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Ms. Elinor G. Adensam, Chief a mmrarm %-

Licensing Branch No. 4 E Mpm
//Division of Licensing /

U. S. Nuclear Regulatory Commission 'b /
Washington, D.C. 20555 -

Subject: Puget Sound Power & Light Company
Skagit/Ilanford Nuclear Project, Units 1 & 2
Docket Nos. 50-522 and 50-523
Request for Additional Information
on Geology and Geotechnical Engineering

Reference: F. A. Spangenberg letter NLN-27 to
Elinor G. Adensam dated March 23, 1982

Dear Ms. Adensam:

This letter transmits responses to the comments received on geology and geotechnical
engineering at the March 17, 1982 meeting. Formal responses to these questions will
be submitted April 19,1982 with Amendment 24 to the Skagit/Hanford Nuclear Project
Preliminary Safety Analysis Report.

If you have any questions, please call.

Very truly yours,
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F. A. Spangenberg '

Assistant Project Manager, Nuc ear
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QUESTION 230.1

Provide a complete interpretation of all reflection and

refraction lines within 5 miles of the site. Present the

final processed section of the reflection data in a depth

format next to your preferred interpretation. Also

present the travel time curves of the refraction data

from which you estimated velocity c.nd thickness of the
j

different layers. Compare the interpretation obtained

from reflection and refraction lines covering the same

area, and explain any discrepancy between the two sets if

one exists and why.

RES'ONSE:
i

Available Data

Seismic reflection data collected by Rockwell during

fiscal years 1979 and 1980 along lines shown in Fig 2K-8

of the PSAR were reviewed by consultants to NESCO

(Appendix 2L, Section 4.4.1.1, p 2L-10, S/RNP

Amendment 23). Seismic refraction data were collected

along lines shown in Figure 2K-3 of the PSAR by

consultants to NESCO and were interpreted independently

by them and correlated with data from drillholes and

magnetic and gravity surveys.

~' ~~
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Deficiencies of Processed Reflection Data

There are several reasons why the processed seismic

reflection data have not been interpreted in detail nor

reprocessed into a depth format, but remain in the time

domain:

1. The processed seismic reflection data in their present

form are of poor or marginal quality and only gross

configurations of the basalt are suggested.

2. The processed data are unreliable because they show

apparent reflections which are discontinuous and are

not correlatable with the top of basalt or other

geologic horizons recognized from drill holes and

seismic refraction surveys.

3. Downhole velocity surveys and seismic refraction

profiling indicate that lateral velocity changes in

the post-basalt sediments are highly variable and not

adequately defined to permit reliable reprocessing.

Therefore, reprocessing of the reflection data to

incorporate all of the velocity variations would be a

costly and time consuming operation with limited

j chance of significantly improving the processed

records. Reducing the stack from 1200% to 300% or

Amendment 24
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600% would reduce possible interference between wide-

angle reflections and refraction arrivals, but would

probably not measurably improve the quality of the

reflections due to the reduction in stack.

Furthermore, as described below, the reflection data do
{

not correlate with refraction and test boring data
'

indicating that the reflection data as processed by
,

Rockwell are unreliable for determining top of basalt'or

structure within the basalt.

A. Reflection Line 2 Near Southeast Anticline
|

|

Reflection Line 2 crosses the Southeast Anticline in

the vicinity of Station 300 to 340 and then extends

southward towards Horn Rapids as shown in Figure

230.1-1 (to be supplied under separate cover). The

location of seismic refraction data and test borings

in the vicinity of Line 2 are also shown in Figure

230.1-1. The seismic refraction data and the test

borings in the vicinity of the northern portion of

reflection line 2 are shown as an overlay on the

reflection profile (Figure 230.1-2, to be supplied

under separate cover). Although this figure

illustrates a general similarity in the configuration

of the basalt surface as defined by reflection,

refraction and test boring data, the

_.]$ -- Amendment 24
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reflecting horizons are not continuous and cannot be

directly correlated with geologic horizons recognized

by the other methods. Test Boring 4 and refraction

line 1 generally confirm a rise in the basalt surface.

near Station 470, although the amplitude of the rise
;

predicted by the reflection data cannot be determined

because of a lack of contir. dry of the reflecting i

|

horizons.

|

B. Reflection Line 2, Horn Rapids Area

The southern end of reflection line 2 is located along

Horn Rapids Road (see Figure 230.1-1) where seismic
,

refraction investigations were conducted during

studies for the WNP 2 Site. The seismic reflection

data (Figure 230.1-3, to be supplied under separate

cover) show flat-lying reflectors between Stations ;

'

,

1240 and 1340, with reflectors rising to the south
|

| between Stations 1480 to 1540. Between Stations 1340

i

|
and 1480 the reflectors lack clarity and continuity,

whereas the subsurface profile as determined by

Iseismic refraction is continuous as shown on Figure
:

230.1-4 (to be supplied under separate cover) and an
.

overlay to reflection line 2 (Figure 230.1-3) . The !

refraction profile shows a zone of complex lateral and

vertical velocity changes between Stations 1340 and

i

y- Amendment 24
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1480 where there are discontinuous reflecting

horizons. These velocity changes render a proper ,

interpretation of the processed reflection data

difficult to impossible.

C. Reflection Line 3 with Refraction Line 8

'
A portion of Reflection Line 3 was specifically

investigated by seismic refraction (Line 8), gravity

Iand test borings in order to address the inter-

pretation of faulting by Seismograph Service Company

as described in Myers and Price (1979). As shown on ;

Figure 2K-33 (S/HNP PSAR, Amendment 23, 1981) the

seismic refraction, gravity and test boring data are |

consistent and define an anticlinal ridge. The

seismic refraction profile and borings drilled along

Line 8 are shown as an overlay on the reflection

profile (Figure 230.1-5, to be supplied under separate

cover). Also shown is the total bouguer gravity ;

profile, which is consistent with the refraction

profile. The refraction profile shown is descriptive

of the lateral velocity changes, the greater of which

occur where the reflections lack continuity. In
,

summary, the refraction, test boring and gravity data

provide a continuous profile of the basalt surface and

! define an anticlinal ridge; no faulting of the basalt

:
i

'
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surface is indicated and, as can be seen, the

reflection profile does not accurately portray this

ridge.

D. Reflection Line 10 with Refraction Line M

.

Reflection Line 10 (Stations 120 to 430) and

Refraction Line M (Stations 206 to 360) are

approximately the same location (Figure 230.1-1) .

Borings S-8, S-9, S-10 and S-15 were located on or

immediately adjacent to the seismic lines. A gravity

profile was also obtained along refraction line M'.

The seismic refraction, gravity and test boring data

are in good agreement (Figure 2L-18, S/HMP PSAR,

Amendment 23, 1981) and define a snoothly varying

basalt surface as shown on the overlay to the

reflection data (Figure 230.1-6, to be supplied under

separate cover). Downhole veltcity values below the

near surface low velocity zone range from 7040 ft/sec

in Hole S-8 to 7650 ft/sec in Hole S-10. Although

there is no direct match between reflectors and the

bedrock surface as shown on the refraction profile,

the discontinuous reflectors at a time (two way) of
|

0.25 to 0.30 ceconds show a configuration similar to

that indicated by the other techniques. The

relatively strong reflecting horizon at 0.2 sec (two-

i
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way time) between Stations 230 and 360 is apparently a
I

horizon within the Ringold Formation: however, there

is no readily identifiable layer described on the

boring logs that correlate with this reflector. The 1

lack of continuous reflecting horizons, and the

smoothly varying basalt profile defined by seismic :

refraction, gravity and test boring data, would appear
!

to preclude any structure in the vicinity of Stations
i

410 to 415 as proposed by Rockwell in ST-14 (see j

Response 231. 3.b. 3) .

|
r

'
E. Reflection Line 11 with torings and Gravity Data

.

Although seismic refraction data have not been
|
!
'

I acquired along Reflection Line 11 (Figure 230.1-1),

gravity and test boring data define a very gently
,

i

sloping basalt surface. The gravity profiles

constructed from the contour map and the test borings
I

are shown on the overlay to the reflection data

(Figure 230.1-7, to be supplied under separate cover). ,

The depth to rock as identified in the test borings
<

has been converted to time using an average downhole

velocity value of 7,100 ft/sec as measured in nearby
,

boreholes. There is no continuity of the reflectors :

nor is there any correlation with recognizable !

geologic horizons between the reflection data and the f
,

;
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|

gravity and test boring data. The rise in the

reflector at about 0.25 sec (two-way time) in the

vicinity of Stations 440 to 450 amounts to

approximately 125 feet (assuming an average downhole

velocity of 7,100 ft/sec), which would correspond to

nearly a one milligal positive gravity anomaly. Such

a gravity anomaly is not present.

