RECORD OF TECHNICAL CHANGE

Technical Change No. _DOE/NV--659-ROTC | Page | of __2
Activity Name CAU 97 Yu | im ine Corrective Action Investigatj n_ Date:_February 19,2013
The following technical changes (including justification) are requested by:
Robert W. Andrews Navarro-Intel Integration
(Name) (Title)
Description of Change:

1. Page 225 of 315, Section 5.1.3.3 Contaminant Transport Model Development - Delete the paragraph:

“The simulation of radionuclide wransport with the CAU model using the traditional solution of the three-dimensional
advective dispersion equation (called the reactive transport model in FEHM) is likely to be very difficult to accomplish.
To reduce ransverse dispersion coefficients to small values leads to a problem that is known to be difficult to solve
accurately (Zyvoloski et al., 1997b). One approach to reduce the inaccuracies is to reduce the grid size and time step. This
approach quickly leads to a model that has too many nodes. For the CAU model, it is unlikely that an accurate solution
can be achieved using the classical three-dimensional solution. Rather, the CAU model will rely on a large number of one-
dimensional transport solutions along pathlines to define the maximum extent of the contaminant boundary. In addition,
although it is not expected to produce accurate results at the CAU scale, the three-dimensional reactive transport model
will be used to perform selected simulations to demonstrate the difference between the two methods. The reader is
cautioned that this approach is untested and may not be successful. If unsuccessful, alternative approaches will be

proposed.”
and replace with the paragraph:

“The simulation of radionuclide transport with the CAU model can be performed with the traditional solution of the three-
dimensional advective dispersion equation (called the reactive transport mode! in FEHM), however more efficient particle
tracking routines such as the sptr subroutine in FEHM or Walkabout (Painter, 201 1) when used in combination with
PLUMECALC (Robinson et al., 2012) are suitable codes for forecasting the contaminant boundary. The routines in
FEHM_sptr and Walkabout have been determined to be suitable to calculate the advective-dispersive transport using
steady state heterogeneous flow ficlds developed from FEHM. PLUMECALC has been determined to be a suitable code
to calculate contaminant concentrations down gradient from contaminant sources including the efTects of radioactive
decay, matrix diffusion, fracture sorption and matrix sorption. The justification for using either FEHM_sptr or Walkabout
and PLUMECALC is provided in Rev 1 of the Evaluation of Software Errors and [ssues, and Software Impact Assessment
Jor Frenchman Flat (N-1, 2012).”

2. Page 304 -307 of 315, Section 9.0, References — Add the following new references:
N-1, see Navarro-Intera, LLC.

Navarro-Intera, LLC. 2012. Evaluation of Software Errors and Issues, and Software Impact Assessment for Frenchman
Flai, Nevada National Security Site, Nye County, Nevada. Rev. |, N-1/28091--063. Las Vegas, NV.

Painter, S.L. 201 1. User’s Manual for Walkabout V1.0. Los Alamos, NM: Los Alamos National Laboratory, LA-UR-11-
01952,

Robinson, B.A., Z.V. Dash, and S.L Painter. 2011. User's Guide for the PLUMECALC Application, Version 2.3. Los
Alamos, NM: Los Alamos National Laboratory.

Justification:

The CAIP for the Yucca FlavClimax Mine CAU (DOE/NV-659, DOE/NV, 2000) states that the only code identified for
use in contaminant transport modeling for the Yucca Flat/Climax Mine CAU is FEHM (Zyvoloski et al., 1997). The CAIP
notes that this method is unlikely to result in an accurate solution and thus a large number of one-dimensional transport
solutions along pathlines will be relied on. The CAIP notes that alternative approaches will be proposed.

Subsequent to the CAIP, additional codes using alternative approaches have been determined to be acceptable for
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Technical Change No. _DOE/NV--659-ROTC | Page 2 of 2

forecasting contaminant boundaries, including PLUMECALC (Robinson et al., 2012) when used with either FEHM_sptr
or Walkabout (Painter, 2011). The justification for PLUMECALC has been documented in the Phase // Transport Model
aof Corrective Action Unit 98: Frenchman Flat, Nevada Test Site, Nye County, Nevada (NNES, 2010). The justification for
using PLUMECALC with either FEHM _sptr or Walkabout has been documented in the Evaluation of Software Errors
and Issues, and Software Impact Assessment for Frenchman Flat (N-1, 2012). Additional justification is provided in
Appendix K of the Final Rev 0 of the Yucca Flat/Climax Mine CAU Flow and Transport Model document (N-1, 2013).
Based on these analyses, PLUMECALC V2.3.2 when used in combination with either FEHM_sptr or Walkabout is
determined to be appropriate for forecasting contaminant boundaries for the Yucca Flat/Climax Mine CAU.

References cited in Justification:
DOE/NV, see U.S. Department of Energy, Nevada Operations Office.

N-1, see Navarro-Intera, LLC.
NNES, see Navarro Nevada Environmental Services, LLC.

Navarro-Intera, LLC. 2012. Evaluation of Software Errors and Issues, and Software Impact Assessment for Frenchman
Flat, Nevada National Security Site, Nye County, Nevada. Rev. |, N-1/28091--063. Las Vegas, NV.

Navarro-Intera, LLC. 2013. Written communication. Subject: Yucca Flat/Climax Mine CAU Flow and Transport Model,
Nevada National Security Site, Nye County, Nevada. Final Rev 0, February. Las Vegas, NV.

Navarro Nevada Environmental Services, LLC. 2010. Phase Il Transport Model of Correciive Action Unit 98: Frenchman
Flat, Nevada Test Site, Nye County, Nevada, Rev.1, N-1/28091--004, S-N/99205--122. Las Vegas, NV.

Painter, S.L. 201 1. User's Manual for Wa”cabou! ¥1.0. Los Alamos, NM: Los Alamos National Laboratory, LA-UR-11-
01952,

Robinson, B.A., Z.V. Dash, and S.L Painter. 2011, User's Guide for the PLUMECALC Application, Version 2.3. Los
Alamos, NM: Los Alamos National Laboratory.

U.S. Department of Energy, Nevada Operations Office. 2000. Corrective Action Investigation Plan for Corrective Action
Unit 97. Yucca Flat/Climax Mine, Nevada Test Site, Nevada, DOE/NV--659. Las Vegas, NV.

Zyvoloski, G.A., B.A. Robinson, Z.V. Dash, and L.L. Trease. 1997. User’s Manual for the FEHM Application - A Finite-
Element Heut- and Mass-Transfer Code, LA-13306-M. Los Alamos, NM: Los Alamos National Laboratory.

The task time will be (Increased) (Decreased) (Unchanged) by approximately 0 days.

Applicable Activity-Specific Document(s): Yuccu Flat/Climax Mine CAU Flow and Transport Model

Approved By:  _/S/ Wilhelm R. Wilborn  pate {—//7/20/3

Activgty Lead

/s/ Wilhelm R. Wilborn_ pxe 2/25 /23

I
bpcranons Manager

_Is/ Chris T. Andres Date %/.2 8/ 03

NDEP
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RECORD OF TECHNICAL CHANGE

Technical Change No. _DOE/NV—659-ROTC 2 Pagc 1 of __2

Activity Name _Underground Test Area Date 6/16/14

The following technical changes (including justification) are requested by:

Sam Marutzky UGTA Project Manager

(Name) (Title)

Description of Change:

Corrective Action Investigation Plan for Corrective Action Unit 97: Yucca Flat/Climax Mine, Nevada
Test Site, Nevada, Rev. 0 (DOE/NV- - 659), Page 265 of 315, Groundwater Sampling and Analysis, Section
6.1.5.2 (Field and Laboratory Activities):

Remove:

“The groundwater samples will be analyzed for the following constituents:
* Major anions and cations
* Trace elements
+ 513C for inorganic carbon and 14C activity for organic and inorganic carbon
» Radioisotopes, including chlorine-36 (36Cl) and tritium
» Strontium and uranium isotopic ratios
« Dissolved noble gases, including helium-3 (3Hc)
+ Stablc isotopes of hydrogen and oxygen
« Chlorofluorocarbons (CFC).”

Replace with:

13
“The groundwater characterization samples will be analyzed for the constituents presentcd in Table 6-2.
Associated analytical methods and requirements for the collection and analysis of groundwater characterization
samples are also incluged in the table.

Insert Table 6-2 “Groundwater Characterization Sample Analysis Pardmeters *(scc attached)

Page 285 of 315, Section 6.3.3.2 Flnid Sampling and Analysis, Paragraph 4 - 2" sentence: ,
"Groundwater characterization samples arc collected from the newly installed wells at the completion of well
development and periodically thereafter until the well is taken out of scrvice or until monitoring is no longer
required.”

Replace with:
"Groundwatcr characterization samples are collected trom the newly installed wells at the completion of well
development and testing.”

Page 286 of 315, Section 6.3.3.2 Fluid Sampling and Analysis, Paragraph 1 - Delete last o sentences:
"All groundwater samples are then sent io an analytical laboratory to be analyzed for the parameters listed in
Table 5-1 of the UGTA QAPP (DOL/NV, 2000). The analyscs listed in this table include metals. major ions,
genceral chemistry, age and migration parameters, radiological indicator paramcters, nuclear fuel products, and
other radionuclides.”
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Replace with:
"Groundwater characierization samples will be analyzed for the parameters listed in Table 6-2."

Justification:

The current version of the UGTA Quality Assurance Plan does not contain the table of analytical paramcters
{Table 5-1) referenced in the previous Quality Assurance Project Plan (QAPP). This ROTC replaces the
reference to Table 5-1 in the QAPP with a table of analytical paramcters in the CAIP (Table 6-2). Further the
Corrective Action Investigation Plan for Corrective Action Unit 97: Yucca Flat/Climax Mine (DOE/NV—659,
Rev. 0 provided a bulleted list of generalized groups of analytical parameters (e.g., radioisotopes) and a
limited number of specific parameters (c.g., Cl-36, He-3) for which groundwater characterization samples will
be analyzed. The addition of Table 6-2 provides appropriate detail regarding specific analyses required for
characterization samples and the required analytical methods. The table also identifies those parameters that are

presently considered optional analyses and not required for all groundwater characterization suites collected
from wells in Yucca Flat.

The task time will be (Increascd) (Decrcased) (Unchanged) by approximately 0 days.

Applicable Activity-Specific Document(s):
Corrective Action Investigation Plan for Corrcctive Action Unit 97: Yucca Flat/Climax Mine, Nevada Test
Site, Nevada, Rev. 0 (DOE/NV- - 659)

> F T

Approved By: /—SL_WII._h_@!m R WlIbOrn Date A//?/z"/?{

Activity Lead

/s/ Robert F. Boehleckepy, (e //7 Jid
Eﬁ bperatmns Manager

/s Chris T. Andres i é/ / %//L/
oee TR
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Ta

ble 6-2

Groundwater Characterization Sample Analysis Parameters

Parameter

Analytical
Method

Sample Volume
and Container

Type

Laboratory

Filtration

Preservative

Holding
Time

o gy ) -

a B

T

=
Metals:

Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Iron
Lead
Lithium
Magnesium
Manganese
Potassium
Selenium
Silicon
Silver
Sodium
Strontium

SW-846 6010

Uranium

SW-846 6020

1-L polyethylene

Commercial

1-L nonfiltered
for total
analysis

HNO;to pH<2

180 days

Pt GB?ne

ral Chemistry

Chloride

Fluoride

Bromide

Sulfate

EPA 300.1

(1) 1-L polyethylene

Commercial

Filtered

Cooltos6°C

28 days

pH

EPA 150.1

EC

EPA 120.1

Carbonate/
Bicarbonate

EPA 310.2

(1) 1-L polyethylene

Commercial

Nonfiltered

Cooltos6°C

ASAP

28 days

14 days

e

_d_loléotg_pes

Gamma Scan

EPA 901.1

(1) 1-L polyethylene

Commercial

Nonfiltered

HNO;, to pH<2

180 days

Tntium®

EPA 906.0 or
eguivalent

(1) 250-mL
amber glass

Commercial

Nonfiltered

None

180 days

Tritium °
(Low Level)

EPA 906.0
(Low Level)

(3)1-L
polyethylene

Commercial

Nonfiltered

None

180 days
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Table 6-2
Groundwater Characterization Sample Analysis Parameters

Sample Volume
A i N A i
Parameter nayfce and Container Laboratory Filtration Preservative Ho!dlng
Method Time
Type
Gpsstipia EPAS00.0 | (1) 1L polyethylene | Commercial | Nonfitered | HNOjtopH<2 | 180da
Gross Beta ) 2iop ¥s
“Carbon S E0E1RF = (1) 1-L amber glass { Commercial Nonfiltered None 180 days
®Chlorine LabiSaadic {2) 1-L amber glass Commercial Nonfiltered None 180 days
SOP-724
ASTM D5811-
PStrontium 00 or EPA (1) 1-L polyethylene Commercial Nonfiltered HNO; to pH<2 180 days
905.0
EPA 802.0/
P|odine Lab Specific {2) 1-L amber glass Commercial Nonfiltered None 180 days
SOP-753
mamaapiyonium | PASE 39082 | ()14 polyethylene | Commercial | Nonfiterad | HNOstopH<2 | 180 days
®Technetium Ha:svb_%go (1) 1-L polyethylene Commercial Nonfiltered HNO, to pH<2 180 days
Tritium® SOP-UGTA- (1)1-L .
(Low Level) 121 amber or clear glass LLNL Nonfiltered None Indefinite
- SOP-UGTA- | (1) 4-L or (2) 2-L pre- ;
®Technetium 111 cleaned HOPE LLNL Nonfiltered None Indefinite
120y e € SOP-UGTA- (2) 1-L .
lodine 123 amber glass LLNL Nonfiltered None Indefinite
238,2387240 .« | SOP-UGTA- (2) 1-L .
Plutonium 135 amber glass LLNL Nonfiltered None Indefinite
: * Age and Migration Parameters
) (6 40 o Filtered Cool 1o S 6°C
5 “Carbon and SOP-UGTA- LLNL 180 d
TICITOC 116 . ays
(6) 40 ml amber glass Nonfiltered HgCla,
VOA ° Cool to $ 6°C
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Table 6-2
Groundwater Characterization Sample Analysis Parameters

UNCONTROLLED When Printed

Sample Volume
Analytical A
Parameter Met‘:lto d and Container Laboratory Filtration Preservative Ho!ding
Type Time
SOP-UGTA-
1" . 116 {1) 125 ml amber HgCly, .
Carbon (Inorganic) SOP-UGTA- glass wisepta LLNL Nonfiltered Cool 1o S 6°C Indefinite
136
Filtered
DRI
(2) 125-mL factory (
Dissolved O . 5 numbered, pre-
e | M 5310C bak::;s;fgﬁ':::ed' DRI cleaned, 045 | Cooltos6°C | 28days
pm
groundwater
cartridge)
Filtered
SOP Carbon-14 (ORI
16 Analyses - numbered, pre-
(Orcgzr;?:?" Revision 1.0 )1 al.nfbr:?;:r;:d DRI cleaned, 0.45 Cool to s 6°C indefinite
NSF-Arizona um
AMS Facility groundwater
cartridge)
(1) 1-L polyethylene
SOP-UGTA- wi{1) 125 ml
3 115 pol/elipensiCl Jeio Nonfiltered Indefinite
s 0,
Chlorine SOP.UGTA- blank as ';;r:vidad by LLNL Filtered Cooltos6°C 180 days
420 (1) 125 ml
polyethylene
b,d % F
2:§‘ey9:;?:m) SOP1 lz"ZGTA (2) copper tubes LLNL Nonfiltered None 180 days
5 Hydrogen
SOP; gg’ ALy (1) 30 mi glass LLNL Nonfiltered None 180 days
5"0xygen
Chloro- Glass bottle with foil- Maintain at room
fluorocarbons® CeE2s lined cap uses Lo temperature HiGDdeys
150 mL septum bottle
Na, """éf.,’," CHv | GeisaiGeiss stxre:"(gﬁigmeb ,| uses Nonfiltered | Cooltos6°C | 3 Months
USGS lab)
3




Table 6-2
Groundwater Characterization Sample Analysis Parameters

Sample Volume
gl ol and Container Laboratory Filtration Preservative
Method Type

Holding
Time

Parameter

1-L plastic coated
Maintain at room

amber glass bottle
with polyseal cone UsGs Nonfiltered N 3 months

lined cap

SFg® GCE28

* Tritium analysis to be performed with higher detection levels (~ 300 pCi/L). This sample may be collected from groundwater where
the tritium activities are known or are expected to exceed low level tritium analysis thresholds established by the laboratories.

® Optional sample analysis. Samples may be analyzed by a single or multiple participating laboratories based on the requested
parameter. Optional analysis allows for non-standard analytical methods to attain desired detection limits or unique sampling
objectives (e.g., chlorofluorocarbons, N, Ar, COz, CHs, Oz, and SFe for determining recently recharged groundwater).

¢ Optional analysis to be conducted only for groundwater samples with known or expected tritium concentrations equal to or
exceeding 5,000 pCi/l.

9 Optional analysis to be conducted only for groundwater samples with known or expected tritium concentrations less than 5,000
pCi/t.

Note: For commercial laboratory analysis the most current EPA or equivalent accepted standard \aboratory analytical methods maybe
used as appropriate to attain specified detection limits. All analysis performed by commercial and non-commercial laboratories
must be compliant with the Underground Test Area Activity Quality Assurance Plan Nevada National Security Site, Nevada.

