
ATTACHMENT 1

DIABLO CANYON ISFSI DATA REPORT B 

FIELD BORINGS LOGS 

IN THE 

ISFSI STUDY AREA

Explanation 

During the team core review in 2001, core was grouped by consensus in the following 

lithologic groups, indicated in the right-hand margin of each log.  

Lithology Geologic Lithology Composition 
Group Unit 

A TOfb.-1 Dolomite 

B Tofb.4 Very fine-grained Increasing 
dolomitic sandstone dolomite 

C Tofb.2 Fine-grained dolomitic Increasing 
sandstone sand 

D TOfb.2 Medium-grained 
sandstone
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Explanation 
ROCK STRENGTH CLASSIFICATION SCALE 

Term Hardness Field Identification Approximate Range of 
Designator/ Uniaxial Compressive 

Grade Strength 

Extremely RO Can be indented with difficulty by thumbnail. May be friable or <150 psi 
Weak moldable with finger pressure.  

Very Weak RI Crumbles under firm blows with point of geologic hammer. Can be 150 - 725 psi 
peeled by a pocket knife.  

Weak R2 Can be peeled or scraped by a pocket knife with difficulty. Cannot 725 - 31625 psi 
be scratched by fingernail. Shallow indentation made by firm blow 
of geologic hammer.  

Medium R3 Cannot be scraped or picked with a pocket knife. Specimen can be 3,625 - 7,250 psi 
Strong fractured with a single firm blow of a hammer/geologic pick.  

Strong R4 More than one blow of geologic hammer required to fracture 7,250 - 14,500 psi 
specimen.  

Very Strong R5 Specimen requires many hard blows of hammer to fracture or chip. 14,500- 36,250 psi 
Hammer rebounds after impact.  

Extremely R6 Specimen can only be chipped by hammer >36,250 psi 
Strong 

Modified from Brown (1981), Hock (1996).  

ROCK WEATHERING CLASSIFICATION SCALE 

Designation Symbol Field Identification Grade 

Fresh F No visible sign of rock material weathering: perhaps slight discoloration on major I 
discontinuity surfaces. Rings under hammer impact.  

Slightly SW Rock mass is generally fresh with slight discoloration in rock fabric. Discontinuities II 
Weathered are stained and may contain clay. Decomposition extends up to I" into rock.  

Moderately MW Less than 50% of rock is decomposed. Significant potion of rock shows III 
Weathered discoloration and weathering effects. Crystals are dull and/or altered.  

Discontinuities are stained and may contain secondary minerals. Strength is 
significantly less than fresh rock.  

Highly HW Rock mass is more than 50% decomposed. Rock can be broken by hand or scraped IV 
Weathered with knife or pick. All discontinuities exhibit secondary mineralization. Surface of 

core is friable and/or pitted due to washing out of highly altered minerals by drill 
water.  

Completely CW Rock mass is completely decomposed but rock fabric and structure may still be V 
Weathered evident (saprolite). Specimen is easily crumbled or penetrated with pocket knife or 

geologic pick.  

Residual Soil RS All rock material is decomposed to soil. Rock fabric and structure completely VI 
destroyed. There is a large change in volume, but soil has not been significantly 
transported.
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LOG of ROCK BORING'8LAMI A~iB5210 ag J o 
Projct .00 Nsber80m Location Total Dept 

PG&E DCPP - DCSF Siting Study 1998 1223-007 Ba'row Area:,id. ftv, c# z t 
Too & Dianele, ofBorig Eteawalon andl Datum Grmotd Water Dett epth to Bedock 
HQ 3.5" ID Wireline, Rotary Diamond Core/ Triple Tube Core Barrel S?5-'32' A 4r4--e-r 
or.&" contractor and ftg Ungtr of Core Barrel an Bit ~- No. of Core Boms Date Started 
PG&E G.C. Drillers (Glen Lofing -foreman) IMobile B-40 r 4,O / 7 
Ca"in Size and Depth 0,-i/e ; .iM' re -sM, Boehole taulithn Logged By 1 a0'tugej~ 

~ '~ti~~a" ~10 Description of "pF 

~ 4 q~q-e~e ~ .m 'fLithologic Description def Discontinuities Remarks 

3 ri IB-i ~r 
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42 qv;. jX ~ ~ toe' 

34?~~~~~* r-i 40, "i' 
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Wealthering: Fr-Fresh. SW-Spgt. MWY-Moderate. NW-Highly. CW-Conpleel*. and RS-Residual Soll. Fracture Spacing: VW' -Very Wide (431. Wi-Wide (1*-31. Mo-Moderate, (0.7-1. OCIC10 
(O.-.f3). and VC-VeryCose ('0. Ij. StrutgM: RBExrrwttlySoon. S-Wory StrongR4-StOttMR3-Mediuiftt Sron. -Wei. RI-Wry &Wa.ad RO.Exftwene Weak. LMtotgiD*ea0
Rock type. color. udreitr. grain size. aet. Discontinuities- Se-Bedding. Fa-Fault, Fo-Foliatiots, Jo-Join. Me-Mehaica break. Sh-Shea. and Vs-Vein. Joan descripfiona: Dip. stabs ~hp 
(Pl.Planar. St-Stopped, or Wa-Wanry). Roughness (Sm.Smoo;ti St-Slightyj Rough. Ro-Rough. and VP-wry Rough). Aperture (Ft-iled. He-Heeledl. Op-Open aWd'r-rgh). tyeard amfould 

*ol filing. alicitensidies. etc.  
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ROCK BORING LOG
IProogect N ~tile 

PG&E DCPP - DCSF Sitng Study 1998 11223-00-7
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WearthemigFr-Freeh. SW-SIbglt. MW-Moderate.1HW-Hrghtr. CW-ConiPleet, and RS-Residual soil. Fracture Spackig VW -Very Wde (ý3I.Wi-Wide(V-3). Mo-Moderate (o.3-l). C3-C0 
A 1%-.7). arnd VC-Vey Close (co. 11. Strength. RG-Eo'enre Swono RS-Vey Sawn R4-Strong. RZI-Merdsan Strong R2-Weatc R I-Very Weak. and W0-Ste em.Iy Weak. Lidoog Oescflita 
Rock type color. arolur. gran size. etc. Orsonlnahes Se-8edding. PaFastu. Fo-Fohtralon. Jo-JaWt. Me-Mecharucallareak. Sh-SI'aar. anid %V-Wet. Joint descriptions; olp. Sftace ~hp 
(PI-Ptana St-Stepped, or Wa-Wavy). Roughness (Srn-Ssooth. S-Slightly Rough. R9s-Rough, and VR-W~ry Rough). Aperture (Fl-Filld. Hea-Heated. Op-Ope and Tm-Tight). "yp end amoncut 
of ifilling. skidrefisides. eOM
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ROCK BORING LOG
PIpDIO PobNumber 

PG&E DCPP - DCSF Siting Study 1998 11223-00 7
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Page 2ý of J17
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Weathereig: Fr-Fresh. SW-Slih. MWV-Moderae. HW-Highy. CW-Conrlet* and AS-Residual 30gl. Fracture SPacvig VW -Very Wide (-Y). Wi-Wie (V3.Mo-Moderate (0.7-I11 C14,050e 
(0.1'-03!. and VC-Vary Cloe (4.1. Sreimlft: A.-ivraenely Strong. AS-Vry Stsi. R4-Slrong. rn-Medium Strong. R2-WVakal.R-very Weakt and RO-Extreni Wel .* trn-.otgic escnrtO60 
Rock type, colo. texture. Wrain siz. e1c. Dmraccninuliies: Se-Sedding. Fa-Faut F*-Foraftion Jo-Joint. Me-Mechanica break. Shr-Shea,. and V*-V*. Joini descritions: Dip. Surmac shape 
(P1-Planwar. St-Stepeed, or Wa-Wavy). Roughness (Sin-Smooth. %St-lghtly Rough. Plo-Rough, arnd VA-Very Rough). Aperture (Fi-Ffte4 He-Healed Op-Open end Ti-tiight), typ anid wnlitil 
of*1 % Aoig tkclensides. etr.
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ROCK BORING LOG 
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PG&E DCPP - DCSF Siting Study 1998 flT--O
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W~tenri Fr-Fresh. SW-Sli^t mw-modmrae. HW"4W CW-Conplefety. and RS-Residuai soil Fracture Spacing: vw -Very Wide (M.f Wi-Wide tr*-3). Mo-Uoderare (0.7-11. 0-CMoe 
(0. V403'). ed VC-VeryClose t4.1). St-egMt: R&E- 41reme Strong. AS5-Very Strong. R-Sftoron R-Mediumr Strong. R2.Week. Ri-Very Weak., and RO-Esewreme Weal.k ogcosr'ii~ 
Rock Mm.. COW~. Iseth,.. grain wie. Mc. Disoninitev.Se-Oding. Pa-Fault. Fo-Folastion. Jo-Jamst. Met-Mtcttaicat &reak. 31,-Shear. and Ve-Vemn. joint descripini: ft. SurefSace 
(PI-PIasar St-Steppe1d. or Wa-Wavy). PRougtines (Sm-sn)Ooth. St-Stightly Rough. Ro-RoAugh and vR-very Rough). Aperture tA-Fifed, leHemated. Op-Open and Ti-Tight), type and ani'tiLt 
ot W~illg. elickeimmudes. etc.
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ROCK BORING LOG - Page X-. of -47
Propece rib Number Dt 
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ROCK BORING LOG Page

r oi 8rNMWNPG&E DCPP - DCSF Siting Study 199 1223-007
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WeafmwkV. Fr-Fresh. SW-S"~l. MW*Modeasa. HV-ih~C-orlrl adA-eiulsdFaiueSaag W-eyWie(3.W-ie(.1 Mo-Moderate (0.7-11. Cl-ClO)e($ j 
(0 431andC.erylos~s~fl Stengt:AB-ntrnay Sftrng, AS-Vory Strong R4-Sbw%' R3-Meffum Stra AZ-Weak. R1 *wry Wealc bnd RO-Extoeffey Weak. Lkho~o*0*crsoW:tl\6 

Aock 4yW. color. leduro. gramn seze. eSM. 0iscontmukwute Be-Beddin Fa-Fau*t. Pc-Foliation Jo-Joiolk Me-MeChanial bre9ak. Sh-Sttear. and y-Vein Joke t decrptons: Dip. Surtacs shap 
(P1-Planar. St-Stepped. of Wa-Wa~y). Roughness (Sm-Smooth, St-Slight Rough. Ro-Rough. and VA-Vey Rough). Aperture (Fl-Filed He-Heale. Op-Open and Ti-rqght). t"p ar-d amount 
of ettikg. Sbic mtiesds etc
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ROCK BORING LOG
Pr~o~t Jo NumWe 

PG&E DCPP - DCSF Siting Study 1998 j_1223-a0-7
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Page 7 of 1.2.  
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ROCK BORING LOG'
Pmpo~etLo Number 
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ROCK BORING LOG
Pumbe Date 
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ROCK BORING LOG 
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Project ob0 Number 
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Date: October 19, 2001 File #: 72.10.05 

To: , Robert K. White 

From: Richard L. Klimczak, Project Engineer 

Subject: Diablo Canyon Units 1 and 2 
Transmittal of January 2001 Ground Water Level Measurements at the ISFSI Site 

Pacific Gas and 
Electric Company 

Dear Rob, 

Attached is a copy of the one page TES Report No. 420DC-01.70 as revised on 10/16/01 to add 

ground water level measurements performed by TES, on January 23, 2001. A report of 

measurements taken October 4, 2001were previously transmitted to you on October 10, 2001.  

The water levels were measured inside boreholes 98BA-1 and 98BA-3 at the ISFSI site.  

The record of January 2001 measurements was requested in AR A0541736.  

This transmittal is per requirements of DCPP Procedure CF3.1D17.  

Please let me, or A. Tafoya. know if you have any questions.  

Richard L. Klimczak 
Project Engineer 
Diablo Canyon Used Fuel Storage Project 

cc: LJStrickland SLO B3 
BHPatton SLO BB 

AFTafoya SLO B10 

CEHartz SLO B0 

WPage 245 Market N4C, 422B 

JISun 245 Market N4C, 422A 

JYoung 245 Market N4C, 413C 

DCPP Chronological File 

DCPP RMS DCPP 11911 

DCPP File No. 72.10.05 

Diablo Canyon ISFSI B-243 of 244 
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Report issued: October 8, 2001 Report 4/-U LL-U1./u 
Report Revised: October 16, 2001 

Pacific Gas and Electric Company 

Laboratory Test Report 

Technical and Ecological Services 

3400 Crow Canyon Road 

San Ramon. CA 94583 

SUBJECT: DIABLO CANYON POWER PLANT - ISFSI Water Level Readings 

On October 4, 2001 water level readings were taken at the ISFSI site and the Lot 7 site. A Solinst 

Model 101-300 P3 Serial # 20436 water level indicator was used for all readings and is in good 

working order. The water level indicator is graduated in hundredths of a foot. All piezometer caps 

were in place before readings and replaced after readings. All water level readings are from the top 

of the standpipe. The readings are as follows:

Bore Hole # 
ISFSI Site 
98 BA-1 
98 BA-3 
Lot 7 Site 
DCSF 96-1(WLA-1) 
DCSF 96-6(WLA-6)

ISFSI Site 
98 BA-I 
98 BA-3

Water Level 

235.60' 
217.76' 

18.22'(Bottom at 32.00') 
Dry(Bottom at 23.68')

Read on January 23, 2001 

205.90' 
199.76'

All readings were performed with the same water level indicator. The January 23, 2001 readings 

were the first set of readings for the ISFST site by TES. The first readings for the Lot #7 site by 

TES was October 4, 2001.

Distribution: Steve Flaten 
Al Tafoya....  

