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A well-organized compilation of data on volcanism and tectonics is essential to timely and
effective development of regulatory guidance and to development of compliance determination and

,

demonstration methods and technical review components. In Task 1 (Literature Review) of this project,
the CNWRA staff will identify specific sources of pertinent daa that may be dispersed throughout the
DOE contractor system or widely disseminated in the literature. Task 2 (Data Compilation) will bring

j the key data together in an easily manageable database that will efficiently serve Task 4 modeling.
j Review of the literature, winnowing of the pertinent information, and compilation of this data into an
4 easily accessible computer database will facilitate NRC analysis of alternative conceptual models of
; coupled volcanism and tectonics. Task 2 will take advantage of any organized databases that exist within

the Yucca Mountain Project. However, the DOE is not presently considered to have an adequate database
in this subject area, and one is not anticipated within a suitable timeframe for the development of effective
guidance.

The database must facilitate the integration of large amounts of highly diverse geologic data in
order to produce robust volcanic process models. A useful example of the type of model that needs to.

be developed involves the processes that control vent alignments in Basin and Range volcanic systems.
Some of these alignments are regional in extent and are over 50 km in length. In addition, vent
alignments are often on trend with regional structural features, but this relationship is poorly constrained.

i Several quantitative tools exist for statistical analysis of the development of vent alignments. These
: include two-point azimuth analysis and the Hough transform, both of which have significant implications

,

for probability models. A comparison of recent work by Ho et al. (1991) and Crowe et al. (1992) clearly
J indicates that recognition of appropriate alignments and an understanding of their continuing development

O)
is critical to risk assessment. The database compilation will provide a straightforward means of4

(_ evaluating various statistical methods for modeling spatial patterns in volcanism throughout the Basin and
Range.

;

4 A persistent criticism of probability models developed to date to evaluate volcanic risk at the

}
proposed repository site has been that these models have failed to incorporate known, or suspected,

' geological variations into risk assessment. One possible explanation for this lack of incorporation is that
massive amounts of diverse geologic data are required to constrain volcanic processes. Systematic'

database development will be necessary to integrate the volcanological, geochemical, geological, and
j geophysical information necessary to constrain models quantitatively. For example, a first-order parent
; process in vent clustering within the Basin and Range may be one of partial melt generation, in which

case comparison of geochemical and geochronological data between vent systems may provide insight into
'

the likely longevity of active volcanic systems, such as Crater Flat. Tectonic control and consequent
i faulting may represent a second-order clustering process within the Basin and Range. Thus, structural

and geophysical data must be integrated with geochronological and geochemical data to provide
1 meaningful geological constraints on the development of vent alignments.

' 3.2.2.3 Activities

Existing databases will be reviewed to determine the best method and the most workable format
; for the computerized volcanic and tectonic database. (These databases include those of the National

Geophysical Data Center, the National Technical Information Center, and the National Space Science
Data Center.) A computerized data and information management system will be developed to allow
efficient access to and display of compiled data, and the data will be compiled using this system.

11
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Attendance at various meetings that have as a central topic the development and format of databases may
be an activity for this task.

Results of this task will be presented in a technical report providing an overview of both the
chosen data management system and the compiled database for volcanic and tectonic information from
the Basin and Range Province. The report will contain a discussion about computerized compilation of
the data, including descriptions of software and instructions for accessing and using the database.

3.2.3 Task 3: Critical Review of Compiled Volcanic and Tectonic Data for the
1Basin and Range Province
;

3.2.3.1 Objective

The objective of this task is to critically review the computerized compiled database produced
from Task 2 for accuracy and completeness of data, including assessment of uncertainties related to
collection of data, analytical methods, and assumptions made in existing models. A peer-review panel
also will be convened to provide guidance on such matters at the datt .,ilection, modeling, and analog
approaches used in this project and the closely related Field Volcanism Project.

3.2.3.2 Justification

Assessment of uncertainties and sources of uncertainties in the volcanic and tectonic database
is critical for use of these data in alternative conceptual models that realistically represent the current

U volcanic /tectono-volcanic framework of the Basin and Range Province and the Yucca Mountain site
region. Suitable models for analyzing volcanic processes and events cannot be prepared unless limitations
imposed by uncertainties in the data are clearly understood and specified. Because the relationship
between Basin and Range tectonics and volcanism is often highly subjective, a peer-review panel is

,

needed to ensure that the proposed research will examine all volcano-tectonic models appropriate for the j

Basin and Range province. In addition, the peer-review panel will provide expert guidance on the focus i

and direction of the proposed research in this and the closely related Field Volcanism projects.

