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APPENDIX 1B

The following pages identify the Applicant's commitments
regarding the design, construction, and operation of the
S/HNP in response to the review of the incident at Three
Mile Island Unit 2.

Commitments in this Appendix supersede any conflicting
statements elsewhere in the PSAR where such conflicting
statements were made earlier than the date of the current
revision of this Appendix.

The following text consists of responses to NUREG-0718,
Rev. 1, entitled "Licensing Requirements for Pending
Applications for Construction Permits and Manufacturing
License", dated June, 1981. These responses meet the
requirema2nts of the proposed amendment to 10 CFR 50,
entitled "Licensing Requirements for Pending Construction
Permits and Manufacturing License Applications”, dated
July 10, 1981, as sent to all parties to pending
construction permit proceedings by Generic Letter

No. 81-26.

The requirements of the Final Rule on Licensing Require-
ments for Pending Construction Permit and Manufacturing
License Application, 10 CFR 50.34(f) Additional TMI-Related
Requirements, effective February 16, 1982, have been
compared with the information submitted in the S/HNP PSAR.
This comparison indicates that S/HNP meets all require-
ments, with the inclusion of the response to
50.34(f) (3) (v) (B) (see page 1B-80a of this Appendix).

1B-1i1 Amendment 24
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Response to 10 CFR 50.34(f) (3) (v) (B)

Requirement

(3) To satisfy the following requirements, the application
shall provide sufficient information to demonstrate
that the requirement has been met. This information
is of the type customarily required to satisfy
paragraph (a) (1) of this section or to address the
applicant's technical qualifications and management
structure and competence.

(v) (B) Containment structure loadings, produced by
an inadvertent full actuation of a post-
accident inerting hydrcgen control system
(assuming carbon dioxide), but not including
seismic or design basis accident loadings
will not produce stresses in steel contain-
ments in excess of the limits set forth in
the ASME Boiler and Pressure Vessel Code,
Section III, Division 1, Subsubarticle NE-
3220, Service Level A limits except that
evaluation of instability is not required
(for concrete containments the loading
specified above will not produce strains in
the containment liner in excess of the limits
set forth in the ASME Boiler and Pressure
Vessel Code, Section 111, Division 2,
Subsubarticle CC-3720, Service Load Category,
(2). The containment has the capability to
safely withstand pressure tests at 1.10 and
1.15 times (for steel and concrete
containments, respectively) the pressure
calculated to result from carbon dioxide
inerting.

Response
In PSAR Appendix 1B, Section 1I1.B.8(3), p. 1B-66, S/HNP has

committed to a distributed ignition system for hydrogen
control. A commitment has also been made to meet Contain-
ment integrity requirements during an accident that
releases hydrogen generated from a 100% fuel-clad metal
water reaction accompanied by hydrogen burning, including
as a minimum, meeting the specified code requirement with
an internal pressure of 45 psig as stated in Appendix 1B,

Section 11.B.8(4), p. 1B-68.

1B-80a Amendment 24
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Section 11.B.8(4) indicates that:

(1) The Containment general cylindrical shell, away from
major discontinuities, was verified to be adequate to
withstand the 45 psig internal pressure and
accompanying thermal effects.,

(2) An investigation will be made to verify the adequacy
of the Containment shell adjacent to major
discontinuities.

(3) The dome will be designed to the 45 psig criteria by
increasing the amount of reinforcing if necessary.

(4) The base mat will be analyzed and designed for the 45
psig criteria prior to construction,

(5) Preliminary analysis performed to date at 45 psig
indicates that the liner strain is well within the
allowable limit.

In the event that a post-accident inerting system (assuming
carbon dioxide) is ultimately required for hydrogen
control, it is expected that the pressure would be
approximately 26.5 psig and the temperature would not
exceed the design criteria already committed to in Appendix
1B, Section 11.B.8(4). The pressure of 26.5 psig is based
on the results of the analysis performed by the Allens
Creek Project. (See Allens Creek PSAR Appendix O,

p. 0-167, Amendment 59).

Preliminary evaluation, based on results obtained in
response to item II.B.8(4) indicates that for S/HNP, the
Containment structure loading produced by an inadvertent
full actuation of a post-accident inerting hydrogen control
system (assuming carbon dioxide), but not including seismic
or design basis accident loadings will not produce strains
in the Containment liner in excess of the limits set forth
in the ASME Boiler and Pressure Vessel Code, Section III,
Division 2, Subsubarticle CC-3720, Service Load Category
(2), and that the Containment will have the capability to
safely withstand pressure tests of 1.15 times the pressure
calculated to result from carbon dioxide inerting. The
pressure and temperature loads due to inadvertent actuation
of a post-accident inerting system are expected to be less
than the hydrogen burn pressures and are therefore not
expected to control the design of the Containment.

1B-80b Amendment 24
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Section I1.B.8(4) of Appendix 1B describes a two phase post
CP program for hydrogen control studies, Within 6 months
following issuance of the Construction Permit, a report
will be provided to the NRC including among other things,
evaluation of alternate methods for accommodating hydrogen
releases. 1In the event that as a result of this study,
S/HNP elects to adopt a post-accident inerting system in
place of the distributed ignition system, specific design
criteria will be established and analysis specified for
Containment integrity to demonstrate conformance with the
specific requirement of 10 CFR 50.34(f) (3) (v) (B). At the
completion of the full two-year program, analysis of
Containment structure response to inadvertent actuation
will be reported to the NRC in the event a post-accident
inerting system is chosen for design. If design limits for
inadvertent actuation of the post-accident inerting system
are exceeded, design modification to the reinforced
concrete Containment design will be initiated.

Our preliminary evaluation of Containment capability
discussed above, ensures that the post-accident inerting
method of hydrogen control remains a viable option until
final selection of the method for hydrogen control is made.

1BR-80c Amendment 24
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pressure setpoint selected should be far enough above the
maximum observed (or expected) pressure inside containment
during normal operation so that inadvertent containment
isolation does not occur during normal operation from
instrument drift or fluctuations due to the accuracy of the
pressure sensor. A margin of 1 psi above the maximum
expected containment pressure should be adequate *o account
for instrument error. Any proposed values greater than 1
psi will require detailed justification.

All systems that provide a path from the containment to the
environs (e.g., containment purge and vent systems) must
close on a safety-grade high radiation signal.

Containment purge valves that do not satisfy the
operability criteria set forth in Branch Technical Position
CSB 6-4 or the Staff Interim Position of October 23, 1979,
must be sealed closed as defined in SRP 6.2.4, Item II.3(f)
during operational conditions 1, 2, 3 ard 4. Furthermore,
these valves must be verified to be closed at least every
31 days.

Applicants shall, to the extent possible, provide
preliminary design information at a level consistent with
that normally required at the construction permit state of
review. Where new designs are involved, applicants shall
provide a general discussion of their approach to meeting
the requirements by specifying the design concept selected
and the supporting design bases and criteria. Applicants
shall also demonstrate that the design concept is
technically feasible and within the state-of-the-art, and
that there exists reasonable assurance that the
requirements will be implemented properly prior to the
issuance of operating licenses."

RESPONSE

The Containment Isolation System (CIS) is discussed in
Section 6.2.4. The criteria for the design of the CIS
Control System are listed in Section 7.1.2.1.2. The
following are the responses to NUREG-0718, Item II.E.4.2:

s Compliance with SRP 6.2.4, Rev., 1

The design of the S/HNP Containment Isolation System
will meet the recommendations of Standard Review Plan
Section 6.2.4, Rev. 1. The details of how these
requirements will be met will be described in the
S/HNP FSAR. The present Containment Isolation System
has been reviewed and accepted by the NRC (Reference:
Skagit Nuclear Power Project SER, NUREG-0309, Section
$.2:15).

ro
o
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Identification of Essential and Nonessential Systems

PSAR Table 6.2-11 lists the systems which penetrate the
containment. These systems will be categorized as
essential, intermediate or nonessential in the FSAR.
The following definitions will be applied in
categorizing the systems.

Essential

Essential systems are those critical to the
immediate mitigation of the consequences of a LOCA.
Essential systems are not automatically isolated by
accident signals.

Intermediate

Intermediate systems are those which could be
useful (although not critical) in mitigating an
accident which results in containment isolation.
Intermediate systems are automatically isolated by
accident signals. If automatically isolated, the
operator may choose selectively to reopen the
valves as they are needed, while the accident
signal is still present. This permits the operator
to use all available systems to cope with an
accident, while still maintaining the effectiveness
of the containment.

In summary, the isolation provisions for
intermediate systems have the same essential
features as nonessential systems (double barrier
isolation, automatic isolation on diverse accident
signals). The main difference is that intermediate
systems can be manually re-opened by the operator
while the accident signal is still present.

Nonessential

Nonessental systems are those which are not
required or used in the mitigation of an accident
which results in containment isolation. All
nonessential systems are automatically isolated by
the Containment Isclation Actuation Signal and
cannot be reopened by the operator while the
accident signal is still present.

Isolation of Nonessential Systems

As required for post-accident situations, each
nonessential penetration (except instrument lines)

1B-88 Amendment 24
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A preliminary analysis of the chemicals identified above
was performed to determine which chemicals could pose a
hazard to the control room operators. The concentrations
of toxic chemicals in the control room are calculated
similarly to the analysis presented in Section 2.2.3.1.4.1.
The results, shown on Table 2.2-5, indicate that anhydrous
ammonia and truck shipments of chlorine could pose a hazard
to the control room operators if transported on the roadway
near the S/HNP Site.

A survey performed to determine shipment fregquencies of
chlorine and anhydrous ammonia indicates that chlorine is
not shipped by trucks near the S/HNP Site (Refs 17. 18).
Anhydrous ammonia is shipped in quantities of 2000-3000
gallons 8-10 times annually (Ref 17). Therefore only
anhydrous ammonia could pose a hazard to the control room
operators.

The Control Room habitability requirements are addressed in
Section 6.4.

2.2.3.1.4.3 Chemicals stored on-Site. Chemicals stored on
the S/HNP Site that could pose a hazard to the control room
operators have been identified and atc listed on Table
2.2=6.

The chemicals listed on Table 2.2-6 were analyzed to
determine the impacts of an accidental spill on the control
room habitability using the methodology described in
Section 2.2.3.1.4.1. Results of this analysis as shown on
Table 2.2-7 indicate that no chemical stored on the S/HNP
Site could pose a hazard to the control room operators.

2.2.3.1.5 Vapor Clouds

Flammable vapor clouds at the control room air intake are
not a problem at the S/HNP Plant., Ligquid petroleum gas
(LPG), the probable source for flammable vapor clouds, has
a low usage rate at the Hanford Reservation areas north of
S/HNP. A small quantity of LPG is stored in the 200 West
Area, and it is assumed that a small number of delivery
vehicles pass by the Plant. There is no LPG stored within
S miles of the S/HNP. No other potential sources of
flammable vapor clouds have been located.

2.2.3.1.6 Ground Fires

Range fires occur in the desert surrounding the S/HNP Site.
There was an average of 12.2 fires per year during a recent

2.2-11 Amendment 24

23



S/HNP=PSAR 12/21/81

l0 year period, and the median fire covered an area of 6
acres. Every 3.3 years there i1s a fire greater than 1000
acres (Ref 5). The brush-type fires present no problem to
the safety-related concrete structures. Landscaping around
the Plant provides a firebreak. A perimeter fence and road
serve the same purpose. Smoke induction to the control room
is prevented by smoke detectors and automatic isolation of
the ventilation system.

2.2.3.2 Effects of Design Basis Events

Based on the information given in the preceding sactions for
the S/HNP and the evaluations described in Section 2.2.3.1,
explosions (Section 2.2.3.1.1), barge traffic accidents
(Section 2.2.3.1.2), water contamination (2.2.3.1.3),
flammable vapor clouds (Section 2.2.3.1.5) and ground fires
(Section 2.2.3.1.6) do not constitute hazards to the Plant
and are therefore not considered as design basis events.

Accidents 1nvolving transportation of anhydrous ammonia near
the S/HNP Site, as described in Section 2.2.3.1.4.2, could
pose hazards to the control room operators and are therzefore
considered as design basis events, Control room habite-
ability regquirements for this chemical are discussed 1in
Section 6.4.

2.2=12 Amendment 23
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2.3 METEOROLOGY

Because of the proximity of the S/HNP Site to the Supply
System WNP 1, 2 and 4 units and absence of significant
terrain differences, the WNP-2 FSAR Amendments 1 to 16,
Section 2.3, Docket No. 50-397, meteorological data have
been determined to be applicable to the S/HNP Site and are
incorporated herein by reference. The data were determined
applicable for the following .easons:

Location

The S/HNP Site is located 4.5 miles WNW of the WNP=-2
meteorological tower.

Elevation
The S/HNP Site is approximately 527 ft MSL in elevation.

The WNP-2 meteorological tower elevations are 441 ft MSL
base and 686 ft MSL top.

The WNP-2 meteorological instrument elevations are:

Surface - precipitation

473 ft MSL - wind direction and speed, dry
bulb and dew point temperatures

685 ft MSL - wind direction and speed, dry

bulb and dew point temperatures
Temperature difference is obtrined from 685-473 f¢t.

Topography

Terrain between the S/HNP Site and the WNP-2 meteorological
tower is composed of gently rolling, sandy hillocks. The
S/HNP Site is located approximately 4.5 miles WNW from the
west boundary of the Supply System WNP-2 site with about 10
miles of similar, continuous terrain to the north, west,
and southwest. The Columbia River is about 8 miles from
the S/HNP Site., The White Bluffs rise 200-400 feet above
the east bank of the Columbia River to a maximum height of
920 ft MSL.

Figure 2.3-1 shows the detailed topographic features within
a 5-mile radius of the S/HNP. The topographic cross
sections plotted by sector from the S/HNP Site are shown in
Figure 2.3-2.

2.3=1 Amendment 23
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Vegetation:

The intervening vegetation between the S/HNP and WNP-2
tower sites is chiefly composed of 3-6 foot high scattered
sagebrush and cheatgrass providing a lower groundcover.
Growth occurs mainly in the fall and spring as moisture
availability increases.

Tower Location

The WNP-2 meteorological tower is located about 2,500 ft
west of the WNP-2 facility. The terrain around the tower
is flat and vegetated with sagebrush and cheatgrass. The
land around the tower is undeveloped with the exception of
a single lane, unpaved access road to the WNP-2 plant site.

Analysis of Possible Differences in Meteorological Data if
Collected at S/HNP Site

There are no significant terrain, soil or vegetation
differences, airflow patterns, advection paths, stability
conditions, local moisture sources, dust, or population
centers which would affect local meteorology or its
extremes at the S/HNP Site differently than at the WNP-2
site., Diffusion of effluents would continue to be
dominated by regional topographic features. Therefore, the
use of the WNP-2 meteorclogical data at the S/HNP Site is
justifiable.

Present Use of WNP-2 Meteorological Data

Data are currently being used to support licensing
activities of WNP 1, 2 and 4 plants and the requirements of
the DOE-FFTF.

Quality Assurance Considerations

All tower data used by S/HNP for licensing/permitting
actions are WNP-2 data.

2.3.1 REGIONAL CLIMATOLOGY

See Supply System WNP-2 Section 2.3.1 for regional
climatology, except 2.3.1.2.3. The meteorological data
used for evaluating the performance of the Ultimate Heat
Sink with respect to (1) maximum evaporation and drift loss
and (2) minimum water cooling are discussed in Section
9.2.5, Ultimte Heat Sink Complex.

Although the data for this description are for the period
up to 1970, the data up through 1980 (Ref 1) were examined
and it has been concluded that no modifications to the
description are required.

2.3-2 Amendment 24
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TABLE 2.3-1 Sheet 4 of 4

Annual
Distribution of Variable Winds
(These Values Are Not Included in the Previous JFD's)

Speed
(mph) A B C D E F G TOTAL
Calm 0 C 0 0 0 0 0 0
0.75-3.49 1 5 15 48 30 3 43 183
3.50- 7.49 22 31 32 42 19 11 8 165
7.50-12.49 3 1 3 3 3 0 0 13
12.50-18.49 0 0 0 0 1 0 0 1
18.50-23.99 0 0 0 0 0 0 0 0
23.99 0 0 0 0 0 0 0 0
Total 26 37 50 93 53 52 51 362

*Based on WNP-2 data with the 33-ft wind and delta T (245-33 ft) stability.
Total Number of Observations: 17544

Total Number of Valid Observations: 16356

Total Number of Missing Observations: 1188

Percent Data Recovery for this Period: 93.2 %

Mean Wind Speed for this Period: 7.5 mph

Total Number of Observations with Backup Data: 0

wWind Measured At: 33.0 Feet

Wind Threshold at: 0.75 mph

d¥Sd~-dNH/S
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TABLE 2,3-2

CONSERVATIVE x/Q VALUES FOR SHORT-TERM (ACCIDENT)
ASSESSMENT AT S/HNP

ro
L)

Accident Distance Maximum Sector
Period (m) x /Q (sec/m3)

2 hours 3058 (EAB) 8.7E~5(SSE)

8 hours 6437 (LPZ) 2.1E-5(SSE)

16 hours 6437 (LP2) 1.4E-5(SSE)

72 hours 6437 (LP2Z) 5.7E-6 (SSE)

(3 days)

624 hours 6437 (LP2) 1.6E-6(SSE)
(26 days)

Notes:

1. Relative concentrations are for a ground-level release

to a ground-level receptor including credit for plume
. meander and building wake effects.

2 Based on WNP-2 meteorological data for the period
April 1, 1974, to March 31, 1976: 33-ft wind and
delta T (245-33 ft).

Amendment 24
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TABLE 2,3-3 Sheet 1 of 2

ANNUAL AVERAGE ATMOSPHERIC DISPERSION AND DEPOSITION

PARAMETERS FOR S/HNP
Site Boundary: Unit 1
Chi/Q
Chi/Q Decayed,

Distance Chi/Q Decayed Depleted D/

Dir (meters) (sec/m3) (sec/m3) (sec/m3) (m*= <)

N 1150. 1.043E-05 1.040E-05 9.308E-C6 4.571E-08

NNE 1175. B.661E-06 B8.632E-06 7.722E-06 4.112E-08

NE 1095. 7.276E-06 7.252E-06 6.513E-06 3.177E-08

ENE 930. 9.820E-06 9.78B0E-06 8.876E-06 3.1B5E-08

E 910. 8.727E-06 B.699E-06 7.900E-06 3.383E-08

ESE 930. 1.504E-05 1.499E-05 1.360E-05 5.545E-08

SE 1095. 1.400E-05 1.396E-05 1,253E-05 S5.311E-08

SSE 1290. 1.012E-05 1.007E~-05 8.970E-06 2.780E-08

S 1265. 8.321E-06 B8.28lE-06 7.385E~-06 2.202E-08

SSW 1290. 6.341E-06 6.310E-06 5.621E-06 1.626E-08

SW 1328. 4.941E-06 4.918BE-06 4.373E-06 1.061E-08

WSW 1125. 5.499E-06 5.474E-06 4.913E-06 1.242E-08

W 1100. 4.439E-06 4.423E-06 3.972E-06 9.598E-09

WNW 1120. 5.175E-06 5.148E-06 4.624E-06 1.106E-08

NW 1325, 4.921E-06 4.896E-06 4.355E-06 1.397E-08

NNW 3178, 9.362E-06 9.334E-06 8.348E-06 3.502E-08

NOTES :

1. Relative concentrations are for a ground-level release
to a ground-level receptor, are undepleted and unde-
cayed, and incorporate Pasquill-Gifford dispersion
coefficients, building height wake, and open terrain
correction factors,

N Based on WNP-2 meteorological data for the period
April 1, 1974 to March 31, 1976: 33-ft wind and
delta T (245-33 ft).

: Distances are from the center of each Containment,
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0.750

.222E-06
.S57E-06
.420E-06
.433E-06
.467E-06
.132€-06
.442E-06
.016E-06
.6S1E-06
.410E-06
.612E-08
.BS€E-06
.016E-D6
.9€BE-06
.0BIE-05
.D4BE-05

10.000

.J41E-08
.SB4E-08
.101E-08
.432E-08
.B99F-08
.08BE-08
.T02E-08
.98 31E-0B
.343E-08
.469E-08
.7T1BE-O8
.B44E-08
.422E-08
. 330FE-08
. IBSE-08
.465F-08

D T T N B o )

1.000

.J41E-06
J1BE-06
.T66E-DE
L247E-06
.756E-06
.070E-06

. 720E-06
.004E-06

. J25E-06
.676E-06
. 794E-06
919E-06
.496E-06
.466E-06
.404E-06
.271E-06

15.000
.357E-08
.954E-08
.700E-08
.325E-08
.03SE-08
.125E-08
.453E-08
.14BE-08
.347E-08
(BSIE-08
.459E-08
.522E-08
.299E-08
.I1BE-08
.902E-08
.960E-08

TABLE 2.1-5

Distance in Miles

1.500 2.000 2.500
1.627E-06 B.656E-07  5.408E-07
1.312E-06  7.011E-07  4.392E-07
1.103E-06  5.923E-07  3.725E-07
8.895E-07  4.758E-07  2.982E-07
6.946E-07  3.71SE-07  2.328E-07
8.079E-07  4.280E-07  2.663E-07
1.058E-06 S5.593E-07  3.476E-07
1.557F-06 B.226E-07 S.111E-07
1.683F-06 B.904E-07 S.537E-07
1.4156-06  7,.430E-07  4.593E-07
1.082E-06 5.701E-07  3.534E-07
1.132E-06  5.968BE-07  3.702E-07
9.656E-07  5.087E-07  3.153E-07
1.7298-06  9.113E-07  5.6502-07
2.1026-06 1.111E-06  €.907E-07
2.067E-06 1.099E-06 6.857E-07

20.000 25.000 30.000
1.521E-08 1.078E-08  8.098E-09
1.264E-08  8.972E-09  6.752E-09
1.103E-08  7.B50E-09  5.921F-09
8.555€-09  6.063F-09 4.557E-09
6.6B9E-09 4. 744E-09 3 _569E-09
7.214E-09  S.083E-09  3.803E-09
9.304F-09  6.551F-09  4.898F-09
1.380E-08 9.747E-09  7.312E-09
1.510E-08  1.068F-08  8.022E-09
1.183E-08  8.308E-09  6.203E-09
9.339E-05  6.576E-09  4.918E-09
9.714E-09 6.B1BF-09 5.083E-09
8.306E-09 5.B43E-09  4.366E-09
1.479€-08 1.039E-08  7.750E-09
1.8626-08  1.314E-0B  9.B43E-09
1.906E-08 1.347E-08 1.011E-08

Sheet 3 of &

3.000 3.500 4.000 4.500
3.7256-07/  2.741E-07  2.114E-07  1.689E-07
3.033E-07  2.236E-07  1.727E-07  1.382E-07
2.560E-07 1.907E-07 1.476E-07  1.183E-07
2.060E-07  1.519E-07 1.174E-07  9.391E-08
1.608E-07 1.186E-07 9.160E-08 7. 329E-08
1.829E-07  1.343E-07 1.0336-07  8.240E-08
2.3856-0)  1.74BE-07  1.3456-07 1.071E-07
3.506E-07  2.571E-07 1.977E-07  1.576E-07
3.801E-07  2.789F-07  2.146E-07  1.711E-07
3.138E-07  2.293E-07  1.758E-07  1.397E-07
2.420E-07  1.7726-07  1.361E-07  1.083E-07
2.536E-07  1.857E-07  1.427E-67  1.136E-07
2.1596-07  1.SB0E-07  1.214£-07  9.660E-08
3.869E-07  2.833E-07  2.17SE-07  1.731E-07
4.740E-07 1.476E-07 2.674E-07 2.131E-07
4.720E-07 3.471E-07  2.67SE-07  2.136E-07

35.000 40.000 45.000 50.000
6.339E-09  S5.112E-09  4.218E-09  3.543E-09
5.291E-09 4.271E-09  3.526E-09  2.964E-09
4.649F-C9  3.760E-09  3.109E-09  2.618E-09
3.567E-09  2.876E-09  2.372E-09  1.992F-09
2.796E-09  2.256E-09  1.862E-09  1.565£-09
2.965E-09  2.382E-09  1.959E-09  1.640E-09
3.817E-09  3.066E-09  2.521E-09  2.111E-09
5.718E-09  4.609E-09  3.802E-09  3.195E-09
6.278E-09  S5.063E-09 4.179E-09  3.513E-09
4.831E-09  3.B79E-09  3.189E-09  2.671E-09
3.B834E-09  3.0R2E-09  2.5)5E-09  2.124E-09
3.951E-09  3.166E-09  2.597E-09  2.169E-09
3.401E-09  2.732E-09  2.246E-09  1.880E-09
6.029E-09 BI6F-09  3.971E-09  3.322E-09
7.687E-09  6.1B9E-09  5.099E-09  4.279E-09
7.904E-09  6.367E-09  5.24BE-09  4.4056-09
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TABLE 2.3-5

Corrected for Open Terrain Recirculation

Sector

s
S5w
Sw
LA
-
N
N
NNW
N
NNE
NF
ENE
E
FSE
SE
SSE

S
S5w
Sw
wWow
w
W
N
NNW
~
NNF
NE
ENE
|2
ESE
S¥
SSE

*3) ft winde,

e e e R

- LN BN

0.250

.425F-07
.108€-07
. YS6E-08
. IS4E-08
.730E-08
.61BE-0B
L021E-00
.928E-07
.428E-07
.264E-07
.SS4E-07
.193E-07
L22¥E-0
.0717g-07
.S597e-07
.895E-07

$.000

.ST9E-10

00%SE-10

.404E-10
.150€-10

SeDE-11)

L017E-10
.BeRF-10
.490E-10
.394F- 10
.098E-10
.B12E-10
.159E-10
L213E-10
.759¢-10
.701E-10
.429E-10

L I L Il e

D D D e et et (D M A

delta T

0.500

.B19E-08
.T4TE-0N
.62)E-0D8
.149€E-08
.59%E-08
.900F-08
.4S1F-08
.S20E-08
.209g-08
.6STE-ON
. 2S4E- OB
.03Y4E-08
-135E-08
.023F-08
.TB4E-08
.407E-08

- NN WS DNy

7.500

.146E-10
.909%€-11
.2¥6E-11
109E-11
LR0YE-1]

S178-11
L211E-11
.SS0E-10
-952€-10
.821E-10
.249€-10
.592e-11
.B31E-11
.670E-10
.08RE-10
.52)E-10

Dt AR Ut DBNN Ww AR

(254'-33").

