations and z:quisition of necessary
equipment. With new suppressors the cation calibration curves and repeatability were satisfactory, but the anicn
calibration curves and repeatability still need improvement. Staff contacted the USGS tritium Iab in Menlo Park,
California, for analysis of porc-water samples at lower detection levels of | TU by direct count and 0.1 TU by the



tritium-enrichment method.

Saturated-Zone Hydrology

Work on tracer testing at the C-hole complex largely involved preparations for testing in the Prow Pass interval.
Procurements of the pumping and tracer-injection system were begun on October 1. Reinstrumentation of the C-
holes for hydraulic and tracer testing in the Prow Pass imerval is underway. Pumping from UE-25 ¢ #3 will
continue until the middle of November to enhance results of the previous Pyridone tracer testing of the Bullfrog
interval, per agreement with the State of Nevada. The 2.6 difluoroben-oic acid (DFBA) breakthrough curve is in its
final, or “1ail” stage of development, and the Pyridone breakthrough curve has shown a steady rise in concentration,
with no peak yet identified. That concentration has risen to approximately 400 parts per trillion (ppt).

In response to comments from the SZ Expert Elicitation Panel, planning for the southem Second Tracer Lumplex
(STC) started with a conference call on October 29 in which representatives from the USGS, LANL, and LBNL
discussed criteria for the complex to be located in the southern part of the site area. Substantive planning
discussions will be initiated with November mcetings in Los Alamos, New Mexico.

Saturated-zone water-level monitoring continued during the period. Fieliminary hydrographs were constructed for
boreholes USW WT-1, USW WT-2, UE-25 WTH3, UE-25 WTH4, UE-25 WT#6, USW WT-7, USW WT-10, USW
WT-11, UE-25 WT#13, UE-25 WT#14, UE-25 WT#15, UE-25 WTH16, UE-2S pH1, UE-25 b#1 (upper interval),
USW VH-1, USW G-2, J-11, J-12, J-13, USW H-1 (tubes 1, 2, 3, and 4), USW H-3 (upper and lower intervals),

USW H-4 {upper and lower intervals), USW H-5 (upper and lower intervals), and USW H-6 (upper and lower
intervals).

A data packagz (for water-level data collected from January through June 1997) was submitted to GENISES on
October 15 [DTN: GS970908312312.007, TDIF: 306333} . The data package was submitted to the Records
Pracessing Center (RPC) on October 17. A memorandum documenting completion of milestone SPH37FM4
[Mcmo to TPO: January - June 1997, Periodic Water-Level Data to RPC] was submitted to TPO on October
17, 1997, representing early completion of this task.

Water-level monitoring continued with measurements in several boreholes {UE-25 WT#14 on October !; UE-25
p#1 on October 2; USW WT-24 on October 9. 15, and 27; and UE-25 p#! on October 2). Calibrations and
equipment checks were performed for several boreholes. Data were downloaded from 21-X recorders at USW H-4
(upper intervai), UE-25 WT #14, USW G-2 and UE-25 p#1. Hourly monitoring of borehole UE-25 p#1 was

discontinued on Qctober 28. The transducer was removed from the borehole so logging operations could be
complcted at borehole UE-25 p#l.

Several efforts continued at borehole WT-24. By September 30, borehole USW WT-24 was drilled to 1,550 ft
below land surface, and additional drilling through October 2 produced a depth of 1.686.3 ft below land surface.
The Topopah Spiing Tuff cryztal-poor vitric densely welded subzone (Tptpv3) was penetrated at approximiately
1,685 ft below land surface. Afier drilling into the Tptpv3. a water probe was used in the borehole to check for
ground water in the borchole. Ground water was detected with depth to water approximately 1,663 ft below land
surface, giving an approximate 23-ft column of water in the borchole. Well development of borehole USW WT-24
was completed, and a hydraulic test of the water-bearing zone was conducted on October 2§ and 22. The borehole
was pumped for 24.92 hours at a rate of 2 gallons per minute. Approximately 3,050 gallons were pumped from the
borehole with 10.59 it of drawuown. Recovery in the barehole was monitored for 117 hours before the transducer
was removed from the borehole  During pumpage of the borehole, water-quality samples were collected. Video
logging of borchole USW WT-24 was completed from land surface to 1,663 fi below land surface on October 28.
Geophysical logging of the unsaturated zone (O to 1 663 ft below land surface) of borehole USW WT.24 was
completed on October 31.

The numerical net infiltration model was updated with development of a Fortran program for defining surface
drainage boundaries using the 30-m elevation grid as input. The program also calculate: the upsiream drainage area



for each grid cell, which is used to establish channel networks and geometries. The program is being applied to
generate a series of surface-drainage models covering the area of the LBNL unsaturated-flow model. The WT-2
Wash sub-drainage modcl was used to test the coupled infiltration/runoff model. This sub-drainage model is also
being applied to predict net infiltration rates over Alcove 7 in response to an active £/ Nifto southemn climatic
oscillation (ENSO). The calibration of the coupled infiltration/runoff model was initiated using available stream
flow records for several drainages on Yucca Mountain. In efforts to predict future net infiltration rates in response
to possible future climates, the WT-2 Wash coupled infiliration/runoff model was applied using various wetter
future climate analogs to analyze potential channel-flow volumes. This conpled model was also used to compare
net infiltration along channel segments and lower sideslopes with simulation results obtained using the 1996 version
of the infiltration model. These results are being used to test assumptions of the 1996 mode) concerning the effects
of overland flow in response to current and we.ier future climates. The wetter analog-climate simulations were
compared with results obtained using the Maxey Eakin method. Evaluation of the analog sites selected for
developing stochastic simulations of daily precipitation for various putential future climate scenarios was continued.

The application of the 1980-95 daily precipitation recory to predict net infiltration in response to an active ENSO
was initiated.

Activities in support of completion of sections of the TSPA-VA report conceming SZ ground-water flow medeling
included review of a preliminary drafi of the Methods section of chapter 6 and feedback to B. Amold (SNL). A
draft of an administrative report documenting particle-tracking analysis in support of PA abstraction/testing was
furwarded for USGS appraval. Changes to the regional tlow model resulting from incorporation of improved
evapotranspiration (ET) estimates for Ash Meadows and Franklin Lake Playa also were documented to support PA
abstraction/testing. StafY further discussed possible contributions to the TSPA-VA document to summarize USGS
modeling results and sensitivity analyses.

CLIMATOLOGY and PALEOHYDRCLOGY

Staff reviewed FY98 goals for past discharge work and decided to concentrate on studv sites in Ash Meadows.
Previous and current investigations of discharge rates from springs and wetlands in that area along with distributions
of vegetation and spring deposits were determined to provide the best chance at assessing a relation between
discharge volumes and lateral extents. Specific sites will be determined after field reconnaissance.

Preparation for collection of Owens Lake core samples continucd. Permission was received from J. Bischoff
{USGS Geologic Division) for sampling of matenial representing the 350- 10 410-ka period from the Owens Lake
core. The core will be sampled at 10-cm intervals during the first week ot November.

SPECIAL STUDIES

Preparation of the PISA report continued. Sections on Surface Water System and Regional Hydrologic System
(Cha; cer 2.4, Hydrology) have been completed and are being prepared for inten:al review. Drafts of most
subsections in the Site Hydrology section have been submitted and are being evaluated relative to their readiness far
intenal review. For FY98, the stat¥ for this activity has been modified to facilitate compilation, editing, and
revision during the scheduled reviews. Original avthors are scheduled sur minor involvement to assist in the
revision process. A pantial first drafi o the (Chapter 3.4) Paleaclimate subchapter was prepared and is being
reviewed by co-authors. Upcoming treatment will clarify lin! age of components and identify issues needing further
diczussic A partial draft of the metcorological subchapter was also v .itten and has received preliminary review,

The USGS continued 1o support development of Site Characterization Progress Report (SCPR) #17, the first
progress r-oort prepared using the new “down-sized” format. About 20 pages of consolidated USGS iaput to SCPR
#17 were transmitted 10 the technical leads in M&O Site Evaluation rrogratn Operations (SPO) on October 12.

This compared te about 100 pages of 1..put submitted 1n March 1997 for SCPR #16. Input was contributed by the
USGS to SCPR Chapter 4 (Site Charactertzation) in cach of the following subsections:



for each grid cell, which is used to establish channel networks and geometries. The program is being applied to
generate a series of surface-drainage models covering the area of the LBNL ursaturuted-ilow model. The WT-2
Wash sub-drainage model was used tn test the coupled infiltration/runoff model. This sub-drainage model is also
being applied to predict net infiltration rates over Alcove 7 in response to an active £/ Niflo southem climatic
oscillation (ENSO). The calibration of the coupled infiltration/runoff model was initiated using available stream
flow records for several drainages on Yucca Mountain. In efforts to predict future net infiltration rates in response
to possible future climates, the WT-2 Wash coupied infiltratinn/runoff model was applied using various wetter
future climate analogs to analyze potential channel-flow volumes. This coupled model was also used to compare
net infiltration along channel segments and lower sideslopes with simulation results obtained using the 1996 version
of the infiltration model. These results are being used to test assumptions of the 1996 model conceming the effects
of averland flow in response to current and wetter future climates. The wetter analog-climate simulations were
compared with results obtained using the Maxey Eakin method. Evaluation of the analog sites sclected for
developing stochastic simulations of daily precipitation for various patentlal future climate scenarios was continued.

The epplication of the 1980-95 daily precipitation record to predict net infiltration in response to an active ENSO
was iniliated.

Activities in suppon of completion of sections of the TSPA-VA report conceming SZ ground-water flow modeling
included review of a preliminary draft of the Methods section of chapter & *nd feedback to B, Amold (SNL). A
drafl of an administisiive report locumenting particle-tracking analysis in support of PA abst:action/testing was
forwarded for USGS approva. .+ es to the regional flow mudel resulting from incorporation of improved
eva=otranspiration (ET) estimates tur Ash Meadows and Franklin Lake Playa also were documented to support PA
wstraction/testing. Staff further discussed possible contributions to the TSPA-VA document to summarize USGS
modeling results and sensitivity analyses.

CLIMATOLOGY and PALEOHYDROLOGY

Staff reviewed FY98 goals for past discharge work and decided to concentrate on study sites in Ash Meadows
Previous and current i .vestigations of discharge rates fren springs and wetlands in thet area along with distrit  ons
of vegetation and spring deposits were determined to provide the best chance at assessing a relation between
discharge volumes and lateral extents. Specific sites | be determined afier field reconnaissance.