°C = Degrees Celsius mL = Milliliter

AMS = Accelerator Mass Spectrometry pm = Micrometer

Ar - Argon N2 = Nitrogen

ASTM = American Society of Testing Materials NaOH = Sodium Hydroxide

CH, = Methane NSF = National Science Foundation
Cl = Chiorine 0 = oxygen

CO; = Carbon dioxide pCill. = Picocuries per Liter

DRI = Desert Research Institute SF; = Sulfurhexaftuoride

EPA = Environmental Protection Agency SOP = Standard Operating Procedure
H2S0, = Sulfuric Acid TIC = Total Inorganic Carbon

HCI = Hydrochlonc Acid TOC = Total Organic Carbon

HDPE = High-density Polyethylene USGS = U.S. Geological Survey
HgCl; = Mercuric Chioride VOA = Volatile Organic Analysis
HNO, = Nitric Acld ZnAc = Zinc Acetate

L = Liter

LLNL = Lawrence Livermore National Laboratory
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RECORD OF TECHNICAL CHANGE

Technical Change No. _DOE/NV--659-ROTC 3 Page 1 of 2
Activity Name _Underground Test Area Date November26,2014

The following technical changes (including justification) are requested by:

~.Sam Marutzky ~UGTA Project Manager
(Name) (Title)

Description of Change:
Corrective Action Investigation Plan for Corrective Action Unit 97: Yucca Flat/Climax Mine, Nevada
Test Site, Nevada, ROTC 2

Remove:

“The groundwater characterization samples will be analyzed for the constituents presented in Table 6-2.
Associated analytical methods and requirements for the collection and analysis of groundwater characterization
samples are also included in the table.”

Replace with:
“Sampling and analysis will be performed according to location type as shown in Table 6-2. Additional
analyses will be performed as needed.”

Remove:
Table 6-2 “Groundwater Characterization Sample Analysis Parameters "

Replace with:
Table 6-2, “Sample Location Type Definitions and Analyte " (see attached)

Remove;
“Groundwater characterization samples will be analyzed for the parameters listed in Table 6-2."

Replace with:
“Groundwater samples will be analyzed according to location type as shown in Table 6-2. Additional analyses
will be performed as needed.”

Justification:

This ROTC describes sampling and analyses that will take place during the rest of the corrective action
investigation stage. It provides a table that summarizes sample location types and analytical parameters
required for each location type (Table 6-2).

The task time will be (Increased) (Decreased) (Unchanged) by approximately Q days.

Applicable Activity-Specific Document(s):
DOE/NV-659-ROTC2, Corrective Action Investigation Plan for Corrective Action Unit 97: Yucca
Flat/Climax Mine, Nevada Test Site, Nevada, ROTC 2
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PP A

/s/Robert F. Boehlecke ///z@/)g
Approved By: . Da
s L /AcivityLaad iR

/s/Robert F. Boehlecke . I//Zb / 14
/{ \Ourmonstser I

/" s/Chris Andres s b2d1 14
NDEP ks i
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Table 6-2
Sample Location Type Definitions and Analytes
(Page 1 of 2)

Alkalinity, pH, specific conductance
* Anions (Br, Cl, F, SO,)
« Total metals (Ag, Al As, Ba, Ca, Cd, Cr, Fe, K, Li. Mg, Mn, Na,

o Pb, Se, Si, Sr, U)
Used for system esl;}aractenzat:on or model « Gross alpha and gross beta
¢ Gamma emitters (A1, *Nb, ¥Cs, 'Eu, S*Eu, 2°U, *'Am,

e *H (standard and/or low-level) ©
. 140' mc" “Tc' WS‘.’IIQ" WP“

Located within the plume from an underground

Source/Plume nuclear test (i.e., test-related contamination « 3H (standard), “*C, *cl, ®Tc, '® (plus *Sr and **'Cs in LCA
present), and COCs detected above standard samples)

measurement levels (e.g.,*H >300 pCi/L)

Early Detection Source/Plume well, and no COCs detected above
y standard measurement levels
(i.e., *H <300 pCilL)

e *H (low-level)

Distal Outside the Early Detection area e H (standard)

. Located on BLM or private land; used as a water
Community supply source or is located near one * °H (standard)

' Located downgradient of an underground test or
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Table 6-2
Sample Location Type Definitions and Analytes
(Page 2 of 2)

f Location Type Definition

Not currently sampled but available for sampling if

nacti "
Inaciive conditions warrant

® Required analyses performed by a commercial lab certified by NDEP.

e None

® Characterization locations will transition to another type when a sufficient baseline (a minimum of three samples) is established to support

categorization.

© Standard *H analytical methods achieve a minimum detection limit of approximately 300 pCill; low-level *H analytical methods achieve

detection limits as low as 1 pCi/L.

The Early Detection area is defined as the area directly downgradient of an underground nuclear test where COCs have not been detected

above levels detectable using standard analytical methods.

Ag = Silver Cd = Cadmium
Al= Aluminp{n Cl = Chiorine
Am = Amencmm Cr = Chromium
As = Arsenic Cs = Cesium
Ba= Bariu_m ’ Eu = Europium
Br = Bromide F = Fluorine

C = Carbon Fe =lron

Ca = Calcium 3H = Tritium

BLM = Bureau of Land Management

COC = Contaminant of concem

NDEP = Nevada Division of Environmental Protection
pCilL. = Picocuries per liter

| =lodine

K = Potassium

Li = Lithium

Mg = Magnesium
Mn = Manganese
Na = Sodium

Nb = Niobiumni

Pb = Lead

Pu = Plutonium
Se = Selenium
Si = Silicon

80, = Sulifate

8r = Strontium
Te = Technetium
U = Uranium
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QTa
Tma
Tmr
Tp
Tpt
Tac
Tw
Thg
Tc
Tn
Tu
Tub
To
Toy
Tot
TX
Kg
Op
Cbk

Old Alluvia Deposits
Ammonia Tanks Tuff
Rainier Mesa Tuff
Paintbrush Group
Topopah Spring Tuff
Calico Hills Formation
Wahmonie Formation
Grouse Canyon Tuff
Crater Flat Group
Tunnel Formation
Volcanics of Big Dome
Tub Spring Tuff

Older Volcanics

Tuff of Yucca Flat

Tuff of Twin Peaks

Tuff Cones, Bullfrog Confining Unit or Belted Range Aquifer

Granitic Rocks
Pogonip Group

Bonanza King Formation

Note: Thislistisin geochronological order and is only applicable to Tables 3-2 and 3-3.
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1.0 Introduction

This Corrective Action Investigation Plan (CAIP) has been developed for Corrective Action Unit
(CAU) 97: YuccaFlat/Climax Mine. The CAIPisarequirement of the Federal Facility Agreement
and Consent Order (FFACO) (1996) agreed to by the State of Nevada, the U.S. Department of Energy
(DOE), and the U.S. Department of Defense (DoD). The FFACO was designed to address
environmental restoration activities at DOE/NV facilities and sitesincluding the underground testing
areaof the Nevada Test Site (NTS). This CAIP describes investigation activities that are currently
planned for the Yucca Flat/Climax Mine CAU. These activities are consistent with the current
Underground Test Area (UGTA) Project strategy described in Appendix VI of the FFACO (1996) and
summarized in Section 2.1.2 of this document. However, the UGTA strategy is currently under
revision. Any additional investigation activities that may be proposed as a result of these revisions
will be described in an addendum to this CAIP.

The YuccaFlat/Climax Mine CAU extends over severa areas of the NTS (Figure 1-1) and constitutes
one of severa areas of the NTS used for underground nuclear testing in the past. The nuclear tests
resulted in groundwater contamination in the vicinity aswell as downgradient of the underground test
areas. The CAIP describesthe CAl to be conducted at the Yucca Fat/Climax Mine CAU to evaluate
the extent of contamination in groundwater due to the underground nuclear testing.

The Yucca Flat and Climax Mine testing areas were originally defined as two separate CAUsin the
FFACO: CAU 97 and CAU 100 (FFACO, 1996), but were later on combined into asingle Corrective
Action Unit (CAU 97). It wasoriginally proposed to address each CAU individually because the
geologic frameworks of the two areas are distinctly different. The Yucca Flat underground nuclear
tests were conducted in alluvial, volcanic, and carbonate rocks; whereas, the Climax Mine tests were
conducted in an igneous intrusion located in northern Yucca Flat. However, particle-tracking
simulations performed during the regional evaluation (Section 5.5 of the regional model
documentation package [T, 1997b]) indicate that the local Climax Mine groundwater flow system
merges into the much larger Yucca Flat groundwater flow system, during the 1,000-year time period
of interest. These smulationsindicate that groundwater flow paths passing through the underground
nuclear tests of the Climax Mine CAU may enter northern Yucca Flat through the L ower Carbonate
Aquifer (LCA). Inaddition, it isexpected that smaller-scale contaminant transport modeling would
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Figure 1-1
Location of the Yucca Flat/Climax Mine Corrective Action Unit
and Corrective Action Sites at the Nevada Test Site
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also predict that contaminants from Climax Mine tests would enter the Yucca Flat groundwater flow
system within the 1,000-year period of interest.

Additional considerations for addressing the two CAUs jointly include reductions in administrative
costs and classification issues. As the result of these considerations, the U.S. Department of Energy,
Nevada Operations Office (DOE/NV) has determined that the best way to proceed isto investigate
the two CAUs simultaneoudly and, therefore, requested the two CAUs be combined by adding the
Climax Mine Corrective Action Sites (CASs) to CAU 97. Thisrequest was accepted by the Nevada
Division of Environmental Protection (NDEP) on March 21, 2000 (Liebendorfer, 2000).

The Yucca Flat/Climax Mine CAl will be conducted by the UGTA Project which isa part of the
DOE/NV Environmental Restoration Project (ERP). The purpose and scope of the CAl are presented
in this section, followed by a summary of the entire document.

1.1  Purpose

Based on the general definition of a CAl from Section V.14 of the FFACO, the purpose of the CAl is

“...to gather data sufficient to characterize the nature, extent, and rate of migration or potential rate

of migration from releases or discharges of pollutants or contaminants and/or potential releases or
discharges from corrective action unitsidentified at the facilities...” (FFACO, 1996). For each UGTA

CAU, a contaminant boundary delineating the portion of the groundwater system that may be unsafe
for domestic and municipal use will be established (Appendix VI, FFACO [1996]). According to the
UGTA strategy (Appendix VI of the FFACO), the CAl of a given CAU starts with the evaluation of
existing data, and new data collection activities are generally contingent upon the results of the CAU
modeling and may or may not be part of the CAIl. The term “CAU model” as used in this document
means groundwater flow and contaminant transport model for the Yucca Flat/Climax Mine CAU.
Any other types of models referred to in this document are explicitly stated. However, the Yucca
Flat/Climax Mine CAl includes new data collection prior to initiation of the CAU modeling to fill
relevant data gaps identified during the regional evaluation (DOE/NV, 1997c) and the Yucca
Flat/Climax Mine Value of Information (IT, 1999c).

Specific objectives of the CAl are as follows:
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» Determine the characteristics of the groundwater flow system, the sources of contamination,
and the transport processes to acceptable levels of uncertainty.

* Develop a crediblaumerical model of groundwater flow and contaminant transport for the
Yucca Flat/Climax Mine CAU and downgradient areas.

» Develop stochastic predictions of the contaminant boundary at an acceptable level of
uncertainty. Stochastic predictions are made using random sampling methods such as the
Monte Carlo method. Numerous sets of model input parameters are sampled from estimated
statistical distributions and used to predict a range of possible locations of the contaminant
boundary. The range of possibilities for the location of the contaminant boundary reflects the
uncertainties associated with the input parameters and defines the uncertainty associated with
the location of the contaminant boundary.

1.2  Scope

The current scope of the Yucca Flat/Climax Mine CAl includes the following activities:

* Nine characterization activities to collect additional information

* The development and use of a three-dimensional (3-D), numerical, CAU-scale groundwater
flow and transport model to predict the location of the contaminant boundary

* The development and use of several secondary models to support the CAU model

The characterization activities will be conducted before the initiation of model development to

provide data for the CAU model. Characterization activities include field and laboratory studies
designed to reduce existing data uncertainties and the use of data analysis and modeling techniques tc
interpret the existing and newly-acquired data. Field activities include well completion, and sampling
and analysis of groundwater. The laboratory studies are designed to understand and provide data for
radionuclide transport processes in groundwater. Data analysis techniques and models used in
support of field and laboratory data interpretation include mapping techniques, geochemical
modeling, geophysical and geologic modeling, local-scale groundwater flow and transport modeling,
and various other techniques describefention 5.candSection 6.0 The field and laboratory scope

of work also includes support activities to fulfill health and safety, waste management, and quality
control (QC) requirements.

The CAU-scale groundwater flow and contaminant transport model will be constructed for an area
encompassing the Yucca Flat/Climax Mine CAthe potential CAU-model area encompasses the
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Yucca Flat/Climax Mine CAU, Northwestern Frenchman Flat, CP Basin, Rock Valley, and the
Amargosa Desert (Figure 1-2). The extent of the CAU-model areawill be finalized after the data
have been assessed. Thefinal CAU-model areawill depend on the predicted extent of contamination.
The area of investigation encompasses the potential CAU-model area (Figure 1-2) and extends from
the northeastern NTS boundary to the Amargosa Desert. It includes the Yucca Flat/Climax Mine
CAU, northwestern Frenchman Flat, CP Basin, Rock Valley, and the Amargosa Desert (Figure 1-2).
The area of investigation is defined as the region over which existing data will be collected and
summarized for possible inclusionin the CAU modeling. Thisareaisintentionally large and is
intended to include all possible pathways for radionuclide migration from the Yucca Flat/Climax
Mine CAU. The extent of the investigation area isnot expected to increase during the CAI.
However, if any increases do occur, NDEP will be informed.

The CAU model will be developed and used to predict the location of the contaminant boundary.
Modeling activities consist of code selection, compilation and evaluation of existing and
newly-acquired data, model development (including calibration and sensitivity analysis), uncertainty
analysis, and contaminant boundary definition.

1.3  Summary of the CAIP

An overview of the technical elements of the CAIP is presented, followed by a summary description
of the contents of the CAIP.

1.3.1 Overview of Technical Elements of CAIP

The Yucca Flat/Climax Mine CAl will be conducted by DOE/NV with close involvement of NDEP
throughout the entire process. The CAl will be conducted in five major sequential steps designed to
be consistent with the UGTA strategy described in Appendix V1 of the FFACO (1996) and
summarized in Section 2.1.2 of this document. Figure 1-3 summarizes the five major steps and
references the sections of the CAIP in which they are discussed. Documents generated to report on
the technical findings of the CAl are also described at the end of this section.
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Figure 1-2

Locations of the Yucca Flat/Climax Mine Investigation Area and Potential Model Area
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CAl Process Major Step  CAIP Reference Section

Step 1
Acquire new <Section 6.1 )
data
Step 2
Assess data <Sections 5.1.3.2.1 and 5.1.3.3.1)

Step 3
Construct CAU
model

I

Step 4
Validate CAU
model

I

Step 5
Predict
contaminant
boundary

AN

Sections 5.1.3.2.2 and 5.1.3.2.3
Sections 5.1.3.3.2 and 5.1.3.3.3

Section 5.1.4

/)

Section 5.1.5 >

A

CAl: Corrective Action Investigation
CAIP: Corrective Action Investigation Plan
CAU: Corrective Action Unit

Figure 1-3
Overview of Technical Elements of the Yucca Flat/Climax Mine CAIP
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1.3.1.1 Characterization Activities

Severa characterization activities areincluded in the CAl to collect new data designed to reduce
existing uncertainties in the current conceptual model. These following CAl activities were defined
using the Data Quality Objectives (DQOs) process described in Section 4.0, Section 6.1, and
Appendix A:

* Mineralogy Study of the Tuff Confining Unit (TCU)

» Geophysical Interpretation of the Paleozoic Framework
* Analysis of Existing Seismic Data

* Hydrogeologic Investigation of Wells ER-6-1 and ER-6-2
» Isotope/Geochemistry Mass Balance Studies

* Analysis of Existing Tracer Test Data

» Laboratory Studies of Transport Processes

* Rainier Mesa Colloid Studies

* Analysis of Data for Phenomenological Models

These characterization activities will be conducted prior to the start of modeling. The plans for these
activities are described in detail $ection 6.0

1.3.1.2 Assessment of CAU-Related Data

Following completion of the characterization activities, the existing and newly acquired data will be
assessed, and used to refine the current conceptual groundwater flow and transport model. The
existing data described in Section %l be supplemented with historical data acquired from public

and private sources and data from on-going characterization and monitoring programs not assessed
before. All relevant published and unpublished existing data will be considered. The newly acquired
data are those gathered during the characterization activities descrimdion 6.0 The new data

will be added to the existing datasets prior to the data assessment activities. The data assessment
activities are described Bections 5.1.3.2.1 arid1.3.3.1. The results of the data assessment process
will be reported in two documentation packages. The first package will document the assessment of
geologic data and the second groundwater data.

UNCONTROLLED When Printed



CAU 97 CAIP
Section: 1.0
Revision: 0

Date: 09/29/2000
Page 9 of 315

1.3.1.3 Development of Numerical Groundwater Flow and Transport Model

The refined conceptual model and all datawill be used to develop a 3-D groundwater flow and
transport model at the CAU scale. Several other models of varying scaleswill aso be used to support
the CAU model.

The CAU model will smulate groundwater flow and contaminant transport under transient
conditions. The scale of thismodel will be large, up to 100 kilometers (km) (6.2 miles[mi]). The
procedure that will be followed to develop the CAU groundwater flow and contaminant transport
model isdetailed in Sections 5.1.2 and 5.1.3.

Other models to be used in support of the CAU model include:

» Hydrologic models at scales ranging from small (less than 1 km) to intermediate (about
10 km) to investigate specific hydrogeologic features at smaller scales than that of the CAU
model

* A near-field model (small-scale) to simulate the hydrologic source term

» The NTS regional groundwater flow model to help estimate boundary conditions for the CAU
model

+ Arandom field generator to simulate hydraulic conductivity fields for use in the small- and
possibly the intermediate-scale groundwater flow models
Brief descriptions of these models and their use in support of the CAU model are provided throughout
Sections 5.1.2 andl1.3. More detailed descriptions are providedsiection 5.2.

