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r-:E: ;L :-:sc:~ ;J c ,a 3 . 2 . 3 . 3 70 3 .2. 3.2 
ADD 7:) E:;o GF para 3 . 3.3.2: Ap pi J an aca i t i cna c~a: in g on t ne :.JD~e,.. 4 fee: 
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Sh. Rev. ?rep~red 3y Checud ay 1/4//7 EC~ No. ?age 

OW - H. J. STEFFENS ' '\___ .... 
: . . yyvt~ 8-714-15 z \ 

0 
INSTRUMENTATION CHANGES 

SP~CIF CATION B-714-C2. SECTION 134JO 

1) CHANGE PARA. 3.2.1 TO 3.2.1.l 

OOE/RL 88-27 
Rev. 1, 01/17/90 

2) ACO: 3.2.1 Test cable and thermocouple assemblies prior to sh i p~Ent. 
3) ADO: 3.2.1.2 Test thermocouples within each assembly by testing eac~ 

ther~ocouple against the room ambient te~Jerature. HE~: eac~ 
thermocouple and verify a temperature r1s2. Oe1iver test resu i :s 
to KEH upon completion of tests. 

4) PAGE 3 , ITEM 13: SHOULD READ: Quick-disconnect connector on 25 foe: 
pigtail 

5) PAGE 5, NOTES: 1: ADO TO ELEMENT COLUMN: LE-.LS-104-lA 
LE-LS-104-18 
LE-LS-105-lA 
LE-LS-105-18 

ADO TO TRA;~SMITTE~ COLUMN: LIT-LS-104-lA 

6; P-'1.GE 6, NOTES: 1: ADD TE-104-1 
TE-104-2 
TE-104-3 
TE-104-4 

LIT-LS-104-1B 
LIT-LS-105-lA 
LIT-LS-105-_8 

TE-_05-1 
E-105-2 

1 TE-105-3 
TE-105-4 
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... 

ELECTRICAL CH;NGES 

1) H-2-77635. SH 1. REV 0. ZONE 4F 

A) CHANGE "NO. 404610*" TO "NO. AP404610*" 

2) H-2-77636. SH 1. REV 0 

A, ZONE 4E - MO VE WIRE 14A F;c:-1 TE~11r;: :.. L ~2 :0 E?.MI~l,;L !.!;., ;.,s S:-iC'li1l 
ON ATTACHED PAGE 24. 

B) ZmlE 8A - CHANGE "TO PUMP" TO "TO VAULT '' AS SHCWN ON ATTAC:-iEJ 
PAGE 25 . 

3) H-2-77636. SH 2 . REV 0. ZONE 2E 

:.. ) CHAilGE "SiNGLE PAIR #20" TO "2-SINGLE PAIR #20" 

4) H-2-77636. SH 3. REV O 

A) ZONE 4E - MOVE WIRE 14A FRCM TERMI~AL 13 TO TERM .NAL 14A AS SHOW~ 
ON ATTACHED PAGE 2b . 

B) ZCNE 8A - CHA,'lGE "TO PUMP" TO "TO VAULT" AS s;.,m;:1 mi A TT.:1.rnrn 
PAGE 27. 

5) H-2 - 77 636. Sfi 4. REV 0. ZONE 20 

A) CHANGE "SINGLE PAIR #20" TO "2-SINGLE PAIK #20" 

6) H-2-ii637. SH 1. REV 0 

A) zm1E 7F, DETAiL l - CHMIGE '"ii/ I/AULT NU;'.49EK" TO '",.J/ SAS : c VAULT 
NUMBE?." 

B) ZONE lF, DETAIL 7 - CHANGE "MANHOLE NUMBEK" TO "BASIC VAULT Nl.i1·i 8E:<" 
C) ZONE 2C, DETAIL 6 - CHArlGE "~1A:IHOLE NUMBER" TO "BASIC VAULT NL':•!SE:<" 

7) H-2 - ii628. SH 1. REV 0. ZONE 20 

A) DELETE NOTE 9. 

8) H-2-77639. SH 1. REV 0. ZONE 60 

A) ADD CONDUI T P64A BETWEEN THE LEACHATE SUMP PUMP CONTROLLER AND 
C/ P-PB- 102-1 AS SHOWN ON ATTACHE::J PAGE U . 

9) H-2-77639. SH 2. REV 0. ZONE 70 

~-) ADD CONDUIT P5:A BET1ilE:N THE LEAC~A:E SvMP PU:·1P curr;c~ 1_:: ~ Ai'Ju 
C/ P-PS- 103-1 AS SHC~N CN ATTACHEQ PAGE 29 . 
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10) H-2- 776~0. SH 1. REV 0. ZONE 2F I 

A) ADO BACKPLATE AS SHOWN ON AiTACHED PAGE 30. 

11) H-2-77641. SH 1. REV 0 

A) WIRE RUN NUMBER GW064 - IN "FROM" COLUMN, CHANGE "I-T8-LSL102" TO 
I-TB-LS-102" 

8) WIRE RUN NUM BER G~092 - I '.l "VIA" COL 'JHN, C:-i~:lGE "C / P-?S-lOZ" TO 
"C/ P-PB-102-1" 

C) WIRE RUN NUMBER GW093 IN "VIA" COLUMN , CHANGE "C/ P-PS-103" TO 
"C/ P-PB-103-1" 

0) WIRE RUN NUMBER G;.J099 - IN "VIA" COLUMN, CHANGE "IP-102- 2" TO 
"I-PB-102-2" 

E) WIRE RUN NUMBER GWOlOO IN "TO" COLUMN , Cr.ANGE "LIT-102" TO 
"LIT-LS -102" 

F) WIRE RUN NUMBER GW0102 IN "TO" COLUMN, CH,:.}JGE "LEC:-lATE" TO 
"LEACHATE" 

G) WIRE RUN NUMBER GW0104 - IN "FROM" COLUMN, CHANGE "LKD- LS -103" TO 
"LDK-LS-103" 

H) ~IRE RUN NUM BE R G~Ol07 - IN "VIA" CCLUMN, rnA:lGE "_P - l03 - 2" TO 
~ "I -PS-103-2" ANO "ITB-LS- 103"TO "I-TB-LS-103 '' 
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. ECN Category (m ark one) 

Supplem~ntal 

Direct F<evmon 

Change ECN 

Tem oorary 

Suoersedure 

Discovery 

CancelN01d 

[] 

• • • • • • 

ENGINEERING CHANGE NOTICE 

3. Or,g,nator's Name. Organ1zat1on. MSiN. ana Tel epnone r 

G. J. Kubinski KEH 6-2381 
5. Pro1ect Title/No./Work Order No. B-? l 4/ ER815g 
Grout Vault Pair 218-E-16-102 & 103 

8. Document Number AHected (include rev . and sneet 
no.) 

See P. 3 & 4 
: 1 a Mod1ficat1on Work 11 b. Work Package 11c. Complete Installation Work 

0 Yes (fill out Blk. 11 b) Doc. No. 

Page 1 of 35 

DOE/RL 88-27 
Rev. l, 01/17/90 

6. Bldg ./Sys.1Fac. No. 

218-E-16 
9. Related ECN No(s) . 

B-714-15 

1. ECN lti:4127' 
ProJ . 
EcN s-n4- l 7 
4 Date 

10-16-89 
7. impact Level 

3 
10. '!elated PO No . 

N/A 
11d. Complete Restoration (Temp. ECN only) 

0 No (NA Blks. 11 b. 
UNK 11c. 1 l dl UNK Cog . i:ng1neer Signature & Date Cog . Engineer Signature & Date 

1 : Z. Description of Change 

See p. 3 & 4 

C 

13b . Just1ficat1on Details 13a . Just1ficat1on (mar~ one ) 

Criteria Change 0 
Design Improvement (X] 
Environmental 0 
As-•ound 0 

;he changes shown by this ECN are du e to comments by '.(HC and 
improvements in design media presentaticn as shown by t he design 
media for vaul ts lOA & 105. 
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Const. Error/Om1ss1on 0 
Design Error1Om1ss1on 0 

\ ~ 
14 D1str1but1on (i nclude name. MSIN . ana no of cop•~~ DI STR I BUT• ON 

KEH DISTRISUTION s R Briggs (~ E) 
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S-ro.±. 1 C r\.:;;: \ 0 

'-· Gor-z..~ 

J. R. McGee 
D. E. Pa 1 mer 
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DOE 
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1. ECN (use no. from pg . 1) 

8-714-17 
15.Design Verrf1cat1on 16. Cost Impact 17 . Schedule lmoact (days) 

ReQurred ENGINEERING CONSTRUCTION 

KJ Yes Add1t1ona l • s ¢ Add1t1onal ¢ s 4 OC!tO 
I 

Im provement 0 
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18. Change Impact Review : Indicate the related documents (other than the eng ineering documents 1dent1fied on Side 1 J t . OOE/Rl 88-27 
the change described rn 8Iock 12 . Ento?r the affected document number In Block 19. 

Tan k Ca libration Mar.~~V • 1. 01/17/90 
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Operating Spec1ficat1on D Interlace Control Drawing • Spares Multiple Unit L1 st1ng • 
Cnt1cal1ty Spec1f icat1on D Cal ibration Procecure • Test ProcedurestSpec1f1Cat1on • 
Conceptua l Design Repon: D Installation Procedure • Component Index D 
Eau1oment Scee. D Maintenance Proceaure • ASME Cooed Item D 
Const. Spec. D Engineering Proceaure • Hum an Factor Consideration D 
?rocurement Scee. D Operating lnstruaIon • Com outer Software D 
Venaor 1niormat1on D Operating Procedure • Electr1C Circuit Schedu le D 
OM Manual D Operational Safety Reou1rement • ICRS Procedure D 
FSARISAR D IEFD Drawing • Process Control Manual/Plan D 
Safety Eou1pment ,st D Cell Arrangement Drawing • Process Flow Chan: D 
Rad1at1on Work Permit D Essential Materia l Soec,f1cat1on • Purchase Reau,s1t1on D 
Environmenta l Imoact Statement • Fae. Proc . Samp. Schedu le • 0 
Environmental Reoort D lnspeaIon Plan • • 
: nv,ronmental Perm it • Inventory Ao Iustment Reouest • • 
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Signature 
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KAISER ENGINEERS 
HANFORD ENGINEERING CHANGE NOTICE SKETCH 

Sh. Rev. Prepared By Checlc.ed By ECN No. 

G. J. 'r(uBuJSKI £ , ~.,a.---~~ B-, 14- l7 
Page 

3 

H-2-77635. Sh. 1. Rev. 0 
OOE/RL 88-27 

Rev. J, 01/17/90 
Revise Leachate Pit instrument no's as 
Remove misplaced "LOE-LS-102*" in Zone 

H-2-77635, Sh. 2. Rev. 0 

shown on page 7• (Zone 20 , 2E & 30) 
01 

Revise Leachate Pit instrument no' s as shown on page'-· (Zone 2E, 2F, 30 & 3E) 
Also show location of future XFMR and supply conduits for vault 104 

H-2-77636. Sh. 1. Rev . O 
Revise vault 102 elementary diagrams as shown on page-r,ea., 
Also revise note 1 to read "Abbreviations are per ANSI Yl.l and Owg H-2-77618, Sh. 1 
un l ess otherwise noted". 

H-2- 77636. Sh. 2, Rev. 0 
Add wi re run no ' s to external & interna l wir i ng and add sh i el ds as shown on page 10 . 
(t hi s mod i fies ECN 8-714-15) 
~ o rev i se one line diagram as shown on page II Llt. 

- -77636 . Sh . 3, Rev. 0 
~~i se vault 103 elementary diagrams as shown on page 13 , 14 ~1,. 

H"'"i -77636, Sh. 4. Rev . 0 
Add wire run no ' s to external & interna l wi r i ng and add sh i elds as shown on page l b. 
[t is modifies ECN B-714-15). 

- -77637. Sh . 1. Rev. 0 
In detai l 7 (Zone 01) change beginning of termina l block ca ll -out to read "Termin al 
6To ck , 12 point, Cmega cat no BS12" , a·l so at end of call-out add "( 4 of each , to t al 
of 8) l ast 4 terminals on right shall be copper, cat no. TLCP-20". 
In Detail 1·revise terminal block ca ll -out to read" . .. TLAL-20 (10 of each, tota l of 

Chromel wires shall be ... ". 

H-2-77638, Sh . 1, Rev. 0 
Add ductbank ground conductors as shown on page 11 t.. r~v 15 e no+ ~s c.-s Shown on p'"-je IS. 

H-2-77638. Sh. 2. Rev. 0 
Add TB-P-102 to manhole 102 and TB-P-103 to manhold 103 as shown on page :, . 
Add ground conductors to Detail 13 and Sect i on A, B & Das shown on page 20.&.2.1 . 

H-2- 77638. Sh. 3, Rev. 0 
Rev i se instrument no ' s in Detail 5 & 14 as shown on page zz & 23 . In El evat i on 4 
(Zone 86) change cutout-arrester call-out to read " . . . Chance , cat no. C7 10-1 12PB , wi th 
40E Fuse (Type of 3)". 

H-2- 77639, Sh . 1, Rev . 0 
n Notes 4 & 5 change "13 ' -6 " ·,n height" to "1 3' -6" above gr ade" . 

H-2-77 641 Sh . 1 Rev . 0 
Rev is e wi re run 1 i st as shown on page 2.~ t. 2~, 

KEt-,-0 159 00 \ 1,88) 
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KAISER ENGINEERS 
HANFORCI 

~ef. Dwg. Sh . Rev. Prepared By 

G. J. \<ll5\NS K\ 

ENGINEERING CHANGE NOTICE SKETCH 

Checlc.ed By ECN No. ?age 

a .,e~ B-714-17 4 

H-2-77642. Sh . 1 I Rev. 0 DOE/RL 88-27 
Add Leachate Sump Temp Connector J-TE-102-5 as shown on page 2..7 . Rev. 1. 01/17/90 

H-2-77642 1 Sh. 2 I Rev . 0 
Add Leachate Sump Temp Connector J-TE-103-5 as shown on page za. 

H-2-77643 1 Sh. L Rev . 0 
Add external wiring and wire run no's to terminal boxes and motor control l ers as shown 
on page :3C-. ,9 L 30. 

H-2-77643 1 Sh. 2, Rev. 0 
Add wi re run no ' s as shown on page 3\. 

H-2-77645, Sh. 11 Rev. 0 
Add jumper cables from protected pi pe to reinforc i ng bars in side of vau l t sl ab as 
sh own on page 32. 

Add Note 14 as fo l lows: Exothermically weld #2AWG j umper cab l e to t wo (2) steel 
reinforc ing bars i n s ide of vault slab. 

H-2 -77538, Sh. 3, Rev. 0 
Revis e Oet a i ls 2 as shown on page 24. 

~ &. 1 , \'- ,o( ,'-\e~ 
Constructi on Spec i f ica ti on 8- 71 4-CZ 
Revi se Construct i on Spec i f i cation as 

(_ V - r3 7 i Y C ~ - c o 3 l 
shown on page 33, 3 4 do 35 . 

APP 41 -284 
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KAI SER ENGINEERS 
H ANF ORD ENGINEERING CHANGE NOTICE SKETCH 

-. 

Sh . Rev. Prepared By 

0 c; !<sUPJtt-.Y.)l"... l 

SHORT rE~M LEACHATE SUMP 
?UMP ASS'f->1- SEE !:IWG 
H-2-77516 AND NOTE 8----+--

Excc-c:s ·,it" r=-:i orr 
2 18-E- ;6- 102-E 

r;:::'.~~~+- : -P-E 'N-0 2 

....... --.-+---P-? - Dt-02 

EXCESS WATER P!T. \ 
SEE .lWG H-2-77502 SH ,_j. 

Checked By ECN No. 

~-.e~ :s-114-11 

00E/Rl 88-27 
Rev. 1, 01/17/90 

l<E H -0 159 00 ( 1,~8 ) 
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KAISER ENGINEERS 
HAN/:ORCJ 

· ?.ef. Dwg. Sh. Rev. Prepared By 

\-\·'2..-7i~ 35 2 0 C, KU(:)11-JS'f... I 

SH J, -:E7Art. 1~----:--

,P~ ~ ~.35' 
ENGINEERING CHANGE NOTICE SKETCH 

Checked By ECN No. Page 

a.,£':~...../~ B-114-11 ~ 

C-~OV·08* OOE/RL 88-27 
Rev. l , 01/ 17 /90 

REVISE 

_CN: TE~\I l:'.ACH A~:'. SLYP 
P•J~•r •.:.;s.;:1,1eL Y* sc::: c·11c 
H-Z-?! ~ !4 ANO ~ ~7t 3 

SHORT TE~ ~ LEACHA TE 
sui.P p•.;i.P ASSY SE:: :rll'C 
H-2- 7751 5 A,';Q NOTE a 

... .-+--+---'-E·LS- ;OJ~~~ 
l,,;·,q,p:- :,q RE.\J\:iE. 
2!8-::- :5- :0.3- A 

?·"'9- i_s- •oJ sc::: ;::we H-2-775::a 
SH J, CEiA,L 14 

C-?-LS,·-_:::O~l*:.---::-=-=-=-::f-t-7"'!<,;b! 
P- 0 -LS-Q l -ll 

C·LE-LS-01+-------r-

occ-<:s w,. r =-3 °TJ 
2:8-:'.-H:i- !0J-€ --

1 

?-P-:c'N-02* 

* :suPPLI::!J 'lt/P!HI 

ADO 

KEH-01 59 00 ( 1/88) 
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KAISER ENGINEERS 
HANFORD ENGINEERING CHANGE NOTICE SKETCH 

Sh. Rev. 

0 

0 

• 

Prepared By Checlced By 

~ \<.tJcl'tJ SK..I d-~~ 

4dOV. 3PH. 60HZ 
FROI.I DIST i'NL30 

0-?9-01 CKT t.3 

------"------.. 

ECN No. Page 

B-714-n 7 

D0E/RL 88-27 
Rev. 1, 01/17/90 

~EMOYE 

REMOVE 

J: I.ACTOR 
c::-; iROLL:'.R 

,...__o_c~ "' ,o,c J 

.:::s TRCL'-~-'< I I 

I 

_ I+_'._ _ Af~ CNO J 

P- i_S - •02 9 

i..::~;G T :'~IJ I =-AC~A 7"" St.;~P ::::, 1_;1,,p5 

?-1 s- :02A &: P-1 s- 102;3 
EL=-IJ~~TARY QIAGRAM 

;;:,qs , rx ·11 !i<E i,t:!.<3E:.'<S .,., i iH ?VI.IP St.:l.tSERS) 

TO L:'.:<-t.S-01 

ADD 

AT?!)-! _____ _ 

r---1 

: I 
I 1._ ___ _J 

L=-~CH.&7;'. Sl: ).J P 
,-qc; :-H-~ TGH 1 =- ·v"' 

0E7=-STTQN CCNN QIAG 
:?REF"IX >¥ IRE: :-it:).loERS 

IY/LE:!< - t.S -011 

APP 41-287 
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KAISER ENGINEERS 
HAN!=ORD ENGINEERING CHANGE NOTICE SKETCH 

Ref. Dwg. 

t-(-'2.-77(:,?,C::, 

TO L: A.1<. 
D~i SCTOR 
8-~L~ '{ 
!..:JK- U' - !0 1. 

: 0~ = ~J 

A.DD 

Sh. Rev. Prepared By Checked ay ECN No . Page 

D 
z 
'5 

0 

PROSES 

G . \< Uol t-J SK I .::z.,,e~ 

--, LE AK 
I DETEC TOR 
I LD E-LS· 1C 2 

I I t_ ___ __,J 

ANN
~C+-

B-l l 4- 1 l 8 

ADD 
-7 

I 
I 
I 
I 
I 
I 
I 
I 

00E/RL 88-27 
Rev. 1, 01/17/90 

1--:ris-:- ALL iE\l."".: .'lARY _t,;l.l;::::R 
{ A~C~NO ALA2 1.1 :0N i AC, 
• J · •R[~GVAUL· =- · •: ;::-1,1o v=-I ~;·E~ "r"~Ll " ·~::AC-}7A iE._Si.:~?-

1 
- , ... ~ ·~,-H UT '-![ ' C' VC' I r'1.., Mr- TT• I .-,. __ - -

:::LEMENT rs '!E ~JO VCJ. M•O 
I "" c-"" • •r .. -·· L • •c,-,,i. T• , _ ,, M"" I t, ;~ I _ ,... -

.~NN• 1 SUMP Pu1.1P :s 1:-.sr ALLE:;:: . 

lC:? I 
I 
I 

_ _j 

• 

L"AC~ATE SUMP l ~.t..K QF"l; C".": ON CQ NN€C: iC N Q!AGRA~ 
(PREFIX PROBE WIRE NU1.1erns WI:li LDK -LS- 1021 

KEH-0 15 9 00 (1 188) 
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KAISER ENGINEERS 
HAN!=ORO ENGINEERING CHANGE NOTICE SKETCH 

Dwg. Sh. Rev. Prepared By Checked By i:CN No . Page 

H ·2.·77l.3fo O 6 . \<.V~I\JS"- \ CZ.#.~ B-7 14- 17 9 

f f2..Ct-'\ LE.AK 
OE. TE c:r C IZ,. ~ e.,.A.-'( 

D 
z 

,Aoo---o1111 1.'.i 

LDK· LS-\C'2. 
r_CNE ~F 

--, LEAK 
I DEiECT~ 
I LDE-L?· '02 

~ROSES -----1-~-- I 

'-------' 

REMOVE. 

Lc:'.\CHH; ;:irr LEAK ?Er cc,-..· .;N ,;;,.·~s::c -:-1cN OIAG R.Au 
l?REFIX ·•IR£ NU"'8ER'S WITH LDK·l.P· i02l 

00£/RL 88-27 
Rev. 1, 01/17/90 

~ 
I 
I 

I 

KEH-0159 00 (1/88) 
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~ -' N 

'° 0 

1'00 

"'OP 

OVERAU 
(TYi' ) 

• 

, --------- - - --------
1 
I 
I 
I 
I 
I 

....::=:--TO TE MP ELE M TREE 
TE - IO2 · 1 

,..!.ec-- - TO TE,..P ELE M TREE 
TE- IO2 - 2 

r,.1-!,;,--TO TEMP ELEM TREE 
TE - IO2 - J 

SEE NOTE 2 ff YP I 

ADO ~ ~LETE. 

J · TE- 102· 4 

L-----...L.-- - 4 ~ -f--1--- - ------l-- PRff IX WIRE NO 

(CH Ho. B-714- 11 

••'- •••·I-\ ·2-17G 3 c;:, 

W/TE - LS - 102 

Sh . 2 
10 

"" ·O 

:0 
II) 
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KAISER· ENGINEERS 
HANl=CJRD 

Sh. Rev. Prepared By 

Pa.c~ I I 
V 

ENGINEERING CHANGE NOTICE SKETCH 

Checked By ECN No. Page 

'2. o G 1<ue,1l\l $l<.I a_,,e~.__.,.A:-e. B-114-17 I \ 

I.IH• 102A 
r-7 

. . 
I 
' 

[ 

__ ...J_ __ J 
PlH 

----
PORTABLE 

lNSTRUWOH 
HOUSE 

!BY OTH(RSl 

WH-10:Z WH• 10JA 
r 7 r-, 

\ ~~"1-1 ----~Ti 
L_..J L_.....J 
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KAISER' ENGINEERS 
HANFORD : · . . . .-.. . -. .. . .ENGINEERING CHANGE NOTICE SKETCH 

~et. Dwg. ·. Sh. Rev. Prepared By _ . Checlced By EC.'l No. ?age 

·r4-?.-77Co3C:. 12. C ·G.KLiSlt-l~K.l a. ,,e_.,4- • ·,4 L B-1 I 4 - I 7 I 2. 
1,-_______ ..1,,_._.i,_ _ __,_ ________ ....,_ _______ __. ________ __._ __ ~ 

! 

!. 

I ' ~, 

' 
k: 
i :. ,,, 
i 
I 

I 

l.... 
' 

t
r 
I 

I 

I 
I 

WH· 102 IIH- \OJA 
r-, r-7 

DOE/RL 88-27 
Rev. 1, 01/17/90 

I ;,r,; ,,I I I 

1~1 '~~'-----------------
L _ _J '_I_j 

PORTABLE 
_ __ _ ____ _]RA.t!..Si='OR).IER A'S~Y f,,T '/J...UL:i 10! TO XFMR p~\!-JI:-..~':' 

I . r - - - - - •- - - --:_:=OR :'= UiiJi<.:. . 
ll<&'rl\NLl-:lG_l~~~S.i.0~--1 ;,.. I y,i..UL.i \Cd:-
Gi-,OUN0 W\R!::S -'\.,._ . ' L"----c( t 1' I 

J_ " I O 0' ' ~, I 
~ I : r FU i 

I ~ ~~t I 
1

1 
u-.L xruR l 
T 225><v>. u .~oo - I 

I O\':>TR.16\JTIO~ A-11.BD •S0/277VAC. I 
4!~271'1!<., 400A JPH. 0 , 6CHZ I 

I 3 p I '1"" . .a \)'5/- .,....__....,. I 
I 400/5Arl---"---..,I I 
I , C'T I 

I I t~~: : .i.---ADD l "'--~~ .... ,f' ________ J 
' 

I 
I 

' r _ _L __ J 
L_ PIH 

PORT ABLE. 
INSTRUW(NT 

HOUSE 
!BY OTHtRSl 

ONE LINE OIACRAU 

APP 4!-292 
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KAISER· ENGINEERS 
HANFORD ENGINEERING CHANGE NOTICE SKETCH 

•• 

Sh. Rev. Prepued By £CN No. Page 

"3 0 G . 1-<. V fJ I 1'J SI'- I 

Checked By 

.::z...;4!1:./¢ .....,/;~ B-7 l 4 - I 7 . 13 

~aov . .3PH. ~OHZ 
FROM DIST FNL3O 

D-?6·01 Cll. T 13 

CC 1AOTOR 
C::N TR-:lLL C::'l -• I ' . 

I 

,., -i"-• c,o --~ J._, ,,,, j 
ADD ~00 

?-'.S- 1C.3A ?·'.S -:0.!3 

LCNG r ~~~ ! ::-Ac~ATE .SVMP ? uY?s 
P- 1 S- '. 0.3A &; ?-LS- '. Q.33 
El ::-1AE~ T .iRY _Q_T !.GR-1 1-' 

(PRU-IX 'lf[R.~ NUMBERS 'If tTH ?t.:\IP :-iuuae:~Sl 

TO •.:'. .<-t.S-O1 
.I. i ;:,:,; 

L;:.i.cqATc- 51;~P 
HF;;:-H-HGH ' s v ::- 1 

CE 7 ~C iT QN C8N~ OIAG 
t?REi' !X ','fLRE N~'-SEi<S 

W/ 1 .. ~K-LS-0:J 

APP 41-293 
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KAISER ENGINEERS 
HAN/:CJRD ENGINEERING CHANGE NOTICE SKETCH 

Ref. Dwg. 

H·'2·77e, 3e:, 

iO L..~AI( 
DE. T ::.C. TOR. 
P-E..LAV 

L()"- • !..P-103 
:.ONE. 4D 

ADV 

AC.I 

Sh. Rev. Prepued By 

3 O G. KV~ll-JSK.l 

!20V .:.C . l?\s. ~;'.)HZ 
r R IJ ~:.. ""' nA I t.. 
SU!>.!P ;:"\NP 
CON'ROL:.:'.R 
lO~E &C 

I is_ 
~ 

REMOVE ',VlR~• 14 

. 7 

I ~ 

l Rl ~x-
iOK ~ 
OHi.i X 

1:',A 13 14 

R3 

Checked By ECN No. Page 

a.e4--~Z.... B-714- 17 14-

----:7 
~00 I 

I 
I 
I 
I 
I 

L:AK OETECTOQ.. R.EL~'( 
L.D!C..•!.._':)•103 

I 

DOE/RL 88-27 
Rev. 1, 01/17/90 

I 
· - !NS, ~LL iE',!?ORARY Jl.il.l?ER 

_....,_ 

09 
l [~~-
\,, I 

' 

ANN- I 

103 I 
I 
I 

_ _j 

ANNUNCIATOR 
SE:'. '.) 'NC H-2·77540 

REMOVE. 

;.,1.-: 1;~!0 ALAR).I C:JNTAC: )UR!~lC 
VA'..:'... T F iLL. RE iJOVE 'N H( .~ 
'FI~ : ... ,_[ACH., i E: SUMP 
?I.J)JP ·,/ !iH Hi-H( LE ',";I_ 
:'.L.E).IC:~:: !S q()JOVED, ANO 
"?:'.i'NANC::~ r L:'.A<;HA TE SUI.IP 
?UMP .S :~Si AU.ED . 

L=-~c:...jA-:-i:- SUIAP L=-AK pi::-r ;:c,-oN C0NNE:7:CN J.ACRAM 
iPREci:X ?ROBE WIRE NUMBERS WITH •_OK·LS· lOJl 

KEH-0159 .00 (1 /88) 

APP 41-294 
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KAISER ENGINEERS 
HANl=ORD ENGINEERING CHANGE NOTICE SKETCH 

f.Dwg. 

14·'2.--77~'3G, 
Sh. Rev. Prepared By Checked By ECN No. Page 

a. ~ .... ~--..._,,4.:_.,._,z__ B- 7 14- 17 15 

~00 I 
I 

O'ciEc:iCR ; :.!,.>-. y I 
,_Q\<. ·Li'· \0:, J 

------
_____ :_J 

Rt.MOYE. 

9 . t.,,VO(. 

--, LEAl< 
I DE TEC TO R 
I LDE-LP· lCJ 

PRoaEs --
1 1 
'-------l 

L.::,r~!-Lt, TE P!: I EAi( QETECTTO"I ;~~~;c:c r;c:::i QPC~n, 
tF~ir!X '# I RE :-.UMSERS '#ITH LCl(•LP-1QJl 

APP 41 -295 
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ADD 

1 
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I 
I 

f .l\.tffU'\ I 

~ 

EL[l,4 TREE 

-v g n 

~O TEMP EL(M TR(( 
(-IOJ-2 

~TO TEMP ELEM TREE 
TE·IOJ-J 

C' ' A l I I 0 6 

• 

•-------------------7 
I 
I 
I 
I 
I 

----~----t--t~-------I-Pl 
w 

~V ltMr'•tltM IK~............_10 TE-LS·I0J-1 
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g. 
, .1_.7,r:, 3S 

a 

Sh. Rev. Prepared By 

\ 0 c;,, KV~INSl'-1 

0-- U• 

1~2 --0 0- l JJ 

'. :- • - .. ~ " - ~ ~ - j ~ J 
~ ::~ 7·~...:l,. -s·-A i ::N 
:02 ;;7 ._,3- t, ;:. 

P\00 

SECT !ON 
•J,•• 1QJA ! 0 $1-• J 
L[ACH PIT CONrqcL 
<; TA rtON lOJ 

a.t..- /I CZ 35 

ENGINEERING CHANGE NOTlCE SKETCH 

Checked By 

u_./.~-r_ 

D:: T >- IL 
i.:_'Ji ,:~ .. ~ ~ ? ~T ~J 
.:: :N•~c~ STAi 7!•~ 
:.:..:, :. :u8-uP 
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ECN No. Page 

B-714-11 11 

• .• c :-10 , r YP 
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KAISER ENGINEERS 
1-iA.NFORD ENGINEERING CHANGE NOTICE SKETCH 

Re4 ::>wg. Sh . 

l-\ · '2.-77G,38 

LINE our 

Re"' . Pre~r~ By Checl:~ By ECN No Page 

0 G . KU~ l >-.J ~I<. I a.~~ B-714-l7 18 

D0E/RL 88-27 
Rev. 1, 01/17/90 

a. A ~1~ CA!ll.E Sl"IALL 8£ INSTALL(O IN (!'ICAS£~~rs l,.,.._~ss 
SPtClFl:C Oll4CRWISE. TM( CONOUCTOR S>VJ .. ~ • .:it 5/S" OIAWETER. 
7 STRAHO SP£CIAL LOW CARSON CiH,OE STEtL CA'3\.E. CAcllE COA T!NC 
SHALL B£ Cl.ASS 8 ZINC IN ACCOROAHC( WITH ASTV A 475. T>HS 
CON0(;CTOR SHALL BE USEC roR ,HTERCONHECT!ON OF <:ROl.'"NOINC 
CRIOS ,.NO roR CROUNOINC Of" CO!'fOUIT R!SERS. CA3L( SH!HOS. (1'C. 
~T SHAt.. .. NOT BE USEO roR TM( EOUIP\,1£HT 

9§6~8N&AEi,· B:~'-'iWEHT a,-··•-,wn·~ ~~A e~i-~·~0~~w 1~~-11L·• :} -e6 1<18b'H SH-,t,t.L lE 8ELETE3 FOA jQ•IQ.l,lt·s ..:.~·.q;e j~ :: ·e•N 9#---
~ '"A( •••s•~•;T!8H iilAIW£'•:EI ~i e-• -, a• i,.ll t ~-e;•i<i 

---~ Wiilt tF?I ~IEG 'i'lil. IEIH~:; ~ii ~, I~ ot7. : 

10. TH€ CONCRETE CUR( R(OU!R(l.l(NT • SACKrtLL oP!RAT!OH MAY 8EC,N 
72 HOURS AF"TER CCNCRET!: POUR. ~t>-l{WUW COHCi!E'.TE CC~ESSlVE 
STROtCTH PRIOR TO BACKFILL IS '.500 PSI. ' 

n. WHEN TRAHS1'0RW(R IS TO 9£ "'0VEO TO IE:XT ILUCHOt.E. El90W/CA8L£: 

12. 

\J . 

1•. 

i5. 

.. 
17. 

a 

ASS.:W8L Y $MALL 8£ OtSAS:;El.181..EO AHO TH( CA,3\.E SHALL .3£ ~lolOV(O 
r"ow CONO.JIT F"OR REUS£ AT N(XT XFWR LOt:ATtOit. ~H C.Aa:.E HAS 
a((N REINSTALLED ,..,ROUCH CCNOUIT AT HEH W~( AT ~ic:. xrwR 
LC'CA TION, CABLE SHALL B£ R(·CCNHECTEO TO (l.30• ?tR LCAO 3R(AI( 
Et.SOW I.IAHIJF ACTURER RECOIA:(NOA rIOHS lSY O TH(~Sl. 

~~OUNO CABl(S ROUTCO WtTI• ou~T 9AHKS Sl-lALL at: CONP€CTEO 
TOCC:T• :ZR re l,IAI(( CM: CONTINUOUS CROUHO CAaL( 11ITH C.ACWELO 
CO~M(CTORS IN ~ACH !,IANl-• Ol(. r ASTE}j ~OUNO oau:s TO ,;.AwI~C 
CHANNEL SUP90RTS USlNC JUNlSTRUT 5/S• 0.0. Tt:SC O..AWP CAT ALOC 
>;t.;WBEit ?20:\. CAOW(LO CONNECTORS ~ALL i:!E I~STAl.LEO iN 
ACCOROANCE ·•ITH IIAHUf" ACTURER"S INS,"UCTiONS. 

AT e:NO or EX,(NOEO OUCT BANI( AT 1U~4.30 16 ~EBAR IS TO 
PROT?.UO( A~ROX 2 rT SEYONO c~~RE'T"E so THAT WHEN ~UCT 3A~K 
IS COHTINUEO REBAR CAN B( INCORPORAT(O !HTC :'tEW CONOETE 
(NCASEWENT. 

CONDUIT NU\t3ERS ?R(F"lXEO WITH-;,• ARE PCWER CCNOvITS 
•c- ,Rt: CONTROL CONOUITS, ·•z- ARE INS,Rt,;\oc:NT CCNOUlTS. ~ 
WIRE ;.'\JN UST owe H·2-7764l 

F"CR Xfl,IR F"ErD(R c .,81..ES. CABLE IS TO e£ ROVTEO Tl4!0UC>1 •· 
OIRECT 8\JRlED CCHOt.,;IT SttOWN lH OCT ALLS 1 41 2.. S><CT 3 
BEFORE ASSua. Y wt"TM El.BOW IN WA~~(. 

INSUL.A TEO F"Nln:cnvt CAP'S AS ~VII)(O Err Tl-£ LOAOSR(J.I( CO.TER 
YOOU.E WAl«S ACT\JRS".-" SHAU. FW: NST ALLED ON ALL l..~.i ~tn'.~S. 

SHIEl.OEt) CAIi.( SHALL HAVE STR(SS COHC T"ERW[!-t.U!Cf'fS WAC( l>' 
ACCOROANct WITH TH( INSTRUCTIONS CF M CAcll( !,tAIC§ACT~ER. 
iH: OUTSIOE LATER or TAPE SHALL 13£ APPl.i(O ro $)'0) WATER. 

-Tilt CROUNOINC CC,tJUCTOR J"O,lt TH£ \.3 .5XV l~ s;..ALL BE 'tO. 6 
ol~WlNCHAW WIRE ::Auct. CRACE Ll!B 1;tOIII W[~ WITH CLASS 3 Z!~ 
COA II~. CAEl.E ·SHIELO ~OUNOS AT T~ s r:irss CC.'CCS $>'ALL a( 
COPtNE:CTEO TO THC LlC>4Tlol1HC ARRESTER C,;I~. 

.,,_ IN PREP Alt A noic roR rt:-.AL :3ACKritL 01sc~CT .~ t;>,PtuC C..lat.ES n ~\JI 5 ~ 
IN l• T9-tS· IC2, P · '02. I· .1.,-0 ?IA.L I"' I;. 
a.a.ex TO I·P9-\.S· 2. - · t. -,;>9-t.S·'OJ. AIQ) P-~~-
'WOV! TOP 24"':UO TE TO T l.~tsnur Al"TER (i~i"!'CJ!~ 
u·-•· IJlil t-,(I~T. I~ST.a.Ll. ~- CCHOIJITS :J~ un. 1378. ~ P 
I.32.J. wa. ~a A"l P648. ?\Jl.L CABLES ~ex INTO COIOJITS A 
TE:~~ 90xtS A)C) ~CCHCCT AS ?M:YIOUSLT T(j:N~IIArED :ST OTH(RSJ.. 

20. .LFT(lt PU-LIHC Lrvtl. Pft09( CAl!L( ~ CCI rtTTX OHO T,:,:l'WIMAL 
90X. INST AU CC-CCT0't T!o(A T -.AS ~Y!O nt0M L!VO.. ?"tCaC <SEE 
:::,uwDtC i-,-2-n,11 HQ?( 121 •ITI• CABLE CRUii 0111 c:.t.a.( e0111-. nt0la 
l.EVQ. PROS( A)C) ~(C~C1' AS ~VIOI./St Y Tt~rt!l. P<STJ:.i.. J.H0 
TEit\ll!UT( C~CTOR BAO( Oi'f TO SMCftTE)C) C.&a.L.. :t(~T AS 
PRt:V !OUSl T TE~l!U r(O. 
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TYPE OF WIRE 
1 
I. 1 /r' Yl....!HW /THI:: · 600V INSULATION, :;;:10 A WG A1 D 

~8 AWG AND LARGER STRANDED ....__,,,..._ __ ...-.... _ __.._,..___,..-~-

2. TYPE TC, 600V ROCKBESTOS FIREWALL III 
COAXIAL CABLE TYPE RG 11 , BELDEN NO. 8238 

L 16 PR #20 TYP E K THERMOCOUPLE ~VTC"~ I ,('\I\ I 

WT.RE, ROCK3ESTOS FIREWALL III WITH OVERAL 

6 SH PR #24 ST RA NDED CCMP UTER CA3LE, 
6E LDE 1 NO . 973 1 

6 . ·:5KV SHIELuEv POWC::R C,A.2L /1 33% I NSU A TI ON 
L PR ~20 TYPE K THE?-MOCO U, Lt ~~~·v~ -~~-,~~:~(.:-..: ..,--...----~ 

"' w:~~. ROCKBES TOS -IRE WALL III Wii"H OVER ALL SHIC:LD 

e. LE VE PROBE COMES COMPLETE WIT H CONNECTI NG 
CABLE AND ASSOC-ATEO CONNECTORS FOR BOTH ENDS 

9 . 25 / C ~ 74 ALPHA XTRA GUARD 2 

1 __ S/ 8
11

DI A , 7 STRA NO, SPECIAL LOW CARBO N GRA.DE 
STEEL CABL.E. CABLE COATI NG SHALL BE CLASS 2 
ZI NC I N ACCORDA NCE WITH ASTM A4 7 5 . 
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CONSTRUCTION SPECIFICATION B-714-C2, REV. 0 

SECTION 15300 

DOE/RL 88-27 
Rev. 1, 01/17/90 

P.6, paragraph 2.2.2 

P.6, paragraph 2.2.2.1 

P.6, paragraph 2.2.2.2 c, d and e 

_P.9 , Add paragraph 3.2.5 . 4 

P. 12, Vendor Data List 

· Delete words: 1-piece integral 
bushings and -add in place of these 
words: bushing wells. 

Delete last (7) words: and secondary 
breaker shown on the Drawi ngs , and 
put period after Cat. No. 150615-65. 

Change to d., e. and f. 
Add - paragraph 2.2.2.2c as follows; 
Transformer secondary di stribution 
panelboard rated 480/ 277 VAC, 400 
amperes, with (1) 400 AF, 300 AT , 3P 
molded case circuit breaker and 
space for (3) 225 AF, 3P mol ded case 
circuit breakers. 

Maximum pulling tens i on on cond yctors 
as recommended by the conductor ' 
manufacture. 

Add "X" in column 6 for Dimens i onal 
Drawings, Equipment Weights and 
Specifications for item: 
Transformers. 

SECTION 16400 

P.3, paragraph 2.1.3.1 

Add P . 12 

Add P. 13 

Delete type THWN/ THNN or XHHW and 
add: as specified on the drawings. 

Approval Data List as shown on page 34. 

Vendor Information Li st as shown on 
page 35. 

CONSTRUCTION SPECIFICATION B-714-C2 
SECTION 15640 

P.5, paragraph 2. 2.6 . lb 

P.1 2, paragraph 3.3 .9. lj 

APP 41-313 

Change 10 years to 20 years. 

Change as foll ows : Identify each 
cable end, with nomenc l ature as 
shown on the drawings, t ypewr i tten 
on specified wiremarker. De l ete 1), 
2) and 3) and associated work. 
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ENGINEERING CHANGE NOTICE CONTINUATION SHEET • '• .3..~•- 9 _., , ... 18 

CJVll CHANC(S TO DRAWINGS 

l ) H.:l.:J..?..~J., .. JJ.Ll-'-~(.V_ Q J..-t>M..W.LfilU.JJL!.ZA4.:.6l 
a) O[LCTE, SH l from Drawing Numb~r H-2-77619 
b) DELETE H-2-77619, SH 2 5901 INSTM VAULT HTD LEVEL ASSY 

2) H.:.2_:J]j}_S.......S..H_L_R_(.V..J_J_CHI~.L~.OTES [ZCl-2) 
CHANG( HOT[ 3 TO R(AD .AS FOLLOWS: 
CARTH HAULING [QUlPH[Nl ANO CONCR(TE TRANSPORT VEHICLES SHALL NOT BC 
OP[AATED WITHIN 5 FCCT HORIZONTALLY OF TH[ .V[RTICAL PLAN[ OF THE EXTERIOR 
FACCS OF CONCRETE OASIN WALLS. 
CONSTRUCTION EQUIPMENT, INCLUDING CRANES, SHALL NOT BE OPERATED OR PLACED 
IN A LOCATION THAT COULD EXCEED THE DESIGN STRESSES OF THE VAULT OR CONCRETE 
DASIN. 
D[SIGN LOAD ON VAULT WALLS TS BASED ON BACKFILL TO TOP OF WALLS PLUS A 
VERTICAL SURCHARGE LOAD OF JOO PSf APPLJED AT THE TOP OF THC BACKFILL. 

,,,.,. 3) li:.2.:JJ_jJ_~~_l._~tV-2.,._Ji(~CR,AJ._NOTES lZBl-Zl 
CHANCE HOT( J TO READ AS FOLLOWS; 

I~ 

I" 

EARTH HAULlNG EQUIPMENT ANO CONCRETE TRANSPORT VEHICLES SHALL NOT BC 
OP[AATCO WITHIN 5 FEET HORIZONTALLY OF THC VERTICAL PLAN( OF THE EXTERIOR 
FACES OF CONCRETE BASIN WALLS. . 
CONSTRUCTION EOUIPMCNT, INCLUDING CRANES, SHALL NOT 8( OPERATED OR PLACED 
IN A LOCATJON THAT COULD EXCEED THC OESJGN STRESSES OF 1TH( VAULT OR CONCRETE 
BASJH. 
O(SIGN LOAD ON VAULT WALLS IS BASED ON AACKfILL TO TOP OF WALLS PLUS A 
VERTICAL SURCHARGE LOAD OF 300 PSF APPLIED AT THE TOP Of THE BACKflLL. 

' ' n 4) ,:4.:.2-7].Sl,8. SH 1. R.E_V_QJETAlLLJl.lli . .. • .. · .. ,., ,. 
"OOlFY D£TAIL l as shown on page 7 of this ECN, 

5) .ti:l.:27_~.lt.JH 1. RCLQ 
a) PL.AH (2£7): Change HOPE GEOMCHBRAN( to read 60 MIL HDPC GEOMEMBRANE 
b) S[CTlOH B (ZCJ-DJ): MODIFY as shown on paqe 8 of th1 s ECN. 
c) DCTAIL (ZC2-D2): HOOIFY as shown on page 9 of this (CN. 
d) DCTAIL l (ZC7-08): HOOIFY as shown on page 10 of this ECN. 

6) !t.:l.:..Vj.§.~lU..,_R_(LQ 
a) Pl.AH (206): MODIFY as sho~n on page 11 of this ECN. 
b) S£CTTOH A (ZE2-4): MODIFY as shown on page 12 of this ECN. 
c) COVER BLOCK Pl.AN (ZC2-J): MODIFY as sbowr,· on page 13 of this ECN. 

7) tl:2.:.7]_5_1)_5.,._S_tLl.....R.(_V_Q_ 
a) DETAILS (IF~): ADD FIELD WELD SYMBOL TO W[LOMCNT 
b) ADO HEW DETAIL_ 8 as shown on page 14 of th is ECN. 

8) H.:1.:.t7j.l6_._slL,L_~.(V_Q -
a) Pl.AH (Z06): MODIFY as shown on page 15 of this CCN. 
b) S[CTION A (2£3-4): MODIFY as shown on page 16 of this ECN . 
c) COVER BLOCK PL.AH (ZDl): Ch~nge 9" OD SLV to read SL[EVE w/PLUG 

SEE H-2-77586, SH 2 
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CIVIL CHANGES TO DRAWINGS CONTlNUCD 

9) .!i:l.:JJ_5_8_U.IL2.a..JlE.V_() 
a) DETAIL 5 (ZF5): ADD FIELD WELD SYMBOL TO WELDMENT 
b) ADD SLEEVE w/PLUG DITAlL as shown on page 17 of this ECN. 

10) 1:1.::..t:JJj]L_SJL.l ..... J~.CV-Q...J.ABk£_._RJS£RS 37.· 38. 39~.0 {2C2) 
DELETE: LEVEL (L£M(NT LE 102-l 7 H-2-77619 

LCVCL ELCMCNT LC 102-J 2 H-2-77619 
LCVCL CLEMENT LC 107.-2 2 H-2-77619 
LEVEL ELCMCNT LE 102·4 2 H•Z-77619 

11) l:l.::..c_7_7j]L,._S_IL~_l!.(V_Q...J.ABkE., .. JUSERS 37. 38, 39..,_J_Q {ZC2) 
DELETE: L(VEL ELEMENT L( lOJ-1 2 H-2-77619 

LEVEL ELEMENT LC 103-J 2 H-2-77619 
L(V( L (L(M(NT LC 103-2 7 H-2-77619 
LEVEL ELCMCNT L( l OJ-4 2 H-2-77619 

12) J:l:..cJL~S.l:l_~liCV_Q., .. JtJJ.(R..!.A-=cB.-LE,.,.._R'""'I .... SERS 37., 38_._3_9 1 40 (ZC7) 
DELETE: L(V(L (L[M(NT LE 107-1 2 H-2-77619 ,....., LEVEL (L(M[NT L( 102-J 7 H•?-77619 

L(VCL CLCM(NT LC 102·2 2 H-2-77619 
L[V(L (L[M(NT LE 102-4 2 H-2-77619 

13) ~-2-77 5_8J,.._S.!:L3_._R_(LQ 
a) SCCTlOH B (ZE6): MOOIFY as shown on page 18 of th i s ECN. 
b) SECTION C (Z£4): MODIFY as shown on page 19 of this (CN. 

14) H- 2- 'F588, ~-~'iCLQ..._JtJJ.~R...lA.z.8.-.,LE..., .... R ..... l.:.SE.RLJL...1.8..,_J_9_h-r_4_0 __ (..,.Z..._C7_) 
DCLITE: LlV(L ELEMENT LE 103-1 2 H-2-77619 

L[V[L [L[M(NT LE 103-J 2 H-2-77619 
LEVEL £L[M(NT LC 103-2 2 H-2-77619 
LEVEL [L(H(NT LE 103·4 2 H-2-77619 

· 15) ti:l:.7.75J.O.-SH L REV__Q ' 
i) SECTIOH A (ZD4-E5) : MODIFY as sho~n on pige 20 of th;s (CN. 
b) COVCR BLOCK PLAH (ZEl): MODIFY ,s shown on page 21 of this ECN. 

16) H.:1.:.7_7_5_9 .1.-1H_l_.JJ:.V _ Q 
i) DCTAIL 5 (ZF5): ADO FIELD WELD SYMBOL TO WELDMENT 
b) ADO SLEEVC w/PLUG DETAIL as sho~n on pag~ 22 of this [CN. 

PIPl~G CHAHGCS TO DRAWINGS 

l) H.:l.:.7].6_0j_.._s.>{__L_~(.V_0 
a) PAATI_AL PL.AH (Z£6-8): MODIFY as shown on page 2: of this (CN. 
b) DCTAIL 2 {ZEl): MODIFY as shown on page 24 of tl1is- ECN. 
c) SECTION A (ZAS-08): MODIFY ,s shown on pige 25 of this ECN. 

2 ) H:..t-.7.J .f 0_5_~-2.,..._R_C,V _o 
i) TOP VI l1I (ZD6-[J): MODlf'Y iS shown on pige 26 of this [CN. 
b) SCCTIOH C (ZC2-J,D4,E2-4): MODIFY ,s shown on page 27 of this [CN . • 
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PIPING CHAHGtS TO DRAWINGS CONTINUED 

3) !i:l.:.7J_6_o_~H_:,_._R_r_v_Q 
a) DETAIL 4 (ZC4-E5): MODIFY as shown on page 28 of this ECN. 
b) NOT( 2 (Zlil): CHANCE as shown on page 28 of this ECN . 

JHSTRUMEHTATION CHANGES TO DRAWINGS 

l) H-2,-,7_7_H8-'-S·H..J_._R_(.V_Q 
a) UGEND (ZC7-8): ADD r'\.J I"\.., ULTRASONIC LEVEL SICNAL 
b) NOTES (ZDI-J): 

CHANGES NOTES 9 AND 10 AS FOLLOWS : 

9. THIS IS THE LEACHATE SUMP ARRANGEMENT FOR VAULT 218-(-16-lXX DURING 
THC VAULT FILLING SEQU(NCE. THIS ARRANG(M(NT CONSISTS OF A SHORT TERH 
L(ACHATC PUMP ASSEHOLY WITH A HIGH-HIGH L(VCL CLEMENT LE-LS·IXX, PUMP 
P-LS•lXX·l, L(VCL ELEMENT LE·LS-lXX·lA AND THERMOCOUPLES T[-LS·lXX·lA 
AND TC-LS-lXX·2A. 

10. THIS IS THE LEACHATE SUMP ARRANGEMENT FOR VAULT 218-E-16-lXX DURING 
THC VAULT LONG TERH STORAGE. THIS ARRANGEMENT CONSISTS OF 2 
/\SSEMfiLIES : 
(1) THC LEACHATE PUMP ASSEMBLY WITH PUMPS P-LS-lXXA ANO P~LS-IXXB. 
{2) TH( LEACHATE INSTRUMENT TRtE ASSCHBLY WITH LEAK DETECTOR (L[M(NT 

LDC•LS-lXX, LEVEL ELCM[NT LE•LS·llX-18, ANO TH(RMOCOUPL(S 
TE·LS•lXX-18 AND TE-LS-IXX-28. 

2) H-2 • 77.U.8_._Slf_~R.t_V_Q 
i) PL.AH (Z84,87,E4-F6): MODIFY as shown on pig~ 29 of this ECN. 
b) PL.AH (ZAJ): CHANGE LEACHATE PUMP from P•LS-01·1 to P·LS·l02-l 
c) PLM (ZA8): ADD PUMP PI£CE NUMBER P-EW-01 to EXCCSS WATER PIT 

216·E-l6·102D 
d) PLAN (ZC2): CHANGE HIGH-HIGH LEVEL PROB( LE-LS-01 to LE-LS-102 

3) li:.2.:.17618. SILJ..-PJ:.ULtlOl.-..t.Wlilll 
MODIFY a~ shown on page 30 l 31 of this ECN. 

4) H- 2 • tt6l8..a-S.!iJLJ.(.V_Q 
a) PLM (ZB4,87,E4-F7): MODIFY as shown on page 32 of this ECN. 
b) PLM (ZAJ): CHANG( LEACHATE PUMP FROM P-LS-01-1 to P-LS-103·1 
c) PLM (ZA8): ADD PUHP Pl (CE NUMOER P·(\f-01 -to EXCESS WATER PIT 

218-(-16-lOJD 
d) Pl.AH (ZC2): CHANGE HIGH-HIGH LEVEL PROBE LE-LS-01 to LE-LS-103 

5) tl:l:.7}.U9, .SH l • Rt'LQ. 
a) S(CTlOH A (ZCS,86-07): MODIFY as shown on page J3 of this ECN. 
b) OCTAIL 2 (ZC6,F6): MODIFY as shown on page J4 of this ECN. 
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CHAHCCS TO SPCCifICATIOH B-714-C2 
1) TABLE OF COHTQ<TS. DIVISION 2-SJTEWORK 

Change Waste Disposal Basin Liners to read Catch Basin Liners 

2) SECTION 01010 

~ 

Para 1.2.2.9: Change to read Leachate Detection Collection and Removal 
System (LOCRS) 

SECTJQN 01050 
Para 1.3.2: Change 3 month to read 3 week 

A) SECTION 01300, Para 1,3; SUQlUJJALS SECTION 02755 
page 5 & 6: Change WASTE DISPOSAL BASIN LINER to read CATCH BASIN LINERS 

• 5) SECTION 01400. Para 1,7 (Reference ECN B-714•9, pg 7) 

Change Waste Disposal Basin Liners to read Catch Basin Liners 

6) SECTION 02145 (Reference ECH 8-714-SJ 

A) Para 1.1.1.1: Remove E 11-87 

8) Para 1.1.1.1: Add C l36-84a 

D 4751-87 

Standard Specification for Wire-Cloth 
Sieves for Testing Purposes 

Standard Method for Sieve Analysis of 
Fine and Coarse Aggregates 

Standard Test Method for Determining the 
Apparent Opening Size of a Geotextile 

C) Para 1.2.2: Change •Paragraph 2.1.3• to read •Paragraph 2.1.4• in last 
sentence 

D) Replace/Add the following paragraphs: 

1.3.2 Ceotextile 

• 1.3.2.l During shipment and storage, ..:rap geotexti1e in heavy-duty 
protective covering to prevent damage and exposure to ultraviolet 
light. Examine geotext11e delivered to Site for damage. Damaged 
geotext1le shall be set aside and not used. Removal of material 
1dent1f1cat ion 1abels from ro11s will be accomp11shed by KEH 
only. 

1.3.2,2 Store geotextile materials in original unopened packaging. 
Storage area shall protect gcotext11e from mud, soil, dust, 
debris, ultraviolet light, heavy w1nds, temperature extremes, and 
prec1p1tation . 
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CHANGES TO SPECIFICATION B-714-C2, SECTION O214S CONTINUED 

1.3.2.3 If geotextile is temporarily stored outdoors, place on pallet and 
protect from di rect rays of sun under light colored heat
reflective opaque cover to provide free air flowing space between 
materials and cover. 

1.3.2.4 Handle geotextile to ensure sound, undamaged condition. 

E) Para 2.1.1.2: Add •1n accordance with ASTH C 136• after Grading and 
quality 

F) Para 2.1.4: Change 

to read 

G) Add new Para 3.5.4: 

Equivalent Opening Size 
([OS), US Sieve 
Apparent Opening Size 
(AOS), US Sieve 

-----
---·-

ASTH E 11 

ASTH D 4751 

3.5.4 Samples: KEH will collect minimum 2 geotextile samples from 
different rolls, full roll width at least 5 foot long , from each 
lot. 

7) srcrroN QZZSJ 
A) Para 1.1.1.1: Del ete D 1593, D 638, D 792, D 746, D 1004 in their 

entirety 

Add D 4716-87 Standard Test Method for Constant 
Head Hydraulic Transmissiv i ty (In
Plane Flow) of Ceotextiles and 
Geotextile Related Products 

8) Para 1.2.3: Delete •and membrane• 

- ·· C) Para 1.2.5, 1.J.3.2, and 1.4.1: Delete in their entirety 

D} Replace Article 1.3 with the following paragraphs: 

1.3 DELIVERY, STORAGE AND HANDLING 

1.3.l Pack rolls wrapped with sheet of Sall!? material in containers 
supported and padded to prevent damage during shipment. Pack 
conta iners for minimum handling at site. Provide label for each 
roll showing results of tests in subparagraph 2.1.1.2 and stating 
name of manufacturer, product type, thic~ness, manufacturers 
batch code, date of manufacture, and physical dimensions . Roll 
labels will be removed by KEH only. 

1.3.2 Examine materials delivered to Site for: 

1.3.2.1 Tears from operation of equipment or inadequate packaging. 
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ENGINEERING CHANGE NOTICE CONTINUATION SHEET ,.,. li.•'- ts-, 14• I 8 

CHANGES TO SPECIFICATION B•714•C2, SECTION 02753 CONTINUED 

1.3.2.2 Exposure to temperature extremes result;ng ;n unusable materials. 

1.3.2.3 Bonding together of adjacent layers caused by excessive heat. 

1.3.2.4 Crumpling or tear;ng from inadequate packag;ng support. 

1.3 .3 Unload and store w;th m;n;mum handling . 

1.3.4 Store materials off ground on padded dunnage in secure area 
sheltered from mud, soil, dirt, debris, adverse weather, 
precipitation, ultraviol et light, heavy winds, and temperature 
extremes. 

£) Delete para ·2.1.1.1, 2.1.1.2 and 2.1.1.3 

F) Para 2.1.1: Change HOPC Membrane to read High Density PolyethylP.ne (HOP() 
Membrane : See Section 02755, except execut ion sha l l be in 
accordance with this Sect ion. 

;-,... G) Para 2.1.2.1: Add to end of table 

Transmissiv;ty (m2/sec} ASTM O 471~ 0.002• 

•Normal stresses of 2000 PSF, Hydraulic gradient of 0.25. 

H) Para 3.1.1: Change •sheet• to read •material• 

J) Para 3.2.l: Change •handling• to read •handling or repairing• 

K) Para 3.2.4.1: Add to the beginning of paragraph: 

Make repair welds using extrudate with composit;on identical to sheeting 
111aterial. 

L) Replace Article 3.3 with the following: 

3.3 FIELD QUALITY CONTROL 

3.3.l 

3.3.l.J 

3.3 . l .2 

Nondestructive Seam Testing 

Test welds in their enttrety us i ng vacurrrn box. 

Vacuum test for we l ded repa i rs 

a. Equipment : Al uminum frame box with ca l ibrated vacuum (lage on 
frvne, fi tted with sponge gasket on bottom, sea l ed wi th 
transparent Plex1glass top, and connected to vacuum pump, 
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CHAHGES TO SPECIFICATION B•714•C2. SECTION 02753 .CONTINUED 

b. Test: Spread soap solution over seam, press box down over 
seam, and apply 10 inches Hg vacuum, plus or minus 2 inches, for 
minimum 15 seconds to each portion of seam. If defect 1s present, 
bubble w,ll form and indicate area of repair. Test seams and 
repairs 1n their entirety. 

3.3.1.J KEH will observe testing and review results. 

3.J.Z Destructive Seam Testing 

3.3.2.l Preparation: Obtain samples of field seams at beginning and end 
of each work day, and at 1 or more intervals during day if seaming 
conditions have been altered. 

a. Use 10 foot long test weld from each welding machine, and mark 
with date, ambient temperature, and machine number. 

~- Cut test weld in 2 parts, keeping 1/2 for testing and deliver 
remaining half to KEH. 

3.3.2.2 Tests: Test samplPs for bonded seam strength in accorda.nce with 
ASTM D 3083, and for peel adhesion in accordance with ASTM D 413. 

3.3.3 Documentation 

3.3.3.1 Certify test results. 

3.3.3.2 Deliver documentation to KEH within 7 working days. 

3.3.4 Final Examination and Acceptance 

3.3.4.l Measure overlap of seams and verify no damage has occurred to 
membrane. 

3.3.4.2 Prepare record drawings -showing field changes and repairs. 

3.3.4.3 Deliver record drawings to KEH within 10 working days after 
completion of membrane installation. 

• 3.3.5 Sampling: KEH will take 2 rand~mly selected samples for each type 
of drainage net supplied. Samples will be 3 feet long by full 
roll width. 

8) SECTION 02755 

A) Change title to read CATCH BASIN LINERS 

B) Add to end of Para 1.J.2: 

Provide qualifications of key personnel including superintendent and 
foreman. 
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I. lCJI 
ENGINEERING CHANGE NOTICE CONTINUATION SHEET '••• ~••- 8 •il4-• t6 

CHANGES TO SPECIFICATION B•714•C2, SECTION 02755 COHTINUED 

C) Para 3.2.3: Add to end of paragraph 

Seams 1n the collection trench shall be kept to a minimum. 

D) Renumber para 3.2.4.l and 3.2.5 to 3.2.5 and 3.2.6 

t E) Add new para as follows: 

0 3.2.5.l Repair seam defects revealed by nondestructive testing. Retest 
until seam passes. 

F) Para 3.3.2.l.b: Change to read as follows: 

Tak·e 4 1 ineal feet of welded seam samples by l '·6• wide from installed 
welded sheet1ng at rate of 1 sample for each seaming crew for each day. 

G) Para 3.3.2.2: Change to read as follows: 

Have equipment to perform bonded seam strength and peel adhesion in field. 

H} Add new para as follows: 

3.3.2.3 Tests: Test samples for bonded seam strength in accordance with 
ASTM D 3003. Minimum elongation at break shall be JO percent. 
Test samples for peel adhesion is accordance with ASTM O 413. 
Peel strength shall be greater than 60 percent of manufacturer 
specified mimimum yield strength of parent material. 

9) SECTION 02756 
A) Para 1.1.1.2: Delete E 11-87 Standard Specification for Wire-Cloth 

Sieves for Testing Purposes 

8) Para 1.1.1.2: Add 

D 4491 Standard Test Methods for Water 
Permeabi 1 i ty of G_eotext i l es by 
Per it t t vi ty 

0 47S1-87 Standard 1est Method for Oetennining 
App..-ent Opening Size of a Geotextile 

C) Para 1.4.1.2: Add to end of para 

Identification labels will be removed only by KEH. 

D) Para 2.1.1: Remove Coefficient of Water 
Penneab1lity (cm/sec) 
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I. lCH 

,, .ENGINEERING CHANGE NOTICE CONTINUATION SHEET , ... .a_.,_ 5.-,,4.,e 

CHAHGES TO SPECIFICATION B•714-C2, SECTION 027S6 CONTINUED 

E) Para 2.1.l: Change 

to read 

F) Add new Para 3.3.2 

Equivalent Opening Size 
((OSJ, US Sieve 

Apparent Opening Size 
(AOS), US Sieve 

ASTH E 11 

ASTH O 4751 

3.3. 2 Samples: KEH will collect minimum 2 geotextile samples from · 
different rolls, full roll width at least S foot long, from each 
lot . 

10) SECTION 03301 

A) Para 1.1.1.2: Add the following references 

C 311-87 Standard Test Methods for Sampling and Testing Fly Ash 
or Natural Pozzolans for Use as a Mineral Adm ixture in 
Portland-Cement Concrete 

C 920-86 Standard Spec1ficat1on for Ehstometric Join't Sealants 

B) Renumber para 1.1.1.4 and 1.1.1.s to 1.1.1.s and 1.1.1.6, respectively 

C) Add new para as follows: 

l . l.l.4 Federal Specification (FS) 
TT-S-002JOC, Including 
AHO 2 

Sealing Compound : Elastometric 
Type, Single Component (For 
Calking, Sealing And Glaz ing In 
Buildings And Other Structures) 

D) Add new subparagraph to subpara 1.2.4.J as follows: 

d. Pozzolan: Tested in accordance with ASTI1 C 311. 

E) Para 2.1.2.s.1: Change 4000 psi to 4500 psi 

F) Para 2.1.2.S.b: Change 2-4 inches to 3-5 inches . ., 
• G) Para 2.1.2.S.d: Change 0.42 maximum to 0.41 maximu~ 

H) Replace/Add 2.1.s IS follows: 

2.1.5 Bonding Agents 

2.1.5.l Concrete: Meeting the requirements of ASTI1 C 392. 

2.1.S.2 Neoprene: Urethane meeting TT-S-00230C, Type II, Class A, ASTM C 
920-86, Type S, Grade NS, C1iss 25. 
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I. lCIII 

ENGINEERING CHANGE NOTICE CONTINUATION SHEET , ... -''••- B•91I .... - IS 

CHANCES TO SPtCirICATIOH B-714•C2, SECTION 03301 COHTIHUED 

J) Add new paragraph as fo11ows: 

2.1.9 Neoprene Bearing Pad : Solid neoprene sheeting meeting the 
requirements of ASTH D 2000, Durometer Hardness 50, Type SC. 

K) Para 2.2.4.2: Change 15 percent to read 20 percent 

L) Para 2.3.l.l: Change to read as fo11ows: 

Take two 50 pound samp1es for each 200 tons for sieve ana1ysis of fine 
aggregate sand and specific gravity tests. Sampling May be reduced to 1 
when test results show f ine aggregates consistently meet specif ied 
requirements. Additional samp les shal1 be taken when ~na lyses show 
def iciencies, unacceptable variances, or deviations. Take samples of sand 
when sand is moist. 

11) StCTlON 09885 
1:..-

Para 1.3.2: Add to end the fo11owing 
-.. 

Provide qualifications of key personnel . including superintendent and forman. 

12) SECTION 13440 - Data Sheet Y-102, Note 3: Change 10 years to read 30 years 
b 

n-.. 
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I. ECH 116336 
-----------------,,o,. 

ECN B-714-19 
1. ECH c.1,go,y ,,..-_,, 011,1 J. Or19,n•t0t 0

I /o#41111f, O,,..11,ullOII, MSIN, ,111d Ttlepllont NO. •. o.,. 
Suppi.,,,1111.I c» TERESA CHRHl\ftO, KEH, TCJC, ~-2381 11-27-89 
Ollt<I "'"'"°" 0 
C~"'l•ECN 0 s. "'ot«t T,ll~oJWo,, Oldtt No. 6. lldg .'111.Jh<. No. 7. 1111p,1ct Ltwtl 

h111po,a,, 0 SEE BLnCK 12 SCE BLnCK 12 :l 
s .. .,.,wo .. ,, 0 I . Oocu111tnl N.,mi,., Aflt<tltd (1ncludt ttw . •nd lhHI 9. lltl•ltd £CH No(,). 10 . flt l•l•d PO No. 01K0Wtr, 0 
C•nc•Wood 0 no., SEE BLOCK 12 SCE BLOCK 12 N/A 

11 • . Mochl•<•l•On WOik 11b. wo,k P•O•g• 11 ( . Com pt,,, lnU•ll•IIOn Work 11 d . Complttt Rtuor•11011 (hmp. £CH only) 
0 Yt1 (loll O"I Ilk . 1111) 00<. No. 

0 No (NA Iii\ . 1111, 

UNK 11 <, 1 Id) UNK Cu<j . £n91n••• Su~n•'"" I O•t• Cog. Eng,nttr \ ,gn•'"'' I O•lt 

11. Ot\Ct1p1,on of Ch•ngt 

. OLOCIC 5: B-714, GROUT VAULT PAIR (218-E-16-102 ! 103) (218-E-16-104 & 105) /ER8007 
OLOCJ< 6: 218-E-16-102 & 103 and 218-E-16-104 & ·105 

- sLOCIC 8: AFFECTED DRAWINGS 

0,. VAULT -102 & -103: H-2-77575, SH 2, REV 1 .. 
H-2-77576, SH l, REV 0 

0 H-2-77578, SH 1. REV 0 

1 .. ,.., 
VAULT -104 & -105: H-2-78446, SH 2, REV 0 

H-2-78447, SH 1. REV 0 
..... H-2-78'1AO, SH l, PEV () 

AFFECTED SPECIFICATION B-714-C2 1 REV O (V-B714C2-003 , 
: 

REV 0) 
See pa~e 4 and 15 thru 24 

BLOCK 9: RCLATF.D ECNs 
0-714-8 
n-n~-'l 
8-714-In 
8-714-18 

'-

lla. J11111tiuc,on (111ari on• I 1 lb. Juu,llcatoon O.ta,t, 
,,. .. , .. o..ng, 00 DIFFUSION BARRIER MODIFICATIONS Oft,g11 t111prowe111tnt 0 (REF : E nwtr011111,11tal 0 
Al•fo"nd 0 a-WHC Ltr 8955536, SP. BRir.Gs to NM HUTCHINS, Sept 19, 1989 
f•""'•'• Conn. 0 b-WHC Ltr 8956689, SR .BRIGGS to NM HUTCHINS, undated ) 
Conll. Erro,,Om,111011 0 
Oft,gn £ "°''°''"'"°" 0 . .- . --#-. .. -. . --. 
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I. ECH 

ENGINEERING CHANGE NOTICE CONTINUATION SHEET '•9• Lo•~ o-714-19 

,.! 

-

~ 

CHANGES TO CIVIL DRAWINGS 

VAULTS -102 l 103 

l) .ECN B-714~1.Q.....LU 
VOID page 6 i n its ent i rety . 

2) !!:l.-77575..a..JH 2 ..... REV 1 
a) EXCAVATION PLAN (ZE7): Modify· see page 5 of this ECN. 
b) SECTION A (ZEJ-5): Modify· see page 7 of th i s ECN. 
c) SECTION B {ZOJ-4): Modify· see page 8 of this ECN . 
d) SECTION C (ZB3-C6): Mod i fy - see page 9 of this ECN. 
e) SECTION 0: Add · see page 10 of th i s ECN . 
f) DETAIL l (ZDl-2): Mod ify• see page 10 of this ECN. 

!!:l. • 77_ 5 L6_.._S1U..,_R_cy_Q 
a) PLAN (Z06) : Mod i fy· see page 11 of th i s ECN . 
b) SECTION A (ZEJ-4): Mod i fy - sec page 12 of this ECN . 
c) SECTION 8 (ZFl-2): Mod i fy - see page 12 of th i s ECN. 
d) SECTION D (ZDl-2): Mod i fy· see page 13 of th i s ECN. 
e) SECTION E (ZBJ-4): Mod i fy - see page 13 of th i s ECN. 

4) &_8J.~.!.._S_H_l_, _ _R_EV 0 
SECTION A (ZB5-7): Mod ify· see page 14 of th i s ECN . 

-- VAULTS -104 l 105 

n S) H-2-t84•t~..a..JJL.i.....JID'_Q 
a) EXCAVATION PLAN (ZD7): Modify - see page 6 of this ECN. 

IC, b) SECTION A (ZEJ-5): Modify - see page 7 of th i s ECN. 
c) SECTION B (ZDJ-4): Modify· see page 8 of th is ECN. 
d) SECTION C (Z83-CS): Modify· see page 9 of this ECN . 
e) SECTION 0: Add - see page 10 of th i s ECN . 
f) DETAIL l (ZDl-2): Modify - see page 10 of this ECN. 

6) H-2-'[8_44t, SH 1, REV 0 
a) PLAN (D6-7, C7): Modify - see page 11 of this ECN . 
b) SECTION A (ZE4): Modify· sec page 12 of th i s ECN . 
c) SECTION D (ZE2-3): Mod i fy· see page 12 of th i s ECN. 
d) SECTION D (01-2) : Mod i fy· see page 13 of th i s ECN. 
e) SECTION E (ZBJ-4): Mod i fy - see page 13 of th i s ECN . 