0.750

.4T4E-0B
.924E-08
.J47E-08
-103g-08
.212E-09
.754€-09
.T773E-08
. J4BE-08
.21%-08
.931E-08
.698E-08
.071E-08
.12)E-08
.606E-08
.S10E-08
.289E-08

.941E-1)
.397g-11
.778E-11
.095E-11
.JOME-11
. 736E-11
.974E-11
.391E-11
LA82E-10
.103E-10
.S67E-11
.8E-11
.955F-11
.012E-10
L.265E-10
.227E-11

Distance in Miles

1.000 1.500
1.1768-08  4.226E-09
9.146F-09  ).285E-09
6.403E-09  2.300F-09
5.245F-09  1.884E-09
3.904E-09  1.402E-09
4.617E-09 1.666E-09
8. 410FE-09 Y.028E-09
1.592¢-08  S.717§-09
2.004F-08  7.198F-09
1.869F-08  6.714E-09
1.2026-08  4.607E-09
9.848F-09  3.5317E-09
1.009F-08  3.625E-09
1.714F-08 6.158F-09
2.144E-08  7.702E-09
1.564E-08  5.617E-09

15.000 20.000
3.508E-11  2.1238-11
2.7286-11  1.651E-11
1.9096-11  1.156E-11
1.564E-11 9. 468E-12
1.164E-11  7.047€-12
1.383F-11  B.370E-12
2.506E-11  1.522E-11
4747611 2.873E-11
5.976E-11  3.617€-11
S.ST4E-11  3.174E-11
3.829E-11  2.315€-11
2.9376-11  1.778E-1)
1.010E-11  1.822E-11
S.113E-11  3.09%F-11
6.394E-11  3.8708-11
C6EAE-11 2.82)E-11

Dats Period 4/74-1/76.

Sheet 4 of 4

2.000 2.500
2.0968-09 1.234E-09
1.629€-09 9 59%4€-10
1.141E-09 6.7161-10
9.343€-10 5.502€e-10
6.955%E-10 4.09%E-10
8.260E-10 4.864E-10
1.502¢-09 8.842FE-10
2.8)5€-09 1.669F-09
3.S70€-09 2.1026-09
3. )29€-09 1.960F-09
2.285E-09 1. J4S5E-09
1.754E-09 1.0)3¢-09
1.798¢-09 1.059F-09
J.054€-09 1.798E-09
J.819E-09 2.249E-09
2.786E-09 1.640E-09

25.000 30.000
1.424E-11 1.020e-11
1.107g-11 7.932E-12
7.749%9€-12 $.5%2€e-12
6. J48F- )2 4.549€e-12
4.725€-12 1.386F 12
S.612€-12 4.021€E-12
1.020€e-11 7.%10E-12
1.926F-11 1.380E-11
2.42%€-11 1.73RE-11
2.262€-11 1.621F 11
1.5%2€-11 1.1126-11
1.192€-11 8.540F-12
1.221€-11 8.752E-12
2.078E-11 1.487F-11
2.59%E-11) 1.8%9E-11
1.893-11 1.356€-11

3.000

8.079g-10
6.282€-10
4.397E-10
3.602€E-10
2.681E-10
3.185E-10
$.790E-10
1.091e-09
1.376E-09
1.2845-09
8.808E-10
6.764F-10
6.932€-10
1.177g-09
1.473E-09
1.074E-09

35.000

7.660F-12
S.9%6F-12
4.169E-12
3. 415E-12
2.542€-12
3.020€-12
5.489F-12
1.036E-11
1.305%E-11
1.217E-11
0.351€E-12
6.413E-12
6.572¢-12
1.116F-11
1.396E-11
1.018E-11

el R L T

B SAEP O DENN wEan

3.500 4.000 4.500
L6BSE-10  4.21)E-10  3.247E-10
L420E-10  3.276E-10  2.524E-10
L094E-10  2.293E-10 1.767E-10
.SISE-10  1.879E-10  1.448E-10
L887E-10 1.)98E-10 1.078E-10
L241E-10 1.661E-10 1.280E-10
.074E-10  3.019E-10  2.327E-10
.692E-10  5.700-10  4.391E-10
L684F-10 7.177E-10 S.S)1E-10
L03I3E-10  6.694E-10  S.1S9E-10
J198E-10  4.593E-10  ).S40E-10
JIS9E-10 3.527€-10  2.718€-10
.877E-10  3.61SE-10  2.786E-10
.205F-10 6.140F-10  4.732E-10
.036E-09  7.679E-10  S.91BE-10
.5SBE-10  S.601E-10 4.316E-10
40.000 45.000 50.000

L956E-12  4.758E-12  3.883F-12
J63IE-12  3.699E-12  3.019E-12
L242E-12  2.589E-12  2.114E-12
L656E-12  2.121E-12 1.701E-12
J9TTE-12  1.S79E-12  1.289€-12
JJABE-12  1.875E-12  1.531E-12
268E-12  3.409E-12  2.783E-12
L059E-12  6.4)7E-12  5.254E-12
.015E-11  8.105¢-12  6.615€-12
L46IE-12  7.559E-12  6.1708-12
L491E-12  S.187E-12  4.234F-12
.986E-12 J.98)3k-12 3.251€-12
J110E-12 4.082E-12  3.3)2€-12
L6BOE-12  6.934F-12  S.660E-12
L0B6E-1) ®.672E-12 7.078E-12
J91BE-12 6.325E-12  S.162E-12
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S/HNP-PSAR 4/2/82

24- and 48-hour general storm PMPs of 9.0 and 11.7 in.,
raspectively.

The thunderstorm PMP, which is considerably more severe
than the general storm PMP was used to determine the PMF
hydrograph. The critically arranged precipitation for the
1- and 6-hour PMPs are listed in Tables 2.4-14 and 2.4-15,
respectively. The Bureau of Reclamation(Ref 29) critical
sequence was used for the l-hour thunderstorm PMP and the
U.S. Army Corps of Engineers(Ref 32) critical seguence was
used for the 6-hour thunderstorm PMP.

2.4.3.2.2 Precipitation Losses

The thunderstorm precipitation losses were estimated by the
method developed by the Soil Conservation Service.(Ref 29)
The method involves the determination of the direct runoff
curve number (CN) from the hydrologic soil group, cover
type, and cover density. For thunderstorm precipitation,
the type and density of vegetative cover on the watershed,
as well as the time sequence of precipitation have more
influence on thunderstorm runoff than does the antecedent
moisture condition or the snil group.

The soil within the S/HNP watershed is classified as
Hydrologic Soil Group B, and the area has a thunderstorm
cover index of brush, sage, grass, or a combination
thereof . (Ref 13) Based on these data, a curve number (CN)
of 85 was estimated for the watershed. When this CN was
used in the runoff model described in Section 2.4.3.2.4,
total losses for the l- and 6-hour thunderstorm PMFs were
1.7 and 1.9 in., respectively. Because these losses are
small compared to the precipitation input, for the calcula-
tions of the PMP hydrograph, it was conservatively assumed
that the basin was 100 percent impervious, that is, that
there were no precipitation losses.

2.4.3.2.3 Runoff and Stream Course Model

The 5 minute unit hydrographs for the l-hour and 6-hour
thunderstorm PMP were determined by the Soil Conservation
Service (Ref 29) method for small, ungaged watersheds, The
calculations were made with the HEC-1 computer program. (Ref
33)

The Skagit/Hanford Nuclear Project watershed has a drainage
area of 1.3 square miles. The drainage area length is 1
mi. The elevation at the upstream boundary is 530 £t MSL
and at

2.4-11 Amendment 24
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the basin exit 1t 1s 516 ft MSL. The time of concentration,
Tc, 1s given by:

11.9L3 | 0.385

H (20403-1)
where:
L drainage area length (mi.)

o o
non

drainage area elevation difference (ft)

The Tc for the watershed 1s 0.94 hour. The corresponding
lag time 1s approximately 0.6 Tc, or 0.6 hour. The basin
hydrologic characteristics used in HEC-l are shown in Table
2.4-16. The unit hydrograph used for the l- and 6-hour
thunderstorm PMPs are listed in Tables 2.4-17 and 2.4-18,
respectively, and shown on Figures 2.4-14 and 2.4-15.

2.4.3.2.4 Probable Maximum Flood Flow

The PMF hydrograph for the l- and é6~hour thunderstorm PMPs
were determined from the incremental precipitation, the
direct runoff curve numpber and the unit hydrograph.(Ref 29)
The calculations were made with the HEC-1 computer code.

(2.4-33)
Direct runoff increments were computed from the critically

arranged incremental precipitation listed in Tables 2.4-14
and 2.4-15 using the following equations:

(P=-0,28)+«

(p’OOBS) (2.4-3‘&)

1000 =~ 30

CN (20403-3)

where:

direct runoff (in.)
incremental precipitation (1in.)
curve number = B85

;WO
non
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Because the losses are small, it was conservatively assumed
that the basin was 100 percent impervious. The direct
runoff increments were convoluted with the 5-minute and 10-
minute unit hydrographs to yield the l-hour and 6-hour
thunderstorm PMF peak discharge of 4,724 cfs and 3,240 cfs,
respectively. The peak discharge of the l-hour PMP was
used to calculate the PMF water surface elevation because
it was higher than the 6-hour PMP peak discharge. The
hydrograph for the l-hour PMP is shown in Table 2.4-19 and
on Figure 2.4-16. The peak discharge occurs approximately
70 minutes after the start of rainfall.

2.4.3.2.5 Water Surface Elevations

The water surface elevatinns for the peak discharge of the
l-hour thunderstorm PMF were determined with the HEC-2
computer code.(Ref 31) It was assumed that the discharage
was constant and had a peak value of 4,724 cfs.

The locations of the sections used in the backwater calcula-
tions are shown on Figure 2.4-17. The geometry of the
sections is shown on Figure 2.4-18. The backwater calcula-
tions were started at Section 1 as it constricts the flow
and acts as a natural control section. It was difficult to
distinguish between channel and overbank areas for the
natural sections downstream of the graded areas. Conse-
quently, a single Manning's roughness coefficient was
chosen to characterize the natural sections. The Manning's
roughness coefficient for the natural sections was
estimated (Ref 13) as 0.035. The final surface will
consist of 6 inches of stabilizing gravel over the entire
rough graded area. The Manning's roughness coefficient for
the latter areas was also estimated as 0.035.(Ref 34) The
water surface profile for l-hour thunderstorm PMF is shown
on Figure 2.4-19. The area inundated is shown on Figure
2.4-20. The maximum water surface elevation at section
number 15, immediately to the north of the power block, is
524.2 ft MSL; and that at section number 17, immediately to
the south of the power block, is 525.1 ft MSL. The water
surface elevations and water depths are shown in Table 2.4-
20.

2.4.3.2.6 Coincident Wind Wave Activity

Wind wave effects coincident with the thunderstorm PMF were
evaluated using the method developed bv the U.S. Army Corps
of Enaineers.(Ref 35)

2.4-13 Amendment 24
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The 100-year l-hour averaage windspeed for coincident wind
wave activity calculations at the Skagit/Hanford Nuclear
Project is 64 mph. It is the direction-independent, 33~
feet above ground, overland windspeed. The windspeed
estimate appears conservative relative to the maximum 1=
hour average of 47 mph observed on the Hanford
Meteorological Station Tower on January 11, 1972, and
corrected to 33 feet with the 1/7-th power law wind
profile. It is consistent with the fastest windspeed
reported in Section 2.3.1. The overwater wind speed was
estimated as 1.1 times the overland windspeed, (Ref 35) or
70 mph.

The stillwater area and the radials used to estimate the
length of the effective fetch, Fe, are shown on Figure
2.4-20. Wind setup at the power block was estimated for
winds from the northeast and the southeast. The latter
produced the higher wind setup. At a l-hr thunderstorm PMF
elevation at the southeast corner of the power block of
525.1 ft MSL, the effective fetch length was estimated at
1300 £t (0.25 mi). The average water depth, 4, along the
central radial (Figure 2.4-21) was estimated at 2.3 ft.

The slope at the southeast corner of the power block 1is
about 1:400.

The wind setup can be estimated from(Ref 35)

AS (1.165x10"3) U2 F cos ©

2 24 (2.4.3-4)

§ = wind setup (ft)

difference in water level between the two ends of
the fetch (ft)

windspeed (mph)

Fetch length (mi), assumed to equal 2Fq.

average water depth in fetch (ft)

angle between wind and fetch,

(=2
w0
"

Ooama
Wononon
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Snake River
below

Ice Harbor Dam

27,560
31 ,!\0\”
316,380
42,390

47,030

020
77,250
114,300
118,500




TABLE 2.4-5

REGULATED AVERAGE MONTHLY DISCHARGE (3)
(1980 LEVEL OF IRRIGATION DEPLETION AND DAM REGULATION)

Requlated Average Monthly Discharge

"olumbia River Yakima River Snake
t'?‘]“w (]t
Priest Rlpldﬂ Dam

83,671
87,562
114,180
190,952
140,581
109,839
109,501
169,160
134,613
92,394
96,584
i A

(cfs)

helow

River

Dam

K}pn_ﬁ Ice Harbor

26,645
33,582
35,071
41,888
42,853
48,467
70,227
94,690
88,965
34,901
20, 383
20,568

dV¥Sd~-dNH/S
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TABLE 2.4-18

10 MINUTE UNIT HYDROGRAPH*

4/2/82

Time

(min)

10
20
30
40
50
60
70
80
90
100

Discharge
(cfs)

0
129
415
788
919
844
660
419
280
192
128
2290

Time

{min)

110
120
130
140
150
160
170
180
190
200
210

Discharge

(cfs)

87
85
39
26
18
12

HPoWN W

*Used for S/HNP watershed for 6-hour thunderstorm PMP

Convolution

Amendment
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TABLE 2.4-19
HYDROGRAPH FOR 1-HOUR THUNDERSTORM PMP 23
Time Discharge Time Discharge
(min) (cfs) (min) (cfs)
0 0 125 860
5 17 130 696 "
10 X 135 564 251
15 167 140 457
20 342 145 369
25 606 150 298
30 943 155 241
35 1,358 160 196
40 1,851 165 159
45 2,420 170 129
50 3,035 175 105
55 3,656 180 85
60 4,205 185 69
65 4,579 190 44
70 4,724 195 35
75 4,652 200 P i
80 4,395 205 21
85 4,000 210 15
90 3,507 215 10
95 2:973 220 6
100 2,454 225 3
105 2,000 230 1
110 1,627
118 1,315%
120 1,063

Amendment 24
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. TABLE 2.4-20
WATER SURFACE ELEVATIONS AND WATER DEPTHS FOR THE
1-HOUR THUNDERSTORM PMP ALONG SECTION AA

Section Distance Elevation Depth
Number (ft) (ft MSL) (ft)
1 0 $520.1 2.5

2 200 520.7 1.9

3 400 520.9 2.9

4 600 521.1 3

5 800 e i 3.3

6 1000 521.4 J.4

7 1200 521.4 1.4

8 1450 - 4] B 17

9 1850 5222 2,2

10 1960 522.3 2s3

11 2250 522.8 1.8

12 2450 $23.2 - .

13 2650 $23.7 r 0y

14 2850 524.0 3.0

15 3050 §24.2 e

16 3300 524.6 2.6

17 3730 §25.1 2sl
. 18 3950 $25.3 e
19 4090 $25.3 P

20 4220 525.3 2.3

21 4320 525.3 2.3

22 4670 525.6 2.6

23 5020 525.7 - 34

Amendment 3
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TABLE 2.4-21

LOW FLOW DATA FOR COLUMBIA RIVER BELOW PRIEST RAPIDS DAM(2a)

Minimum Average

Minimum

Daily Flow Instantaneous Flow
Water Discharge Date Discharge Date
Year (cfs) (cfs)
1960 52,100 03/12/60 40,100 03/15/60
1961 44,100 11/09/60 37,200 09/25/61
1962 36,400 01/01/62 35,300 01/01/62
1963 51,100 09/07/63 37,300 03/18/63
1964 38,700 09/20/64 36,900 12/15/63-12/16/63
1965 38,100 12/13/64 34,800 12/31/64-01/01/65
1966 37,600 04/03/66 36,300 0'/17/66
1967 38,000 10/16/66 36,000 11/15/66
1968 38,200 02/24/67 35,600 04/29/68
1969 38,500 09/07/69 36,100 10/16/68
1970 38,400 02/08/70 36,100 10/04/69
1971 37,100 01/23/71 34,800 12/25/70
1972 45,900 11/20/71 36,100 01/09/71
1973 38,000 12/25/72 35,800 12/26/72
1974 37,800 11/11/73 36,4C0 11/30/73
1975 43,500 08/16/75 38,300 11/24/74
1976 39,300 04/10/76 32,100 04/11/76
1977 38,400 07/10/77 35,500 07/02/77
1978 39,000 12/25/77 28,300 11/09/77
1979 50,500 08/19/79 34,800 08/17/79
(a) Ref 55
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2.5.2.1 Seismicity

Reference Section 2.5.2.1, WNP-2 FSAR.

2.5.2.2 Geologic Structures and Tectonic Activity

Reference Section 2.5.2.2, WNP-2 FSAR.

2.5.2.3 Correlation of Earthquake Activity with Geologic
Structure or Tectonic Provinces

Reference Section 2.5.2.3, WNP-2 FSAR.

2.5.2.4 Maximum Earthquake Potential

Reference Section 2.5.2.4, WNP-2 FSAR.

2.5.2.5 Seismic Wave Transmission Characteristics of the
Site

In-situ velocity measurements by crosshole and downhole
techniques and surface refraction studies have been
conducted in the vicinity of the S/HNP Site (Appendix 2L).
The velocity column beneath the S/HNP Site from ground
surface to the Elephant Mountain Basalt is shown on Figure
2.5A. The velocity column has been compiled from crosshole
velocity measurements at the west reactor site to a depth of
approximately 200 ft, from downhole velocity measurements to
a depth of 570 ft in borehole S-15, and from surface
refraction data for the basalts. Velocity values between a
depth of 570 ft and the top of basalt at a depth of 704 ft
have been estimated from downhole velocity measurements at
other locations as correlated with the coarse and fine
materials indicated by the geophysical logs. The coarse
materials within the Ringold and lower pre-Missoula section
are generally cemented, producing the high velocitv (8,000
fps or greater) layers shown on Figure 2.5-10. Shear wave
velocities within the Ringold section below a depth of 230
ft are estimated based on velocity measurements at other
locations in the Hanfo:rd Reservation area. Compressional
and shear wave velocities of the materials above basalt have
also been measured at WNP-1/4 and WNP-2 (Appendix 2L of the
WNP-1/4 PSAR). The
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changes 1ln selsmlC wave velocities with depth at WNP-1/4 and
WNP-2 are similar to those described above for the S/HNF.

The sonic velocities of the basalt flows and interbeds below
the Elephant Mountain Basalt have been measured 1in the
Rattlesnake Hills No. 1 well (Ref 16) to a depth of 3,230 m
(10,600 ft). The sonic log from this well shows that the
compressional wave velocity varies. Relatively high
velocities of 5.0 to 5.7 km/s (16,400 to 18,700 fps) were
measured for the competent basalt flows. Lower velocities
of 4.0 to 4.5 km/s (13,000 to 14,800 fps) were measured for
the interbeds. Shear wave velocities were not measured.

2.5.2.6 Safe Shutdown Earthguake

The maximum acceleration at the Site resulting from
historical or instrumental earthquakes 1s estimated to have
been 0.015g (see Section 2.5.2.6 WNP=2 FSAR).

A peak acceleration of 0.25y at ground surface 1S an
appropriate "zero-period" anchoring point for a Reg. Guide
1.60 response spectra to define the Safe Shutdown Earthgquake
(SSE)., This spectrum 1S consistent with the design criteria
previously adopted for the Hanford Reservation (Atomic
Energy Commission, 1972) and with accelerations assoclated
with an intensity (MM) VIII earthqguake. This intensity 1S
larger than any historical earthqguake in the Columbla
Plateau.

This spectrum anchored at 0.259 1s hereln referred to as the
Site SSE. It must also be recognized that many structures
and components of the Plant had previously been designed for
an SSE anchored at 0.359 associated with the Skagit Site.
Consequently, thils 0.35g9 spectrum has been retained as the
Plant design basis and 1S herein referred to as the Design
SSE. The reguirements of this design basis exceed all of
those of the Site SSE. Unless otherwise specified,
references to the SSE in Chapter 2 of this SAR refer to the
Site SSE and references to the SSE in Chapters 3 through 15
refer to the Design SSE.

2.5.2.6.1 Evaluation of the Probability of Exceedance of
the Vibratory Ground Motion of the SSE

A selsmic exposure analysis to estimate the probability of
exceeding the vibratory jround motions of the Site SSE 15
presented 1n the WNP=-2 FSAR.
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2.5.2.7 Operating Basis Earthquake

A peak acceleration of 0.1259 or one-half that of the Site
SSE 1s assigned for the Site Operating Basis Earthquake
(Site OBE). A peak acceleration of 0.175y or one~half that
of the Design SSE 1s assigned for the Design Operating Basis
Earthquake (Design OBE). Unless otherwise specified,
references to the OBE 1in Chapter 2 of this SAR refer to the
Site OBE and references in Chapters 3 through 15 refer to
the Design OBE.

2.5.3 SURFACE FAULTING

All available geologic and geophysical information was
evaluated to determine whether any evidence suggested that
surface faulting might occur within 5 miles of the Site.
Available information was supplemented with detailed,
site-specific geologic and geophysical surveys extending
beyond 5 miles in some directions and concentrated 1in a 2
mile radius of the Site. These surveys have 1included ground
gravity and magnetic surveys along closely spaced lines and
a seismic refraction survey. The results of the geophysical
investigations are described in Apper 'ices 2K and 2L.
Geologic i1nvestigations undertaken specifically to supple-
ment avallable information included phlotogeology, field
mapping, rotary and core drilling, and stratigraphic
analysis. The results of these 1investigations are described
in Section 2.5.1.2 and Appendix Z2R.

