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Director of Nuclear Reactor Regulation
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ENCLOSURE
WATTS BAR NUCLEAR PLANT UNITS 1 AND 2
DESIGN CRITERIA AND ANALYSIS
FOR THE UNDERGROUND BARRIER :
FOR THE ERCW PIPELINE AND 1E CONDUIT ALIGNMENT

The locafion of the underground barriers are shown on Figures 1 and 2. The
underground barriers were analyzed for the following cases:

Ccase Required Factor of Safety

I. During earthquake but prior . 1.0
to liquefaction (reduced
passive pressure assumed
to act)

II. After earthquake and after 1.0
liquefaction (no passive
pressure assumed)

Figure 3 is a summary of the analysis of the underground barriers. The
figure shows: a loading diagram of how the underground barriers were
analyzed, a summary of the design parameter and criteria used in the
stability analyses, and a summary of results of the stability analysis for
each cross section. Figure U4 is a plan of the area showing the locations of
the as-built cross sections.

As shown in the summary of the design parameters and criteria, the shear
strengths of the alluvial sands (i.e., potentially liquefiable sands) have
been assumed to be reduced during the earthquake. This was done to
acknowledge the possibility that some strength loss in alluvial sands may
occur during the earthquake. The magnitudes of the strength reduction, 50
percent of cohesion and 30 percent of angle of internal fiction, was based on
engineering judgment and is considered reasonable and conservative for the
material.

The results of the stability analysis for each cross-section are provided for
two sets of analyses representing "during earthquake" and "after earthquake"
conditions for different potential failure planes. The "during earthquake"
analyses show the stability of the barrier when the barrier mass is subjected
to the peak acceleration, complete liquefaction of sands for the active earth
pressure, and consider partial passive (reduced) earth resistance. The
"after earthquake" analyses show the stability of the barrier after the
earthquake and consider complete (postulated) liquefaction of the saturated
alluvial sands for the active earth pressure and complete loss of downstream
passive resistance. Depending on the section geometry and materials used as
backfill, between one and five assumed failure planes were analyzed for each
cross-section and design case.

Due to the urgency to complete the construction of the barriers prior to fuel
load, the trench excavation was started prior to completion of the laboratory
testing of the backfill soils. The barrier widths were based on assumed
design soil properties. The results of the evaluation of the initial
laboratory shear strength tests showed that the design cohesion was
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approximately half the needed cohesion to stabilize the barriers. To
eliminate the need to widen the barrier, additional laboratory shear strength
tests were made on backfill soils remolded to a higher level (100~percent
standard compaction ASTM D 698) of compaction. The results of this testing
showed that the cohesion was increased sufficiently to allow the barriers to
be stable. '

Since it was not necessary for each entire barrier to be constructed at the
higher compaction level (100 percent), additional analyses were made to
determine what elevation the lower compaction level (95 percent) could be
used. Also since the construction period for the trench B barrier extended
though a winter season, the option to use Grushed stone in lieu of earthfill
was selected to expedite completion of construction. Each change of backfill
material in a cross-section presented a potential failure plane which was
checked in the analysis.

A study, described in FSAR section 2.5.4.6 was made to determine the design
groundwater elevation for the piping and conduit alignments. The groundwater
level was revised to reflect a 25-year groundwater. The influence of this
higher groundwater on the analysis of the underground barrier was discussed
with the NRC. The staff indicated they concur with TVA's Jjudgment that the
higher groundwater level will have a minimal effect on the results of the
stability analysis, thus not requiring any additional evaluation of the
stability of the underground barrier.

Figures 5 through 8 are representative cross-sections along the centerline of
Trench A. As shown on figure 3, the results of a stability analysis for
station 6 + 78 of trench A are not provided because the soil profile was not
identified above the top of shale. This is not considered critical to the
overall summary since the other 17 of the 18 cross-sections of trench A were
analyzed and found to be adequate. The stability results are provided for -
two.different potential failure planes, which are shown on the representative
cross-sections (figures 5 through 8) at (1) the top of weathered shale (4),
and (2) the interface between the 95-percent and 100-percent maximum dry
density fill (B). Figures 9 through 12 provide the summaries of in-place
density and moisture quality control tests conducted on the fill materials
during construction of Trench A.

Figures 13 through 16 are representative cross-sections along the centerline
of Trench B. Since trench B was backfilled with compacted crushed stone in
addition to earthfill, additional potential failure planes were identifed at
the various material interfaces and analyzed. The stability summary on
figure 3 provides the results on two of these potential failure planes. The
first, at the top of weathered shale (A), is provided for each section. The
second, at one of the other potential failure planes, represents the lowest
factor-of-safety for that cross-section other than at the top of the
weathered shale. Figures 17 through 21 provide the summaries of inplace
density and moisture quality control tests conducted on the fill materials
during construction of trench B.

Figures 19 and 20 show that one quality control test had results that did not
meet the required criteria for backfill in trench B compacted to 100 percent
of maximum dry density. This failure to meet criteria was identified after
trench construction was completed and nonconformance report (NCR) 5804 was
issued. The failure to meet required criteria resulted from the inadvertent
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use of the improper compaction control curve .during construction. This
resulted in the test sample being undercompacted by 1.3 percent and having
too high a moisture content by 0.7 percent. The fill represented by the test
sample was located near the top of the 100-percent maximum dry density
backfill zone. This location is not critical to the analysis results;
therefore, the disposition of the NCR was to use as is.

Figure 4 shows the final grading for the area of the underground
barriers. Analyses of the underground barriers reveal that the as-built
barriers meet or exceed all design requirements.
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SUMMARY OF EARTHFILL
TEST DATA - DENSITY

FIGURE 9
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W@TS BAR NUCLEAR PLANT ®

SUMMARY OF EARTHFILL
TEST DATA - MOISTURE
© CONTENT

FIGURE 10
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PERCENTAGE LESS THAN

PLRCENT COMPACT IO (‘Ydf - ¥YdL) X 100
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SUMMARY OF EARTHFILL
TEST DATA - DENSITY

FIGURE 11
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‘TTS BAR NUCLEAR PLANT
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SUMMARY OF EARTHFILL
TEST DATA- MOISTURE

CONTENT
FIGURE 12
FEATURE: AINDERGROUND LARRIER — TRENCH A =100 % Ypuu Fret
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SUMMARY OF FILL TEST
DATA - DENSITY

FIGURE 17
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DATE: [)-2-F32 T0: &-28-54 TEST NO.: (397 10: 475

PART: T _ SECTION: 52/ (A) PREPARED BY: W.S.WoolLEE
TOT | EREV THIS PERIOD TO DATE
3‘3} > C‘J" FREQUENCY (F) F_|9" T F W—?‘_
5.0 (959 ] ! 1 _12.7 ‘
6.0 196.9 ] / 2 |54 .
7.0 127.9 il 2 4 {10.8 !
g0 199.9 ] | 15 135 !
9.0 199.9 - 7 2 1324
00.0 1/00.9 11 3 1/5 |40.5]
01.0110/1.9 -1l 7 122 Is9s
02010221 NA Il 3 125 678\ val Al VA
3.011039 11 3 |12% |75.7
O4.0 1049 it 4 132 1965
0501059 1l 3 135|946 1
06 0\106.9 1 L_136 [97.3
0701079 ’ \
2.01/02.9| | ! 37 {/0o.0
2011709 ) y |
TorALs | - - - 137 -1 ¥ =
SPECIFICATION SOURCE ¢ ([g‘é #loaz {3_ —g y 75
i PREVY P ‘li ?)l) TQ DATE

AVE FILL DRY WENSTEY, Vdf. pef

AVG MAXIMUM_ ORY DENSITY, Ydr., pef

i
NA 107.0 1 107.0
NA /]05.31105.3 !

MEAN_VARIATION YA - TdL, pef

NA_ 1 +7 71+ /.7

SPECIFI El)q ‘;-m\' Mz 95,0%

96 100 102  Jo¢ y
L ’ l Y223 . /osf N0 112
1 P ! 7
Tt ,
el LD Z
'/
A
" i
7
yd
7
=* THIS PERIOD
”~ —
Lt _ TO DATE- - - -« - = .
REMARK 'PERCENT COMPACTION (Ydf - vdL) x 100
SRS LR En TESTS Nor e £, '
INSPECTED /CHECKED/VERLT | ACCORI IN_TH ALYSls,

IED IN ACCORDANCE WITH

— e

REV & OF WBNP-QCP-2.01.




[ @P/ATTS BAR NUCLEAR PLANT '

SUMMARY OF EARTHFILL
TEST DATA - MOISTURE
CONTENT

FIGURE 18
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—@WATTS BAR NUCLEAR PLANT ﬂ

SUMMARY OF FILL TEST

DATA - DENSITY

FIGURE 19

FEATURE: L&me&@ﬁgm_ﬁam:w&%-fm.