7) H-2-78448._SH l_._B_EV 0 
a) SECT ION A (ZB2 - 5): Mod ify· see page 14 of thi s ECN. 
b) SECT ION B (ZE2 , £4): Delete refe rence Types l thru 3 and Diffus i on 

Barrier Types in bo th zones 
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I. lCH 
ENGINEERING CHANGE NOTICE CONTINUATION SHEET '•9• Lo•~ D-714-19 

CHANGES TO SPECIFICATION B-714-C2, REV 0 

1) SECTION 01300, para 1.3, SCHEDULE OF SUBMITTALS (page 4) 

ADO: 02145/1.2.7 Log of Barrier 
Placement 

10 -- 7 days after 
placement 

2) ECN B-714-9, pg 6 tRef S(_CTION 01400, para 1.7, SITEWORK, Diffusion 
Barrier) 

ADD the following line below Off-Site*: 

H Initial mixing of aggregate with hydrated lime 

3) ECN B-714-8 (Ref SECTION 02145) 

VOID in its entirety . REPLACE with modified SECTION 02145 attached pages 
15 thru 24 of this ECN. (ECN 8-714-18, SECTION 02145, incorporated in this 
modification) 
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PART 1 • GENERAL 

1.1 REFERENCES 

SECTION 02145 

DIFFUSION BARRIER 

Pa~e 15 of 24 

1.1.1 Reference Standards and Specifications: The following standards 
and specificatior,s, including documents referenced therein, fol"III part of this 
Section to extent designated herein. 

1.1.1.1 American Society for Testing and Materials (ASTM) 

C 136-84a 

C 207-79 

C 294-86 

C 295-85 

08-88 

0 242-85 

0 1117-80 

0 1664-00 ( 1985) 

0 1682-64 ( 1975) 

0 1777-64 (1975) 

71402145.SPZ . 1913 02145 - l 

Standard Method for Sieve 
Analysis of Fine and Coarse 
A«J«Jregates 

Standard Specification for 
Hydrated Lime for Masonry 
Purposes 

Standard Descriptive Nomenclature 
for Constituents of Natural 
Mineral A«J«Jregates 

Standard Practice for 
Petrographic Examination of 
Ag«Jre«Jates for Concrete 

Standard Definitions of Terms 
Relating to Materials for Roads 
and Pavements 

Standard Specification for 
Mineral Filler for Bituminous 
Paving Mixtures 

Standard Methods of Testing 
Nonwoven Fabrics 

Standard Test Mr.thod for Coating 
and Slrippin«J of Bitumen
A«J«Jregatc Mixtures 

Standard Test Methods for 
nreaking Load and Elongation of 
Textile Fabr ics 

Standard Method for Measur i ng 
Thickness for Textile Materials 

0-714-CZ 
ECN 0-714-19 
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Standard Test Methods for Mass 
Per Unit Area {Weight) of Woven 
Fabric 

Standard Test Method for Bursting 
Strength of Knitted Goods-
Constant-Rate-of-Traverse {CRT) 
Ball Burst Test 

Standard Test Methods for Water 
Permeability of Geotextiles · by 
Permittivity 

Standard Test Method for 
Determining Apparent Opening 
Size of a Geotextile 

Washington State Department of Transportation (WSDOT) 

M41-10-88 Standard Specifications for 
Road, Bridge, and Municipal 
Construction 

SUBMITTALS: Refer to Section 01300 for submittal procedures. 

I . 2. l Laboratory Reports: Submit reports · from i ndcpendent 1 aboratory 
showing following. 

1.2.1.1 Proposed aggregate source will produce gravel classified as 
igneous or metamorphic rock in accordance with ASTM C 294. Examine aggregate 
in accordance with ASTM C 295. 

1.2.1.2 

1.2 . 1.3 

1.2.1.4 

Aggregate meets the requirements of Paragraph 2.1 . 1. 

Liquid asphalt meeting the requirements of Paragraph 2.1.2. 

Anti-stripping additive meeting the requirements of 
Paragraph 2.1.3. 

1.2.2 Manufacturer's Data: Provide data defining physical properties 
of geotextile filtration and reinforcing fabrics to be suppl icd. As minimum, 
properties shall meet requirements of specified ASTM standards listed in 
Paragraph 2.1.4. 

1.2.l Handling Procedure: Submit proposed procedure defining methods 
used for delivering, storing, and handling to ensure requirements of 
Paragraphs 1.3.1 and 3.3.l arc met. Include method fo~ keeping coated gravel 
free of dirt or foreign material. 

71402145 . SP2. 1913 02145 • 2 13-714-(2 
ECN 8-714-19 
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I.2.4 Placing Procedure: Submit proposed procedure defining methods •• 
used during placing and spreading to ensure requirements of Paragraph 3.3.1 
are met. Include method for keeping coated gravel free of dirt or foreign 
material, and type and size of equipment used. 

1.2.S Compacting Procedures: Submit proposed procedures for compacting, 
including type and size of equipment. Include 3 separate procedures for 
placement under concrete basin, adjacent to vault walls, and over vault roof. 

1.2.6 Geotextile Installation Procedure: Submit proposed procedure for 
installing geotextile as shown on the Drawings . Include placement and 
removal techniques of temporary protective geotextile to minimize 
contamination of coated gravel. 

1.2 .7 Log for Diffusion Barrier Placement: Submit log delineating 
approximate placed locat ion and limits of each load including lift thickness. 
Traceability shall be tied to each batched or trucked unit of mix as delivered 
to Site and noted on log . 

1.3 DELIVERY, STORAGE, ANO HANDLING 

1.3.l Diffusion Barrier Aggregate 

I .3.1 . 1 Construct stockpiles in accordance with WSOOT M41-10, 
Sect ion 3-02 . 2(6). 

1.3 . 1.2 Remove aggregate from stockpiles in accordance with WSOOT M41-10, 
Section 3-02.2(7). 

1.3.1.3 Mix and age aggregate, 48 hours minimum, in stockpile after 
treatment with anit-stripping additive in accordance with Article 2.2. 
Aggregate mixtures stored over 6 months after treatment shall be retreated 
with dry lime before use in diffusion barrier. 

1.3.1.4 Hauling equipment shall meet the requirements of WSOOT M41-10, 
Section 5-04.3(2) with addit ional requirement that asphalt coated gravel be 
covered during transportation. 

1.3 . 2 Geotextile 

1.3.2.1 011rin9 shipment and storage, wrap geotextile in heavy-duty 
protective cover i ng to prevent damage and exposure to ultraviolet l i9ht. 
Examine geotextile delivered to Site for damage. Set damaged geotextile 
as ide and do not use. Removal of material identification labels from rolls 
wilf be by KEH only. 

1.3 . 2. 2 Store geotextile materials in or iginal unopened packag i ng . Storage 
area sha l l protect geotext i le from mud , so il, dust , debr is , ult r av iole t 
li ght, heavy wi nds, tempe rature extremes, and prec i pi tat ion. 

71402145 . SP2 .1 913 02145 · 3 R-714-C2 
EC~ 8-7! 4- 19 
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1.3.2.3 If geotextile is temporarily stored outdoors, place on pallet and 
protect from direct rays of sun under light colored heat-reflective opaque 
cover to provide free air flowing space between materials and cover. 

1.3.2.4 Handle geotextile to ensure sound, undamaged condition. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 Aggregate: Composed of crushed stone or gravel aggregates 
classified in ASTM C 294 as either igneous or metamorphic rocks, and meeting 
following requirements. 

2. 1.1.1 Aggregate production: In accordance with WSOOT M41-10, 
Section 3-01. 

2 .1. l. ·2 Grading and quality: In accordance with ASTM C 136. 

a. Amounts finer than each laboratory sieve (square-openings), 
weight percent. 

Nominal Square Opening 
__ _.s'"'"'i"v" Size 

I in. 
J/4 in. 
l/2 in. 
3/8 in. 
No. 4 
No . 200 

Perc_r.!J1 
100 

50 to 90 
20 to 55 

5 to 15 
o to 5 
0 to 1 

b. Deleterious materials : Particles of specific gravity less 
than 1.95, maximum 1 percent by weight . 

c. Limits for fractured f,1ces by percent weight : Minimum of 
2 fractured faces on 75 percent and least l fractured face of 90 percent of 
mat~rial retained on 3/8 inch and above sieves, as determined by WSOOT Test 
Method No. 103. 

2. 1.2 Asphalt: Meeting requirements of WSOOT M41-10, Section 9-02.1(4) 
for AR-4000W liquid asphalt . 

2.1.3 Anti-Stripping Additive 

2.1.3.1 Meet the requirements of WSOOT M41-10, Section 9-02.4 except 
percent of additive and requirement for use shall be determined by KEH, based 
on temperature and pH modified ASTM D 1664 for each aggregate source. 

2.1. J . 2 Meet the requirements of ASTM D 242 for physical requiremer,ts, 
sampling, and testing . 

2.1.3.3 Shall be hydrated lime meeting chemical composition of ASTM C 207. 

71402145.Sfl2.J9JJ 02 14 5 - 4 fl-714-CZ 
ECN 8-714-19 
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2~1.4 Nonwovcn Geotextile: Long-chain synthetic polymer with stabilizers 
and inhibitors added to base plastic to make filaments resistant to · 
deterioration due to ultraviolet and heat exposure. Geotextile shall meet 
following requirements. 

Property T<!st Method Values 

Fabric Weight (oz/sq yd) ASTM D 3776 10 

Thickness (mil) ASTM D 1777 100 

Grab Tensile Strength ASTM D 1682 300 
(lbs, min) 

Grab Elongation (%, min) ASTM D 1682 30 in any principal 
direction . 

Coefficient of Water ASTM D 4491 0.5 
Permeability (cm/sec) 

Puncture Strength ASTM O 3787 100 
(lbs, min) 

Tear Strength f ASTM D 1117 100 in any principal 
(lbs, min trapezoidal) direction 

Apparent Opening ASTM O 4751 70-100 
Size (AOS), US Sieve 

Minimum Wjdth (ft) 12 

2.2 MIXES 

2.2.1 Proportions 

2.2.1.1 Size, grade, and quantity of materials, when proportioned and 
mixed shall produce mixture meeting following requirements. 

a. Asphalt: Range from 2.5 to 3.0 percent by weight of total 
asphalt mixture. 

b. Anti-stripping additive: 2.5 to 3 percent by weight of 
total dry aggregate mixture with 2 percent minimum residual after mixing and 
aging in stockpile and before coating of aggregate with asphalt. 

c. Amount passing No. 200 sieve: 1 to 3 percent . 

2.2.2 Mixing 

2.2.2.1 Asphalt m1x1ng pl~nts: Meet the requirements of 
WSDOT M41-10, Section 5-04.3(1) . Collect and reintroduce lime driven from 

71402145.SPZ.1913 02145 - 5 B-714-CZ 
[CN 0-714-19 
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aggregate during drying and heating in batch plant into product at mixing • • 
unit. 

2.2.2.2 Remove aggregates from stockpiles to ensure m,n,mum segregation 
when being moved to plant for processing into final mixture. Treat aggregates 
with anti-stripping additive in accordance with subparagraph 2.2 . 2.3, and 
store in accordance with subparagraph 1.3.1.3 before introduction to mixing 
process. 

2.2.2.3 Anti-stripping additive: Lime treatment to meet 95 percent 
minimum coverage determined by modified ASTM D 1664. Mix lime, water, and 
aggregate thoroughly in pugmill or other approved mechanical mixer with the 
lime as specified in subparagraph 2.2.1 . l(b) and water as 5 percent plus or 
minus 0.5 percent moisture by aggregate weight. 

2.2.2.4 Heat aggregates to minimum of 260 and maximum 285 F for AR 4000, . . 
2.2.2.5 Heat AR4000 asphalt to minimum 225 and maximum 290 F. Heat to 
avoid local overheating and provide continuous supply of material to mixer. 

2.2.2.6 Wet mixing time: Sufficient to produce 95 percent coated particles 
as determined by WSOOT Test Method No. 714. 

2.2.2.7 Mix temperature not to exceed 290 F and controlled to limit drain 
down of asphalt. 

PART 3 - [XECUTTON 

3.1 EXAMINATION 

3. 1.l Geotextile 

3.1.1.l Defore work is started examine shr.et rolls for damage from transit 
and storage. If damaged set aside and do not use. 

3.1.1.2 During unrolling of material, visually examine surfaces. Do not 
use material showing defects or damage. Cut out and replace or patch 
defective or damaged areas. 

3.2 PREPARATION 

3.2.l Subgradc: Prepare subgradc in accordance with Section 02200, 
Paragraph 3.2 .6, within 3 weeks before placing diffusion barrier. 

3.3 INSTALLATION 

3.3.1 Diffusion Barrier 

3.3.1.1 Before placement, demonstrate to KEH by trial placement at Site, 
the procedure proposed for placing and compacting diffusion barrier. Prepare 
"Soil Compaction ProcedureN Form KEH-382, sample appended, in accordance 

71402145.SP2.1913 02145 - 6 11-714-C2 
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with printed instructions, for following areas. Forms will be furnished by 
KEH. 

a. Under concrete. 

b. Adjacent to vault/bas i n walls. 

c. On top of vault roof. 

d. Other areas requiring hand tampers or small compaction 
equipment. 

3.3.l.2 Keep surround i ng area free of dust by watering during placing. 

3.3.1.3 Stop placing and cover diffus i on barrier gravel when average 
wind speed at Hanford weather stat ion exceeds 25 mph or peak gusts exceed 
40 mph . 

3.3.1 . 4 Cover diffus ion barrier at end of each shift, or when placement 
or compaction is not in progress . 

3.3.1 . 5 Clean equipment used for hauling, placing, spreading, and 
compacting of dirt or gravel before handling diffusion barrier material . 

3.3. 1.6 Conveyers or other equipment used for placement shall not produce 
segregat i on or damage to coated gravel . 

3.3.1.7 Hauling equipment shall not be allowed to be driven on diffusion 
barrier unless thoroughly cleaned . 

3.3. 1.8 . Place coated gravel in layers not to P.xceed 6 inches nominal 
compacted measurement. Compact areas inaccessible to large compacting 
equipment by small vibratory mechanical compactors. Roll or compact until 
acceptable consolidat ion is achieved. KEH will determine type and number of 
passes required for particular compacting equipment used based on trial 
placement in subparagraph 3.3. 1.1. 

a. It is anticipated that desired compaction can be obtained 
with 6 passes of double-drum vi bratory steel roller weighing at least 8 to 
10 tons. 

b. Acceptable level of compact ion shall be minimum of 65 percent 
of maximum density as determined by WSDOT Test Method 705. 

c. Allow minimum of 4 to 12 hours inter im or maximum material 
temperature of 140 F before placement of sub sequent l i fts of AR4000 mi x. 

d. Dua l dr i ve tandem whee l vibra to ry stee l ro ll ers are 
recommended . 

71402 145 .SP2. 1913 02145 - 7 B-714-C2 
EC N 0-71 4-19 

.APP 41-381 

(j.4, 



,o'<\ '° ~ '-' c..,i ~ n ~ , . 

;'n~'<lC\ ~ [) ~c\--e~ 

- · .;;;,.,..,.. C,.)..,.. 

? OOE/Rl 88-27 
Re~, l ! 01/17/90 

Page 22 of 24 

3.3.1.9 Weather limitations for placing shall be in accordance with WSOOT 
H41-10, Section 5-04.3(16) except surface course shall be same as subsurface 
.course for thickness more than 0.35 feet. 

3.3.2 Geotextile 

3.3.2.1 Lay to minimize tension, stress, folds, wrinkles, or creases, and 
to provide minimum 18 inch overlap for each joint. 

3.3.2.2 Use bags of clean, washed gravel to secure material during 
installation. Do not use securing pins. 

3.4 CONTAMINATED MATERIAL 

3.4.1 Remove placed or stored material that has excess dirt or dust 
contamination, as determined by KEH. 

. . 
3.5 FIELD QUALITY CONTROL 

3.5.1 Verify placement and compaction of diffusion barrier and geotextile 
in accordance with Paragraph 1.2.7, and subparagraphs 3.3.1 . l and 3.3.1.8. 

3.5.2 Sampling and testing of aggregate and coated gravel will be 
performed by KEH. Rolling and compaction requirements will be controlled 
based on subparagraph 3.3.1.8. 

3.5.3 KEH will examine equipment referenced in subparagraph 3.3.1.5 for 
cleanliness. 

3.5.4 Samples 

3.5.4.1 KEH will collect minimum 2 geotextile samples from different 
rolls, full roll width at least 5 foot long, from each lot. 

3.5.4.2 KEH will collect minimum 1 representative aggregate sample from 
stockpiled material before each day or partial days production of diffusion 
barrier material to determine residual lime content. 

71402145 .SPZ . 1913 02145 - 8 B-714-C2 
ECN B-714- 19 
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INSTRUCTIONS 

This Soil Compaction Proudure form, when approved by the 
Engineer/Constructor Inspector, documents witnessing and verifying the 
compaction procedure. 

Section A is the responsibility of the Construction Contractor. It is to be 
completed at the time of backfill compaction demonstration and 
presented to the Engineer/Constructor Inspector. 

Section B is completed by the Engineer/Comtructor Inspector . Data 
en ttred is obi.lined from the agency or individual that performed testing. 

Section C is completed by the Engineer/Conuructor Inspector as the 
demonstriltion is performed. Using the .ipplicable formula , u,e percent 
compaction achieved is determined and entered. Accept.1nce is b.1sed on 
the results as compared with the compaction percent required in 
Section A. 

Section D is signed and dated by the Construction Contractor 
Representative acknowledging responsibility for this procedure and 
compliance thereto lor ap(llic.>hle b,,ck fill operntions. Section D is signed 
and dated !Jy the Engincer/ConSlruc1or Inspector to signify witnessing ,md 
veri/ication. 

K(H-0]112 .00A (0]/89) 

ENO OF SECTION 

02145 - 10 B-714-C2 
ECN 13-714-19 
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PART 1 - GENERAL 

1.1 DESCRIPTION 

SECTION 01300 

SUBMITTALS 

DOE/RL 88-27 
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1.1.1 This Section summarizes submittals required in Part 1 of each 
section of this Specification. It explains type of submittals required, 
and describes procedures for submittals and review. 

1.1.2 Submittals required in Part 1 of each section are summarized in 
Schedule of Submittals. Each submittal is identified by Submittal Number, 
Reference Section, and Title. Submittals are required for either Review and 
Approval or Review for Record. 

1.1.2.1 Submittals requiring Review and Approval are those which shall 
receive approval before procurement, fabrication, or construction is started. 

1.1.2.2 Submittals requiring Review for Record are those which Contractor 
may proceed with procurement, fabrication, construction, or acceptance 
testing, but acceptance is contingent upon complian~e with Drawings and 
Specifications. 

1.1.3 Supplemental Submittals are initiated by Contractor in accordance 
with Section 01630 for consideration of substitute products or corrective 
procedures and require Review and Approval. 

1.2 SUBMITTAL PROCEDURES 

1.2.1 Transmit submittals for each vault to KEH by Data Transmittal 
form. Identify submittals by vault numbers. 

1.2.2 · Identify each submittal by Submittal Number, Reference Section, 
and Title noted in the Schedule of Submittals. Number of copies required 
for retention by KEH are shown in Schedule and include 2 copies to be 
returned to Contractor. Additional copies required for Contractor uses 
shall be added. 

1.2.3 Review each submittal for completeness, compliance with Contract 
Documents, and proper identification before sending to KEH. Submittal data 
shall either be stamped showing review process has taken place or Data 
Transmittal form may be signed with statement of "Reviewed for Compliance." 
Submittals not stamped or signed to show review will be returned without 
consideration. · 

1.2.4 Submittals requiring Review and Approval will be stamped by KEH 
and marked "Approved", "Approved with Exception," or "Not Approved, Revise 
and Resubmit." Approval of submittals does not relieve Contractor of 
responsibility for errors which may be contained therein. -

71401300.SP2.1353 01300 - 1 B-714-C2 
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1.2.4.1 Approved submittals are identified by submittal stamp with 
"Approved" or "Approved with Exception" box checked. "Approved" signifies 
general concurrence to achieve conformance with design concept of Project 
and compliance with requirements of Contract Documents . "Approved with 
Exception" signifies general concurrence with noteworthy comments or 
cl arificat i ons. Approval of submittals does not relieve Contractor of 
responsibility for errors contained therein. Approval of specific item 
shall not be construed as approval of system or assembly of which item is a 
component. 

1. 2.4 . 2 A submittal which is not approved is identified as "Not Approved , 
Revise and Resubmit." Submittal is considered by KEH to be technically 
deficient or incomplete and therefore, unacceptable. Resubmittal is 
required, hence fabrication, procurement, or performance of procedures shall 
not proceed. 

1. 2.4.3 Upon receipt of deficient submittal data, Contractor shall make 
corrections noted on transmittal and resubmit data to KEH with i n 10 ca l enda r 
days. 

1.2.5 Materials and equipment fabricated or installed wi thout required 
approved submittals, or which differ from approved Drawings or vendor data 
are subject to rejection and replacement at Contractor ' s expense. 

1.2 . 6 Delays arising out of Contractor's failure to submit in timely 
manner required Drawings and other related data described in Contract 
Documents shall not constitute excusable delays for extensions , unless 
excusable under other provisions of Contract. Contractor shall allow 15 
calendar days for KEH review and disposition of submittals, including shop 
drawings and vendor information, required to be furnished by Contractor . 
Time period will be measured from date of receipt of submittal in KEH ' s 
office to date of return mailing to Contractor. 

1.2.7 Contractor is responsible for dimensions to be confirmed and 
correlated at worksite. 

1.2.8 Submittals for Review and Record will be reviewed and filed. 
Incomplete or inaccurate data will be returned to Contractor marked 
"Resubmit" with appropriate comments, and items procured or work performed 
shall be corrected. Payment for equipment will not be made unless required 
Certified Vendor Information (CVI) has been furnished. 

1.2.9 Supplemental Submittals shall contain sufficient data required 
in Section 01630 to show substantial compliance with Drawings and 
Specifications. Substitute product submittals shall contain as minimum, 
outline dimensions, operating clearances, and engineering data . Identify 
each submittal by Specification Section number and Paragraph number or 
referenced Drawing ntimber and detail. Improperly ident i f i ed or i ncomp l et e 
submittals will be returned without cons iderat i on. 

1.2.10 Procedures for performing cert ai n items of work are requ i red t o be 
submi tted for Rev i ew and Approval before work i s commenced. Those work 
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procedures which have been approved by KEH for work similar to that to be • 
accomplished on Project may not need to be reapproved. Forward 1 copy of 
previously approved procedure to KEH by Data Transmittal form and identify 
by Submittal Number, Reference Section, Title, and either Contractor's 
procedure number or project number for which procedure was approved . 
Submittal will be reviewed by KEH and if acceptable retained for record. If 
previously approved procedure is not acceptable submittal will be returned 
with requirements for resubmittal. 

1.3 SCHEDULE OF SUBMITTALS 

Submit ta 1 
Number 

Submittal 
Title Quantity 

CONTRACT GENERAL CONDITIONS 
55.2 Safety Program and 

Job Safety Analysis 

55.3 

55.5.1 

55.6 

Industrial Injury/ 
Illness Experience 

OSHA Form No. 200 
Report 

Equipment Certi
fication 

SPECIAL PROJECT PROCEDURES 
01100/1.2.1 AiT Quality Test 

Reports 

PROGRESS SCHEDULES 
01310/1.2.1 Progress Schedules 

01310/1. 2. 2 

01310/1.2.3 

71401300 .SP2.1353 

CPM Project Schedule 

Initial Weekly Work 
Schedule 

01300 - 3 
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5 

5 

5 

5 

5 

5 

5 

2 

Review and 
Approval 

5 days before 
start of work 

Before 
equipment 
use 

30 days 
after notice 
of award 

30 days 
after notice 
of award 

10 days after 
notice .t.o 
proceed 

Review 
For Record 

5 days 
before start 
of work and 
each month 

5th working 
day, each 
month 

2 days 
before 
bringing 
equipment 
onsite 

8- 714 -C 2 



• 
Submittal 
Number 

Submittal 
Title Quantity 

PROGRESS SCHEDULES (Continued) 
01310/1.2.4 Subsequent Weekly Work 

Schedules 

01310/1.2.5 Start-up Schedule 

2 

5 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
01500/1.2.1 Anchoring and Enclosure 10 

Methods 

SUBMIT FOLLOWING FOR EACH VAULT 

DIFFUSION BARRIER 
02145/1.2.1 Laboratory Reports 

02145/1. 2. 2 Manufacturer's Data 

02145/1. 2. 3 Handling Procedure 

02145/1. 2. 4 Placing Procedure 

02145/1. 2. 5 Compacting Procedure 

10 

10 

10 

10 

10 

02145/1. 2. 6 Geotextile Installation 10 
Procedure 

EARTHWORK 
02200/1. 2 .1 Method to Prevent 

Damage During 
Excavation 

10 

HOT-LAID ASPHALTIC CONCRETE PAVEMENT 
02512/1.2.1 Laboratory Reports 10 . 

02512/1.2.2 

71401300.SP2.1353 

Handling and Placing 
Procedure 

10 
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Review and 
Approval 

By noon 
each Friday 

5 days after 
notice to 
proceed 

Before placing 
field office 

Before 
delivery 

Before 
mixing 

Before 
delivery 

Before 
delivery 

Before 
delivery 

Before 
installation 

Before 
excavation 

Before 
delivery 

Before 
deli ver'j-

Review 
For Record 
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• Submittal Submittal Review and Review 
Number Title Quantity Approval For Record 

LEACHATE COLLECTION SUMP LINER 
02752/1. 2 .1 Fabricator 10 Before 

Drawings and fabrication 
Procedures 

02752/1.2.2 Certified Material 10 Before 
Test Reports (CMTR) delivery 

02752/1.2.3 Filler Material 10 Before 
Control Procedure fabrication 

EXTERIOR DRAINAGE PATH 
02753/1. 2 .1 Fabricator Drawings 10 Before 

delivery 

02753/1. 2. 2 Installation Plan 10 Before 
installation 

02753/1.2.3 Manufacturer's Data 10 Before 
fabrication 

02753/1. 2. 4 Surface Acceptance 10 Before 
installation 

02753/1. 2. 5 Care and Repair 10 Before 
Instructions acceptance 

WASTE DISPOSAL BASIN LINER 
02755/1. 2 .1 Installation Drawings 10 Before 

delivery 

02755/1. 2. 2 Installation Procedures 10 Before 
installation 

02755/1.2.3 Manufacturer's Data 10 Before 
fabrication 

02755/1.2.4 Samples 10 Upon com-
pletion of 
fabrication 

02755/1. 2. 5 Certified Material 10 Before 
Test Reports (CMTR) delivery 

02755/1. 2. 6 Care and Repair 10 Before 
Instructions acceptance 

71401300.SP2.1353 01300 - 5 B- 714-C2 
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Submit ta 1 
Number 

Submittal 
Title Quantity 

WASTE DISPOSAL BASIN LINER (Continued) 

02755/1. 2. 7 

02755/1.2.8 

02755/1. 2. 9 

02755/1.2.10 

Certificates of 
Experience 

Manufacturer's 
Quality Control Plan 

Certification 

Surface Acceptance 

LEACHATE COLLECTION SYSTEM 
02756/1.2.1 Fabricator Drawings 

02756/1. 2. 2 

02756/1.2.3 

02756/1.2.4 

02756/1. 2. 5 

02756/1. 2. 6 

02756/1.2.7 

02756/1. 2. 8 

Installation Plan 

Manufacturer's Data 

Care and Repair 
Instructions 

Certified Material 
Test Reports (CMTR) 

Certificate of 
Conformance 

Certificates of 
Experience 

Manufacturer's 
Quality Control Plan 

CAST-IN-PLACE CONCRETE 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

03300/1.2.1 Form Coating Materials 10 

03300/1. 2. 2 

71401300.SP2.1353 

Certification of 
Ready Mixed Concrete 
Production Facil i ties 
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10 
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Review and 
Approval 

Before notice 
to proceed 

5 days after 
notice of award 

Before 
installation 

Before 
delivery 

Before 
installation 

Before 
fabrication 

Before 
delivery 

5 days after 
notice of award 

5 days after 
notice of award 

Before use 

Before 
mixing 

Review 
For Record 

Before 
acceptance 

Before 
acceptance 

At time of 
delivery 
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Submittal Submittal 
Number Title Quantity 

CAST-IN-PLACE CONCRETE (Continued) 
03300/1.2.3 Certified Test 10 

Reports for 
Reinforcing Steel 

03300/1.2.4 Reinforcing Steel 10 
Fabricator Drawings 

03300/1.2.5 Block Diagram 10 

03300/1.2.6 Concrete Materials, 10 
Mix Design and 
Mix proportions 

03300/1.2.7 Cold Weather 10 
Concreting 

03300/1 . 2. 8 Curing Procedure 10 

03300/1.2 .9 Certificate of 10 
Conformance 

VAULT AND BASIN CAST-IN-PLACE CONCRETE 
03301/1. 2 .1 

03301/1. 2. 2 

03301/1.2.3 

03301/1 .2.4 

03301/1.2.5 

03301/1. 2. 6 

03301/ 1. 2. 7 

71401300.SP2. 1353 

Formwork 10 

Form Coating Materials 10 

Certification of 10 
Ready Mixed Concrete 
Production Facilities 

Laboratory Test 10 
Reports 

Reinforcing Steel 10 
Fabricator Drawings 

Manufacturer ' s Data 10 

Certified Test Reports 10 
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• Review and Review 
Approval For Record 

Before 
delivery 

Before 
delivery 

Before 
installation 
of forms 

Before 
mixing 

Before 
placement 

Before 
mixing 

At t i me of 
del i very 

Before 
installation 

Before use 

Before 
mixing 

Before 
delivery 

Before 
delivery 

Before 
de li very 

Before -
de l ivery 
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Submittal Submittal Review and Review 
Number Title Quantity Approva 1 For Record 

VAULT AND BASIN CAST-IN-PLACE CONCRETE (Continued) 
03301/1.2.8 Schedule for 10 Before 

Concrete Placement installation 
of forms 

03301/1. 2. 9 Mix Design 10 Before 
mixing 

03301/1. 2 .10 Mix Certification 10 Before 
mixing 

'~· 03301/1. 2 .11 Control Procedures 10 Before 
for Batching mixing 

V 
03301/1. 2 .12 Certificate of 10 At time of 

O' Conformance delivery 

- 03301/1.2.13 Construction Joints 10 Before 
i nsta 11 at ion 
of forms 

~}?t: 03301/1.2.14 Weather Protection 10 Before 
During Placement placement 

-:~;.;.;.;:-: 

03301/1.2.15 Curing and Protection 10 Before 
placement 

03301/1.2.16 Pump Concrete 10 10 days before 
placing concrete 

03301/1. 2: 17 Methods for Controlling 10 Before 
Heat of Hydration and placement 
Thermal Gradients 

03301/1.2.18 Air Leakage Test 10 Before test 

PRECAST PRESTRESSED CONCRETE SECTIONS 
03419/1.2.1 Fabricator Drawings 10 Before 

delivery 

03419/1.2.2 Records of Tests 10 Before 
mixing 

03419/1.2.3 Concrete Materials 10 Before 
and Mix Design mixing 

t~~~=~-
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Submittal 
Number 

Submitta 1 
Title Quantity 

PRECAST PRESTRESSED CONCRETE SECTIONS (Continued) 
03419/1.2.4 Certification 10 

03419/1.2.5 Certification of 10 
Prestressed Concrete 
Production Facilities 

03419/1.2.6 Manufacturer's Quality 10 
Assurance Plan 

METAL FABRICATIONS 
05500/1.2.1 Fabricator Drawings 

05500/1.2.2 Certified Material 
Test Reports (CMTR) 

SPECIAL PROTECTIVE COATING 
09805/1.2.1 List of Materials 

10 

10 

10 

PROTECTIVE COATING FOR CONCRETE VAULT INTERIOR 
09885/1.2.1 List of Materials 10 

09885/1.2.2 Certified Material 
Test Reports (CMTR) 

09885/1.2.3 Samples 

INSTRUMENTATION 
13440/1.2.1 Approval Data 

13440/1.2.2 Certified Vendor 
Information (CVI) 

CHEMICAL PROCESS PIPING SYSTEMS 
15493/1.2.1 Certified Material 

Test Reports (CMTR) 

15493/1.2.2 Certificate of 
Conformance 

10 

10 

10 

10 

10 

10 
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Review and 
Approval 

Before 
fabrication 

5 days after 
notice of award 

Before 
fabrication 

Before 
delivery 

Before 
delivery 

Before 
delivery 

Before 
delivery 

Concurrent 
with CMTR 

Before 
delivery 

Before 
delivery 

Review 
For Record 

At time of 
delivery 

Before 
acceptance 

At time of 
delivery 
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Submittal 
Number 

Submittal 
Title Quantity 

CHEMICAL PROCESS P.IPING SYSTEMS (Continued) 
15493/1.2.3 Weld Identification 10 

Drawings 

15493/1. 2. 4 Filler Material 10 
Control Procedure 

15493/1.2.5 Welding Filler Metal 10 

15493/1.2.6 Welding Procedures and 10 
Personnel 

15493/1. 2. 7 NOE Personnel and 10 
Procedures 

HIGH VOLTAGE DISTRIBUTION (ABOVE 600-VOLT) 
16300/1.2.1 Approval Data 10 

16300/1.2.2 Certification Vendor 
Information (CVI) 

CATHODIC PROTECTION 
16640/1.2.1 Approval Data 

16640/1.2.2 

16640/1. 2. 3 

Certified Vendor 
Information (CVI) 

Vis~al Examination 
Procedure 

10 

10 

10 

10 

16640/1. 2. 4 Manufacturer's 
Instructions 

10 

PART 2 - PRODUCTS 

Not Used 

PART 3 - EXECUTION 

Not Used 

71401300 .SP2.1353 
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Review and 
Approva 1 

Before 
welding 

Before 
fabrication 

Before 
welding 

Before 
welding 

Before 
welding 

Before 
delivery 

Before 
delivery 

Before 
examination 

Before 
installation 

Review 
For Record 

Before 
acceptance 

Before 
acceptance 

B-714-C2 
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PART 1 - GENERAL 

1.1 REFERENCES 

SECTION 02145 

DIFFUSION BARRIER 

DOE/RL 88-27 
Rev. 1, 01/17/90 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 American Society for Testing and Materials (ASTM) 

C 294-86 

C 295-85 

D 1117-80 

D 1682-64 (1975) 

D 1777-64 (1975) 

D ~776-85 

D 3787-80a 

D 4491-85 

E 11-87 

71402145.SP2.1302 02145 - 1 
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Standard Descriptive Nomen
clature for Constituents of 
Natural Mineral Aggregates 

Standard Practice for Petro
graphic Examination of Aggregates 
for Concrete 

Standard Methods of Testing 
Nonwoven Fabrics 

Standard Test Methods for 
Breaking Load and Elongation of 
Textile Fabrics 

Standard Method for Measuring 
Thickness for Textile Materials 

Standard Test Methods for Mass 
Per Unit Area (Weight) of Woven 
Fabric 

Standard Test Method for Burst i ng 
Strength of Knitted Goods-
Constant-Rate-of-Traverse (CRT ) 
Ball Burst Test 

Standard Test Methods for Water 
Permeability of Geotextiles by 
Permittivity 

Standard Speci fi cation for Wi r·e
Cl oth Si eves for Testing Purposes 
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1.1.1.2 Washington State Department of Transportation (WSDOT) 

M41 - 10 -88 Standard Specifi cation for 
Road , Bridge , and Mun i cipa l 
Construction 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures . 

1. 2. 1 Laboratory Reports: Submit reports from independent laboratory 
showing following. 

1. 2.1 . 1 Proposed aggregate source will produce gravel classified as 
igneous or metamorphic rock in accordance with ASTM C 294 . Examine aggregat e 
in accordance with ASTM C 295. 

1.2.1.2 Aggregate meets the requirements of Paragraph 2.1.1. 

1.2.1.3 Liquid asphalt meets the requ i rements of MC-250 in accordance 
with WSDOT M41-10, Section 9-02.1(2). 

1.2 . 2 Manufacturer's Data: Prov ide data defining physical propert i es 
of geotextile filtrat i on and reinforcing fabrics to be suppl i ed. As min i mum , 
properties shall meet requirements of specified ASTM standards listed i n 
Paragraph 2.1.3 . 

1.2.3 Handling Procedure: Submit proposed procedure that defines methods 
used for delivery, storage, and handling to ensure requirements of Paragraphs 
1.3.1 and 3.3.1 are met. Include method for keeping coated gravel free of 
dirt or foreign material. 

1.2.4 Placing Procedure: Submit proposed procedure that defines methods 
used during placing and spreading to ensure requirements of Paragraph 3.3. 1 
are met. Include method for keeping coated gravel free of dirt or fore i gn 
material, and type and size of equipment used. 

1.2.5 ·compacting Procedures: Submit proposed procedures for compacting , 
including type and size of equipment. Include 3 separate procedures for 
placement under concrete basin, adjacent to vault walls, and over vau l t roo f . 

1. 2.6 Geotextile Installation Procedure: Submit 
installation of geotextile as shown on the Drawings. 
removal techniques of temporary protective geotextile 
contamination of coated gravel. 

1.3 DELIVERY, STORAGE, AND HANDLING 

1.3.1 Diffusion Barrier 

proposed procedure for 
Include placement and 
to minimize 

1.3. 1. 1 Construct stockpiles in accordance with WSDOT M41 -1 0, 
Section 3-02.2(6). 

71402145.SP2.1302 02145 - 2 
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1.3.1.2 Place stockpiles of ~oated gravel on asphalt or concrete surface, • 
free of dirt and debris. 

1.3.1.3 Cover stockpiles with suitable covers or tarps approved by KEH 
when not in use, at end of each shift, or when average wind speed at Hanford 
weather station exceeds 25 mph or peak gusts exceed 40 mph. 

1.3.1.4 Remove coated gravel from stockpiles in accordance with 
WSOOT M41-10, Section 3-02.2(7). 

1.3.1.5 Hauling equipment shall meet the requirements of WSDOT M41-10, 
Section 5-04.3(2) with additional requirement that coated gravel shall be 
covered during transportation. 

1.3.2 Geotextile: Handle and store in accordance with manufacturer's 
recommendations. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 Aggregate: Composed of crushed stone or gravel aggregates 
classified in ASTM C 294 as either igneous or metamorphic rocks, and meeting 
following requirements. 

2.1.1.1 Aggregate production: In accordance with WSDOT M41-10, 
Section 3-01. 

2.1.1.2 Grading and quality 

a. Amounts finer than each laboratory sieve (square-openings ), 
weight percent. 

Nominal Square Opening 
Sieve Size 

1 in. 
3/4 in. 
1/2 in. 
3/8 in. 
No. 4 
No. 200 

Percent 
100 

50 to 100 
10 to 55 

0 to 15 
Oto 5 
Oto 1 

b. Deleterious materials: Particles of specific gravity less 
than 1.95, maximum 1 percent by weight. 

c. Limits for fractured faces by percent weight: Minimum of 2 
fractured faces on 75 percent and least 1 fractured face of 90 percent of 
material retained on 3/8 inch and above sieves, as determined by WSDOT Test 
Method No. 103. 

2.1.2 Asphalt: Meeting the requirements of WSDOT M4r-10, Section 
9-02.1(2) for MC-250 liquid asphalt. 

71402145 .SPZ.1302 02145 - 3 
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2.1.3 Nonwoven Geotextile: Long-chain synthetic polymer with stabi li zers 
and inhibitors added to base plastic to make filaments resistant to 
deterioration due to ultraviolet and heat exposure . Geotextile shall meet 
following requirements. 

Property 

Fabric Weight (oz/sq yd) 

Thickness (mil) 

Grab Tensile Strength 
(lbs, min) 

Grab Elongation (%, min) 

Coefficient of Water 
Permeability (cm/sec) 

Puncture Strength 
(lbs, min) 

Tear Strength 
(lbs, min trapezoidal) 

Equivalent Opening 
Size (EOS}, US Sieve 

Minimum Width (ft) 

2.2 MIXES 

2.2.1 Proportions 

Test Method 

ASTM D 3776 

ASTM D 1777 

ASTM D 1682 

ASTM D 1682 

ASTM D 4491 

ASTM D 3787 

ASTM D 1117 

Values 

10 

100 

300 

30 in any principal 
direction 

0.5 

100 

100 in any principal 
direction 

70-100 in accordance 
with ASTM E 11 

12 

2.2.1.l Size, grade, and quantity of materials, when proportioned and 
mixed shall produce mixture meeting following requirements. 

a. Percentage of asphalt: Range from 1.5 to 2.5 percent by 
weight of total asphalt mixture. 

2.2.2 Mixing 

a. Asphalt m1x1ng plants: Meet the requirements of 
WSOOT M41-10, Section 5-04.3(1). 

b. Remove aggregates from stockpiles in manner to ensure m1n1mum 
segregation when being moved to plant for processing into final mixture. 

c. Heat aggregates to minimum 150 and maximum 200 F. 

71402145.SP2.1302 02145 - 4 
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d. Heat asphalt to m1n1mum 175 and maximum 225 F. Heat in manner 
to avoid local overheating and provide continuous supply of material to mixer . 

e. Wet mixing time: Sufficient to produce 95 percent coated 
particles as determined by WSDOT Test Method No. 714. 

PART 3 - EXECUTION 

3 . 1 EXAMINATION 

3.1.1 Geotextile 

3.1.1.1 Before work is started inspect sheet rolls for damage from transi t 
and storage. If damaged set aside and do not use . 

3.1.1.2 During unrolling of material, visually examine surfaces. Do not 
use material showing defects or damage. Cut out and replace or patch 
defective or damaged areas. 

3.2 PREPARATION 

3.2.1 Subgrade: Prepare subgrade in accordance with Section 02200 , 
Paragraph 3.2.6, within 3 weeks before placing diffusion barrier. 

3 . 3 

3 . 3 . 1 

INSTALLATION 

Diffusion Barrier 

3.3.1 . 1 . Before placement demonstrate to KEH, by tr i al placement at s i te , 
procedure proposed for placing and compacting diffusion barr i er . Prepare 
"Soil Compaction Procedure" Form KEH-382, sample appended , i n accordance 
with printed instructions, for following areas. Forms will be furnished by 
KEH . 

a. Under concrete . 

b. Adjacent to vault/ basin wal l s . 

c. On top of vault roof . 

d. Other areas requiring hand tampers or small compact i on 
equipment . 

3.3.1.2 
operation. 

Keep surrounding area free of dust by water i ng dur i ng pl ac i ng 

3.3.1.3 Stop placing and cover diffusion barrier gravel when average 
wind speed at Hanford weather stat i on . exceeds 25 MPH or peak gusts exceed 
40 ,1PH. 

3.3 .1. 4 Cover di ffus i on barr i er at end of each sh i f t, or when pl acemen t 
or compaction i s not in progress . 

71402145.SP2.1302 02145 - 5 
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3.3.1.5 ·clean equipment used for hauling, placing, spreading, or compact i ng 
of dirt or gravel before handling diffusion barrier material. 

3.3.1.6 Conveyers or other equipment used for placement shall not produce 
segregation. 

3.3. 1.7 Maximum placement temperature of coated gravel: 150 F when placing 
against exterior drainage path. 

3.3.1.8 Hauling equipment will not be allowed to be driven on diffusion 
barrier unless thoroughly cleaned. 

3.3.1.9 Place coated gravel in layers not to exceed 6 inches loose 
measurement. Compact areas inaccessible to large compacting equipment by 
small mechanical compactors. Continue rolling or compacting until particle 
orientation and consolidation has stopped. KEH will determine type and 
number of passes required for particular compacting equipment used based on 
trial placement in subparagraph 3.3.1.1. 

a. It is anticipated that desired compaction can be obtained 
with 6 passes of tandem wheel steel roller weighing at least 10 tons . · 

3.3.2 Geotextile 

3.3.2.1 Lay to minimize tension, stress, folds, wrinkles, or creases, and 
to provide minimum 12 inch overlap for each joint. 

3.3.2.2 Use bags of clean, washed gravel to secure material during 
installation. Do not use securing pins. 

3.4 CONTAMINATED MATERIAL 

3.4.1 Remove placed or stored material that has excess dirt or dust 
contamination, as determined by KEH . 

3. 5 FI ELD QUALITY CONTRO°L 

3.5.1 Verify placement and compaction of diffusion barrier and geotextile 
as specified in subparagraphs 3.3.1.1 and 3.3.1.9 . 

3. 5.2 Sampling and testing of aggregate and coated gravel will be 
performed by KEH. 

71402145.SP2.1302 02145 - 6 
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SOIL COMPACTION PROCEDURE 

Pro1ect No. Project Ti tle Date 

Contract No. Procedure No. Loca11on of Demonsira11on 

REQUIREMEN1'S EQUIPMENT DEMONSTRATED 

Applicable 
Spec. / 011\,CJ. 

Compaction ReQuired 

Maximum Lift Size 

Type 

Manufacturer 

Model 

LABORATORY SOIL TEST RESULTS 

0 Non-granular Materials 0 Granular Materials 

(WSOOT Test Method No. 609 l (WSOOT Test Method No. 606-A ) 

COMPACTION DEMONSTRATION TEST RESULTS 

Formula for Percent Compaction : 

No. of 
Passes 

dry density X 100 • Percent Compaction 
max density 

Depth 
of Lift 

Percent 
Moisture 

Lbs/ft3 
Orv 

Maximum 
Density 

Percent 
Compaction Accept R 

Ct-------1-------+-----+------+------t-------+------+----

Observanons or Comments 

TEST METHOD 
USED FOR 

DEMONSTRATION 

0 Nuclear Gage 

(ASTM 02922 
& 030 171 

0 Sand Cone 

(ASTM 01556) 

Apparatus No. _______ _ 

0 Other 

Date Contractor 
Reoresentat1ve 

D,------+-----------------------h:-----Date Government 
Reoresentat1ve 
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Th is Soil Compaction Procedure form, when approved by the Government Repre• 

sentat ive, const itutes an approved compaction procedure. 

Section A is the responsibility of the Construction· Contractor. It 

is to be completed at the time of backfill compact ion demonstra

tion and presented to the Government Representat ive. 

Section B is completed by the Government Representat ive. Data 
entered is obtained from the agency that performs the laboratory 

. testing. 

Section C is completed by the Government Representat ive as the 

demonstration is performed. Using the appl icable formu la, the per
cent compaction achieved is determ ined and entered. Acceptance 
is based on the results as compared with the comp.ict ion percent 

required in Section A.. 

Sect ion D is signed and dated by the Construct ion Contractor Rep 
resentat ive acknowledging respons ib ility for this procedure and com
pliance thereto for appl :cable backfill operations. Sect ion D is signed 
and dated by the Government Representative to sign ify approval. 

END . OF SECT! ON . 

• . . . ' . . 

I 
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PART 1 - GENERAL 

1.1 REFERENCES 

SECTION 02200 

EARTHWORK 

DOE/RL 88-27 
Rev. 1, 01/17/90 

1~1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced ~herein, form part of this 
Section to extent designated herein. 

1.1.1.1 Washington State Department of Transportation (WSDOT) 

M41-10-88 Standard Specifications for 
Road, Bridge, and Municipal 
Construction 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Method to Prevent Damage During Excavation: Submit procedure 
proposed to prevent overstressing existing structures or interrupting service 
to existing facilities. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 General: Obtain select soils from excavation or other designated 
locations. Obtain on-site approval for soils. 

2.1.2 Structural Fill or Backfill: Well graded soil mixtures which 
may contain cobbles up to 3 inches in greatest dimension if uniformly . 
distributed and not constituting more than 20 percent of volume of fill. 

2.1 .3 elastic Sheet Marker: 6 inch wide nondetectable tape similar to 
"Terra Tape" manufactured by Griffolyn Co, Inc. Tape shall be imprinted 
with warning such as "Caution Buried Installation Below" at intervals of not 
more than 4 feet. Color code in accordance with the American Public Works 
Association uniform color code. 

PART 3 - EXECUTION 

3.1 PREPARATION 

3.1.1 Clearing and Grubbing: Clear debris and organic material from 
areas to be excavated and to be used for stockpile, and move to location 
designated by Operating Contractor. 

71402200.SP2.1493 02200 - 1 
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• 3.2 EXCAVATION 

DOE/RL 88-27 
Rev. 1, 01/17/90 

3.2.1 Before performing excavation, obtain excavation permit. Excavation 
permi ts will be furnished as set forth in Section 01065. 

3 . 2. 2 Locate and expose underground utilities by hand tools . Use of 
heavy equ i pment and machinery is subject to approval of KEH. 

3. 2.3 Shore excavations more than 4 feet deep and with sides sloped 
steeper than 1-1/2 horizontal to 1 vertical. Install shoring as excavation 
progresses and remove as backfilling is accomplished. 

3.2 . 4 Store excavated material at stockpile area shown on the Drawings. 
Water stockpile to ensure dust control. 

3.2 . 5 Wherever slopes of excavations will intersect existing underground 
lines or structures such as building foundations, underground piping, 
el ectr i cal ducts or direct buried electrical lines, install shoring or other 
means of support to prevent overstressing existing structure or underground 
l i nes or to prevent interrupting service to existing buildings. 

3.2.6 Subgrade 

3.2 .6.1 Make excavations to depth shown on the Drawings. Make bottom of 
excavations, level, true, and free of loose material. Compact to 95 percent 
of maximum density before placing diffusion barrier. 

3.2 .6.2 If over-excavation occurs, correct by placement of backfill , 
compacted in accordance with subparagraph 3.3.l.2b. 

3. 2.6 .3 Following excavation, moisten subgrade soil as required and proof 
roll with 2 passes of vibratory compaction equipment . 

Existing Asphalt Pavement 3. 2. 7 

3.2 . 7.1 Make vertical cut along rectangular lines ?f pavement to remain. 

3.2.7.2 Remove and haul broken pavement to disposal site given in 
Section 01500 . 

3.3 

3. 3 .1 

3.3.1.1 

INSTALLATION 

Fi 11 and Backfil 1 

Genera 1 

a. Backfill Permit: Do not start fill or backfill without 
approved permit as set forth in Section 01065. 

b. 
backfilled. 

Remove debris and organ ic matter from area t o be f ill ed or 

71402200.SP2.1493 02200 - 2 
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c. Use only select materials for fill or backfill. Keep 
materials free of frozen particles, lumps, cobbles larger than 3 inches, 
organic matter and trash. 

d. Do not place fill or backfill on frozen ground. 

e. Filling or backfilling by sluicing or flooding with water 
will not be permitted. 

f. Bring fill or backfill up evenly on sides of walls, 
structures and utility lines to avoid unbalanced loading. 

g. Do not pla~e fill or backfill against concrete structure or 
foundation wall less than 14 days after completion of structure or wall 
unless written permission from KEH is obtained. 

3.3.1.2 Structural 

a. Before placement of fill or backfill, demonstrate, to KEH 
by physical test at Site, that procedure proposed for installation and 
compaction of soils will provide degree of compaction specified. Prepare 
"Soil Compaction Procedure" Form KEH-382, sample appended, in accordance 
with printed instructions. Forms will be furnished by KEH. 

b. Place backfill in accordance with WSDOT M41-10, 
Section 2-03.3(14)C, Method C. 

c. Compaction control tests will be in accordance with 
WSDOT M41-10, Section 2-03.3(14)0. 

3.3.2 Plastic Sheet Marker: Place continuous over buried utility lines . 
Place marker tape directly over line and 1 foot below finish grade. Place 
marker over each outside pipe of multiple lines. Place intermediate markers 
at maximum of 4 feet apart. 

3.4 FIELD QUALI1Y CONTROL 

3.4.1 Soil Compaction Tests: Sampling and testing of compacted fill and 
backfill will be performed by KEH. 

71402200.SP2.1493 02200 - 3 
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SOIL COMPACTION PROCEDURE 

Pro1ect No. 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Date I Pro1ect Title 

1-::C,-o-n-tr_a_ct.....,.N'""o-. ------------ ... ,""'P'""ro_c_e_d_u-re.....,..,N_o_. _____ ...,...L.,..o_c_a_t-1o_n_o_t,....,,,O_e_m_o_n_s_tr_a_11_on ________ .._ _____ .. ·; · -

Aoolicable 
Soec./Owg. 

Compaction Reouired 

Maximum L.ilt Size 

REQUIREMENTS EQUIPMENT DEMONSTRATED 

Tvoe 

Manufactvrer 

Model 

LABOR A TORY SOIL TEST RESULTS 

0 Non-granular Materials 0 Granular Materials 
(WSOOT Test Method No. 6091 IWSOOT Test Method No. 606-AI 

COMPACTION DEMONSTRATION TEST RESULTS 

Formula for Percent Comoacuon: 

dry denS, IV X 100 • Percent Compaction 
max 0ens1w 

1---N-p~-~-s~-f--+---~-t_r_:~-t--+--~-~-:~_:u_nr-~-....;---L.-~-~-ft-J---+---M_;_:_~':'_i_:v_m __ ;-_c_:m_e_~c_a:_~_:o_n_-,-__ A_c_ce_p_t __ +-_{~( -

Observations or Comments 

TEST METHOD 
USED FOR 

DEMONSTRATION 

0 Nuclear Gage 

IASTM 0292:Z 
& 030171 

0 Sand Cone 

IASTM 015561 

Aooaratvs No. _______ _ 

0 Other 

.,,ar· .. 

.. ----------~:t~f~.-~ -
r==r====Co=n=t=,a=c=to=,====;:==================================;:::o=a=te======< ·:i-> = 

Reoresenta11ve Di---------1--------------------------l--------Government 
Representative APP 41-407 

n??nn 4 

Date 
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DOE/RL 88-27 
Rev. 1, 01/17/90 

INSTRUCTIONS 

This Soil Compaction Procedure form, when approved by the Government Repre
sentative, constitutes an approved compaction procedure. 

Section A is the responsibility of the Construction Contractor. It 
is to be completed at the time of backfill compaction demonstra
tion and presented to the Government Re~resentative. 

Section B is completed by the Government Representative. Data 
entered is obtained from the agency that performs the laboratory 
testing. 

Section C is completed by the Government Representative as the 
demonstration is performed. Using the applicable formula , the per
cent compaction achieved is determined and entered. Acceptance 
is based on the results as compared with the . compaction percent 
required in Section A. 

Section D is signed and dated by the Construction Contractor Rep· 
resentative acknowledging responsibility for this procedure and com
pliance thereto for applicable backfill operations. Section D is signed 
and dated by the Government Representative to signify approval. 

END OF SECTION 
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SECTION 02512 

DOE/RL 88-27 
Rev. 1, 01/17/90 

HOT-LAID ASPHALTIC CONCRETE PAVEMENT 

PART 1 - GENERAL 

1. 1 REFERENCES 

I.I.I Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of 
this Section to extent designated herein. 

1.1.1.1 Washington State Department of Transportation (WSDOT) 

M41-10-88 Standard Specification for Road, 
Bridge, and Municipal 
Construction 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Laboratory Reports: Submit laboratory reports for following. 

1.2.1.1 Asphalt: Showing that asphalt used in mix meets the requirements 
of AR-4000W in accordance with WSDOT M41-10, Section 9-02.1(4). 

1.2.1.2 Asphalt concrete mix: Showing compliance with WSOOT M41-10 , 
Sections 9-03.8(2) and 9-03.8(6). Include Rice density as established by 
WSOOT Method 705. 

1. 2. 2 
methods 
asphalt 

PART 2 

2.1 

2 .1.1 
Section 
mixture 

2 . 1. 2 
Section 

Handling and Placing Procedures: Submit procedure that defines 
to keep diffusion barrier free of dirt or foreign material during 
concrete pavement placement. 

- PRODUCTS 

MATERIALS 

Asphalt: Meeting the requirements of WSDOT M41-10, 
9-02 . 1(4). Grade of paving asphalt for use in asphaltic concrete 
shall be AR-4000W. 

Aggregate: Class "B" meeting the requirements of WSDOT M4 1-10 , 
9-03. 8 ( 1) , ( 2) , and ( 3) 8. 

2.1 .3 Blending Sand: Meeting the requirements of WSDOT M41-10 , 
Section 9-03.8(4). 

2.1 .4 Mineral Filler: Meeting the requirements of WSDOT M4 1-10 , 
Section 9-03.8(5). 

71402512 .SP2.417 02512 - 1 8-714-CZ 
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2.2 MIXES 

2.2.1 Proportioning of Asphalt Concrete Materials: Meeting the 
requirements of WSDOT M41-10, Section 9-03.8(6) Class "B" asphalt concrete. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

3.1.1 Construction: In accordance with following sections of 
WSDOT M41-10. 

3.1.1.1 

3.1. 1.2 

3.1.1.3 

3.1.1.4 

3.1.1.5 

3.1.1.6 

3.1.1.7 

3.1.1.8 

3. 1.1.9 

Asphalt mixing plants: Section 5-04 .3(1) . 

Hauling equipment: Section 5-04.3(2). 

Asphalt pavers: Section 5-04 .3(3). 

Rollers: Section 5-04.3(4). 

Asphalt material heating: Section 5-04.3(6). 

Aggregate preparation: Section 5-04.3(7). 

Mixing: Section 5-04.3(8). 

Spreading and finishing: Section 5-04.3(9). 

Compaction: Section ~-04.3(10). 

3.1 . 1.10 Diffusion barrier shall remain covered as specified in 
Section 02145, subparagraphs 3.3.1.2 and 3.3.1.4 before placing pavement. 

3. 1.1.11 Weather limitations: Do not place asphalt when surface 
temperature of diffusion barrier is less than 45 F, when average wind speed 
at Hanford we~ther station exceeds 25 mph, or peak gusts exceed 40 mph. 

3.1.1 . 12 Keep surrounding area free of dust by watering during paving. 

3.1.1 . 13 Stop placing and cover diffusion barrier when average wind speed 
at Hanford weather station exceeds 25 mph, or peak gusts exceed 40 mph. 

3.1.1.14 Clean equipment used for conveying, placing, spreading, and 
compacting of dirt or gravel that may contaminate diffusion barrier during 
paving operation. 

3.1.1.15 Hauling equipment will not be allowed to be driven on diffusion 
barrier. 
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3.1.2 Patching Existing Asphalt Pavement 

DOE/RL 88-27 
Rev. 1, 01/17/90 

3.1.2.1 Prepare subgrade in area to receive asphalt patching by compact i ng 
in accordance with Section 02200, subparagraph 3.3 . l.2b. 

3. 1.2.2 Before patch is constructed, true-up pavement cut with str~ight 
edges and vertical faces. 

3.1.2.3 Place asphalt concrete to thickness required to match compacted 
thickness of existing pavement or to minimum compacted thickness of 1-1/2 
inches, whichever is greater. Place, level, .and compact to comply with 
adjacent paved surface. 

3.2 FIELD QUALITY CONTROL 

3.2.1 Sampling and testing of asphalt concrete pavement will be 
performed by KEH. 

71402512.SP2.417 
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SECTION 02752 

LEACHATE COLLECTION SUMP LINER 

DOE/RL 88-27 
Rev. 1, 01/17/90 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of 
this Section to extent designated herein. 

1.1.1.1 

1.1.1.2 

1.1.1.3 

1.1. 1.4 

American Society of Mechanical Engineers (ASME) 

1986 Edition, w/Addenda 
through Dec 1988 

Section IX 

ASME Boiler and Pressure Vessel 
Code 

Qualification Standard for 
Welding and Brazing Procedures , 
Welders, Brazers , and Welding 
and Brazing Operators 

American Society for Nondestructive Testing (ASNT) 

Recommended Practice 
No. SNT-TC-lA 
(1984 Edition) 

Personnel Qualification 
and Certification in 
Nondestructive Testing 

American Society for Testing and Materials (ASTM) 

A 36-87 

A 53-87b 

D 3350-84 

American Welding Society (AWS) 

AWS D1.1-88 

AWS D9.1-84 

AWS QCl-86 

Standard Specification for 
Structural Steel 

Standard Specification for Pipe , 
Steel, Black and Hot-Dipped , 
Zinc-Coated Welded and Seamless 

Standard Specification for 
Polyethylene Plastics Pipe and 
Fittings Materials 

Structural Welding Code-Steel 

Specification for Welding of 
Sheet Meta 1 

Standard for Qualification and 
Certificatio11.-of Welding 
Inspectors 
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1.1.1.5 American Water Works Association (AWWA) 

C203-86 AWWA Standard for Coal-Tar 
Protective Coatings and Linings 
for Steel Water Pipelines--Enamel 
and Tape--Hot-Applied 

1.1.1.6 Steel Structures Painting Council (SSPC) 

SSPC-SP 3-82 

SSPC-SP 6-85 

No. 3 Power Tool Cleaning 

No. 6 Commercial Blast Cleaning 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Fabricator Drawings and Procedures: Submit drawings and procedures 
for fabrication, erection and installation of sump liner, riser, and plastic 
pipe spools. Include plans, elevations, details, sections and connections. 
Submittal shall show thickness, type, grade, class of metal, and fasteners . 
Show anchorage and accessory items where applicable. 

1.2.2 Certified Material Test Reports (CMTR): Submit legible reports, 
certified by responsible manufacturer, showing chemical analysis and physical 
properties of each heat steel plate, shapes, pipe and fittings, and filler 
material. Submit separate certified reports for each lot of steel furnished 
by each supplier. 

1. 2.3 Filler Material Control Procedure: Submit procedure for control 
of filler material. Specify methods of control, by heat or lot number, from 
receipt of material to consumption during fabrication, and control and 
disposal of contaminated and partially used material. 

1.3 QUALITY ASSURANCE 

1.3.1 Qualification of Welding Personnel and Procedures 

1.3.1.1 Personnel and procedures for welding structural steel and steel 
pipe shall have been qualified in accordance with AWS 01.1 before welding. 
Qualification in accordance with ASME Section IX may be substituted for this 
requirement. 

1.3.1.2 Personnel and procedures for welding sheet metal shall have been 
qualified in accordance with AWS 09.1 before welding. Qualification in 
accordance with ASME Section IX may be substituted for this requirement. 

1.3.1.3 Personnel and procedures for welding steel pipe shall have been 
qualified in accordance with ASME Section IX before welding. 

1.3.1 .4 Deliver 2 copies of welding procedure specifications, procedure 
qualification records, and welder performance qualification test results to 
KEH 5 days before welding. Maintain additional copies as specified in 
Section 01400, Paragraph 1.6.2. 
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1.3. 2 Qualification of Nondestructive Examinat,on (NOE) Personnel 

1.3. 2.1 Visual weld examinations and appropriate documentation shall be 
performed by Certified Welding Inspectors (CWI) who have received cert i f i ca 
tion in accordance with AWS QCl. Certified Associate Weld i ng Inspectors 
(CAW!), certified in accordance with above standard, may be used to perform 
examinations when under immediate direction of CWI. Welding related examina 
tion documentation sh-all be signed, or stamped by individual performing 
examination. Where CAWI's are used for examinations, documentation shall be 
signed, or bear CAWI's stamp in addition to CWl's under whom examinations 
were performed. 

1.3.2.2 Personnel performing other NOE shall have been certified in 
accordance with Contractor ' s written practice, which shall meet the 
requirements of ASNT No. SNT-TC-lA, before performing NOE . Use Level I I or 
III personnel to interpret test results . 

1.3.2.3 Deliver 2 copies of personnel certifications , written NOE 
performance procedures, and Contractor's wr i tten practice to KEH 5 days 
before examining. Maintain additional copies as spec i fied in Section 01400 , 
Paragraph 1.6.2. 

1.4 DELIVERY, STORAGE, AND HANDLING 

1.4.1 Welding Material 

1.4.1.1 Store separately , welding materials of different mater i al 
specifi cations . 

1.4. 1.2 Store and control filler material in accordance wi th approved 
procedure. 

1.4. 1.3 Preserve ident i ty from t ime of rece i pt on si te unt il use i n 
facil i ty construction. 

1.4.2 Sump Liner : Upon receipt examine for damage , sea l open i ngs , and 
store on dunnage. 

Steel Riser Pi pe : Upon rece i pt examine for damage . 1. 4 . 3 

1. 4 . 4 
damage. 

Polyethylene Plastic Pipe and Fi tt ings: Upon rece i pt ex am i ne for 

1.4.5 Deliver materials to project at time convenient for i nstal l at i on 
and store off ground . If exposed to inclement weather , protect with paper , 
plastic, or other weatherproof covering. 
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• PART 2 PRODUCTS 

2. 1 MATERIALS 

DOE/RL 88-27 
Rev. 1, 01/17/90 

2.1.1 Carbon Steel Plate and Shapes: ASTM A 36, except as specified on 
the Drawings. 

2.1.2 Carbon Steel Pipe: ASTM A 53, Type S, Grade B. 

2.1.3 Polyethylene Plastic Pipe and Fittings: ASTM D 3350, 
Class 355434C. 

2.1 .4 Exterior Protective Coating: Tapecoat Company "Tapecoat 20" and 
primer meeting the requirements of AWWA C203. 

2.2 FABRICATION 

2.2.1 Fabricate sump liner and pipe spools in accordance with the 
Drawings and approved submittals. 

2. 2.2 Weld plastic pipe by butt fusion method. 

2.2.3 Weld Identification: Prepare weld identification drawings which 
show relative position of each pressure containing weld and each weld to 
pressure retaining components. 

2.3 

2.3 .l 

SOURCE QUALITY CONTROL 

Weld Examinations 

2.3.1.1 100 percent visual examination is required for fit-up, root and 
cover passes . Examine in welded condition. Acceptance criteria shall be 
in accordance with AWS 01.1, Paragraph 8.15.1. 

2.3.1.2 Perform 100 percent liquid penetrant (dye penetrant) examination 
(PT) on root and cover passes in accorda~ce with AWS 01.1, Paragraph 6.7.6 
and Section 8. 

2.3.1.3 

2.3.1.4 

Fabrication of sump liner is subject to examination by KEH. 

NOE documentation. 

a. Document examination of pressure welds and welds to pressure 
retaining components for pipes and liners on NOE/Weld Record Form KEH-433 
furnished by KEH (sample appended). 

1) See Form KEH-433 for instructions for recording weld 
identification drawings, weld numbers, welder identification, welding 
procedure specification numbers, visual examinations, nondestruct ive 
examinations, and for noting satisfactory completion of leak testing. · · 
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by KEH. 
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b. Documentation shall be kept current and is sub~ect to review 
Prepare and certify records as work progresses. 

c. Required NOE/Weld examinations shall be completed and 
documented before start · of leak testing. 

d. NOE/Weld Record information and weld identification drawings 
may be incorporated on single format or traveler for specific work package. 

e. Deliver completed NOE/Weld Record and record weld 
identification drawings to KEH within 7 working days after completion of 
system leak testing. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

3. 1~1 Place sump liner and assemble plastic pipe in accordance with 
approved submittals and the Drawings. 

3.1.2 Assemble plastic to steel flange joints without gasket . Use steel 
backing rings on plastic flanges. 

3.1.3 Before sump liner and pipe is encased in concrete, hydrostatically 
test liner and flanged connections in accordance with Paragraph 3. 2.1. 

3.1.4 After concrete encasement has cured install riser in accordance 
with the Drawings and approved submittals. 

3.1.5 Exterior Protective Coating 

3.1 . 5.1 Complete NOE and leak testing before application of exterior 
protective coating. 

3.1.5.2 Protect short lengths of carbon steel pipe and f i ttings exposed to 
earth bac~fill with specified coating. 

a. Clean carbon steel surfaces to white metal by sandblasting in 
accordance with SSPC-SP 6. Where blasting is impracticable , as determined 
by KEH, clean by power wire brushing in accordance with SSPC-SP 3. 

b. Heat and apply specified tape in accordance with AWWA C203 , 
Section 3, and manufacturer instructions. 

3.1.5.3 After installation, examine carbon steel pipe having field applied 
exterior protective coating materials. 

a. Use electrical holiday detector in accordance wi th AWWA C203 , 
Section 2.14.12. 

b. Repair damage to coating in accordance with AWWA C203, 
Section 2.14.12. 
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3.2 

3.2 . 1 

FIELD QUALITY CONTROL 

Hydrostatic Testing 

DOE/RL 88-27 
Rev. 1, 01/17/90 

3.2.1.1 Prepare written procedure for disposal of water used for test i ng . 
Deliver to KEH for approval 10 days before testing. 

3.2 . 1.2 Hydrostatically test sump liner and pipe flanged connections 
before placing concrete by applying internal pressure of 15 psig of water to 
entire length of plastic pipe and steel flange. Pump water out and dry 
liner after test. No visible standing water . 

3. 2.2 Perform NOE listed on back of attached NOE/Weld Record Form KEH-433 
for welds . 
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SECTION 02753 

EXTERIOR DRAINAGE PATH 

DOE/RL 88-27 
Rev. 1, 01/17/90 

PART 1 - GENERAL 
1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to the extent designated herein. 

1.1.1.1 

1.1.1.2 

American Society for Testing and Materials (ASTM) 

D 638-87b 

D 746-79 (1987) 

D 792-86 

D 1004-66 (1981} 

D 1238-86 

D 1505-85 

D 1593-81 

D 1603-76 (1983) 

D 3895-80 (1986) 

Standard Test Method for Tensile 
Properties of Plastics 

Standard Test Method for 
Brittleness Temperature of 
Plastics and Elastomers by 
Impact 

Standard Test Methods for 
Specific Gravity and Density 
of Plastics by Displacement 

Standard Test Method for Initial 
Tear Resistance of Plast i c 
Film ~nd Sheeting 

Standard Test Method for Flow 
Rates of Thermoplastics by 
Extrusion Plastometer 

Standard Test Method for Dens ity 
of Plastics by the Dens i ty
Gradient Technique 

Standard Specification for 
Nonrigid Vinyl Chloride Plast ic 
Sheeting 

Standard Test Method for Carbon 
Black in Olefin Plastics 

Standard Test Method for 
Oxidative Induction Time of 
Polyolefins by Thermal Anal ysis 

National Sanitation Foundat i on (NSF) 

NFS Standard 54-85 Flexible Membrane Li ners 
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1. 2 SUBMITTALS: Refer to Section 01300 for submittal procedures . 

1. 2. 1 Fabricator Drawings: Submit drawings showing details of factory 
and field jo i nts. 

1.2.2 Installation Plan: Submit procedures for installation of materials 
and components. Include list of equipment and amount of utilities required . 
proposed methods for laying materials and components, and method for holding 
material sections in place during installation. 

1. 2.2.1 Installer may submit alternate method of installation that prov ides 
complete coverage of vault exterior. 

1.2.3 Manufacturer's Data: Provide data defining physical propert i es 
of drainage net and membrane to be supplied. 

1.2 . 4 Surface Acceptance: Provide information required by 
Paragraph 3.1.2 . . 

1.2.5 Care and Repair Instructions: Submit information concerning 
recommended care and repair pro~edures for membrane and components. Include 
recommended shoe types for construction personnel, tools for cleaning, and 
minimum and maximum temperatures at which cleaning, inspecting, and repair 
operations may be performed. 

1.3 DELIVERY, STORAGE, AND HANDLING 

1.3. 1 Pack fabricated pieces in containers to prevent damage dur i ng 
shipment. Pack co~tainers for minimum handling at site and clearly mark wi th 
location of installation. 

1. 3. 2 

1.3.2.1 

·1. 3. 2. 2 

Storage 

Unload and store with minimum of handling. 

Do not store materials on ground . 

1.3.2.3 Storage area shall protect materials from moisture , mud , so il, 
dust, and debris . 

1.3. 3 

1.3.3.1 

Handling 

Handle materials to ensure sound, undamaged conditions . 

1.3.3.2 During unrolling of material, visually ex~mine sheet surface. 
Mark and repair faulty areas in accordance with approved i nstruct ions. 

71402753.SP2.2404 02753 - 2 
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1.4 PROJECT CONDITIONS 

1.4.1 Environmental Requirements: Within limits given i n NSF 
Standard 54, Appendix C while handling plastic sheeting mater i al. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2. 1.1 HOPE Membrane 

2.1.1.1 Fabricate from 60 mil HOPE sheeting meeting following 
requirements. 

Property 

Gage (mils, nominal) 

Thickness (mils, minimum) 

Specific Gravity (min) 

Minimum Tensile Properties 
(each direction) 

Tensile Strength Yield 
(lb/in . width) 

Tensile Strength at Break 
(lb/in. width) 

Elongation at Yield (percent) 

Elongation at Break (percent) 

Modulus of Elasticity (psi) 

Tear Resistance (lb, minimum) 

Low Temperature (F) 

Test Method 

ASTM D 1593/ 
Para 9.1.3 

ASTM D 792 

ASTM D 638 

ASTM D 1004 Die C 

ASTM D 746 
Procedure B 

Values 

60 

54 

0.94 

120 

130 

10 

500 

80 . 000 

30 

-40 

2.1.1.2 Thickness: 54 mils minimum at any point on membrane . 

2.1.1.3 Fabricate liner from large pieces of sheeting to proper s i ze an d 
shape. Keep field joints to minimum in accordance with approved i ns t allation 
drawings. Preform corner pieces to proper size and shape at factory . 

71402753.SP2.2404 02753 - 3 
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2 .1. 2 Drainage Net 

DOE/RL 88-27 
Rev. 1, 01/17/90 

2.1.2.1 Fabricate from HOPE strands. Arrange 2 sets of strands, spaced 
1/2 inch center to center maximum, together to form "net" or "mesh" with 
minimum 2 strands per inch each direction. System shall meet the following 
requirements. 

Property 

Density (g/cm3) (min) 

Crystallinity (%) 

Carbon Black(%) 

Melt Flow Index (g/10 min.) 