Geologic and geophysical studies have shown that the basalt
bedrock underlyiny the Site within a radius of at least Z
mi1les shows slopes with only gentle relief (generally less
than 5 degrees). Sedimentary units within the Miocene-
Pliocene Ringold Formation which overlies bedrock are
generally horizontal or show some minor warping (slopes less
than 5 degrees), Sediments overlying the uppermost Ringold
Formation (generally considered to be part of the Hanford
Formation) are Plelstocene or older in age and contailn a
refracting horizon of 4,000 ft/sec velocity which 18
flat=-lying within a radius of 2 miles of the Site, This
velocity horizon has alese bee.. found to be flat-lying over
an area of approximately 28 square miles within the vicinity
of the Site. There are no photolinears within the Site Area
which are structurally controlled. On the basis of these
data, there 1s no evidence that suggests potential for
surface faulting; tnerefore, Sections 2.5.3.l1 through
2.5.3.8 do not apply.
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2.5.4 STABILITY OF SUBSURFACE MATERIALS

Beneath a surficial layer of loose silty sand, the central
Plant facilities are underlain by geologic strata which will
provide suitable founding materials. The loose surficial
sands have an average thickness of 6 to 8 feet across the
Site (mean approximate surface elevation 525 feet). These
sands are underlain by medium dense to dense sands of late
Pleistocene age to approximate elevation 490 feet (MSL),
very dense sands and gravels of late Pliocene (?) to
Pleistocene age to approximate elevation 320 feet, and
lacustrine and fluvial very dense sands and gravels and hard
silts and clayey silts of late Miocene to Pliocene age
(Ringold Formation) through to basalt bedrock at approximate
elevation -200 feet. The present groundwater table is at
elevation 400 feet.

A majority of the central Plant structures, with the excep-
tion of the Ultimate Heat Sinks and Radwaste Buildings which
will be founded directly on the very dense sands below Eleva-
tion 490', will be supported directly on structural backfill
(see Figure 2.5-15).

Because of the use of large mat foundations and the nature
of the foundation materials, there is no possibility of
large scale movements associated with bearing capacity
failure. Structure permissible total and differential
settlements control the allowable bearing pressures.
Permanent settlements will occur under the static loads
applied by the surface structures and their equipment.
These settlements are not expected to cause adverse effects
on the structures and operating equipment.

During design basis earthquake shaking, the surface
structures will be subjected to dynamic pseudo-elastic
(recoverable) movements. The dynamic movements are not
expected to have adverse effects on the Plant and equipment
during the Design SSE.

Because of the great depth of the water table and the nature
of the geologic strata at the Site, there is no potential
for liquefaction of the structure foundations. 1In addition,
there are no other foundation conditions (e.g. zones of
alteration or weathering, collapse features, poorly
consolidated strata or soluble zones) which could impact
foundation stability.
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2.5.4.1 Geologic Features

The geoloyic features at the Site are discussed in detail 1in
Section 2.5.1:.2.

2.5.4.1.1 Areas of Potential Surface or Subsurface
Subsidence

There are no areas of actual or potential surface or sub-
surface subsidence, uplift, or collapse at the Site.

2.5.4.1.2 Previous Loading History

Several hundred feet of Ringold Formation sediments were
eroded from the Site prior to or during Pleistocene time.
Consolidation testing of silty units within the Ringold
(Figures 2Q B-28 and 2Q B-29) has confirmed effective
preload pressures of these units on the order of 8 to 10
tons per square foot greater than existing loads. There 1is
no evidence that the glaciofluvial sediments subsequently
deposited on the erosion surface of the Ringold Formation
have been subjected to significant pre-loading.

2.5.4.1.3 Zones of Alteration, Weathering and Structural
Weakness

There are no zones of alteration or irregular weathering, no

zones of structural weakness, and no shears, joints,
fractures, faults or folds which will influence structural
foundations at the Site.

2.5.4.1.4 Unrelieved Resildual Stresses 1n Bedrock

Basalt bedrock at the Site 1s at approximate depth 700 feet
and unrelieved residual stresses in the basalt will not
impact structural foundations.

2.5.4.1.5 Potentially Unstable Rocks or Soils

At the Site there are no rocks or soills which are
potentially unstable due to lack of consclidation, ihigh
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water content, solubility or undesirable response to natural
or induced site conditions.

With the exception of the loose surficial materials, the
in-place soils are competent to provide sound foundations
for the structures. However, the major structures will be
founded on compacted structural backfill down to the very
dense sands at approximately Elevation 490' (see Section
2:5.4:9).

The near surface Missoula sands (above average elevation 490
feet) could be expected to undergo some dynamic compaction
settlements during the postulated design basis earthquake;
these settlements are estimated in Appendix 2Q (Section
8.2.4.2) and their magnitudes are such that the central
Plant structures and operating equipment are not expected to
be adversely impacted. These materials will, however, be
removed and replaced with structural backfill. The very
dense pre-Missoula sands and gravels (down to average
elevation 360-380 feet) would be expected to undergo
negligible settlements during the design basis earthquake.
The lower gravels of this unit are below the water table
(average elevation 400 feet) but the very dense nature of
the gravels and the relative depth of the saturated zone
ensure that significant excess pore pressure development and
liquefaction would not occur as a result of Design SSE
shaking (Appendix 2Q, Section 8.2.4.1).

Below average elevation 360-380 feet (MSL), the very dense
lower Pre-Missoula gravels and the gravels, sands and silts
of the Ringold Formation exhibit high in situ seismic
velocities (Table 2.5-3). The gravels are cemented (see
2.5.1.2) and stiff (see Menard pressuremeter test results--
Table 2Q A-4), and the silts are overconsolidated to very
hard and compact materials (see consolidation test results
and Menard pressuremeter test results--Figures 2Q B-28 and
2Q B-29 and Table 2Q A-4). There is no possibility of a
loss of stability or of a significant deterioration of the
engineering properties of the Site materials during motions
associated with the Design SSE.

2.5.4.2 Properties of Subsurface Materials

Static and dynamic engineering properties of the subsurface
materials underlying the Site were determined by field and
laboratory investigations as described in Appendix 2Q
(Sections 4.0 and 5.0). All testing was carried out in
accordance with the applicable standards published by the
American Society for Testing and Materials (ASTM) (Ref 17,
18) with the exception of laboratory dynamic tests (cyclic

2.5-24 Amendment 24

o
b



S/HNP=-PSAR 12/21/81

taken within each of the borings, and Menard pressure-meter
tests were performed in 12 of the holes. Four monitoring
wells and four multiple completion standpilpe plezometers
were installed around the central plant facilities area for
groundwater pressure monitoring and water sampling purposes.
In addition, two cross-hole geophysical seilsmic surveys were
carried out to determine compression and shear wave velocity
profiles for the foundation soils. No unanticipated
foundation conditions were encountered during the Site
investigation program.

The field exploration program provided some of the data
necessary to characterize the static and dynamic properties
of the foundation materials and to permit an evaluation of
foundation stability conditions to be undertaken. Details
of the field exploration methods are given in Appendices 2P,
2L and 2Q (Section 4.0).

2.5.4.3.2 Location Plans and Logs of Explorations

Locations of the field explorations in relation tc the
central plant facilities structures are shown on Figure
2.5-12. Detailed logs of all boreholes are given in
Appendix 2Q, on Figures 2Q A-1l through 2Q A-37. Trench
logs and photographs are shown on Figures 2Q A-52 through
2Q A-54. The coordinates, collar elevations, depths and
drilling methods for each of the boreholes are given in
Table 2.5-4.

The log of the deep corehole at the Site 1s given in Appen=-
dix 2R, and the results of the Site cross-hole geophysical
selsmic surveys are presented 1n Appendix 2L and summarilzed
in Table 2.5-3. Water level measurements within the moni-
toring wells and piezometric holes are presented in Table
2P-1.,

2.5.4.3.3 Subsurface Soil Profiles

Subsurface soil profiles for the Site, showing boring
locations, groundwater elevations and final foundation
grades, are given in Figure 2.5-13.

2.5.4.4 Geophysical Surveys

Seismic profiles in the S/HNP Site Area, 1including
compressional ("P") wave velocity values, are presented 1n
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Appendix 2L. A contour map of the top of the 8,000-10,000
fps refracting horizon within the Pre-Missoula gravels, and
a contour map of the top of basalt based on seismic profiles
as supported by gravity and test boring data, are also
included in Appendix 2L.

Table 2.5-3 and Appendix 2L provide measured in situ

compressional ("P") and shear ("S") wave velocity values,
along with corresponding calculated elastic moduli values,

2.5.4.5 Excavations and Backfill

2.5.4.5.1 Extent of Excavations and Backfill

The upper six to eight feet of loose silty aeolian sand does
not provide suitable founding material and as a minimum will
be removed beneath all major structures, A plan and
profiles showing the extent of Categorv 1 excavations at the
Site are presented in Figures 2.5-14 and 2.5-15. These
drawings also show the required excavation slopes, Chemical
or other types of slope protection materials will be applied
as necessary on exposed excavated or fill slopes to prevent
wind erosion., Mud mats will be provided to protect prepared
foundation soils. Methods for controlling runoff from rain-
fall on the foundation mats and mud mats will be included in
the construction specification in order to protect
foundation soils from erosion.

2.5.4.5.2 Sources of Backfill

The clean black medium sands, which occur beneath the upper
silty materials and above the very dense Pre-Missoula
sediments, will be used for Category 1 backfill. Much of
the upper silty sand material will also be used, but only in
area fills outside the limits of structures and roads.

2.5.4.5.3 Compaction Criteria

Structural backfill material will be compacted to an average
relative density of 85 percent with a minimum relative
density of 75 percent, determined in accordance with ASTM D
2049. Prior to the start of backfilling, a test program
will be carried out to provide a correlation between
relative density and relative compaction using ASTM D 1557
or ASTM D 2049, whichever results in the higher density. At
that time practical procedures for developing rapid methods
of field control will be developed which will be
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conservatively correlated with relative density, The latter
test will then be used for quality control.

2.5.4.5.4 Engineering Properties of Backfill

Grain size distributions of the clean black medium sands
which will be suitable as Category 1 backfill are given in
Figures 2Q B-3 and 2Q B-9., Static and dynamic material
properties were evaluated for samples of the backfill
material taken from the test trenches and prepared to a
relative density of 75 percent (structural backfill will be
placed to a minimum relative density of 75 percent). The
maximum and minimum densities presented in Table 2Q B-6 were
used to determine the required sample density corresponding
to 75 percent relative density.

The static shear strength of 75 percent relative density
backfill was evaluated by a program of triaxial compression
testing. These data are given in Figure 2Q B-39 and
summarized in Figqure 2Q-6.

Strain-dependent dynamic elastic moduli data for 75 percent
relative density backfill were generated by cyclic triaxial
testing. The dynamic stress-strain data are given in

Figures 2Q B-35 and 2Q B-36, and summarized in Figqure 20-7.

2.5.4.5.5 Quality Control Program

In situ density of compacted fill will be measured. At
least one density test for quality control will be performed
for each one-foot thickness of compacted fill for every
22,500 square feet of material placed. All field densities
will be compared with the maximum density determined by ASTM
D 1557 or ASTM D 2049, whichever results in the higher
density, and from that and the comparison between relative
density and relative compaction, verification that the
relative density of the fill complies with the criteria in
Section 2.5.4.5.3 will be obtained.

2.5.4.5.6 Control of Groundwater

Because of the great depth to the water table in relation to
the depths of required excavation, dry conditions will exist
in all excavations.
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2.5.4.5.7 Category I Piping and Electrical Duct Banks

Category I piping and electrical duct banks will be
supported by backfill for structures, fill for rough grade,
or native material to an elevtion of one foot below the
bottom of the pipe or duct bank. The material compaction
requirements will be in accordance with Sections 2.5.4.5.2
and 2.5.4.5.3 respectively. Category I piping and
electrical duct banks will not be founded in near-surface
loose silty aeolian sands. The gualitv control proaram will
conform to Section 2.5.4.5.5.

Bedding material will be placed a minimum distance of one
foot below the bottom, one foot above the top, and five feet
on each side of the pipe or duct bank, The bedding material
will be i1n accordance with Section 2.5.4.5.2, except that
100 percent of the material will pass a one-half inch screen
with no more than five percent passing the No. 200 size
screen. Compaction of the bedding material will meet the
requirements of Section 2.5.4.5.3.

2.5.4.6 Groundwater Conditions

Groundwater conditions at the Site are described in Sections
2.4.13 and 2.5.4.5.6 and in Appendix 2P.

S }
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2.5.4.6.1 Stability

The depth cf the water table ensures that groundwater will

not impact the stability of the safety related facilities
(Sections 2.5.4, 2.5.4.1.5, 2.5.4.7, 2.5.4.8 and 2.5.4.10)

2.5.4.6.2 Control of Water Levels and Seepage

Because of the great depth of the water tabie, all

structures will be located above the water table and there

will be no special reguirement for the collection and

control of seepage or for the control of groundwater levels.

2.5.4.6.3 Construction Dewatering

There will be no regquirement to dewater construction
excavations (Section 2.5.4.5.6).

2.5.4.6.4 Permeability

Permeability values are discussed 1n Section 2.4.13.1 and
Appendix 2P.

2.5.4.6.5 Groundwater Fluctuations

Past and projected fluctuations in groundwater conditions
are discussed in Sections 2.4.13.1 and 2.4.13.2.

2.5.4.6.6 Monitoring of Wells and Piezometers

Monitoring of local wells and plezometers 1S considered 1in
Section 2.4.13.1 and 2.4.13.2 and 1in Appendix ZP.

2.5.4.6.7 Direction of Groundwater Flow

Direction of groundwater flow 1s discussea 1n 5ectlons
2.4.13.1 and 2.4.13.2 and in Appendix 2P.
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5.2.3.2 Discussion of Results

5.2.3.2.1 Seismic Data

Seismic refraction Profiles DB-10-1 through DB-10-8
(Figures 2K-34 through 2K-36 and Attachment C generally
show higher, near-surface overburden velocities than are
found elsewhere in the Hanford Reservation; the typical
1,000-2,000 ft/sec. shallowest material is less than 20
feet thick and is underlain by material with velocities
ranging from 3,000 to 8,000 ft/sec. An analysis of
materials excavated from test pits (Table 2K-1) along the
seismic refraction lines indicate a lateral variation in
the composition of the gravels., These compositional
changes define a northwest-trending transition zone which
is indicated by the northwest-trending dotted line on
Figure 2K-33. Lower velocities of 3,000-5,000 ft/sec. in
the gravels found northeast of the transition zone
correlate with a matrix of basaltic sand. The higher
velocity material (6,000-8,000 ft/sec.) encountered
southwest of the zone has a matrix of silt and clay with
weak calcareous cementation.

The seismic refraction data in the DB-10 area clearly
define the northwest-trending basalt ridge indicated by the
gravity data, as well as the drillhole data obtained by
Golder Asscciates. Top of basalt elevations ‘n the area of
seismic lines DB-10-1 through DB-10-8 are between 460 feet
and 260 feet. The seismic velocities for bedrock vary from
10,000 to 14,000 ft/sec.

Seismic lines DB-10-3A, DB-10-5, DB-10-6 and DB-10-7 wer=e
located to explore the lateral extent of the 8,000 ft/sec,
material that appear at the west end of Line DB-10-3,
Shallow, competent basalt (12,000 - 14,000 ft/sec.) with a
localized weathered zone (6,000-9,000 ft/sec.) in the
vicinity of Test Pit 6 was found to extend across the
entire DB-10 area.

Profile DB-10-4 (Figure 2K-34) shows an anomalous low
velocity zone in the basalt bedrock between Stations 12+00
and 16+00. A low velocity zone in the bedrock was
encountered between Stations 6+00 and 10+00 on Profile DB-
10-8 (Figure 2K-35) and at Station 15+50 on Line DB-10-3
(Figure 2K-36).

Seismic Profiles 7 and 8 (Figqures 2K-37 and 2K-38) show an
overburden sequence of 2,000-4,500 ft/sec. material
underlain by 8,000-10,000 ft/sec. material. 1Isolated zones
within the overburden have intermediate velocities that
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5.3 SOUTHEAST ANTICLINE

5.3.1 INTRODUCTION

The aeromagnetic data acquired by Washington Public Power
Supply System (Figure 2K-49) show a magnetic high trending
southeasterly from the eastern end of Gable Mountain., Two
aeromagnetic survey blocks are joined along the axis of
this magnetic high. Those individual flight lines which
overlap from one su:vey block to another have been
evaluated and confirm that the magnetic high is real and
not an artifact of merging the two aeromagnetic survey
blocks. Rockwell's 1980 aeromagnetic survey of the Hanford
Reservation area further confirms the existence of this
aeromagnetic high. Extensive seismic refraction, gravity
and land magnetic data were acquired to characterize this
anticlinal ridge and to define the structural relationships
between the Southeast Anticline and the first-, second-,
and third-order folds of the Umtanum Ridge-Gable Mountain
structural trend.

5.3.2 DISCUSSION OF RESULTS

5.3.2.1 Magnetic Data

An aeromagnetic high, generally symmetrical in shape,
trends in a southeasterly direction from the eastern end of
Gable Mountain to the vicinity of Line 4C. At this
location the anomaly decreases in amplitude and appears to
be offset to the southwest., This lower amplitude magnetic
high continues trending southeasterly and then easterly in
the vicinity of Lines 4E and 4r.

The individual land magnetic profiles (Figure 2K-50)

indicate a feature which may be more complex than the
aeromagnetic data would indicate. A sharp anomalv (A)

trends in a S60CE direction from Line 3 to Line 1-A but is 24
not traceable south of Line 1-A, The single peaked,
magnetic anomaly on Line 1 broadens and divides intc

more subdued peaks (B and b) in the vicinity of Line -

The northeasterly of the two southeast trends decreases in
amplitude to a magnetic low (C) on Line 4D, The
southwesterly of the two southeast-trending highs appears
to continue southeast of Line 4D but is then offset in an
en echelon manner, similar to the aeromagnetic data, to a
southeasterly-trending lower amplitude magnetic high on
Lines 4E and 4F (D). The ground magnetic data are
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consistent with the aeromagnetic data and provide greater
detail.

5.3.2.2 Gravity Data

The gravity data processed at a density of 2.67 g/cm3
(Figure 2K-51) define a gravity high trending southeasterly
from the Gable Mountain area. Detailed gravity coverage
(Figure 2K-6) shows that the northwest portion of this
gravity feature is guite linear and appears to extend one
mile northwest of the eastern end of Gable Mountain.

The southeast-trending gravity high is generally
symmetrical in shape and decreases in amplitude toward the
southeast. Assuming that 1 milligal gravity is egqual to
about 150 feet of basalt relief, the basalt surface slopes
at angles ranging from 5 to 13 degrees. The gravity data
clearly indicate that the southeast-trending feature
changes trend to east-northeast in the vicinity of Lines 4c
and 4D.

5.3.2.3 Seismic Refraction Data

Seismic refraction data across the Southeast Anticline have
been acquired and profiled along Lines 3 (Figure 2K-52), 1
(Figure 2K-54), 4A (Figure 2K-55), and 4B (Figure 2K-56)
and on the southwesterly side of the feature on Line 2
(Figure 2K-53). Seismic data were also obtained for
portions of Lines 4C (Figure 2K-57), 6 (Figure 2K-58), and
6A (Figure 2K-59) to provide more information on the
configuration of the bedrock surface in the area where the
gravity and magnetic data indicated a change in the
orientation of the feature. Seismic data were acguired on
Line 6B (2K-60) to explore the northeast flank of the
Southeast Anticline,

Overburden seismic velocities in the area of the Southeast
Anticline are, in general, typical of those encountered
elsewhere in the Hanford Reservation. The low velocity
(2,500-3,000 ft/sec.) overburden has a uniform thickness of
approximately 100 feet except at the northeast limit of the
area near the Columbia River where it thins to 50 feet.
Higher velocity overburden materials (9,500-10,000 ft/sec.)
underlie the lower velocity material southwest of the
bedrock high. The seismic velocity of this material
changes to 6,500-7,500 ft/sec. northeast of the bedrock
ridge.

2K=30 Amendment 23
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The seismic velocity of competent basalt in the vicinity of
the bedrock ridge is 15,000-16,000 ft/sec. Highly
fractured basalt above a depth of 250 feet in Boring 125
(Line 4A, Figure 2K-55) correlates with a seismic velocity
of 7,500 ft/sec. The higher velocity overburden materials
also have a velocity of 7,200-7,500 ft/sec. over the
anticline, precluding a determination of the lateral extent
of the fractured basalt along Line 4A. To the southeast of
Boring 125, the velocity of 2,000-9,500 ft/sec. is
indicative of cemented overburden materials as identified
in Boring 122A. 1In Boring 109, northeast of Boring 125,
the 7,200-7,500 ft/sec. material has been identified as
overburden.

The fractured basalt encountered on Line 4A in the vicinity
of Boring 125 probably extends along strike of the ridge.
Differences between the seismic top of rock elevations and
borehole bedrock elevations also occur on Lines 1, 3 and 4B
along the southwest side of the bedrock ridge. Basalt
elevations in Boreholes 105 (Line 1) and 37 (Line 3) are 50
to 100 feet above the seismic top of high velocity bedrock
(16,000 ft/sec.). The materials above the 16,000 ft/sec.
horizon have a seismic velocity of 6,800-7,500 ft/sec. and
are described in the boring logs as "weathered basalt."” To
the southeast, on Line 4B, "extremely weathered, fractured
basalt" was logged in Boring 101 at elevation 234, 75 feet
abocve the top of seismic high velocity basalt.

The profiles for Lines 1 (Figure 2K-54), 3 (Figure 2K-52),
and 4A (Figure 2K-57) show slopes on the high velocity
bedrock ranging from 5° to 9° on each side of the bedrock
high. The profile of the southwestern side of the bedrock
ridge on Line 2 (Figure 2K-53) also exhibits a bedrock
slope of approximately 10°. All of the bedrock slopes
described above are smooth.

The top of high velocity basalt contour map (Figure 2K-61)
compiled from the seismic refraction data for the Southeast
Anticline defines a southeast-trending, broadly
asymmetrical anticline feature. The anticline extends from
the vicinity of Line A to Line 4B where it changes trend
from a southeasterly to an east-northeasterly direction.
The southwest flank of the anticline has a slightly steeper
gradient than the northeast flank. The feature becomes
symmetrical as it changes trend to the east-northeast; the
maximum slopes on either flank of the ridge decrease to 8°,

2K-31 Amendment 23
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thicknesses summarized in Table 2K-2 are based on
information from Swanson et al. (1979) and Myers and Price
(1979). Ground surface elevations are taken from survey
data and the layer overlying the basalt bedrock is modeled
as alluvium,

Top of basalt bedrock elevations of models for Lines 2 and
4A conform to drilling data (Appendix 2R). Shown in Figure
2K-62 are the unfaulted models for Lines 2 and 4A and the
corresponding calculated anomalies, The location of
borehole data is indicated on each profile modeled, Also
shown in Figure 2K-62 is a version of the uniaulted model
for Line 2 in which the top of bedrock has been eroded.

The Elephant Mountain Basalt unit is thinned to 25 feet at
the ridge crest and the underlying flows maintain their
typical thicknesses in this model. The increased thickness
of Elephant Mountain Basalt in Drillhole 125 of Line 4A did
not allow the possibility of an erosional model for this
line.

2K-32a Amendment 24
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1.0 INTRODUCTION

As part of the siting investigations for the Skagit/Hanford
Nuclear Project, geophysical field studies were conducted
for Northwest Energy Services Company (NESCO) from February
1980 to August 198l1. The geophysical investigations
delineated the bedrock configuration of the Hanford Site
surrounding the Umtanum Ridge-Gable Mountain structural
trend (Appendix 2K) and the region surrounding the proposed
Plant locations (Figure 2L-1), and determined the charac-
teristics of the foundation materials beneath the proposed
Plant Site.

The bedrock units of the Hanford Site, the Miocene Columbia
River Basalt Group, are overlain by as much as 700 feet of
Late Tertiary and Quaternary sediments and sedimentary
rocks. The drilling, performed under the direction of
Golder Associates, encountered the Elephant Mountain Member
of the Saddle Mountains Basalt as the uppermost bedrock
unit in all boreholes. Consequently, the configuration of
the top of bedrock can be considered a structure contour
map on the top of the Elephant Mountain Member. These
conditions are favorable for the use of geophysical methods
to delineate subsurface structure as revealed through
topography. The density contrast between the overburden
and the basalt (0.3 to 0.7 g/cm3) is such that a gravity
contour map is a quasi~-topographic map of the top of
basalt. In addition, seismic refraction and downhole
surveys have been used to profile overburden horizons and
the basalt surface through delineation of seismic veloci-
ties.