Robert White 

Diablo Canyon ISFSI 
Data Report B, Rev. 1

Date:

Tested By:_ ______ 
" Dougl• 4.1S. Watson , 

Approved By: (?
B-244 of 244 Anton Pirtz
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DATA REPORT C 

1998 GEOPHYSICAL INVESTIGATIONS AT THE ISFSI STUDY AREA 

(Agbabian Associates and GeoVision) 

1.0 INTRODUCTION 

GeoVision Geophysical Services, under subcontract to Agbabian Associates, conducted 

surface seismic refraction and subsurface borehole seismic velocity surveys in the ISFSI 

site area in 1998 to characterize the seismic velocity properties of bedrock at the ISFSI 

site. Their report titled "Geophysical Investigations for the DCPP HLW-Dry Cask 

storage facility at the Diablo Canyon Power Plant" dated July 31, 1998, is included as 

Attachment 1. The relevant surveys in this report are referred to as the "Borrow Area 

HLW-Dry Cask Site". The GeoVision report also includes results from refraction 

surveys at the "Water Tank" site, located near a wooden water tank on the north side of 

Diablo Canyon between the 230kV and 500kV switchyards. The Water Tank site 

surveys are not relevant to the ISFSI site and are not discussed except in the GeoVision 

report. The borehole geophysics program was performed under the direction of William 

D. Page of PG&E's Geosciences Department. Jeff L. Bachhuber of William Lettis & 

Associates, Inc. (WLA) performed intermittent observation and review of the field data 

acquisition.  

The preparation of this data report was performed under the 2000 WLA Work Plan 

(William Lettis & Associates, Inc., Work Plan, 2000). The geophysical measurements 

were made during the investigations performed in 1998. These data have been accepted 

by the Diablo Canyon ISFSI Project by C.E. Hartz (EDMS Item #993500012), 10 CFR 

50, Appendix B, Criterion III).  

Diablo Canyon ISFSI C-3 of 93 
Data Report C, Rev. 1



2.0 METHODOLOGY

Surface Refraction Survey 

GeoVision performed four compressional (P) and shear (S) wave refraction surveys along 

two transverse surface lines BA-I and BA-2, shown on Figure 2 in the attached report.  

The refraction lines were located in the ISFSI study area (Figure C-1). Three seismic 

sources were used: a 40-pound sledgehammer, a Betsy Downhole Percussion Firing Rod 

and a Hasbrouck Golf Shoe S-wave seismic source. Each survey was performed using a 

10-foot geophone spacing. S-wave refraction data were processed using FIRSTPIXTM by 

Interpex Limited. Arrival times were used to plot time versus distance graphs, which 

were then used to calculate the S-wave velocities of the different subsurface rock layers.  

The time versus distance plots are included in the GeoVision report.  

The seismic refraction survey was completed between April 17 and May 1, 1998 by 

Antony Martin, Alexander Jack, and Richard Funk of GeoVision, with Robert Nigbor of 

Agbabian Associates as Project Manager.  

Borehole Velocity Surveys 

Suspension velocity measurements were performed in three cased boreholes designated 

98BA-1, 98BA-3 and 98BA-4, to measure shear wave velocities and compressional wave 

velocities as a function of depth (Figure C-i). Suspension compressional (P) and 

horizontal shear (SH) wave velocity measurements were collected to a maximum depth of 

227 ft. An OYO Model 170 Suspension Logging Recorder and Suspension Logging 

Probe measured horizontal shear and compressional wave velocities at 1.64 ft (0.5 m) 

intervals. Data acquisition was performed on June 5 (98BA-1) and June 8 and 9 (98BA-3 

and 98BA-4), 1998.  

Collected data was processed in two different ways: (1) difference in travel times 

between two receivers (Ri -R2) that are spaced 3.28 ft. apart and, (2) difference in travel 

time between the source and receiver (S-R1) that are spaced 10.3 feet apart. The travel 

time plots for the Ri-R2 and S-Ri were compared for quality assurance.  

Diablo Canyon ISFSI C-4 of 93 
Data Report C, Rev. I



The borehole velocity survey was completed between June 5, 1998 and June 9, 1998 by 

John Diehl and Rob Steller of GeoVision under subcontract to Agbabian Associates.  

Dr. Robert Nigbor of Agbabian Associates was Project Manager.  

3.0 RESULTS 

Surface Refraction Survey 

A simple P-wave velocity model was constructed for the rocks in the ISFSI site area 

using the acquired refraction data. The subsurface geology is modeled using three layers: 

a thin 1- to 4-foot thick layer of soil and disturbed rock on the surface of the old borrow 

area cutslope (V, = 1075-1730 ft/sec), a 5- to 25-foot thick layer of "weathered rock" (Vp 

= 2723-4124 ft/sec), and underlying layer of "less weathered rock" (V, = 4061-6485 

ft/sec). Each layer exhibits highly variable velocities, as is expected of fractured and 

weathered rock. The refraction plots, travel time curves, and velocity interpretations are 

in the GeoVision report.  

Borehole Velocity Surveys 

Suspension compressional and shear wave velocity profiles for the surveyed boreholes 

are in the GeoVision report. The profiles show good correlation between the receiver-to

receiver and source-to-receiver data, provided verification of data quality. Measured P

wave velocities range between about 2,395 and 12,917 feet per second (fps), and SH

wave velocities range between 1,305 and 6,871 fps. Velocity profiles show a general, 

progressive velocity increase with depth, with localized velocity variations across 

distances of several feet that may reflect lithology or rock mass variations. Geologic rock 

conditions in the borings are described in William Lettis & Associates, Inc. (2001) 

Diablo Canyon ISFSI Data Report B.  
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SUMMARY

Geophysical investigations at two sites, the Water Tank and Borrow Area sites, were 
performed for the proposed DCPP HLW-Dry Cask Storage Facility between April and 
June of 1998. These investigations consisted of P- and S-wave seismic refraction and P
and S-wave velocity borehole logging. The investigations focused on the preferred 
Borrow Area Site (Figure 1). The purpose of the seismic refraction survey was to map the 
P and S-wave velocity structure along two survey lines at each site. The purpose of the 
borehole logging was to provide a detailed measurement of the P and S-wave velocity 
structure surrounding two boreholes located at the Borrow Area site.  

SEISMIC REFRACTION PROCEDURE 

INTRODUCTION 

GeoVision performed compressional (P) and shear (S) wave refraction surveys at the 
Borrow Area and Water Tank sites (proposed locations for the DCPP HLW-Dry Cask 
Storage Facility), Diablo Canyon Power Plant (DCPP), from April 17 to May 1, 1998, to 
assess shallow velocity structure. This report presents the results of the refraction survey 
at the Borrow Area. Only preliminary processing was completed for data collected at the 
Water Tank site. Because it is a secondary site, this information was not needed by PG&E 
at this time. A site map showing the location of the Borrow Area and Water Tank sites is 
presented as Figure 1.  

The work was conducted by Antony Martin, Alexander Jack, and Richard Funk of 
GEOVision Geophysical Services under subcontract to Agbabian Associates. Dr. Robert 
Nigbor was Project Manager, and Mr. Rob White was the liason for Pacific Gas and 
Electric.  

Two refraction lines were completed at the Borrow Area (Lines BA-1 and BA-2) and two 
lines were completed at the Water Tank Site (Lines WTS-I and WTS-2) as shown on 
Figures 2 and 3, respectively.  

All seismic refraction investigations were conducted in accordance with the Workplan and 
Procedure approved by PGE and attached in Appendices A and B. The specific energy 
sources, seismographs, geophones, and survey methods used are described below.  

EQUIPMENT AND FIELD PROCEDURES 

Seismic refraction equipment used during this investigation consisted of a 24-channel 
Geometrics Strataview R24 signal enhancement seismograph, Geospace 8-hertz (Hz) 
vertical geophones, Mark Products 10-Hz horizontal geophones, geophone cables, a 20-lb 
sledge hammer and aluminum plate, a Betsy Downhole Percussion Firing Rod (DFR) with 
500 or 400-grain black powder charges, and a Hasbrouck Golf Shoe S-wave seismic 
source (Golf Shoe).  

A geophone spacing of 10 feet was used for both the P- and S-wave refraction surveys.  
Line BA-1 consisted of three overlapping spreads of 24 geophones with 40 feet of overlap 
and a total length of 610 feet. Lines BA-2 and WTS-2 consisted of a single spread of 24 
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geophones (230-feet long). Line WTS-I consisted of two overlapping 24-channel spreads 
with 40 feet of overlap and a total length of 420 feet. All geophone and shotpoint locations 
were measured using a 300-foot tape measure. Relative elevations of each geophone 
location were surveyed using a Nikon AP-7 automatic level. The end points of each 
seismic line were staked and later surveyed by a licensed surveyor to provide horizontal 
and vertical control.  

The first spread of each seismic line was labeled spread 1 and the first geophone of each 
spread was labeled geophone 1. A minimum of five P-wave shot points were occupied per 
spread: a center shot between geophones 12 and 13, end shots at geophones 1 and 24, and 
far-offset shots between 70 and 150 feet off the end of each spread. Where possible, far
offset shots were located at a distance far enough from the end of the spread so that all first 
arrivals originated from the target refractor (bedrock surface). Occasionally, additional 
P-wave shot points were occupied between geophones 6 and 7 and 18 and 19 and at 
additional off-end locations to better define subsurface velocity structure. Typically, three 
S-wave shot points were occupied per spread: a center shot between geophones 12 and 13 
and end shots at geophones I and 24. The geometry of lines BA-I and BA-2 are presented 
in Figure 4 and the geometry of lines WTS-1 and WTS-2 are presented as Figure 5.  

The 20-lb sledgehammer was generally used as the P-wave energy source for shot points 
inside and at the ends of each spread. The DFR was used as the energy source for end and 
far-offset shots because the travel path was greater and a stronger source was necessary.  
Shallow shot holes were drilled to a depth of between 1 and 2 feet for DFR shots using 
either a hand auger, motorized auger, or rotary-hammer drill. The 20-lb sledge striking 
each end of the Golf Shoe was used as the S-wave energy source. Separate seismic records 
were saved for positive polarity (striking one end of the source) and reverse polarity 
(striking the other end of the source) shots.  
The final seismic record at each shot location was the result of stacking multiple shots to 

increase the signal to noise ratio. Five to 15 stacks were generally sufficient for hammer 
P- and S-wave shots, whereas I or 2 stacks were sufficient when using the DFR.  

Paper copies of all seismic records were printed in the field, and data were also stored on 
floppy disk. Data files were named with the sequential line, spread, and shot number and a 
".dat" extension. The names and locations of all shot points were recorded in field notes.  

There were several sources of seismic noise (ground vibrations) at the site resulting from 
plant operations. The primary source of noise where overhead high-voltage powerlines.  
Figure 6 demonstrates the 60-Hz signal picked up by the seismic cable and geophones 
from the powerlines over the Borrow Area. The presence of the powerlines necessitated 
the use of a 60-Hz notch acquisition filter during data recording. The use of the filter only 
reduced the effects of the 60-Hz noise but did not eliminate it. Other noise sources 
included wind, nearby generators, vehicle traffic and aircraft. To minimize noise from 
vehicles and aircraft, shots were generally not fired until the vehicle/aircraft was out of 
hearing range.  
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DATA PROCESSING 

P-Wave Refraction Data 

P-wave seismic-refraction data collected at the Borrow Area were modeled using the 
generalized reciprocal method (GRM), as outlined in Palmer (1980 and 1981), Lankston 
and Lankston (1986) and Lankston (1988).  

GRM is a seismic-refraction interpretation method designed to accurately map undulating 
refractor surfaces from in-line refraction data using both forward and reverse shots. The 
method is related the Hales (1958) method and the reciprocal method (Hawkins, 1961) of 
seismic-refraction interpretation.  

The first step in data processing consisted of picking the arrival time of the first energy 
received at each geophones (first break) for each shot. The first break arrivals on each 
seismic record are either a direct arrival from a compressional wave (P-wave) traveling in 
the surface layer, or a refracted arrival from a subsurface interface where there is a velocity 
increase. The first break picks for each shot were made in the program FIRSTPIX" by 
Interpex Limited. The arrival times for each shot point were saved as ASCII files and, for 
ease of use, assigned names equivalent to the field file but with a ".pie" extension.  

Relative elevations for each geophone location were calculated from the leveling data 
using Microsoft Excel and were converted to true elevation using the elevation data 
provided for the ends of each line (PG&E Drawing, see reference). Geophone elevations 
and first arrival data for each line are summarized in Appendix C.  

The seismic refraction data were processed using the GRM program VIEWSEIS by 
Viewlog Systems. For each seismic line the first arrival and elevation data files were 
entered into the program and time-distance plots for the forward and reverse shots were 
generated. Forward shots are shot points where energy is traveling from geophone 1 to 24.  
Energy travels in the opposite direction for reverse shots and shots inside each spread 
(mid-shots) have both forward and reverse components. The first arrival data for each shot 
point was then assigned to the layer from which it was refracted. Three layers were 
apparent in the seismic refraction data acquired at this site and consisted of a low velocity 
sediment/decomposed rock layer, an intermediate velocity weathered rock layer and a 
higher velocity rock layer. The refracted data for each layer were then phantomed (shifted 
in time) to line up with the travel-time data for the zero-offset end shot to form a single 
travel-time curve for each refractor along the line. This method was employed for both 
forward and reverse shots according to the procedures outlined in Lankston and Lankston 
(1986).  

Two important parameters used in GRM processing are the reciprocal time and the XY 
spacing. Reciprocal time for a given refractor is defined as the time required for a ray to 
travel the refracted path from the end shot at one end of the line to the corresponding shot 
at the opposite end of the line. The reciprocal time for the forward shot should be equal to 
that for the reverse shot because theoretically, the same travel path is taken. The XY 
spacing for a given refractor is defined as the distance at the surface between forward and 
reverse rays emerging from the same point on the target refractor.  
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After phantoming was completed, GRM processing was conducted. First, velocity 
analysis functions were calculated for various XY spacings to establish layer velocity and 
lateral velocity variations within each layer. These functions are determined by the 
forward and reverse phantomed travel times, the reciprocal time, and the XY spacing; 
calculations were made according to the equations presented in Palmer (1980) and 
Lankston (1988). Time-depth functions (Palmer, 1980; Lankston, 1988) were also 
calculated for each refractor at various XY distances. The velocity analysis and time-depth 
functions for each refractor were then viewed to determine the optimum XY spacing. The 
velocity analysis function corresponding to the optimum XY spacing is such that the least 
detail is observed and the time-depth function corresponding to the optimum XY is the one 
showing the most detail (Palmer, 1980).  