Thermal-Oxidative 
Stability, minutes 
DSC 

Minimum Compressive 
Stress Imposed (psf) 

Minimum Thickne~s (mm) 

Test Method 

ASTM D 1505 

Differential 
Scanning 
Calorimeter 

ASTM D 1603 

ASTM D 1238 
( 190 C, 2 .16 KG) 
(190 C, 5.0 KG) 

ASTM D 3895 
(160 c, 20 psi Oz) 
(160 c, 800 psi Oz) 

2 . 1.3 Geotextile : See Section 02756. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

Values 

0.94 

40-55 

1-3 

0. 2-0.5 
1.0-2.2 

20-175 
6-36 

7,000 

5 

3.1.1 Before work is started examine sheet rolls for damage from 
transit and storage. If damaged, set aside and do not use. 

3.1.2 Before installation, provide written documentation to KEH that 
surfaces to receive materials have been examined and are acceptable for 
installation. 

3.2 INSTALLATION 

3.2.1 Climatic Conditions: Within limits given in NSF Standard 54, 
Appendix C while handling sheeting material. 

3.2.2 Placing: Place fabricated pieces in position shown on approved 
installation drawings. Unroll, posit ion, and smooth out fal.lds and wrinkles . 
Allow sheets to relax before anchoring . Fasten material temporarily, i n 
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accordance with installer's approved procedure, to prevent wind damage unt i l 
material is secured. 

3.2.3 Field Seams: Overlap membrane panels 6 inches, minimum, and 
fasten with batten plate. 

3.2.4 Extrusion Weld Repair Work 

3.2.4.1 Welding equipment shall be capable of continuously monitoring and 
controlling temperature in zone of contact so changes in environmental 
conditions will not effect integrity of weld. 

3.2.4.2 Where "fish mouths" occur, repair area in actordance with 
Paragraph 3.2.5. 

3.2 .4.3 "Fish mouths" are not acceptable within seam area . 

3.2 .4.4 Replace or repair, in accordance with Paragraph 3.2 . 5, membrane 
area showing out of tolerance injury due to excessive scuffing, or puncture . 

3.2.4.5 

3.2.5 

Welds, on completion of work, shall be tightly bonded. 

Repairs 

3.2.5.1 Make repairs to membrane by apply i ng piece of sheeting , suff ic ie nt 
in size to extend approximately 3 to 6 inches beyond damaged area. Make 
patch round or oval . 

3.2.5.2 Make repairs to geogrid and geotextile in accordance wi th 
manufacturer's recommended procedures. 

3.3 

3. 3 .1 

3.3.1.1 

3.3 . 1.2 

3.3.1.3 

FIELD QUALITY CONTROL 

Final Examination and Acceptance 

Ver i fy no _damage has occurred to geotext i 1e or geomembrane . 

Prepare record drawings showing field changes i ncorporated . 

Deliver test documentation and record drawings to KEH. 

END OF SECTION 
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• SECTION 02755 

DOE/RL 88-27 
Rev. 1, 01/17/90 

WASTE DISPOSAL BASIN LINERS 

PART 1 - GENERAL 

1. 1 REFERENCES 

1.1 . 1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein , form part of th is 
Section to extent designated herein. 

1.1.1.1 American Society for Testing and Materials (ASTM) 

D 413-82 (1988) 

D 570-81 

D 638-87b 

D 696-79 

D 746-79 (1987 ) 

D 751-79 

D 792-86 

D 1004-66 (1981) 

D 1203-86 

D 1204-84 

71402755 . SP2 . 414 02755 - 1· 
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Standard Test Methods for Rubber 
Property--Adhesion to Flex i bl e 
Substrate 

Standard Test Method for Wa t er 
Absorption of Plast i cs 

Standard Test Method for Tensil e 
Properties of Plastics 

Standard Test Method for 
Coeffic ient of Linear Thermal 
Expans i on of Plast i cs 

Standard Test Method for · 
Br i tt l eness Temperature of 
Plast i cs and El astomers by Impac t 

Standard Methods of Test i ng 
Coated Fabrics 

Standard Test Methods for 
Specific Gravity (Relative 
Density ) and Dens i ty of Pl ast i cs 
by Displacement 

Standard Test Method for Initia l 
Tear Res i stance of Pl ast i c Film 
and Sheet i ng 

Standard Test Methods for 
Volat i le Loss from Plast i cs 
Us i ng Act i vated Carbon Me t hods 

St andard Test Method for Linear 
Dimension al C.b anges of Nonrigid 
Th ermop l asti c Sheeti ng or Film 
at Eleva ted Tempera tu re 

B-714 -C2 



1.1.1.2 

1.1.1.3 

1.1.1.4 

D 1238-86 

D 1593-81 

D 1603-76 (1983) 

D 1693-70 (1980) 

D 3083-76 (1983) 

D 3985-81 

E 96-80 

DOE/RL 88-27 
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Standard Test Method for Flow 
Rates of Thermoplastics by 
Extrusion Plastometer 

Standard Specification for 
Nonrigid Vinyl Chloride Plastic 
Sheeting 

Standard Test Method for Carbon 
Black in Olefin Plastics 

Standard Test Method for 
Environmental Stress-Cracking of 
Ethylene Plastics 

Standard Specification for 
Flexible Poly (Vinyl Chloride) 
Pl ast·i c Sheeting for Pond, 
Canal, and Reservoir Lining 

Standard Test Method for Oxygen 
Gas Transmission Rate Through 
Plastic Film and Sheeting Using 
a Coulometric Sensor · · 

Standard Test Methods for Water 
Vapor Transmission of Materials 

Environmental Protection Agency (EPA) 

EPA/530-SW-86-031 

Federal Standards (FED STD) 

FED-STD-lOlC, Including 
CHGS NOT 1, And 2 

Method 2065.1 

Technical Guidance Document 
Construction Quality Assurance 
for Hazardous Waste Land Disposal 
Faci 1 ity 

Test Procedure For Packag~ng 
Materials 

Puncture .Resistance And 
Elongation Test (1/8 Inch Radius 
Probe Method) 

National Sanitation Foundation (NSF) 

NSF Standard 54-85 Flexible Membrane Liners 
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1. 2 SUBMITTALS : Refer to Section 01300 for submittal procedures. 

1.2.1 Installation Drawings : Submit drawings showi ng l i ning sheet 
layout with proposed size, number, pos i t i on , sequence of pl ac i ng , and l ocat i on 
of field seams . Include details and methods for anchoring at perimeter , 
maki ng fie l d seams, and making anchors/ seals to pipes and structures 
penetrating lining. 

1.2 . 2 Installation Procedures: Submit procedures for installation and 
testing of liner and components. Include list of equipment and amount of 
utilities required, proposed methods for laying liner and components, and 
following. 

1.2.2.1 Procedures for welding seams in accordance with manufacturer ' s 
recommendations and this Section. 

1.2 . 2.2 Method for holding liner sections in place during installation . 

1.2.2 .3 Method for examining liner and components, and testing joints , 
seams, welds, and bolt tightening. 

1.2.3 Manufacturer's Data 

1.2.3.l Resin: Provide data defining physical properties of high densi ty 
polyethylene (HOPE) resin to be supplied. For each resin batch , test as 
shown in Table 02755-I. Complete testing and submit for review before us i ng. 

TABLE 02755-I 

PHYSICAL PROPERTIES QUALITY CONTROL 

Property 

Specific Gravity (min) 

Test Method 

ASTM D 792 

Melt Fl ow Index (gr/ 10 mins , ASTM D 1238, 
max) Condition E 

Volatile Loss (max%) ASTM D 1203 , 
Method A 

Va l ues 

0. 94 

0.3 

0 .1 

1.2.3.2 Liner: Provide data defining physical propert i es of hi gh den sity 
polyethylene (HOPE) liner to be supplied. As minimum, propert i es sha ll mee t 
the requirements of NSF Standard 54. Provide documentation of ver i f i ca ti on 
of physical properties of liner sheets . For each resin batch used , test 
using parameters defined in subparagraph 2.1 . 1.2 to document mater i al 
properties. Complete testing and submit for review before fab ri cat ion. 
Submit additional copy of documentation with each pane l. 
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1. 2. 4 Samples: Submit samples of lining material and field seams. 

1.2.4 . 1 Lining material: Submit 8 inch by 10 inch samples from same 
batch of liner used for construction, and totaling approximately 20 sq ft. 

1.2 .4. 2 Field seams : Submit numbered and dated samples, measuring 
12 ~nches plus seam width in width and 18 inches in length, fabricated with 
materials specified for lining in accordance with approved procedures and 
this Section, and tested in accordance with Paragraph 1.3.5. 

1.2. 5 Certified Material Test Reports (CMTR): Submit materials test 
reports, for each item furnished by each supplier, certified by manufacturers 
of resins and liners, and stating that liner and extrudate are of 100 . percent 
virgin materials. Reports shall ident i fy items, show results of chemical 
analysis and physical tests and meet following requirements. 

1.2 .5.1 

1.2.5 .2 

Raw materials: Table 02755-I. 

Lining material: Subparagraph 2.1 . 1.2. 

1.2.6 Care and Repair Instructions: Submit information concerning 
recommended care and repair procedures for liner and components . Include 
recommended shoe types for construction personnel, tools for cleaning and 
removing wind-blown sand and debris, and minimum and maximum temperatures 
at which cleaning , inspecting, and repair operations may be performed . 

1.2 . 7 Certificates of Experience : Submit "Certificates of Experience " 
from manufacturer and installer showing qualification in accordance wi th 
Paragraphs 1.3.1 and 1.3.2. Installer shall provide list showing names , 
addresses, and telephone numbers for completed projects. · 

1. 2.8 Manufacturer's Qual i ty Control Plan: Submit qual i ty control plan 
for Project. Plan shall address requirements of Paragraph 1.3.3. 

1.2.9 Certification: Submit certificates of compliance i n accordance 
with Paragraph 1.3.6. 

1.2 . 10 Surface Acceptance : Provide information required in 
Paragraph 3 .1. 2. 

1.3 QUALITY ASSURANCE 

1.3 . 1 Qualification of Manufacturer : Manufacturer shall have 
successfully manufactured minimum 5,000,000 square feet of s imilar liner 
material for hydraulic lining installations, and be listed by NSF as meet i ng 
the requirements for manufacturing HOPE. Material supply shall also include 
projects for Resource Conservation and Recovery Act (RCRA) Landf i l l s and 
Surface Impoundments. 
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1.3.1.1 Make arrangements with manufacturer for KEH visit to plant befo re 
manufacture of l ining material to verify qual i ty control program, and during 
manufacture of material for Project to observe manufacturi ng methods and 
obtain raw materials and products for i ndependent test i ng. 

1.3.2 Quali fication of Installer : Provide evidence of successful ly 
install i ng at least 10 projects, and at least 5,000,000 square feet of liner . 
Projects shall include RCRA Landfills and Surface Impoundments. 

1.3 .3 Manufacturer's Quality Control Plan: Qual i ty control plan to be 
implemented for Project shall be in accordance with EPA/530-SW-86 -031 . 
Include name of polymer resin supplier, product identification, acceptance 
testing , fabrication and production testing, documentation of changes , 
retests, and acceptance. 

1.3.4 Construction Quality Assurance 

1.3.4.1 Preinstallation meeting: Manufacturer and Contractor shall attend 
meeting, initiated by KEH, before installation of lining to rev i ew and 
discuss training and qualification procedures for Contractor personnel , and 
demonstration of making field welded seams including peel and shear tests . 

~ 1.3 . 4.2 Manufacturer shall prov ide on-s i te techn ical superv i s i on and 
assistance during installation of lining. 

1.3 . 5 Qualification of Welds : Before welding l i ner , prov ide field we ld 
samples using same equipment and procedure to be used for welding li ner. 
Perform nondestructive testing in accordance with Paragraph 3.3.1 . Perform 
destructive testing in accordance with Paragraph 3.3.2 . Ent i re seam shall 
pass nondestructive tests, and 2 of 3 samples shall pass destruct i ve test s , 
third sample shall attain at least 95 percent of requ i red values . 

1.3 . 6 Upon completion of work, and as condit i on of acceptance , de li ver 
to KEH 2 copies of cert i ficate signed by author i zed agent of manufact urer of 
l i ner , and cosigned by installer, stat i ng materials and methods used meet 
specified requirements. 

1.4 DELIVERY , STORAGE, AND HANDL ING 

1.4.1 Pack fabricated pieces and rolls wrapped wi th sheet of same 
material in containers supported and padded to prevent damage dur i ng sh i pmen t. 
Pack conta i ners for minimum handl i ng at site and clearly mark with l ocat i on 
of installation. Provide label for each ro l l and prefabr i cated piece show ing 
results of tests in subparagraph 2.1 . 1.2 and stat i ng name of manufacturer , 
product type, thickness, manufactures batch code , date of manufacture , 
physical dimensions, panel number or placement of prefabr i cated pieces 
according to Paragraph 1.2 . 1, and di rect ions for unro l l i ng membrane. Do not 
remove labels. 
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1. 4. 2 

1.4.2.1 

1.4.2.2 

1.4.2.3 

Examine lining materials delivered to Site for: 

Puncture from nails or splinters. 

Tears from operation of equipment or inadequate packaging. 

Exposure to temperature extremes resulting in unusable material. 

1.4.2.4 Bonding together of adjacent membrane layers which may be caused 
by excessive heat. 

1.4.2.5 

1. 4 .3 

Crumpling or tearing from inadequate packaging support. 

Unload and store with minimum of handling. 

1.4.4 Store materials off ground on padded dunnage in secure area 
sheltered from mud, soil, dirt, debris, adverse weather, precipitation, 
ultraviolet light, heavy winds, and temperature extremes. 

PART 2 - PRODUCTS 

2 .1 MATERIALS 

2.1.1 High Density Polyethylene (HOPE) Liner: Add carbon black, 
antioxidants and heat stabilizers to resin for ultraviolet resistance and 
manufacturing purposes. Supply HOPE as single ply continuous sheet with no 
factory seams and in rolls with minimum 22 foot width. Maximize roll length 
to provide largest manageable sheet for fewest field seams. 

2.1.1.1 Materials similar to those manufactured by Gundle Lining Systems 
Inc, Houston, Texas; or Poly-America Inc, Grand Prairie, Texas. 

2.1.1.2 
values. 

Lining material shall meet following minimum physical property 

Property 

Thickness (mils± 10 %} 

Specific Gravity (min) 

Carbon Black Content(%} 

Melt Flow Index 
(g/10 min, maximum) 

Test Method 

ASTM D 1593 

ASTM D 792 

ASTM D 1603 

ASTM D 1238, 
Condition E 

Values 

60 

0.94 

2 to 2-1/2 

0.3 

Tensile Properties (each direction) ASTM D 638, Type IV 
Specimen, 2 ipm 

Tensile Strength at Yield (lb/in width, min) 120 

Tensile Strength at Break (lb/in width, min) 180 
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• Property 

Elongation at Yield(%, min) 

Elongation at Break(%, min) 

Modulus of Elasticity (lbs/sq in ., min) 

Tear Resistance (lb, min) 

Puncture Resistance (lbs, min) 

Low Temperature/Brittleness {F, max) 

*Dimensional Stability 
(max% change each direction) 

*Volatile Loss (max%) 

*Envi ronmenta 1 Stress Crack . 
(min hours) 

Water Absorption 
(max% weight change) 

Coefficient of Linear 
Thermal Expansion (cm/cm C, max) 

Hydrostatic Resistance (psi, min) 

Moisture Vapor 
Transmission (g/m2 day, max) 

Resistance to Soil Burial 

Change in Tensile Strength 
at Break and Yield (%) 

Change in Elongation at Break 
and Yield (%) 

71402755.SP2.414 02755 - 7 
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Test Method Values 

10 

500 

80,000 

ASTM D 1004, Die C 30 

FED-STD-101, 69 
Method 2065.1 

ASTM D 746, -40 
Procedure B 

ASTM D 1204, ±2 
212 Fl hr 

ASTM D 1203, 0 .1 
Method A 

ASTM D 1693, 750 
Condition C (100 C) 

ASTM D 570 0.1 

ASTM D 696 

ASTM D 751, 
Method A-1 

ASTM E 96 

ASTM D 3083, 
using ASTM D 638 
Type IV specimen 
at 2 ipm 

1.2 X 10-4 

490 

0.03 

± 5 

± 10 

B-714-C2 



Property 

Bonded Seam Strength, Field 
Tensile, min 
Peel Adhesion, min 

Oxidation Inductive Time (minutes, 
min at 130 C 800 psi 02) 

DOE/RL 88-27 
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Test Method 

ASTM D 638 
ASTM D 413 

ASTM D 3985 

Values 

90% of parent 
material film 
tear band 

2000 

*Format uses NSF 54 table for HOPE as guide . However, RCRA values for 
Volatile Loss, Dimensional Stability, and Environmental Stress Crack have 
been added . 

2. 1.1.3 Resin
1 

used for extrudate fus i on welding shall be HOPE produced 
from and same a~ HOPE sheet resin. Physical properties shall be same as HOPE 
lining sheets. 

2.1.l.4 Liner thickness shall be at least 54 mils at any point on liners . 

2.1.1.5 Fabricate liner from large pieces of sheeting to proper size and 
shape to fit contours of basin. Prefabricate corner pieces in factory. Keep 
field joints to minimum and in accordance with approved installation drawings. 

2.1.1.6 Liner material will be required for EPA's method 9090 testing. 
There shall be no changes in formulation of liner material once testing has 
begun. 

2. 2 SOURCE QUALITY CONTROL 

2 . 2 .1 Tests 

2.2.1.l Preparation: Obt~in l sample from preformed products from each 
form in use each day. Cut sample in half. Keep 1/2 for testing and del i ver 
remaining half to KEH for testing. 

2.2.1.2 Testing: Test samples for thickness , tensile strength at yie l d, 
and tensile strength at break as spec i fied in subparagraph 2. 1.1 .2 except 
values may be reduced by 10 percent. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

3.1.1 Before work is started examine sheet rolls for damage from transit. 
If damaged set aside. Those that cannot be repaired, shall be rejected. 

3. 1.2 Before installation of liner, ensure surface is free of soil 
rocks, standing water or other debris, and provide written documentation to 
KEH that surfaces to receive liner have been examined and found to be 
acceptable for installation. -
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3.1.3 During_ unrolling of materi al, visually examine sheet surface. 
Mark and repa i r faulty areas in accordance with approved procedure . Document 
repa i red areas on installation drawings by showing locati on and identity of 
repair crew. 

3.2 INSTALLATION 

3. 2. 1 Climatic Conditions: Within limits given in NSF Standard 54, 
Appendix C while handling, repairing, or seaming plastic sheeting materia l . 
Maximum wind 15 mph and no precipitation or fog. 

3.2 . 2 Placing: Place fabricated pieces in position shown on approved 
i nstallation drawings. Verify preformed pieces fit snugly in pos i t i on to 
prevent undue stress. Unroll, position, and smooth out folds and wrinkles. 
Allow sheets to relax before seaming. Anchor liner temporarily, in 
accordance with installer's approved procedure, to prevent wind damage until 
material is secured. 

3.2.3 Field Seams: Do not make horizontal welds on vertical surfaces . 
cc Overlap panels 4 to 6 inches. Ensure l i ner surface is free of dirt , dust , 

moisture , and deleterious materials before seaming, and climatic conditions 
meet the requirements of Paragraph 3. 2.1. 

0 3.2 .3.1 Do not place in areas where field vacuum box testing cannot be 
performed. 

3.2.3.2 Extrusion welding: Weld sheeting together using extrudate wi th 
composition identical to sheeting material. 

3. 2.3 .3 Fusion welding: Weld sheeting together by produc i ng a double seam 
with an enclosed space. 

3. 2.3.4 Welding equipment shall be capable of continuously mon i tor i ng and 
controlling temperature in zone of contact so changes i n env i ronmenta l 
conditions will not effect integrity of weld. 

3.2.3.5 Where "fish mouths" occur , repair area in accordance wi th 
Paragraph 3. 2.4 . 

3. 2.3.6 "Fish mouths" are not acceptable within seam area . 

3.2.3.7 Traverse entire surface and exami ne for tears, punct ure s, and 
thin spots. Replace or repair , in accordance wi th Paragraph 3.2 .4, li ner area 
showing out of tolerance injury . Document repaired areas on i nsta ll at i on 
drawings by showing location and repair crew identity. 

3.2 .3.8 Welds, on completion of work, shall be tightly bonded . 

3.2 .4 Damage ~epairs: Make repairs t o l iner by app lying piece of 
sheeting, sufficient in size to ext end approxi ma t ely 3 t o 6 inches beyond 
damaged area . Make patch round or oval and install using s ame mat eri als and 
procedures used i n making fi eld j oints. Do not use cu t ti ng t oo ls wh ile 
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working on top of installed liner except when cutting destructive test 
samples. 

3.2.4.1 Seam repairs: Repair seam areas represented by failed samples . 
Area to be repaired includes failed test location and extends i n both 
directions to location where sample passed. To reduce extent of area to be 
repaired, additional samples may be taken 10 feet minimum from either side 
of failed test location. Document failed seams on installation drawings ·by 
showing location and seaming crew identity. 

3.2.5 Vault Floor Covering: Cover portion of vault floors shown on the 
Drawings, coated with protective coating specified in Section 09885, with HOPE 
after hydrostatic testing specified in Section 03301. 

3.3 

3.3.1 

FIELD QUALITY CONTROL 

Nondestructive Testing 

3.3.1.1 Test fusion welds in their entirety using air pressure test or 
vacuum box. Pressurize channels between seams to minimum 30 psi, indicated 
by calibrated gage or manometer inserted in channel. Maintain pressure for 
minimum 15 seconds. 

3.3.1.2 . Vacuum test for extrusion welded seams and repairs . 

a. Equipment : Aluminum frame box with calibrated vacuum gage 
on frame, fitted with sponge gasket on bottom, sealed with transparent 
Plexiglas top, and connected to vacuum pump . 

b. Test: Spread soap solution over seam, press box down over 
seam, and apply 10 inches Hg vacuum, plus or minus 2 inches, for minimum 
15 seconds to each portion of seam. If defect is present, bubble will form 
and indicate area for repair. Test seams and repairs in their entirety. 

3.3 . 1.3 

3.3 .2 

KEH will observe testing and review results. 

Destructive Testing 

3.3. 2.1 Preparation: Obtain samples of field seams at beginning and end 
of each work day, and at 1 or more intervals during day if seaming conditions 
have been altered. 

a. Use 10 foot long test weld from each welding machine , and mark 
with date, ambient temperature, and machine number . 

b. Take 2 foot long random weld samples from installed welded 
sheeting at rate of 1 sample for each seaming crew for each day. 

c. Cut samples in 2 parts, keep 1/2 for testing and deliver 
remaining half to KEH . 
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3.3.2.2 Tests: Test samples for bonded seam strength in accordance with 
ASTM D 3083, and for peel adhesion in accordance with ASTM D 413. 

3.3.3 Documentation 

3.3.3.1 Document field seam test results by marking installation drawings 
with location of sample identification number and label sample with location, 
date, time, crew identity, and machine number. 

Certify test results. 

Deliver documentation to KEH within 7 working days. 

Final Examination and Acceptance 

3.3.3.2 

3.3.3.3 

3.3.4 

3.3.4.1 
liner. 

Measure overlap of seams and verify no damage has occurred to 

3.3.4.2 Prepare record drawings showing field changes. 

3.3.4.3 Deliver record drawings to KEH within 10 working days after 
completior of liner installation. 

71402755.SP2.414 

END OF SECTION 

02755 - 11 

APP 41-435 

B-714-C2 

j 



0 

DOE/RL 88-27 
Rev. 1, 01/17/90 

SECTION 02756 

LEACHATE COLLECTION SYSTEM 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. · 

1.1.1.1 American National 

ANSI Bl6.ll-1980 

1.1.1.2 American Society 

A 53-87b 

A 105-87a 

A 194-87 

D 1117-80 

D 1682-64 (1975) 

D 1777-64 (1975) 

D 3776-85 

D 3787-80a 

71402756.SP2.326 

Standards Institute (ANS I) 

American National Standard 
Forged Steel Fittings, Socket-
Welding and Threaded 

for Testi~g and Materials (ASTM) 
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Standard Specification for 
Pipe, Steel, Black and Hot
Oipped, Zinc-Coated Welded and 
Seamless 

Standard Specification for 
Forgings, Carbon Steel, for 
Piping Components 

Standard Specification for 
Carbon and Alloy Steel Nuts for 
Bolts for High-Pressure and 
High-Temperature Service 

Standard Methods of Testing 
Nonwoven Fabrics 

Standard Test Methods for 
Breaking Load and Elongation of 
Textile Fabrics 

Standard Method for Measuring 
Thickness for Textile Materia ls 

Standard Test Methods for Mass 
Per Unit Area (Weight) of Woven 
Fabric 

Standard Test Method for Burst i ng 
Strength of Knitted Goods-
Constant-Rate-=of-Traverse (CRT ) 
Ball Burst Test 
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1.1.1.5 
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Standard Test Methods for Water 
Permeability of Geotextiles by 
Permittivity 

Standard Specification for Wire
Cloth Si eves for Testing Purposes 

American Water Works Association (AWWA) 

C203-86 AWWA Standard for Coal-Tar 
Protective Coatings and Linings 
for Steel Water Pipelines-
Enamel and Tape--Hot-Applied 

Environmental Protection Agency (EPA) 

EPA/530-SW-86-031 Technical Guidance Document 
Construction Quality Assurance 
for Hazardous Waste Land Disposal 
Facilities 

National Sanitation Foundation (NSF) 

NSF Standard 54-85 Flexible Membrane Liners 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Fabricator Drawings:· Submit drawings and p.rocedures showing 
layout and details of factory and field joints, and pipe penetrations : · 

1.2.2 Installation Plan: Submit plans and procedures for installation 
and testing of geotextile and carbon steel pipe. Include list of equipment 
and amount of utilities required, proposed method of installing materials 
and components, joining pipe, and following. 

1.2.2.1 Method for holding materials in place during installation. 

1.2.2.2 Method for examining materials, and for testing joints, seams, 
welds, and trench insertions. 

1.2.3 Manufacturer's Data: Provide data defining physical properties of 
geotextile filtration and reinforcing fabrics to be supplied. As minimum , 
properties shall meet requirements of specified ASTM standards. Provide 20 
square feet of geotextiles from same batch of material used in actual 
construction. These will be archived for future reference. 

1.2.4 Care and Repair Instructions: Submit information concerning 
recommended care, maintenance, and repair procedures for geotextiles . Include 
recommended shoe types for construction personnel, tools for cleaning and 
removing wind-blown sand and debris, and minimum and maximnm temperatures at 
which cleaning, inspecting, and repair operations may be performed. 
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1.2.5 Certified Material Test Reports {CMTR): Submit materials test 
reports, certified by manufacturer of geotextile, which identify items and 
show results of chemical analyses and physical tests specified in ASTM 
standards. 

1.2.6 Certificate of Conformance: Submit legible certificate from 
supplier stating that drainage gravel furnished meets the requirements of 
Paragraph 2 :1. 3. 

1.2.7 Certificates of Experience: 
from installer showing qualification in 
and 1.3.2. Provide list showing names, 
completed projects. 

Submit "Certificates of Experience" 
accordance with Paragraphs 1.3.1 
addresses, and telephone numbers for 

1.2.8 Manufacturer's Quality Control Plan: Submit quality control plan 
for Project. Plan shall address requirements of Paragraph 1.3.3. 

1.3 QUALITY ASSURANCE 

1.3.1 Qualification of Installer: Licensed or approved by manufacturer 
of geotextiles. Provide evidence of successfully installing at least 
10 projects, and at least 1,000,000 square feet of geotextiles. Projects 
shall also include Resource Conservation and Recovery Act (RCRA) Landfil~s 
and Surface Impoundments. 

1.3.2 Upon completion of work, and as condition of acceptance , deliver 
to KEH 2 copies of certificate signed by authorized agent of manufacturer of 
geotextiles, and co-signed by installer, stating materials and methods used 
meet specif1ed requirements . 

1.3.3 Manufacturer's Quality Control Plan: Quality control plan to be 
implemented for Project shall be in accordance with EPA/ 530-SW-86-031 . 

1.4 DELIVERY, STORAGE, AND HANDLING 

1.4.1 Delivery 

1.4.1.1 During shipment and storage, wrap geotextiles in heavy-duty 
protective covering to prevent damage . 

1.4.1.2 Examine geotextile delivered to site for damage . If damaged , 
set aside and do not use. Do not remove material identificat i on l abel . 

1.4.2 

1.4.2.1 

1.4.2.2 

Storage 

Unload and store with minimum of handling. 

Do not store materials on ground. 

1.4.2.3 Storage area shall protect geotextile from mud7" soil , dust , debr is, 
ultraviolet light, heavy winds, temperature extremes , and prec i pitation. 
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1.4.2.4 Store geotextile materials indoors in original unopened packaging . 

1.4.2.5 If temporarily outdoors, place on pallet and protect from direct 
rays of sun under light colored heat-reflective opaque cover in manner to 
provide free air flowing space between materials and cover. 

1.4.2.6 Cover gravel to protect from blowing sand and debris. 

1.4.3 Handling: Handle materials to ensure sound, undamaged condition. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 Nonwoven Geotextile: Long-chain synthetic polymer composed of 
polypropylene and contain stabilizers and inhibitors added to base plastic to 
make filaments resistant to deterioration due to ultraviolet and heat 
exposure. Geotextile shall be composed of continuous geotextiles held 
together through needle-punching. Edges of fabric shall be sealed or 
otherwise finished to prevent outer material from pulling away from fabric, 
or ravelling. Geotextile shall meet following requirements. 

Property 

Fabric Weight (oz/sq yd) 

Thickness (mil) 

Grab Tensile Strength 
( 1 bs/mi n.) 

Grab Elongation {%, min) 

Coefficient of Water 
Permeability (cm/sec) 

Puncture Strength 
( 1 bs, min. ) 

Tear Strength 
(lbs, min. trapezoidal) 

Equivalent Opening 
Size (EOS), US Sieve 

Minimum Width (ft) 

Test Method 

ASTM D 3776 

ASTM D 1777 

ASTM D 1682 

ASTM D 1682 

ASTM D 4491 

ASTM D 3787 

ASTM D 1117 

2.1.2 Carbon Steel Drainage System 

Values 

10 

70 

200 

30 in any principal 
direction 

0.2 

100 

100 in any principal 
direction 

70-100 in accordance 
with ASTM E 11 

12 

2.1.2.1 Pipe: Meet the requirements of ASTM A 53, Type":>. Perforate by 
drilling four 1/4 inch holes for each foot of length. 
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2.1.2.2 Threaded fittings, including flanges: Meet the requirements of 
ASTM A 105 and ANSI B16.11. Stress relieve fitting welds and bends. 

2.1.2.3 

2.1.2.4 

2.1.3 

Hex nuts: Meet the requirements of ASTM A 194, Grade 2. 

Gasket mating flange to liner: Full face teflon. 

Drainage Gravel 

2.1.3.1 Thoroughly washed and screened naturally occurring gravel, having 
following size distribution. 

Sieve Size 

1 inch 
3/4 inch 
3/8 inch 
#4 
#8 

Percent Passing 

100 
85-95 
45-55 
20-25 

0 

2.1.3 . 2 Crushed or partially crushed gravel will not be acceptable. 

PART 3 - EXECUTION 

3. 1 EXAMINATION 

3. 1.1 Before work is started examine sheet rolls for damage from transit 
and storage. If damaged set aside and do not use. 

3.1.2 During unrolling of material, visually examine surfaces . Do not 
use material showing defects, ribs, holes, flaws , deterioration , or other 
damage. 

3.2 INSTALLATION 

3.2.1 Climatic Conditions 

3.2 . 1.1 Within limits given in NSF Standard 54, Appendix C while handling 
geotextile material. 

Temperature: 40 to 104 F. 

Winds: 15 mph, maximum. 

Geotextiles 

3.2. 1.2 

3.2.1.3 

3.2.2 

3. 2.2 . 1 Place at locations shown on approved installation drawings. 

3.2 .2.2 Lay smooth and free of tension, stress, folds, wrinkl1!s, or 
creases, and to provide minimum 12 inch overlap for each joint. 
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Measure overlap joints and seams as single layer of cloth. 

3.2.2.4 Use bags of clean, washed gravel to secure material during 
installation. Do not use securing pins . 

3.2 .2.5 Protect geotextile and gravel during construction from 
contamination. 

3.2.2.6 

3.2.3 

Remove contaminated geotextile and gravel and replace with new. 

Install leachate collection pipe as shown on the Drawings. 

3.2.3.1 Coat threads of pipe and fittings with coal tar enamel meeting 
the requirements of AWWA C203. 

3.2.3.2 Backfill with material specified in 
lifts, up to elevation shown on the Drawings. 
with 2 passes of hand operated impact tamper . 
contamination during construction. · 

Paragraph 2.1.3, in 6 inch 
Each lift shall be compacted 
Protect gravel from 

3.2.4 Repairs: Make repairs to geotextile in accordance with 
manufacturer's recommended procedures . 

3.3 FIELD QUALITY CONTROL 

3.3.1 Final Examination and Acceptance: Measure proper overlap of 
seams and verify no damage has occurred to geotextile. Prepare record 
drawings showing where field changes have been incorporated. Deliver test 
documentation and record drawings to KEH. 
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SECTION 03300 

CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of 
this Section to extent designated herein. 

1.1.1.1 American Concrete Institute (ACI) 

ACI 301-84 (Revised 1987) 

ACI 306.1-87 

Specifications for Structural 
Concrete for Buildings 

Standard Specification for 
Cold Weather Concreting 

1.1.1.2 American Society for Testing and Materials (ASTM) 

A 185-85 

A 615-87 

C 33-86 

C 94-86b 

C 150-86 

C 260-86 

Standard Specification for 
Steel Welded Wire Fabric, Pla in, 
for Concrete Reinforcement 

Standard Specification for 
Deformed and Plain Billet -Steel 
Bars for Concrete Reinforcement 

Standard Specification for 
Concrete Aggregates 

Standard Specification for 
Ready-Mixed Concrete 

Standard Specification for 
Portland Cement 

Standard Specification for 
Air-Entraining Admixtures for 
Concrete 

1.1.1.3 National Ready Mixed Concrete Association (NRMCA) 

January 1, 1976 
(Third Revision) 

Certification of Ready Mixed 
Concrete Production Facilities 

1. 2 SUBMITTALS: Refer to Section 01300 for submittal procedures . 

1.2.1 Form Coating Materials: Submit proposed form coating materials 
in accordance with ACI 301, Section 4.4. 
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1.2.2 Certifi cati on of Ready Mixed Concrete Production Facilities: 
Submi t cur rent legible copy of "Certificate of Conformance for Concrete 
Production Facilities" issued by and bearing the seal of the Nat i onal Ready 
Mixed Concrete Association. Certificate shall contain signature and seal of 
registered Civil Engineer. 

1. 2.3 Certified Test Reports for Reinforcing Steel: Submit manufac-
turer's certified test reports showing chemical analysis and physical tests 
made on particular heat or heats of steel from which reinforcement was 
manufactured. Furnish separate certificates for each group of items 
furnished by each supplier. 

1.2.4 Reinforcing Steel Fabricator Drawings: Submit complete rein-
forcing fabrication and placing drawings based on block diagram in accordance 
with AC! 301, Section 5.1, including splices not shown on the Drawings. 

t, 1.2.5 Block Diagram: Submit block diagram of scheduled concrete pours. 
!dent i fy pours. 

1.2.6 Concrete Materials, Mix Design and Mix Proportions: Submit con
crete materials, mi x design and mix proportions in accordance with AC! 301, 
Sections 3.8 and 16.7.3. Define each material to be used in concrete and 
state amount, by weight, to be utilized per cubic yard of plastic mix . 

1.2.7 Cold Weather Concreting: Submit detailed procedure in accordance 
with ACI 306.1, Section 1.5.1. 

1.2 .8 Curing Procedure: Submit description of materials and me t hods of 
curing in accordance with ACI -301, Section 12.2. 

1.2.9 Certificate of Conformance: Submit legible certificate, certified 
by rn~nufacturer, that l ifting inserts and plates meet the requirements of the 
Drawings. Include load capacity and factor of safety. 

PART 2 

2. 1 

2 . 1.1 

2.1.1.l 

2.1.1.2 

PRODUCTS 

MATERIALS 

Concrete 

Cement: ASTM C 150, Type II (Low Alkali) 

Aggregates: ASTM C 33, maximum size as follows. 

a. 3/4 inch for duct banks. 

b. 1-1/ 2 inch for all other. 

2. 1.1 .3 Air-entraining admixture: Meet i ng the requirements of ASTM C 260 ; 
Si ka Chemical Company "SIKA AER"; Chem-Masters Corp "Adz-A i r "; or Pro t ex 
Industries "Protex". 
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2.1.1.4 Properties 

a. Minimum allowable compressive strength at 28 days. 

1) 3000 psi for duct banks. 

2) 4000 psi for all other. 

b. Slump: 4 inch maximum in accordance with ACI 301, 
Section 3.5. 

c. Air content: In accordance with ACI 301, Table 3.4.1. 

d. Proportions: In accordance with ACI 301, Sections 3.8 
and 3.9. 

2.1.1.5 

2.1.1.6 

2 .1. 2 

2.1.2.1 

2. 1.2.2 

2.1.2.3 

2. 1.3 

Mixing: In accordance with ASTM C 94. 

Delivery: In accordance with ASTM C 94. 

Reinforcing Steel 

Steel bars: ASTM A 615, deformed, Grade 60. 

Welded wire fabric: ASTM A 185. 

Tie wire: Black annealed steel, 16 gage minimum. 

Nonshrink Grout 

2.1.3 . 1 Nonmetallic type: "Five Star Grout" by US Grout Corp; "Por-Rok" 
Anchoring Cement by Hallemite; or "Masterflow 713" by Master Builders. 

2.1.4 Forms: Wood, steel, plywood, or Masonite Corporation "Concrete 
Form Presdwood", as required for various specified finishes. 

2.1.5 Lifting Inserts and Plates: Specified on the Drawings. 

PART 3 - EXECUTION 

3.1 PREPARATION 

3.1.1 Form Construction 

3.1.1.1 Install formwork in accordance with ACI 301, Section 4. 2. 
Interior shape and rigidity shall be such that finished concrete will meet 
t,e requirements of the Drawings within tolerances specified in ACI 301, 
T :1.b le 4. 3. 1. 

3.1.1.2 Prepare form surfaces in accordance with ACI 301, Section 4.4. 
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3. 1.1.3 Forms for surfaces which will be permanently concealed from view 
may be saturated with water before placing concrete instead of other 
treatment, except in freezing weather forms shall be treated with oi l or 
stearate. 

3.1.1.4 

3.2 

3. 2. l 

Clean forms of fore ign material before placing concrete. 

INSTALLATION 

Reinforcing Steel 

3.2.1 . l Fabricate bars accurately to dimensions shown on Drawings, wi thin 
tolerances shown in ACI 301, Section 5.4 . 

3. 2.1.2 Tag in accordance with bar list. 

3.2.1 .3 Place as shown on approved submittals within tolerances specified 
I • in ACI 301, Sections 5.4 and 5.5. 

> 

.... 
' 

3.2 . 1.4 

3.2.1.5 

Tie to prevent displacement during placement of concrete. 

Do not force into concrete after initial set has started. 

3. 2. 1.6 Place with dimension of concrete protection equal to minimum . 
given in ACI 301, Section 5.5, except where shown otherwise on the Drawings. 

3.2.1 . 7 Place welded wire fabric on chairs and lap two mesh at splices . 
Tie splices with wire. 

3_2.2 Concrete 

3.2.2 . 1 Before ordering, obtain approva 1 of required submit ta 1 s. 

3.2 .2.2 Before batching, obtain approval of formwork and reinforcement by 
KEH. 

3.2.2 .3 Before placing: 

a. Obtain approval of "Pour Slip" by KEH. "Pour Slip" shall 
include appropriate reference to specific portion of structure to be placed, 
maximum size of coarse aggregate, design strength, admixture, and slump. 
"Pour Slip" forms can be obtained from KEH. 

b. For each truck load, deliver "Trip Ticket" to KEH. "Trip 
Ticket" shall contain information listed in ASTM C 94, subparagraphs 16.1 . 1 
through 16 . 1.10, and include water/cement ratio. 

3.2.2.4 Place in accordance with ACI 301, Sections 8.1 , 8. 2, and 8.3. 
Do not drop (free fall) more than 5 feet . Insert vibrator , vertical ly if 
possible, into concrete and reach small distance i nto concrete -in next l ower 
layer. Do not insert vibrators i nto lower courses that have reached init i al 
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set . Take care to avoid allowing head of vibrator to come in contact with 
forms or embedded items. 

3.2.2.5 Temper only as permitted in ACI 301, Section 7.5. 

3.2.2.6 Place nonshrink grout where shown on the Drawings and in 
accordance with manufacturer's recommendations. 

3.2.2.7 Weather conditions: Protect concrete during placement in 
accordance with ACI 301, Section 8.4. Cold weather concreting shall be i n 
accordance with approved procedure. 

3.2.2.8 Construction joints: Make in accordance with ACI 301, 
Section 6.1, and as detailed on the Drawings. 

3.2.2.9 Embedded items: Install in accordance with ACI 301, Sections 6.4 
and 6.5. 

3.2 . 2.10 Placing concrete against earth: Place on or against f i rm, damp 
surfaces free of frost, ice and free water. Do not place until required com
paction .has been obtained. Dampen earth surfaces to receive fresh concrete . 

3.2.2 . 11 Consolidation: Consolidat• concrete slabs in accordance with 
AC! 301, Section 11.6. 

3.2.3 Concrete Repair and Form Removal 

3. 2.3. 1 Form removal: Remove in accordance with ACI 301 , Section 4.5. 

3. 2.3 .2 Cut back form ties and examine concrete surfaces for defects . 
Repair only after permission for patching is given by KEH . 

3.2.3 .3 Place concrete repair mortar within 1 hour after mix i ng. Do not 
retemper mortar . 

3. 2.3.4 Surface defect repair: Repair in accordance wi th ACI 301 , 
Sections 9. 1, 9.2 and 9.3. Cure concrete repairs same as new concrete . 

3.2.4 Concrete Finishes and Tolerances 

3.2.4 .1 Formed surfaces: Start finishing following concrete repair and 
complete wi thin 96 hours after forms have been removed. Fi ni sh i n accordance 
with sections of ACI 301 noted below. 

a. Surfaces exposed to 
earth backfill 

b. Interior surfaces 

c. Exterior surfaces 
exposed to weather 
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d. 

e. 

Related unformed surfaces 

Surfaces to receive 
special protective coating 
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Section 10.5 

Section 10.3.2 

3.2.4.2 Unformed surfaces: Finish in accordance with sections of AC! 301 
noted below: 

a. Interior floors 

b. Exterior equipment slabs 

3.3 FIELD QUALITY CONTROL 

Section 11. 7 .3 

Section 11. 7. 3 

3.3.1 . Concrete Testing: Sampling and testing of concrete will be the 
responsibility of KEH. Concrete will be tested to AC! 301, Sections 16.3.4, 
16.3.5, 16.3.6 and 16.3.8. 

3.4 CURING AND PROTECTION 

3.4.1 Curing 

3.4.1.1 Cure concrete in accordance with ACI 301, Section 12.2. Clear 
curing compounds shall be tinted or applied surfaces marked to delineate 
extent of spraying. 

3.4.1.2 Do not use curing compound on concrete surfaces to receive 
flooring or special protective coating. 

· 3. 4. 2 Protection 

3.4.2.1 Protect concrete during extreme weather conditions in accordance 
with AC! 301, Section 12.3. 

3.4.2.2 Protect concrete from mechanical injury in accordance with 
ACI 301, Section 12.4. 

71403300 .SP2.2189 
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VAULT AND BASIN CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of 
this Section to extent designated herein. 

1.1.1.1 American Concrete Institute (ACI) 

ACI 301-84 (Revised 1987) 

ACI 306.1-87 

ACI 315-.80 

ACI 347-78 (Reapproved 1984) 

ACI 349-85 

Specifications for Structural 
Concrete for Buildings_ 

Standard Specification for Cold 
Weather Concreting 

Details and Detailing of Concrete 
Reinforcement 

Recommended Practice for Concrete 
Formwork 

Code Requirements for Nuclear 
Safety Related Concrete 
Structures 

1.1.1.2 American Society for Testing and Materials (ASTM) 

A 108-81 

A 307-86a 

A 615-87 

C 31-88 

C 33-.86 

71403301.SPZ.2039 03301 - 1 
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Standard Specification for Steel 
Bars, Carbon, Cold-Finished, 
Standard Quality 

Standard Specification for Carbon 
Steel Bolts and Studs, 60 000 PSI 
Tensile Strength 

Standard Specification for 
Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement 

Standard Practice for Making and 
Curing Concrete Test Specimens 
in the Field 

Standard Specification for 
Concrete Agg~gates 
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C 39-86 

C 87-83 

C 94-86b 

C 125-88 

C 138-81 

C 143-78 

C 150-86 

C 171-69 (1986) 

C 227-87 

C 233-87a 

C 260-86 

C 289-87 

C 309-81 

C 494-86 
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Standard Test Method for 
Compressive Strength of 
Cylindrical Concrete Specimens 

Standard Test Method for Effect 
of Organic Impurities in Fine 
Aggregate _on Strength of Mortar 

Standard Specification for Ready
Mixed Concrete 

Standard Terminology Relating to 
Concrete and Concrete Aggregates 

Standard Test Method for Unit 
Weight, Yield, and Air Content 
(Gravimetric) of Concrete 

Standard Test Method for Slump 
of Portland Cement Concrete 

Standard Specification for 
Portland Cement 

Standard Specification for Sheet 
Materials for Curing Concret~ 

Standard Test Method for 
Potential Alkali Reactivity of 
Cement-Aggregate Combinations 
(Mortar-Bar Method) 

Standard Test Method for Air
Entraining Admixtures for 
Concrete 

Standard Specification for Air
Entraining Admixtures for 
Concrete 

Standard Test Method for 
Potential Reactivity of 
Aggregates (Chemical Method) 

Standard Specification for Liquid 
Membrane-Forming Compounds for 
Curing Concrete 

Standard Specification for 
Chemical Admixtures for Concrete 

B-714-C2 

, .. -:r:_-. : ... 
. ~ - . ·-. 

. -... ,. ._.:_ 



{ . 
C 

1.1.1.3 

1.1.1.4 

1.1.1.5 

C 618-87 

C 932-80 (1985) 

D 75-87 

D 512-81 (1985) 

D 516-82 

D 3370-82 

E 779-87 

American Welding Society (AWS) 

AWS 01.1-88 

AWS 01.4-79 

AWS QCl-86 

DOE/Rl 88-27 
Rev. 1, 01/17/90 

Standard Specification for Fly 
Ash and Raw or Calcined Natural 
Pozzolan for use ·as a Mineral 
Admixture in Portland Cement 
Concrete 

Standard Specification for 
Surface Applied Bonding Agents 
for Exterior Plastering 

Standard Practice for Sampling 
Aggregates 

Standard Test Methods for 
Chloride Ion in Water 

Standard Test Methods for Test 
for Sulfate Ion in Water 

Standard Practices for Sampling 
Water 

Standard Test Method for 
Determining Air Leakage Rate by 
Pressurization 

Structural Welding Code - Steel 

Structural Welding Code 
Reinforcing Steel 

Standard for Qualification and 
Certification of Welding 
Inspectors 

National Ready Mixed Concrete Association (NRMCA) 

January 1, 1976 
(Third Revision) 

Certification of Ready Mixed 
Concrete Production Facilities 

Washington State Department of Transportation (WSDOT} 

M41-10-88 Standard Specifications for 
Road, Bridge, and Municipal 
Construction 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Formwork: Submit fabrication drawings showing general arrangement 
of forms, sizes and grades of lumber, panels and related components. Include 
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placement rate of fresh concrete in walls based on ACI 347, Chapter 2. Show 
control joints and method of forming, locations of inserts , tees , sleeves, 
and other related items . · 

1.2.2 Form Coating Materials: Submit proposed form coating materials in 
accordance with Paragraph 3.1.2 and ACI 301, Section 4 . 4 . 

1.2 .3 Certification of Ready Mixed Concrete Production Facilities: 
Submit current legible copy of "Certificate of Conformance for Concrete 
Production Facilities" issued by and bearing the seal of the National Ready 
Mixed Concrete Association. Certificate shall be dated within past 12 months 
of first concrete delivery . 

1. 2. 4 Laboratory Test Reports: Submit certified copies of test reports 
showing following materials meet specified requirements. 

1.2 .4.l 

1.2.4.2 

1.2.4.3 

Cement 

Aggregates 

Admixtures 

a. Air-entra ining: Tested in accordance with ASTM C 233 . 

b. Water reducing: Tested by combining with cement and 
aggregates to be used to produce specified concrete having desired properties 
with respect to time of set, water-reduction, slump, strength, shrinkage , 
and pumpability. 

c. Set retarding: Tested by combining with cement and aggregates 
to be used to produce specified concrete having ·desired properties with 
respect to retardation, water content, slump and strength. 

1.2.4 . 4 

1.2.4.5 

1.2.4.6 

Reinforcement 

Concrete curing -material 

Water 

1.2.5 Reinforcing Steel Fabricator Drawings: Submit complete and checked 
reinforcing steel fabrication and installation drawings, based on schedule 
for concrete placement and showing bending diagrams, assembly diagrams, 
splicing and laps of rods, and shapes, dimensions and details of bar 
reinforcing and accessories. Prepare drawings in accordance with ACI 315, 
Chapter 2. 

1.2.6 Manufacturer's Data: Submit manufacturer's catal~g cuts of 
reinforcing steel mechanical couplers along with data on mater i al and 
i nstallation procedures . Inc l ude type and ser i es ident i f i cat i on of sl eeve 
spli ce for size of bars t o be suppli ed . 
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1.2.7 Certified Test Reports: Submit manufacturer's certified test 
reports showing chemical analysis and physical tests made ori particular ~eat 
or heats of steel from which reinforcing steel mechanical couplers were 
manufactured. Submit separate certificates for each group of like items 
furnished by each supplier. 

1.2.8 Schedule for Concrete Placement: Submit schedule delineating 
location, sequence of pouring and time lapse between supporting and supported 
elements. Provide block diagrams and pouring sequence for slabs and walls. 

1.2.9 Mix Design: Submit mix design, in accordance with ACI 349, 
Paragraphs 4.2 and 4.3 based on aggregate data, gradation and specific gravity 
determined by laboratory within past 6 months, and specified requirements. 

1.2.10 Mix Certification: Submit certification of concrete mix design, 
by approved independent engineering testing laboratory. Certification shall 
include but not be limited to following. 

1.2.10.1 Confirmation of aggregate test data based on available test results 
determined within past 6 months and date tests were made. 

1.2.10.2 Evaluation of mix design: Check calculations and report cement 
factor, concrete plant standard deviation used in design of mix, maximum 
water (gallons per sack of cement), percentage of fine aggregate to total 
aggregate by weight, weight in pounds of saturated surface-dry aggregates 
p·er sack of cement, percentage of admixtures and yi e 1 d for 1 cubic yard of 
concrete. 

1.2.11 Control Procedures for Batching : Submit detailed procedures for 
controlling following activities. 

1. 2.11.1 Handling and storage of cement, fly ash, aggregate, and 
admixtures. 

Limiting moisture content of fine aggregate to 5 percent. 

Batching operation to include sequencing of material . 

Addition of chilled water or ice. 

1.2 . 11.2 

1.2.11.3 

1.2.11.4 

1.2.11.5 
p 1 a cement. 
specified. 

Prohibition of added water except to adjust slump at point of 
Additional water may be added if slump of concrete is less than 

1.2.11.6 Regulation of mixing drum revolutions. 

1.2.12 Certificate of Conformance : Submit legible certificate stating 
that concrete delivery equipment meets the requirements of subparagraph~ 
2.2.6.2a and 2.2.6.2b. 

1.2.13 Construction Joints: Submit drawings showing location and 
treatment of construction joints in accordance with AC! 301 , Section 6. 1 . 

. 
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1.2 . 14 Weather Protection During Placement: Submit protection procedures 
meeting the requirements of subparagraph 3.2.9 .5 and AC! 301, Section 8.4. 

1.2.15 Curing and Protection: Submit description of materials and methods 
of curing in accordance with Article 3.4 and ACI 301, Section 12.2. 

1.2.16 Pump Concrete: Submit description of concrete pump and form 
capacity in accordance with subparagraph 3.2.9.6. 

1.2.17 Methods for Controlling Heat of Hydration and Thermal Gradients: 
Submit control procedures meeting the requirements of subparagraph 3.2.9.7 . 

1.2.18 Air Leakage Test: Submit description of major components to be 
used in testing as defined in ASTM E 779, Paragraph 6.2 and proposed method . 

1.3 QUALITY ASSURANCE 

1.3.1 Qualification of Welding Personnel and Procedures 

1.3.1.1 .Personnel and procedures for welding shall have been qualified in 
accordance with AWS D1.1 and AWS D1.4 before welding. 

1.3.1.2 Deliver 2 copies of welding procedure specifications, procedure 
qualification records, and welder performance qualification test results to 
KEH 5 days before welding. Maintain additional copies as specified in 
Section 01400, Paragraph 1.6.2. 

1.3.2 Qualification of Nondestructive Examination (NOE) Personnel 

1.3.2.1 Visual weld examinations and appropriate documentation shall be 
performed by Certified Welding Inspectors (CWI) who have received 
certification in accordance with AWS QCl. Welding related examination 
documentation shall be signed, or stamped, by individual performing 
examination. 

1.3.2.2 Deliver 2 copies of NOE personnel qualifications to KEH 5 days 
before examining. Maintain additional copies as specified in Section 01400, 
Paragraph 1. 6. 2. 

1.3.3 Qualification of Splicers: Personnel splicing reinforcing bars 
by welding or mechanical splice shall be qualified before splicing in 
accordance with following requirements. 

1.3.3.1 Prepare .2 qualification splices on largest bar size for each splice 
position using reinforcing bar identical to one used in structure . 

1.3.3.2 Tensile test splices with results equal to 125 percent of specif i ed 
yield strength . 
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1.3.3.3 Deliver 2 copies of splicer performance qualification test results 
to KEH 5 days before splicing. Maintain additional copies as specified in 
Section 01400, Paragraph 1.6.2. 

1.3.3.4 Requalification of personnel required if: 

a. Specific splice position has not been used . for period of 
3 months or more. 

b. Completed splices fail to pass visual examination or tensile 
tests. 

c. Consistent visual rejects occur. 

d. Requalification not required if based on single visual reject. 

e. Requalification procedures shall be identical to original 
qualification procedure. 

1.3.4 Test Records: Institute and maintain for examination by KEH 
complete legible records of tests performed pursuant .to design of concrete 
mixtures. Keep records in chronological order of initial and subsequent 
mixture designs, and correspondence related to design and testing, along 
with results of tests. 

1.3.5 Quarry Aggregate Testing: Determine sieve analysis of separate 
sizes of coarse and fine aggregates sampled at quarry source and results 
combined in accordance with proportions of mix design. Keep records of 
tests. Combined aggregates proportioned at concrete plant using separate 
sizes of aggregates shall meet specified .gradation. Gradation of separate 
individual sizes of coarse and fine aggregates shall meet specified 
requirements. In following table, letter "X" is gradation Contractor proposes 
to furnish for specific sieve sizes. In addition to grading, distribution 
of aggregates shall be as follows. 

1.3.5.1 Fine aggregate 

a. Difference between total percentage passing No. 16 sieve and 
total percentage passing No. 30 sieve: Between 10 and 35. 

b. Difference between percent passing No. 30 and No. 50 sieves: 
Between 10 and 30. 

1.3.5.2 Make additional sieve analysis and other aggregate tests in 
accordance with ASTM C 33 whenever sieve analysis fails to meet requirements , 
there is change of aggregate source, or consecutive concrete strength results 
fail to meet specified strengths. 

71403301.SP2.2039 03301 - 7 

APP 41-454 
B-714-C2 

• 

• 



• FINE AGGREGATE GRADING 

PERCENT PA.SSING 

DOE/RL 88-27 
Rev. · 1, 01/17/90 

Sieve Size 

3/8 in. 
No. 4 

Individual Test Result Moving Average of Five 

No. 8 
No. 16 
No. 30 
No. 50 
No. 100 
No. 200 

100 
95-100 
80-100 
X ± 10 
X ± 9 
X ± 6 
2 - 10 
0 - 5 

1. 4 DELIVERY, STORAGE, AND HANDLING 

1.4 . 1 Packing and Shipping to Site 

100 
96-100 
81-99 
X ± 8 
X ± 7 
X ± 4 
3 - 9 
0 - 4 

1. 4.1.1 Identification: Each bundle of reinforcing bars shall display 
C metal tag identifying manufacturer and heat numbers from which product was 

made along with ASTM specification number and type to which product complies. 

~ ., 

1.4.2 Acceptance at Site: Reinforcement will be rec~ipt examined by 
KEH for compliance with material identification tag. 

1.4.3 Storage and Protection at Plant 

1.4.3.1 Cement : Store immediately upon receipt. 

a. Bags 

1) Store in suitable weatherproof structure, as air-t ight as 
practicable, with floors elevated above ground sufficiently to prevent 
absorption of moisture. 

2) Stack close together to reduce circulation of air, but 
not against outside walls, in manner to permit easy access for examination and 
identification of shipments. 

b. Bulk cement: Transfer to elevated airtight and weatherproof 
bins. 

c. At time of use cement shall be free-flowing, and free of 
lumps. Cement stored longer than 6 months shall be tested by standard mortar 
tests or other tests deemed necessary by KEH to determine suitability of 
use, and not used without approval of KEH. 

d. Cement containers shall show production date of cement. 

• ~ 
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a. Store on areas covered with tightly laid wood planks, sheet 
metal, or other hard and clean surface, and in manner to preclude inclusion 
of foreign material. 

b. Store aggregates of different sizes in separate piles. 

c. Build stock piles of coarse aggregate in horizontal layers not 
exceeding 4 feet in depth to minimize segregation. 

d. Should coarse aggregate become segregated, remix to meet 
grading requirements. 

e. Do not store fine aggregate from different sources of supply 
in same stockpile. 

1.4.3.3 Admixtures 

a. Store in manner to prevent damage to containers. 

b. Air-entraining admixtures stored longer than 6 months, or 
subjected to freezing shall not be used until retest proves satisfactory. 

c. Production dates of admixtures shall be shown on containers. 

1.4.4 Storage and Protection at Site: Store and protect reinforcement 
to avoid excessive rusting or coating with grease, oil, dirt, and other 
objectionable materials. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 Reinforcing Steel 

2.1.1.1 

2.1.1.2 

Steel bars: ASTM A 615, deformed, Grade 60. 

Tie wire: Black annealed steel, 16 gage minimum. 

2.1.1.3 Provide stirrups, hanger bars, wire ties, chairs, spacers, 
supports, and other devices shown on the Drawings or required in this Section . 

2.1.1.4 Reinforcing steel mechanical couplers: Sleeves with ferrous 
filler material, or other types of couplers which can be used with specified 
reinforcing steel bars, and capable of 125 percent of yield strength of 
reinforcing steel. 

2.1.2 Concrete: Meet construction requirements of ACI 349 and ACI 301. 
If conflicts between ACI 349 and ACI 301 occur, AC! 349 shall govern. 
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2.1.2.1 Cement: ASTM C 150, Type II. Cement content minimum required to 
attain specified properties. 

2. 1.2.2 Aggregates: ASTM C 33, maximum size 3/4 inch, free of chlorides , 
sulfates, and substances which may be deleteriously reactive with alkalies 
in cement in amount sufficient to cause excessive expansion of concrete. 

a. Fine aggregates: Grade in accordance with ASTM C 33. 
Aggregates from different sources of supply shall not be used alternately 
in same structure. 

1) Aggregate meeting grading requirements of WSD0T, 
Section 9-03.1(2)8, Class 1 may be used instead of ASTM C 33. 

b. Coarse aggregate: Grade in accordance with ASTM C 33, size 
number 67. 

2.1.2.3 Water: Water for mixing and curing, including free moisture and 
water in aggregates, shall be fresh, clean and potable . . Turbidity of water 
shall not exceed 2,000 turbidity units expressed as JTU (Jackson Turbidity 
Units) or FTU (Formeson TurbiditY. Units). 

2.1.2.4 Admixtures: Do not use admixtures containing chloride ions . 

a . Air-entraining admixtures: Meeting the requirements of 
ASTM C 260. 

b. Water-reducing admixture: Pozzolan meeting the requirements 
of ASTM C 618, Class Nor F. 

c. Set-retarding admixture: Meeting the requirements of 
ASTM C 494. 

2. 1.2.5 Properties 

a. Minimum allowable compressive strength: 4000 psi at 28 days. 

b. Slump: 2-4 inches, determined in accordance with ASTM C 143. 

c. Air-entrained: 5 percent plus or minus 1 percent. 

d. Water/cement ratio: 0.42 maximum. 

2.1.2.6 Chloride contamination: Level of soluble chloride in fresh 
concrete mix from all sources shall not exceed 1000 ppm (0.1 perc~nt) by 
weight of cement. 

2.1 .3 Waterstops: See Section 05500. 

Concrete Curing Mat.eri al 2.1.4 

2. 1.4 . 1 Waterproof paper: Regular, meeting the requirements of ASTM C 171 . 
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2.1.4.2 Polyethylene film: Clear, meeting the requirements of ASTM C 171 . 

2.1.4.3 White-burlap-polyethylene sheet: Meeting the requirements of 
ASTM C 171. 

2.1.4.4 Liquid membrane-forming compound: Meeting the requirements of 
ASTM C 309, Type 1, Class B. 

2.1.5 

2.1.6 

2.1.7 

Bonding Agent: Meeting the requirements of ASTM C 932. 

Anchor Bolts: ASTM A 307. 

Weld Anchors and Shear· Connectors: ASTM A 108. 

2.1.8 Formwork: Materials meeting the requirements of ACI 347, 
Chapter 4. 

2.2 BATCHING AND MIXING 

2.2.1 Equipment for weighing and measuring materials shall meet local 
and state requirements, and visually exhibit latest seals. 

2.2 . 2 Batch concrete in plant approved by NRMCA and the Operating 
Contractor. 

2.2.3 Aggregates 

2.2.3.1 Fine aggregates: Do not mix fine aggregates from different sources 
of supply . 

2.2.3.2 Coarse aggregates: .Combine separate sizes of coarse aggregates 
with other sizes in proportions by weight to produce aggregate meeting grading 
specified. 

2. 2.4 Admixtures: When more than 1 admixture is use in mix, furnish 
satisfactory evidence that admixtures to be used are compatible in combinat ion 
with cement and aggregates, and suitable at job temperatures . 

2.2.4.1 Air-entraining admixtures: Add in solution in portion of mixing 
water by mechanical batcher ensuring uniform distribution of agent throughout 
batch. 

2.2.4.2 Water-reducing admixture: Replace 15 percent of cement i n concrete 
mix with Pozzolan. Accurate batching is required. 

2. 2.4.3 Set-retarding admixture : Use as necessary to meet spec i fied 
water/cement ratio and delay set 2 to 3 hours. 

2.2.5 Proportioning Concrete Materi als: In accordance with ASTM C94. 
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2.2.6 Ready-Mixed Concrete: Equipment for ready-mixed concrete shall 
meet the requirements of ASTM C 94 as modified herein. Ready-mixed concrete 
may be used provided plant has sufficient capacity and transportation 
equipment to deliver concrete at rate desired, and meets the requirements 
specified for equipment, measurement of materials, and mixing, except as 
modified herein. Cement, aggregates, water and admixtures shall meet 
applicable requirements of this Section. Mix and deliver ready-mixed 
concrete by 1 of following methods. 

2.2.6.1 Central-plant mixing: Util_ize central-plant mixing specified in 
ASTM C 94, Paragraph 11.3. Mix concrete in stationary mixer at plant and 
transport to site in truck agitator or truck mixer operating at agitating 
speed. Begin mixing within 30 minutes after cement has been added to 
aggregates. When authorized in writing by KEH, approved nonagitation 
equipment may be used for transporting concrete. Time lapse between 
introduction of mixing water to cement and aggregates and placing of concrete 
in final position in forms, shall not exceed the following. 

a. For agitating equipment: 90 minutes when air temperature is 
less than 85 F, and 60 minutes when air temperature is equal to or greater 
than 85 F. 

2.2.6.2 Truck-mixed concrete: Ready-mixed concrete may be batched from 
manually-operated batch plant and mixed and delivered in truck-mounted mixer 
units provided following additional requirements are adhered to. 

a. Truck mixer units used meet the requirements of ASTM C 94. 
Demonstrate compliance by performing tests in accordance with ASTM C 94; 
Annex Al. · 

b. - Establish maintenance inspection program to ensure mixer 
units are maintained in condition to perform in accordance with ASTM C 94. 
Maintenance inspection program shall address following as minimum. 

1) Frequency of inspection. 

2) Inspection criteria including requirements for water 
meters, counters, fin heights, and cleanliness. 

3) Name of individual performing inspection. 

4) Results of inspection. 

5) Statement that units are satisfactory for use. Include 
equipment numbers. 

c. To preclude weighing inaccuracies in batch constituents br ing 
dial indicator on weigh scales to essentially motionless condition at each 
desired i ntermediate batch weight before addition of remainder of materi al 
or discharge of weigh hopper . 
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2. 3. 1 Samp 1 i ng: .. Before de 1 i very of concrete to site, samp 1 e f i ne and 
coarse aggregates in accordance with ASTM D 75. Each sample shall be in 
clean container, securely fastened to prevent loss of material, and tagged 
for identification with following information. 

Contract No. _____________________ _ 

Sample No. ______________ Quantity _____ _ 

Date of Sample ____________________ _ 

Sampler's Signature ________________ ....._ __ 
Source ________________________ _ 

Intended Use _____________________ _ 

For Testing ______________________ _ 

2.3.1.1 Fine aggregates: Take two 50 pound samples for each 200 tons for 
sieve analysis of fine aggregate sand and specific gravity tests . Addit i onal 
samples shall be taken when analyses show deficiencies, unacceptable 
variances, or deviations. Sampling may be reduced to 1 when test results 
show fine aggregates consistently meet specified requires. Take sampl es of 
sand when sand is moist. 

2.3.1.2 Coarse aggregate: Take 50 pound or larger sample for each 
400 tons, from conveyor belt. Bring plant up to full operation before taking 
samples. Take samples so uniform cross section, accurately representing 
materials on belt or in bins, is obtained~ Additional sampling shall be 
made when analyses show deficiencies or unacceptable variances or deviat ions 
from specified requirements. 

2.3 . 1.3 Obtain water samples in accordance with ASTM D 3370, Practi ce A. 

2.3.2 Testing: Test and record results at least 10 days before us i ng 
materials. 

2.3.2 .1 Aggregates: Make gradation tests on each sample taken at batch 
plant. Make other required aggregate tests on samples , and repeat whenever 
there is . a change of source. Tests shall include analysis of each grade of 
material and analysis of combined material representing aggregate part of 
mix. Combined aggregates proportioned at plant us i ng separate si zes of 
aggregates shall meet specified gradation . 

2.3. 2.2 Test for potential react i vi ty of aggregates in accordance with 
ASTM C 289. Test ag~1regates from newl y-developed quarr i es in accordance with 
ASTM C 227 . 
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a. Fineness modulus of fine aggregate, defined in ASTM C 125, 
shall be at least 2.3 but nor more than 3.1. Aggregate showing variation 
in fineness modulus more than plus or minus 0.2 of representative sample 
submitted will be rejected. 

2.3.2.3 Water: Test at start of work, and change of source. 

a. Determine extent of chloride and sulfate contamination of 
water in accordance with ASTM D 512 and ASTM D 516. Water shall contain no 
more than 250 ppm of chlorides as CL nor more than 250 ppm of sulfates as S04. 

b. Mortar specimens made in accordance with ASTM C 87, when 
compared with similar mortar specimens made with water of known satisfactory 
quality and using same sand and cement, shall show no unsoundness or marked 
change in setting, and compressive strength of mortar specimens at 28 days 
shall be at least 95 percent of compressive strength of specimens mad~ with 
water of known satisfactory quality. 

2.3.2.4 

PART 3 

Test cement in accordance with ASTM C 150. 

EXECUTION 

3.1 PREPARATION 

3.1.1 Form Construction: Construct and install forms in accordance 
with approved submittals, set true to line and grade, and maintained to ensure 
completed work within specified tolerances and mortar-tight. 

3.1.1.1 Arrange bol~s and rods us~d for internal ties so when forms are 
removed, metal shall be at least 2 inches from surfaces. 

a. Do not use bolts or rods that must be removed when for.ms are 
removed. 

3.1.1.2 Provide forms with temporary and adequate clean-out openings at 
base of wall forms to permit examination and easy cleaning after reinforcement 
has been placed. 

3.1.1.3 Where forms for continuous surfaces are placed in successive units, 
fit over completed surface to obtain accurate alignment and prevent leakage 
of mortar. 

3.1.1.4 Construct panel forms to provide tight joints between panels. 
Form repair requires KEH approval before use. 

3.1.1.5 

3 .1.2 

Construct forms to be removed without damaging concrete. 

Form Coating 

3.1.2.1 Coat contact surfaces of forms with nonstaining mineral oil or 
form coating compound, or 2 coats of nitrocellulose lacquer . 
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3.1.2.2 When temperature is above 40 F, sheathing may be thoroughly wetted • 
with clean water. 

3.1.2.3 

3.1.2.4 

3.1.2.5 

3.1.3 

3.1.4 

. . 
Remove excess coating by wiping with cloths. 

Thoroughly clean contact surfaces of reused forms. 

Apply additional coating to previously coated forms. 

Form Insulation: See subparagraph 3.2.9.7. 

Tolerances: In accordance with ACI 347, Paragraph 3.3.5. 

3.2 INSTALLATION 

3.2.1 Reinforcing Steel, General: Wash reinforcement that has been in 
contact with the ground with water before placing to remove potential chloride 
contamination. 

3.2.1.1 Reinforcing shall be free of rust, scale, oil, grease, clay, 
coatings, or foreign substances that will reduce or destroy bond between 
steel and concrete. 

3.2.1.2 Rusting will not be basis for rejection, provided it has not 
reduced effective cross sectional area of reinforcement to extent that 
strength is reduced beyond specified values . 

3.2.1.3 Remove heavy, thick rust or loose , flaky rust by rubbing with 
burlap or other approved method, before placing . 

3.2.2 Placing 

3.2 . 2.1 Accurately and securely place reinforcing in accordance with 
approved submittals. 

3.2.2 .2 On ground, and where otherwise subject to corrosion , use concrete 
or other suitable noncorrodible material for supporting reinforc i ng. 

3. 2.2.3 Support and wire reinforcing together to prevent displacement by 
construction loads or placing of concrete. 

3.2.2.4 Unless directed otherwise by KEH do not bend reinforcing after 
partial embeddment in hardened concrete. 

3.2.3 Splicing, General 

3.2.3 . 1 Examine bar ends and splice sleeves before assembly for cleanl ines s 
and proper end preparation . Bars shal l meet sleeve manufacturer ' s 
recommendations. 
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3.2.3.2 Preparation and testing of sister joints: Make sister joints, 
removable test splices, in place, adjacent to production joints and by same 
w.elder or splicer making production joint. Perform tests as follows .. . 

a. For each bar direction taken separately (horizontal, vertical, 
or diagonal), provide sister joints in following number. 

1) 1 for first 10 production splices of each type in each 
direction. 

2) 1 for next 25 production splices ·of each type in each 
direction. 

3) From·then on, 1 for every 33 production splices of each 
type in each direction. 

b. Test sister joints in tension to destruction. 

1) Acceptable tensile strength of each sample: 125 percent 
of specified yield strength. 

O 2) If tensile strength of test splice does not equal or 
exceed acceptable tensile strength, test 1 production splice on each side of 
failed test splice, if .either production splice fails, remove splices made 

,.., by welder or splicer making production splice. Additional tensile tests may 
be made on production splices to demonstrate acceptability of splices. 

3.2.3.3 Splice reinforcement in accordance with ACI 349 a.nd approved 
submittals, except as modified by this Section and the Drawings. Do not 
splice at points of maximum stress. Butt splicing may be used instead of 
lap splicing provided splice material, equal or greater in cross-section to 
spliced steel, has mi~imum 125 percent of yield strength. Lap splices shall 
be Class C unless otherwise noted or dimensioned on the Drawings. 

3.2.3.4 Welded 

a. Weld reinforcing bar splices with full penetration buttwelds , 
unless shown otherwise, in accordance with AWS Dl.4. 

b. Do not weld until welding documents have been approved. 

c. KEH may examine welding processes. 

d. Weld identification: Prepare and maintain map of welded 
splices. Deliver to KEH at completion of work. 

1) Assign weld number , prefixed by letter 'W', to each weld 
as made. Show numbers on splice map . 

2) Place identification symbol of welder J]aking weld and we ld 
number adjacent to each weld . Use marking crayon or paint . 
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3) Do not reuse weld numbers . If weld is completely· 
replaced, assign new number . 

3.2.3.5 Mechanical 

a. Where bar cutting is required, cut by sawing, shearing, or 
flame cutting. If bars are sheared, straighten ends after shearing . If 
bars are flame cut, remove slag by chipping and wire brushing before splicing . 

b. Splice bars in accordance with manufacturer's approved 
instructions. Make connections with manufacturer's standard hardware and 
equipment. 

c. Splice identification: Prepare and maintain map of mechanica l 
splices. Deliver to KEH at completion of work. 

1) Assign splice number, prefixed by letter "C ", to each 
splice as made. Show splice numbers on splice map . 