DATE: [/-25-&§3 T0: 5-3/—-§F4 _ TEST NO.: (408 10: (43K
PART: ___ J_  SECTION: S5 2 8 (AJ) PREPARED BY: W.S.Wooocce
PLOT PRl":V . T0 DATE
THIS
THIS | CUM GiTE
coL_ | ¥ rrequeney 0 | F | |4 | F
95.0 |95.9
Q6.0 196.9
?7.0 127.9
.0 |928.9 | l L 1831/ 3.4
Q9.0 1929
j00.0 /0091 2 il 2 13 250l 4 | 5 172
(o1.0 110121 7 Ul 4 | 7 158319 | /4 483
joz.0 /0291 /0 i it 1 19271 7 21 \72.4
(03.0 1/03.9 1| [/ ] 1221759
jo4.0 {1042 | 13 2 1241828
105.0 11059 /4 [ 125186.2
106.0 1/06.9 /] / [2 loo.0l | 26 182.7
[07.01107.9) 15 / 27 193./
j02.0 11082\ /6 1 1281966
109.0 111091 17 / 29 1000
TOTALS 17 dilend ==t /2 == 1-- 129 {-=
SPECIFICATION SOURCE: Dws %/oN2/3-2 R4 . —
PREV. pERYOD |70 pATE
AVG FILL DRY DENSUTY, Ydf, pef (O4.7 | /05.61/05. /
AVG MAXTMUM DRY DENSITY, YdL, pcf 1010 1/03.61/02./
MEAN VARIATIONYdf ~ VdL, pcf +3 71 +t20|+3 0
SPECIFIED MINIMW:i: 100.0%
100 96 /c;o /olz [ /o4 106 _Jog 110 /2
A ! '71{/'; I I ) “
“80 L y o
/ B &
/
60 / T 7
o7 *
[ T
[e
40 L,:'
20 7 : =
V.
Z THIS PERIOD
0 :ﬁ’ ~ TO DATE- - - - « - -

"PERCFNT COMPACTION ( Ydf - ¥dL) x 100

REMARKS : ANALYSIS ISSUED TO REFLECT CHANGE OUE 70 MiSTAKE ON SANDCONE
INSPECTED/CHECKED/VERTFIED IN ACCORDANCE WITH REV

OF WBNP-QCP-2.01. TEST * )4 26,

MR #5804




“WAT@)EAR NUCLEAR PLANT

SUMMARY OF EARTHFILL
TEST DATA - MOISTURE

CONTENT

FIGURE 20

FEATURE: (/NDERGR — TRENCH L= 00% Xorsx fret
: A438 .

DATE: /) =25 ~F3 10:

PART:

NT

.

LESS

NTAGE

[P

PERC

(NF - WO), PERCE

S5 -3/ — S« TEST NO.:

4O8 _T0

I _ SECTION: 528 (AJ) PREPARED BY: WW.S. Woeocoiee
= T e
PLOT | PREV ' TO DATE
THLS PERIOD _
THIS | CUM = CUM | CUM CUM [ CUM
col, F FREQUENCY_ (F) F b VA F F v
Lt 6| 52 -
51392 4.5
i 3/13%
¢l 2851 30
782412 1 . 17 8313 |3 /03
=1 /.11 /1.7
— o4 _J0 | 4 || | | 2 lie7] 3 [ é |z
+0.3|1~0.31 7 i 2 | 4 1333\ 5 | /] 1379
“o.4| /.01 70 i 2 | € |s00] 5 | 16 |55.2
— .l /T /1 /7 1556
el L& 1. 2.4 /5 2 | g lee7] 6 1231793
cl 25130 /7 i 3 1/ |97 5 | 28966
¢l 3./13¢ 1 L 1 42 licod 1 | 29 liwo.0]
m| 39| 4.5 -
H-4.6) 52
L rorars) MA | /7 - = — 2 | == \—- 129 | --
SPECIFICATION SOURCE: QWB. T/ON2(3-2. R4 TATS
| q ZPREVZ Pm}m ro/ g\’lé
AVG_F1LL MOTSTURE CONTENT, “F, % 0. /&7 .
AVG OPTIMUH MOTSTURE CONTENT, "o % 2/1.1 | 20.2 1207
MEAN VARTATION ("F - Yoy g —0.91—-/7.51-=/./
SPECIFLEDy MINIMUM=3.0 ro +3.0% ' )
1oo(_'t'_!__._.é_;.QT 3.0 2.0 1.0 0 1,0 2.0 3.0 _ 4.0 - ¥
R o y a
T B Z
80f————— 7 -
L T —
Y s o > an
— /l'
4G " V4
B
20 — ;:’
—3< THIS PERIOD
. : TO DATE - - - - - -

Wi BELOW OPTIMUM

REHARKS : AnALysis

INSPECT

SSu

(Wg - W, BERCENT)

70

: Anaeys EFLECT CHANGE
FiD/ CHECKED/VERIFIED IN ACCORDANGE WITH R & _ OF

WF ABOVE OPTIMUM

0 MISTARE ON SANOCONE
WBNP-QCP-2.0] .

TEST *J426,

NCR# 56




PERCENTAGE 1ESS THAN

RELATIVE DENSITY, %

*Fcacure:

@) WATTS BAR NUCLEAR PLANT ‘ﬂ

SUMMARY OF GRANULAR
FILL TEST DATA -
RELATIVE DENSITY

FIGURE 21
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GENERAL NOTES:

1. BACKFILL IS CATEGORY 1 AND THE QUALITY ASSURANCE REQUIRED IS
DEFINED IN THE FOLLOWING NOTES AND ON DWG. 10N213-2.

2. ALL CONSTRUCTION SHALL BE IN ACCORDANCE WITH GENERAL CONSTRUCTION
SPECIFICATION G-9, EXCEPT AS NOTED.

3. ALL EXCAVATION AND BACKFILL SHALL BE DONE UNDER THE DIRECT S!IPERVISION
OF A QUALTFIED SOILS INSPECTOR, EXCEPT WHEN EXCAVATING FORMERLY SPOILED
MATERIAL.

4. AS BUILT CROSS-SECTIONS OF EACH TRENCH SHALL BE RECORDED. THE CROSS
SECTIONS SHALL BE MADE AT 50 FOOT STATIONS ALONG THE TRENCH CENTERLINE.
THE INFORMATION TO BE RECORDED FOR EACH CROSS-SECTION SHALL INCLUDE:

a. ELEVATION AND LOCATION OF ALL SURFACE BREAKS IN THE PROFILE.

b. ELEVATION OF THE TOP OF WEATHERED SHALE, "0P OF BASEL GRAVEL
(IF ENCOUNTERED) AND TOP OF SAND OR SILTY SAND I+ [HE SIDE WALLS
OF THE EXCAVATION SLOPES. THE INSTECTOR SHALL PROVIDE THE [DENTI-
FICATION OF THESE MATERIALS.

¢. FINAL GRADE

5. FINAL GRADING PER DRAWING 10W245 SHALL BE MADE AND SEEDING TO RESTORE
VESETATION TO THE AREAS AFFECTEL BY THIS WORK SHALL BE APPLIED AS
NECESSARY .

6. COORDINATE WITH POWER, DIVISION OF TRANSMISSION SYSTEM ENGINEERING AND
CONSTRUCTION,THE LOCATION OF THE TRENCH WITHRESPECT TO THE TRANSMISSION
TOWER FOR THEIR EVALUATION OF THE NEED FOR SUPPORT OF THE TOWER
FOUNDATION. !

Also Available Gy
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EXCAVATION NOTES:

t

b

A STOCKPILE AREA FOR FINE GRAINED CLAYS AMD SILTS, AND A SEPARATE STOCKPILE AREA FOR TPE SANDS AND
SILTY SANDS ARE TO BE ESTABLISHED . SEPARATE STOCKPILES FOR EACH TRENCH MAY BE ESTABLISHED AT THE
OPTION OF THE FIELD. AS EACH TRENCH IS EXCAVATED THE FINE GRAINED CLAYS AND SILTS ARE TO BE YISUALLY
SEPARATED FROM THE SANDS AND SILTY SANDS AMD SISTRIBUTED 10 THE APPROPRIATE STOCKPILE. THE STOCKPILE
AREAS ARE TO BE ESTABLISHED INi A MANNER THAT WILL ALLOW DRALMAGE OF THE STOCKPILED MATERTAL IN ORDER
THAT IT CAM BE RECLAIMED FOR BACKFILL. THE SURFACES OF THE STOCKPILE AREAS ARE TO BE GRALED TO PREVENT
PONDING AHD TO MINIMIZE [NFILTRATION OF RAINFALL AND RUNOFF,

-MATERIAL ENCOUNTERED. IN .THE EXCAVATION THAT- WAS-PREVIOUSL Y- SPOILED- DURING-PLANT- CONSTRUCTION- SHALL—-

8E SPOILED IN A HEW LOCATIQN.

BASEL GRAYEL MAY BE ENCOUNTERED BELOW THE SANDS AND SILTY SANDS [N MANY AREAS OF THE TRENCH EXCAVATION.
THE BASEL GRAVEL SHALL 8E SPOILED.

EACH TRENCH IS TO BE EXCAVATED TO THE WEATHERED SHALE {SAPROLITE). THE EXCAVATION IS TO BE CARRIED

INTO THE WEATHERED SHALE TO A DEPTH WHERE THE SAPROLITE MATERIAL EXHIBITS ROCK-LIKE CHARACTERISTICS

SUCH AS BEDDING STRUCTURE AND JOINTS. THE DEPTH OF EXCAVATICN INTO THE WEATHERED SHALE SHALL BE
DETERMINED BY A QUALIFIED SOILS INSPECTOR. EXCAVATION TO SOUND, UNWEATHERED ROCK IS NOT REQUIRED.

BEST MANAGEMENT PRACTICE FOR RUNOFF SHOULD BE USED FOR STOCKPILES AND SPOILPILE AREAS.

EACH TREWCH SHALL BE DEWATERED AND MAINTAINED IN A MANNER THAT WILL ALLOW THE EXCAVATION AND PLACEMENT OF
EARTHFILL TO BE DONE IN AN ENYIRONMENT SUFFICIENTLY DRY TO COMPLY WITH THE MOSITURE CONTENT REQUIREMENTS
OF BACKFILL NOTE 3. ODEWATERING IS ALSO NECESSARY T0 MAINTAIN THE STABILITY OF EXCAYATION SLOPES AND
ADJACENT STRUCTURES AND FEATURES. THE DEWATERING TECHNIQUES USED BY CONST MUST BE EFFECTIVE AND RELIABLE
AND MEET THE APPROVAL OF EM DES. PARTICULAR CARE SHALL BE TAKEN TO PREVENT THE MOVEMENT, MIGRATION,
FLOW. SLUMPLNG, OR LOSS OF THE SANDS AND SILTY SANDS IN THE TRENCH EXCAVATIONS. PROGRESSIVELY GRADED
REVERSE FILTERS OF SANDS, GRAVELS, AND/OR CRUSHED STONE, AS APPROPRIATE, SHALL BE IMMEDIATELY PLACED
OVER ANY SANDY MATERIALS THAT EXHIBIT TENOENCIES FOR MOVEMENT, MIGRATION, FLOW, SLUMPING, OR LOSS.

