DRAFT

PROJECT PLAN FOR
SEISMIC/ROCK MECHANICS PROJECT

Prepared for

Nuclear Regulatory Commission
Contract NRC-02-88-005

Prepared by

Center for Nuclear Waste Regulatory Analyses
San Antonio, Texas

April 1988

Prepared by Approved by

- %/4/42%

Prasad Nair
Research Project Manager

Allen R. Whiting, Director
Waste Systems Engineering & Ipyegration
, 277

28041903464 8804 "4
PDOR WASTE 0
WM-11




1.0

2.0

3.0

4.0

TABLE OF CONTENTS

TECHNICAL OBJECTIVE
1.1 Purpose, Goals, and General Objectives

1.2 Specific Objectives

VTECHNICAL PROGRAM DESCRIPTION
2.1 Technical Approach
2.2 Technical Tasks

2.4 Required Interfaces With Other Organizations

PROGRAM MANAGEMENT
3.1 Organizational Structure and Responsibility
3.2 Quality Assurance
3.3 Key and Support Personnel
3.4 Corporate Resource

3.5 Required Travel

ESTINMATED COST BREAKDOWN
4.1 Detailed Cost Breakdown

4.2 Spending Plan

REFERENCES

56



LIST OF FIGURES

Z
o
&
)
a

-1 Effect of Slip Velocity on Shear Resistance . .............................. ... 11
2-2 Fundamental Dynamic SYSM ..............ccocoooiiiiiiemiiiee 13
-3 System Identification/Material Properties Tests Evaluation .............................. 14
2-4 Validation Plan for Analytical Model ...............cooooiiiiii 15
2-5  Comparison of PSRV's for Horizontal Component for Earthquake and

Underground Expiosion ..... SR 4 £ 055 8 kb bR | Vo e by anane ey & PR % A S PR TRL b S 7T Pl L e 17
2-6  Preliminary Expenments with Full-Scale Fractured Rock ...........ccooooiiiii 19
2.7 Expenments with Scale-Model Faulted Rock Mass ORBOIIE <. nicv 011545 Kasviay pad 2 Gusinude 21
-8  Schedu'e. Milestones, and Deliverables (Gantt Chart) ... ...........coooooiiiioi 28
3.1 Center Management Process for Direction and Control of Research POOSIOEE v ik i i g 3
3-2 Project Staff SUPPOrt . ... c§ %8 44T 32
41 Task | Spending Plan, Year | ................oooiiiiiiiiiir 63
4-2 Task 2 Spending Plan. Year | .................ooooiiiiiiiiiriimei 64
4-3 Task 3 Spending Plan. Year | ...............ccevuvmuvimiiiers orrersieessessses e 65
4-4 Task 4 Spending Plan. Year | .........c.cccccoouimmiuiimmiis oo eeeeeseien 66
4-8  Composite Spending Plan. Year | ..........................cooiiiiiiiiii 67
4-6  Task | Spending Plan, Year 2 ... 68
4-7 Task 2 Spending Plan. Year 2 ...t 69
4-8 Task 3 Spending Plan, Year 2 .............. 3 F A TR P T T U R SRS I "y ) 70
4-9 Task 4 Spending Plan. Year 2 ... 71
4-10 Task 6 Spending Plan. Year 2 ... 12
4-11  Composite Spending Plan. Year 2 ............... ... 73
4-12 Task 2 Spending Plai, Wear 3 ... 74
4:13 Task 3 Spending Plan. Year 3 .. .........ooooiiiiiiiiiiinneerietiies e .18
4-14 Task 4 Spending Plan. Year 3 ...t 76
4-15 Task § Spending Plan, Year 3 . ... N L R O s e 77
4-16 Task 6 Spending Plan. Year 3 .................... i 7R
4-17 Composite Spending Plan. Year 3 ... 79
4-18 Task 2 Spending Plan. Year 4 o ol e e L B e e 80
4-19 Task 4 Spending Plan, Year 4 STy BTl o B o B SIS 3 o L N e T i ST Mg Tt 81
4-20 Task 3 Spending Plan. Year 4 ek P T e T e e A S 82
4-21 Task 6 Spending Plan. Year 4 .. . . s TV 83
4-22 Composite Spending Plan. Year 4 ... ... ... x4
4:23 Task 6 Spending Plan. Year § ... 85




LIST OF TABLES

No Page
2.1 Typical Scaiing Parameters ......................cocooiiviiieeieii 19
2.2 Sample Similitude Requirements ........................................... 20
23 Trmvel ROQUITIBINE ... .coiivimeniccessieiostnysrensmmrnt iinismmmmmm s ssi i s 38
LI N L R I S R AN S M 40
4.2 Seismic Year 1 Task 2 ......cooiiiriineiiriiniinnrnonsossssoseiss s eees e oo 41
LGB n BT T RS A A A LI TS IR - ol L] " 42
4.4  Seismic Year I, Task 4 ....................oooi 83 Vs § EETHRENG S R4 83 1 st el Al 43
4.5 Swismic Yeor | COMPOBE ...........voiiverssuiesriersivesisbessonsesmnssmnsssssensidort 44
46 Seismic Year 2. Task | .....oooiviiiiiiiiiiiniiiiis e oo 45
.Y, SRR O, BN T L s sinnnisi pres ixiin f iyt e St o ) LA 46

4.8  Seismic Year

rJ
=
-
>
L]
4
~J

4.9  Seismic Year

o
~
»
-
b
4
o0

4.10 Seismic Year 2. Task 6 ...........ooviiiiiiiiiiiiiiiiiresis e eeos s oo 49
Ll R L N TSI s, - = L . 50
$.03 Selamic Your 3, TWOK 2 ..oocvoiiiiiinmnnnninssesieeinvinisn cbrmsrn s bdeifies ettt L 51
413 Seismic Year 3. Task 3 ..ottt et 52
SA8 Selumic Your 3, TUK 4 ....oiinieininiiriis civinninsse sneeboresd sesae sst bt e 53
415 Seismic Year 3. Task 5 ..ot it et oo e 54
410 Setamic Yeor 3. TaEK 6 ......coinniiivimmremnirarmminntsnss erinmsboesnssessse s e 55
417 Seistnic Year 3 COmPOSHE ...........coouviiiiiriiiiieninsssissss s oesoseoseos e 56
CAB SO YOu 4, ThEK 2 ..cooiiisinninniai i onrinat oo saen e ves oo ok s ke s 57
419 Seismic Yoar 4. Task 4 ..ottt snarnes st e srest s et 58
4.20 Seismic Year 4, ThSK 5 ...ooooiriimimniininiiniiniiin i eniet st essetestes e 59
4.21 Seismic Year 4, Task 6 ....... ... e T T S 60
3.22 Seismic Year 4 Composite ...............coouuiiiriniieseiesiioooee 61
4.23 Seismic Year 5. Task 6 (Composite) ... ... 62

il




PROJECT PLAN FOR SEISMIC/ROCK MECHANICS

The Nuciear Waste Policy Act (NWPAA) of 1982, as amended. establishes the responsibilities of
the Department of Energy (the license applicant). the Nuclear Regulatory Commussion (NRC) (the license
review and license i1ssuing agency). and the Environmental Protection Agency (the promulgator of stan-
dards for long-term repository performance).

Siting and licensing of a high-level nuclear waste (HLW) repository requires that sophisticated tech-
nology, technical complexities. intense public scrutiny. and nigorous schedule constraints be integrated
in one program. This missiop has the additional complications associated with a complex multi-party
legal and regulatory evaluation and approval process.

In support of its high level waste program under the NWPAA, NRC has established the Center for
Nuclear Waste Regulatory Analyses (hereafter referred to as *‘the Center''). The mission for the Center
is to provide a sustained high quality of technical assistance and reszarch in support of NRC's HLW
program. Toward accomplishing this mission. the Center is required to establish research activities to aid
in denuifying and resolving technical and scientific issues associated with the NRC's licensing of a high-
level nuclear waste repository.

An important issue. requiring research. concerns the effects of tectonic forces on (a) the design and
performance of shaft liners. (b) retrievability of waste in the short-term and (¢) long-term performance
of the underground repository structures and on the surrounding rock environment for a tuff repository
site. An understanding of the cntical parameters and an approach to reduce the uncertainty among these
parameters are required for resolving this issue before DOE license application can be satisfactorily
reviewed and approved. The effects of tectonic forces may influence both the waste package radionuclide
containment (i.e.. 300 years - 1000 years) and the rate of release of radionuclides to accessible environ-
ment (duning a 10.000-year time period) as required by 10CFR60 and 40CFR191. In support of developing
an adequate understanding of this issue so that timely guidance can be provided to the DOE and a sound
basis is available for evaluating the DOE license application. the Seismic/Rock Mechanics research project
was identified. This document presents the detailed project plan for the Seismic/Rock Mechanics research
project to be conducted under the Center's research program.



1. TECHNICAL OBJECTIVE

1.1 Purpose. Goals, and General Objectives
The purposes and basic objectives of the Seismic/Rock Mechanics Research Project are:

(1) To obtain an understanding of the important parameters associated with the response of the
shaft liners and the underground repository structures in tuff due to seismic motion. Tais ubjec-
tive supports the requirements in [0CFR60 for repository design, safe operations. waste retriev-
ability and integnity of the engineered barriers.

(2) To obtain an understanding of the alterations of the groundwater regime and modification of
the permeability and flow patterns by seismic events. This objective supports the waste con-
tainment and release rate requirements in I0CFR60. Here the long-term postclosures hydrologi-
cal conditions in the vicinity of the waste packages are evaluated.

(3) To develop methodologies to evaluate. validate. and reduce uncertainties in the prediction
models used in seismic assessment of tuff media. This objective is directed toward decreasing
the uncertainties in repository design input conditions.

The goal of this research project is to enable the NRC and the Center to develop the technical
capability and the necessary independent experimental data to review DOE submittals to NRC on the
seismic effects on the long-term performance of underground repository structures.

1.2 Specific Objectives

The six specific objectives for the Seismic/Rock Mechanics research project have been identified.
These are:

* To develop a good understanding of the information currently available on the seismic effects on
underground structures.

¢ To evaluate the extent and nature of instrumented field studies now being conducted in tutf-type
matenals.

* To critically assess the capabiiities aid limitations of analytical modelling tools currently in use.

* To demonstrate by experimental model studies the degree of validation for the analytical models
used for seismi¢ analysis in a tuff media.

* To identify and assess the key seismic related parameters that are applicable to the Yucca Mountain
Site.

* To develop technical data for preparing licensing related positions as they relate to effect of seismic
action on the underground repository in a wif media.