1.1 SUBREGIONAL SETTING

The Skagit/Hanford Nuclear Project Site is located in an
area of low gravity gradients and low magnetic gradients,
The geophysical data indicate an area of low bedrock relief
and gradual bedrock slopes beneath the Site area.

The Gable Butte-Gable Mountain segment of the Umtanum Ridge-
Gable Mountain structural trend (Appendix 2K), is located
north of the S/HNP Site. Gable Butte, Gable Mountain, the
DB-10 faults and anticline and the May Junction monocline
are all structures contained within or bounding the Gable
Butte-Gable Mountain segment.

The Southeast Anticline (Appendix 2K), a subsurface anti-

cline which extends for one mile to the northwest of the
eastern end of Gable Mountain, is located northeast of the

2L-1 Amendment 23
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During the course of siting investigations for the
Skagit/Hanford Nuclear Project, crosshole in-situ velocity
measurements were made at four locations shown in Figure 2L-
2. Measurements were made in the southeast corner of
Section 34 (T.13N, R.27E) and near Corehole 3 during
preliminary site location evaluations. As part of the

final site location studies, measurements were made at the
location of the western unit and at station 100+00 on

line W.

Each seismic crosshole study used an array of five bore-
holes. The locations of the two arrays of boreholes used
in the crosshole velocity measurements in the west unit
area and the array of boreholes at station 100400 on line W
are shown on Figures 2L-3.

3.1.1.3.1 Data Acquisition and Processing

Crosshole velocity measurements were made using geophones
containing three orthogonal elements (one vertical, two
horizontal). Recordings were obtained using a l2-channel
seismograph with visual time marks at two-millisecond
intervals. The seismic signal was generated with the
energy source in one hole, and is detected in the geophone
holes with the source and receivers at the same elevation
(Figure 2L-4). Seismic energy was either generated by a
specially designed borehole air-gun or by small explosive
charges.

The "P" wave and "S" wave velocity data were obtained at 10-
foot intervals in each borehole array. Each array of
boreholes was drilled to sufficient depth to penetrate the
upper most high velocity refractor (velocity of 8,000 to
10,000 ft/sec).

Verticality measurements were made in each of the boreholes
used for the in-situ velocity study. These measurements
are necessary to compensate for inter-hole distance changes
with depth that arise due to deviations of the boreholes
from the vertical. Incorporation of these data permits
accurate velocity value determinations from individual
travel time plots.

3.1.2 GRAVITY DATA

Approximately 10,000 gravity stations were established
during the siting studies for the S/HNP Site along the
traverse lines shown in Appendix 2K, Figure 2K-6. 1In the
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Site Area, 2,250 closely spaced gravity stations were
established along the traverse lines shown on Figure 2L-5.
The gravity method, including data acquisition and pro-
cessing techniques, is described in Appendix 2K.

3.1.3 LAND MAGNETIC DATA

Land magnetic data were acquired along five hundred miles
of traverse lines during the S/HNP siting study (Appendix
2K, Figure 2K=-6), including 145 miles of traverse lines
within the Site Area (Figure 2L-5). The magnetic method,
including data acquisition and processing techniques, is
described in Appendix 2K.

3.2 SUPPLEMENTAL GEOPHYSICAL DATA

3.2.1 DATA SUPPLIED BY WASHINGTON PUBLIC POWER SUPPLY
SYSTEM

The Washington Public Power Supply System provided aeromag-
netic data (Figure 2L-6) to augment the data acquired in
the Site Area for Northwest Energy Services Company.
Details of the aeromagnetic survey, as well as previous
interpretations, can be found in Washington Public Power
Supply System (1977, Appendix 2R-I) and Weston Geophysical
(1978a).

3.2.2 DATA SUPPLIED BY ROCKWELL HANFORD OPERATIONS

Rockwell Hanford Operations provided land magnetic and
gravity data, aeromagnetic contour maps of a multi-level
survey, and prints of processed reflection data. The
locations of the Rockwell reflection profiles and those
Rockwell gravity data utilized in the Site Area are shown
on Figure 2L-7.

2L-6 Amendment 23



'DOCUMENT
PAGE
PULLED

ANO.

NO. OF PAGES

REASON
[0 PAGE ILLEGBE
[ ka=D COPY FLED AT POR (o
OHER

[ :TTER COPY REQUESTED ON i

[0 PAGE 100 LARGE 10 UM

[ HARD COPY FILED AT POR CF
OHER

FILMID ON APERIURE CARD NO




RRELATION Uf
34 ‘
Ver ’ ! rre it i
4
] e twes ) i wil
Hia ssalt tent 654
liow 1 i tate “"granitac® tent
- e b tent t s
I w wid 4
Ll -, L] 4
b wé w wd
He twe T wilt
Moder at asalt t 438 1
Rode¥ati . ' tent din
O 1t modetrate “granitic* t t
. "
’ 4w
Li-Ww
Be twe et samp l wit
sow mode rate 1nalt te .
Moderat gt tic® t ! 48y
very low 1 t LR
4w t
D=4-w =&
d-w
N rrelati wit thet ST |
LT w t e
~ “rate "granit = te
Mo 't atrd « unt
i-W Low La t Le ’
w "granit ~ Le .
-/'X] hiy 4 . te
i D=t ~Wt Low La t ent .
H '] *gra it ¢ t t
Moderats andet . t
® e juantitative res at based , "
L ' & ' AL AT 5S¢ jrai ! and ¢



LMD T » .
. 1N N “ ‘ .
. ~
“




S/HNP-PSAR

SOIL PROFILE SAMPLES
g -~ PENETRATION RESISTANCE
Elev < " 2
bepth ; - T § Blows/foot (140 Ib. weight, 30in.drop)
s |2 2 | £
*s|E|&] ¢ -
DESCRIPTION sl 2121 2 2
e 1) SLwl % 29 20 40 60 80 100 120
T T
0 Very loos¢ to loose dark yellowish : ol
prown silty fine SAND 2 I 116 Iﬂ y
24, -
. Medium dense olive gray silty fine -t 3 | 1814 10 \‘ +
SAND =
017, 3 4 | 014
15 Medium dense to dense varicolored 5 | 0/18
to olive black clean fine to inedium 6 |! 1,18 20
SAND 7 | 16 18 A
8 |1 ey |
9 | 18/ 18
10 |1 18,18
492, 3 1] heag
40 | Very dense dark yellowish brown
silty fine SAND 12 |1 16/ 18l
480. 3 1311 17/18
-
e Very dense varicolored to olive black 15 11 018
clean fine to medium SAND 1511 6 18
1¢ | 018
1 | 18 18
1811 1518
19 11 12:18
2 | 12/18
111 Nn2/18
447. 3
7e e 2211 | 618
Very dense varicolored to olive black ‘ d
clean gravelly fine to coarse 3 |V p2ns
SAND
“ | 10,18
25 |1 16/18
26 |l hs/ 18
110
27 |1 8 18
4 1 3 2 g
— b e | 12/ 1
HT4 Very dense varicolored to olive black :’.:,S;* . : .
clean sandy fine to coarse GRAVEL e+ 2
0 5 10
WATER CONTENT (%)
Boring Method Hollow Stem Auqger
Top Drive Rotary
Sample Type | - 2° (0.D.) Drive Open Standard Penetration Resistance @
It -4 1/2° (0.D.) Drive Open Water Content &
Il - 3" Thin Walled, Push Open Pressuremeter Test —
Drill Hole Coordinates N 422698 92 g 226838943
F ET SOUND POWER & LIGHT COMPANY FIGURE
IET SOUND POWER ¥ LIGHT COMPAN LOG OF DRILL HOLE ~W-1 -
KA HANFORD NUCLEAR PROJEC
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SOIL PROFILE SAMPLES
g - PENETRATION RESISTANCE
Elev ﬁ R T
b 4 < S Blows/toot (140 Ib. weight, 30in drop)
ot 5 s [§]2
S-121¢] ¢ | £
N £l 5(8] 8|8
: mstainiling o B Bl M K. 20 40 60 80 100 120
 — coae e :
0 |Loose dark yellowish brown silty fine J L
SAND 2 | psn a
:)1‘1"1 e ) o [ R - \
8 dedium dense dark yellowish brown i I pong 10 \
514. 7151ty fine to medium SAND St
13 Dense varicolored to olive black clean 4 | 15 14 A )
fine to_medium SAND 5 1 12
218 20 : I
6 || '8/ 18 -
| 1018 30 - ?
8 |1 |hurs A o
4i 77 " - =l T fo
r;,g Very dense dark yellowish brown 9 |V 818 40 - .
slightly silty fine SAND
. Y 101 e 8 A f
479,
48 |Very dense varicolored to olive black 1l 118 s0 .
clean fine to medium SAND 12 1 118 A ’
13|t heng eol & i
14 11 18 1§ A ’," g
15 (1 heng .ol e ‘\
1611 e 18 A
pa7. 70 LT T RPN TR 1711 h3e] gol® .
ELY Very dense varicolored to olive black N
clean gravelly fine to coarse SAND 181 P28 - .
h37.7 b . O b ] gof S -
90 lll\! of Hole
100
110
0 5 10
WATER CONTENT (%)
Boring Method Hollow Stem Auger
Sample Type |- 2° (O.D.) Drive Open Standard Penetration Resistance @
I - 4 1/2° (0.0.) Drive Open Water Content A
Il - 3 Thin Walled, Push Open Pressuremeter Test -
Drill Hole Coordinates N 422870 E 24688300
GET SOUND POWER & LIGHT COMPANY _ FIGURE
RGET MIKIND POMEW § LMY SOt LOG OF DRILL HOLE ~ W-3 L
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SOIL PROFILE SAMPLES
» £ - PENETRATION RESISTANCE
ev
a ¢
epth ; - E 5’, Blows/foot (140 Ib. weight, 30in.drop)
b o
T) P g H £
[~ v
DESCRIPTION HIHIHERE
527, 20 40 60 80 100 120
T TS T T
0 Loose dark yellowish brown to olive . .
s19. 4 972 silty fine SAND 2 | ps/1s .
219, 8 .
"8 [Medium dense varicolored to olive : o 3 I 7718 10 " : +
black silty fine and clean medium s \
512, 4f SANDS 00 e K | e/ 18 a »
’e Medium dense to dense varicolored . I n2/10 20 - f
to olive black clean fine to coarse
SAND with scattered gravel 6 | h1/18 'y ‘\
7 I p2/18 ke
30 L 3
8 | | 8/18 F [
489 - ‘ T
i8 | Very dense varicolored to olive gray 9 I a8l 40 o ,‘
silty fine to medium SAND
101 h7s - L]
479.4 N -t o el " . =
40 Very dense varicolored to olive black v I P418) g0 . ?
clean fine to medium SAND with , T
scattered gravel 1231 pys s 1 —
13 (1 sgl ool & Q
14 I 1618 A .
15| | pans]l L 18 _
~
16 |1 has L
17 ] 1 hurrs A |
BE Oy St T L 80 .‘
82 Very dense varicolored to olive black 18 I pine .\~\
shghtly silty gravelly fine to coarse B
AND 19 I f4 18 90 \’
Very dense olive gray silty fine to . 4
I__medium SAND » 0 | pe/1e . ~
28.0 21 6 '8
59,4 1198 100 ! k|
End of Hole
110 +
0 5 10
WATER CONTENT %
Boring Method  Hollow Stem Auger
Sample Type |- 2° (O.D.) Drive Open Standard Penetration Resistance @
It~ 4 1/2° (0.D.) Drive Open Water Content .
M1 - 3° Thin Walled, Push Open Pressuremeter Test -
Drill Hole Coordinates N 422460 E 2268660
PUGET SOUND POWER & L FIGURE
ke L LOG OF DRILL HOLE W-18 20 A-18
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SOiL PROFILE SAMPLES
g - PENETRATION RESISTANCE
Elev & 3
¢ » | 8
- = Blows/foot (140 Ib. weight, 30in drop)
epth § $ 2 -~
S<1219 o
£2|15181 8|8
DESCRIPTION 2|22 & |8 ‘
519.1 20 40 60 80 100 120
; T T .Y Y
Loose dark yellowish brown slightly
silty fine SAND 1 hs/1s8 A
511
— 4 S
’ Medium dense varicolored to olive ol I p2/18] 10 .
506, W gray silty fing 1o medium SAND ] I 2 ‘.
13 Medium dense to very dense vari , e/ 18 -
wolored to olive black clean fine to !
) 1618
coarse SAND with scattered gravel ' “l 20 *
6 |1 hsie A .
-0 EERG RS M I A ‘e
) Very dense varicolored to olive black v i i ¢ '
slightly silty fine to medium SAND 8 ¢ hs/te a ~’
) 7 4
9 |1 88} L4 'y [ B
101 phe 18 Y .
1t phenel gol a . .
Very dense varicolored to olive black -
clean fine to medium SAND with 12 |1 16/ 1€ -
scattered gravel ’
13 |1 peig] gol &
14 |1 31 s
15 |1 phes K
? -
JELUPR| 7 /'
‘ Very dense varicolored to olive black 16 | 161 . <
clean gravelly fine to coarse SAND .
1 | 17/ 18 s '
80
18 {1 p9/ns a @
19 |1 HQ 18 90} & ,«‘
t'.' ‘ 4&"". ) 3 -
9 Very dense varicolored to olive black ﬁ'“ ! 11/18 L
clean sandy fine to coarse GRAVEL ‘."
A21 |u he 18]1001 &
2 I 218 p
» 3 I 89 n0tle
» 124 I 0/'3
ki 0 5 10
WATER CONTENT (%)
Boring Method Hollow Stem Auger
Top Drive an.\ry
¥ i o anc
Sample Type |- 2° (0.0.) Drive Open Standard Penetration Resistance @
- 4 172° (O D) Drive Open Water Content 'y
< 3° Thin Walled, Push Open Pressuremeter Test -
Deill Mole Coordinates N 444380 g 2269560
¥ WER & T MBPAN e FIGURE
e e , s s LOG OF DRILL HOLE E-6 20 A-25
WA HAN i EAR PROJE
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SOIL PROFILE SAMPLES
o £ - PENETRATION RESISTANCE
ev ¢
=
T 2 1 £ | £ | Blows/toot (140 Ib. weight, 30in.drop)
p - & > z
sz|€(&] ¢ | %
DESCRIPTION 21315 @

518, ZlFj& |8 20 40 80 80 100 120

0 Loose dark yellowish brown and olive ! s 18
gray silty fine SAND 2 |1 pee “

510, & \
E Medium dense to dense clean medium 3 I 2/18) 40 .b' 1
to coarse SAND with scattered gravel e 11 ha21s a \
_ N\
5 | 8/18] 20} & .. ) &
495.4 L e T — !

‘ Very dense varicolored to olive black ¢ §F pUS . .

silty fine to medium SAND ; | ferre| a0 A ! ,,
g8 |1 h7/18 A 1
:Hu. ~&F R N1 — = - /'
38 Very dense varicolored to olive black 9 | 16/18 40 - ( .
clean fine to medium SAND ) N
— 10 |1 hs 18 A B
1|1 psisl sol @ .
12 1 fo/rel Tl
131 318 A —~—9
14 {1 psigl gola .
1WA 707 P
r.'\.(--v y dense varicolored to olive :’,‘-\ Illl :‘; :f; ~ ?
-l gray slightly silty fine to med =
N R B BAND L o o LA B o .~ -

74 Very dense varicolored to olive 17 |1 13 18 A )‘
black clean gravelly fine to coarse o
SAND 18 (1 N318] gol & § | (‘

119 |1 hsis A .
20 |1 P318| gold : v
0<\» )
21 |1 ass A By,
— AFY I — aoh e B . B
97. 171 End of Hole 100
110 +
0 5 1%
WATER CONTENT (%)
Boring Method Hollow Stem Auger
Sample Type | - 2° (0.D.) Drive Open Standard Penetration Resistance @
Il -4 1/2° (0O.D.) Drive Open Water Content £
Il - 3* Thin Walled, Push Open Pressuremeter Test -
Drill Hole Coordinates N 422740 E 2269400
——
GET UND POWER & LIGHT COMPANY £ FIGURE
WAGIT | HANFORD RUCLEAR BROECT LOG OF DRILL HOLE ~ E-11 2Q A-30
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SOIL PROFILE SAMPLES
g ~ PENETRATION RESISTANCE
Elev £ T
® &
#}cmh § % 3 & Blows/foot (140 Ib. weight, 30in.drop)
= } - <
£s gl 2 |5
DESCRIPTION 1 4 cleld
519.8 20 40 60 80 100 120
0 |Loose dark yellowish brown clean L ¥ 4
fine SAND 2 | p4/18 [ 'Y
510. 8
— — - —————— e t——— ——— 3 I 6 18 4
& Medium dense varicolored to olive 2 & 10 .
black clean fine to coarse SAND 4 | =18 a®
5
5 | h3 18| 200 & O !
95. 8 T -
B apiarerait D D 6 |1 psis A .
<4 Very dense varicolored o olive gray
silty fine to medium SAND 7 | p8/ 18 30 A .
8 I p7/18 - .
$79.8 q 8
:7_'”0__7 A 4 | 1/18 40 .
40 Very dense varicolored to olive black
clean fine to medium SAND 10 | P6 18 A ] Y
I I b6 18 50 F'Y *
Very dense varicolored to olive black 12 | pe/18 - . .
clean aravelly fine to coarse SAND '3 i he 18] 6ol & ;‘
14 |1 |6/18 A L]
(IS S - 15 X -
Very dense varicolored to olive gray e N LAY 701 & .\
hightl ity f > '
a3 s J\: silty fine SAND ' TR . .
! Very dense varicolored to olive black 17 I |8 80 -
clean gravelly fine to coarse SAND
with silty layers JH‘; | ' 18 'y
19 |1 §518] gol e
20 I J4 18 Y
H19.6) Ly . | 421 I p3’18}100 S
10
End of Hole
110
0 5 10
WATER CONTENT (%)
Boring Method Hollow Stem Auger
2 ndard Penetration Resistance
Sample Type | - 2° (0.D.) Drive Open Standa . - L
Il - 4 1/2° (0.D.) Drive Open Water Content .
Il - 3* Thin Walled, Push Open Pressuremeter Test -
) { 269 )
Drill Hole Coordinates N 4< <480 B -
SE—
ET SOUND § ER & LIGH OMPAN'Y E-16 FIGURE
P e LOG OF DRILL HOLE
KAG ANFORD NUCLEAR PRQOUEC 2Q A-35




SAMPLE
NUMBER
s 1
$-12
S 13
S 14
$-1§
S 16
-1
S$-18
S 19

DEPTH
(FEET)

40.0- 4

45

50.

55

30

b1

56

59

61

64

w
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TABLE 2Q B
SOIL SAMPLE DESCRIPTIONS

BORINC W1

NATURAL
SPTY WATER OTHER
(BLOWS /F1) CONTENT TESTS

66 8. Silty SAND, poorly graded. Maximum size
about 6émm. Abou' 80% subangular to sub
rounded, fine sand and 20% non-plastic fines.
Dark yellowish brown. Dry. Very dense.
Weak reaction to MCI.

wz
o»

n 6 M.A. Slightly silty SAND, poorly graded. Maximum
size about 6mm. About %04 sibangular 1o
rounded, fine to medium sand and 10% non
plastic fines. Dark yellowish brown. Dry

Very dense. Weak reaction to HCI.

-
4
»

92 ] Slhightly silty SAND, poorly graded. Maximum
size about Smm. About %01 subangular to
rounded, fine to medium sand and 101 non
plastic fines. Varicolored to dark yellowish
brown. Dry. Very dense. Weak reaction to
HC T,

66 No recovery

126 $.GC. Clean SAND, poorly graded. Maximum size
about 6mm. Subanaular to rounded, fine
to medium sand. Varicolored 1o olive black

Dry. Very dense. Weak reaction to HCI

128 No recovery

Shightly silty SAND, poorly graded. Maximum
size about S5mm. About 901 subangular to
rounded, fine to medium sand and 10% non

plastic fines. Varicolored to olive black. Dry.

Very dense. Weak reaction to HCI.

68 2.2 M.A Clean SAND, poorly graded. Maximum size

about 10mm. Subangular to rounded, fine to

coarse sand. Varicolored to olive black. Dry.

Very dense. Weak reaction to HCI.

66 2.0 Clean SAND, poorly graded. Maximum size
about 10mm. Subangular to rounded, fine
10 coarse sand. Varicolored to olive black.

Dry. Very dense., Weak reaction to HCI.

Amendment
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TABLE 20 B

SOIL SAMPLE DESCRIPTIONS

BORINC W

NATURAL
DEPTH SPT WATER OTHER
(FEET) (BLOWS FT)CONTENT TESTS

75.0 76.5% 54 1.8 M.A.
$.G

80.0 81.5 62 3.2 M A,

85.0 86. 5 7% 1.8 S.G

9% 0 9.5 10% 2.5

9.0 %.5 126 0.2

100.0 101.5% 106 L

104.5 106.0 M A,

1.5 13,0 M.A,

]

SAMPLE DESCRIPTION

Clean SAND . poorly graded. Maximum size
about Smm. Subsngular to rounded. fine to
medium sand. Varicolored to olive black Dry
Very dense  Weak reaction to MCI

Clean SAND, poorly graded. Maximum size
sboul 10mm. Subangular to rounded fine
to coarse sand. Varicolored to olive gray
Dry. Very dense. Weak reaction to HC!

Clean gravelly SAND, well graded. Maximum
size sbout 10mm.  About 70% subangular to
rounded, fine to coarse sand and 301 fine
gravel. Varwolored. Dry Very dense  Weak
reaction to MO,

Clean gravelly SAND, well graded. Maximum
size about J5mm About 75% subangular to
rounded, fine to coarse sand and 251 fine o
coarse gravel. Varicolored to olive black Dry
Very dense. Weak reaction to MCI

Clean gravelly SAND, well graded. Maximum
size about 25%mm. About 70% subangular to
rounded, fine 1o coarse sand and 30% fine to
coarse gravel. Varicolored to olive black. Diy
Very dense. Weak reaction to HCI.

Slightly silty SAND, poorly graded. Maximum
size about 25mm About 90% subrounded, fine
to coarse sand and 108 non plastic fines Var
colored to olive gray. Dry Very dense. Weak
reaction to HC!

Shghtly silty gravelly SAND, poorly graded
Maximum size about 50mm About 75% subangu
lar 10 rounded, fine 1o coarse sand, 151 fine to
coarse gravel and 105 non plastic fines. Vari
colored to dark yellowish brown. Dry Weak rea
tion to MO

Clean gravelly SAND . well graded. Maximum
size about &0mm. About 558 subangular to
rounded. fine to coarse sand and 451 fine to
coarse gravel Varicolored to olive gray. Dry
Weak reaction to HCI

Amendment 24
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TABLE 2Q B

SOIL SAMPLE DESCRIPTIONS
BORING W 3

NATURAL
SA . PLE DEPTH SPT WATER OTHER
SAuP RIPTION
JUABER (FEET) (BLOWS FT) CONTENT TESTS JAMPLE DESC

S .00 1.5 & 4.8 Sty SANU, poorly graded Maxinum size I‘.4
about 2min About B5% subrounded. fine sand
and 155 non plastic fines Vark yellowish browo
Dry Loose No reaciion to MU

S i 3.5 50 0 9.8 Silty SAND, Maximum size about |24
mm About 651 subrounded . fine sand and 1%
non-plastic fines Dark yellowish hrown. Dry
Loose No reaction 1o HOI

S 3 8.5 10.0 ) 6.2 Silty SAND. poorly graded Maximum size about
20mm About B85% subrounded, fine to mediun
sand and 155 non plastic fines Dark yellowish
Drown Jry tledium dense No reaction to
el

S 13.5 15.0 “u 3.9 MLA Shightly silty SAND. poorly graded Maxinum
size about 10mm About 95° subengular to
subrounded, fine 0 coarse sand and 5
non plastic fines Varwolored to olive black
Dry. Uense. Weak reaction to HCI

> 5 18.5 20.0 35 .6 Clean . «wU, poorly graded. MNMaxinun size about
25mm. subanjular to subrounded fine to medium
sand Varwolored to ohive gray Ory Jense
Weak reaction to HC!