PRIOR 70 PLACEMENT OF ANY BACKFILL, THE SURFACE OF THE WEATHERED SHALE SHALL BE REASONABLY WELL CLEANED
OF ANY SGIL CR LOOSE DEBRIS AMO/OR ANY ROCK OVER 4%: THAT MAY REMAIN AFTER THE EXCAVAT{ON PROCESS. AIR
OR WATER SHALL HOT BE USED IN THE CLEANUP OF THE WEATHERED SHALE SURFACE.

THE PROCESS OF EXCAVATING [NTD THE WEATHERED SHALE TO THE SPECIFIED DEPTH, CLEANING THE SURFACE. AND
PLACEMENT OF THE GRANULAR MATERIAL AS SPECIFIED [N BACKFILL NOTE | SHALL BE KEPT AS SHORT AS REASONABLE
TO PREVENT DETERIQRATION OF [HE WEATHERED SHALE SURFACE.

BACKFILL NOTES:

AFTER THE TRENCH HAS BEEN EXCAVATED TO THE SPECIFIED DEPTH (EXCAV MOTE 4) THE FOLLOWING STEPS SHALL BE TAKEN TO
BACKF ILL EACH TRENCH:

PLACE AND COMPACT A MIHIMM OF 12 INCHES OF GRANULAR MATERIAL MEETING THE REQUIREMENTS OF SECTION 1075 (BOTTOM
LAYER) OF GENERAL CONSTRUCTION SPECIFICATION T-1. THE FOLLOWING GRADATION IS ALSO ACCEPTABLE.

SQUARE PERCENT PASSING
SIEVE SIZE __BY WEIGHT
1-1/2 INCHES 100
3/4 INCH 20.75
3/8 UiGH 5-15 -
HO. ¢ 0-5

THE GRANULAR MATERIAL SHALL BE PLACED IN MAXIMUM 10 INCH LOOSE LIFTS AND COMPACTED WITH A MINIMUM OF 6 COMPLETE
PASSES BY A DYNAPAC CA25 VIBRATORY ROLLER. CR AM EN DES APPROVZD ECUAL.
EARTHFILL TO FILL THE TRENCHES SHALL BE OBTAINED FROM STOCKPILES AND BORROW AREAS APPROYED BY EN DES. THE PURPOSE
OF THE BACKFILLING SEQUENCE PROVIDED BELOW IS TO PLACE THE SANDS AND SILTY SANDS AT A HIGHER ELEVATION AND AT A
HIGHER DENSITY THAN THEY NATURALLY EXIST. THE MATERIAL FOR BACKFILLING THE TRENCHES SHALL BE OBTAINED FROM THE
FOLLOWING SOURCES IN THE ORDER SHOMWN.
(a) MATERIAL FROM THE STOCKPILE OF FINE-GRAINED CLAYS AND SILTS ESTABLISHED DURING THE TRENCH EXCAVATION. THIS
MATERIAL SHOULD BE DISTRIBUTED UNIFORMALLY ANO COMPACTED ALONG THE LENGTH OF THE TRENCH.
(b) MATERIAL FROM THE STOCKPILE OF SANDS AND SILTY SANDS. ESTABLISHED DURING THE TREM-H EXCAVATION. THIS MATERIAL
SHOULD BE DISTRIBUTED UNIFORMALLY AND COMPACTED ALONG THE LENGTH OF THE TRENCH.
(c) MATERIAL FROM APPROVED BORPOW AREAS MAY BE USED TO SUPPLEMENT ANY ADDITIONAL MATERIAL NEEDED FOR FILLING THE
TRENCHES ,
(d) MATERIAL FOR BACKFILLING TRENCH A SHALL BE OBTAINED FROM TRENCH A STOCKPILE, BORROW AREAS 9,10, AND 2C, AND
MATERIAL FROM REGRADING FUTURE 161 KV SWITCHYARD.
) MATERIAL FOR BACKFILLING TRENCH B SHALL 8E CBTAINED FROM TRENCH B STOCKPILE, BORROW AREAS 12 AND 2C, AND
MATERIAL FROM REGRADING FUTURE 161 KY SWITCHYARD.
A MINIMUM OF 10 FEET OF FINE GRAINED MATERTAL FROM CATEGORIES (a) AND (c) ABOVE SHALL BE PLACED BEFORE MATERIAL FROM
CATEGORY™(b) CAN BE PLACED. .
EARTHFILL SHALL BE PLACED IN LAYERS WHOSE CCMPACTED THICKMESS DOES NOT EXCEED 6 INCHES. EARTHFILL SHALL BE

UNTFORMLY COMPACTED WITH A TAMPIHG (SHEEPSFOQT) ROLLER (REX PACTOR 3-50, OR AN DES APPROVED EQUAL).
HATERIAL IN THE TRENCHES SHALL BE PLACED AS FOLLOWS -

T N—— T
(2) EARTHFILL COMPACTED TO AT LEAST 1001 OF MAXIMUM DRY DENSITY AS DETERMINED AY ASTM 0698 {STANDARD PROCTOR)
SHALL BE PLACED TO A MINIMUM DEPTH OF 10 FEET FOR TRENCH A AND 5 FEET FOR TRENCH B ABOVE THE TOP OF
{ WEATHERED SHALE. THE TOP OF WEATHERED SHALE (AS DETERMINED IN THE SIDE WALLS OF THE [RENCM CROSS SECTIONS

AT 50 FOOT STATIONS, SEE NOTE 4b, SH 1) MAY BE CONSIDERED TO BE A PLANE BETWEEN THE 50 FOOT STATIONS
IN ORDER TO ESTABLISH A BASE TO MEASURE FROM.
(b) EARTHFILL PLACED ABOYE THMAT FOR BACKFILL NOTE 3(a) SHALL BE COMPACTED TO 95% OF MAXIMUM DRY ODENSITY AS,
DETERMINED SY ASTM D698 (STANDARD PROCTOR).
MOISTURE CONTENT OF THE SARTHFILL SHALL BE WITHIN :3% OF OPTIMUM MOISTURE CONTENT.
IN-PLACE DRY DENSITY TESTS USING THE SAND CONE (ASTM D1556) OR RUBBER BALLOON (ASTM D2167) TEST METHODS SHALL
BE MADE AT A RATE CF 1 TEST FOR EACH 2000 CuBIC YARDS OF EARTHFILL PLACED.
BLOCK SAMPLES SHALL BE OBTAINED AS OUTLINED IN SECTION 11.3 OF GENERAL CONSTRUCTION SPECIFICATION 6-9, EXCEPT
THAT THE MINIMUM FREQUENCY OF SAMPLING SHALL CONFORM TO EACH OF THE FOLLOWING:
(a) ONE SAMPLE SHALL 8E TAKEN FOR EACH 50,0C0 CUBIC YARDS OF FILL PLACED THROUGHOUT THE COURSE OF THE WORK.
(b) ONE SAMPLE SHALL BE TAKEN FOR EACH 20 DAYS OF FILL PLACING THROUGHCUT [HE COURSE OF THE WORK.
(c} A MUUMUM OF JHREE)SAMPLES SHALL BE TAKEN IN EACH TRENCH. A MINIMUM OF ONE OF THESE SAHPLES@
SEACH TRSHCHISHALL BE TAXCEN [N THE SAND GR SILTY SAND_(SEE BACKFILL NOTE 2b) IF MORE THAY 10,000 CUS
A _f_ﬁ\r! PLACED. A MINIMUM OF ONE OF THZSE THREE SAMPLES IN EACH TRENCH SHALL OE TAKEN FROM THE
CO¥PACTED T 1003 OF MAXIMUM DRY DENSITY.

Y

EXCEPTIONS AND SUBSTITUTIONS TO THE ABOVE MATERIAL OR PLACEMENT SEQUENCE ARE:

(a} GRANULAR MATERIAL MZETING THE REQUIREMENTS OF SECTION 1032 OF GENERAL CONSTRUCTION SPECIFICATION T-1
MAY BE USEC IN LIEU OF ANY OF THE ABOVE EARTHFILL MATERIALS. THE GRANULAR MATERIAL SHALL BE PLACED
IN A MAX{MUM LOOSE LIFT THICKNESS OF 10 INCHES AND UNTFORMALLY CCMPACTED WITH A VIBRATORY ROLLER TQ
AN AVERAGE RELATIVE DENSITY OF 85% OR GREATER FOR ALL TESTS, WITH A MINIMUM OF 80X RELATIVE DENSITY
FOR INDIVIDUAL TESTS AS DETERMINED 8Y ASTM D2049 PROCEDURES.

THE MOTSTURE CONTENT SHALL BE ADJUSTED AS NECESSARY TO ASSURE ADEQUATE COMPACTION. [N-PLACE DENSITY
TESTS US[HG THE SAN® CONE (ASTM D1556) OR RUBBER SALLOON (ASTM D2167) OR NUCLEAR MOSITURE-DENSITY
GAUGE (ASTM D2922 AND 030:7) TEST METHODS SHALL BE MADE AT A RATE OF 1 PER EVERY 500 CUSIC YARDS OF
GRANULAR MATERIAL PLACED WITH A MINIMUM OF ONS TEST EACH DAY THE MATERIAL IS PLACED. COMPLETE
DOCUMENTATION OF QUANTYTY AND LOCATIONS WHERE THE MATEP'AI WAS USED SHALL BE RECORDED AND SUBMITTED
TO EN DES FOR REVIEW WITH THZ MONTHLY FILL QUALITY CO. <" . REPORTS REQUIRED BY G-9.