2. TECHNICAL PROGRAM LESCRIPTION

2.1 Technical Approach

There have been many studies conducted on the effect of seismic and shock loading on structures.
Most of these studies have concentrated on surface structures. where ‘he effects are severe. Studies on
underground structures have indicated that damage can take place due to fault slip, rock burst. and pro-
longed shaking. Also. field data indicates that groundwater flow conditions and water table levels can be
altered by seismic activity. Shock loadings from blasts generate high frequency responses. The data indi-
cate that high frequency spectra often lead to spalling of tunnel liners and create damage on the surface
f openings. However. for a given acceleration level. the damage potential of a large-amplitude. low-
frequency event is greater than that of a high-frequency event.

The seismic studies performed to date on underground structures have not been subject to an ade-
quate level of experimental investigation. The experimental support for most programs has focused on
soils rather than on structurally complex reck formations. There are computer programs currently available
to model dynamic events of underground structures in rock formations. However. these programs have
not been validated with well-planned and rigorous expenmental protocols. Field data evaluations have
also been inadequate for direct application to the tuff repository at Yucca Mountain. In order to develop
a better understanding of the key parameters affecting the repository under seismic loading, the Center

has developed a focused research program approach. The approach involves work to be performec in six
tasks. The tasks include:

Task | — Focused Literature Search

Task 2 — Instrumentation/Field Studies
Task 3 — Analytical Methods

Task 4 — Model Validation

Task 5 — Yucca Mountain Scoping Analysis

Task 6 — Technical Position Report
A detailed assessment of and the planned activities for each task is presented in Section 2.2

2.2 Technical Tasks

Six major tasks have been identified for this project and are planned to be completed over a 43-
month period. A detailed description of these tasks is given in this section. Activities tor the tasks are
shown with time sequencing in the Gantt Chart in Section 2.1,

2.2.1 Task I — Focused Literature Search
OBIECTIVE
The objectives of this task are to

(1)  Obtain the current state of information relating to

¢« Effects of seismic activity on underground structures

L



* Quantification of forcing functions (seismic and shock) in typical tuff media

* Effect of tectonic forces on hydrological conditions in tuff media.

(2)  Define boundary conditions and input parameters required for tasks 3 and 4 of the proposed
project.

JUSTIFICATION

This task ensures the proficiency, accuracy. and applicability of proposed laboratory studies and
piecludes duplication of effort.

This survey and search will focus on significant parameters needed to describe characteristics of
field scenarios for a high-level waste repository. These parameters will be used to create analytical and
physical models which can be quantitatively compared with each other as well as with conditions at the
Yucca Mountain site.

Of particular significance and consequence is the effect of moisture on in-situ conditions in the field
over a long penod of tme. Pore pressure and water table levels may be substantiaily changed due to
tectonic activities. It is the intent of the structured physical and analvtical laboratory studies (derived from
literature and site information) to model probable events in-so-far-as-possible in order to assess quanti-
tatively the physical disturbances and changes possible at the repository. The probability of such occur-
rences may be estimated from data documented in literature.

The following delineates areas of concern and parameters that may be used to characterize such
areas and derivative events.

2.2.1.1 Computer Search of Data Bases

Data bases to be queried using key words and subject areas identified below include: NTIS. DOE.
Geosearch. Rock Mechanics. Lockheed. Dialogue.

Abstracts and summanes from articles documenting field event history. latest technical information
and. areas of future study and data correlation will be obtained. From these. the articles of prime interest
will be 1dentified und 2ssembled into a reference hibrary for rock mechanics/seismic considerations for
the Yucca Mountain repository. Data and observations from these sources will be used to facilitate descrip-

tion of applicable field scenarios. construction of laboratory models. and establishment of the range of
values for controllable parameters.

2.2.1.2  Literature Areas and Parameter ldentification

It is possible to idenufy many areas of consequence and interest. but it is expedient to assure that
there 1s a functional correspondence between the topics enumerated and the proposed project activities.

Field data from representative sites similar to that anticipated at Yucca Mountain is required for the
project. This data serves as a basis for laboratory analytical and physical models. Parameters representing
in-situ conditions at the Yucca Mountain site are of consequence. as are the geologic and tectonic history
of the area. including water tables. saturation zones. porosity. permeability. earthquake frequency. fault
structure. properties of tuff. ete



Key words and subject areas to be surveyed include:

Yucca Mountain — Tunnels —
* geology * size, length. cross-sectional shape
* hydrology: water tables * Intersecunons

* fault structure ¢ linings. reinforcing, hardening

* volcanic intrusion ¢ reaction to shock
¢ fracture & blocking tendencies * reacuon to earthquake
. utwgmphg . Sitet
¢ mn-situ rock properties (tuff) X
¢ rock & soil chemustry, pH. solubility 2 ::':'qm’ "m?:"s s:t;om
* thermal influence in rock properties . N rc;m:a - s
* thermal fluctuations at reposnary site : m:m.nd: 0;:“::0"
Tuff Properties — =

* existing earthquake data

* laborarory simuiation considerations * probability of earthquake occurrence

* tnaxial test values from [aboratories
¢ porosity. permeability tests
¢ extracted core properties (tuff)
* extracted cor: properties (Nevada Test
Site)
instrumentation —
¢ cameras
* displacement, velocity. acceleration
* particle velocity
* tnaxial pressure
* porosity, permeabiiity, and saturation
¢ field deployment
* laboratory use
¢ earthquake momtoring (long term)
* shock monstonng (short term)
* water table monitoring

¢ seIsmic mapping

Model Considerations.  Model characteristics are discussed in Section 2.2.4. Field data will be the basis

for model dimensioning and parameter characterization. The literature search wi'l focus on work reported
to date. Items of importance to be scanned are-

Analysis —

Field Scenano - -

* CoOmputer programs * parametzrs needed (0 describe

* parameters used characteristics

* resuits presented ¢ relation to analytical model
Parameters — * relation to physical model

* shock spectra * history 1o date

* carthquake spectra * extrapolauion for future occurrences

* force magnitude’ frequencs Model Validation —

* saturated unsaturated rock conditions ¢ geologic models

* partial saturation * tunnel models

* representation of voids
¢+ dimensionless presentation
* temperature effects

¢ analyucal representation
¢ correfation tanalyucal w/physical model
w/field site data)

Scenarto Varianons.  The totality of undesirable events possible at a high-level waste repository over an
extended interval of time encompasses numerous parameters and possibilities. Theretore. it is appropnate
to use the following scenario vanations to bound the range of conditions and effects anticipated:

* unsaturated w/earthquake s shock

¢ saturated w earthquake vs shock



* geometrical change in voids/intersection geometry

* transition of rock properties due to thermal. chemical. and hydrological considerations
2.2.1.3 Corponent Characterization

Various topics of possible consequence for developing scenarios relating to undesirable events and
processes at a repository due to tectonic occurrences were enumerated in previous sections. Also to be
considered are the thermal effects due to heating by radioactive decay. along with possible chemical
changes. To construct applicable models. it is necessary to characterize various events by trying to estab-
lish the range in values of parameters that are used to describe these events. Information and data from
the literature search will be used to characterize:

* seismic vs shock waves
* d: namic properties of rock discontinuities. faults, joints
* seismic/shock effects on underground openings and support systems

* seismic effects on groundwater levels.
2.2.1.4  Identification of Prospective Field Sites

Two types of field sites are considered to exisi. 1) those for long range monitoring of earthquakes
and 2) those for specific monitoring of underground nuclear detonation effects.

Earthquake Monitoring. One aspect of the literature survey will be directed toward idenufying locations
at which monitoring instruments have been continually deployed. These instruments may be in mines
(subsurfaces) or at surface stations. It may be desirable to add instruments or to take samples to measure
saturation characteristics of the material in which subsurface events are monitored. This decision will be
made subsequent to the initial investigation in which data sources and monitoring stations are identified.
Also. the applicability of the data to the tuff formations at Yucca Mountair will have to be ascertained.
since the number of measurements available on twff from established earthquake monitering sites is
minimal

Among the agencies that will be contacted for earthquake information are the United States Geo-
logical Survey at Menlo Park: Bureau of Reclamation. Denver: Nuclear Monitoring Research Office of
the Detense Advance Research Projects A gency. Data and identification of other sources will be requested
from these entities. Trips will be scheduled to these agencies and or their hbranes to solicit information
and cooperation. Additional sources wili be contacted as they are 1dentified.

Blast Monitoring.  Blast or shock monitoring differs from earthquake monitoring in that it may be pro-
grammed for precise monitoning of a timed event. Shock spectra frequencies are higher than earthquake
frequencies. The higher frequencies themselves may be of direct interest. however. in that nuclear detona-
tions occur in the vicinity of the proposed Yucca Mountain site.

Data from these adjacen: blasts are of particular interest. but a majority of the data may be classitied.
since response-distance information can be correlated with vield. It 1s believed. however. that some infor-
mation may be avaulable. An attempt will be made to obtain pertinent unclassitied data from the vanous
expenments conducted at the Nevada Test Site (NTS). Toward this goal. consulting support from Mr.
Glen Roark. Kaman Corporation, who is intimately famibiar with the programs at NTS. will be available
to this project,



The effort will concentrate on obtaining field data relating to ground shock znd tunnel response
from detonations at the Nevada Test Site. Some of the data have been obtained in welded and nonwelded
tff sequences similar to those at Yucca Mountain. That data which was not measured in tuff will be

correlated so as to give an indication of trends to be expected in tuff. Trips will be scheduled to identified
libraries.

2.2.1.5  Integrated Report

An interim report will be made to summarize results of the literature survey, enumerate parameters
identified. and describe scenarios to be investigated. Earthquake monitoring stations will be listed along
with a history of tectonic activities for the region and the effect of these disturbances on groundwater,

Using rock properties (strength. porosity, permeability. density. etc), geologic information (faults.
blocks. water tables). frequency spectra (earthquake vs shock). and tunnel geometries (square. round.
lined, etc). from the literature studies and site-specific design information for the proposed Yucca Moun-
tain repository, it will be possible to refine the laboratory models used to simulate the conditiors at Yucca
Mountain. The report will be used as a base document for model enhancement and as a guide to determine
areas needing more documentation and study.

A bibliography of data sources (field sites. libraries. and agencies), literature articles. and cognizant
pers: inel will be compiled from the surveys and visits. The usefulness and functionality of the data in
denving laboratory studies will be annotated as a portion of the bibliography, which is intended to provide

an enumeration of source information for data. concepts, procedures. and models. The bibliography is
not intended as an exhaustive listing of reference documents

2.2.2 Task2 - Investigation/Field Studies
OBJECTIVE

The objective of this task is to obtain data from the tield sources identified in task 1. Aside from
documenting:

* the stratigraphy and fault geolozy
¢ possible tunnel geometries
¢ formation and rock properties

* water table and prepressure characteristics

of the targeted repository site at Yacca Mountain. the field studies are designed to obtain on an on-going
basis quantitative aspects of:

* earthquake shock spectra (in tuff, if possible)
* underground explosive shock spectra

¢ etfects of these spectra on water table levels and pore pressure

JUSTIFICATION

This task provides the bass for constructing the physical and analytical models and applving realistic
loading to the various scenarios which may be scaled into the models
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code. Correlations between analytical results and field data will be made as will correlations between
code results and data from the laboratory physical model. Of consequence will be: 1) the loading function
(earthquake or shock spectra). 2) block size and fault pattern (rock properties), and 3) moisture condition
(saturated vs unsaturated).