1.3.1.4 \Verification of Numerical Groundwater Flow and Contaminant Transport

Model
When the CAU model is completed, it will be evaluated by a peer review panel, DOE/NV, and NDEP.
If DOE/NV and NDEP do not provide written justification for rejecting the CAU model, a model
verification plan will be prepared and submitted to NDEP as an addendum to this CAIP. Once the
model verification plan is approved, it will be implemented. In the event that the CAU model is
rejected, DOE/NV and NDEP will initiate discussions to identify the appropriate path forward.
Activities relating to this step are detailed in Section 5.1.4
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1.3.1.5 Prediction of Contaminant Boundary

The CAU model will be used to simulate a contaminant boundary proposed by DOE/NV and
negotiated with NDEP. A postaudit of the CAU model will be performed to verify the validity of the
results during the five-year proof-of-concept period. This processisdetailed in Section 5.1.5.

1.3.1.6 CAI Documentation

The Yucca Flat/Climax Mine CAl activitieswill be reported in several datareports: three
documentation packages, a CAU-model report, and the Corrective Action Decision Document
(CADD) asfollows:

» Data reports will describe the results of the characterization activities.

* \olume | of the CAU-model documentation will describe the assessment of geologic data and
describe the resulting hydrostratigraphic model.

* \olume Il of the CAU-model documentation will describe the assessment of groundwater data
including hydrogeologic data, and contaminant transport data.

* \olume lll of the CAU-model documentation will describe the results of the modeling
activities.

* The CAU model report will summarize the contents of the three documentation packages.

 The CADD is a FFACO document which will discuss the findings of all CAl activities,
including the CAU model, its verification, and the contaminant boundary predictions. In
addition, the CADD will describe the corrective action alternatives considered and the
selected alternative.

1.3.2 Document Organization

As required by the FFACO, this CAIP provides or references all of the specific information used for
planning the investigation activities associated with the Yucca Flat/Climax Mine CAU. Specific
information required by the FFACO and provided or referenced in this CAIP include managerial and
technical aspects, quality assurance, health and safety, public involvement, field sampling, and waste
management (FFACO, 1996). The organization and contents of this document are based on an
annotated outline agreed to by DOE/NV and NDEP (Liebendorfer, 1998). This document consists of
nine sections and one appendix, summarized as follows:
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» Section 1.@lescribes the purpose and scope of the Yucca Flat/Climax Mine CAIl and provides

this summary of the CAIP.

» Section 2.escribes how the proposed CAIP will be planned and conducted in accordance
with the requirements of the FFACO.

» Section 3.Qorovides a description of the Yucca Flat/Climax Mine CAU to define the problem
at hand. The section includes descriptions of the investigative background of the CAUSs, their
operational history, the CASs, the physical setting based on the available information, the
potential contaminants, the conceptual model of the CAU, and the preliminary corrective
action levels for the potential contaminants.

» Section 4.(iscusses the results of the DQO process and relates the proposed conceptual
model and the migration scenarios identified to these results.

» Section 5.escribes the planned CAU-scale groundwater flow and contaminant transport
modeling activities to be conducted during the CAI, including the assessment of the existing
and the newly-acquired data describe&attion 6.0 The relationship of the CAU-scale
model to other models is also discussed.

» Section 6.Qorovides descriptions of the characterization activities that are either planned or
ongoing for the Yucca Flat/Climax Mine CAU to acquire new information. Supporting
activities such as waste management, health and safety, and field sampling and analysis are
also summarized in this section. References to the appropriate plans are made.

» Section 7.0ncludes summary descriptions of the field and laboratory quality assurance and
quality control (QA/QC) procedures. References to the appropriate plans are made.

» Section 8.@contains a description of the project schedule and records availability information.
» Section 9.Qprovides a list of references used to prepare the CAIP.

* Appendix Acontains a detailed discussion of the DQO process. The DQO approach used for
the Yucca Flat/Climax Mine CAU and the DQO process results are presented.
The managerial aspects of this project are discussed in the DOE/NV ERP and Project Management
Plan, Rev. 0 (DOE/NV, 1994a). No CAU-specific public involvement activities are planned at this
time; however, an overview of public involvement is documented in the Public Involvement Plan in
Appendix V of the FFACO (1996).
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2.0 Legal/Regulatory Requirements

The State of Nevada, DOE, and DoD have negotiated the Federal Facility Agreement and Consent
Order to address environmental restoration activities at DOE/NV facilities and sites. The FFACO is
the primary regulatory driver for DOE environmental restoration activitiesin Nevada. Part 111 of the
FFACO (1996) identifies the legal authorities under which the DOE and NDEP entered into the
agreement. The FFACO and other regulatory requirements that may be applicable to the Yucca
Flat/Climax Mine CAl are discussed in this section.

2.1  Federal Facility Agreement and Consent Order

This section includes a summary of the FFACO requirements and the UGTA corrective action
strategy as described in the FFACO (1996). The application of the strategy to the Yucca Flat/Climax
Mine CAU is also presented.

2.1.1 FFACO Requirements

The FFACO requirements that are applicable to the Yucca Flat/Climax Mine CAU are discussed in
this section.

2.1.1.1 General Requirements

The FFACO sets the framework and contains the requirements for prioritizing and enforcing the
environmental restoration activities of contaminated DOE/NV facilities and sites. Technical
strategies for these activities are also provided in the FFACO. The DOE, through the UGTA Project,
is responsible for completing corrective actions for six CAUs associated with historical underground
nuclear testing on the Nevada Test Site. The UGTA CAUs are Frenchman Flat, Western Pahute Mesa,
YuccaFlat, Central Pahute Mesa, and Rainier Mesa/Shoshone Mountain. The CAUs were defined
based on geography and hydrogeol ogic characteristics.

Severa plans and reports are required to document the corrective action process. These documents
provide details about the activities needed to ensure the completion of the corrective action.
Documents that are applicable to UGTA CAUs include the following:
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Corrective Action I nvestigation Plan

Thisis a FFA CO-required document which provides or references all specific information for
planning investigation activities associated with corrective action units or Sites.

Corrective Action Decision Document

Thisisa FFACO-required report that documents the corrective action investigation. It describes the
results of the CAl, the selected corrective action, and the rationale for its selection.

Corrective Action Plan

Thisis a FFACO-required planning document that describes the Corrective Action Plan (CAP) and
explains the corrective action completion process.

Closure Report

This FFACO-required report documents the corrective action completion process and verifies the
corrective action was conducted in accordance with the approved corrective action plan. It also
provides all necessary supporting information. The Closure Report also provides information on post
closure monitoring.

Notice of Completion

Thisis a State-issued document marking the completion of the corrective action in accordance with
approved plans.

2.1.1.2 Specific Requirements

The Yucca Flat/Climax Mine CAl is planned and will be conducted in accordance with the
appropriate investigation purposes of the Federal Facility Agreement and Consent Order as outlined
in Subparts 11.1.b.ii, 11.1.c aswell as the requirements of Subparts V.14, and IV.15 (FFACO, 1996).
Each of these specific subparts of the FFACO are quoted below, followed by a description of how
their requirements are being fulfilled during the CAI.
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I1.1.b.ii. “Determine whether releases of pollutants and/or hazardous wastes or potential releases
of pollutants and/or hazardous wastes are migrating or potentially could migrate, and if so,
identify the constituents, their concentration(s), and the nature and extent of that migration;...”

In accordance with FFACO Section 1l.1.b.ii., characterization and modeling activities designed to
determine whether releases are migrating or could potentially migrate, are planned in the CAl as
described irSections 5.@nd6.0. Also, in accordance with this subpart, a preliminary list of the
constituents and their concentrations is providesldation 3.5 A description of the nature and
extent of the contaminant migration based on the current information is presefesdiams 3.4
through3.6 of this report. This description will be updated based on the findings of the CAL.

II.1.c. “Providing all parties with sufficient information to enable adequate evaluation of
appropriate remedies by specifying the radioactive and hazardous constituents for each corrective
action unit.”

As required by FFACO Subpart Il.1.c., a preliminary list of radioactive and hazardous constituents for
the Yucca Flat/Climax Mine CAU is provided $ection 3.50f this report. This list provides all

parties with sufficient information to enable adequate evaluation of appropriate remedies and will be
updated based on the findings made during the CAI.

IV.14. “Corrective action investigation” (CAl) shall mean an investigation conducted by DOE
and/or DoD to gather data sufficient to characterize the nature, extent, and rate of migration or
potential rate of migration from releases or discharges of pollutants or contaminants and/or
potential releases or discharges from corrective action units identified at the facilities.”

In accordance with FFACO Subpart 1V.14., the Yucca Flat/Climax Mine CAI will be conducted by
DOE/NV to gather sufficient data to characterize the nature, extent, and rate of migration or potential
rate of migration from releases or potential releases of contaminants from the Yucca Flat/Climax
Mine CAU. This CAIP describes the planned investigation activities which include field data
gathering $ection 6.0) and groundwater flow and transport modeling at the CAU Seaigof 5.).

IV.15. “Corrective action investigation plan” (CAIP) shall mean a document that provides or
references all of the specific information for planning investigation activities associated with
corrective action units or corrective action sites. A CAIP may reference information in the
optional CAU work plan or other applicable documents. If a CAU work plan is not developed,
then the CAIP must include or reference all of the management, technical, quality assurance,
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health and safety, public involvement, field sampling, and waste management information needed

to conduct the investigations in compliance with established procedures and protocols.”
In accordance with FFACO Subpart IV.15, this CAIP provides or references all of the specific
information for planning investigation activities associated with the Yucca Flat/Climax Mine
Corrective Action Unit. This CAIP includes or references all of the management, technical, quality
assurance, health and safety, public involvement, field sampling, and waste management information
needed to conduct the investigations in compliance with established procedures and protocols as
described irBection 1.0

All information provided in this CAIP is based on the current state of knowledge and will be updated
following completion of the CAl. The results of this CAIl will ultimately be reported in the CADD.

2.1.2 Corrective Action Strategy

A summary of the UGTA strategy negotiated by DOE/NV and NDEP for UGTA (FFACO, 1996) is
presented in the first part of this section. The DOE/NV and NDEP will work together throughout the
implementation of the strategy for each of the UGTA CAUS, including the Yucca Flat/Climax Mine
CAU. Upon approval of the CAIP and at the beginning of each fiscal year in which the CAI will be
conducted, DOE/NV will inform NDEP of the planned activities for the CAl. The DOE/NV will
facilitate any visits or meetings requested by NDEP to evaluate the CAl process presented in
Section 5.Mf this document. The DOE/NV will also identify when products will be available for
transmittal to NDEP. The details of the implementation of the UGTA strategy is described in the

following section.

2.1.2.1 Description of Corrective Action Strategy

The objectives of the UGTA strategy are to predict the location of the contaminant boundary for each
CAU, develop and implement a corrective action, and close each CAU.

2.1.2.1.1 General Definition of Contaminant Boundary

The contaminant boundary has been defined in Appendix VI of the FFACO (1996) as follows:
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“CAU models utilizing tritium as the source term will be used to establish the contaminant
boundary for each CAU. The boundary will be composed of a perimeter boundary and a lower
hydrostratigraphic unit boundary. The perimeter boundary will define the aggregate maximum
extent of contamination transport at or above the concentration of concern for the CAU. The
lower hydrostratigraphic unit boundary will define the lowest aquifer unit affected by the
contamination. Long-lived radionuclides, besides tritium, will be included to evaluate the relative
extent of migration of different radionuclides in the future. If it is predicted that another
radionuclide will migrate farther than tritium at concentrations of concern, the contaminant
boundary will include that prediction.”

Also, as explained in the FFACO (1996), uncertainties will be associated with the contaminant
boundary predictions using the CAU models (FFACO, 1996). These uncertainties can be expressed
as confidence levels as shownFagure 2-1 As explained in Appendix VI of the FFACO (1996):

“Each contour reflects an increased level of confidence that no contaminants exceeding a given
regulatory concentration will ever cross that boundary. As confidence increases, the distance
from the CAU increases. The confidence levels could lead to the development of different
contaminant boundaries, depending on the degree of certainty decision makers need to select
appropriate controls.”

The distance from the source of contamination (the CAElgare 2-) to the contaminant boundary
increases as the confidence level increases.

2.1.2.1.2 Process Description

The process used to achieve the strategy is defined in the flow diagram on page VI-3-6 of FFACO
Appendix VI (Figure 2-3. The shaded portion of the diagram illustrates the portion of the process

that will take place during the CAI. This strategy is based on two principal assumptions. The first
assumption is that the strategy can be achieved using existing data and wells. The second assumptior
is that the proposed remedial option is long-term monitoring. However, the strategy does allow for
deviations should these assumptions prove to be incorrect.

The first step in the strategy is to collect, assess, and evaluate the existing geologic, hydrologic,
geochemical and isotope, and radionuclide information available for each CAU. If DOE/NV
determines that sufficient data exist, then a CAU-scale groundwater flow and contaminant transport
model is developed utilizing these data. If sufficient data do not exist, then DOE/NV can propose to
collect additional data prior to developing the CAU model.
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The second step consists of developing a 3-D groundwater flow and transport model to define the
maximum extent of contaminant transport at the CAU scale. Tritium and other radionuclidesthat are
longer-lived will be evaluated to establish the contaminant boundary for each CAU. The boundary
will define the maximum extent of contaminant transport in the horizontal direction aswell asthe
lowest aguifer unit affected, as specified in the FFACO (1996). After completion, the CAU model
will be presented to NDEP and evaluated by a peer review panel. If DOE/NV and NDEP do not
provide written justification for rejecting the CAU moddl, it will be verified, and the contaminant
boundary will be proposed by DOE/NV and negotiated with NDEP.

If the CAU mode is rejected or the contaminant boundary cannot be agreed upon between DOE/NV
and NDEP, then DOE/NV and NDEP will determine if the strategy, as defined in the FFACO (1996),
isachievable. If the strategy can be achieved, DOE/NV will collect additional data. The new data
will then be used in the CAU model, and the process will be repeated. If the strategy is not
achievable, negotiations will be initiated to develop a new strategy.

After the contaminant boundaries have been defined and accepted, DOE/NV will evaluate various
remedial alternatives and propose a corrective action. The CAU modeling results, contaminant
boundary, and proposed corrective action will be documented in the CADD and submitted to NDEP
for approval. After approval of the CADD, a CAP will be developed to implement the corrective
action. If the corrective action islong-term monitoring, a five-year proof-of-concept period will be
initiated. This proof-of-concept period will allow DOE/NV and NDEP to determineif the monitoring
results support the CAU model. If the monitoring results are acceptable, a Closure Plan will be
developed for the CAU. If the results are not acceptable, then DOE/NV and NDEP will need to
determine if the strategy is still achievable or not.

2.1.2.2 Implementation of Corrective Action Strategy

The DOE/NV’s approach for implementing the FFACO strategy for the UGTA G#adascribed in
this section. The approach is described in terms of the specific definition of the contaminant

boundary, corrective action investigation, correction action implementation, and CAU closure.
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2.1.2.2.1 Specific Definition of the Contaminant Boundary

The contaminant boundary is specifically defined as the maximum extent of contamination
corresponding to a human dose of 4 millirems per year (mrem/yr) for radionuclides, or a
concentration equal to drinking water standards (maximum contaminant levels) for other
contaminants, at the 50 percent confidence level within a 1,000-year interval. The 4-mrem/yr dose
regulatory limit is based on the Safe Drinking Water Act (SDWA) (1996), and may include multiple
contaminants. Thetotal doseisthe sum of the doses of al contributing radionuclides using adrinking
water scenario (Adams, 1996a and b). The individual contributions from each contaminant to the
dose must be less than the regulatory limit.

2.1.2.2.2 Corrective Action Investigation

The CAl isled by the DOE/NV UGTA Project Manager. A Technical Working Group (TWG) was
formed to assist the DOE/NV UGTA Project Manager with technical issues. The TWG consists of
representatives from the participating organizations which are Bechtel Nevada (BN); Desert Research
Institute (DRI); IT Corporation, Las Vegas (ITLV); Lawrence Livermore National Laboratory
(LLNL); Los Alamos National Laboratory (LANL); and the U.S. Geological Survey (USGS). The
TWG serves as atechnical advisory group to the DOE/NV UGTA Project Manager. Tasks assigned to
the TWG committee include providing technical recommendations to DOE/NV, providing expert
technical support in specific UGTA tasks via subcommittees, and serving asinternal peer reviewers of
UGTA products.

The CAI consists of two major phases: planning and implementation. Both the planning and
implementation of the CAl rely on the use of the regional groundwater flow and transport model
(DOE/NV, 1997c). Thetwo phases of the CAl are described in the following sections. Descriptions
of how the regional model is used during the CAl are also provided.

Planning

As stated in the FFACO strategy and in Section 2.1.2.1 of thisreport, the scope of the CAl consists of
developing a CAU model with existing data and predicting the location of the contaminant boundary.
However, to evaluate whether additional data are needed, the CAl is planned using the DQO process,
which ensures that the type, quantity, and quality of environmental data used in the decision-making
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process are appropriate for the intended application (EPA, 1993 and 1994). To support the DQO
process, the regional mode! is used to identify areas of uncertainties associated with the groundwater
flow system and transport processes of agiven CAU. In addition, a Value of Information Analysis
(VOIA) is performed to support the DQO process. The VOIA isamanagement tool intended to help
decision makers evaluate cost-effective, information-collection options to reduce existing
uncertainties. A description of the Yucca Flat DQO process including asummary of the VOIA is
provided in Appendix A. The detailed Yucca Flat VOIA methodology and results have been
described by 1T (1999c).

During the VOIA, results of the transport simulations performed using the regional model are used to
identify sensitive parameters. Aninput parameter is said to be sensitive if agiven changeinits value
causes alarge change in the model results. Conversely, aparameter issaid to be insensitive if agiven
changeinits value causes little change in the model results. Transport simulations used include the
tritium transport simulations described in the regional evaluation report (DOE/NV, 1997c¢) and the
results of transport simulations for other radionuclides of concern. The radionuclides of concern for
the Yucca Flat/Climax Mine CAU were identified by the VOIA Subcommittee of the UGTA TWG.
This subcommittee also proposes various data collection options. This group then estimates how
much each of the data collection options will reduce the uncertainty in the model results. This
estimated reduction in uncertainty is then combined with the estimated cost of the data collection
option, and a cost-benefit analysisis performed on all of the options.

