River Bend Unit 3

NRC Onsite Review
Geotechnical / Hydrogeology

Investigation Activities
March 28-29, 2007



Project Introduction & Agenda

* Project Introduction - Garry Young (Entergy)
— Introductions
— Project Background and Status

* Project Organization / QA - George Zinke (Entergy) /
Larry Drbal (Black & Veatch)
« Site Investigations Overview — Mark Petersen (Black &
Veatch)

— Objective and Scope Review

— Brief Geology Overview (Kathryn Hanson, Geomatrix)

— Investigation Overview

— Field Procedures Overview

— Investigation Issues/Constraints

« Site Orientation — John Caldwell (Black & Veatch)
— Site safety briefing
— Site tour




Project Background

Develop COL Application based on ESBWR
Reactor Technology

September, 2006 - Entergy Contract w/ Black & Veatch to
Develop COL Application

- September, 2006 - Initiated Vendor Qualification Process

« October, 2006 - Review Existing Information and Start
Investigation Planning

- November, 2006 - Start Hydrogeology Investigation

- January, 2007 - Start Geotechnical Investigation

- May 2008 - Target COL Submittal date




Overview of Current Status

* Hydrogeology Investigation

— All monitoring wells installed

— Monthly groundwater measurements and groundwater
sampling continuing

* Geotechnical Investigation

— Geotechnical investigation (including borings, CPTs, and
pressuremeter testing for ESBWR nearly complete

— Seismic testing to be completed

 COLA development in process




Project Organization and QA

George Zinke Larry Drbal
New Plant Project Project Manager

.Mangger- (Black & Veatch)
Licensing/QA

(Entergy)



Project Organization

Hydrogeology Investigation

Entergy

Black & Veatch
Black & Veatch Investigation Development

QA Field Supervision
COLA Development

Professional Service Industries
Drilling/Sampling
Well Installation
Laboratory Testing

Subcontractors
Surveying
Water Quality Testing




Project

Organization

Geotechnical Investigation

Entergy
Black & Veatch Technical Advisory
Black & Veatch Investigation Development Board
QA Field Supervision Doc Setlur  Ed Idriss
COLA Development Carl Stepp  Gonzalo Castro

Geomatrix Consultants

Seismic Characterization and SSE
Development

Professional Service Industries (PSl)
Drilling/Sampling, Laboratory Testing

PSI Subcontractors
RocTest, AOA Geophysics
Southern Earth Sciences, GEOVision




Project Organization - rResponsibilities

* Entergy

— Site owner

» Technical Advisory Board

— Providing independent review of geotechnical and
seismological investigations and analysis.

. Black & Veatch

COL Application contractor

— Providing overall technical direction and engineering for
hydrogeology and geotechnical investigations

— Coordination and management of field investigation
activities.

— Providing QA oversight for field investigation activities as
well as managing interface with site owner.

 Black & Veatch Subcontractors

— Geomatrix Consultants - Providing analysis support for
geological and seismological investigations.

— Professional Service Industries - Drilling, in-situ testing, well
installation, laboratory testing, & geophysical testing.




Project Organization -responsibilities

« Black & Veatch provides field management
responsibilities for hydrogeological and geotechnical
iInvestigations

* Black & Veatch Site Coordinator provides supervision
of the day-to-day field activities

« Black & Veatch Geotechnical Engineer (or Geologist)
Is assigned full-time to each drill rig for technical
direction and oversight




Investigation Quality Assurance

Entergy
Contract —» Flowdown Requirement
\ 4 <P Interrelated Document
Black & Veatch
I Nuclear Quality Assurance Manual
Black & Veatch > Black & Veatch
Nuclear Procedures Verified Supplier Surveillance
| + *
¢ Black & Veatch
Black & Veatch P o
i ma | L T R et Contract/Specifications
Engineering Hydro &Geotech DCP/ WP < pecca
¥ ¥ v
Black & Veatch A Y PS|
Contract Black & Veatch || Black & Veatch Quality Assurance Manual
Technical Work Instructions
* Management / QA ¢
- Surveillance
Geqma’;rlx I PS|
Engineering » | Quality /Technical Operating

Procedures
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Site Investigations Overview

Mark Petersen
Geotechnical Engineer
(Black & Veatch)
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Investigation Objectives

Hydrogeology

» Confirm and demonstrate applicability of
previously developed data.