EARTHFILL FROM BORROW AREAS APPROVED FOR USE IN THE TRENCHES BYEN DES MAY BE SUBSTITUTED FOR ANY OF
THE MATERIALS EXCAVATED FROM THE TRENCHES AND STUCKPILED FOR USE A3 BACKFILL.

(b
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LOAD DIAGRAN

UNDERGROUND BARRIER

E
—~{-AD /| EXISTING (COMPACTED FILL)

SOIL -

— Fa
EXISTING —-

e STATIC SOIL .t N
FARTH EARTH NOTE A S W Epp
PRESSURE  PRESSURE p

CRUSHED STONE ~
NOTE A: : PASSIVE DYN
. EARTH PASSIVE
INTERFACE BETWEEN
EACKFILL COMPACTED PRESSURE EARTH
TO 100% OF »d MAX. | EEEE-
AND 95% OF 2d HAX. 6 -- ANGLE OF FAILURE PLANE

ANALYSIS CASES

CASE DESCRIPTION FACTOR OF SAFETY
FrR + (Epx-Eppyx)
I - DURING EARTHQUAKE BUT PRIOR TO LIQUEFACTION FS = > 1.0
(REDUCED PASSIVE PRESSURE ASSUMED TO ACT) Eax + EADX+Fwx+Wx
Fr
11 - AFTER EARTHQUAKE AND AFTER LIQUEFACTION FS = — > 1.0
(NO PASSIVE PRESSURE ASSUMED) AXTWX
FR - SLIDING RESISTANCE DUE TO THE SHEAR STRENGTH OF THE COMPACTED FILL.
FR = ZNgfpp TAN ¢ + CL '
Fiu - HORIZGHTAL SEISHMIC FORCE CAUSED BY THE ACCELERATION OF THE UNDERGROUND BARRIER.
Fi = Wag, (Fwx = Fw COS 8)
Ea EARTH PRESSURE * = IHZKa (¢ .
- - -—7—9 AX < EA cOoS e)
EAD - DYNAMIC EARTH PRESSURE * = Ep ag. (Eapx = Eap COS 9)
Ep - PASSIVE EARTH PRESSURE * = #H2Kp, (Epx = Ep COS 6)
Epp - DYNAMIC PASSIVE EARTH PRESSURE * = Ep ag. (Eppy = Epp COS 6)
W - WEIGHT OF BARRIER, Wy = WSIN®
X - COMPONENT OF FORCE/LCAD ALONG THE FAILURE PLANE
* - INCLUDES WATER PRESSURE
MATERTAL PROPERTIES
UNIT WEIGHTS (PCF) R TEST (NAT'L MOISTURE) R TEST (SATURATED)
M FSAT fsuB ¢ C(TSF) - b C(TSF)
IN SITU MATERIALS
ALLUVIAL CLAYS AND SILTS 120 123 61 28° 0.4 14° 0.2
ALLUVIAL SANDS
PRIG2 TO EARTHGUAKE 119 124 62 28° 0.4 14° 0.2
DURING EARTHQUAKE 115 124 62 20° 0.2 10° 0.1
AFTER LIQUEFACTION - 120 58 - - - 0° 0
BASEL GRAVEL 120 130 63 - - 30° 0
COMPACTED FILL (BORROW MATERIALS)
@ 95% ¥Duax
TRENCH A 117 126 64 - - 15° 0.1
TRENCH B 117 126 64 - - 15° Q.1
@ 100% XDMAX
TRENCH A 123 130 68 - - 14° 0.25
TRENCH B 123 130 68 - - 14° 0.35
SPOIL MATERIAL’ 110 115 53 - - 24° 0
Q TEST R &S TEST
CRUSHED STONE b C(TSF) & C(TSF)
1032 SECTION MATERTAL 135 143 81 39° 1.0 40° 0.5
1075 SECTION MATERIAL 135 143 31 44° 0 40° 0
UNDERGROUND BARRIER ANALYSIS SUMMARY
SAFETY FACTORS SAFETY FACTORS
TRENCH &! TRENCH B!
DURING POST DURING POST
EARTHQUAKE?® EARTHQUAKE® EARTHQUAKE ® EARTHQUAKE ©
STATION FAILURE PLANE FAILURE PLANE - STATION FAILURE PLANE FATLURE PLANE
A3 B4 A3 B4 A8 B? A8 B?
0+78 1.36  1.62 3.09  4.79 0+50 1.85 1.4810 7.00 18.3211
1428 1.53  1.66 5.44 7.20 1+00 1.93  1.4310 6.00 18.13']
1478 1.42  1.44 5.54 8.37 1450 1.83 1.6110 4.57 29.7111
2+28 1.35  1.35 10.32 18.43 2400 1.78  1.7410 5.24 24.0311
2+78 1.42  1.45 6.98 8.14 2450 1.00 1.g8811 2.28 * 10.0212
3428 1.28  1.20 4.55 4.65 3+00 1.39  1.064 2.57  4.1412
3478 1.22  1.21 4.05 4.21 3+50 2.21  1.09% 8.73  4.374
4428 1.23  1.16 4.07 4.63 4+00 1.79 NA 16.57 . NA
4478 .17 1.12 3.05  3.31 4450 1.78 NA 17.50 NA
5+28 1.11  1.10 2.69  2.90 5+00 1.82 NA 18.49 NA
5+78 1.03  1.17 1.63  2.34 5+50 2.26 NA 34. 39 NA
6+28 1.05 1.11 1.66 2.02 6+00 2.18 NA 32.65 NA
6+782
7428 1.20  1.23 1.79  1.87
7+78 1.16  1.11 1.66  1.62
8+28 1.22  1.17 1.64 1.76
8+78 1.22  1.17 1.66  1.61
9+78 1.41  1.32 2.20  1.98
NOTES:
1. SEE FIGURE 2.5-586 FOR A PLAN SHOWING THE LOCATIONS OF THE CROSS-SECTIONS.
2. NOT INCLUDED.  SOIL PROFILE NOT IDENTIFIED.
3. FAILURE PLANE IN COMPACTED FILL IMMEDIATELY ABOVE CRUSHED STONE.
4. FAILURE PLANE AT INTERFACE OF 95%/100% ¥Duax COMPACTED FILL.
5. STABILITY DURING EARTHQUAKE INCLUDING PASSIVE PRESSURE CALCULATED USING REDUCED STRENGTHS.
6. STABILITY AFTER EARTHQUAKE ASSUMING NO PASSIVE PRESSURE.
7. MATERIAL FROM ORIGINAL POWERHOUSE EXCAVATION, INCLUDES BASEL GRAVEL AND SHALE BLASTED FROM
EXCAVATION.  SPREAD BY PANS AND ONLY COMPACTION IS BY SPREADING EQUIPMENT.
8. FAILURE PLANE AT BASE OF CROSS-SECTION.

9. THE USE OF CRUSHED STONE AS WELL AS EARTHFILL ALLOWED FOR SEVERAL POTENTIAL FAILURE PLANES. THE
FACTORS-OF-SAFETY GIVEN REPRESENT THE MINIMUM FS FOR POTENTIAL FAILURE PLANES OTHER THAN THAT
GIVEN IN NOTE. 8.

10. FAILURE PLANE AT INTERFACE BETWEEN 1032 CRUSHED STONE MATERIAL AND 95% /'Dmpx COMPACTED FILL.
1. FAILURE PLANE AT INTERFACE BETWEEN 1332 AND 1075 CRUSHED STONE MATERIALS.

12. FAILURE PLANE AT INTERFACE BETWEEN 1075 CRUSHED STONE MATERIAL AND 100% XDMAX COMPACTED FILL.

13. NA-NOT AVAILABLE-NO OTHER DEFINED POTENTIAL FATILURE PLANE.
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/. DASHED CONTOURS REPRESENT EXISTING GROUND,
SOLIOD CONTOURS REFPRESENT FINISHED GRADE.

2.GRASSING PER SECTION 580 FINAL SEEDING SHALL BE
MADE WITH TYPE B(FALL SEEDING), AND FERTILIZED AND
MULCHED IN ACCORDANCE WITH I:] SPECIFICATIONS
SEOAND 582 RESPECTIVELY

BQUALITY ASSURANCE ("@~) AS FOLLOWS : FINISHED GRADES
SHALL TIE ACCURATELY AND SMOOTHLY TO ALL STRUCTURAL
FEATURES INVOLVED. GRADES ESTABLISHED FROM COVTOURS -
AWAY FROM STRUCTURES SHALL BE ACCURATE WITHIN
HALF THE CONTOUR INTERVAL INDICATED FOR THEAREA.
A DRAWING MARKED WITH THE FINAL CONTOURS SHALL
BE SUBMITTED 70 EN. DES.
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POSTULATED FAILURE PLANE AT
INTERFACE BETWEEN TYPE A

TEST NUMBER

DENSITY TEST
WATER TABLE

(101.6%) % MAXIMUM DRY DENSITY ASTM
D698,

LEGEND:
A
125/

A 4

8

YARD
UNDERGROUND BARRIER
TRENCH A
STA 3+78
FIGURE 6

WATTS BAR NUCLEAR PLANT
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POSTULATED FAILURE PLANE

EARTHFILL (95% MAXIMUM DRY
(100% MAXIMUM DRY DENSITY )