On each of the seismic lines the optimum XY spacing for the bedrock refractor could not 
be determined graphically from the velocity analysis and time-depth functions because the 
depth to bedrock was too small relative to the geophone spacing. Therefore, the refraction 
data collected during this investigation were first processed using an XY spacing of zero 
which is the reciprocal method (Hawkins, 1961). An average XY spacing for each layer 
was then determined from the resulting model and the data reprocessed with these XY 
spacings to obtain a more accurate depth section. This method of interpretation works very 
well providing no velocity inversions or hidden layers occur in subsurface geologic 
materials. A velocity inversion is a geologic layer with a lower seismic velocity than an 
overlying layer. Critical refractions do not occur along the top of this layer because 
velocity has to increase with depth for refractions to occur. This layer is, therefore, not 
modeled and depths to underlying layers are overestimated. A hidden layer is a layer of 
intermediate velocity between two other layers, but of sufficiently small thickness so that 
refracted arrivals do not arrive at the geophones before arrivals from the deeper, higher 
velocity layers. Because the seismic refraction method only involves the interpretation of 
first arrivals, a hidden layer is not modeled and depths to underlying layers are 
underestimated.  

Another possible source of error in estimating depth to bedrock may occur if there is a 
thick weathered layer. There is generally not an abrupt contact between weathered and 
competent bedrock, but rather a transition zone where bedrock becomes more competent 
with depth. In this situation it is difficult to predict which portion of the bedrock the 
seismic refraction method is imaging.  

Finally, due to the location of the BA-I & -2 lines beneath high-voltage powerlines, a 
notch filter was required at 60 Hz to reduce the level of ambient induced electrical noise.  
First arrival seismic signals observed in the recorded data exhibited frequencies near 50 
Hz. The notch filter may have affected the amplitude level of these signals, particularly 
affecting weak arrivals at far geophones. Faster arriving waves might be masked entirely, 
although this is unlikely.  

Figure 7 presents two examples of waveform data from the seismic refraction survey. The 
first is from Line BA-I, and the second is from Line BA-2. Note that there is much less 
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noise in the travel time data for Line BA-2 which was oriented perpendicular to the high 
voltage powerlines.  

Travel time data and interpreted depth sections for lines BA-I and BA-2 are presented in 
Figures 8 and 9. Different symbols in the travel time data represent the different geologic 
layers interpreted in the models below.  

S-Wave Refraction Data 

S-wave refraction data was acquired only to determine approximate S-wave velocities of 
shallow rock and, therefore, only a simple analysis was conducted. First-arrival times 
were picked using the program FIRSTPIXTm by Interpex Limited. The positive and reverse 
polarity records were subtracted in order to enhance S-wave arrivals and attenuate P-wave 
arrivals. On many of the seismic records identification of S-wave arrivals was difficult due 
to noise and weak signals, and it is possible that slower surface wave arrivals were 
occasionally picked as S-waves. The arrival times for each shot point were saved as ASCII 
files. Plots of time versus distance were generated for each line and linear fits made to 
portions of the travel time curves using linear regression. The velocity of each of the 
segments on the travel-time curves is calculated as the inverse of the slope of the segment 
and are valid providing subsurface interfaces are horizontal or parallel surface topography.  

Figure 10 presents the travel time data and average shear wave velocities for Line BA-1, 
Spreads 1, 2, and 3. Shear wave arrivals were not picked from the Line BA-2 data due to 
noise and weak signals. No shear wave analysis was done for Lines WTS- I or -2.  

RESULTS 

Borrow Area Site 

For the Borrow Area, the P-wave data were modeled using 3 layers: a very thin I to 4-foot 
thick layer of soil and decomposed rock, a 5 to 25-foot thick layer of weathered sandstone, 
and below that a layer of less weathered sandstone. The velocities of each layer are highly 
variable as would be expected for fractured and variably weathered rock. The P-wave 
velocity of the thin upper layer varies from about 1075 to 1730 feet/second. The upper 
weathered layer has P-wave velocities ranging from about 2723 to 4124 feet/second and 
the lower weathered layer has velocities ranging from 4061 to 6485 feet/second. The 
average P-wave velocity of the lower weathered sandstone layer is about 5500 feet/second.  

There is about a 5-foot discrepancy in the interpretation of the depth to the lower 
weathered sandstone layer at the intersection of the two lines that most likely results from 
the variable subsurface velocities and the higher noise levels in Line BA-1.  
P-wave noise levels were much lower in Line BA-2 and, therefore, results from this line 
appear to be more reliable. Given the noise levels in the data, interpreting a layer with 
P-wave velocity of higher than 7,500 feet/second and depth greater than about 50 feet is 
not possible.  
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Only very simple modeling of S-wave data was attempted. Assuming that subsurface 
layers are horizontal relative to topography (i.e. parallel to surface topography) then the 

velocity of each layer is the inverse of the slope of the portion of the travel time curve with 

arrivals from that layer. Generally, it was not possible to distinguish between S-wave 

arrivals from the weathered zone and the lower weathered sandstone layer. In fact, it 

appears that refracted S-waves from the lower layer are masked by the noise levels in the 

data. The dominant waveforms in the seismic records appear to be surface waves 

(probably Love waves propagating through the weathered layer). Interpreted S-wave 
velocities vary from about 1651 to 2772 feet/second and average about 2300 feet/second.  

These velocities are somewhat low relative to the P-wave velocities in the lower sandstone 
unit, so the S-wave velocities are probably indicative of the properties in the upper 
weathered layer.  

Water Tank Site 

The data for the Water Tank Site were stored and not analyzed at this time because this site 
is not the preferred site.  
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BOREHOLE VELOCITY LOGGING

INTRODUCTION 

Suspension velocity measurements were performed in three cased boreholes designated 
BA 98-1, 98-3 and 98-4, located in the Borrow Area Site to measure shear wave velocities 
and compressional wave velocities as a function of depth. Suspension P- and SH-wave 
velocity measurements were collected to a maximum depth of 227ft. Data acquisition was 
performed on June 5 (98-1), and June 8 and 9 (98-3 and 98-4), 1998. The work was 
conducted by John Diehl and Rob Steller of GEOVision under subcontract to Agbabian 
Associates. Dr. Robert Nigbor was Project Manager, and Mr. Rob White was the liaison 
for Pacific Gas & Electric Company.  

The locations of the boreholes logged using the PS Suspension logging system are shown 
in Figures 1 and 2, and detailed below.  

BOREHOLE LOCATION SURVEY LOCATION * REF. ELEV.  

BA 98-1 South end of BA-2 44 372.2 

BA 98-4 South end of BA-2 43 374.8 

BA 98-3 North end of BA-2 79 322.8 

• reference PG&E drawing "Locations of Exploratory Boreholes, Geophysical Test Runs, 

and Reference Elevations for Spent Fuel Dry Cask Storage Facility, DCPP" 

All borehole velocity measurements were conducted in accordance with the Workplan and 
Procedure approved by PG&E and attached in Appendices D and E respectively. The 
specific details of the method as it applied to this site are described below.  

EQUIPMENT AND FIELD PROCEDURES 

The OYO Model 170 Suspension Logging Recorder and Suspension Logging Probe were 
used to obtain in-situ horizontal shear and compressional wave velocity measurements at 
1.64 ft (.5 m) intervals. The acquired data was analyzed and a profile of velocity versus 
depth was produced for both compressional and horizontally polarized shear waves in 
accordance with the procedure (Appendix E).  

All boreholes were logged as 3-inch diameter PVC cased boreholes filled with clear water.  
At the start of each measurement sequence, the suspension probe was positioned with the 
mid-point of the receiver spacing at ground level, and mechanical and electronic depth 
counters were set to zero. The probe was then lowered to the bottom of each borehole, then 
returned to the surface, stopping at 1.64 ft intervals to collect data. The depth range to 144 
ft in BA 98-1 was not available for logging due to abandoned steel casing in the borehole.  
This required the installation of borehole BA 98-4 at nearly the same location (within 
approximately 25 ft) which was logged to the entire depth. Measurement intervals and 
dates of data collection are summarized below.  
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Upon completion of the measurements, the probe zero depth indication at ground level was 
verified prior to removal from the casing.  

DATA PROCESSING 

The recorded digital records were analyzed to locate the first minima on the vertical axis 
records, indicating the arrival of P-wave energy. The difference in travel time between 
receiver 1 and receiver 2 (Ri-R2) arrivals was used to calculate the P-wave velocity for 
that 3.28 ft (1 m) interval. When observable, P-wave arrivals on the horizontal axis 
records were used to verify the velocities determined from the vertical axis data.  

This rqceiver-to-receiver analysis was augmented and checked by performing source-to
receiver analysis. The P-wave velocity calculated from the travel time over the 10.3 ft 
interval from source to receiver 1 (S-Ri) was calculated and plotted for quality assurance 
of the velocity derived from the travel time between receivers. In this analysis, the depth 
values as recorded were increased by 6.8 ft to correspond to the mid-point of the 10.3 Rt S
RI interval. Travel times were obtained by picking the first break of the P-wave signal at 
the near receiver and subtracting 3.9 milliseconds, the calculated and experimentally 
verified delay for this acquisition system from source trigger pulse (beginning of record) to 
source impact. This delay corresponds to the duration of acceleration of the solenoid 
before impact.  

The recorded digital records were studied to establish the presence of clear SH-wave 
pulses, as indicated by the presence of opposite polarity pulses on each pair of horizontal 
records. Ideally, the SH-wave signals from the 'normal' and 'reverse' source pulses are very 
nearly inverted images of each other. Digital FFT - IFFT lowpass filtering was used to 
remove the higher frequency P-wave signal from the SH-wave signal. Different filter 
cutoffs were used to separate P- and SH-waves at different depths, ranging from 800 Hz in 
the slowest zones to 2500 Hz in the regions of highest velocity.  

Generally, the first maximum was picked for the 'normal' signals and the first minimum for 
the 'reverse' signals, although other points on the waveform were used if the first pulse was 
distorted. The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/
0.2 milliseconds, due to differences in the actuation time of the solenoid source caused by 
constant mechanical bias in the source or by borehole inclination. This variation does not 
affect the RI-R2 velocity determinations, as the differential time is measured between 
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DATE DEPTH DEPTH AS SAMPLE ISOLATION BOREHOLE 
LOGGED RANGE (ft) DRILLED (ft) INTERVAL (ft) TUBE (ft) 

6-5 and 144.4
BA 98-1 240 1.64 6.56 

6-9-98 219.8 

BA 98-4 6-8-98 3.3-132.2 150 1.64 6.56 

BA 98-3 6-8-98 3.3-200.8 220 1.64 6.56



arrivals of waves created by the same source actuation. The final velocity value is the 
average of the values obtained from the 'normal' and 'reverse' source actuations.  

As with the P-wave data, SH-wave velocity calculated from the travel time over the 10.3 ft 
interval from source to first receiver was calculated and plotted for verification of the 
velocity derived from the travel time between receivers. In this analysis, the depth values 
were increased by 6.8 ft to correspond to the mid-point of the 10.3 ft S-Ri interval. Travel 
times were obtained by picking the first break of the Sn-wave signal at the near receiver 
and subtracting 3.9 milliseconds, the calculated and experimentally verified delay from the 
beginning of the record at the source trigger pulse to source impact.  

Figure 11 shows an example of R1-R2 measurements on the filtered record for a depth of 
64 ft in borehole BA 98-4. In Figure 12, the time difference over the 3.28 ft (1 m) interval 
of 1.41 (7.06-5.65) millisecond is equivalent to a Sn-wave velocity of 4,755 ft/sec.  
Whenever possible, time differences were determined from several phase points on the SH
waveform records to verify the data obtained from the first arrival of the Sn-wave pulse.  
Figure 12 displays the same record before filtering with an 2,200 Hz FFT - IFFT digital 
lowpass filter.  

RESULTS 

Suspension RI-R2 P- and SH-wave velocity data for BA 98-3 are plotted in Figures 13.  
Data from BA 98-1 and 98-4 are combined on the same plot in Figure 14. The SH-wave 
velocity data are presented at an expanded scale in Figures 15 and 16. The suspension 
velocity data presented in these Figures are presented in Tables 1 through 3.  