* Refine the site and regional
hydrogeologic characterization for COL
application.

» Assess potential groundwater flow
reversal and Unit 3 liquid effluent release
path.
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Investigation Scope

Hydrogeology

Perform hydrogeologic exploration
program to confirm and refine:

— Characterize site aquifers

— Measure monthly site ground water levels
— Characterize site ground water flow

— Test groundwater quality

Determine hydrogeologic properties

Evaluate potential for groundwater flow
reversal

Evaluate Unit 3 liquid effluent release
path
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Investigation Objectives
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Investigation Objectives

Geotechnical

Confirm and demonstrate applicability of
field data from previous investigations

Obtain data in areas supporting safety-
related foundations to meet:

— Regulatory Guide 1.132
— Vendor DCD and Soil Structure Interaction requirements

Collect new data on certain non-safety
related foundation areas

Obtain additional site groundwater
characterization for dewatering evaluation
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Investigation Scope

Perform geological, geotechnical, and
geophysical exploration program to confirm and

refine:

—  Site stratigraphy and groundwater conditions

— Static and dynamic soil properties

— Site geohazards and foundation conditions

Evaluate variability of site conditions and soil
parameters

Evaluate site suitability with respect to
regulatory guidance and reactor vendor DCD

Establish properties of the soil column for input
Into a response analysis used to determine the
site specific response spectra
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Site Investigations Overview

Kathryn Hanson
Principal Geologist
(Geomatrix Consultants)
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Seismic Investigations

Compilation of New Data
Potential for Surface Faulting

Seismic Source
Characterization/PSHA

— Earthquake Catalog Updates
— EPRI Source Updates
— Ground Motion Models

Site Response
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R egional GeOIOgy — Physiographic Provinces
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Regional Geology - structural
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Regional Geology - stratigraphy

Kansas Explanation

* Site location

=mi 320-km (200-mi) radius
around site

== Cross section C-C' (SERI,
2003, Figure 2 5-4a)

== (Cross section K-K' (LGS,
1983, Folio 6)

=== Zones of growth faults
{McCulioh, 2001)
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Regional Geology - Cross Section C-C’
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Site Vicini ty - Cross Section J-J’
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Site Vicini ty - Cross Section K-K’
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Site Area- Preliminary (Unpublished) Geologic Map
/G *“"“ ’ .:» km ‘ﬁe} !\.ﬁ.; 1) Explanation

>
P

)

* Site location

B-km (5-mi) radius
from site

S County boundary

— Geologic contact (Autin and
McCulloh, 1892 and McCulloh
and Heinrich, 2007, unpublished
mapping)

Mote: Field checking of mapping by the
Louisiana Geological Survey is currently

underway
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) e
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River Bend COL Application
West Feliciana, Louisiana

SITE AREA PRELIMINARY
UNPUBLISHED MAPPING
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Surface Fault Investigations
(RBS COLA study)

Update literature search (geological and geophysical
investigations 1987 to ongoing research)

(e.g., McCulloh’s ongoing LGS program to identify growth faults
using LiDAR imagery)

Interpretation of LIDAR imagery of site area
(5-mile radius)(including topographic profiles)

Field Reconnaissance Investigations
(March and April, 2007)

Verification of continuity of strata beneath the footprint
of the COL site
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Site Investigations Overview

Mark Petersen
Geotechnical Engineer
(Black & Veatch)
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Hydrogeologic Investigation

O 21 New Monitoring
Wells

O 7 Existing
Monitoring Locations

(three additional
piezometers
installed as part of
geotechnical
Investigation)
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ESBWR Layout

Note that this is an approximate layout for illustrative
purpose only, existing structures not shown
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ESBWR Specific Investigation

—43
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(35 to 430 feet deep)
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Field Exploration Methods

Standard Penetration Testing (SPT)