> ¢ 23.5 235 0 32 .8 Clean SAND, poorly graded. Maxioum size about
30mm. Subangular to subrounded, fine to coarse
sand. Varicolored to olive black. Dry. Dense
Weak reaction to HCI

$7? 28 in.o 37 .3 Clean SAND, poorly graded Maximum size about
3ISmm Subangular 10 subrounded fine to coarse
sand Varicolored to olive black Jry Dense
Weak reaction to HCI

S8 33.5 35.0 35 " Slightly silty SAND, poorly gradec Aaximum $ize
about 20mm About 95% subangular to subrounded
fine 10 coarse sand and 5% oon plastic fines Var
colored to olive black Dry Dense Weak reaction
to HOI

SS9 8.5 #0.0 79 7.1 Shightly silty SAND, poorly graded daximum size

about 1mmn About 90 subangular to rounded, fine
to mechium sand and 105 non plastic fines Dark
yellowish brown Dry. Very dense Weak reaction
(!
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TABLE 20 8

SOIL SAMPLE DESCRIPTIONS

BORING w18
NATURAL
SAMPLE LEPTH SPT WATIR OTHER
NUMBER  (FELT) (BLOWS FT) CONTENT TESTS SAMPLE DESCRIPTION
$ 0.0 1.5 3 1.6 Slity SAND, poorly graded. Maximum size anoul Imm

About B5% angular to subrounded fine 1o medium sand
and 153 non plastic fines., Dark yellowish brown
Dry. Loose. No reaction to ML

$2 L2827 9 Silty SAND | Maximum size about 4mm
About 60% argular to subrounded. fine 10 medium sand
and 0% non plastic fines.  Varicolored to olive gray
Dry. Loose. No resction to MCI.

$3 8797 % 3.5 Slightly silty SAND. poorly graded. Maximum size abwut Bme
About 951 anqular to subrounded, fine 1o medium sand and
% non-plastic fines.  Varicolored to olive black Dry
Medium dense. Weak reaction to MCI (8. 2 9.4)

% | Silty SAND Maximum size about 2mm
About 60% angular to subrounded fine sand and 0% non
plastic fines. Olive gray. Dry. Medium dense No

reaction o MCI (9.5%2)

S« 13.2 147 n P Clean SAND. poorly graded. Maximum size about Smm
Angular to subrounded, fine o coarse sand. Varicolored
to olive black. Dry Dense. Weak reaction to ML

4.3 Silty SAND . Maximum size about &mm
About 754 angular to subrounded, tite to medium sand
and . ., non plastic fines Varicolored 1o alive bilack
Dry Dense Weak reaction to HOL, (13 6 14 7}

$ s 18.2 197 n 1.1 Slightly silty SAND, poorly graded. Maximum size about
Tomm.  About 951 angular to subrounded. fine 1o coarse
sand and 5% non plastic fines. Varicolored 10 olive black
Dry. Medium dense. Weak reaction to HCI

S 3.2 8.7 16 2.1 Clean SAND . poorly graded. Maximum size about 1 0mm
Angular to subrounded, fine to coarse sand. Varicolored
to olive black, Dry. Medium dense. Weak reaction to HC)

$7? 8.2:29.7 15 in Clean gravelly SAND  well graded. Maximum size aboul
omm.  About 801 angular to subrounded, fine 1o coarse
sand and 20% fine to coarse gravel. Varicolored to olive
black. Dry. Dense Weak reaction 1o MCI

S8 33.2-34.7 u 2.7 Slightly silty gravelly SAND, poorly graded. Maximum
size about 20mm. About 851 angular to subrounded, fine
10 coarse sand, 101 fine gravel and 5§ non plastic fines
Varicolored to olive black. Dry. Dense. Weak reaction to H(

59 38.2-39.7 103 : A Silty SAND, poorly graded. Maximum size about Imm
About 854 angular 1o subrounded, fine 1o medium sand and
158 non plastic fines. Varicolored to olive gray Dry
Very dense. Weak reaction to MO

$ 4).2 W7 9 5.9 Silty SAND, poorly graded. Maximum size about Smm.  About '-'4
854 angular 1o subrounded. fine to coarse sand and 151 non
plastic fines. Varicolored to olive gray. Dry. Very dense
Weak reaction to MCI

s n .2 97 2.5 Slightly silty SAND, poorly graded. Maximum size abowt ‘mm
About 90% angular to subrounded. fine to medium sand and 10
non plastic fines Varicolored 1o olive black Dry Very
dense Weaw reaction to nCl
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TABLE 20 B
SOIL SAMPLE DESCRIPTIONS
BORING E- 6

NATURAL
SAMPLE DEPTH SPTY WATER OTHER
NUMBER  (FEE() (BLOWS £) CONTENT TESTS SAMPLE DESCRIPTION

S 9.0-:.5 5 L) Slightly silty SAND. poorly graded. Maximum
size about Imm.  About 958 angular to subrounded
fine to medium sand and 5% non plastic fines. Dark
yellowish brown. Dry. Loose. No reaction to MCI

S 3.55.0 7 “s Shightly s.'ty SAND. poor y graded. Maximum
size about Wmm. About %01 angular to subrounded
fine to medium sand and 10§ non plastic fines. Dark
yellowish brown. Dry Loose. No reaction to HC)

$3 8.5 10.0 1 5.7 Silty SAND, poorly graded. Maximum size about 6tmm
About 851 angular to subrounded. fine to medium sand
and 15% non plastic fines. Varicolored to olive gray
Dry. Medium dense. Weak reaction to HCI.

S 13.515.0 s N Clean SAND, poorly graded, Maximum size about
10mm. Angular to subrounded. fine to coarse sand
Varicolored to olive black Dry. Medium dense
Weak reaction to HCI.

$ 5 18,5 20.0 51 2.6 Clean gravelly SAND. poorly graded Maximum size
sbout 20mm  About 851 angular to subrounded. fine
to coarse sand and 151 fine gravel. Varicolored to
olive black. Dry. Very dense. Weak reaction to MC!

S 3.5 2%.¢0 57 3.0 Shightly silty gravelly SAND, well graded. Maxi
mum size about 25mm.  About BOY angular to sub
rounded, fine 1o coarse sand. 151 fine 10 coarse gravel
ond 5% non - plastic fines.  Varicolored to olive black
Dry. Very dense. Weak reaction to HCI

$-7 8.5 30.0 (1] Slightly silty 5ANU. poorly graded. Maximum size
sbout Imm. Abou' %0% angular to subrounded. fine
o medium sand anu 108 non plastic fines. Varicolored
to olive gray. Dry. Very dense. Weak reaction to HC)

S8 33.5 3.0 106 1.6 Slightly silty SAND. poorly greded. Maximum size
about 20mm. About 951 angular to subrounded, fine to
medium sand and 5% non plastic fines Varicolored
te olive gray. Dry. Very dense. Weak reaction to HCI,

59 38.5 w.0 9% 3.5 Slightly silty SAND, poorly graced. Maximum size
about 4mm. About 90% angular to subrounded fine
to medium sand and 101 non prastic fines. Varicolored
1o olive gray Dry. Ver, dense. Weak rsaction to HCI

S 455 450 127 “o Shightly silty SAND, poor!y graded. Maximum size
about 3Imm. About 90\ angular to subrounded, fine
to medium sand and 10% non plastic fines. Vari
colored to olive gray. Dry. Very dense. Weik reaction
to MCI,

s 8.5 50.0 " 1.3 Slightly silty SAND, poorly graded. Maximum size
sbout Imm. About 95% angular to subrounded. fine
o medium sand and 5% non-plastic fines. Varicolored
to olive gray. Dry. Very dense. Weak reactin .o MO

$-12 53.5-54.8 163 10" 6.4 Slightly silty gravelly SAND, well graded. Maximum | 24
size about 25mm. About 851 angular to subrounded
fine 10 coarse sand, 10% fine to coarse gravel and 51
non plastic fines. Variwlored to olive black. Dry
Very dense. Weak reaction to MCI.
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TABLE 2Q B
SOIL SAMPLE DESCRIPTIONS
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SAMPLE DESCRIPTION

Clean SAND, poorly graded. Maximum size about 3mm
Angular to subrounded, fine sand. Varicolored to dark
yellowish brown. Dry. Loose. No reaction to HCI

Clean SAND, poorly graded. Maximum size about 3nm.
Angular to subrounded, fine sand. Varicolored to dark
yellowish brown. Dry. Loose. No reaction to HCI

Clean SAND, poorly graded. Maximum size about 2mm
Angular to subrounded, fine sand. Varicolored to dark
yellowish brown. Dry. Medium dense. No reaction to HCI.

Silty SAND, poorly graded. Maximum size about 15mm
About 85% angular to subrounded, fine to medium sand
and 15% non-plastic fines. Varicolored to olive gray

Drv. Medium dense. Weak reaction to HCI. (8.8 9. &)

Clean SAND. poorly graded. Maximum size about 10mm
Angular to subrounded, fine ‘0 coarse sanc Varicolored
to olive black. Dry. Medium dense. Weak reaction to HCI

Clean SAND, poorly graded. Maximum size about 10mm
Angular to subrounded, fine to coarse sand. Varicolored
to olive black. Dry. Medium dense. Weak reaction to HU

Clean SAND, poorly graded. Maximum sizre about 15mm.
Angular to subrounded, fine to coarse sand. Varicolored
to olive black. Dry. Medium dense. Weak reaction to HCI

Clean SAND, poorly graded. Maximum size about 10mm
Angular to subrounded, fine to coarse sand. Varicolored
to olive black. Dry. Very dense. Weax reaction to HCI

Silty SAND, poorly graded. Maximum size about 3Imm.
About 85% angular to subrounded, fine to medium sand
and 15% non plastic fines. Varicolored to olive gray.

Dry. Very dense. Weak reaction to HCI. (23.9 24.7)

Silty SAND. Maximum size about 2mm. About 70%
angular to subrounded, fine sand and 30% non plastic
fines. Varicolored to olive gray. Dry. Very dense

Silty SAND. Maximum size about 12mm. About 80
angular to subrounded, fine to medium sand and 20%
non-plastic fines. Varicolored to olive gray. Dry.
Very dense. Weak reaction to HCI

Silty SAND. Maximum size about 1mm. About 80°
angular to subrounded, fine to medium sand and 2070
non-plastic fines. Varicolored to olive gray. Dry
Very dense. Weak reaction to HCI.

BORING E-16
NATURAL
DEPTH SPT WATER
(FEET) (BLOWS/FT) CONTENT
0.0-1.5 5 A
3.5 5.0 5 3.7
8.510.0 19 3.3
(8.5 8.8)
8.7
2.0
(9.6 9.8)
13.5-15.0 13 &1
18.5-20.0 25 3.0
23.5°25.0 105 3.4
(23.5°23.9)
7.6
28.6-30.1 84 5.2
Weak reaction to HCI.
33.6 35.1 118 6.7
38.6 401 106
43,6 45.1 155 3.7

Clean S 'ND, poorly graded. Maximum size about 10mm
Angular !o subrounded, fine to medium sand. Varicolored
to olive black. Dry. Very dense. Weak reaction to HCI

Amendment 24



Unit I

Unit II

Unit III

Unit IV

Table 2R-3.

S/HNP-PSAR 4/2/82

Commonly low neutron count rates in upper part
and moderate to high gamma activity.

Normally includes high gamma spike of A-hori-
zon at top.

Defined to include basal conglomeratic unit
with high neutron count rates and low gamma
count rates. Basal unit may include a fine-
grained section with low neutron counts and
high gamma activity.

Normally a section with low neutron count
rates and moderate gamma activity with some
gamma spikes.

A gravel bed displaying increased neutron and
gamma count rates often occurs near base.
Low neutron sections difficult to distinguish

from low neutron sections of Unit I.

Generally displays alternating low and high
neutron count rates associated with low-to-
moderate and high gamma count rates, respec-
tively. These resonses correspond to the
alternating zones of fine clastics and
medium-to~-coarse clastics.

A gravel or sand frequently appears at the
base and displays high neutron and gamma
activity.

Ordinarily displays a relatively thick zone of
high neutron and low-to-moderate gamma
activity at the base.

An upper section which displays low or moder-
ate neutron activity and moderate gamma
activity may or may not be present, depend-
ing on post-depositional erosion.

The top of Unit IV is taken at the reduction
in gamma activity which is normally found at
the base of the pre-Missoula Flood Gravels. 24
If this response is not pronounced, and it
may not be, the contact is taken at the
nearest significant change in neutron
activity.

Typical Geophysical Characteristics of Units

Amendment 24
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simultaneous failure would not result in conserva-
tively calculated potential off-Site exposures
comparable to the guideline exposures of 10 CFR
100.

Y
- -

All Seismic Category I structures, systems and components
will be analyzed under the loading conditions of the SSE
and OBE. Since the two earthgquakes vary in intensity, the
design of Seismic Category I structures, components,
equipment and systems to resist each earthquake and other
loads will be based on levels of material stress or load
factors, whichever is applicable, and will yield margins of
safety appropriate for each earthquake. The margin of
safety provided for Safety Class structures, components,
equipment and systems for the SSE will be sufficiently
large to assure that their design functions are not jeopard-
ized.

Seismic Category I structures, components, and systems will
be designed to withstand the appropriate seismic loads as
discussed in Section 3.7, Seismic Design; Section 3.10,
Seismic Design of Electrical Equipment; and other applica-
ble loads (as discussed in Sections 3.3, 3.4, 3.5, and 3.6)
without loss of function. 1In accordance with AEC Regula-
tory Guide 1.29, Seismic Category I structures will be
isolated or protected from other structures to ensure that
their integrity will be maintained at all times. Seismic
Category I requirements will extend to the first seismic
restraint at the defined boundaries. Those structures,
components, and systems that are Non-Seismic Category I are
designated Seismic Category II. Seismic Category II
components (and their supporting structures), whose col-
lapse could result in a loss of required function through
impact on or flooding of Seismic Category I structures,
equipment, or systems, will be checked analytically to
determine that the Seismic Category II components will not
collapse when subjected to the various loadings such as
seismic, tornado, flood, missile, etc. Structures, compo-
nents or systems which form interfaces between Seismic
Category 1 and Seismic Category II features will be de-
signed to Seismic Category I requirements.

By definition IEEE Class I and Class IE components and
systems (and their supports) will be Seismic Category I.

The seismic classification indicated in Table 3.2-1 meets
the requirements of AEC Safety Guide 29 except as otherwise
noted in the table. Where only portions of systems are
identified as Seismic Category I on Table 3.2-1, the
boundaries of the Seismic Category I portions of the system
are shown on the Piping and Instrumentation Diagrams
(P&ID's) in appropriate sections of this report.

3.2=-2 Amendment 23
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P = Puget Sound Power & Light Company
1.2.3, OTHE® = SAFETY CLASSES DEFINED IN SECTION 3.2.3.

Auxiliary Building

Control Building

part of, or within, Containment
Fuel Building

Any Other Location

Outdonrs On-Site

Pump House

Diesel Generator Building
Turbine Building

Radwaste Building

E4ATP90E"MNOY»

PR I T T I

The equipment shall be constructed in accordance with the codes listed on Table 3.2-2.
Notations for principal construction codes:

(The earliest editions or revisions of Codes and Standards to be used for the design and
construction of specific structures, systems, and components are listed in the appropriate PSAR
sections. More recent revisions issued during design and construction of the S/HNP will be
evaluated and adopted if practicable. A list of Codes and Standards, including revision dates,
applied during the design and construction of the S /HNP will be supplied in the FSAR.)

AFBMA = Anti-Friction Bearing Manufacturer's Association

AGMA = American Gear Manufacturer's Association

AISC = American Institute of Steel Construction

AMOA « Air Moving and Conditioning Associjation Publication 2]11A, "AMCA Certified Ratings

Program for Air Performance”™ or AMCA Standard 210, "Test Codes for Air Moving
Devices® will be utilized for blower design purposes,

ANT « American Nuclear Insurers (ftormerly NEL-PIA)

AP1-620 = American Petroleum Institute, Recommended Rules for Design and Construction of
Large, Welded, Low-Pressure Storage Tanks

API-650 « American Petroleum Institute, Welded Steel Tanks for Oil Storage

ARI = Air Conditioning and kefrigeration Institute, *Standards for Application and
Ratings of Centrifugal Water Chilling Packages™, ARI S50-69, "Standard Method of
Testing for Rating Forced Citculation Air Coolers and Air Heating Code®, AR! 420-
64,

ASHRAFE = American Society of Heating, Refrigerating and Air Conditioning Engineers "Test
Standards for Air Cleaning Devices Used in General Ventilation for Removing
Particulate Matter®, ASHRAE Standard S2-68.

AWS D1.1 = American Welding Society Structural welding Code

Al4 .2 = AN:] A)4.3, Safety Code for Fined Ladders

¥d¥Sd-dNH/S
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B9.1
B30.2
B30.10
B3l
DEMA

CMAA - 70

D100

REI

AS1-306

Byd. 1

1EEE-279

IEEE- 308

L EEE-317

TEEE-32)

TEEE- 344

1EEE-379

1EEE- 187

IPCEA
MFR. STD.
NEMA
NFEPA

ORNL-NSIC

ANS] B9.1, Saferty Code for Mechanical Refrigeration

ANST B3ID.2-1973, Overhead and Gantry Cranes

ANSI B30.10, Cableways, Cranes, Derricks, RHoists, Books, Jacks, and Slings
Code for Power Piping - 1971

Diesel Engine Manufacturers Association Standards

Crane Manufacturer's Association of America Specification for Electric Overhead
Travelling Cranes

Amer ican Waterworks Association, Standard for Steel Tanks, Standpipes, Reservolirs,
and Elevated Tanks for Water Storage AWWA D100

Heat Exchange Institute

Aealth and Safety Information, USAEC, Revised Minimal Specification for the High-
Efficiency Particulate Air Filter, Issue No. 306

Bydraulic Institute

TEEE-279, Criteria for Protection Systems for Nuclear Power Generating Stations -
1971

IEEE-108, Standard Criteria for Class IE Electrical Systems for Nuclear Power
Generating Stations - 1974

IEEE-317, Standard for Electrical Penetration Assemblies in Containment Structures
for Nuclear Power Generating Stations - 1972

IEEE-32), Standard for Qualifying Class IE Electric Equipment Nuclear Power
Generating Stations - 1974

IEEE- 344, Recommended Practices for Seismic Qualification of Class IE Equipment for
Nuclear Power Generating Stations - 1975

IEEE-379, Guide for the Application of the Single-Failure Criterion to Nuclear
Power Generating Station Protection Systems

IFEE-387, Criteria for Diesel Generator Units applied as Standby Power Supplies for
Nuc lear Power Generating Stations - 1972

Insulated Power Cable Engineers Association
Manufacturer's Standard

National Electrical Manufacturers Association
National Fire Protection Association

Oak Ridge National Laboratory - Nuclear Information Center

| 23
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3.4 WATER LEVEL (FLOOD DESIGN)

3.4.1 FLOOD PROTECTION MEASURES FOR SEISMIC CATEGORY I
STRUCTURES

Structures housing safety-related components of the Skagit/
Hanford Nuclear Project include the Reactor Building, the
Auxiliary Building, the Control Building, the Fuel
Building, and the Ultimate Heat Sink. The location of
these structures is shown on Figure 2.1-2., Finished Plant
grade will be at elevation 526.5'. The lowest elevation of
the bottom of any opening into the structures will be at
elevation 527'0".

Flooding of the Site, as a result of floods on the Columbia
River, is addressed in Section 2.4.3. Probable maximum
floods were considered in accordance with NRC Reg. Guide
1.59. The maximum flood elevation at River Mile 361.5,
(location of raw water pumphouse) generated by a Probable
Maximum Flood, would be 404.4 ft for the existing level of
regulation on the Columbia River. A dam break flood on ths
Columbia River is considered in Section 2.4.2. Maximum
flood elevation at River mile 361.5, produced by the dam-
break flood, will be 447.6. Both hypothesized flood levels
due to Columbia floods are well below the lowest opening at
elevation 527'0", indicating that flooding due to the
Columbia River is not a concern.

Section 2.4.3 considered a flood generated by a Probable
Maximum Precipitation (PMP) event on the watershed
surrounding the Plant Site, an area of 1.3 square miles.
The maximum flood elevation of the Plant Site, produced by
this PMP generated flood and including possible wind
effects, would be 526'0". Thus, the critical elevation of
527'0" is 1 foot above the flood level and no safety-
related structures or systems will be affected by local
flooding.

The area around the Plant Site is semi-arid (see Section
2.4.1). Recorded ground water levels at the Site are 125
feet below the ground surface (see Section 2.5.4.6). No
part of the plant structures is far enough below ground
surface to be affected by ground water. Local flooding,
generated by severe storms, would be of short duration
since the drainage area covers only 1.3 square miles.

Thus, temporary rises of the groundwater table cannot occur
as a result of storms. Grading of the Plant Site, shown on
Figure 2.4-3, will produce surface drainage away from the
Plant in all directions.

3.4-1 Amendment 24
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Because flooding will not impact any of the structures
housing safety~-related components or systems, no special
flood protection requirements will be required.

The pumphouse, which provides nakeup water for the Plant
will be located on the west bank of the Columbia River at
approximately River Mile 361.5. This pumphouse is not
safety-related and, thus, if it were impacted by a PMF or a
dam-break flood on the Columbia River, the safety of the
Plant would not be affected.

3.4.1.2 Permanent Dewatering System

Because the ground water table of the Site is 125 feet below
ground surface (see Section 2.5.4.6) groundwater will not
affect the operation of any of the safety related systems or
components. No permanent dewatering systems will be
required.

3.4.2 INTERNAL FLOODING

The maximum postulated internal flood would result from a
failure of the Circulating Water System in conjunction with
a failure of the circulating water pumps to trip.

The ECCS pump rooms will be separate watertight compartments
with their entrances located well above the level that the
Circulating Water System flood could reach, and the water
systems inside these rooms will be Seismic Category I
systems,

There will be no connection between the Diesel Generator
Building and other Plant buildings. The large water systems
in the Diesel Generator Building will be Seismic Category I
and the three generator rooms will be separated from each
other.

The UHS Complex will be separated from the other Plant
buildings, and each of the safety-related pumps will be
located in separate rooms containing only Seismic Category I

piping.

The Control Building, which is accessed from the Turbine
Building at Elevation 527' through a corridor and lobby,
will be protected against the maximum postulated internal
flood by use of pressure relief panels in the railroad
access door at Elevation 527' in the Turbine Building and by
elevating the access door to the Control Buildir = to
provide a sill location at Elevation 531'. 1In the unlikely
event that the Turbine Building floods to approximately

3.4-2 Amendment 24
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Elevation 531', water presture will cause the railroad door
panels to open, releasing the flood water to the outside.
The lobby and corridor are separated by a water resistant
door as further protection.

Flooding in the Auxiliary Building caused by a failure of
the Circulating Water System will be detected by use of
flood level detectors which trigger Control Room alarms.
Redundant Class IE detectors will be located 3 inches above
the floor in the Fuel and Auxiliary Buildings. Operator
action is then relied upon to limit the effects of Auxiliary
and Fuel Building flooding.

The condensate and refueling water storage tanks will he
surrounded by a curb about 12 inches in height to provide
collection and a drainage path for tank leakage. Other
tanks located outside the main Plant buildings as well as
tanks in the Turbine, Auxiliary and Fuel Buildings will not
cause a flood of sufficient depth to endanger any safety-
related equipment. The tanks in the Control Building will
be small enough that any water lost from them will be within
the capacity of the floor drain system.

3.4-3 Amendment 24
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b. For missiles which are generated by release of
stored strain energy, the strain energy is equated
to kinetic energy in determining missile velocity.
The ultimate stress of the material is used
resulting in a larger amount of energy than would
be present at fracture. Losses due to heating,
friction, and the relaxation of the material are
ignored.

c. For missiles acted upon by a single phase liguid
stream for a certain distance, kinetic energy for
these missiles is determined by converting work
energy into kinetic energy. The calculational
technique used in obtaining missile velocity is
found in ORNL-NSIC-22, Subsection 4.1.1.

3.5.4 BARRIER DESIGN PROCEDURES

The tornado-generated missiles considered in the design of
Seismic Category I structures are listed in Table 3.5-2.

The wall and roof thicknesses provided to resist the effects
of tornado-generated missiles are considered to be more than
adequate. At least 21 in. of reinforced concrete is
provided for the missile resisting walls. At least 16 in.
of reinforced concrete (f& = 4000 psi) is provided for roof
slabs with removable forming, or above the flutes where
metal form deck is used. However, the design will consider
the contribution of the permanent presence of the metal form
deck to prevent spalling. 1If it is shown that the metal
form deck is effective, the concrete thickness above tne
flutes will be reduced accordingly, but will not be less
than 12 in. (Figure 3.5-4).