The results of the VOIA are then used to evaluate the benefit of collecting additional data prior to
developing the CAU model. However, some data-collection activities can be identified prior to the
VOIA, using only the regional model sensitivity analysis. For example, the decision to drill new
wellsin an uncharacterized area can be made without the benefit of the VOIA if the results of the
regional model are highly sensitive to the geology and hydrology of that area. The UGTA Project
Manager uses the results of the regional model and those of the VOIA to design a program to collect
the appropriate data for the CAU-scale model.

I mplementation

If, during the planning process, it is decided that no new data are necessary to develop the CAU
model, the CAl isinitiated with the modeling activities. The CAU modeling process consists of
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model (code) selection, groundwater flow model development, contaminant transport model
development, sensitivity and uncertainty analyses, model result verification, contaminant boundary
prediction, and postaudit. Other models of varying scales may also be used in support of the CAU

model. The modeling process proposed for Yucca Flat is described in Section 5.0.

The process begins with the selection of the groundwater flow and transport code, based on a
predefined set of criteria. Several candidate codes have previously been identified for potential usein
the UGTA Project (IT, 1998a). For the Yucca Flat/Climax Mine CAl, the FEHM code will first be
tested using a problem representative of the area of interest. If the test yields desired results, FEHM
will be used; if not, the code selection process described in the UGTA modeling approach document
(IT, 1998a) will be applied. The list of candidates will be refined and updated at the time the CAl is
initiated and three codes will be selected for further evaluation. These codes will be tested using a
sample problem, and the results of thistest will lead to the selection of the code to be used. The CAU
model must have the ability to represent the important physical and chemical features of the CAU
flow system. These featuresinclude faulting, stratigraphy, sources and sinks of water, the distribution
of contaminants and their rates of introduction into the flow system, and other physical and chemical
features characteristic of the CAU. The selected code must also be able to simulate the movement of
avariety of contaminants and possess the flexibility to allow grid changes and boundary condition
variations.

After acodeis selected, the groundwater flow model is developed. Thisconsists of groundwater data
assessment, model setup, and model calibration. Existing geologic and hydrologic data are then
compiled and evaluated, and a hydrostratigraphic model is constructed using these data including
surface and subsurface geologic and geophysical data obtained from boreholes within or near the
CAU-model boundary. This hydrostratigraphic model, along with the hydrologic data, isthen used to
develop the CAU-scale groundwater flow model. Theregional groundwater flow model is used to
define boundary conditions and initial estimates of areal recharge for the CAU-scale groundwater
flow model. Hydraulic conductivity data obtained from aquifer tests conducted in the CAU or the
relevant nearby region are used to define an initial distribution. Water level information from
boreholes in and near the CAU isused to calibrate and verify the groundwater flow model.
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After completion of the groundwater flow model, the contaminant transport model isdeveloped. This
includes transport data assessment, model setup, and model calibration. The primary input
parameters to the contaminant transport model are effective porosity, matrix porosity, matrix
diffusion, fracture information, dispersivity, source term, and sorption. Effective porosity and
dispersivity values are derived from tracer tests conducted in the area. Matrix porosity and fracture
data are obtained from borehole core samples and geophysical logs aswell as from other tracer
studies reported in the literature. Matrix diffusion is determined from laboratory studies conducted
on core samples, and source term information is obtained from cavity water samples collected from
the hot well monitoring network and unclassified source term data. Sorption parameters are derived
from laboratory studies and tracer tests in the area, and will be supplemented from studies outside
Nevada described in Section 3.0.

After the CAU-scale groundwater flow and contaminant transport model is developed, sensitivity and
uncertainty analysis will be performed. The uncertainty analyses will include evaluating the impacts
of alternative geologic interpretations and the use of smaller-scale groundwater flow and contaminant
transport models to evaluate potential failure scenarios. The CAU model will be presented to a peer
review panel, DOE/NV, and NDEP for review. If DOE/NV and NDEP do not provide written
judtification for rejecting the CAU model, aplan for verifying the CAU model will be presented to
NDEP for review. Once the model verification plan is approved, it will beimplemented. In the event
that the CAU model isrejected, DOE/NV and NDEP will initiate discussions to identify the
appropriate path forward.

The CAU model will be used to predict the location of the contaminant boundary. Various remedial
alternatives will be evaluated and a recommendation made based on the established boundaries. If
the recommendation is long-term monitoring, a monitoring network will be designed.

If, at any time during the process, it is determined that additional data are needed, a plan for collecting
the information will be prepared as an addendum to the CAIP. This plan identifies the types of data
needs and describes the work proposed to collect thisinformation. Upon approval of the plan by
NDEP, the information will be collected and used to develop the CAU model. Any data-collection
activities conducted in support of the CAU model will be part of the CAl.
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The results of the CAU modeling effort, any data collection activities, and the evaluation of remedial
alternatives will be documented in the CADD and presented to NDEP for approval.

2.1.2.2.3 Corrective Action Implementation and CAU Closure

After the CADD has been approved, a CAP will be written describing how DOE/NV will implement
the corrective action. If monitoring isthe decision, the CAP will describe the work for installing new
wells, if necessary, and the monitoring parameters and schedule for the five-year proof-of-concept
period. After successful implementation of the corrective action, the CAU will be proposed for
closure and documented in a report.

UNCONTROLLED When Printed



CAU 97 CAIP
Section: 3.0
Revision: 0

Date: 09/29/2000
Page 25 of 315

3.0 Description of Corrective Action Units

This section includes a description of the Yucca Flat/Climax Mine CAU. The investigative
background and operational history of the areaare presented first. The corrective action sites are then
listed along with their specific attributes. Descriptions of the physical setting, contaminants, and
conceptual model of the CAU are then provided based on a preliminary evaluation of the existing
information. Finally, the preliminary action levelsfor the magjor potential contaminants considered in
the CAl are presented.

3.1 Investigative Background

Investigations of the Yucca Flat/Climax Mine area, and the surrounding region have taken place from
the late 1950s to the present. These studies have ranged in scope from investigations that encompass
all of the NTS, to studies of individual exploratory holes associated with specific nuclear testsin
YuccaFlat and Climax Mine. These investigations relate to both the surface and subsurface.
Surficial data have been obtained from a network of stations and various land surface investigations.
Subsurface data have been obtained from ahost of existing boreholes and springs. A selected number
of 468 boreholes and 136 springs located within the Yucca Flat/Climax Mine investigation areawere
utilized during the regional evaluation of the underground test areas of the NTS (DOE/NV, 1997c;
IT, 1996c-h; and IT, 1997b and c¢) (Figure 3-1). Information on the subsurface is aso available from
several nonintrusive investigations. A number of investigations conducted in other areas of the NTS
or other sites may also be relevant to the Yucca Flat/Climax Mine CAl. Sources of information
include: USGS, DRI, LLNL, LANL, BN, ITLV, and related literature.

An overview of the most notabl e investigations relevant to understanding the subsurface of the Yucca
Flat/Climax Mine area and the effects of underground nuclear testing on groundwater is provided in
this section. Subject areas of interest to the problem at hand are: precipitation and recharge,
topography, geology, groundwater, groundwater chemistry, radiochemistry, and migration processes.
Each of these areas are discussed following a description of general information of interest to this
CAl. The available information derived from the investigations cited here is summarized in

Section 3.3 of this document.
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General Information

Several documents prepared for the NTS and the UGTA are aso relevant to the Yucca Flat/Climax
Mine CAI. Two documents which cover the scope of the Yucca Flat/Climax Mine investigation
program were developed to satisfy National Environmental Policy Act (NEPA) requirements: the
NTS site-wide Environmental Impact Statement (DOE/NV, 1996d) and an UGTA proj ect-specific
environmental assessment (DOE/NV, 1992). Checkliststo ensure compliance with NEPA (1996) will
be prepared in support of the planned field activities, as appropriate. No scheduling impacts are
expected from the preparation of the NEPA documents. Another report summarizing the results of a
focused evaluation of remedial alternatives was also prepared for UGTA (DOE/NV, 1997h).
Although some studies have dealt with migration of various radionuclides, no assessment of human
health risk has been completed for the Yucca Flat/Climax Mine area. A regional risk assessment of
the UGTA was completed in 1997 (DOE/NV, 1997c¢).

Precipitation and Recharge

Precipitation isimportant to groundwater recharge. Researchers at DRI have been investigating
precipitation and groundwater recharge at the NTS, and their studies focus on defining precipitation
distribution, identifying areas of significant surface runoff, estimating the amount of surface runoff,
identifying areas of significant groundwater recharge, and estimating the rates of groundwater
recharge (French, 1985).

The DRI researchers developed adigital precipitation database in 1964 (French, 1985) and data for
various precipitation stations on the NTS were published in areport by French (1986). Inafollowup
study (French, 1987), researchers investigated the effects of the length of record on estimated annual
and seasonal precipitation at the NTS. Ingraham et al. (1990) evaluated the stable isotopic
composition of precipitation. Studiesrelating to infiltration and recharge include those conducted by
Doty and Rush (1985), Tyler et al. (1992), McKinnis and Kao (1993), and Hockett and French (1998).
Doty and Rush (1985) studied inflow to a crack in playa deposits of Yucca Lake. Tyler et al. (1992)
investigated infiltration through the U-3fd crater in Area 3 of the NTS. McKinnis and Kao (1993)
studied the potential for infiltration through fractured alluvium in Yucca Flat, while Hockett and
French (1998) studied the recharge potential at Crater U5a (WISHBONE).
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Researchers at the USGS have a so been investigating precipitation and groundwater recharge as a
part of the Yucca Mountain Project. An estimate of the NTS regional rechargeis also available in the

Yucca Mountain regional groundwater flow model report (D’Agnese et al., 1997).

Topography

Topographic information is used to locate sites, delineate the top of the geologic domain of a given
area, provide reference points for depth-to-water measurements, and plan field activities. The USGS
is the main source for topographic information for the NTS region, including the Yucca Flat/Climax
Mine area. Topographic maps for the investigation area may also be available from the U.S. Bureau
of Land Management (BLM).

Surface topographic information is available from the USGS in the form of Digital Elevation Models
(DEM) and topographic maps at various scales. Digital Elevation Models providing land surface
elevation data with 90-meter (m) (295-foot [ft]) resolution (USGS, 1987) have been used to delineate
the top of the regional geologic model (IT, 1996f). Various topographic maps are also available from
the USGS.

Topographic maps at the 1:24,000 scale are the most accurate available and may be used to obtain
critical elevation data, such as elevations of springs, stream channels, evapotranspiration areas, and
wells if not surveyed. The following 7.5’ topographic quadrangle maps, which provide coverage for
the Yucca Flat/Climax mine area and immediate vicinity, were identified from the topographic index
map (USGS, 1997):

* Plutonium Valley Quadrangle, Nye County, Nevada
* Yucca Lake Quadrangle, Nye County, Nevada

* Mine Mountain Quadrangle, Nye County, Nevada

» Paiute Ridge Quadrangle, Nye County, Nevada

* Yucca Flat Quadrangle, Nye County, Nevada

» Tippipah Spring Quadrangle, Nye County, Nevada
« Jangle Ridge Quadrangle, Nye County, Nevada

» Oak Spring Quadrangle, Nye County, Nevada

* Rainier Mesa Quadrangle, Nye County, Nevada

Publications describing the effects of nuclear testing on the topography of the Yucca Flat/Climax
Mine area include three maps prepared by the U.S. Geological Survey (1990), Gibagposite
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Post-shot Surface Effects Map for Yucca Flat.” Allen et al. (1997) also described the surface effects
at underground nuclear explosions on the NTS.

Geology

Geologic information is necessary to conceptualize the physical framework of the groundwater flow
system. A preliminary interpretation of the geologic framework of the Yucca Flat/Climax Mine
subsurface was made as part of the regional evaluation (IT, 1996f; DOE/NV, 1997c). A summary of
this interpretation and the supporting information are presenteekcition 3.4.4

Geologic frameworks are usually interpreted from a host of geologic information available in the
form of borehole data, surface geophysical surveys, and various maps and reports. The regional
geologic framework was constructed using numerous maps and reports which are cited in the
Regional Geologic Model Documentation Package (1T, 1996f).

For the Yucca Flat/Climax Mine area, borehole data include lithologic logs, geophysical logs, and
rock cores that may be obtained from the USGS core library or the literature. Reports containing
borehole information that are available include those prepared by DOE/NV under the Weapons
Testing Program, and those prepared under the ERP for new or recompleted wells. The USGS,
LLNL, and LANL are the main sources of surface geophysical survey data for the Yucca Flat/Climax
Mine investigation area.

The USGS and the Nevada Bureau of Mines are the main sources of geologic maps of the NTS region
including the Yucca Flat/Climax Mine investigation area. Among the existing surficial geologic
maps, the following are the most notable for the Yucca Flat/Climax Mine area and vicinity:

* “Geologic Map of Nevada, Southern Half,” Map 57, scale 1:500,000 (Stewart and
Carlson, 1977)

» “Digital Geologic Map of the Nevada Test Site and Vicinity, Nye, Lincoln, and Inyo Counties,
Nevada,” Scale 1:100,000 (Slate et al., 1999)

* “Geologic Map of the Paiute Ridge Quadrangle, Nye and Lincoln Counties, Nevada,”

U.S. Geological Survey Geologic Quadrangle Map GQ 577, Scale 1:24,000 (Byers and
Barnes, 1967)
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* “Geologic Map of the Yucca Flat Quadrangle, Nye and Lincoln Counties, Nevada,”
U.S. Geological Survey Geologic Quadrangle Map GQ 582, Scale 1:24,000 (Colton and
McKay, 1966)

* “Geologic Map of the Plutonium Valley Quadrangle, Nye and Lincoln Counties, Nevada,”
U.S. Geological Survey Geologic Quadrangle Map 384, Scale 1:24,000 (Hinrichs and Mckay,
1965)

» “Geologic Map of the Yucca Lake Quadrangle, Nye County, Nevada,” U.S. Geological
Survey, GQ-1327, Scale 1:24,000 (McKeown et al., 1976)

* “Geologic Map of the Tippipah Spring Quadrangle, Nye County, Nevada,” U.S. Geological
Survey, Quadrangle Map GQ-213, Scale 1:24,000 (Orkild, 1963)

* “Geologic Map of the Mine Mountain Quadrangle, Nye County, Nevada,” U.S. Geological
Survey, Quadrangle Map GQ-746, Scale 1:24,000 (Orkild, 1968)

Other notable maps include that of Cole & Cashman (1997): “Geologic Map of the Mine Mountain
Area, NTS, So. NV” and that of Cole (1997): “Major Structural Controls on the Distribution of
Pre-Tertiary Rocks, NTS Vicinity, So. NV.”

Various reports on the geology of the area are also available. Winograd and Thordarson (1975) and
Laczniak et al. (1996) described the regional geology of the NTS, including the Yucca Flat and
Climax Mine areas. Caskey and Schweichert (1992) described the Mesozoic deformation in the NTS
and Vicinity. Other studies have provided geologic data relating to specific areas of Yucca Flat and
Climax Mine. Notable geologic studies include those conducted by Barnes et al. (1963),

Hazelwood et al. (1963), and Williams et al. (1963) in support of a long-range USGS program to
study the subsurface of the NTS. Barnes et al. (1963) synthesized the geologic data available at the
time into a complete picture of the Yucca Flat geology. Hazelwood et al. (1963) reported on a series
of geophysical investigations to improve the understanding of the structural geology of Yucca Flat.
Williams et al. (1963) reported on the geologic investigations conducted at Yucca Flat. Ander (1984)
investigated the rotation of late Cenozoic stresses in the Yucca Flat region. More recently,
McCafferty and Grauch (1997) and Ponce (1997) presented surface geophysical survey data for the
Yucca Flat/Climax Mine investigation area. Reports specific to the geology of the Climax Mine area
include those of by Snyder (1977) and the USGS (1983). Other reports include those by Barnes et al.
(1962) and Cole et al. (1989). Barnes et al. (1962) investigated the carbonate rocks east of Yucca
Flat. Cole et al. (1989) studied the structural relations within the Paleozoic basement of the Mine
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Mountain block in Yucca Flat. Comprehensive lists of geologic references used during the regional
evaluation may be found in Appendices C5 through C9, C15, and E2 of Volume | of the regiona

evaluation documentation (1T, 1996f).

Hydrology

Understanding the hydrology of the groundwater flow system isimportant to understanding the
transport of contaminants from the underground test areain groundwater. A preliminary
interpretation of the hydrology of the Yucca Flat/Climax Mine subsurface was made as part of the
regional evaluation (DOE/NV, 1997c; IT, 1996¢ through h; IT, 1997b; and IT, 1997c). The data
supporting thisinterpretation are presented in Section 3.4.5. Thisinterpretation will be refined during
the CAI data assessment activities as described in Section 5.1.3.2.1.

Hydrologic information includes water level measurements, pump-test information including
estimates of hydraulic properties, and estimates of recharge and discharge rates into the groundwater
flow system of interest. Hydrologic information is available in the form of existing databases and
various published and unpublished reports and maps. Mg or sources of information include the ERP,
USGS, DRI, and literature.

Several notable studies have been conducted to understand the regional NTS groundwater flow
system. Winograd and Thordarson (1975) discussed the regional hydrogeologic and hydrochemical
framework of the NTS relative to the regional movement of water. They presented a comprehensive
overview of the geologic, hydrologic and geochemical data available at the time in support of their
interpretations. Waddell (1982) developed a two-dimensional, steady-state model of groundwater
flow beneath the NTS region in support of the investigation of a potential nuclear waste repository at
YuccaMountain. Laczniak et al. (1996) described the hydrologic controls at work within the
groundwater flow system of the underground test area and NTSregion. Theresults of the regional
evaluation of the underground test area were presented in a report titled Regional Groundwater Flow
and Tritium Transport Modeling, and Risk Assessment of the Underground Test Area of the Nevada
Test Ste, Nevada (DOE/NV, 1997c). The purpose of this study was to perform a preliminary
evaluation of the risks associated with the underground nuclear testing and to provide afoundation for
the models developed for each CAU including the Yucca Flat/Climax Mine CAU. Another notable
regional model was developed by D’Agnese et al. (1997) for the Yucca Mountain region. This model
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covers amost the same area as the regional model developed for the underground test area
(DOE/NV, 1997¢).