The code that is considered to predict most accurately the scenarios documented from tield expe-
rience will be chosen as the representative code. Predictions from this analyutical procedure will be used
in conjunction with laboratory experiments with the physical model.

2.2.4 Task 4 — Model Validation

OBJECTIVE

The objective of task 4 is to provide validation for the analytical model selected from task 3. using
parameters and characteristics in tasks | and 2 relating to:

a) earthquake occurrences
b) underground blast impingement

¢) water table changes due to these possible events
JUSTIFICATION

Currently, seismic response data for tuff is limited. This task will develop the necessary dynamic/
seismic response data that is required for validating available numerical models.

Generally, the approach for task 4 involves a comparison of analytical predictions with experimental
data. However. it is complicated by the fact that responses must be predicted for two dissimilar types of
excitations (i.e.. ground shock and earthquake), little or no data exists for the actual site of concern (Yucca
Mountain); and scale model experiments are involved. since earthquake motion cannot be produced at
will. Theretore. task 4 will include acquisition of a vanety of full scale and scaie model experimental
data, and integration of this data into a validation plan for the analytical model. The result will be a
demonstration that the analytical model predicts the correct responses under a given set of excitations for
a system whose appropriate physical properties are known.

The most fundamental description of a dynamic system s shown in Figure 2-2, in terms of the

- -

physical system. properties of the excitation. and the resulting response. Analytical representations of
each part of such a system have been described in task 3. Herein. we will describe both full scale and

EXCITATION RESPONSE

PHYSICAL
SYSTEM

2%

Figure 2-2.  Fundamental Dynamic System
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ABLE 1 FYPICAL SCALING PARAMETERS




TABLE 2. SAMPLE SIMILITUDI REQUIREMENTS
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The detailed scoping study will be performed for the following three scales:

Canister Scate — Studies at the caniseer scale will focus on the potential for sigmficant discontinuity
offset to occur which might cause canisiers to be breached or retrieval to be impaired. Both lined long
honzontal waste emplacement holes : nd partially lined short vertical emplacement holes will be studied.

Drift Scele — Studies at the drift scale will focus on the potential for significant snaking to collapse
major excavations. such as shafts. ramps. and drifts. as well as their intersections. Collapse of such
excavanons could sigmificant., atfect repository operations and postclosure pertormance o) engineered
barriers. The beneticial effects of support. seinforcement. and backfill in mitigating the damaging etfects
of shaking will be ascertained.

Repository Scale — Studies at the repository scale will consider the topography, groundwater table.
and stress state among other things in studying the behavior of major faults in the repos.tory block when
subjected to dynamic loading. The primary objective of these studies would be to predict the amount of
differential displacement which might occur at vanous locations as a result of dynamic loading.

For all the analyses. the effects of a broad range of possible problem parameters wiil be Investigated
independently. Sotne specific problem parameters to be investigated include:

(1) the input far field dynamic source. including both compression waves and shear waves:
(2) onentation of excavation axes relative to major discontinuities and far field sources, and
(3) saturation (both fully saturated and unsaturated conditions will be studied).

Near the conclusion of the study, the results will be evaluated and the importance of vanous problem
parameters prionitized. If necessary, some additional analysis may be required to confirm the findings of
the study. The final results of the study should be beneficial in evaluating DOF «ite characterization
proposals in the near term, and license application at a later date.

The preceding discussion was concerned with studies of repository near-field resnonse 10 dynami¢
ioading. With regard to the Yucca Mountain site. it has been suggested that dynamic events and tectonic
loading may have substantial far-field effects. both with regard to faul* slip and changes in the groundwater
table. Some of the codes described pres 1ously will have the capacity to model coupled fluid-solid mechan-
1es 50 that it will be possible 1o assess. in detail the effect of dynamic loading events on regional ground-
water response. These investigations wil be conducted as a sensitivity study. assessing the effect of both
typical and extreme magnitude events. and various recurrence times for events. on regional response.
Tectonic loading, involving pseudo-static loading and deformation. will ais0 be examined in detail. in an
appropnately designed parameter study

The conclusion from the far-field studies will be a realistic and credible assessment of the scope of
the computational problem posed by vhanges in groundwater conditions associated with bath pseudostatic
tectonic loading and dynamic loading

2.2.5.2 Reduction of Uncerrainn

The Yucca Mountain Scoping Analysis consists of a comprehensive sensitiy ity study aimed at reduc-
ing uncertainty regarding the probable dyvnamic behavior of emplacement holes. dnfts. shafts. ramps,
ar 1 the repository. The damaging etfects of both shaking and discontinuity offset will be studied The
swoping analysis will consist of two parts. First. a data base defining the site specific conditions will be



established. Secondly. theze site specific conditions will then be used as input for performing the pumeri-
cal analysis. Special attention will be paid during the study to systems. components. and structures which
are potentially important to safety. waste isolation. and retrieval.

2.2.6 Task 6 — Techniccl Position Report

OBIECTIVE

The objective of this task is to develop the technical documents necessary to support NRC s technmical
1ssue tracking and resolution process

JUSTIFICATION .

The results of the research conducted on this project must be documented in technical position

reports and like documents. The technical position reports will support the development of guidance to
DOE. rule changes. or change to Standard Review Plans

2.2.6.1 Reports

Deliverables in the form of draft repoits have been identified in tasks 1-5. These draft reports otfer
technical conclusions on the directed research in the respective technical areas. However, in this task (task
6), reports will be developed that will be directed toward supporting the repository licensing function of
the NRC. Two intermediate and major technical position reports are planned for this project. These
reports. at a mimmum, will include the following:

* Purpose of the report to the licensing process

* Findings/issues addressed

* Summary description of the results of research to date

Status of uncertainty resolution as a result of the research

* Recommended use of results

* Preliminary outline for the recommended licensin

g-support documentation and ‘or staff technical
position



2.3 Schedules, Milestones, and Deliverables

The milestones. with the schedules. for the six tasks are shown in the Gantt chart in Figure 2-8.
The deliverables in the form of reports. also shown in Figure 2-8. are listed in Table 2-3. Upon approval.
these milestones and activities will be incorporated into the integrated Center Schedule (SEE WSE&I
Operations Plan).

Milestone Milestone Completion
Number Type Deliverable Description Date
| Intermediate . Preliminary Draft Integrated Report on computer search 9/30/88
of data bases, component character:zation and field moni-
tonng sites

P Major Draft Integrated Report on the focused literature search 1/30/89
14 Intermediate  Preliminary draft Field Investigation Reports 4/20/%9
9/30/90
s Major Draft Field Investigation Report 8/3191
6 Intermediate  Draft Analytical Model Identification Report 12/20/89
7.8 Intermediate  Draft Comprehensive Studies/Code Selection Reports 4/20/89
9/30/89
9 Major Draft Analytical Code Selection Report 12/20/89
10.11.12 Intermediate  Draft Model Validation Reports 12/20/88
9/31/89
8/3190
i3 Maor Dratt Mode! Vilidation Report 83191
4 Intermediate  Draft Site Specific Condition Report 12/20/90
15 Intermediate  Draft Uncertaintv Reduction Evaluation Report 93091
16,17 Intermediate  Draft Technical Fosition Report 9/15/89
9/1590
I8 Major Dratt Consolidated Technical Position Report R309]
19 Major Dratt Final Project Report 10/309 1
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2.4 Required Interface With Other Organizations

In the execution of this research project. the Center staff will actively interact with SwRI statf.
Center subcontractor ITASCA. Center Consultants. and the NRC staff. The interactions will be by regular
telephone communications, scheduled program review meetings. and exchange of draft reports. [t is antic-
ipated that there will be an average of four meetings per year with the NRC statf for project review

purposes. It is planned tha! one of these meetings will be held at tie NRC offices in Washington and the
other three will be in San Antonio at the Center.
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3 PROGRAM MANAGEMENT

3.1 Organizational Structure and Responsibility

The organizational structure. responsibilities. and management and control techniques applicable to
the Research Element at the Center will be tully descnibed in the Center Management Plan. The Seismic
Rock Mechanics Project will be conducted under the Research Element of the Center s Program. Also.
this project dirsctly supports the needs of the Repository Design and Construction Program Element. Dr
Prasad Nair will be the Center Project Manager for this project. The task support, direction, and resource
allocation relationships are shown in Figure 3.

President - Contract Dirgesion
John Lag
Technical Direcior
Wesley C Painck
A Recoras Repons
llucun::u R - Fnancial Information
? Bruce € Mabnto
Resources
§ Washington Ofice
g (Roben £ Ader)
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- (ITASCA) Prasad K Naw Information Otficer Commssion
SwRi Direct Suppon Exchange
Dan Kana
W Vanzant Recoras
Consultants Repons Technical
Listed) Financial Direction
Information |
Recoros Reports
Financial
Information ﬂ.“:dn::?:oﬂg \
rigrmaton 1
SEAl RDCO |
Sirecte: Manager |
Allon R Whiling e John Mageman |
Technizal |
Coorgnation

and Integration |

Figure 3-1.  Center Management Process for Direction and Control of Research Projects

The project is 1o be conaucted in six tasks over a 43-month penod. The project staff support and
the project orgamzation is shown n Figure 3-2. As described in Figure 3.2, a Project Advisory Group
has been constituted. The purpose of this £roup is to provide penodic (once a vear) critical review and
regular consultation assistarce 1o the project. The project has also made allowance for consultants to
provide independent review of tect nical papers and or techmical reports generated by the project

3.2 Quality Assurance

The resources of SWRI Quality \ssurance QA are available

ds necessary ror carrving out project
work tor the Center. The project work includes the requirement to

generate and mamtan sutticient docu-

mentanon o assure the reproducibility of the resuits of the research. Theretore. the methods and tech-
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niques used to collect. reduce. and interpret data shall be sutficienty accurate. traceable. and articilate
s0 that others can duplicate the work done and independently evaluate the results.

3.2.1 Quality Assurance Program

The QA provisions stated herein and selected sections of the SwRI Nuglear Quality Assurance Pro-
gram Manual (NQAPM) apply to this Center Research Project These QA requirements also apply to
work at the Center tincluding SWRD and work by subcontractors and consultants. Because the Center
does not have a finalized and approved QA Program. the specifics of this particular Project Plan are more
detailed and should not be construed to set a precedent. The referenced sections of the SWRI NQAPM
and the QA provis ons idcmiﬁed here form the basis of QA until such time that the Center QA Manual
is approved. .

3.2.2  Project Organization

The QA coverage for this Research Project shail be under the direction of Bruce Mabnto, Center
Director of Quality Assurance. QA support personnel are provided by the SWRI QA Department and all
QA personnel have lines of reporting responsibility separate from the project activities and report to
Management through different authority lines. The orgamizational structure for this project is shown in
Figure 3-2 of this Project Plan.