Preparation for collection of Owens Lake core samples continued. Permission was received from J. Bischoff
(UISGS Geologic Division) for sampling of material representing the 350- to 410-ka period from the Owens Lake
core. [he core will be sampled at 10-cm intecvals during the first week of November.,

SPECIAL SUUDIES

Preparation of the PISA report continued. Sections on Surface Water “ystem and Regional Hydrologic System
{Chapter 2.4, Hydrology) have been completed and are being prepared for internal review. Drafls 0“most
subsections in the Site Hydrology section have been submitted and are being evaluated relative to their readiness for
internal review, For FY98. the staff for this activity ha~ been modified to facilitat= compilation, editing, and
revision during the scheduled reviews. Original authors ~-e scheduled for minor involvement to assist in the
revision process. A partial fiist draft ol the (Chapter 3 * “aleoclimate subchapter was prepared and is beiny
reviewed by co-authors. Upcoming treatment will clarity linkage of components and identy issues needing further
discussion .\ partial draft of the meteorological subchapter was also written and has received preliminary review.

The USGS continued 1o support development of Site Characterization Progress Report (SCPR) #17, the first
progress repon prepared using the new “down-sized™ format. About 20 pages of consolidated USGS input 10 SCPR
#17 were transmitted to the technical leads in M&O Site Lvaluation Program Operations {SPO) on October 12.
This compared 1o about 100 pages of input submitted in March 1997 for SCPR #16. Input was contributed by the
USGS to SCPR Chapter 4 (Site Characterization) in each of the rollowing subsections:



41 Integraied <ite model/Geolngic framework

42 Site unsaturated-zone modeling and synthesis

4.3 Site sat.rated-zone hydrologic system synthesis and modeling
44 Paleoclimute-paleoenvironmental synthesis

4.7 Disruptive conditions ( Probabilistic Scismic Hazard Analysis)

Responses to questions and comments regarding the input were transmitted to M&O SPO technical leads as
requested  The SPO draft input that was submitted to the M&O Licensing group on October 22 was received by the
1ISGS on October 27 and was reviewed to determine the extent to which UISGS input had been utilized, Virtually
all the USGS input provided on paleoclimate synthesis, and most of the input provided on UZ and SZ synthesis, was
used in the SPO draft. Surprisingly, however, virtuzlly none of the USGS input on geologic framework was
utilized. The USGS is continuing to investigale the reasons for this and intends to use direcl interactions with the
M&O Licensing group, as well as the formal review process. to ensure that USGS contributions to geologic
framework are represented appropriately in SCPR #17.

The USGS parts of Appendix A of the SCPR (documenting differences between the SCP and the current program)
also were revised in response 1o annotations prepared by the M&O Licensing g,7oup. About 14 pages of new or
revised text {or Appendix A were provided by the USGS. One area of substantial revision was in the description of
ESF1  Irologic tests for which text was added to describe new hydrologic tests started in tue ESF during FY 1997
as part of the enhanced characterization of the repositury block. These tests include the South Ramy Hydroloky
Study. the Paintbrush Nonwelded Lateral Diversion Study, and the L.SF DriRt-Scale | lux and Niche Study. Another
arca of emphasis was responding to questions regarding resolution of uncertainties in the site saturated-zone Mow
model. Results from the saturated-zone flow and transport abstraction/testing workshop held in May 1997 were
utilized extensively to address many of these questions. Because of its size and the need to maintain direct linkage

10 the SCP, Appendix A will be released by DOE as a separate document rather than being appended to the
semiannual progress report, '

WATER-RESOURCES MONITORING

Work on the radiological analysis of water sumples continued  Staf! responded to colleague-review comments on
I'Y97 w uer-quality data collected to characterize ground water in the Yucca Mountain region with respect to
drinking-water standards A letter report to was provided to DOL summarizing those data on Uctaber 6. The
correspending data-records package and electronic data were forwarded to USGS-ESIP on October 7 and October
22 {respectively® for submittal to the RPC and TDB. Property owners were contacted. equipment was prepared. and
quality-assurance samples were processed in preparation for November 1997 water-quality sample collection (1o
support the M&Q's Rudiological/Environmental Field Programs).

Fltorts also continued in water-resources montoring - Staff obtamed pertodic water-level measucements from the
se-characterization program and compaled data on ground-water levels for six sites  Data on ground-water levels
and discharges vollected and compiled for monitoring sites during July “hrough September. 1997 (founth quarter,
fiscal year 1997), were reviewed A sunmany repont describeng monitoring was prepared and delivered w DOE and
FRWSSALC on October 31 = completion ot milestone SSHI3HM3 JLETTER REPORT: 4th QTR FY 1997)
Gromnd-water levels were measur~d at 33 sites, and discharge was measured at one flowing well. Ground-water
dan collected durn 2 Scptember were checked and filed. Dhgitat duta for geophy sical logs collected at well JF-3
dureing 1992 were provided to USGS-ESIP personnel. Staff provided technical information to NPS personnet in
Daath Valley National Park tor planned NPS collection of water-quality samples at two wells located 1n the park
(near Saratoga and Fexas Springs) and offered assistance in data-collection efforts. Comments were received from
the USGS-Nevada reports specialist pertaiming 1o the summary momitoning report for calendar vear 1996 (FY 97
mileston.e SSHE3 M on October 29, statt responded to those comments, revised the report accordingly, and
forwarded the deatt repait for USLS-Nevada distriet chief and UISGS-YMPB approvals on October 31
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S. GEOLOGICAL SURVEY
ED COSTS FOR 101187 - 10319

2322210
582  Complete Ste Arsa Geclogic Map - ECR
SBS  Genldgic Mapping of the ECRB
EB1  Predictive Geotechnical Anclysis for EC
50U2  Structural Festures and ESF Testing
2326050
383  Structural Support 1o tsotopee Age Studie
25U1 Structurat Support to hotopic Age Stud
2327025

1742
SBF  oupport VA SZ Flow Mode! >ensitivity A
OMs1  Abs/Testing SZ Flow Model for VA
2331200
385 PTn Lateral Diversion (Phasa 1)
45U1 Hydrostratigraphy
3 Est. of E*fective Poroalty Values for Tops
45U2 Surface-Based Borehole Testing
88 Air-K & Hydrochemistry Testing ESF
45U3  ESF Borehols Testing
583  Unsaturated Matrix Flow Properties
504 Hydrolopic Proy: ~"_.8 Messureman.s
387  ESF Drift-Scale Fiux & Nicha Study (Pha
3BF  Characierization of Sespage in Alcoves
5US  Percolation and Seepage
382  Hydrattic/Tracer Test of Prow Pass Tuff
384 52 Hydraulic Testing of Borehole USW
385  S$Z Hydrsulic Testing of Borshole USW
3A3  Planning for STC S2Z Confirmalion Studi
(5U8  Saturated Zone Testing
381 Matrix Water Sources and Fract -Matrix |
382  iso/Hydrochem. Studies of UZ Watet an

ocT
EST

41.4
00
§5.2
08
5.9
558
39
9
s
1318
23
23
23
69
6ép
0.0
0.0
450
450
6.3
6.3
0.0
11.3
112
20.2
0.0
00
1.5
2.7
10.7
135

NOV
EST

0.0
0.0
00

Q0.0
00
0.0
00
0cC
00
00
00
00
00
00
0o
00
0.0
00
0.0
00
0.0
00
00
0.0
00
00
00
0.0
a0
00

DEC
EST

0o
0.0
00
oo
00
o0
0.0
00
00
oo
0.0
0.0
0o
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
(]
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

JAN
EST

0o
00
00
0o
0.0
00
0.0
0o
00
00
00
00
00
00
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
00
00
0.0
00
00
0.0
0.0
00

FEB
EST

0.0
00
0.0
oo
00
00
00
ao
00
0.0
00
00
0.0
00
00
00
00
00
0.0
00
00
0.0
00
00
00
00
0.0
00
00
00
00

Page2

EST

00
o
00
0.0
0.0
0.0
0.0
00
00
0o
00
00
00
oc
00
00
0.0
00
00
00
0.0
ao
00
0.0
00
00
0o
00
00
0.0
0.0

APR
EST

0.0
0.0
0.0
0.0
00
0.0
00
00
0o
0.0
00
0o
0.0
00
00
0.0
0.0
00
00
oo
00
0.0
00
00
00
00
00
0.0
0.0
00
]

MAY
EST

0.0
oo

00

00
00
00
0.0
00
on
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
00
00
0.0
0.0
00
00
00
00
00
0.0
oo
0.0
0.0

JUN
EST

0.0

0o
oo
00
00
00
00
00
00

00
oo
00
00

00
00
00
00
00
00
00
00
00
00
oo
00
00
0.0
08
00
00
0o

JuL
EST

0.0
00
00
00
00
0.0
o0
00
0.0
0.0
0.0
0.0
0.0
o0
00
00
0.0
00
0.0
0.0
0.0
0.0
0.0
00
00
00
00
p.o
0o
0.0
0.0

AUG
EST

00
0o
00
oo
00
(o)1)
00
oo
00
00
0.0
00
0o
00
0.0
00
0.0
0.0
00
00
00
00
Qo
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

SEP
EST

00
00
00
00
0o
00
00
0o
00
30
00
0.0
00
Qo0
0.0
0.0
00
0.0
00
00
00
00
0.0
0o
00
00
oo
0.0
0.0
oo
ao

TOTAL

414
00
552
08
§5.9
559
30
39
39
1216
23
23
23
89
6.9
00
00
45.0
450
8.3
6.3
00
113
1.3
202
00
oo
1.5
27
10.7
135




U.5. GEOLOGICAL SURVEY
TAATED COSTS FOR 107107 - 10318

233224507 UZ Hydrochemistry

33122°8F Hydrolagic Chersc, of S8 BH - WT-24/S
233724500 Matrbe Properties - SDEAWT24
3M31FBG Perched Wir & SZ Hydrologic Tstg - WT
3NIFBH  hofHydrochem Smplg/Anst of SZs - W1
733224500  Hydrologic Ts¥Hydrochem. Samping
33124FBF Southh Ramp Hydrology {RM)
33124FBG PTn Lateral Diversion - Ph ¢ ‘RM)
2332245UR  Risk Mitigation - Hydrostratioraphy
33124FBH  ESF Drift Scale & Niche Study (RM)
33124GA1 Support EAI Design Basis Modeling (RM
2332245US  Risk Mitigation - For-distion & Seepag
3M23FBF Chae. Hyde, of SB Boreholes - Deferred
2332245UW  Matrbx Properties WT-24 Deferred
J3131FBG Conduct Perchad Water & SZ Hydraul
3331FBH  Isa/Hydrochem Smplg Ik Analyses of S
2332245UX  Hydrologic Testing/Hydrochem Sampit
J3131FBB Conduct Chemical & lsotopic Anslysis -
A3131FBF Conduct C-Holes Testing - Daferted
233224507 SZ Testing - Deferred