Seismic Refraction Travel Time Curves

Seismic refraction data have been acquired over a wide area

of the Hanford Site as part of S/HNP investigations (see

Figure 2K-3) and previously on the WNP 1, 2 and 4 sites as

documented in Appendix 2L and 2M of the WNP 1 and 4 PSAR

(Amendment 9, 1974). Transmitted under separate cover are

one copy each of the interpreted and uninterpreted

refraction time-distance plots for those lines, all or part

of which are within five miles of the S/HNP Site as shown
on Figure 230.1-1. The refraction data have been obtained

and processed in accordance with the procedures described

in Section 4.1.1, page 2K-9 and 2K-10 of S/HNP, Amendment

23, and in Appendix 2L of Amendment 9 to the WNP 1 and 4

PSAR.

.
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QUESTION 230.2

The shear velocity profile under WPS 1, 2, 4 (Figure

361.1, Supply System) shows a velocity contrast at a

depth of 100 ft. while the shear velocity profile for

your site in the same region (Figure 2.5.10 PSAR) does

not show the contrast. Explain why there is a

difference.

RESPONSE:

Seismic refraction measurements throughout the Hanford

Reservation have detected a persistent refracting horizon

with a compressional velocity generally varying from

7,500 ft/see to 12,000 ft/sec between elevations 350 to

400 feet above sea level. This type of lateral variation

in velocity is common for cemented layers and is probably

associated with variations in porosity which existed

prior to cementation. Therefore, within a layer charac-

terized by a velocity range the lower or higher ends of

the range are correlatable to fine or coarse material.
i

!

Compressional velocities of 10,000 to 12,000 ft/sec have

been detected in the referenced refraction horizon in the

WNP 1. 2 and 4 plant site area and northward towards Line

| 1. In the area north and west of Line 1, including the {

_q-
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1

S/HNP Site area, the velocity of this refracting horizon |

is generally in the range of 7,500 to 9,000 ft/sec. The

depth to this horizon is approximately 100 feet

(elevation 350 feet) in the WNP 1, 2 and 4 plant site

area approximately 140 feet (elevation 390 feet) in the

S/HNP Site area. The difference in elevation of 40 feet

between the S/HNP site and the WPPSS site, a distance of ;

5 miles, is not significant.

The shear wave velocities of this refracting horizon have

been measured by the crosshole technique at the S/HNP

Site (Figure 2L-3), two other locations to the north and

northeast of S/ENP (Figure 2L-2), and in the WNP 1, 2 and

4 plant site area. The shear wave velocity of this high

compressional velocity refracting horizon is in the range

of 2,500 to 3,000 ft/sec in the S/HNP area, 3,000 to

4,000 ft/sec north and northeast of S/HNP, and 4,000 to

5,000 ft/sec in the WNP 1, 2, and 4 site area. These
,

differences, like the differences in compressional

,

velocity, are probably due to normal lateral variations

in cementation.

!

Amendment 24
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QUESTION 230.3

|
,

The bedrock contour map based on refraction data,

southeast anticline (Figure 2K-61, PSAR) does not show

any faulting yet the structural contour map (Figure 2R-7,

PSAR) based on boring indicates the existence of a fault.

Explain the reasons for the differences.

RESPONSE:

The structural contour map shown on PSAR Figure 2R-7 is

based on an interpretation of all of the geologic data

reported in PSAR Appendix 2R (Stratigraphic Investigation

of the Skagit/Hanford Nuclear Project) . These data

indicate the presence of a fault at depth on line 4A. In

particular, core 125 intersected an anomalous thickness
,

of Elephant Mountain basalt and several shear zones

within this flow. In Appendix 2R, the fault is

conservatively inferred to extend northwest to line 3 and

southeast to line 4C.

The seismic refraction profiling across the Southeast

Anticline did not identify any abrupt offset suggestive

of faulting in the 16,000 ft/sec refracting horizon

identified by test borings as Elephant Mountain basalt.

The maximum slope on the high-velocity basalt surface in ,

Amendment 24_g,
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the vicinity of the Southeast Anticline is less than 10

degrees (see Figure 2K-61 PSAR). The smooth and gentle

slopes on the high-velocity basalt surface are not

indicative of faulting in the basalt; accordingly, a

fault is not shown on the Bedrock Contour Map Based on

Refraction (Figure 2K-61) .

|

|
l

1

,

Amendment 24
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QUESTION 231.1

Among the numerous remote sensing surveys conducted in

the Columbia Basin area are reports by Slemmons and

O'Malley (1979, Revised 1980) and by Shannon and Wilson,

Inc. (1980). Many of the lineaments identified in the

reports are within the immediate vicinity of the Skagit/-

Hanford site. For the most part, the above reports

simply identify lineaments and do not discuss their

possible origin. With respect to these reports perform

an analysis, including field-truth as required, of the

origin and possible safety significance of the lineaments

within an approximate 5 mile radius of the Skagit/Hanford

site. Include in your analysis (1) lineaments inter-
'

preted from the side looking airborne radar which was

flown for the Seattle District of the Corps of Engineers

in the Fall of 1979 and (2) additional lineaments not
i

included in the above two reports, but orally described

to the NRC staff at Richland, Washington on February 2,

1982.

RESPONSE:

A photogeologic analysis has been made of the area within

a 10-mile radius of the Skagit/Hanford Site. This

analysis examined all-lineaments within a 5-mile radius

|
I

~Ib ~ Amendment 24
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of the Site and all other linear features within a 10-

mile radius that trend toward the Site. This analysis

utilized the following imagery:
,

,

Imagery Scale Source

U-2, Color IR 1:135,000 NASA, 1978

U-2, Black & White 1:135,000 NASA, 1978

PSLG, Color 1:48,000 BPA, 1973

Radar Mosaic (SLAR-east 1:250,000 Dept. of Army

& west looking) Seattle District,
.

Corps of Engineers
L

(Fall, 1979) '

The analysis identified all linear features previously

identified by Glass (1977) and Slemmons and O'Malley

(1979 - 1980) within 10 miles of the Site, and several

additional lineaments which had not been noted by previ-

ous workers (Figure 231.1-1).

The origin of these features was determined by grouping

lineaments having similar characteristics en the imagery

and then field checking lineaments representative of each

group. Four groups of features were identified and

attributed to either previously mapped geologic struc-

tures or to one of the three following origins:

_ | q __ Amendment 24
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o Pleistocene glaciofluvial flood channeling or

other glaciofluvial processes;

o Eolian processes (e.g., they are the edges of

dunes or the margins of stabilized dune fields);

or

o Wildfire burns.

Lineaments which could not, by inspection of the imagery,

be assigned either to previously mapped geologic struc-

ture or to one of the three origins noted above (Figure

231.1-2) were specifically field checked. The character-

istics and origins of these lineaments are discussed

below.
!

Feature 1 is a 2 1/4 mile-long, generally north-northeast

trending curvilinear tonal alignment crossing stable and

active dune areas approximately 1 1/2 miles southeast of

the 200E area. Field inspection indicated that the '

northern end of the feature is the escarpment of a

Pleistocene flood channel and is thus of glaciofluvial

origin.

Feature 2 is a north-northeast trending, linear tonal-
;

alignment 3 1/4 miles northwest of the Wye Barricade.

:

| -- l6 -- Amendment 24
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The tonal alignment represents an irregular vegetation

change that crosses active and stabilized dune fields.

~At the northern end it coincides with a 15- to 20-ft

high, west-facing embankment of dune sand. The feature

'is of eclian origin.

Feature 3 is a tonal contrast in an active dune field

which trends northwest for approximately 2 miles south of

the 200E area. The area to the northeast of the linea-

ment is darker in tone than to the southwest. This

feature is caused by a contrast in vegetation density in

more and less active dune areas.

Feature 4 is a portion of the Cold Creek lineament

defined in Shannon and Wilson (1980). The Washington

Public Power Supply System has determined that this

lineament is a fortuitous alignment of various non-

tectonic features with no common causal relationship.