3.2.3  Project Plan Control

This Project Plan shall be prepared and approved by the cognizant Center Element Manager. Director
of QA. and cognizant Technical Director and approved by the NRC. Revisions or changes to the approved
document shall be clearly identified and controlled. Prior to the initiation of this Research Project. Center
Quality Assurance shall venfy that the NRC has, in wniting, approved this Project Plan, and any revisions,
changes, or deviations thereto.

Three levels of procedures are anticipated to be utilized in the conduct of this project:

¢ Standardized tests (such as ASTM and IEEE standards).

¢ Formalized Operating Procedures (such as SWRI Nuclear Project Operating Procedures or Center
Technical Operating Procedures ).

* Special research experiment gidelines, umque to individual tests. which are purposely written
with general cntena so that maximum freedom s allowed the researcher.

All such procedures shall be controlled and the results of such experiments documented.
3.2.4  Analyses Control

On this Research Project. all numencal compuiations, mathematical equa.. 4s. and dernvations shall
be independenty reviewed and venified by gualified personnel other than the onginatorn s)

3.2.5 Test Control
Although this section wentifies QA-related activities, the qualits of testing, research. and resultant

data s 4 tunction of the personnel. equipment, and controls established. Assurance of quality 1s a QA
activity. Quality project performance and data accuracy are achieved by application of proper engineering
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and laboratory practices. not QA work. In the course of project pertormance .control of quahity 1s a Project
activity and assurance of quality is a QA task.

3.2.5.1  Prior to the initiation of this research, QA shall ensure that the various specimens have
seen identified and stored so that there is no loss of identification.

3.2.5.2 During the course of the Research Projec:, sampie selection, sample population. sam-
pling frequency, and control of samples will be documented. The expenimental design and ration-
ale of approach will also be described in this Project Plan and in the Research Project Final
Report.

3.2.5.3 This Research Prdject Plan will reference provisions for sample preparation. selection
of sample types. treatment of samples and sample identification.

3.2.5.4  The measurement techniques employed shall be described in procedures and those pro-
cedures shall detail the measurement process and provide a description and identfication of the
equipment used. The calibration methods. including frequency. techmques. reference standards.
and traceability, shall also be identified.

3.2.3.4 The measurement techniques employed shall be describe d in procedures and those
procedures shall detail the measurement process and provide a description and identification of
the equipment used. The calibration methods., including frequency. techmigues. reference stan-
dards, and traceability, shall also be identified.

3.2.5.5 The data recording techniques. including methods of recording data and identification

of person(s) recording and/or certifying data. shall be included in the laboratory data books or
on the data recording itself,

3.2.56 Data reduction methods and codes. including revisians. modifications. and updates.
shall be documented and available for revoew Data analysis techniques and methods of data
verificaton shall be confirmed.

3.2.5.7 The identification, location, and retention time of data. \arious analyses. associated
and duplicate data/records shall be specified in procedures.

3.2.5.8 When, in the conduct of the Research Project. statistical evaluatuon and interpretation
of data are made. it shall make reference to the accuracy and precision of results achieved. This
15 to be documented in the Final Report at the conclusion of the Research Project.

3.2.5.9 Project documentation shall be maintained in a format that is retnevable. with means
to identity appropnate personne! pertorming the research and the dates of activities. if an error
is made in documenting entnes. a single hine shall be drawn through the incorrect entry and the
correct intformation written nearby. with the initials of the person making the correction and the
tull date of correction shown

3.2.3.10 QA shall revie's the codes. standards. and criteria w hich are reterenced in this Project
Plan 10 independently ensure comphiance of the work performed,
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3.2.6  Test and Measuring Equipment Control

Prior to initiation of research on specimens identified for this project. Q.A shall review .he calibration
records of the identified test equipment 1o ensure that i has beer: cal'brated within specified intervals.
SWRI NQAPM Section 10-1 shall be applied to TEME Control

3.2.7  Audits and Surveillance

QA audits will be reported in full, and an copy of the audit results will be distributed to appropnate
Center personnel. Audit reports will be maintained in a retnievable condition and availabie tor NRC review.
Project-specific audits wiil be performed once per |2 months of project duration and at any time specified
by the Center Director of QA. upon request of a Center Director o the Cograzant Flement Manager.
Audits shall be performed in accordance with NQAPM Sections 15-1. Audits, and 15-2, Qualification
and Certification of Quality Assurance Auditors.

QA shall conduct surveillance of research tests periodically during the course of the project or as
directed by the Center Director of QA. Formal surveillance reports shall be generated for each QA sur-
veillance activity and distributed to the Center QA Director. Technical Director, cognizant Element Man-
ager. and other appropriate personnel. Surveillance includes. but is not limited to. direct observation o!
project work to determine procedure comphance

3.2.8 Corrective Action and Nonconformance Control

Any deviatons or non conformances noted during audits or surveillance by QA shall be reported
in the audit report or surveillance report and shall be controlled by the NQAPM Section 13-1. Corrective

actions resulting from a Deviation and Nonconformance Report shall be controlled by NQAP): Section
141

3.2.9  Reports and Records

The Research Project Final Report shall be recere an independent technical review and Center
Management review which is documented on the submittal to the NRC. The Research Project Final Report
shall be issued in draft form to the NRC. but after the tinal document 1s submitted. any changes 1o the
report shall be clearly documented stating the date. reason. and scope of the changes.

3.3 Personnel

For the successtul execution of an approved project plan. a combination of Center staff. Center
subcontractor (ITASCA). SWRI statf. and a selected number of consultaiits have been dent: ‘ied

3.3.1 Kev Personnel

The following personnel have been identified as essential personnel for the successtul execution of
the work descrnibed in Section 2 2 of this Project Plan

iR
e



Approx Man-

Related Year Level of
Name Tasks Section Expertise Effort (%)
P. Nair I 2.2.1 Numerical Modelling
- 2.2.5 Soil/Structural Mechanics 10
6 2.2.6 Matenials Science
W. Patrick | 2.2.1 Systems Engineering
b o B Rock Mechanics 3
Soil Engineering
D. Kana It 2.2.1
Swil b 2.3.2 Seismic/Earthquake Engineering
3 2.24 Dynamic Scale Modelling 40
R 2.2.5 Soil-Structure Interaction
5 2.2.6 Experimental Mechanics
6
W. Vi t i 2.2.
Sw}iznlzan A g l Shock & Blast Evaluation
; :'.','_; Field Instrumentation 40
6 556 Experimental Mechanics
New Hire | .41 ;
Rock Mechatics 2 233 . Bk Mnssion s
= Numerical Modelling
3 2.2.3 75
4 194 Underground Structure
< 555 E.aluations
B. Brady 1 P &
ITASCA 2 2:2.2 :
2 s 3 1 Geotechr.ical Engineering
1 :':‘; Underground Structure Evaluation 10
% 28 Numerical Modelling
6 220
R. Hart | 2.2.1
ITASCA 3 2.2.3 Rock Mechanics 2
4 224 Civil Engineering Ly
§ 2.2.8
> ‘ | 22 .
i 5 ; Rock Mechanics |
ITASCA 3 2.2.3 » 20
3 33y Numerical Modelling
B. Mabrito All Quality Assurance 10

3.3.2  Other Personnel

The following personnel have been identified as providing support expertise to the Seismic/Rock
Mechanics project.
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Related Man-Year Level

Name Tasks Section Expertise of Etfort (%)
D. Scheidt 4 224 Seismic Testing 30
SwRI Data Analysis
G. Roark I 224 Shock Testing (Geologic Media)
(Kaman Sciences p 2.2.2 Data Analysis 3
Corporation) Field Instrumentation
Consultant
1 5 4
J. D.;seman . - ',";'3 Dynamic Experimental Analvsis
(U of Anizona) 4 2.2.4 Rock ) 3
s 3 ock Mechanics
Consultant 5 2.2.5

3.4 Corporate Resources
3.4.1 General Resources

The tollowing resources will be used.

* SwRI library and document retrieval system

* ITASCA — Rock Mechanics Data Base

* SwWRI Computer Laboratory

* Computer software packages — 3 DEC, UDEC. CICE. SPECTROM-331
¢ Library Data Bases — NTIS. DOE. Geosearch. Rock Mechanics

* SWRI Seismic Test Facility

* SWRI Seismic Data Analysis Computer Laboratory

SwRI Machine/Model Shop

* SWRI Hi-Cap Test Facility

* Other SwRI support resources for drafting, publications services. general administration. etc

SwRI Quality Assurance

3.4.2 Special Resources

Extensive use of Center. ITASCA and consultants personal computers is planned. The Center has
several IBM-XT. -AT. and PS/2 units and related compatibles. It is expected that within the first vear of
the Cen:er operations. a network computer capability among Center/SwRI. NRC. and ITASCA will be
established.

3.5 Travel

The project personnel will incur expenses for travel and associated subsistence while conductir.g the
business of the Center in support of the Seismic/Rock Mechanics Project. The minimum necessary travel
antic:pated for the project is descnibed beiow and shown in the attached travel requirements schedule,
Essential travel 1s shown in five groups. generally by destination. Travel necessary to accommodate every
mission will be undertaken by the appropriate task personnel.




Technical Interchange Meetings. These meetings are primarily intended for collecting data and infor-
mation that is specific to past testing at the Nevada Test Site and/or seismic efforts in tuff-like media.

Field Site Visits/Meetings. These visits are designed to take advantage of instrumentation programs
currently in place at mines or blast sites or seismic acuvity areas. If joint participation of field studies
can be arranged with other organizations. it will be pursued. Currently, all travel is confined to places
within the USA.

Technical and Program Review Meetings. The meetings here are mainly to the Washington NRC offices.

Technical Meetings. Meetngs are planned with the subcontractor. in part for coordinating the work and
zrabling the staff from Center and ITASCA to directly interact.

Conferences'Seminars. These trips are designed to enable the technical staff to present papers and/or
participate in technical seminars. This will enable the peer review of the research program results.

TABLE 3. TRAVEL REQUIREMENTS
Seismic/ Rock Mechanics

Purposs: Dest FYS8 FYS8Y FY9%0 FY$I
No_of Trips _Man Days No. of Trips  Man Davs  No. of Trips  Man Days  No. of Tnps  Man Days

Tech Interchange
Santa Barbara
I Denver
Menlo Park
Col. Springs

—_——— 3
4 OO

-t

Field Sites
2 Tech Interchange
To be determined

[
fe <}
4
s

Tech Meeting 3 Y 3 9 - 6 3 9
Program Review

Analyt

Washington

Tech Meeting 2 6 2 6
4 Analyt
Minneapohs

o
»
ta
N

Conference r 6 1 9 3 9 3 Y
3 Seminar
To be determined

Totals 12 40 10 2 N £, 9 3%



4. ESTIMATED COSTS

4.1 Detailed Cost Estimates

Detailed cost estimates are presented at the task level for each of the six tasks. The planned costs
are presented for thirteen. four-week periods per year.