33121GB2  Updala & Enhance Net infikration Numer
33121GBY Prediction of Fulure Net Infi. Retes in Re
233224701 UZ Modaiing .
33131GB8 Reduc Uncert. in Flux Valves Usadto C©
S33IFEE  Confirm SZ Hydrologic Flow Madels
33133684 Reflna Calbration of Ske 52 Flow Modsl
1343328 7yt Atenate Conceptuml Modeis
33123GB7  Refine Reglonsl Hydrogeologic Framewo
20224702 SZ Modeling :
13132GB1  lsoHydrochem. Analysia of SZ Gound
233224TUA taotoplc/Hydrochemics S2 Studies

EST

242
0.0
00

212
82

354
1.5
0.0
15
73
07
8.0
00
o0
15
0.0
15
0.0
34
34
71
0o
74
22

143
-]
8.1

204

518

249

249

HovV
EST

oo
00
00
0o
0o
00
00
oo
0D
oo
00
00
00
00
oce
00
00
00
00
00
00
00
00
00
00
0o
00
0o
0o
00
00

DEC
EST

0.0
00
0.0
0.0
(1J1]
o0
o
0.0
0.0
0.0
0.0
a.0
0.0
0o
.0
0.0
00
0.0
oo
(+ Xy
0.0
0.0
a.0
a0
0.0
0.0
0.0
00
00
00
[

EST

Q0
00
00
00
00
00
00
(]
0.0
00
0.0
00
00
00
00
00
0.0
Q0
00
00
00
00
00
00
0.0
00
0.0
00
oo
00
00

FEB
EST

co
00
00
00
0.0
0.0
0.0
0.0
0.0
00
00
00
00
0o
00
0.0
00
00
00
00
0.0
00
00
0.0
00
0.0
Ccy
00
0.0
00
0.0

Paged

EST

00
00
00
00
00
00
0.0
00
0.0
00
00
00
00
0.0
00
00
0.0
ao
00
00
oc
0o
0o
Qo0
oe
0g
0.0
0.3
00
00
00

APR
EST

0.0
0.0
00
0.0
0.0
oo
0.0
2.0
oo
00
0.0
0.0
0.0
0.0
0.0
0o
00
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
00
0.0
0.0

MAY
€ST

0.0
00
oo
0.0
0.0
0.0
00
00
0.0
0.0
00
00
0.0
0.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0o

00
00
ao
0o
00

. 00

6o

JUN
EST

oo
00
0.0
20
00
00
00
00
00
a0
00
00
00
oo
00
00
0g0
0.0
oo
0.0
00
00
0.0
0.0
0.0
0.0
0o
0o
0o
00
00

JUL
EST

Do
0o
00
00

" 0o

0o
0.0
.0

" 00

0.0
00
0.0
00
00

‘o0

0.0

00

0.0

" 00

0.0
0.0
0.0
0o
0o
00

00

00

00

00
00
00

AUG
EST

00

00

00
oo
a0
G0
00
00
00
oo
0.0
00
00
0o
00
00
00
00
0.0
0.0
00
0.0
00
0.0
00
00
00
00
00
0.0
0o

SEP
EST

00
0.0
0o
ar
00
00
00
0.0
00
00
00
0.0
0.0
0.0
0.0
0.0
00
0.0
00
00
0.0
0.0
oo
00
00
00
00
0.0
00
00
00

TOTAL

242
00
00

272
82

54
15
00
15
13
07
80
00
00
1.5
a0
15
00
34
34
1.1
00
74
22

143
88
8.1

204

5186

249

248




U.5. GEOLOGICAL SURVEY
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U. 5. GEOLOGICAL SURVEY
EXECUTIVE SUMMARY

NOVEMBER 1997

WBS 1.2.3.1 Coordination and Flanning

U. S. Geolngical Survey - Yucca Mountain Branch is currently proccssfng 149 scienufic papers prepared by USGS
authors. Of these, 96 are relative to geologic studies and 52 to hydrologic studies. In addition, 14 abstracts are
being processed, as well as 17 reports by LBL personnel.

WBS 1.2.3.2 Gealogy
Geologic Framework

The Site Area Geologic Map (scale 1:24,000) was converted to ARC caverage, 1. preparation for its publication as a
USGS map product. Approval was oblained to publish the Geologic Map of-the Paintbrush Canyon Arca as a
USGS Open-File Report. Field work in the southern part ¢ Yucca Mountain continued, focusing on the evaluation
of faults and fault zones as potential pathways for flow ¢ unnelization or as barriers to hydrologic flow.

Project staff continued preparation of text for the geote * n'.al data report to be incorporated in the predictive report
for the “Enhanced Characterization of the Repository Block™ (ECRB), including the assembly of a table for
referencing all the date 1esulting from the mapping of the ESF. A text was delivered to the M&O design personne!
on November 26. Project staff also collected fracture orientation and spacing data from the densely welded units of
the Topopah Spring Tuff in Solitario Canyon. These data will assist in predicting the nature of fractures to be
expected in the middle nonlithophysal, lower lithophysal, and lower nonlithophysal zones of the Topopah Spring
Tuff during excavation of the ECRB. Geologic mapping of Alcove #7 in the ESF was completed, and preparation
of a field guide for underground mapping in the ECRB was begun.

Milestone report SPG232M4, “Transmit Fracture Density Data to 3-D Modclers™ was completed. The transmitted
information on fracture spacing consisted of currently available aggregate data {fractures per 10 m), and integrated
data obtained from surface exposures, the ESF, and Q'd borcholes. 1wo days were spent in the ESF with SNL staff
to observe and describe small-scale fracturing in the upper lithophysal zone of the Topopah Spring Tuff.

Fault displacement summaries and models (far PSHA) were completed by each expert team, and the reports were
sent w.ut for review. Revisions to the summary reports on seismic sources have now been completed. Work
continued on Milestone Report SPG28LM3 (Deterministic Evaluations for Type I Faults at Yucca Mountain) bv
including preliminary PSHA results on maximum magnitudes for comparison with deterministic earthquakes on the
Type [ faults. Appendix I (Determuinistic Earthquakes and Ground Motions) for the Seismic Design Basis Topical

Report was revised, and results of the deterministic earthquake study was presented to the Seismic Dzsign group in
Oakland on November 12,

Field investigations were conducted in Amargosa Valley to cvaluate a possible fault potentially relevant to viability
assessment. An analysis of basaltic volcamism and seismicity as coupled processes was presented on behalf of SNL
personnel at th- DOE-NRC technical review in Las Vegas on November 5.
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WBS 1.2.3.3 Hydrology

Regional He Jrology

All stream-ilow and precipitation data coilected during FY97 and supporting informauon have been compiled and
stored in Project files. Stream-flow and precipitation data fur FY97 have been computed and checked and have
been scheduled for technical review. Entry of stream-flow and precipnation data for three recording stream-flow

gages along Fortymile Wash into tabular format for submittal to the Nevada District data section continued dusing
November,

Routine mainter.ance at stream gages on Fortymile Wash and at upper and lower Split and Pagany Washes on
Yucca Mountain also continued. Project staff kept vigilance during the reporting period for potential precipitation
and runoff associated with several storms that passed through the southemn Nevada area. Runoff was neither
observed nor reported for the five recording stream gages or for the Yucca Mountain vicinity.

Monitoring of instrumentation in borcholes again continued. Borehole data from NRG-7a, UZ #4, UZ #5, UZ-7a,
and SD-12 were transferred to Denver, converted to engineering units, and archived to optical disk on a routine
basis throughout the month. Daily EKES files were checked for shelter activity. Sensor readings were checked
daily as well fu: unusual occuirences, and statistical outliers were flagged. A program (TDBMAKE) was written to
generate files for the TDB, Staff made a presentation at the monthly progress meeting to discuss observations from

station A, the deepest instrumented station in NRG-7a. Shelter reports for field sites 3 through 7 are being prepared
for submittal.

Numerous calibration runs were preformed, including three for pressute transducers, two for thermistors, and two
for barometers. Instrument records for all Keithley 181s, 182s, 220s, and the Guildline precision sesistors were
copied and sent to Denver, Pressure calibrations have sesumed after repair of the air dryer in the calibration lab.
Thirty-nine trips were made 1o field sites for correction of generator, UPS, and chiller problems. Seven site visits
were made to collect dats. Data are being collecied manually twice weekly at SD-12 until the nonfunctional data-
communications computer is replaced (planned for the first week of December). Preliminary planning for
resumotion of monitonng at NRG-6 has begun.

Compilation of borehole data continued. A data package utled "Decp Unsaturated-Zone Surface-Based Borehole
Instrumentation Program - Interim Data Submuttal for Boreholes USY NRG-7a, UE-25 LZ #4, UE-25 UZ #5, USW
UZ-7a, and USW SD-12 for the Time Period July 1. 1997, through S~ptember 30, 1997" was submitted. A data

check was performed for the penad July 1 through September 30 1997, for boreholes NRG-7a, UZ #4, UZ #5, UZ-
7a, and 8D-12.

Air-permeability and hydrochemical testing continued in the ESF. Field staff instrumented boreholes in the
northermn Ghost Dance fault drill/test room (NDR; Alcove #6) in preparation for conducting 3-D cross-hole air-
injection and tracer tests. All equipment was installed and checked, and testing wili begin at the beginning of
December. Compilation of collected data also continued. On-gowng analysis of the northem Ghost Dance fault
alcove cross-hole air-injection tests indicated three zones of different permeability and porosity The zones are 1)
the fault zone, 2) the hanging-wall zone, and 3) the footwall zone. The fault zone consists of the main trace and a
volume extending approximately 4 m into the hangng wall. in which the permeability is 14 darcies and the porostity
1s 13 %. The hanging-wall zone exhibits a permeability of 4 darcies and a porosity of 3 %. The footwall zone
indicates a permeability of 10 darcies an.. . m~masity of 3 %. The results agree with the borehole core examimation
that indicated a highly {ractured rubble zone near the fault main trace and decreased fracturing in the hanging wall.