Feature 5 is a 4 1/2 mile-long lineament that strikes

approximately N350E from 3/4 mile southeast of the 200E

area to just south of Gable Mountain. This feature was

detected only on east-looking SLAR imagery (scale

1:250,000) where it is expressed as a narrow, subtle

alignment of weaker signal return which contrasts with
|

areas of stronger signal return on either side.- The
i
;

!
I

'

i,
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alignment does not appear on any conventional aerial

photography and does not correspond to any topographic,

geomorphic, vegetational, or tonal alignments. Conse-

quently, the feature is considered to be an artifact of

SLAR instrumentation and processing.

Although examination of the imagery and field checking of

specific features indicated no evidence of structural

control for any of the photolineaments within a five-mile

'
radius of the site (Figure 231.1-3), a comparison has

also been made with bedrock contour maps (Figure 2R-7,

Appendix 2R, S/HNP Amendment 23, 1981; Figure 8-3,

Rockwell, 1981; and Figure lll-4a, Rockwell, 1979). With

only three exceptions, there is no correspondence between

the photolineaments and bedrock topography. These three

exceptions occur in the vicinity of Werner solutions

shown on Rockwell Figures B-ll and B-12 (1981), and are

described below in terms of the location of these solu-

tions.

In the area of Werner solution N-245, there are two
i

|

| photolineaments which also generally coincide with the
|
| trend of the Benson Ranch syncline as shown on Figure 8-3
1

' (Rockwell, 1981). These photolincaments have been

produced by a transverse dune and an alignment of vegeta-

tion within a trough in the dune. The bedrock map
|

!
!

!

_ |} __ Amendment 24
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(Figure 8-3, Rockwell, 1981) shows only a very gently

sloping bedrock surface in this area. Based on this

information and the obvious surficial origin of the

photolineaments, the coincidence of these lineaments with

the bedrock trend and Werner solution is considered to be

fortuitous. There is no causal relationship between the

two.

One photolineament has been identifed in the vicinity of

Werner solution D-29 (Figure 231.1-2, Feature 3), which

corresponds in trend and location with the northern flank

of the Yakima Ridge extension shown on Figure 8-3 of

Rockwell (1981). The Werner solution has probably been

produced by the presence of the buried Yakima Ridge

anticline. The photolineament in this vicinity has been

produced by tonal contrasts across the boundary between

active and less active parts of a dune field. This

clearly surficial origin for the lineament and lack of

evidence to suggest a relationship with Yakima Ridge

extension indicate that the photolineament has no struc-

tural significance.

Some correspondence is shown between bedrock structure

and a photolineament which crosses Werner solution N-63.

Although solution N-63 appears to be subparallel to the

bedrock contours on Figure 8-3 (Rockwell, 1981) and the

-|$-- Amendment 24
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gravity contours on Figure 2K-13 (Appendix 2K, S/HNP

Amendment 23, 1981), both of these figures suggest that

the surface of the basalt slopes gently to the southeast.

The photolineament in this area is produced by the edge

of a longitudinal dune and, therefore, despite its

fortuitous correspondence with the Werner solution N-63

bedrock slope, has no structural significance.

A comparison was also made between the photolineaments

identiflied within a five-mile radius of the site and

Werner solutions shown on Figures B-ll and B-12

(Rockwell, 1981). This comparison suggests that in some

areas, in addition to those discussed above, there is a

coincidence, either in location or trend, between the

lineaments and the Werner solutions. However, there is

no manifestation of any structural origin for either the

Werner solutions or the photolineaments in the bedrock

surface in these areas. These photolineaments are

discussed below by reference to the Werner solutions with

which they correspond in location or trend.

.

f The photolineaments in the area of Werner solution D-240
l
'

and SD-10 are produced by the edges of longitudinal

dunes. The lineaments trend at an angle greater than 45
:

j degrees to structural contours on the bedrock surface and

in the overlying Ringold Formation (Figure 2R-7 through

! 1

Amendment 24 i
'

-- | 9 -
'



S/HNP-PSAR 03/29/82

2R-12, Appendix 2R, S/HNP Amendment 23, 1981). These

lineaments are also oblique to the gravity contours on

Figure 2K-13 (Appendix 2K, S/HNP Amendment 23, 1981).

A photolineament produced by tonal alignmer :s and glacio-

fluvial erosion is located to the northwest af Werner

solution D-22. Although only the southeastern end of the

photolineament and northwestern end of the Werner solu-

tion come close to coinciding, the two features corres-

pond to some degree in trend. The photolineament is

perpendicular to the trend of the bedrock contours as

shown on Figure 8-3 (Rockwell, 1981) and the gravity

contours on Figure 2K-13 (Appendix 2K, S/HNP PSAR,

Amendment 23, 1981).

The trends of some photolineaments also parallel Werner*

solution N-53. These lineaments are produced by the

edges of longitudinal dunes. The lineaments are oblique

to the trend of the generally smooth bedrock surface

shown on Figure 2R-7 (Appendix 2R, S/HNP PSAR, Amendment

23, 1981) and the gravity contours shown on Figure 2K-13

(Appendix 2K, S/HNP PSAR, Amendment 23, 1981). Structure

contours on Figures 2R-8 through 2R-12 ' Appendix 2R,

S/HNP PSAR, Amendment 23, 1981) show that the Ringold

Formation is flat-lying in the vicinity of these linea-

ments.

!
i

-2.0 - Amendment 24
.



S/HNP-PSAR 03/29/82

l

,

Photolineaments in the vicinity of Werner solution D-228

are also produced by the edges of longitudinal dunes.

Figure III-4a (Rockwell, 1979) indicates that these

lineaments are in an area of flat-lying basalt.

Ph.tolineaments in the vicinity of Werner solution N-246A

do not coincide with the Werner solution but approxi-

mately parallel its trend. These lineaments are produced

by the edges of longitudinal dunes. Figure III-4a

(Rockwell, 1979) shows that these lineaments are perpen-
.

dicular to bedrock contours, which show only a gentle

slope on the bedrock surface.

In summary, although some photolineaments may correspond

in trend or location with bedrock features and or Wernerf

solutions, based on the obvious surficial origins of the

features and the lack of evidence for structural control,
i

where such a correspondences exists they are purely

fortuitous and have no structural significance.
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' COMPILATION OF LINE AMENTS WITHIN A 5-MILE R ADIUS OF 'THE
S/HNP SITE DETERMINED FROM ALL IMAGERY Figure 231.1-3
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QUESTION 231.2

A northwest-trending, northeast-dipping feature has been

interpreted on bedrock surface (see PSAR Appendix 2R,

Figure 2R-7) within approximately one mile southwest of

the Skagit/Hanford Site. Weston Geophysical Corporation

views this feature (see Appendix 2R, page 2R-32) as the

steeper-dipping southwestern limb of the northwest

trending Cold Creek syncline. Based upon a staff review

of the seismic coverage (see PSAR Figures 2L-14 and

2K-3), Weston's refraction data does not extend suffi-

cient distance to the southwest of the Skagit/Hanford

site to define the geometry of the syncline. On this

basis, present all geologic and geophysical data, includ-

ing appropriate diagrams and stratigraphic / structural

cross sections supporting your interpretation, of the

synclinal origin and extent of the feature. Include with

your response a discussion of why the feature cannot be

of fault origin. The cross-sections should extend to the

southwest beyond the Cold Creek lineament area.

RESPONSE:

The geologic and geophysical data that bear on the origin
|

and the extent of the northwest-trending slope southwest
,

|
of the Site consist of drilling data (Rockwell, 1979;

Amendment 24
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Rockwell, 1981; S/HNP PSAR Appendix 2R) , downhole geophys-

ical surveys (S/HNP PSAR Appendix 2R), and gravity and

magnetic surveys (S/HNP PSAR Appendices 2K and 2L). The

most complete data coverage of the S/HNP study across

this feature consists of a gravity survey (Figure

231.2-1). Contour maps of the gravity data in this area

are included as Figure 2K-13 in Appendix 2K and Figures

2L-8, 2L-9, 2L-10, and 2L-ll in Appendix 2L of S/HNP

PSAR, Amendment 23. Gravity profiles for Lines 1, 4B and

4D in the S/HNP Site area (Figures 231.2-1, 2, and 3

respectively to be provided under separate cover) show

the location of the Cold Creek syncline and the south-

western limit of the Cold Creek syncline, defined by a

small gravity high (probably a small anticline) on Line

4D at Station -355 and on Line 4B at Station -330. This

gravity high becomes broader and less pronounced on Line

1. Gravity gradients indicate that dips on the south-

western limb of the Cold Creek syncline are approximately

5 degrees.