1
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3.2.3.3 Activities
I

hiethods for incorporating uncertainties into the database and into alternative conceptual models j

|
will be evaluated in this task. Existing conceptual models for volcanism and tectono-volcanism in the |
Basin and Range Province will be evaluated for suitability regarding how well they represent volcanicl

processes and events. 'llese existing models will also be reviewed with due consideration for
compatibility with the compiled database produced from Task 2. Because of the current controversy
involving age dating of basaltic materials at the Lathrop Wells cone near Yucca hiountain (Champion,
1991; Turrin and Champion,1991), special attention will be given to critical review of age determination j

techniques in relatively young tectono-volcanic terrains, with particular concern for specific limitations |
i

of each technique. Completion of Task 3 may result in some existing data or conceptual models being
excluded from use in this research project, if it is determined that certain data or models have
unacceptable uncertainties associated with them. ;

i

Results of this task will be presented in a technical report that provides an assessment of |
uncertainties in the database associated with collection of data, analytical methods, and assumptions made |

in existing models. The report will specifically address uncertainties in age determination techniques as
applied to relatively young volcanic areas, and will indicate any conceptual models that may be suspect ;

because of unacceptable uncertainties. Review of data and methods in the earlier tasks may alter the final j
approach used in the remaining tasks of this research project. ;

,

A panel of experts in the fields of Basin and Range volcanism, mafic eruption dynamics, and

/m igneous petrology will be convened to review the research approaches in this project plan and the
\h associated Volcanic Field Research Project Plan, accomplishments to data, and recommendations for

future work. In addition, the peer-review panel will evaluate current volcano-tectonic models for the
Basin and Range province and provide guidance as to which, if any, of these models have the resolution
and accuracy necessary for application to the Yucca Afountain Region. The panel will also assess the j
applicability of analog volcanic studies in tectonic regions other than the Basin and Range province.

3.2.4 Task 4: Analysis of Database and Model Development
1

3.2.4.1 Objactive |
1

The objective of this task is to analyze the data from Task 3 for evidence of spatial and temporal
correlations of Cenozoic (silicic and basaltic) magmatism/ volcanism with extensional tectonism in the
Basin and Range Province, determining if recognizable patterns of volcanism occur. Appropriate existing
data will be incorporated into a coupled tectono-volcanic model (or models) for the Basin and Range
Province.

3.2.4.2 Justification

Assessment to determine if Basin and Range Province volcanism occurs in any recognizable
pattern in space and time is a singularly important step for addressing the issue of the likelihood of future
renewed volcanism in the vicinity of Yucca hiountain and potential for disruption of a repository at that
location. Understanding magmatic /volcani: processes and events, the spatial and temporal correlations

(^
r
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affecting these processes and events, and association of Cenozoic volcanism with extensional tectonics
are key factors in the determination of the likelihood of future volcanism at or near Yucca Mountain.
A coupled tectono-volcanic model (or models) for the Basin and Range Province will be one of the most
useful tools that NRC staff can possess to review DOE information on likelihood of renewed volcanism.
The coupled model(s) will be used to provide important input for development of credible tectono-
volcanic scenarios for use in assessment of site performance through Iterative Performance Assessment.

1
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Table 3-1 List of Deliverables and Completion Dates

Milestone Milestone Completion

Number Type Deliverable Description Date

122030 Major Data Compilation / Software Report 01/15/94

123010 Intermediate Age Dating Techniques Review Report 09/27/93

123020 Major Data Review Results Report Including 1/15/95

Uncertainties

124020 Major Data Analysis /Model Development Report 4/25/95

125020-002 Major Semi-Annual Report 1992 - 2 02/12/93

125020-004 Major Semi-Annual Report 1993 - 1 08/13/93
,

125030-002 Intermediate Semi-Annual Report 1993 - 2 02/15/94 ;
1

125030 404 Intermediate Semi-Annual Report 1994 - 1 08/12/94 |
l

125050 Intermediate Peer Review Meeting on Volcanism 09/30/94

125040 4 02 Intermediate Semi-Annual Report 1994 - 2 02/17/95

16
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4.5.3 Technical Interchange and Technology Transfer Meetings
|