Collection of temperature and relative humtdity data continued at eight sites in the ESF. Wind-speed data currently
are being collected at five sites. Water-potential and water-content data are being collected with heat-dissipation
(HD) probes and time-domamn reflectometry (TDR) prabes at selected locations throughout the ESF. Planning and
preparation for water-balance data collection in the crass drift has begun. Vanous types of instrumentation sy«fems
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are being developed and tested for use in the TBM water-migration study. Testing of the surfactant with rock
imbibition and evaporation studies is underway.

Hydrologic studics in the South Ramp of the ESF continued with collection of water-potential data from the sets of
tensiometers and HD vrobes installed a1 ESF stations 66+99, 67+33, 70+54, and 70:56. Water-content dala were
collected from TDR instrumentation insualled at ESF station 66+99. The areas around these instruments are still
covered with plastic to monitor the recovery of the rocks from the drying effects due to tunnel ventilation. The
collected data have been entered anto spreadsheets and graphed. Centrifuge extraction of pore water (samples from
South Ramp boreholes) continued. Thirty-five pore-water samples were collected from 29 of the 46 borcholes in the
South Ramp. For eachi of the 35 pore-water samples, pore water was collected after 3 hours and again after 24
hours in the centrifuge. The water samples extracted [rom core were sent to LANL for analysis of CI', Br, and SO/
? using ion chromutography. Selected water samples will be analyzed for **Cl. Planning began for distribution of
core samples for a variety of chemical, isotopic, and petrographic analyses by 17SGS and LANL.

In work on the ESF drift-scale and niche flux study, development began of a system for placing HD probes in
vertical boreholes. Twenty-one HD probes were installed in Niche 1 to monitor changes in niche water potentisl.
Eight HD probes were wstalled in Alcove 1. Thewe probes are in the highly fractured rock and are located in the
crown of the alcove. Preparations are underway to instal! 10 additional probes by the end of December.
Temperature, relative humidity, and barometric pressure are being measured in the alcove, as well asinNiche 1. A
drip-detection system has beent developed and is being tested in Niche | and‘Alcave 1. All tests indicat: that the
system will work in the ESF. Equipment needs for each of the different elcoves has been determined, and
procurement of the needed instrumentation is underway. HD-probe holes were drilled in Alcove 7 (58 holes) in
preparation for installation of the probes. The first of the probes will be installed in early December.

In chemical studies in suppont of drift-scale testing, analysis continu. 1 of core samples from borehole SD-2. Staff
prepared a presentation on the USW SD-7 pore-water strontium data for a meeting with LBNL modelers. [n

support of thermal testing, staff from the isotopic chemistry group attended the expert clicitation meeting for
comment on near-field studies on November § and 6.

Several aspecis of study of net infiltration cont:nued. Work conunued on a Fortran program for defining sutface
drainage boundaries and for calculating the upstream drainage area for each grid cell using the 30-m elevation grid
as input. Modifications allow the occurrence of surface water storage (ponded areas). Watershed modeling
domains for the Solitario Canyon, the Drill Hole Wash, and the Duzte Wash - Busted Butte drainages were extracted
from the digital elevation model (DEM) and 1est net-infiltration simulations were performed using the Area 12 Mesa
100-year stochastic simulation and the updated version of the coupled infiltration — runoff routing model which
allows irregular model boundanies. Application of the model to the WT-2 Waush sub-drainage model for predicting
net infiltration rates over Alcove 7 in response to an active ENSO (El Nifto ¢limatic oscillation) also continued. The
calibratica of the coupled infiltration-runoiT model using available streamflow records for several drainages on
Yucca Mountain likewise continued. Wotk on the deve lopr2ni1 of 2 more detailed soil-depth map was initiated.

In work 1o estimate potential future infiltration under different climatic regimes, the coupled infiltration-runoff
model was applied ta three different watershed modeling domains using vanous wetter future climate analogs to
analyze potential channel-flow volumes and to compare net infiltration slong channel segments and lower
sideslopes with simulation results obtained using the 1996 version of the infiltration model. Results are being used
to lest assumptions {made in the development of the 1996 model) concernng the effects of overland flow in
response (o current and wetter future climates. Potenhial future-climate net-intiltration estimates for the site using the
1996 infiltration rrodel and the results of potential future-climate recharge estimates for the Death Valley region
usitg geostatistics and a modified Maxey-Eakin model were submitted as extended abstracts to the upcomung High
Level Radioactive Waste Management conference. Evaluation of the analog sites selected for developing stochastic
imulations of daily precipitation for various potentia: future-climate scenarios continued. The application of the
1980—95 daily precipitation record to predict net intiltration 1n response to an active ENSO continued.
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In work suppurting evaluation of percolation flux across the repository horizon, a memo to all scientific
inveatigators responsible for parts of the predictive report on the cross drift is being prepared so that the same set of
data from the geologic data base is used for the various effc:ts. The purpose is to have a uniform sct of available
data for everyone as a starting paint tor the predictive analysis. Samples of the surfactant being used for dust
control in excavation have been distributed to determine a suitable detection methed for the surfactant. Tests will
also be yun to determine the effects of the surfactant on rock hydraulic propesties. Monitoring equipment (HD

probes, data loggers, t2mperature/relative humidity probes and related accessories) have been ordered. Scheduling
of HD probe calibrations has started.

Work in UZ hydrochemistry continued with collection of pore water from four ESF cores by distillation. The water
samples will be analyzed for tritium, D/H, and '*0/"*0. Four ESF core samples also were distilled to extract CO,
and pore water. That extracted pore water likewise will be analyzed for tritium, D/H, and #0/"*0, and the extracted
CO, gas samples will be analyzed for carbon isotopes. Two ESF core samples were compressed, and the extracted
pore water will be analyzed for chemical composition, '*C, and stable isotopes. Seven ESF pore-water samples and
two ground-water samples from borchole WT-24 were prepared for tritium analysis and counted for tritium
concentration. The data were reduced. Replicate analyses of anions and cations from numerous samples (pore-
water samples from the ESF, from SD-7 and SD-12 pore water, and from two WT-24 samples) were performed with
the ion chromatograph. Water collection by compression and distillation methods dunng October was recorded in
the water collection data base, and tnitium data measurcd in November were entered into the tritium data base.

In other hydrochemical work, two NRG-7A and two SD-9 core samples were distilled to extract CO, and pore
water. One of the NRG-7A core samples and one of the SD-9 core samples that had been distilled were then
acidified with phosphoric acid and distilled. The extracted CO, will be analyzed for carbon isotopes, and the
extracted pore water will be analyzed for tritium, D/H and '*0. Dissolved CO, also was collected from four SD-12
core samples by distillation and from two SD-12 core samples by acidification. A sample of tuff, previously
distilled and acidified, yielded extracted CO,. A sample of the original imbibed NaHCO, solution, the residual
NaHCO, solution, and the two extracted CO, gas samples were delivered for ’C/**C analysis.

Pore-water extractions provided additional samples for isotopic analysis. Pore water was collected from one SD-12,
three NRG-7A, and cight UJZ-7A cores by distillation. The water samples will be analyzed for tritivun, D/H, and
“0/*0. Seven UZ-7A core samples were compressed. The extracted pore water will be analyzed for chemical
composition, '‘C, and stable isotopes. Five NRG-7A and five UZ-7A pore water samples were prepared for witium
analysis and counted for tritium concentration, and the data were reduced.

In unschduled work, the LKB Liquid Scintillation Counter was calibrated. Staff attended the Geotrans, Inc.,
presentztion of ground-water flow and transport at the Arizona site on November 21. Staff prepared an extended
abstract for submission to the LBNL workshop on “Ficld Testing and Associated Modeling of Potential High-Level

Nuclear Waste Geologic Disposal Sites™ t: be held December 15 and 16 at the University of Califormia, Berkeley.
The paper received technical review.

The tracer-injection tests in the Bullfrop interval in the C-hole complex (where P yridone and 2,6 difluorobenzotc
acid (2,6 DFBA) had been injected) was finally terminated with cessation of pumping in borehole UE-25 ¢ #3 on
November 12 to allow reinstruinentation and preparation for tracer testing of the Prow Pass n.tervai. The long-term
hydraulic test had begun 1n May 1996, and the Pyridone tracer test had been initiated in Januarv 1997. The C-holes
will now be monitored for recovery, with packer/transducer strings expecied to be removed from borcholes ¢ #2 and
¢ #3 in mid-December. Prow Pass testing is anticipated for January 1998. The Pyridone breukthrough curve from
the Bullfrog interval continued 1ts steady rise 1n concentration, but no peak was 1dentified. The concentration rose
to a maximum of anproximately 400 parts per trillion (ppt) at the time of shutdown.

¥lanning for the Second (southeri) Tracer Camplex continued with discussion of cnitena for the complex and
evaluation of four potential sites at a meeung of USGS, LANL, and LBNL representatives at Los Alamos, N w
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Mexico. A follow-up meeting was planned for the second week of January 1998 at the Nevada Test Site to finalize
the selection.

Saturated-zone water-level monitoring continued with measurements in several wells: in bareholes UE-25 WTH6,

UE-25 WT#16 and UE-25 WT#15 on November 6; in UE-25 WT#3, USW WT-01, and USW H-3 (upper and lower
intervals) on November 10; in USW WT-1], USW WT-10, USW WT-7, USW H-6 (upper and lower intervals), and
USW VH-1 on Novembe .8; in USW §l-1 (tubes 1, 2, 3, and 4), USW WT-2, UE-25 WT#4, UE-25 WT#13, and J-

11 on November 19; in USW WT-24 on November 20; and in J-12, J-13, UE-25 b#1 (upper interval), and USW H-
4 (lower interval) on November 25.

In drilling operations for SZ hydrologic testing, borehole USW WT-24 was drilled during November to a depth of
1,747 ft below land surface. The hole has been reamed to a diameter of 12-1/4 inches. Geophysical logging of the
borehole from 1,663 10 1,747 ft below land surface (or deeper) still remains 1o be completed before casing is set in
the borchole. Level 4 milestone SPH22814 [Mento to TPO: Results of Perched Water Hydraulic Test of
borehale USW WT-24] was completed on November 10, slightly ahead of schedule. Data were retricved from
borehole WT-24 during November i support of hydraulic testing. (An initizl set of samples was collected in
October, with additional sampling anticipated in early December, due to extension of hydraulic testing.) A
monitoring string was set in the hole on November 18 through 20, and Paroscientific transducer (serial number
55021) and barometer (s/n 385845) were installed, = calibration check was performed. Drilling of borchole USW
SD-6 began during Noveraber, and as of November 26, SD-6 had been drilled to 5t ft below land surface.