In general, protection for internal missiles is provided by
barriers. The procedures and calculations employed in
design of missile-resistant barriers for both internal and
external missiles are described in Bechtel Topical Report
"Design of Structures for Missile Impact" (BC-TOP-9A) (Ref
10), with the following modifications:

a. In general the ductility ratio for flexure in steel
will be limited to 10.0. Justificaticon to the
satisfaction of NRC staff will be provided when
ductility ratios will be greater than 10.

b. The ductility ratio of steel columns will be

limited to 1.0 when the slenderness ratio is more
than 20.0. For columns with a slenderness ratio
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equal to or lese than 20.0, a ductility ratio less
than or equal to 1.3 will be used.

A typical analysis to determine structural response due to
impact by an automobile (unconventional missile) will
include the following steps: The force-time history of the
automobile is obtained from Ref 10. The area on which the
force acts is assumed to be equal to the missile frontal
area. The fundamental frequency of the combined wall and
missile is calculated and the dynamic load factor is
determined. An equivalent static force (the dynamic load
factor multiplied by the maximum force from the force-time
history) is applied to the structure and the maximum
reactions, such as moments and shears, are determined. The
capacity of the wall to resist punching shear caused by the
automobile is analyzed by the conventional procedures of the
ACI Building Code EACI—318), using an allowable punching
shear stress of 4v/f'c.

3.5.5 MISSILE BARRIER FEATURES

The preliminary layout and principal design features of
structures serving primarily as missile-resistant barriers
are shown on Figures 3.5-2 and 3.5-3. Detailed sketches
will be provided in the FSAR.

3.5-14 Amendment 24
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3.7.1.4 Supporting Media for Category I Structures

Seismic Category I structures will have concrete mat
foundations founded on soil. Information on soil depth,
layering, and physical characteristics may be found in
Section 2.5 of this PSAR.

The Reactor Building, Auxiliary Building, Control Building
and Fuel Building are all located on a common basemat. The
basemat will be approximately 20 ft thick, with the top
surface at or near the finished grade. The plan dimensions
will be approximately 280 ft by 290 ft.

The Ultimate Heat Sink 1s a box-like structure, approxi=-
mately 200 ft by 200 ft in plan, with an embedment depth of
about 45 ft to the bottom cf the basemat. The Standby
Service Water Pump Structure is part of the Ultimate Heat
Sink.

The Diesel Generator Building 1s a surface founded struc-
ture, approximately 94 ft by 115 ft in plan, with a basemat
approximately 7 ft thick.

The Diesel Generator Fuel 01l Tank Vault will be described
in the project FSAR.

A more complete description of all these structures 1s given
in Section 3.8.4 of this PSAR.

3.7.2 SEISMIC SYSTEMS

3.7.2.1 Seismic Analysis Methods

Seismic Category I structures are listed 1in Section 3.2 of
this PSAK. These structures are analyzed for both the OBE
and the SSE conditions. The procedures used to create the
analytical models are described 1in Section 3.7.2.3.

The mathematical method used to solve the equations of
motion for a particular structure will be the modal
superposition method or the complex response (freguency
domain) method.

For modal superposition the fixed-base mode shapes and
frequencies are calculated first. When soill=-structure
lnteraction 1s considered, the soll-structure mode shapes,
frequencies, and composite modal damping are also cal=-
culated. The modal responses are then computed, using
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either the time history method or the response spectrum
method. For the time history method the modal responses are
combined algebraically. For the response spectrum method
the modal responses are combined as described in Section
3.7.2.7 of this PSAR.

In the complex response method, the input forcing function
time history is separated into its fregquency components by
means of the Fourier transform. The structural responses
are calculated in the frequency domain, and the inverse
Fourier transform then gives the reponse time histories.
Some variations of this method use modal properties to
describe portions of the model.

When a modal analysis is performed, the significant modes
will be chosen on the basis of freguency, participation
factor and generalized mass. Sufficient mass points will be
used to adequately define the mode shapes.

Consideration will be given to rocking and translational
responses of structures and foundations in the dynamic
seismic analysis. Maximum relative displacements among
supports of structures, systems and components will also be
considered. The computer code to be used for this analysis
will be a code approved for use by the NRC.

3.7.2.2 Natural Fregquencies and Response Loads

Seismic loads for Category I structures will be summarized
in the FSAR. If modal superposition analysis is used, the
significant mode shapes and frequencies will be given. If
complex response analysis is used, relevant transfer func-
tions will be given. 1In addition, the response spectra at
major Category I equipment locations will be provided.

3.7.2.3 Procedures Used for Analytical Modeling

Analytical models are developed for all Category I
structures. The type of superstructure model used will be
determined by the characteristics of the structure itself.

For symmetrical structures such as the Containment and
Drywell, 2-dimensional lumped-mass stick models will be
used. Structures which are highly complex or asymmetrical,
such as the Auxiliary-Fuel-Control Building complex, will be
represented by 3-dimensional finite element models.

Sufficient refinement will be provided in the models to
adequately define significant mode shapes.
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Subsystems are assumed rigid and their masses lumped into
the supporting structural system whenever significant
coupling between the primary (supporting) system and the
secondary (supported) system does not occur. The decoupled
subsystems are later analyzed using the response spectra
generated at the supporting levels.

3.7.2.4 Soil-Structure Interaction

The input motion, as given in Section 3.7.1, is defined at
the surface level in the free field. Because the presence
of the Plant structures modifies this motion, a soil-
structure interaction analysis will be performed.

The major Category I structures (the Auxiliary, Fuel,
Control, and Reactor Buildings) will be constructed on a
common basemat, approximately 20 ft thick. The soil-
structure interaction analysis for these structures will be
done with a combined model, using the "lumped parameter”
approach. (This approach is also known as the "sub-
structure,” the "foundation impedance,” and the "multistep”
approach.) The decision to use this approach is based on
the shallow embedment, relative to horizontal size, of the
common basemat.

The analysis will consist of the following steps:

1) A free-field soil column analysis is performed,
using the input acceleration time history defined
in Section 3.7.1 as the surface control motion.
Strain dependency of stiffness and damping will be
considered, using an iterative equivalent linear
method.

2) The soil impedance functions are calculated, using
the soil stiffness and damping derived from the
free-field analysis. Soil layering will be
explicitly considered.

3) The base and structural responses are calculated
using substructuring techniques.

Soil parameter variations will be accounted for by multiple
analyses, using a realistic range of soil parameters.

A finite element analysis will be performed as a

confirmation of the lumped-parameter approach. The analysis
will utilize the FLUSH program or other program approved by
the NRC. The size of the soil elements and locations of the
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transmitting lateral boundary and the rigid base will be
chosen in accordance with standard accepted procedures for
that program. The structure will be modelled by beam and 24
plane strain elements, with sufficient detail to simulate
the dynamic properties of the system.

3.7.2.5 Development of Floor Response Spectra

L8]
L

Floor response spectra will be developed using time
histories of significant support points within the
structures., The effects of the three components of ground
motion will be combined as recommended in Regulatory Guide |
1.122, Section C, Paragraph 2 or 3. Widening of spectral |
curves is described in Section 3.7.2.9 of this PSAR.

3.7.2.6 Three Components of Earthguake Motion |

When the maximum response to the three components of }
earthquake motion have been calculated separately, the
maximum response to the total motion will be taken as the
square root of the sum of the squares of the component
responses.

taneously, the maximum responses will be taken as the
maximum of the algebraic combinations of the responses to

When three time histories are applied to a model simul- ,
the three components. l
f
!

3.7.2.7 Combination of Modal Responses

Where the response spectrum method of analysis is used, the
modal responses will be combined by the "grouping method" ,
described in Section C, Paragraph 1.2.1 of Regulatory Guide |
1.92, j

3.7.2.8 1Interaction of Non-Category I Structures with
Category I Structures

Non-Category I structures whose collapse could result in the
loss of required function of Category I structures, equip-
ment or systems required for safe shutdown after an
earthquake will be analytically checked to determine that
they will not collapse when subjected to a Safe Shutdown
Earthquake. |

3.7-6 Amendment 24



S/HNP-PSAR 4/2/82

3.7.2.9 Effects of Parameter Variations on Floor Response
Spectra

The effects of parameter variations or floor response
spectra shall be considered by widening the spectra, using
the following procedure:

Let f4 be the structural frequency, which is determined by
using the most probable material and section properties in
formulating the structural model. The variation in the
structural frequency is determined by evaluating the
individual frequency due to the most probable variation in
each parameter that is of significant effect, such as soil
modulus, material density, material stiffness, etc. The
total frequency variation, 1Afj, is then determined by
taking the square root of the Sum of squares of a minimum
variation of 0.05f4 and the individual frequency variation
(Afj)n, that is:

1/2
Af4 = ((0.05£4)2 + g(Afj)nz ) (5-1)

A value of 0.,1f4 is used if the actually computed value of
Af4 is less than 0.10f4.

3.7.2.10 Use of Constant Vertical Static Factors

Constant vertical static factors will not be used for
Category I structures.

3.7.2.11 Methods Used to Account for Torsional Effects

Generally Category I structures with low eccentricity, such
as containment, will be analyzed using 2-dimensional stick
models. A static factor will be used to account for this
eccentricity in design.

Structures with significant 3-dimensional properties will be
modelled using finite element models which will account
explicitly for torsion.

To account for accidental torsion in both of the above cases
an additional eccentricity, applied statically, of 15% of
the maximum building dimension at the level under
consideration shall be assumed for structural design.
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3.7.2.12 Comparison of Responses

When different analysis methods are used, a comparison of
the responses will be provided for the operating license
review.

3.7.2.13 Methods for Seismic Analysis of Category I Dams

This project has no Category I dams.

3.7.2.14 Determination of Category I Structure Overturning
Moments

Overturning moments will be determined using the results of
the dynamic analyses. Three components of input motion will
be included, as well as a conservative evaluation of
vertical and lateral seismic forces.

3.7.2.15 Analysis Procedure for Damping

For cases where modal analysis is used, one of three
techniques may be used to account for damping 1in different
elements of the models: mass weighting, stiffness
weighting, or dissipating energy technigue. These
techniques will produce composite modal damping values.
Where modal analysis 1s used for a soil=-structure system,
Tsal's method (Ref 5) may be used.

For cases where complex response (frequency domain) analysis

is used, damping is considered by forming a complex-valued
stiffness matrix.

3.7.2.16 Seismic Analysis of Radwaste Building

A modified seismic analysis will be used for the foundation
and walls of the Radwaste Building, at least up to a height
sufficient to contain the liguid inventory in the building.
This modified analysis will comply with Regulatory Guide
1.143, Revision 1, "Design Guidance for Radioactive Waste
Management Systems, Structures, and Components Installed 1in
Light-wWater-Cooled Nuclear Power Plants."
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SEISMIC INSTRUMENTATION PROGRAM

3.7.4.1

Comparison with NRC Regulatory Guide 1.12

Seismic instrumentation will be provided to furnish at least

as much data about the response of Seismic Category I

structures and equipment as the instrumentation suggested 1in

NRC Regulatory Guide 1.12 for sites with SSE ground
acceleration of 0.3g or greater. This instrumentation will
provide a means to obtain a: least the following
information:

a.

Records of the acceleration time history in three
orthogonal directions at the following locations:

(1) Free Field

(2) Containment Base

(3) Containment Operating Floor

(4) Auxiliary Building Base

(5) One of the floors of the Auxiliary Building
where major Seismilc Category I equipment oOr

piping 1s supported.

Triaxial peak accelerations at the following
locations:

(1) One location on reactor eguipment (using peak
straln gages)

(2) One location on reactor piping (using peak
strain gages)

(3) One location on Seismic Category I equipment
in the Auxiliary Building

(4) One location on Seismic Category I piping 1in
the Auxiliary Building.

Triaxial response spectrum rescorders at the
following locations:

(1) Reactor eguipment support (or plping support)

(2) Auxiliary Building base

bt
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(3) One of the floors of the Auxiliary Building
where Seismic Category I equipment is
suppor ted 23

(4) One of the Seismic Category 1I piping supports
in the Auxiliary Building

(5) Containment Base, with indication in the [
control room.

d. Triaxial seismic switches, with indication in the
contro! room when OBE acceleration has been
exceeded, at the following locations:

(1) Containment Base

(2) Reactor equipment support (or piping support).

Instruments will provide sufficiently accurate data for the
subseguent analyses of the Plant components.

3.7.4.2 Location and Description of Instrumentation

The types, location, basis for selection of location, and
operational capability of seismic instrumentation that will
be installed for Seismic Category I structures and compo-
nents will be described in the FSAR. It is intended to
provide seismic instrumentation which, when used with the
Plant operating instrumentation, will provide sufficient
information to determine the Plant's capability for
continued use following the occurrence of an earthquake,

3.7.4.3 Control Room Operator Notification

When the acceleration at the base of the Containment or at a
reactor equipment support (or piping support) exceeds the
comparable OBE acceleration both an audible and visual
annunciation will be made in the control room. In addition,
the triaxial time-history accelerograph located in the
containment foundation or in the free field will be
connected to the control room, for indication of accelera-
tion level to the control room operator. The response H220.8
spectrum recorder in the reactor containment foundation will
also be connected to the control room to indicate if the
design response spectra values for discrete frequencies are
exceeded during an earthquake.

-
ro
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3.7.4.4 Comparison of Measured and Predicted Responses

Response spectra and peak accelerations obtained by means of
instrumentation will be compared with the design response
spectra and calculated peak accelerations for the same
location., If the recorded responses exceed the OBE
responses used in the design of the Plant, the Plant will be
shut down and a detailed analysis of the earthguake motion
will be undertaken.

3.7.4.5 Inservice Surveillance

Each of the seismic instruments will be periodically
demonstrated operable in accordance with the Plant Technical
Specification requirements., Seismic instruments will be |
designed to ensure that channel checks, channel calibration
and channel functional tests can be performed to a frequency
consistent with that of NUREG 0800 SRP Table 3.7.4-2.

3.7.5 SEISMIC DESIGN CONTROL MEASURES

3.7.5.1 Seismic Category I Systems and Components other
than NSS System

The seismic input data are provided to the suppliers of
Seismic Category I equipment by means of detailed equipment
specifications, One part of the specifications contains
input data in the form of floor response curves (Subsection
3.7.2.5). The floor response curves are prepared by the
responsible civil/structural engineering group. The
detailed equipment specifications are prepared by the
responsible mechanical, electrical, or instrumentation
engineering group. The specification designates the
particular floor response spectra curve(s) for the floor(s)
on which the equipment or component is located.

The detailed equipment specifications require that the
supplier submit test data and/or seismic analyses for
review, as a condition of acceptance of the eguipment for
the intended function. The supplier is permitted to use:

a. Test reports of the particular component
b. Reports of tests with applicable data from a
previously tested comparable component which during

normal operating conditions has been subjected to
equal or greater loadings, or
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c. Suitable analytical results.

The report from the supplier is reviewed by the responsible
engineering group. The group reviews the methods, proce-
dures, and results for compliance with the criteria. The
submittal and review procedures are repeated, if necessary,
when gquestions are raised as to conformance with the
criteria.

The design control measures will conform to the requirements
of Chapter 17, Quality Assurance, of the P3AR.

3.7.5.2 NSS System

The NSS system supplier is provided with the floor response
spectra. The specifications for the NSS system components
are prepared by the NSS system vendor's engineering group to
assure that seismic input for equipment design is appro-
priate for each component.

The seismic qualifications of NSSS equipment submitted by
the equipment suppliers are reviewed and approved by the
cognizant engineering unit of the NSSS supplier to assure
that the loadings and the applications are appropriate.

The design control measures will conform to the requirements
of Chapter 17, Quality Assurance, of the PSAR.
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Criterion Nos. 1, 2, 4, 16, 50, 51, 52, 53, 54, 55,
56, and 57.

NRC Regulatory Guides (compliance is discussed in
Appendix 3A of this PSAR).

Regulatory Guide 1.10 - Mechanical (Cadweld)
Splices in Reinforcing Bars of Category I Concrete
Structures

Regulatory Guide 1.15 - Testing of Reinforcing Bars
for Category I Concrete Structures

Regulatory Guide 1.18 - Structural Acceptance Test
for Concrete Primary Reactor Containments

Regulatory Guide 1.19 - Non-Destructive Examination
of Primary Containment Liner Welds

Regulatory Guide 1.29 - Seismic Design
Classification

Regulatory Guide 1.46 - Protection against Pipe
Whip Inside Containment

Regulatory Guide 1.54 - Quality Assurance
Requirements for Protective Coatings Applied to
Water-Cooled Nuclear Power Plants

Regulatory Guide 1.55 -~ Concrete Placement in
Category I Structures

Regulatory Guide 1.57 - Design Limits and Loading
Combinations for Metal Primary Reactor Containment
System Components.

Requlatory Guide 1.63 - Electric Penetration
Assemblies in Containment Structures for Water-
Cooled Nuclear Power Plants.

Regulatory Guide 1.94 - Quality Assurance
Requirements for Installation, Inspection, and
Testing of Structural Steel During the Construction
Phase of Nuclear Power Plants.

Industry Standards

Nationally recognized industry standards, such as
those published by the American Society for Testing
and Materials (ASTM), are used whenever possible to
describe material properties, testing procedures,
and fabrication and construction methods. The
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applicable ASTM specifications are listed in
Section 3.8.1.7 of this PSAR.

d. Bechtel Power Corporation Topical Reports

BC-TOP-1(5) Containment Building Liner Plate
Design Report, Revision One,
December, 1972 with Supplement and
Conditions per letter dated
February, 1974. '

BC-ToP-3-A(l) Tornado and Extreme Wind Design |
Criteria for Nuclear Power Plants,
Revision Three, August, 1974.

BC-TOP-4-A(3) seismic Analysis of Structures and |
Equipment for Nuclear Power Plants,
Revision Three, November 1974. |12

BC-TOP-5A(4)  prestressed Concrete Nuclear Reactor
Containment Structures, Revision
Three, Feb, 1975. Only Section 6.0,
Design, Section 7.0, Analysis and
parts of Section 2.0, Physical
Description, of this Topical Report

apply to the Containment. ‘

BC-TOP-9-A(2) pesign of Structures for Missile |

Impact, Revision Two, September, k4
1974.
EN-TOP-1 (8) Testing Criteria for Integrated Leak
Rate Testing of Primary Containment
Structures for Nuclear Power Plants, ‘
Revision One, November, 1972. |
BN-TOP-2(9) Design for Pipe Break Effects,
Revision Two, May, 1974.
3.8.1.3.4 Structural Specifications
Structural specifications are preparsd to cover the areas
related to design and construction oi the Containment.
These specifications are prepared by Bechtel Power
Corporation specifically for this Containment. These
specifications emphasize important points of the industry
standards for this Containment and reduce options such as
would otherwise be permitted by the industry standards.
Unless specifically noted otherwise, these specifications do
not deviate from the applicable industry standards and as ‘
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’ such need not be included in the PSAR. These specifications
cover the following areas:

Furnishing and delivery of concrete
Forming, placing, finishing, and curing of concrete

Furnishing, detailing, fabricating, delivering, and
placing of reinforcing steel

Furnishing, delivery, and installation of
exothermic splicing

Furnishing, delivery, and erection of liner plate
and penetration assemblies
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b. ACI 306-66 - Recommended Practice for Cold-Weather
Concreting is used except as follows:

During cold weather concreting members shall be
enclosed in an ambient temperature within 10°F of
the tempreature of the concrete as placed.

"o

(-

c. ACI 347-68 - Recommended Practice for Concrete Form- |

work is used augmented ac follows:
Tolerance of surfaces from the theoretical radius:

1) Outside surfaces of containment wall & dome
+ 1 inch.

2) Inside and outside surfaces of the drywell 12
wall: + 1/2 inch.

Tolerances from plumb:

1) OQutside surface of the containment wall:
1/2 inch in 10 feet.

2) Inside and outside surfaces of the drywell
wall: 1/2 inch in 10 feet.

d. ACI 305-72 - Recommended Practice for Hot-Weather
Concreting is used except as follows:

All members 2-1/2 feet thick or larger shall have a
placing temperature less than 70°F, All other
concrete shall have a maximum placing temperature
of 85C°F.

e. ASTM C 94-74a - Ready-Mixed Concrete is used with- 12
out exception.

3.8.1.7.5.2 Steel construction.

a. AWS D1.1-75 - Structural Welding Code is used
except:

1) As an alternative to AWS Dl1.1 paragraph 4.9.2
for the issuance of low hydrogen low alloy 24
electrodes, in lieu of the time limits of
4.9.2, the electrodes may be issued in port-
able warmers and as long as the warmers are
energized at the work location, the electrodes
in warmers may be out of the storage ovens
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indefinitely, but shall be returned to the
storage oven at the end of each shift.

ro
F oS

2) Welding procedure specifications and personnel
(welders, welding operators, and tackers) may
be qualified to ASME Seccion IX in lieu of AWS
Dl.1 Section 5.

b. AISC - Spacification for the Design, Fabrication
and Erection of Structural Steel for Buildings,
Sections 1.23 and 1.25, February 1969, including
Supplement Nos. 1 and 2 is used without exception.
Exceptions are taken to the limitations on depth of
metal deck and stud spacing recommended in Supple-
ment No. 3.

c. AISC - Specification for Structural Joints Using
ASTM A 325-74 or A 490-75 Bolts is used without 12
exception, load indicating washers may be used.

3.8.1.7.5.3 Linear plate erection. Vertical and dcme liner
plates are used forms and erection will precede the con-
crete placemen se in accordance with ASME Code Sub- l.ﬂ

article CC=-450.
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3.8.3.2 Applicable Codes, Standards, and Specifications

The following regulations, codes, standards, and
specifications are used in the design of the containment
internal structures:

3.8,3.2.1 Regulations

a. Code of Federal Regulations, Title 10-Atomic Eneray
Part 50, "Licensing of Production and Utilization
Facilities.”

b. Code of Federal Regulations, Title 29-Labor, Part
1910, "Occupational Safety and Health Standards.”

3.8.3.2.2 Codes and Standard Specifications

Acceptance of the following codes and standards for design
or for design bases does not constitute full compliance with
them. Exceptions to these codes and standards are given in
Subsection 3.8.1.7.5.

a. Uniform Building Code (UBC), 1973 edition, 12
(applicable) and 1975 Supplements (applicable 5
portions)

b. American Concrete Institute, "Code Requirements for 5
Nuclear Safety Related Concrete Structures" (ACI He
349-76)

c. American Institute for Steel Construction,
"Specification for the Design, Fabrication, and
Erection of Structural Steel for Buildings,”
adopted February 12, 1969 and Supplement Nos. iy ¥
and 3

d. American Welding Society, "Structural Welding Code"
(AWS D1.1-74).

e. American Society of Mechanical Engineers, Boiler
and Pressure Vessel Code "Nuclear Power Plant
Components”, Section I1II, Division 2 (1975 Edition) 12
Subsection CC-3000.

f. American National Standards Institute,
"Supplementary Quality Assurance Requirements for
Installation, Inspection and Testing of Structural
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Constructinn Phase of Nuclear Power Plants (ANSI

Concrete and Structural Steel During the ‘
N‘S.z'r).' .

3.8.3.2.3 General Design Criteria, Regulatory Guides,
Industry *andards, and Topical Reports

a. 10 CFR 50, Appendix A - General Design Criteria for
Nuclear Power Plants. (Conformance is discussed in
Section 3.1)

Criterion Neos. 1, 2, 3, 4 and 16. | H220.13

b. NRC Regulatory Guides (conformance is discussed in
Appendix 3A of this PSAR).

o Regulatory Guide 1.10 - Mechanical (Cadweld)
Splices in Reinforcing Bars of Category I
Concrete Containments

o Regulatory Guide 1.15 - Testing Reinforcing
Bars for Category I Concrete Structures

o Regulatory Guide 1.29 - Seismic Design
Classification

(o} Regulatory Guide 1.46 - Protection against
Pipe Whip Inside Containment

o) Regulatory Guide 1.55 - Concrete Placement in
Seismic Category 1 Structures

o Regulatory Guide 1.57 - Design Limits and ’
Loading Combinations for Metal Primary Reactor
Containment System Components ‘

(o} Regulatory Guide 1.94 - Quality Assurance
Requirements for Installation, Inspection, and
Testing of Structural Steel During the
Construction Phase of Nuclear Power Plants |

c. Industry Standards

o Nationally recognized industry standards, such
as those published by the American Society for
Testing and Materials (ASTM), are used
whenever possible to describe material
properties, testing procedures, fabrication
methods, and construction methods. The ASTM
specifications listed in Subsection 3.8.1.7 of
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this PSAR are applicable to the internal
structures.

d. Bechtel Power Corporation Topical Reports

OBC-TOP-4-A Seismic Analysis of Structures and
Equipment for Nuclear Power Plants,
Revision Three, November, 1974

oBC-TOP-9~A Design of Structures for Missile
Impact, Revision Two, November, 1974

oBN-TOP-2(9)  pesign for Pipe Break Effects,
Revision Two, May 1974.