Travel will be necessary for members of the research project team to meet with organizations
I

or individuals possessing specific knowledge relevant to this research project. Travel in this category may
be required to observe facilities and equipment, to become familiar with specific useful technical I

'
procedures, and to exchange technical ideas concerning concepts pertinent to the research project,
including Appendix 7-type meetings with DOE subcontractors. |

|

Table 4-1. Travel Requirements |

|

FY94
Purpose / Destination ,

No. No. |
'

Trips Man-days /I' rip

TECHNICAL INTERCHANGE
|Geo-Logic Systems, Boulder 1 3

USGS Reston, Denver, i
'

Menlo Park 1 3

Washington, DC 1 1,

San Antonio, TX 3 4

| San Antonio, TX 1 5
1

I

!
;

|
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Table A-1. Volcanism Estimated Spending Plan, FY94
' t.

1 2 3 4 5 6 7 8 9 10 11 12 13 Total - |
'

Certw Pt4 612 408 812 612 406 612 408 406 612 408 612 408 612 6.737

- Career Pl-3 t.082 210 1.046 1.240 1.06 989 820 669 669 . 650 820 869 775 10.961 ,

9 Cater Pit 1.850 1.887 1,856 2200 1.887 1J94 ' t.392 1.454 8.361 f.454 f.361 1.454 1299 21.345

Cortes Pit 1.422 1.343 1.449 SJ26 1.428 1.364 2,t31 2.110 2.180 2.088 2.152 2.067 2.(28 23.476 3
'

Certariedi 402 381 401 491 391 391 40t 391 391 391 401 381 401 5.216

Corter 0erical 319 329 318 401 318 329 St8 318 329 - 318 318 329 3tB 4263

Certer Labor 5.894 52U 5.683 6J59 5.478 5,450 $271 5.340 5,461 5.3t9 5.465 5297 5.494 71.997

Career Buden 2.48 2,306 2,483 2.954 2.394 2.385 2,303 2.334 2.387 2.324 2.388 2.315 2.401 31.463

55 21 5.262 5.100 5290 89.320Career 0wahead 5,484 5.081 5.478 6.508 5.274 5255 5.074 5.141 5258 1

SaHIPt4 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SeR Pt3 911 918 954 - 1,138 954 918 918 918 954 918 954 918 918 12288 |
S=RI Pt2 0 0 0 0 0 0 0 0 0 0 0 0 0 0'

swr Pit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 j'
Swq Tech 0 0 0 0 0 0 0 0 0 0 '0 0 0 0-

Smq tabor 911 918 954 t,138 954 918 918 916 954 918 954 918 918 12288

SwRiiheden 399 401 417 497 417 401 401 401 417 401 417 401 401 5.371

S=R Overhead t.519 t.529 1.591 1.896 1,591 1.529 1.529 1.529 f 59t 1.529 1.591 1.529 1,5M 20.484

'

ADP Sennces 292 728 292 757 818 209 728 291 724 728 292 728 292 6,872

> Modene Shop O O O O O 0 0 -0 0 0 0 -0 0 0d

y MaesdalSgply 1.078 1,078 1.076 1.347 1.075 1.078 1,0U t.076 1.078 1.076 1,076 1.078 1.076 14.267

Queby Ases. 0 0 0 0 0 0 0 0 0- -0 0 0 0 0

I'Report Servicae 416 413 416 519 413 416 415 416 413 415 416 413 416 5,497

Tphone b T0 rem 2 1 2 2 2 1 1 2 1 2 2 4 2 22 ;

I Travel 0 0 0 1.242 0- 0 7.419 0 0 1.242 0 0 0 9.903 [

3 .

. 4,872 4J85 62.379 !

t

Consdtarts 4.524 4.611 4.524 5.568 4,524 4.698 4185 4.872 4.959 4J85 ' 4.872

Der Prern Pay 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Tenporary Swcs 0 0 0 0 0 0 0 0 0 0 0 0 0 0

i

Est ead. CFG fee 22.806 22.343 22,910 29,187 22.934 22.349 29,922 22.319 23.243 23.859 22135 22.653 22.604 300.063

CareerCFC 359 333 358 426 345 . 344 332 337 344 335 344 334 386 4.538

SeRICFC 104 105 109 130 109 105 105 105 109 105 109 105 105 t,401

Tat Es8nedeCost 23298 22J80 23,3U 29J42 21388 ' 22J98 30,350 22J61 23.696 ' 24.299 23,188 23.098 23.055 315.802 ;