The water level in borchole USW WT-24 was approximately 1,663 ft below land surface. Drawdown in the
borchole was desired to be below the top of the Topopah Spring Tuff lower denscly welded vitric sub-zone
(Tptpv3) at 1.685 it below land surface. Becruse of mud in the borehole, the transducer was placed in the borehole
at 1,692 ft below land surface, allowing for a maximum drawdown of about 29 ft. From November 21 through
November 26, WT-24 was pumped 12 times, 11 times at 2 gal per minute and once at | gal per minute. Ata
pumping rate of 2 gal per minuiz, the maximum drawdown was reached afier pumping between 180 and 240
minutes. Pumping ot a 1ai¢ of 1 gal per minute, the drawdown 1n the borehole after 960 munutes was only 5.36 1,

with drawdown from 4.31 to 5.36 ft taking about 810 minutes, o rate of about 0.07 i per hour. Water-quality
samples were collected during pump tests.

In support of SZ flow-model senswivity analyses for the VA effort, USGS staff met with Sandiz PA staffon
November 20 to discuss alternate climatic scenarios. The strategy is to increase incrementally regional recharge
rates until waler levels heneath Yucca Mountain reach a maximum of 120 m above existing levels. When that point
18 deterned, fiuxes beneath Yueca Mountain {needed for PA abstraction for a maximum glacial climate) will be
calculated and forwarded (0 PA. Work began on running those simulations. An outline of TSPA-VA chapter 2.9
{Saturated-Zone Flow and Transport) was provided which identfied parts of the report to be wnitten by USGS staff.

Work began on collecting previously published USGS reports that will be summanzed for inclusion 1n the TSPA-
VA report.

work on the 8Z synthesis report conunued with completion of revisions to the regional tlow model climate-
simulation report 1n response to DOE review comments. The repart was r+-submitied and received DOE
concurreny » ont November 19. The report was forwarded for USGS Dir . <tor’s approval, com.pleting Level 3
milestone SP230M3R1 {Reglonal Saturated-Zone Synthesis Rep«:1). Staff also wurked on the zite flow

modeling nulestone tepon in response & DOE review comments  That report received 1ISGS Director’s approval
on Novembe: 4.

Review of the current site SZ hydrogeologic framew ork mo.iel conunued in an on-goin § process retining the
framework as the most realistic pussihle. Formal resiew will begin after revisions to {ne current frameworl, are
completed. Staff converted the SZ hydrogeologic model to Earthviston (3.1) and transmutted it to the M&O
modeling team. In conjunction with LANL, the preliminary 250-m gnd was conve-ted to an FEHM mesh. Work
began on digitization of faults and structures to be used in the site SZ flow model. as well as on digiuzation of
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available potentiometric surface maps to compare with the current potentiometric surface map. Staff worked on
various issuss related to the integrated site model (ISM), responded to comments, and completed submittal of
software QA documents for software used in the frainework and flow modeling processes. Conversion began of
flux output from the regionsl SZ model in the area of the site SZ model into a 2-D vector plot, This information
will be used for boundary conditions of the site SZ flow model. Compilation began of available temperature data.
Work continued on a report describing the site SZ hydrogeologic framework model.

Testing continued of a revised flow model that uses a framework model generated with 250-m grid spacing. Tests
are intended to determine potential run times for the model so that optimal mesh spacing can be used that will
balance detail in the horizontal discretization with simulation times. Forward run times arc about an hour. A
parameter-estimation test simulation was successfully run on Navember 14, raking about 20 iterations between the
parameter-estimation and flow codes. Analysis of tne results o the simulation is continuing.

In work to refine hydxoéeologic framework and flow models, USGS modeling staff'met with HIS-GeoTeans staff on
November 25 to coordinate additional sensitivity analysis of existing YMP/Hydrologic Resource Monitoring

Program (HRMP) and underground testing assessment (UGTA) regional models and transfer of regional modeling
data from the Environmental Restoration Program

Preparations were made for testing of aliemnate conceptual models, including utlining of major tasks, identification
of data ficlds in the USGS NWIS data base helpful for estimation of perched water, and preliminary design of a data
base for this canceptual modeling exercise. Additional modifications to the data base are expected based upon
additiona: data types and formats that likely will become incorporated. Several software packages ate being
evaluated to Getermine the best method of analysis for the data presently available. Some data have been
incorporated into data-basc. visualization, and spreadsheet software for analysis. An evaluation of the data hes been
started to identify potential wells that have anomalous water levels. The data are being analyzed in various
groupings, such as hydrographic areas, to aid in the analysis. Results of further calibration of regional law model
using preliminary evapotranspiration (ET) data from Ash Meadows were reviewed. Methods for assessing
reduction of uncertainty in modeling were developed. Mcthods were refined for cvaluation of where best to add
additional vertical discretizanon to the regional ground-water flow mode!  Staff reviewed methods for development

of new regional mfiltration estimates 10 replace Maxcy-FEakin estimates  ...ently used in YMP/HRMP and UGTA
resional Now models.

USGS-Nevada District Office staff developed work plars and procedures for delineating ET Areas in Death Valley
region A list of regional sprngs in the Furpace Creek, Grapevine Canyon, Indian Springs, and northemn Las Vegas
Valley that require hydrograph analysss was commiled. Pumping data for the Indian Springs Valley were obtained.

Additional regional springs in the Pahrump, Shoshone, and Tecopa areas were selected for discharge measurement
and waler quality sampling. '

In unscheduled work, staff reviewed documents related to potential upcoming water-appropriation heanngs, and

met with other individuals who may be mvulved in the heanngs to discuss work needed 1o be done prior to the
hearings.

Wis 1.2.3.6 Climatology and Paleohydrology

A vanety of effons continued in studies of Owens Lake. Staff developed 2 sampling plan for the Owens Lake cc.t
that incorporated requirements for 2 high-resolution me senes and the needs of several invesugators. Staff raveled
to Menlo Park and exccuted the sampling plan by taking 197 samples from the core usterval representing the period
about 350 1o 410 ka. Some §26 sub-samples have been taken from the Owens Lake samples for study of
ostracodes, diatoms, and stable oxygen and carbon ssotopes. Those sub-samples are in various stages of analysis.
Preparation of open-file reports on Owens Laae continued. YMPB, WRD. and Geologic Division staff, with staff
from Connecticut College, have complzied an open-file report nitled A 1es1 of uranium sertes danng of nstracode
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shells from the last interglaciation at Owenr Lake, California, Core OL-92. These reports will be submitted through
the Geologic Division. A manuscript has been prepared for submussion to the High Level Radicactive Waste
Management symposium iz May and submitted to branch review. The manuscript deals with the integration of the
Owens Lake climatic record from the past 200 V'y with other records in the region. Those integrated records offer a
means of initiating a model that will establish future climatic bounding parameters from the older Owens Lake

record. W rk continued on an outside peer-reviewed paper dealing with the hydroclimatic processes that integrate
Owens Lake paleolimnology with climate.

Isotopic studics of sccondary minerals and paleoclimatic studies continued. Staff prepared for an NWTRB field trip
to Ash Mcadows and past-discharge sites in the Amargosa Valley (to be held in early December). A report that
summarizes the distribution and major characteristics of secondary minerals from the ESF and predicts the likely
distribution of minerals in the cross-block drift was completed (milestone SPC233M4 [Memo to TPO: Predictive
report describing spatiotemporal distribution of secondary minerals], Level 4). Predictions are based on
various working hypotheses of the factors controlling percolation and deposition of niinerals. Excavation of the
cross-block 4i1t will allow important tests of the infiltration model. Submission of the memorandum report
completed the milestone. Planning continued for completion of line surveys of secondary mineral distribution in the
ESF North Ramp and remaining areas 1n ESF, alcoves, and niches. That work is anucipated for early December.
Staff submitted review drafts of extended abatracts for the High Level Radioactive Waste Management conference.
Papers dealing with various aspects ot L5F or drill holes imclude:

Secondary mnerals record past percolation flux at Yucca Mountain, Nevada, by B, Marshall, J. Paces, L.
Neymark, J, Whelan, and Z. Petenman.

History of calcite anii upal deposition at Yucca Mountan: Evidence for long-term stability of the
unsaturated zone, by L. Neymark, Yu V., Amelin, and J. Paces.

Secondary mineral evidence for past water 1able chunges, by J. Whelan and R. Moscati.

Carbon isatope evidence for past climates (million-year scale) in southern Nevada, by J. Whelan, L.
Neymark, and R. Moscati.

Inferences on UZ hydrologic behavior based an secondary mineral records, by ). Paces, L. Neymark, B.
Marshall, and J. Whelan.

Additional nbstracts were prepared for the Field Tusting and Associated Modeling (FTAM) workshop ta be neld at
LBNL in December:

Hydraulic inferences from strontium isotapes in pore water from the unsaturated zone at Yucca Mountain.
Nevada. by B. Marshall, K. Futa, and Z. Peterman.

Sccondary mineral evidence of lurge-s—ale waier wable fluctuutions at Yucca Lountain, Nye County,
Nevada, by ). Whelan, and R. Moscali.

WBS .2.3.9 Special utudies

Sections on Surfa :e-Water System and Regional Hydrologic System are being prepared for internal review.
Subsections on paleohydrology and water supply are incomplete, but the sections are expecied to go to internal
review in the first week of December. Drufts of most subsections 1n Site Hydrolegy are still being evaluated relative
to readiness for intemn2l review. Several subsections are being revised s .bstantially, Revisions to the section on the
tectonic model (chapter 2.3, Site Description) of the PISA chapter on site descnption conunued during the period.
Extensive comments were reccived on both the tectonic model and structural sciting sections. Most comments have

been addressed, and changes are being incorporated. Climate <taff discussed USGS data sets needed for the
compilation of the PISA geochemistry section.
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The USGS technical lead for $ite Characterization Progress Report (SCPR) #17 continued to attempt to ensure
mclusion of important USGS input into PR #17, particularly that for the Integrated Site Model/Geologic Framework
section of chapter 4. Several important technical topics that had been excluded from the SPO draft of this section
included 1) recvaluation of lithostratigraphic contacts, 2) site-scale geologic map, 3) descriptive structural model of
the site, 4) fracture synthesis for the UZ flow medel, and 5) geologic mapping of the ESF. After intervention by the
USGS TPO, a commitment was made by the M&O Licensing group and M&O SPO to rectify the situation.