2) Place identification ~ymbol of splicer making splice and 
splice number adjacent to each splice. Use marking cr4yon or paint . 

3) Do not reuse splice numbers. If splice is completely 
replaced, assign new number. 

3. 2. 4 Nondestructive Examination 

3. 2.4 . 1 Weld~: Perform 100 percent visual examination of welds in 
accordance with AWS 01.4. Document examination of cover pass on sp li ce map . 

3. 2. 4. 2 Splice sleeves with filler metal 

a. Examine connections visually after cool i ng for longitud ina l 
centering of sleeve on spliced ends, allowable voids in f i ller metal , extent 
of leaking of filler metal , gas blowout, amount of packing , and slag at tap 
hole . 

b. Bar end location markers and filler metal shall be vi~ ibl e 
at each bar end and at filler hole. 

c. Subject each end to max imum allowable void criteria 
recommended by manufacturer . 

d. Splices that fail to pass visual examination shall be 
discarded and replaced, and not used as tensile strength samples. 

3. 2. 4.3 Splice sleeves without f i ller metal 

a. Mark bars with suitable marker to show depth of insertion 
into spl i ce . After completion , use mark to check actual depth of inserti on 
for compl i ance with manufacturer ' s recommendat i ons . Insert i on dept h sha ll 
not vary from manufacturer ' s recommendations by more than 1/ 4 bar di amet er . 

71403301 .SP2.2039 03301 - 17 

APP 41-464 

B- 714 -C2 

• 

• 



• 

• 

DOE/RL 88-27 
Rev. 1, 01/17/90 

b. Check assembly and swaging pressure for compliance with 
installation .procedure described in manufacturer ' s instructions. 
Certification of calibration of gages used for registering press pressures 
is required. 

c. Check length of each coupler after swaging for compliance 
with manufacturer's minimum final length requirements. 

d. Replace coupler splices, . rejected for not meeting visual 
quality acceptance standards, with new splices using new couplers. 

3. 2.5 Moving Reinforcing 

3.2 . 5.1 Placing, or moving reinforcing after placement, to positions 
other than shown or specified, requires approval of KEH. 

3.2.5.2 Bars may be moved to avoid interference with other reinforcing 
steel, conduits, or embedded items, but shall not impair design strength of 
members. 

o 3.2.6 Protect reinforcing with concrete as shown, and in accordance 
with ACI 349, Paragraph 7. 7. 

3.2.7 Tolerances: In accordance with ACI 349, Paragraph 7.5. 

3.2.8 Embedded Items: Accurately position and support waterstops and 
embedded items against displacement. Temporarily fill voids in sleeves, 
inserts, and anchor slots with readily removable material to prevent entry 
of concrete. 

3.2.8.1 Waterstops: locate waterstops in construction joints as shown on 
the Drawings. Make joints at intersections and ends of pieces with complete 
penetration butt splice welds. Bending plates at corners is allowable, 
except minimum inside radius shall be 1 inch. 

3.2.8.2 Other embedded items: Place sleeves, inserts, anchors, and 
embedded items required for adjoining work or its support before placing 
concrete. 

3.2.8.3 Waterstops and other embedded items shall be free of mud, oil, or 
other material to facilitate bonding to concrete. 

3.2.9 

3.2.9.1 

Conveying and Placing Concrete 

Before placing, obtain following. 

a. Approval of required submittals . 

b . Approval of formwork and re inforcement by .KEH . 
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c. Obtain approval of "Pour Sl i p" by KEH . "Pour Slip " shall 
include project name, location of pour, concrete strength , slump , places for 
signoff by contractors having embedded items, estimated and actual cub i c 
yards of concrete, date and time of placing concrete , pour slip number and 
signoff by Contractor with date. Contractor's signature shall ind i cate 
embedments are in place and concrete may be placed. Deliver completed pour 
slips to KEH upon completion of pour . 

d. For each truck load, deliver "Trip Ticket" to KEH. "Trip 
Ticket" shall contain information listed in ASTM C 94, subparagraph 16.1.1 
through 16.1.10, and include water/cement ratio, water temperature at plant , 
mixer discharge time, and Contractor's signature. 

3.2.9.2 Conveying 

a. Convey concrete from mixer to forms as rapidly as pract i cabl e 
by methods which will not cause segregation or loss of i ngredients or 
interruption of continuous pour. 

b. Clean conveying equipment before each run. 

c. Remove and dispose of concrete which has segregated in 
conveying as directed by KEH. 

3. 2.9.3 Placing 

a. Place no concrete after ini t i al set , or when weather 
conditions prevent proper placement and consol idation . Placement i n uncove red 
areas during precipitation or in water -will not be permitted. 

b. Deposit as nearly as practicable in final pos i t i on in forms . 

c. Deposit concrete as soon as pract i cable after forms and 
reinforcement have been examined and approved . 

d. Forms shall be clean of dirt , constructi on debris , water , 
snow , and ice . 

e. Maximum free vertical drop of concrete shal l not exceed 
4-1/2 feet. Chuting will be permitted only where concrete is depos i ted into 
hopper before placing in forms. 

f . Depos i t concrete in hor izontal l ayers 12 to 20 inches deep in 
manner to preclude formation of cold joints between success i ve layers . 
Deposit by method to avoid displacing reinforcement and segregating aggregate . 

g. Use telescoping drop chute to place concrete i n walls and when 
vertical li ft of forms exceeds 4 feet . 

h. Work concrete about reinforcement and embedded fixt ures and 
into corners and angles of forms . Avoid overworki ng wh i ch-may resu l t i n 
segregation . 
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i. Remove water accumulation on surface of concrete during 
placing by absorption with porous materials that prevent removal of cement. 

j. Pumping concrete through aluminum pipe will not be permitted. 

k. Concrete that has part i a 11 y hardened before p 1 acing or been 
contaminated or remixed after initial set shall not be used. 

3.2.9.4 Vibration 

a. Compact with high frequency, internal mechanical vibrating 
equipment supplemented by hand spading and tamping. Vibrators shall be 
designed to operate with vibratory element submerged in concrete, and have 
minimum frequency of 6,000 impulses per minute when submerged . 

b. Avoid vibrating forms and reinforcement unless authorized by 
KEH. 

c. Do not transport concrete in forms with vibrators. 

d. Discontinue vibrating when concrete has been compacted and 
ceases to decrease in volume. 

e. When concrete is placed in layers, vibrator shall penetrate 
previously placed layer, to prevent formation of cold joints. 

3.2.9.5 Weather conditions 

a. Placing concrete in cold weather: Place in accordance with 
ACI 306.1 except as modified herein. Concrete shall not be placed when 
atmospheric temperature is less than 40 F ex~ept when authorized by KEH. 
When freezing temperat11res are likely to occur within 24 hours heat concrete 
materials so temperature of concrete when deposited will be between 40 and 
50 F. Do not heat mixing water above 140 F. Remove lumps of frozen material 
and ice from aggregates before placing in mixer. Do not use calcium chloride 
in concrete as accelerator. Remove concrete damaged by freezing and replace 
with new concrete. 

b. Placing concrete in hot weather: Reduce temperature of 
concrete being placed to prevent rapid drying. Temperature of concrete 
placed shall not exceed 70 F. Shade fresh concrete as soon as possible 
after placing. Start curing as soon as surface of fresh concrete is 
sufficiently hard to prevent damage. 

c. · Control concrete placement temperatures by 1 or combination 
of the following. 

1) Shade aggregates from sun and keep stockpiles moist by 
sprinkling with water to keep temperature of aggregate at or below 60 F. 

2) Avoiding use of hot cement . 
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3) Add sufficient crushed ice, made from water meeting the 
requirements of subparagraph 2.1.2.3 to concrete mix, replacing equivalent 
amount of mix water to maintain required water/cement ratio, to reduce 
temperature of concrete mix at time of mixing. 

4) Insulating water supply lines and tanks. 

5) Insulating mixer drums, or cooling them with sprays or wet 
burlap coverings. 

6) Working only at night. 

7) Adding retarder or water reducing retarder in mix, if 
approved by KEH. 

3.2.9.6 Pump concrete 

a. If pumping of concrete from mixer to forms is used, deliver 
following certification, information and data at least 10 days before 
placement of concrete. 

1) Name, type and capaci~y of proposed pump. 

2) Statement from manufacturer that pump will pump specified 
class of concrete without changes to approved mix proportions and slump . 

3) Certified statement that concrete forms to receive pumped 
concrete have been designed to withstand concrete pressure in its plastic 
condition as result of proposed vertical placement rate and expected ambient 
temperatures during pumping. 

b. Pumping concrete from mixer to forms may be permitted only if 
approved standby method of concrete placement, such as standby pump, is 
available at Site . 

3.2.9.7 Control of heat of hydration and thermal gradients 

a. Insulate grout vault and concrete basin forms, except 
construction joints, with at least 1 inch of polyurethane foam, or cover pit 
or provide equivalent means of reducing thermal gradients. Leave insulated 
fonl)s in place for at least 14 days after completion of pour. Instead of 
polyurethane foam insulation remaining in place for 14 days , curing blankets 
with R value of at least 6 may be used to cover exterior of wall forms before 
concrete placement completion. Wall form removal and curing compound 
application may be done the fifth day after pour. Reinstall curing blankets 
as soon as possible, but no later than 4 hours after form removal. Curing 
blankets may be removed for short periods of time not exceeding 4 hours as 
constructior1 practices necessitate. Curing blankets may be removed 14 days 
after pour. 
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b. Cover unformed portions of slab rece1v1ng troweled finish 
with insulating blankets or equivalent, having R value of 5.8 or greater, 
morning after finishing. Insulation shall remain for curing period specified 
in Article 3.4 except for short periods not exceeding 4 hours as construction 
practices necessitate. 

3.2.10 Construction Joints: Make and locate joints shown on the Drawings 
in accordance with approved submittal. 

3.2.10.1 Reinforcement: Continue reinforcing steel across joints. Provide 
keys as shown. Provide longitudinal keys at least 1-1/2 inches deep in joints 
in walls .. 

3.2.10.2 Surface preparation: Clean surface of concrete· at joints and 
remove laitance. 

3.2.10.3 Bonding: Bond construction joints and joints between new and 
existing concrete by 1 of following methods. 

a. Use specified bonding· agent. 

b. Roughen surface of concrete to expose aggregate uniformly 
and not leave laitance, loosened particles of aggregate, or damaged concrete 
at surface. 

c. Concrete retardant to delay concrete curing on joint surfaces 
may be used with approval by KEH. 

3. 2.11 Form Removal 

3.2.11 . 1 Remove forms in manner to prevent damage to concrete . Remove 
forms after minimum periods following placement of concrete specified •below, 
with approval of KEH. 

a. Insulated forms: 14 days. 

b. Uninsulated forms with curing blankets: 5 days. 

3.2.11.2 If average ambient temperatures during curing are below 50 F, 
minimum time for removal of forms and shores shall be 50 percent greater 
than specified. 

3.2.11.3 Protect concrete work from damage during construction. 

3.2.11.4 Place no concrete for subsequent wall lifts until supporting 
members have reached at least 70 percent of design strength. 

3.2.12 Concrete Repa i r: Repair surface defects including tie holes , minor 
honeycombing and otherwise defective concrete with cement mortar of same 
composition used in concrete. Patch as soon as forms are removed . 
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3.2.12.1 Thoroughly clean and cut out areas to be patched to solid concrete • 
to depth of at least 1 inch. Edges of cut shall be perpendicular to surface 
of concrete. 

3.2.12.2 Saturate area to be patched and at least 6 inches adjacent thereto 
with water before placing mortar. Mix mortar 1 hour before placing and 
remix occasionally during period with trowel and without addition of water. 
Brush grout of cement and water mixed to consistency of paint onto surfaces 
to which mortar is to be bonded. Compact mortar into place and screed 
slightly higher than surrounding surface. · 

3.2.12.3 Finish patches on exposed surfaces to match adjoining surfaces, 
after they have set for an hour or more. Cure p~tches as specified for 
concrete. 

3.2.12.4 Fill holes extending through concrete by plunger type gun or other 
suitable device from exterior . face. Wipe excess mortar off exposed face 
with cloth. 

3.2.12.5 Protect finished surfaces from stains and abrasions. 

3.2.12.6 Concrete with excessive honeycombing which exposes reinforcing 
steel or other defects which affect structural strength of member, will be 
rejected or defects corrected as directed by KEH. · 

3.2.13 Concrete Finishing: Finish formed surfaces as soon as practicable 
after form removal and repair of surface defects. Chamfer exposed joints, 
edges, and corners 3/4 inch minimum, unless specified otherwise. 

3.2.13.1 Rough form finish, exterior walls of concrete basin and grout 
vault: No selected form facing materials are required for rough form finish 
surfaces. Patch tie holes and defects. Chip or rub off fins exceeding 
1/8 inch in height. Otherwise, leave surfaces with texture imparted by forms . 

3.2.13.2 Smooth rubbed finishes, interior walls of concrete basin: Remove 
forms and complete patching as soon after placement as possible without 
jeopardizing structure. Produce finish on newly hardened concrete no ·later 
than day following form removal. Wet and rub surfaces with carborundum 
brick or other abrasive until uniform texture is produced. Use no cement 
grout other than cement paste drawn from concrete itself by rubbing process. 

3.2.14 Pla~ing and Screeding Concrete Slabs: Place, consolidate, and 
strike-off concrete of slump within specified limits to bring top surface 
of slab to proper contour, grade and elevation. Operation may be followed 
by darbying or full floating of surface with wooden, aluminum or magnesium 
tools to correct unevenness. Complete striking-off and darbying before 
bleed water appears on surface of freshly-placed concrete. Perform no further 
work until concrete has attained set sufficient for floating and to support 
weight of finisher and equipment. If bleed water has not disappeared by 
time floating is to start, drag excess water off surface with rubber hose . 
Do not use dry cement to absorb bleed water. 
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3.2.14.1 Provide floated finish for grout vault slabs. Perform floating 
by hand with wood or magnesium float, or with power-driven float of suitable 
type. During floating, check surface with 10 foot straight edge applied at 
2 different angles minimum. Cut down high spots and fill low spots to produce 
surface true to plane within 1/2 inch in 10 feet. Refloat slab to uniform 
sandy texture. 

3.2.14.2 Provide troweled finish for concrete basin slabs. First give 
slabs floated finish as specified. Upon attaining proper set, power trowel 
and then hand trowel surfaces. First troweling after floating shall produce 
smooth surface relatively free of defects but may still show some trowel 
marks. Do additional trowelings with raised edge by hand after surface has 
hardened sufficiently to provide consolidated surface. Finished surface 
shall be free of troweled marks, uniform in texture and be true to plane 
1/4 inch in 10 feet when checked with 10 foot straight edge placed anywhere 
on slab in any direction. 

3.3 FIELD QUALITY CONTROL 

3.3.1 Concrete Testing: Sampling and testing of concrete will b~ the 
responsibility of KEH. Concrete will be tested to ACI 301·, Sections 16.3.4, 
16.3.5, 16.3.6, and 16.3.8. 

3.3.1.1 Strength tests: Specified strengths and design mix will be 
verified by testing standard cylinders of samples taken at Site. 6 test 
specimens for laboratory curing and 3 for field curing for each 150 cubic 
yards of concrete, minimum 1 set each day, will be made in accordance with 
ASTM C 31. 

a. Tests: Specimens will be tested for compressive strength in 
accordance with ASTM C 39 at 7, 28, and 90 days from time of molding on 
laboratory cured cylinders. Strength test results will be average strengths 
of 3 test specimens at 28 days, except if 1 specimen in set of 3 shows 
evidence, other than low strength, of improper sampling, molding, handling, 
or curing, remaining 2 specimens will be considered strength test result. 

b. Test results: Evaluation of 28 day test results will be 
made in accordance with AC! 349, Paragraph 4.7.2.3. 

3.3.1.2 Tests for consistency: Slump will be measured in accordance with 
ASTM C 143. Samples will be taken for slump determination from concrete 
during placing in forms. Tests will be made as follows . 

a. At beginning of concrete placement operation and at subsequent 
intervals to ensure specified requirements are met. 

3.3.1.3 

b. Whenever test cylinders are made. 

Yield tests will be made in accordance with ASTM C 138 as follows. 

a. Whenever yield of concrete mix is challenged by KEH. 
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c. Whenever materials or mix proportions are changed. 

Temperature tests will be made as follows. 

a. In hot or cold weather conditions at frequent intervals . until 
satisfactory control is established. 

b. Whenever test cylinders are made. 

3.3.1.5 Contractor-furnished mix design: If evaluation of 28 day test 
results show concrete strength is below specified limits and does not meet 
other requirements make necessary adjustments, as directed by KEH . 

3.3.2 At completion of concrete work, plant's coefficient of variat ion 
and standard deviation results for each class of concrete placed will be 
determined by KEH. 

3.3.3 Waterstop Field Joint: Perform 100 percent visual examination of 
fit-up, root, and cover passes of steel waterstop welds. Acceptance criteria 
for welds shall be in accordance with AWS 01.1, paragraph 8.15.1. Document 
examination of fitup and cover pass on NOE/Weld Record Form KEH-433, sample 
appended, furnished by KEH. 

3.3.3.1 Complete and document required NOE/Weld examination , and deliv~r 
to KEH before concrete placement. 

3.3.4 

3.3.4.1 

Vault Testing 

Hydrostatic 

a. Fill vault with 33 feet of water, after application of 
interior protective coating specified in Section 09885, and before 
installation of exterior drainage path specified in Section 02753 . Protect 
interior coating with splash pad during fi l ling operation . 

b. Test for 48 hours after water reaches specified depth. 

c. Monitor vault wall exterior and leachate collection sump l iner 
for leakage throughout test. Mark visible leaks and damp spots on exterior 
wall for reference. 

d. Water drops forming on exterior vault walls or visible leakage 
is unacc~ptable and vault shall be repaired. 

liner: 
e. Maximum leakage rate collected in leachate collection sump 

0.10 gallons per day . 

f. If precipitation occurs during tes~ per i od , restart test after 
exterior walls have dried and rainwater collected in conc'f=.ete bas i n and 
leachate collection sump has been removed. 
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1) Contractor may provide method to prevent precipitation 
from entering concrete basin and wetting exterior walls. 

g. Vault repair 

1) Repair concrete as specified in Paragraph 3.2.12. 

2) Repair interior protective coating in accordance .with 
Section 09885. 

3) Repeat vault hydrostatic testing. 

h. Remove water from vault immediately after hydrostatic testing 
and dispose of in accordance with Section 01500. 

3.3.4.2 Air leakage 

a. Perform test in accordance with ASTM E 779 after installation 
of precast roof specific in Section 03419, concrete topping shown on the 
Drawings, and sealing vault penetrations. 

b. Air in leakage rate: Determined at test pressure differences 
between 0.05 and 0.5 inch water gage vacuum. 

c. Maximum air leakage rate: 3000 cfm at 0.5 inch water gage 
vacuum. 

d. Vault and roof repair 

1) Repair concrete and concrete roof topping as specified 
in Paragraph 3.2.12. 

2) Repeat air leakage test. 

e. Document test results in accordance with Paragraph 3.3.5 
with following minimum information. 

and 10 .1. 4. 

3.3.5 

3. 3. 5 .1 

1) Vault number. 

2) Items required in ASTM E 779, Paragraphs 10 . 1.2, 10.1.3 , 

Documentation 

Document test results and examinations required in this Section. 

3.3.5.2 Documentation shall be kept current and is subject to review by 
KEH. Prepare and certify records as work progresses. 

3.3.5.3 
of tests . 

Deliver .documentation to KEH within 7 working d.iys after completion 

71403301.SP2.2039 03301 - 26 

APP 41-473 

B-714-C2 

. .... - · · : 

1~if~·J? 
:/~ ; -· 



0 

0 

3.4 

3.4.1 

CURING ANO PROTECTION 

General 

DOE/Rl 88-27 
Rev. 1, 01/17/90 

3.4.1.l Protect concrete from injurious action by sun, rain, flowing water,. 
frost, and mechanical injury. Do not allow to dry out from time placed 
until expiration of minimum curing periods specified. 

3.4.1.2 Cure by moist curing, or application of liquid chemical or liquid 
membrane-forming compound. Continue curing following removal of forms. 

3.4.1.3 Maintain temperature of air next · to concrete at 40 F minimum for 
full curing periods. When concrete is authorized for placement in 
temperatures below 40 F, maintain air in contact with concrete at temperature 
of at least 50 F for 7 days after placing, or at 70 F minimum for 3 days after 
placing, and at 40 F minimum for remainder of specified curing periods. 

3.4.1.4 Heating concrete in place shall be by venter heaters, steam coils 
under canvas covers, or other suitable means. Temperature within enclosures 
shall not exceed 100 F, and adequate moisture shall be applied to concrete 
surface during heating period to prevent it from drying out. 

3.4.1.5 Rate of cooling after protection period shall be approximately 
1 F per hour for first 24 hours and 2 F per hour thereafter. 

3.4.1.6 Protect concrete against freezing for full curing period specified. 

3.4.2 Moist Curing: Moist or wet curing with water or by complete 
coverage with waterproof membrane sheets shall be continuous for 7 days at 
60 F and above, and for longer periods at lower temperatures. 

3.4.2.1 Mats: Cover entire surface of concrete slabs with 2 thicknesses 
of wet burlap weighing at least 7 ounces per square yard dry weight, cotton 
mats, or other suitable material having high absorptive quality. Thoroughly 
wet material when applied and keep continuously wet during time remaining on 
slab. Make mats of clean material free of substances which will have 
deleterious effects on concrete, and at least as long as width of concrete 
under construction. During application, do not drag mats over finished 
concrete slabs or mats already placed, and place to provide complete coverage 
of surface with slight overlap over adjacent mats. leave mats in place during 
curing period . 

3.4.2.2 Impervious sheeting curing 

a. Thoroughly wet entire exposed surface with fine water spray 
and cover with 1 of the following . 

1) Waterproofed paper. 

2) Polyethylene-bonded waterproof paper s-Jleeting . 
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3) Polyethylene-coated burlap sheeting . 

4) Polyethylene sheeting. 
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b. Lay sheets directly on concrete surface and overlap 12 inches 
when continuous sheet is not used. Curing medium shall be at least 18 inches 
wider than concrete surface to be cured, and be weighted down by placing 
bank of moist earth on edges just outside forms and over transverse laps to 
form closed joints. Repair or replace sheets if torn or otherwise damaged 
during curing. Curing medium shall remain on concrete surface for at least 
7 days . 

3.4.3 Liquid Membrane-Forming Compound Curing: Apply clear liquid 
compound, free of paraffin or petroleum, over concrete surface to restrict 
evaporation of mixing water. Cure for 7 days following placing of liquid 
membrane-forming compound. 

3.4.3.1 Application of curing compound: Apply after surface looses water 
sheen and has dull appearance. Agitate curing compound by mechanical means 
during use and apply uniformly in 2 coat continuous operation by suitable 
power spraying equipment. Total coverage for 2 coats shall be between 150 
and 200 square feet per gallon of undiluted compound. Compound shall form 
uniform, continuous, coherent film that will not check, crack, or peel and 
be free of pinholes or other imperfections. Apply additional coat of compound 
to areas where film is defective. Keep suitable covering, other than liquid 
curing compound, readily available for use to protect freshly placed concrete 
in event conditions occur which prevent correct application of compound at 
proper time. Respray concrete surfaces that are subject to heavy rainfall 
within 3 hours after curing compound has been applied as specified. 

3.4.3.2 Protection of treated surfaces: Keep treated surfaces free from 
foot and vehicular traffic and other sources of abrasion for at least 
72 hours . Maintain continuity of coating for entire curing period and repair 
damage. 

3.4.3.3 Liquid chemical compound curing may be provided instead of liquid 
membrane-forming compound curing. Apply as specified for liquid membrane
forming compound curing except coverage and number of applications shall be 
in accordance with manufacturer's recommendations. 

3.4.4 Additional Curing Periods: When 7 day compression test cylinders , 
repres~ntative of parts of structure already placed, indicate that 28 day 
strengths may be less than 90 percent of design strengths, give those parts 
of structure additional curing, as directed by KEH. Curing shall be as 
follows . 

71403301.SP2.2039 03301 - 28 

APP 41-475 

8-714-C2 



0 

Time (Min.) 

14 days 

14 days 

* 14 days 

3. 5 · CLEANING 

Concrete Element 

Concrete basin slabs and walls . 

Grout vault slabs and walls. 

DOE/RL 88-27 
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Construction joints(* or until adjacent concrete 
is placed). 

3.5.1 Clean basin slabs with ordinary brooms or other suitable method. 
Keep clean and free of debris and dirt until concrete basin liner is in 
place. 

3.5.2 Clean grout vault floor by sweeping with ordinary brooms or other 
suitable method. 
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SECTION 03419 
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PRECAST PRESTRESSED CONCRETE SECTIONS 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 American Association of State Highway and Transportation Officials 
(AASHTO) 

1983 Standard Specification for 
Highway Bridges, 13th Edition 

1.1.1.2 American Concrete Institute (ACI) 

AC! 318-83 (Re.vised 1986) Building Code Requirements for 
Reinforced Concrete 

1.1.1.3 American Society for Testing and Materials (ASTM) 

A 36-87 

A 53-87b 

A 185-85 

A 416-87a 

A 615-87 

C 33-86 

C 150-86 

71403419.SPZ.2219 

Standard Specification for 
Structural Steel 

Standard Specification for Pipe, 
Steel, Black and Hot-Dipped, 
Zinc-Coated Welded and Seamless 

Standard Specification for 
Steel Welded Wire Fabric, Plain, 
for Concrete Reinforcement 

Standard Specification for 
Uncoated Seven-Wire Stress
Relieved Strand for Prestressed 
Concrete 

Standard Specification for 
Deformed and Plain Billet-Steel 
Bars for Concrete Reinforcement 

Standard Specification for 
Concrete Aggregates 

Standard Specification for 
Portland Cement 
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C 260-86 

C 494-86 

1.1.1.4 American Welding Society (AWS) 

AWS 01.1-88 

AWS 01.4-79 

1.1 . 1.5 Federal Specifications (FS) 

WW-U-531F 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Standard Specification for 
Air-Entraining Admixtures for 
Concrete 

Standard Specification for 
Chemical Admixtures for Concrete 

Structural Welding Code-Steel 

Structural Welding Code
Reinforcing Steel 

Unions, Pipe, Steel Or Malleable 
Iron; Threaded Connection, 150 Lb 
And 250 Lb 

1.1.1.6 Prestressed Concrete Institute (PC!) 

MNL-116-85 Manual for Quality Control for 
Plants and Production of Precast 
Prestressed Concrete Products 

1.1.1.7 Washington Industrial Safety and Health Act (WISHA) 

Washington Administrative Code (WAC) 

Title 296, Labor and Industries 
Chapter 296-155 WAC, Safety Standards for Construction Work 

Part F Material Handling, Storage, Use, 
and Disposal 

I. 2 SUBMITTALS: . Refer to Section 01300 for submittal procedures. 

1.2.1 Fabricator Drawings: Prepare and submit complete drawings and 
design calculations for prestressing and erection methods, materials and 
equipment. Drawings shall show plan, elevations and sections of units, and 
methods and sequence of stressing, including specifications and details of 
prestressing steel and anchoring devices, anchoring stresses, type of 
enclosure, arrangement of prestressing steel, erection procedures, location 
of lifting points for handling, method of transportation, details of rifting 
devices, and details of penetrations. · 

1.2.2 Records of Tests: Maintain and submit records of tests performed 
to determine propert i~s of mater i als used i n concrete . 
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1.2.3 Concrete Materials and Mix Design: Submit concrete materials and • 
mix design established in accordance with ACI 318, Chapter 4. Define each 
material used in concrete and state amount, by weight, utilized per cubic 
yard of plastic mix. 

1.2.4 Certification: Submit certification of proof-testing lifting 
devices in accordance with WISHA. 

1.2.5 Certification of Prestressed Concrete Production Facilities: 
Submit current legible copy of certification by Prestressed Concrete 
Institute. 

1.2.6 Manufacturer's Quality Assurance Plan: Submit quality assurance 
plan for Project that addresses requirements of Section 01400. 

1.3 DESIGN REQUIREMENTS 

1.3.1 Design sections in accordance with ACI 318. 

1.3.2 Design Calculations: Prepared by registered engineer experienced 
in precast, prestressed concrete design. Calculations shall include estimated 
camber. 

1.3.3 Loadings for Design. 

1.3.3.1 Soil overburden: 500 psf . 

1.3.3.2 Surcharge: 300 psf . 

1.3.3.3 Dead loads including member weight and concrete topping varying in 
thickness from 2 inches at plink ends to 8 inches at center of span. 

1.3.3.4 Thermal loading: · During operation, temperature gradient will 
exist between top and bottom of members as follows. 

a. Bottom temperature: 105 F. 

b. Top temperature: 70 F. 

1.3.3.5 Other loads specified on the Drawings. 

1.3.4 Sections shall be able to withstand torsional, impact and point 
loads generated by handling from place of casting to and including 
installation. 

1.3.5 Design and fabricate lifting devices meeting the requirements of 
WISHA, of malleable steel formed so considerable deformation, easily 
discernable to eye, is required before failure. 
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1.4 QUALITY ASSURANCE 

1.4.1 Testing 

DOE/RL 88: 27 
Rev. 1, 01/17/90 

1.4.1.1 Fabrication of precast prestressed concrete sections shall include 
testing in accordance with PCI MNL-116, Section 6.1. 

1.4.1.2 Inspection and test records shall be in accordance with PCI MNL-116, 
Section 1.2, 6.1, and 6.2. Deliver to KEH upon request. 

1.4.2 Personnel and procedures for welding shall have been qualified in 
accordance with AWS Dl.l and Dl.4 before welding. 

1.4.3 Deliver 2 copies of welding procedure specifications, procedure 
qualification records, and welder information qualification test results to 
KEH 5 days before welding. Maintain additional copies as specified in 
Section 01400, Paragraph 1.6.2. 

1. 5 DELIVERY, STORAGE, AND HANDLING 

1.5.1 Deliver, store and handle members in accordance with PCI MNL-116, 
Sections 5.1.7 and 5.1.8. 

1.5.2 Lift members only at lifting points shown on fabricator drawings, 
using approved lifting devices. Lifting devices shall have minimum safety 
factor of 5. 

1.5.3 Support members during manufacture, stockpiling, transporting and 
installing only at support points shown on fabricator drawings. 

PART 2 

2.1 

PRODUCTS 

MATERIALS 

2.1.1 Each aggregate, cement, water and admixture shall be capable of 
producing consistent quality within quantity of materials required for 
project. · Aggregates, cement and admixtures shall have been produced by same 
manufacturer and, when quantity required is less than one batch or mix, be 
from same batch or mix. 

2 .1. 2 Aggregates: Meet the requirements of ASTM C 33. 

2.1.3 Portland Cement: ASTM C 150, ·type or modified type compatible 
with aggregates, water and admixtures. 

2.1.4 Water: Potable and free of foreign materials in amounts harmful 
to concrete and embedded steel. 

2 . 1. 5 Admixtures 

2.1.5.1 Air-entraining agents: Meeting the requirements-of ASTM C 260 . 
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2.1.5.2 Water reducing agents: Meeting the requirements of ASTM C 494, 
Type "A." 

2.1.6 Stressing Steel: 7 wire stress-relieved steel strand units meeting 
the requirements of ASTM A 416, Grade 250 or 270. 

2.1.7 Reinforcing Steel 

2.1.7.1 Steel bars: ASTM A 615, deformed, Grade 60. 

2.1.7.2 Welded wire fabric: ASTM A 185 . 

2.1.7.3 Tie wire: Black annealed steel, 16 gage minimum. 

2.1.8 Anchors and Inserts 

2.1.8.1 Anchors and inserts: Structural steel, ASTM A 36 with 
manufacturer's standard shop prime finish. 

2.1.8.2 Pipe inserts: Carbon steel meeting the requirements of ASTM A 53 . 
Malleable iron pipe caps, threaded, in accordance with FS WW-U-531. 

2 .1. 9 Grout 

2.1.9.1 Cement grout: Portland cement, sand and water sufficient for 
placement and hydration. Minimum strength, 3000 psi at 28 days . 

2.1.9.2 Nonshrink grout: See Section 03300. 

2.1.10 Elastomeric Bearing Pads: Meeting the requirements of AASHTO 
"Standard Specification for Highway Bridges," Division 1, Section 25. 

2.2 MIXES 

2.2 . 1 Design each concrete mixture using data obtained from tests in 
Art i c 1 e 1. 4. 

2.2.1.1 Minimum allowable compressive strength: 6000 psi at 28 days . 

2.2.1.2 Minimum release strength: 4500 psi . 

2.2.2 Concrete may contain air-entraining agent. 

2.2.3 Use of calcium chloride, chloride ions, or other salts will not be 
permitted. 

PART 3 - EXECUTION 

3.I FAeRICATION 

3.1.1 Fabrication of sections shall be by PCI cert i fied fabricator . 
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3 .1. 2 

3 .1.3 

3 .1. 4 

Fabrication Procedures: In accordance with PCI MNL-116. 

Fabrication Tolerances: Meet the requirements of PCI MNL-116. 

Finishes 

3.1.4.1 Finishes for completed units shall be in accordance with 
PCI MNL-116, Section 3.5. 

3.1.4.2 Finishing of formed surfaces shall be from casting against approved, 
properly cleaned forms using industry practice in placing and curing. 

3.1.4.3 Strands on end surfaces shall be recessed and ends of members 
shall receive sack finish. 

3.2 INSTALLATION 

3.2.1 Install members by competent erector. Lift members in accordance 
with Paragraph 1.5.2. 

3.2.2 Align and level members as shown on approved fabricator draw_i_ngs. 

3.2.3 Variation between adjacent members shall be reasonably leveled out 
by jacking or other feasible method acceptable to KEH. 

3.3 FIELD QUALITY CONTROL 

3.3.1 Sampling and testing will be the responsibility of precast 
fabricator. 

. 71403419.SP2.2219 
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SECTION 05500 

METAL FABRICATIONS 

DOE/RL 88-27 
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PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 

1.1.1.2 

1.1.1.3 

1.1.1.4 

American Society of Mechanical Engineers (ASME) 

1986 Edition, w/Addenda 
through Dec 1988 

Section IX 

ASME Boiler and Pressure Vessel 
Code 

Qualification Standard for 
Welding and Brazing Procedures, 
Welders, Brazers, and Welding 
and Brazing Operators 

American Society for Testing and Materials (ASTM) 

A 36-87 

A 106-87a 

A 500-84 

A 569-85 

American Welding Society (AWS) 

AWS 01.1-88 

AWS 01.3-81 

Steel Structures Painting Council 

SSPC-SP 3-82 

Standard Specification for 
Structural Steel 

Standard Specification for 
Seamless Carbon Steel Pipe for 
High-Temperature Service 

Standard Specification for 
Cold-Formed Welded and Seamless 
Carbon Steel Structural Tubing 
in Rounds and Shapes 

Standard Specification for 
Steel, Carbon (0.15 Maximum, 
Percent), Hot-Rolled Sheet and 
Strip, Commercial Quality 

Structura 1 Welding Code - Steel 

Structural Welding Code - Sheet 
Steel 

(SSPC) 

No . 3 Power T~l Cleaning 
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1.2 SUBMITTAL$: Refer to Section 01300 for submittal procedures. 

1- 2. 1 Fabricator Drawings : Submit drawings and bil l of materials for 
waterstops. Include plans, elevations, details, sections and connections. 
Show thickness, type, grade, class of metal, and accessory items where 
applicable. 

1.2.2 Certified Material Test Reports (CMTR): Submit legible reports, 
certified by responsible manufacturer, showing chemical analysis and physical 
properties of material used for waterstops. Submit separate reports for 
each lot of steel furnished by each supplier. 

1.3 QUALITY ASSURANCE 

1.3.1 Qualification of Welding Personnel and Procedures 

1.3.1.1 Personnel and procedures for welding structural steel shall have 
been qualified in accordance with AWS Dl.l before welding. Qual i fication i n 
accordance with ASME Section IX may be substituted for this requirement. 

1.3.1.2 Deliver 2 copies of welding procedure specifications, procedure 
qualification records, and welder performance qualification test results to 
KEH 5 days before welding. Maintain additional copies as speci fi ed i n 
Section 01400, Paragraph 1.6.2 . 

1.4 DELIVERY, STORAGE, ANO HANDLING 

1.4. 1 Deliver metal fabrications to project at time convenient for 
installation. If exposed to inclement weather, protect fabricat i ons with 
paper, plastic or other weatherproof covering and store off ground . . 

PART 2 

2.1 

PRODUCTS 

MATERIALS 

2.1.1 Waterstop: 6 inch wide by 1/4 th~ck continuous steel plate ; 
ASTM A 36. 

2 .1. 2 Ro 11 ed Steel 

2 .1.3 Sheet Steel: 

2 .1. 4 Steel Pipe: 

2 .1. 5 Steel Tubing: 

2 .1. 6 Weld Studs : 

71405500.SPZ.1714 

Shapes and Plates : ASTM A 36. 

ASTM A 569. 

ASTM A 106 , Grade B. 

ASTM A 500, Grade B. 

Nelson Stud Welding Company 
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2.2 FABRICATION 

2.2.1 General 

2.2.1.1 Verify measurements and take field measurements necessary before 
fabrication. Provide miscellaneous supports and braces necessary for 
completion of metal fabrications. 

2.2.1.2 Workmanship: Form metal fabrications to shape and size, with 
sharp lines, angles, and true curves. 

2.2 . 1.3 Perform welding in accordance with AWS 01 . 1, Sect i on 8, using 
E70XX electrodes and complete penetration welds. 

2.2.1.4 Weld and examine sheet steel in accordance with AWS 01.3 

2.2.2 Waterstop: Steel free of mud, oil, or other material to 
facilitate bonding to concrete. 

2. 2.2.1 Make splices by buttwelding ends of plates together. 

2. 2. 2.2 Bending of plates at corners is allowable , except minimum i ns ide 
radius shall be 1 inch. 

2.2.3 Finishes 

2. 2.3.1 Do not coat members to be embedded in concrete, or surfaces and 
edges to be field welded. 

2.2.3.2 Remove weld spatter, flux, slag, and other deleterious matter i n 
accordance with SSPC -SP 3. 

PART 3 EXECUTION 

3.1 INSTALLATION 

3. 1.1 Inslall metal fabrications plumb , l evel or as shown on the 
Drawings. 

3. 1.2 Make field connections as neatly as possible with joints flush and 
smooth. 

71405500.SP2.1714 
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PART 1 - GENERAL 

I.I REFERENCES 

SECTION 09805 

SPECIAL PROTECTIVE COATING 

DOE/RL 88-27 
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1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 Steel Structures Painting Council (SSPC) 

SSPC-SP 6-85 No. 5 White Metal Blast Cleaning 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1. 2 .1 
location 
Section. 
materials 

List of Materials: Submit complete list of materials, colors and 
to be used, to substantiate compliance with the Drawings and this 
List shall enumerate percentage of volatile and nonvolatile 
and percentage of component parts of each type of material. 

1.3 DELIVERY, STORAGE, AND HANDLING 

1.3.1 Deliver materials to site in manufacturer's unopened containers 
with labels intact. Do not open contairiers or remove labels until after 
inspection and acceptance by KEH. 

1.3.2 Store materials in accordance with manufacturer's recommendations 
and in well ventilated area not exposed to excessive heat, sparks, flame or 
direct rays of sun. 

1.4 PROJECT CONDITIONS 

1.4.1 Environment for Coating: Coat exterior surfaces only when ambient 
·and surface temperatures are between 35 F and 120 F, and temperature is 5 F 
above dewpoint. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

2.1.1 Coating materials are products of Protective Coatings Division of 
Ameren, Brea, California unless otherwise specified. 

2.1.2 

2 .1.3 

2.1.3.1 

Filler: Nu-Klad 114. 

Primers 

Dimetcote Steel Primer 205. 

71409805.SP2.942 09805 - 1 
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2.1.3.2 

2.1.3.3 

2.1.4 

2.1.4.1 

2.1.4.2 

2.1.4.3 

2 .1. 5 

Amercoat 71. 

Amercoat 187. 

Finish Coatings 

Amercoat 33. 

Amercoat 78HB. 

Amercoat 234. 

Colors 

. ' 
DOE/RL 88-27 

Rev. 1, 01/17/90 

2. 1.5.1 Finish coat: White. 

2.1.5.2 Symbols and flow diagrams: Black letters on yellow background, 
except as shown on the Drawings. 

PART 3 - EXECUTION 

3. 1 EXAMINATION 

3.1.1 · Examine surfaces scheduled to receive paint and finishes for 
conditions that will adversely affect execution, permanence or quality of 
work and which cannot be put into acceptable condition through preparatory 
work included in Article 3.2. 

3.1.2 Report in writing to KEH conditions that may potentially affect 
proper application of finish. Do not commence surface preparation or coating 
application until defects have been corrected and conditions are made 
suitable. 

3. 2 

3. 2 .1 
receive 

3.2.2 

3.2.2 . 1 
abras i.ve 

PREPARATION 

General: Before 
coating. 

Pre-Priming 

Prepare ferrous 
residue and dust, 

application, sweep and dust space or area to 

metals in accordance with SSPC-SP 5, remove 
and prime within 4 hours after preparation. 

3. 2.2.2 Clean concrete surfaces of laitance, oil, stains, dust and other 
foreign material. 

a. Where la i tance has not been removed, treat concrete with 
uniform applicat ion of 1 of following solut i ons. 

71409805 .SP2.942 

1) 1 part 1~ percent solution muriatic ~id and 3 parts 
water. 
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2) 5 percent solution of trisodium phosphate. 

b. When solut i on ceases to foam, rinse t horoughly with cl ean 
water and scrub with stiff bristle brush. Allow treated area to thoroughly 
dry. Scratches, cracks, holes and abrasions shall be cut back to proper key 
and filled with Nu-Klad 114. 

c. Allow concrete to cure 30 days before coating is applied, 
except coating may be applied after concrete has cured 21 days if moisture 
content of concrete is less than 12 percent. 

3.2.3 Post Priming 

3.2.3.1 Feather abrasions, chips, skips and holidays occurring in prime 
coat by sanding and recoat with material and color to minimum dry film 
thickness specified. 

3.2.3.2 Previously coated surfaces shall be recoated only after existing 
film is completely dry. 

3.2.3.3 

3.2.4 

Protect coating from rain until dry to touch. 

Protection 

3.2.4.l Provide and install drop cloths, shields and other protective 
devices required to protect surfaces adjacent to areas being coated. Keep 
spatter, smears, droppings and over-run of coating materials to minimum and 
remove as coating work progresses. 

3.2.4.2 Remove and store electrical fixtures, outlets and switch plates. 
mechanical diffusers, escutcheons, surface hardware, fittings and fastenings 
before starting work. Clean and reinstall upon completion of .work in each 
area. Use no solvent or abrasives to clean hardware that will remove lacquer 
finish normally used on some items. 

3.3 APPLICATION 

3.3.1 Apply coating materials in accordance with manufacturer ' s 
recommendations. 

3.3.2 Apply with equipment recommended by manufacturer. 

3.3.3 Identify each coat of opaque materiai by i ts relation to color of 
finish coat. Prime coat shall be darkest tint of specified color with each 
succeeding coat lighter, up to finish coat, which shall be color , t i nt and 
sheen specified. Tints of identical coats of identical color and material 
shall not vary. 

3.4 FIELD QUALITY CONTROL 

3. 4. 1 Inspect i on: KEH wil l perform tests to ascertain that coa ti ng 
materials have been appl ied in accordance with this Sect ion . 

71409805.SP2.942 09805 - 3 
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3.5 CLEANING 

3. 5. 1 Furnish and maintain at site, closed metal containers for disposal 
of waste materials. Place materials spotted or soaked with paint, oil or 
solvents in containers. 

3.5.2 Brushes, rollers, spatulas and spray equipment shall be thoroughly 
cleaned after each use and shall contain no oils, thinners or other residue 
after such cleaning. 

3.5.3 Remove empty cans from site at end of each shift. 

3.5 .4 At completion of coating work, remove materials, containers, rags , 
cloths, brushes, and other equipment from site. Clean up spills. 

3.6 COATING SCHEDULE 

3.6.1 Concrete and Masonry 

Prime: Amercoat 187 
Second: Amercoat 33 
Finish: Amercoat 33 

3.6 .2 Ferrous Metals 

Prime: Dimetcote 
Steel Primer 205 

Second: Amercoat 187 
Third: Amercoat 33 
Fourth: Amercoat 33 

OR 

Third: Amercoat 234 
Fourth: Amercoat 234 

3.6.3 Carbon Steel 

Prime: Amercoat 71 
Second: Amercoat 78HB 

Minimum Wet Film 
Thickness and Percent
age of Film Forming 
Solids per Volume 

4.5 mils & 22 . 0% 
6.4 mils & 23.46% 
6.4 mils & 23.46% 

1.4 mils & 35% 
4.5 mils & 22 . 0% 
6.4 mils & 23 . 46% 
6.4 mils & 23.46% 

10 mils & 25% 
10 mils & 25% 

4.3 mils & 47'~ 
20. 5 mils & 78% 

END OF SECTION 
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Minimum 
Dry Fi 1 m 
Th ickness 

1.0 mi 1 
1.5 mi 1 s 
1.5 mils 

0 .. 50 mi 1 
1.0 mi 1 
1.5 mi 1 s 
1.5 mils 

2. 5 mils 
2.5 mils 

2.0 mils 
16.0 mils 
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PART 1 - GENERAL 

SECTION 09885 

PROTECTIVE COATING FOR 
CONCRETE VAULT INTERIOR 

I.I REFERENCES: Not Used 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2 . 1 List of Materials: Submit complete list of materials. List 
shall enumerate percentage of volatile and nonvolatile materials and 
percentage of component parts of each type of material. 

1.2.2 Certified Material Test Reports (CMTR): Submit materials test 
reports, certified by manufacturer of protective coating, which identify 
components and show chemical analysis and physical properties for each lot 
number used. 

1.2.3 Samples: Submit 1 gallon sample of coating material to be used 
on Project, for independent testing and comparison with CMTRs. 

1.3 QUALITY ASSURANCE 

1.3.1 Qualification of Substrate Preparer: Provide evidence of previous 
successful concrete substrate preparation for coating applications . 

1.3.2 Qualification of Applicator: Provide evidence of previous 
successful sprayed-on asphalt coating applications. 

1.4 DELIVERY, STORAGE, AND HANDLING 

1.4.1 Deliver materials to site in manufacturer's unopened containers 
with labels intact. Do not open containers or remove labels until after 
inspection and acceptance by KEH. 

1.4.2 Store materials in accordance with manufacturer ' s recommendation s 
and in well ventilated area not exposed to excessive heat, sparks, flame or 
direct rays of sun. 

1.5 PROJECT CONDITIONS 

1.5.1 Environment for Coating 

1.5.1.1 
rising. 

Preferred ambient and surface temperatures: 60 For above and 

1.5.1.2 Minimum ambient and surface temperatures : 40 F and rising . 

71409885.SP2.2457 09885 - l 
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PART 2 - PRODUCTS 

2.1 MATERIALS 
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2.1.1 Coating materials are products of Protective Coatings Department 
of Lion Oil Company, El Dorado, Arkansas. No substitutes allowed . 

2.1.1.1 Primer: Nokorode 705M thinned at ratio of 1 to 1 with naptha or 
mi nera 1 spirits. 

2. 1.1.2 Finish Coating: Nokorode 705M. 

PART 3 - EXECUTION 

3. 1 EXAMINATION 

3. 1. 1 Examine surfaces scheduled to receive coating for conditions that 
will adversely affect execution, permanence or quality of work and which 
cannot be put into acceptable condition through preparatory work included in 
Article 3.2. 

3.1.2 Report in writing to KEH conditions that may potentially affect 
proper application of finish. Do not commence surface preparation or coating 
application until defects have been corrected and conditions are made 
suitable. 

PREPARATION 

General 

3.2 

3. 2.1 

3.2 . 1.1 

3.2.1.2 
coating. 

Allow concrete to cure 21 days minimum before preparing surface. 

Before application, sweep and dust space or area to receive 

3.2.2 Pre-Pr iming 

3.2.2.1 Clean concrete surfaces of laitance, oil, stains, dust and Rther 
foreign material. 

3.2.2 .2 Prepare concrete by removing surface until dry, clean, contaminant-
free, sound, open pore, exposed-aggregate concrete is obtained by using 1 of 
the following methods. Remove spalled concrete. 

a. Scabbling machine: Hammer type. 

b. Steel shot, for horizontal surfaces only : Wheelabrator-Frye 
Blastrac type. Ensure no shot remains. 

c. Sandblasting. 

71409885 .SP2.2457 09885 ·- 2 
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d. Very high pressure water/sandblasting: Use clean , fresh 
water and dry blasting silica, maximum particle passing 16 mesh screen , at 
pressure sufficient to achieve specified surface . 

e. Ultra high pressure waterblasting: Use clean fresh water at 
highest pressure necessary to achieve specified surface. 

3.2.2 .3 Remove dust and debris from concrete pores with clean, dry, oil-
free compressed air or adequately powered, heavy duty industrial vacuum . 

3.2.2.4 

3.2.3 

Thoroughly dry surface before applying primer. 

Post Priming 

3.2.3.1 Feather abrasions, chips, skips and holidays occurring in prime 
coat by sanding and recoat. 

3.2.3.2 Previously coated surfaces shall be recoated only after exist i ng 
film is completely dry. 

3.2.3.3 Protect coating from rain until dry to touch. 

3.2.4 Protection: Provide and install drop cloths, shields and other 
protective devices required to protect surfaces adjacent to areas being 
coated. Keep spatter, smears, droppings and over-run of coating materials 
to minimum and remove as coating work progresses. 

3.3 APPLICATION 

3.3.1 Do not apply materials when excessive wind, blowi ng dust , ·or ra i n 
is invninent. 

3.3.2 Minimum Temperature of Coating Material: 70 F. 

3.3.3 Spray apply coating materials in accordance with Article 3.6 and 
manufacturer's recommendations. 

3.3.3 . 1 Apply second coat 5 to 60 minutes after primer. 

3.3.3.2 Do not allow second coat to cure beyond elastomeric set before 
applying finish coat. 

3.3 .3.3 
coat. 

3.3.3.4 

On vertical surfaces, apply finish coat perpend i cular to second 

Allow finish coat to cure dry to touch before repairing . 

3.3 .3.5 Protect coated surfaces from dust and other foreign mater i als 
while curing. · 

3.3.3.6 Protect coating from sunlight unt i l roof i s insta ll ed. 

71409885.SP2.2457 · 09885 - 3 
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3.3.4 Apply with equipment recommended by manufacturer. 

3.3.5 Repair: Scratch area with wire brush before application of 
additional coats. 

3.4 FIELD QUALITY CONTROL 

3.4.1 Testing: After coating has cured; test for pinholes. Results 
shall be less than 1 pinhole per square yard. 

3.4.2 Inspection: KEH will perform tests to ascertain that coating 
materials have been applied in accordance with this Section. 

3.5 CLEANING 

3.5.1 Furnish and maintain at site, closed metal containers for disposal 
of waste materials. Place materials spotted or soaked with paint, oil or 
solvents in containers. 

3.5.2 Spray equipment shall be t~oroughly cleaned after each use and 
shal] contain no oils, thinners or other residue after such cleaning. 

3.5.3 Remove empty cans from site at end of each shift. 

3.5.4 At completion of coating work, remove materials, containers, rags ; 
cloths, brushes, and other equipment from site. Clean up spills. 

3.6 COATING SCHEDULE 

3.6.1 Concrete 

a. Vertical 

Prime: 

Second: 

Finish: 

71409885.SP2.2457 

surfaces 

Nokorode 705M, 
thinned 

Nokorode 705M 

Nokorode 705M 
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Approximate 
Rate 

0.5-0.75 
gal/ 
100 ft 2 

2.0 gav 
100 ft 

2.0 gav 
100 ft 

Min Wet 
Fi 1 m 

Thickness 

Min Dry 
Film 

Thickness 

Uniform Cover 

30 mils 26 mils 

30 mils 26 mils 
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Min Wet 
Approximate Film 

Min Dry 
Film 

Thickness Rate Thickness 

b. Horizontal surfaces 

Prime: Nokorode 705M, 
thinned 

Finish: Nokorode 705M 

71409885.SP2.2457 

END OF SECTION 
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0.5-0.75 Uniform Cover 
gal/ 
100 ft2 

4.0 gal/ 60 mils 
100 ft2 

52 mils 
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PART 1 - GENERAL 

1.1 REFERENCES 

SECTION 13440 

INSTRUMENTATION 

DOE/RL 88-27 
Rev. 1, 01/17/90 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 American National Standards Institute (ANSI) 

ANSI MC96.l-1982 American National Standards for 
Temperature Measurement 
Thermocouples 

1.1.1.2 National Electrical Manufacturers Association (NEMA) 

Standards Publication/ 
No. ICS 6-1983 w/Rev through 
Nov 1986 

Enclosures for Industrial 
Controls and Systems 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Approval Data: Submit information listed in Column 5 of Vendor 
Data List in this Section. 

1.2.2 Certified Vendor Information (CVI): Submit information listed in 
Column 6 of Vendor Data List in this Section. 

1.3 DELIVERY, STORAGE, AND HANDLING 

1:3 . 1 Delivery field mounted equipment assemblies completely assemb l ed , 
ex.cept as noted. 

1.3.1.1 Thermocouple assemblies: Package with padding material and place 
inside pipe with cap on end. Junction box shall have door secured and be 
well padded, then wrapped with packaging tape. Assemblies shall then be 
secured to shipping pallets. 

1.3.1.2 Level element assemblies: Well padded and placed in separate 
wooden boxes for shipment. 

1.3.1.3 Cable assemblies: Individually tied and placed in padded wooden 
crate for shipment. 

71413440.SP2.2104 13440 -· 1 
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2 .1 

PRODUCTS 

MATERIALS 

DOE/RL 88-27 
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2.1.1 Electrical Connecting Cables: Assembled from cable and connec t ors 
specified on Data Sheet Y-101. 

2.1.2 Other materials required to complete instrumentation installation 
are specified in Section 15493, Section 16400 and on the Drawings. 

2.2 EQUIPMENT 

2. 2 .1 Instruments: In accordance with data sheets in this Section. 

2.2.1.1 Identification: Attach nameplates, in readily visible locations , 
with manufacturer's name, model number, name of item, and serial number. 

PART 3 - EXECUTION 

3. 1 INSTALLATION 

3.1.1 Install instruments, materials, and equipment in accordance with 
the Drawings, manufacturers' instructions, and Section 16400. 

3.2 FIELD QUALITY CONTROL 

3.2.1 Test cable assembles for continuity and unintentional grounds . 
Resistance shall not. exceed 1 ohm on continuity checks. Deliver test resu l ts 
to KEH upon completion of tests. 

71413440.SP2.2104 13440 - 2 
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Data Sheet Y-101 
Pg l of 3 · 

LEVEL INSTRUMENTS, CAPACITANCE TYPE 
LEACHATE SUMP 218-E-16-102 & 218-E-16-103 

GENERAL 

1. Tag Number 
2. Service 
3. Vessel Identification 
4. Application 
5. Function 

6. Type 

7. Orientation 
8. Materi a 1 

9. Weight 

10. Insertion Length 

11. Inactive Length 
12. Active Length 
13. Signal Connection 
14. Process Connection 

15. Enclosu~ 

16 . Power 
17. Output 
18. Indicator 

19. Range 
20. Conduit Connection 
21. Probe Head Connection 

71413440.SP2.2104 

TRANSMITTER 

13440 - 3 
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(See Note 1, Page 3 of 3) 
Leachate solution 
Vault leachate sump 
Sump level 
Indicate and transmit level 

Flexible insulated cable attached 
to weatherproof probe head 
Vertical 
Heavy-duty stainless steel cab l e 
with polypropylene insulation 
Stainless steel, 2-1/2 inches 
diameter, 3 inches long 
56'-10-1/2" (including attached 

weight) 
40'-7-1/2" 
16 feet 
Quick-disconnect connector 
3 inch, 150 pound , RF, 304 SST 

flange 

NEMA 4 steel box, surface mount 

115V ac, 60 Hz 
4-20 mA de 
3-1/2 Digit meter , mounted i n 

transmitter 
O - 16 feet 
3/4 inch 
Quick-disconnect connector 

B-714-C2 

• 



• 

[ ( 

r 

... 

DOE/RL 88-27 
Rev. 1, 01/17/90 
Data Sheet Y-l0l 
Pg 2 of 3 

LEVEL INSTRUMENTS, CAPACITANCE TYPE (Cont) 
LEACHATE SUMP 218-E-16-102 & 218-E-16-103 

ACCESSORIES 
22. Compensation Cable 

23. Flanges 

24. Power Supply 

25. Connectors 

26. Fluid 
27. Conductivity 
28. Pressure 
29. Temperature (probe) 
30. Temperature (transmitter) 
31. Suggested Manufacturer 
32. Model Numbers 

71413440.SP2.2104 

SERVICE 

13440 - 4 
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100 feet long with quick
disconnect connectors on botn 
ends 
Probe head mounted on 3 i~c~. 
150 pound. RF, 304 sta i nless 

stee 1 flange 
24V de, mounted in transmitter 
by manufacturer 
Quick-disconnect connector ~t 

both ends of compensation ca~le 

Leachate solution (pH 12+ ) 
70+ Micromho/cm 
Atmosphere 
Maximum 200 F; normal 35-100 F 
-20 to 120 F 
Drexelbrook Engineering Co. In c 

System, 508-25-8; quick-discon
nect connectors on 100 foot 
general purpose cable, 380- 100- !2 
with Drevelbrook Std enviro~~en
tal mental rated quick-disconnect 
connector set at transmitter -
1 connector or pigtail with 
"Liquid-Tite" strain relief _at 
transmitter housing with qu ick
disconnect pair at sensing ele
ment; probe weight, 752-287-4; 

B-714-C2 
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Data Sheet Y- 101 
Pg 3 of 3 

LEVEL INSTRUMENTS, CAPACITANCE TYPE (Cont) 
LEACHATE SUMP 218-E-16-102 & 218-E-16-10"3 

32. Model Numbers (Continued) 

NOTES: 1. Tag Numbers: 

71413440.SP2.2104 13440 - 5 

APP 4I -500 

digital meter , 370 -3000-1 ; 
power supply, 401-13 - 21 . 
Instrumentation system shall 
have minimum service life of 
10 years under normal use and 

maintenance. 

Element 
LE-LS-102 - lA 
LE-LS-102-18 
LE-LS-103-lA 
LE-LS-103-18 

Transmit t er 

LIT-LS- 102- iA 
LIT-LS- 102- 18 
LIT -LS- 103- lA 
LIT-LS-103- 18 

8-7 14-CZ 
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1. Tag Numbers 

2. Type 

3. Protection Tube 

4. Length 
5. Thermocouple Spacing 

6. Service 

7. Temperature 

8. Wire Size 

9. Junction 
10. Insulation Materi a 1 

11. Test Resistance 

12. Accuracy 

13. Lead Termination 

14. Conduit Connection 

15. Lag Extension 

16. Special Feature 

THERMOCOUPLE ASSEMBLIES 
VAULT LOCATED 

OOE/RL 88-27 
Rev. 1, 01/17/90 
Data Sheet Y-102 
Pg 1 of l 

(See Note 1) 

Type K, 16 point 
1 inch Schedule 40S 304 stain 1ess 
steel pipe 
(See Note 2) 

(See Note 2) 
Grouted radioactive waste 

(pH 12+) 
35 to 200 F 
Manufacturer's standard 
Ungrounded 
Mineral Oxide 
100 Mohm minimum, TC to sheath 

and TC to TC 

ANSI MC96.l 
Terminal strips in NEMA 4 
junction box suitable for direct 

buri a 1 ( See Note 2) 
1-1/2 inches, bottom of junction 

box 
(See Note 2) 
Protection tube to be factory 

sealed to junction box (See 

Note 2) 

17. Suggested Manufacturer Thermo-Couple Products Co, Inc, 

Sales Aid No. 126 

NOTES: 1. Tag Numbers: 

2. See Drawings. 

TE-102-1 
TE-102-2 
TE-102-3 
TE-102-4 

TE-103-1 
TE-103-2 
TE-103-3 
TE-103-4 

3. Instrumentation system shall have minimum service life of 10 years 
under normal use and maintenance. 

71413440.SP2.2104 . 13440 - 6 
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SECTION 15493 

CHEMICAL PROCESS PIPING SYSTEMS 

DOE/RL 88-27 
Rev. 1, 01/17/90 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Referenced Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 

1.1.1.2 

1.1.1.3 

1.1.1.4 

American National Standards Institute (ANSI) 

ANSI Bl6.9-1986 

ANSI B31.3 - 1987 Edition, 
w/Addenda ANSI B31.3a and 
B31.3b 

American National Standard 
Factory-Made Wrought Steel 
Buttwelding Fittings 

American National Standard Code 
for Pressure Piping--Chemical 
Plant and Petroleum Refinery 
Piping 

American Society of Mechanical Engineers (ASME) 

1986 Edition, w/Addenda 
through Dec 1988 

Section II 

Section IX 

ASME Boiler and Pressure Vessel 
Code 

Material Specifications . 

Qualification Standard for 
Welding and Brazing Procedures , 
Welders, Brazers, and Welding 
and Brazing Operators 

American Society for Nondestructive Testing (ASNT) 

Recommended Practice 
No. SNT -TC- lA 
( 1984 Edition) 

Personnel Qualification 
and Certification in 
Nondestructive Testing 

American Society for Testing and Materials (ASTM) 

A 106-87a 

A 234-87 

Standard Specificat i on for 
Seamless Carbon Steel Pipe for 
High-Temperature Service 

Standard Spec i f i cation for 
Piping Fittings of Wrought Carbon 
Steel and Alloy Steel for Moder
ate and Elevated Temperatures 

71415493.SP2.1077 15493 - 1 
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1.1.1.5 

A 307-86a 

A 563-84 

C 518-85 

· D 1621-73 (1979) 

D 1622-83 

D 1623-78 

D 2842-69 (1975) 

D 2856-87 

American Welding Society (AWS) 

AWS QCl-86 

DOE/RL 88-.27 
Rev. 1, 01/17 /90 

Standard Specification for Carbon 
Steel. Bolts and Studs, 60 000 PSI 
Tensile Strength 

Standard Specification for Carbon 
and Alloy Steel Nuts · 

Standard Test Method for Steady
State Heat Flux Measurements and 
Thermal Tranmission Properties 
by Means of the Heat Flow Meter 
Apparatus 

Standard Test Method for 
Compressive Properties of Rigid 
Cellular Plastics 

Standard Test Method for Apparent 
Density of Rigid Cellular 
Plastics 

Standard Test Method for Tensile 
and Tensile Adhesion Properties 
of Rigid Cellular Plastics · 

Standard Test Method for Water 
Absorption of Rigid Cellular 
Plastics 

Standard Test Method for Open 
Cell Content of Rigid Cellular 
Plastics by the Air Pycnometer 

Standard for Qualification and 
Certification of Welding 
Inspectors 

1.1.1.6 American Water Works Association (AWWA) 

1.1.1.7 

C203-86 

Pipe Fabrication Institute (PFI) 

ES-24 (April 1985) 
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1.1.1.8 Steel Structures Pai nt ing Council (SSPC) 
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SSPC-SP 3-82 

SSPC-SP 6-85 

No . 3 Power Tool Clean i ng 

No. 6 Commercial Blast Cleaning 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2 . 1 Certified Material Test Reports (CMTR): Submit legible reports, 
certified by responsible manufacturer of materials used in fabrication of 
pipe, fittings and flanges for pipe code and services noted below. Reports 
shall present results of chemical analysis and physical tests specified in 
ASTM Standards of production lots and heats of materials. Submit ·separate 
reports for following. 

1.2.1.1 Pipe Code M-25: Service; Grout, and Excess Water. 

1.2 . 1.2 Pipe Code M-26a: Service; Grout Encasement, Excess Water 
Encasement, and Encasement Drains. 

1.2 .2 Certificate of Conformance: Submit legible certificate stat i ng 
that polyurethane insulation materials furnished meet requirements of 
Drawings and this Section. Include date of manufacture, shelf l i fe of 
material, physical properties , and material safety data sheets . 

1.2.3 Weld Identification Drawings: Submit isometric and spool draw i ng s 
which show relative location of each weldment in piping systems. 

1. 2.4 Filler Material Control Procedure : Submit procedure for contro l 
of filler material . Specify methods of control, by hea·t or lot number , from 
receipt of material to consumption during fabrication, and control and 
disposal of contaminated and partially used material. 

1.2.5 Welding Filler Metal: Submit certified material test reports 
giving results of tests in applicable material specifications in ASME Section 
II, Part C. If testing is not required by material spec i fication , submit 
Certificate of Conformance to applicable material specification. 

1.2.6 Welding Procedures and Personnel : Submit welding procedure 
specifications, procedure qualification records, and welder performance 
qualification test results meeting the requirements of Paragraph 1.3.1 . 

1.2.7 Nondestructive Examinat i on (NOE) Personnel and Procedures: Submi t 
personnel certifications and written NOE performance procedures meeting t he 
requirements of Paragraph 1.3.2. 
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1.3 

1. 3 .1 

QUALITY ASSURANCE 

Qualification of Welding Personnel and Procedures 

DOE/RL 88-27· 
Rev. 1, 01/17/90 

1.3.1.1 Personnel and procedures for welding pressure retaining components 
along with attachments thereto shall have been qualified in accordance wi th 
ANSI 831.3 before welding. 

1.3.1.2 Personnel and procedures for welding structural steel, nonpressure 
components, shall have been qualified in accordance with ASME Section IX 
before welding. 

1.3.1.3 Deliver 2 copies of welding procedure specifications, procedure 
qualification records and welder performance qualification test results to 
KEH 5 days before welding. Maintain additional copies as specified in 
Section 01400, Paragraph 1.6.2. 

1.3. 2 Qualification of Nondestructive Examination (NOE) Personnel 

1.3.2.1 Visual weld examinations and appropriate documentation shall be 
performed by Certified Welding Inspectors (CWI) who have received certifica
tion in accordance with AWS QCl. Certified Associate Welding Inspectors 
(CAW!), certified in accordance with above standard, may perform examinations 
when under immediate direction of CW!. Welding related examination documen
tation shall be signed, or stamped by individual performing examination. 
Where CAWis are used for examinations, documentation shall be signed, or 
bear CAWI's stamp in addition to CW!s under whom examinations were performed. 

1.3.2.2 Personnel performing other NOE shall have been certified in 
accordance with Contractor's written practice, which shall meet the 
requirements of ASNT No. SNT-TC-lA, before performing NOE. Use Level II or 
III personnel to interpret test results . 

1.3 . 2.3 Deliver 2 copies of personnel certifications, Contractor ' s written 
practice, and written NOE performance procedures to KEH 5 days before 
examining. Maintain additional copies as specified in Section 01400, 
Paragraph 1. 6. 2. 

1.4 

1. 4 . 1 

DELIVERY, STORAGE, AND HANDLING 

Pipe 

1. 4.1.1 Preserve identity of pipe and tube from time of receipt on site 
until installation is complete. Store pipe of different material 
specification and grade separately. 

1.4 . 1.2 When pipe is removed from bundle and cut, return rema1n1ng piece 
to bundle or clearly and permanently mark. Do not remove manufacturer ' s 
identifying tags from bundles. 
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1.4.1.3 When material identifying mark is cut from length of pipe re-mark 
rema1n1ng sect i on clearly and permanently. Use either original marking or 
field code identification symbol. 

1.4.1.4 KEH may inspect materials for compliance with above storag~ and 
control procedures. 

1.4.2 Welding Materials 

1.4. 2.1 Store separately, welding materials of different material 
specifications. 

1.4.2.2 Store and control filler material in accordance with approved 
procedure. 

1.4.2.3 Preserve identity from time of receipt on site until use in 
facility construction. 

1.4.2.4 KEH may inspect materials for compliance with procedure 
specifications. 

1. 5 FURNISHED EQUIPMENT 

1.5.1 Following items are furnished for Contractor installation. Upon 
request, KEH will furnish 1 copy of approved vendor submittal data. Submit 
equipment delivery requirements to KEH 10 days before need. 

1.5.1.1 2 inch nozzles (PN 2). 

1.5.1.2 2 inch kickplates (PN 4). 

PART 2 - PRODUCTS 

2 .1 

2 .1.1 

MATERIALS 

Piping 

2.1.1.1 Piping materials shall meet the requirements of attached pipe 
codes, and details on the Drawings. 

2.1 . 1.2 Valves shall be as specified in pipe codes unless shown otherwi se 
on the Drawings. Brand names and catalog numbers are shown only to 
illustrate type and class of valve required. Unless otherwise spec i fied, 
valve packing shall be manufacturer ' s standard for intended service . 

2.1.1.3 Integrally reinforced branch connections may be used on 2 inch and 
larger welded main lines instead of buttwelding tees noted in pipe codes . 
Material and weight shall correspond to pipe code for particular pioi ng 
system. 

2.1.1.4 Close or butt nipples are not permi tted. 
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2. 1.1.5 Attachments welded to pressure containment boundaries may be 
noncertified material, provided material bears type identifying mark, is . 
suitable for welding, and compatible with material to which attached. 

2.1.2 Pipe Joint Sealant for Threaded Joints: Chesterton "Goldend" No. 
7298; Federal Process Company "JC-30"; Lake Chemical Co "Slic-tite" with 
tefl on. 

2.1.3 Protective Coating For Earth Backfill 

2. 1.3.1 Carbon steel piping: Factory applied exterior protective coating 
consisting of coal tar enamel, felt wrap and cover wrap of kraft paper in 
accordance with AWWA C203. 

2.1.3 .2 Carbon steel field joints, fittings, and short lengths of pipe: 
Tapecoat Company "Tapecoat 20" and primer meeting the requirements of 
AWWA C203. 

2 .1. 4 Nonshrink Grout: See Section 03300. 

2.1.5 Polyurethane Foam for Below Grade Piping: 2 component sprayed 
foam-in-place rigid product, similar to PSI-S200-25 system by Polythene 
Systems Inc, with the following physical properties . . 

2.1.5 . 1 Apparent overall density: 2.2 to 2.8 lb/cu ft when tested in 
accordance with ASTM D 1622. 

2.1.5.2 Minimum compressive strength: 45 psi parallel to rise and 27 psi 
perpendicular to rise when tested in accordance with ASTM D 1621. 

2.1 . 5.3 Minimum tensile strength: 60 psi when tested in accordance with 
ASTM D 1623. 

2.1.5.4 Closed cells: 90 to 95 percent when tested in accordance with 
ASTM D 2856. 

2.1.5.5 Maximum water absorption : 0:06 lb/cu ft of surface area in 
accordance with ASTM D 2842. 

2.1.5.6 K factor: Approximately 0.15 Btu in./hr ft2 at 75 F after aging 
10 days at 140 F when tested in accordance with ASTM C 518. 

2.1.6 Flexible Duct Liner: Similar to CA Schroeder Inc, Casco-Flex 
air duct CF-25. 
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PART 3 - EXECUTION 

3 .1 

3 .1.1 

INSTALLATION 

Piping, General 

3. 1.1.1 Fabricate and install in accordance with ANSI 831.3, the Drawings, 
and this Section. 

3.1.1.2 Cut pipe with cutters designed specifically for task. 

3.1.1.3 Ream pipe to nominal inside diameter after cutting . Remove burrs 
from threads before assembly . 

3. 1.1.4 Bend pipe using methods and equipment which produce bends free of 
wrinkles, bulges, or kinks. When wall thickness, diameter, and bend radius 
indicate possibility of wall collapse during bending, fill pipe with clean 
silica sand or fusible material such as Cerro-bend, manufactured by 
Cerro Corp. Bend pipe in accordance with ANSI 831.3, and meet tolerances 
given in ANSI 831.3 and PFI ES-24. 

3.1.1.5 Clean interior of 4 inch M-26a pipe and exterior of 2 inch M-25 
pipe to remove dirt and oily residue, before fabrication, using steam/TURCO 
"PLAUDIT" mixture, 1 part Plaudit to each 40 parts water in concentrate 
tank. Flush with filtered water and dry with clean oil-free air or nitrogen. 
Check for · grease removal by passing swab over cleaned surface. Repeat i f 
grease or oil is detected. After cleaning wrap exterior surface wi th pl ast i c 
wrap and cap pipe ends. 

3. 1.1 .6 Keep piping systems clean. Once fabrication has started plug or 
cap ends of piping when installation is not in progress to prevent entry of 
dirt and other foreign material. Cap ends if work is not to be performed 
on pipe or spool within 4 hours, or, if due to environmental condit i ons , 
debris or water can enter pipe. Leave ends of spare lines capped or blind 
flanged when installation has been completed. 

3.1.2 Underground Piping 

3. 1.2.1 Place piping supports on undisturbed soil , or backfill placed and 
compacted in accordance with Section 02200, Paragraph 3.1 . 1.2. 

3. 1.2.2 Application of heat to pipe for purposes of heat bending to meet 
Drawing installation tolerances will not be permitted. 

3.1.2.3 Cold springing of pipe will not be permitted. 

3. 1.2.4 Protect outdoor welding operation from rain and wind by using 
barriers to protect welder and weld joint. KEH wi ll determine i f 
environmental conditions are such that barriers are required. 