Tables 4-1 through 4-4 contain the Year | (FY 1988) costs for the project tasks. Table 4-5 is the
Year | composite cost data.

Tables 4-6 through 4-10-contain the Year 2 (FY 1989) costs for the project tasks. Table 4-11 is the
Year 2 composite cost data. -

Tables 4-12 through 4-16 contain the Year 3 (FY 1990) costs for the project tasks. Table 4-17 is
the Year 3 composite cost data.

Tables 4-18 through 4-21 contain the Year 4 (FY 1991) costs for the project tasks. Table 4-22 is
the Year 4 composite cost data.

Table 4-23 is the costs for Year 5 (FY 1992).

For each of these tabies. the ‘Total’" column contains the estimated contnbution of each cost cat-
egory for the entire task. Numbers in this column can be compared directly to the task totals shown in
the spending plans (see Section 4.2).

4.2 Spending Plan

The spending plan for the various tasks for the five fiscal years are presented in graphical form.
Figures 4-1 through 4-23 correspond to the plan costs presented in Tables 4-1 hrough 4-23.
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Table 4.5 - Seismic Year 1 Composite

| | 1 2 3 5 8 9 10 n 12 13 | |
B AR A e o e il st S e i e s g e A e s e frispiaent |
| CENTER DIRECT LABOR (TECH) | | |
| PL-& | 0 0 0 0 0 0 0 599 798 798 798 1,397 1,397 | 5,786 |
| PL-3 | 0 0 0 0 0 0 (] 461 3,384 3,354 3,38 5,38 3,384 | 17,364 |
| PL-2 | ] 0 0 0 0 0 0 0 0 472 479 479 479 | 1,918 |
| PL-1 | 0 0 0 0 0 0 v 0 0 J 0 0 0| 0|
] CLERICAL | 0 0 0 0 0 0 2 134 134 134 134 134 136 | 806 |
| | | |
| I . | |
| CEXTER INDIRECT LABOR (MGT) | 0 0 0 0 0 0 0 273 1,003 1,14 1,114 1,253 1,253 | 6,010 |
| l | |
| SwRl DIRECT LABOR | 0 0 0 0 0 0 0 1,626 5,372 5372 6,75 6,259 6,259 | 31,642 |
I | I |
|  SwRI SUPPORT SERVICES | 0 o 0 0 0 0 0 0 0 0 0 5000 5,000 | 10,000 |
| CENTER FRINGE | 0 0 0 0 0 0 0 564 2,075 2,305 2,305 2,593 2,593 | 12,434 |
| CENTER OVERHEAD | 0 0 0 0 0 0 0 1,649 6,063 6,737 6,737 7,577 7,577 | 36,340 |
| SwR1 FRINGE | 0 0 0 0 0 0 0 63 2,095 2,095 2,634 2,441 2,441 | 12,340 |
| SwR1 CYERHEAD | 0 0 0 0 0 0 0 2,621 8,662 8,662 10,890 10,092 10,092 | 51,019 |
| ADP SUPPORT | 0 0 0 0 0 0 0 0 0 0 0 0 5,000 | 5,000 |
{ I | |
| SUBCONTRACTORS | | |
| ITASCA | 0 0 0 0 0 0 0 3,493 6,484 7,021 12,305 12,551 12,969 | 54,826 |
| NiC | 0 0 0 0 0 0 0 0 0 0 o0 0 0| 0|
| CONSULTANTS | 0 0 0 0 0 0 0 0 4,000 4,000 7,000 7,000 8,000| 30,000 |
| TRAVEL | 0 0 0 0 0 (] 0 0 2,000 2,000 1,000 3,000 5,000| 13,000 |
| EQUIPMENT & MATERIALS | 0 0 0 0 0 0 Q 0 0 0 0 2,000 3,000 | 5,000 |
| COST OF FACILITY CAPITAL | 0 0 0 0 0 0 0 406 1,400 1,466 1,673 1,682 1.682 | 8,399 |
B e e e et i e st e SRSy e e ek e e st e |
| TOTAL ESTIMATED COST | 0 0 0 0 0 0 0 12,461 43,472 45,570 57,208 66,841 76,260 | 301,791 |
I I I I
| FEE (8%) | 0 0 0 0 0 0 0 963 3,366 3,528 4,443 5,213 5,966 | 23,479 |
l:-a:::t::z::n:::::za::::x=:::===t:z:==::xasaatls:n::::a:x:::ar_=! == TZzsazTITTSEIITZ===s === == ,,.,,' I
| TOTAL COST INCLUDING FEE | 0 0 0 0 0 0 0 13,406 46,837 49,098 61,650 72,05 82,226 | 325,270 |
| X COMPLETION 0.0x 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%x 41X 14X 15.1X 19.0X 22.2% 25.3% |
| ...............................................................................................................................................................
| CUMULATIVE COST | 0 0 (i (] 0 0 0 13,404 60,241 109,339 170,990 243,046 325,270 | |
| CUMULATIVE X COMPLETION | 0.0% 0.0% 0.0x 0.0x 0.0x 0.0x 0.0% 4.1% 18.5% 35.6% 52.6X 76.7X%  100.0%| |
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Table 4.7 - Seismic Year 2, Task 2

| 1 2 3 4 5 6 ¥ 8 9 10 n |
................................................................................................................................................... I
CENTER DIRECT LABOR (TECH) | |
PL-& | ] 0 ] 632 632 632 632 632 632 0 0 |
PL-3 | T 77 1244 584 684 684 684 684 684 0 0 |
PL-2 | 253 253 253 127 127 127 127 127 127 0 0 ]
PL-1 | 0 0 0 0 0 0 0 0 0 0 0 |
SR. TECH. | 0 0 0 0 0 0 0 0 0 0 0 | |
CLERICAL | 0 0 0 47 a7 &7 47 47 47 0 0 | |
| : | |
I I |
CENTER INDIRECT LABOR (NGT) | nz nrz 17z 169 169 169 169 169 169 0 0 0 0 1,362 |
| | I
SwRl DIRECT LABOR $ i 675 1,028 506 1,476 1,476 1,223 1,223 1,223 1,23 0 0 B 6| 10,053 |
| | |
SwR1 SUPPORT SERVICES $ | 0 0 0 0 0 0 0 0 0 0 0 0 0| 0|
CENTER FRINGE | 47 7 L7 647 647 64T 647 647 647 0 ] ] o] - s 2|
CENTER OVERWEAD | 1,025 1,025 1,025 1,482 1,482 1,482 1,482 1,482 1,482 0 0 0 0| 11,96 |
SwR1 FRINGE | 263 401 197 576 576 477 477 477 477 0 0 0 0| 3,921 |
SwRi OVERHEAD | 1,088 1,657 816 2,380 2,380 1,972 1,972 1,972 1,972 0 0 0 0| 16,210 |
ADP SUPPORT $ | 0 U 0 0 0 0 0 o 0 0 0 0 0| 0|
| | |
SUBCONTRACTORS | | |
ITASCA 8 | 2,955 2,955 3,654 3,654 3,654 3,654 3,654 3,654 3,654 i} 0 0 0] 31,489 |
NWC S | 0 0 0 0 0 ] 0 0 0 0 0 0 0| 0|
CONSULTANTS § | ] 0 2,000 0 1,000 0 1,000 0 0 0 0 0 0| 4,000 |
TRAVEL $ | 0 0 0 0 1,000 0 1,000 0 0 0 0 0 0] 2,000 |
EQUIPMENT & MATERIALS $ | 0 0 0 2,000 0 2,000 0 2,000 0 0 0 0 0| 6,000 |
COST OF FACILITY CAPITAL | 229 282 204 407 407 369 369 369 369 0 0 0 0] 3,005 |
-------------------------------------------------------------------------------------------------------------------------------------------------- ooy
TOTAL ESTIMATED COST | 7,829 8,942 9.997 16,279 14,279 13,482 13,482 13,482 11,482 0 0 0 0| 107,25 |
| | |
FEE (8%) | 608 693 783 1,110 1,110 1,049 1,049 1,049 889 0 0 0 0| 8,30 |
R e e L T e e P R T P T P P S P P Y T ST T ] IS IS IE ST SIS ESSESITIXITES ll =='
TOTAL COST INCLUDING FEE | 8,437 9,635 10,780 15,389 15,389 14,531 14,531 14,531 12,37 0 0 0 0| 115,59 |
X COMPLETION | 7.3% 8.3x 9.3%  13.3x 133X 12.6X%  12.6%  12.6%  10.7% 0.0% 0.0% 0.0% 0.0%| |
............................................................................................................................................................. l
CUMULATIVE COST | 8,437 18,072 28,853 44,262 59,.31 74,162 88,692 103,223 115,594 175,596 115,594 115,594 115,594 | |
CUMULATIVE X COMPLETION | 7.3x  15.6X%  25.0Xx  38.3x  51.6X 64.2% 76.7X%  89.3% 100.0% 100.0X 100.0X 100.0% 100.0%| |



Table 4.8 - Seismic Year 2, Task 3

| | 2
| CENTER DIRECT LABOR (VECH) |

| PL-& | 0 0
| PL-3 | L 7T
| PL-2 | 127 127
| -1 ) 0 0
| SR. TECH. | 0 0
| CLERICAL | 47 47
| |

I I

| CENTER INDIRECT LABOR (MGT) | 108 108
I I

| SwR1 DIRECT LABOR $ | 253 L3
| |

|  SwRI SUPPORT SERVICES $ | 0 2,000
| CENTER FRINGE | 413 413
| CENTER OVERHEAD | 966 946
] SwR1 FRINGE | 99 164
| SwR1 OVERMEAD | «08 679
| ADP SUPPORT $ | 0 3,000
I |

| SUBCONTRACTORS |

| ITASCR $ | 2,256 2,626
| NWC $ | 0 0
| CONSULTANTS $ i 0 0
| TRAVEL $ | 0 0
| EQUIPMENT & MATERIALS $ | 0 0
| COST OF FACILITY CAPITAL | 156 182
| TOTAL ESTIMATED COST | 5.588 11,490
I i