3.8.3.2.4 Structural Specifications

Structural specifications are prepared to cover the areas
related to design and construction of the Plant structures,
These specifications are prepared by Bechtel Power
Corporation specifically for these structures. The
specifications emphasize important points of the industry
standards for these structures and reduce options such as
would otherwise be permitted by the industry standards.
Unless specifically noted otherwise, these specifications do
not deviate from the applicable industry standards and as
such are not included in the PSAR. The specifications cover
the following areas:

a. Purnishing and delivery of concrete

b. Purchasing, forming, placing, and curing of
concrete

c. Furnishing, detailing, fabricating, delivery, and
placing of reinforcing steel

d. Furnishing, delivery, and installation of
exothermic splicing

e. Furnishing, delivery, and erection of structural
steel

£, Furnishing, delivery, and erection of stainless

steel liner plate for water-filled cavities
(refueling canal, etc.).
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3.8.3.3 Loads and Loading Combinations

With the exception of the drywell, the internal structures |
are designed for the loads and loading combinations given in
Subsection 3.8.6, Structural Design Criteria for Category I
Structures Other than Containment and Drywell. The loading
combinations involving extreme wind, tornado, or flood
forces are not applicable to the Containment internal
structures. The concrete portions of the drywell and the
drywell vent structure are designed for the loading
combinations shown in Table 3.8-1 in accordance with the
ASME Code Section III, Div. 2, Article CC-3000. Por load
definitions and nomenclature see Subsection 3.8.1.4. The
steel portions of the drywell structure (Class MC
components) are designed for the same combinations except
that the load factor for all loads is 1.0 in accordance with
the applicable reguirements of the ASME Code Section III. 130.14
Div. 1 Article NE-3000 and the guidelines of Regulatory
Guide 1.57. The steel liner portions of the drywell vent
structure shall be designed for the loading combinations in
Table 3.8-1. Allowable stresses under service load
conditions are as per AISC Specification, Part 1. The
allowable load limits under factored load conditions are 90%
of those in AISC Specification, Part 2. The drywell design
accident pressure loads are 30 psig for a large pipe break
and 5 psig for a small pipe break. For details of pressure
and temperature transients, see Section 6.2.

ol
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3.8.3.4 Design and Analysis Procedures

The basic techniques of analyzing the internal structures
can be broadly classified into two groups:

a. Conventional methods involving simplifying
assumptions such as those found in beam theory, and

b. Those based on plate and shell theories of
different degrees of approximation.

The strength methods given in the ACI 349-76 code are used
for design. The internal structures are provided with
connections capable of transmitting axial and lateral loads
to the Containment base slab. Table 3.8-2 lists the
computer programs used for analysis.

The following computer programs may be used to evaluate the
effect of radiation-generated heat on the shield structure
of the internals:
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a. Grace 11(6) (NE-348) - This program solves
multigroup, multiregion, gamma ray attenuation
problems for gamma ray heating and also dose rates
in infinite or semi-infinite slab shields with
movable source regions.

b. Heating II(7) (ME-611) - This program solves
transient and/or steady state heat transfer
problems in three dimensions. (Cartesian,
cylindrical, or spherical coordinates system).

In the final stages of design of the internal structures,
the proportioning of reinforcing steel in concrete
structures is based upon the specified codes of practice.
The reinforcing steel is distributed according to common
detailing methods. Likewise, the selection of structural
steel sections and the methods of fabrication and connection
are in accordance with engineering codes and accepted
industry practices.

3.8.3.5 Structural Acceptance Criteria

Internal structures are designed for structural acceptance
criteria as outlined in Subsection 3.8.3.2.

3.8.3.6 Materials, Quality Control, and Special
Construction Technigques

The internal structures are constructed of concrete and

steel using proven methods common to heavy industrial

construction. There will be no safety related masonry IH:::.:7
walls. Material properties and characteristics assumed in |

design are given in Table 3.8-3.

3.8.3.6.1 Concrete

no

Concrete is the same as that described in Subsection i
3.8.1.7.1.a. High density concrete aggregates where used,
conform to ASTM C 638-73, "Descriptive Nomenclature of
Constituents of Aggregates for Radiation Shielding,"” and to

ASTM C 637-73, "Specifications for Aggregates for Radiation
Shielding Concrete.”
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3.8.3.6.2 Reinforcing Steel

Reinforcing steel is the same as that described in
Subsection 3.8.1.7.2.

3.8.3.6.3 Structural Steel

Structural steel is the same as that described in Subsection
. P B o P

3.8.3.6.4 Construction Procedures

The construction procedures are the same as those described
in Subsection 3.8.1.7.5.

3.8.3.6.5 Quality Control

The guality control requirements are met as described in
Subsection 3.8.1.7.5.6 and Chapter 17 of this PSAR.

3.80,3.,7 Testing and Inservice Surveillance Requirements

With the exception of the drywell, a formal program of
testing and inservice surveillance is not planned for the
internal structures. The internal structures are not
directly related to the functioning of the containment
concept; hence, no testing or surveillance is required.
Both drywells will be leak-rate and structurally tested.
Alternate means of satisfying the high pressure test
objectives will be considered as more experience with this
test program becomes available in the industry. Periodic
leak~-rate tests will be conducted at a lower pressure,

A discussion of the preliminary drywell structural integrity
test is presented in the following section. See Section
6.2.1.4 for a description of leak-rate testing.

3.8.3.7.1 General Test Procedure

As late as practical in the construction sequence but before
initial fuel load, each drywell will be subjected to a
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structural proof test at the design pressure of 30 psig.
The drywell will be pressurized and depressurized in at
least three approximately equal increments, During
pressurization and depressurization of the Unit 1 drywell,
the pressure at each stage will be held constant for about
one hour before deflection and strain measurements are
taken. Measurements will not be taken on the Unit 2
drywell, subject to the stipulations given below.

Radial deflections will be measured on the Unit 1 drywell at
a minimum of three points along three or more meridians
equally spaced around the drywell, including locations with
varying stiffness characteristics. Radial deflections will
be measured at the lower vent region, at about mid-height
and near the top of the cylindrical wall. The measurement
points may be varied depending on the anticipated
distribution of stresses and deformation.

Strain measurements will be taken on the Unit 1 drywell, at
the bottom of the wall and at the mid-height of the wall, on
at least two opposing meridians. At each of these
locations, strains will be measured at the center of the
wall section and near the inner and outer faces of the wall
section.

Deformations will be measured with internal taut wire
devices. Uniaxial strains will be measured with Carlson
Strain meters and with embedded reinforcing bars
instrumented with strain gauges.

Strain levels will be correlated with deflection measure=
ments during the test on the Unit 1 drywell. If these
correlations are within predefined tolerances for predicted
response, deflection and strain measurements will not be
taken during the test on the Unit 2 drywell.

Pretest data for the Unit 1 drywell test will consist of

predicted responses and allowable tolerances on the
predicted responses.
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Auxiliary Building and the Containment structure will allow
free lateral movement during a seismic event in accordance
with Section 4.1 of BC-TOP-4A.

Emergency core cooling systems (ECCS), Reactor Water Cleanup I
System (RWCU) and Reactor Core Isolation Cooling System
(RCIC) equipment are supported at the foundation level of
the building in compartments with an elevated door. A
controlled entrance for personnel is provided to this level.

Hatches in the concrete floor slab provide access to the RHR
heat exchangers and to the secondary isolation valves for
the main steam and reactor feedwater lines. The RHR heat
exchangers are situated in vertical compartments on either
side of the steam tunnel,

The only rooms in the Auxiliary Building which need to be
designed to handle the consequences of high-energy pipe
breaks are the RCIC and RWCU rooms and the main steam
tunnel. The RCIC and RWCU rooms will be designed for high-
energy pipe breaks including the associated pressure,
temperature and jet forces. Main steam and feedwater line
breaks are not postulated in the main steam tunnel. However
the tunnel vent size has conservatively been based on the
energy released from a non-mechanistic blowdown of a main
steam line as discussed in Section 3.6.1.4.

L=
Fs
o
o

The other rooms need not provide for high-energy pipe breaks |
since the RHR system contains high-energy steam less than 2
percent of the time the Plant is in operation. There are no
other sources of internal pressurization in the Auxiliary
Building and the highest pressure that can occur is atmos-
pheric (except for RCIC & RWCU Room and the main steam
tunnel discussed above).

ro
(%)

As described in Section 6.5 and 9.4, the Standby Gas Treat-
ment (SGTS) and Auxiliary Building HVAC Systems normally
maintain the Auxiliary Building air pressure at 1/4 inch of
water vacuum. Following an accident, one of the Standby Gas
Treatment System (SGTS) fans controls the pressure in the
Auxiliary Building at 1/4 inch of water vacuum by exhausting
at a flow rate equal to the inleakage rate of one volume per
day in the Auxiliary Building and the Enclosure Building.

In the unlikely event that the SGTS exhaust fan recircula- P T
ting damper V005 (Figure 6.5-1) fails closed, one of the Vac.00
SGTS fans will draw air from these buildings (without recir-
culation) at a reduced fan flow rate due to higher system
pressure drop. Consegquently, a maximum vacuum of 1.7 inches
of water in the Auxiliary Building will be produced using
flow-pressure relationships:

Pp= Q 2
P2 Q2
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Table 6.5-2 shows the operator action on the control failure
mode. Except for the RCIC and RWCU room and the main steam
tunnel discussed earlier, the maximum and minimum design
rressures for the Auxiliary Building are 0 and 5 in. of
water vacuum, respectively. This represents a margin of 300
percent above the maximum vacuum that the SGTS can produce.
The Auxiliary Building HVAC System cannot produce as high a
negative pressure as the SGTS.

3.8.4.1.3 Fuel Building

The Fuel Building is located adjacent to the Containment and
opposite to the Auxiliary Building (refer to the general
arrangement drawings of Section 1.0). The building's prin-
cipal function is housing the equipment and facilities for
receiving, storing, shielding, shipping and handling of
fuel. The building is a Seismic Category I concrete struc-
ture designed for tornado and missile protection. Figures
1.2-2 through 1.2-9 show the main structural features of the
building.

The Fuel Building will be supported on the commor pcwer
block mat. The building is enclosed by reinforced concrete
walls which support the floor framing. The central part of
the building is occupied by the fuel pool and equipment com-
partments formed by concrete walls and slabs. Stainless
steel liner plates seal the interior pool surfaces.

Liner plate joints are fitted with leak chases draining to a
sump thus allowing testing and monitoring of leaktightness.
Concrete floors surroundina the pool are supported on steel
beams which frame to concrete walls or to columns bearing on
the foundation. Weatherproof joints will allow lateral
seismic movement between the Containment and Fuel Building
walls., Wall separation between the Fuel Building and the
Containment ctructure will allow free lateral movement
during a seismic event in accordance with Section 4.1 of BC-
TOP-4A. *

The Fuel Building will normally be maintained at 1/4 inch of
water negative pressure by the H&V System.

As described in Sections 6.5 and 9.4, the Standby Gas Treat-
ment (SGTS) and Fuel Ruilding HVAC Systems normally maintain
the Fuel Building air pressure at 1/4 inch of water vacuum.
Following an accident, one of the SGTS fans controls the
pressure in the Fuel Building at 1/4 inch of water vacuum by
exhausting at a flow rate equal to the inleakage rate of one
volume per day in the Fuel Building. In the unlikely event
that the SGTS exhaust fan recirculating damper V005 (Figure
6.5-1) fails closed, one of the SGTS fans will draw air from
this building (without recirculation) at a reduced fan flow
rate due to higher system pressure drop. Conseguently, a
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Pipe reactions under thermal conditions
generated by the postulated break and

including Rg.

Load on a structure generated by the reac-
tion on a ruptured high-energy pipe during
the postulated event. The time-dependent
nature of the load and the ability of the
structure to deform beyond yield is con-
sidered in establishing the structural
capacity necessary to resist the effects of
Yeo

Load on a structure generated by the jet
impingement from a ruptured high-energy
pipe during the postulated event. The
time-dependent nature of the load and the
ability of the structure to deform beyond
yield is considered in establishing the
structural capacity necessary to resist the
impact.

The energy resulting from the impact of a
ruptured high-energy pipe on a structure Or
a pipe restraint during the postulated
event. The type of impact, ie, plastic,
elastic, etc., together with the ability of
the structure to deform beyond yield is
considered in establishing the structural
capacity necessary to resist the impact.

3.8.6.1.5.  Othet pefinitions

2]

For structural steel, S is the required
section strength based on the elastic design
methods and the allowable stresses defined 1in
part 1 of the AISC "specification for the
pesign, Fabrication and Erection of Structural
gteel Buildings,"” February 12, 1969.

For concrete structures, U is the section
strer th required to resist design loads,

NN

based on the strength design methods described H220.

in ACI 349-76.

3.8-45 amendment 24



S/HNP-PSAR 4/2/82

Y - For structural steel, Y is in the section ‘
strength required to resist design loads,
based on plastic design methods described
in Part 2 of AISC "Specification for the
Design, Fabrication and Erection of Struc-
tural Steel Buildings,"™ February 12, 1969.

3.8.6.2 Load Combinations and Criteria for Seismic_Category
1 Concrete Structures

The following presents a set of load combinations and allow-
able design limits used for Seismic Category I concrete
structures. To assure that the structural integrity will be
maintained, limits on the resulting stresses and the
required strength capacities are considered for service
loads, including earthquake (OBE) and wind loads, and for
factored loads, including earthquake (SSE), tornado, and
pipe break effects and various combinations thereof.

3.8.6.2.1 Load Combinations for Service Load Conditions

The strength design method is used, and the following load
combinations are considered:

. + . s O
U = 1.4D 1.7L (3.8-1) §220.19
u = 1.4D + 1.7Ly + 1.9E, (3.8-2)
U = 1.4D + 1.7L + 1.7W (3.8-3)
I1f thermal stresses due to T, and R, are present, the
following combinations are a?so usegz
U = (0.75)(1.4D + 1.7L + 1.7T5 + 1.7R,) (3.8-4)
U = (0.75)(1.4D + 1.7Lgy +1.9E5 + 1.7Tg + 1.7Rg) 23
(3.8=5)
U = (0.75)(1.4D + 1.7L + 1.7W + 1.7T5 + 1.7Ry)
(3.8-6)

The cases of L having its full value or being completely
absent are both checked and the following calculations are
also satisfied:

8] = 1.20 + 1.9E, (3.8-7)

U = 1.2D + 1.7W (3.8-8)
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3.8.6.2.2 Load Combinations for Factored Load Conditions

For these conditions, which represent extreme environmental,
abnormal, abnormal/severe environmental, and abnormal/-
extreme environmental conditions, respectively, the strength
design method is used and the following load combinations
are considered:

u = D+ Ly + Tgp + Ry + (Egg Or Wy Oor V) (3.8-9)
v = D+L+Ty+ Ry +1.5P, (3.8-10)
U = D+ Ly + Tag + Rg +# 1.25 Py + (Y, +

Yy + Yp) + 1.25 (E; or Wy or V) (3.8-11)
U = D#+# Lo+ Tag+# Ry + Py + (Yp + Yy + ¥Yp)

+ (Egg Or W, or V) (3.8-12)

In combinations (3.8-10), (3.8-11) and (3.8-12), the maximum
effects of Py, Ta, Ras ¥4, Yr, and Y, are considered unless
a time-history analysis zs performed to justify otherwise.

For combinations (3.8-9) to( 3.8-12), strains due to T, and
due to the dynamic effects of Wy (tornado missile impact),
Par Yyro Yé, and Y, may exceed the allowable strains,
provided there wiTl be no loss of function of any safety-
related system.

In combination (3.8-10), to account for the effect of SRV

loads on containment internals, the load factor of L shall
be increased to 1.25.

Whenever strains are permitted to exceed yield due to a
certain type of load, the structure is checked to satisfy
that its ability to carry other loads is not jeopardized.

The cases of L having its full value or being completely
absent are both checked.

The effects of tornado-generated differential pressures and
missiles are combined in accordance with BC-TOP-3-A (Ref 1).

3.8.6.2.3 Concrete Temperatures

The limitations listed below are considered applicable only
to concrete structural components:
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The following temperature limitations are for
normal operation or any other long-term period.
The temperatures are not allowed to exceed 150°F,
except for local areas which may be allowed
increased temperatures not exceeding 200°F.

The following temperature limitations are for
accident or any other short-term period. The
temperatures are not allowed to exceed 350°F for
the interior surface. However, local areas may be
allowed to reach 650°F from steam and/or water jets
in the event of a pipe failure.

Higher temperatures than given in items a. and b.
may be allowed in concrete, if test data can be
provided to evaluate the reduction in strength.
Such a reduction can be applied to the design
allowable values. Also, evidence will be provided
which verifies that the increased temperatures do
not cause deterioration of concrete, either with or
without load.

Load Combinations and Acceptance Criteria for

Seismic Category I Steel Structures

The following presents a set of load combinations and
allowable design limits used for Seismic Category I steel
structures. To assure that the structural integrity will be
maintained, limits on the resulting stresses and the
required strength capacities are considered for service
loads and for factored loads.

3.,8.6.3.1

Either the working stress design methods of Part 1 of AISC,

Load Combinations for Service Load Conditions

or the plastic design methods of Part 2 of AISC will be

used.

al

If the working stress design methods are used, the |23
following load combinations are considered:

S =D+ L 12
S =D + LO + Eg

S=D+L + W
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I1f thermal stresses due to T, and R, are present,
the following combinations are also used:

S =D +L + Ro + To (3.8‘13)
S =D + Lo + Eo + P‘O + To (3.8'14)
S=D+L+WH+Rg+To (3.8-15)

No increase in allowable stress is permitted for
load combinations (3.8-13), (3.8-14) and (3.8-153),
except as indicated below.

If the thermal stresses due to T, and R, are
secondary and self relieving, the value of S may be
increased by 50 percent.

The cases of L having its full value or being
completely absent are both checked.

1f plastic design methods are used, the following
locad combinations are considered:

Y=1.70 + 1.7L (3.8-16)
Y=1.70D + 1.7L + 1.7W (3.8-18)

The cases of L having its full value or being
completely absent are both checked.

I1f thermal stresses due to T, and R, are present,
the following combinations are also to be
satisfied:

Y = 1.3(D+L + Ty + Rg) (3.8-20)
Y = 1.3(D + Lo + Eo ¥ TO L 4 Ro) (3-8-21)
Y = 1.3(D+L +W+ Ty + Ro) (3.8-22)

Load Combinations for Factored Load Conditions
wing load combinations are considered:

1f working stress design methods are used, the
applicable load combinations are:
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1.65 = D + Lo + To + Ry + .

(Egg Oor Wy or V) (3.8-22)

1.65 =D + L + Ty #+ Rz + P,y (3.8-23)

1.65 =D + Ly + Ty + Ry + Py + H220.19
(Yr + ¥4 + ¥Yp) + Eo (3.8-24)

1.7 = D + Ly + Ty + Ry + Py +

(Yr + Yj + Ym) + (ESS or Wt or Y; 8-25)

b. 1If plastic design methods are used, the applicable
load combinations are:

Y =D+ Lo+ Tog + Ry + (Egg OF

Wy or V) (3.8-26)

Y=D+L + Ty + Ry + 1.5P, (3.8-27)
Y =D+ L, + Ty + Rg + 1.25 P,

+ (Y + Y5 + Yp) + 1.25 Eg (3.8-28) ‘

Y =D+ Ly, + Tyg+ Ry #+ Py + (Y, +

Yj + Ym) + (Ess or Wt or V) (3.8-29)

In combinations (3.8-22) to (3.8-29), thermal locads can be
neglected when it can be shown that they are secondary and
self-limiting in nature and where the material being
designed for is ductile.

In combinations (3.8-27), to account for the effect of SRV H220.15
loads on containment internals, the load fctor for L shall
be increased to 1.25.

In combinations (3.8-23) through (3.8-25) and (3.8-27) H220.14
through (3.8-29), the maximum effects of Pa, Tas Ra, Yj, Yeo
and Y, are used unless a time-history analysis is performed
to justify otherwise,

For combinations (3.8-22) through (3.8-29) strains due to T, |5223.19
and the dynamic effects of Wy (tornado missile impact), P,,

Yrs Y3, and Yy may exceed the allowables provided there will

be no " loss of function of any safety-related system.

certain type of load, the structure is checked to satisfy

Whenever strains are permitted to exceed yield due to a
that its ability to carry cther loads is not jeopardized. ‘
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When computing the required section strength, S, for

combinations (3.8-22) through (3.8-25), the plastic section H220.

modulus may be used if it meets the AISC criteria for
compact sections.

The effects of tornado-generated differential pressures and
missiles shall be combined in accordance with BC-TOP-3-A
(Ref 1).

3.8.6.3.3 Steel Temperatures

For structural steel elements, the maximum temperatures are
limited to 700°F and the allowable values are reduced by 5
percent for each 100°F increase in temperature using 100°F
as the base for the allowables.

3.8.6.4 Procedures for Determination of the Effects of
Missile Impact on Concrete and Steel Structures

Missile barriers, whether of concrete or steel, are designed

with sufficient strength to stop the postulated missiles in 12
accordance with BC-TOP-9-A Section 3.5. To accomplish this
objective a prediction of local and overall damage due to

the missile impact is necessary.

Local damage prediction in the immediate vicinity of the
impacted area includes estimation of the depth of penetra-
tion and determination of secondary missiles that might be
generated by spalling in the case of concrete targets.
Overall damage prediction includes estimation of structural
response of the target to the missile impact, including
structural stability and deformations.

In general, missiles are characterized by impact velocity,
missile mass, and impact area. Procedures used in determin-

ing these parameters are discussed in Section 3.5, Missile
Protection,

3.8.6.4.1 Local Damage Prediction

BC-TOP-9-A is used to estimate missile penetration, perfora-
tion, and spaliing.
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3.8.6.4.2 Overall Damage Prediction

The response of structures to a missile impact depends

largely on the location of impact, eg, midspan of a slab or
near the support, on the dynamic properties of the target

and missile, and on the kinetic energy of the missile.

Energy losses due to missile deformation, local penetration,

and type of impact are accounted for. The technigues given

in BC-TOP-9-A are used to determine an analytical approach, 19
ductility factors, strength increase due to high strain o
rates, and methods for determining yield displacement. For
local effects, yield line theory may be used to determine

the capacity of concrete members, and the method of collapse
mechanisms may be used to determine the capacity of

structural steel members.

3.8.6.5 Procedures for Design of Structural Pipe Restraints

Protection of Seismic Category I structures, systems and 12
components from the dynamic effects of postulated high-
energy pipe ruptures 1is discussed in BC-TOP-9-A PSAR,
Section 3.6, and BN-TOP=-2.
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LOAD COMBINATIONS AND LOAD PACTORS
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COMPUTER PROGRAMS FOR USE ON

TABLE 3.8-2

SEISMIC CATEGORY 1 STRUCTURES OTHER THAN CONTAINMENT

SAR

1DENT CODE
NO. NO.

1 None
2 CE¥9
3 CESes
u CE?79
S CE90Y
6 MES20
7 None
8 None
S None
10 CEb68

NAME

Classical Methods

Structural Engineering
System Solver

Symbolic Matric
Interpretive System

Structural Analyeis

Program

Structural Design
Language

Heat Conduction

MEI/STARDYNS

Marc CDC

Ease

Plate Beinding 3 Deg.

DOCUMENTATION
THACEARILITY

a. RPoark, Formulas for Stress and
Strain, McGraw-Hill

b. M. Hentenyi, "Beams on Elastic
Foundation, The Univ. of Michigan
Press, 1946,

c. ACI-Standard 318-71

4. AISC-Steel Construction Manual,
1970.

Pacific International Camputer
Corporation (PICC)

PICC

PlCC

PICC

PICC

Control Data Corporation

Control Data Corporation

Control Data Corporation

PICC

FEMARKS

The classical methods are for use

in analyses of beams, plated, frame
and shells.