Although data collected for the S/HNP Project cover only

| a part of the feature, they are compatible with all of

the data available from the region. These data collec-

tively indicate that the northwesterly-trending bedrock

slope is the southwestern limb of the Cold Creek syn-

cline. In particular, the bedrock maps and structure

t

1 y _. Amendment-24
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cross sections included in reports by Rockwell (1979,

Plates III-4 and III-5; 1981, Figures 8-3 and 8-7) show

that the feature southwest of the Site conforms to

regional trends in both strike and dip.

The gentle nature of the bedrock slope strongly suggests

that the slope was produced by folding. Ilo evidence

suggests that the slope southwest of the Site may have

been produced by faulting.

REFERENCES CITED

Rockwell Hanford Operations, 1979, Geologic studies of

the Columbia Plateau - A status report, RHO-BWI-ST-4,

Myers, C. W., Price S. M., and Others: Prepared for

the U.S. Department of Energy.

Rockwell Hanford Operations, 1981, Subsurface geology

of the Cold Creek syncline, RHO-BWI-ST-14, Myers, C.

W., and Price, S. M., Editors: Prepared for the U.S.

Department of Energy.

,
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!

QUESTION 231.3

.

Provide an assessment of the information included in a

recently released report by the Department of Energyl on

the geologic and geophy si 1al interpretations within 5

miles of the Skagit/HF-ford Site. The report suggests

that several structures and geophysical anomalies within

the Pasco Basin may be faults. For any structures and

anomalies within 5 miles of the site determine if these

features are faults. For any feature which is determined

to be a fault, determine whether it is capable. Provide

all bases for determination including geophysics (magne-

tics, gravity, reflection and refraction seismology) and

g6 ology (maps, cross-sections, borehole logs, borehole

correlations, remote sensing, etc.).

RESPONSE:

The applicant has not identified any information in the

referenced report which might affect the geologic and

geophysical interpretations withir 5 miles of the S/HNP

Site other than (1) those items specifically identified

i
.

1Rockwell Hanford Operations, 1981, Subsurface geology of
the Cold Creek syncline, RHO-BWI-ST-14, Myers, C. W., and
Price, S. M., Editors: Prepared for the U.S. Department
of Energy.

l,
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by the NRC staff in their informal comments providing

additional detail to this question, received by the

applicant on February 16, 1982; and (2) the dike-like

geometric solutions determined by Werner deconvolution of

aeromagnetic data presented in Figures B-ll and B-12 of

the referenced report. The staff's informal comments

have been addressed as Questions 231.3a and 231.3b. Both

dike-like and fault-like Werner solutions from Figures

B-ll and B-12 are addressed in the response to Question

231.3a.

.

u

Amendment 24
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e

QUESTION 231.3.a
:

A number of possible normal faults, based upon an inter- ,

pretation of aeromagnetic data, have been identified in

Figure B-ll and B-12 of a report recently released by the

Department of Energy (DOE) . 2 The location of one of the

northwest-trending features (faults) is nearly coin-

cident, both in trend and location, with the top of

bedrock feature located about one mile southwest of the

Skagit/Hanford Site. This bedrock feature is discussed !

in NRC Question 231.2 Pretride an analysis of each of the

aeromagnetically-intarpreted faults (?) identified in the

above report within at least a five mile radius of the

Skagit/Hanford site. The analysis is to include a

discussion, and the underlying bases, of the confirmation

or rebuttal of the existence of each of the faults (?).

Particular emphasis should be directed toward discussing

the coincidence of the relationship of the top-of-bedrock

feature (NRC question 231.2) and the aeromagnetic fault

(?) one mile southwest of the Skagit/Hanford site as

shown on DOE Figures B-ll and B-12. If your analysis

F

2 Holmes, G. E. and Mitchell, T. H. Seismic-reflection and
aeromagnetic surveys in the Cold Creek syncline area,
Appendix B, in Myers, C. W., and Price, S. M, Editors,
Subsurface geology of the Cold Creek syncline,
RHO-BWI-ST-14, prepared by Rockwell International for the
United States Department of Energy, 1981.

Amendment 24
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confirms the existence of any of the aeromagnetically-

identified faults (?) demo,nstrate, by appropriate text and
figures, the non-capability of the feature. Your

response should include rolevant portions of the appro-
'

priate figures from the DOE report.

RESPONSE:

The "possible normal faults" identified on Figure B-ll

and B-12 of the referenced report are, in fact, not

identified as possible faults but rather as geometric

solutions determined by Werner deconvolution of aero-

magnetic data. These solutions are presented graphically

in three forms: (1) fault-like solutions, (2) dike-like

solutions, and (3) structural disturbances. It is noted

on page B-22 of the referenced report that:
e

"It should be emphasized that a fault-like solution

does not necessarily mean that an actual fault is

present. Rather, the fault-like solution indicates

that a horizontal magnetic source terminates at a

particular location. In the Cold Creek syncline,

horizontal termination of magnetic sources (lava

flows) can be caused by flow pinchout, possible abrupt

changes in the magnetic properties of a flow, steep

Amendment 24
,



. _ _ _ , . -- .

,

t

S/HNP-PSAR 03/29/82-

i

i
.

1

anticlinal /synclinal flanks, as well as fault displace- |
l

ment." !
t

!

" Solutions of thin magnetic layers dipping vertically:
,

(+45 ) are mapped as " dikes" on the interpretive maps ;0

(Fig. B-ll and B-12) , although they may not represent j

true geologic dikes. A similar Werner deconvolution f
,

solution is obtained over anomalies caused by recog- ;

nized anticlinal or synclinal structures. Structural ;

disturbances, as noted on the interpretive maps, are |
,

generally solutions that do not meet the criteria for
;

either dike-like or fault-like features. For example, ;
!

structural disturbances may be mathematically resolved |

as a dike-like structure on one survey level, and

possibly as two fault-like solutions from another
'

flight level which represents the two edges of a dike-

like body." |
4 .

i

All of the Werner solutions within a 5-mile radius of the -

S/HNP Site are described along with other available
i i

geophysical data in Tables 231.3-1 and 231.3-2. All |
'

Werner solutions within 5 miles of the S/HNP Site which
i

.

can be evaluated using other geophysical and geological

data have been interpreted as either the axes or-gently- i

dipping flanks of folds or as not being expressed in the I

basalt surface and, therefore, not due to post-Elephant- i

|

|

|
,

Amendment 24
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Mountain Basalt deformation. Consequently these Werner

solutions do not affect the applicants geologic interpre-

tation of the S/HNP Site vicinity. The following discus-

sion concerns the interpretation of Werner solutions

which were not used in the structural synthesis on Figure

8-8 of Rockwell (1981). Those Werner solutions are ,

discussed in the response to Question 231.3.b.1.

'Werner Solution N-53
!

This east-west trending Werner solution is not inter-

preted by Rockwell (1981). The 760-meter solution for N-

53 trends normal to the Total Bouguer Gravity contours
,

shown on Figure 2K-13 (Appendix 2K, S/HNP Amendment 23,
'

1981) and where N-53 intersects Line 1 (Station 80+00)
the seismic refraction; gravity and land magnetic data

are interpreted as indicative of a smooth bedrock surface '

(Figure 2K-54, Appendix 2K, S/HNP Amendment 23, 1981).

The 1220 meter solution for N-53 also trends normal to

the gravity contours and projects into seismic refraction
,

Line 1 (Station 65+00). The gravity and seismic refrac-,

tion data indicate a smooth bedrock surface (Figure 2K- -

54, Appendix 2K, S/HNP Amendment 23, 1981). Structural

contours derived from drilling and downhole geophysical

data (Figures 2R-7 through 2R-12, Appendix 2R, S/HNP

Amendment 23, 1981) also indicate a smooth bedrock

Amendment 24
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surface and flat-lying sedimentary units within the

overlying Ringold formation.

The geologic source for Werner Solution N-53 is, there-

fore, not manifested in the bedrock surface or the

overlying Ringold formation.