| FEE (8X) | 435 905

l EEEE e e e e T T e s T P e T 1

| TOTAL COST INCLUDING FEE | 6,023 12,39

3 4 5 6 7 8 9 10 1 12 13|
' ....................................... vt e 5 w5 4 S 5 o 5 e R e A o i T e e e ' ----------
|
0 n n an an mn 2n 83 632 632 0] 3,3n
TIT 1,492 1,492 1,492 1,492 1,492 1,492 1,492 1,492 1,492 1,492 | 17,249
127 177 177 177 177 177 177 177 177 177 177z,
0 0 0 0 0 0 0 0 0 0 0| 0
0 0 0 0 0 0 0 0 0 0 0] 0
7 47 7 a7 47 47 a7 9% 47 7 47 | 657
! |
|
108 218 218 218 218 218 218 295 266 266 19 | 2,653
|
m 384 384 384 38 384 384 a1 W21 a2 21 | 4,665
I
0 2,000 0 2,000 0 0 2,000 0 0 0 o] 8,000
413 836 836 836 836 836 8% 1,131 1,019 1,019 7%s | 10,172
%6 197 197 1,97 197 1,917 1,97 2,593 2,33 2,33 1,707 | 23,31
82 150 150 150 150 150 150 164 164 164 82| 1,89
340 619 619 619 619 619 619 679 679 679 %0 | 7,522
0 3,000 0 3,000 0 3,000 0 3,000 0 0 0| 15,000
|
|
2,626 2,888 2,888 2,888 2,888 2,518 2,779 1,920 1,920 523 523 | 29,2:3
0 0 0 0 0 0 0 0 0 0 0| 0
0 0 0 0 3,000 0 0 0 0 0 0| 3,000
0 1,000 0 1,000 0 0 1,000 0 0 0 0| 3,000
0 0 0 0 0 0 0 0 0 0 0] 0
150 298 298 298 298 298 298 388 356 356 45| 3,620
l ................................................................................................................................................... I ..........
5.825 15,237 9,237 15,257 12,257 11,867 12,129 13,198 9,511 8,113 5,763 | 135,433
|
456 1,195 ne 1,195 955 526 %6 1,025 72 821 41| 10,545
- — SU— -
6,279 16,432 9,952 16,432 13,192 12,793 13,075 14,223 10,243 8,73 6,205 | 145,979
| % COMPLETION | 4 85 43X 113x 6.8 113X 9.0x  B.BX  9.0%  9.7% 7.8 6.0%  4.3%
I ............................................................................................................................................................ -
| CUMULATIVE COST | 6,023 18,417 24,697 41,120 51,08° 67,513 80,706 93,498 106,574 120,796 131,040 139,77 145,979 |
16.9%  28.2%  35.0X%  46.2x  55.3%  64.0x 73.0X% 82.7X 89.8% 95.7X  100.0%|

| CUMULATIVE X COMPLETION | L% 12.6%
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Table 4.9  Seismic Year 2, Task &

| |1 |

i SR |

| CENTER DIRECT LABOR (TECH) | | |
| PL-% | | |
| PL-3 | |
| PL-2 | | |
I PL-1 | | |
| SR. TECH. | | |
| CLERICAL | | |
| | I |
I | I |
| CENTER INDIRECT LABOR (MGT) | 0 0 0 187 187 187 187 187 187 278 127 127 198 | 1,849 |
I ! | |
| SwRi DIRECT LABOR $ | 3,749 2,764 2,19 4,337 4,337 4,590 4,543 6,543 4,543 5,190 5,190 5,190 5,90 | 57,107 |
| i | |
|  SwRI SUPPORT SERVICES $ | 0 0 3,000 0 3,000 0 3,000 0 3,000 0 3,000 0 0| 15,000 |
| CENTER FRINGE | 0 0 0 715 715 715 715 715 715 1,067 485 485 760 | 7,090 |
| CENTER OVERMEAD | 0 0 0 1,640 1,640 1,640 1,640 1,640 1,640 2,446 1,112 1,112 1,741 | 16,269 |
| SwR1 FRINGE | 1,462 1,078 854 1,6, 1,691 1,790 1,772 1,772 L2 2,026 2,026 2,024 2,317 | 22,212 |
| SwRl OVERHEAD | 6,045 4,457 3,533 6,993 6,993 7,401 7,326 7,326 7,326 8,368 8,368 8,368 9,577 | 92,080 |
| ADP SUPPORT $ | 0 0 0 0 0 0 0 0 0 0 0 0 0| 0|
| I | |
| SUBCONTRACTORS | | |
| ITASCA $ | 740 740 740 740 740 740 740 740 740 740 1,868 2,627 2,627 | 14,520 |
| NWC S | 0 (& 0 0 0 0 0 0 0 0 0 0 0| 0|
| CONSULTANTS $ | 0 0 0 2,000 2,000 0 2,000 0 2,000 0 2,000 0 0| 10,000 |
| TRAVEL $ | 0 0 0 2,000 0 1,000 0 1,000 0 1,000 0 0 0| 5,000 |
| EQUIPMENT & MATERIALS $ | 2,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 | 38,000 |
| COST OF FACILITY CAPITAL | 561 414 328 855 855 893 886 886 886 1,084 916 916 1,108 | 10,588 |
e Joos-teniat |
| TOTAL ESTIMATED COST | 14,558 12,452 13,646 25,806 26,806 23,604 27,456 23,456 27,456 27,655 29,207 24,965 29,016 | 306,085 |
| | | |
| FEE (8%) | 1.120 963 1,065 1,996 2,076 1,817 2,126 1,806 2,126 2,126 2,263 1,924 2,233 | 23,640 |
Izn=:x=-:::==:z:u::=lz-sa:xssa.;.x:-l:ltsls::-sx-:::ls-x::a:--x---- zzzzsszTses zsz== --n--nl l
| TOTAL COST INCLUDING FEE | 15,678 13,415 14,711 27,803 28,883 25,421 29,582 25,262 29,582 29,780 31,470 26,889 31,249 | 329,725 |
| X COMPLETION | 4.8% 4.1% 4.5% 8.4x  8.8% 7.7% 9.0% 7% 9.0% 9.0% 9.5% 8. 9.5%| |
i S s s LSRR |
| CUMULATIVE COST | 15,678 29,093 43,805 71,607 100,490 125,911 155,493 180,755 210,336 240,117 271,586 298,476 329,725 | |

| CUMULATIVE X COMPLETION | 4.8% 8.8x 13.3x 217 30.5%  38.2X  47.2x  54.8X  63.8%  72.8%  B2.4X  90.5%  100.0x| |
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Table 4.11 - Seismic Year 2 Composite

| | 1 2 3 “ 5 6 7 8 9 10 n 12 13 | |
l .................................................................................................................................................... l .......... '
| CENTER DIRECT LABOR (TECH) | | |
| PL-4 | 843 843 843 B43 B3 843 843 843 843 843 843 843 843 | 10,956 |
| PL-3 | 3,574 3,574 3,574 3,574 3,574 3,74 3,574 3,57 3,574 3,574 3,574 3,574 3,574 | 46,465 |
| PL-2 | 506 506 506 506 506 506 506 506 S0 506 130 380 380 | 6,201 |
| PL-1 | 0 ] 0 0 0 0 0 0 ] 0 ] 0 0| 0|
| SR. TECH. | 0 0 0 e 0 0 (] 0 0 0 0 0 0| 0|
| CLERICAL | 141 141 141 141 141 141 141 141 141 141 161 141 %1 | 1,831 |
| I . | |
l I I |
| CENTER INDIRECT LABOR (MGT) | 573 573 573 573 573 573 573 573 573 573 559 559 559 | 7,410 |
: I I |
| SwRl DIRECT LABOR $ | 6,347 6,300 6,361 6,198 6,198 6,198 6,151 5,151 6,151 5,611 6,151 6,151 6,69 | 80,655 |
I | | I
|  SwRl SUPPORT SERVICES $ | 0 2,000 3000 2,000 3,000 2,000 3,000 0 5,000 0 3,000 0 0| 23,000 |
| CENTER FRINGE | 2,199 2,199 2,199 2,199 2,199 2,199 2,199 2,199 2,199 2,199 2,%& 2,14 2,14k | 28,417 |
| CENTER OVERMEAD | 5,039 503 503 503 50 503 503 5039 503 5039 493 4913 4913 | 65,123 |
| SwR1 FRINGE | 2,475 2,457 2,481 2,417 2,417 2,417 2,399 2,399 2,399 2,188 2,399 2,399 2,609 | 31,456 |
| SwRl OVERHEAD | 10,234 10,158 10,257 9,993 9,93 9,93 9,977 997 9917 9047 997 9,917 10,787 | 130,049 |
| ADP SUPPORT $ | 0 3,09 0 3,000 0 3,000 0 3,000 0 3,200 0 0 0| 15,000 |
I | | I
] SUBCONTRACTURS | | |
| ITASCA $ | 11,696 12,0664 12,064 7,282 7,282 7,282 7,282 6,912 7,173 2,660 3,788 3,149 3,149 | 91,780 |
| s | 0 0 0 0 0 0 0 0 0 0 0 0 0| 0|
| CONSULTANTS $ | 2,000 4,000 4,000 2,000 3,000 0 6,000 0 2,000 o 2,000 0 0| 25,000 |
| TRAVEL $ | 0 0 0 3,000 1,000 2,000 1,000 1,000 1,000 1,000 0 0 0| 10,000 |
| EQUIPMENT & MATERIALS $ | 2,000 3,000 3,000 5,000 3,000 5,000 3,000 5,000 3,000 3,000 3,000 3,000 3,000 | 44,000 |
| COST OF FACILITY CAPITAL | 1,582 1,575 1,584 1,559 1,559 1,559 1,552 1,552 1,552 1,472 1,537 1,537 1,617 | 20,238 |
S s A b et e e L romiardy !
| TOTAL ESTIMATED COST | 49,207 57,429 55,621 55,323 50,323 52,323 53,175 48,805 51,066 40,853 44,3464 38,705 40,406 | 637,581 |
I | | |
| FEE (8%) | 3,810 4,468 4,323 4,300 3,901 4,061 4,130 3,780 3,961 3,150 3,425 2,97 3,103 | 49,387 |
i::::zlS1:!:8.==tlxlt==!lt:Itltxt:lllll.trllll..tlll:.:lll!:l:‘l!!lll.lll'ltl.':l‘ - SZZzIgzsITCSER - =3 -ll xxl
| TOTAL COST INCLUDING FEE | 53,017 61,897 59,944 59,626 54,226 56,38 S7,305 52,585 55,028 44,003 47,769 461,679 43,509 | 686,968 |
i % COMPLETION | T.7T% 9.0% e.7x 8.7% 7.9% 8.2% 8.3% 7.7% 8.0% 6.4% 7.0% 6.1% 6.3%| |
g S e T 3 M o e e |
| CUMULATIVE COST | 53,017 114,914 174,858 234,482 288,706 345,090 402,395 454,980 510,008 554,017 601,780 643,459 686,968 | |
| CUMULATIVE X COMPLETION | 77X 67X 25.5% 340X 420X S0.2X  SB.6X  66.2X%  74.2X  B80.6X  87.6X  93.7%  100.0%| |