Suspension S-Ri results are presented in Appendix F. P- and SH-wave velocity data from 
R1-R2 analysis and quality assurance analysis of S-RI data are plotted together in Figures 
17 and 18 to aid in visual comparison. The R1-R2 data is an average velocity over a 3.3 ft 
segment of the soil column; the S-Ri data is an average over 10.3 ft, and shows a 
significant smoothing relative to the RI-R2 plots. S-RI data are presented in tabular 
format in Appendix F Tables F-I to F-4. Good correspondence between the shape of the 
P- and SH-wave velocity curves is observed for all data sets. The velocities derived from 
S-RI and RI-R2 data are in good agreement, providing verification of the higher 
resolution RI -R2 data.  
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DCPP BORROW AREA BOREHOLE 98-3 
Receiver to Receiver Analysis 

VELOCITY (METERS/SECOND) 
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Figure 13 BA 98-3 RI-R2 P- AND SH-WAVE RESULTS 
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DCPP BORROW AREA BOREHOLES 98-1 & 98-4 
Receiver to Receiver Analysis 
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Figure 14 BA 98-1 and BA 98-4 R1-R2 P- AND SH-WAVE RESULTS 
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DCPP BORROW AREA BOREHOLE 98-3 

SH-Wave Receiver to Receiver Analysis 
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Figure 15 BA 98-3 RI-R2 SH-WAVE RESULTS 
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DCPP BORROW AREA BOREHOLES 98-1 & 98-4 
SH-Wave Receiver to Receiver Analysis 
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Figure 16 BA 98-1/04 RI-R2 S11-WAVE RESULTS 
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DEPTH (FT) Vs (FTIS) Vp (FTIS) DEPTH (FT) Vs (FTIS) Vp (FTlS) 
3.3 1526 0 103.4 3750 10757 

4.9 1402 2983 105.0 4026 8867 
6.6 1305 2395 106.6 4206 9374 

8.2 1600 4153 108.3 3728 9510 
9.8 1754 2828 109.9 3860 8749 

11.5 1715 3281 1 111.6 2853 9510 

13.1 2130 6020 1 113.2 2865 4861 
14.8 2667 8497 114.8 3490 5965 
16.4 3666 6132 116.5 3038 6907 
18.0 3586 7630 118.1 3645 8634 
19.7 3547 7812 119.8 3331 8002 

21.3 4050 8306 121.4 3566 8412 
23.0 3883 8749 123.0 4127 8002 

24.6 3837 8522 124.7 4525 9510 
26.3. 3837 7373 126.3 3793 10415 
27.9 3837 7456 128.0 5335 7542 

29.5 3217 7542 129.6 6433 11121 
31.2 3707 5859 131.2 4289 9510 

32.8 2983 5911 132.9 2969 6696 
34.5 2841 6371 134.5 4289 8202 
36.1 3771 7906 1 136.2 5009 10757 

37.7 4101 7630 137.8 4825 9374 
39.4 3081 8101 139.4 3382 8101 
41.0 2891 7373 141.1 3095 7906 

42.7 3331 8002 142.7 3155 8327 
44.3 3528 8002 144.4 3265 8544 
45.9 3605 8202 146.0 3147 8412 
47.6 3793 7720 147.6 3953 9113 

49.2 5608 9794 149.3 4419 9650 
50.9 5561 10583 150.9 4140 10064 

52.5 3860 8002 152.6 5756 10722 
54.1 5126 8867 154.2 5706 11010 
55.8 5807 10415 155.8 5584 11802 
57.4 3331 8202 157.5 6020 11634 

59.1 3750 8989 159.1 5514 11010 
60.7 4153 8202 160.8 5584 12619 
62.3 4721 0 162.4 5608 11236 
64.0 3625 9942 164.0 5167 11084 
65.6 3400 9242 165.7 5681 10516 
67.3 3331 8306 167.3 6220 12917 

68.9 3418 8412 169.0 5632 12151 
70.5 3435 8202 170.6 5126 11010 
72.2 3217 9374 172.2 5106 12151 
73.8 2916 8867 173.9 4971 11236 

75.5 4101 9794 175.5 4825 10449 
77.1 4050 10757 177.2 4360 10253 

78.7 3953 9794 178.8 4026 10003 
80.4 3566 8749 180.5 4807 10449 
82.0 3155 8202 182.1 5608 10864 
83.7 3348 8202 183.7 6465 12062 
85.3 4076 8989 185.4 6279 12334 
86.9 3728 8989 187.0 5965 11634 
88.6 3155 9374 188.7 6220 12062 
90.2 5756 10583 190.3 6628 12917 
91.9 5378 11717 191.9 6279 12816 
93.5 4790 11717 193.6 6249 12619 
95.1 3605 9113 195.2 6309 12619 
96.8 4345 8101 196.9 6161 12619 

98.4 2878 8867 198.5 5911 12427 
100.1 3066 9510 200.1 5859 12151 

101.7 3837 7906 200.8 5938 12334 

Table 1 P-S LOG DATA FOR BA 98-3
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RI-R2 ANALYSIS

DEPTH (FT) Vs (FTIS) Vp (FTIS) 
144.4 
146.0 3605 
147.6 3686 8412 
149.3 3977 8867 
150.9 4654 9650 
152.6 4345 7720 
154.2 3793 8412 
155.8 4050 8867 
157.5 4206 9794 
159.1 4261 9242 
160.8 3707 8989 
162.4 3837 8867 
164.0 3929 8989 
165.7 3490 9113 
167.3 3232 9113 
169.0 3547 9216 
170.6 2859 7963 
172.2 3848 7525 
173.9 4915 11159 
175.5 3645 9374 
177.2 4971 7906 
178.8 5249 8749 
180.5 4621 10253 
182.1 4076 8412 
183.7 4738 8544 
185.4 5067 7925 
187.0 4772 10449 
188.7 4289 8819 
190.3 4140 9013 
191.9 4419 9942 
193.6 4721 9882 
195.2 4861 9942 
196.9 4233 9650 
198.5 4193 9164 
200.1 4670 10189 
201.8 4843 9823 
203.4 5009 10002 
205.1 5126 10516 
206.7 5468 11717 
208.3 6340 12427 
210.0 6871 12917 
211.6 6595 12716 
213.3 6309 12242 
214.9 6048 12716 
216.5 5807 11887 
218.2 5731 11010 
219.8 5965 11802

Table 2 P-S LOG DATA FOR BA 98-1 
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R1-R2 ANALYSIS

DEPTH (FT) Vs (FTIS) Vp (FTIS) DEPTH (FT) Vs (FTIS) Vp (FTIS) 

3.3 2734 0 68.9 5423 10757 

4.9 2625 4525 70.5 4621 9794 

6.6 4621 8989 72.2 3185 10415 

8.2 2103 4525 73.8 3547 8634 

9.8 4050 8412 75.5 4934 8412 

11.5 3645 7630 77.1 3977 8412 

13.1 3929 7056 78.7 2635 6309 

14.8 3793 8101 80.4 2891 4897 

16.4 3645 8749 82.0 2853 8867 

18.0 3547 8002 83.7 2635 6190 

19.7 4464 8522 85.3 3170 7906 

21.3 3400 8867 86.9 6190 10583 

23.0 3929 9510 88.6 2828 6076 

24.6 4404 8867 90.2 3066 7542 

26.3 3625 8522 91.9 3547 7456 

27.9 4557 8634 93.5 3170 8306 

29.5 3645 8412 95.1 3454 6835 

31.2 3728 7630 96.8 2224 4721 

32.8 4825 8749 98.4 4434 8989 

34.5 5965 8202 100.1 4206 8634 

36.1 2377 6309 101.7 3666 7812 

37.7 3528 7630 103.4 3110 8634 

39.4 2878 4861 105.0 3281 8634 

41.0 3024 7132 106.6 4494 9650 

42.7 4050 9242 108.3 5378 11313 

44.3 3248 8306 109.9 6020 12381 

45.9 5167 6497 111.6 5292 10757 

47.6 4621 6371 113.2 4026 8867 

49.2 3052 5561 114.8 4345 9510 

50.9 2792 5756 116.5 5249 10757 

52.5 3125 6835 118.1 6020 10415 

54.1 4557 8634 119.8 6628 12619 

55.8 4721 8412 121.4 3686 9374 

57.4 5249 9794 123.0 2969 7812 

59.1 5208 9374 124.7 3793 8634 

60.7 4317 9794 126.3 3977 8634 

62.3 4525 9794 128.0 3860 8002 

64.0 4721 9794 129.6 3793 7906 

65.6 4404 10253 131.2 4345 10253 

67.3 5087 9510 132.2 4494 9650

Table 3 P-S LOG DATA FOR BA 98-4 
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DCPP BORROW AREA BOREHOLE 98-3 
Source to Receiver and Receiver to Receiver Analysis 

VELOCITY (METERS/SECOND) 

0 500 1000 1500 2000 2500 3000 3500 4000

0 2000 4000 6000 8000 10000 12000 14000 

VELOCITY (FEET/SECOND) 

Figure 17 BA 98-3 S-RI AND RI-R2 P- AND S"-WAVE SOURCE TO RECEIVER AND 
RECEIVER TO RECEIVER ANALYSIS RESULTS 
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DCPP BORROW AREA BOREHOLES 98-1 & 98-4 
Source to Receiver and Receiver to Receiver Analysis 

VELOCITY (METERS/SECOND)
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Figure 18 BA 98-1/04 S-RI AND RI-R2 P- AND S11-WAVE SOURCE TO RECEIVER AND 
RECEIVER TO RECEIVER ANALYSIS RESULTS 
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The results in BA 98-3, which is at the north end of Line BA-2, exhibit a weathered zone 
down to a depth of about 20 ft, with SH-wave velocities increasing from 1,800 fps to 4,000 
fps. Similarly P-wave velocities increase from 3,000 fps to 8,000 fps. From 20 ft to about 
145 ft these velocities remain relatively constant. From 145 ft to 155 ft the rock SH-wave 
velocities increase to about 5,500 fps where they remain (with some variation) to total 
depth. Similarly, P-wave velocities increase in the same region to about 11,500 fps.  

The results in BA 98-1/04, which is at the south end of Line BA-2, exhibit a weathered 
zone from 5-10 ft. Generally the characteristics are very similar with the 4,000 fps SH
wave velocities from 10 ft to 200 ft, increasing to 6,000 fps below 210 ft. The P-wave 
velocities are slightly higher at 8,500 fps from 10 ft to 200 ft, increasing to 12,000 fps 
below 210 ft.  

SUMMARY 

COMPARISON OF RESULTS 

The range of velocities measured in the upper fifty feet of rock at the Borrow Site using the 
two different geophysical techniques show some differences. In all cases, velocities 
measured using the surface refraction technique are lower than velocities measured using 
the borehole suspension technique. A thorough review of the data quality and methods of 
analysis used confirmed that field procedures and analyses fully complied with applicable 
Quality Assurance procedures described in the Appendices.  

Further evaluation of relationships between geologic characteristics observed at the site, 
such as orientation and weathering of joint sets and bedding, and velocity differences 
described herein is to be performed by others.  

QUALITY ASSURANCE 

These geophysical investigations conducted at the proposed DCPP HLW-Dry Cask 
Storage Facility at the*Water Tank and Borrow Area Sites of the Diablo Canyon Power 
Plant were performed by professional staff of GEOVision Geophysical Services under the 
supervision of Antony J. Martin, R.GP., and quality assurance of Mr. John G. Diehl, P.E.  
and Mr. Rob Steller, and project management by Dr. Robert L. Nigbor. Industry-standard 
or better methods and levels of care were employed for both measurements and analyses.  
All work was performed under Agbabian Associates quality assurance procedures, which 
include: 

* Use of NIST-traceable calibrations, where applicable, for field and laboratory 
instrumentation Use of standard field data logs 
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"* Where applicable, use of independent verification of data (for example, comparison 
of receiver-to-receiver and source-to-receiver velocities for the suspension velocity 
measurements, see Appendix F) 

"* Independent review of calculations and results by a registered professional 
engineer, geologist, or geophysicist.

Antony J' Martin 
California Registered Geophysicist GP989 
GEOVision Geophysical Services

Date

AC REVIEWED 

DAW C1Z"'
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Geophysical Investigations for the DCPP HLW-Dry Cask Storage Facility 
Borrow and Water Tank Site Refraction Studies 

Proposed CWA #3 and 4 for Contract 4600006633 

Workplan 

Purpose 
The purpose of the seismic refraction survey is to map the P and S-wave velocity structure at 

each site. Depending on the results, the survey may only provide the average P- and S-wave 
velocity of various rock units, or may indicate the thickness of the weathered zone and depth to 
competent rock.  

Scope of Work 

Borrow Site and Water Tank Sites 
Acquire P- and S-wave refraction data along 3 profiles at each site averaging 230-feet in length 

to estimate the thickness of the weathered zone and average P- and S-wave velocity of weathered 
and competent rock.  

Data Collection 

Equipment 
The following seismic equipment will be used during this investigation: 

0 Geometries Strataview R24 24-channel, 24-bit seismic recording system 
& 8-14 Hz vertical geophones for P-wave measurements 
* 4.5-14 Hz horizontal geophones for S-wave measurements 
* 8-14 Hz 3-component geophones for P- and S-wave measurements in lieu of above 
* 2, 12-channel refraction cables with 10 to 30-foot takeouts 
* Betsy downhole percussion firing rod with 250-500-grain 12 gauge blanks 
a Sledge hammer and aluminum plate 
0 Traction plank'S-wave source 
* Hasbrouck golf shoe S-wave source 

Other miscellaneous equipment will include: 
"* Hand auger or motorized auger 
"* Shovel 
"* Nikon automatic level and rod 
"* 300-foot tape measures 
"* Laptop computer 
"* Diskettes 

Field Procedures 

Please refer to GEOVision's "Procedure for Seismic Refraction Method" (Attachment 1) for 

general procedures. In the case of deviations or conflicts between the two, this Work Plan shall 
have precedence.  

, GTask 3 & 4: Seismic Refraction Survey Workplane 
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Borrow Site and Water Tank Sites 
Each seismic line will consist of single or multiple overlapping 24-channel spreads of geophones 
spaced 10-feet apart for a total spread length of 230-feet (Figure 2). Vertical and horizontal 
geophones or 3-component geophones will be used for P-wave and S-wave measurements. The 
P-wave seismic source will consist of a sledgehammer striking an aluminum plate or Betsy 
downhole percussion firing rod. The S-wave source will consist of a sledgehammer striking the 
side of a traction plank weighted by a vehicle, a heavy weight on the surface, or in a plate in a 
shallow hole.  

All geophone and shot-point locations will be measured using a 3004oot tape measure. A Nikon 
automatic level will be used to survey the relative elevation of each geophone and shot location.  
A licensed surveyor will survey the endpoints of each seismic line using control points or 
coordinates provided by PG&E.  

A minimum of five P-wave shot points (center shot, forward and reverse end shots and far-offset 
shots) and three S-wave shot points (center shot, forward and reverse end shots) will be occupied 
per line. Stacking of multiple shots will be conducted as necessary to improve the signal to noise 
ratio. At each shotpoint, both normal and reverse polarity S-wave records will be obtained to 
facilitate recognition of S-waves on the seismic records. The layout of each seismic line 
(orientation, geophone spacing, shot point locations, number stacks, filenames, etc.) and 
comments on noise sources, etc. will be accurately documented in field notes. Paper copies of 
all seismic records will be printed in the field and signed by the field geophysicist. Data will 
also be stored on floppy disk.  

Data Processing 

Borrow Site and Water Tank Site 
P-wave refraction data will be modeled using the generalized reciprocal method (GRM). GRM 
is a seismic refraction interpretation method designed to accurately map undulating refractor 
surfaces from in-line refraction data using both forward and reverse shots. The first step in data 
processing will consist of picking first arrivals using the program FIRSTPIX by Interpex, Ltd.  
The GRM will be implemented using the program VIEWSEIS by Viewlog Systems. For each 
seismic line the first arrival and geophone elevation data will be entered into the program and 
Time-Distance plots generated. First arrival data will then be interactively assigned to various 
geologic layers (i.e. soil, weathered rock, and competent rock) and the GRM implemented to 
model the depth to competent rock along the line and velocities of each layer.  