In addition to the regional studies, there have been various studies on the local groundwater flow
system of the Yucca Flat area. Examples of these reports include those by Walker (1962), Hess and
Jacobson (1984), and Mihevc (1992). Hess and Jacobson (1984) investigated the hydrogeology of
the NTS and southern Amargosa Desert including the Yucca Flat/Climax Mine area. Walker (1962)
and Murray (1981) investigated the geohydrology of the Climax Stock area. Hydrologic data may be
obtained from the National Water Information System (USGS, 1989) or from reports such as those of
Arteaga et al. (1991) and Hale and Trudeau (1993), which contain compilation of hydrogeol ogic data
from wells and test holes located on the NTS and vicinity. Other reports of interest are those of
Hoover and Trudeau (1987) and Hawkins et al. (1987). Hoover and Trudeau (1987) discussed the
high-fluid levels observed in drill holeslocated in Yucca Flat. Hawkinset al. (1987) presented
geologic and hydrologic information on the Aleman (U3kz) Site and other sitesin Yucca Flat.

Hydrologic data are also available for individual borehole locations. Recent such reports include the
recompl etion reports for Water Well 2 (DOE/NV, 1996c), Well UE-4t (DOE/NV, 1996b),

Well UE-10j (DOE/NV, 1997a), and Well ER-6-1 (Gillespie, 1993). Comprehensive lists of
publications used during the regional evaluation may be found in the reference lists of Volumesli, 111,
and IV of theregional evaluation documentation (1T, 1996e, ¢ and d).

Groundwater Chemistry

Site-specific groundwater chemistry data are available from reports by Walker (1962), Schoff and
Moore (1964), and Crow (1976). Robinson and Beetem (1965) presented groundwater chemistry
data collected by the USGS from five water supply wellsin YuccaFlat. Claassen (1973) summarized
groundwater chemistry data obtained from 1957 through 1971 by the USGS in Yucca Flat.

Perfect et al. (1995) compiled adigital database of groundwater chemistry data for the NTS region.
Rose et a. (1997) have recently published chemical and isotopic data for groundwater sampling
locationsin southern Nevadaincluding the NTS. Schoff and Moore (1964) provide one of the earliest
interpretations of NTS groundwater with the purpose of predicting the direction of groundwater flow
using chemistry data. Winograd and Thordarson (1975) conducted a detailed, site-wide evaluation of
groundwater chemistry in the NTS area in which they used groundwater chemistry to evaluate
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regional groundwater flow. Chapman and Lyles (1993) presented groundwater chemistry data
collected by the DRI. Preliminary interpretations and supporting data are presented in Section 3.4.6.

Data on stable isotopes at precipitation stations on the NTS and surrounding areas are presented in
reports by Ingraham et al. (1990) and Milneet al. (1987). Ingraham and Taylor (1991) evaluated
stable isotope systematics for large-scale hydrologic systems of Californiaand Nevada. Benson and
Klieforth (1989) present paleoclimatic implications of precipitation and groundwater stable isotope
datain the NTS and Yucca Mountain region. Davisson et al. (1999) and Thomas (1999) provide
regional-scal e interpretations of stable isotopesin southern Nevada groundwater. Thomas (1996) and
Thomas et a. (1996) estimated regional flow paths, groundwater age, and travel times based on
mass-balance reaction modeling of flow system geochemistry and isotopic data.

Radiochemistry

Beginning in the mid-1970s, radionuclide concentration data in near-field groundwater have been
obtained by Hydrologic Resources Management Program (HRMP). The HRMP data have been
published in aseries of annual progress reports prepared by LANL and LLNL. Theindividual reports
aretoo numerous to list here, but are referenced as appropriate in Section 3.4.7 where the available
data are presented. Nimz and Thompson (1992) provide a summary of HRMP findings as of 1992.

The DOE/NV instituted the Long-Term Hydrological Monitoring Program (LTHMP) in 1972. This
program was designed to monitor radionuclide concentrations in groundwater at selected well
locations on the NTS and off-site well and spring locationsin the vicinity of the NTS. Tritium results
from the LTHMP are published in annual site environmental monitoring reports for the NTS. The
LTHMP data are presented in Section 3.4.7. The DOE/NV and its contractors have sampled and
analyzed groundwater from NTS water-supply wells as part of an on-going annual environmental
monitoring program. The results of the monitoring program, which include gross alpha and beta,
isotopic plutonium, strontium-90 (*°Sr), and tritium, are also published in the annual site
environmental monitoring reports for the NTS. The DRI has evaluated the occurrence of tritium in
groundwater from wellson the NTS (Lyles, 1990 and Lyles, 1993).
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3.2  Operational History

A summary of nuclear testing in genera is presented followed by a description of the operational
history of testing in Yucca Flat, including Climax Mine.

3.2.1 General

An overview of the purpose and phenomenology of underground nuclear testsis presented in this

section.

The purpose of underground nuclear testing was to develop new nuclear weapons, as well as assess
and evaluate the effects of nuclear explosions on military systems and other hardware (U.S. Congress,
1989). The primary objectives of underground nuclear testing were twofold: (1) to obtain the desired
experimental information, (2) and to contain radioactive material to the subsurface environment
rather than releases of contamination to the atmosphere. An average of 12 tests were conducted per
year, which were either vertical drill holetests or horizontal tunnel tests. The majority of vertical drill
hole tests were conducted for the purpose of developing new weapon systems (U.S. Congress, 1989).

The testing of an underground nuclear explosion resulted in successive, physical phenomena that
occurred within measured time frames. The time frames and corresponding phenomena that occur
during the detonation of an underground nuclear explosion are summarized in the following text,
based on areport prepared by the U.S. Congress (1989). A detailed description of the
phenomenology of underground nuclear testsis presented in Section 3.6.1.1.

» Within microseconds (one-millionth of a second), billions of atoms release their energy, which
results in the creation of a powerful shock wave that spreads outward from the point of origin.

* Within tens of milliseconds (thousandths of a second), vaporization occurs that forms
high-pressure steam and gas in the shape of a bubble that results in the formation of a cavity.

* Within tenths of a second, an expanded cavity and reduced internal pressure are evident.
After a few tenths of a second, the cavity reaches its fullest potential in terms of its growth.
The shock wave generated by the explosion, fractures and crushes the rock as it extends
outward from the cavity. The shock wave eventually loses its strength and momentum and
becomes too weak to continue to crush rock. Thus, the crushed rock is characterized by a
compression and relaxation phase that results in seismic waves that move through the earth.
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* Within a few seconds, molten rock collects, solidifies, and forms at the bottom of the cavity.
Cooling results in a decrease in the cavity's gas pressure.

* Within minutes to days, cavity collapse occurs because of the decreased gas pressure, which
causes the overlying rock that supports the cavity to weaken. A process referred to, as
"chimneying" is a result of rock debris and loose rubble falling into the cavity causing the
void area to move upward. "Chimneying" is continuous until one of the following occurs to
the void region: (1) the void becomes completely filled with loose rubble, (2) the void's shape
in conjunction with the stability of the rock can sustain the overloaded material, or (3) the
chimney approaches ground surface.

3.2.2 Underground Nuclear Testing in the Yucca Flat/Climax Mine Area

The operational history of the Yucca Flat/Climax Mine CAU covers a 35-year time span. Six

hundred fifty-nine underground nuclear tests were conducted in Yucca Flat between 1957 and 1992
(DOE/NV, 1994b). Three tests were detonated in Climax Mine in 1962, 1965, and 1966

(DOE/NV, 1994b). Between 1957 to 1992, approximately 659 tests and 747 detonations were
conducted underground in Yucca Flat in Area(s) 1, 2, 3, 4, 6, 7, 8,9, and 10. The yield ranged from
zero/200 to 500 kilotons with a depth of burial range of 27 to 1,219 m (89 to 3,999 ft)

(Allen et al. 1997). Only four tests conducted in Yucca Flat were considered high-yield detonations
(U.S. Congress, 1989). The discussion includes the testing operation, the types of tests, the purpose
of the tests, the test yield range, the on-site and off-site radioactivity releases from the tests, and the
devices’ depths of burial relative to the water table.

Nuclear tests are organized by named testing operations. The operation name refers to a series of
underground nuclear tests conducted during a given fiscal year. Prior to 1976, the federal
government’s fiscal year began on July 1 and ended on June 30. Starting in 1976, the fiscal year was
changed to begin on October 1 and end on September 30. As a result of this change, Fiscal Year 197€
was extended to end on September 30, 1976 (DOE/NV, 1994b). Testing in Yucca Flat began with
Operation Plumbbob in 1957 and ended with Operation Julin in 1992. Testing in Climax Mine began
with Operation Nougat in 1962, continued with Operation Whetstone in 1965, and ended with
Operation Flintlock in 1966 (DOE/NV, 1994D).

The term “type of test” refers to the method of deployment of the nuclear device at the time of
detonation. Although, nuclear devices were either airdropped or deployed in towers, tunnels, shafts,
or craters, only shaft and tunnel detonations are relevant to the Yucca Flat/Climax Mine CAIl. Shaft
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detonations involved nuclear devices that were exploded at the bottom of a deep, mined or drilled
vertical hole (DOE/NV, 1994b). Tunnel detonations involved a nuclear device that was exploded at

the end of a horizontal drift mined into a mountain or amesa (DOE/NV, 1994b).

Only shaft tests were detonated in Yucca Flat, while one test at Climax Mine was detonated in a shaft
and the other two tests were detonated in tunnels. A shaft isavertical drill hole that measures up to
3 m (10 feet) in diameter and from 183 m (600 ft) to more than 1.6 km (1 mile) deep (U.S. Congress,
1989). The purpose of these tests was to devel op new weapon systems. One DoD test in particular,
the HURON KING, was detonated to study the effects of radiation generated by a nuclear explosion
on satellites (U.S. Congress, 1989). However, the yield range was less than 20 kilotons

(DOE/NV, 1994b). All vertical emplacement tests were either conducted above or below the static
water level (Allenet a., 1997).

Only onetest was detonated in a shaft at Climax Mine; the other two tests were detonated in tunnels.
The purpose of the horizontal tunnel test was to evaluate the effects, including radiation and ground
shock, of various weapons on military hardware and systems (U.S. Congress, 1989). These tests
were considered time-consuming and costly and, therefore, only conducted once or twice ayear.
Between 1962 to 1964, 3 underground tests and 3 detonations were conducted in Area 15 of Climax
Mine. Thesetestsare HARD HAT, TINY TOT, and PILE DRIVER (Allen et al., 1997). Theyield
range was 5.7 to 62 kilotons with a depth of burial range of 229 to 351 m (750 to 1,150 ft). The
aforementioned were DoD tests that reported an accidental release of radioactivity only detected on
site (DOE/NV, 1994b).

The term “yield range” refers to the total effective energy released in a nuclear explosion and is
usually expressed in terms of equivalent tonnage of trinitrotoluene (TNT) required to produce the
same energy release in an explosion. A kiloton yield range represents the energy of a nuclear
explosion that is equivalent to the explosive power of 1,000 tons of TNT, and a megaton (Mt) is
equivalent to one million tons of TNT (DOE/NV, 1994b). Yield ranges for some Yucca Flat tests
were termed, low, intermediate, or slight. Between 1945 through 1963 a less-than-20-kt yield was
defined as “low,” while a 20 to 200 kt yield range was referred to as “intermediate.” In a few cases,
the term slight was used to indicate no yield information had been released. This term was used
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without amplification (DOE/NV, 1994b). The maximum upper limit of the reported yield range for
Yucca Flat is 500 kt, whereas that of the Climax Mine testsis 62 kt.

Nuclear devices were emplaced in one of four types of geologic medium in Yucca Flat and Climax

Mine: alluvial deposits, Tertiary volcanics, carbonate rocks, or intrusives (I). Thelocation of their
emplacement is called the working point which could either be above, at, or below the water table.
Underground nuclear tests conducted above the water table are further defined as being “near” the
water table if their working points are located within 100 m of the water table. As shown in

Table 3-1 of the 744 tunnel and shaft nuclear detonations conducted in Yucca Flat, about 23 percent
were conducted below or near the water table in Yucca Flat and Climax Mine combined. Specifics
about the most notable of these detonations are provided in the following text.

Four hundred twenty-six tests were conducted in the alluvial deposits of Yucca Flat. Only two of
these detonations were conducted below the water table: CABRILLO and FARALLONES.
CABRILLO was conducted on March 7, 1975, under Operation Bedrock. This test had a yield range
of 20 to 200 kt and was conducted at about 34 m (112 ft) below the water table. FARALLONES was
conducted on December 14, 1977, under Operation Cresset. This test had a yield range of 20 to
150 kt and was conducted at about 9881 ft) below the water table. Twenty six other detonations
were conducted near the water table.

Three hundred fourteen underground nuclear detonations were conducted in the Tertiary volcanics of
Yucca Flat. Seventy-four detonations were conducted below the water table, and sixty-four near the
water table. The deepest detonations conducted in the volcanics at depths greater than 200 m (656 ft)
below the water tables include: BILBY, LANPHER, SCANTLING, SANDREEF, TOPGALLANT,
WAGTAIL, and STRAIT. The BILBY test, detonated under Operation Niblick, was unique as it was

the first underground nuclear test reported felt in Las Vegas (DOE/NV, 1994b). STRAIT had the
largest reported yield range in Yucca Flat (200 to 500 kt). It was conducted on March 17, 1976, under
Operation Anvil, at a depth of 780 m below ground surface (bgs) (2,558 ft bgs) or 296 m (971 ft)
below the water table.

Four tests were conducted in the carbonate units of Yucca Flat in the 1960s: HANDCAR,
KANKAKEE, NASH, and BOURBON. However, all four tests were conducted above the water
table. BOURBON is the only one of the four with a burial point located near the water table (41 m
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Table 3-1
Summary Information on Underground Nuclear Tunnel and Shaft Detonations
Conducted within the Yucca Flat/Climax Mine CAU

Yucca Flat Climax Mine
Operational Period 1957 to 1992 1962 to 1966
Total Number of Detonations 744 3
Number Conducted Below Water Table 76 2
Number Conducted within 100 m of Water Table 91 0
Number Conducted in the Alluvial Aquifer 426 0
Number Conducted in the Volcanic Units 314 0
Number Conducted in the LCA 4 0
Number Conducted in Intrusive Units 0 3
Maximum Yield Range 200 to 500 kt 62 kt

[134 ft]). Thistest was conducted on January 20, 1967, under Operation Latchkey and had ayield
range of 20 to 200 kt. Threetests were conducted in the intrusives of the Climax Stock: HARD HAT,
PILE DRIVER, and TINY TOT. PILE DRIVER had the largest yield and was detonated on June 2,
1966. Two of the tests were conducted below the water table, PILE DRIVER was the deepest one, at
277 m (909 ft) below the water table.

Another group of tests are discussed relative to their historical uniqueness and significance. Thefirst

test conducted in Yucca Flat was the PASCAL-A test conducted on July 26, 1957, with a reported

yield range of “slight.” The AZUL test, detonated on December 14, 1979, under Operation
Tinderbox, destroyed the Peninsula device that was damaged during emplacement on October 23,
1975. The Peninsula device was not tested (DOE/NV, 1994b). The ALVA test (Operation
Whetstone), FENTON test (Operation Flintlock), and SCUTTLE test (Operation Mandrel) were the
only tests in which an accidental release of radioactivity was detected off site by an aircraft. The
CYCLAMEN test, conducted under Operation Flintlock, included a heavy element experiment
(DOE/NV, 1994b).
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Three tests were conducted in which there was no nuclear yield. These tests, which include SAN
JUAN (Operation Hardtack I1), a safety experiment; COURSER (Operation Whetstone), a Joint
US-UK test; and TRANSOM (Operation Cresset), a weapons related test; reported a zero yield.

The TRANSOM nuclear device did not detonate, and was subsequently destroyed by the HEARTS
(Operation Quicksilver) detonation approximately 16 months later (DOE/NV, 1994b). A total of six
safety experiments, conducted under Operation Plumbbob, Operation Project 58, and Operation
Hardtack |1, reported no radioactive release detected nor any radioactivity detected off site. The
DIVIDER test, detonated under Operation Julin, was significant asit was the last test detonated on
the NTS prior to the October 2, 1992, unilateral moratorium on nuclear weapons testing

(DOE/NV, 1994b). Thistest was conducted to ensure the safety of U.S. deterrent forces.

3.3 Corrective Action Sites

A total of 747 underground nuclear detonations were conducted shafts and tunnelsin the Yucca
Flat/Climax Mine CAU. Seven hundred and forty-four such detonations were conducted in Yucca
Flat and three tests were detonated in the Climax Mine area. Inthe FFACO (1996), the underground
nuclear tests were identified as corrective action sites either individually or as small groups. The
locations of the CASs are shown in Figure 3-2 and Plate 1.

Table 3-2 and Table 3-3 identify each of the CASs of CAU 97 along with their individual features.
Each table lists the CAS number, the emplacement hole name, the test name, the detonation date, the
yield range, the depth of burial, the depth-to-water, the working point geology, and land surface
elevation. Based on the data presented in Table 3-2 and Table 3-3, 78 tests were conducted below the
water table, 91 tests within 100 m (328 ft) of the water table, and 578 tests above the water table.