Table 4.12 - Seismic Year 3, Task 2

CENTER DIRECT LABOR (TECH) |

|
|
| | |
| PL-& | 0 0 0 0 0 0 0 0 0 0 0 0 0| 0|
| PL-3 | 724 7% 724 0 0 0 T2 72 724 0 0 0 0] 4,35 |
| PL-2 | 134 134 134 0 0 0 134 134 134 0 0 ] 0] 804 |
| PL-1 | 0 0 0 0 0 0 G 0 0 0 0 0 0| 0|
] SR. TECH. | 0 ] 0 0 0 0 0 0 0 0 0 0 0| 0|
| CLERICAL | 49 49 49 0 0 0 4“9 49 49 0 0 0 0| 296 |
| | : | |
I I I |
| CENTER INDIRECT LABOR (MGT) | 8 78 78 0 0 0 78 78 78 0 0 0 0| 469 |
I I I |
| SwRl DIRECT LABOR $ | 1,027 1,027 1,027 0 0 0 491 49 N 0 0 357 0| 4,913 |
I I | |
|  SwRI SUPPORT SERVICES $ | 0 0 0 ] 0 0 0 0 0 0 0 0 0| 0|
| CENTER FRINGE | 384 384 184 0 0 0 384 384 384 0 0 0 0| 2,307 |
: | CENTER OVERMEAD | 908 908 908 0 0 0 908 908 908 0 0 0 0] 5,451 |
= | SwR1 FRINGE | 40 40 401 0 0 0 192 192 192 0 0 139 0| 1,916 |
| SwR1 OVERHEAD | 1,657 1,657 1,657 0 0 0 792 792 792 0 0 576 v | 7,922 |
| ADP SUPPORT $ | 0 0 0 0 0 0 0 0 3 0 0 0 0| 0|
| : | |
| SUBCONTRACTORS | | |
| ITASCA S | 4,111 4,111 4,1 0 0 0 4,011 4,1Mm 4, ] 0 0 0| 24,665 |
| NuC $ | 0 0 0 0 0 0 ] 0 0 0 0 0| 0|
| CONSULTANTS $ | 0 0 0 0 0 0 0 0 0 0 ¢ 0 0| 0|
| TRAVEL $ | 0 0 1,000 0 0 0 0 0 1,000 0 0 0 0| 2,000 |
| EQUIPMENT & MATERIALS $ | 0 0 2,000 9 0 0 0 3,000 0 0 0 0 0| 5,000 |
| COST OF FACILITY CAPITAL | 326 326 326 0 0 0 233 233 233 0 0 62 0| 1,740 |
e R g s Jrovicnnig |
| TOTAL ESTIMATED COST | 9,800 9,80 12,800 0 0 0 8,097 1,097 9,097 0 0 1,13 0| 61,828 |
! | | i
] FEE (8%) | 758 758 998 0 0 0 629 869 709 0 0 86 ¢ | 4,807 |
l:=lt!l:::l:::xgxttz:ltlllsllllllIllllllt.lll.lxll.ll.llslll:lll- ===z R L "'-!' .
| TOTAL COST INCLUDING FEE | 10,558 10,558 13,798 0 0 0 8,726 11,96 9,806 0 o 1,220 0] 66,635 |
| X COMPLETION | 15.8%  15.8%  20.7% 0.0% 0.0% 0.0x 13.1Xx  18.0% 147X 0.0x% 0.0% 1.8% 0.0%| |
e mstst s st e i AR £k e M A Attt i e s i £ S A o A S |
| CUMULATIVE COST | 10,558 21,117 34,215 34,915 34,915 34,915 43,642 55,608 65,415 65,415 65,415 66,635 66,635 | |

| CUMULATIVE X COMPLETION | 15.8% . 52.4% 52.4% 52.4% 52.46% 65.5% 83.5% 98.2% 98.2% 98.2X 100.0x  100.0%| |
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Table 4.14 - Seismic Year 3, Task &

| | 1 2 3 4 5 6 7 8 9 10 1" 12 13 | |
l ................................................................................................................................................... | ---------- I
| CENTER DIRECT LABOR (TECH) | | |
| PL-4 | 669 669 669 892 892 892 892 892 892 892 669 669 669 | 10,263 |
] PL-3 | 1,481 1,481 1,81 3,78 3,78 3,720 3,720 3,720 3,720 3,786 2,140 2,140 2,140 | 37,430 |
| PL-2 | 21% 2% 214 402 402 402 402 402 402 536 268 268 268 | 4,397 |
| PL-1 | 0 0 0 0 0 0 0 ¢ 0 0 0 0 0} 0|
| SR. TECH. | 0 0 0 0 0 0 0 0 0 0 0 0 0| 0|
| CLERICAL | 49 49 49 148 148 148 99 99 99 148 4“9 49 9 | 1,186 |
| I ’ | |
| | | |
| CENTER INDIRECT LABOR (MGT) | 208 208 236 450 450 444 440 440 440 461 269 269 269 | 4,584 |
I | | I
| SwR1 DIRECT LABOR $ | 5.213 5213 4,865 6,513 6,513 6,513 6,022 6,022 6,022 6,513 4,90 4,950 4,950 | 76,261 |
| | | |
|  SwRl SUPPORT SERVICES $ | 0 0 3,000 0 3,000 0 3,000 0 3,000 0 3,000 0 0] 15,000 j
| CENTER FRINGE | 1,023 1,023 1,162 2,215 2,215 2,187 2,166 2,166 2,166 2,21 1,324 1,32 1,326 | 22,565 |
i CENTER OVERHEAD | 2417 247 2,746 5233 5,233 5,167 5118 518 5,118 5,367 3,129 3,129 3,129 | .2
| SwRI FRINGE | 2.033 2,033 1,807 2,50 2,540 2,540 2,349 2,349 2,349 2,540 1,931 1,93 1,931 | 28,962 |
| SwR1 OVERHEAD | 8,406 8,406 7,845 10,502 10,502 10,502 9,770 9,710 ¢,710 10,502 7,982 7,982 7,98 | 119,738 |
i ADP SUPPORT $ | 0 2,000 2,000 2,000 2,000 2,000 2,000 200 2,000 2,000 0 0 0 | 16,200 |
I I | |
| SUBCONTRACTORS | | |
| ITASCA 8 | 1,961 2,236 3,146 4,888 4,888 4,888 3,146 3,420 3,942 3,420 %817 3,817 796 | 44,365 |
| NC S | 0 n 0 0 0 0 0 0 0 o 0 0 0| 0|
| CONSULTANTS 3 | 0 2,000 ¢ 2,000 ¢ 2,000 0 2,000 0 2,000 0 0 0| 10,000 |
| TRAVEL $ | 0 0 ¢ 2,000 0 2,000 0 0 1,000 0 0 0 0] 5,000 |
| ~ EQUIPMENT & MATERIALS $ | 2,000 2,000 2,000 2,000 2,000 3,000 3,000 3,000 3,000 2000 2,000 2000 2,000 | 30,000 |
| COST OF FACILITY CAPITAL | 1,300 1,300 1,293 1,98 1,963 1973 1,879 1,879 1,879 2,005 1,370 1,370 1,370 | 21,592 |
e A e e 4 A B BoR e i |
| TOTAL ESTIMATED COST | 26,975 31,249 32,934 47,552 46,552 48,376 43,942 41,416 45,738 44,443 32,899 29,899 26,878 | 498,853 |
| | | |
| FEE (8%) i 2,05 2,39 2,531 3.5 3,55 3,712 3,365 163 3,509 3,395 2,522 2,282 2,041 | 38,182 |
'x:axn::::xn---l:xxs::::x::xs::s-:--t:-:::t.-:nu--::c:sl:-l:-- Z=ssaszuzses === l |
| TOTAL COST INCLUDING FEE | 29,029 33,645 35,465 51,197 50,117 52,088 47,307 44,579 49,247 47,838 35,421 32,181 28,919 | 537,035 |
| % COMPLETION | 5.4% 6.3% 6.6% 9.5% 9.3% .7 8.8x 6.3% 9.2% 8.9% 6.6% 6.0% 5.4%| |
st R |
} CUMULATIVE COST | 29,029 62,674 98,139 149,336 199,454 251,542 298,849 343,428 392,675 440,513 475,935 508,'16 537,035 | |
| CUMULATIVE X COMPLETION | 5.4% n.7x 18.3% 27.8x 37.1% 46.8% 55.6% 63.9% % 82.0% 88.6X 96.6X  100..x| |
B e k1 3 i S e iy ol S A b St i P S b e |
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Table 4.17 - Seismic Year 3 Composite

| | 1 2 3 “ 5 6 7 8 9 10 n 12 13 | |
oo e e e e st s L e e A s e ek e A e e 2 bk S s e $E4 S d bty Jreeamiits |
| CENTER DIRECT LABOR (TECH) | | |
| PL-4 | 892 892 892 892 892 892 892 892 892 892 892 892 892 | 11,601 |
| PL-3 | 3,786 3,786 4,115 3,78 3,786 3,720 4,644 4,444 4,444 3,786 3,786 3,786 3,786 | 51,454 |
| PL-2 | 536 536 536 402 402 402 536 536 536 536 536 536 53 | 6,568 |
| PL-T | 0 0 0 0 ] 0 0 0 0 0 0 0 0| 0|
i SR. TECH. | 0 0 ] 0 0 0 0 0 0 0 0 0 o1 0|
] CLERICAL | 148 148 148 148 1438 148 148 148 148 148 148 148 148 | 1,927 |
| I , | |
| I | |
| CENTER INDIRECT LABOR (MGT) | 461 461 490 450 450 Lhs 518 518 518 461 461 461 461 | 6,156 |
l | I |
] SwRl DIRECT LABOR $ | 6513 6513 6,73 6513 6513 6513 653 6513 6513 6,513 6,727 6,727 6,727 | 85,535 |
| | I |
| SwRI SUPPORT SERVICES $ | 0 0 3,000 0 3,000 o 3,000 0 3,000 0 3,000 0 0| 15,000 |
| CENTER FRINGE | 221 22n  2,an 2,215 2,215 2,187 2,550 2,550 2,550 2,211 2.2 2.2 22" | 30,306 |
| CENTER OVERHEAD | 5.367 5,37 5,697 5233 5,233 5,167 6,026 6,026 6,026 5,367 5,367 5367 5,367 | 71,612 |
| SwRi FRINGE | 2,560 2,540 2,627 1,540 2,540 2,540 2,540 2,540 2,50 2,540 2,626 2,626 2,624 | 33,359 |
| SwR1 OVERHEAD | 1,52 10,502 10,81 10,502 10,502 10,502 10,502 10,502 10,502 10,502 10,847 10,847 10,847 | 137,917 |
| ADP SUPPORT $ | 3,000 5,000 4,000 2,000 2,000 2,000 2,000 200 2,000 Z,000 0 0 0| 24,200 |
| I | |
| SUBCONTRACTORS | | |
| ITASCA 8 | 12,552 12,826 13,737 4,888 4,888 4,888 7,257 7,551 8,053 3,420 6,565 7,512 1,469 | 95,584 |
| NuC S | 0 0 0 ¢ 0 0 0 ] 0 ] 0 0 0| 0|
| CONSULTANTS $ | 0 2,000 (1] 2,000 0 2,000 0 2,000 0 2,000 0 0 2,000 | 12,000 |
| TRAVEL $ | 0 1,000 1,000 2,000 0 2,000 0 0 2,000 n 0 4,000 2,000 14,000 |
| EQUIPMENT & MATERIALS $ | 2,000 2,000 4,000 2,000 2,000 3,000 3,000 6,00C 3,000 2,000 2,000 3 000 2,000 | 36,000 |
| COST OF FACILITY CAPITAL | 2,005 2,005 2,097 1,983 1,983 1,973 2,112 2,112 2,112 2,005 2,062 2,042 2,062 | 26,516 |