Werner Solutions D-240 and SD-10

These Werner solutions are located approximately 4.5-5

miles northeast of the S/HNP Site and are not interpreted

by Rockwell (1981). At Station 120+00 on seismic refrac-

tion Line 5, a slight rise is indicated south of where

the projected sources for D-240 and SD-10 would be

located (Figure 2L-A4, Appendix 2L, S/HNP Amendment 23,

1981). Both solutions trend perpendicular to the gravity

contours (Figure 2K-13, Appendix 2K, S/HNP Amendment 23,

1981) and the bedrock contours derived from seismic

refraction data (Figure 2K-14, Appendix 2L, S/HNP

Amendment 23, 1981). Structural contours derived from

drilling and downhole geophysical data (Figures 2R-7

through 2R-12, Appendix 2R, S/HNP Amendment 23, 1981)

also indicate a smooth bedrock surface and flat-lying

sedimentary units within overlying Ringold formation.

|

1

|

Amendment 24 |
-sq- |

-

|



. ..

S/HNP-PSAR 33/29/82

,

The geologic source for Solutions D-240 and SD-10 is not

manifested in the bedrock surface or the overlying
!

Ringold formation.

Werner Solution N-54

Werner Solution N-54 is not interpreted by Rockwell
'

(1981). The source for Solution N-54 is located in an

area of gravity and land magnetic coverage and trends

perpendicular to the gravity contours shown on

Figure 2K-13 (Appendix 2K, S/HNP Amendment 23, 1981).

The top-of-basalt contour map (Figure 8-3) of Rockwell

(1981) indicates that this solution is perpendicular to

the projection of the axis of a small anticline which

plunges to the southeast. The potential field data are

'
interpreted as indicative of a smoothly varying, low.

gradient bedrock surface. 'he individual geophysical

0profiles for Lines M, K, and 5 are compatible with a 3

southeastward-dipping bedrock surface.

This low gradient bedrock slope is a possible source for

Solution N-54.

.

4
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Werner Solutions N-246 and N-74

4

Although Solution N-246 (760 meter level) and Solution

N-74 (1920 meter level) have different orientations,

their locations are the same and probably have a common

geologic source. Rockwell (1981, P. B-48) interprets the

source of N-246 as the northern limb of the Yakima Ridge

extension. Rockwell does not interpret Solution N-74.

The land magnetic and gravity data in the S/HNP Site

vicinity (Figures 2L-13 and 2L-8, Appendix 2L, S/HNP

Amendment 23, 1981) are indicative of a slight rise in

the basalt just northeast of the source location for the '

northern one-half of N-74. There is no indication of a

source for the east-trending N-246. To the southwest of

Solutions N-246 and N-74, the gravity and magnetic data

(Appendix 2L, S/HNP Amendment 23, 1981) and geologic data

(Figure 2R-7, Appendix 2R, S/HNP Amendment 23, 1981) are

indicative of a gently-sloping (approx. 50 NE) bedrock

surface which pas been interpreted as the southwestern
flank of the Cold Creek syncline.

The geologic source for Werner Solutions N-246 and N-74

may be the 50 northeastward-dipping flank of the Cold

Creek syncline or a very small bedrock high within the

syncline.

i

_3q Amendment 24
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.

Werner Solution N-88

This Werner solution is not interpreted by Rockwell

(1981). The northeastern end of the source for Solution

N-88 would be located at Station -380+00 on Line 4B. The

land magnetic data for this line are indicative of a

smooth bedrock surface at this location (Figure 2L-A9,

Appendix 2L, S/HNP Amendment 23, 1981). Solution N-88

trends perpendicular to the gravity contours (Figure

2L-8, Appendix 2L, S/HNP Amendment 23, 1981) and the top-

of-basalt contours of Rockwell (Figure 8-3, 1981).

The geologic source for Werner Solution N-88 is not

manifested in the bedrock surface. I

4

Werner Solution D-23

Rockwell Seismic Reflection Line 2 and Seismic Refraction

WNP Line 1 intersect the source for Werner Solution D-23.

These seismic data have been specifically discussed in

the response to Question 230.1. As noted in that

response, the refraction data show a flat lying basalt

surface, no structural fe ture is indicated. Plate '

III-4a (Rocawell, 1979) also shows that this is an area

of generally flat-lying basalt.

Amendment 24
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The geologic source for Werner Solution D-23 is not

manifested in the bedrock surface.

Werner Solution D-227 and D-228

Werner Solutions D-227 and D-228 are designated on

Rockwell (1981) Figure B-ll as occurring at the ground

surface. They are coincident with the WNP-1 and WNP-2

nuclear plants. The physical sources of Werner Solutions

D-227 and D-228 are interpreted to be the large masses of

magnetic material contained in the WNP-1 and WNP-2

plants.

Werner Solution N-63

Although solution N-63 appears to be subparallel to the

bedrock contours on Figure 8-3 (Rockwell, 1981), and the

gravity contours on Figure 2K-13 (Appendix 2K, S/HNP

Amendment 23, 1981), both of these figures suggest that

the surface of the basalt slopes gently to the souheast.

This gentle bedrock slope is a possible source for
,

Solution N-63.

Amendment 24
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Werner Solution N-245 !

!

Solution N-245 is located in an area where Plate III-4a

(Rockwell, 1979) indicates a very nearly flat bedrock

surface. There is no indication that the geologic source

of Werner Solution N-245 is manifested in the bedrock

surface.

Werner Solution N-246-A

This solution is in an area where Plate III-4a (Rockwell,

1979) indicates a nearly flat basalt surface (slope less

than 3 degrees). The contours on this surface are shown

to trend perpendicular to the trend of the Werner solu-

tion. There is no indication that the geologic source of

Werner Solution N-246-A is manifested in the bedrock

surface.

Werner Solution N-248

Plate III-4a (Rockwell, 1979) shows that this solution is

located in an area of flat-lying basalt. There is no

indication that the geological source of Werner solution

'

N-248 is manifested in the bedrock surface.

Amendment 24
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Werner Solution D-37

This solution is shown on Plate III-4a (Rockwell, 1979)

to be perpendicular to the bedrock contours. This

solution is located in an area where the bedrock surface

is generally smooth, slopes less that 3 degrees. There

is no indication that the geologic source for Werner

solution D-37 is manifested in the bedrock surface.

,

9

4
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|QUESTION 231.3.b i

e

Provide an assessment of the impact (including positive

and, if applicable, negative aspects) of the 1981 Depart-
'

ment of Energy report 3 as it relates to the geologic

interpretation of the Skagit/Hanford Site vicinity

(within 5 miles of the site). Several specific aspects

of the report to be incorporated within the assessment

include:

1. Inferred bedrock structure (Figure 8-8, Chapter 8)

;

This figure shows several northwesterly-trending

structures of undefined nature, one passing directly

beneath the site.
,

!
2. Brecciated Core (Boreholes, DC 8 and DC 12, Chapter 6)

Breccia, both tectonic and flow-top, has been noted at

depths below 1,700 ft.

3Rockwell Hanford Operations, 1981, Subsurface geology of
,

the Cold Creek syncline, RHO-BWI-ST-14, Myers, C. W., and i

Price, S. M., Editors: Prepared for the U.S. Department
of Energy.

Amendment 24
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3. Seismic reflection anomalies (Figure B-5, Appendix 8)

i

Bedrock feature anomalies have been identified on j

seismic reflection survey lines 10 and 11.

RESPONSE TO QUESTION 231.3.b.1:

The " structures" shown on Figure 8-8 of the referenced

report have been tentatively interpreted by Rockwell

(1981) not as structures but as the boundaries of " rela-

tively intact volumes of bedrock." These boundaries are

proposed on the bases of previously interpreted bedrock

structure and geometric solutions determined by Werner
.

deconvolutions of aeromagnetic data. Those Werner

solutions within 5 miles of the S/HNP Site which have
been used to define these boundaries have been inter-

preted by Rockwell and the applicant as the axes or
o

gently-Jipping flanks of low amplitude folds. Conse-

quently, the " structures" shown on Figure 8-8 of the

referenced report do not affect the applicants' previous

geologic interpretation of the S/HNP Site vicinity.

Those " structures" tentatively interpreted by Rockwell

within 5 miles cf the S/HNP Site and designated as

features "A" through "E" on Figure 231.3-1 (attached) and

are discussed individually below.

Amendment 24
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|

|

Feature "A"

The basis for this feature is Werner Solution D-22 which

is shown on both Figures B-ll and B-12 (Rockwell, 1981).