Verification of the extent to which the problem has been solved will be p~-formed as part of the M&O/USGS
interactive review of PR #17, scheduled for December | through 10.

The USGS techmical lead also reviewed the M&O Licensing group draft of *Documentation of Program Changes™

(formerly known as Appendix A of the SCPR) to verify inclusion of USGS input. It was concluded that USGS
input and suggestions had in fact been included in the draft document.

WBS 1.2.8.4.7 Water Resources Monitoring

Ground-water monitoring continued, with measurement of ground-water levels at 34 sites. In addition, ground-
water discharge was measured at tive springs and at one flowing well. Data collected during October were checked
and filed. USGS-Nevada district chief approval was received for the summary monitonng report for calendar yeat

1996 (FY97 milestone SSH13GM3). Staff also provided supplemental information to USGS-ESIP personnel for
submittal of 1996 data to the RPC.

In support to the Environniental Program, theoretical ground-water levels (for vanous quantities of ground-water
withdrawals and aquifer propertics in Jackass Flats) were calculated according to Theis analyses  Potential revisions
to DOE's formal monitoring plan (relative to new DOE water-appropriations permits) were discussed with DOE,
M&O, USGS-YMPB, and USGS-Nevada District staff on November 7. Plans and status of well drilling,

subsequent collection of water samples, and geohydrology in Death Valley National Park were discussed - «ith the
National Park Service in Fumnace Creek.
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“s %o, - 1;2

~Yuces #ountain Project

fiscal Yesr 1998

Resouree Distributions by Element of Cost

Estimsts to Coeplete
Oct Nov Dec Jan feb Mar Apr May Jun Jut Aug Sep Total
LERERS ] 4] 24394 24264 23507 2328 2422 21517 20923 20185 20123 20433 221332
(LABOR L] 0 1089 1114 1045 1041 1022 1.4 o7 B 852 926 o682
SuBs 0 0 195 197 199 196 191 13 193 22t 222 228 2025
TRAVEL 0 0 ot 80 T1 s bad 74 . ] 55 42 3% 663
PRLE 1] 0 0 o 4] 0 o 0 o D 0 0 ]
OTHER 0 o 308 352 57 2 274 53 59 54 a8 316 2853
Total ETC 1] (¢ 1673 1743 1572 1608 1565 157 1445 1419 1434 1506 15423
Resource Diste Thutions
Fiscat Year 1998  Oct Nov Dec Jan feb Mar Apr Bay Jun Jul Aug Sep Total
eus 1330 1447 1658 157 1432 1672 1424 13 1%ar 1306 1% 1210 16895
o 1270 1404 1] 0 0 1] 0 0 0 0 0 o 2874
AP 910 1149 9 o 0 0 0 0 1] 0 0 0 2059
ETC 0 0 1673 1743 1512 1608 1566 1457 1445 131 1634 1506 15623
Fiscal Year Distribution At
Prior FYIovg FY1999 FY2000 £Y2001 FY2002 FY2003 FY2004 FY2005 FY2006 FY2007 future Complete
BCOUS 32204 15495 9517 Lo27 920 r ¢ 0 0 0 a 0 63734
scwp 3200 2874 0 0 0 0 0 0 0 0 0 0
ot 2340 Q59 0 0 0 0 L] 0 0 0 0 0
ETC /] 15423 9435 4027 920 279 0 0 L] 0 0 0 64183




verable

or Report: 4th Qtr FY 1997
stone Number: SSHI3HM3

ional Saturated Zone Synthesis Report
sstone Number: SP23JOMI3RI

USGS Level 3 Milestone Report
October 1, 1997 - September 30, 1998

Sorted by Baseline Date

Dee
Date

10/31/97

11221197

Expected
Date

10/30/97

112197

Completed
Date

10'30'97

11112197

Comments




rerable
o to TPO: Jan-Jun97 Perio Wer Lvl Data to RPC
stone Number; SPHI7FM{4

.0 10 TPO: Trans Frac Density Data to 3-D Md!
sione Number: SPG232M4

10 to TPO:Rshts of Prch Wir Hydraul Tst WT-24
stone Number: SPH228M4

10 to TPO: ECRB Spatiotemporal Predictions
stone Number: SPC233M4

10 to TPO: Struc Data/Interps to LANL
stone Number: SPG395M4

USGS Leve! 4 Milestone Report

October 1, 1997 ~ September .0, 1998
Sorted by Qaseline Date

Dae Expected
Date Date
103197 10117797
1171497 11/13P7
11714797 117097
1172897 11/25/97
12197 11/25/97

Completed
Date

Comments

1011757
1111397
11110/97
11725197

11725097




YHP PLANNING ANO CONTROL SYSTEM (PACS)

MONTHLY COST/FTE REPORT
Putigpant U8, Geological Survey Fiscal MonthvYear NQVEMBER 1997
Date Prapered: 12/10/97 03:43 PM , Paoeiofi
CURRENT MONTM END EISCALYEAR
wes ACTUAL  PARTICIPANT  SUBCONTRACT PURCHASE  SUBCONTRACT  ACCRUED APPROVED APPROVED  CUMMULATIVE
ELEMENT COSTS HOURS HOURS  COMMITMENTS COMMITMENTS  COSTS BUDGET FUNDS COSTS
1.2.1 p] B1g o 0 0 0 526 0 o1
1.23 761 19784 073 0 ™ 0 13181 0 1463
1.25 32 320 840 0 370 o 683 0 70
1.28 4 575 D 0 a 0 800 ) 70
1.29 53 744 0 0 107 0 683 0 107
1212 3 160 o 0 0 0 e 0 7
1.215 23 1228 540 0 %0 o 1743 0 286
1157 15829 4583 o 248 0 17483 0 2084




.S GEOLOGICAL SURVEY
STIMATED COSTS FOR 10/1/87 - 11/3097
5197 3.1€.53 PM

GICGA1 USGS Engineering Assurance
121CB075U1 USGS Engineering Asnurance (EA)

124C9075

1.2.4.1
124

G311GA 1 Sclentific Programs Managemernt & intog
G312GA1 Manage Nevada Operations/Earth Sclen
12319000U1 USGS SPA&l

12319050

1231

GI2BIBFB1  Conduct Probebilistic Selsmic Hazards A
G32IBCB3  Support Seismic Deskon input
1232115501 Prepare Seismic Design Inpuls
GI28IGFB1  Conduct Probabilstic Selamic Hazsrds A
12321155UC Conduct Prob. Seismic Hazards Ans.
G32830F01 Probabilistic Selsmic Hazards Anaslysis -
1232115507  PSHA - Deferred

12321155
GIZ211GA Stradiptaphic Support to LA & Confirmeti
1232221001 Stratipraphy
GIN12GA3  Structursl Support to LA & Confirmation
FI12GH1 Conduct Fracturs Studies
GIZ212GH2  Pubiish Mapa & Reports for Structural St
SI2M12GA4  Structural Suppor to TSPAVA
12221002  Shructura
337211GB3  Detatisd Char. of BH Vidao Logs from Dr
1222220U4  Eval. BH Vidto Logs - DSHT BHs
2I211FB2  Stratigraphic Deecriptions - WT-24/SD-8
12322210UC  Stratigraphic Descriptions - SDBAVT2
33211FB82  Develop Stratigraphic Description - Defer

1232210UW  Strotigraphic Descripions - WT-24 De

ocT
EST

»7
»7
5.7
357
19.7
733
8.0
930
930
11.5
189
XS
00
co
00
0.0
305
214
214
os
3.9
120
2.1
187
1.3
1.3
0.0
aa
0.0
00

NOV
EST

252
252
252
2.2
252
148
532
680
680
BEC
37
226
189
8.4
61
00
6o
250
96
96
02
37
5.4
31
121
86
a8
18.5
185
0o
0.0

DEC
EST

oo
0.0
00
00
00
0.0
00
ago
0o
00
00
00
0o
oo
00
‘00
0.0
00
1]}
00

or
0’

00
c0
00
00
00
0.0
0©.0

JAN
EST

0.0
0o
00
0.0
0.0
0o
oo
00
00
0.0
0.0
00
0.0
oo
go
0.0
0.0
00
0.9
00
00
00
0.
00
00
6o
oo
90
U]
00
00

FEB
EST

00
00
00
00
00
00
00
(4
00
00
00
o0
0.0
Qo0
00
00
00
00
00
00
00
00
o0
0o
04
0.0
(+]1)
00
00
00
0o

Page 1

EST

00
(e ¢]
00
00
00
00
00
00
0.0
ao
00
00
(o ]4]
0.0
00
00
00
00
0.0
00
0.0
00
00
00
00
00
ao
00
00
o
00

APR
EsT

00
0.0
0.0
00
0o
0.0
00
0.0
00
00
00
0 11]
0.0
oo
ao
Qo
0.0
1]1]
0.0

.00

0.0
00
oo
00
00
0.0
00
0.0
a0
0.0
0.0

MAY
EST

00
090
00
00
0.0
00
00
0.0
00
0.0
0.0
0.0
0o
0Q
0.0
0.0
0.0
cQ
0o
00
0.0
00
040
00
00
0.0
00
0o
00
00
0.0

JUN
EST

0.0
0.0
00
00
00
00
00
00
00
00
0.0
ao
0.0
00
00
00
0.0
oo
00
00
0.0
0o

- 00

0.0
0o
00
00
00
00
oo
0.0

JuL
EST

0.0
0.0
0.0
00
0.0
00
00
0.0
0.0
00
0.0
0.0
0.0
1 X
0.0
00
0.0
00
0d
00
0.0
00
0.0
0.0
0.0
co
00
00
0.0
00
0.0

AUG
EST

0o
00
0.0
00
0.0
0.0
00
oo
00
0.0
00
00
0.0
00
ao
0.0
0.0
00
0.0
Q0
00
0.0
0.0
00
0o
00
0.0
0.0
o0
00
00