Cone Penetration Test (CPT) Soundings
Including Seismic Velocity Profiling

Borehole Pressuremeter
Downhole Seismic Testing

P-S Suspension Velocity Logging
Groundwater Monitoring Wells
Geologic Surface Mapping
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Lab Testing Program

» Tests are assigned by Black & Veatch
after reviewing boring location (site
structure) and boring log

» Subcontractor (PSI) performs laboratory
tests

* Testing includes:
* Index/Classification
« Strength/Deformation
* Dynamic Testing
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Index / Classification Testing

Laboratory Test

Determines Soil

Atterberg Limits
Mechanical Sieve
Analysis

Hydrometer

Percent Passing # 200
Sieve

Classification/Description

Standard and Modified
Proctor Test

Compaction characteristics

Unit Weight and
Moisture Content
Determination

74 and y,— Dry and total unit weight

Maximum and
Minimum Index
Density Test

€. and e_.. — Maximum & Minimum Void ratio

Organic Carbon Test

Organic content

Chemical Analysis

Oxidation-reduction potential, pH, sulfide content, water-

soluble chloride ion content, and water-soluble
sulfate content.
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Strength / Deformation Testing

Laboratory Test

Determines Static Engineering
Properties

Consolidated-Undrained Triaxial
Compression Test with Pore Water
Pressure Measurements (CU)
Consolidated-Drained Direct Shear Test

Effective Stress Strength Parameters:
1. ¢ — Internal angle of friction
2. ¢’ — Cohesion intercept

Unconsolidated-Undrained Triaxial
Compression Test (UU)
Unconfined Compression Test (UC)

S, - Undrained Shear Strength,

CuU
uu
ucC

Stiffness:
1. E,—Young's Modulus

One-Dimensional Consolidation Test

Consolidation Parameters:

1. C, Compression Index

2. C,—recompression Index

3. ¢,—Coefficient of vertical
consolidation

4. OCR - Overconsolidation Ratio
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Dynamic Testing

Laboratory Test

Determines Dynamic Engineering Properties

Resonant Column Test

Stiffness and Damping at low strain levels:
1. Shear modulus (G) at low strain levels
2. Soil Damping (D) at low strain levels

Cyclic Triaxial Test

Stiffness and Damping at higher strain levels:
1. Shear modulus (G) at higher strain levels
2. Soil Damping (D) at higher strain levels
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Beginning of Day Activities

« B&V Site Coordinator conducts daily briefing with B&V
Engineers/Geologist and Contractors at field office
before leaving for assignment. Briefing includes:

— Site Instructions
— Safety briefing
— Condition Reports (if any)

« B&V Engineer/Geologist inspects equipment,
samplers, and notes on In-Situ Sampling Test
Inspection form.

* Working area is checked for any unsafe conditions,
Issues addressed, drilling started.
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Site Instruction Form

BLACK & VEATCH | o |
wetrgaworld o ¢ N | SITE INSTRUCTION NO.%a' [« ~01

PHINGY WATER HEOKMATIEN  SBRTES )
Date '

Te Con¥eciors See Reprasaialive

From: Fawilde Dianc (Mack & Vaalch Comparation)

Copies o )
Javwvn Latdhmehd [Black & Veasch Corparalion)  Fax No
Moeadee Law < IPSI)  Fax No
AL Ve vt & Bay
Instructions
1 Maal wilh Black & Viealch Construction FEM and Feld Engineer’Ganiogs! pror to d iing for work
sufety related and o ilirg Neructions

2) Messure and provide al lengths/dimersions of s, samplars, and bils used to Ta Fiekd
EngneenGonlog st

3} Periodic cleanout depth checks wil De parfanred when requesied by the Fieid
crarean'Gaciogis! [refer to te Caalechnical Work Plan lor procedura)

G
4) Measure flukd ki 8t the =tart of each warkday for borings in progress, at ?e completion ol
grling and when the Auld oeals have staniized

50 Typca samging Inlerva's for B_‘l’nng }__ s provded Defow and they ara sulysciad 1o anga
5 insinchad by the Feld Engineen'Geaoas! on sba whis crilrg
| Dupth range
_Interval (ft)

.0  *

heos wil be dedeemined by the Fiad Ergneer'Cooas! on site while drl ng

) Samping m

three S-inch norements (1 5-M) an rod for samplireg o sands, sils and Clays and ffoen 0 1.