S-wave refraction data will be modeled slope-intercept method to assess the approximate 
velocities of subsurface geologic units. If the S-wave refraction data is of good enough quality 
(generating strong shear waves is very difficult), processing with GRM will be considered.  

Task 3 & 4: Seismic Refraction Survey Workplan G E (/5~y 9JgRev. 0 04115198 Page 2 
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Quality Control 
Quality control measures will include the following:

0 

a 

0 

0 

0 

0 

S

Abide by GEO Vision Seismic Refraction Procedure approved by PG&E 
The investigation will be supervised by California Registered Geophysicist 
Equipment will be calibrated and tested as necessary 
Field activities will be clearly documented 
All hand or spreadsheet calculations will be checked and verified 
Abide by GEO Vision QA/QC Program 
Abide by PG&E QA/QC Program

Report 
The report will include data tabulations, QA/QC information and a discussion of field 
procedures, data processing, interpretation, and the results of the survey. Interpreted depth
sections will be provided for seismic refraction lines at the Borrow and Water Tank Sites. The 
report will be independently reviewed and approved by a California registered geophysicist.  

Registered Geophysicist QA Review 
Name: Antony J. Martin Name: John G. Diehl 
Title: Technical Director Title: Vice President/QA Manager 

Signature: t " 

Date: qd(rr/ii a : Q/I4 -'q 6
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APPENDIX B

PROCEDURE FOR SEISMIC REFRACTION METHOD, 
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ATTACHMENT 1 

PROCEDURE FOR SEISMIC REFRACTION METHOD 

DCPP HLW-Dry Cask Storage Facility 

Background 

This procedure describes a method for measuring shear and compressional wave 
velocities in soil and rock. The Seismic Refraction Method is applied by generating 
compressional waves (P) (and sometimes shear (SH)) on the land surface and 
measuring the travel time of the corresponding waves from the source to one or more 

geophones. These measurements are used to interpret subsurface conditions and 

materials. This travel time, along with distance between source and geophone(s), can 

also be interpreted to yield depth to refracting layer(s). The calculated seismic 
velocities can often be used to characterize some of the properties of natural and man
made subsurface materials.  

This is a general procedure and does not address all the details and components of a 
seismic refraction survey. Please refer to the references provided for additional 
information.  

Objective 

The specific objective varies depending on the project. It can be simply to reconnoiter 

subsurface conditions, or to provide detailed subsurface information. For example, 
rippability studies require very few geophones and a very simple analysis. On the other 
hand, detailed studies require very careful design of geophone spacing, source energy 
and location, accurate measurement of geophone elevations, and so on. In general, the 
basic outcome is a measurement of seismic wave velocities. Detailed studies will also 

provide a profile of the depth to refractors.  

Equipment 

1. Seismic energy source. Four types of sources used by GEOVision include: 

1.1. Sledge hammers of various weights 

1.2. Mechanical or accelerated weight drop or impact devices, such as the Bison 
EWG-1 or Geometrics Dynasource 

Seismic Refraction Survey Procedure 
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1.3. Projectile (gun) sources, such as the Betsy Seisgun, Betsy downhole percussion 

firing rod 

1.4. Explosives 

2. Multichannel seismograph, such as Geometrics Strataview R24, OYO DAS-1, or 

equivalent. GEOVision uses 24 to 48 channel systems for detailed refraction 

surveys. Seismographs must provide for digital recording, and for signal 

enhancement (energy) stacking. Single - 12 channel systems are acceptable for 

simple surveys such as rippability studies.  

3. 4 - 14 Hertz geophones (vertical for P-wave refraction studies, horizontal for S-wave 

studies), connected to the seismograph by cable. Geophone and take-out (electrical 

connection) spacing is determined by the depth of exploration and the resolution 

required 

4. Trigger cable or radio link, to provide a timing signal to the seismograph at the time 

of source impact 

5. Batteries to operate refraction system 

Figure 1 is a sketch of the field layout for a typical refraction survey.  

Environmental Conditions 

Seismic refraction data are affected by ground vibrations from a variety of sources.  

These include ambient sources such wind, water movement (such as waves breaking 

on a nearby beach), natural seismic activity, and rainfall on the geophones. They also 

include cultural sources such as vehicular traffic, construction equipment, nearby 

motors, aircraft, or blasting. Frozen ground can contribute a high-velocity near-surface 

path that will obscure the contribution of deeper layers.  

Such sources should be minimized as much as possible. Where possible, refraction 

data should not be collected during high winds or rain, or while vehicles are passing.  

Calibration 

Calibration of the multichannel seismograph is required. Calibration is limited to the 

timing accuracy of the recorder. GEOVision's Seismograph Calibration Procedure or 

equivalent should be used. Calibration must be performed on an annual basis.  

Seismic Refraction Survey Procedure 
GDVia DCPP HLW-Dry Cask Storage Facility 
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Measurement Procedure 

The specific procedure varies according to the objective for the survey, the design of the 
survey, and the method used to define the planar refractors. These are described in 
more detail in other references (1 - 6).  

The most important considerations are: 

1. Location of seismic refraction lines 

2. Length and orientation of lines 

3. Geophone spacing 

4. Location of shots (sources) 

5. Approach or interpretation method. These can include: 

5.1. Intercept-time or crossover method 

5.2. Delay-time methods and variations thereof 

5.3. Reciprocal methods, including: 

5.3.1. Common Reciprocal Method 

5.3.2. Generalized Reciprocal Method 

5.4. Ray-tracing methods 

5.5. Tomographic methods 

Of these approaches, the method most often used by GEOVision for detailed refraction 
surveys is the Generalized Reciprocal Method. This method is acknowledged superior 
to many other methods for modeling irregular dipping refractors and lateral velocity 
changes.  

The general field procedures are as follows: 

1. Check for adequate space to lay out a straight line in accordance with the survey 
design 

2. Locate and position first geophone according to design and such that the location 
can be repeated or identified independently (the line should be referenced to 
absolute fiducials at several locations).  

.,i Seismic Refraction Survey Procedure GE P ooýWDPP HLvvooy Cask Storage Facilt 
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3. Accurately mark geophone locations. Locations must be surveyed to within a few 

percent of the geophone interval, including elevation 

4. Lay out geophone cable 

5. Place geophones at marked locations. Geophones must be vertical and well 

coupled to the ground using the spike provided. Where rock is exposed the spike 

may be replaced with a tripod base.  

6. Test geophones and cables for shorts or open circuits.  

7. Set up source(s) at design locations. Shot locations must also be surveyed to within 

a few percent of the geophone interval.  

8. Place trigger cable 

9. Test seismic source and trigger cable 

10. Input survey geometry into seismograph 

11 .Test noise level and set gains and filters 

12. Proceed with refraction measurements 

Required Field Records 

1) Field log for each refraction measurement describing: 

a) Location of each geophone 

b) Date and time of test 

c) Tester or data recorder 

d) Description of source (location, amplitude, number of stacks) 

e) Any gain or filtering by channel during recording 

f) Any deviations from test plan and action taken as a result 

g) File name as recorded on disk 

h) QA Review 

Seismic Refraction Survey Procedure 
GE DCPP HLW-Dry Cask Storage Facility 
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Much of the above information will be automatically recorded in the seismograph 

header at the time of recording (gains, filtering, and survey geometry) and need. not 

be recorded on the paper log.  

2) Diskettes or tapes with backup copies of data on hard disk, labeled with line and 

measurement designation, record ID numbers, date, and tester name.  

Analysis and Interpretation 

Following completion of field work, the recorded digital records are processed by 

computer and interactively analyzed by an experienced geophysicist to produce plots 

and tables of P and SH wave velocity versus depth.  

Again, the specific procedure varies according to the objective for the survey, the design 

of the survey, and the method used to define the planar refractors.  

In general, GEOVision refraction data is processed using.the Generalized Reciprocal 

Method (GRM), one of the most advanced modeling methods currently available for 

seismic refraction data. Processing steps consist of loading field records into a 

computer, picking the travel times of first arrivals, entering shot and spread geometry, 

phantoming data from all shots on a line to obtain one set of forward and reverse travel 

time curves for each refractor, and applying the GRM to obtain a depth section (model 

showing different geologic units and their velocities).  

Preliminary interpretations are carefully verified using available geologic and drilling 

data. If at all possible, GEOVision recommends performing OYO P-S Suspension 

Logging or Downhole velocity survey in at least one borehole for a high-resolution 

constraint of the model. If such data is not available, the report will so mention.  

Report 

The final report will include the objective and scope of the survey, discussion of the 

geologic setting, any limitations of the survey, and any assumptions made. The field 

approach will be described including a description of equipment, procedures, and data 

acquisition parameters. The location of the seismic refraction line will be described 

along with a site map and the shot-point/geophone layout. Any corrections made to the 

field data will be discussed, including justification. The results of field measurements 

will be described including samples of raw data, and time-distance plots.  

The methodology for picking first arrivals, and for interpreting the results will be 

described along with any software program used. The interpreted results based on 

these methods will be presented along with any qualifications and alternate 

interpretations. These will include depth sections and seismic velocities.  
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Appropriate references for any supporting data will be provided.  

The report will be signed by the California Registered Geophysicist responsible for the 
refraction survey and data interpretation, and QA Reviewed in accordance with 
GEOVision QA Procedures.

References: 

1. ASTM Standard D 5777-95 "Standard Guide for Using the Seismic Refraction 
Method for Subsurface Investigation" 

2. Redpath, Bruce B. "Seismic Refraction Exploration for Engineering Site 
Investigations", Explosive Excavation Research Laboratory, Livermore, CA, 
distributed by NTIS, US Dept. of Commerce, Springfield, VA 

3. "Geophysical Exploration for Engineering and Environmental Investigations", 
Technical Engineering and Design Guides as adapted from the US Army Corps of 
Engineers, No.23, published by ASCE Press, Reston, VA 

4. Dobrin, M.B. 1960 Introduction to Geophysical Prospecting. 2 nd Edition. McGraw
Hill Book Co. Inc, New York 

5. Telford, W.M., et al, 1976 Applied Geophysics Cambridge University Press 

6. Milsom, J. 1989 Field Geophysics Open University Press, Milton Keynes
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Position Elevation First Arrival Time (milliseconds) 
(feet) (feet above MSL) File Name/Shot Position (feet) 

1018.datlO 1019.dat/-100 10110.dat/I15 10112.dat/230 10113.dat/330 

0 324.2 0.0 32.3 43.6 58.8 76.3 

10 325.5 5.4 36.0 40.5 58.3 76.0 
20 326.5 8.6 39.3 35.6 56.5 73.8 
30 327.5 12.0 43.4 30.4 53.9 71.6 
40 328.7 15.4 45.1 25.8 51.6 69.1 
50 330.2 19.0 47.3 23.3 49.8 67.0 

60 330.6 21.9 49.9 18.6 47.0 65.3 

70 331.5 24.6 51.5 15.9 44.3 62.8 
80 332.2 27.3 52.4 13.3 41.4 60.1 
90 333.1 30.4 53.6 9.5 38.6 57.5 

100 333.8 34.1 55.4 6.0 36.1 55.6 
110 334.8 37.1 57.4 3.6 35.9 55.4 
120 335.6 40.0 60.3 2.8 32.6 54.1 

130 336.4 42.1 61.5 6.4 30.5 50.6 

140 336.9 43.5 62.8 11.3 27.3 48.0 
150 337.5 45.0 63.8 14.5 23.8 45.3 

160 338.2 45.8 64.0 20.0 19.4 42.1 

170 338.9 47.8 65.1 22.8 16.9 40.4 
180 339.4 49.4 66.8 24.0 13.1 38.9 
190 340.0 51.4 69.1 26.1 11.3 37.9 
200 340.7 53.9 71.0 28.4 9.4 35.1 

210 341.3 55.5 73.0 30.8 7.6 33.8 
220 341.5 57.0 73.9 32.1 4.1 31.4 
230 342.3 58.5 75.3 35.8 0.0 31.5
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BORROW AREA LINE BA-1, SPREAD 2 P-WAVE DATA, 
Da~ta Collected Aeril 1998

Position Elevation First Arrival Times (milliseconds) 

(feet) (feet above MSL) File Name/Shot Position (feet) 
10212.dat/305 10214.dat/190 10215.dat/90 10216.dat/520 10217.dat/420 

190 340.0 32 0 27 72.8 

200 340.7 29 4.8 29.5 71.1 

210 341.3 27.8 7.8 31.1 69.8 

220 341.5 25.1 8.3 33.3 68.5 

230 342.3 23.1 11.9 36 67.4 

240 342.9 22 13.9 38.3 66.8 

250 342.7 19 18.4 40 65.9 

260 343.1 16.5 22.3 41.4 64.5 

270 343.9 12 24.3 43.5 62.6 37.3 

280 344.2 8.5 26 44.9 61.6 35.4 

290 344.3 6.1 28.9 46.4 60 33.8 

300 345.2 3.5 32.8 47.9 57.9 32.1 

310 345.5 3 34.1 50.1 55.8 30.1 

320 345.8 7.8 37.3 53.9 28.3 

330 346.1 11.6 39.3 51.4 26.6 

340 346.2 14 40.8 48.6 23.9 

350 346.1 16.3 42.6 46.8 22.1 

360 345.6 18.4 44.4 45.1 20.6 

370 345.1 21.1 46.1 42.6 18.9 

380 345.0 22.8 48.6 41.5 15.5 

390 344.8 24.5 50.6 39.9 11.9 

400 345.4 26.8 53 38.8 7.6 

410 345.0 29.9 56 36.4 4.1 

420 344.8 31.8 56.9 33.6 0
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BORROW AREA LINE BA-I, SPREAD 3 P-WAVE DATA,

Position Elevation First Arrival Times (milliseconds) 

(feet) (feet above MSL File Name/Shot Position (feet) 
10311.dat/380 10312.dat/280 10313.dat/495 10314.dat,610 10316.dat/710 318.dat1555110319.dati435 