SEP
EST

0.0
00
00
00
0.0
00
00
00
0.9

~
\

0.0
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0.0

TOTAL

610
610
61.0
61.0
81.0
344

1285

1609

1609

1609

78
413
494

5.1

8.1

00

0.0
555
310
310

10

75
17.1

52
09

08

Y
185
185

0.0

0.0




U.S. GEOQLOGICAL SURVEY
TMATED CO5TS FOR 10/1/97 - 1173037
597 3:1954 PM

12322210
3221282 Complite Sits Area Geobgic Msp - ECR
321 A 8BS Gavéogic Meping of the ECRB

3273381 Pradictive Geotechrical Anslysis. for EC
12326050U2 Structural Festures end ESF Tettng
1.320250
32212G83.  Structural Suppart to lsclopic Age Stude
1 23276..5U1 Structural Support {o leotopic Age Stud
12327025
1232
3MIIGOF  Support VA SZ Flow Mode! Senaithity A
1253120004 Abe/Testing 5Z Flow Moded for VA
12331200
33124385 P in Latersl Diversion (Phase 1)
2332245U1 Hycrostratipnsphy
33123GB4  Est, of Effective Porostty Valuea for Topa
1235224502 Surface-Basad Borehole Testing
A3124FBB  Aw-K & Hydrochemistry Testing ESF
12332245U3 ESF Borehole Testing
33123G83  Unastursted Matrix Fliow Propacties
1233224504 Hydrokopic Propertas Messurements
38124687 ESF Drift-Scata Fiux & Hiche Study (Pha
133124GBF  Charactarization of Seepage in Alcoves
12302245U5 Percotation snd Seepage
33131GB2 Hydraulio/Trecer Test of Prow Pass Tuft
32131GB4 SZ Hydmulic Testing of Borshole USW
133131G85 52 Hydraulic Testing of Borehole USW
331IIGAI Planning for STC SZ Conirmation Studl
|2332245U8  Saturated Zone Testing
3327681 Matrix Water Sources and Fract -Matrix |

QA3127G682 ‘s Hydrochem. Studies of UZ Welteren

EST

41.4
0.0

08
559
550

39

39

as

1318

23
23
g9
89
aa
00
450
450
83
83
00
13
1.3
202
00
oo
1.5
217
107
135

NOV
EST

437
238
698
75
106.7
108.7
09
09
09
1814
22
22
22
T4
74
0o
00
.86
%6
‘78
17.8
55
3.4
4138
[A
24
0.0
-1.2
83
87
173

DEC
EST

00
0.G
00
oo
00
0.0
S0
00
0.0
o
0.0
0.0
00
0.0
0.0
2.0
0.0
0.0
0.0
a0
0.0
00
0.0
oo
0.0
0.0
0.0
0.0
00
00
c.o

JAN
EST

00
Qo
00
00
0.0
20
00
a0
0o
00
co
0.0
00
00
00
00
oo
0o
a0
0.0
00
00
oo
00
0.0
0.0
0.0
0.0
oD
00
00

FEB
ESTY

0.0
00
00
00
0.0
0.0
00
00
0.0
00
0.0
3
oo
0.0
00
00
0.0
0.0
0.0
00
00
0o
0.0
00
0c
00
00
00
00
0.0
00

Page 2

EST

00
00
00
0c
oo
0o
oo
oo
00
00
00
00
00
00
0o
00
oo
00
oo
0o
00
0.0
00
oo
00
0.0
0o
0.0
00
0o
0o

APR  MAY
EST  EST
00 00
00 00
00 00
oo 00
ao 00
00 00
0o Q0
0.0 ao
Qaa 00
Q.0 00
00 0o
00 0.0
00 00
00 0.0
oo 00
0o 0o
0.0 0.0
00 0o
0o 00
0.0 0.0

0.0 00

0.0 00
0.0 00
00 00
0.0 0.0
0.0 00
ca or
00 0

00 0o
0.0 00
0.0 00

JUN
EST

0.0
0.0
0.0
00
0.0
00
oo
0.0
00

00

00
0.0
0.0
0.0
0.0
00
00
0.0
0.0
00
0.0
00
00
00
0.0
00
0.0
0.0
00
00
0o

JuL
EST

0.0
00
ao
00
0.0
0.0
0.0
00
00
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
o J1)
0.0
0.0
0.0
00
0.0
0.0
.0
0.0
0.0
00
0.0
0.0

AUG
EST

00
00
00
00
00
00
00
0.0
00
00
00
00
00
0.0
00
00
0o
00
0.0
0.0
00
00
00
0.0
00
00
00
a0
Do
00
00

SEP
EST

a0
00
00
00
Q0
00
0.0
0o
0o
00
00
2
00
00
00
0.0
o0
00
00
00
00
0.0
00
0o
a0
00
0.0
00
00
0o
00

TOTAL

80.2
206
1248
8.1
1626
1626
48
48
48
3130
45
45
45
144
144
0.0
00
81.7
1.7
24.1
24
55
478
53.1
273
24
0.0
03
300
‘193
08




U.S. GEOLOGICAL SURVEY
TIMATED COBTS FOR 10187 - 1473007

ST IS5 PM OCT  HNOV Dec JAN FEB MAR APR  MAY JUN JUL AUG SEP  TOTAL
EST EST EST EST EST EST EST  EST EST EST EST EST

253224507 UZ Hydrochemintry 24.2 39 00 00 a0 00 6a 00 Do 00 oo 00 50.1
3J2IFBF  Hyurologic Charsce, of SB Bl - WY-24/5 00 0.0 0.0 0.0 00 ao 00 00 on 0.0 oo 090 00
2332245UC Matr: Properties - SDBAT24 00 poe 00 (o J1] 00 oo 0.0 00 0.0 o0 00 0o 00
AMMFBG  Perched Wir & SZ Hydrologic Teig - WT 272 115 0o 0.0 Go 00 0.0 00 00 00 00 00 387
3MIIFBH  haoHydrochem Smpig/Ansl of 523 - WT 82 7.3 0o 0.0 o0 0.0 00 0o 00 0.0 00 0.0 155
2332245UD Hydrologic Tst/Hydrochem. Stinping 354 18.8 0.0 00 00 0.0 0.0 o0 0.0 0.0 oo 00 542
~J124FBF  Souih Ramp Hydrology (RM) 15 81 0.0 00 Do 00 00 00 00 0.0 00 00 76
3M24FBG  PTn Lateral Diversion - Ph{ (RM) 0o 03 0.0 00 0o 00 00 00 00 00 00 0.0 o8
2332245UR Risk Mitigation - Hydrostratioraphy 15 69 0.0 00 no 0o 0.0 00 00 00 00 0.0 84
33124FBH  ESF Deift Scale & Niche Study (RM) 7.3 286 0.0 a0 040 0.0 0.0 0.0 00 0.0 00 oo 99
33i24GA1  Suppoit E&1 Design Basls Modeting (RM 07 07 00 00 ao 00 0.0 00 0.0 00 0.0 00 00
Z332245US Risk Mitigation « Percolstion & Seepag 80 19 00 00 oo 00 0.0 0o 00 0.0 00 0.0 9.8
IM2OFBF  Cher, Hydr, of SO Boreholes - Deferred 00 00 00 00 00 L 0.0 00 00 0.0 00 00 0.0
2332245UW  Matrix Properties WT-24 Defered 00 00 0.0 00 0.0 00 00 oo po 0.0 0o 0.0 00
IMIIFBG  Conduct Perchad Water & SZ Hydrstlic 15 401 0.0 0o 00 0.0 0.0 0o 00 00 Q0 0.0 418
3N3IIFBH IswHydrochem Smplg/ink Analyses of 5 00 0o 0.0 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12332245UX Hydrologic Testing/Hydrochem Sampli 15 40.1 0.0 00 20 0o 0.0 1] 00 0.0 0.0 0.0 418
J3131FBE Conduct Cherucal & tsotopic Analysts - 0.0 00 0.0 00 00 0.0 no 00 00 0.0 0.0 0.0 0.0
BAMIFOF  Conduct C-Holes Testing - Daferred a4 68 a0 oo 00 00 0.0 0.0 0.0 0.0 ao 0.0 102
12332%45UY S2 Tasting - Defarred 34 .1 00 00 00 00 0.0 00 0.0 0.0 00 00 102
33121682  Update & Enhance Net Infiltration Numaer 74 177 0.0 00 0p 00 ' 0.0 00 00 00 0.0 0.0 248
33121GB3  Prediction of Future Net (nff. Ratea in Re 00 00 0.0 00 00 00 0.0 0.0 00 00 00 00 00
12332247014 UZ Modeling 7.1 177 0.0 00 00 0o 00 0.0 . 00 00 00 0.0 248
¥3131GBA  Reduce Uncart. in Fiux Velues Uzed to C 22 79 00 00 no 00 0.0 00 00 0D 0.0 0.0 10.1
BI{3IFBY  Conflrm SZ Hydrologic Flow Models 14.3 2056 0.0 39 00 00 00 00 00 0.0 00 0.0 349
33133GB4  Refine Critxation of SRe SZ Flow Made! 88 7.2 0.0 0.0 00 00 0.0 00 00 00 0o 0.0 158
B33133IGES  Test Altemais Conceptual Models 8.1 29 0o 0o 0o 00 0.0 00 0.0 0.0 00 00 8.0
i33133GB7  Refina Regional Hydrogeolopic Framewo 204 88 0.0 00 00 00 0.0 00 00 00 0.0 00 202
|2332247U2 SZ Modsting 51.8 47.3 00 0.0 00 00 o0 0.0 00 0.0 00 00 089
(33132GR1 Iso/Hydrochem, Analysis of SZ Geround 249 282 0o 00 Do 0o 00 0o 00 00 00 ao 531
12332247U4 fsotople/Hydrochemical SZ Studes 249 22 06 0o 00 a0 0.0 00 00 00 00 00 5.1