) Maerk
foal ncramnts {1 80 on rod if gravedly Jluviam s espected

8) Msue sure that catcher 5 propery Fatsied and in good warking condtions
9) Clean e SPT sar er aller each Luse

10) Barelwie devabon sureny wil be parformad &er dnling camplated # 1he borehole CepTh anceeds
1001t
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Borehole Procedure Overview

« Daily Site Instructions for each borehole prepared by
B&V Field Engineer/Geologist and presented to drilling
crew. Per DCP, site instructions specify:

— Boring depth

— Sampling intervals & instructions
— Boring Specific Testing

— Well installation (if required)
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Borehole Procedure Overview

* B&V Engineers/Geologists assigned to
each rig perform the following:

— Ensure drilling or testing operations are conducted in
conformance with specification and site instructions.

— Maintain field logs of borings, including classification of
materials recovered and description of geotechnical soil
properties (ASTM 2488). Boring logs prepared in triplicate.

— Photograph each sample obtained.

— Complete boring inspection and in-situ sampling test inspection
forms.

— Complete any additional testing or well installation per site
Instruction.

— Oversee grouting of the borehole when completed.

44



Field Boring Log

E" FIELD BORING NO. FR 3%
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Example Soil Sample Photo

,ﬂ
S M (MS28S
B Ouvonec: Eﬁ‘cﬂ"a\f “\.&O\‘tﬂ! Tre ‘a_ '3

0.<

46



End of Day Activities

Return field records and all samples to the temporary
site storage facility.

B&V Engineer/Geologist completes Sample
|dentification/Traceability Record and place samples
into temporary site storage facility.

Partially completed field records are electronically sent
to B&V Overland Park, Kansas office to assure data
backup and begin QA process.

The original field records are sent to B&V Overland
Park, Kansas office; a duplicate copy of the field
records remains in the site file.

B&V Engineer/Geologist prepares daily field report and
submits to B&V Site Coordinator.
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Example Boring Inspection Form

a BLACK & VEATCH |

. wudng s worldof ifererce BORING INSPECTION FORM

ENERGY WATER INFORMATION  GOVERNMENT

Entergy Project No. 145885

River Bend COL Boring_e- 1
UNSAT SAT N/A
Initial Initial Initial

1. Excavation permit obtained. A

2. Site instruction issued. B

3. Coordinates and elevation of stake obtained. G0

4. Offset, if any, from stake noted with bearing and distance. SR

5. Plastic installed beneath rig. A

6. Samples collected, logged, sealed, and labeled. SO

7. Minimum hole size achieved. el

8. Sample identification/traceability forms completed for samples. il®

9. Boring log completed. )

10. Borehole deviation survey performed (if greater than 100-ft deep). ey

11. Pressuremeter testing completed as per Geotechnical DCP. e

12. Downhole seismic testing completed as per Geotechnical DCP. oures

13. Bag samples collected as per Geotechnical DCP. 2O

14. Fluid level measurement as per Geotechnical DCP requirements. Y s

15. Caving depth measurement as per Geotechnical DCP

requirements. P

16. Cuttings spread thinly over ground surface. el

17. Grout mix meets specification requirements. i

18. Grout tremied to appropriate level. <]

19. Grout placed in one operation. [t

B&V Inspector Date C‘S\O*l 07

Site Coordinator Date f Z :/a
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Sampling Inspection Form