3.4  Physical Setting

Descriptions of the physical features of interest to the Yucca Flat/Climax Mine CAl include climate,
topography, geology, and groundwater hydrology. Other topics discussed are geochemistry,
radiochemistry and contaminant migration. Summaries of the available data are also provided. The
data summaries were mostly obtained from the regional evaluation report (DOE/NV, 1997¢) and
documentation packages (1T, 1996c through 1996h; 1T, 1997b and c). In addition, information was
obtained from other reports cited throughout this section. During the CAl, the current understanding

UNCONTROLLED When Printed



CAU 97 CAIP
Section: 3.0
Revision: 0

Date: 09/29/2000
Page 40 of 315

—

22-SEP-2000 h:\Yucca_Flat\YF_and_Climax\CAIP\Final\yfcas_a.dgn

10
19|12
I
9
Y,
L ;
16
30
. 3
Explanation

L Corrective Action Site
—— NTS Area Boundary
1 NTS Area Number
——  Improved Road

Scale

0 4 8 Kilometers

I ey —
0 25 5 Miles

Source: Data Derived from FFACO, 1996

Figure 3-2

Location of Corrective Action Sites in the Yucca Flat/Climax Mine
Corrective Action Unit

UNCONTROLLED When Printed



CAU 97 CAIP
Section: 3.0
Revision: 0

Date: 09/29/2000
Page 41 of 315

Table 3-2
Corrective Action Sites in Yucca Flat
(Page 1 of 22)

Yield Depth of Depth to Working Point St?fr;?:e
CAS No. | Hole Name | Detonation Name Date Range Burial Water Elevation

(kt)? (m bgs)® (m bgs) | stratigraphy® | HSU® (m amsl)®
01-57-001 U1AO01 |LEDOUX 09/27/1990 <20 291 479.45 QTa AA 1,217.98
01-57-002 uic YERBA 12/14/1971 <20 331.99 490.45 QTa AA 1,228.68
01-57-003 uiD gmggwm:g 09/20/1990 <20 270.4 494.69 QTa AA 1,233.53
02-57-001 U2A ALPACA 02/12/1965 0.33 224.94 603.56 QTa AA 1,341.79
02-57-002 U2AA |cLus 01/30/1964 <20 180.75 559.34 QTa AA 1,309.45
02-57-003 U2AB |TEE 05/07/1965 7 184.4 564.28 QTa AA 1,309.82
02-57-004 U2AD | CASHMERE 02/04/1965 <20 233.17 549.92 QTa AA 1,297.29
02-57-005 U2AF KENNEBEC 06/25/1963 Low 226.16 553.88 QTa AA 1,303.08
02-57-006 U2AG  |MULLETT 10/17/1963 Low 60.35 552.03 QTa AA 1,301.53
02-57-007 U2 AH PONGEE 07/22/1965 <20 134.72 553.07 QTa AA 1,301.35
02-57-008 U2Al DRILL-SOURCE (Lower) | 12/05/1964 3.4 218.85 557.30 QTa AA 1,306.5
02-57-008 U2Al DRILL-TARGET (Upper) | 12/05/1964 <20 188.37 557.30 QTa AA 1,306.5
02-57-009 U2AK | CENTAUR 08/27/1965 <20 173.74 560.53 QTa AA 1,310.34
02-57-010 U2AL EMERSON 12/16/1965 <20 260.6 563.67 QTa AA 1,307.38
02-57-011 U2AM | comMMODORE 05/20/1967 250 745.24 548.92 Tn VCU 1,297.81
02-57-013 U2AN  |TAPESTRY 05/12/1966 <20 248.72 557.48 QTa AA 1,307.9
02-57-014 U2A0 |FLOTOST 08/16/1977 <20 275 568.85 QTa AA 1,311.04
02-57-015 U2AP | EFFENDI 04/27/1967 <20 220.98 559.86 QTa AA 1,305.71
02-57-016 U2AR |Asiaco 12/21/1976 <20 330.7 54521 QTa AA 1,291.97
02-57-017 U2AS | CLARKSMOBILE 05/17/1968 | 20 to 200 472.44 515.21 Tmr VA 1,285.74
02-57-018 U2AT KNOX 02/21/1968 | 20 to 200 644.8 503.47 Thg vCU 1,279.8
02-57-019 U2AU  |ILDRIM 07/16/1969 | 20 to 200 410.26 514.01 Tmr VA 1,283.02
02-57-020 U2AV | CALABASH 10/29/1969 110 624.84 569.38 Tn vVCU 1,310.04
02-57-021 U2AW | STANYAN 09/26/1974 | 20 to 200 572.99 553.70 Tmr VA 1,301.68
02-57-022 U2AX | PORTMANTEAU 08/30/1974 | 20 to 200 655.29 599.88 T vCU 1,340.24
02-57-023 U2AY1 | YANNIGAN-RED 02/26/1970 | 20 to 200 391.97 507.84 QTa AA 1,284.47
02-57-024 U2AY2 | YANNIGAN-WHITE 02/26/1970 | 20 to 200 394.72 522.77 QTa AA 1,288.43
02-57-025 U2AY3 | YANNIGAN-BLUE 02/26/1970 | 20 to 200 363.63 510.37 QTa AA 1,284.56
02-57-026 U2AZ1 |FLASK-GREEN 05/26/1970 105 528.52 496.79 Tmr VA 1,277.69
02-57-027 U2AZ2 |FLASK-YELLOW 05/26/1970 0.09 335.28 516.46 QTa AA 1,286.38
02-57-028 U2AZ3 |FLASK-RED 05/26/1970 0.04 152.4 517.61 QTa AA 1,286.32
02-57-029 u2B ST LAWRENCE 11/09/1962 Low 166.73 599.14 QTa AA 1,336.15
02-57-030 U2BC |PARNASSIA 11/30/1971 <20 330.71 591.59 Tn VCU 1,328.9
02-57-031 U2BD |vuLcaN 06/25/1966 25 32278 588.38 QTa AA 1,327.22
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Yield Depth of Depth to Working Point St?fr;?:e
CAS No. | Hole Name | Detonation Name Date Range Burial Water Elevation

(kt)? (m bgs)® (m bgs) | stratigraphy® | HSU® (m amsl)®
02-57-032 U2BE |NOOR 04/10/1968 | 20 to 200 381 595.98 QTa AA 1,336.64
02-57-033 U2BF | GOURD-AMBER 04/24/1969 <20 181.3 605.86 QTa AA 1,346.52
02-57-034 U2BG |THROW 04/10/1968 <20 2286 600.61 QTa AA 1,343.41
02-57-035 U2BH [scuTtTLE 11/13/1969 1.7 164.59 601.87 QTa AA 1,339.18
02-57-036 U2BI OAKLAND 04/04/1967 <20 165.51 600.89 QTa AA 1,348.26
02-57-037 U2BJ IMP 08/09/1968 <20 182.88 601.60 QTa AA 1,340.74
02-57-038 U2BL GOURD-BROWN 04/24/1969 <20 226.8 600.19 QTa AA 1,343.9
02-57-039 U2BM |LEXINGTON 08/24/1967 <20 226.47 599.11 QTa AA 1,336.73
02-57-040 U2BN  |CHATTY 03/18/1969 <20 195.07 600.67 QTa AA 1,339.2
02-57-041 U2BO1 |BOWL-1 06/26/1969 <20 198.12 603.26 QTa AA 1,343.31
02-57-041 U2BO2 |BOWL-2 06/26/1969 <20 228.6 599.47 QTa AA 1,341.66
02-57-042 U2BP1 [SPIDER-A 08/14/1969 <20 213.36 581.90 QTa AA 1,318.6
02-57-043 U2BP2 |SPIDER-B 08/14/1969 <20 227.69 580.61 QTa AA 1,318.23
02-57-044 U2BQ1 |KYACK-A 09/20/1969 <20 185.93 585.79 QTa AA 1,323.41
02-57-045 U2BQ2 |KYACK-B 09/20/1969 <20 192.02 582.10 QTa AA 1,320.02
02-57-046 U2BR |HAREBELL 06/24/1971 | 20 to 200 518.77 572.42 T VA 1,314.3
02-57-047 U2BS |STARWORT 04/26/1973 90 563.88 525.30 T VA 1,288.21
02-57-048 U2BU |MINIATA 07/08/1971 83 528.83 493.84 T VA 1,273.82
02-57-049 U2BV | PORTULACA 06/28/1973 | 20 to 200 466.34 591.04 QTa AA 1,337.5
02-57-050 U2BW |SUTTER 12/21/1976 <20 200 573.03 QTa AA 1,314.3
02-57-051 U2BX |HULSEA 03/14/1974 <20 195.01 577.20 QTa AA 1,316.34
02-57-052 U2BY |POLYGONUM 10/02/1973 <20 213.36 592.11 QTa AA 1,330.64
02-57-053 U2BZ |WALLER 10/02/1973 <20 3109 581.53 QTa AA 1,320.67
02-57-054 uz2c KERMET 11/23/1965 <20 196.29 594.39 QTa AA 1,331.4
02-57-055 U2CA |[sTuTz 04/06/1966 <20 226.16 466.23 Tn VA 1,484.87
02-57-056 U2CC |SAXON 07/28/1966 1.2 153.62 536.27 T VA 1,438.48
02-57-057 U2CD |TRAVELER 05/04/1966 <20 197.51 497.26 QTa AA 1,457.38
02-57-058 U2CE |NASH 01/19/1967 39 365.15 527.06 Cbk LCA 1,452.13
02-57-059 U2CG |HEILMAN 04/06/1967 <20 152.71 531.21 QTa AA 1,432.2
02-57-060 u2cl POD-B 10/29/1969 | 16.7 (total)’ 248.72 443.94 Tn VA 1,491.54
02-57-061 u2cl POD-C 10/29/1969 | 16.7 (total)’ 170.69 465.98 QTa AA 1,474.56
02-57-062 Uu2cKk |PoD-D 10/29/1969 | 16.7 (total)’ 312.42 512.38 Tu VA 1,451.16
02-57-063 U2CH |POD-A 10/29/1969 | 16.7 (total)’ 266.7 540.01 Tn VA 1,423.63
02-57-064 U2CM | STODDARD 09/17/1968 81 467.87 522.09 Tn VA 1,396.87
02-57-065 U2CN  |CRUET 10/29/1969 11 263.65 523.02 T VA 1,398.71
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02-57-066 U2CO | KRYDDOST 05/06/1982 <20 335 515.75 T VA 1,390.53
02-57-067 u2cP |caBoc 12/16/1981 <20 335 521.45 T VA 1,374.59
02-57-068 U2cQ |GORBEA 01/31/1984 | 20 to 150 388 520.93 T VA 1,371.32
02-57-069 U2CR | WEXFORD 08/30/1984 <20 314 558.39 Tn VA 1,403.3
02-57-070 u2cs |MARIBO 06/26/1985 <20 381 546.97 Tn VA 1,379.38
02-57-071 U2CT |CHEEDAM 02/17/1983 <20 343 584.79 Tn VCU 1,320.27
02-57-072 U2CU  |KAWICH-BLACK 02/24/1989 <20 431 551.30 Tn VA 1,379.44
02-57-072 U2CU  |KAWICH-RED 02/24/1989 <20 370 551.30 Tn VA 1,379.44
02-57-073 U2DB |CREW 11/04/1968 | 20 to 200 358.84 561.52 QTa AA 1,314.38
02-57-073 U2DB  |CREW-2ND 11/04/1968 <20 359.66 561.52 QTa AA 1,314.38
02-57-073 U2DB  |CREW-3RD 11/04/1968 <20 603.5 561.52 Tma VA 1,314.38
02-57-074 | U2DC5b |TYG-E 12/12/1968 <20 197.82 551.09 QTa AA 1,296.63
02-57-075 | U2DC4a |TYG-D 12/12/1968 <20 206.96 552.51 QTa AA 1,298.66
02-57-076 | U2DC3c |TYG-C 12/12/1968 <20 2283 550.92 QTa AA 1,294.94
02-57-077 | U2DC1le |TYG-A 12/12/1968 <20 2283 555.99 QTa AA 1,300.01
02-57-078 | U2DC2d |TYG-B 12/12/1968 <20 251.16 555.42 QTa AA 1,296.69
02-57-079 | U2DC6f |TYG-F 12/12/1968 <20 264.87 558.64 QTa AA 1,299.61
02-57-080 U2DD2 |ARNICA-YELLOW 06/26/1970 <20 309.37 553.83 QTa AA 1,296.93
02-57-081 U2DD3 |ARNICA-VIOLET 06/26/1970 <20 263.65 558.00 QTa AA 1,298.66
02-57-082 U2DE |COFFER 03/21/1969 <100 464.82 569.25 QTa AA 1,317.53
02-57-083 U2DF HUTCH 07/16/1969 | 20 to 200 548.64 580.89 QTa AA 1,327.04
02-57-084 U2DG |CARPETBAG 12/17/1970 220 661.7 552.23 Tma VA 1,311.18
02-57-085 U2DH2 |SAPPHO 03/23/1972 <20 197.82 552.30 QTa AA 1,292.66
02-57-086 U2DH3 |KARA 05/11/1972 <20 259.08 553.50 QTa AA 1,294.47
02-57-087 U 2Dl CHANTILLY 09/29/1971 <20 330.71 561.90 QTa AA 1,306.83
02-57-088 uU2DJ FLAX-BACKUP 12/21/1972 <20 44512 577.44 QTa AA 1,323.08
02-57-088 U2DJ FLAX-SOURCE 12/21/1972 <20 435.86 577.23 QTa AA 1,323.08
02-57-088 U2DJ FLAX-TEST 12/21/1972 | 20 to 200 688.3 577.23 Tmr VA 1,323.08
02-57-089 U2DK |zINNIA 05/17/1972 <20 322.78 563.18 QTa AA 1,304.15
02-57-090 U2DL | CHAENACTIS 12/14/1971 | 20 to 200 330.71 565.10 QTa AA 1,307.9
02-57-091 U2DM  |LONGCHAMPS 04/19/1972 <20 326.44 559.52 QTa AA 1,302.93
02-57-092 U2DN  |MERIDA 06/07/1972 <20 204.22 556.29 QTa AA 1,297.87
02-57-093 U2D0 |GAzooK 03/23/1973 <20 326.14 558.34 QTa AA 1,300.83
02-57-094 U2DP  |DELPHINIUM 09/26/1972 15 295.66 562.25 QTa AA 1,303.22
02-57-095 u2DQ |[satz 07/07/1978 <20 315 536.15 Tmr VA 1,289.92
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02-57-096 U2DR | CABRILLO 03/07/1975 | 20 to 200 600.5 566.08 QTa AA 1,314.67
02-57-097 U2DS |GROVE 05/22/1974 <20 313.94 537.21 Tmr VA 1,290.98
02-57-098 U2DT | TANYA 07/30/1968 | 20 to 200 381 557.53 QTa AA 1,297.58
02-57-099 Uu2DU  |ALviso 06/11/1975 <20 183 52252 QTa AA 1,287.87
02-57-100 U2DV  |FALLON 05/23/1974 | 20 to 200 466.34 54758 QTa AA 1,302.57
02-57-101 U2DW |CRESTLAKE-BRIAR 07/18/1974 <20 3737 559.53 QTa AA 1,301.11
02-57-101 U2DW |CRESTLAKE-TANS 07/18/1974 <20 271.61 559.53 QTa AA 1,301.11
02-57-102 U2DY |EDAM 04/24/1975 | 20 to 200 4115 555.83 Thg VA 1,299.24
02-57-103 U2DZ |BANON 08/26/1976 | 20 to 150 536.4 543.67 QTa AA 1,302.32
02-57-104 U2E CUMBERLAND 04/11/1963 Low 226.47 587.56 QTa AA 1,326.4
02-57-105 U2EA | SEAFOAM 12/13/1973 <20 198.12 595.22 QTa AA 1,333.14
02-57-106 U2EB |PORTRERO 04/23/1974 <20 210.31 597.26 QTa AA 1,337.01
02-57-107 U2EF | GOUDA 10/06/1976 <20 200 551.72 QTa AA 1,298.48
02-57-108 U2EG |RIVOLI 05/20/1976 <20 200 559.04 QTa AA 1,305.8
02-57-109 U2EH LIPTAUER 04/03/1980 | 20 to 150 417 585.13 QTa AA 1,331.28
02-57-110 U2El COULOMMIERS 09/27/1977 | 20 to 150 530.3 578.64 Thg VCU 1,319
02-57-111 U2EK | CHIBERTA 12/20/1975 | 20 to 200 716 540.11 Tn vCU 1,291.44
02-57-112 U2EL MARSILLY 04/05/1977 | 20 to 150 690 519.93 T vCU 1,286.2
02-57-113 U2EM |AazuL 12/14/1979 <20 205 555.65 QTa AA 1,302.41
02-57-114 U2EN REBLOCHON 02/23/1978 | 20 to 150 658.4 534.17 T VA 1,287.94
02-57-115 U2EO  |KLOSTER 02/15/1979 | 20 to 150 536.4 584.18 T VA 1,323.93
02-57-116 U2EP |NESSEL 08/29/1979 | 20 to 150 464 53151 QTa AA 1,286.5
02-57-117 U2EQ |RIOLA 09/25/1980 1.07 424 508.53 QTa AA 1,281.2
02-57-118 U2ER [ISLAY 08/27/1981 <20 294 587.18 Tn vCU 1,323.58
02-57-119 U2ES |AKAvI 12/03/1981 | 20 to 150 494 575.80 T VA 1,320.43
02-57-120 U2ET |CHEEDAM 02/17/1983 <20 343 584.79 Tn vCU 1,320.27
02-57-121 U2EU DANABLU 06/09/1983 <20 320 607.01 QTa AA 1,353.47
02-57-122 U2EV  |AGRINI 03/31/1984 <20 320 583.91 QTa AA 1,330.67
02-57-123 U2EW |BRANCO 09/21/1983 <20 293 519.69 QTa AA 1,282.91
02-57-123 U2EW | BRANCO-HERKIME 09/21/1983 <20 427 519.69 Tmr VA 1,282.91
02-57-124 U2EX | ROMANO 12/16/1983 | 20 to 150 515 561.54 Tma VA 1,314.09
02-57-125 U2EY |NIGHTINGALE 06/22/1988 <150 237.7 599.88 QTa AA 1,336.28
02-57-126 U2EY |RHYOLITE 06/22/1988 <150 207.3 599.88 QTa AA 1,336.28
02-57-127 U2F NARRAGUAGUS 09/27/1963 Low 150.27 588.97 QTa AA 1,329.02
02-57-128 U2FA FARALLONES 12/14/1977 | 20 to 150 668 570.23 QTa AA 1,317.29

UNCONTROLLED When Printed




Table 3-2
Corrective Action Sites in Yucca Flat
(Page 5 of 22)