They are given in the standard text
book and reference handbooks as use
universities and engineering practice.

A method formulated for digital computer
solution and based on a computer program
widely known as SMISS.

A problem solving method formulated
digital computer solution and based
on program widely known as SMISS,

A method formulated for Adigital
computer solution and based on a
progqram commonly called SAP as
developed at the University of
California, Berkeley.

A method formulated for digital
computer solution and based on a
program commonly called ICES-
STRUDL

A heat transfer analysis method
forsmulated for digital computer
solution using finite elements.

A multipurpose method formulated
for digital computer solution.

Forsulated for digital computer
solution.

Foimulated for digital computer
solution.

A linear elastic analysis of plates
on elastic subqrade formulated tor
Adigital computer solution using
finite elements.
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3.10 SEISMIC DESIGN OF CATEGORY I INSTRUMENTATION AND
CLASS 1E ELECTRICAL EQUIPMENT

(See 251 NSSS GESSAR for complete discussion of NSSS
equipment seismic design.)

(For electrical motors driving mechanical equipment, see
Section 3.9.)

o2

Seismic Category I instrumentation and Class IE electrical
equipment will be designed to operate during and after an
Operating Basis Earthquake (OBE) and a Safe Shutdown
Earthquake (SSE). This will be demonstrated by either one
or a combination of both of the following two methods:

a. Prediction of the instrument or electrical equip-
ment performance by mathematical analysis

b. Test under simulated seismic conditions.

An exact description of the methodology is provided in IEEE

344-1975. "1EEE Recommended Practices for Seismic Qualifi- H271.1
cation for Class IE Equipment for Nuclear Power Generation

Stations."”

‘ Testing will be the principal qualification method.
Analysis without testing will be acceptable only in those
cases where structural integrity alone can assure the Rl "

intended function; where electrical equipment must function, | “°°°°7
testing will be performed. When testing alone is
impracticable, a combination of test and analysis will be
used,

3.10.1 SEISMIC DESIGN CRITERIA

3.10.1.1 Seismic Category I Equipment Identification

Refer to Section 3.2.1 for a listing of all Seismic Category
I Instrumentation and Class IE Electrical Equipment
requiring seismic qualification.

3.10.1.2 General Seismic Design Criteria

All the Plant Seismic Category I Instrumentation and
Electrical Equipment will be designed to resist and with-
stand the effects of the postulated earthquakes. For the

3.10-1 Amendment 24
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Safe Shutdown Earthquake (SSE) defined in Section 3.7.1,
Seismic Category I Instrumentation and Electrical Equipment
will be designed to withstand the effects of the earthquake
without functional impairment.

From the basic input ground motion data, a series of
response curves at various building elevations will be
developed after the building layout is completed. This
information will be included in the purchase specifications
for Seismic Category I equipment and systems., Suppliers of
equipment such as batteries and racks, instrument racks,
control consoles, etc., will be required to submit test
data, operating experience and/or calculations to substan-
tiate that their components, systems, etc., will not suffer
loss of function during or after seismic loadings due to the
SSE. The magnitude and frequency of the SSE loadings which
each component will experience will be determined by its
location within the Plant.

Where applicable, i.e. for construction of racks and panels,
the structural requirements will be in accordance with AISC,
"Specification for the Design, Fabrication, and Erection of
Structural Steel for Buildings", or with AISI
"Specifications for Design of Light Gage Cold Formed
Structural Members".

3.10.1.2.1 Reactor Protection, Engineered Safety Features,
and Standby Power Circuits

See 251 NSSS GESSAR.
3.10.1.2.2 Cable Tray and Bus Duct Supports Criteria
The following criteria will be used in the design of Class
IE Trays and Bus Duct Supports:
a. Regardless of cable tray or bus duct function, all
supports are designed to meet the requirements of
Seismic Category I structures by dynamic analysis
using the appropriate seismic response spectra
b. The most probable maximum values are obtained by
taking the square root of the sum of the squares of

the stresses and reactions of all significant modes

c. Cable tray loading will be in accordance with NEMA
Standard VE-1, 1971 i.e. 50 1lbs/linear ft, with a
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maximum of 200 1lbs concentrated load and a Safety
Factor of 1.5. (

3.10.1.3 Compliance with Seismic Qualification Requirements

See 251 NSSS GESSAR.

3.10.1.3.1 Equipment Supplied other than by GE

Qualification and documentation procedures used for Seismic
Category I electrical and instrumentation equipment,
supplied by other than GE, will meet the provisions of IEEE
Standard 344-1975 including the provisions of NRC Regulatcry H271.1
Guide 1.100.

3,10.2 SEISMIC ANALYSES, TESTING PROCEDURES, AND RESTRAINT
MEASURES

The following sections outline the seismic analyses, testing
procedures, and restraint measures for the Seismic Category
I instrumentation and electrical equipment.

3.10.2.1 Seismic Category 1 Equipment

The following procedures will be applicable to the analysis
of seismic design adequacy of Seismic Category I instrumen-
tation and electrical eguipment, including supports such as
cable tray supports, battery racks, instrument and control
consoles.

bt
[
(88

Seismic specification will be provided to the vendor with

appropriate response-spectrum curves at the related floor

elevations and instructions on their use in qualifying the
specified equipment and components.

The general approach employed in the dynamic analysis of
Seismic Category I equipment and component design will be
based on the response-spectrum technique, where applicable.
The time-history analysis of Seismic Category I structures
generates in-structure response-spectrum curves and time
histories at various support elevations for use in the
analysis of systems and equipment.
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At each level of the structure where vital items are .
located, horizontal spectra for each of the two major axes

of the structure and a vertical response spectrum will be

developed.

Simplified analytical models will be used for analysis of
systems and equipment; however, where one or two degrees-of-
freedom models do not provide a suitable representation of
the systems or equipment under consideration, multi-mass
models will be used in accordance with the lumped parameter
modeling technigques and normal model theory described in
"Nuclear Reactors and Earthquakes", AEC publication, TID-
7024.

The above procedures will be applicable to the analysis of
seismic de:zign adequacy of equipment, ircluding supports
such as cable tray supports, batteries and racks, instru-
ments, control consoles, and switchgear.

Suppliers of such equipment will be required to submit test
data and/or calculations to substantiate that their compo-
nents and systems will not suffer loss of function before,
during, or after seismic loadings due to the SSE.

All safety-related cable tray and instrument tubing supports

will be designed by the response-spectrum method. Analysis

and seismic restraint measures for tray and tubing supports ‘
will be based on combined limiting values for static load,

span length, and computed seismic response.

The following bases will be used in the seismic analysis of
Class IE cable tray and instrument tubing supports:

a. All safety-related cable tray and instrument tubing
supports will be designed to meet the regquirement
by dvnamic analysis (first mode), using the
appropriate seismic response spectra

b. Conservative loading will be assumed

¢. The support system will be designed to exclude all
natural frequencies in a band covering the peak or
peaks of the response-spectrum curve

d. Maximum stress will be limited to 90 percent of
minimum yield to compensate for effects of higher
modes and minor inaccuracies in method of analysis

The design of instrument racks and tubing supports provides

that code-allowable stresses will not be exceeded during the
SSE.
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will be chosen with a steep rising pressure-flow
characteristic to maintain a reasonably constant
air flow over the full filter train life. Fan and
motor materials will be suitable for operation
under conditions of maximum radiation and humidity
exposures resulting from the design baiis acci-
dents in conformance with Regulatory Position
C.3.1 of Regulatory Guide 1.52.

Ductwork

Ductwork and dampers of the SGTS will be designed
to Seismic Category I requirements and in accord-
ance with the recommendation of Section 2.8 of
ORNL-NSIC-65, consistent with Regulatory Position
C.3.m of Regulatory Guide 1.52.

System Operation

The SGTS will start to operate in response to any of the
following signals:

a.

b.

Following any of the SGTS actuation signals, the fail

SGTS automatic start

. Radiation level exceeding the preset value of
the monitors in the exhaust duct of the Fuel 2 4
Building fuel pool area due to a fuel hand- '
ling accident

. High radiaticn level in the Containment High f23
Purge System exhaust duct '

. Low reactor water level or excessive drywell
pressure (LOCA)

SGTS manual start

. Local radiation level exceeding the preset
value of the area monitors in the Auxiliary
Building and Fuel Building

. Radiation level exceeding the preset value of
the monitors in the exhaust duct of the
Auxiliary Building

& Manual initiation from the control room.

(%)
(W)

closed building pressure control valves leading to the SGTS
from the area or areas where the signals originated will
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open and modulate to maintain the building at a desiagn
pressure of (-)0.25 in. wg as discussed in Sections 9.4.2,
Auxiliary Building HVAC System and 9.4.6, Fuel Building
HVAC System. The intake and discharge valves of one of the
two SGTS filter trains will both open, and the SGTS filter
train exhaust fan will be automatically placed into opera-
tion. The building isdolation valves in the Auxiliary
Building or the Fuel Euilding HVAC outside air intake duct
and the building exhaust duct, from the area or areas where
the SGTS draws air flow, will automatically close with the
SGTS actuation signal., Closure of the building isolation
valves will automatically stop their central a/c units and
central exhaust fans. The potentially contaminated air
will be filtered in the operating filter train before being
released to outdoors (within the guidelines of 10 CFR 100).

The design negative pressure in the inlet duct header of
the SGTS filter train will be controlled by operation of
the pressure controller which will modulate the recircula-
ting damper of the operating exhaust fan to maintain the
design negative pressure,

The standby filter train will start automatically in
response to a low air flow signal from the operating filter
train. The filter train automatic intake and discharage
isolation valves will operate in conjunction with their
fan.

Each filter train will be sized to handle the design
airflow at 100 percent relative humidity., The entering air
temperature will be 50°F minimum and 148°F maximum. The
electric heater will reduce the relative humidity of the
entering air to 70 percent, with maximum temperature rise
across the heater of 16°F, and 164°F maximum air tempera-
ture entering the filter section.

The carbon adsorber beds will be all welded, gasketless
design, to assure the integrity of the carbon adsorbed bed
frame-to-support joint, thus eliminating the possibility of
charcoal bypass flow.

Two temperature sensors will be provided for each SGTS
carbon adsorber bed to sense bed temperature., In the
unlikely event that a sufficiently large quantity of
radiocactive iodine is trapped in the shutdown filter train
to cause carbon adsorber bed temperature to reach the first
preset value, a high temperature alarm will be actuated in
the control room, The decay heat removal air supoly and
exhaust valves of the shutdown filter train will be
automtically opened to cool off the carbon adsorber bed to
prevent the carbon from reaching the desorption or ignition
temperatures of 250°F and 640°F,

6.5-6 Amendment 24
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TABLE 6,5-2
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Sheet 3 of 4

Comgonent

Carbon adsorber

Malfunction

High temperature

in carbon adsorber
bed

Comments

Two temperature
switches provided in
each carbon bed to
actuate valves and
alarms on rising
charcoal temperature,
The first temperature
switch will initiate
an alarm in the
control room when
carbon t.mperature
reaches first preset
value, The decay heat
removal air supply
valve and the filter
train air exhaust
valve will automatic-
ally open to cool off
carbon adsorber bed.
I1f, despite air flow-
ing through the bed,
the temperature
continues to rise to
the second preset
value, the other
temperature switch
will actuate an alarm
in the control room
and automatically
isolate the filter
train., The Plant
operator may manually
actuate the water
deluge fire protection
system.

Amendment 24
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Sheet 4 of 4

Component

Malfunction

Exhaust fan 1. Fail open

recirculating
damper

2. Fail closed

Differential
pressure sensor/ ments
transmitter/

switch

Filter train
isolation valves

Failure of instru-

Fail closed

Comments

Lack of airflow auto-
matically starts re-
dundant SGTS.

Excessive negative
pressure will exist in
the SGTS inlet duct.
The building pressure
control valves con-
nected to the SGTS
will automatically
throttle towards a
closing position to
maintain the design
building pressure at
(=)0.25 in. wg., The
high pressure differ~-
ential switch, sensing
the inlet duct pres-
sure, will actuate an
alarm in the control
room and the operator
may switch to redun-
dant filter train, and
restore the defective
damper.

Redundant controls are
provided.

Failure to obtain re-
quired air flow will
automatically start
redundant SGTS.

Amendment 23
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Combustible Gas Control
includes both the Mixing
System and the
Flammability Control
System (in lieu of the
optional system shown
in Figure 7.1.2 of the
NSSS 251 GESSAR),

(e}

Partial Compliance see
section 8.3 1.3.1
for exceptions.

PTETT

For systems supplied by the
NSSS supplier this information
i given in Figure 7.1 2 of

the NSSS 251 GESSAR

(d)

PUGET SOUND POWER & LIGHT COMPANY

SKAGIT

HANFORD NUCLEAR PROJECT

PRELIMINARY SAFETY
ANALYSIS REPORT

Normal use:

see Aux. Bidg. HVAC
POST LOCA Operation:
See Standby Gas Treat
Also see Section 6523

PIEZZ

CODES AND STANDARDS
APPLICABILITY MATRIX
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7.3.2.3.4 Qualifying Class I Electric Equipment

IEEE-308 (1971), "IEEE Standard Criteria for Class IE
Electric Systems for Nuclear Power Generating Stations."
Refer to Subsection 8.3.1.2.1.

IEEE-323 (1971), "IEEE Standard for Qualifying Class I
Electric Equipment for Nuclear Power Generating Stations."
Refer to Section 8.3.1.3.

Compliance with IEEE-344 (1975), "IEEE Recommended
Practices for Seisaic Qualification of Class IE Equipment
for Nuclear Power Generating Stations" is described in
Section 3.10.

7.3.2.3.5 Conformance to 10 CFR 50 Appendix A

a. Criterion 13 - Cooling water to essential compo-
nents during reactor normal shutdown isolatiocon
modes and following a LOCA is assured by monitor-
ing appropriate signals which start the SSWS when
required.

b. Criterion 20 - The SSWS Control System will
automatically initiate appropriate action with no
operation action required.

c. Criterion 21 - The high functional reliability,
redundancy, and inservice testability of the two
separate trip systems assures that the SSWS
Control System will function as required.

d. Criterion 22 - The two redundant separate trip
systems are physically and electrically separated
sO that no single failure can prevent an initia-
tion of the SSWS.

e. Criterion 23 - The system logic and actuator
signals are designed to ensure that the SSWS
Control System will fail to a safe state, Motor
operated valves will fail as-is on loss of power.

f. Criterion 24 - The process control system and SSWS
Control System will be physically and electrically
separated so that failure in the process system
will not cause failure in the SSWS Control System.

g. Criterion 29 - Separation, redundancy, functional
reliability, and physical and electrical indepen-
dency ensure that no anticipated operational
occurrence will prevent initiation of the SSWS.

7.3-17 Amendment 24
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7.3.2.3.6 Conformance to 10 CFR 50 Appendix B

High reliability components are employed throughout the
system. Testing of components and panels will be performed
prior to shipment to the reactor site. The assembled
systems are cested prior to operaticn. Provisions for
testing assure that quality will be maintained throughout
plant life. Further discussion is provided in Chapter
17.0.

7.3.2.3.7 Safety Guides Conformance

Safety Guide No. 22 - Periodic Testing of Protection System
Actuation Functions. All components may be tested from
sensor to actuator during plant operation. (See Paragraph
7.3.1.4.3, "Testability").

7.3.2.3.8 Conformance to Information Guide No. 2

1. a. Refer to Subsection 7.1.2.1.

b. Suppliers other than General Electric have not
been identified at this date. If other suppliers
are selected to design and/or build safety-related
eguipment, they will be identified at the time of
commitment.

c¢. Refer to Subsection 7.3.2.3.

2. a. Refer to Subsection 7.1.1.2.1.
b. Refer to Subsection 7.1.1.2.1.
3. Refer to Section 3.1C0C,
4. Refer to Chapter 17.0.
S Refer to Section 3.12 and Subsection 8.3.1.2.5.
6. Refer to Section 3.11l.
s Refer to Section 3.11.
8. Refer to Subsection 7.1.1.3.4.
9. Refer to Section 3.12 and Subsection 8.3.1.2.5.
10. The method of periodic testing is described under

Subsection
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System Repair (IEEE-279 Par. 4.21). The Combustible Gas
Control System is designed to permit repair or replacement
of components.

All devices are designed for a 40-year lifetime, subject to
replacement of limited identified parts, under the imposed
duty cycles. Since this duty cycle is composed mainly of
periodic testing rather than operation, lifetime is more a
matter of shelf life than active life. However, all
components are selected for continuous duty plus thousands
of cycles of operations, far beyond that anticipated in
actual service.

Recognition and location of a failed component will be
accomplished during periodic testing. The simplicity of
the logic will make the detection and location telatively
easy, and components are mounted in such a way that they
can be conveniently replaced in a short time.

Identification (IEEE-279 Par. 4.22). A nameplate identi-

fied each control panel and instrument panel that is part
of the Combustible Gas Control System. The nameplate shows
the division to which each panel is assigned, and also
identifies the function in the system of each item on the
control panel. The system to which each relay belongs is
identified on the relay panels.

Conformance to IEEE-338. The system will be testable

during reactor operation. The test will completely test
each logic through to the final actuators and demonstrate
independence of channels and bare any credible failures
while not neglecting its safety function.

Qualifying Class IE Electrical Equipment. IEEE-308 (1971),
"IEEE Standard Criteria for Class IE Electric Systems for
Nuclear Power Generating Stations", Refer to Subsection
8.3.1.2:1(5).

1EEE-323 (1974), 1EEE Standard for Qualifying Class I
Electric Equipment for Nuclear Power Generating Stations.
See Section 8.3.1.3.

Compliance with IEEE-344 (197%5), "IEEE Recommended
Practices for Seismic Qualification of Class IE Equipment
for Nuclear Power Generating Stations" is described in
Section 3.10.

Conformance to 10 CFR 50 Appendix A

a. Criterion 13. Any concentration of hydrogen
within the drywell and containment following a
loss of coolant accident will be monitored and can

7.3-29 Amendment 24
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be recirculated by initiation of the Hydrogen
Mixing Control System.

b. Criterion 21. The high functional reliability,
redundancy, and in-service testability of the two
separate control systems assures that the Combusti-
ble Gas Control System will function as required.

c. Criterion 22. The two redundant separate control
systems are physically and electrically separated
so that no single failure can prevent the opera-
tion of the Combustible Gas Control System.

d. Criterion 23. Separate and redundant subsystems
ensure . hat the Combustible Gas Control System can
sustain a channel failure without preventing
minimum function. Motor operated valves will fail
close on loss of power.

e. Criterion 24. The process control system and the
Combustible Gas Control System will be physically
and electrically separated so that failure in the
process system will not cause failure in the
Hydrogen Mixing Control System.

f. Criterion 29. Separation, redundancy, functional
reliability, and physical and electrical indepen-
dency ensure that no anticipated operational
occurrence will prevent operation of the Combusti-
ble Gas Control System.

Conformance to 10 CFR 50 Appendix B. High reliability
components are employed throughout the system. Testing of
components and panel will be performed prior to shipment to
the Plant Site. The assembled systems are tested prior to
operation. Provisions for testing assure that quality will
be maintained throughout Plant life.

Safety Guides Conformance. Safety Guide No. 22 - Periodic
Testing of Protection System Actuation Functions. All
valves may be tested from sensor signal to actuator during
Plant cperation.

7.3.2.6 Standby Power System

The analysis of this system is presented in Chapter 8.3.
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7.3.2.7 Auxiliary Building, Heating, Ventilating and Air
Conditioning (HVAC) System

The safety analysis of this system and the associated
instrumentation and control are discussed in Section 9.4.2.

7.3.2.8 Enclosure Building Exhaust System
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control room. For instance, wires can be disconnected in
an energize-to-operate component without giving indication.
Nor is the so called "fail-safe" system immune from the
equally disabling action of jumpering of normally closed
contacts so their action will not be seen by the system,
Instrument valve shutoff is another disabling mechanism
which is not directly indicated in the control room, but
such action is under the operator's procedural control and
cannot be taken without defeating seals or locks.

Access to Means for Bypassing (IECE-279 Par. 4.14). The
instrument valves cannot be operated without removing seals
or locks that are procedurally controlled by operating
personnel.

The switches used for placing an SGTS train in standby are
located on the panel in the control room associated with
the instrumentation and control for the particular SGTS
unit,

Multipo.int Set Point (IEEE-279 Par. 4.15). Not applicable
to this system because all set points are fixed.

Completion of Protection Action Once Initiated (IEEE-279
Par. 4.16). All initiation decisions are sealed in down-
stream of the decision-making logic, so dampers go to the
proper position and the SGTS starts and remains in opera-
tion.

Manual Actuation (IEEE-279 Par. 4.17). Each system is
capable of being initiated manually at the system level
from the control room.

Access to Set Point Adjustments (IEEE-279 Par. 4.18). Set
point adjustments for the level switches, pressure switches
and flow switches are integral with the sensors on the
local instrument racks and cannot be changed without the
ise of tools to remove covers over these adjustments.

Access to sensor adjustments is under administrative
control of Plant personnel.

Identification of Protective Actions (IEEE-279 Par. 4.19).
Initiation of the SGTS 1s directly indicated and 1dentified
by annunciator operation and sensor relay indicator lights,
convenient, visible verification of the relay position.

Information Readout (IEEE-279 Par. 4.20). Sufficient
information 1is provided on a continuous basis so that the
operator can have a high degree of confidence that the SGTS
Control System function is available and/or operating
properly.
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System Repair (IEEE-279 Par. 4.21). The SGTS Control
System 1s designed to permit repair or replacement of
components.

All devices in the system are designed for a long lifetime
under the imposed duty cycles. Since this duty cycle is
composed mainly of periodic testing rather than operation,
lifetime is more a matter of shelf life than active life,
However, all components are selected for continuous duty
plus thousands of cycles of operation far beyond that
anticipated in actual service.

Recognition and location of a failed component will be
accomplished during periodic testing. The simplicity of
the logic will make the detection and location relatively
easy, and components are mounted in such a way that they
can be conveniently replaced in a short time.

The design of the SGTS Isolation Control System facilitates
rapid diagnosis and repair. Provisions have been made to
facilitate repair of the radiation monitors and replacement
of the gamma detectors during reactor operation.

Identification (IEEE-279 Par. 4.22). A nameplate identi-
fies each control and instrument panel that is part of the
SGTS. The nameplate shows the division to which each panel
is assigned, and also identifies the function in the system
of each item on the panel. The system to which each relay
belongs is identified on the relay panels.

Conformance to IEEE-338. The system will be testable
during reactor operation. The test will completely check
each sensor through to the final actuators and demonstrate
independence of channels and bare any credible failures
while not neglecting its safety function.

Qualifying Class I Electric Equipment. IEEE-308 (1971),
"IEEE Stancgard Criteria for Class IE Electric Systems for
Nuclear Power Generating Stations". Refer to Section 8.3.

IEEE-323 (April 1971), "IEEE Trial-Use Standard: General
Guide for Qualifying Class I Electric Eguipment for Nuclear
Power Generation Stations". Refer to NEDC-10698.

Compliance with IEEE-344 (1975), "IEEE Recommeinided
Practices for Seismic Qualification of Class IE Equipment
for Nuclear Power Generation Stations" is described in
Section 3.10.
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. Conformance to 10 CFR 50 Appendix A

a. Criterion 13. The release of radiocactive materi-
als to the environment will be prevented by the
monitoring of appropriate plant variables and,
upon detection of abnormal conditions, close the
appropriate dampers and activate the SGTS.
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TABLE 7.3-2

BALANCE OF PLANT ESF INSTRUMENTATION PANELS

Panel
Number

H13-P849

H13-P850

H13-P863

H13-P870

hl13-P877

H13-P879

H13-P880

Panel
Name

BOP ESF Systems
Div. 1

BOP ESF Systems
Div. 2

HVAC Control Panel

BOP Longterm
Response Board

Diesel Generators
No. 1 & No. 2
Control Board

ESF System Auxil.
CH. A Relay Panel

ESF System Auxil.
Relay Panel CH. B

Notes: n 5E

BOP-ESF
System

Standby Gas Treatment
Essential Chilled Water
Control Room HVAC
Combustible Gas Control

Standby Gas Treatment
Essential Chilled Water
Control Room HVAC
Combustible Gas Control

Control Room HVAC
Auxiliary Building HVAC
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