— X ASSUMED INTERFACE

A

T T T . T
] HHH
Tﬁ 1 -1 +4-14
k [ TSI L RE AR
i QL & TR T
] # R e L L | AN 1] 1 L B L4 1 ] [
| + s o 1 =
T H y ﬁ i
- o 1T = » O e R T
H S eeecEeeEats i T
+ SRR AR o o o
11 T P T T i 11 FET 1T -
! ;
1
4
a1 1
"
1 1
Tt : "
| { t i 1 f 1 | ,
| } _ i _r M |
N
,, s
ﬂ ,
E 4+4- + f - 4
444441 4 44
1 B 4 AT b 4 4+ 4 ”{Avxr;.AT;I [
1 +
4.4 SN 14 B 00 1 A -,
—— i L B . Lﬂw 444 4 " ﬁ b4 4 Lﬁ
4 4 4 4 443
4 + +-4 J.?y + A B t 4 “ A‘.l b4t Lv —+-4
TA Aﬂr —4--4
% 4+ JR U NG G A T 1 O LTL { p
H 4.4 + -4+ meﬂjl -4 ]
Y.T 1] 1 1 4 ] 44 W
i - Jflf + 4411 44 P X lr‘ . -1 - LTLW
.. V.A + * 4 4 b4 -
s +4 b §-4
] l 111 ] T111L 11 f T
i L34 444
s ! , .m ] ESES 1t Ir
L. -+ ] [ 4+t b4 *L m L% ._ 4 -
- | e ﬁ R TR ERERRRREaRtEIaERals
- t++ 1+ -1+ ) + t-
[
L L L L Lode b A 44444
N HIHHH L Il 1] galfs
1 TINTT T 15888 inanssnnali T I T
11 P - T1111 1 ]
S T It t

s

- 4q 4

L.
m p By 1 Z *'rf 1 H ﬁ -1” g
+ 44— 1 . ﬁ BN Aﬁ ) 1 bt r 1 f T+t
— ‘4 ﬁy 1111 -4 —4 — -4
L T HEH
- ﬁiﬁ AALL oy W;r iv ﬁ 4 L vv 9 ] in -t

bt

I
L
In g
>
s
1
]
]

f

——+

it
i I

+
—
L
.
H

t

i

T
-t

U S Y

nusfud TN T T L SEEE 11

T

’

VJI = ﬁvv - + AA
1+ - 1 ++ +
L] -
T ] * + Fl]LLvl LA 4
— + 4+
! + BRBL 11
: I
: 1 o :
N -4 4 [ L4
_ ' - 4# i
+4 4
gt ‘. I T va'
<+ N ﬁl q < 4t 4 +
A T T I T T .
1 ﬁ - L ’ + Lo-44 # lvvlvv A;r;i + -
14 ]
441 -
1
* T
14444
T FITT T
T “Tl ﬁ ﬂ LTA Iﬁ..v
444 4
T3 T
1 14144 444
1 |
i ! trT
. i
N -
. .
4 44 {- - -t 44
LH 5| 14+ % 47
T
S
X I DO 1 T
1 I
1 ] .
t I ™l - 44
i i
T ] |
% [
B +
T I
+ - b * i + LHM 4 ~+ -+
B 1 gES s
-
st i i 4
: %
. 11 mat
1| 444
{ HHTHTHEH R
IM 4 FFJ -4 4+ ﬁ F+++ 1 1+
-4 4t 4 4 44 -+ 4 4 -
=} TIIIrIT i i ]
HIH HH HHHH H
-+ -
-1+ 1
- A R b 44 114
X 14 TT HHHHH ] ]
+ L4 ++4 1111 L 14 44
m MT - - 4 - 71 iv
+ A - 4 + ot b + ] 1+ 4+t
-4+ i 4 4414 L] . 14 44444
. L AR L R
- 4414
44 F4 4.4 va -
- 19 f = Ler L.Lﬁﬁ.vv vr.T
+ -4 4 bbb 4o 4 4444414312 }
44444
4 44 4]
: 1 ] 444 L
~++ 4+ 144 + -4 +— - =
1 ] ] 44
-+ . Juv 1] -4 . 4 vq L 4
4+ + . t 444+ +- 444 t-4 4 1}
R AR R B R HHE T T HE TH
- - P - 44 4444+
a8 BE1 6y I.rv u 1T ‘UUUNJ. 1T It T
i Ay 4RI H1LHA 1]
1
+ LIAI.AV
B
]
q -+ + 4 4+ 4+
1
p %L -
-4 -4 A ﬁ -+
Y.v\ll 3 lMﬁM‘r 4 L " Sy .
o L L1
1]
4+
' T 1
~+— 4 4 LIIA T
4 — -
il
++
+1
44 1T
ol - T H
11 gREgEmENy
444
b4
i >
(T $ ] .
+ 441
- [ L




ot

~
R N
T
@ W& X . W 2
< T, QKK R ) |<
< % T 5 < . ] o
> SSIRC Oo|= =
K- T W m Q c =
3 » W S 9y W K< <
> fITXINES ~|= R
S S W < S X b oy o OQaT + w
§ 3¢3¥E3IE I Q|2 (2822 ¢
N ShehyssWw 3] = 2EL o
N & b3S Lh G P < 2
HhlWwWQ WQqaa IR q 2 @ =
E B < E ~ ~ s 9 [am]
o S W I =W = gh (7% =z
TS 38S83Io¥5a . = =
LS3F RIsF>»Ilw <
NS J LK S g
~ ' N T X > S =
S~SOoNKRESSRRS
P o J oy W T =0 nh n»
..EﬁM..GAO_MAEmos WA\
QN K XQARXQAIWQAI AN
N -~
W N ¥
®» © N |
NERIRS N
4 o V
$ ¥ Q
N. \'
»
K
4 -+-4 4 F 4 44 4 4 4- - - 4-4 - - - 4— —
+4 L 4 o L L 1
4 + -4+ +—+ + -4 i ] <+ ] ﬁHT. t IBRREI
L - N - - . -
- an 4444 11T L4
b 4
—
++4+++4 -
— [ [ - 11 " ] ] - - b 4 +—4 ¢ —+— 4 t-
B S N <4 + — +— 44 - N + 4 - +4+4-+ e -+ 4+—+ 4+ +—4 — = —+ +—4 t 4 ”l
4+ 44 t 4+ ”%r T -+ 4+ 1 4+ +++++ 44+ +—+ 4 g 44 44— - -+ .|ﬁ -+
1+ +—4 4 “+-4-++ [ T T” —-+ 4 — - +—4 1
11
+— 1 + 4+ 414 F 4+ 44 4 S b - +4 -4 ‘ﬁLTLr + 4 44 I
/ 4 —+ 1+ - 4 — . +++++4-+-+++ -4 - 4
1 F444 +
- — N r'vAL_WA erlviv 4 4+ -+
L] ] 11}
\ ] NS 11T
+4 +
T LT X%HIf 1 T LTS T AYTIL 11E
p b4 N ', § - - JR S (Y T S Sy -
N HH 11 117
1 T - L.r +.4 4 L b
amey [ N 1] T ]
+ 4
] T 4 r.+| - - / S e ks o S G S 4- -4 4 t--4— 4 —+4- b -
- / - 44+ 4+ 4+ 4+ 44+ 44 4+
B f 4 +— -+
+ 4 + 4 4+ — g “++1++1 +14
11 L4 1) AWV
+ - lvl J
I &I
1144 - SN S O I O IS B +AU L 44 L
T N 1111
W ]
W T TTI30111 147 SRENNANE 11T
1 1177
1 N
- +-4 4 4 ]
— + -4 4 q
- -
R 3
s N
+
b T
Y y th 2 a 3
L ]
WJ b o
11 N
14 PNk ! X0 L I
e Sh f
| e
p |
N |
]
. 1
!
/
1
! 7
, ims
I 1 , N
T
t {
I
I .
+ — — |
| o
I 7
I |
; L ¥ i
+ /
1
I
} g | /
f /
3¢ f
]
I APNEE i
. _— 3 Ay e ¥
H» — /u 3 l/,
B AJ N
xlr__ B 11
: A iy , .
ﬁ T
|
= __ :
: ] I
+
-t + 1 t 4+ 4 4+ - + - + 4
11T ITTITI 111
H1 YJ 4 — b 44 L
I |
4 44 - 4 - H4+++ 44+ + { 4
m 44 -4 ‘4 ++ +$+4+41 -
: i 4444
) ]
]
4 M
NI o
ul - - e
R i. p =
+—1- T b ¢ -4
| 41
: (/ST NNNESREETN B8 .
+ I3 4 +4+4-1+++ -+
i ]
: ]
T y,
114
|
]
[
Pl
L
TV T
\ -~
A »
2 ITT h:E
N
y -~
9
. 4 15 -
l*
T
- N —4 - 4+
4
" y.
/
y 4—+—
T | |
i
-
-
1 SEERAL i §
| -~
1] IBRAS Ju _7 8
1 ) 11 10T L Ll 17




LEGEND:

DENSITY TEST
TEST NUMBER

(101.6%) % MAXIMUM DRY DENSITY ASTM
WATER TABLE
POSTULATED FAILURE PLANE AT
INTERFACE BETWEEN TYPE A

D698,

EARTHFILL (95 % MAXIMUM DRY

DENSITY JAND TYPE Al EARTHFILL

(100% MAXIMUM DRY DENSITY)
POSTULATED FAILURE PLANE

XK. ASSUMED INTERFACE

YARD

WATTS BAR NUCLEAR PLANT
UNDERGROUND BARRIER

SLE0OIBU/YEE -0

TRENCH A

STA 7+78
FIGURE 8

qn 8 M _
Q
N ] N -
N
-
A
L }
I 1
i 1
I N M
=~ !
- k T
vl N I
I ) . -
; _ W
" H -
| 1
| ( | }
T i , | |
|
[
! L
1 1EE ;
b i
| I ;
] 1
| Wi
A
—4
- 4 > - -4 44 -+ 4 3 ++4
- -+ - 444 +3444 44444
O S S e - L /v I | 4 + | 4 4 - | . -
N (D U G G W 4.4 O . - +i4 44444
\ A B .
L 444 444 - S W 44+t 144
] i
n T
s L
L4 b4 § b 44— 'S g
— L+ 4 1 e - -4 4 $ 44— 4+ -t
4+ -+ b - ~ -
H ++Nt+4 + 3 J0 N O wy RN I8 A + Lv? 44 b
- 4+ 34 44— - + 44\ 4 4 - - - ¢ L 4 4 41— -
4 -+ ' — — - g - VJh ¢4 -4 4
i 44 441+ 4 .
4 L 444} L L
1
4+ 4 + 44+ 110 L +—+4 1 - .# / \H 44+ b . -
~+4 F+4 4+ +44 t $1 . - —
+4+4-+ 4 4+ S S N V U 4 -+ -+ 4+ t-4 -
444444 4-4 . p L4 | L g .
4 4 L+ 4 + e —+-+4
- +—1 - 4
4+ 4 {44 b4+ 44 -+ ~4- 4 - 4
- L4414 44 4 L 4+ F 4+ b U T m - 1 U o
—t w— — 4 + 44— x/y — 41 —4- - -+
— 1 -4 L 4+ 4. L —
v
-4 4- . - LA 44
444 . 4444 L4+ 3
44 L 4L G W S S S W S AL U B 4.1 4 [ S 4 L
[ 10 O W W S+ 90 0 0 O O O O
. —+ -4 — 4+ 41+ 4+-+ 4 4+ + 4 44 44 — 4 o
<4 — 4 4 - 4 - ﬁ L p
L {4 b1+ / 4 4 444
- -
o - — - + -t + — -t <+ -+ +- —~ -
+— - — 4 — -4 + . L 4 -4 - ——
] ; I i
+ +
44 4+t 141 - L S S W W 414 U S U W e
4 - 14 11+ . S P U S T 1 O ﬁ . . b N L 4.
4 I.IVLATAl.rerAxT — .
11 H 141 14 BEAW [ . 1
.
-4+ + 14+ -1 + +4+4+ 44
N : + 14 Lo
+- 4 = - 4 - [ T 4444
+ 4 T 4 4 -+ 4
1 HHH
r 1T
e
[ tuv
44 444 - . 4 L4 N — 4.+ + b-+-
- L L - 4 4 +
{ - I
\ ]
= 4 i
L 1 T [
4 4 - HA )] 4 YI -+ -4 +— - rL. ) w A— - -
+ 1 N v Ly \ \ T i
T - u 1 3
11t T 4 41 L \Hv - A 4 R Air 44
T [ SRENA LT ( jupnERy! : , - 117
», L1 X ;
1 \ I [
—4 44 44— ‘ - L 43
~+—+ 4-4 1 1 4- .
+ 444 S 4 4
-+
} , | N
} I 44 N -
| 1T N
-
L] 4 ~
" + O =
r .
I
4- L4
- -+ 3t 4 ~ 4444
- - ~4— 4 +44-4- 44 + 41444 -4 4 444 +R 4 4. § L 44 L
44 I HH- 4+ 4.4 4 N 4} 3 | H 111
444t L+
1 T 11T U 0]
' 0 . . 44 N W W N Ay . P 4+ 4
__r b 1 — » ]
T f
PEE 44 L4
|
I
444 444
| 4
1 )
" 4-4 L 4
. {
+ T I
I ~ | ~
: _ e BLEN SRS
. S I }
Tu 14 4 . [N S W 41
: P Hi4 A /
T . RO RN T (o
i T -4 $—
+ NS
N » 1IN 3
i + 44— 4 -+ 4 4 f%#! ‘4 }
< ] 11 £ -
i h ] - A\
: |
1 I I
N L
|
e -
) I ps
" t
] i
IVT + 4+ 1
. 1. I O
4 h bt 4
i ,ﬂl .
D |
t 44+
: & i IRORE [ i
- 9 - -
) 4 1 -1 T
M " 4 H{A
¥4t t
" H‘I P !
W O D Wy By W G L 4 +4+ 41+ e 44 A
h - \ b4 o
—+ 4+ - 4 b 44 8 } + -4 —~
44 -
11l I
T 3
1
14 L4
/ SR T
144
11/ B S O I G S O B L -
1 1 LT A I e . 1
1 188aY ¥ 88 11 TH T T
4+ ~+— S R D R e R e s -
/ | 44 4
+ 4
: oy SESEEpuSEENENE
4 - 4 — -4 4- — 4= b4 -4 + 4
+ TT 1
+ L1 - - 4 1 4444 L 444
4 4 - | {441 .
4 1 11 T H [ 1 ) Y ] - BpEE
1 g 1T ERREN T M ShysEgpssgESERNIREE
- -+ — 4 't 4 4+t —t
-4 -
Q
4 N¥
[{ . 4+ 44
+ Py ]
; o <A L
- <4 3 3 4 444 4 bbb 4 4 4t 44
. . 3 | Yt | 44 4+4 + 444+ 44
414 414 4 - “ f L Ly L4 + ++4 141 t t
- [ [+ be i S Y
/ 1.k L1 L O Gy e 1.
i -y T~ winly 4 " . 1.1& b4 4- 4 44
b
41 44 4t e 1 p L1 1 L 4 444
4 ' _ZﬁA
T \
~ -
- ug il * T [
N 11 Hi 1
EpaS Y
+ | 44
N 1
J
L
i 14 L
* (]
-
il T
n - O N5 Uy 6 BV Uy S By § J O QO U g 0 (0 Wi Ay B
1
4 — -4 4+ 4~
+~ 1
‘ I
YRR 0 G 05 A A 5 0 0 U U0 U B e Em & <+
" L4
4 L1 11
ﬂ — 44— -4
1 - - 4 e - —
! - - - {
| 444 s 41411
! ] ‘ T
+ Il
;
!
L} 44+ 44 1
H V.
T
g 4 4 s (1 -+ +—+
-t 4 444
1 4
P
i bt 444 441 44 - [1 Pl
3
Baf h
SN N 41414
1r ] A 1 L* 111 y
s JEEREI \\ A N L
- 4t r I
5
+
*HI 4 L 1
P NN U8 5 G B 8 4
o 3
BOREE . o -4 +4
44 3 e U W W RISy |
4 4+
+ 4 L 4+ 44
-4 4 4 4o xrlf# b+ - 4+ 4t
b4 L 144 -1+ 4 5
- - P B -+ 4.+ +4 4 1
1 DTS Of {11
i - ' .
-+ 44 ﬁ 414 o . - i i 4 1
44 f.»l -4 1 1 1 1




omAax

-RTYHRE

TFILL

AND 95 %8 ppyax FILL

1032 CRUSHED STONE:
100% AND 95% ¥

CRUSHED STONE
WATTS BAR NUCLEAR PLANT

RELATIVE DENSITY ASTM

DENSITY ASTM D698 OR %
D2049

Q501250148 -09

DENSITY TEST

YARD
UNDERGROUND BARRIER
TRENCH B
STA 1+100
FIGURE 13

@ POTENTIAL RAILURE PLANE

MATERIAL INTERFACES
—_——— e . 1075 AND 1032

2065 TEST NUMBER
(103.0%) % MAXIMUM DRY
Y WATER TABLE

T
T
t
]