Pags 3




U.S. GEOLOGICAL SBURVEY
!SYBAATED COSTS FOR 107/47 - 112097
E¥9T 3153 PM

12332245
IGIN2IFBY  Percolation Flux Across Reposiiory Horlz
JG33124FBD  Molatirs Monlioring In the ESF - ECRB

1GIII24G8A  infitration of Canstruction Water in ESF

12338050U3 Infitration, Percolation & Seepmge
12338050
)GIMIZFBI  Colection of Ste Streamfiow Data
XG3I12GB1  Cokection of Site Streamfiow Dats
12337025U2  Surfece Water Monktoring
IGIM2IFBB  UZ Borehote Inxtrumentetion & MonRtorin
}G3M23TBC Integrzted Analysis & Interprotation
'GIN23GBT  UZ Borshole Instumentation & Mondorin
IGITNIIGB2  integrated Ana'sis & interprotation
12337025U3  Surface Based Hydrologic Monktoring
IGIMITFAD  Water-Level Monitoring
8333131GE1  Waler-Level Monktoring
12337025U5  Swturatad-Zone Monkering
DG23127GB  Isolope Suppsrt for Thenmal Testing
12337025U6  faolope Support for Thermal Tenting
12337025
1233
DGI(215GB2  Future 100K Climats Records
126225201 Paleociimate Anolyels
0GI221GBI  Water Fiux Del, Thru Repos. Bi - Age,
1236225202  Gaochronology of Fracturs Minershs - L
0GIE221GBY  Paluockmate Confimatory Analyses - LA
S2362252031  Patsohydrology snd WT Fluctustions
12362252
0GI0221FB2  Syn, Distz/Anal, Geochvon. Age Dats. (€
12968050U1  Fracturs Minersl Aga Dating
12369050

ocT
EST

2487
00
59

107
166
166
1.7
00
11.7
18.4
136
a0
00
389
103
55
158
Do
0.0
684

3340
0.0
00

17.4
17.4
11.8
113
202
82
62
82

NOoV
EST

3057
24
80
0
N3
a3
07

07
16.1
77
8.1
0.0
29
0.1
11.2
114
80
80
45
3376
47
47
38
38
9.2
9.2
178
125
125
125

DEC
EST

0.0
0.0
00
0.0
00
20
00
00
0.0
00
0.0
0.0
00
Qo0
0.0
30
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
Q0

JAN
EST

00
00
Qo
Qo
0.0
00
00
00
00
00
0.0
00
00
00
0.0
0.0
0o
0o
0.0
00
0.0
00
0.0
2.0
aa
ao
00
ao
00
0.0
oo

FEB
EST

00
00
0o
00
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
00
0.0
L)
00
0.0
00
0.0
0.0
00
00
eX:]
0g
0.0
0.0
00
00
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EST

0a
0.0
0.0
00
00
0.0
00
0.0
0.0
00
0.0
090
00
0.0
0.0
(4 X¢]
0.0
oo
00
0.0
0.0
00
00
0o
00
00
00
00
0o
00
00

APR
EST

0¢
oo
0.0
00
0o
00
00
0.0
00
0.0
00
00
0.0
0.0
00
0.0
00
uo
a0
00

00

00
00
o
0.0
00
00
oK)
0.0
0.0
00

MAY
EST

0.0
0.0
0.0
00
oo
0.0
0.0
00
00
0.0
00
co
a0
00
00
0.0
Q.0
00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.a
0.0

JUN
EST

00
0.0
00
00
00
00
0.0
QD
0.0
0.0
00
0.0
0.0
00
00
00
00
00
00
00

00
0.0
0.0
0.0
0.0
0.0
00
00

0.0
0.0
00

JuL
EST

00

a0
0.0
0o
00
o¢
00
0.0
0o
(Y]
0.0
0.0
00
o
0.0
00
00
0.0
20
00
00
00
00
0.0
0.0
00
0.0
00
g0
00

AYG
EST

0.0
00
00
00
00
0.0
0.0
00
00
00
90
0o
0.0
0.0
00
00
00
0o
00
00
00
00
0.0
0.0
00
0o
00
00
00
0.0
0o

SEP
EST

00
0o
(e X}
a0
a0
00
00
oo
6o
00
00
00
0.0
0
00
0.0
00
0.0
00
0.0
0.0

00
00
00
00
00
0.0
0.0
0.0
0.0
0.0

TOTAL

5543
284
138

7
419
478
110

00
11.0
us
21.2
| )

(A
be &
10.7
168
272

40

80

114.9

7216

47

47
212
212
210
210
469
187
18.7
18.7




U.8. GEOLOGICAL SURVEY
ZSTRAATED COSTS FOR 101197 - 11/2097
12/5/97 31058 PM

1253
IGSAUGAT Suppont (o Parformanca Assessment
125411211 Support 10 Perforrmice Assessment
IGS4IFA2 Provide Support ta PA - Deferred
12354112107 Provide Support to Perfonmance Asses
12541421
1254
1.25
IGAZSGAT Seisty & Health
12029121U1 Fodarat Occupetionel Ssefety & Heath
12820121
1282
IGB4GA2 Rad Water Qumilty Sample CoBection
1284208841 Rad Waler Quailty Sampla Collection
120420068
JGB47G81 Water Resources
12849121U1 Waler Resources
12847121
1284
128
3G9121GA Technical Projact Office
120191350 USGS Project Menagoment
12019135
1.29.1
DGE22GA Participant Project Control
120291350t Project Control - USGS
12020135
1202
129
DGCSRGAY Satelile Records Operations
12C50130U1 USGS Salelite Records Operations
12C501%0

ocT

28
53
53
00
00
53
53

384
83
83
33
83

157

157

15.7
0.0
00
00

157

240

ns

28

28

280

5.2

3.2

52

r=¥4

540
40
40
40

NOV

=58
8.4
54
00
0.0
8.4
8.4
322
83
63
63
63
45
45
AS
40
“o
a0
05
458
27
n7
87
87
240
240
240
240
527
30
30
30

DEC
EST

00

0.0
0.0
0.0
0.0
0.0
09

00
0.0
0.0
00
00

0.0
00
00
0.0
0.0
0.0
DAY

oo
oo
0.0
00
0.0

0.0
0.0

00
00
00
09
00
0a

EST

00
09
00
e0
00
00
00
00
oo
oo
00
00
a0
0o
00
0o
00
0.0
9.0
)
a0
0o
00
00
00
00
0o
0o
00
00
00
00

FEB
EST

00
0.0
0.0
00
00
00
00
a0
00
00
00
00
oo
00
00
0.0
0.0
0.0
00
0.0
00
00
00
00
0.0
0.0
00
00
00
00
oo
00
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EST

00
a0
00
00
no
0.0
ao
00
00
0o
0]
[110]
0e
00
00
00
00
oo
00
0.0
0.0
00
oo
0.0
00
00
00
00

00
00
00

APR  MAY
EST  EST
00 0.0
0.0 04
0.0 00
00 00
00 0o
0.0 0.0
00 00
00 00
00 0o
00 ao
00 00
00 oo
00 0o
0.0 0.0
00 00
0o 0o
0.0 o0
00 o0
00 00
0o 00
* 00 0.0
0.0 00
00 0o
00 [+X+]
oo 0.0
0.0 oo
00 00
o 0.0
oo 00
00 00
0.0 a0
00 10

JUN

00
00
00
0.0
00
00
0o
00
0.0
0.0
0.0

0.0
00
0.0
00

0.0
00
0o

0.0
()

0.0
o

00

0.0
0.0
00
00
0o
00
00
00
090

JuL
EST

00
ao
o0
00
00
0o
00
0.0
00
00
o0
00
00
oo
00
00
00
00
0o
00
00
00
00
ao
o0
00
00
00
0o
]y
00
00

AUG
EST

00
00
00
0.0
00
00
0.0
00
0.0
0.0
00
00
0D
(1}
00
00
0o
00
00
00
00
00
0.0
00
00
00
00
00
pa
00
0.0
00

SEP
EST

00
0.0
0.0
00
Qo
a3
00
0.0
00
06
0.0
00
00
os
0.0
oo
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
00
00
0.0
0.0
0.0
0.0
00

TOTAL

506
17
1.7
oo
00
"y
1"uq
703
147
147
147
14.7
11.2
1.2
11.2
4.0
440
440
§6.2
69.9
57.5
575
57.5
s15
453
433
433
403
106.7
70
70
70
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1.2125
1212
23GAL Support/Persorml Services
23GAS Procurement & Property Mansgsmant
¥28110U1 Personnel/Procuremert/Property Servi
‘23GA2 Fachities Manegement (spece)
‘23GA3 Fachitier Management (computers/phons
‘23GA4 Facitities Maagement (other)
¥20110U2  Faciies Menagement (USGS)
{12F20110
1.2.15.2
36M1 USGS Training Support
F30110U1 USGS Treining Support
12F3110
1.2153
1215
CPERATIV .
MTAL EQUIPMENT
AND TOTAL

H
FEDERAL
CONTRACT
TOTAL

EST

40
40
445
45
9.1
0.0
00
0.0
00
491
4.
4"
44
44
44

T

2

9114
0.0
911.4

mz
ats
1432

NOV
EST

30
10
22
78
499
1223
363
19.7
179.3
2203
2293
33
a3
33
33
parl
11528
00
11528

006
24
1200

beC

EST
0.0
0.0
00
0.0
00
0.0
0l
0.0
0.0
00
0.0
0.0
00
6o
0.0
0.0
0.0
0.0
0.0

00
0.0
00

EST

0o
00
0o
00
0o
0.0
00
0.0
0.0
00
0.0
0.0
0.0
00
oo
00
00
00
0o

00
0.0
ca

FEB
EST

pls)
00
0.0
0.0
00
a0
0.0
0.0
ro
00
0.0
00
00
00
0.0
)
00
0o
00

0o
0o
0.0
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MAR APR  MAY

EST

00
Bl
00
0.0
00
0.0

~
.

0o
09
0.0
0.0
0.0
a0
00
00
oo
0.0
po
00

00
00
oo

EST

ao
00
0.0
0.0
0o
0.0
0.0
0.0
0.0
00
00
0.0
00
00
0.0
0.0
0.0
0.0
0.0

00
00
0.0

EST

0.0
0.0
0.0
0.0
0.0
00
00
Do
00
0o
00
00
oo
00
Go
a0
0.0
090
0.0

00
090
00

JUN
EST

0.0
ao
Qo
o0
00
00
00
00
0.0
0o
0.0
0o
00
00
0.0
co
(Y]
0.0
00

00

00

JUL
EST

0.0
00
00
00
0.0
00
00
00
00
00
00
00
ao
0o
00
0.0
00
ao
0.0

0.2
oo
00

AUG
EST

00
0.0

0.0
00
00
00
00
0.0
00
0.0
00
00
0o
00
6.0
0.0
0.0
0.0

040
0.0
0.0

SEP
EST

ae
00
{1 X1]
00
¢a
00
oo
00
00
o9
00

00
0.0
00
09

00
00
00
0.0

00
00
0.0

TOTAL

7.0
70
8838
123
931
1233
3.3
197
179.3
2784
2184
7
17
77
7

20042
0o
2064.2