Fee 1.824 f.787 1 833 2.335 1.835 IJ88 2.543 1.897 1.976 2.028 1.932 1.W5 1.W1 25.025
,

TatCost weh Foo 25.092 24.567 25209 32.077 25222 24.586 - 32.902 24,658 25.672 26,327 25,121 25S17 24.976 341.427

% Congte8cn 735% 720% 738% 9 40 % 739% 720% 9.64 % 722% 752% 721% . 7.38% 733% 722% 100 00 %

Cuna4seveCost 25.082 49.650 T4.889 106.946 132.189 156J54 188.657 214.314 238,m8 208.313 291.434 316.451 ' 341.42T
,

.

Omud Congesson 7 35% 1454% 21 93% 31.32% 38.71 % 459t% 55.55 % 62 N% 7029% ' 78 00% 85 30 % 9200% 100 00 %
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Table A-6. Volcanism Task 5 Estimated Spending Plan, FY94

1 2 3 4 5 6 7 8 9 to 11 12 13 Total

Cats Pl4 153 102 153 153 102 153 102 102 153 102 153 102 153 1.684

Cees h3 387 349 349 465 389 387 !!6 155 1% 155 116 155 155 3293

Ceter M2 433 433 433 526 433 433 278 278 247 276 247 278 247 4.547

Cwas M1 191 149 192 213 192 149 192 170 170 170 192 149 192 2.322

Cater Tedt 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cats 0antal 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cons tabar 1.163 1.033 1.127 1.357 1.076 1.123 688 706 726 706 709 685 747 11.844

Cants Burdm 508 451 492 593 470 491 3C1 32 317 308 310 299 327 5.176

Ceres Overhead t.120 994 1.085 1.306 1.036 1.081 863 680 699 680 682 659 720 t1.404

SwAI M4 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S*R M3 255 257 294 294 294 257 257 257 257 257 294 257 257 3.485

SwRt M2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S=R M1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S=411 Tech 0 0 0 0 0 0 0 0 0 0 0 0 0 0

S*R Labor 255 257 294 294 294 257 257 257 257 257 294 257 257 3.485

swr 0wden 112 t!? 128 128 128 112 112 112 112 112 128 112 112 1,523

Swa Overhead 425 428 489 489 489 428 428 426 428 428 489 428 429 5.809

ADP Senas 0 0 0 0 0 0 0 0 0 0 0 0 0 0

> undww Shop 0 0 0 0 0 0 0 0 0 0 0 0 0 0

do 64devta#Sup#y 355 355 356 444 355 355 356 355 355 355 356 355 355 4107

Quaky Assw. 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rgort Services 190 189 190 237 199 190 189 190 190 189 190 189 ISO 2.5t2

Tphone & Tgram 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Travel 0 0 0 0 0 0 1.522 0 0 0 0 0 0 1.522

ConsuRants 1.044 E7 1.044 1218 1,044 1.044 957 1.044 1.044 957 f.044 957 f.044 13.396

Der t%m Pay 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Termorary Sucs 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Est emi CFC. Fee 5.173 4J77 5205 6.067 5.000 5.061 5.474 4.000 4.129 3.992 4.202 3,941 4.180 61,381

Cenew CFC 73 65 71 86 68 71 43 44 46 44 45 43 47 746

SnRICFC 29 29 33 33 33 29 29 29 29 29 33 29 29 397

Tal Esimse cost 5275 4.872 5.339 6.186 5,182 E181 5.546 4.154 4.204 4.25 4200 4.014 4.256 62.524

Fee 414 322 416 485 406 406 465 347 351 339 357 335 355 5,061

Tot Cost wdh Fee 5.689 5254 1 726 6.671 ' 5.588 5.587 6.012 4.501 4.555 4.406 4.637 4.349 4.611 67.585

% Ccrgkam 783% 727% 8 47 % 9 87 % 827% 817% 8 89 % 6.66 % 624% 652% 6 86 % 6 43 % 6.82 % 100.00 %

Cumutative Cost 5.689 10.9 0 ItL669 23.339 28E8 34.515 40.526 45.027 49.582 53.967 58.624 62,973 67.585

CuanA Corq* eon 7.63 % 1619% 2466% 34.53 % 42.80 % 51.07 % 59 96 % e662% 73.36 % 79 80% 86 74 % 93.18 % 10.00 %
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