Rockwell interpreted this anomaly as a deeply buried,

asymmetric anticline (Rockwell, 1981, p. B-53). The

gravity and seismic refraction data acquired for the

S/HNP Site along Line 4A-1 (Figure 2L-16, Appendix 2L,

S/HNP Amendment 23, 1981) and the geologic infromation

derived from drilling and downhole geophysics (Figure

2R-7, Appendix 2R, S/HNP Amendment 23,, 1981.) are consis-

tent with the existence of a low-amplitude bedrock rise

with gently sloping flanks. The central and northern

portions of D-22 are also coincident with a northwest-

trending, low-amplitude gravity high in the vicinity of

Station -40+00 on Line 1 and Station -210+00 on Line 2 as

illustrated on Figure 2L-8 (Appendix 2L, S/HNP Amendment

23, 1981).

Feature "A" is interpreted to be coincident with the

crest of a low amplitude anticlinal high.

Feature "B"

Feature "B" (Figure 231.3-1) is based upon an alignment

of Werner Solutions D-28, N-73 and N-269 (Rockwell, 1981,

Amendment 24
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Figure 8-3 and p. B-53). There is no additional

geophysical data over Solutions D-28 and N-269, but

Rockwell interpreted this to be a small fold (Rockwell,

1981, Figure 8-3 and p. B-53). Solution N-73 is only

ipresent on the 1220 meter level and is partially
|

coincident with Solutions D-28 and N-269, therefore,

Solution N-73 probably has a common source with Solutions

D-28 and N-269. The Total Bouguer Gravity data for this

iportion of the Hanford Site (Figure 2L-8, Appendix 2L,
'

S/HNP Amendment 23, 1981) only include the
t

southeasternmost end of Solution N-73. This Werner i

solution is coincident with a very slight gradient on the j

southwest flank of a small gravity high. The ground ,

magnetic data for Line C are compatible with a small

bedrock rise. :

The ground geophysical data are consistent with the

Rockwell interpretation that Solutions D-28, N-73 and N-

269 are due to a small, low amplitude fold.

Feature "C"

The feature labeled "C" on Figure 231.3-1 is coincident
|

with the May Junction Linear as first described by Myers

and Price (1979). This bedrock structure was studied

extensively during recent field studies for the S/HNP
,

Amendment 24-
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|

Project. Gravity, land magnetic and seismic refraction

data (Appendix 2K, S/HNP Amendment 23, 1981) were

acquired to investigate the May Junction linear.

|
The results of the geophysical studies characterize

Feature C as an eastward dipping monoclinal fold.

Feature "D"

The bases for this feature are the interpreted contin-

uation of the May Junction structure and Werner Solution

N-242 (Rockwell, 1981, p. 8-23). Rockwell postulates a

small fold as the source for Solution N-242 based upon a

nearby reflection line (Rockwell, 19 81, p. B-5 3) . A low

amplitude gravity high is indicated one-half mile south-

east of the location for Solution N-242 (Figure 2L-8,

Aprendix 2L, S/HNP Amendment 23, 1981). The land magne-

tic data collected between Stations -60+00 and -90+00 on

Line X and Stations -10+00 and -50+00 on Line Y (Figure

2L-Al2, Appendix 2L, S/HNP Amendment 23, 1981) are

compatible with the interpretation of a low amplitude,

anticlinal fold.

The source for Solution N-242 is interpreted to be a

northeast-trending, low amplitude fold, and appears to be

a saddle in the Cold Creek syncline.

Amend' ment 24 1
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Feature "E"

Feature "E" (Figure 231.3-1) coincides with the inter-

preted extension of the Yakima Ridge structure ~(Rockwell,

1981, p 8-22) and Werner Solutions D-29 and N-75

(Rockwell, 1981, p B-48). Solution D-29 is concident

with a gravity high located approximately 2 miles west-

southwest of the S/HNP Site (Figure 2L-8, Appendix 2L,

S/HNP Amendment 23, 1981). The Total Bouguer Gravity

contours delineate a northwest-trending high in this area

(Figure 2L-8, Appendix 2L, S/HNP Amendment 23, 1981) and

Solution N-75 is coincident with the projected crest of

this gravity high.

The only other geophysical data in the vicinity of

Solution N-75 is Rockwell Reflection Line 1 (Table
231.3-2) (see response to Question 230.1). The reflec-

tion horizons on Line 1 lack continuity in the area of

Solution N-75.
.

The gravity data support the interpretation that Solu-

tions D-29 and N-75 are the result of a subsurface

anticlinal ridge that appears to be asymmetric to the

northeast. The steeper northeast limb is the southwest

flank of the Cold Creek syncline.

I

Amendment 24, q q ,_
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RESPONSE TO QUESTION 231.3.b.2:

Brecciated core noted in boreholes DC-8 and DC-12 are

considered by Rockwell (1981) to be minor features

unrelated to large displacements. the following excerpt

from Chapter 6 of the Rockwell report (p. 6-3) discusses

these breccia zones:

In general, . tectonic breccias are infrequent in the

thousands of feet (meters) of core drillcd in the Cold

Creek syncline area and elsewhere in the Pasco Basin.

The breccia zones that were identified (Table 6-1) are

generally intact and <4 in. (<10cm) in thickness,

although some are slightly thicker (Figure 6-2). They

appear in all deep boreholes within the Hanford Site

and are principally in the Grande Ronde and Wanapum

Basalts. As noted in the next chapter, such small

tectonic breccia zeles and their associated fractures

are viewed as typical strain features of folded basalt

and should be expected within the limbs of any of the

Yakima folds, including the Cold Creek syncline. None

of the tectonic breccias examined are judged as being

associated with large displacements. This conclusion
,

is based on comparisons with surface exposures of

similar breccias and the lack of anomalously thick

Amendment 24
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basalt flows that would be expected if the section
,

were repeated. |

These brecciated cores are, therefore, considered to have

no implications regarding the interpreted geologic

structure in the S/HNP Si; vicinity.

REFERENCED ITEMS

Rockwell Hanford Operationr, 1981, Subsurface Geology of

the Cold Creek Syncline, RHO-BWI-ST-14, Myers, C. W.,

and Price, S. M., Editors: Prepared for the U.S.

Department of Energy. '

RESPONSE 231.3.b.3:

As discussed in the response to Question 230.1, Rockwell

seismic reflection records collected during fiscal years

1979 and 1980 are of marginal quality for any structural
,

interpretation. Other data in the vicinity of anomalies

identified on seismic reflection Lines 10 and 11 would

appear to preclude the existence of structures such as

those proposed by Rockwell at Line 10 station 410 to 415

and Line 11 Stations 440 to 450.

,_ y i -- Amendment 24



!

,

b

TABLE 231.3-1

WERNER SOLUTIONS FROM 760m LEVEL WITHIN 5 MILES OF S/HNP SITE
>

Only Common Common 1 Ground Cec; 'ysical Coverage 2
Werner At to Location WGC
Solution This Both Different WGC RHO WGC RHO Ground

Number Elev. Elev. Solution Refrac. Reflec. Gravity Gravity Magnetics
'

t

N-269 X i

D-28 X

N-242 X (9) (X,Y) (X,Y)

D-29 X (2,1) (2,1)

D-22 X (4A-1) (11) (2,1) (2,1,4A-1

.
4A-2) *

N-53 X (1) (10,11) (1,N,L,K) (1,M,L,K) *

D-240 X (5) (2) (5,U,V) (5,U,V)

N-54 X (M,K) (M,K)
,

N-246 X (9) (48,X) (4B,X)

D-227 X

N-75 X (1)

N-248 X

N-246A3 X

N-245 X (1)
7

D-37 X

,

|

IThis indicates that what is modeled as a dike on one figure may be modeled as a f ault on the other, or it may be'

a case of a common source type with a different orientation.

2The geophysical profiles which intersect the inferred structures are indicated.