3. 1.2.5 Complete piping welds before ti e- i n welds to va l ve pit s , r is ers, 
or fixed i tems. 
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3.1.2.6 Survey p1p1ng systems for elevation and location before final 
tie-in welds to valve pits, risers, or fixed items. Placement of supports 
shall be complete and meet Specification and Drawing requirements before 
survey. Elevation and location shall be in accordance with the Drawings. 
After final tie-ins, survey piping system again for final acceptance. 

3.1.3 Welding 

3.1.3.l Weld piping and attachments to pressure retaining components in 
accordance with ANSI 831.3. 

3.1.3.2 See Section 05500 for carbon steel fabrications. 

3.1.3.3 Use gas tungsten arc welding (GTAW) process for first 2 passes on 
pressure retaining components. Use either GTAW or shielded metal arc welding 
(SMAW) process for remaining passes. Welding process for nonpressure 
components is optional. 

3.1.3.4 When welding pipe in contact with earth, ground welding machine 
to same pipe being welded in close proximity to weld being made, less than 
100 feet. 

a. Welding machine attachments to pipe system shall be secured 
to bare metal with pipe clamps that apply firm pressure. Clamps shall have 
current carrying capacity equal to or greater than output of welding machine. 
Clamps shall be installed so they cannot be accidentally dislodged. 

3.1.3.5 Backing strips if used shall meet the requirements of ANSI 831.3, 
Paragraph 327.2.2, and be removed. 

3.1.4 Weld Identification 

3.1.4.1 Prepare weld identification drawings, isometric and spool, which 
show relative position of each pressure containing ·weld and each attachment 
weld to pressure retaining components. 

3.1.4.2 Assign weld number to each pressure containing weld and each 
attachment weld to pressure retaining components as it is made. Record weld 
number on weld identification drawings as weld is made. 

3.1.4.3 
each weld 
3 feet on 
Vibratory 

Place identification symbol of welder and weld number adjacent to 
upon completion. Place identification symbol approximately every 
long weld seams or large weldments. Use crayon or paint. 
etching equipment may be used with approval of KEH. 

3.1.4.4 Do not reuse weld numbers. If weld is completely replaced, assign 
new number. 

3.1.4.5 Show on weld identification drawings location 6'1d extent of 
materials requiring CMTR. Reference each item to its specific report. 
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3.1.4.6 Perform nondestructive weld examination in accordance wi th 
Paragraph 3.2.2 . 

3.1.5 

3.1 . 5.1 

3.1.5.2 

Fl ushing: Flush piping noted below after installat i on. 

Piping and services are as follows . 

Service 

Grout 
Excess Water 

Water flushing 

Pipe Code 

M-25 
M-25 

Flushing Method 

Water 
Water 

a. Prepare written procedure for disposal of flushing water. 
Deliver to KEH for approval 10 days before flushing. Disposal of water near 
ground supported pipe supports will not be permitted . 

b. After fabrication and NOE is completed and before leak 
testing completed system, or before connecting completed system into existing 
system, flush piping with water until effluent is clean and contains no 
visible particulate matter. Duration of flush shall be at least 1 minute . 
Use flushing pressure, not to exceed maximum operating pressure specifi ed on 
pipe codes, sufficient to produce velocity of at least 5 feet per second in 
largest pipe section with pipe full. Water velocity shall be verified by 
suitable instrument at inlet of flushing water to determine velocity at 
largest pipe section. If leak testing is not performed within 4 hour per i od , 
or , if due to environmental conditions , debris may enter , seal flushed l i nes 
until leak testing is performed. 

3.1.6 Exterior Protective Coating 

3. 1.6 . 1 Complete NOE and leak testing before appl i cat i on of exterior 
protective coating. 

3.1.6.2 Coat grout encasement and excess water encasement pipes , inc l ud i ng 
sections to be covered with polyurethane foam, with specified coat i ng. 

3.1.6.3 Protect short lengths of carbon steel pipe and fittings exposed 
to earth backfill with specified coating. 

a. Clean carbon steel surfaces to white metal by sandblast i ng 
in accordance with SSPC-SP 6. Where blasting is impracticabl e, as determined 
by KEH, clean by power wire brushing in accordance with SSPC-SP 3. 

b. Heat and apply specified tape in accordance with AWWA C203 , 
Section 3, and manufacturer ' s instructions. 

3.1 . 6.4 After installation, examine carbon steel pi pe hav i ng factory 
applied exterior protective coat i ng, and j oi nts , fi t ti ngs~ and sho rt l eng th s 
of pipe having field applied exteri or protect i ve coat i ng mater i al s . 
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a. Use electrical holiday detector in accordance with AWWA C203, (_j __ ~_:{_f.~,_ 

Section 2.14.12. _. _., 

b. Repair damage to coating in accordance with AWWA C203, 
Section 2.14.12. 

Polyurethane Foam 3 .1. 7 

3.1.7.1 Install in accordance with manufacturer's recommended procedure. 

3.1.7.2 Side-wall retainer may be used to assure uniform width and height 
of sprayed foam. Obtain approval of retainer wall installation and materials 
from KEH. 

3.1.7.3 Secure flexible duct to pipe in position shown on the Drawings. 

3.1.7.4 Repair holes left by taking of test samples. Leave no holes open 
over night. 

3.1.7.5 Verify compressive strength of foam in accordance with 
Paragraph 3.2.4. 

3.2 

3.2.1 

3.2.1.1 

3.2.1.2 

3.2.1.3 

FIELD QUALITY CONTROL 

Notify KEH before performing following. 

Flushing piping systems. 

Testing piping exterior protective coatings. 

Hydrostatic testing. 

3.2.1.4 Final weld connections into valve pits, risers, tanks, and other 
fixed items. 

3.2.1.5 

3.2.2 

Backfilling, or covering with concrete, pipe connections. 

Nondestructive Weld Examination (NOE) 

3.2.2.1 Equipment and materials used for NOE shall be available for review 
and approval by KEH before performing work. 

3.2.2.2 KEH may witness NOE of welds. When KEH disagrees with performance 
of NOE or with Contractor's acceptance of examination results, decision of 
KEH will be final. 

3.2.2.3 Perform NOE for pressure containing welds and attachment welds to 
pressure retaining components specified for each pipe code listed on back 
of attached NOE/Weld Record Form KEH-433. 

3.2.2.4 Visual examination: Perform in accordance with ANSI B31 .3 
paragraph 344.2. 
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a. Verify following and consider as part of f it-up examinati on. 
Document on NOE/Weld Record under fit-up. 

1) Longitud i nal ali gnment of pipes being joined : Wi th in 
2 degrees measured from outside diameter of pi pe . 

2) No cold springing. 

3) Pipe synrnetrically located within encasement . 

3.2 .2.5 Liquid penetrant (dye penetrant) examination (PT) : Perform in 
accordance with ANSI B31.3 paragraph 344 .4. 

3.2 . 2.6 Radiographic examination: Perform in accordance with ANS I B3 1. 3 
paragraph 344.5. 

a. If Iridium 192 source is used, del i ver verified rad i ograph ic 
examination procedures to KEH before use for production radiographs . 
Procedures shall be verified by demonstration that required radiographic 
sensitivity has been obtained for material to be radiographed. Procedure 
shall be proven satisfactory by actual demonstration of penetrameter 
resolution on minimum thickness of material to be radiographed. Use of 
Cobalt 60 will not be permitted. 

b. Identify radiographic film with project or work order number 
assigned to work covered by this Section. 

c. Prepare radiographic examination reports as fo ll ows: Li st 
each radiographic exposure location (0-1, 1-2, ... ) ind i vidual ly on rad i o
graphic examination report. Indicate location acceptab i l i ty or rejectab i l i t y 

· and note discontinuities whether rejectable or not. When report i ncludes 
radiographs of welds which have been repaired, indicate wh i ch welds are 
repair welds and how many times each weld has been repaired. 

d. If additional welding i s performed on we l d area wh i ch has 
already been examined radiographically , this area is repa i r area . Ident ify 
subsequent radiographs by "R-1 , R-2", etc . 

e. Deliver radiographs along wi th orig i na l of reports to KEH 
within 24 hours after radiographs are taken. 

3. 2.2.7 Tie-in weld examination: Where l eak test i ng of t i e- in we ld canno t 
be performed due to physical impossibility, or impracticali ty of pressure test 
application requires concurrence of KEH , perform additional NOE as follows . 

Service 

Grout (GR) 
Excess Water (EW) 

71415493 .SP2.1077 
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a. Document examination of pressure welds and welds to pressure 
retaining components for piping systems on NOE/Weld Record Form KEH-433 
furnished by KEH (sample appended). 

1) See Form KEH-433 for instructions for recording weld 
identification drawings, weld numbers, welder identification, welding 
procedure specification numbers, visual examinations, nondestructive 
examinations, and for noting satisfactory completion of leak testing. 

b. Documentation shall be kept current and is subject to review 
by KEH. Prepare and certify records as work progresses. 

c. Required NOE/Weld examinations shall be completed and 
documented before start of leak testing. 

d. NOE/Weld Record information and weld identification drawings 
defined in Paragraph 3.1.4 may be incorporated on single format or traveler 
for specific work package. 

e. Deliver completed NOE/Weld Record and record weld 
identification drawings to KEH within 7 working days after completion of 
system leak testing. 

3·. 2 . 3 

3.2.3.1 

Leak/Pressure Testing 

Genera 1 

a. Perform leak/pressure testing of pipe in accordance with 
ANSI 831.3 and this Section. 

b. Document testing of each p1p1ng system on "Leak/Pressure Test 
Certification" Form KEH-1757 (sample appended). Forms will be furnished by 
KEH. Use 1 or more forms to describe and record each piping system. Under 
"Description" describe piping system in enough detail to be correlated to 
weld identification drawings, shop fabrication ·drawings, and Contract Drawings 
as applicable. For systems tested segmentally, indicate continuity in 
"Description" to ensure entire system has been tested. 

c. Pipe joints, fittings and other potential leak sources to be 
tested shall be visible and accessible during tests. 

d. Complete testing of piping before field application of foam 
or protective coating. 

e. Install necessary restraining devices, before applying test 
pressure, to prevent distortion or displacement of piping. 

f. Install 1 temporary relief valve during testing. Relief 
valve shall have discharge capacity of at least 125 percent of capacity of 
pressurizing device and be set to operate at not more than 110 percent of 
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test pressure. Tag each relief valve used to show serial number, calibration 
date , and pressure setting. 

g. Isolate instruments and other items which could be damaged 
by test pressures. 

h. Visually examine piping and tubing joints, fittings, and 
other potential leak sources, includes welds which attach wear plates, 
anchors, etc to piping systems, during testing. Repair leaks and reexamine. 

i. Duration of tests shall be at least 10 minutes with no 
visible leaks or drop in test pressure, and for such additional time as may 
be necessary to conduct examination for leakage. 

j. Test gages shall have been calibrated within 2 weeks before 
start of test. Use gages with dial-type face and range between 1.5 and 4 
times test pressure. 

3.2.3.2 Hydrostatic testing 

a. Prepare written procedure for disposal of water used for 
testing. Deliver to KEH for approval 10 days before testing. 

b. Perform tests on systems listed below. 

Service Pipe Code Test Pressure (psig) 

Grout M-25 1,200 

Excess Water M-25 . 1,200 

Excess Water M-26a 90 
Encasement and 
Encasement Drain 

c. Piping systems with removable jumper assemblies shall be 
tested without jumper in place. 

d. Verify that air has been expelled from piping before applying 
hydrostatic pressure. 

e. Coat piping joints, fittings and other potential leak 
sources, includes welds attaching wear plates, anchors, etc, to piping 
systems, with mixture of powdered blue chalk and either water or isopropyl 
alcohol, and allow to dry before filling piping with water and inspecting 
for leaks. 

f. 
is completed. 

71415493.SPZ.1077 
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a. Perform testing with oil-free air or nitrogen on piping 
systems listed below. 

Service Piping Code Test Pressure (ps1g) 

Grout Encasement 
and Encasement 
Drain 

M-26a 90 

b. Coat joints and other potential leak sources with bubble 
forming solution approved by KEH. Soaps and detergents designed specially 
for cleaning shall not be used. Apply internal gas pressure before solution 
contacts external surface. Remove solution at completion of testing. 

3.2.4 Testing Polyurethane Foam 

3.2.4.1 Perform compressive properties test in accordance with ASTM D 1621 
and this Section. 

3.2.4.2 Take separate test samples from production batch for each day and 
from each batch of foam sprayed. Take samples at time work is being 
performed. 

3.2.4.3 Test 5 specimens, minimum, from test sample. Specimens shall be 
2.7 inch diameter cylinders, 2 inches long, cored and cut with saw having at 
least 11 teeth per inch. Dimensional tolerance shall be plus or minus 
·1/16 inch. 

3.2.4.4 Minimum compressive load of field test specimen for Tests No. 1 
and 2 shall be: 

TEST 

No. 1 

No. 2 

HOURS AFTER DEPOSITION OF INSULATION 

Within 2-4 hours for ambient tempera-
ture above 50 F 

or 
Within 4-8 hours for ambient tempera-
ture equal to or less than 50 F 

Within 20-28 hours 

FORCE (Pounds)* 

115 

115 

150 

*Minimum force required to reach 10 percent deformation. (0.2 inch 
for 2 inch high specimen when tested with Link PB3-250 Compression 
Tester. Tester ram diameter: 2.625 inch). 

3.2.4.5 Document force and deformation results of each test specimen on 
Form KEH-377.00, sample appended. 
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3.2.4.6 Complete compressive testing of specimens before backfilling. 

3.2.4.7 Remove insulation which fails tests . Replace damaged parting agent 
and apply new insulation, then retest. 

3.2.4.8 Deliver report of results to KEH upon completion of tests. 
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Service: 

Grout (GR) 
Excess Water (EW) 

Size 4" and smaller 

PIPE CODE M-25 

Max Operating Pressure: 

800 psig 
800 psig 

Pipe Carbon steel, ASTM A 106, Grade 8. 

Wall 
Thickness Schedule 40, and 80* 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Max Operating Temp : 

200 F 
200 F 

Fittings Wrought carbon steel, buttwelding, in accordance with ANSI 816.9 , 
ASTM A 234, Grade WP8. Schedule to match pipe. 

Valves Shown on Drawings. 

*2" excess water piping on top of vault: Schedule 40. 
2~ grout distribution, and excess water return pipes: Schedule 80 . 
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• 
Service: 

Grout Encasement 
Excess Water Encasement 
Encasement Drains 

Size All 

PIPE CODE M-26a 

Max Operating Pressure: 

60 psig 
60 psig 
60 psig 

Pipe Grade: Carbon Steel, ASTM A 106, Grade B. 

Wall 
Thickness Schedule 40 

DOE/RL 88-27 
Rev . 1, 01/17/90 

Max Operat i ng Temp: 

200 F 
200 F 
200 F 

Fittings Wrought carbon steel, ASTM A 234, Grade WPB, buttwelding in 
accordance with ANSI 816.9. Schedule to match pipe. 

Bolting Carbon steel, heavy hex head series bolts, ASTM A 307, 
Grade Band heavy hex nuts, ASTM A 563, Grade A. 

Gaskets Compressed synthetic fiber 1/16". Anchor Style #443 . Use full 
face gasket with flat face flanges. -

71415493.SP2.1077 15493 - 17 
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NDE /WELD RECORD 

WELD 
INFORMATION 

We1oer 1aen11i ic:at1on 

We 10,ng i'roceoure Soec:li1c:at1on 

We la Fi ller Mat" I. 

We ,o No. 

Weioer loenuf icat1on 

l'le1d;ng Pcoc:eoure Spec:1fic:a1,on 

5. 

O I Weld No. 

We icer Ident i f ication 

We lo,ng Proceoure Speci f icauon 

·1 
'":-:---:-,---,-,--,,----'----~ I We10 i' ll 1er Mat"I. 

Weld No. 

Weioer ldent:f ,::t1on 

..J 

We lo,ng Proc:eoure Spec:1f1ca11on 

We ld Fi ller Mat"I. 

Weld No. 

We lder loentifi cation 

Welding Proc:edure Spec1f ica11on 

We ld Filler Mat ' I. 

We ld No. 

We loer ldent1f,c:a11on 

We lding Proc:edure Spec:,f,c:a11on 

Weld i'iller Mat ' I. 

1. Pro1ec:t1W.O. No. 
r· 

I 
? 

2. Weld ldent,f ic:atton Dwgs. 

VISUAL EXAMINATION 

Fi t-UD Root Pass Cover Pass 

APP 41-520 
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Cover Pass 

Root Pass 

Cover Pass 

Root Pass 

Cover Pass 

Root Pass 

over ass 

Root Pass 

Cover Pass 

Root Pass 

Cover Pass 

DOE/RL 88-27 
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3. Cor.trac:tor 

Rad,ograpn,c: 

Lea1< Test 

Rao,ograpn,c 

Lea k Test 

I 
I 

I 
I 
I 

I -·--7 
Rao ,ograon ,c 

Leak Test 

Rao,ograon ,c 

LeaK Test 

Rao,ograpn,c 

Leak Test 

Rad ,ograpn,c 

Leak Test 
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~ V INSTRUCTIONS FOR USE 

The NO E/WE LD RECORD form shall be used to docu

ment the non destruc tive examination / testing o f the pip· 

ing sy stems lis ted below. Entries shall be made as work · 

progresses, and records are subject to review by the Gov
ernment 's · Representat ive at any time. 

Comple te the NDE .'WELD RECORD as fo ll ows (number in pare nthes is corresponds to hl ock numhc rl . 

(11 Ente r Pr ujcc t Numhcr. • We lding Procedu.-e Specification 

(21 Ente r Weld Ident ifi ca tion Drawing Numbers. • We ld F ille r Mater ial (Type) 

131 Enter name of Contractor . 151 through 191 Enter d ate of e xamination/ 

141 Enter Weld Information : testing in upper half of bl ock ; initial 

• We ld Numbe r or stamp lowe r half of bl ock as each 

• Welde r Ide ntification weld is examined and accep ted in com

pliance with c ont rac t require ments. 

NONDESTRUCTIVE EXAMINATION /TESTING REQUIREMENTS FOR PIPING SYSTEMS 

~ M-25 M- 26a COMMENTS 

VISUAL 

Fitup C r. n 
Root Pau C C, D 

·-..,. 
Cover Pau C.E.G C.O.E.G 

LIQUID_ PENETRANT 

Roo t Pau 

Cover Pau A, F _________ _,__ A,_hf ~ - ---- 1------j1-------1- ----- ----+- - --~ 
MAGNETIC PAR TICLE 

Root Pau 

Cover Pau 

RADIOGRAPHIC 

Completed We ld 
I B,C 
' LEAK 1PRE SSURE 

Comple ted Weld _ _____ _,__A_.~,c~ ,E_ A, c, o~, _E- - --------- t------•----- - - ------- -t 
OTHER 

---·-

I • 

:;o 
ct> 
< 

·--. 

c:, 
..... o 
~ rn 

.......... 
o:;o ..... , 

_________ _._ ____ ......1.. ____ _.. _ ___ __,._ ____ • _ ___ _ _._ _____ _. _____ _. _ ____ ...L.. _____ _ ____________ -:--" -;:::: co 

A. 

B . 

C. 
D. 

Acquires witnessin g c oncurrently by the Gove rnment Reprcsc nt a · 

t1ve . and ilCCC(ll iJllCC pri or to rcco,d in !J-

Aequircs acce ptance of 1ad io91aphs iln<I d ocumcntalion hy the Gov 

ernment Rc p,esentat ive p ri or to record ing. 

Circumferential an d lon9itucli11 al bull we lds. 

Full penetration welds on u runch co nnec tions . 

E. 
F. 

G. 

Attachment we lds to pipe . 

T il! ·in c irr.11111lcu,111 ial ancl lonuitudinal hull welds that cann o t Ill! 

1?x ,1111i111:d hy lc .ik/p1cs~ure test. 

01hc r: KEH wi l l i nspec t lO percent of welds, minimum . 

....... co 
.......... I 
\ON 
C) ....... 



0 

DOE/RL 88-27 
Rev. 1, 01/17/90 

KAISER ENGINEERS 
HANFORD I LEAK/PRESSURE TEST CERTIFICATION I Report No I 

I _P~--
Proi~ct or w O No. I Title I Owg H~h!r~nce 1 Test Proceoure/R~_-:-

Construction Spec./Rev. Code or St•ndard Ye•r Adoend• \Clem I 
Stamp Rec:iuired 

O Yes O Ne 

Oescr1pt1on of System or Component(s) Test Boundaries 

Not1f1cat1on Rec:iuiremenu 

0 Quality Control 

O Acceptance Inspection 

0 Safety Engineer 

O Client _________ _ 

O Authorized Inspector 

•----------

TEST PREPARATION 

Valve Line-up Requirements (for permanent valves installed) 

Valvel.O . ______________ _ 

Valve 1.0. ______________ _ 

Valve 1.0 

Valve 1.0 

Valve I.D . ______________ _ 

Valve I.D. ______________ _ 

Required Test Medium Required Test Medium Temp. Flushing Rec:iuiremenu 

O Open O Close 

0 Open O Close 

0 Open D Close 

0 Open O Close 

0 Open D Close 

0 Open D Close 

O Blue Chai lung Requir 

Medium Temp. _________ Flush,'ng __________ O Soao Solution R~ :::·:i. 

i------------------------------------------..... -----------:ii"t 
Design System Design Test Spec1f1ed Preo•red By --..,~, ... 

Pressure _______ _ Pressure _______ _ 
Hold Time ---------

PRETEST CHECKLIST 

Item or Reauirement 

Valve line-up per design requ1remenu (see above tine up). 

Flushing of system and/or component completed per design requiremenu. 

All lines or componenu not to be tested are properly isolated or disconnected. 

Vents and openings checked ; proper Pressure Relief Valve installed and discharge checked . 

Test medium per design requ1remenu; temperature equalized. 

Medium ___________ Medium Temp, __________ (ASME only) 

Tt-st gauge(s) correct range and currently _calibrated. 

SN ________ _ Range ________ _ 

SN ________ _ Range ________ _ 

SN _______ _ Range ________ _ 

Pressure Relief Valve properly set and currently calibrated. 

SN ______ _ PSI Set _______ _ 

SN _____ ....... __ _ PSI Set _______ _ 

SN --------- PSI Set _______ _ 

~l~e~~--------

~1-~e~~---------
Cal. Due Date ________ _ 

Checked Date ________ _ 

Checked Date --------

Checked Date ________ _ 

15493 - ?l!
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KAISER ENGINEERS 
HAIV!=ORCJ LEAK/PRESSURE TEST CERTIFICATION 

TEST PERFORMANCE 

Item or Requirement 

ROT/NE and Other 1f spec1f1ed: 

50% Tp obtained and examInatIon conducted • Tp ________________ _ 

Pressure incremenuat0.10Tp: • Tp ________________ _ 

• Tp -----------------

• Tp -----------------

• Tp -----------------

• Tp -----------------

drostatIc testing • areas to be inspected chalked prior to application of pressure . 

.ydrost,uIc testing• examInatIon conducted while system/component pressurized . 

~I obtained at 
a .m . 
p.m . 

I Pneumatic Testing• soap solution apploed to areas to be tested and system1components examined who le pressurized . 
am 

r,. Specified Tp ~I obtained at 

.e essure Test Ouahty Control Signature 
- D Accepted O Re1ected 

INSPECTION VERIFICATION 

-
Documentation properly prepared. O Yes 

All I0Ints and welded attachments to pressure retaining 
C~ ponenu chalked/soaped as applicable. 0 Yes 

,All 10Ints and welded attachments to pressure retaIn1ng 
componenu visually inspected for leakage. O Yes 

Pressure Test Acceptance Inspection Signature 

O Accepted O Rerected 

Commenu 

NCR No. (1f applocable) 

0 Document Reviewed 

0 Drawings Highlighted 

OTHER 

Client Representative 

Witness• ASME Authorized Inspector 

Construction Engineering 

15493 - 21 
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0 No 

O No 

O No 

p.m . 

Stamp or PR No . 

Actual Tp 
during 
tin. I InspectIon 

Specified hold time 
verified at 

Stamp or PR No. 

PH No. 

Report No . 
Page 2 o f 

Quality Control 

Accept Date 

I Date 

I 

PSI 

a .m . 
p .m. 

Date 

D•te 

D.ate 

Date 
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ACCEPTANCE INSPECTION REPORT 

Proiect No. Inspection Plan No. Contractor Date 

CF D FP D 
Reviewed By 

OOE/RL 88_-27 
Rev. 1, 01/17/90 

Report No. 

Extr; 

DISC Site v,s1ted 

Jobs1te 

Const.IF ab . in Progress 

Civil 0 
Mech. 0 

Elect. 0 
NOE 0 

Items Inspected 

Offme 

D • 
NA 

• Yes O No 0 

Acc. Rej . Other Documentat ion 

.r-~:· ... 

t----------------------------------+----+---f-------------:6"::-:. 

M & TE Used : 0 NA 

Description : 

Number: 

Expiration Date : 

0 Report continued on 
reverse side 

Inspectors Signature 

Other Act1v1t ies/General Comments 
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-' 
Pro1ect No. Inspection Plan No 

' ACCEPTANCE INSPECTION REPORT : 

Items Inspected Acc. ReJ. Oth er Docu ment ation 

! .. 
I 

I 

! 
- . 

! 

i 
·1 

' 
I 
i 
I 
I 

i 
I ··-
i 

! 
_..,,_ 

i 
I 
; 

I 

! -
I 
! ,,.. 

J 

·-, ' ·-
' ·-' 
' Other Act1v1t1es/Genera l Commen ts ' --' -! 

--
;,j . 

·-

I 

i 
' 

• Jate this Report Reviewed by Inspector"s Signa t ure Em ployee No . 

I KEH• 
r Nn ni:- ,rrTrnN 
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SECTION 16300 

HIGH VOLTAGE DISTRIBUTION 
(Above 600-Volt) 

DOE/RL 88-27 
Rev. 1, 01/17/90 

PART 1 - GENERAL 

1. 1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of 
this Section to extent designated herein. 

1.1.1.1 American Association of State Highway and Transportation Officials 
(AASHTO) 

1.1.1.2 

1.1.1.3 

1983 Standard Specifications for 
Highway Bridges, 13th Edition 

American National Standards Institute (ANSI) 

ANSI C2-1987 

ANSI C57.12.00-1980 

ANSI CS?.12.70-1978 

ANSI CS0.1-1983 

ANSI 05.1-1979 

American National Standard 
National Electrical Safety 
Code, 1987 Edition 

American National Standard 
General Requirements -for Liquid
Immersed Distribution, Power 
and Regulating Transformers 

American National Standard 
Terminal Markings and 
Connectio~s for Distribution 
and Power Transformers 

American National Standard for 
Rigid Steel Conduit--Zinc Coated 

American National Standard 
Specifications and Dimensions 
for Wood Po 1 es 

American Wood Preservers Association (AWPA) 

C7-73 

Pl-78 (Revised) 

Western Red Cedar, Northern 
White Cedar and Alaska Yellow 
Cedar Poles - Preservative 
Treatment of In~ised Pole Butts 
by the Thermal Process 

Standard for-Coal Tar Creosote 
for Land and Fresh Water Use 

71416300.SP2.2037 16300 - 1 
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1.1.1.4 

1.1.1.5 

1.1.1.6 

1.1.1.7 

1.1.1.8 

P8-87 

P9-87 

Federal Specifications (FS) 

W-C-1094A 

OOE/RL 88-27 
Rev. 1, 01/17/90 

Standard for Oil-Borne 
Preservatives 

Standard for Solvents and 
Formulations for Organic 
Preservative Systems 

Conduit and Conduit Fittings 
Plastic, Rigid 

Institute of Electrical and Electronics Engineers (IEEE) 

I EH C62. 1-1984 IEEE Standard for Surge 
Arresters for AC Power Circuits 

National Electrical Manufacturers Association (NEMA) 

Standards Publication/ 
No. FB 1-1983 w/Rev through 
Sep 1984 

Standards Publication/ 
No. ICS 6-1983 w/Rev 
through Nov 1986 

Standards Publication/ 
No. RN 1-1980 

Standards Publication/ 
No. WC 8-1976 (R 1982) 
w/Rev through Jan 1983 

Fittings and Supports for 
Conduit and Cable Assemblies 

Enclosures for Industrial 
Controls and Systems 

Polyvinyl-Chloride Externally 
Coated Galvanized Rigid Steel 
Conduit and Electrical Metallic 
Tubing 

Ethylene-Propylene-Rubber
Insulated Wire and Cable for the 
Transmission and Distribution 
of Electrical Energy 

National Fire Protection Association (NFPA) 

NFPA 70 Nati ona 1 El ectri ca 1 Code, 
1987 Edition 

Underwriters Lab.oratories, Inc (UL) 

May 1988 

May 1988 

Electrical Appliance and 
Utilization Equipment Directory 

Electrical Construction 
Materials Directory 

71416300.SP2.2037 16300 - 2 
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1.1.1.9 

UL 1242-1985 

DOE/RL 88-27 
Rev. 1, 01/17/90 

Standard for Intermediate Metal 
Conduit 

Washington State Department of Transportation (WSOOT) 

M41-10-88 Standard Specification for 
Road, Bridge, and Municiple 
Construction 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.2.1 Approval Data: Submit information listed in Column 5 of Vendor 
Data List in this Section. 

1.2.2 Certified Vendor Information (CVI): Submit information listed in 
Column 6 of Vendor Data List in this Section. 

1.3 QUALITY ASSURANCE 

1.3.1 Standards: Products shall be identified for )ntended purpose by 
Underwriters Laboratories, Inc (UL) in the Electrical Appliance and Ut.ili
zation Equipment Directory or Electrical Construction Materials Directory, 
and bear listing mark of laboratory. In absence of mark, submit documentat ion 
of applicable listing. Listing and marking by UL is not required for produc ts 
specified to meet the requirements of a national standard, or designated by 
manufacturer's part number on the Drawings or in this Section . 

1.4 DELIVERY, STORAGE, ANO HANDLING 

1.4.1 Delivery 

1.4.1.1 Cable: Upon delivery to site inspect cable and reels for shipp ing 
damage such as: 

a. Marks caused by improper lifting equipment or techniques . 

b. Breaks or cuts in outer covering. 

c. Damaged jacket or insulation. 

d. Reel damage from mishandling. 

1.4.1.2 Test: Operating Contractor will perform de overpotential test on 
new cable upon delivery to site. Acceptance criteria is given in 
subparagraph 3.3.2.1. 

1. 4. 2 

1.4.2.1 

Storage 

Cable 

a. Star~ reels with flanges resting on hard-surface or pallet 
to prevent sinking into ground. 

71416300.SP2.2037 16300 - 3 
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1.4.2.2 

b. 

DOE/RL 88-27 
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Reel flanges shall not touch cable on other reels. 

c. Do not store reels on side. Store with reel axis horizontal. 

d. Cap or tape cable ends to prevent entrance of moisture. 

Pole line materials 

a. Poles stored longer th~n 2 weeks shall be stacked on supports 
at least 1 foot above ground. Strength and spacing of supports, and manner 
of stacking shall produce no noticeable distortion in poles. 

b. Locate material stored at site to prevent damage from weather 
and adjacent construction operations. 

1. 4 .3 

1.4.3.l 

covering. 

1.4.3.2 

Handling 

Cable 

a. Do not drop reels. 

b. Slings and forklifts shall not contact cable or protective 

c. Use spreader bar when lifting reel with bar and sling. 

Pole line material 

a. Handle poles, fittings, insulators, and miscellaneous 
hardware with care to prevent damage. Unload carefully from truck and do 
not drop. Do not drag poles. 

b. Do not use construction hooks, tongs, or other sharp tools 
on treated portion of poles. 

PART 2 

2 .1 

PRODUCTS 

MATERIALS 

2.1.1 Solderless Connectors and Terminal Lugs: Pressure type, rated for 
use with copper or aluminum conductors. 

Raceways, Fittings and Boxes 2 .1. 2 

2.1.2.1 
follows. 

Conduit shall meet · the requirements of appropriate standard as 

a. 

b. 

Rigid steel 

Intermediate metal 

71416300.SP2.2037 16300 - 4 
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c. PVC (Schedule 40) 

DOE/RL 88-27 
Rev. 1, 01/17/90 

FS W-C-1094 , Type II 

2.1.2.2 PVC coating on rigid steel conduit : Factory applied, a~d meet the 
requirements of NEMA RN 1, Type A-40. 

2.1.2.3 Fittings for rigid steel conduit shall meet the requirements of 
NEMA FB 1. 

2.1 . 2.4 Use "Myers" type watertight fittings or sealing type locknuts for 
conduit entries into sides or tops of NEMA Type 3, 3R, or 4 enclosures. 

2.1.3 Cable: 15 kV single conductor meeting the requirements of 
NEMA WC 8 for both wet and dry conditions at normal operating temperature of 
90 C max. 

2.1.3.1 Conductor: Copper, annealed, Class B concentric stranding. 

2.1.3.2 Conductor shield: Extruded semi-conducting thermosetting 
compound, 15 mils thick, minimum. 

2.1.3.3 Insulation: Ethylene-propylene-rubber , 220 mils thick , -minimum. 

2.1.3.4 Insulation shield: Minimum 30 mil extruded nonmetallic cover i ng 
over insulation with minimum 5 mil nonmagnet i c metal component di rect ly ove r 
or embedded in covering. 

2.1.3.5 Jacket: Black polyethylene , 80 mils average min i mum th ickness . 

2.1.3 . 6 Cable shall have continuou·s permanent printing on jacket showing 
manufacturer's name, trade name, type , size , rated vo ltage and footage 
markings. Cable reels shall be marked to show above i nformation and l ength 
of each cable. Ends of cable shall have weatherproof sea l s and both end s 
exposed on reel, accessible for testing. 

2 . 1. 4 Wiremarkers : Imprinted tubular plastic . 

2.1.5 Nameplates : Made from 1/16 inch lami nated pl astic stock wit h 
white surface and black core. Edges smooth , without burrs , and beve l ed 
45 degrees. Letters sharp and clear . 

2. 1.6 Wire Pulling Compound: "Y-er Eas" manufactured by Electro 
Compound Co, or Polywater manufactured by American Polywater Corp . 

2.1. 7 Tape 

2.1.7.1 Plastic insulating tape: Scotch No . 33+ manufactured by 
3M Company . 

2.1. 7. 2 Condu i t protect i on tape : Scotchrap No . SO manufactu red by 
3M Company . 

71416300 .SPZ.2037 16300 - 5 
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2.1.7.3 Silicon rubber termination tape: Scotch No. 70 manufactured ty 
3M Company. 

2.1.8 Insulating Putty: "Scotchfil" manufactured by 3M Company, 
GE No. 8389 manufactured by General Electric Co, or "Airseal" manufac tured 
by Kearney Company. 

2.1.9 Tie Wires: Length, material type and size, and installation 
method as recommended by line conductor manufacturer. 

2.1.10 Connectors: For connecting copper conductors to .aluminum 
conductors shall be manufactured for purpose and listed by UL. 

2.1.11 Wood Poles: Meeting the requirements of ANSI 05.1 and .be western 
red cedar cut from live timber. Poles shall be butt-treated by manufacturer 
in accordance with AWPA C7, using preservative meeting the requirements of 
AWPA PB and P9, or Pl. Each pole shall be given single top cut at 30 degree 
angle with normal to axis of pole and at right angles to sweep. Gains sha ll 
be cut so.roof will be at right angles to line and sweep of pole will be i n 
line. Roofs and gains shall be brush-treated by manufacturer with specified 

o preservative. Each gain shall fit crossarm tightly. Bolt holes shal l not 
be more than 1/16 inch oversize. 

2.2 EQUIPMENT 

2.2.1 Equipment enclosure shall meet the requirements of NEMA ICS 6-1 10 
and be Type 3, 3R, or 4. 

2.2.2 Outdoor Distribution Transformer: Meeting the requirements of 
ANSI C57.12:00 with kVA and voltage ratings shown on the Drawings. Trans
former shall be oil filled, 55c rise, deadfront loop feed, self-cooled 
3 phase with 2 primary !-piece integral bushings for each phase as shown on 
the Drawings and have two 2-1/ 2 percent above and beiow normal high-voltage 
taps. Identify high and low voltage bushings in accordance with 
ANSI C57.12.70. 

2.2.2.1 Transformer shall be self-protecting with metal oxide varistor 
elbows, deadfront arrester, 15 kV class arrester elbow , gapless, sol id-state 
with metal oxide varistor permanently sealed into elbow shank. Primary 
fuses Bay-a-net fused with Kerney DEWL Cat. No. 124080-15, Kerney Back-up 
CLF Cat. No. 150615-65 and secondary breaker shown on the Drawings. 

2.2.2.2 Transformer shall be designed for pad mounting and includ e . 
fo 11 owing. 

a. Three 400 to SA current transformers: General Electric Type 
JAB-0 Cat. No. 750X36G204 with socket type kilowatt hour demand meter fo r 
277/ 480V ac, wye, 3 phase, 4 wire, 400A system, Westinghouse Type D4S-8M 
Class 10, 240V. 

b. Maximum connected load: 225kVA . 
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Wli5ll-MM. 

c. Pulse generator 

1) KWH/pulse: 0.25. 

2) Pulse ratio : 125/144. 

DOE/RL 88-27 
Rev. 1, 01/17/90 

d. Sweephand type demand register with 30 minute demand interval . 

e. Combination meter socket and test switch: Superior Cat. No. 

2.2.3 Load break center module and load break elbows shown on the 
Drawings. 

2.2.4 Overhead Lightning Arresters: Distribution valve type rated 
15 kV, 95 BIL, for use on 13.8 kV high impedance ground system, and meeting 
the ·requirements of IEEE C62.l. Porcelain bodies shall be wet porcelain 
with uniform color glaze. Galvanized ~ap and base hardware shall have bolted 
clamps for both line and ground conne~tions. Mounting bolts shall be 
galvanized. 

2.2.5 Manhol~s: Reinforced precast concrete utility vault with top, 
configuration shown on the Drawings, and meeting AASHTO, Section 1.2.5 (E), 
H-20 load criteria; Arco Concrete, Inc Cat. No. 6060-7 complete with manhole 
ring and cover meeting the requirements of WSDOT M41-10, Section 9-05.15( 1). 

PART 3 - EXECUTION 

3.1 PREPARATION 

3.1.1 Field Measurements: Scale dimensions on the Drawings show desired 
and approximate location of equipment , actual locations, distances, and 
levels shall be governed by field conditions. 

3.2 

3.2.1 

3.2.1.1 

3.2.1.2 

INSTALLATION 

Genera 1 

Perform work in accordance with NFPA 70 (NEC) and ANSI C2. 

Install products as shown on the Drawings and specified. 

a·. Identify electrical equipment with nameplates engraved with 
designation and function shown on the Drawings. 

b. Attach nameplates on or near equipment with clear RTV 
silicone sealant. 

3.2. 1.3 Use appropriate special calibrated tools when installing devices 
for which spec i al installation tools _ are recommended by manufacturer. 
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3.2.2 Ground Systems: Use galvanized, stranded steel conductors for 
ground conductors i nstal l ed in earth or concrete. Make joints connecting 
copper and galvanized steel conductors above grade and in dry locat i on . 

3.2.3 

3.2.3.1 

Conduits 

Use rigid steel or intermediate metal conduit. 

3.2.3.2 Use PVC coated rigid steel conduit in contact with earth . Install 
in accordance with manufacturer's recommendations. Repair coating, damaged 
during handling or installation using PVC paint recommended by conduit 
manufacturer. 

3.2.3 .3 Install #14 gage galvanized steel pull wire or 1/8 inch poly-
ethylene rope in conduit installed and left empty for future use. 

3.2.3.4 Permanently label or mark at both ends with conduit number shown 
on the Drawings. 

3.2.3 . 5 Make elbows, offsets and bends uniform and symmetrical. Bend 
conduit with approved bending devices. 

3.2.3.6 Cut square, ream and remove burrs. Conduit shall be clean, dry, 
and free of debris. Immediately after installation, plug or cap exposed 
ends with standard accessories until wires are installed. 

3.2.3.7 Use galvanized steel locknuts and insulated bushings for attach-
ment to enclosures except threaded hubs or sealing locknuts shall be used 
outdoors or where moisture is present. Threadless fittings will not be 
permitted for rigid· conduit. Use Erickson type couplings where required. 
Do not use running threads. 

3. 2.3.8 Use pipe straps, 1 hole clamps equipped with clampbacks or 
Unistrut with clamps to secure conduits. 

3.2.3.9 Set up joints in conduit installed in · concrete, underground, or. 
exposed to weather, with high temperature, antiseize, conductive thread 
lubricant and sealant. 

3.2.3.10 Install exposed conduit stubbing up through concrete slabs 
straight and plumb, lined up, and uniformly spaced. Install at suff i cient 
depth below slab to eliminate part of bend above top of slab. Couple condu it 
flush with surface of slab . Verify stub-up locations with final equipment 
arrangements. 

3.2.3.11 Wrap conduit, passing from concrete to air or to direct burial, 
with conduit protect i on tape 3 inches in concrete to at least 12 inches in 
earth or 3 inches in air, unless conduit is PVC coated. 

Underground Duct Banks 3.2 . 4 

3. 2. 4 .1 Use PVC conduit in concrete encased duct banks. 
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Install underground ducts as shown on the Drawings. 

Seal conduit at both ends with duct sealing compound. 

3.2.4.2 

3.2.4.3 

3.2.4.4 
KEH . 

Form concrete encasements unless written waiver is obtained from 

3.2.5 Nonaerial Type Conductors 

3.2.5.1 Use paint or pressure-sensitive colored tape to identify conduc-
tors instead of colored insulation on #4 AWG and larger wire only. Maintain 
phase color coding. Identify equipment grounding conductors clearly through
out system. 

3.2.5.2 Use lubricant recommended by cable manufacturer, or wire pulling 
compound specified, to decrease friction when pulling wire and cable through 
conduit. 

3.2.5.3 Do not install or handle wires with thermoplastic insulation or 
jacket when ambient temperature is 15 For below. 

3.2.6 Sp-lices, Taps and Cable Terminations 

3.2.6.1 Make splices and taps with solderless connectors described in 
Paragraph 2.1.1. Use connectors in accordance with manufacturer ' s 
instructions. 

3.2.6.2 Use plastic insulating tape for uninsulated splices and taps to 
thickness at least equal to conductor insulation. Where bolted splice or 
connection presents irregular surface , apply insulating putty to joints before 
taping. 

3.2.6 .3 Use crimp-on type, ring or spade lugs with turned up legs for wire 
terminations of stranded conductors to binder screw or stud type terminals. 
Lugs shall have insulated sleeves. 

3.2.6.4 Follow manufacturer's instructions and directions for splices , 
stress cones and cable terminations. 

3.2.6.5 Wrap terminations for stranded insulated conductors on aerial 
equipment with 2 half-lapped layers of plastic insulating tape from 2 inches 
back on cable insul~tion to cover barrel of terminal . Taping shall effect 
moisture barrier so moistur~ cannot penetrate between conductor and insulation 
or interstices of stranded conductor. Overlay 1 half-lapped layer of silicon 
rubber termination tape over plastic insulating taping. 

3.2.7 Setting Poles 

3.2.7.1 Excavate holes large enough to admit tamp i ng bar around pole at 
butt. Do not use explosives to excavate hoi es. 
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3.2.7.2 Use backfill materials which can be solidly compacted by _hand 
tamping in 6 inch lifts. Compact surplus earth around pole ~n cone 1 foot 
high above grade. Add additional backfill where backfill has settled, and 
tamp before completion of work. 

3.2.7.3 Set 30 foot poles 6 feet in earth and 50 foot poles 7 feet in 
earth. Measure depth from lowest side, on moderately sloping ground and 
from point 2'-6" from center of pole toward low side on steep slopes, cuts, 
embankments, or where soil is likely to be washed away from pole. 

3.2.7.4 Set poles plumb and in line, except that corners and other strain 
points which are guyed shall have butts displaced to keep tops in line where 
feasible. At such locations, rake against strain shall be approximately 
3 inches for each 10 feet of height. 

3.3 

3, 3 .1 

FIELD QUALITY CONTROL 

Testing, General 

3.3.1.1 Test equipment and w,r,ng for continuity and unintentional 
grounds, and verify proper phase sequence and voltage at equipment served 
before attempt is made to operate equipment. Notify KEH before start of 
tests. Correct items found, during testing or examination by KEH, to be at 
variance with the Drawings and this Section. 

3.3.1.2 
testing. 

Furnish ·instruments, labor and equipment required to conduct the 

3.3.1.3 Use test instruments which bear valid calibration stamp showing 
date of calibration and expiration date of stamp. Calibration and accuracy 
of test instruments shall be certified by independent testing laboratory 
having standards traceable to the National Bureau of Standards. 

3.3.1.4 In addition to testing specified to be performed by Contractor, 
installation will be subject to examination by KEH for conformance with 
design and applicable codes. Assist KEH as requested. · 

3.3.2 Acceptance Testing 

3.3.2.1 Upon receipt of new cable, Operating Contractor will perform 
following tests. 

Acceptance Criteria 

a. de Test Overpotential (Hi-Pot) Leakage current not 
5 kV shielded and nonshielded to exceed 5 micro-
cable tested at 25 kV de for amps. 
15 minutes . 15 kV de shielded 
cable tested at 55 kV de for 
15 minutes . 
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3.3.2 . 2 After installation Operating Contr actor wil l perform fol l ow i ng 
tests to verify acceptability of installation . 

a. Transformer 
Routine 
Resistance Measurement 

Combustible Gas 
Oil Neutralization Number 
Oil Dielectric 
Oil Interfacial Tension 
Askarel Content 
Oil Power Factor 
Oil PCB Content 

b. Cable 

71416300 .SP2.2037 

ac Power Factor 
(not to exceed rated 
voltage of cable) . 

de Overpotential (Hi Pot) 
5 kV shielded and 
nonshielded cable tested 
at 25 kV de for 15 minutes . 
15 kV shielded cable tested 
at 55 kV de for 15 minutes. 

Shield resistance test for 
shield-to-termination 
continuity between phases 
and between each phase and 
ground. Observe uniformi ty 
between resistance readings . 
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Acceptance Criteria 

ANSI C57.12.00 
Not applicable, for base 
data 
Less than 0.5 percent 
Less than 0.1 mg KOH/ gram 
18 kV or greater . 
18 dynes/Cm or greater 
1 PPM 
1 percent 

Less than 1 PPM 

Power factor not to exceed 
2 percent . 

leakage current not to 
exceed 5 micro -amps . 

Resistance readings greater 
than 5 ohms are general ly 
i ndicat i on of discont i n11 ity 
(or open ci rcu i t ) and are 
not acceptable . 
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SECTION 16400 

SERVICE ANO DISTRIBUTION 
(600-Volt and Below) 

OOE/RL 88-27 
Rev. 1, 01/17/90 

PART 1 - GENERAL 

1.1 REFERENCES 

1.1.1 Reference Standards and Specifications: The following standards 
and specifications, including documents referenced therein, form part of this 
Section to extent designated herein. 

1.1.1.1 

1.1.1.2 

1.1.1.3 

American National Standards Institute (ANSI) 

ANSI C80.l-1983 

Federal Specifications (FS) 

W-C-1094A 

W-F-4060 

TT-S-00230C, 
Including AMO 2 

WW-C-566C 

American National Standard for 
Rigid Steel Conduit--Zinc Coated 

Conduit And Conduit Fittings 
Plastic, Rigid 

Fittings For Cable, Power, 
Electrical And Conduit, Metal, 
Fl exi b 1 e 

Sealing Compound: Elastomeric 
Type, Single Component (For 
Calking, Sealing, And Glazing 
In Buildings And Other 
Structures) 

Conduit, Metal, Flexible 

National Electrical Manufacturers Association (NEMA) 

Standards Publication/ 
No. FB 1-1983 w/Rev through 
Sep 1984 

Standards Publication/ 
No. !CS 6-1983 w/Rev through 
Nov 1986 

Standards Publication/ 
No. RN 1-1980 

Fittings and Supports for Conduit 
and Cable Assemblies 

Enclosures for Industrial 
Controls and Systems 

Polyvinyl-Chloride Externally 
Coated Galvanized Rigid Steel 
Conduit and Electrical Metallic 
Tubing 
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1.1.1.5 
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National Fire Protection Association (NFPA) 

NFPA 70 National Electrical Code, 
1987 Edition 

Underwriters Laboratories, Inc (UL) 

May 1988 

May 1988 

UL 1242-1985 

Electrical Appliance and 
Utilization Equipment Directory 

Electrical Construction Materials 
Directory 

Standard for Intermediate Metal 
Conduit 

1.2 SUBMITTALS: Refer to Section 01300 for submittal procedures. 

1.3 QUALITY ASSURANCE 

1.3.1 Standards: Products shall be identified for intended purpose by 
Underwriters Laboratories, Inc (UL) in the Electrical Appliance and 
Utilization Equipment Directory or Electrical Construction Materials 
Directory, and bear listing mark of laboratory. In absence of mark, submit 
documentation of applicable listing. Listing and marking by UL is not 
required for products specified to meet the requirements of a national 
standard, or designated by manufacturer's part number on the Drawings or in 
this Section. 

PART 2 

2. 1 

PRODUCTS 

MATERIALS 

2.1 . 1 Solderless Connectors and Terminal Lugs: Pressure type, rated for 
use with copper or aluminum conductors with insulating caps or covers rated 
for system utilization voltage. Connectors shall be types specified below. 

2. 1.1.l For conductors #8 AWG and smaller. 

a. Idea 1 Industries, Inc "Wire-Nuts." 

b. Thomas and Betts Company "Sta-Kon." 

c. 3M Company "Scotchlok." 

2. 1.1.2 For conductors #6 AWG and larger. 

a. Burndy Engineering Company "Screw Pressure Connectors" or 
"Hydent . " 

b . Thomas and Betts Company "Lock-tite." 
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2 .1. 2 Raceways, Fittings and Boxes 

2.1.2.1 Conduit shall meet the requirements of appropriate standard as 
follows. 

a. Rigid steel 

b. Intermediate metal 

c. PVC (Schedule 40) 

d. Flexible metal 

ANSI CSO.l 

UL 1242 

FS W-C-1094, Type II 

FS WW-C-566 

2.1.2.2 PVC coating on rigid steel conduit: Factory applied, and meeting 
the requirements of NEMA RN 1, Type A-40. 

2.1.2.3 Conduit fittings for rigid steel and electrical metallic tubing 
shall meet the requirements of NEMA FB 1. Only compression type threadless 
fittings shall be used with EMT. 

2.1.2.4 Fittings used with flexible metal conduit shall meet the 
requirements of FS W-F-406 and be squeeze type only. Flexible metal conduit 
shall have integral ground conductor. 

2.1.2.5 Use ttMye~stt type watertight fittings or sealing locknuts 
manufactured by Midwest Electric Manufacturing Corp, for conduit entries 
into sides or tops of NEMA Type 3 or NEMA Type 3R enclosures. 

2.1.3 Conductors: Stranded copper, type and AWG size specified on the 
Drawings. 

2.1.3.1 Conductor insulation: Type THWN/THHN or XHHW. 

2. 1.4 Leak Sensing and Locating Cable: Raychem TraceTek Catalog 
No. TT300-MSC. 

2.1.4.1 Modular jumper cable: With male connector on 1 end and female 
connector on other end; Raychem TraceTek Catalog No. TT300-MJC. 

2.1.4.2 Modular end termination: Raychem TraceTek Catalog No. TT300-MET. 

2.1.4.3 Jumper cable: 
connector on other end; 

3 foot long with male connector on lend and female 
Raychem TraceTek ·catalog No. TT300-RPT. 

a. Use for connecting sensing cables together, if required. 

2.1.5 Wiremarkers: Imprinted tubular plastic. 

2.1.6 Nameplates: Made from 1/16 inch laminated plastic stock with 
white surface and black core. Edges smooth, without burrs, and beveled 
45 degrees. Letters sharp and clear. 
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2.1.7 Concrete and Masonry Anchors: Kwik-Bolt manufactured by 
Hilti Fastening Systems or Red Head Wedge Anchor manufactured by 
Phillips Drill Company. 

2.1.8 Wire Pulling Compound: "Y-er Eas" manufactured by Electro Compound 
Company or Polywater manufactured by American Polywater Corp. 

2.1.9 Tape 

2.1.9.l 
Company. 

Plastic insulating tape: Scotch No. 33+ manufactured by 3M 

2. 1.9.2 Conduit protection tape: Scotchrap No. 50 manufactured by 
3M Company. 

2.1.10 Insulating Putty: "Scotchfil" manufactured by 3M Company, 
GE No. 8389 manufactured . by General Electric Co, or "Airseal" manufactured 
by Kearney Company. 

2.1.11 Duct Sealing Compound: "Sealex" manufactured by Porcelain Products 
Co or "Kerite" manufactured by Kerite Co. 

2.1.12 Nonshrink Grout: See Section 03300. 

2.1.13 Hangers for Individual Conduits: Factory made springable wrought 
steel clamps or malleable iron, split and hinged rings. For suspended 
conduit, clamps or rings shall be bolted to, or interlocked with threaded 
suspension rod. 

2.1.14 Sealant: Polysulfide meeting the requirements of FS TT-S-00230, 
Type II, Class B. 

2.2 EQUIPMENT 

2.2.1 Equipment enclosures shall meet the requirements of NEMA res 6-110 
and be Type 3, 3R or 4. 

2.2.2 Terminal Blocks 

2.2.2.1 For #10 AWG conductors and smaller: Either I-piece or factory 
assembled sectional double terminal, barrier type, with binder screw 
terminals. Terminal ampacities shall be equal to or greater than conductor 
ampacities; Marathon or Buchanan. 

2.2.2.2 For #8 AWG conductors and larger: Either I-piece or factory 
assembled sectional barrier type with box lug terminals having pressure plate 
between screw and conductor. Size terminals to accommodate conductors to be 
connected . 
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2. 2.2.3 Furnish covers to cover live parts of terminations for circuits of 
more than 150 volts to ground. Provide with means for ready inspection and 
full width marking areas. 

2.2.3 Annunciator: Similar to Xl2 Series manufactured by Ronan. 

2.2.3.1 Weatherproof, in NEMA 4 enclosure, with 7 row high by 8 column 
wide plug-in light boxes. Input power 120V ac, 60 Hz. 

2.2.3.2 Display shall have white translucent nameplates 3 inches by 
2-3/4 inches nominal. Lamp boxes shall have 1 alarm point each with minimum 
2 lamps for each alarm. 

2.2.3.3 Solid state electronics with internal 24V de power supply. Field 
contacts field selectable, NO or NC, for 24V de. 

2. 2.3.4 Features 

a. Lock-in of momentary ~larms. 

b. Auxiliary contacts. 

c. Ring-back circuit by alarm audible signal. 

d. Signal own failure. 

e. Lamp test. 

f. Flasher, common "acknowledge" pushbutton , and common "test" 
pushbutton located in cabinet. 

2.2.3 .5 Sequence of operation 

STAGE 

Normal 
Alert, initial 
Acknowledge, initial 
Return to normal 
Reset 

VISUAL SIGNAL 

Off 
Flashing 
On steady 

Off 
Auto 

AUDIBLE SIGNAL 

Off 
On 
Off 
Off 
Auto 

2.2 .3.6 Accessories: Horn, 120V ac, NEMA 4 rating, 24V de power supply 
located in cabinet. 

PART 3 - EXECUTION 

3.1 PREPARATION 

3.1.1 . Field Measurements: Scale dimensions on Drawings show desired and 
approximc.te location of equipment , actual locations , distAf!ces , and level~ 
shall be governed by field conditions . 
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3.2 

3. 2 .1 

3.2.1.1 

INSTALLATION 

General 

Perform work in accordance with NFPA 70 (NEC) . 

DOE/RL 88-27 
Rev. 1, 01/17/90 

3.2.1.2 Fasten equipment to structural members of building or metal 
supports attached to structure, or to concrete surfaces. 

a. Use clamping devices for attaching to struct~ral steel, or , 
when clamping is impracticable, obtain written authority from KEH to weld 
to, drill or cut structural members to provide attachment. 

b. Fasten equipment to concrete or masonry with expansion 
anchors. 

c. Attach to drywall by screws into studs, and to metal wall 
panels by weld studs, bolts or self-tapping metal screws. 

d. Locate equipment, boxes and conduit approximately where shown 
in relation to equipment served. 

e. Do not install conduit raceways and boxes in positions that 
interfere with work of other trades . 

f. Identify components by nameplate engraved with designation 
and function shown on the Drawings . 

g. Attach nameplates on or near equipment with clear RTV silicone 
seal ant. 

3.2.1.3 Use appropriate special calibrated tools when installing devices 
for which special installation tools are recommended by manufacturer. 

3.2.2 Grounding Systems 

3.2.2.1 Underground conductors, electrodes, and connections: Install in 
accordance with the Drawings. Make joints connecting copper and galvanized 
steel conductors above grade and in dry location. 

3.2.2.2 System and equipment grounding: Solidly ground neutral conductor 
of 3-wire, single phase and 4-wire, 3 phase, wye-connected distribution 
systems. Ground equipment in accordance with the Drawings ~nd the NEC. 

3.2.3 Conduit 

3.2.3.1 Use rigid steel or intermediate metal where subject to mechanical 
damage, installed in concrete floors and walls, installed exposed to weather, 
or installed 4 feet or less above floor. 

3.2.3.2 Install #1 4 gage galvanized steel pull wire or 1/8 inch 
polyethylene rope in spare conduits. 
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3.2.3.3 Install concealed conduits as directly as possible and with bend 
· radii as long as possible. Install exposed conduit parallel with or at 
right angles to building lines. 

3.2.3.4 Permanently label each conduit, using black paint and stencil, at 
both ends, with number shown on the Drawings. 

3.2.3.5 Make elbows, offsets and bends uniform and symmetrical. Bend 
conduit with approved bending devices. 

3.2.3.6 Cut square, ream and remove burrs. Conduit shall be clean, dry, 
and free of debris. I11111ediately after installation, plug or cap exposed 
ends with standard accessories until wires are installed. 

3.2.3.7 Use galvanized steel locknuts and insulated bushings for attachment 
to enclosures except .threaded hubs or sealing type locknuts shall be used 
outdoors or where moisture is present. Threadless fittings will not be 
permitted for rigid conduit. Use Erickson type couplings where required. 
Do not use running threads. 

3.2.3.8 Use 1 hole clamps equipped with clampbacks or Unistrut with clamps 
to secure conduits. 

3.2.3.9 Install without moisture traps wherever possible. Where 
practicable, provide drain holes in pullboxes or fittings at low points in 
raceway systems and remove burrs from drilled holes. 

3.2.3.10 Flexible conduit 

a. Use to make connections to motors and other equipment subject 
to vibration. Use liquidtight flexible metal conduit where conduit and 
fittings are installed outdoors or exposed to moisture or chemical fumes 
indoors. 

b. Use in lengths not exceeding 4 feet for other equipment, with 
approval of KEH. 

c. Use for flush and recessed lighting fixtures in lengths at 
least 4 feet, but not exceeding 6 feet. 

3. 2.3.11 Set up joints in conduit installed in concrete, underground, or 
exposed to weather, with high temperature, antiseize, conductive thread 
lubricant and sealant. 

3.2.3.12 Install exposed conduit stubbing up through floor slab straight and 
plumb, lined up, and uniformly spaced. Install at sufficient depth below slab 
to eliminate part of bend above top of slab. Cap or plug stub-up before 
placing concrete. Verify ·stub-up locations with final equipment arrangements. 
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3.2.3.13 Wrap conduit passing from concrete to air or to direct earth burial 
with conduit protection tape from 3 inches in concrete to at least 12 inches 
in earth, or 3 inches in air, unless conduit is PVC coated. 

3.2.3.14 Where routing is parallel with hot 
minimum 6 inch clearance from pipe covering. 
it is acceptable to run closer than 6 inches, 
pipe covering. 

water or steam pipes, maintain 
Where not run parallel with pipe 
providing conduit does not touch 

3.2.3.15 Encase conduit installed below grade with minimum 3 inches of 
concrete on all sides. Use PVC coated rigid steel where shown on the 
Drawings. 

3.2.3.16 Install PVC coated conduit in accordance with manufacturer's 
recommendations. Repair coating, damaged during handling or installation 
using PVC paint recommended by conduit manufacturer. 

3. 2.3.17 Seal opening around conduit penetrating manhole walls with 
nonshrink grout. 

3. 2.4 

3. 2.4 .1 
banks. 

Underground Duct Banks 

Use either rigid steel or PVC conduit in concrete encased duct 

3.2.4.2 For single conduit runs, PVC coated rigid steel conduit may be 
used instead of concrete encased duct bank. 

3.2.4.3 Install underground ducts in accordance with the Drawings and 
route without drains where possible. 

3. 2.4.4 Where drains or risers are required, install in accordance with 
the Drawings. Seal conduit at both ends with duct sealing compound. 

3. 2.4.5 
KEH. 

Form concrete encasements unless written waiver is obtained from 

3.2.5 

3.2.5.1 

Boxes, Enclosu~es and Wiring Devices 

Install boxes firmly in position and plumb. 

3.2.5.2 Install extension ring with blank cover on flush mounted junction 
boxes where box serves permanently installed equipment. 

3.2.5.3 Flush mount junction boxes served by concealed conduit. 

3.2.5.4 Install dust covers on junction, pull, and outlet boxes, and other 
types of wiring outlets at initial installation. Do not remove dust covers 
until wires are installed and permanent cover or device is placed on box or 
outlet. 
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3.2.6 Conductors 

3.2.6.r Do not bend cables installed in wireways to less than 
manufacturer's reco11111ended minimum bending radius. Bind power and 
circuits separately with nylon cable ties, at 18 inch intervals. 
in wireways in straight parallel lines, and avoid crossing. 

3.2.6.2 Maximum pulling tension on conductors: Reco11111ended by 
manufacturer. 

control 
Lay cables 

3.2.6.3 Identify each conductor designator by wire number on the Drawings 
with wire marker. Attach wire marker at each termination point within 
2 inches of wire termination. Marker nomenclature shall be visible without 
moving wire or marker. 

3.2.6.4 Paint or pressure-sensitive colored tape may be used for coding 
conductors instead of colored insulation on #8 AWG and larger wire only. 
Maintain phase color coding, in accordance with the Drawings, for branch and 
feeder circuits up to and including equipment connections. 

a. Use colored tape to properly code existing conductors whose 
color does not comply. · 

3.2.6.5 Use lubricant reconvnended by cable manufacturer, or wire pulling 
compound specified, to decrease friction when pulling wire and cable through 
conduit. 

3.2.6.6 Do not install or handle wires with thermoplastic insulation or 
jacket when ambient temperature is 15 For below. 

3.2.6.7 Install and mark direct burial cable in accordance with the 
Drawings. 

3.2.7 Splices, Taps and Cable Terminations 

3.2.7.1 Make splices and taps in building wire with solderless connectors 
described in Paragraph 2.1.1. Use connectors in accordance with 
manufacturer's instructions. 

3.2.7.2 Use plastic insulating tape for uninsulated splices and taps. 
Apply tape to thickness at least equal to conductor insulation. Where bolted 
splice or connection presents irregular surface, apply insulating putty to 
joints before taping. · 

3.2.7.3 Use crimp-on type ring or spade lugs with turned up legs for wire 
terminations of stranded conductors to binder screw or stud type terminals. 
Lugs shall have insulated sleeves. 

3.2.8 Sensing Cable: Install in bottom of annulus between 2 inch inside 
and 4 inch outside pipes of grout transfer line as follows. 
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3.2.8.l Install #14 gage galvanized steel pull wire from 1 termination 
access port to next at time of pipe fabrication and installation. Take care 
to ensure pull wire is installed in bottom segment of annulus and not burned
off or welded to pipe. 

3.2.8.2 Pull in cable after completion of pipe installation. 

3.2.8.3 Connect cables at each termination access port using connectors 
supplies as part of modular sensing cable. 

3.2.8.4 Install specified modular end termination on end of cable at vault 
pit, and lay cable back in annulus. 

3.2.8.5 Contact representative of TraceTek before installation of first 
sensing cable, and as needed for installation of remaining cables. 

3.3 

3.3 . 1 

FIELD QUALITY CONTROL 

Testing, General 

3.3.1.1 Test equipment and wiring for continuity and unintentional grounds, 
and verify proper phase sequence and voltage at equipment served before 
attempt is made to operate equipment. Notify KEH before start of tests. 
Correct items found, during testing or examination by KEH, to be at variance 
with the Drawings and this Section. · 

3.3.1.2 
testing. 

Furnish instruments, labor and equipment required to conduct 

3.3.1.3 Use test instruments which bear valid calibration stamp showing 
date of calibration and expiration date of stamp. Calibration and accuracy 
of test instruments shall be certified by independent testing laboratory 
having standards traceable to the National Bureau of Standards. 

3.3.1.4 In addition to testing specified to be performed by Contractor, 
installation will be subject to examination by KEH for conformance with 
design and applicable codes. Assist KEH as requested: 

3.3.2 Wiring Systems 

3.3.2.1 Megger conductors rated 600 volts and used for services, feeders 
or branch circuits over 150 volts to ground, phase-to-phase, and 
phase-to-ground. Minimum acceptable value of insulation resistance is 
200 megohms. Megger manufacturer's instruction pamphlet, furnished with 
rnegger, shall provide instructions for conducting tests. Disconnect devices 
not capable of withstanding voltage or current of megger test, such as 
indicating instruments, relays and lamps, before test is made. Voltage 
output of megger shall be lOOOV de, nominal. 

3.3.2.2 Test wiring operating less than 150 volts to ground for continuity 
and unintentional grounds. Resistance shall not exceed 1 ohm on continuity 
checks . 
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3.3.2.3 Contractor may elect to group and connect together conductors 
within raceway ·while performing megger test. Record readings which indicate 
less than minimum acceptable value. Repeat megger test after replacement of 
defective wiring. 

3.3.2.4 

3.3.3 

Reconnect devices disconnected during testing. 

Sensing Cable 

3.3.3.1 Before installation: Connect portable test box 
modular end termination to other end of each sensing cable 
is no current leakage caused by dirt, grease, or moisture. 
is detected, clean or replace cable. 

to 1 end and 
and verify there 
If current leakage 

3.3.3.2 During installation: Connect portable test box to 1 end and 
modular end termination to other end of sensing cable. Monitor cable for 
current leakage caused by dirt, grease, or moisture during pull. If current 
leakage is detected, pull cable out, clean pipe annulus, and clean or replace 
cable. Hand pull cable with 50 pounds maximum pull tension. 
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SECTION 16640 

CATHODIC PROTECTION 

DOE/RL 88-27 
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PART 1 - GENERAL 

1.1 REFERENCES 

1. 1. 1 Reference Standards and Speci fi cations: The fo 11 owing standards 
and specifications, including documents referenced therein, form part of 
this Section to extent designated herein. 

1.1.1.1 

1.1.1.2 

1.1.1.3 

1.1.1.4 

American National Standards Institute (ANSI) 

ANSI C39.1-1981 

ANSI CS0.1-1983 

American National Standard 
Requirements for Electrical 
Analog Indicating Instruments 

American National Standard for 
Rigid Steel Conduit--Zinc Coated 

American Society for Testing and Materials (ASTM) 

B 8-86 

D 3487-82a 

Standard Specification for 
Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, 
or Soft 

Standard Specification for 
Mineral Insulating Oil Used in 
Electrical Apparatus 

American Wood-Preservers Association (AWPA) 

Cl-87 

C2-87 

PS-87 

All Timber Products-
Preservative Treatment by 
Pressure Processes 

Lumber, Timbers, Bridge Ties 
and Mine Ties--Preservative 
Treatment by Pressure Processes 

Standards for Oil-Borne 
Preservatives 

National Association of Corrosion Engineers (NACE) 

RP-01-69 
(Rev 1983) 

Recommended Practice - Control 
of External Corrosion on 
Underground or Submerged 
Metallic Piping Systems 
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1. 1.1.5 National Electrical Manufacturers Association (NEMA) 

Standards Publication/ 
No . 250-1985 

Standards Publication/ 
No. RN 1-1980 

Standards Publication/ 
No. WC 5-1973 (R 1979) w/Rev 
through Mar 1985 

Enclosures for Electrical 
Equipment (1000 Volts Maximum) 

Polyvinyl-Chloride Externally 
Coated Galvanized Rigid Steel 
Conduit and Electrical Metallic 
Tubing 

Thermoplastic - Insulated Wire 
and Cable for the Transmiss i on 
and Distribution of Electrical 
Energy 

1.1. 1.6 National Fire Protection Association (NFPA) 

NFPA 70 National Electrical Code, 
1987 Edition 

1.1.1.7 Underwriters Laboratories, Inc (UL) 

May 1988 

May 1988 

Electrical Appliance and Ut i l i
zation Equipment Directory 

Electrical Construction 
Materials Directory 

1:2 SUBMITTALS: Refer to Section 01300 for submittal procedures . 

1.2. 1 Approval Data : Submit information listed in Column 5 of Vendor 
Data Li st i n this Sect ion. 

1. 2.2 Cert ified Vendor Information (CVI): Submit information l i sted 
in Column 6 of Vendor Data List in this Section. 

1.2 .3 Visual Examination Procedure: Submit examination procedure for 
attaching cables, wi res, or leads to pipe wall by exothermic weld process . 

1.2.4 Manufacturer's Instructions: Submit manufacturer ' s instructions 
for exothermic welding of conductors to horizontal and vert i cal pipe. 

1.3 QUALITY ASSURANCE 

1.3.1 Qualification and Demonstration of Exothermic Weld Process: 
Personnel shall be qualified in accordance with following requirements . 

1. 3.1 .1 Prepare 2 exothermic weld connect ions, No . 4 or 6 AWG cable t o 
pi pe , for each weld pos i tion to be used. 
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1.3.1.2 Qualification tests shall meet the requirements of 
subparagraphs 3.3.8.3a and 3.3~8.3b. · 

1.3. 1.3 
method. 

Examine connection in accordance with manufacturer's recommended 

1.3.1.4 KEH will witness performance qualification tests. 

1.3.1.5 Deliver 2 copies of connection performance qualification test 
results to KEH 5 days before making exothermic weld connections. Maintain 
additional copies as specified in Section 01400, Paragraph 1.6.2. 

1.3.2 Standards: Products shall be identified for intended purpose by 
Underwriters Laboratories, Inc (UL} in the Electrical Appliance and 
Utilization Equipment Directory or Electrical Construction Materials 
Directory, and bear listing mark of laboratory. In absence of mark, submit 
documentation of applicable listing. Listing and marking by UL is not 

:-S required for products specified to meet the requirements of a national 
standard, or designated by manufacturer's part number on the Drawings or in 

c this Section. 

PART 2 

2.1 

PRODUCTS 

MATERIALS 

2.1.1 Solderless Terminal Lugs: Pressure type, rated for use with 
copper conductors with insulating caps rated for system utilization voltage . 
Lugs shall be types specified below. 

2.1.1.1 
"Sta-Kon." 

For conductors #8 AWG and smaller: Thomas and Betts Company 

2.1.1.2 For conductors #6 AWG and larger. 

a. Burndy Engineering Company "Hydent." 

b. Thomas and Betts Company "Lock-tite." 

2.1.2 Compression Splice Connectors: Burndy Co "Crimpit," size shown 
on the Drawings. 

2.1.3 Exothermic Fusion Weld Mold for Connection of Pipe Test Conductors , 
Jumpers, and Negative Return Cables to Steel or Cast Iron Pipe: Erice 
Products "Cadweld" size and part number shown on the Drawings. 

2.1.3.1 Exothermic weld metal: Erica Products "Cadweld" shown on the 
Drawings. 

2.1 .4 Ground Clamp Connector: Bronze, Teledyne Penn-Union, Catalog 
No. GPL, size as required. 
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2.1.5 Conduit : Meet the requirements of ANSI C80 . l and be PVC coated 
in accordance with NEMA RN 1, Type A-40. 

2.1.6 Conductors 

2. 1.6.1 Direct current (DC): High molecular weight low density 
polyethylene, Type "CP", meeting the requirements of ASTM B 8 and NEMA WC 5. 
Size specified on the Drawings. 

2.1.6.2 Alternating current (AC): Stranded copper with 600 volt Type 
THHN/THWN insulation. Size specified on the Drawings. 

2 .1. 7 
90 :. s1. 

2. 1.8 

Conductor Splice Kit: Scotchcast Brand, Catalog No. 82-Bl and 

Tape 

2.1.8.1 Plastic insulating: 3/4 inch wide, Scotch No . 88 manufactured 
by 3M Company. 

2. 1.8.2 
wide·. 

Electrical splice insulating: Self-vulcanizing rubber, 3/ 4 i nc h 

2.1.8.3 Electrical color coding: 3/4 inch wide, Scotch No. 35 
manufactured by 3M Company . 

2. 1. 9 

2 .1.10 

Plastic Sheet Marker: See Section 02200, yellow warning tape. 

Wiremarkers: Imprinted tubular plastic. 

2. 1. 11 Equipment Nameplates: Laminated plastic , 1/16 i nch thick with 
wh i te surface and black core. Edges beveled and smooth. Engraved 
nomenclature shall be sharp and clear. 

2. 1.12 Cable Marker: Field fab ri cate and paint as shown on the Drawings. 