Q/ BLACK & VEATCH
| wiars el e IN-SITU SAMPLING TEST INSPECTION
LL 1L T Walss 1w lewe " L L UL L
Enlergy Fraect No. 145885
River Bang COL Boong 18-09
INSPECTION CHECKLIST FOR SPT SAMPLING UNSAT SAT NA
ritla rilia itk
Certécabion thal dril red erergy rabe 15 oblamead through drecty
measured dil rod SYRss wave anangy Lsing ASTM D 2633 e
2 Drdl depth and nleeced Sest depth 1= scceplable. L —
3 5001 spoon is property cleanad i R
4 Drve show s in good shape (fres of pits and =mooth) I S R
% Spil spoon is property assembled and calcher is rslalied property
it usad) I Ll R
L] Verd | workng |
7. Deplth of spit spcon o place n borng e I
8. Six (6) och increments sre marked on the ¢ril rog R D
9. 01 fool ncrements are marked on dril rod (it grasedly allavum s
o
10. Perode cearoul deplh checks are perfanmed ey
11. Thirty [30] inch drop mark (s marad an the hammas rod . R il
INSPECTION CHECKLIST FOR RING-LINED SAMPLING
1 Sampler size and drmensors gre documented (sample insde ad
cutside damelers, and lengh, wasie barrel lsngih and clameter) ]
2. DOl depth anc intendad ast dapth is accaptable ey
3 Ring-ined sampler is clean, and free of bumps, dents, scralches
nust, cit, and corrasion, ) _end
4 Drive $h06 B in Good shaps (lres of pits avd &moolh) S —— ey
9. Ringlined sampler is propery assembied and a retands s
nstalied progerty (F Lsad) — -l
6. Verd @ workng — g
¥, Depth of rrgdired samgier n place in boring _u--F
a Six [6) nch incramerss ara maresd on the dell rod iy
8. Liners fil snugly inside s sampler iy
10. Wasie barred length 5 at least 2 imes the inner damatar of Tw
samphar — e
11, Insida of Ihe sssambled shos and nng-ined sampler s smoalh,
straight ane uriform S L.
12 Typa of ralainas repomsd § ussd S — L
13, Container for the ring-lned sample s snug littng, 1ondy seaked
Iwatartighl) Y ol
INSPECTION CHECKLIST FOR THIN-WALLED TUBE SAMPLING
1 Thrrwaliesd lube is clean, ard fee of 3l suface rregulsiies ]
2. Tube dmensces are sulable (see Table 1 in ASTM D1587) Dt
3 Drill dapih and inlenced test depth 1s scceptatle. oo
4. Length of advance not exceed 10 10 16 clameters of the tube in
days R R g
5. Wared ol least § mnutes before witharawal of the samgler o
BAV Inspocior J&k £ Wape Dale
St Covrdrefor i AT TA Date




ample Identification Record

GLEOTECH Al SOIL
SAMPLE IDENTIFICATION / TRACEABILITY RECORD
Project: River Bend Station COL Application Sample Location M_‘
‘age / of _Z
Instructions
After entry 10 the fichd tempoesry storage. all translors shall be notal st sagned 1o 10t lorm Bokow
] The il white copy shall e he RIS site ot el tomes
] When sianples are intsally 1 o Tihe RIBS site, the yelbowe copy of this rocond shall accompany ihe samples. When rocomved by the offsie location, the yoions copy shall Be returncd
1o the site with approprale sgonunes and 2 copy shall be retamod ot olTsibe Tocation where the samgles are stored. Sabsoguent transiors W oiher locations shald Be comploed m o similar
mannes using the copy of the yellow copy
4 Any ||.'u“'(;_'#.ﬁ|k conditxe of -\._Il'lll'!l; shal! ke poicd = b umllk (AR TTTTITS T B
Date of Transfer )
Field Sample N — _— | {optional) . . .
1[>s Date Sumple Type To Temp lo Lab ToFinal | Other Lab 1D Sumpic Compwnt
Storage | Vacility | Storage | — -
74z shres|ejasfaecr|  Tae  |edfaifaecr| 1 - R
regisived | 0 | [ . - —
CIw s sPics | — —
1 ! N
t T - ——
- % } - - --
i3 SE/e7 | L | o - | I ]
CTET 7/ J I A I -
iyl _srﬁ."t_"_." ____ R . e
(Y3 ST IC | ~ | R
IS S SR A R S N -
| , =
T ] i 1 * — r——— e -
—y e 3 - S — ]I. - 4 | - — S
| I | '! — e S
. b | 4 | 4 B S W S— b— {
cIes SPimEl N 1 W v o _|
Field Samplei(s) (signature) \{'\EX,’ s %.L\{L'
Date of Relinguished by Transterred by P Dote Rec cived by: Date Comenens
_!_:‘_.'u\:ln.'l (signature) (signature) : o (signature) 1 o
L _ 1 | _
[ I ) !
i S — - — H 1 S —
| |
p—————— i,-_—-__.._.——.—_ ..... * — —
— — i _— S




Laboratory Testing Procedures

« B&V Engineer reviews borings, assigns
appropriate laboratory testing, and
submits a laboratory test request to

subcontractor.