3The designation "A" has been added because there are two solutions on Figure B-11 labled N-246.

f

+

9

60--

-
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TABLE 231.3-2

WERNER SOLUTIONS FRON 1220m LEVEL WITHIN 5 MILES OF S/HNP SITE

2Only Common Commonl Ground Geophysical Coverage
Werner At to Location WGC
Solution This Both Different WGC RHO WGC RHO Ground

Number Elev. Elev. Solution Refrac. Reflee. Gravity Gravity Magnetics

D-28 K

N-73 X (C) (C)

D-29 x (3,1) (3,1)

N-63 X

D-22 X (4A-1) (11) (1,2) (1,2,4A-1
4A-2)

N-74 X (4Al-10 (4Al-10
4B) 4B)

N-53 X (1) (1,$A,K) (1,$A,K)

! SD-10 X (5) (2) (5,U,V) (5,U,v)

N-54 X (M,K) (N,K)

N-75 X (1)

D-23 X WNP (2)
Line 1

D-37 X

N-88 X (48) (4"'

|
..

1This indicates that what is modeled as a dike on one figure may be modeled as a f ault on the other, or it may be
a case of a common source type with a different orientation.

2The geophysical profiles which intersect the inferred structures are indicated.
.
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QUESTION 241.1 (2.5.4)

In Amendment 23, section 2.5.4 to the PSAR, the applicant

has proposed to support the common f oundation mat f or the

seismic Category I structures about 20 f t below existing

(and final) ground surf ace (plant grade) at elevation 507

(El 507), on Missoula sediments that occur between about

El 520 and El 495. Plant grade is at El 527.

The Missoula sediments are described as medium dense to

dense, clean medium sand, gray to black. Field tests in

these soils showed Standard Penetration Test (SPT) values
ranging from about 10 to 40 blows /ft (PSAR Fig. 20A-1

through 37 and Table 20B-1). Below El 507 the SPT values

were generally greater than 20 blows /ft.|

The underlying Pre-Missoula sediments, between about El

95 and El 480 are described as very dense, silty fine

sand, dark yellowish-brown to olive gray. The SPT values

in the Pre-Missoula sediment were generally on the order

of 100 blows /ft. These soils are underlain by dense to

very dense sand and gravel (SPT values greater than 45

blows /f t) .

Based on our review of the applicant's submittals, it is

our opinion that the Missoula sands in their present

!
Amendment 24,, g _
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condition are not suitable f or the direct support of

seismic Category structures tacause the in-place densi-

ties are variable and, in some cases, too low to assure

satisfactory structural support. Additionally, the

proposed f oundation support conditions. are significantly

inferior to the conditions adopted (and found by the

staff to be acceptable) at the nearby Washington Public

Power Supply System Unit 2 (WNP-2). The factors support-

ing our conclusion are as follows:

1. The lower SPT values recorded below proposed founda-

tion level (17 to 23 blows /ft near Unit 1, 13 to 22

blows /ft near Unit 2) correlate to relative densities

near or below 60% (PSAR Figs. 20A-38 and 39). The in-

place relative densities may, in fact, be near or

below 50% according to recent studies by the Waterways

Experiment Station (ASCE Journal, GT-ll, November

1977, page 1295). -

2. The applicant determined in-place relative densities

of 9% to 53% in the exploratory trenches (PSAR Table

20B-6). The applicant suggested that the tests were

not representative because of soil layering. We

believe that'they are also indicative of loose,

unsuitable in situ soil conditions.

Amendment 24,g),
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:

At the WNP-2 site, shallow sands having SPT values

generally in the range of 15 to 40 blows /ft were judged

to have relative densities in the range of 30 to 50%
t

(WNP-2 FSAR, App. 2.5F, Figs. 4 and A-3 through A-7). '

These soils were excavated to a depth of about 40 f t
.

below grade and recompacted to about 80% relative density

in order to provide suitable f oundation support.

Based on the applicant's submittals and a telephone

discussion between the staff and the applicant on

March 2, 1981, we understand that the applicant concluded
,

t
*that the Missoula sands are suitable f or f oundation

'
support based on the following factors:

.

1. The average SPT values-of 25 to 30 blows /ft and

'corresponding relative densities of 75% to 80% are
4

within ranges that will provide suitable foundation

support and that the large, thick foundation mats will
,

>

distribute structural loads over local, loose pockets.
.

2. The plate load tests in the exploratory trenches show

relatively high elastic modulus values for the

Missoula sands (10,000 psi to 20,000 psi) so that

calculated settlements of structures under static

loads are small.

Amendment 24
, ,
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3. The geophysical studies show relatively high shear
|

wave velocities (900 ft/sec) in the Missoula sands so
that calculated settlements of structures under
earthquake loads are small.

4. The applicant beieves that removing and recompacting

the Missoula sands may not produce improved densities
*

in the bearing soils.

We find that the applicant's information and evaluation
does not resolve our concern for the suitability of the

in-place Missoula sand as a foundation bearing material.

Thus, we ask that the applicant submit an alternative to

the presently proposed plan that has seismic Category I

foundations supported directly in the in situ Missoula

sand. For guidance, the applicant should refer to the
'

WNP-2 foundation construction wherein medium dense to

dense sands were excavated to a depth of about 40 ft
~

(down to dense sand) and foundation elevations were re-
established by use of structural backfill. The staff

found this procedure to be acceptable for the WNP-2.

Amendment 24_ g g ,. ,

4

.



. _. _. _ _ - _ _ _ _ _ _ _ .

S/HNP-PSAR 03/29/82

-
,.

'
RESPONSE:

This question asks the applicant submit an alternative to

the presently proposed plan that has Seismic Category I

foundations supported directly in the in-situ Missoula

sands. During discussions with the staff on March 17, i

1982, it was agreed that the applicant could instead

submit, for Staff review and approval, a program of

additional investigations and testing for the purpose of
,

further demonstrating the suitability of the Missoula
,

sands for support of Category I foundations.

i

The applicant now agrees to remove the medium-dense to

dense Missoula sands underlying Category I foundations

down to the very dense sands which occur at approximately

Elevation 495 and to r'eestablish foundation elevations
,

with structural backfill constructed in accordance with

PSAR Sections 2.5.4.5.2 through 2.5.4.5.5. A revised

Figure 2.5-15 will be provided with Amendment 24 to the

PSAR. The applicant does, however, reserve the

prerogative to preclude this program of overexcavation

and backfill by demonstrating to the Staff's

satisfaction, prior to construction of Category I

foundations, that the in-situ Missoula sands are a
,

suitable foundation material.

~
.

Amendment 24 |
^
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QUESTIGd 241.2 (App 2L) '

Table 2L-5 shows "P" wave and "S" wave values and calcu-

lated Poisson's ration values that appear to be inconsis-

*
tent. Provide a discussion of the bases for the accept-

ability of these design values.

RESPONSE:

In Table 2L-5, calculated Poisson's ratio values above

elevation 425 range between 0.28 and 0.32, which is

coincidentally very close to the assumed value of 0.30,

although there is no good reason to except that Poisson's

ratio values determined under dynamic conditions at small ,

strain levels should necessarily be appropriate to static

conditions at larger strain levels. Below elevation 400
,

(i.e. below the water table), the seismic velocities

indicate high Poisson's ratio values which are indicative

of nearly incompressible material. Since the seismic

disturbance would be associated with virtually undrained

(i.e. incompressible) soil behavior, under static

f(drained) loading conditions, the estimated values shown

in Table 20-3 are considered more appropriate for the

materials below the water table.

Amendment 24
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In f act, the only dif f erence of any significance in the
.

Poisson's ratio values of Tables 20-3 and 2L-5, occurs

between elevations 400 and 425. The seismic survey

suggests a Poisson's ratio of 0.39, compared with the

estimated value of 0.3. As noted above the low strain

values can reasonably be expected to differ somewhat from

the high strain values, and the Poisson's ratio values to

Table 20-3 are considered appropriate values to be used

in settlement computations at the strain levels which

occur beneath the loaded foundation.

Finally, reasonable variations in Poisson's ratio will

have no engineering impact of any significance.

.

Amendment.24
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QUESTION 241.3 (2.5.4.5) :

Provide a description of the anticipated bearing

conditions and bedding details for soil-supported seismic4

,

Category I pipes and conduits. Provide a summary of the

specifications for bedding and backfilling.
!

!

RESPONSE:

i

;, See new PSAR Section 2.5.4.5.7.
t

!<

i

i

a

!
i

,

Amendment 24,g,
<
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(Wama) |
2.5.4.5.7 A Category I Piping and Electrical Duct Ba;raks

,

Category 1 piping and electrical duct banks will be supported ,

Iby backfill for structures, fill for rough grade, or native
I

material to an elevation of one foot below the bottom pf the
d I

pipe or duct''tiank. The material and compaction requirwments

will be in accordance with Sections 2.5.4.5.2 and 2.5.4.5.3
'

respectively. V
J

.