380 345.0 0.0 31.6 37.9 88.5 51.9 23.9 

390 344.8 5.5 33.0 36.0 87.6 50.1 20.4 

400 345.4 9.4 36.6 34.6 87.0 49.0 15.6 

410 345.0 13.9 38.8 33.0 56.6 86.8 46.6 11.4 

420 344.8 16.0 41.5 31.9 55.4 86.3 45.9 8.5 

430 344.7 20.0 44.6 31.5 54.8 85.3 45.1 4.4 

440 344.2 23.9 48.1 27.8 51.1 81.9 41.3 4.4 

450 343.5 28.3 50.3 25.0 48.6 79.0 38.8 10.0 

460 343.2 .3.5 51.6 20.3 47.6 76.8 36.5 14.5 

470 33.1 32.1 54.9 16.5 47.6 76.6 35.3 19.4 
480 342.9 33.8 57.5 10.5 46.9 77.4 31.4 26.4 

490 342.0 36.0 59.6- -5.0 43.1 75.9 25.5 27.6 

500 340.8 38.3 60.3 4.3 39.3 73.1 21.3 29.1 

510 339.6 41.6 62.6 8.8 35.4 70.6 16.3 31.8 

520 338.7 44.1 64.5 10.9 29.8 6C5.6 13.3 

530 337.6 45.9 65.5 14.8 26.1 62.9 10.1 

540 336.8 47.0 66.1 19.0 23.1 61.1 7.0 

550 336.0 49.0 C8-.3 -23.3 19.8 58.5 - 4.3 

560 335.5 51.4 -70.6 27.3 16,9-q 56.3 3.8 

570 3 3 4.9 52.9 71.6 29.9 13.8 53.6 7.5 

580 334.0 54.6 729 331085.96 

590 333. 0 56.4 75.0 7.4 49.6 11.6 

600 332.3 58K.4 714145814.9 

610 331.8__ 60.6 77.5 0.0 1 45.6 21.0
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BORROW AREA LINE BA-2 P-WAVE DATA, 

Data Collected April 1998 

Position Elevation First Arrival Times (milliseconds) 
(feet) (feet above MSL) File Name/Shot Position (feet) 

I 2019.datI230 20111.daV251 20112.dat175 20113.datl115 20114.dat/55 20115.dati0 20117.datl-100 

0 377.6 53.4 50.5 40.1 26.9 17.1 0.0 27.9 
10 376.4 51.2 48.3 38.1 24.6 14.4 4.8 31.1 
20 373.1 49.9 46.5 37.0 23.4 12.6 8.5 35.1 
30 369.3 47.5 44.1 34.1 21.1 9.0 11.8 36.4 
40 366.1 44.4 40.3 30.9 17.4 6.3 12.6 36.3 
50 363.2 42.2 38.1 29.3 16.1 4.0 14.8 37.3 
60 360.0 40.5 37.0 27.5 14.3 4.0 17.6 38.8 
70 356.9 39.4 36.0 26.5 12.3 7.4 19.9 41.0 
80 354.6 38.9 34.9 25.5 10.4 9.9 22.0 43.5 
90 352.0 37.4 33.8 24.3 7.9 12.3 24.9 45.9 

100 349.3 34.7 31.1 21.3 5.6 15.1 26.7 47.4 
110 346.5 32.5 28.9 19.4 3.4 15.1 26.5 47.3 
120 344.0 31.2 27.1 16.9 2.5 18.1 29.7 50.5 
130 341.0 29.0 25.1 15.4 4.1 20.0 30.8 52.0 
140 338.5 27.5 24.3 14.4 7.4 22.4 32.9 53.4 
150 335.8 24.9 21.8 11.8 9.6 23.6 35.4 55.9 
160 333.2 23.3 20.0 6.9 12.8 26.5 38.2 58.5 
170 330.9 22.1 18.9 3.1 15.6 28.5 39.8 60.5 
180 328.4 19.0 15.9 3.3 16.0 27.9 39.3 61.0 
190 326.1 18.5 15.6 4.6 18.4 31.0 42.2 63.5 
200 323.5 15.1 12.9 8.3 20.3 32.5 43.4 64.8 
210 321.6 14.5 13.3 11.4 23.9 35.6 47.2 69.4 
220 319.2 9.3 13.1 17.3 28.6 40.4 52.2 74.3 
230 316.8 0.0 10.3 19.8 31.3 42.5 54.2 76.1
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Geophysical Investigations for the DCPP HLW-Dry Cask Storage Facility 
Phase 2 Work Plan 

Proposed CWA #5 for Contract 4600006633 

Workplan 

Purpose 
The purpose of the borehole logging is to provide a detailed measurement of the P and S-wave velocity structure surrounding up to three boreholes located at the borrow area hillside site.  

Scope of Work 
The following tasks will be performed in three boreholes located at the borrow area hillside site.  

Task 1: Perform borehole logging using the P-S Suspension method (reference GEOVision's 
"Procedure for OYO P-S Suspension Seismic Velocity Logging Method") 

Task 2: If the results of the P-S suspension logging indicate questionable or inconsistent data, perform borehole logging using the Downhole Seismic Method (reference 
GEOVision's "Procedure for Downhole Seismic Velocity Logging").  

Data Collection 
Eguipment 
The following seismic equipment will be used during this investigation: 

Task 1 
* OYO P-S 170 Digital Logging Recorder 
* OYO P-S Suspension Logger probe, including two sets horizontal and vertical geophones, seismic source, and power supply for source and receivers 
* Winch and winch controller, with logging cable 
* Batteries to operate OYO 170 and winch, or generator for the winch 

Task 2 
* OYO Model 170 Digital Logging Recorder or equivalent 
- Downhole probe, including horizontal and vertical geophones, fluxgate compass for 

orientation downhole, and system for locking probe against the side of the borehole 
* Downhole source, either traction plank per procedure or Hasbrouck Golf Shoe 
* 16 and 20-pound sledge hammers with impulse switches to trigger recording 
* Geophone for surface recording to check trigger time 
* OPTIONAL: Winch and winch controller, with logging cable (may not be used) 
* Batteries to operate OYO 170 and controls for downhole probe 

Other miscellaneous equipment will include: 
* Laptop computer 
* Diskettes 
* Various cables 
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Equipment Calibration 
The OYO P-S 170 recorder shall be calibrated within 12 months prior to use in the field and labeled in accordance with the Agbabian Associates Quality Assurance Program and the GEOVision "Calibration Procedure for GEO Vision's Seismic Recorder/Logger". The 12-month calibration interval was instituted in the Agbabian Associates Quality Assurance Program Section 12.1 (Revised Sept 25, 1997) in recognition of the consistent accuracy demonstrated over many years of by-yearly calibration checks. Instrumentation within the piobes (geophones, fluxgate compass, seismic source) does not require calibration for this procedure.  

Field Procedures 
Please refer to GEOVision's "Procedure for OYO P-S Suspension Seismic Velocity Logging Method" and "Procedure for Downhole Seismic Velocity Logging". In case of deviations or conflicts between the two, this Work Plan shall have precedence.  

Up to three boreholes will be drilled and cased by others. The depths and locations of the boreholes will be determined following preliminary evaluation of the results from the Refraction Survey performed previously at the site. The depths should be at least 5 meters greater than the desired measurement depth in order to accommodate the length of the P-S Suspension probe.  Logging will be performed in uncased boreholes if the boreholes can be maintained in the uncased condition. Otherwise, upon completion of drilling, the boreholes will be cased with 3" ID PVC, and grouted according to the method recommended in ASTM D 4428/D 4428M-91.  Disturbance to the borehole walls will be minimized.  

P-S Suspension measurements will be performed in the boreholes at 1 meter intervals or less.  Downhole measui'ements will be performed at 1.5 meter intervals. Prior to performing downhole measurements, each borehole will be emptied of fluid. Paper copies of all seismic records will be printed in the field and signed by the field geophysicist. Data will also be stored on floppy 
disk.  

Data Processing 
Data processing and analysis will be accomplished according to the referenced procedures.  

The results will be compared between the P-S Suspension logging, Downhole logging, and the refraction survey conducted previously at the site.  

Quality Control 
Quality control measures will include the following: 

0 Abide by GEOVision's "Procedure for OYO P-S Suspension Seismic Velocity Logging 
Method", and 

* ASTM D 4428/D 4428M-91 "Standard Test Methods for Crosshole Seismic Testing" approved by PG&E (for grouting methods only) * Abide by GEO Vision's "Procedure for Downhole Seismic Velocity Logging".  * The investigation will be supervised by California Registered Geophysicist 
• Equipment will be calibrated and tested as necessary 
* Field activities will be clearly documented 
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• All hand or spreadsheet calculations will be checked and verified 
* Abide by Agbabian Associates QA/QC Program 
• Abide by PG&E QA/QC Program 

Report 
The report will include data tabulations, QA/QC information and a discussion of field procedures, data processing, interpretation, and the results of the survey. Interpreted velocity profiles will be provided for each borehole. The report will be independently reviewed and approved by a California registered geophysicist.
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PROCEDURE FOR 
OYO P-S SUSPENSION SEISMIC VELOCITY LOGGING METHOD 

Reviewed 311011998 

Background 

This procedure describes a method for measuring shear and compressional wave velocities in soil and rock. The OYO P-S Suspension Method is applied by generating shear and compressional waves in a borehole using the OYO P-S Suspension Logger borehole tool and measuring the travel time between two receiver geophones or hydrophones located in the same tool.  

Objective 

The outcome of this procedure is a plot and table of P and SH wave velocity versus depth for each borehole. Standard analysis is performed on receiver to receiver data.  Data is presented in report format, with ASCII data files and digital records transmitted 
on diskette.  

Instrumentation 

1. OYO Model 170 Digital Logging Recorder or equivalent 

2. OYO P-S Suspension Logger probe, including two sets horizontal and vertical geophones, seismic source, and power supply for the source and receivers 

3. Winch and winch controller, with logging cable 

4. Batteries to operate OYO 170 and winch 

The Model 170 Suspension P-S Logging system, manufactured by OYO Corporation, is currently the only commercially available suspension system. As shown in Figure 1, the System consists of a borehole probe suspended by a cable and a recording/control 
electronics package on the surface.  

The suspension system probe consists of a combined reversible polarity solenoid horizontal shear-wave generator (SH) and compressional-wave generator (P), joined to two biaxial geophones by a flexible isolation cylinder. The separation of the two geophones is one meter, allowing average wave velocity in the region between the 

OYO P-S Suspension Velocity Logging Procedure 
Page 1 
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geophones to be determined by inversion of the wave travel time between the two 
geophones. The total length of the probe is approximately 7 meters; the center point of 
the geophones is approximately 5 meters above the bottom end of the probe.  

The probe receives control signals from, and sends the amplified geophone signals to, 
the instrumentation package on the surface via an armored 7 conductor cable. The 
cable is wound onto the drum of a winch and is used to support the probe. Cable travel 
is measured by a rotary encoder to provide probe depth data.  

The entire probe is suspended by the cable and centered in the borehole by nylon 
"whiskers." Therefore, source motion is not coupled directly to the borehole walls; 
rather, the source motion creates a horizontally propagating pressure wave in the fluid 
filling the borehole and surrounding the source. This pressure wave produces a 
horizontal displacement of the soil forming the wall of the borehole. This displacement 
propagates up and down the borehole wall, in turn causing a pressure wave to be 
generated in the fluid surrounding the geophones as the soil displacement wave passes 
their location.  

Environmental Conditions 

The OYO P-S Suspension Logging Method can be used in either cased or uncased 
boreholes. For best results, the borehole must be between 10 and 20 cm in diameter, 
or 4 to 8 inches.  

Uncased boreholes are preferred because the effects of the casing and grouting are 
removed. It is recommended that the borehole be drilled using the rotary mud method.  
This method does little damage to the borehole wall, and the drilling fluid coats and 
seals the borehole wall reducing fluid loss and wall collapse. The borehole fluid must 
be well circulated prior to logging.  

If the borehole must be cased, the casing must be PVC and properly installed and 
grouted. The best method is using a tremie tube to pump grout from the bottom. Any 
voids in the grout will cause problems with the data. Likewise, large grout bulbs used to 
fill cavities will also cause problems. The grout must be set before testing. This means 
the grouting must take place at least 48 hours before testing.  

Calibration 

Calibration of the Model 170 digital recorder is required. Calibration is limited to the 
timing accuracy of the recorder. GEOVision's Seismograph Calibration Procedure or 
equivalent should be used. Calibration must be performed on an annual basis.  
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Measurement Procedure

The entire probe is lowered into the borehole to a specific measurement depth by the 
winch. A measurement sequence is then initiated by the operator from the 
instrumentation package control panel. No further operator intervention is then needed 
to complete the measurement sequence described below.  

The system electronics activates the SH-wave source in one direction and records the 
output of the two horizontally oriented geophone axes which are situated parallel to the 
axis of motion of the source. The source is then activated in the opposite direction, and 
the horizontal output signals are again recorded, producing a SH-wave record of polarity opposite to the previous record. The source is finally actuated in the first direction 
again, and the responses of the vertical geophone axes to the resultant P-wave are 
recorded during this sampling.  

The data from each geophone during each source activation is recorded as a different 
channel on the recording system. The Model 170 has six channels (two simultaneous 
recording channels), each with a 12 bit 1024 sample record. The recorded data is 
displayed on a CRT display and on paper tape output as six channels with a common 
time scale. Data is stored on 3.5-inch floppy diskettes for further processing. Up to 8 
sampling sequences can be stacked (averaged) to improve the signal to noise ration of 
the signals.  

Review of the displayed data on the CRT or paper tape allows the operator to set the 
gains, filters, delay time, pulse length (energy), sample rate, and stacking number in 
order to optimize the quality of the data before recording.  

Typical depth spacing for measurements is 1.0 meters, or 3.3 feet. Alternative spacing 
is 0.5 meter, or 1.6 feet.  