2.2 EQUIPMENT 

2.2 . 1 Anodes: Durichlor 51, Type D, size 2 inch by 60 inch with 20 foot 
lead wire of No. 8 AWG stranded copper with high molecular weight, low 
density polyethylene (HMW PE) insulation, prepackaged in 8 inch by 96 i nch 
steel canister with coke breeze backfill . 

. 2. 2. 1. 1 Cable to anode connection: Covered with epoxy cap , in accordance 
with manufacturer ' s standards . 

2.2 .1. 2 Canister: 30 gage galvanized stove pipe. 

2.2.1 .3 Coke breeze: Compacted to total weight of approx imatel y 
200 pounds per can i st er . 

2. 2.1.4 Electrical resistivity of coke breeze shall not exceed 50 ohm/ cm3. 
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2.2.2 Anode Junction Box, and Test Station Enclosures: Quazite 
Corporation, Style "PG" service box, Model no. PG1324BA18 with locking steel 
cover, Part No. PG1324SAOO with l ago engraved: "CATHODIC PROTECTION".· 

2.2.3 Anode Junction Box: Single hub, double box, slip fit for 3 inch 
rigid conduit, 8 standard terminals, each terminal 3/8 inch silicon bronze 
studs with nuts and washers; Gerome, Catalog No. 2007. 

2.2.4 Test Station: Single hub, double box, slip fit for 3 inch rigid 
conduit, 8 standard terminals and 6 extra terminals, each terminal 3/8 inch 
silicon bronze with nuts and washers; Gerome, Catalog No. 2007. 

2.2.5 Reference Electrode: Permanent horizontal copper-copper sulfate 
type, Harco Corp, Part No. IHRP-802, Mateer Part No. PRC-CU4, or Farwest 
Corrosion, Part No. FWCC-SP-150. Provide with 50 feet of #8 AWG HMW/PE 
insulated wire. 

2.2.6 Rectifier 

2.2.6.1 General requirements: Rectifier and associated equipment shall 
operate and deliver rated capacity, without exceeding temperature limitations 
specified, when operating in following environment. 

2.2.6.2 

10 percent. 

a. Operating Environment 

1) Location: Outdoors in direct sunlight. 

2) Ambient temperature: Minimum minus 13 F, Maximum 113 F. 

3) Relative humidity: Maximum 100 percent. 

4) Dust: Exposure to dust particulate (sandstorm). 

5) Precipitation: Driving rainstorm. 

6) Snow: Accumulation of sleet or snow. 

b. Design life: Minimum 10 years. 

Design Requirements 

a. Rating 

1) AC line input voltage: 480V ac, 

2) AC line frequency : 60 Hertz. 

3) Number of phases: 3. 

4) DC output voltage: 60 volts. 

minus 5 percent to plus 
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d. Transformer: Separate primary and secondary windings fully 
rated for maximum capacity. Electrostatic shield placed between primary 
and secondary windings and fully insulated from both windings. Arrange 
shield not to form complete closed loop and equip with lead wire connected 
to negative terminal. 

e. Silicon stacks: Connected in full wave bridge circuit 
configuration, and coated with corrosion-resistant finish equivalent to NEMA 
Grade C. 

f . . Silicon diodes: Rated to provide margin for over-voltage 
surges and over-current surges, and protected by selenium surge-plates against . 
over-voltage surges and by current-limiting devices against over-current 
surges. Heat sinks sized to keep diode junction and case temperatures below 
temperatures that could cause failure. 

g. Efficiency filter: Incorporate in rectifier to increase 
efficiency of unit. 

h. Enclosure: Meet the requirements of NEMA 250. 

i . Current carrying pressure connections, such as terminal studs 
and current shunt .connections, shall have thin layer of conductive grease 
applied to contact surfaces to prevent oxidation. 

2. 2. 6 .3 Construction requirements 

a. Construct to permit transformer, stacks and other internal 
components to be immersed in oil . Inside of enclosure shall be accessible 
through cover mounted on top. Attach cover to cabinet by hinges and provide 
with quick-release clamps and padlock clasp or other means of locking cabinet . 
Provide stop to limit swing of lid when opened. Provide positive, oil
resistant, compressible sealing lid gasket. Cork and sponge materials are 
not acceptable . Gasket joints shall not have gaps . 

b. Provide panel for mounting terminals, circuit breakers, 
shunts, etc . Board inside panel shall be micarta or similar insulating 
material, supported on 4 edges. 

c. Enclosure and appurtenances: Approved for use in specified 
environmental conditions. Materials and methods used in construction and 
fabrication of rectifier shall be in accordance with NEMA requirements for 
specified service. Internal components and connections of rectif i er shall 
be immersed under 3 inches of oil, minimum. 
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Enclosure shall be minimum 0.1196 inch steel provided with 
Oil level shall be clearly marked. 

e. Construct and protect enclosure so environmental conditions 
specified in subparagraph 2.2.6.la will not affect rectifier rated 
performance. 

f. Finish enclosure inside and outside with 1 coat of epoxy 
red oxide primer and 2 coats of gray baked enamel. 

g. Provide engraved, manufacturer's standard nameplates on 
rectifier. Nameplate information shall include rating data specified in 
subparagraph 2.2.6.2a. 

2.2.6.4 Instrumentation 

a. Indicating instruments: Meet the requirements of ANSI C39.l. 

b. Continuous reading, 3~1/2 inch flush mounted de voltmeter, 
for measuring voltage output. Scale shall be linear and range from 
Oto 125 percent of rated output voltage. 

c. 3-1/2 inch flush mounted de ammeter, connected across 
external shunt for reading total de current output of rectifier. Meter 
circuit shall have disconnect switch which may be closed by operator when 
readings are being taken. Ammeter scale shall be linear and range from 
Oto 125 percent of rated current output in amperes. 

d. Shunt: 
instrument panelboard. 

50 millivolt, 12 ampere mounted on front of 

2.2.6.5 Voltage and current control: Output voltage manually controlled. 
Transformer taps shall have tap-changing devices for manual operation to 
permit at least 18 equal steps of adjustment. 

2.2.6.6 
equipment. 

Protection: Furnish with following protective devices and 

a. AC thermal magnetic circuit breakers: Mounted within ·panel 
and provide short-circuit protection for rectifier. 

b. DC fuse: Rated at 15 amperes, 125 volts, and installed in 
positive phase leg. Fuse shall be accessible from front of panel. 

c. DC valve-type arrester: For 150 volt maximum line-to-ground 
fault voltage. 

d. AC input surge (lightning) arresters. 

e. Ground lug: Installed on cabinet so cabinet may be connected 
to grounding system. Size ground lug for No. 4 AWG copper-ground cable . 
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a. 2 negative and 4 positive terminals mounted on front of 
panel and appropriately marked. 

b. External shunts on output (positive and negative) circuits 
indicated above. Output shunts of same rating as ammeter external shunt. 

2.2.6.8 Shop tests: Factory test and inspect to establish that design 
and construction are in accordance with this Section and applicable 
standards, and to determine that equipment is free from electrical and 
mechanical defects. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

3.1.1 Where existing pipes are exposed during excavation , and usage not 
known and cannot be verified, do not exothermically weld test conductors to 
pipe unless written permission is granted by KEH. Make connections using 
bronze ground clamp connector. Coat connection using same materials and 
installation methods as for exothermic weld. 

3.2 PREPARATION 

3. 2.1 Field Measurements: Scale dimensions on the Drawings show desired 
and approximate location of equipment, actual locations, distances, and 
levels shall be governed by field conditions. 

3.3 

3. 3 .1 

3.3.1.1 

INSTALLATION 

Genera 1 

Perform work in accordance with NFPA 70 (NEC). 

3.3.1.2 Cathodic protection systems: Meet the requirements of 
NACE RP-01-69. 

3.3.1.3 Use appropriate special calibrated tools when installing devices 
for which special installation tools are recommended by manufacturer. 

3.3.2 Anodes: Install vertically to depth shown on the Drawings. 

3.3.2.1 Dril] or auger hole to enable anode to be lowered into hole. Where 
casing is used to maintain open hole, remove after anode has been placed in 
hole. 

3.3.2.2 Lower anode to bottom of hole by rope and center within hole. 
Do not use lead wire to lower anode into hole. 

3.3.2.3 Backfill and compact in accordance with Section 02200. 
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3.3.2.4 If temporary casing was used, lower anode into position and slowly 
withdraw casing while backfilling. 

3.3.2.5 Repair damaged anode lead wire insulation by encapsulation with 
epoxy resin using conductor splice kit. 

3.3.2.6 Splice anode lead conductor to anode header cable as shown on the 
Drawings. 

3.3.2.7 Insulate splice as shown on Drawings. Provide 18 inch slack 
cable on anode lead at splice location. 

3.3.3 Anode Junction Box Enclosure: Install 2 inches above grade at 
location shown on the Drawings. Install nameplate on top of enclosure. 
Engrave nameplate, using 3/16 inch letters, ANODE JUNCTION BOX AJB (number 
shown on the Drawings). Fasten nameplate to enclosure by machine screws or 
rivets. Install steel cover on enclosure and lock. 

3.3.4 Anode Junction Box: Install inside anode junction box enclosure 
and terminate anode header and loop cables on terminals as shown on the 
Drawings. Install equipment nameplate on cover of each junction box. 
Engrave nameplate, using 3/16 inch letters, ANODE JUNCTION BOX AJB (number 
shown on the Drawings). Fasten nameplate to box by machine screws or rivets. 
Form slack loop in anode header and loop cables, length shown on the Drawings, 
and place in bottom of enclosure . 

3.3.4 . 1 Use 1/8 inch thick bus bar of bus grade copper, cut and drilled 
to fit, to connect terminal studs shown on the Drawings. 

3.3.5 Test Station Enclosure: Install 2 inches above grade at location 
shown on the Drawings. Install nameplate, on top of enclosure. Engrave 
nameplate, using 3/16 inch letters, TEST STATION T (numbers shown on the 
Drawings): Fasten nameplate to enclosure by machine screws or rivets. 
Install steel cover on enclosure and lock. 

3.3.6 Test Station: Install inside test station enclosure and terminate 
pipe and reference electrode test conductors on terminals shown on the 
Drawings. Install nameplate on cover of test station. Engrave nameplate, 
using 3/16 inch letters, TEST STATION T (number shown on the Drawings). 
Fasten nameplate to box by machine screws or rivets. Form slack loop in 
pipe test conductors, length shown on the Drawings, and place in bottom of 
enclosure. 

3.3.7 Reference Electrode 

3.3.7.1 Install at each test station enclosure location as shown on the 
Drawings. 

3.3.7 . 2 Soak in water for minimum 3 hours, then lower into hole with 
ropes. Do not use lead to lower into hole . 
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3.3.7.3 Install package between 6 and 18 inches below outer surface of 
pipe. 1 electrode is required for 2 pipes or less. For configuration of 
2 parallel pipes, install electrode in center of configuration, and not 
adjacent to or touching foreign pipelines. KEH will assist in positioning 
reference electrodes. 

3.3.7.4 

3.3.7.5 

3.3.7.6 

Bring lead wire to top of hole for termination in test station. 

Repair damaged lead wire insulation using conductor splice kit. 

Backfill trench in accordance with Section 02200. 

3.3.8 Rectifier: Attach to concrete pad with anchor bolts as shown on 
the Drawings. 

3.3.8.1 Terminate ac wiring on input circuit breaker in rectifier . 

3.3.8.2 Fill rectifier to level shown on rectifier case, ~ith tran~former 
oil meeting the requirements of ASTM D 3487. 

3.3 .8.3 Pipe test conductors 

a. Verify usage of each pipe to which pipe test conductors are 
to be connected. If pipes are coated, cut window in coating large enough to 
accommodate exothermic weld mold: Wire brush each pipe and file to bright 
metal surface, free of oil and dirt. Make exothermic weld of test conductor 
to pipe in accordance with approved manufacturer's instructions, size shown 
on the Drawings. Install weld mold as shown on the Drawings. 

b. After weld is made~ test integrity of connection by tapping 
side of weld material with hammer. If weld fails, make another weld at 
least 3 inches from previous attempt. 

c. Coat exothermic weld as shown on the Drawings. If pipe is 
coated, overlap coating 2 inches beyond cut edge of coating around exothermi c 
weld. 

d. Conductor size and color code marking specified on the 
Drawings. 

e. Repair damaged conductor insulation using conductor splice 
kit. 

f. Make reRairs of foam insulation on pipe with sprayed 
polyurethane, specified in Section 15493, applied in accordance with 
manufacturer's instructions. 

g. Identify each conductor using specified wiremarker with 
typewritten pipe number to which conductor is connected. Label pipe test 
conductors connected to unidentifiable pipes with pipe size followed by 
words "UNKNOWN". 
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h. 
test station. 

Use solderless terminal lugs for conductor terminations in 

i. Where required, place plastic sheet marker 1 foot below 
grade and over pipe test conductors in accordance with Section 02200. 

j. Backfill in accordance with Section 02200. 

3.3.8.4 Reference electrode conductor 

a. 
coding tape. 

Wrap lead wire in test station with green electrical color 

b. Identify conductor using specified wiremarker with 
typewritten reference electrode number shown on the Drawings. 

c. Use solderless terminal lug for conductor termination in test 
station. 

d. Terminate lead wire in test station as shown on the Drawings. 
After termination, place test station in flush-mounted enclosure. Form 
slack loop in lead wire, length shown on the Drawings, and place at bottom 
of enclosure. 

kit. 

3.3.8.5 

3.3.9 

3.3.9.1 

e. Repair damaged conductor insulation using conductor splice 

Backfill in accordance with Section 02200. 

Conductors 

Anode header, anode loop, and negative return cables 

a. 
the Drawings . 

Place on bedding in trenches prepared in accordance with 

b. Where only 1 cable is being installed, center in trench. 
Where more than 1 cable is installed, minimum spacing between cables shall 
be 1 inch. Do not transpose cables in trench. 

c. Loosely bundle anode header and loop cables together with 
electrical tape and center in trench. Provide 12 inch slack loop in header 
cable at anode lead splice locations. Provide 18 inch slack loop in anode 
lead cable at tap splice location. 

d. Maintain identity of each cable. Where 2 or more cables 
are in same trench, maintain relative positions of cables, as shown on the 
Drawings, throughout entire run . Identify cables, using specified 
wiremarkers, at terminations and where in-line splice is necessary, before 
leaving unattended . 

71416640.SP2 . 1850 16640 - 11 
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e . Terminate anode header and loop cables at rectifier positive 
output terminals and anode. junction box. Terminate negative return cable at 
rectifier negative output terminal. Use solderless terminal lugs for 
conductor terminations. Identify cables using specified wiremarkers, 
typewritten. 

f. Repair damaged cable insulation by using "Scotchcast" 90-81 
splice kits for No. 2 and No. 2/0 AWG cables and "Scotchcast" 82-81 splice 
kits for No. 8 AWG anode lead cables. 

g. Place minimum 3 inches of bedding material, as shown on the 
Drawings, over cables and compact in accordance with Section 02200. 

h. Place 2 inch by 12 inch wood planks, treated in accordance 
with AWPA Cl, C2, and PS, continuous over bedding for entire length of trench . 
Do not place planks over individual anode leads. 

i. Place plastic sheet marker 1 foot below grade directly above 
wood planks in accordance with Section 02200. Do not place over anode leads. 

j. Identify each cable end as required with 1 of following 
phrases, typewritten on specified wiremarker. 

1) "Anode Header Cable - ( +E), ( +W), (+WE), (+SE)". 

2) "Anode Loop Cable - (+WL), (+NEL), (+SEL)". 

3) "Neg Return Cable - (-)". 

k. Cover cable ends with plastic electrical tape until ready 
to be terminated at rectifier, or anode junction box. 

1. Cable marker 

1) Install directly over cables at locations shown on the 
Drawings . 

2) Install 5 feet from end of cable run and on turns -of 
cable runs. Arrow on marker shall be parallel to cable. 

3) Do not place marker in traffic ways. Where cathodic 
protection cables cross roadways, crossing shall be as shown on Drawings. 

3.3.9.2 Connection of negati~e return and jumper cables to pipe. 

a. Connections shall not be made to pipe until pipe has been 
identified by KEH. 

b. Prepare cable and make connections to pipe as shown on the 
Drawings . 

71416640.SPZ.1850 16640 - 12 
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c. If pipes are coated or covered by foam insulation, cut 
windows large enough to acconvnodate exothermic weld mold. 

d. Connect each conductor section to pipe by exothermic weld 
process. 

e. Insulate weld as shown on the Drawings. Insulate welds on 
coated pipe in same manner as bare pipe welds. Weld coating material shall 
overlap existing pipe coating 2 inches, minimum. 

f. Make repairs of foam insulation with sprayed polyurethane 
insulation foam specified in Section 15493. 

3.3.10 Conduit: Install PVC coated conduits in accordance with 
manufacturer's installation instructions and as shown on the Drawings. Cut 
conduit square, ream and deburr. Damage to PVC coated conduits shall be 
touched up with "Plastic-Bond" touch-up compound. 

3.4 FIELD QUALITY CONTROL 

3.4.1 Testing, General 

3.4.1.1 Test conductors for continuity where practicable. Resistance 
values shall be less than 1 ohm. Notify KEH before start of tests. Correct 
items found during testing or examination to be at variance with the Drawings 
or Specifications. · 

3.4.1.2 
testing. 

Furnish instruments, labor and equipment required to conduct 

3.4.1 .3 Use test instruments which bear valid calibration stamp showing 
date of calibration and expiration date of stamp. Calibration and accuracy 
of test instruments shall be certified by independent testing laboratory 
having ·standards traceable to the National Bureau of Standards. 

3.4.1.4 In addition to testing specified to be performed by Contractor, 
installation will be subject to examination by KEH for conformance with 
design and applicable codes . 

71416640.SPZ.1850 16640 - 13 

APP 41-561 

B-714-C2 



• "'O 
"'O 

~ -I 
Ul 

°' N 

...... 
(X) 
Ul 
0 

..... 
°' °' -"' 
0 

..... 
~ 

m 
I ......, 

...... 
~ 

I 
n 
N 

Project No. 

B-714 
TIii• 

Grouted Waste Disposal Facilities 

Grout Vault Pair (218-E-16-102 and 
1 2 

EPN 

Identif ication 
Description 

: 

Anodes 
IAnoae Junct 10n uox, ana 
Test Station Enclosures 

Anode Junction Box 

Test Station 

Reference Electrode 

Rectifier 

I 

I 

.. :, ·c• :ll;, 

i ' ·. .. :; 
• 1· -001 

I I I J 

03) 
J 4 5 

. 
Reference Specification C ii .g C 

~ 

C Drawing Paragra11h O• • • ·- .. E : .!! • C C --
-~ 1 • J u 

E • ::, . • O' 00 Q 
UI ! C/1 

2.2.1 X X 

2.2.2 X 

2.2.3 X 

2.2.4 X 

2.2.5 X X . . 
2.2.6 X X X 

1f;ii:?~t. 

KAISER ENGINEERS 
HANFORD 

VENDOR DATA LIST 

l"X" lndicatu Required Detal 

Approval/Data 6 Certified Vendor lnlormation ICVII 7 

Instructions 

E E ~ . • . ~ • 0, _J • ;;. • C . • C u .. .. .g • • u E ~ • C C c t- 00 
C Remarks 0 C gO • 0 .g C C • • .? ·;; 0 .. • • " .!! • • 

~ r £ 
·- .. E:: .!! C ... •o ~o Ill • • C .! ~o ~ ; ! "j "§ ·- ~ C -- or ·- ~ ~ a. ::, ~ 

~ .. ~ H ·; .~ ·.; .: . ::, ~ ii C 
~~ u C -~ • ~~ UC :: • ·; • •• ~. .!: 0 • .::. ::, o• .!: 0 Q Q :.a C Q •• !: lo uu 0 :u 00 "'~ C/1 uo uu 0 l C/1 

X X X 

X -
X -
X -

X X X - \ 
X X ~ X X X ~ X X 

' 

= (1J 

< 
r-, 

..... 0 ,.,, 
----~ ~, 

........... 
..... (X) ....._.,..,... 

........_ I . 
I \ON I o ....... 
I 

.L~ .i - -~1("4·, • 

I ~~l~/1:ft~t 
·• 

KEH-116 1J-l>'ll 



• 
1 

-· 

• 

D0E/ RL 88 -27 
Rev. 1, 01/17/90 

C RESULTS ON COATING WATER VAPOR TRANSMISSION TEST 

APP 41 -563 



,r' . 
\ 

' 

' '-.. 

May 8, 198_9 ., 

Ms. T. B. Bergman 
Westinghouse Hanford Company 
P.O. Box 1970 
MSIN. Rl-48 
Richland, WA 99352 

Dear Ms. Bergman: 

DOE/RL 88-27 
Rev. 1, 01/17/90 

()Banene e 
PJcilic Northwest Laboratorie~ 
P.O. Box 999 MS P7-44 
Riehl.ind, WJ>hin1<1un U .S.A. '1'1J52 
Tdcphonc (5091 376-0983 

COMPLETION OF HANFORD GROUT TECHNOLOGY PROGRAM MILESTONE 89-05(!): LETTER 
WITH TEST RESULTS ON LINER WATER VAPOR -TRANSMISSION AND COLD FLOW BEHAVIOR 

The transmission of this letter, prepared by Greg Whyatt, completes Milestone 
89-05(I) of the Hanford Grout Technology Program. Lion 705M is the proposed 
coating for the interior of grout disposal vaults. The water vapor transmission 
rate through the liner and the stability of the coating on concrete were 
measured at 90°C for use in design verification being conducted by Kaiser 
Engineers Hanford (KEH). The results of the two tests are discussed below. 

Water Vaoor Transmission 

The test method used to measure water vapor transmission was a refinement of 
ASTM E 96, Standard Test Methods for Water Vapor Transmission of Materials. 
The test configuration is shown in Figure 1. The test cell is constructed of 
stainless steel with welded end caps. The two halves of the cell bolt together 
with the edge of the sample sealed between them. A perforated plate and a 
screen support the sample. The entire test cell was placed 1n an oven at 
90°C. Anhydrous magnesium perchlorate (a desiccant) was placed in a pan 
suspended from a microbalance. The weight gain of the desiccant was recorded 
on a strip chart recorder and used to detennine the rate of water transmission 
through the sample. 

The samples were prepared by applying ~0.6 mm Lion 705M to sheets of paper. 
The samples were then inserted into the apparatus with the paper still attached. 
The paper 1s assumed to have a negligible effect on the measurement because 
it is thin and should have a relatively hiJh permeability. Samples were tested 
after curing 9 days or more at room temperiture. In the first measurement 
the sample was inserted with the paper side down and butyT rubber gaskets 
were used to seal the edge of the sample. In the second and third measurements 
the samples were inserted with the paper side up and no gaskets were used in • 
order to provide a better seal of the sample. 
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FIGURE 1. Test Configuration For Water Vapor Transmission Tests 

To perfonn each measurement the system started with no water in the test cell, 
the test cell at 90°C and fresh desiccant in the balance pan. The rate of 
weight gain of the desiccant was then was allowed to come to a steady state. 
During this period, slow leakage of water vapor into the system is measured. 
After this rate had become steady, 50 milliliters of dist111ed water was placed 
on top of the sample and the wet side of the test cell was covered but not 
sealed. The rate of weight gain was then measured again. The rate of in i t i al 
inleakage while the system was dry was subtracted from the rate obtai'ned wi th 
water in the system to detennine the water vapor transmission rate. This was 
done since the inleakage is believed to occur on the dry .side of the apparatus 
and would continue to leak after water was added to the system. In al 1 cases 
the dry inleakage rate was less than 10 percent of the rate obtained with 
water on the liner. 

The results of the measurements are shown in Table 1. The results are 
l i sted as the water flux observed and thickness of t he sample, as a pe nneance 
of the sample, and as a permeability of the materia l . 

Penneance ' 1s the water vapor transmission rate dividtd by the ct4fference 
in vapor pressure of water on the two sides of the samp1e~7.0l X 10 Pa). 
The penneance is a measure of the perfonnance of an individual sample • 
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TABLE 1. Water Vapor Permeability Results 

Sample Water Vapor Sample 
Sample 

No. 
Thickness 

(mm} 
Transmission 

(g/m2/dav) 
Permeance 

705M (a) 
Permeability 

(o/m 2 Pa/dav) (a/m 2 Pa/dav) 

1 .56 * .07(b) 12.73 1.82 X 10-4 

2 .69 * ,02 11.55 1.65 X 10-4 

3 :52 .10 11.51 -- 1.64 X 10-4 
* 

Average 

1.02 X 10-7 

1.14 X 10-7 

8.54 X 10-S 

1.00 X 10-7 

(a) 

(b) 

ASTM E96 does not recommend reporting permeabilities for thicknesses 
less than 12.7 mm (0.5 in.). 
Standard deviation of the thickness of the sample based on 7 measurements. 
Thickness does not include paper thickness. 

Permeability is the permeance multiplied by the sample thickness. 
Permeability is a property of the material itself. It should be noted that 
ASTM E96 recommends that permeability not be calculated from measurements of 
samples less than 12.7 mm (0.5 in.) thick. However, because of the low 
permeability of the material measurements on samples 12.7 mm (0.5 in.) thick 
are not possible using the procedure described here. 

Flow of Liner at 90°C 

A test has been performed to determine if the Lion 705M liner will sag 
before the grout vault is completely filled. The concern was that high 
temperatures could occur in the vault and cause the li ner above the level of 
the grout to flow. A 20.3 cm X 10.2 cm sample of the liner was applied to 
concrete and placed vertically in an oven at 90°C. The liner was applied by 
pressing liquid 705M onto the concrete with a rigid plate. The edges of the 
plate were supported by spacers to control the thickness. The top surface of 
the liner was smooth after application. Variations in thickness along t he 
length of the sample were due to a bow in the surface of the concrete block. 
Measurements of thickness were taken at 8 equally spaced points on each of 
three vertical lines on the sample for a total of 24 points per sample. 

Thickness was measured by contacting the surface of the liner with a fine 
penetrometer needle and then pushing through the liner mater i al until the 
concrete stopped the needle. The liner thickness was measured before and 
after placement in the oven to detect flow. 

No flow was detected in the experiment. Two samples were tested with 
average initial thicknesses of 0.74 mm and 1.13 ~m (29.3 mils, 44.4 mils). 
The liners showed approximately 101 reduction in average liner thic~ness. 
This is similar to the results obtained in previous tests in wh i ch shr inkage 
and an 111 weight loss was observed for 705M when exposeato water vapor at 
90°C. No adverse effects of shrinkage on the liner were noted. The thickness 
measurements of the liner samples are graphically displayed in Figures 2 and 3. 
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SUMMARY OF STRUCTURAL ANALYSIS 

CRITERIA 
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Functional Design Criteria S0-714-001, Rev. 2 

Paragraph 
2.1.3 

2.1. 9 

soc 4.1, 

Paragraph 
A.2.a 

DOE Order 

Section 

Non-reactor nuclear facility per DOE 5480.5, "Safety of 
Nuclear Facilities." 

Vault Structure and Cover shall meet Category I per 
SOC 4.1, "Standard Architectural-Civil Design Criteria." 

"Standard Architectural-Civil Design Criteria" 

General Design Criteria shall conform to DOE 
Order 6430. IA. 

6430.IA, "General Design Criteria Manual" 

0111-99.0.8 "Concrete structures and structural members for safety 
class concrete structures shall meet the design and 
construction requirements of ACI 349." 

BASIS OF DESIGN 

2 . 1. Genera 1 

2.2 

The design analysis was based on the criteria established by the WHC 
letter of instruction and WHC functional design criteria. The maximum 
loading condition of both criteria was used in the design analysis . 

The design of ~ault during construction does not include seismic and 
thermal loading. Wind loading was considered as insignificant during 
construction and produces design loading considerably less than the 
soil backfill load designed for in the completed structure. 

Completed structure design loading includes the following loads: 

Dead loads 
Soil loads 
Surcharge loads 
Earthquake loads 
Thermal loads 
Fluid loads 

Construction Design Loads Sequence 

1. Build vault structure on top catch basin structITT"e. 

2. Hydrotest vault structure. 
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3. Backfill to top of vault walls. 

4. Install precast prestressed concrete roof panels. 

5. Complete backfill over roof. 

Combinations of these loads are included in the basis of design. 

2.3 Load Combinations 

2.3.1 ACI 349-85 Code Requirements for Nuclear Safety Related Concrete 
Structures 

Section 
9.2.1 The required strength U shall be at least equal to the 

EQ. 1 
EQ. 2 
EQ. 3 
EQ. 4 
EQ. 5 
EQ. 6 
EQ. 7 

EQ. 8 

EQ. 9 
EQ. 10 
EQ. 11 

Where: 

D -
Eo -
Ess = 

F = 

H = 

L = 

greatest of the following. 

U • 1.40 + l.4F + l.7l + 1.7H + l.7R0 
U • 1.40 + l.4F + l.7l + 1.7H + l . 7E0 + l.7R0 
U • 1.40 + l.4F + l.7L + 1.7H + 1.7W + l.7R0 
U = D + F + L + H + T0 + R0 + Ess 
U • D + F + L + H + T0 + R0 + Wt 
U • D + F + L + H +Ta+ Ra+ 1.25Pa 
U • D + F + L + H +Ta+ Ra+ 1.15Pa + l.O(Yr + Yj + Ym) 

+ l.1SE0 
U = D + F + L + H +Ta+ Ra+ 1.0Pa + l.O(Yr + Yj + Ym) 

+ l.OEss 
U = 1.05D + l.OSF + l .3L + 1.3H + 1.05T0 + l . 3R0 
U • 1.05D + l.OSF + l.3L + 1.3H + l.3E0 + l.OST0 + l.3R0 
U = 1.05D + l.OSF + l.3L + 1.3H + 1.3W + l.05T0 + l.3R0 

Dead loads, or related internal moments and forces, including 
piping and equipment dead loads. 

Load effects of QBE, or related internal moments and forces, 
including QBE induced piping and equipment reactions. 

Load effects of SSE, or related internal moments ' and forces, 
including SSE induced piping and equipment reactions. 

Lateral and vertical pressure of liquids or related internal 
moments and forces. 

Lateral earth pressure , or related internal moments and 
forces. 

Live loads, or related internal moments and fo rces. 

0-3 
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Piping and equipment reactions, or related internal moments 
and forces, . under thermal condit i ons generated by a postulated 
pipe break and including R0 • 

Piping and equipment reactions, or related internal moments 
and forces, which occur under normal operating and shutdown 
conditions, excluding dead load and earthquake reactions. 

Internal moments and forces caused by temperature 
distributions within the concrete structure occurring as a 
result of accident conditions generated by a postulated pipe 
break and including T0 • 

Internal moments and forces caused by temperature 
distributions within the concrete structure occurring as a 
result of normal operating or shutdown conditions . 

U z Required strength to resist factored loads or related internal 
moments and forces. · 

W • Operating basis wind 1 oad, or re 1 ated internal moments and 

Yr = 

forces. 

Loads generated by the OST, or related internal moments and 
forces. These include 1 oads due to tornado wind pressure, 
tornado created differential pressures, and tornado generated 
missiles. 

Jet impingement load, or related internal moments and forces, 
on the structure genetated by a postulated pipe break . 

Missile impact load, or related internal moments and forces , 
on the structure generated by a postulated pipe break, such 
as pipe whip. 

Loads , or related internal moments and forces , on the 
structure generated by the reaction of the broken pipe during 
a postulated break. 

Review of loads shows that there are no wind loading (W), tornado 
loading (Wt), or piping and equipment loads (Ro) . Equations 6, 7, 
and 8 do not apply as there is no postulated pipe break requirements. 
Equation 3 reduces to Equation 1 and Equation 11 reduces to 
Equation 9. 

By inspection EQ . 2 > EQ . 1 and EQ. 10 > EQ. 9. 

The controlling equations are EQ . 2, 4, and 10. 

D-4 

APP 41-570 

• 

• 



• 

• 

OOE/RL 88-27 
Rev. 1, 01/17/90 

2.3.2 Consolidated Letter of Instruction Number 8 Dated March 11, 1988 

Paragraph 1.2 

2.4 

"Concrete vaults shall be a box design constructed to ACI water tank 
standards." 

Paragraph 1.9 
"Design of _the concrete structure sha 11 meet the requirements of 
SOC 4.1, Reference 11, for Seismic Category I structures." 

ACI water tank standards were assumed to mean ACI 350, "Concrete 
Sanitary Engineering Structures." ACI 350 design load combinations 
are based on ACI 318 with some modifications to control crack width. 
These changes were for flexure design; 1) increase the ultimate design 
moment by a factor of 1.3, and 2) change the load factor for fluids 
from 1.4 to 1. 7. 

ACI 318 forms a part of the general building code for live, wind, and 
earthquake loads (ANSI A53.l, Minimum Design Loads for Buildings and 
Other Structures). Earthquake loads applied to the following 
equations were 0.8.E. loads developed by ACI 349 required analysis. 
This loading is considered conservative. 

The ultimate strength of a concrete element shall not be less than 
that given by the following equations from ACI 318 and modified by 
ACI 350: 

EQ. 9-4 U • 1.40 + l.7L + 1.7H + l.4F 
*U z 1.3(1.40 + l.7L + 1.7H + l.7F) 
*U 2 1.820 + 2.2ll + 2.21H + 2.21F 

EQ. 9-2 U 2 0.75(1.40 + l.7L + 1.7H + l.7F + l.87E) 
*U = 1.3(0.75)(1.40 + l.7L + 1.7H + l.7F + l.87E) 
*U z 1.37D + l.66L + 1.66H + l.66F + l.83E) 

EQ. 9-5 U 2 0.75(1.40 + 1.4T + l.7L + 1.4H + l.4F) 
*U z 1.3(0.75)(1.40 + 1.4T + l.7L + 1.4H + l.7F) 
*U = 1.37D + 1.37T + l.66L + 1.37H + 2.21F) 

Where *U is the modified load combinations. 

By inspection modified Equation 9-4 is the maximum loading condition 
for the basic design. This loading was used in the vault design, and 
other loading combinations were compared to those values and the 
structures final strength resistance values. 

Structural Design Analysis 

The preliminary design established the basic structural shape, i.e. 
wall and foundation thickness and wall taper. Review of this analysis 
verified that the end walls could be designed as a two way slab with 
constant thickness. AC! Committee 350 in ACI 350R (ref 3) recommends 
the use of ref 1 and 2 for rectangular wall panels supported at three 
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or four sides. Ref 2 considers the base of walls as being hinged and • 
therefore was eliminated from consideration. Ref 1 was used for the 
design of the end walls as the length to height ratio is approximately 
1.5 which is less than the recommended maximum value of 2.0 in ACI 
350R and considers the base of wa 11 s as fixed. The side wa 11 s are 
designed as cantilevered walls and the horizontal reinforcement at 
the corners were based on the end wall moments. 

This approach was confirmed by a review of an article (ref 4) in the 
ACI Journal which covered long walls with length to height ratios of 
4 to 5 and uniform thickness along with walls in which the thickness 
varied. Review of a typical analysis, using ref 1 with a constant 
end wall thickness and the base of the wall as fixed, and ref 4 with 
a tapered side wall thickness and the base of the wall fixed produced 
almost the same horizontal end wall moments. The structure was 
designed to meet all criteria of equation 9-4 from ACI 318 as modified 
by ACI 350R and discussed in the Basis of Design, paragraph 2.3.2. 

The results of the seismic and therma 1 moments were eva 1 uated by 
including the maximum values in the applicable equations listed in 
the basis of design and verifying that the results were less than the 
basic structure design. 

A three dimensional finite element linear analysis was performed for 
the final design of the vault. Preliminary structural analyses by 
KEH arrived at the design forces for hydrostatic testing, dead loads, 
soil backfi 11, soil overburden, and design forces due to potent i a 1 
earthquakes (see appendix E). WHC performed a finite element heat 
transfer analysis to obtain thermal gradients due to the heat of 
hydration from the grout slurry and the changing volume of grout 
inside a vault during the filling operation. Design moments and 
shears were determined by WHC using the finite element linear analysis 
(see appendix F). KEH then combined all forces as previously descr i bed 
in Section 2.3 to arrive at the final wall thicknesses and reinforcing 
steel required by the governing criteria. 

The long walls of the vault are tapered from 54 inches thick at the 
base to 24 inches thick at the top. Preliminary design analyses, 
excluding the thermal gradients, resulted in No. 7, 8, and 9 steel 
reinforcing bars being required for the applied loads. When the 
loads due to thermal gradients were added, the amount of reinforcing 
steel required doubles. The long walls are reinforced on both faces 
with vertical No. 11 steel reinforcing bars at 4 inches on center and 
with horizontal No. 10 bars at 4 inches on center. The end walls are 
30 inches thick and are reinforced with vertical and horizontal No. 10 
bars at 4 inches centers on each face . The thermal gradients created 
high shear stresses in the vault walls, and shear reinforcing as 
required by ACI 349 is included in all walls . The foundation slab 
is 54 inches thick and reinforced with No. 10 and No. 11 bars top and 
bottom at the edges and No. 7 and No. 9 bars in the center. Steel 
shear steel is also in the foundation slab where required. The roof 
planks are 26 inches thick precast-prestressed concrete panels, 4 feet 
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wide spanning between the I ong wa 11 s. A concrete topping wil 1 be 
poured over the planks . 
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APPENDIX. A. •. 

SUBJECT: STRUCTURAL ANALYSIS - B-714 GROUT VAULT . ,~· 
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- PAGE 1 of 4 

February 7, 1989 

LONG WALL 
THICKNESS VARIES 

END WALL 
THICKNESS CONSTANT 

3,,,,,,~ 
ELEV 8-B 

LONG WALL END WALL 

REF 1. MOODY, MOMENTS & REACTIONS FOR RECTANGULAR PLATES, ENGR MONOGRAPH N0.27 
U.S. BUREAU OF RECLAMATION 

REF 2 •. DESIGN OF RECTANGULAR CONCRETE TANK WALLS, ACI JOURNAL, JULY 1975 

EVALUATE END WALLS PER REF 1. FOR SOIL, HYDRO & SEISMIC LOADS 
· A • 27-1/2 • 0.809 USE 3/4 
: b 34 

EVALUATE LONG WALLS PER REF 2. FOR SOIL, HYDRO & SEISMIC LOADS 
Q • 130 • 3.82 USE 4.0 
a 34 

··-
RESULTS OF THE REVIEW OF FIGURES l.A THROUGH 6.B SHOWS: 

* THE MAXIMUM MOMENT PRODUCED WAS FOR 3 SIDES FIXED AND THE TOP FREE 
FOR ALL CASES. ~ i.e. MOMENTS FROM FIG 1.8 > FIG I.A 

* THE MOMENT IN THE LONG WALL AT THE FOUNDATION APPROACHES THE MOMENT OF 
A CANTILEVER WALL. 

* THE HORIZONTAL MOMENTS IN THE TAPERED WALL APPROACH THE HORIZONTAL 
MOMENT- IN THE END WALL. OUR WALL TAPER OF 2-1/4 : 1 IS GREATER THAN 
THE 1-1/2 : l USED IN FIGURE 2.8 AND THE MOMENT IN THE LONG WALL WILL 

. APPROACH THAT OF THE END WALL. 

APP 41-574 
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STRUCTURAL· ANALYSIS - 8-714 GROUT VAULT 

CONCLUSIONS: . 

* DESIGN LONG WALLS AS CANTILEVER WALLS. 

OOE/RL 88-27 
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PAGE 2 of 4 

* DESIGN HORIZONTAL MOMENTS OF THE LONG WALLS AS A PERCENT OF THE FIXED 
BASE MOMENT DEVELOPED FROM FIGURE 2.8 

* DESIGN ENO WALLS USING THE THREE DIMENSIONAL ANALYSIS OF REF 1. 

* DISTRIBUTE SEISMIC LOADS FROM 2 DIMENSIONAL ANALYSIS USING FACTORS 
DEVELOPED FROM FIGURES 5.A & 6.A. 

SEE ATTACHED PAGES 3 & 4 FOR FIGURES l.A THROUGH 6.B 

..... .. 
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Design of Rectangular ·Loncrere Tank Walls 

' 
Sy JAN C. JOFRIET• 

The pepe, providea moment co• 
eflicienh for the duiqn of recten911• 
l•r concrete t•n& w•II,. The rug• of 
len9th•lo,hei9ht retios hu bun H• 

tended beyond three, the limitin9 
r•lio provided in Hrlier work. Mo• 
men! coefficients for ,lopin9 ••ll1 •" 
presented. The thickneu •I th e bot• 
tom of the well is .. ,11med 1.5 tim•• 
th.t •I the lop. Hydro,telic ud 
uniformly di,tributed luclin9 o .. , the 
full height of the ••ll h•"e b .. n 
considered. The w1l11 •r• usumed 
fiHd •long the bottom end sides: 
1imply 111poorted end fru bound•
ries h, .. bHn considered •lonq the 
top of the well. 

The results incliute the • horiJont•I 
moments •I the eclqe of lon9 w•ll1 
m1y be con1icleubly gruter then 
thoH with e lenqth,to,heiqnt r•tio of 
th,u. Slopinq ••ll1 will lud to 
gruler •ertiul moments •t the bot, 
tom of • w•II •nd to 1m•ller hori• 
1ont•I moments •I the edge. 

Keyworda: hvdreulic &tl'l.lcturu: momenh: 
rect•nqul., l•nks: reiniorced concrete : 1truc• 
tural de1i,;n: t•nl.1 (cont•iners}: well,. 

m THE S':'Jtt!CTURAL DEStC~ o! walls 
of rectangular concrete tanks and 
reservoirs is difficult due to un
certain constraints along the bound
aries o! the walls. the two way in
teraction with adjacent walls and 
foundations and due to the nature 
of the loading. 

Reference 1 contains moment co
e!licients !or .slabs subjected to full 
and partial uniformly distributed 
loads, to full and partial triangular 
hydrostatic loads and to a uniform 
moment or shear force applied at 
the top of the wall. Five combina
tions of edge constraints h:ive been 
considered. The ratio o! length to 
height o! wall vary !rem 3 to 0.25. 

Reference 2 provides some addi
tional boundary cases for full hydro
static load only. It also contains mo
ment co e ff i c i'e n ts !or walls of 
covered and open rectangular tanks 
taking into account the rotation that 
takes place at intersections o! w:ill.s 
o! unequ:il length. Walls are con
sidered hinged at the base. The 
moment coefficients in both Ref
erences 1 and 2 are based on walls 
ot constant thickness. 

ACI Committee 35Ql has recom
mended the use o! References l and 

ACI JOURNAL/ JULY 1975 

2 for the structural design of re::
tangular wall panels supported at 
three or four sides e:<cept !or those 
having a length-to-height ratio 
greater than two. There is no rec
ommendation for the structural de
sign o! walls with a length-to-height 
ratio greater than two. Such ratios, 
however, commonly occur in set
tling and aeration tanks and in 
water reservoirs. 

It has been the writer's practice 
to design long walls as c:intilever 
walls and to provide horizontal 
steel at the wall junction using 
moment coef!icients based on a 
length-to-height ratio of three, the 
largest ratio available in References 
1 and 2. 

It is the objective of this paper 
to e:camine: 

1. the in(luence on the bending 
moments o! nonuniform wall thick
ness. namely a thickness at the 
base 1.5 times that at the top 

2. the influence on the horizontal 
edge moments in walls o! length-to
height ratios greater than three. 

MOMENT COEFFICIENTS 

The moment coef!icients that are 
presented herein were obta ined us
ing the !inite element method of 
analys is. The analysis is based on 
thin plate theory and makes use 
o! the refined Clough-Felippa bend
ing element. 1 The wall material is 
assumed to be isotropic and linear 
el:istic with a Poisson's r:itio of 
0.2. Variable thickness elements 
can be accommodated in the com
puter program for this !inite ele
ment an:ilysis. 

Moment coefficients are presented 
!or two cases o! wall constraint::i . 
In one c:ise the top is !rec, in the 
other simply supported (hinged). 
In both cases the sides and bottom 
o! the w:ill are !ully fixed. Two 
c:ises ot load ing are considered, hy- -
drost:itic lo:iding over the !ull height 
ot · the w:ill and uniformly distrib
uted over the !ull height ot the 
wall. For each o! the above com
binations o! geometry :ind lo:id ing 
two wall cross sections have been 
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• 
analyzed, namely constant thick• 
ness and a thickness that varie! 
!rom top to bottom. The thicknes! 
at the bot:om o! the wall was as
sumed to be 1.5 times that at thE 
top. 

The moment coefficients are pre
sented in T:ibles 1 to 4 inclusive 
!or constant thickness walls and ir. 
Tables 5 to 8 inclusive !or variab le 
thickness walls. The tables are 
identical in ·arrangeme:,t to those in 
Reference 2 and requ ire little e:c
planation. ~Iomen;s have been sub
scripted .s is common in design i.e .. 
M, is a bending moment causing 
bending stresses in the : direct ion. 
Vertical bending moments M, along 
the sides and horizontal mornt.':i:s 
M. along the bottom ha \'e r.ot be ll!:: 
shown since they are rather mean
ingless. :Moments that cause com
pression on the loaded !ace of 
wall are called positive momenl 

DISCUSSION OF RESULTS 

The following observat ions can be 
made from an e:camina tion of the 
moment coe!!icicnts presented in 
Tables l to 8: 

l . The moment coef!ici ents in 
T:ibles l to 4 agree well with those 
in Refere:ices l and 2 wi th the e:c
ception o! the horizontal moments 
at the wall panel edge for l;rge 
length-to-height ratios. The present 
results are consistently larger. For 

· the length-to-height r:itio of three 
the max imum ne:::itive hori:ontal 
moment M, is 43 percent greater in 
T:ible l, 17 percent in T:ible 2, 51 
percent in T:ible 3, and 9 percent in 
T:ible 4. 

2. As m ight be e:cpected, the non
uniform thickness causes increases 
in the neg:itive verti cal moments 
along the base ot the w:ill and a 
decrease in the negative hori:ont :11 
moments along the edi;e. The in
crease in vertic:11 negat iv e moment 
is gener:illy about 20 percent !or 
the thic k ness variation sel-

•~1~mber Am•r1ean Con ent~ Tns. 
Asusc~n• Professor . Scnoo l of E:nronur. 
tn,r U n1vrn 11 y Cuelpn. C"rac:,n. On1 . 

R
0

eer1vca by UI• lnUHUI< June l. UH. 

329 



TABLE I-MOMENT= COEFFICIENT X Wa= 

1r I ,,, !!: 
!_ 

··~~ 

_ .. 
••• --•. 

•• 
X 

":a 0 V :a b/4 11 = b/2 
~ -=-Cl Cl 

M. M, M. M, M, -
0 0 - 0 - -
~~ 0.053 0.013 0.051 0.018 -0.064 

4.0 .. .. 0.071 0.014 0.066 0.018 -0 .076 
0.0ll 0.060 0.016 -0 .0H , . 0.064 .. 

0 .002 0 0.003 0.003 -0.038 •· .. 
-O.l2J - -0.117 - -l 

0 0 - 0 - -•.~ 0.062 0.014 0.052 0.017 -O.OG4 
3.0 •· 0 .010 0.015 0 .050 0.0:0 -0.010 .. 

0.0lil 0.014 0.053 0.019 -0.014 I ' ·• o.oo: 0.001 0 .005 0.005 -0.0ll •· .. 
-0.122 - -0.101 - -l 

0 0 - 0 - -•.~ 0.054 0.011 a.OJI 0.019 --0 .063 
2.0 .. 0 .061 o.on 0.0, 3 0.0:1 -0.U75 .. 

0 .058 0.020 0.039 0.020 --0 .01~ ,. ·• 0.005 0.005 0 .006 0.007 -0 .038 •· .. 
l -0.112 - --0.082 - -
0 0 - 0 - -,, 

O.OH 0 .022 0 .027 0 .015 --0 .061 .. 
O.D-l6 o.o:s 0 .029 0.018 -.i .012 l.J ,. .. •.~ 0.0-ll 0.0~6 0.027 0.01a --0 .011 .. .. 0 .008 0.010 0.006 0.008 --0.037 

1 -0.091 - -0.061 - -
0 0 - 0 - -,, .. 0 .020 0.021 0.012 0.010 --0 .0~7 

1.0 .. .. o.o:: o.o:s 0.012 0.01 2 --0.055 
I ' .. 0.0:1 0.025 0.011 0.011 --0 .056 .. ·• 0.009 0.013 0.005 0.006 --0.0l: 
l -0.051 - --O.OJ2 - -

C 

TABLE 2-MOMENT = COEFFICIENT X Wa 2 

- I 

i
1r I y 

: .. . I '-..,, I r V"'···· i -••---., 
/"''•'· i 

..:-lo. xl 
f . : v=o 11 = b/4 11 = b/2 

.L .;_ 
·- . Cl Q 

M. M, llf, M, M, -
0 0 0.027 

. 
0 0 .05~ --0 .425 ,, 

-0.015 0.015 0 0 .039 -o.:s~ .. 
5 .0 Ii --0 .on -0.010. --0.058 0.011 -0 .153 .. -o.2a -O.U-17 -0 .100 o.o:~ -0 .0-16 .. 

l -o.-1u~ - -0.JH - -
0 0.052 0 0.060 -0.419 ,, 

-0.002 0.036 0.006 0.0,6 -0.280 .. 
4.0 I' -0.010 0.00-1 -0.036 0.016 -0.152 .. •· -0 .211 -O.Ol7 -0. HO -0.01~ -0.0-16 .. 

1 -0,-IJl - -O.ll9 - -
· ~ 
··.:. 

0 
~-~17 

o .oes 0 0.058 --0 .387 ,, 
0.0G~ 0.011 0.0-1 5 -0 .2G5 .. 

l .0 Ii -o.o:s o.o:8 -0.015 o .o:J -0 .11-1 .. -0.lH -0.019 -0 .008 -0 .009 -0.0-17 .. 
l -O.J-18 - -0.2J3 - -

' · 
0 0 0.099 0 O.OH -0.2!0 . ,, 

0.027 0 .000 0 .012 0.0J-1 -0.206 .. 
2.0 1·, 0 .010 0 .047 o.ou6 0.021 -0.127 ,. -0.051 0.0U5 -0.02' 0.002 -0.046 ·• 1 -0.202 - -0.124 - -

0 0 o .oeo 0 0.027 --0.185 ,, 
0.021 O.Oti7 0 .009 o.o:J -0.148 .. 

l.J \\ 0.0:2 0 .0-15 0 .011 0.017 --0 102 • ,. 
--0.01: O.Oll -0 .00 6 O.U05 --0.042 .. 

1 -0.1:0 - -0.013 - -
0 0 0.044 0 0.012 -0.088 ,, 

0.010 0 .0-l O 0.003 0 .012 -0.078 .. 
1.0 ,. 

0.014 O.OJI 0.007 0.011 -0 .0bl ·• ,. 
0 .005 0.014 0.004 0.008 -0.0JJ ·• l --0.0~l - -O.Ol2 - -
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TABLE 3-MOMENT- COEri=ICIENT X Wa3 

~I 

} 1, j/, 

,. I 

,~,-~ .... I 
.,. ~ 

L:&J H 

I/ ::I 0 11 ::s b/• I 11 • b/2 
b :r 
Cl a 

~t • I M, I ~t. :,r. . '1, - ' 
0 0 - 0 - -,, o.o:J 0 .005 0.0:1 O.OC5 -o.o:• .. 

0 .0JO 0.006 o .o:s 0.on -0.o:?5 •.O I ' ., 
~ .o:.: ,. O.CC6 0.001 0.006 o.oo: .. 

l -o.o,;.s - -J.Ool - -
0 0 - 0 - -, . o.o:: 0 .005 0.0\S 0 .C~7 -J.c:i .. 

-J.035 l .0 \i 0.030 0 .007 0.0:5 0.0il9 ,. o.uo s 0.001 0 .007 O.OOJ -o.o:: ·• -O.Ou5 -0.058 - -l -
0 0 - 0 - -I' 0.019 0 .007 O.Oll 0.00 7 -0.0H .. 

-O.CJ 5 2.0 ,. o.o:s 0.009 0 .019 0.009 ., 
-0.0:: •· 0 .001 0.003 0 .007 0.005 .. 

l -0.0ciO - -O.Ci-17 - -
0 0 - 0 - -
1. ~ 0 .0ll 0 .009 0 .008 a .cos -0 .o:l 

u ,. 0.0:1 0 .01: O.OIJ o.o.:l -J.ll.J~ . ' 0 .007 O.CC5 -J.c:: , . o.c:s 0.00• . 
l -0.0H - -J.Olo - -
0 0 - 0 - -,, 

a.cos o.008 O.OOl 0.COl --0 .011 .. 
-l . ..::7 1.0 ,. 0 .010 0.01 : O.<Y.lli o . .:c s ., 

0.00 7 0.C05 O.OIH -o.u:~ ,. o .coa .. 
l -O .OJ2 - -,J.0:1 - -

TABLE 4-MOMENT = COErrlCl i:NT X Wa 3 

.,, 
.,, 

'"•'· I I 
L,...,111• I ,,., ........ • 

I I ,,,,,.,, 
' 

11 

11 = 0 
b . r I/= b/• 11 = bt:Z 

Q a 
M, M, M, M, M, ---

0 0 0 .007 0 0 .015 -0.l~ ,. 0 .002 0 .005 0 .005 0 .01: -J .061 ' . s.o ,. - 0 .013 0 -0.003 o .ooa -om5 ., 
~~ - 0.0UI -0.012 --0 .0U --0 .000 -o.o:t 
l -0.158 - -0.llt - -
0 0 0.014 0 0 .017 --0 . lCl 
J. ~ 0 .005 0 .01 l 0.007 0 .01 • -u cso • .O 
,. -0.00G 0.00-l o .oo: o.cos -0 .0~5 
_, 
~~ - 0 .052 -0.009 --0 .on -0.CC -I --., .0:t 
l -0.HB - -u.117 - -
0 0 0 .0ZI 0 0 .015 -.l .C9J ,., .. 0.010 0 .019 0 .007 0.01-l -o .o:s l .O ,. 0 .005 0.010 0 .007 0.010 -0.0H ., ,. -0.033 --0.00t -0.018 0 -0.0:.l .. 
1 -0.l:.6 - -a.on - -
0 0 0.0:1 0 0.010 -o.c5• ,. 0 .012 0 0:4 0 .008 0.0 10 -0.ilbO . 

2.0 ,. 0 .016 0.011 0 011 0.0\0 -o . .ia ,, .. ~U7 0.003 -0.00 2 O.C JJ -.,,CH .. 
l -0.004 - -0.058 - -
0 0 0 .0:1 0 0 008 -00)1 ,, 

0 .009 o.o:o O.OCi-1 O.CJ7 --0.0H ·• u '·, 0 .015 0 .017 0 009 0 OJ d -Oil•\ ,. 
0 U'.J3 0.005 0 00 -1 O.llCi-1 -0 u.:J ·• I -o .u~a - -0.0~~ - -

0 0 0 .010 0 0.002 -0 014 ,, 
0 .00J 0.01: 0.001 O.COJ -o . .i:J . . 

1.0 ,. 
0.009 0.013 o .oos 0.00 ) -o .i: s - 1 ,. 
0 Ovl O.O<l l 0 .005 O.OJ-1 -.i .o:~ ·• 1 -0.0J: - -0.0:1 - -
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TABLE 5-MOMENT = COEFFICIENT X Wo= 

lrr I 
.,, ,,, 

'r_ 
• I t-- I ,..,. 

.,. I 
' X 
' 

i,:0 V = b/4 "J = b/% 
b % 

4 4 
M. JU, M. M, :,r. -

0 0 - 0 - -
~~ 0.057 0 .01% 0.05~ 0.0H -0 048 .. .. 0.05:? 0.0lJ 0.038 0.016 -0.06l 

4.0 ,. 0.03:? 0.010 0 .049 0.0H -o 056 ·• .. -0.017 -0.00J -0.01• 0 -v.uJ7 .. 
1 -.1.1-11 - -0.lU - -
0 0 - 0 - -,, 

0 .057 O.Ul% o.ou 0 .015 -0.031 .. .. 0.062 O.OH 0.05J 0.018 -0 .0Go .. 
3.0 

,, 
0.051 0.01:? O.OH 0 .017 -O .OG9 .. ., 

-0.016 -0.003 -0.011 0.00J -0.0J!l .. 
l -0.1-17 - -0.1J0 - -
0 0 - 0 - -

1 •• 0.052 0 .018 0.038 0.015 -0.053 •· 0.036 0.019 0.039 0.019 -0 .0tiS .. 
%.0 ,. 0.0•7 0 .013 0 .0JJ 0.019 -v 07:? .. ., 

-0.01:? 0.00% -0.006 0.006 -0.0-11 .. 
l -0.137 - -0.101 - . -
0 0 - 0 - -,. .. O.OH 0 .019 0.027 OOH -0.053 .. 0.0H 0.024 0.0:?8 0.017 -o.osa .. 

1-' ~ 'a 0.037 0.0:?4 0.02J 0 .015 -v.071 •· -0.006 0.001 -0.003 0.007 -0.0• l .. 
l -0.lll - -0.075 - -
0 0 - · o - -·-~ 0.02!! 0.019 0.013 0 .010 -0 .0•:? .. .. 0.02:? O.OH 0.01:? 0.011 -0 .054 

1.0 ,. .. 0.018 0.0:?5 0 .010 0 .010 -o o; s .. .. 0.002 0.0IJ 0.001 0.006 -O.Ol5 
1 -0.063 - -0.039 - -

TABLE 6-MOMENT = COEFi=lCIENT X Wo= 

E 
..,, 1.11 

L ,.,, 
,,,. ... ,,.,. • 

,.,.. .. 
'-='l1... xi 

v=o . ll = b/4 ll = b/2 
J!. :r 
4 4 . 

M. M, lrf, M, M. -
0 0 0 .017 0 0.030 -o.:1a •.~ -0.019 0.0IJ -0.007 0.on -0.197 

4,0 Ii -0.100 -0.009 -0.0GJ 0.010 -0. IJ ~ ., 
-0.:4R -0.<H8 -O. l7G -0.02G -0.031 .. 

1 -.l.·U;9 - -0.JGS - -
0 /) 0 .0J5 0 0 .0J3 -0 .217 ,. -0.008 0 .0J4 -0 .001 0 .0JJ ---0 . ln ·• l.0 ,, 

-0.068 0.011 ---0 .040 0 .017 -0.14:? .. .. -0.196 -0.0JO -0.1:s -0.014 -0 .054 ·• 1 -0.•09 - --o.:s• - -
0 0 0.055 0 0 .027 ---0 .1s : ,. 0.011 0 .0; a 0.004 0 .0~ 8 -0.1 75 .. 

:Z.0 ,. -0.017 O.OJS ---0 .011 0.0 19 ---O IJI ., ~- -0 .0!)5 -0.002 -0.057 -0.002 -0.0 ~3 
I -o.::lil - -O.l6J - -
0 0 0.051 0 0 .01!) -0.134 .. 0.0ll 0 055 0.00~ 0.020 -0. IJ G .. 

1..5 ,. O.OOJ 0.042 0 0 016 -0 . IOU .. 
>• -O.OJ9 0.010 -,l .02.'.l 0.00J -0.049 .. 
l -0.159 - -0.0!)5 - -
0 0 0.037 0 0 010 -0 070 ,, 0.009 O.OJd 0 .007 0.011 -,l .OH ,. 

1.0 -~ 0 .009 O.OJ2 0.00J 0.0 11 -,J ur. J •· ·• -0.002 0 .015 -,l 002 0.005 - 0.UJ 6 
I -0.067 - -0.010 - -

lJ- l '+ 
AC! 1n11n~111 '1111 V 10,c 
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TABLE 7-~iOMENT = CCEFFtClENT ~< Wo: 

1'1 I 
.,, ,,. 

• .!.. 

~ -·· 
,u. ,.., ... 

,,..,,.,. I 
lu-•t- xi 

b 
ll = 0 I V = b/-4 II= ?i 1: 

4 4 l :.r • ·"· M, :,r, :.r • -
0 0 - 0 - -,, 

a .0:0 o .~o~ 0.019 o .c:5 -lul7 .. 
4.0 ,., 0 .0:?3 O.W5 0.0~'1 o.c~-: -i ::::J 

1 · -,J .00:? 0 -0.CJI 0 ~ .;:1 .. 
l -.i .u75 - -0.071 - -
0 0 - 0 - -,, 

0 .0:?0 0.00~ 0.017 o.ocs -.l.OU .. 
l .0 ,. 0 .0:s 0 .C05 0.0:1 0.G:3 -.l .03 I ., .. -o.oo: 0 0 0.00:? -l ,:.: .. 

1 -0.076 - -0.061 - -
0 0 - 0 - -,, 

0 .018 0.0C5 0.01: 0 0CS -4 01~ .. 
2.0 ,. 0.0:?J 0 .CC 3 0 .019 O.CC9 - ·~ O~l , l •· 0 o.c;i:: 0.00:? 0.Cu• -1.0:.J .. 

I -0.072 - -.1 .055 - -
0 0 - 0 - -
"• 0 .0I~ 0.007 a.en, 0.C 05 -Jul9 

1.5 ·-~ 0 0 19 0.0 1 I 0.01:? 0 c:s -v.C3: ,. 0 .CO:? 0.005 0.00J 0 .C~• -.l .C:4 .. 
1 -0.0,;1 - -.l.O.J - -
0 0 - 0 - -,, 

0 .009 0 .007 0.003 0 003 -uCH .. 
1.0 I ' 0 .0 10 0 .01:? o .c:s o .c:5 -.l ,;:s , 1 •· O.C 05 0.007 0.003 0 .01l~ -c.c:1 .. 

1 -.l.OJ8 - --0.0::5 - -

TABL: 8-MOMENT = CCEi=i=ICIENi X Wc:l 

_t_ "'1 
.,, 

11 1-

~ 
,.., 

,,, ..• ,,.,., • ... I _.. 
l:L: •i~ XI 

11 = 0 ll = b/4 11 = bl:? 
b :r -4 4 

M, Jlf, ,.,, .'1, :,t, 

---
0 0 0. 00~ 0 0 .008 -0 C50 ,, .. 0 .001 0.00~ 0.00J o .c;; ~ --0 0 s• 

4.0 ,. 
, 1 -0 .01 4 0 -0.005 0 Oll 5 -01)-18 ,. .. -0.00: -.I.Oil -O OH -.I.Co6 -v .0:4 
1 -0.15~ - -0.lJl - -
0 0 0 .010 0 0 .C0S -0 l).l9 ,, .. 0 00~ 0 .010 O.O<H 0 .010 - .J J SJ 

J .0 ,. ., -0 .006 0 .005 0 0.CC! --0 C,!l ,. .. -0.04ij -0.007 -,l.O:!l -.I .Ou: --l.o:s 
I -0.t.J - -O.lU7 - -
0 0 0.015 0 0.0 05 -0 010 ,, 

--0.008 o.o:, 0 .004 0 .Cv d -o c• a ·• :z.o ,. 0 .007 0.0 13 0.005 o.cc s -v C<7 ·• •· .. -0 .021 0.001 -0.011 o.c~: -v.0:s 
1 -0. lOJ - -0.011 - -
0 0 0 .0ll 0 o oo• .. 0 .001 0 .015 0.00] 0 o.~6 .. 

1..5 I • 0 .011 0.013 0 .007 a.en ., •· -0.005 0.005 -o.oo: 0 .Clll .. • l --0 .01: - -o.oa - -
0 0 0 001 0 0 oo: -0 Oil ·-~ 0 .004 0 010 0.001 0 OOJ - o c: ~ 

1.0 ,. 0 OU 8 0 .0I J 0 004 o .oc s -o ca · 1 , . 
o.oo, 0.008 O.OOJ o.c~ , -0.CZl .. 

l -O .OJ9 - -o.~:s - -
APP 41-580 
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herein. The decrease in horizontal 
negative moments varies widely. 

3. As the ratio of length to height 
increases the -vertical moments at 
the center o! the wall approach 
those of a cantilever. slab and the 
horizontal negative moments at the 
eds:• o! the wall panel remiiln con
stant beyond a· c:ertAln leni:th-to
height ratio. 

For the wall panels that are 
hinged along the top this length-to
height ratio is about two. For the 
wall panels that are free along the 
top, however, this length-to-height 
ratio is about !our where the wall 
thickness is c: o n s ta n t and three 
where it varies as assumed herein. 

CONCLUSIONS 

Moment coefficients !or the struc
tur:il design o! w:ills o! hyd::-aulic 
structures h:ive been presented. The 
present results consider the influ
ence on bending moments in walls 
of nonun iform th ickness. In add l• 
tlon, the desiRn ot wiill panels wllh 
a length-to-height ratio o! greater 
than three has been considered. 
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Support Conditions Dictate Structura"! System 
By DAVID E. AUSTIN• 

11 A HC.\\'Y ROOF LOAD WU one o! 
three reasons why cast-in-place 
concrete was selected for the struc
tural system o! a Colorado cor
porate headquarters building. It is 
one o! several in the Inverness de
velopment, 12 miles south of down
town Denver. 

The owner asked for 2 ft of soil 
on the root as insulation to con
serve energy during heating and 
cooling of the building. Also, be- · 
cause a high-rise motel is planned 
nearbr, it was felt that guests would 
prefer looking down on a gr:iss root 
rather than a normal builtup roof. 

Another reason why concrete was 
chosen !or the structural system is 
the building's somewh:it lrregul:ir 
plan due to special owner needs. 
This dictated irregular column lo
cations, although a basic 20 !t sQuare 
grid was used. Several curved and 
straight concrete bearing walls also 
support the second floor and roof 
structure. 

A third reason !or using the !l:it 
plate structural system was the de
sire of owner and architect alike to 
have e::-cposed concrete surfaces for 

332 

interior and e::-cterior walls and 
ceiling. Concrete was cast aga inst 
a rough-sawn pine board form. 
When rough board forming was in 
place for the bottom of slabs, work• 
men who walked on the forms did 
so carefully, to · prevent damage 
which would show on the finished 
ceiling. 

The bu i lding is founded on 
straight shaft ca i, sons drilled 
through clay ove:burden into clay
stone bedrock. The c:iisson found:1-
tion system w:is chosen because o! 
the relat ively heavy column loads 
and due to the e::-cpansive n:iture o! 
the clays on the site. 

The upper level structur:il floor 
Is an 8 in. th ick fl at pl:ite, des ii;ned 
to carry a live load of 50 pst plus 
an allow:ince o! 20 ps! for parti
tions. 

The roof construction is a !lat 
plate with m inimum th ickness of 
14 in. :it interior roof dr:iins and a 
maximum of 17 in. at the bu ilding 
perimeter, so as to provide dr:iin:ii;e 
below the soil. The roof sl:ib was 
designed to support a superimposed 
load o! 300 psf, which includes 2 !t 
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2. "Rectangular Concrete Tanks," 
Inf orm.ation. Sheet No. IS 003.0:D, 
Portland Cc?::ient Association; Si-o
kie, 1969, 16 pp. 

3. ACI Committee 350, "C::inc::ete 
Sanitary Engineering Structures," 
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ing," Proceedings, Secor:.d Con!er
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Air Force Base, 1968), Air Force 
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P:itterson Air Force Base, Ohio, l SS9, 
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of saturated earth, 30 lb o! snow live 
load, and allowance !or elec trical 
and mechanical loading. Slab thick
ness also was dictated by shear r e
qu irements at the columns and the 
desire to avo id use of shearhead r e
in iorcing. 

Cast-in-place concrete wa lls have 
nom inal thickness of 10 in. a:.d 12 
in., the actual thickness vary ing due 
to the rough nature of the board 
!ormwork. All c:ist- in-place con
crete was S?eci! ied !or a m inimum 
2S day strength o! 3000 psi. Some 
2500 cu yd o! concrete was used; 
1700 cu yd were pumped and the 
remaining eoo cu yd were placed 
w ith crane and bucket. 
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VERT I CAL l•iOl'IEhl~.S 

NODE D L 

LONG ~lhLL 

H l:~SS 
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Tu 
F.:ES I ST I i ,IG 

OUTSIDl~ INS IDE 
11U l'11J 

• 
2 0.1 0.3 0.0 0.0 0.0 0.0 35.3 62.3 -78.8 
11 18.4 16.5 54.1 -61.0 9=.5 18.~ 93.2 428.l -130.7 
19 40.2 50.0 277.1 -411.6 33=.3 66.7 178.7 881.0 -948.7 

-----------------------------------·----·-·----------------------------·' 
EQ 9-4 *U = 1.82 D +2.21 L + 2.'.::1 1-1 
NODi:'. *U 
2 c). 8 
i 1 1ec;. 5 
19 796.1 

EQ 9-4 *U = 1.82 D +2.21 F 
NODE *U 
2 0.2 
11 -101.3 
19 -836.5 

EQ 9-2 .;;.U = 1.37 D +1..66 L +1.66 f-1 +1.83 C::O 
NODE ,HJ 
2 ,). 6 
ll 
19 

17-~. 3 
720.1 

EQ 9-2 ~u = 1.37 0 +1.66 ~ +1.66 H -1.83 ED 
NOC.E: •)(•lJ 
2 t). 6 
11 108.5 
19 476.0 

EQ 9-2 *U = 1.37 D +1.66F 
NODE wU 
2 (). 1 
11 -76.1 
19 -628.2 

EQ 9-5 *LI= 1.37 D + 1.37 TO+ 1.66 L +1.37 H 
NClDE *U 
2 
11 
19 

49.0 
254.4 
762.5 

APP 41-582 
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• VERT I CAL MOMENT..S - LONG l-JALL 

EQ 9-5 •U = 1.37 D + 1.66 F 
NODE *U 
2 <). 1 
11 -76.1 
19 -628.2 

EQ 2 U = 1.4 D + 1.7 L + 1.7 H 
NIJDE: U 

-2 0.6 
11 145.8 
19 612.4 

EQ 2 U = 1.4 D + 1.4 F 
NODE U 
2 0.1 
11 -59.6 

, 19 -520. 0 

- EQ 4 U = D + L + H + TO + ESS 
Nam:: -u 
2 35.7 
11 274.7 
19 879.3 

EQ 4 u = 
l\JODE: u .., 35.7 ... 
1 1 89.7 
19 212.7 

D + L + H + TO - ESS 

.. 

DOE/RL 88-27 
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EQ 10 u = 1.05 . D + 1.3 L + 1.3 H + 1.3 ED +1.05 TO 
NODE: .., ... 
11 
19 

u 
37.6 

236.7 
755.l 

APP 41-583 
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VERTICAL MOMEN~S SHORT l~ALL 

"NCO!:: D L H F ,·a 
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r~i:s I ST HJG 
OUTS I 01::: I r~s l t'~ 

l'llJ 1·11.J 

• 
-----------------------------------------------------------------------

2 (I. I) o.o I). o o.o (l. (> o.o C" C" 2 140. 8 -78.8 ..J ..J. 

11 I). I) -2.0 -- 7 47.a ...... 4. ~--·~ ,.., 1 •l,1). 8 -·13. t3 -. .'.;,/. ..:.. ' . ··•' ._:, ....J.,_, • ..:.. 

19 I). I) 8.6 79. 1 -1(18.9 13 .L. 4 26. .,;;. r:: &;:· .... 210. r:.· -2,b(J. 3 ...J , ..J • ...;. _, 
----------------------------------------------------------------------
EQ 9-4• i.·IJ = 1.82 C• +2.2:1. L + 2.21 H 
NCDE »-U 
2 0.1) 
tl -87.'l 
19 193.8 

EQ 9-4 *LI= 1.82 D +2.21 F 
NODE {+U 
2 (>. () 
11 105.6 
19 -240.7 

EQ 9-2 •U = 1.37 D +1.66 L +1.66 H +1.83 ED 
NODE ·K·U 
2 0.0 
1. 1 -5i:"3. (> 

19 193.7 

EQ 9-2 *U = 1.37 D +1.6~,k +1.66 H -1.83 ED 
l'IODE -l(-LJ -. o.o .;;. 

11 -73.8 
19 97.5 

EQ 9-2 *U = 1.37 D + 1.66F 
NI.JOE -ll·U · 
2 1).0 
11 79.3 
19 -1so. a· 

EQ 9-5 *U = 1.37 D + 1.37 TO+ 1.66 L +1.37 H 
NODE -~U 
2 75.6 
11 20.7 
19 198.3 

APP 41-584 
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• \IERT I CAL 1'10MENT.S - SHORT l.JALL 

- EO 9-5 *LI= 1.37 D + 1.66 F 
NODE. *U 
2 o. ,:, 
11 79.3 
1 '7 - l 8C>. ,3 

EQ 2 u = 1.4 D + 1.7L+1.7H 
NODE lJ 
2 0.0 
11 -67. ::; 
19 149.1 

EO 2 U = 1.4 D + 1.4 F 
NODE U 
2 (1.0 
11 66.9 

l·- 1·1 -152.5 

- E• 4 U = D + L + H +TO+ ESS 
- NODE U 

2 5~.2 
- 11 36. 8 

19 274.~.5-

-- EG:! 4 u = D + L ... H + TO - ESS 
NODE u 
2 c-:a ~ 

.._J ._,J • .;. .,, 
11 -5.8 

, 

19 11.5 

OOE/RL 88-27 
Rev. 1, 01/17/90 

EQ 10 
NODE 

U = 1.05 D + 1.3 L + 1.3 H + 1.3 EO +l.05 TO 
u _,. 