Bedding material vill be placed a minimum distance of wie

foot below the bottom, one foot above the top, and fiv e feet

on each side of the pipe or duct bank. The bedding material
.

I

will be in accordance with section 2.5.4.5.2, except that

100 percent of the material will pass a one-half inch screen

withnomorethanfivepercentpassingtheWo.200sish ,

'
, screen. Compaction of the bedding material.will meet kha

requirements of Section 2.5.4.5 3.
.

% p..a -~% %.g' *%
C

i

h uds. A p g cower.\gre y - WMew1-| &
Me 2.s.w.s.g.

t

.*
,

t
lI

.
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,

QUESTION 241.4 (2.5.4.5)

.

Provide a correlation between the seismic Category I

structures listed under "B. Other Structures" on

Sheet 22 of Table 3.2-1 and the numerical listing on

Figure 1.2-1. Identif y the proposed f oundation

elevations and conditions of any seismic Category I

structures that are not shown on Figure 2.5-15.

!

RESPONSE:

Six Category I Structures are listed in Table 3.2-1,,

"B. Other Structures", as f ollows:

B.1 Standby Service Water and Storage Basins-

These are part of the Ultimate Heat Sink

complex. (Building 10 on Fig 1.2-1).

B.3 New Fuel Structure-

,

New fuel is stored in the Fuel Building.

(Building 1 on Fig. 1.2-1).

B.4 Diesel-Generator Fuel Storage Facilities-

These are the Diesel Fuel Storage Tanks.

(Building 34 on Fig 1.2-1).

Amendment 24
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Station Battery RoomsB.5 -

These are in the Control Building. i

(Building 3 on Fig. 12-1).

B.6 - Spent Fuel Pool

This is in the Fuel Building.

(Building 1 on Fig. 1.2-1).

&

Ultimate Heat SinkB.7 -

(Building 10 on Fig 1.2-1)
.

'

The f oundation f or the Ultimate Heat Sink and the common

mat are shown on Fig.' 2.5-15. The Fuel and Control

Buildings are located on the common mat.

The Diesel-Generator Fuel Storage Tanks will be located

in an underground structure, at a f oundation elevation of

approximately 506'.

Treatment of the foundation for the Diesel-Generator Fuel

Storage Structure will be the same as for the other

foundations for Category I structures.

I

Amendment 24_g._
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a

QUESTION 241.5 (2.5.4.5)

Provide a commitment to notif y the NRC staf f in advance

-| of the completion of foundation excavations so that the

staff may inspect the excavations.

RESPONSE:

The NRC staff will be notified in advance of the
i
'

completion of f oundation excavations so that the staf f

,

may inspect the excavation.
,

i
i

.

I
~

.

Amendment 24
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QUESTION 241.6 (2.5.4.5)

Provide a description of the procedures that will be

adopted to protect and maintain temporary soil slopes and

to provide adequate drainage around structures so as to

assure that foundation soils will not be damaged by local

heavy rains and erosion during construction. Include a

description of the periodic inspection procedures that

will assure proper maintenance of temporary slopes and

drainage facilities.

RESPONSE:

The site is in a desert area, where the 100 year

precipitation is about 2 inches. The site soils are

relatively pervious. The site area will be graded to

drain, as shown on Fig. 4.1-2 of the Environmental

Report. The protective measures for wind erosion are

discussed in Section 2.5.4.5.1.

,

i

l

Amendment 24
_, ,_
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QUESTION 241.7 (2.5.4.5)

'

Discuss the efficacy of using the Proctor method (ASTM

D-1557) for field density control of the clean sand in

view of the testing difficulties encountered during the

exploration, as described on page 20B-4. Propose alterna-

tives for field control of backfill.

RESPONSE:

See revised Sections 2.5.4.5.3 and 2.5.4.5.5.

=

Amendment 24
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i

AppenLiz 2L. A contour map of the top of the 5,000-10, 000 )
fps refracting horizon within the Pre-Missoula gravels, and i

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.
1
'Table 2.5-3 and Appendix 2L provide measured in situ

cor.pressional ("P") and shear ("S") wave velocity valuos, ;

along-with corresponding calculated elastic moduli valu es. ;

'

2 5.4 5 Excavations and Backfill ;

,

;

2.5.4.5.1 Extent of Excavations and Backfill .

, (,asoUa,4 ,

The upper six to eight feet of loose silty'sandgdoes not .

provide suitabic founding material and as a minimum wiL1 be [

removed beneath all major structures. A plan and prof' les i
showing the extent of Category 1 excavations at the Sihe are '

presented in Figures 2.5-14 and 2.5-15. These drawingn als,) !
4

show the requited excavation slopes. Chemical or other j
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.

I
!

2.5.4.5.1 Sources of Backfill 23 {
l

-

j!The clean black medium sande, which occur beneath the opper
silty materials and above the very dense Pre-Missoula i
sedis.ents, will be used for Category 1 backfill. Much .of {
the upper ality sand material will also be used, but only in e

area fills outside the limits of structures and roads. ;
'

.
-

,

2.5.4.5.3 Compaction Criteria . ,

;

'

, Structural backfill material will be compacted to an a"erage
- relative density of 85 percent with a minisnum relative e

density of 75 percent, determined in accordance with AUTM D |
2049. Prior to the start of backfilling, a test program i

will be carried out to provide a correlation between *

relative density and relative compaction using ASTN D ,557 er-
,

M: htt; i::tdia-tM.M ::d h: e;1p ti 22:t::L |

A S M Oto M , A 4 ' + w vs.w HE b h . $ v deaE M Wak j.

kh yeee.d geeecedOras (u.v. daweAgg rp eis g $eM '

6Sd un be. de.welod whick, wW ba. GameMaj omedaAd ,

hidL Mws dae,Q . h bl%urM 4 h 4A %ad Q j

e me.a. ;

2.5-2 i Amendmont 23 , ;
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.

2.5.4.5< 4 Engineering Properties of Backfill

(
Grain sj ze distributions of the clean black medium sands
which wi ll be suitable as Category I backfill art given in
Figures 2Q B-3 and 20 B-9. Static and dynamic macerial
properti,es 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 t o a minimum relative density of 75 percent). The
maximum and minimum densities presented in Ta: ole 20 B-6 were
used to determine the required sample density corresponding
to 75 pe rcent relative density.

The static shear strength of 75 percent relative density
backfill was evaluated by a program of triaxial compression
testig. These data are given in Figure 20 B-39 and
summaris ed in Figure 20-6.

Strain-i ependent 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 20 B-35 and 20 B-36, and summarized in Figure 20-7.

2.5.4.5, 5 Quality Control Program

(
In sito density of compacted fill will be measured. At
least or e density test for quality control will be performed

23for eacr one-foot thickness of compacted fill for every
22,500 s quare feet of material placed. All field densities
will be compared with the maximum density determined by ASTM
D155K and from that and the comparison between relative
density and relative compaction, verification that the

relativf density of the fill complies with the criteria in
Sectiof 2.5.4.5.3 will be obtained.
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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.

2.5.4.6 Groundwater Conditions

:

Groundwa ter conditions at the Site are described in Sections
2.4.13 a nd 2.5.4.5.6 and in Appendix 2P.

(
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QUESTION 241.8 (2.5.4.5)

Specify the gradation limits that will be acceptable for

structural backfill material. Also describe how the

excavated soils that are used for backfilling will be

mixed and blended to provide homogeneity; that is,

describe how problems with obtaining relative density

values in compacted fill will be avoided in view of the

problems encountered with determining relative density in

the exploratory test trenches (see page 20-11, page 20-14

and Table 20B-6).

RESPONSE:

As discussed in Section 8.4.2 of Appendix 20, the black

clean medium sands (Missoula sand), which occur beneath

the upper silty materials and above the very dense Pre-

Missoula sediments, will be used for structural backfill.

The maximum pariscle size will be no larger than 3

inches. Prior to construction, a borrow investigation

will be made and backfill placement procedures will be

established using a test fill program. This program will

establish suitable gradation limits for structural

backfill, a. suitable construction procedure to obtain an

average of 85 percent relative density with no values

below 75 percent, and appropriate procedures for quality
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control testing of backfill. The latter will involve

development of a correlation between relative density and

'

relative compaction so that the more efficient relative

compaction procedure can be used in the site backfill.
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