Required Field Records 

1) Field log for each borehole showing 

a) Borehole identification 

b) Date of test 

c) Tester or data recorder 

d) Description of measurement 

e) Any deviations from test plan and action taken as a result 

f QA Review 
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2) Paper output records for each measurement as backup showing depth and ID 
number 

3) List of record ID numbers (for data on diskette) and corresponding depth 

4) Diskettes with backup copies of data on hard disk, labeled with borehole 
designation, record ID numbers, date, and tester name.  

An example Field Log is attached to this procedure.  

Analysis 

Following completion of field work, the recorded digital records are processed by 
computer using the OYO Corporation software program PSLOG and interactively 
analyzed by an experienced geophysicist to produce plots and tables of P and SH wave 
velocity versus depth.  

The digital time series records from each depth are transferred to a personal computer 
for analysis. Figure 2 shows a sample of the data from a single depth. These digital 
records are analyzed to locate the first minima on the vertical axis records, indicating 
the arrival of P-wave energy. The difference in travel time between these arrivals is 
used to calculate the P-wave velocity for that 1-meter interval. When observable, P
wave arrivals on the horizontal axis records are used to verify the velocities determined 
from the vertical axis data. In addition, the soil velocity calculated from the travel time 
from source to first receiver is compared to the velocity derived from the travel time 
between receivers.  

The digital records are studied to establish the presence of clear SH-wave pulses, as 
indicated by the presence of opposite polarity pulses on each pair of horizontal records.  
Ideally, the SH-wave signals from the 'normal' and 'reverse' source pulses are very 
nearly inverted images of each other. Digital FFT - IFFT lowpass filtering are used to 
remove the higher frequency P-wave signal from the SH-wave signal.  

The first maxima are picked for the 'normal' signals and the first minima are picked for 
the 'reverse' signals. The absolute arrival time of the 'normal' and 'reverse' signals may 
vary by +/- 0.2 milliseconds, due to differences in actuation time of the solenoid source 
caused by constant mechanical bias in the source or by borehole inclination. This 
variation does not affect the velocity determinations, as the differential time is measured 
between arrivals of waves created by the same source actuation. The final velocity 
value is the average of the values obtained from the 'normal' and 'reverse' source 
actuations.  

In Figure 2, the time difference over the 1-meter interval of 1.70 millisecond is 
equivalent to a SH-wave velocity of 588 m/sec. Whenever possible, time differences 
are determined from several phase points on the SH -wave pulse trains to verify the data 
obtained from the first arrival of the SH -wave pulse. In addition, the soil velocity 
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calculated from the travel time from source to first receiver is compared to the velocity 
derived from the travel time between receivers.  

Figure 3 is a sample composite plot of the far normal horizontal geophone records for a 
range of depths. This plot shows the waveforms at each depth, clearly showing the S
wave arrivals. This display format is used during analysis to observe trends in velocity 
with changing depth.  

Once the proper picks are entered, PSLOG automatically calculates both Vs and Vp for 
each depth. The program allows spreadsheet output for presentation in either charts 
are tables or both.  

Standard analysis is performed on receiver 1 to receiver 2 data, with separate analysis 
performed on source to receiver data as a quality assurance procedure.  

Registered Geophysicist - Date .o&

QA Review Date 0 (9 ý%

References:

1. Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 
Electric Power Research Institute, Palo Alto, California, November 1993, Sections 7 
and 8.  

2. The P-S Velocity Logging Method, R.L. Nigbor and T. Imai, Xli1 ICSMFE, 1994, New 
Delhi, India /XIII CIMSTF, 1994, New Delhi, India
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OYO SUSPENSION P-S VELOCITY LOGGING SETUP

Cable Head

7 -Conductor cable 

OYO PS-160 
Logger/Recorder 

Diskette 
with Data

Upper Geophone

Lower Geophone

Borehole Fluid

Filter Tube

Source

Source Driver

Weight

Overall Length - 25 ft

Figure 1. Suspension PS logging method setup
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Figure 2. Sample suspension method waveform data showing horizontal normal and reversed (HR and HN), and vertical (V) waveforms received at the near 
(bottom 3 channels) and far (top 3 channels) geophones. The arrivals in 
milliseconds for each pick are shown on the left. The box in the upper right 
corner shows the depth in the borehole and the velocities calculated based 
on the picks.  
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Figure 3. Sample composite waveform plot for normal shear waves received 
at the near geophone in a single borehole 
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GE 0zŽ'zz 
geophysical services 
a divsion of Agbabian Associates 

P-S SUSPENSION VELOCITY FIELD LOG 

SITE: 
DATE: CLIENT: 
JOB: 

AUTHOR: PAGE 1 OF 

CONTACT: _OFFICE_ PHONE: 
PHONE: CONTACT: _OFFICE_ PHONE: 
PHONE:__________ CONTACT: 
PHONE: 
PHONE: CONTACT: 
PHONE: 

PHONE: DRILLER: 
PHONE: 

COMPANY: 
PHONE: 

DIRECTIONS TO SITE: 

GENERAL SITE CONDITIONS/LOCATION: 

EA#: 
BOREHOLE DESIGNATION: LOCATION: 

COUNTY: RANGE: TOWNSHIP: SECTION: BOREHOLE CONSTRUCTION: CASED UNCASED 
DIAMETERS AND DEPTH RANGES: 0 TO " , TO 
BOREHOLE TOTAL DEPTH AS DRILLED: 
CONDUCTOR CASING?: YES DEPTH TO BOTTOM OF CASING ;NO DEPTH TO BEDROCK: DEPTH TO WATER TABLE:_ 
BOREHOLE FLUID: WATER-; FRESH WATER MUD-; SALT WATER MUD 

OTHER: 
DEPTH TO BOREHOLE FLUID: TIME SINCE LAST CIRCULATION: 

GEOVision geophysical services 1785 Pomona Road, Suite B, Corona, CA 91720 Ph (909) 549-1234 Fx (909) 549-1236 
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GE (fW7lc?,l 
geophysical services 
a dLision ofAgbabianAssociats 

SITE:_ _ _ _ __ 
CLIENT: 

DATE: 
AUTHOR: 

JOB:__________ 
PAGE 2 OF 

LOGGING CREW: 
VEHICLE(S) USED AND MILEAGE: RED_ _ BLUE ;WHITE MOBILIZED FROM: 

DEPARTURE TIME: ARRIVED ON SITE: 
STANDBY TIME: CAUSE: 
LOGGING STARTED: LOGGING COMPLETED: 
STANDBY TIME: CAUSE: 
LOGGING STARTED: LOGGING COMPLETED: DEMOBILIZED TO: ARRIVAL TIME: ADDITIONAL DEMOB TIME: REASON: 

BATTERIES CHANGED BEFORE LOGGING: YES ; NO_ STORED WITH NEW WINCH COMPROBE HAND WHITE TRK_ INSTRUMENT 12004 15014 GEOPHONE 

MAINTENANCE PERFORMED ON SITE: 

EQUIPMENT PROBLEMS OR FAILURES: 

SUGGESTIONS, ADDITIONS, CHANGES: 

COMMENTS: 

GEOVision geophysical services 1785 Pomona Road, Suite B, Corona, CA 91720 Ph (909) 549-1234 Fx (909) 549-1236 
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GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE: 

DATE: CLIENT: 
JOB: - AUTHOR: 
PAGE OF 

DEPTH jDEPTH JUNFILTERED IFILTERED JCOMMENTS METERS FEET FILE NO. FILE NO. ICASING, WATER, ROCK, ETC 

0.5 1.64 
1.0 3.28 
1.5 4.92 
2.0 6.56 
2.5 8.20 
03.0 9.84 
3.5 11.48 

S4.0 13.12 

--- 4.5 14.76 

5.0 16.40 
115.5 18.04 

6.0 19.69 
6.5 21.33 .R 7.0 22.97 

S7.5. 24.61 

13.0 426.65 

"18.5 27.89 
9.0 29.53 ._I 9.5 31.17 

10.0 32.81 
-• 0.5 34.45 

S18.0 36.09 
11.5 37.73 

L_!12.0 39.37 

12.5 41.01 
13.0 42.65 

t:13.5 44.29 

14.0 45.93 
14.5 47.57 .Ji 15.0 49.21 

15.5 50.8-5 
_•16.0 52.49 

16.5 54.13 
17.0 55.77 

J. 17.5 57.41 
18.0 59.06 

_18.5 60-70iI 
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GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE: 

DATE: CLIENT: 
JOB: 

--- AUTHOR: 
PAGE OF 

iDEPTH JDEPTH JUNFILTERED jFILTERED 'COMMENTS 
-|METERS IFEET FILE NO. IFILE NO. CASING, WATER, ROCK, ETC 

19.0 62.34 

19.5 63.98 

20.0 65.62 

20.5 67.26 
21.0 68.90 
21.5 700.5544 

22.0 72.18 

22.5 73.82 

23.0 75.46 

23.5 77.10 

24.0 78.74 
.A24.5 W038 

25.0 82E.02 
j• 25.; 8.66 

26.0 85.30 
1 26.5 86.94 

-27.0 88.58 

27. 90i.22 
._J 28.0 1-86 

28.5 93.50 
Dat29.0 95.14 

2 q9.5 996.78 

30.0 98.43 
J.30.5 100.07 

31.0 101.71 

31.5 103.35 
ý132. 104.99 

32.5 106.63 
T333. 0 108.27 

-+ 33.5 109.91 

j3ý4. 0 111.55 
. 34.5 131 

35.0 114.83 
JL35.5 116.47 

t 36. 118.11 
36.5 119.75 

[37.0 , 121.39 
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GEOVISION SUSPENSION LOGGING FIELD NOTES 
SITE: 

DATE: CLIENT: 
JOB: -AUTHOR: 
PAGE OF 

DEPTHS jIDEPTH 'UNFILTERED FILTERED jCOMMENTS 
METERS FEET FILE NO. FILE NO. CASING, WATER, ROCK, ETC

37.5 
38.0 

38.5 
39.0 
39.5 

40.0 

42.0 

4305 

42.0 

42.57 

44.5 

* 45.0 
45.5 
46.0 

47.0 

47.5 
* 48.'0 

48.5 

49.02 

-49.5 

50.0 

51.0 
51.5 
52._0 
52.5 

5ý3.0 
53.5 
54.0 

54.5 

55-08 
L157,48

123.03 
124.67 
126.31 
127.95 
129.59 
131.23 
132.87 
134.51 
136.15 
137.80 
139.44 
141.08 
142.72 
144.36 
14t6.00 

147.64 

1.49.28 
150.92 
152.56 
154.20 

155.84 
157.48 
159.12 
160.76 
162.40 
164.04 

165.68 
167.32 
168.96 
170.60 
172.24 
173.88 
175.52 
177.17 
178.81 
180.45 
182.09
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APPENDIX F

SOURCE-TO-RECEIVER (S-R1) ANALYSIS OF OYO P-S 

SUSPENSION LOG DATA

Diablo Canyon ISFSI 
Data Report C, Rev. I

C-83 of 93



DCPP BORROW AREA BOREHOLES 98-1 & 98-4 
Source to Receiver Analysis 

VELOCITY (METERS/SECOND) 
0 500 1000 1500 2000 2500 3000 3500 4000 

-4-R1-R2 Vs BA98-04 
--0-S-R1 Vs BA 98-04 
--0-S-R1 Vp BA 98-04 
--- R1-R2 Vs BA 98-01 

-- * R1-R2 Vp BA 98-01 
.-- S-R1 Vs BA 98-01 
-- S-RI Vp BA 98-01 
--- R1-R2 Vp BA 98-04 
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DCPP DRY CASK SITING PROJECT 
BORROW SITE BOREHOLE BA 98-1 
VELOCITY DATA ACQUIRED 6/9/98 

Table F-1

R1-R2 ANALYSIS 
DEPTH (FT) Vs (FT/S) Vp (FT/S) 

198.5 4193 916 4 
200.1 4670 10189 

203.4 5009 10002 205.1 5126 10516 
206.7 5468 11717 
208.3 6340 12427 
210.0 6871 12917 
211.6 6595 12716 
213.3 6309 12242 
214.9 6048 12716 
216.5 5807 11887 
218.2 5731 11010 
219.8 5965 11802

1.