CAU 97 CAIP
Section: 3.0

Revision: 0

Date: 09/29/2000
Page 45 of 315

Yield Depth of Depth to Working Point St?fr;?:e
CAS No. | Hole Name | Detonation Name Date Range Burial Water Elevation

(kt)? (m bgs)® (m bgs) | stratigraphy® | HSU® (m amsl)®
02-57-129 U2FB | QUARGEL 11/18/1978 | 20to 150 542 538.68 Tmr VA 1,301.9
02-57-130 U2FC FAJY 06/28/1979 | 20 to 150 536 583.75 QTa AA 1,330.21
02-57-131 U2FD | TARKO 02/28/1980 <20 369 561.26 QTa AA 1,306.8
02-57-132 U2FE | CROWDIE 05/05/1983 <20 390 589.88 QTa AA 1,336.03
02-57-133 U2FF LABAN 08/03/1983 <20 326 561.27 QTa AA 1,303.15
02-57-134 u26G SATSOP 08/15/1963 Low 226.16 589.89 QTa AA 1,332.99
02-57-135 U2GAS | CORNUCOPIA 07/24/1986 <20 381 565.59 QTa AA 1,314.18
02-57-136 U2GB |PANAMINT 05/21/1986 <20 480 528.39 Tmr VA 1,285.82
02-57-137 U2GE |BORATE 10/23/1987 | 20 to 150 5425 572.72 QTa AA 1,321.31
02-57-138 U2GF |SCHELLBOURNE 05/13/1988 <150 463 540.72 QTa AA 1,295.1
02-57-139 U2GG |INGOT 03/09/1989 | 20 to 150 500 563.71 Tmr VA 1,307.42
02-57-140 U2GH |METROPOLIS 03/10/1990 | 20 to 150 469.4 479.21 Tmr VA 1,273.21
02-57-141 U2H CARMEL 02/21/1963 Low 164.29 598.76 QTa AA 1,338.2
02-57-142 uz2J ALVA 08/19/1964 44 166.12 601.59 QTa AA 1,347.13
02-57-143 uz2L AHTANUM 09/13/1963 Low 226.16 603.47 QTa AA 1,346.88
02-57-144 U2M 1 |FENTON 04/23/1966 1.4 167.34 601.04 QTa AA 1,348.1
02-57-145 U2N ACE 06/11/1964 3 263.35 579.19 QTa AA 1,326.86
02-57-146 uz2p PAR 10/09/1964 38 405.69 585.89 QTa AA 1,331.43
02-57-147 u2Q CREPE 12/05/1964 | 20 to 200 403.86 497.99 Tmr VA 1,278.58
02-57-148 U2R PLAID II 02/03/1966 <20 268.53 54568 QTa AA 1,298.54
02-57-149 u2T DUMONT 05/19/1966 | 20 to 200 670.87 486.16 T vCU 1,278.64
02-57-150 u2u PACKARD 01/15/1969 10 246.89 57456 QTa AA 1,315.22
02-57-151 u2v AGILE 02/23/1967 | 20 to 200 733.35 54358 T VCU 1,297.35
02-57-152 u2x LANPHER 10/18/1967 | 20 to 200 715.06 498.29 Tc vCU 1,281.93
02-57-153 uz2y HUPMOBILE 01/18/1968 74 246.89 572.72 QTa AA 1,313.69
03-57-001 U3AA | BOOMER 10/01/1961 Low 100.58 49454 QTa AA 1,227.58
03-57-002 U3AB |ERMINE 03/06/1962 Low 73.15 494,61 QTa AA 1,227.65
03-57-003 U3AC |SHREW 09/16/1961 Low 98.15 494.24 QTa AA 1,227.28
03-57-004 U3AD |PLATYPUS 02/24/1962 Low 57.91 494.06 QTa AA 1,227.1
03-57-005 U3AE |MINK 10/29/1961 Low 192.02 494.70 QTa AA 1,227.74
03-57-006 U3AF |coYypu 04/10/1963 Low 74.68 49454 QTa AA 1,227.58
03-57-007 U3AG |CHINCHILLA 02/19/1962 1.9 150.08 495.25 QTa AA 1,228.29
03-57-008 U3 AH FISHER 12/03/1961 13.4 363.72 491.95 QTa AA 1,225.3
03-57-009 U3Al HOGNOSE 03/15/1962 Low 240.34 491.89 QTa AA 1,224.93
03-57-010 U3AJS |RACCOON 06/01/1962 Low 164.29 492.69 QTa AA 1,225.73
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03-57-011 U3AK |RINGTAIL 12/17/1961 Low 363.02 490.21 QTa AA 1,223.56
03-57-012 U3AL PAMPAS 03/01/1962 95 363.02 489.76 QTa AA 1,222.8
03-57-013 | U3AMS |AARDVARK 05/12/1962 40 434.04 503.32 T VA 1,240.94
03-57-014 U3AN  [waGTAIL 03/03/1965 | 20 to 200 7496 491.83 Tu vCU 1,237.37
03-57-015 U3AO |AGOUTI 01/18/1962 6.4 260.91 494.42 QTa AA 1,227.46
03-57-016 U3AP  |STOAT 01/09/1962 5.1 302.36 492,53 QTa AA 1,225.57
03-57-017 U3AQ |DORMOUSE 01/30/1962 Low 363.02 493.29 QTa AA 1,227.25
03-57-018 U3AR |ARMADILLO 02/09/1962 71 23957 491.77 QTa AA 1,225.12
03-57-019 U3AS | CHINCHILLA I 03/31/1962 Low 136.55 493.81 QTa AA 1,227.16
03-57-020 U3AT |JERBOA 03/01/1963 Low 301.14 490.58 QTa AA 1,223.93
03-57-021 U3AUS |HAYMAKER 06/27/1962 67 408.43 490.58 QTa AA 1,223.32
03-57-022 U3AV | WOLVERINE 10/12/1962 Low 73.46 494.39 QTa AA 1,227.43
03-57-023 U3AW | PACKRAT 06/06/1962 Low 261.98 492.38 QTa AA 1,226.03
03-57-024 U3AX |PACA 05/07/1962 Low 258.32 492.05 QTa AA 1,225.7
03-57-025 U3AY | CHIPMUNK 02/15/1963 Low 59.44 494.73 QTa AA 1,227.77
03-57-026 U3AZ |DORMOUSE PRIME 04/05/1962 10.6 260.91 490.43 QTa AA 1,224.08
03-57-027 U3BA |TENDRAC 12/07/1962 Low 302.67 496.34 QTa AA 1,229.38
03-57-028 U3BB |PEBA 09/20/1962 Low 241.4 499.27 QTa AA 1,232.31
03-57-029 U3BC |HUTIA 06/06/1963 Low 134,57 491.86 QTa AA 1,224.9
03-57-030 U3BD |MERRIMAC 07/13/1962 | Intermediate 413.31 497.65 QTa AA 1,231.61
03-57-031 U3BE |DAMAN1 06/21/1962 Low 260.3 491.04 QTa AA 1,224.08
03-57-032 U3BF FERRET 02/08/1963 Low 325.83 501.64 QTa AA 1,234.99
03-57-033 U3BG [ACUSHI 02/08/1963 Low 260.91 492.23 QTa AA 1,225.88
03-57-034 U3BH HYRAX 09/14/1962 Low 216.71 490.70 QTa AA 1,224.35
03-57-035 U3BJ BANDICOOT 10/19/1962 125 241.4 488.63 QTa AA 1,221.67
03-57-036 U3BK |MATACO 06/14/1963 Low 195.68 493.26 QTa AA 1,227.22
03-57-037 U3BL BOBAC 08/24/1962 Low 206.05 491.95 QTa AA 1,225.6
03-57-038 U3BM |GUNDI 11/15/1962 Low 241.4 489.21 QTa AA 1,222.25
03-57-039 U3BN |cAssowaRy 12/16/1964 <20 150.14 487.81 QTa AA 1,220.85
03-57-040 U3BO |STURGEON 04/15/1964 <20 149.77 491.19 QTa AA 1,224.84
03-57-041 U3BP |GERBIL 03/29/1963 Low 2795 489.21 QTa AA 1,222.86
03-57-042 U3BQ |ANCHOVY 11/14/1963 Low 260.25 488.02 QTa AA 1,221.37
03-57-043 U3BR |BELEN 02/04/1970 | 20 to 200 420.8 496.49 QTa AA 1,232.89
03-57-044 U3BS |PUCE 06/10/1966 <20 48555 492.65 QTa AA 1,235.45
03-57-045 U3BT |BONEFISH 02/18/1964 <20 300.76 497.89 QTa AA 1,234.29
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03-57-046 U3BU | NUMBAT 12/12/1962 Low 231.95 494.42 QTa AA 1,228.38
03-57-047 U3BV |HARKEE 05/17/1963 Low 241.4 491.80 QTa AA 1,225.76
03-57-048 U3BW |PEKAN 08/12/1963 Low 302.27 490.12 QTa AA 1,223.77
03-57-049 U3BX |BARBEL 10/16/1964 <20 258.9 487.63 QTa AA 1,221.28
03-57-050 U3BY |FERRET PRIME 04/05/1963 Low 24155 486.77 QTa AA 1,219.81
03-57-051 U3BZ |GRUNION 10/11/1963 Low 261.31 486.71 QTa AA 1,219.75
03-57-052 U3CcB |carp 09/27/1963 Low 32955 486.28 QTa AA 1,219.93
03-57-053 U3CD |DOVEKIE 01/21/1966 <20 333.05 482.87 QTa AA 1,216.52
03-57-054 U3CF HOOPOE 12/16/1964 <20 70.35 493.90 QTa AA 1,226.94
03-57-055 uscG |TEJON 05/17/1963 Low 74.68 493.97 QTa AA 1,227.01
03-57-056 U3CH |SARDINE 12/04/1963 Low 262.01 488.60 QTa AA 1,221.34
03-57-057 u3scl SIENNA 01/18/1966 <20 275.01 486.77 QTa AA 1,220.12
03-57-058 U3CN [BILBY 09/13/1963 249 7143 509.02 Tot vCU 1,241.76
03-57-059 U3Co |PIPEFISH 04/29/1964 <20 261.92 488.26 QTa AA 1,221
03-57-060 U3CP |cANvASBACK 08/22/1964 <20 447.66 514.35 T vCU 1,253.49
03-57-061 U3CR |BARRACUDA 12/04/1963 Low 263.34 494.69 QTa AA 1,228.65
03-57-062 U3CT |MERLIN 02/16/1965 10.1 296.14 496.83 QTa AA 1,230.48
03-57-063 U3CU |BITTERLING 06/12/1964 <20 192.6 489.14 QTa AA 1,223.1
03-57-064 uscv  |mINNOW 05/15/1964 <20 241.34 491.80 QTa AA 1,225.76
03-57-065 U3CX |CYCLAMEN 05/05/1966 12 304.97 496.22 QTa AA 1,230.18
03-57-066 uscy [Pk 03/13/1964 <20 1145 501.46 QTa AA 1,237.55
03-57-067 U3Ccz |SOLENDON 02/12/1964 <20 150.18 500.31 QTa AA 1,233.35
03-57-068 U3sD PASCAL-B 08/27/1957 Slight 152.4 494.64 QTa AA 1,227.68
03-57-069 U3DAS |SCAUP 05/14/1965 <20 427.03 506.57 T vCU 1,249.06
03-57-070 U3DB |GUNDIPRIME 05/09/1963 Low 271.73 498.05 QTa AA 1,232.31
03-57-071 U3DD |KESTREL 04/05/1965 <20 446.87 481.19 QTa AA 1,214.54
03-57-072 U2DD1 |CAN-GREEN 04/21/1970 <20 274.32 553.34 QTa AA 1,293.14
03-57-073 U2DD4 |CAN-RED 04/21/1970 | 20 to 200 399.29 554.13 Tn vCU 1,295.1
03-57-074 U3DE |TUNA 12/20/1963 Low 414.35 496.51 QTa AA 1,229.86
03-57-075 U3DF | CORMORANT 07/17/1964 <20 271.64 477.93 QTa AA 1,211.58
03-57-076 U3DG |SCREAMER 09/01/1965 <20 301.75 478.29 QTa AA 1,211.64
03-57-077 U3DH |BUFF 12/16/1965 | 20 to 200 500.41 514.82 Tn VCU 1,250.3
03-57-078 U 3Dl GUANAY 09/04/1964 <20 260.97 477.62 QTa AA 1,211.58
03-57-079 U3DJ TROGON 07/24/1964 <20 193.03 496.83 QTa AA 1,231.09
03-57-080 U3DK |PARROT 12/16/1964 1.3 180.32 485.49 QTa AA 1,219.45
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03-57-081 U3DL HADDOCK 08/28/1964 <20 363.66 515.21 T VCU 1,248.86
03-57-082 U3DM | CINNAMON 03/07/1966 <20 119.85 486.77 QTa AA 1,219.2
03-57-083 U3DN |PERSIMMON 02/23/1967 <20 299.11 476.47 QTa AA 1,210.73
03-57-084 U3DO |COURSER 09/25/1964 Zero 358.99 522.76 T vVCU 1,264.34
03-57-085 U3DP |MAUVE 08/06/1965 <20 320.95 479.43 QTa AA 1,212.47
03-57-086 U3DR |BORDEAUX 08/18/1967 <20 332.03 476.62 QTa AA 1,209.97
03-57-087 U3DS |PURPLE 03/18/1966 <20 332.79 469.43 Tmr VA 1,206.74
03-57-088 U3DT | TURNSTONE 10/16/1964 <20 125.55 485.00 QTa AA 1,218.04
03-57-089 U3DU |FINFOOT 03/07/1966 <20 195.54 487.84 QTa AA 1,220.27
03-57-090 U3DW [TERN 01/29/1965 <20 210.65 494.91 QTa AA 1,228.87
03-57-091 U3DX |muscovy 04/23/1965 <20 180.29 482.32 Tmr VA 1,216.58
03-57-092 U3DY |PETREL 06/11/1965 1.3 180.75 490.40 QTa AA 1,224.05
03-57-093 U3DZ |KNIFEB 11/15/1968 <20 362.93 481.89 QTa AA 1,215.24
03-57-094 U3E PASCAL-C 12/06/1957 Slight 76.2 49558 QTa AA 1,228.62
03-57-095 U3EB | TANGERINE 08/12/1966 <20 87.88 492.28 QTa AA 1,225.63
03-57-096 U3EC |OCHRE 04/29/1966 <20 126.14 489.45 QTa AA 1,223.1
03-57-097 U3ED [moA 09/01/1965 <20 193.55 487.14 QTa AA 1,220.79
03-57-098 U3EE | POMMARD 03/14/1968 15 209.1 500.79 QTa AA 1,235.36
03-57-099 U3HP [JARA 06/06/1974 <20 377.95 470.86 QTa AA 1,206.95
03-57-100 U3EF MUSHROOM 03/03/1967 <20 179.55 491.10 QTa AA 1,225.06
03-57-102 U3EH FUTTOCK 06/18/1975 <20 185.9 514.06 QTa AA 1,247.71
03-57-103 U3EI MORRONES 05/21/1970 | 20 to 200 482.72 517.85 T VCU 1,264.31
03-57-104 U3EJ VISE 01/30/1969 | 20 to 200 454.06 497.59 Tmr VA 1,230.63
03-57-105 U3EK |TOMATO 04/07/1966 <20 226.31 488.69 T VA 1,222.34
03-57-106 U3EL PLANER 11/21/1969 <20 377.84 475.95 QTa AA 1,210.21
03-57-107 U3EM |UMBER 06/29/1967 10 310.24 482.24 QTa AA 1,215.59
03-57-108 U3EN [SEPIA 11/12/1965 <20 241.19 49552 QTa AA 1,229.17
03-57-109 U3EO |FAwWN 04/07/1967 <20 271.06 499.88 QTa AA 1,233.53
03-57-110 U3EP |ABSINTHE 05/26/1967 <20 118.65 491.83 QTa AA 1,225.79
03-57-111 U3EQ |BRUSH 01/24/1968 <20 118.3 491.67 QTa AA 1,225.63
03-57-112 U3ER |KNIFEC 10/03/1968 <20 301.44 495.06 Tmr VA 1,228.41
03-57-113 U3ES |CHOCOLATE 04/21/1967 <20 240.45 479.76 QTa AA 1,212.8
03-57-114 U3ET |KHAKI 10/15/1966 <20 232.55 494.63 QTa AA 1,228.59
03-57-115 U3EU |CERISE 11/18/1966 <20 211.09 494.39 QTa AA 1,228.65
03-57-116 | U3EV2S |SNUBBER 04/21/1970 12.7 3435 550.66 Tu vCU 1,279.74
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03-57-117 U3EW |GIBSON 08/04/1967 <20 240.76 478.85 QTa AA 1,213.11
03-57-118 U3EX |GILROY 09/15/1967 <20 240.63 485.27 QTa AA 1,218.62
03-57-119 U3EY |WEMBLEY 06/05/1968 <20 238.09 484.94 QTa AA 1,218.59
03-57-120 U3EZ |SIDECAR 12/13/1966 <20 240.27 489.21 QTa AA 1,222.25
03-57-121 U3FA |sAzERAC 10/25/1967 <20 301.34 484.64 QTa AA 1,217.68
03-57-122 U3FB KNIFE A 09/12/1968 <20 331.81 483.26 Tmr VA 1,217.22
03-57-123 U3FC PICCALILLI 11/21/1969 | 20 to 200 393.81 488.92 Tu vCU 1,222.27
03-57-124 U3FD LAGUNA 06/23/1971 | 20 to 200 454.92 479.71 Tmr VA 1,213.36
03-57-125 U3FE LOVAGE 12/17/1969 <20 378.05 472.48 QTa AA 1,207.96
03-57-126 U3FF PLOMO 05/01/1974 <20 149.41 522.45 T VA 1,253.97
03-57-127 U3FH STILT 12/15/1967 <20 332.43 496.83 Tw vCU 1,230.79
03-57-128 U3FJ TORCH 02/21/1968 <20 240.58 501.10 Tmr VA 1,237.19