S
g
N0 -
L 1 LY LPag 1 T 1
R e
‘,/ i 5 3 } 4. .
N N N Ni © ©! ﬁ
N 4 1
v[m\ I
444 i +44 - +1.. 0 G S A Sy B 4 4444
- - +++-1+t++ +4— +4 414 (5D S 1 U5 5 S B 0 §
i | i
- a8 Y
1] T ~ ]
4441 4 1 1 +4+ T
++4 -
- .
FRNERRERE
- 4 ] 1444
| T4
B i 1L JRREN T mu
BEN' I8 +H o ~
. . 44 S B N L 111 L1 T.IA
4+ 44— - b bt 4 — . b+ 4 +4— + LIJ -4
+4 N T Y NN | L L1y 4 .
1 t LIy
Tt a3 NGB NSRS BN SRER AEERORRRSI
—+ -+ 4 - 4 +-4+—4-1 - T+ttt 7 I_
~+1 -+ — 4 44 & -4+ +-4+—14 -4 -+
ﬂ.l.r -+ 1 ““A — — ‘VL -+ —
41 +— —+4+ -+ Arli‘Hw . L4 14 ATTTT 4t
T T T ! 5
T
4] SENENRRERDN - - H T INENN. HITE
T uw ESESURN AN SERN RN RNEEE T
T
L +4 44441 4+ 1 b-d-1 +-1 A . - —~4-} - AA - 444
+-+ 4+ 44+ + 4% + 4 i | 4414 - 4. 44 4 3 4211 - 14 -1+ -+
++1 1 ++t1 14+ttt 11 .7 r t+ -1 [ o I + Tt Bttt s
41 4 14 U N T U U S S U W O —_—— #l —“+—4— 4 -~ R N T . *, 4 4 4 4
! T+t
4444 44+ 4+1+4 14+ ——-1 4 4 w 4 — I +- - 141+ Ht 1
, r 1 N 414
i . 4 + 44 441+ I DS L L. 4 1 q Ly TvJLv‘ﬁlT 4— . ﬁ. i N O
Mﬁ + - . H 4 + 1
, — +1-t 1+ —~+ 4 ‘Avlr - -4 - .+ 3 *# L {44 T% 4 4 4 71 44} + 4 B b+
S I O O O I +4 4414141 44 - 5 S § rpht c.r LA S 14414 L F Y 4§
N
T I T T A N TR e Ty
I -+ + -1 + 444 +4- ”:1 10 wﬁ 4 ‘* ] 4_ i Jm M . 4L
+ 14+ ++1 141+ +++4- +44 - N T 12 t 1411414 r* %1| = SRR B S IS
- X hr = 14 BN LN w
44 444 i 14 1] O W be I I O L ! L PR
1 L + < N | b H L*x;.l E ol
EEENDENEN D INAREESaNE Ly L8 S «ILV 4441 4 dpg b +rbridr
) N . R~ i
e ] T EH AR I E TR LT QHE S IR I
P ! ! > — i H .
o | N Q Ha T
4 r.r* t-+ 44 4 L4 4 3 - 4 HL +tht -1+ - AML ” - rﬂ it
B TR TR SRHEE AN e A SIS G
S 4+ +4+ 414 44 +4++ —4 L4441 j EE s 44t M ] 1 Gylr.n\v‘uv Ww Ly r,* , 1]
1 1 t+ t Tt r Q 1 { : 14
L « I ™~ - ) in ST TT |1 u
444 BN NN I 44 1 S L trtArt 4- Lyt iy bpbpdprigs ]
BERSS LT T - iy RN EERER NN ; ] P14V 1
ﬂ TERESANI EAER: T NNAE HESIIn Inau
4 11 —- 4 4+ 4+ 1 A.IIﬁnfm 4
S snimnnnnnnaean nnah paivaheansahiinMad Hali
- IlLL,ern. ~ 4 HAJA -1 1 1 o -+ R - %rlA r % 43 441 #JﬂAA ‘m i H ffw ﬂ.lvH.
4 -+ +4-4 — - T E 41 rAAr . - -+ 43 H4 14 1 . : 4444 S ! 1
aEaENat ERaaEE: S 1 i ESITARiE AN
_ . AM'A THET et ] I\,LLQ.G_H._ miiitr T : ! tprpiie it
T e e e e T e e T
HENR HEEN jBEE. IRREEE JERAEE RN (1] ] 1T IFRERY ISA ESE SN VR
| REsseesnanh R EAERRNE NaEmIs] HFS e
R . IRAN - , 1] [ T SRS T
| (44 > .f = RE= NS + 414+ 482 8 - 414+ WA ,fr+ P ) : _{, [ i ;
T I T T T T T e U TR s
T T I 11 Q Nt y 1t 1 1 T 1T
pESERaEEE: T T QXS e R P T
SRS I IR B I T [~ ST T 11 | SR T
SEnhsatnBSEnsaiuaniunduasnstARRISRRNE FRAEE S IQQ b o
> T T A t M t t *
e e T e NS e R
! ! i T ; i REN 1 T + L -
T 1 it frcpel HH HJLJ% 41t} f)fw k- SRESa 1301 SRR EEN NEY:
h SAESESIENEERs N Eac) kn (ERAMAERS) MRSl S SR RENRHR B AREC R RGN BERRRSERIOE
S RN S S S vt —+ 4+ 4 + 4 + BT S Y S D S W S ,7 +4 + 4 [ S B ! b oo o - ‘Jol_‘_w > W ﬁv‘
W 3 HNC T 0\ Dy aiaiashaasail NI SRS
BRENBEEE BRSW RSN ERRREESRL s AR EegE N AN PR ERENDE I A RARREEEE | X RSN A
| [ W G ‘ Bl.y 0 _. t M *u i T i
-\ + 4+ 44 ¢ 4 b+
T Y BEERY g QO QB NI FTI T I | [SSRAERRREERN
T a1l N SHT CtH e
t : D . Mu? T T t ﬂ.«TvL‘ +
4 g Wlﬁ 44 b ﬁ t11 II# P E | o r1l+L nxi. 4 ,_l B : ‘w‘\r i ral + i
IR SSRGS SRR R U B RN IcHu ot Ay aEnncapusnitenis ISsaiuRe FRRYE
44 : I G S 0 UUREUN. U S A i
e e S e ey RTIAR | AARRRNINeRe:
|| | i ! - O Y | e | i .
SRS G TRERENNNNRIUNNRR BARARAINGS FRCECRERE! BURL: BN EIcT R ERERIRERESEORAIE: SEOESHE FEO
[5ek T T H T /ﬁ EE30 I SIRENNS suadSUSSSEEEaal 1l aaRasieaan
4- - U U WS *l 4444 “ » Y zw‘erﬁ +w* H 44404 + FE Syine i Ot fw #~l
14 - - 4 -y 44— +—4 r‘;w + 4 -+ :T‘L. 4 M T +— 4 /n‘ 4— H w H <+ LVM +++114 1+ - Hﬁl«A. H\Arqv T‘%
$ + i M I VI 0 H + — ﬁ\lr .
1] ILI.._T:I 11 w 4 Pttt A_yx I~ _~ I_T | 1 ] FTTTITTIVNL bt B ]
: A A R E R e B e T L R .
b R BesREsas IRsaiays:
_ O - . Y 9% it o4 T 1y T RREE L 4 i 4 [ JOL
I 10 W S W S T S I Tr« -~ -4 i 4 4 4 1 ISR .- vxo
n P 04 +- r r 1
. 44 IL HE b b M~ —+ 4 . W BN VR SQN U O U5 0 NN UHAN T) S 0| B NT | G0 Uy AN ’ TI—IJ
+-4 -1+ -t4+414 -+ .v — 44 ﬂ 41— 4 | 11 = ++1+ 1+ B N =t I B 2R - € 41 ~
i —_—,
4P a8 [ [N R " Lxmm NSNS N N W I almb
41 44+ +-1 Mlvlf —p lTHWﬁ ]‘MDJ 444t 41 4+ } q lT_v 4 L .
' . = 4 qlﬁ r:,rétﬂl_. SL
- - b4 4. h 4 e iivlﬁ A<./I/AlvlTv - A 4 4 4 + 4 4 — b v $-4 + -]
1 I [ T [ Nt I 3t X i ]
S G X Ny b4 4 ;‘ | - ] M743 L‘% 4 -t A4 4 b 183 . B 1.T
444 {44 144 ] 4 4 4 S - - - 0 > o6 <. BE Y - 1 4 rT.v+ |
Ful L © - i f i b
~ 0 00 O O U O RS 4. g 4o H JRCE T U n L + 4 A A S 1zowwmﬁ ‘4. !._H 4 4-+4 4 -H ﬂ F
+ ~
T T Ei bt - o8 LD L INOS- i [ESOUNNENERE HE I
meisdzbdas SSSEN I 88 SR EAEE RS fa s w%t
A 1 I O 44 L - <.L 3 -1 + 4444 L] -4 [ R O A -
r %Ir._7 © ; ] 7.72 - +4 piigl ! g1t -
Shaas ERSSaSAESNSEREERNSEE P Sia: 32N08, S ERT 121 IR ID N ok 14 Q!
T N . 4 P O | | . L L -
SR Sel s S TR,
,,,,,, SsseAsant in¥ oo S e HS P
1 : 1 | S R N s |
44- J44 4 - Tﬂ 4 4 «ﬁ + 4+ Mﬂmw" % #. HVA 1 w— M ﬁ 4 T 4L ,ﬁ ﬁ - I_v
~Nt T 1 DR T T 1 + T -—
T AMA_:(;ﬂwr*ﬁfﬂ BRSRRERE: 31 1SRUAN! |
13 -H P ;_60@4‘. Sen G SRR AN i1 8l ANESES]
L] SREEESRESRENEREER] B NE 1 BN 02 BB PERESRERN Y BRI se s
ut ] S e A
—+ 4 X —+— ‘wlTxAvl \L{rl . H ﬁ ,” «'VW#H b M -+ r [
J TN BN RN NN ﬁ + L
: 2 A RN E L1
FH ST IRSREca SRR RSEINERRIESES: B AaReEd
L 444 ~ - -3- ! O W FI NS S — -} A SN BV G NN I W
T ol e IR R cl EaBARSRASa Rl it Sasasscasas
i ' P ! H
e r ?“Jv.: ks MLH_ F%T.r Loy _hru I Mij A me R i
5150 an i8S cnBu sty Sun pRsS TRt RN 81 bt snqusRaszas
r 1111 Tr - ~ - JLL LHLH Lh H % — Rf _r I v S :
SRR IENNEEENT N S INRESE AU NN SANUSN NG AREREINY
! P N m S AR A A -
T T T e N T R T
SR QN b
[ 44 U | ERS TN L e R ! o WY I A .
i aias < © N B A SE 61 RS SHEA S b
i 0 [0 S G O b+ 4444 T‘% Mv'ﬂv |mwlI (ﬁ”lw;r.J +$4+-L44 \WY,,': mvx +HHr
~ 4+ F L4 4 HE SR VI B s
: ~ 1T B3 HAE 3
L -t L1+ 1 - LILr 1 1 r 2 91 b . T Alwq_Y -+ ‘ﬁ{lw
=) I T L BT nas
i | s | BT HHirityh SRR ENENEE | ARG AN
L] L] o 4, L‘ ! f | ! o |
—+++ 434411 - gE & = w 1»* 7 4+ b4 % 4 44+ b t- M
§ - LM ‘T.w M‘ 4 b ﬁ N b } ) H. .
T : _ A T
H t A
- 4444 B R 44114 T+ - 1. %lr H;ﬁ‘v (Wq 4 1 g T -
T T T .
—_ r 4 - OO WS- A3 [ :-
Ao _ le 0 m s .LA ﬁ nrﬁl -t vH,
L |+ + . 4 .}JIﬂ,r, 414 M T +
+
RS .3 . - Y*lfJXAT Tithr ~
T T
-+-4 41 1 ‘-4 - wﬁ B - ._mll - t
sus TS T 2
15 }-
!
L
]

H
T
4
I
1
N
T
-
+
i
b
!

f
T+
]
4

|

4
-
)

It
1
T

WEATHERED SHALE -

l
1
-
:

"
5
GRAVEL™TTT

1
'
T
I
.