S-RI ANALYSIS 
AVG DEPTH (FT) Vs (FTlS) Vp (FTIS) 

198.72 4527 9699 
200.36 4629 9754 

202 4682 10000 
203.64 5124 10575 
205.28 5407 10640 
206.92 5675 11419 
208.56 5819 12380 

210.2 5971 12321 
211.84 6095 12061 
213.48 6077 12118 
215.12 5886 12005 
216.76 5886 11921 

218.4 5852 12118 
220.04 5852 12175 
221.69 5836 11625 
223.33 5971 12175 
224.97 5937 12118 
226.61 5903 121751

Table F-1 Page 2 of 2

Diablo Canyon ISFSI 
Data Report C, Rev. 1

C-85 of 93



DCPP DRY CASK SITING PROJECT 
BORROW SITE BA 98-4 

VELOCITY DATA ACQUIRED 6/8/98 
Table F-4

S-RI ANALYSIS 
AVG DEPTH (FT) Vs (FTIS) Vp (FT)

RI-R2 ANALYSIS 
DEPTH (FT) Vs (FT/S) Vp (FTIS) 

3.3 2734 0 
4.9 2625 4525 
6.6 4621 8989 
8.2 2103 4525 
9.8 4050 8412 

11.5 3645 7630 
13.1 3929 7056 
14.8 3793 8101 
16.4 3645 8749 
18.0 3547 8002 
19.7 4464 8522 
21.3 3400 8867 
23.0 3929 9510 
24.6 4404 8867 
26.3 3625 8522 
27.9 4557 8634 
29.5 3645 8412 
31.2 3728 7630 
32.8 4825 8749 
34.5 5965 8202 
36.1 2377 6309 
37.7 3528 7630 
39.4 2878 4861 
41.0 3024 7132 
42.7 4050 9242 
44.3 3248 8306 
45.9 5167 6497 
47.6 4621 6371 
49.2 3052 5561 
50.9 2792 5756 
52.5 3125 6835 
54.1 4557 8634 
55.8 4721 8412 
57.4 5249 9794

4039 
4055 
4104 
3946 
4137 
4274 
4310 
4478 
5255 
4928 
4104 
3916 
4008 
4204 
4769 
4813 
5150 
4682 
4256 
3355 
3093 
3399 
3468 
3422 
3344 
3445 
3732 
3829 
4537 
4725

Table F-4 Page 1 of 3
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S)

6959 
6458 
7803 
7153 
7687 
8512 
9035 
9321 
9156 
9406 
9196 
9156 
8729 
9196 
9156 
8477 
8996 
8512 
7079 
6519 
6095 
5988 
5971 
6540 
6732 
6959 
7357 
7546 
9156 
9763
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10.07 
11.71 
13.35 
14.99 
16.63 
18.27 
19.91 
21.55 
23.19 
24.83 
26.48 
28.12 
29.76 

31.4 
33.04 
34.68 
36.32 
37.96 

39.6 
41.24 
42.88 
44.52 
46.16 
47.8 

49.44 
51.08 
52.72 
54.36 

56 
57.64

m 

IS)



DCPP DRY CASK SITING PROJECT 
BORROW SITE BA 98-4 

VELOCITY DATA ACQUIRED 618198 
Table F-4

I

R1-R2 ANALYSIS 
IDEPTH (FT) Vs (FTIS) Vp (FT/S) 

59.1 5208 93741 
60.7 4317 9794 
62.3 4525 97194 

64.0 4721 9794 
65.6 4404 10253 
67.3 5087 9510 

68.9 5423 10757 
70.5 4621 9794 
72.2 3185 10415 
73.8 3547 8634 
75.5 4934 8412 
77.1 3977 8412 
78.7 2635 6309 
80.4 2891 4897 
82.0 2853 8867 
83.7 2635 6190 
85.3 3170 7906 
86.9 6190 10583 
88.6 2828 6076 
90.2 3066 7542 
91.9 3547 7456 
93.5 3170 8306 
95.1 3454 6835 
96.8 2224 4721 
98.4 4434 8989 

100.1 4206 8634 
101.7 3666 7812 
103.4 3110 8634 
105.0 3281 8634 
106.6 4494 9650 
108.3 5378 11313 
109.9 6020 12381 
111.6 5292 10757 
113.2 4026 8867

Table F-4 Page 2 of 3
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S~S-R1 ANALYSIS 

AVG DEPTH (FT) Vs (FTIS) Vp (FT/S} 
59.28 5508 9856 
60.92 5365 10098 
62.56 5365 9763 

64.2 4882 9626 
65.85 4928 10674 
67.49 4682 9626 
69.13 4769 9763 
70.77 4725 9406 
72.41 4747 9406 
74.05 4578 9364 
75.69 4459 9952 
77.33 4346 9364 
78.97 4008 9364 
80.61 3589 8408 
82.25 3977 .8879 
83.89 3515 9763 
85.53 3312 9904 
87.17 3112 9035 
88.81 2901 8957 
90.45 3029 8548 
92.09 3377 8340 
93.73 3801 8047 
95.37 3725 8142 
97.01 4071 9196 
98.65 3787 9321 

100.29 3916 8340 
101.93 3801 9238 
103.57 3962 9626 
105.22 4104 10098 
106.86 4187 10249 

108.5 4256 10300 
110.14 4498 10404 
111.78 4769 10564 
113.42 4928 10842



DCPP DRY CASK SITING PROJECT 
BORROW SITE BA 98-4 

VELOCITY DATA ACQUIRED 618198 
Table F-4 

R1-R2 ANALYSIS I S-RI ANALYSIS 
DEPTH (FT) Vs (FTIS) Vp (FTIS) AVG DEPTH (FT) Vs (FTIS) Vp (FT/S) 

"14A Q AQAr ,
I 17I. U 

116.5 
118.1 
119.8 
121.4 
123.0 
124.7 
126.3 
128.0 
129.6 
131.2 
132.2

5249 
6020 
6628 
3686 
2969 
3793 
3977 
3860 
3793 
4345 
4494

Vu-Iu 

10757 
10415 
12619 
9374 
7812 
8634 
8634 
8002 
7906 

10253 
9650

115.06 
116.7 

118.34 
119.98 
121.62 
123.26 

124.9 
126.54 
128.18 
129.82 
131.46 

133.1 
134.74 
136.38 
138.02 
139.01

5024 
4882 
4187 
4478 
4221 
3946 
3843 
3718 
4023 
4187 
4023 
4120 
4221 
4204 
4204 
4239

10957 
10564 
10198 
10098 

9952 
9364 
9115 
8766 
8918 
9196 
9321 
9196 
9075 
9035 
8803 
9115

Table F-4 Page 3 of 3
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DCPP DRY CASK SITING PROJECT 
BORROW AREA HILLSIDE SITE BOREHOLE BA 98-3 

VELOCITY DATA ACQUIRED 618198

RECEIVER TO RECEIVER (R1-R2) SOURCE TO RECEIVERk (S-RI) 
ANALYSIS ANALYSIS 

DEPTH (FT) Vs (FTIS) Vp (FTIS) AVG DEPTH (FT) Vs (FTIS) Vp (FTIS)
55.8 
57.4 
59.1 
60.7 
62.3 
64.0 
65.6 
67.3 
68.9 
70.5 
72.2 
73.8 
75.5 
77.1 
78.7 
80.4 
82.0 
83.7 
85.3 
86.9 
88.6 
90.2 
91.9 
93.5 
95.1 
96.8 
98.4 

100.1 
101.7 
103.4 
105.0 
106.6

3331 
3750 
4153 
4721 
3625 
3400 
3331 
3418 
3435 
3217 
2916 
4101 
4050 
3953 
3566 
3155 
3348 
4076 
3728 
3155 
5756 
5378 
4790 
3605 
4345 
2878 
3066 
3837 
3750 
4026 
4206

I U413 

8202 
8989 
8202 

0 
9942 
9242 
8306 
8412 
8202 
9374 
8867 
9794 

10757 
9794 
8749 
8202 
8202 
8989 
8989 
9374 

10583 
11717 
11717 

9113 
8101 
8867 
9510 
7906 

10757 
8867 
9374

-� 
- *1

4478 
4682 
5365 
5074 
5049 
4703 
4328 
3759 
3552 
3576 
3576 
3552 
3652 
3589 
3540 
3759 
3652 
3732 
3801 
4137 
4609 
4747 
5074 
4714 
4703 
4619 
4071 
3829 
3333 
3732 
3872 
4137

8692 
8879 
9196 
9450 
9279 
9279 
8803 
9364 
9115 
8879 
9279 
9904 
9810 
9450 
9279 
9196 
9035 
8879 
8803 
9364 

10049 
10404 
10300 
10249 
10300 
10510 
10098 

8879 
8879 
9196 
9904 

10000

56 
57.64 
59.28 
60.92 
62.56 

64.2 
65.85 
67.49 
69.13 
70.77 
72.41 
74.05 
75.69 
77.33 
78.97 
80.61 
82.25 
83.89 
85.53 
87.17 
88.81 
90.45 
92.09 
93.73 
95.37 
97.01 
98.65 

100.29 
101.93 
103.57 
105.22 
106.86

Table F-3 Page 2 of 4
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DCPP DRY CASK SITING PROJECT 
BORROW AREA HILLSIDE SITE BOREHOLE BA 98-3 

VELOCITY DATA ACQUIRED 6/8/98 

RECEIVER TO RECEIVER (RI-R2) SOURCE TO RECEIVERk (S-RI) 
ANALYSIS ANALYSIS 

DEPTH (FT) Vs (FTIS) Vp (FTIS) AVG DEPTH (FT) Vs (FTIS) Vp (FTiS) 
1flR - '17) 0 .

109.9 
111.6 
113.2 
114.8 
116.5 
118.1 
119.8 
121.4 
123.0 
124.7 
126.3 
128.0 
129.6 
131.2 
132.9 
134.5 
136.2 
137.8 
139.4 
141.1 
142.7 
144.4 
146.0 
147.6 
149.3 
150.9 
152.6 
154.2 
155.8 
157.5 
159.1

3860 
2853 

2865 
3490 
3038 
3645 
3331 
3566 
4127 
4525 
3793 
5335 
6433 
4289 
2969 
4289 
5009 
4825 
3382 
3095 
3155 
3265 
3147 
3953 
4419 
4140 
5756 
5706 
5584 
6020 
5514

M) Iu 

8749 
9510 
4861 
5965 
6907 
8634 
8002 
8412 
8002 
9510 

10415 
7542 

11121 
9510 
6696 
8202 

10757 
9374 
8101 
7906 
8327 
8544 
8412 
9113
9650 

10064 
10722 
11010 
11802 
11634 
11010

108.5 
110.14 
111.78 
113.42 
115.06 

116.7 
118.34 
119.98 
121.62 
123.26 

124.9 
126.54 
128.18 
129.82 
131.46 

133.1 
134.74 
136.38 
138.02 
139.66 

141.3 
142.94 
144.59 
146.23 
147.87 
149.51 
151.15 
152.79 
154.43 
156.07 
157.71 
159.35

4120 
4221 
3843 
3946 
3801 
3692 
3962 
4364 
4703 
4383 
4537 
4714 
4769 
4221 
4247 
4619 
4170 
3843 
3916 
4071 
3552 
3492 
3552 
3829 
3872 
4170 
4547 
4847 
5037 
5202 
5508 
5323

9115 
9279 
9196 
8879 
8583 
8110 
7744 
6821 
7055 
8175 
7410 
7863 
8583 
8512 
8918 
9196 
8879 
8583 
8110 
7984 
8240 
8110 
8142 
8306 
8803

9717 
10249 
10300 
10729 
11196 
11573 
11508
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DCPP DRY CASK SITING PROJECT 
BORROW AREA HILLSIDE SITE BOREHOLE BA 98-3 

VELOCITY DATA ACQUIRED 6/8198 

RECEIVER TO RECEIVER (R1-R2) SOURCE TO RECEIVER (S-RI) 
ANALYSIS ANALYSIS 

DEPTH (FT) Vs (FTIS) Vp (FTIS) AVG DEPTH (FT) Vs (FTIS) Vp (FTIS)
0-t 

5608 
5167 
5681 
6220 
5632 
5126 
5106 
4971 
4825 
4360 
4026 
4807 
5608 
6465 
6279 
5965 
6220 
6628 
6279 
6249 
6309 
6161 
5911 
5859 
5938

162.4 
164.0 
165.7 
167.3 
169.0 
170.6 
172.2 
173.9 
175.5 
177.2 
178.8 
180.5 
182.1 
183.7 
185.4 
187.0 
188.7 
190.3 
191.9 
193.6 
195.2 
196.9 
198.5 
200.1 
200.8

Ilolu 

11236 
11084 
10516 
12917 
12151 
11010 
12151 
11236 
10449 
10253 
10003 
10449 
10864 
12062 
12334 
11634 
12062 
12917 
12816 
12619 
12619 
12619 
12427 
12151 
12334

160.99 
162.63 
164.27 
165.91 

167.55 
169.19 
170.83 
172.47 
174.11 
175.75 
177.39 
179.03 
180.67 
182.31 
183.96 
185.6 

187.24 
188.88 
190.52 
192.16 

193.8 
195.44 
197.08 
198.72 
200.36 

202 
203.64 
205.28 
206.92 
207.58

5365 
5464 
5370 
5421 
5282 
5365 
5282 
5074 
4882 
4747 
4714 
4813 
4928 
4952 
5049 
5163 
5242 
5738 
5675 
5803 
5886 
5836 
5706 
5628 
5337 
5176 
4928 
4588 
4488 
4527

11839 
11908 
11599 
11196 
11573 
11839 
11573 
11075 
11016 
10957 
10674 
10842 
11196 
11381 
11839 
12005 
12335 
12795 
12716 
12795 
12623 
12335 
12262 
11638 
11908 
11573 
11135 
10785 
10785 
10404
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DCPP DRY CASK SITING PROJECT 
BORROW AREA HILLSIDE SITE BOREHOLE BA 98-3 

VELOCITY DATA ACQUIRED 618/98

SOURCE TO RECEIVER (S-R1) 
ANALYSIS 

AVG DEPTH (FT) Vs (FTIS) Vp (FT/S)

RECEIVER TO RECEIVER (R1-R2) ANALYSIS 
DEPTH (FT) Vs (FTIS) Vp (FT/S) 

3.3 15260 

4.9 1402 2983 
6.6 1305 2395 
8.2 1600 4153 
9.8 1754 2828 11.5 1715 3281 

13.1 2130 6020 
14.8 2667 6497 
16.4 3666 6132 
18.0 3586 7630 19.7 3547 78122 

21.3 4050 8306 
23.0 • 3883 8749 
24.6 3837 8522 
26.3 3837 7373 
27.9 3837 7456 
29.5 3217 7542 
31.2 3707 5859 
32.8 2983 5911 
34.5 2841 6371 
36.1 3771 7906 
37.7 4101 7630 
39.4 3081 8101 
41.0 2891 7373 
42.7 3331 8002 
44.3 3528 8002 
45.9 3605 8202 
47.6 3793 7720 
49.2 5608 9794 
50.9 5561 10583 
52.5 3860 8002 
54.1 5126 8867

1853 
2182 
2438 
2754 
2977 
3422 
3468 
3759 
4071 
4120 
4087 
3492 
3843 
3692 
3787 
3801 
3829 
3422 
3552 
3552 
3492 
3576 
3887 
3787 
3456 
3916 
3829 
4071

4858 
5309 
6300 
6603 
7744 
8110 
7863 
7923 
7984 
7630 
7630 
7357 
6561 
6358 
6959 
6867 
6732 
7055 
7984 
7803 
9115 
8957 
9035; 
9364 
8729: 
8918 
9115 
8879
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10.07 
11.71 
13.35 
14.99 
16.63 
18.27 
19.91 
21.55 
23.19 
24.83 
26.48 
28.12 
29.76 

31.4 
33.04 
34.68 
36.32 
37.96 

39.6 
41.24 
42.88 
44.52 
46.16 
47.8 

49.44 
51.08 
52.72 
54.36



DCPP BORROW AREA BOREHOLE 98-3 
Source to Receiver Analysis 

VELOCITY (METERS/SECOND) 
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