» All soil samples are transported to
laboratory for testing.

— Samples are transferred using the sample
identification / traceability record.

— Copy of boring log is sent with samples.
— Laboratory signs for receipt of samples.
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Investigation Issues - site Related

Started with standard GE investigation
plan

Overlaid GE Plan on to surface
encumbrances and underground utilities

Adjusted boring locations for surface
features

Obtained GE concurrence with the
revised boring locastions
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Investigation Issues - soil Related

 Gravel Content in Soill

— Gravel encountered at shallow depths in excavation area, in small
?mounts in Upper Citronelle formation, and in the Lower Citronelle
ormation.

— Almost all boreholes deeper than 35 ft affected.

— SPT performed using ASTM D6066 including measuring blowcounts in
0.1 foot increments to check for gravel correction.

. Shallow CPT Probe Refusal

Due to gravel content and stiff soil conditions, CPTs could not penetrate
the full depth; maximum depth of penetration was 133.2 feet.

— Nearly all CPTs reached early refusal.

— Two additional CPTs advanced to attempt to obtain supplemental
information.

— Amount of Seismic CPT information obtained for comparison with other
Seismic testing results is limited to shallow depths (Less than 130 feet).

— Two borings at locations for the reactor building and control building
were continuously sampled.
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Investigation Issues - soil Related

* Variable stratigraphy

— Clay soils encountered at shallow depths south-east (plant grid)
of proposed plant location.

— Monitoring wells drilled deeper than the proposed 90 feet in
search of permeable material. If permeable material not
encountered within 160 feet, borehole backfilled with bentonite to
desired depth and shallower well installed.

* Borehole Instability

— Sloughing material during drilling occurred at various depths
during drilling in nearly all boreholes.

— Clean-out depth checks per ASTM D6066 performed for SPT
tests when gravelly conditions were encountered or anticipated.

— Several sampling intervals required cleaning per ASTM D6066 to
adequately prepare interval for sampling.
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Investigation Issues - soil Related

* Borehole Caving

— Cave-in encountered at most boreholes inside
excavation area and those close to the edge of the
top of the existing slope.

— Casing used in holes that could not be stabilized with
thicker drilling mud.

— Some piezometers overdrilled to place screens/riser
pipe due to borehole caving.
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Current Site Activities

» Borings
— Deep Drilling on RB-31 and TB-10
— Installing casing for seismic testing

» Geophysical Testing

— Downhole seismic testing

— P-S suspension logging

— Full-waveform sonic logging
— Natural gamma logging

* Monitoring Wells

— Monthly Groundwater Level Measurements (started
December 2006)

— Groundwater Sampling
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QUESTIONS?




Site Orientation

John Caldwell
Site Coordinator
(Black & Veatch)
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Safety Requirements

* Vehicle Safety

—  Obey state and site laws
— Always wear a seat belt in a moving vehicle
— Remove keys from an unattended vehicle

« Barriers

— Do not cross yellow barrier without permission of
workers inside or supervisor listed on the information
tag
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Safety Requirements

Slip and trip hazards

— Uneven terrain

—  Soft sand

— Vines and thorn bushes
—  Muddy conditions

Wildlife

— Insects (Fire Ants & Wasps)
—  Shakes
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Safety Requirements

» Peer checking

—  Take a safety minute to check your co-workers to assure
PPE compliance

— Use questioning attitude when in doubt of a situation

 Emergency preparedness

— If alarms sound, listen for instructions and proceed to the
assembly area (training center by highway 61)

— Inthe event of a injury or fire notify the Control Room at
2911
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