+

44— -+ 4+ 4-4-4-4 +4+-++ +

CLAY
I8
7L
|
+
1
+
i
i
+
J

+4-4+

*-E

L y20

IR

L 700}

e

680

7/0
| 670

[ 730
720




1T I { + 1 1 } T I‘ J[ T i I + it
! B F % AR saasm
r - mERs s T T - LEGEND
f 3 e HE 1 @  LENSITY TEST
. T EES BT REnS pa e N m T 2023 TEST NUMBER
T [ : sas e Enaap EAST (1055%) % MAXIMUM DRY
WEST T : S B R B e R + : - _ DENSITY ASTM D698 OR %
, : 1 , e T R e e e T —+ HH ; RELATIVE DENSITY ASTM D2049
: maam ! T T e e e R mn. asas i
: puamn: ‘ o e EsssasssEsRSsERBaEssmEusas: 1 - 730 Y WATER TABLE
ir ReeEanan e R EeaRsEeaEaEsEEaEsaRam * @ FOTENTIAL FAILURE PLANE
' ‘ 1 T + 0 00 0 8 O O O ‘ .
£a ! T : Hor e : MATERIAL INTERFACES =— -
R L ESSSSEEEESSSEES SnEl SSaasnsad i e 1 |
o R e e e e e ‘ 720 1075 CRUSHED STONE.
i ‘ - NS S SA USRS SRS e BEt a8 5 T AND 100% & ppax FILL
' ] i 0 T 3 . '
FINISHED GRADE»} R T : A =+ - a 1075 AND 1032
? 1 = ‘ i SEAnEnn Al SEAREER T T > S SERE —— : CRUSHED STONE
{ SRR BN ‘ ISEE EDE SR DR NSRSV A N 0 0 A 0 R 0
i 0. 6%) 1 A R . ] 710 . 1032 CRUSHED STONE
1 s 3 - +/459 i -}t ! (105.2%) ] . /465 AND 100% ¥ omax FILL
- } "(990%1 ‘ . /448 ﬁ? ' = - /0/20/
e - 195% ¥ pmax - /4 SRERENSE manalEanss: IENE Y kasss: ( %) T - 100% ¥p max AND
n e ' smar; O o e e e, 2008 P an 95% Fpmax FILL
[ Tt =+ p= /; 4?24[%/ 5% e 032 \ CLAY , ‘ 700 — /032 CRUSHED STONE
™ ! . TTr T 7171 i -‘——HA | L + () ! ! - ? - . N
iane \ A - ? 50 (A A i [ SeeEeE ; AND 95% ¥ 1y ppax FILL
1 : v % . : F%f f 1:,--. l //013.3% l//00,4;%r T ] ' * ASSUMED INTERFACE
O T /oo%,zromx_;r‘j" oo - - Eaman (105.6%) Ty 2046 = panyass 20601515 manms A
EEBNESEEES 3 r ~+1111.0%) T + ' (105.5%) a 2% ke ranannnun annnnnll (())3&) %/ PP (69, 9%) o 690
3 /032 D o B B e e ~2028 //00‘900/ u:: 2023 41 (995%} sy //7 300}‘ L 1+ + 1 - / Tl
T f 2015 AT 2016 THET 2043 T } |
‘ L ; : e il b ; ; ! 1L ; 5 : . T _IL ; t i | A ' APERrrlIRE
i A C TR ; : - NS N ——— Y ; .. ‘ o .
A ! i RESS: - -+ /075 —++ - EmuaEnsne - - SAND : z N # 680 CARD
TSAMD, A Rm eSS S s Bawa e st nns anus ae aum 1 - AEaas T e f amaEssuias '
mpamdams musmemasdEEsans mSam PR T A WEATHERED SHALE s
1 EREmESERaERER. SnauaanSREERaNESussanannnasyns | = + aaE sunaw s e T , 1 R
T L T . + ‘ 5 — 100 % & ; S S L ey . 0 e o o : t 4 1
t 1 L = — - ; - : - ! = I " ] 1 o ; S i 1 !
- | T ! 1075 . T T m T s i WATTS BAR NUCLEAR PLANT
4 +t—+ T + - T T :’ v I ? '% 1 T :‘ N ] Bt
_r } -+ T — l[ ‘ T E\ .\;,,,ii ] -t - | I ¥ + ! 1
: ! ! f - 1T " A , I i A | e . YARD
i ' i | Saaus o e e T anaEmmEEs . 1 * UNDERGROUND BARRIER
117 1 f TIT ! 1™ ' 1 | 1T
EREESEREEESS Salns - e H 1 i : TRENCH B
- 4 l S5k = geess - STA 2+50
: : : : | , r S _ | SsaEghEN , FIGURE 14
180 2160 /40 120 /00 180 ¢ i 60 . 40, 20 L 250 Sl 20 140, - : 60 1 180 11 109 /20
N N )i N .




1 1
T I
i |
I |
T T
|
L
1
]’L
t
= + }
i l EAST
| 1 i I —
~— | L T '
I
' ¢
)
n e t 6
T I 1 !
T 1 - M I 1
i N T T HE
). + -+ T +
1 i
T I .
. T I
] / |
T T
T T
E * Lo | |
= + ‘ ! l
T T
i
/ :
1
T
WEATHERED |
’
R i - 11
'r ?
r 4 *-
] + ¥
+ + L
L ; i | i
I . I 1 :
: , ! T T BuRmn:
- ‘ = § : r ‘
. WEATHERED t T : ‘[ ‘
t i e * ! ? Bt
t 1 T TA' H
r ‘ ¥ ‘E T 1 T T Xr
: T : : r : sanan ‘
1 t 1 T T ) t 1
1 ; 1 i . ! — !
t -1 T t rL T
7 < }
0 T
A } i it
+
. ‘ i 120
9} 77 ' . rh s
rﬁ?ElT %ﬁf&? - ll#iTT{ mEnaEnai ST ! ! 1 1 Htrd

LEGEND
© DENSITY TEST

2057 TEST NUMBER

(103.8%' % MAXIMUM DRY
OENSITY ASTM D698 OR %
RELATIVE DENSITY ASTM
D2049

A A WATER TABLE
POTENTIAL FAILURE PLANE
MATERIAL INTERFACE
___ 1075 CRUSHED STONE
AND 100 %¥pmax FILL
. 1075 AND 1032
CRUSHED STONE
————— e /032 CRUSHED STONE
AND 100 %X pmax FILL

SLH0INB0/I4LE-//

WATTS BAR NUCLEAR PLANT

YARD
UNDERGROUND BARRIER
TRENCH B
STA 3+00

FIGURE 15




%MAXIMUM DRY DENSITY
POTENTIAL FAILURE

CARp -

SBOABOI4S -2,

[
2
g _
[a
W « =
E 8” m MMBOW
Q wr A.uR Q oozt w
WW Q o SW N 32 |$2S% =
SR 5 = |52 2
N N » X0 a m
RO < 2 £ =
5l 3 3
Q = ¥ =
24 N
8 S0y
NEoREN v_@
S Q! Q. Q S N Q.1
R N N Q 2 g by
Q
*
N
1k
5
N ;
W
g : - m
.I[rj

1 4
L 1 S
+ — 4 —4 - - /
L +-+4 441 4.4
4 . p
}
] 1173 1 ]
]
I
|
]
}
* VI( 7 0..
‘
4 4414 L -1 + - M % “» 4 -+ - 8
F——
444+ - E Iic . “ + 44 -+
—- 4 HT‘ -+ 4+ 4+
414
1 | s +1
4L 8 L1l
T
+4 i
|1 | vilw, - 4 4 oY W n b
U T A 5 L) d- A1ttt L _ I‘Jﬁ a - N L §_
444 w -+ | - 444 H. —++44 1 14—+ jvJﬁ.T - + puNEy 0
PREEI N HENRae i N 4.1 ©
T T THIE W e ;
T BeR ~ :
,, - | 4444 5 44 < H L. !
4 4 5 M‘ B - 44 n 4 H ~h 4 :
-4
- 1 bt~ 44—t 4 RS L S _h
afEw s R BT Q !
EEORENENNBENEENEEESRD R TTe T Wy H
H LHH o & ]
; «. . 4+ i +4+4+¥ E
SRR INERDN | L RSN L P ] i h
t ; i w r
IPJ I G o A O S «T { 74 | L 3+ F < b4 +
JL\*‘YL S * t b4 - M Fm_

NEENEEES
T b4 4 —+ R T | b
‘H\Aﬁtr —- L - —+-{-+ AATH 1 +
AIH - . [OE RS S N N - rﬁ “, ﬁ.ﬁlf 4 i~ "
Shyn SEE - Jlr.w, 4 4 sz Lxlrﬁ% Wk‘r B %1 L * “
PR DA H e T QN ;
A e e HITHEN §
[ EEES 41444 v_vfr S R G T T [ IRENN I L //l .
. -+ |“r .VM - — L!Aﬂxl 4 ;
L — 4 SENPY TN 5 G T N E R G D W S SO Ry 4 g
117 1 1t N
A O O S ] -} 44—+ FLT ;‘T AT + 44 w
Mrlvllr.T -+ v+ SR H EERAS IR PR 0 i M v
.TA. N L P AU iy Iy S o — %r .r -}
BN . 411 ! rr.f,r 1
1= —+- LIAr w W
40 LI Ly JTLL L T 9
[ W 1111
s T :
n SEREEEERSNaS Seumw T - Q
] ) EENSSABEEREEE! 1 'y
! Y
-+ 1+t -+ + #
1 4 1t 441 B M - o ] 4U
FpEEEEERANERS O I Anu
Beassaas R N
1 H ]
sinssise : _ ]
T+ + 11 “ — H T : —— i
1T L AR SN ¢
- . Wy 3 -
] 1] Q3 Ju e
H ! M i 1 i
144 e . - L
: T KR 0"
[ T 1 T | N LA N \
ﬁ Y 0 S R
R R e L1 -+ F+4 +—4 1-t 414+ +1-+4 + 4 I 51JVTT””QTT i mo ~
T S U A
< NS W (1
g L3 L 4] ;
| ET o ; 1]
1] P 1 Q
e ot ;_: * S S
]
JEENEESUNE NS ﬂvxﬁ ! Hoe L
i —+4 -+ 1 § 591 N 1 w It
1] T T ! 1L L :
- T W H" ﬁLr? “
-4 b4 + . ! N
snasas L %
- 4+ “ ¢ 4 w — a,\l
i + T h
— - Arivl._' —
=8
4+ I
I
t
- + 4 -
t J) J
f
I
N
T '}
\ g
F 1
4
1N
©
~
0:.
N-um
ST
IvILYw
S
1N
Ii m QS
> <
J A ¢ W
Py
Q
T 1

120

149 -

WEST

/89

730,

.720

7/0

690
680

>

670