| TOTAL ESTIMATED COST | 52,575 57,849 62,348 47,552 46,552 48,376 52,039 52,516 54,836 44,443 47,267 50,214 43,171 | 659,736 |

| I | I
| FEE (8%) | 4,046 4,468 4,820 3,645 3,565 3,712 3,99 4,032 4,218 3,395 3,618 3,85 3,290 | 50,658 |
l::x:-nz::c:s;sx-;:s.:.:::u::ss:::-znn---:-tastca.::nxn:n.ns:--- = zess==szszzzzxsT ' :x'
| TOTAL COST INCLUDING FEE | 56,620 62,317 67,168 51,197 50,117 52,088 56,034 56,56 59,056 47,838 50,885 54,068 46,462 | 710,393 |
| X COMPLETION | 80x 88 95 7.2x 7% 73X 7.9%  8.0x  8.3x  6.7% 7.2%  T.6x  6.5% |
l ............................................................................................................................................................... l
| CUMULATIVE COST | 56,620 118,937 186,105 237,302 287,420 339,508 395,541 452,087 S11,141 558,979 609,864 663,932 710,393 | |
| CUMULATIVE X COMPLETION |  B.0X  16.7%  26.2%  33.4%  40.5%  47.8X  S5.7%  63.6x 72.08 78.T%  B85.3%  93.5%  100.0%] |
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fable 6 .19 - Seismic Year &, Task 4

| | 1 2 3 4 S ) 7 8 9 10 1 12 L O |
e i) |
| CENTER DIRECT LABOR (TECH) | | |
| PL-4 | 707 707 707 942 942 9%2 942 0 0 0 0 0 0] 5,89 |
| PL-3 | 2,607 2,607 2,607 3,128 3,128 3,128 3,128 2,259 2,259 1,842 1,842 1,842 1,842 | 32,223 |
| PL-2 | 283 283 283 425 425 425 425 142 142 142 142 142 %2 | 3,397 |
| PL-1 | 0 0 0 0 0 0 0 0 0 0 ] 0 0| 0|
i SR. TECH. | 0 0 0 ] 0 0 0 0 0 0 0 0 0| 0|
i CLERICAL | 52 52 52 104 104 104 104 52 52 52 52 52 52 | 887 |
! I . | |
{ | | |
| CENTER INDIKECT LABOR (MGT) | 251 251 251 N7z 317 N7 317 169 169 140 140 140 %W | 2,918 |
l I I I
| SwRi DIRECT LASOR 3 | s,227 5,227 5,227 5,083 5,083 5,083 5,083 4,706 4,706 2,768 2,768 3,145 2,615 | 56,521 |
! I I |
| SeRl SUPPORT SERVICES $ | 3,000 0 3,700 0 2,000 0 2,000 0 0 0 0 0 0| 10,000 |
| CENTER FRINGE i LS sy Lo 1,917 1,917 1,917 1,917 1,023 1,023 849 849 849 849 | 17,673 |
| CENTER GVERMEAD | 3.3% 3,356 3,35 4,230 4,230 4,230 4,230 2,256 2,256 1,872 1,872 1,872 1,872 | 38,989 |
l Skl FRINGE | 2,039 2,03 203 1,982 1,982 1,982 1,982 1,835 1,835 1,080 1,080 1,227 92 | 22,043 |
| SwRl CVERNEAD | 8428 8428 8,428 8,196 8,19 8,19 8,196 7,588 7,588 4,463 4,463 5,071 3,893 | 91,135 |
i ADF SUPPORT $ | 0 2,000 0 1,000 0 1,000 0 0 0 0 0 0 0| 4,000 |
! | | |
} SUBCONTRACTORS | | |
| ITASCA 8 | 5,383 3,183 3,183 5,968 5,968 5,968 5,968 5,560 5,958 2,488 2,895 2,488 2,895 | 57,916 |
i NNC $ | 0 (] 0 b} 0 0 0 0 0 0 0 0 0| |
] CONSULTANTS $ | 0 0 0 ] 0 0 0 0 0 G 0 0 0| 0|
| TRAVEL § | 0 1,000 0 2,000 0 0 0 2,000 0 0 0 0 0| 5,000 |
| EQUIPMENT & MATERIALS $ | 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 0 0 0 0| 8,000 |
! COST OF FACILITY CAPITAL | 1,493 1,493 1,493 1,620 1,620 1,620 1,620 1,21 .21 807 807 873 746 | 16,618 |
Pt o b i ek B Y ST e A O S s S e R ] o B R |
i TOTAL ESTIMATED COST | 36,348 34,148 34,748 38,913 37,913 36,913 37,913 30,801 29,209 16,503 16,510 17,701 15,788 | 383,209 |
| I | |
| FEE (8%) | 2,788 2,612 2,612 2,983 2,903 2,823 2,903 2,367 2,240 1,256 1,288 1,346 1,203 | 29,327 |
l:::x:x:::xs:::lal.llsl::t:)Iz::l8!2.8!l.t.llllll’lll!tll:l’!Ill:lll:lll =ZzzzzzTz Zzzzzz=s ""-iﬂﬂsxlzllx'lltuc:ltll
| TOTAL COST INCLUDING FEE | 39,136 36,761 36,761 41,897 40,817 39,737 40,817 33,168 31,448 17,758 18,199 19,047 16,991 | 412,536 |
| X COMPLETION | 9.5% 8.9% 8.9%  10.2% 9.9% 9.6% 9.9% 8 0% 7.6% 4.3% 4.4x 4.6% 4% ]
O S R PSRRI S A A b s iy Lt e Sl A B o b mr g e |
| CUMULATIVE COST | 39,136 75,897 112,657 154,554 195,371 235,108 275,925 309,093 340,541 358,299 376,498 395,545 412,536 | |
| CUMULATIVE X COMPLETION | 9.5% 184X 27.3% 375K 474X ST.0X 66.9% 749X  B2.5%  86.9% 913X  ¥.9%  100.0%| |
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Table 4.20 - Seismic Year &, Task S

| | 1 2 3 4 S 6 7 8 9 10 n 12 13 | |
fosivnntmas e ML PP st RO Sy s ko RSt w S aas b i S d s o ke il e £ i 5 i i 5 e s S s e |
| CENTER DIRECT LABOR (TECH) | | |
| | 236 236 236 0 0 0 0 707 707 707 707 0 0| 3,53 |
| | 869 869 B&9 869 869 869 869 869 869 869 869 869 89 | 1,297 |
| | 142 1%2 142 142 142 142 142 142 142 142 142 142 %2 | 1,840 |
| | 0 0 0 0 0 0 0 (] 0 0 0 0 0| 0|
i ] 0 0 0 ) 0 0 0 0 0 0 0 0 0| 0|
| | 52 52 52 52 52 52 s2 52 52 52 52 52 52 | 678 |
| | . | |
| | | |
| CENTER INDIRECT LABOR (MGT) | 89 89 89 73 i 16 73 122 122 122 122 73 1 3] 1,19 |
| | | [
| SwR1 DIRECT LABOR $ | 1213 1,273 1,273 1,79 1,79 1,79 1,79 1,621 1,621 1,621 1,621 1,273 1,273 | 20,025 |
| | | |
| SRl SUPPORT SERVICES $ | 0 0 2,000 Q 0 0 2,000 0 0 0 0 0 0| 4,000 |
| CENTER FRINGE | 541 541 541 443 443 443 443 738 738 738 738 443 443 | 7,232 |
| CENTER OVERHEAD | 1,19 1,196 1,19 977 977 977 977 1,627 1,627 1,627 1,627 977 977 | 15,955 |
| SwR1 FRINGE | 496 496 496 700 700 700 700 632 632 632 632 496 w6 | 7,810 |
| SwR1 OVERHEAD | 2,053 2,053 2,053 2,893 2,893 2,893 2,893 2,613 2,613 2,613 2,613 2,053 2,053 | 32,288 |
| ADP SUPPORT $ | 2,000 2,000 2,000 2,000 2,000 2,000 2,000 1,000 1,000 1,000 1,560 1,000 0| 19,000 |
! | | |
| SUBCONTRACTORS | ] |
| | 408 408 1,264 1,652 1,244 1,652 1,264 1,652 408 1,652 1,452 408 408 | 14,029 |
] | 0 0 0 0 0 0 0 0 0 0 0 0 v | G |
| CONSULTANTS $ | 0 2,000 o 2,000 o 2,000 0 2,000 0 0 0 0 0| 8,000 |
| TRAVEL $ | 0 1,000 0 0 1,000 [ 0 1,000 o 0 0 o 0| 3,000 |
| EQUIPMENT & MATERIALS $ | 0 0 0 9 0 0 0 0 0 0 0 0 0| 0|
| COST OF FACILITY CAPITAL | 429 429 429 482 482 482 482 565 565 565 565 302 392 | 6,260 |
Jrn ettt et et ey s e san S S e AN S b £ e eSS s - e s et s foueimuing |
| TOTAL ESTIMATED COST | 9.782 12,782 12,618 14,077 12,670 14,077 13,670 15,339 11,095 12,339 12,339 8,177 7,77 | 156,142 |
| | | |
] FEE (8%) | 748 988 97s 1,088 975 1,088 1,055 1,182 842 962 942 623 543 | 11,991 |
l-x:z:::-::n::.ts::t:::s::t::::::x:l::x:.ns:.nzl::l-a:ln-sla:::::- =zzz ==z =3z g;g'. -—nl
| TOTAL COST INCLUDING FEE | 10,530 13,770 13,593 15,165 13,645 15,165 14,725 16,520 11,937 13,280 13,2180 8,800 7,720 | 168,133 |
| % COMPLETION | 6.3  8.2x  B8.1x 9.0x 81X  9.0x 8.8%  9.8% 7.1% 7.9% 79X S.2x  4.6%| |
B bk i it A b e et e e A AR Sl |
| CUMULATIVE COST | 10,530 24,300 37,893 53,059 66,703 81,868 96,593 113,114 125,051 138,332 151,672 160,412 168,133 | |
| CUMULATIVE X COMPLETION | 6.3%  14.5%  22.5%  31.6X 397X 4B.7X  S7.5%  67.3% 744X 82.3X  90.2x  95.4X%  100.0%| |
i e e e e e T |
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