2 
11 
19 

58.0 
12.8 

211.4 

D-19 

APP 41-585 
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HORIZONTAL CEN~ER MOMENTS - SHORT WALL 

NODE o . L H F ESS 1::::0 

OOE/Rl 88-27 
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• 
TO 

Ri::SISTil'H'J 
OUTS!C,E !NS!DE: 

1'11J MU 

-------------------------------------------------------------------------
0 h (l. 0 -9. I) -36. I) 64. 2 I). I) (l • (l C"r=' ~ 138. 9 -1 :~3. .... 

,.J...J. I 

1/4 h (). () -7 4 -.:1.0. 0 ,S(l. 
,.., -:27 . ,... :.. '.S. ..,. I:'\.~ ,.., • ~ ,-. 9 -15:::: . -. .... .:;. -~ ... J ... J • ·- ~ ._.,.J • I 

1/2 h 0. 0 -4-. 9 -34.3 ·1-8. r." -27. r., -5. 6 r:a!:"' ,.., 
l ::s. 9 -14'."5. 

... 
...J 7 ...J ...J • ...... I 

3/4 1·, (). 0 -1 .,. -12. :3 17. -· -a. 7 -.L L~ ,:-c:- ..., 7 '7 . -82. ( 1 . ·-' ·-· . ...J ...J • ... ,_:, 

------------------------------------------------------------------------
EQ 9-4 ~U = 1.82 D +2.21 L + 2.21 H 
NODE -x-U 
0 h -9<-7. 5 
1/4 h -1(>4.8 
1/2 h -86 • .S 
3/4 r, -30. 1 

EQ 9-4 wU = 1.82 D +2.21 F 
NODE *U 
(l h 141.9 
1/4 h 133.0 
1/2 t, 107.2 
3/4 h 38.2 

EQ 9-2 •U = 1.37 D +1.66 L +1.66 H +1.83 ED 
I\JODE *U 
0 h -74.7 
1 /4 h -88. 7 
1/2 h -75.3 
3/4 h -25.9 

EQ 9-2 *U = 1.37 
NODE *U 
() h -74.7 
1/4 h -68.6 
1/2 11 -54.8 
3/4 h -19.3 

EQ 9-2 ·KU = 1. 37 
NODE *U 
0 h 106.6 
1/4 h r:;9. 9 
1/2 h 80.5 
3/4 h 28. 7· 

D +1.66 L +1.66 H -1.83 ED 
\ . . 

D +'1. 66F 

EQ 9-5 *LI= 1.37 D + 1.~7 TO+ 1.66 L +1.37 H 
NODE wU 
0 h 11. 4 
1/4 h 8.~3 
1/2 h 20.5 
3/4 h 56.6 

APP 41-586 
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HORIZONTAL . CENT.CR MOMENTS SHORT l>J~LL 

· E:Q 9-5 *U = 1.37 D + 1.66 F 
NCJDE *U 
0 Ii 106.6 
1/4 h 99.9 
t/2 h 80.5 
3/4 h 28.7 

EQ 2 U = 1.4 D + 1.7 L + 1.7 H 
NOOE U 
0 h -7/::,. 5 
1/4 h -BO.b 
1/2 h -66.6 
3/4 1, -23. 1 

EQ 2 u - 1.4 
NODE u 
1) h 89.9 

·1 I 4 1·1 84.3 
1/2 h 67.9 
3/4 h 24.2 

EQ 4 u = D + 
,IODE u 

0 h 10.2 
t/4 h -19.4 
1/2 h -11.9 
..:.-,/4 h 32.9 

EQ 4 u = D -1-

ODE: IJ 
I) h 10.2 

/4 h 35. () 
1/2 h 43.9 
3/4 h 51).3 

D + 1.4 F 

L + H + TO + ESS 

,, . 
L + H + TO - ESS 

EQ 10 U = 1.05 D + 1.3 L + 1.3 H + 1.3 EO +1.05 TO 
NODE U 
0 h -0.5 
1/4- h -11.9 
1 /2 t1 -1. 4 
3/4 h 37.6 

0-21 
APP 41-587 

OOE/RL 88-27 
Rev. 1, 01/17/90 



C: 

,\ 

HORIZONTAL · CORN_ER MOMENTS - SHORT WALL 

. NODE 0 L H F ESS EO 
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Rev. 1, 01/17/90 •• 

RESISTING 
TO . OUTSIDE INSIDE 

MU' l'lU 

------------------------------------------------------------------------
0 h o.o 14.0 48.4 -89.8 0.0 o.\) C-11:' .., 

.,,.j...,J • ..:,. 204.7 -212 .0 
1/4 h o .. o 11.5 ; 61.8 -94.4 48.4 . 9.7 55.2 204.7 -212 . 0 
1/2 h 0.0 7.7 58.4 -84. 1 5(>. 2 10. 1 C"C- .., 

..J....J .... 204.7 -212.0 
3/4 h o.o ~,.., 31. 3 -45.3 21.9 4.4 C"C" .., 204.7 -212.0 •J. "'- ...J...J • ..:.. 

------------------------------------------------------------------------
EQ 9-4 *U = 1.82 D +2.21 L + 2.21 H 
NODE *U 
0 h 137.9 
1/4 h 162.0 
1/2 ;, 146.1 
3/4 h 76.2 

EQ 9-4 *U = 1. 82 D +2.21 F 
NODE *U 
0 h -198.5 
1/4 h -208.6 
1/2 h .-185. 9 
3/4 h -100.1 

.. 
EQ 9-2 *U = 1.37 D +1.66 L +1. 66 H +1 ~8 3 ED 
NODE *U 
0 h : 103.6 
1/4 h : 139.4 ,, ., 
1/2 h : 12a.2 

. 
3/4 h 65.3· 

EQ 9-2 *U = 1. 37 D +1. 66 L +1.66 H -1. 83 ED 
NODE *U 
0 h 103.6 
1/4 h 103.9 
1/2 h 91.2 
3/4 h 49.2 

EQ 9-2 *U = 1.37 D +1.66F 
NODE *U 
0 h -149.1 

C,~ 

1/4 h -156.7 
1/2 h -139.6 
3/4 h -75.2 

EQ 9-5 *U = 1.37 D + 1.37 TO + 1. b6 L +1. 3 7 H 
NODE *U 
0 h 165.2 
1/4 h · 179. 4 

· 1/2 h 168.4 
3/4 h 123.8 

0-22 
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HORIZONTAL CORNER MOMENTS 

e:r.:1 1:7-:i *U l:I .1. 37 0 -1• 1. 61-.J 
·NIJDE ·ll-U 
. (I h ;_ 149. 1 
1/4 h -156.7 
t/2 h -139. /::) 
3/4 h -75.:: 

EQ ..., u = 1. 4 D + 1.7 L + ~ 

MOOE LI 
0 h 106. 1 
!/4 h 12Ll. 6 
1/2 h 112.4 
3/4 h 58.7 

EQ 2 u = 1.4 D + 1.4 F 
NODE u 
0 h -125.7 
1/4 h -132.2 
1/2 h -117.7 
3/4- h -63.4 

EC! 4 u ·- D + L + H + TO + 
,moc: u 
t) h 117. 6 
1/4 h 176.'7 
1/2 h 171.5 
3/4 h 11 l. 6 .,, .~ 

, 

EQ 4 u = D + L + H + TO -
,,oor:: u 
0 h 117.6 
1/4 h 80. 1 
1/2 h 71. 1 
~J/4 h 67.8 

SHORT W-\ LL 

F 

• ... H 4 • , 

ESS 

ESS 

D0E/RL 88-27 
Rev. 1, 01/17/90 

EQ 10 U = 1.05 D + 1.3 L + 1.3 H + 1.3 EO +1.05 TO 
NODE U 
0 h 139. 1 
1/4 h 167. ~"3 ·.:.~ 
1 /2 t, 
3/4 h 

159.0 
1()9.4 
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HORIZONTAL CORNER MOMENTS LO NG l,IA LL 

NODr.:: D . L H F F-:o 

OOE/RL 88-27 
Rev. 1, 01/17/90 

• 
TO 

RE:SIST !NG 
OUTSIDc! I NSI DE 

MU MU 

------------------------------------------------------------------------· 
0 h 8.9 1 1.1) 61. 0 -90.b o. () 0. 0 ~C.':"' ..,. 

156. 1 -179 . 6 -~·'-'• ·-· 
1/4 h 9.6 11.9 ll5. ~~ -97. '-7 100. '.:'i 2,:,. :l 7l.. :! 21.~. 1 -236.3 
1/2 h 8.5 11).6 58. 6 -87.0 1 16. 7 r-\·:"P -:- 107. 0 276. 8 -29'.".:. (; .,;,;. .~ . . .,,:., 
3/cl- i·, 4.3 5.3 29. ::·:: •-L!-3. 5 51 . '·? 10. 4 142. ·-:, 254. (::i -26 4• . . ::: 

-------------------------------------------------------------------------
EO 9-4 
NODE 
0 h 
1/4 h 
1/2 h 
3/4 h 

EQ 9-4 
NOOE 
<) h 
1/4 h 
1/2 h 
3/4 h 

EQ 9-~ 
NOOE 
0 h 
1/4 h 
1/2 h 
3/4 h 

ED 9-2 
NODE 
0 h 
1/4 h 
1/2 h 
3/4 h 

EQ 9-2 
NODE 
() h 
1/4 h 
1/2 h 
3/4 h 

EQ 9-5 
NODE 
(l t, 
1/4 h 
1/2 h 
3/4 h 

¼lJ - 1.82 
*U 

175.3 
189.4 
168.4 
84.3 

*U = 1.82 
•:.U 

-184-.1) 
-198.9 
-176.8 
-88.3 

*U = 1.37 D 
*U 

131.7 
. 179. l 
16c;· .2 
82.4 

*U = 1.37 D 
~HJ 

131.7 
105.5 
83.9 
44.3 

·•U = 1.37 D 
*U 

-138.2 
-149.4 
-132.B 
-66.3 

*U = 1.37 D 
*Ll 

162.4 
22(>. 7 
256.1 
250.6 

D +2.21 L + 2.21 H 

D +2.21 F 

+1. 66 L +1. 66 H +1.83 EO 

,. , 

+1. 66 L + 1. 66 H -1.83 r::o 

·H. 66F 

+ 1.37 TO+ 1. 6 6 L +1.37 H 

APP 41-590 
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HORIZONT AL CORNER MOMENTS - LONG WA LL 
... 

EO 9-5 *LI~ 1.37 D + 1.66 F 
·NODE *U 
() i) -138.2 
1/4 h -149.4 
1/2 h -132.8 
3/4 h , , --o~ • . .:;. 

EQ 2 U = 1.4 D + 1.7 L + 1.7 1-1 

t 

NODE U 
0 h 13.:1. 9 
1/4 h 145.7 
1/2 h 129.5 
3/4 l1 64.8 

EQ ~ u = 1.4 .::. 

NODE u 
(l r, -114.4 
1/4 h -123.6 
t/2 h -109.9 

_ 3;4 i; -~)4. 9 

- EQ 4 u = D + 
NODIZ u 

,._ (l 
h 116.2 

1/4 h 259. 1. 
1/2 h :::o l. 4 
,3/4 h 233.7 

- EQ 4 u = D + .. 
NODE u 
() h 116.2 
1/4 h 58.1 
1/2 h 68.0 

,- 3/4 h 12CJ.C? 
•· 

D + 1. 4. F 

L + H + TO + ESS 

L + H + ro· - r::ss 

DOE/RL 88-27 
Rev. 1, 01/17/90 

EQ 10 U = 1.05 D + 1.3 L + 1.3 H + 1.3 EO +1.05 TO 
NODE U 
0 h 140. 0 
1/L~ h 216.1 

. 1 /2 h 246. 2 
3/4· h 215.1 

APP 41-591 
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. --f HORIZONTAL CENT-ER MOMENTS - LONG 1.JP,LL 

NODE D . L H F 

DOE/Rl 88-27 
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TO 
• RES I ST! l·JG 

OUTSIDE INS!Ci:: 
MU t•IU 

------------------------------------------------------------------------
(l h 1 4 1 8 9. 8 -14. ,::- (i. t) o. (l -,.c- ..,. 8<) • ·1 -9~. ,: . . ...J ·-• ..J • ...;, -

1/4 h 1 6 2. I) 1 1 (I -16. •. J 2 ·? 2 
..,. 

3 71 2 i:-:~ ..,. -91 i. . . . ...J • . ~---· . -i . 
1/2 11 o. ,.._ 

1 1 6. 1 -9 1 .... .... 
/ 4. 

,,,. 107. (l 106. . ..;, -1 12. .:! ., . . ..:.. ..;. . _, 
3/4 j-, -:!. 0 -2. 4 -13. 4 1 •:) r-, ... ,;, 7 

., (1 l ~12. 9 l. ::·J. 8 -133 . .. .. , . - .. •;_ . , 

-------------------------------------------------------------------------
EQ 9-4 -i:u == l.82 0 +2.::l L + 2.2L 1·1 
1\10D1:: *U 
(> h 28. 2 
1/4 h 31.6 
1 /2 ,, 17. 6 
3/4 h -38.6 

r EQ 9-4 *U = 1.8~ D +2.~l F 
l•mDE -;.U 
0 h -29.5 
1/•l h -33.1 
1/2 h -18.5 
3/4 h 40.3 

f D +1.66 L +1.6-~ H +1.a::: ED EC! 9-2 *U = 1.37 
NODE *U 
0 h 21. 2 
1/4 h 34.4 
1/2 I'", 21.4 
3/4 h -32.6 

EQ 9-2 *U = 1.37 D +1.66 L +1.66 H -1.83 EO 
NODG: -ll·U 
0 h 21.2 
1/4 h 13.2 
1/2 h 4.9 
3/4 h -25.3 

EQ 9-2 •U = 1.37 D ~1.66F 
NOOE *U 
0 t, 
1/4 h 
1/2 h 
3/4 h 

-22.2 
-24.9 
-13.9 

30. :::7 

EO 9-5 *U = 1.37 D + 1.37 TO+ 1.66 L +1.37 H 
1,1CJDE -ic-U 
() ,, 66. 7 
1/4- h 118.1 
1/2 h 158. 0 
3/4 11 170.7 

APP 41-592 
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HOR I Z ONT AL CC::NT~R l·IIJl"1ENTS - LO NG l•Ji'.;LL 

EQ 9-5 *U = 1.37 D + 1.66 P 
I\IOD~ •..-U 
() Ii 
1/4 h 
1/2 h 
3/4 h 

EQ ,, 
.;. 

NOD!:: 
I) h 
1/4 h 
1/2 h 
3/4 h 

EQ ..... 
..::. 

NODE 
0 11 
1/4 h 
1/2 h 
3/4 h 

EQ 4 
NODE 
0 h 
1/4 h 
1/2 h 
3/4 h 

EQ 4 
NODE 
0 h 
1/4 h 
1/2 h 
3/4 h 

EQ 10 
· NIJDG: 

0 11 
1/ 'l h 
1/2 h 
3/4 h 

-22.2 
-24. :.:,, 
-13. ·~, 

3(;. 3 

u = 1.4 D 
u 

21.7 
24.3 
13.~ 

-29.7 

u = 1.4 D 
u 

-18.3 
-20.6 
-11.5 

2.5. 1 

u = D + L 
u 

48.3 
115.0 
137.8 
115.4 

u = D .. + L 
u 

48.3 
56.6 
92.4 

134.8 

u = 1. 05 
u 

53.6 
102.0 
129.4 
124.4 

+ 1. 7 L + 

+ 1.4 F 

+ H + TO 

+ H + To· 

D + 1. 3 L 

+ 

-

1. 7 H 

ESS 

ESS 

+ 1.3 H + 1. 3 

0-27 
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DOE/RL 88-27 
Rev. 1, 01/17/90 

c-..- .. !,,oil~ - - . 
rel urthQo.w~ E,...._...,,_ 

2.al Od C"""9 C-,.0,, lto.d. 5utt~ I-M 
- SAl'l~.CA~J Nove• be r 29. 1988 

1415) aJY.2J50 

Nr. Nike Ruben 
Kaiser Eniineers Hanford Co• pany 
P.O. Bo.x 888 
Richland. Washington 99352 

Subject: Contract ~o. KEH-5139 (B-714) 
Consulting Engineering Services. Verify KEH 
Seis• ic Analyses For Grout Disposal Vaults. 
200-East Area. Hanford Site. Richland. ~ashinton 
(Reference Contract Ho. DE-4C06-87RL10900) 

Thi~ letter acts as the confiraation of co• pletion of the above • entioned 
consulting engineering services. The scopes of the work consisted of five 
phR~s as follows . 

• Phase 1 • Review design criteria. available soils data. construction 
, drawings and specifications 

. h&se 2 - Review co• puter work Nan Hour done to date by KEH Engineers 
or soi I-structure interaction analysis 

• ~hase 3 - Provide assistance to KEH for revising the coaputer • odels 
for advising additional analysis. 

Phase 4 - l'I a k e f i n a I rev i e-. of a II co II p u t e r so i I - s t r u c tu re i n t e r a c-t i on 
ana.lyses 

e. hase 5 - Provide tEH a letter stating the soi I-structure interaction 
analyses satisfy all criteria and are accurate. 

':"-

The consulting engineering services were authorized on Seple•ber 9. 1988 
(EET·S139·001) and first • eetini -.as held at tEH office. Richland. 
Washington on Septe • ber 9 and 10, 1988. The basic dra.·ings. so i l da.ta. 
• aterial curves and ideali2ed • odels used for soi l·stracture interaction 
an~tyses vere discussed. 
The fotlo~ings are the ker points on the • eeting. 

(1) ~d~uacy of the finite element i:aodel. elc• ent size. maxil!llua freQuenq·. 
etc. 

(2) The • ateri&I curves for the equivalent linear approach. 
(3) The effect of the rigid base ie. the adequacy of the FEM • ode l dep th 

to avoid reflection fro• the r i t id base. 

he several add i t i onal analyses were d iscussed: · 

APP 41 -595 
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(4) Three·di • ens ionat effects of the FLUSH ~nalyses. 
(5) ~ew • ode I ing technique of :rout material ss the complete lu• ped ~ass 

• ode! using triple nodal points. 
(6) Interpolation sche• e 
(7) Hew analysis in the longitudinal direction. 
(8) Structure-soil-structure interaction analyses placing enphasis on the 

different free-field conditons at the right hand and left hand sides. 

After the • eeing. during the period of September 12 through October 10, 
1988. several telephone conversati·ons were placed to verify the input data 
preparation of FLUSH progra• including the • odel ing techniques and boundary 
conditions to si • ulate actual field condition. 
The re-..iei.· of the FLUSH soil-structure interaction analyses surted en 
October 14. 1988. Reviews were performed on the following cases. 

{I) Single Vault • odet 
(a) Lumped • ass representation 
(b) Independent -irout disposal •aterial accepting the sep2.r1.tion of 

the aaterial fro • the concrete wall. 
(2) Two Valult • odel 

(a) One espty and one fut I irout aaterial • odel 
(b) One empty and one full irout • aterial • odel with stopping site 

(Right and left hand s i de boundary conditions are different each 
other) 

(3) Longitudinal Dode!. 

The adequacy of the fEM model, aaterial properties. • aterial cur~es. 
convergency have been reviewed and final nu • erical results &re coapared 
each other and discussed on the telephone with Mr. Mike ~uben. (from 
October 10 to October 30. 1988) 
The results obtained fro • the fLUSH soi I-structure interaction an~lyses 
see• to be very reasonable and to be accurate. The • o• ents obtained are 
within the design criteria. 

If you have any questions on this aatter, please feel free to call ae at 
415-837-2350. 

Sincerely )'ours. 

~----- -----------
Ta~e~azl"'Udaka. President 

-- f:~ 
,\ -----------A-PP-4-I-_5_9_6_E--3----------------

• 

• 



• 
KAISER ENGINEERS 
HANFORD 

DOE/RL 88-27 
Rev. 1, 01/17/90-

DESIGN ANALYSIS 

Client W~<=- WO/Job No. E.R\oG::O 
Subject GRou., \.J/>\ut.,T Date '2.~ '1.?t' By~~ 'i<uBG..~ 

Checked 11/ \,. / ;:,x- By C . _,._,. _ r-~,A~r! ...,.... .,~.~ 

Location 9-oos Revised Bv 

DzSlGiN. 08:r~~-n Y ~s ~ 

D~-\~~)'.,tu,H-- ss::- ~ o.Bs.. 1---\0J~eu;S A::,.JD :S~'-"':.i 
'fo<?- G;Rot.,l, VAu,_, COt'-iC..f<.£..---1£ 'S'r~'c..-r1-A?-.s. lh£ C.'.'.)A...1Pe,1.-r1:.2. 

\l ,, '-

C.OD ~ r1-I.\$~ Y-.)lU.. Be. Ll_S~ 10 CJ.,;L..,C..U.L..~ tr\":k.. 
~?Fo~"?l.i:--~ (!)J;- -rn.r::.... VAUL-T To rt~f"cC-,0 PL..A-,J"T° ~T"'1JD1\~D 
SDC. 4-. \ 'Fo~ sse.. -::: 0,-Z..C:,6 -Z.~iu.J ~{CD e?~UIJD A<Lr-:.1.,p!:-ATC! 

OB'c, +2'~,...;;fcPS·~ l<.HU.. p'~ -F°o'-Zt-.JD 6~) +::UFc~17c:"-l( ~G. )cwµ 
T~ <0 -CC:;G. ~,?~. 

r\-?...-77C;,S o 

• ~~\lu~,\<.'-j ~·~~-\ ~t=cTPC,'sl(C.A'-~ Co~~S\a:,, 
t~V~.5i"i 6A'17or-.\ -:- 6~:..rr VAUL.\ ~ HA:?JseD, WA. 

• 

00( • c• ••"•• •• 

e l,J """Df\.,.....,\ n.? ·~ 1--i_ co P::. ~ 
1 

.,\,_i,_ ~ . i:~ , 1 <?:. ~ · 

(Af<_s/SLt.uv\ i:.. I 1.Jv'~S116 ,~ci.u,.~ c,:- 0-C..l U 71 :'.·./_;, ( u /\~:. f>-.} .. <:,\ 
Tc l '.p.l r-~ 1... Ft\C.l 1.. 1 jt,.J J z.q- 1 - Ar TmJ ~ ::5 LT~ z --z+ t - f'ct.<J -s \~. 
-n~t. Smo t~..G::. \1..'.;C.l.-U.D~O -Sc ({ ... 'Pi'--0.Pt:t,Tl (~--~ ' ~:::,~ v\__'"..,t_ 

!U .P~t.i..U--\ (l..l1-\ (·•1 \ " rLlA.St'\
0

' v-1_0.D~~~{; 

.... ... .--,1"1,,. ...... .... ,... ... , 



r -·, 
f 
-i 

I I 

-

(_ 

KAISER ENGINEERS 
HANFORD 

DESIGN ANALYSIS 

P. 

R 

DOE/RL 88-27· 
Rev. 1, 01/17/90-

Client WtsC.. WO/Joo No. ----------'---=--------------------=~=.::::;..J.l,IO..:..:::(L,:..::0=--------• 
Subject Geot.rr V~t..T Date C\ i!,"t., '6~ By µ_s ~ei~~\ 

Checked By c . /".,._ s==.,..- '~.: ;,,: ,,,,-,., 
Location dCOE... Revised Bv 

Dt,\IG- '"ID ·s l--rl- -:SP,~Ct f=t c.- ..:Soi t... .P,~P~-f...-n½ NO< ~~6' AvAt-l c...A-8~. A 
?~~-<-1 ,,_\ 1 u /\f ,(.,\ \ o v ~=,-n 6A;"\\ o..J w~ M A--D ~ c~ Tri'~ '5 ~l.(T 
V ~ t..."1" -6.c I t--ST'xtc.. "i"U_ 12-ll.. I .U1'1:=-f2.l-.;C.. T7 01,I , ~--:, \ L. S~..{'-7"!-< ~ ,YcO~.CS 

\,AJ-e Re- t.v1 A-D~ U~ t ~,-. 13 / 14 V A-U '-T j) ~.i'r-...u u~, ~ ~ D ;~✓•J to l.l S 
..Sc1L.. -=s-n.tO\~.-;, ci= TH~ '2.co~. Aa.{::-.+,. "Trr~~ ·S:n,Drf~~ l~~r-~ 
' MA'i)l:., Sq U~?/S~!.<_~-\~ ~1'7.,C1.;-C. )-J l'r7c.c r;-1-...!D !'1-=l -Fe~ 

...-i · t. (°·. l-r..', .. --,,,. ., ,.1 "'~I ... , ,_,., \. I -·-• •'' ,:_., .-. t l\;...,,, 4:""~ .. ~...-. ·_, .• \~~t.,{ l-"\ 4'. :,c..<-\ 1 -"LA...,, - \u~i" -. .:::.~..:::,.. 1,./\,-.....i-"-:::: ,-,.~ -~ 

;+,- k? .:S7'C i-;-°'< , .• ~ ·~A:~·,: s. ";:·\'\'_ ~L;.:-:1.: ·\ ~~, ~~f:-.S w~~~ 
'>--(oW--~-C) ~JC) ~--{~~!..:.-~ -o T~ -H:?s S.CC ~-. \ o,--z.c; ~ 
G(u)u_;'-.)D J...{_o-nou usi~c.. Trr~ 7"t_u..S-n Co.D~: -

5tN6L£ VAut.:r (_~\?~- H.C?-\=c . 6:2-D . HcTicr--\ 

$l>J6i,s VAt:J.:"\ ltS,i1_fT'~ - \Jf--~, 6~D . ttcnc.•.\ 

'S. 1l-.:6L.Z- VAL{l..-\ (:'uu_ \,-C\T.""\ 6f'w::..l ~ - ~cv,t: c~ l-~17c)..J 

Dj (I.) l"r.A._l l. ~\ \ .. :s ?!?-a?~ ;.--n /_0;;;, \<~1--\ 1--l £.~.JU<, C b V') 
DAN\•:, • .-'? <i_L N\CO ~ I w Trt :E : I?.. -S l ~ ~ ~ c. ; ::= t C.. 
"Sol~S -~e;.,?o~"\ ~D ?<-U.6 -~S l~ S'S (~LIJ.-\) 

Co1Jc.(<~Th Cl\--rc.t"I: P-\=,1 ,-.,.\ A..D.D~ D A-i=~~ ~ "I \tJ /\s 
Cc"'\ p (.., E--~ -.D 

APP 41-598 
E-5 



; 

/ , 
I 

• 
KAISER ENGINEERS 
HANFORD 

F OOE/RL 88-27 
Rev. I, 01/17/90-

F 

Client 

Subject 

Location 

(_~) 

DESIGN ANALYSIS 

~ 'rt c., WO/Job No. E?- \O<oa 

61<.oc..A 

Checked 1!/<7_ 1~7' 

~CO£ Revised Bv 

C ~li\~S -ro 11tL ~~-ct 

a.. 'R 'VJ lS ~ So \ t,_ U'('t,{ M.,,, TrrtC..~~s kf kcµ\ l..A----{ ~ ~ 
1o OPTL~l-U:.. K(::.?fe,~$tc,. 0~ :'.::lOIL.. 10 .L\01"'\0~ . 

b. 'Re."''?b-0 f<.1ea<,K' ~lO~ :SO 11.- Co1..uJ--\>-J w ( D'THS To EQukc 
l,6,.f1 "5tl)t., 

C.. 
~ \ I\ 

'R0'Jl5'c..D VAA1_--r 'RcaF -;-o Su--\U.L..h~ ~\}-JI-JW ~j..JD$ 

8' R- ~ t "1 f' (... ~ -:Sf .A: r-..\ , 

J. ¥¼--,{ov<:.-0 G:,~w~c.11 \) I T'l1 c:;:. G~CAT ~~M...J~ 10 l,C~..L-

'8.~~ ~~~·V-1,-..rr-:, lb S.: 'J..A, Ul...-t~ ~0e:.kS 1.-(~ 

CRAO(>;J fue.~J~~ --n-tt.,.. c:::;eo<..cr ~O u:;r~1.,"~.w~Jc.S. 
1(.()0 ~ OF Tr+-tCS MoO~'- WbRe_ /l-..i1J~?i1C--,k'r1.--D. 
11-tf;, t= 1 e.~ u. st..D , ri":'c:,... G ~L(T v~ i T-\ er ICQ pc r= . 
Tct!., -S~r-J.D {)$) A _r;,;...., . .:stT"!-1 o? \ ?c-,-- AJJD u..<""'~~~) 
Trt19.:;... ~~~-r w~~k"r'I A~!..l~O 'T~-::. ::p~.,~ ,'\.~T'!. !' c;= 

1}tt.. v'A-u. (.., \ 
r 

C::.. ~Q .::::-c.¾ ~ 1C:,t..f, O~t.<i" +o11 .. .Yf"'-:;) ~ ~.=C:.~ k..):,;,~- ~ / .l.l0 

0 f= V k-A L-T ~'"("wc.:r";...-', ~~ 

-t. 'R~1':;~ So(L. p;.a~9-"TT~ -C-o (~!)~ Or:r-tb'.::, ~ ;i--{co~~ 
r<E:.c.o~"'\~.Dki ONS roe ,.D;.,,,..)S t n ~ 

1 
po,c;.Sol.J~ q,"-:--1,~5, 

~ D~ J..J~ I C. =::;:~ ,Y oO u. L. I 'FO ~ L)AJ O l S TZ-{ P---S f~ ~I L 
lfaM ~ ?-~<-aw l}kf..A. 1...TS 

1 
'¢1-\ c... ~r=1 L:_ ~ G e,kU~l-

Dt F~Ll <;~ IOIJ pR.G./.~ ~ 

A /,~o.C.~ Foe. A. lor.)S l n,,.. Ci I.) 1-:-L ~-::,S -S~o iJ (..V ~:::, 

Foe. =iA-.J P W !~<..,. ,v{o~1_ ~tJi::i D(..{, g_.l >-.JG.. :5Sf_ ~ 0 B:t. 

l':>> A 0al{/et.-~ Vt-:v...1--r MoC-G-<.. Su0u..Lk"Tl sJ& 17t1:.. -SLOP 11.:>C? 8.Ac::..~tu._ 
~I~~ ~ ~ PTZ-') V A-u. t.:T ~ . k!---SO ~~~"T'M) To 
LH- Ct. o. 1.e, ~ G ~ \,{ ~ C ~ c.c..1&,,t.., ~ o.v # 

E-6 
APP 41-599 



I 
i 

~ 

( 
-.. 

C • 

I • 

l 

KAISER ENGINEERS 
HANFDRD 

Client (,uh:C,, 
Sub ject ~ Rou.,- ,J:b:vL.,: 

Location 

OOE/RL 88-27 
Rev. 1, 01/17/90-

DESIGN ANALYSIS 

APP 41-600 

E-7 

WO/Job No. 'E,.2_ l OG:lO • 

Date 'j /9,3 \ ~~ By µ_ $ 'R, u ~ 
\ \ , I 

Checked 11 1 .\'1~c- By c . /,' . ,,. ~, .. ~ -~ , n ., . , 

Revised 

\ 
I 
i 
; 

Sv 

• 



• 
.KAISER ENGINEERS 
HANFORD 

Client 

Subject 

Location 

h 
t 

DESIGN ANALYSIS 

WO/Job No. 

Date H 

Revised 

'?o/i;c;oo 

0OE/RL 88-27 · 
Rev . 1, 01/17/90 

By 

By 

Bv 

:Ji I_H-______ '?.:_7.;...._-::-;,..o_' ________ ___ 

t7tl[W 

I 
C, S'l'WIIII n---------__.•-.;··~·------------; 

Hl'--"-'""-___ ,.,.Tl:11 ST~ ~ 
~ ',.J 

1711 
Al.. f M 

1, .. ,. \L:~· 
··-1• 

,. ._ -

.A. ,.._ •f"tOO . en"' """" 

' · 

APP 41-601 
E-8 

-O TC: LJ.• s•uc:c s o, .. Cit ·~ ,o(J• t lOMUl 
1 a1ts 'i " " LL ac •• a•11 c :.a.Mot. TC •1. •1. s. ::u >-<• 
LAo" ~~.:cs SMAlL c ::11F CIIW f O Q..A.SS C 
rc .. s10• s, 1..1cts. 
C'( V(LO jlt~( ... r A"'°'40•.t. c t "fOT 00•0~( S..O•• 
~AU ii[ .)4 U,R OIAW( :' ( 'tS. 



--7 
I 
\ 
' 

F-
\ -

u 

/ 

\._ 

KAISER ENGINEERS 
HANFORD 

DESIGN ANALYSIS 

OOE/RL 88-27 
Rev. I, 01/17/90-

Client w~c... WO/Job No. -'24-1-Soo 

Subject G Rol.1\ VA UL-T" Date I.Ji~ c;;::g 10 -------------------___,;;_~------1• By "f'J\.':> ~J e.~~ 

Location 'ZooE 

~-: :;~ ':' 

® I 

~ I \ 
; .:;~~ ~ 

co I 
@ I 

I I ',,t',So 
I 

I @ 
'· I 

I ;-
4 -l.'t1S 

I @ 
I 

~ T:4•S 

l® A 

~cc-::- 9-t-E:i 1 
T : '2.., t1e&1 

p~c.,'le..,.--f ? ... Ai-l~ 

\,IJ f· !),.... 

, 

I 

I ~ -:~\ 
1.. ~-1,:, 

'2.. <.' ,., " -- •· -

9 ; I • ··i ' ;L'.' 

APP 41-602 

E-9 

Checked~ 

Revised 

::::'. -) ' <: C/ 
_.,, ' ; '- l.. 

..d --:i . ~ ~-\ - ,... -~ 

1 .. ~1.-:·.5 - .... 

f~ By t: (~ 
Bv 

,"'\ i . -.,.., ,.:,•~\ 
., - ,.,.., 
..,, . ! :. 

;. -~-:: .:~ 
- -· _, j I 

·' -;- , ·-·, 

,.., I ' - -7' . ._,'.:: I 

4,s.' 

.... , . (! ,_ , .... - . .. - -
; . : '1 "2. ! 
L! ,... ~- 1 7 , t.. :.·-,1 
,- ,, ,,.. ---,'--;::,~-

~ -'1;,11 

6 ,:~ .3\ \ 

- / . C:::\ 7. ~ ,,, ~-' -



• 
l<AISER E,VGINEERS 
HANFORD 

DESIGN ANALYSIS 

Client Wct"C- WO/Job No. 24-1-500 

Subject GRouT VAu1..-T 
Checked 

Location ,u,.:,~ Revised 

rf4JI--\ A.er; '3lB E.:: l.'S 3"" ·-,ffi_ w~ * :::i* c.. 

-~= 
4 ,.~ 

0 ~ '33 ~-,) 'S~ 

- - {qq 'Z-S3 t"=- \ c:- -
G 

::-
1'99'2-: S -:::. 1-~ ·c-::. - l c... 

z.. c 1 -r ~ 0 -== 
z.( l +.1'1) 

00E/RL 88-27 
Rev. 1, 01/17/90-

-------
By t._c~ 
Bv 

i'-- . r-~ 

f'.?1~-'Z.- ~ I# ~ l"Z:2.l:Q ~-

( ,,..,, -
:.A.,., c.. -

-.... ::. ·-

oot • , • .••. , .... * CPO ·,see-s92--092 

i tjC :::> 

loo½,.~ 
\ , $" - ,----

lee ~ 3-:; ~ -) so 

,,,, -:2 .... -:...:, ~ (.,.,;:,.-, ,_.. 
~c.1-1 ,) 

°'i~7 ~o ~ t 44 -tOC?O 

APP 41-603 

E-10 
SA ~n>-CJ7 ICIH-37 (11121 



m
 

I I
-
' 

I
-
' 

... ~ \I
I 

V
I .....
 .. ~ \,
I Ill
 

~
 

\-
, 

\a
l ... "' ~ \a
l ,. \,
I ~
 t ~ 1 t ! 

I'
 

N
 ~ ~ 

. . 

) 
) 

..
. 

I 
' 

I 
.....

 
' 

..
 

N
 

~ 
~ 

~
 

()
 

~
 

~ 
()

 
()

 

' 
' 

.. 
~ 

~ 
,.. ... 

t 
~ 

... .,. 

~
 

~
 

.!:
 

' 
' 

~ 
()

 
()

 
.. 

' 
(')

 

' 
.... 

~ 
~
 

~ 
~
 

~
 

' 
' 

' 
n 

~ 
~ 

.... 
.... 

' 
" 

~ 
~ 

"-4
 .... 

IJ
 

.., 
~
 

~ 
8 

... .....
 

... 
~ 

" ... 
•~ .. 

,.. 
.....

... 
t 

C\
 
~
 

~ 

A.
, 

~ 
" 

t: 
~ 

r 
_, 

l 
Q

 '1 

"' 
~
 

t 
" ..... 

-
" 

. 
G

l?
O

U
T

 V
A

U
L

T
 M

O
O

E
L

 

I \)
 

~
 
~
 ~
 

~ ~
 a.; -(

) 
~
 t 't
 

.....
 ... ~ ' "-J ~ ' '() ~ ).J
 ~~
 .... 

... ~ t "" ~ 

7 ( .... ~
 

~
 ~
 

~
 

~ ... ' i ' ..., lA
) ' ~ l.J
 t: ..., .....
 

"'O
 

Co
l 

C)
 t' l! "\
 ~ ~ .. ~
 ~ 

, 
5 

' 
' 

\}
 

--.a
 

~
 

~
 

C
) 

C
) 

()
 

(}
 

... 
.... 

.... 
~
 

t 
~
 

~
 

"t 
~ 

' ., 
~
 

t 
... -(

) 
i 

'4
) 

~
 

I>\
 

.... 
~ 

t 
.. t'

 

~ 
' 

l 
"I. 

" ' 
' 

.....
 

... 
.....

 
~
 

~
 

' 
C)

 

' 
.....

 
' 

~
 

~
 

'C
l 

.... 
'I\

 

1J
 

-
~

 

h 
ll

 

µ
~

 
N

 
~
 

,!I
 

,. ;;; 
~
 

,_, 
·t.

, 

a: 
... 

~ 
" 

Ca
i 

t 
~
 

~
 

-0
 ... 

t 
ll

l 

~ 
t 

~
 

I 
I 

I 
I 

I 
I 

I 
' 

' 
' 

' 
I 

I 
I 

' 
~~
 

~ 
G

\ 
~
 
~ 

~
 

UJ
 

~ 
>,,

) 
l-l

 
6' 

.....
... 
~
 :

f\ 
~
 

~
 
~
 

~
 f

\ 
-~ 
~
 

N
 

' 
. 

\)
 

C
) 

(}
 

C
) 
~ 

~ 
()

 ~
 
"' 

8 
C)

 
C

) 
()

 
()

 
8 

()
 

()
 
()

 
()

 

~
 

(
)
"
' 
°' 

(}
 

C
) 
~
 
~
 

C
) 

' 
' 

... 
' 

... 
... 

.. 
' 

.... 
... 

.. 
' 

' 
o

.o
q

' 
~ 

.. ~
 . ~ ~ 

-4
1 

.. ~
 

('
 

"I
 

..
. 

....
. 

... 
~
 

1
0

0
0

' 

t 
"' 

~
 ~

 
i 
~
 

t 
~ 

t 
:: 

I: 
...

 
"J

.l 
~ 

~ 
.... 

.... 
(
\ 

.Z
0

.0
0

' 
,: 

\l 
':J 

'I 
! 

~
 

~ 
~
 

Q
 
t 

~ 
~ 

~ 
l 

2
.3

 O
o

' 
--

0 
.. ..

.. -0
 Il

a(
\) 

()
I 
~
 
~ 

~ 
~
 
~ 

....,
 
~
 

~c 
.. u

a 
....

....
 C

) 
~

C
) 

" 
... 

..,. 
~
 

.3
.t

./
"
7

 
~
 

~
 
S 

1 
-::::

 
~,

 
~
 

:::::
: 
~
 

.... 
~ 

~ 
.. ~

 
H

 
,,

 
C)

 
~ 

&
 ~ 

~
 

a-. 
u. 

~'"
' 

,. 
.....

 

" 
.,a

 
.i

: 
-W

. .
3.

33
3'

 

i 
~ 

; 
~ 
1 ~

~ 
~ 

~ 
ii
 ' 

... 
' 

' 
'
I
 

~ 
~ 

«. 
c.. 

~0
 

" 
Ut

 
Iii

 
'4

 
" 

....
. 

Q
 

5
V

-S
O

' 

' 
~ 

~ 
t 
~ "" 

t 
~ 

.... 
' 

' 
5 

f ~ 
'',~

 
" 

" 
-.J

 
.... 

' 
t 

~ 
~ 

°' ~" 
-0

 
r
1

~
1

· 

' 
i 

.... 
' 
~~

i 
~ 

i 
~ 

1 
~ 

.....
 
~
 
',

 ... 
'C

l 
.! 

~ 
' 

..:: 
'i

 ..
.a,

 
,. 

lo&
 

~
 

111
1 

., 
(\

 .. 
'8

8
H

:f 

! 
" 

~ 
lJ

 
,.

 1
11

1.
 

b 
,_, 

L
 

f.J
 

t 
l,

 
L 
~
 
ur 

.1 
~ 

~ 
;~ 

.....
 
~
 

t)
 

()
 

()
 

I)
 

~
~
 

~~
 t"

' ..,
 ..

.a 
J.,"

 .. i
, 

~ 
.. 

I 
. 

... 
~
 

,. 
t 
' ~ 

ll
 ,

;; 
.. 

.... 
~
 
~
 

~
t 

,:•
 

t 
1

c
\0

0
0

 
lJ

 
.._

 
Ill

 
... 

u 
.... 

.. 
,!

J
/.

 0
 

... 
JI

 
~ 
~ 

.. ,
., 

t 
t 

,., 
.. .

. .
. ~

 
~ 

t 
1:! 

~ 
:::: 

lt 
~ 

t 
~ 

.. 
... 

,., 
... 

" 
l,o

 
..

 
' 

9/
. 0

0
1 

.. 
~ 

,. ~
 
~ 

~ 
~ 

., 
~ 

~ 
: 1.1

 
~ 

t 
t 

~ 
t 

" 
.. 

«. 
"' 

~
 
" 

t 
" 

.. 
.....

 
~
 

.....
 

;i
,'

.O
o

·· 
n

>
-

~-
tS

t~
~

 ~
 '-

... 
.. "' 

"' 
"' 

'C 
lo

, 
<

 
~
 

i. 
~ 

~
 

.... 
• 

. 
C)

 
... 

(I
I 

~ 
c:

, 
-
o

 
-

rr
, 

(J
) 

.....
... 

I 
I, 

0 
;::

o 
p 

...
., 

.....
.....

 

)<
 • 



D0E/RL 88-27 
' ), ' ' ' " I'(\ 11 ~, \J Rev. 1, 01/17/90 it c::i 
~ a ~ ~ ~ If\ ~ g 

"' ro ~ cS ~ ~ ~ ~ <:) "" 
\J 

~ ~ ~ "' "' ~ ~ t ~ ~ '- --.:. ~ ~ ~ 
"t "'' I\'\ "l 0,.. ~ ~-....; \I 

' \I 

- 0.00' ',~~ 
C1.00' I .z..,. t, '10 93 //(. I~ 'f 1 "2. I , as- .ti .,_ 3/ ;:J.S"+ 

s.oo' 2 2~ t, I iii .23-.2 :;. ss-
- /2.00' 3 .2, ,,. l~Q , :}33 ~.r~ ! '~ 
- lb .00' 4 21 ~ I 1:.2,~ :257 I ~ ~ 

- :Z0.00' ,s 2a '\ I I ~., :i!f :J..S-8 ~ ~~-~ (',(· 
. . 

- '24.00' ~ 29 ~ I 
,~ 

,j .3t:, :,..r, "" ~ ~~ - 28.00' 7 30 t;, ,~~, ;i; 7 ;2.~ 

,v'-1 :238 ~ 
II 11 

- 32..00' 8 .31 ti'- .2.,1 
~~ 

- 3~.00' 'I ,1 'il ..}v i 239 ~~.2. 

- 4O.Z~' "' J3 ~ ~1240 ~3 . 
- 4~. Z.5' // '" ~ /!O ✓"3 1~, 1.,.#f /73. 19&° 1 .... ~ , J4-/ :2..,,. '' 
- 4t:..00' ,a. 3!" ~ II N:1-,. 127 IS'C 173 If~~ ;:J.~,:J ,:2~!, 

- S0.00' 13 .,~ r. 8%. /01j I.JI IS-/ /79 /91 ~ ~3 ~~C, 

- -55. 00' ,., 31 ,JJ 8:, le><'. 14''1 IS":J. 11~ I 19a ~'i' ~ff .:J..~7 I 
' 

- 160.00' IG' .J8 ._, 
8"' ID7 I~ /~3 /1~ 199 ')~ ~,H' j~B I 

; 

~~ ~ ~~ . /(,,, 39 ~"r 81i /01! /~/ ,~,,. 177 ·20'7 .:2~9 :Q - 10.00' ~ I'-{ 

~ 
~-. .... ~ 

11 61() 
.,,,, s~ '"" 132 /$'~ 11, .:J.0/ 4 .)47 .270 ,, ,. 

. - ~0.00' ~t -
-1"-< ~~ "' 

.,., wt,, 81 /10 ll?J 15'C. 17'1 .:1~B ~7/ 
9000' 

-
I'! ~2. ,_4 88 I/I 18¥ IS/ /80 ioJ J1.2+, ;J.72 

-100.00✓ , 
j' 

20 '9'.3 rl 8'1 1/2 /3: IS'S //A/ :Z.04 
I\. 

~ .J.j'O :J.13 

-120.00' 

.. 

21 ~.,. ,.,A.. ,,0 l/3 l.3~ /6"9 /8.). 2oS- ~ "r ~ S-1 :Z74-

-/tl,0-OO' \-._ 4.. 
\(\ ~~ ~ 

~ "'· 
~ ,J ~ ~ :i s-:i ~~ 

22 'II Ill' /31 ,~o 183 ~,s-
~ 

1\ " ~t " -rto.oo' 
~ 

• 23 41(;. .Q, '1%. /15' 138 /1,/ 11' <f- .¥J7 ~ .]. S-3 ;l 7(-

--zoo.oo' ,, 
E-12 APP 4I-605 



\ I I~ ~. "
0

 
N

O
\ 

........... 
C

X
)
"
 

C
X

)..-4
 

.......... 
....J..-4

 
0::: 0 
.......... 
u

.J 
... 

c


o 
>

 
Q

) 
0::: 

... -----M
----------------------

l 

. 
~~ 

" 
. 

11 
...... 

~8 
-~

 
~ 

t 
~ 

... 
t 

Cl 

8 
~ 

"' 
"' 

~ 
~
 

"' 
~
 

~
 ·1 

"I 
-.;; 

l'l 

~ 
~ 

~
 .; 

" 
~ 

~ 
~
 

~ ~ 
~
 

,. 
rn 

~ 
.ii 

() 
" 

~ 
::: 

r, .. 

"' 
" 

'O
 

.... 
-o

.o
o

· 
-=. .o

o
· 

"'T 
+

 
-

-

-171 ! 
-

-·-
J 

~
7

 -
-

-
-

I 
i 

J 
,. 

" 7 .. , "' 
,.,~ 

,~
s 

l
l
l
 
3
~
~
 

.Jo
'J

 
.lJ

/ 

.:..o, o__o_:___ 
l 

:J.4 ., 
1,1 

:J
.2

 
.J

4
4

 
f>', 

-
-
-

· 
--

,
_

 
-

11..0
0

' 
J 

.J
r 

\" 
•' 
~
~
 

:J.45° 
I>. 

,_ 
,_ 

' 
~ 

-
-

;:; 
:..!:-.:.0

0
' 

,f 
.2-" 

., =--=~
 l·J 

-; 
' -

-
-
2

0
.0

0
' 

5 
2

1
 

~• 
.J.:i.r 

:,.4
1

 
I.(,_ 

-2
•.o

o
' 

' 
~
 
~
 

II .u, 
.1

4
1

 
{_ 

-2
s

.o
o

' 
7 

.27 ~-
l 

:i:n ...:!~ 
~
 

) 

-3
2

.0
0

' 
8 

3
0

 
r 

r·-
:Z

T
O

 ~ 
• ,,.,.__o

o
' 

~ 
~

-
., 

.JI 
~· 

:i..:19 
JE

..... 
-4<

:).1
.5

' 
1

0
 

JZ 
~ 

'~
 ~

r.t 
~
 

-
4

3
.Z

5
 

II 
.JJ 

le 
-,1 

9
9

 
/
~

/
 

lf
.J

 '"' 
,,1

 ~; .iF
 ....i!r~

 ~ 
~

!L
 ~'.J.. ....!!:!.. 

-
~

.o
o

 
,, 

,~ . ,_ 
'"" 

,.u 
t.Y

;_ 
!.~

~
 

~
,: ~• .z.~T

 µ
lj'_ 

• 
.i_ Pl!/ 

_ ,!E
.. ~-'.U

 _ 
-
5

0
.0

0
· 

/J
 

J
5

 
' ,,, 

!P
l 

/J
J

 
,.,,5 

, .. 1 
I
,
,
 
.,/ 

!1JJ 
:1.rr r:.' ·.,9, 

J
.l/ 

H
J
 

·5
5

.0
0

' 
,,. 

3~
 
~ 

/It! 
1111 

/.lf' 
1

"4
 

,,, ''" l'I' 
:u-. 

.:Jr&
 

.,... -'"" 
J:.1.:l ._!_11 

-<
.o.o

o
· 

,s 
.,, 

(' 
Ill 

IP
J
 

t.2
$

' 
l-f1

 
1,v 

I
f
/ 

~· 
,Z

JI' 
4

.1
7

 ~
-·;;;; 

J.1
l 

3
1

r 
, __ 

/&
, 

3
8

 
~o 

B
t 

IP
-I-

/.J&
 

,.,,8 
1

1
,:, 1,,. "'( 

:z
~

 
~

re ~ 
.Jd

. 
-"4-

3
~

 
•
7

0
.0

0
' 

I
,
,
 ~ 

1
1

 
39 "' 

8
?

, 
l#

S
' 

1:,.7 ,,, 
1

7
1

 
:n

1
 

.:1.T'f J 
.JO

.-' 
J.1

,-
.,,7 

-s
o

.o
o

' 

1
8

 
fO

 
~ .. 

8
+

 
1t1&

 
I.JIJ 

/$
C

 
11.l 

If+
 ~

' 
tU

B
 

~,o .. : 
.JO

?-
3

~
 

.1
'-8 

-1
0

0
.0

0
· 

l'f 
I-I ~· ,,~ 

1
'7

1
 

/2
,f 1,1 

IT.J 
,,r ~°' .JJT

 ~" 
• 

.J
O

' 
~
 

J
J
7

 
Jf1

 

-1
2

0
.0

0
· 

zo 
IJ. 

,,"-
6&

 
J
O

I 
/J

II ,~,. 
1

7
f- 1,, r! 

J
4

0
 

.2
,.l I 3otr. 

J.2/J 
J
$

0
 

-,-,o.OtY 

21 
o 

IJ 
81 '"'I 

/J
/ 

,n
 

1
1

r 
/f7

 ~ 
.1•1 

l
o

 
!,, 
: 

,0
7

 
JJ.'f 

3
$

"/ 

-1
7

().()0
' 

zz 
fl 

~ 
8/J "" 

/J.%
 

/$
#

-
11&

. ,,, 
~ 

.141 
~
 

.J,.,.. ,~ 
3

J
o

 
Jr}. 

-2
,0

0
-0

0
 

) 
<., 

L 

u
 

~ ~ () 
.... 

·.,._ 
~ § 

§ 
~ 

~ 
~
 

(I
 

~
 

«
;)"' 

t; .. 
"' 

~
;: ~ 

i 
t' 

~
 

C). 
. . 

.... 
,~

 
.._ 

.... 
~
 ~-t 

-~
-

--
~

,r
 

ll ~
, 

3
S

.J
 

.J' 7 
,.~ 

J -
-

-
4

.:,4
 

. .,.,,. 
'•' 

H
J
 

"" ,-
•' 

H
f' 
~
 

~ t~ 
,; 

~
f'S

' 
u

.1
 

,-t 
~
 

"~" 
t 

\) 1\1 
.~ 

'H
J
 

""" 
() "' tj 
~
 . 

I' 
,f~

6
 

'9
7

0
 

~ ~¾ 
I~ 

,.,v 
4

7
/ 

,,' 
-,.{,O

 
., 7,1. 

"""' ~
~
 

-,0
1

 
•' 

4
£

1
 

4
1

J
 

...,,., ~--
~
 ' 

~
~
 

.,~ 
,~, 

J
T

f 
409 

~
 

4S'.J 
.,,~ 

I 
:J

'~
 

Jl'Y
 

-f/0
 

le 
fl'+

 
fU

 
V

) 
,,1 

3'7 
,f ti ·~ 

f5
'~

 
-f7

1
 

:,c.S 3
'" .,,,,_ I~ 

,,.r&
 

'1
7

8
 

It. .... 
1

) ~ ~ 
. 

~ 
\) .. 

3'' 
3

'I 
4

1
3

 
f 

-
fn

 
,,, 

r
~
~
 

ti 
• 

"').:'1-f 
! 

-fr8
 

3
1

0
 

J1
J ,,,., 

,/4
0

 

It 
ll) 

~ ~ \---<
 

~ 
M

 
\(

)
 
r
l
 

lll 
0 

I
•
 

\(
)
 

w
 

--.J 
I 

ll} 
_. 

~
 

.J7
t 

373 
f
l$

 
~ .,.ry 

f~
/ 

~
 

I 
0

.. 
0

.. 

ftr
-

' 
;J?J. 

394-
~ -,,o 

-,e,. 
~
 

ex: 

~ t 
' ~~ " 

Ii~/ 
() "'in 

3
1

J 
H

S
 

'f/1
 

,f6
3

 
~
 

N
 15 

~
 ~. 

~~"'t 

'I--.. 

:5 ~
 

'I--.. 

~ ~ 
I) 

J
lf 
~
 

.,.,8 1: ,.,,. 
-18'· 

l.l) 
--.J 

~ 
f 

~ 
. :j 

I 
• 

-
-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-

-
-
-
-

-
-

-
_ _... 



\ I '-

L
 

,-....o 
N

O
\ 

........ 
co ....... 
co ..... 

....... 
_

J
 
..... 

a
:o

 
....... 
u

J
 

• 
0 

..... 
0 

>
 
~
 

~
 

ll 
LJ 

y 

~I l ~,! " ~ 

t,. 

~ ~ 
m

 
11'1 

- .. 
~ ~ 

"' l e; 
~
 "I 

411 

1 ll\ 
~ " -- ill 

-o
.o

o
· 

i,, 
,r.-

.... ~ rri 
~
 

. -~ ij 
§ ~
 ..... 

J... 

~ i i ~
 

..... 

· 1i 
!~ ,-! 

~ f:! 
~ &! ..... 

y
-
h

 I
r
-
'
 • .

-
-

,
,
-

-
,,---~,r-

-
1

.
.
r
-
-
h

J
J

'-
.. 

J
IY

-
-

Jff'-"
 •a

--
.
-
,
y

-
1

1
J' 

~
,Y

-
• 4

.0
0

' 
I 

I,:, 
l'f'I 

•
I
 

•
-

j
6

 
'!,i 

,1. 
,~., _ ,-.•• 

l,A
 

"
2

f
#

 
_ 

•
•

• 
lu

W
 

,! ,,,, 
:r,; 

i,191' 
;,,, 

:.: 
,....---

f'•J
 

J
U

.S
 

-
l\.o

o
' 

[j 
11"' 

"
"
"
'' 

• 
'
'
 

,.
.
 

'
'
'
 

.,,-, :
:

· 
_ ~

•-• 
.a_:r,atz._ 

~,, 
ll•· 1 

1'
'
 

J
,J

 
•
'' 

-.,.-
"
'' 

,.,._ 
,.,.... 

,--
-

1
%

.0
0

' 
"
' 

, • 
., 

,.,. 
,,.. 

1
,;;,-1

7
~

1
;'7

:.IZ
.' 
~
 t:,,, ,.,, ,_ 

~
.v

 
.,, 

, ... , 
'4

•
 

,
.
.
,
 

_
1

.,_
0

0
, 

i.-
,
,
 

,.. 
,, 

.
,
 

i
., 

,n .,, 
,..•~ -
1
~
~
 

lln
 

1
,, 
~
 

,..... 
, .

.
 

-
2

0
.0

0
' 

,f 
"
'
 

r• 
n 

·•
' 

.,
,
 

,,., 
,.. 

.
-

•• ,. 
J
r
, 

~
,, :2!!:!~

 
,;

r
 

. 
1

1
, 

,
_

 
ff1

 

-
2

.,0
0

' 
I.V

 
n 

1•<
 

·• 
,i'J

 
7

7
 
~
 
.•

. 
J

r
. 

1,1.., 
~
 

1
n

 
,., 

,
-

,
_

 
,
,
.
 

• 
~

·P
,_ 

-
.... 

4
a
o

o
' 

n 
,., 

••
•
 

:,,-1
 

11? 
v
i
' 

,.,.a
-., 

~
m

-
P

Y
 

-,,-
,_

, 
I
~

 
r

,1 

-·-· 
~
 

~
 .... 

-3
2

.0
0

' 
""" 

n 11, 
,,, 

,, 
1
1

7
 

1,w
 

r-r :I'! 
,_

.. 
,-

-
••. 

iJJ/ 
~

' 
~
 
~
 

, ... 

~
.
0

0
' 

;t 
JI 

, 
il'J

 
,n

 
[,I.a 

,r1, 
,,. 

~
"
 

~
•
J
 

I.J'' 
I'" 

~ 
,~ 

,., 
r,:11 

-
-; .,,. , 

V
O

 
IJ.I 

7, J
r
-

,
.
 

,11 
,1

 
1,,, 

J
;I" -

-
l,n

,-!J
',/"'f -

1
., 

f1111 
~

.J
 

,,_
,, 

-4
0

,,.~
 

r11. 
u

,1
 

tr
-

U
 

r,>o 
•"""" 

~
 

L
JJ" 

[J
.n

 
J
U

 
l,,c

 
-

-
-

P
'7

 

• 
4

3
,.1

§
 

1.11 
, 

,
,
 

·,, 
11J 

•
"
 

1r
, 

,, 
~

1 
t-

-
· 

....., ... A
?

' 
,,,, 

IJ.1-:J 
u

•1
 

,,. 
• ...,, 

-
· 

,,, 
• .,.J 

r,r 
-+

.::.,.o
o

 
,,. 

U
fl 

--
•
-

,.a
 

,.,. 
,,_

 
,. 

~
~
 

-
a
.z

~
f.ry

~
.,1-tJ17-

tJ1•J·-
-t;,r

-
3

;.-p
r~

,-1
..,-~

 
.,_. 

..,.,_ 
r

,, 
• ~

0
-0

0
' 

J 
J
.r 

IIC 
1

, 
'l:J 

~
IF

 
I
,
•
/
 

,#
j 

~
U

.l 
•
6

J
 

:
,,, J

•
I 

J
J
f 

11,-; 
1

,ir
,-

'J
1

7
 

.... 
_

,, 
'"

 
'1

1
 

~
•r 

r1
t 

,,,~
 .,.0

, 
• 

u
. 

,. "
' 

,,,. 
., 

•• 
,,.,_ 

.,., ·-
'-

~ .. ,. 
,re 

l.l"'" 
IJ

:iW
-

JU
 

1111 
~
 .,.,., 

I"
~

 
IM

.r. 
r,, 

• 
~

7
.
v
, 

_
.., 

·-
,u

., 
-<..o.o

o
• 

, 
,., 

l'l 
" 

11r 
,, 

,.,,, 
,,, 

l:ii,,,. 
1

2
"
 

1 .,,, ,,,, 
.,.. 

,,.., , 
111 

.,, 
...,. 

,.-'J •
n

 
.,,, 

,,,. 
i,,, 

1,, 
J
~

 
liW

lt'J. 
.,.,. 

I,,. 
,~,,,, 

I
I
 

AJP 
---

--
-

--
---

--
,,, 

.,,~ 
,,,., 

•
7

0
0

0
' I,, 

,,, 
~,,, 

~
,t l,w ,,.u I,,, '"'i'1-lm-, .. .,J"l l,1:1 l,rl h,r I,,, 1~ l,"n.rl ,_,,, '"' 

lr.u 
-e

o
.o

o
' ,, 

,... 
!,.ii,#

 
'71 

d 
i,~

J
, • ..,-·T..,.,-1 

1
,., 

l.1to 
I lu

, 
lu

"' 
I>

" 
IJJi"'T

""1 ,_.,_ 
,,c.1 

I 
I 

J,.21 
I 

I .. _
J 

I 
I 

L
_

 •~
 

,.,. 
S

,,"
 

r.u
 

-1
0

0
.0

0
· 

,,, 
1,,t 

I 
I 

I 
I 

I 
I 

,n
 

,, 
H

 
litl1'1' 

1i1
 

lfJ
 
~

I
 

2,7 
I '-'" 

.J
.f/ 

I p
k
' 

p
,, 

IJ71 
IH

,r .... , H
lr

 
"" 

,_, 
r.JJ 

-1
1

0
,0

0
· 

-lf.!1 
I 

I 
.,,, I 

I 
I 

I 
I 

I 
I 

U
1

 

..J
L

. 

.,, 
,-:,. 

!iii ... 
,,-, ,,ff ,, .. , 

1
,n

 
,,,, 

I ,n., 
1.au 

I 1,,. 
1

1
1

1
. P" 

1,,, ,.,,,.. ,,~ 
I 

i-H
" 

t,n,.t 
r.i, ' 

-
/,f0

.0
0

' 
·1, 

t'J
 

li1'fJ1 
1D

 
1

1
0· 

l,i•I 
p

o
 

1.111 
I 111, 

I :a.U
 

I 1u.-
i,u

 In
• 

p
~

-
1..n I ,jf -

I ,,,, 
1so, 

.t•fl 
I 

I 
.,,,-, I 

I 
_

J 
I 

I 
I 

-fn
 

r.ir 

-1
10

.0
0

' 
Jro

l 
I · 

I 
"
•
 I 

I 
I 

__ ..L 
I 

I 
I 

ft-4
 

J
J
 

n 
liill1 

,JJ 
1,,. 

i'"" 
jt#

, 
P

it 
I 

pt.a 
l.iO

• I IJd 
1-"

' l»r-
PP& 

1-,,..a 1
,u

 
I 1,.,1 

'"
'' 

•:Z&
 

-zoo.oo· r-A
F

 
,-,1 ,ii r,a 

?
1

1
 

,J
. 

rlJ 
"
' 

r,,-n
• 

r
n

 
si• ,.,J 

7
~

 
?11 

•
j
 

r#
, 

r~
• 

r
,r

 
N

4
. 

•·•1 
r
¥

I 
,~, 

.. 
.
.
.
.
 

• 
ri •

• 
,
.
 

, 
.

.
.
.
.
 : 

.
.
.
.
.
.
.
.
 ,
,
 

,
.
,
,
.
,
.
.
.

, 
.
.
.
.
.
.
,
.
 .
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
 fllt~

' .. , ... i ......... 1 .... " ... ~
 ......... f ........ ~7·••"''f .. '"'"'")"" ........ t .... '" ,.,. ... ~,, .. 'f\4

j 
., ......

... •·· 

• 

.. 

X
 

u
 \I\ 

~ ~ ~ ~ ~ l ~ ~ t ....... 

~ ~ ),.... 

~ ~ lU
 

...J 

~ ~ 

9b/s 

,q
..... I 
w

 
,_ 
0 \0

 

...... 
"<$:' 

0
.. 

0
.. 

c
(
 

:' 



·I 
I 

I 
I 
I 
i 
I 

r 
i ' 

l I ! : . 
. I . : 

I i~ ; ')+M 
: ~ )t 

+ 

, 
0 

f.{o--<,t-~, Sr\v-Ar-~ ~ -k..'1-1 ~ fo~c~ 
DL.{k:.. To HoP- \?:,<'.'qJ·rkL GP001-.,D ,c(o11ot---.\ CLAS~ :i:) 

: 0/io{iB 

'"" _ a-t~ 11-1 + 

) . ( 
; I ··• 

11A, 

NC1T1'.. : .,{o,.l MS I ie1i. 

5\\t•)~{lL> ~ . 

ky...r I\~ toM:i':, I tct1 

\µ -n-t1 ~ v:,1-J,<.. . 

kit. != 0PR:f:>r1t.l ~4, 

WA-W -?-~ 

a 
rn 

:n 
11) 
< u;· 
11) 
Q 

() 
'3 
11) 
n 
JO< 
11) 
Q 

.... . ..._ 
~ 

-~ 
~ 

CD 
< 

I\ 

\ 
'\ 
·) 

t , 
I~ 

' l 
i.. 
t 

a 
0, 

ii 

t 

N 
v> 

ex\ 
o(\ 

CD 
< 

s: 
\j\ 

7v 
C 
0., 

r 

~ 
0 .... 
l.. 
0 
CT 

z 
0 

s 
\J) 

8 

0 
m 
U) 

G) 
z 
)> 
z 
)> 
r 
-< 
U) 

U) 

;::c 
fl) 

< 
c:, 

-o 
~ l'T'1 

-........ 
0 ;::c 
-r-

-........ 
..-CD 

" (X) '-, I 

\ON 
O""-' I . . 



"""' ..... 
I 

0\ 
0 
U) 

't J ' ~oi._,ffZ;) ~fl\~S ~ A'U /\1.. 

V #\ u t.T f-M.tr14-

b 
·DLte. -ro \1£~l-l(t.. CiP...D 1-{oTiot-l H 

(_C>.S~If) g 

Co,1flr(U'- o:fif(,(r 7o:r. sf 'xJ(~ s 
t'l 

(Jl (Jl 
< -< 

f\ 
-\ 

t---'~"--'-·1 ....__l - •~ r-
'\ = 12., 

• 

\ 

0 
m 
en 
G) 
z 
)> 
z 
)> 
r 
-< 
(f) 

(f) 

:;c:, 
tD 
< 

0 
-o 

V ,.,., 

......... 
o:c 
-r-

......... 
- (X) 
"(X) 

......... I 
U)N 
0"'-1 · 

I I 



,.... 

l 

KAISER ENGINEERS 
HANFORD 

DESIGN ANALYSIS 

D0E/RL 88-27 
Rev. 1, 01/17/90 

~Cl~ie~n:,_t ~-_J,(;.)~ti;~C..~ ______________ _:w:.:.;O:,:l:.:,J::otl~N~o:.:,·--;-~"2.:=.;~!....:::::~~0::,:c)~--:--;--:--;:::--:-:::---:---• 
612.ol.1\ V ,.,._vi,\ Date Gj -z.{iz By ~s Ruee.N Subject 

Location "Z..-00 E. 
.)o 
00 -..3 
~ -U' 

H 
~ 
~ 

j ~ 

l-~ ~ 
v! c.,. 

~ 
t::; 
~ 
~ - ,.µ 

..:- es ~ 
.:..t=, C: -,-, -..) 

'5 ct..~ 

~~ 

~* j 
-,Jo . 

tr. 4(1.l 
-c,..r & 

t-Cl 
"':I:" ~ 

~ ~ ~~ 
i4 

- ::r-· 
.-"' Q :: 
:,. -t, 
~ 

-r(\ 

j. ,.) I' 

~ t¼.r. ~,+ ~ 
~1' c; 

:!'i 
~ 
~ 

r1' 
~ .-., 
t · 
~ 

=1. ~ 
r 
'9 

·1 
r-- ; 

' 

' 
.... 

~ ~ (: 
,t 
-..a 
r-

... 
l 

~\: ,. ;:.. 
~ ,l ,-

-,-l 
..;. 

E-17 

Checked ;1 h .. /2'? 
' I 

Revised Bv 

I ~ 

='C:;,, 
>!.. 

-;-, 

r. 
"" 

,.. ._., 
,:--, 

+-
~~ 

6 
I '!" 
., i 
•" I (" i 

I !., 
~:: 

r:-

APP 41-610 



• 

)> 
""O 
""O 

rr, 
I ~ ...... ...... 

00 I 

°' ...... ...... 

~c>I-{ <,,_nr:.:> 'S\.-\\;I~~ ~ H-11<1.- VoPLft--S 
D•-\(c__. --ro \)~~ext.- ~r--D. 1--,tonot..\ (__ CA,'S(:. ur') 

fjJL-t .. 

1.,(01 1 i;,rt, ll1 -nn ':, 
\ - " ?i~ 

l.A)l,-U- ;_ 11-{ol{lUl~ 
11. \ or,Po$1rf~ 

V )Id .. (.. ~ 1 '.: -H. 

I , 11 

I ?-12 

I::. i 
j.:,o 

-'c 
'-!....:7' 

1\C--
13 .~ 

r 
0 
0 
~ 
0 
:J 

l) 
Cl> 
~ 
er. 
Cl> 
Q 

(lJ 
< 

0 
;;r 
Cl> 
n 
><" 
Cl> 
Q 

'-..... 
. :,-. 

---'-I' 

"" 

(lJ 

-< 

') 

~ 
) 
~ 

" '-,, .~, 
~ 
) 

-

• 

0 
QI 

; 

~ 

~ 
;;o-
on 

(lJ 
-< 

--->--
\I' 
iv 
G 
0 

£ 

~ 
0 ..... 
'-
0 
(7 

z 
0 

0 
m 
CJ) 

G) 
z 
)> . 
z ; 
)> 
r 
-< 
CJ) 

CJ) 

:::0 
n> 
< 

0 
-o 
~ ,.., 

.....___ 
0:::0 ..... , 

.....___ 
..... C0 
-..J C0 

.....___ I 

\ON 
0 -..J 



. -~ ,.-
I 
t 
' 

-·-

G 

KAISER ENGINEERS 
HANFORD 

Client 

Suo1ecr 

Location 

Wt+C... 

GRotff" ~l.iL1 

1roE. 

~ -I'() _, 

I 

i 
- -: 
~' : 
7 · 

i 

~I 
<"' j 
,;r , 

i 
i 

' c; 
,.. ! 

• i 
I 

~ 
.".\ 

;:i · 

~ - ~ 
~ 

~i::: a 'Ir-J:-.. 
:,1-:::.., 
~ 

• - , • 4'- ,,.._ •l'\OO ro""I "'""' 

("
,-
' • 

DESIGN ANALYSIS 

o
Vl 
'<:" 

E-19 

WO/Job No . 

Date G,[ 
Checked 

Revised Bv 

DOE/RL 88-27 
Rev. 1, 01/17/90-

,;;-
I I ..i 
~ ::._ 

• 
APP 41-612 



• 1 , t 
I 

·- ·--··-· --- - ·- - --- ----- -------- - - ···· -----·- ··- --·----------- ----------- - --·- -~ 

7..L __ .10.4 _____ .1.21 __ .13a ____ .155 __ ___ .172 __ _ .1a9 

~3 ~91 

~5 ~93 

~1 h9s 
)> 
--0 ~9 ~97 

Tl --0 
I _,,_ 

" :> -I 
°' ..... 
w 

b1 ~99 

b3 601 
b5 F03 

~: _ _ .1..06 -- .123 _ .1..40 __ .157 __ ·- j]_;I ____ b:~ 

8714 - GROUT VAULT (EHPTY) BEAM - NODE /'IUM6Efl 

ANSYS 4 . 2 
JUN 2 1988 
15: 19: 57 
ELEMEMTS 
NNUM-1 
zv.,.1 
DIST.,.61. 1 
XF-55.5 
YF ... -30 

• 

:;:c 
n> 
< 

CJ .... o 
~ ,.., 

......... 
co :;:c .... , 

......... 
.... CX> 
....... CX> 

......... I 
\ON 
0 ....... 



I 
0-, ..... 
~ 

L 
_ 2:=2 --2..= 4 --2..::6 _ _ _2,5 :j r2:• 

l2c4 
j 

i: ~:~ 
f:2 f; 
I 
.. _; ,...J 7 ,-,. , 
l_: -r r :....::i ,~~:I 

) 

___ 'J_., , , - · - :. ,1 : 

1; ::i 0 

l: .-1 1 
1_~3 --2.::: 5 _2':l ] _ ::! ::: : . .' ____ :::. ,!! 

f·H 
l>F: 
I 

, ~ 1, ·, 

F •l i' 

i ! '1d 

, 

ANSYS 4 . 2 
JllN 2 1!188 
15: 1ft: 19 
ELEMEMTS 
ENIJl,1 .. 1 
Zl/ =- 1 
llIST" lli.1 
XF -•t'i5 . ~i 
'1'F---~• O 

... \) 

:x:, 
11) 
< . 

0 
..... 0 
~ ,.,, 
' 0 :x:, 

..... r-

' ..... ex, 
"' ex, ,. 
\ON 
0',1 

• 



,, 
)> 
"O 
"O 

-> ...... 
.) I 

°' ..... 
U'I 

• '.J 1 

a- 14 - G lOUT V UL T (EMF TY) SC I L EU MENT ....._ _____ .._. ________ ,__ ___ ---- _ ___... _ __ ·-

, 
) 

67 

..._ ____ -t-6B 

....__ ____ _,_69 

- ~------70 

- ----t-71 
______ 72 

µ..=;ip~L---P..•LL.-----F-73 

_____ .,._74 

'-------t-75 

76 

___ __ 77 
____ __,_7B 

- ---~-----_,...79 
,.__ ____ +BO 

____ __,_82 

ANSYS 4.2 
JUN 2 198B 
14: 10: 1 
ELEMENTS 
ENUM-1 
NNUM-1 
zv ... 1 
OIST-61.1 
XF-55 . 5 
YF--30 

•• 

;:o 
ro 
< 

0 ...... a 
~ l'TI 

......... 
o;:o 
...... r

......... 
...... 00 
....... oo 

......... I 
\ON 
a ...... 