03-57-129 U3FK |SEVILLA 06/25/1968 <20 358.65 516.09 T VCU 1,253.1
03-57-130 U3FM |cocnac 10/25/1967 <20 240.39 495.31 QTa AA 1,229.57
03-57-131 U3FN BEEBALM 05/01/1970 <20 390.21 502.59 Tmr VA 1,235.63
03-57-132 U3FQ |caNJiLON 12/16/1970 <20 302.19 521.38 T VA 1,254.42
03-57-133 U3FR FIzz 03/10/1967 <20 117.73 492.41 QTa AA 1,225.76
03-57-134 U3FS |WELDER 10/03/1968 <20 117.65 492.56 QTa AA 1,225.91
03-57-135 U3FU BEVEL 04/04/1968 <20 240.75 498.35 QTa AA 1,232.31
03-57-136 U3FV  |MALLET 01/31/1968 <20 240.27 465.01 QTa AA 1,204.15
03-57-137 U3FW |ADZE 05/28/1968 <20 240.03 475.37 Tpt VA 1,215.12
03-57-138 U3FX |AUGER 11/15/1968 <20 240.62 506.57 T VA 1,248.76
03-57-139 U3FY |sPup 07/17/1968 <20 240.29 463.45 Tmr VA 1,205.64
03-57-140 U3Fz HATCHET 05/03/1968 <20 240.53 481.84 QTa AA 1,215.19
03-57-141 U3GA |FUNNEL 06/25/1968 <20 118.7 493.05 QTa AA 1,226.09
03-57-142 U3GB |FILE 10/31/1968 <20 228.95 47881 QTa AA 1,212.16
03-57-143 U3GC [BARsAC 03/20/1969 <20 304.13 480.08 QTa AA 1,213.73
03-57-144 U3Gb |AJO 01/30/1970 <20 304.11 485.70 QTa AA 1,218.44
03-57-145 U3GE [SAPELLO 04/12/1974 <20 180.69 482.41 QTa AA 1,215.76
03-57-146 U3GF |wiNncH 02/04/1969 <20 240.63 479.15 QTa AA 1,212.19
03-57-147 U3GG |TORTUGAS 03/01/1984 | 20 to 150 640.1 473.63 Tc vVCU 1,243.25
03-57-148 U3GH |scissors 12/12/1968 <20 240.58 475.26 QTa AA 1,208.61
03-57-149 u3al TULOSO 12/12/1972 <20 271.09 483.18 QTa AA 1,216.53
03-57-150 U3GJ |ALIMENT 05/15/1969 <20 240.51 502.74 Tc VCU 1,234.26
03-57-151 U3GK |SHAVE 01/22/1969 <20 240.75 483.08 T VA 1,217.95
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03-57-152 U3GL |NIPPER 02/04/1969 <20 240.73 465.60 QTa AA 1,204.74
03-57-153 U3GM | HOREHOUND 08/27/1969 <20 331.83 460.27 Tc VCU 1,201.54
03-57-154 U3GN |PLIERS 08/27/1969 <20 238.87 481.16 QTa AA 1,214.2
03-57-155 U3GO |TAPPER 06/12/1969 <20 303.01 474.61 QTa AA 1,208.57
03-57-156 U3GQ |BAYLEAF 12/12/1968 <20 130.16 493.17 QTa AA 1,226.21
03-57-157 U3GR | MANZANAS 05/21/1970 <20 240.65 484.79 T VA 1,221.49
03-57-158 U3GS |APODACA 07/21/1971 <20 241.4 487.43 Tw VA 1,222
03-57-159 U3GT |BITA 10/31/1968 <20 148.31 492.67 QTa AA 1,226.02
03-57-159 U3GT |BITB 10/31/1968 <20 117.83 492.67 QTa AA 1,226.02
03-57-160 U3GU |MEScCALERO 01/05/1972 <20 120.24 491.93 QTa AA 1,225.28
03-57-161 U3GV |BONARDA 09/25/1980 | 20 to 150 381 490.46 Tmr WTA 1,236.61
03-57-162 U3GX |ABEYTAS 11/05/1970 | 20 to 200 393.46 481.11 T VA 1,215.37
03-57-163 U3GZ |CUMARIN 02/25/1970 | 20 to 200 408,51 498.27 Tu vVCU 1,232.84
03-57-164 U3HA |CORAZON 12/03/1970 <20 241.12 473.67 QTa AA 1,207.32
03-57-165 UsHB |JB 05/08/1974 <20 179.8 462.94 Tmr VA 1,204.21
03-57-166 U3HC [SPRIT 11/10/1976 <20 182.9 485.45 QTa AA 1,219.1
03-57-167 U3HD |EMBUDO 06/16/1971 <20 303.06 483.92 QTa AA 1,217.88
03-57-168 U3HE |BARRANCA 08/04/1971 <20 270.74 480.54 QTa AA 1,214.19
03-57-169 U3HF FRIJOLES-GUAJE 09/22/1971 <20 257.03 479.07 QTa AA 1,213.03
03-57-170 U3HG |PEDERNAL 09/29/1971 <20 378.68 469.95 Tpt VA 1,207.26
03-57-171 U3HH |[JAL 03/19/1970 <20 301.39 468.77 QTa AA 1,205.47
03-57-172 U3HIA [CULANTRO-A 12/10/1969 <20 134.13 472.15 QTa AA 1,208.24
03-57-173 U3HIB |CULANTRO-B 12/10/1969 <20 149.44 473.03 QTa AA 1,209.12
03-57-174 U3HJ SCUPPER 08/19/1977 <20 4496 478.30 QTa AA 1,211.95
03-57-175 U3HKA |IPECAC-A 05/27/1969 <20 124.18 472.30 QTa AA 1,208.39
03-57-176 U3HKB |IPECAC-B 05/27/1969 <20 124.22 473.47 QTa AA 1,209.56
03-57-177 U3HKD |SEAWEED-B 10/16/1969 <20 118.55 474.27 QTa AA 1,211.89
03-57-178 U3HKC |SEAWEED-E 10/01/1969 <20 124.48 474.30 QTa AA 1,211.31
03-57-179 U3HKE |SEAWEED-C 10/01/1969 <20 118.55 473.88 QTa AA 1,211.61
03-57-180 U3HKF |SEAWEED-D 10/01/1969 <20 118.43 471.10 QTa AA 1,210.23
03-57-181 U3HL PENASCO 11/19/1970 <20 270.92 475.29 QTa AA 1,209.86
03-57-182 U3HO |TRUCHAS-CHAMISAL | 10/28/1970 <20 118.38 474.87 QTa AA 1,209.44
03-57-183 U3HM | TRUCHAS-RODARTE | 10/28/1970 <20 266.4 475.68 QTa AA 1,209.94
03-57-184 U3HN |TRUCHAS-CHACON 10/28/1970 <20 118.45 47487 QTa AA 1,209.44
03-57-185 U3HQ |PrATT 09/25/1974 <20 3133 476.08 QTa AA 1,210.04
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03-57-186 U3HR |CARRIZOZO 12/03/1970 <20 279.26 476.71 QTa AA 1,210.06
03-57-187 U3HS |DEXTER 06/23/1971 <20 119.94 474.48 QTa AA 1,209.35
03-57-188 U3HT |ATARQUE 07/25/1972 <20 294.44 473.72 QTa AA 1,209.2
03-57-189 U3HU |KEEL 12/16/1974 <20 305.01 473.25 QTa AA 1,208.73
03-57-190 U3HV |coLmoRr 04/26/1973 <20 2458 47457 QTa AA 1,209.44
03-57-191 U3HX |cowLEs 02/03/1972 <20 301.78 468.09 QTa AA 1,205.4
03-57-192 U3HY |ELIDA 12/19/1973 <20 381 471.05 QTa AA 1,205.62
03-57-193 U3HZ |FRIJOLES-PETACA 09/22/1971 <20 229.17 479.45 QTa AA 1,213.1
03-57-194 uslJ PASCAL-A 07/26/1957 Slight 152.4 495.85 QTa AA 1,229.2
03-57-195 U3JA ESTACA 10/17/1974 <20 320.31 469.72 Tma VA 1,206.73
03-57-196 uU3JB BOBSTAY 10/26/1977 <20 381 471.01 Tmr VA 1,207.41
03-57-197 usJc CEBOLLA 08/09/1972 <20 286.7 471.43 QTa AA 1,207.52
03-57-198 U3JD MESITA 05/09/1973 <20 149.35 470.19 QTa AA 1,206.89
03-57-199 U3JE HOSPAH 12/14/1971 <20 302.03 481.80 QTa AA 1,215.15
03-57-200 U3JF SHALLOWS 02/26/1976 <20 2438 481.19 QTa AA 1,215.15
03-57-201 U3JG |ANGUS 04/25/1973 <20 452.93 472.29 QTa AA 1,207.47
03-57-202 U3JH BACKGAMMON 11/29/1979 <20 228.6 465.26 QTa AA 1,202.57
03-57-203 u3Jl PAJARA 12/12/1973 <20 277.98 464.82 QTa AA 1,202.44
03-57-204 U3dJ CAPITAN 06/28/1972 <20 134.48 464.46 QTa AA 1,202.69
03-57-205 U3JK |VELARDE 04/25/1973 <20 276.76 464.96 QTa AA 1,203.19
03-57-206 U3JL PUYE 08/14/1974 <20 430.01 482.17 QTa AA 1,215.21
03-57-207 U3JM | JICARILLA 04/19/1972 <20 148.11 470.18 QTa AA 1,206.88
03-57-208 U3JN ALGODONES 08/18/1971 | 20 to 200 527.61 496.47 Tma VA 1,233.17
03-57-209 u3Jp OCATE 03/30/1972 <20 210.1 468.66 QTa AA 1,206.28
03-57-210 U3JQ MONERO 05/19/1972 <20 537.35 522.10 Tc VCU 1,272.52
03-57-211 U3JR SPAR 12/19/1973 <20 149.35 470.73 QTa AA 1,207.13
03-57-212 u3Js ONAJA 03/30/1972 <20 279.04 470.47 QTa AA 1,206.87
03-57-213 u3JT CUCHILLO 08/09/1972 <20 198.43 469.46 QTa AA 1,206.16
03-57-214 usJu FRIJOLES-ESPUELA 09/22/1971 <20 149.28 47881 QTa AA 1,212.77
03-57-215 U3 RIB 12/14/1977 <20 2134 476.65 QTa AA 1,210.91
03-57-216 U3JW |FRIJOLES-DEMING 09/22/1971 <20 149.86 478.38 QTa AA 1,212.34
03-57-217 U 3JX SOLANO 08/09/1972 <20 133.81 468.37 QTa AA 1,205.99
03-57-218 u3Jy BERNAL 11/28/1973 <20 283.46 475.49 QTa AA 1,209.75
03-57-219 U3K COLFAX 10/05/1958 |  0.0055 106.7 494.89 QTa AA 1,227.93
03-57-220 U3KB |MARSH 09/06/1975 <20 4267 480.43 QTa AA 1,214.08
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03-57-221 U3KC |BILGE 02/19/1975 <20 319 469.84 QTa AA 1,205.93
03-57-222 U3KD |DECK 11/18/1975 <20 326.1 478,57 QTa AA 1,212.53
03-57-223 U3KF FOREFOOT 06/02/1977 <20 193.5 500.24 QTa AA 1,233.59
03-57-224 U3KG |PUDDLE 11/26/1974 <20 183 457.23 QTa AA 1,196.37
03-57-225 U3KI COVE 02/16/1977 <20 335.3 473.69 QTa AA 1,207.95
03-57-226 U3KJ JACKPOTS 06/01/1978 <20 304.8 479.27 QTa AA 1,212.92
03-57-227 U3KK | CERNADA 09/24/1981 <20 213 473.43 QTa AA 1,208.3
03-57-228 U3KM |oARrLOCK 02/16/1977 <20 320 476.12 QTa AA 1,210.08
03-57-229 U3KN | CONCENTRATION 12/01/1978 <20 24338 483.27 QTa AA 1,216.31
03-57-230 U3KP | SEAMOUNT 11/17/1977 <20 371.9 478.87 QTa AA 1,212.83
03-57-231 U3KQ |MEMORY 03/14/1979 <20 365.8 484.55 QTa AA 1,217.59
03-57-232 U3KR |CLAIRETTE 02/05/1981 <20 353.6 47555 QTa AA 1,209.51
03-57-233 U3KS | OFFSHORE 08/08/1979 | 20 to 150 396.2 472.29 T vVCU 1,208.69
03-57-234 U3KT |EBBTIDE 09/15/1977 <20 381 487.02 QTa AA 1,220.67
03-57-235 U3KU |VERDELLO 07/31/1980 <20 365.8 475.65 QTa AA 1,209.91
03-57-236 U3KV |VICTORIA 06/19/1992 <20 2439 467.65 QTa AA 1,205.88
03-57-237 U3KW |FREEZEOUT 05/11/1979 <20 335.3 466.13 QTa AA 1,204.36
03-57-238 U3KX |CANFIELD 05/02/1980 <20 350.5 503.59 Tma VA 1,237.55
03-57-239 U3KY |HURON KING 06/24/1980 <20 320 481.29 QTa AA 1,214.64
03-57-240 U3KZ |ALEMAN 09/11/1986 <20 502.9 47458 Tmr VA 1,245.11
03-57-241 U3LA BOUSCHET 05/07/1982 | 20 to 150 563.9 479.15 Tc vVCU 1,244.5
03-57-242 U3LB NAVATA 09/29/1983 <20 183 499.84 QTa AA 1,233.8
03-57-243 usLc SABADO 08/11/1983 <20 320 460.74 Tmr VA 1,202.62
03-57-244 U3LD |VILLITA 11/10/1984 <20 3734 466.71 QTa AA 1,204.63
03-57-245 U3LF CERRO 09/02/1982 <20 228.6 477.47 QTa AA 1,211.43
03-57-246 U3LG FLORA 05/22/1980 <20 335.3 472.09 QTa AA 1,206.35
03-57-247 U3LH TENAJA 04/17/1982 <20 357 470.00 T VA 1,204.57
03-57-248 u3Ll MOGOLLON 04/20/1986 <20 259.1 480.67 Tma VA 1,214.63
03-57-249 usLl TREBBIANO 09/04/1981 <20 304.8 485.95 Tma VA 1,237.89
03-57-250 U3LK MONAHANS A 11/09/1988 <20 289.6 463.45 QTa AA 1,202.29
03-57-251 U3LL TORNERO 02/11/1987 <20 298.4 480.06 Tmr VA 1,213.41
03-57-252 U3LM  |SEYvAL 11/12/1982 <20 365.8 481.01 QTa AA 1,214.36
03-57-253 U3LO |COALORA 02/11/1983 <20 274 491.78 Tma VA 1,237.02
03-57-254 U3LP |WHITEFACEA 12/20/1989 <20 197.1 481.35 QTa AA 1,214.7
03-57-254 U3LP |WHITEFACEB 12/20/1989 <20 182.9 481.35 QTa AA 1,214.7
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03-57-255 U3LR |VAUGHN 03/15/1985 | 20 to 150 426.7 488,57 Tmr VA 1,238.07
03-57-256 u3lLs MUGGINS 12/09/1983 <20 244 48157 Tma VA 1,215.22
03-57-257 UsLT MINERO 12/20/1984 <20 24338 481.27 Tma VA 1,214.62
03-57-258 U3LU |wAaco 12/01/1987 <20 182.9 460.59 QTa AA 1,202.78
03-57-259 usLv DUORO 06/20/1984 | 20 to 150 381 474.26 Tma VA 1,207.3
03-57-260 U3LW |correo 08/02/1984 <20 335.3 474.41 Tmr VA 1,208.98
03-57-261 U3LZ |CHAMITA 08/17/1985 <20 335.3 47517 Tma VA 1,208.21
03-57-262 VERY! LUNA 09/21/1958 |  0.0015 1475 494.65 QTa AA 1,227.69
03-57-263 usMmc |ABO 10/30/1985 <20 198.1 495.30 QTa AA 1,228.95
03-57-264 U3ME [KINIBITO 12/05/1985 | 20 to 150 579.1 49553 Tac VCU 1,234.97
03-57-265 U3MF |TAHOKA 08/13/1987 | 20 to 150 640.1 486.95 Tn VCU 1,239.5
03-57-266 U3MG | PANCHUELA 06/30/1987 <20 320 473.05 QTa AA 1,206.09
03-57-267 U3MH |LAREDO 05/21/1988 <150 350.5 514.69 Tn VCU 1,247.12
03-57-268 U3MK |Bowie 04/06/1990 <20 2134 567.63 Tc VTA 1,297.63
03-57-269 U3ML |DIVIDER 09/23/1992 <20 339.9 502.63 Tc VCU 1,234.76
03-57-270 U3MN | ABILENE 04/07/1988 <20 2438 481.28 Tmr VA 1,214.63
03-57-271 U3MT |LUBBOCK 10/18/1991 | 20 to 150 457.2 468.57 Tp VCU 1,239.71
03-57-272 U3N BERNALILLO 09/17/1958 0.015 140 494.74 QTa AA 1,227.78
03-57-273 usp SAN JUAN 10/20/1958 Zero 713 494.93 QTa AA 1,227.97
03-57-274 us3Q OTERO 09/12/1958 0.038 146.3 495.75 QTa AA 1,228.79
03-57-275 U3R VALENCIA 09/26/1958 0.002 147.52 495.05 QTa AA 1,228.09
04-57-001 U4A STRAIT 03/17/1976 | 200 to 500 780.3 484.17 Tn VCU 1,270.55
04-57-002 U4AA | TRUMBULL 09/26/1974 <20 262.71 399.78 QTa AA 1,295.59
04-57-003 U4AB | TEMESCAL 11/02/1974 <20 262.71 44519 QTa AA 1,290.4
04-57-004 U4AC |BELLOW 05/16/1984 <20 207.3 418.28 QTa AA 1,292.75
04-57-005 U4AF | CARNELIAN 07/28/1977 <20 208 492.19 QTa AA 1,291.68
04-57-006 U4 AH KARAB 03/16/1978 <20 331 524.71 Tn VCU 1,274.52
04-57-007 U4Al BURZET 08/03/1979 | 