, 7 ~ , 1. 

4 · .. - - ----· 

B 82 

83 

84 

B 85 

86 

:l> 
-0 .,, -0 51-. 68- 85._ 6~ 87 

I -"" ~ -:.,.J I 
(J) ...... 
(J) 

35 52_ 6!3_ 86_ 2 65 BB 

02 9 _ 36- 53- 10_ B7__ on_ 6fi _____ e9 

90 _ 91- _ l:93_ 94 __ 95 _ __ !36 _ 

B714 - T VAULT (EMPTY) SOIL ELEMENT 

ANSYS 4.2 
JUN 2 1988 
14:26: 17 
ELEMENTS 
ENUM:af 
NNUM-1 
zv--1 
OIST ... 77 
XF-55 . 5 
YF--130 

• 

:;:o 
CD 
< 

CJ ..... o 
v ,.,, 

.......... 
0 :;:o ...... 

.......... 
..... (X) 
...... (X) 

.......... I 
I.ON 
0 ...... 

, 

' . t>•I 

~\ 
V\ 



n, 
I 

N .,. 

• 
·--------- - ---------- ----------····-··- ··- ····- ·•·· .. ... .. . . - · ... ....... . · --·-----•-•»···· .. . ...... --- ·-······-

":i' 

7 ',( 

1 

2 

.:l 

4 :. -, 

------
5 i ::-: 1 ~ ! 

I-------------
E 1 ~ ': I 1 t" ~: :: • ... ::: 

,_::.._,_·, ~.J,' 
:, 1 .I 

7 

8 

l .~, ff: :-. 

. t l ~- 1 .. .1/ 

~I ::1..••! 
1-----1----•---

~ _, ; 10 

11 

t ·.:-1 1 r.t. .. :•-" I l 
l · i 1 ·-1 -;-if7~7" ------;:· ! ·.' ---

1 <.! I ..:. 

1~ 
- --1-----4-----•---l---- ----- ---- - --- - l----~ ---------

7:: :::c I 
1------11----~1------··---·- - ---1---- -·-- - ----- - · ____ ..., ______ ______ _ 

C l 1-:1:· 1 ;I", 1~ ·,t 

14 37 I , J / '1 1 •_; .: l 1 t. l ·l•i 1 ./ 1 '. l ll 

1------11-----1------ ---·•----- ------ ·----- -- - -- -- ____ ..., __________ _ 
1 !1 11 · ✓- I : I l -i < l , ., l 'H I: t ,1 

_ _, ___ ___.,_ ---- --- ----1-- -----· ----- ----- -- --·- ---- ------------ -

1 t. :i~) l l 2- 1-i• . 

t------lt----~--1-----1 ___ _.. ____ , ____ , --- ----- _ _ , ____ ------ --- ------

17 '10 . . ~ n 1u'··: I i I I , - . t d / 1 ' '-' l ' 1: \ : 'L;. 

---- ·----·- ------

1U 1 11 I. I ,~ ~2 1Ut t~u 1 ., .-: t •I i. '. ·t I I 1 t '.! ·I ,: 1 / 

fl", 1'1 - G !OUT v ;• JI l (f:"i-11 rY) ~:l IL EU 111;1 lT 
--------- --- - -- --- ·-· .. 

At~S'( S 4. 2 
, ll It-I 2 E18u 
15: :l: f: 2 
ELEMEMTS 
Hll1Ha 1 
zv -.-. 1 
(l IST -' i:i 1. 1 
XF '-'5~i . ~i 
YF ... -.:1 0 

•• 



)> 
-0 
-0 

.i:,,. ..... 
I 

m ...... 
co 

15 32 I. 1 7 :5 

16 3!] i -, 7 f, 

17 40 L 3 77 

18 4 1 l ., 7c 

19 42 l ·-~ 7~1 

20 4 ~-:l f r3 8 0 

2 1 4 4 f7 61 

2 3 -ffi I .1 2:-i 

U7 1" .-VAIIL T (l:l-1i ; TYl 

I ., / , 

H~, 10 . . 11 . 13 1 ,, , 1• ·: fl l '. 1 

90 10 - 11. L :: 1 -1• . , ..... F l . 

--- - -· 
~11 l u'. , 11 ' ! L i . 1-1 1 / U 1!.,: ::.·1,:, 

·---- -
~1 ~ 10 1, 1 ··, ,_ l :. 'l •I t 71 1 ~,. 

-- -
9 3 10 12 l ::,• 1 ~ I 1 / 2 l ~I! 

-- ---

9 4 10 :. 1 2 1 --, , 1 •~ . . l/ ::1 1 ~Ji 2 1~t 

10 ' t 1. '.., t:• I i i ! / -·I 1 ~I , 

,_ __ , __ _, _____ _ ____ --- - - ---~ 

1 ., 1< . i / '.i l '. lc 

1 - --1- - - ---· -- - -- ·- ---~ - --- --_. 

9 7 11 1 ..... ,_ t:-i · : l ' i. · I / t ; l '. 1' 

7 

ANSYS 4.2 
JUN 2 19BU 
14: 4Ei: 55 
ELEMENTS 
ENUM ~ l 
zv~1 
DI '..H"-'77 
XF '-"'55 . 5 
YF •• - 1:,0 

• 

Cl 
..... a 
~ rn 

......... 
0:::0 ...... , 

......... 
...... OJ 
....... CX> 
'-. I 
UlN 
0 ....... 



rn 
I 

N 
O'\ 

• 

)> 
"'O 
"'O 

_,,. 
...... 

I 

CJ) -\0 

__ _ -104 _ _129 _ _j54 __ .i.79_ ·-· _204 -- - _ 29 

3 31 

5 33 

7 

9 

1 

3 

35 

37 

39 

41 

t5 43 

b: ____ .....1..14 __ _139 ____ _154 ____ ___.1B9 ---- 214 --- ~~ 

B714 - GFlOUT VAULT (FULL) BEMI - NOOE NIJt-lfJER 

ANSYS 4.2 
JUN 3 19BB 

7: 4B: 2B 
ELEMEMTS 
t-lNUM--1 
ZV 0 1 
DIST-•61. 1 
XF-55.5 
YF---50 

c:, 
,_. 0 
~ rn 

......... 
0:::0 

-!:J: r 
...... 00 
...-,oo 

......... I 
I.ON o-...., 



rn 
I 

N 
........ 

r 

)> 
""O 
""O 

~ ...... 
I 

m 
N 
0 

f) 

_ 2eo _ 2B2 _____ 2s . .J _ _ . 26b __ ~!10 .. 
t~'/1 
I p12 
PT• 

t.:1,1 
I 

f7S 
~7t1 

pn ,~76 
~ -1c, 

l _:_ _, 2i.U _ _ .283 - ··· 265 ___ 2f::i' __ 

871,1 . JT V,1.IJL.T (F.-UL.L) llf: MI l:l.f:'/-IE~ff - · 

l . ,.,. 
( 

2 ~HJ r~•2 
I)(':.., . . 1., 

p~H 
l:! :"i5 
I 
t~·,u 
I 

r!:•7 
p:frj 

r~!~) 
boo 

2~·!1i 

7 

ANSYS •I. 2 
JUN 3 198B 

9: 11: 4 
ELEMEtlTS 
El'lllM~• 1 
zv ... 1 
DI~H~61.1 
XF..a55.5 
YF~-50 

,~·i 

• 

:;o 
(t) 

< 
CJ 

-o 
~ rn 

......... 
o:;o ..... , 

......... 
..... (X) 
......, (X) 

......... I 
\ON o-..., 



• ) 

L 
- -. . ... ······-·---·-··--··-·---·· ..... ••·-·-·· .... .. ···•·-·-··-·•··-·-·--·----- -------1 

i 
56.. . Bi.__ 06 .. . 31 I 

5 33 

5 35 

B~L. 37 

85_ 39 

41 

5 . B7 43 

BB _ _ 45 
)> 
-0 64 . . . - 89 ···•· 14 .... >47 -0 9 -- ... 
~ -I 
en 
N ..... 

8714 - GROUT VAULT (FULL.) - GHOUT ELEl•lf:i'IT ·· NOOE tlUMBEfl 

ANSYS 4.2 
JUN 3 198B 

7:53: 5B 
ELEMENTS 
NMUM••i 
zv.-.1 
DIST .. 61.1 
XF~55 . 5 
YF~-50 

•• 



)> 
-0 
-0 

~ ..... 
Ill I 

Ol 
N 
N 

C) 

( _, 

0714 . JT \/ ,\I IL.T 1r :ut.L) - 1-iii ()l JT F1.r: 1,11711r 

I ... 1\ .• 
( 

7 

AMSYS •I . 2 
,JUN 3 Elf:JB 

9: 7: 1£1 
ELEMEt·IT~i 
E llllM 0 •1 
Zl/ "-" 1 
OE,T,,fi1. 1 

XF ·•5 !.'i . 5 
YF ~ - ~iO 

\ 

• 

;:o 
CD 
< 

Cl 
..... a 
- fT1 

'--
0::0 ...... , 
'--...... (X) 

"(X) 
'-. I 
\ON 
o" 



• C) 

4_ __ __ 170 __ _ jo3 -,128 . - i153 -- ,178 . ·- fo3 
JC-.----JC.-1--~a~1 _ ___ 04 ___ _ h29 ___ h54 ___ . h1s . ko4 

__ 19~3 

P'L--- -f-..L..---t-"-o 5 

7 

3 1 

~b3 
5r5 
687 

)> I 
-0 r--0 fT1 

I B 1-. ~ N ..... I.O 52 __ 
' CT 

Q) 
N 0 3 w 

39 ... .f 64 - · ·-
4L _ 66 
42 __ 

~- --

20 

B 14 - G IOUT V 'UL T (FUL L) -St IL EU l~ENT - i'I0OE MUMUEi 

·-· ··· -·---7 
I 

84 . =-~---·- :101 I 85 ______ __ _ OB 

86.______ 09 

::==--1:: as______ ____ 12 I 
90 __ _______ 13 . 

91 ________ 114 I 
92 _ __ ___ _J 15 

93 :-- ·-·- · _~J16 

94 .- -----~17 
95 __ _____ _ _11B 

9fi ____ _ ____ r19 

97 ___ -· ·--r20 

98 ··- __ - -· - .--t321 I 

99 - -- -- ___ _ _a22 
i 
I 
I 

oo _________ J23 I 
I 

02 - ··-- - ···-·-

AMSYS 4.2 
JUN 3 198B 

B: 2: 22 
ELEMENTS 
NNLJM .. 1 
ZV""1 
0IST·•61. 1 
XF,.55.5 
YF--50 

·•· 



fTI 
I 

w 
0 

I 
I 

I 
I 
I 

i 

):> 

" " 
~ ,_. 

I 

°' N 
~ 

:in 13 Rfi 99 ~24_ li49 __ li7_,1_ 1199-__ 

::> 1 k.4 F.7 ~oo_ 125_ 150 __ 1.75_ eoo_ 

p~ ~5 F.8 :1.0 1 126.___ 15L_ 176 _ _ eoi __ 

I 
:>~ l6____l 59 102_ 121 __ 152 ___ 177_ 202 __ 

I 

'3 3 0 ... __ _ u31 _ .. tB a33 . _ b34 ___ B35 .. B36 1337 

B7 1..t . T VAULT (FUL L) - SO IL. ELEMENT -

t .. , ... ) 7 
( 

-

e24 __ e5 tleo __ t:103 _________ 3 

g25_ g5 ae1 __ 304 _____ ~ 

226 _ e5 8B2 _ _ 305 _______ ~ 

I 

I 

227_ 26 :)83 __ 30L---- -1 
I 

! 
I 
I 
I 

I 
I 
I 
I 

838 _ B3 9 ,10 . .. t:l ,11 .. ii 

··7 ANSYS 4 ·. 2 
I JUN 3 19B8 

B: 22: 56 
26 ELEMENTS 

27 

28 

29 

I 
i 
I 

J 

t-lMUM-1 
zv ... 1 
OISTa6i. 1 
XF-55.5 
YF-- 150 

,, --.. -~ 

:x:, 
ro 
< 

Cl ..... a 
w fTI 

'--0 :x:, ...... 
'--._. CD 
...._. CD 
'-,. I 
U>N 
o-..... 

~ 
~ 

• 
~ 



):> 
-0 

1 -0 

.) ~ ......... 
I 

0\ 
N 
(..11 

I 

I 

l 

• 
19 42 

20 43 

21 44 

22 ,15 

I 

23 46 

-· ._ __ - - -

- -

Gl'i 79 93 107 

·- - --

6j BO 94 108 

E,t 81 95 109 

6li 82 96 110 

I 

--·-

EJ 8 3 fl7 111 

- -- · · - - '-- · - - - - -

I 

- -- --------

121 1 3~-j 1,,9 11/2 

- ------ ,_ ,._ 

122 1 ::IE 150 P3 

-- -- --

·123 1 :::P 151 174 

---t------· - --

12 ,1 "::i8 :I. 1 .. - ...., __,, _ :!/5 

r-- --·--·- - ·- -----

L..-l rwl :u 1: bJ :! I fi 

--- - -- --- -

j 0714 -GROUT '/ ,.'.UL T lr ut..U - so 11.. ELEMEMT - f:U:"MENT ~1u1v1nr:n 

7 

195 218 

----- -- --

196 21~1 

197 220 

---- ----- ---

198 .~21 

- ---

199 2 2 2 

---

I 
I 

I 

AMSYS 4.2 
JUN 3 1988 

9: 1: 38 
ELEMENTS 
ENUM ... 1 
zv.,.1 
DIST ... 61. 1 
XF .. 55.5 
YF--150 

.~ • 

;:o 
ct> 
< 



I' 

KAISER ENGINEERS 
HANFORD 

Cl ient W~ 

Subject (::;Ra.,.,r" YAvt..-T" 

Location "Z!::oE.. 

DESIGN ANALYSIS 

WO/Job No. "2.4-t...c;oc, 

Revised 

TABLE 8 

SOIL PROPERTIES BASED ON GEOPHYSICAL DATA 
'FRoJ...l. v~s/ ..lo~ >.:. 'Bl..1.llw\.~: 

11

.S~~1c. A!'.JA-U,S.IS ~F ,, 
'TH~ PiJ~ -f='klt..lTt,\ 

Depth Layer Density 
(ft) Ho. (pcf) 

1 110 
2 110 
3 110 

20 
4 120 

5 120 

6 120 
7 120 
8 120 
9 120 

10 120 
90 . 

11 120 

12 123 
13 125 

112.5 
14 125 
15 125 
16 125 
17 125 
18 125 
19 125 
20 125 

200 

P6.-c_ \97(.,:, 

Shear 
Modulus 

(ksf) 

1,800 
2,304 

2,851 

3,456 

3,960 
4,392 

4,896 

5,328 
5,976 
6,524 

7,560 

10,656 

13,104 

14,904 

15,984 

16,848 
17,496 
18,000 
18,288 
18,576 

APP 41 -626 
E-32 

Poisson's 
Ratio 

{ \J) 

0.300 
0.301 
0.300 

0.300 
0.297 

0.295 
0.292 

0.290 
0.290 

0.294 

0.300 

a. 315 

0.325 

0.345 
0.362 . ,) ' 

0.380 , . 
0.395 
0.407 . 
0.420 
0.4~ ·. 

Page No. "'!.'S' of S°S 
Rev,s,on DOE/RL 88-27 

Rev. 1, Ol/17/90 

Bv 

• 



KAISER ENGINEERS 
HANFORD DOE/RL 88-27 

DESIGN ANALYSIS Rev. 1, 01/17/9~ --

• Client W H-C. 

{ Subject G l<OIJ\ VAut,ir 

WO/Job No. '2A-'7.. c:, g? 

Date 1--1~ -Z.. {q~i By '1--,{S ~uBEN 

Location 1,,coE 

• 

Checked /.' / 1 /r:? 

Revised Bv 

TABLE 1 

SOIL PROPERTIES BASED ON GEOPHYSICAL DATA 
f(<.QM. v~s/isl.,.U"-\t- '

1

AWA.Ui_~1s ~~ uNOE.~~ouND w--'<-STI::. 
5-rc 12-A-Gti:. TA '-:- .:l4-l Av-J " J q 0 l,.J - ut.i-j I ,~ 

Depth Layer Density Shear Poisson's 
Modulus Ratio (ft) No. {pcf) ( ksf) . (µ} 

1 110 1,800 0.300 
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12 123 10,556 0.315 
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Impact distance on a time-depth graph is the vertical distance between the 

energy source at the ground surface and the detector, which was posit~oned at 

10-foot intervals do,,,n the drill hole. The slope of a ltne connecting a series 

of points on these graphs Is equal to the velocity of the wave passing through 

the ground. The depths to various soil layers beneath the ground surface can 

be derived from the surface refraction measurements using kno,,m principles of 

wave propagation and refraction. Depths to soil layers having different seis

mic velocities can be observed directly on the time-depth graphs. 

DYNAMIC SOIL PROPERTIES 

Dynamic soil properties were derived for the 241-SY tank site frCtil on-site 

seismic measurements of shear and compressional wave velocities of verti

cally propagated seismic waves. Laboratory measurements of moduli on 

selected samples obtained in drilling were not undertaken because of special 

problems with soi 1 s of the Hanford Reservation: because the soils are unce-

mented, it is not possible to keep samp 1 es in an undisturbed condition 

throughout the sampling and testing procedures, and the relatively high con-

tent of gravels makes it impossible to test much of the material. 

Calculated values of shear modulus for comparison were obtained by convert

ing blow counts recorded during drilling into estimated soil densities using 

Gibbs and Holtz's criteria (1957). Using these densities, shear-wave veloc

ities were calculated by means of formulae derived by Hardin and Richart 

(1963). Values of shear modulus at various depths were then derived from 

these calculated velocities. Although the reliability of density measure

ments based on blow counts has been questioned and the data of Hardin and 

Richart were extrapolated in these calculations, reasonable similarity was 

observed in the two sets of data. Shear moduli derived from measured shear

wave velocities at the tank site were lower. 

The shear modulus for low strain levels, _Gmax' calcula_ted from shear-wave 

velocities, Is shown in Figure 5 as a function of depth bel~ ground surface. 

Shear modulus is s~ ln Figure 6 as a decreasing function of strain level. 

l_ The moduli ·are expressed as ratios of the maximum values shown i~ Figure S. 
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The SSE has been specified in terms of free-field spectra (Figure 4) and 

was represented by a synthetic free-field acceleration time history (Figure 

5). To evaluate the response during the SSE of an underground tank and the 

soil surrounding it, the input motion must be applied at the base of the 

soil-tank model. This base motion should be equivalent to the specified 

surface motion. 

Such a computation of the motion at the base of soil layers that will pro

duce a given surface response motion is the reverse of the usual problem of 

computing the surface response of soil layers subjected to a given base mo

tion. It is difficult if not impossible to solve such a problem in the time 

omain. However, for stable linear elastic systems, there exists a simple 

_relationship between the output motion (motion at tr.e surface or any inter

mediate point) and the input (base) motion .in the frequency domain: 

Y(w) = B(w) • X(w) 

here Y(w) and X(w) are the Fourier transforms of the output rrotion y(t) and 

·nput motion =(t), respectively, and E(w) is the fiequency response function 

f the system and is solely dependent on the system properties. Here, !(w) 
can be computed because the surface rrotion y(t) is known. R(w) is simply 

the Fourier transform of the surface response of the soil layers to unit im

pulse input at the base. Thus·, l(w) may be computed frcm the above equation 

and then z(t) may be obtained by inverse Fourier transform of X(w). 

A soil-column model of unit area up to a depth of 200 feet was used for the 

deconvolution analysis described above to obtain the base motion tirre his

tory. The base rootion as considered in the analysis is the motion at 200 

feet below t~ e surface. The acceleration time history at the surface of the 

soil column was recomputed using the ccmputed base motion as • nput. The ac

celeration response spectra of the recomputed surface rrotion and the original 

free-field motion are compared in Figure 6. 
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Some variability was again fol.l!Uppi'Thft qppcrmost 10 ft of soil. This is 

possibly due to past grading activities or temporary ground _freezing. The 

seismic velocity profiles shown in Figures 2 and 3 indicate that below this 

surficlal layer the soil properties are consistent within this portion of 

the 200 East Area. 

Soil densities derived from previous URS/Blume investigations and seismic 

velocities obtained in a nearby well by uphole seismic techniques were in

corporated to produce a model of soil properties to a dep~h of 400 ft. 

Design Modulus Values 

The dynamic shear mod.ulus for low strain levels, Gmax' calculated from shear 

wave velocities, is shown in Figure 4 as a function of depth below ground 

surface. The ratio of design shear modulus to G is shadn in Figure 5 as 
max 

·a decreasing function of strain level. 

The design curves in Figures 4 and 5 are recoornended for the 241-AN and -AP 

waste storage tanks. The appropriate dynamic shear axxlulus can readily be 

computed for a desired depth and strain level. Fo~ example, the shear modulus 

corresponding to a shear strain of 10-1+ in.fin. at a depth of 100 ft can be 

evaluated as follows. From Figure 4, G = 68 ksi at 100 ft. The modulus 
max 

ratio corresponding to a strain level of 10-1+ in.fin. is found from Figure 5 

to be 0.73. The desired shear modulus, G, is then (0.73) (68 ksi) = 49.6 ksi. 

Conclusion 

The results of our seismic refraction surveys at the 241-AN and 241-AP tank 

sites have been compared with p·revious work done for the AW tanks {1976) and 

for the AZ tanks (1970). The similarities of the seismic velocity profiles 

indicate that the soil properties model used for the 241-AW tanks is appl-icable 

also to the 241-AH and 241-AP tank sites • 

. , 
fP-OA.\ vR-3/6t.LA.M.~ li-Jvt"::>71~ATior-1 To ~1}.Jf. D~µ~ic. .!::o L 1-

. P~P~11 ~ ki >11-AN ~ -Z-4-1 -Af ThJJ~ S(n-.)
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Values of natural soil density were also estimated. These are shown in Fig

ure 6 to be 107 pcf for the surficial 4 ft of soil, 110 pcf for the interme

diate layer from 4 to 18 ft deep, and 118 pcf for the soils from 18 ft to 

the depth of the soi 1 mode 1 (75 ft). 

ihe soil data are limited and they vary by about ±10 pcf in density and ±2° 

in friction angle. An analysis of the tank foundation soils should take 

this range of variation into account either by applying an appropriate fac

tor of safety or by performing a parameter sensitivity analysis. 

Geophysical Measurements 

!,r• Geophysical measurements at the site consisted of five seismic refraction 

surveys conducted on the ground surface to determine shear and compressional 

wave velocities in the soil. Measurements were obtained with a Bison model 

15708 portable seismograph using a 10-lb sledge harrrner impact as an energy 

source. Locations of the seismic refraction 1 ines are shown in Figure l. 
,,... 

Time-distance plots of the resulting data are shown in Figures 2 through S. 

Dynamic Soil Properties 

The measured seismic velocities were found to be comparable to velocities 

determined at other sites within the 200 East area. Some variability and 

generally lower shear wave velocities were found in the uppermost 18 ft of 

soil. This is probably due to past grading activities and the presence of 

loess soil of windblown origin. The seismic velocity profiles indicate that 

below this surficial layer ihe soil properties are consistent within this 

portion of the 200 East area. 

',S/r-~ 

Design Modulus Values 

fea"-\ u Ro/ s~"'-\~ 
\\ IN\Je.S110P67oN To D~ 1/Jt. 

The dynamic shear modulus for low strain levels, G , max 
wave velocities, is shown in Figure 6 as a function of 

Dyl-Jf'r,\,1,LL _;:o l.L P~Pf-12-il t-S ,, 
1-trJr-H:.. -:24 t-~ 17r7-Jt::.- Slt1:.

calculated from shear Jut-.lE- l'lE 
depth below ground 

surface. The ratio of design shear roodulus to G is shown in Figure 7 as max 
a decreasing function of strain level. 

Figures 6 and 7 are recoornended for the 241-AP waste storage tan~s. The ,ip

propriate dynamic shear modulus can readily be computed for a desired depth 

and strain level. For example, the shear modulus corresponding to a shear 

APP 4 I-633r-:- 39 
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TRANSMITTAL OF 6-714 GROUT VAULT THERMAL LOADS 

D. R. Lucas R3-43 

cc: M. A. Cah i l.l R3-46 
F. C. Han HS-58 
M. D. Northey,ru-l'iS-58 
M. A. Scott ~-.-0" HS-55 

L. K. Severud HS-53 
J. E. Van Beek Rl-48 
B. V. Winke°f:1Y.t :HS-55 
M. W. Young HS-58 
MJA/File/Lb 

Reference: Memo, M. J. Anderson to 0. R. Lucas, •structural Adequacy of 
the B-714 Grout Vault,• March 2, 1989. 

The purpose of this memo is to formally transmit the WHC generated grout 
vault thermal loads as specified in the "Grout Vault Plan" agreement 
between KEH and WHC on 3/3/89. Preliminary copies of portions of'the 
load data have been informally provided to KEH this past week to allow 
them to begin their assessment of the impact of the thermal loads on the 
vault design. 

The thermal loads were derived fro~ an envelope of three thermal load case 
analyses performed by the WHC Facilities and LMR Section. Upper bound load 
cases were obtained by ratioing the nominal thermal analysis results to 
give a maximum liner temperature of 194 degrees F. The resulting 
temperature input is provided in Attachment 1. The "grout fill loading" 
cases considered in the structural analysis also included dead weight and 
internal pressures generated by the grout. 

The grout fill loading was applied to the same three-dimensional model 
described in the memo referenced above. Modeling details are provided 
in the reference. The model described in the reference was originally 
developed for scoping the thermal stress problem and is not sufficiently 
refined to predict the peak thermal stresses. However, it is conservative 
in the sense that it uses gross, rather than cracked section stiffnesses 
and is expected to produce upper bound type thermal loads for design 
purposes. The conservatism of the thermal loads from the WHC scoping 
model is expected to be verified by the KEH nonlinear (cracking analysis) 
model. 
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D. R. Lucas 
March 10, 1989 
Page 2 

DOE/RL 88-27 
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Enveloping results for the three load cases are p~ovided i r. Attachments 2 
and 3. Attachment 2 provides the transverse and in-plane shear results. 
Attachment 3 addresses the moments and axial forces associated with the 
grout fill loading. Data descriptions and additional details associated 
with the results are also provided in the attachments. 

If you have any questions, please call me at 6-2110. 

dt !£~_g l~ a J. Anderson, J?.(";anager 
Engineering Analysis Function 
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• DATA DESCRIPTION: BOUNDING LOADING CASES 

DOE/RL 88-27 
Rev. 1, 01/17/90 

The mechanical loading imposed by the gro~t was input to the model as a 
pressure to the floor assuming 110 lbs/ft . For the 8 ft. depth case, it 
was a3sumed that the grout had not set and the full hydrostatic head (110 
lb/in ) wall pressure was applied. For the 18 and 30 ft. fill cases, it w~s 
assurneg that the grout had set but that the full water pressure head (62 
lbs/ft ) was applied to the wall. 

The temperatures associated with the upper bound three grout fill cases are 
shown in the attached figures. Nominal temperatures were obtained from 
Blaine Cray (WHC, Facilities and Liquid Metal Reactor Section). The boundi~r. 
temperature results shown were obtained by ratioing up the nominal case such 
that the maximum inside wall temperature was equal to 194 degF, which is the 
liner design tem~erature limit. Per B. Cray's instruction, the ratioing was 
done on the basis of nominal temperature less 60 degF (the assumed arr.oient 
temperature prior to initiating fill). 
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SHEAR STRESS DATA DESCRIPTION 

OOE/RL 88-27 
Rev. 1 , O 1/ 17 /90 

The three shear stress components, SXY, SYZ and SXZ, were extracted from the 
three grout loading cases. Based in part on experience with predicting the 
shear stresses in a beam model (ANSYS verification model 17), it was decided 
to use the peak integration point shear for each element as an approximate 
upper bound estimate on the element average shear. listings {by element 
num~er) of these peak integration point shears are provided in the first 
section of this attachment for each of the three load cases. Note that 
shear stresses are reported in psi units. The corresponding shear forces 
car. be obtained by multiplying by the appropriate wall thickness indicated 
in the element plot sketch. 

Enveloping shears for the three load cases were developed for design purposes 
and are provided in the form of contour plots in the second section of this 
attachment. Shear component directions are indicated on each sketch. 

As discussed in the memo, the grout fill load cases include the dead weight 
of the grout and the estimated grout pressure. This pressure loading will 
be countered by the vault external soil pressure, which should reduce the 
through-wall attached peak shear predictions. For simplification and 
convenience in selecting the enveloping peak shears, only absolute values 
are reported. Absolute values should be adequate for design purposes. 
However, if the signs of the shear components are needed fer combining with 
other load cases, the individual load case run results are available upon 
request. 
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fl ij JJ,' l97ll 24'1 01 !9'.i Ht. 521.91 
119 n~ _OUJU ~'j l'.il917 l '.i l.17812 
I l O 171 . 1,70(,0 '14 01110/,0 67 . 8'.i1H2 
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i;1; ~lj t 'i'.i62l 209 ~C'1 'j l 4'1 991,1>n 
u,- ll 'l/7'.il'.i lYll 40907 66 . 8H/IJ1 
llll 9i 11247'.i llJ i' U 4~ 122 . 92661 
l II 7l IO'i127 1 H 9~111, J 22 034129 
I ' I l,,t 292302 \'.j9 U/1)9~ 3R n2 'j 80 

" 

• 

• o11 · : 11 11 111- ll~ll .l., .; 1• 11 l ,t 'I U/ 

~ flllAlY~1l; S(;iJ fN:.1 H li- AS (Ill lllll'Ufl ISIIIO UIWk' . 
N'Ollll:IHO . Of.I. l'l :~ 111~ Rr ~lWllf'II 

M. 11:n nn~ 9. l '11)9 CJ' : 0 Bit 

-

~-, 

I~ 
(1) 

< 

I :_.g 
~ rr, 

'-a~ ..... , 
'--..... co 
....... co 
'-.. I 
U>N 
C> ....... 

• j 
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MOMENT AND MEMBRANE STRESS DATA DESCRIPTION 

DOE/RL 88-27 
Rev. 1, 01/17/90 

The mo~ents and the i r reiated membrane stress values prese nted in the 
fellow i ng tables were extracted fro~ the three grout load i n; cases 
with fi l l elevations of 8, 18 and 30 feet. The data were chosen based en 
both maximum mo~ent and maximum tensile membrane stress. Th e maximu~ mo~e nt 
is presented with its load case related membrane stress. The maximum 
tensile (or minimum compressive) membrane stress is presented with its load 
case related moment. The maximum moment and maximum tensile membrane stress 
are not necessarily from the same load case. It was considered to be overly 
conservative to impose both maxima simultaneously if they were not imposed 
in the same load case. 

The moments were calculated from the average nodal stresses from the POST! 
output. The average difference of the inside and outside tensile stresses 
divided by the section modulus produces the a~plied moment. This follows 
the convention presented for moment calculation for element STIF 93 in the 
ANSYS Theoretical Manual. The membrane stress is the average of the sum of 
the nodal tensile stresses. The moments are presented in units of Kip-feet 
per foot and the membrane stress in pounds per square inch. One set of 
tables presents the vertical moments (My and Hx) with the positive moment 
having compression on the inside face of the vault. The horizontal moments 
(Mz) are presented with the same conve~tion of positive moment compressive 
force on the inside face. The membrane stresses are positive for tension 
and negative for compression. 
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T•sts to det~r~n1ne th~ ao1llty oi tha Nckorod~ 705M !pray-on liner inside the 
orout nult to span cr.1ch ~1Q·wa b,cn comp1~ted, f<t1sult~ were generally 
f~var~bli, ind1cat1ng th~t th~ liner ihould span cracks up to 1/16 in. (63 mil) 
w1d= ~ith~~t fJ11urc. Th~ 11ntr fa11s at imallsr creek -idths at e1~v~t~d 
ta:-;;porilture th.:in at ~r.":td~nt U;,-.peruture 1 \./h1<;h , .. .as u,;cxpected. Increa:sin,;i the 
1 in~r thic~~c~:. fn.:r~i1s~~ the :;1za of C.:'i'ar.:k that ccn be :;pann~d. i\1 tho!.:gh 
f~11ur~ was nev~r ob~~rv~d 1n any 5Amp1~ for crack widths less tn~n 63 mil, 
:;o:;,e- fJiiurcs ~d 50-mt1-th1c:< 11ners ~t ~1ev4ti?d t~mperc1ture nere 1.;ery clcse 
to ci3 m11, wh1ch mean~ thit 1f tnb 11n~r Is r,quir~d to spa,, this distance, 
tl:~r-~ ts 11tth: or no ui•li"\;~il cf safHy, Ti'i~ tc!it:i !.rtd re~u1t~ i:.r: descr1!:ed 
below. 
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~nch s~~ar~ patcha~ of tn~ 11~ir Wiri appl1jd to r~lnforced concrete slabs 
,-lith dir:.~r.sfor:~ of 12 1n. X 2tl 111. X 2 111. e~for;: op~1y1ng th! 1 iner, tile 
con~rct~ wls sJndbl~lt~d unt11 aoaregaca coulJ be se~n or1 the surface. A 
6 1~. X 6 in. p~ptr t~mpllt~ wa~ placiJ In the c~nter of th~ block surface. 
/.'n ~XC.!:iS q~J.nt1ty c,f 7C~H 11 ncr product .,,as p 1 llcc:d on the concrete. The I in~r 
m.ltcriGi Has cv•-1.;;rca ·..-Ith s111c~nlzti..i p<1per (11ke the bi.t<;ldn') of a ma1lin~ 
l~bcl) ~nd praitEd f1~t with~ ~t&~l pl~te. The liner thickness was contrcll~d 
~y spacers pl~~ed dround tha pjr1meter of the sample. The ~urface of the 
cc,:-,(.rdi: bloi:i<.~ ,ierc oftt!ri :sl1\)ht1y bow~d, so 1tner th1ckness w~~ mcHured 1n 
th~ $21:1clf1.: focation of fa11ur6 after th~ 11n~r -,,.,~s t~stcd. The l1M·r ~amp11! 
'ra. ~ ~11o·"·ed 1.0 cllr~ ~t leii:-;t 6 d~y~ prior to ~e:.t1na. before tcst1nQ, the 
~111ccn1:;:~d pa.per ·r1<H pet:;li!u off ~rid tht1 pc1per tt:mp L1te was pu ll ed up, 1ea'i' i ng 
a o-in.-~qu4ru s~mple on tho concr~te, 

rl:.l\:o tl1a: th1~ <1ppl1c.lt1vn ,r.c:thod d1ffi:r~ ,1s;n1ficZ1ntly from t~H, spray 
.ipp1i.:H1vn p1anned for u~~ 1n the tJrout va•.1lt. The 1~thod used rasu1ted in 
Qn -,xec:1 lt:nt bo,H1 to til i: concrdc:. A"!. lonlJ 4S tit~ spray appl I cation prov1des 
~ ~1;,:1 li!.r bunJ ttJ th~ concri.lte, tht: r1:;;ults of these ttsts siioi.:ld bd d1rtctly 
applic~b -le to tht! cr·.1d-~p~r:ninc;: p~r·fonr . .:nca cf the 11ner 1n the vault. 
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Test MeU,od 

©sanene 

Cr!.cks fr. th~ tcp of the concrtte !ilo.b wer~ prcduced by restra1nfng the en:~ 
1n a ~t.:~1 franie .rnd s1ow1y rA1~1ng a hydr~u1:c jAck undar th.: cen:-.!r of tr.e ~,an. Th~ l1n~, s~n:p1~ ~~~ 1oc~ted on_..the top of the Sl!~ d1ra~t1y ~ptosit~ 
tht j.:c!,.·· ihe r~irifutC.jlllcnt 1ilsid~ th~- lhb -~1i0w:d th~ d~v~1o~:::ent of crac~s 
to bJ co~t1~ll~d. The width of cracks at the cd~e of th~ 11nar waJ m~as~rid 
prfor• t.;; f,.dlur.i: i.:sir.r; • 1- c t:hfn fan:.1r~ occurred, th~ 1ocat1cn 
cf th1 1n1t1~ 1 , re .~y mar ~d, ~he ~idth of the crack ~nd the th1ckncit 
of th.: 1int:r at th~t location n:~i~u-red, cltid if ap~1iclb1c the temperature 'N'as 
n:cord~d. Occ~::for..ll1y 1 :~•,e·,·al crud: und~r or.e 11ner sa~;,1e .,,,~re 1arac, 
~n~u~h to caus~ ~ f~i1urt. On~ d~tl po1nt was coll~cted at e~ch failure p:1nt. 

T~~t~ ~~~i p<rfor~~d u~1n~ ncm1n~i 11ner th1ckness~s cf 50 and 80 m11. T~st~ 
'n'~"f•~ com::ljcted -!t Jr:-.b1~nt tempi:r!t1.:1·t a.nd ~1evH:::d tcm[)erat;.1re for each 1 iii...!r 
th1cktd~s. To ob~1in ~1~Yatid temper~t~r~s 1n 5G-mll-th1ck lfn~r sa~ples. 
the c:r.t1 i-~ conc!'·..::e b1o.:k ',i.)S heii.tc:d to 90"C in an ov~n. The concrete 'n'as 
then r~moY~d frc~ ~he ov3n ind pii~ad in ti,~ t~~t fra~e. A heat lamp ~as 
used to !T:! i ntai n th~ t~r.lp~r~tutl! cf th::: l ~ ~a·,· ~:Jrfaca dur1 ng test 1 ii~. 

T~~i)-~rt.tu;-cs Here rr.~~s!.lrcd by i!'l~ 1~ttinJ a srr:~11 tiie:-:n~coup1e 1nto t!ie 11ner 
~t the concret~-1,ner interface. 

\.la o~t.:~.;:.:~i; tu !rnµrovc th~ tempenture ccintr~l fo~· tests with the 80-rr.i 1-
thick lin~rs. These -;am;,1~! '"i~\'e he~t~d tJ (;0°:.'. <!ncJ then r~rnovi:d from th1: 
cvan &Gd pltic~d in ~h~ t::t frem~. Putty w~s used to build a wa11 &ro~nd tha 
11r;~:· ~ai1,~l1:, thu~ form1~11J a sn!all ri:~i!rvolr. 1,.lacer dt 100-;C •,,as pcure:d int•:> 
tha r~s~r~otr anj ccv~r~d with clear p1ast1c ~~d ~ h~at ,~~P ~as used ta 
m~1nta1n the wattr t:m?eraturi at ~pprox1~~tely 90°C. Althcugh the watar was 
in1t1ally at 1oo~c, the temparature dt~pp&d to ;o~c by the t i me ft was ccver~d 
·,.ith picist,c, Th.~ presence of th~ water he:1p,d ;r.a.intain a unlfcr;n !ti::p1:rat;.:r~ 
\!rtd 11mitd ~ny 1~::a.1 0•1erhf:~t1ng cf the lin~r tc lOO"C s1nce t~mperatures in 
~xc~s~ of 1oo~c wo ulJ h~ve cau~ed the ~attr to vaporize, After the f1rst 
ta11ure 1n ~ 11n'!!" :am?h·, the "'at~t cra1r.2d t hro'.!~h thi: cra.:k. Su~s~Qlient 
fa i1 ur~s of th~ $iil':i~ 11 ner H.::t:)li: at d1ff<:nnt 1 oca tfons, therdorc I d1 d net 
hav<? t~e s.tt.e de;;rao uf tempe;-ature control. Th~ t:m~era:uro :.t (!l!Ch of thb:! 
iul1ure point~ wa~ recorded. 

fl_tSUl ts 

Th~ rc~ult.z of 5CJ-ml1 a.nd eo-m11 1lncr tests sre ~u::-.-nar1 zf:!j 1n r-1 gure 1. 
Each poi nt 1n F1~ura l corresponds to an 1ni ti~ l f~ 11ure obs~rvad 1n ~ 11n~r 
~amp1e . Each l1:1ti :hew~ t h~ dist ribu t ion of cr~ck wic t hs at l'l'h i~ ll ~fl (; 1i nc:r 
f1 rst f~1 l s for tho listed cond1t 1on: of 11ntr t hl ckn~ss ~nd t~mp~ra tu re. A 
f iSW dc: t a. ;:ioints hid te rnpH~tur~s or li n~r t hi cr.ne:.ses which d1d net fall 1nto 
thi: :·ano;: of and of the 11nes 1n Flr.ura 1. Thase points aro id~ntifi~d 1n 
Appendix A, ~~en th~ concreta crac~~ the crack may Qpen tither by th~ two 
si~i~ mcv1ng 3p!rt (in the Si~~ p1~nfj or by en~ piecu mov1ng ~srp~nd1cular 
ri:1Hive to the ~1ane of the ~oncrch. Th~ 1attt::r typa of crack S,;paration 
b tcr..:P.d i:in · "11lvvetion cha!l?,t". The tr10 typ~~ of cracl-.:.s nom.dlly cornb1n~ 1n 
~o:-::i: d~'Jtv1: to 1ona tha CNC~, o.1tliuu~h the .::lt:Vat1cn cha:1~e is u~ua11y the 
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lds~ ~1~~ific~nt ~ffect. In all C~$~i th~ cr~cks h~v~ teen cat~gorf:t4 by 
the h-,r1zonta1 crack ~~paratfon. In 1:.Q~t c~;;~~ the aleYat1on ch~ntJC \ills 1ess 
than 40 rr.1 l. Cr~ds for whi d1 the a1e•nt1 ~n chantJe ~xceec~d 40 :n11 ~re c!;;r.ot~~ 
1n F)~t.re l by :pech1 ,y,r.bo1L 

t.n:Mi!nt t11fi..,)l!T'l\ture te~ts ,dtr, r.oraina1 so~:m11-th\ck 11ncrs 1nd1cate'1 that 
c~~cks 11:ss··than 120 m11 w1q~ ere ll~~;,-s S?~nned. C1·acks width: 1~rg!r thin 
1·:1::J m11 ah,ays resulte,j 1n r.i11Ur6, n'h1:r1 the 50-mt1 1in~r ~.l~ hr:atc:d tc 
~,~vat~d temp~raturc (7~~C-9l°C), the 1~~~r spa~~~d ~11 cracks le~s than 55 
mi1 ~nd failed over a11 cracks ,ara~r thun 80 m11. Init1a11y it wa~ :us;ected 
tnat be1nn 1n the oven at 90°C 1or an extended t1~e ~!~ht c~use some 
trrtvers151e china~ 1~ the 11ner. Ta chack this, a 11n~r that had been placed 
tii ti',~ ovei'I ov~rn1uht ',tl:i ! 11c·.,ed to ~Go1 Hid th~1\ t-!~t~.:i at ambient 
te:np~ratura-. The N~i.:1 t$ were 1 n e;,:c(; 11 i:r,t agi-~ei:1~:it 1d th th~ a:r.b l ~n't 
t~mp~r~turc r~sult~. Therafcre, 1t app~ars th~t the te~p~r~tura aff~ct 1s 
s1r..p1y du~ ~o Nver:1bie chdnaes 1n th: 11nc:'!"' µr-.:d:.:ct ·11ith tc.mperatur~. 

~il>l.:ot t:.,r.~·-:t~turc t.:-:.its w1th r.om1n1:- ·1 ;O-:n11-thtc'.< 1iners ind1cat:d that 
cr~cks less than 120 mil wide ware ~1wlyS sp~~n~d. Th~ siz~ of crack alwdys 
s~~nned increases to 165 m11 1f only cr~~k~ with 40 m11 er less ilevation 
change ~re ,~eluded (120 m11 flilure h~d 110 ~il e1~v~t1on ch:ng~). Crac~s 
;.1dths iarci:r than 24(: i::il alway~ Ns:.Jlt1:d in fa1h:ra. £1cvatcd tem-~i:::r;iture 
result~ fer ~o m11 lfners ar6 d1v1ded 1nta two t~~p~rJtur~ rioimas. Th~ first 
(ss~c-s~JC) 1~c1udes po1nt~ in wh1ch the surf~ct t~~~eratur~ Wd~ controlled 
u~fn,J a 1.1yei' ~f 't{ater -;.S des,:ribc:d 1r, the t~st ir;:::r,c-d ~e~t~cn. Hie sccor1d 
t~mper~ture range (50°C-7$QC) 1iic~ud~s d~ta ca11e:ted a·f~~r .1n1t1~1 fc.11~re 
er a crack Cdu~~d the wat~r to d:&1n :re~ the ~urfic~. At ttmp~r~:uras or 
a5;c-;5"'C, the lfncr ilh,·~y~ sp~nn~d cr-:cks ~i!1.;.1ier thi;:.n as m11 ai1ct a~w.!ys hi1ed 
ahove 135 m11. At tem~~~!tur~s af 50°C-75°C the 11ner alw~y~ spanned cracks 
of 1~H tbn f.!0 mil (117 rni1 if dH~ 1s lii:dt~d t::; (.~O 1r.i1 -a1i;va.t1cn dtc1n;c:) 
and al~ays failed o~ar cr!cks of ffiore than 210 mil. 

TLc: eff;:ct of the iir1-!r thid.:n«!33 15 sho1~n 1n f1 ,;1..r1:s 2 ~nd 3, F1~:JN 2 sh:·11s 
the dff:::ct of th1ci(r.~~:; ~t ~:ib1~nt tcrnptrdtur~ (1~';::; than 30;C) d:id ffu~rc 3 
~i·,o·,,~ the effect of th1cki1c~~ at ti:mpi:r~tli'rt~ bet\'1:c:n 65-;C and 95°C. In beth 
f1gur~s th~ C!ta h!s b:P..1 lii:lftc:d to di!\t! whdr-: the ~1evation change of the 
c~~ck was 40 mil or l~ss, The 11nes 1n Figures 2 &nd 3 ir~ influenced by 
$1anlficant scatt2r, Boc1u~~ of th~s, ~xtr~po14t1on of the data 1~ not 
r~~~H~i!tnded. Acd1tionJ1 tczts ~ould be requ1red to det~nntne th~ crack $~~nn1ng 
ab!l1ty at 1,~~rs w1th th1cknesses outside thf r~n~2 of ~vl11!b1e da:a, 

HLL~'11.:1.r:ec:.i~ Ou~crv..\t:-:Jn 

!r: ~~vcre.1 Hn1ple: b:.;bblc~ \icre int.Gw~rtently 1ntrodl.!Cbd in the liner m;.tar i J.1 
cturirig ~repHat!cn. A t~"n' crac~s 1nit1dl1y failed at th~t~7)uint::, t1thcugh 
tht failur:: of th~ 11n~r d1J not b.P~·•)Jr to b~ s!crnific.:i.ntl_y ~ffc:ctcd ~Y the 
pr~~t>nce o-f-! m.t.11 bubb1~. The fa11ure po1nt, uf cour!.C!, is con~tnined by 
th~ 1oc!Lton of th~ crac~ 1n the ccncr&te. Th~refore, only 1f a bubble and c 
cr~ck cc1ncid~ Cln ~ b~bblo affect l1ncr per1cnntnc6. ~hen h~at~d to S0°C 
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ovc:1'nfght, subsurfdc:: buQblts under th~ :rnrf.:ce b~c~m.e c1aarly vis1?Jh as 
bu1ges in the surfac~ of the 11ner. 

RccJrd::s for th h worlc 4N trace~b h to Hanford G!'"cuc T~chno 1 ocy Prcgrarn ~Y-e-; 
files PF!-05, !i you ~ave questions plc~se ccntact Greg Whyatt ~t 375-0011. 
S1nccroly., 

-2)4~ 
D. H. Mftch~ll, Mdn~g~r 
H~nfard Grout Technolugy Program 

cc : S. R. Br1ogs 
0. u. Hendrick~~n 
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Sl-51 m11 thfck 
&c-h f ant temp 

6 

43-5~ ~111 thfck 
74•91 Ge 

& 

75-84 m1l th1ck 
~mb1c:nt t(l-:r~ 

~ 

71-82 m1l th1ck 
50-it>°C 

~ 

71-82 m1 I th!ck as.9s~c 

& 

•• 
X X 
X Z XX XX X 

Jo 130 1fo 260 2SO 
Ci~:ck Vf dth U .f~ fl UN (m11) 

xx 
xxxxxx 

Ao 160 1fo j 

200 
C~·.ick iJidlh at r~ fi ur~ (mn) 

z X 
Y ZYXX XYY XX X XX 

150 2¢-0 250 
Cr~d Width czi.; Fc11lur<3 . (m1 I) 

y ZY X X X X x:" X 
I ldO 1~0 50 

?AO ..... 2~0 
Cr~~~ Vfdth .~ fGiiurc (m1 l) 

X 
X yy 

X X XXX X 
lo 160 I 

150 260 2~0 
Cr.ad: ~!i =-th H Fdilur~ (m11) 

FfQwr~ 1: Dtit t·1butfon of crAck Widths ~t 1rrltfll fa1.LJres. E1e vat 1on 
chanae~, X~ 0-40 mil, Y~ 41-80 m11, z~ 81-120 mil. L1ner 

to th~ left of each 11nG. temperatur~ and th I ckness at fa 1l uri: po r nt ran~es are ind felted • 
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)' ~ ,~.n7 t- l.~1Nx ?."~ ,. 0 .~8 l 

:?SO 

200 
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0 l 0 20 30 40 ~o ~o 70 &u go 

lJn-ia, Thlckr.ou (ml!) 

Flgur~ 3,_· Crad: $ponn1no (l.t,111t_y d!l a function of l\11or thic~nc:;s 
· ····' ·· -.. ~ . (Temp 65 11 C-0sac, E1~vauon chtngt ~40 m11) . ..... .. 
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SUMMARY or ALL FAILUi(( 06SC:RYA nor,s 
-:: 

F.11luro Craclc ~1dth E1ev. Char.~: r,~ Liner Thtckness Hates r.o. {mil) (m1,) {_m11} on·e:-2, xr re 5~ 35 
50C-2, X2 160 A 55 
oOC-3, X1 120 A 52 
SOC-j, X2 uo ~c, A 61 
SOC-4, Y. i 170 A 7 :.i 
SOC-4, iz 168 A !-9 
!OC-~. X3 195 A 53 
SOC-!, Xl 97 A ,9 stuck to paper, NP 
50C-5 1 X2 124 J\ 31 ~tuc~ to p~pc:r, K? 

50H-1, Xl 55 ~2-8G Gl 
;;OH-, 
..; -' ;(2 85 82~86 57 
5CH-2, Xt 80 40 8S-91 48 
50ii-2, X2 85 40 &g-91 50 
5CH-2, X3 70 40 88-91 43 
50H-3, Xl 73 74 53 
~OH-j, X2 80 84 ~g 
50i-l-3, X3 88 7 ':) 51 
:3CH-4, ~.l 72 65-67 35 UP 
50H-5, Xl 178 30 5t3 
~OH-5, X2 187 30 61 
~OH-5, X3 122 30 51 

8!iC-l, b 215 A 
85C-1, Xl 204 A 83 
8!jC-1, xz 223 A 84 
.S~C-l, X3 l~O so A 
B5C-2, b 145 60 ). 

85C-2, Xl 165 A 77 
SSC-2, X2 200 A 8-. 
e~c-2, X:! 180 A 81 
85C-3 1 Xl 155 90 A 77 
85C-3, X2 185 50 A 82 
8SC-3, ::o 190 80 A 82 
8!)C-S 1 Xl 215 A 75 
85•:- ~. X2 22~ A 79 
65C-5, ;r.:3 120 110 A 81 
85C-5, X4 240 A 79 

85H-l, d 208 42 .. N? 
e~H-1, Xl 140 50 85-95 as NP 
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85H-1, X2 12S 50 ~5-95 79 
ll~H-1, X3 llS 50 85-<JS 80 
85H-1, X4 145 ~9 80 ttP 
85H-l, XS 200 4-5 81 N? 
85H-2, .Xl 135 -~5-90 7,. . ., 
S;H-2, X2 •· So 85-90 72 
SSH-2, X3 98 SS-90 72 
85H-2, X4 80 50 65 .. 
S5H-3, X1 122 85-89 77 
?S5H-3, X2 114 85-89 80 
SSH-3, X3 117 70 71 
85H-3, X4 195 58 77 
e~H-~, Xl 125 85-90 e1 
85H-4, X2 98 eS-90 82 

• 85H·4, X3 95 90 60 79.5 
8:jH-4, X4 142 40 68 61 
8SH-4, X5 l~O 56 81 
85H-5, d 210 54 
c5H-5, Xl lCO ~8-92 79 
85H-!i, X2 148 72 79 
OSH--5, XJ 102 50 65 
8SH,5, X4 165 63 81 

- A arr~rt~mpii-~r~ (20::C-25°C), t1: rnpe:-eture not record~d 
1ocl1 th1cknej~ ~~asurernents nol t~ken 

NP Net ?lott~d in figure l due tc thickness or temperature daviat ions from 
the majority of othtr potnts 1n grouping 

~lank entr1~s undc~ ~levation change 1nd1c~t~ an ~1evat1on chang~ (40 m1l. 
Sur1H soc-1 and 85C-4 prcv~ded r.v data dl!e to noncontinuous re:.ir in 

concr~tc wh1ch prevented prop~r cor.tro1 of crack de..e1~pn:ant • 
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MEASUREMENT OF THE CREEP OF GRAVEL INTO GEOTEXTILE AND HOPE LINER AT 90°C 

The concrete catch basin under a grout vault will be filled with gravel through 
which any leaking liquid will drain. The catch basin will be lined with HOPE, . 
which in turn will be covered with a geotextile to protect the liner from 
puncture. Due to heat produced by grout hydration reactions and radiolytic 
decay, temperatures as high as 90°C may be reached in a vault. There was a 
concern that high temperatures may allow gravel to creep into the liner and 
cause a puncture while liquid is still present in the vault. 

To address this concern, tests were conducted in which liner covered by 
geotextile and then gravel was exposed to static loads at 90°C for 32 days. 
The test resulted in only minor dents in the liner, none of which were close 
to causing a puncture. From the test results, it is concluded that the liner 
will not be punctured by gravel creeping into the liner under static loads at 
90°C for at least 180 days. Creep prior to a grout vault being filled should 
be negligible due to the relatively low overburden and temperature. Therefore, 
the liner will not be punctured by this mechanism during the period in which 
liquid may be present in the vault (~50 days). 

Test Procedure 

Duplicate tests were performed in which an HOPE liner covered with geotextile 
and then gravel was subjected to a static load at 90°C. The displacement of 
the system over time was measured for 32 days, after which the l i ner was removed 
and inspected for damage and the thickness measured at various points. 

A static load of 6500 psf (45.1 ps i ) z 1.0% was applied using a mechan i cal 
test machine enclosed in an oven ma i ntained at 90°C z 3°C. The two tests were 
performed simultaneously in separate test machines. The test cell configurat i on 
consisted of the steel bottom of the test cell covered by a_)ayer of mortar, 
the HOPE flexible membrane liner, the po lypropylene geotextile, a bed of gravel, 
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and finally the upper platen of the test machine. The test ce ll was 6 in. in 
diameter and contained approximately 3 1n. of gravel. 

Prior to installation in the test cell, the thickness of the liner was measured 
on a 1-in. grid. The grid points were marked on the sample in order to obtain 
accurate comparison measurements at the conclusion of the test. At the end 
of the 32-day test period the liners were removed, inspected for damage, and 
photographed. Changes in thickness of the liner at the grid points were 
measured. The minimum thickness at the deepest indentation was measured to 
determine how close the liner was to being punctured at the conclusion of the 
test. 

Test Materials 

The liner was 60-mil HOPE liner from National Seal Company (TMI# HGTP-036). 
The two liner samples were labeled MXM and "Y." The geotextile used to cover 
the liner was Polyfelt TS750, which is a 120-mil-thick polypropylene geotextile 
with a weight of 10.3 oz/yd 2 (TMii HGTP-037). 

' The gravel in the test cell was nonfractured (round) gravel, obtained from 
ACME Concrete Co., in Richland, Washington. The gravel was sieved and 

; recombined to meet the following specification: 

wt% material retained on 1-in. screen 0% 
wt% material retained on 1/2-in. screen 10: 
wt% material retained on 3/8-in. screen 40% 
wt: material retained on No. 4 screen 28% 
wt% material retained on No. 8 screen 22: 
wt% material passing No. 8 screen 0% 

This specification is identical to that for the grave 1 specif i ed for use in 
the catch basin of ·a grout vault. 

Results 

All initial measurements of liner thickness ranged from 59 to 65 mil for both 
liner samples. After being exposed to the load at 90°C for 32 days, the 
thinnest points in the liners were 39 and 41 mil for samples "X" and "Y", 
respectively. These measurements were taken at the bottom of indentations 
created by rocks pressing on the liner. The thickness of the liner where 
indentations did not occur was unchanged. The liners after exposure are shown 
in Figures 1 and 2. 

The data can be extrapolated by looking at the rate of creep occurri ng in the 
liner near the end of the test. The creep behavior over t ime i s shown i n 
Figures 3 and 4. These figures show the displacement of t he te st machine 
platen, which corresponds to a reduct i on in the total t hi ckn ess of t he mort ar , 
liner, geotext i le, and gravel in the test ce l l. The dis pl acement measurement 
was affected by disturbances in the temperature and load. -
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FIGURE 1. Photograph of sample "XM at completion of test 
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FIGURE 2. Photograph of sample NY" after completion of test 
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FIGURE 3. Reduction of test cell "X" thickness over time. The 
thickness reduction includes contributions from steel 
container, mortar, HOPE liner, polypropylene geotextile, 
and gravel. 

FIGURE 4. Reduction of test ce 11 "Y" th i ckness over t i me. The 
thickness reduction i nc l udes contri but i on-& f rom stee l 
container, mortar, HOPE l i ner, po lypropy l ene geotext il e, 
and gravel • 
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The control of the load for both samples was disturbed 5 days into the 
experiment when the hydraulic pump maintaining the constant load required 
replacement. This resulted in a loss of the load for approximately 45 minutes, 
after which time the load was restored. The load was disturbed again 11 days 
into the run when another test machine placed a large hydraulic demand on the 
pump, thus lowering the pressure and momentarily reducing the static load. 

The temperature of sample •y• dropped from 90°C to 52°C over a period of less 
than 16 hours during the first day of the test. The same problem occurred again 
on day 21, when the temperature dropped to 31°C. The temperature control was 
lost again between day 29 and 32. The sample was removed on day 32 without 
restoring the temperature. Since days 30 and 31 fell on a weekend, the final 
displacement data on sample YYM is the day 29 data. No problems with 
temperature control were experienced with sample "X." 

Changes in load and temperature resulted in residual reductions in the test 
cell thickness after the desired conditions were restored. This is believed 
to have been due to consolidation of the gravel, which allowed a small reduction 
in the cell thickness to occur. 

If the conservative assumption is made that at the end of the test the entire · 
rate of creep was due to movement of gravel into the liner material, the creep 
rate can be linearly extrapolated (also conservative) over longer periods of 
time. (Note that the creep as measured by displacement of the test machine 
platen indicated approximately 60 mil, but that the maximum reduction in liner 
thickness was only about 20 mil.) Looking first at sample "X" the data can be 
extrapolated from just after the last disturbance at day 11. The linear rate 
of creep is 0.024 mil/day, which is approximately the detection limit of the 
experiment. When extrapolated, the rate of creep requires 4.4 years after 
the test to penetrate the remaining 39 mil of liner. When added to the test 
period itself, this predicts a total of 4.5 years before the liner is punctured. 

For sample •y• the rate of creep can be extrapolated from just after the last 
temperature disturbance at day 21. At this point the rate of creep is 0.275 
mil/day, which should prevent puncture of the liner for 181 days. Eighty-six 
percent of the displacement occurred between two measurements separated by 8 
hours, indicating that there may have been a disturbance to the sample during 
this period. The source of the possible disturbance is unknown. If the 
displacement during this period is ignored, then the extrapolation would yield 
a resistance to puncture for 3.1 years.· However, since the source of 
disturbance is not known this cannot be done with confidence. 

It is anticipated that the creep in the installed liner will be negligible 
prior to filling the grout vault since the overburden and temperature will be 
relatively low. There is high confidence that the liner will resist puncture 
for at 1 east 180 days after fi 11 i ng the vault. Therefore, the 1 i ner wi 11 not 
be punctured by creep during the period when liquid is in the vault. 
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Records for this work are traceable to Hanford Grout Technology Program FY-89 
Files, PFI-05. If you have questions about this work please contact Greg Whyatt 
at 376-0011. 

Sincerely, 

~ 
D. H. Mitchell, Manager 
Hanford Grout Technology Program 

DHM:GAW:rt 

cc : S. R. Briggs 
D. W. Hendrickson 
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July 12, 1989 

ll 

Ms. T. B. Bergman 
Westinghouse Hanford Company 
MS Rl-48 
Richland, WA 99352 

Dear Theresa: 

DOE/RL 88-27 
Rey: 1, 01/17/90 

(~Banene 
Pacific Northwest Labor:irories 
P.O . Box ':!99 
Richl.1nd, W.1~hin~t~11 ~QOBJ'l352 
T d~phone (SQq) J O -

T~I~:,: 15-2874 
F..icsimile (509) 375-2718 

COMPATIBILITY OF CATCH BASIN GRAVEL WITH DOUBLE-SHELL SLURRY FEED (OSSF): 
Rev. 1.0 · 

Tests to assess the compatibility of gravel with simulated DSSF at 90°C have 
been completed. In the current grout .vault design, any liquid leaking through 
the internal liner and concrete grout vault will drain to.the catch basin. 
Kaiser Engineers Hanford suggested that the gravel in the catch basin might 
be incompatible with the waste and that .waste draining through the gravel 
might result in subsidence. This letter transmits the results of tests 
performed to address this concern. The results show no indication that 
subsidence will occur due to contact between the waste and the gravel. Although 
some reactions were evident on the gravel particle surface, changes in size 
distribution, total weight, and deflection under load of a gravel bed were 
extremely small. Details of the work are provided below. 

Gravel Immersion 

Rounded river gravel similar to that intended for use in the grout vault catch 
basin was obtained from ACME Concrete Co. in Richland, WA. The gravel was 
washed, dried, and sieved into 3 samples of 15,090 g each. The size 
distribution before immersion was: 

wt: retained on 1 in. 0 
wt: retained on 1/2 in. 10 
wt% retained on 3/8 in. 40 
wt% retained on No. 4 28 
wt! retained on No. 8 22 
wU in pan 0 

Simulated DSSF originating from the November pilot-scale test was used in the 
test. The waste was decanted to remove the solids since it is unlikely that 
solid particles would be able to pass through cracks in the concrete vault. 
The gravel was placed .in three separate immersion cells and covered with 4800 
to 5000 g OSSF supernatant. The immersion cells were then covered and placed 
in an oven at 90°C. Every 30 days one immersion cell was removed and the 
DSSF was drained from the gravel. The gravel was rinsed, dried, sieved, and 
weighed to determine the changes in weight and size distribut i on of the gravel. 
The gravel was then recombined into samples for compression ~esting. 

The immersion procedure is believed to have been conservative for the following 
reasons: 
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1) The gravel was completely submerged, whereas if the vault leaked the 
liquid would drain freely through the gravel, leaving only a thin layer of 
DSSF on the gravel surface. 

· 2) The immersion was maintained at 90°C, which is the maximum temperature 
expect~d in. the grout. · The temperature in the catch basin may be lower than 
90°C • 

3) The immersion was performed in a covered vessel, which reduces the 
rate at which atmospheric carbon dioxide neutralizes the sodium hydroxide in 
the waste. In the catch basin, the rate of neutralization would be expected 
to be higher. 

Comoression Testinq 

M Compression testing was used to detect changes in the strength of the gravel 
particles. To perform the compression tests, the gravel was loaded into a 

,-. cylindrical test cell. The test cell constrained the bottom and sides of the 
' · gravel bed while a plunger applied the load from the top of the cel l . Prior 

to testing, the gravel in the test cell was compacted by firmly strik ing the 
~ bottom of the test cell 5 times on a hard surface. The test cell was then 
~ placed in the test machine and the plunger lowered to rest on the surface of 
..,.,_ the gravel. A constantly increasing load was applied while the deflec: i on 

was recorded. Initially, the gravel bed was approximately 7.25 in. high and 
i'. 4.9 in. in diameter. The load was applied from Oto 70,000 pounds (3,703 psi) 

at a rate of 5000 lb/min (265 psi/min). Typical ly , the height of the gravel 
bed was reduced by 0.7 to 0.9 in. as this load was applied. After achieving 
the maximum load, the load was held steady for 2 minutes to measure the extent 
of creep under constant load. 

Tests were performed after each 30-day period using both immersed and non
.immersed gravel. · The non-immersed gravel was tested at 30-day interva l s rather 
than all at once to detect unintentional changes in the execution of the test 
procedure (compaction, segregation during loading, etc.), which might affect 
results. 

The maximum load applied was much larger than the load expected due to the 
overburden in the catch bas i n (~45 psi). The large loads were used in order 
to detect changes in the strength properties of the gravel and were not intended 
to simulate expected condit io ns in the catch basin. 

Results 

• 
The immersion tests measured change s in total we ight of gravel and partic l e 
siz e distribution. These results are summariz ed in Table 1-:- Note that all 
changes were small and do not indicate incompat i bility between t he grave l and 
the waste. After 30 days of immersion, small specks were observed on the 
gravel surface, indicating that some type of reaction was occurring. The 
majority of the react i on appeared to occur in the first 30 days of immersion. 
Some parti~les were more affected than others, but all particles appeared to 
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be sound. Individual particles became cemented together where they touched 
each other. Because of this, a screwdriver was required to remove t he gravel 
from the cell. Once removed, however, the particles could be separated by 
hand. The cementing behavior at the contact points does not create a problem 
and may actually be beneficial in preventing subsidence of the gravel bed. 
At the conclusion of the 90-day immersion, the pH had dropped below 11 from 
an initial 1eve1 greater than 14. Further react i ons resu l ting from hi gh pH 
would be expected to be significantly decreased due to the 3 order of magnitude 
decrease in hydroxide concentration, • 

TABLE 1: Changes in Gravel Weight and Size Distribut i on 

- - Initial 30 dav 60 dav 90 dav 
Dry Gravel Weight 15090 g 15 147 g 151 72 g 152S7 g 
wt% retained on 1 in. 0 0 0 0 
wt% retained on 1/2 in. 10.0 11. 2 11.5 11. 0 
wt: retained on 3/8 in. 40.0 39.7 38.S 40.0 
wt% retained on No. 4 28.0 27.6 28.2 27.5 
wt% retained on No. 8 22.0 20. l 20. l 19.9 
wt: in pan 0 1.5 1.4 1. 7 

Results of compression testing of both immersed and non-i mmersed gravel are 
shown i n Table 2. The displacement is l i sted for both the maximum 70, 000 l b 
loading and at 851 l b (45 psi), which more accura t ely represents t he overburden 
in the catch bas i n. It should be noted t hat th i s wou l d not correspond to th e 
subs idence in the disposal scenario since t he grav el i n t he catch bas i n wou ld 
be better compacted than the gravel i n the test. 

The average and standard deviation of the def l ec ti ons for immersed (ccmbin ed 
30, 60 and 90 day) and non-immersed grave l are di splayed at the bot t om of t he 
table. The average and standard deviation was ca l cu l ated for all immersed 
gravel tests combined because there did not appear to be a trend wi t h immers i on 
time for these samples. 

The immersed and non-immersed averages are wi t hin one standard deviation of 
each other. The difference in average de fl ec ti on is not be li eved to i ndica t e 
a subsidence problem in the gravel. These averages and standard deviat i ons 
were calculated after omitting several data po i nts. Samples N60A,B were omi t ted 
because they may have been exposed to loads of up to 5000 l b pr ior to th e 
start of t he compress i on testing. Samp l e 1308 was omi t t ed s i nce t he grave l 
was segregated whi l e loading the test ce ll, which res ult ed i n greater 
disp l acements than wou l d have otherwise Jcc ur red . 

The amount of creep m~asured when the max imum load was ma int ai ned const ant 
for 2 minutes varied be tween 0.020 and 0. 025 i n. The amount of creep was 
very cons i stent and di d not appear to be corre l ated with i mmersion of the 
grave 1. 
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TABLE 2: Gravel Compression Test Results 

Deflection (in.) of Deflection (in.) of 
Nonimmersed Sameles Immersed Samcles 

851 1 b 70,000 lb(a) 851 lb 70,000 lb(a) 
Samele# 45 csi Du_ ·(3703 osi) Samele# 45 osi (b) 13703 osi) 

N30A 0 .11 0.86 I30A 0.06 0.79 
N30B 0.04 0.79 I30B(c) 0.18 0.99 
N30C 0.06 0.75 I30C 0.05 0.81 
N60A(d) 0.01 0.57 I60A 0.03 0.71 
N60B(d) 0.07 0.79 I60B 0.05 0.70 
N60C 0.04 0.69 I60C 0.06 0.73 

-N90A 0.03 0.66 I90A 0.06 0.74 
N90B 0.02 0.69 I90B 0.06 0.85 
N90C 0.02 0.68 I90C 0.04 0.76 

I900 0.06 0.85 

. :✓., Average(e) 0.046 0.73 Average ( f) 0.052 0.77 

.. 

.. ..,, 

' 

v ..... 

• 

Std. Dev. 0.032 0.07 Std. Dev. 0.011 0.06 

-
a) Adjusted for test machine compliance of 0.05 in. at 70,000 lb; does not 

include creep of 0.020 - 0.025 in. that occurred when l oad he ld constant 
. at 70,000 lb for 2 minutes. 

b) Approximate overburden pressure in disposal system. 
c) Sample was partially segregated during placement in the · test cell, which 

resulted in greater-than-normal deformation. 
d) These samples may have experienced loads of up to 5000 lb during initial 

adjustments of ram position due to a faulty potentiometer. The 
potentiometer was subsequently replaced. 

e) Samples N60A and N60B omitted from average and standard deviation. 
f) Sample !30B omitted from average and standard deviation. 

Records for this work are traceable to Hanford Grout Technology Program FY-89 
files PFI-05. If you have questions, please contact Greg Wh yatt at 376-0011. 

Sincerely, 

~ 
D. H. Mitchell, Manager 
Hanford Grout Technology Program 

cc: S. R. Briggs 
0. W. Hendrickson 
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cc: D F Washburn, M J Anderson 

February 7, 1989 
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Subject: Grout Vault Leachate Collection Pipe Material Evaluation 

The drainable liquids (leachate) from the grout vault will be collected 
in the leachate collection pipe. The pipe material is presently spec i fied 
as 4" schedule 80 (.377 inches wall thickness) H1gh Density Polyethylene. 
The material backfilled around the outside of the pi pe wil l be 11 drainable 
gravel". Drainable gravel is described as washed and screened naturally 
occurring gravel, no crushing, with 100% passing t hough al inch sc,een. 
Resistivity values taken on a sample measured 150 K ohm-c~. 

The expec~ed operating temperature will be 90 C (19~ F). 

The leachate in the pipe will have a p~ around 13.2. At worst case t he 
leachate will resemble the waste in the large waste tanks. 

The drainable gravel could become, during the 30 year des ig n iife of the 
leachate collection -pipe, saturated with salts, (mos~ly sod i um nitrates) 
tiat wou 1d at worst case resemb l e the wastes stored i n t he lar~e waste 
tanks and which peneirat es thoug h the vau l t wa ll s an d wil l have a pH of 
around 12.5. SUi.lmaries of the waste eler.~nts are i nc l uded i n the append ix . 

What affect would the above described environments have on a 4 11 schedule 
80, carbon steel grade ASTM-A 53 pipe with a wall thickness of .337 
inches. 

A worst case scenario 1s to assume that the waste liquids from the large 
steel waste tanks (without any gro4t) are both inside the steel leachate 
pipe and surrounds the pipe for the whole design life of 30 years. 

The ·design corrosion rates of the ta-rrt< carbon steel, grades ASTI-1-A 516 and 
A 537, are assumed to be less than l mpy in the waste tank environiment. 

If the same·_c:O~r:£Sion rate is applied to _the carbon steel_ pipe, the 
maximum corrosion iri 30-yeats·would be· about 30 mils. For both sides of 
the pipe the total corrosion would be about 60 mils. Thus at the end of 
30 years the pipe would have .277 1nches of wall thickness. 

Three tank wastes (241-AN-103, 241-AN-106 and the des i gn grout waste) 
were analyzed by the PNL Waste Tank Corrosion Data Model Program. The 
co~puter results are included 1n this report in the appendix. The 
ar.a1yses shows that the three wastes have corrosion rates of less than l 
r..py. 
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A 4" sch 80 steel pipe can always replace a 4" sch 80 plastic pipe for 
every loading condition. Stael is many times stronger than plastic. 

Thus based on the above analysis, the 411 sch 80 steel pi pe can be se l ected 
to replace the 411 sch 80 plastic pipe. 

If thewre are any questions, please contact me on 3-1221. 

Wi1 11 am C Carlos 
Co~rcs i on En; i nser 
Materials A?p11cat1 on 
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/ Grout Design Waste Analysis 
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