
CROSS SECTION B-B' 



KHF B-B' Pseudo-Static Janbu Block Search 
d:\newsted\bl\btjap.p12 Run By: AZ 1 ll712003 04:41 PM 
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GSTABL7 v.2 FSmin=0.981 
Safety Factors Are Calculated By Tho Simplified Janbu Method 
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GSTABL7 v.2 FSmin=0.999 
Factor Of Safety Is Calculated By GLE (Spenceis) Method (0-2) 



KHF B-B' Failure Plane 1 Spencer Static Slope Stability 

GSTABL7 v.2 FSrnin=2.445 
Factor Of Safety Is Calculated By GLE (Spencerk) Method (0-2) 



GSTABL7 v.2 FSmin=0.964 
Safety Factors Are Calculated By The Simplified Janbu Method 



KHF B-B' Failure Plane 2 Spencer Pseudo-Static Slope Stability 
d:\newsted\b2\bjl5 surface #I .plt Run By: AZ 111712003 04:46PM . 

GSTABL7 v.2 FSmin-0.997 
Factor Of Safety Is Calculated By GLE (Spenceis) Method (0-2) 



GSTABL7 v.2 FSmin=3.128 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 



CROSS SECTION D-D' 



KHF D-D' Pseudo-Static Janbu Block Search 
d:\neuvstedWl\dljap.p12 Run By: AZ 111712003 06:08PM 

Value 

BEDROCK 10 130.0 130.0 800.0 40.0 Wf  
ENGFILL 11 125.0 125.0 100.0 33.0 W1 
BL-lA1B 12 120.0 125.0 600.0 14.0 W I  
MSWPO 13 76.5 76.5 100.0 33.0 W l  

- 

GSTABL7 v.2 FSmin=0.998 
Safety Factors Are Calculated By The Simplified Janbu Method 



KHF D-D' Failure Plane 1 Janbu Static Slope Stability 
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GSTABL7 v.2 FSminM.478 
Factor Of Safety Is Calculated By The Simplified Janbu Method 

d:\newsted\dl\dljap surface #l.plt Run By: AZ 111712003 06:09PM 
: i 

I I 

Soil Soil Totat Saturated Coheion Friction Pi=. 
Desc. Type Unit Wt. Unit W t  Intercept Angle Surface 

No. (pcf) (Per) (psf) {deQ) No- 
BL-IA f 120.0 125.0 0.0 8.0 W1 
SL-1A 2 120.0 125.0 100.0 7.0 W1 
BL-16 3 120.0 125.0 0.0 8.0 W1 

I I I I 

SC-10 4 120.0 125.0 0.0 8.5 W1 
.- SL-BUT 5 120.0 125.0 100.0 25.0 W1 

SEPL 6 120.0 125.0 100.0 17.0 W1 
F.COVER 7 120.0 125.0 0.0 24.0 W1 

HW 8 115.0 115.0 0.0 31.0 W1 
MSW5 9 63.4 63.4 100.0 33.0 W1 

BEDROCK 10 130.0 130.0 800.0 40.0 W1 
ENGFILL 11 125.0 125.0 100.0 33.0 W1 
BL-IA1B 12 120.0 125.0 600.0 14.0 W1  
MSWZO 13 76.5 76.5 100.0 33.0 W1 

- 

- - 

- - 



CROSS SECTION G-G' 



KHF G-Ga Pseudo-Static Janbu Block Search 
d:\newstedg1\9ljap.p12 Run By: A2 11/7/2003 09:36PM 

Soil Soil Total Saturated Cohesion Friction Pier. 

b 0.978 

SEPL 9 120.0 125.0 100.0 17.0 0 
MSW2O 10 76.5 76.5 100.0 33.0 0 
MSW70 11 91.6 91.6 100.0 33.0 0 

GSTABL7 v.2 FSmin=0.978 
Safety Factors Are Calculated By The Simplified Janbu Method 



500 I I t I I I \ 
0 200 400 600 800 1 OOD 1200 1400 

GSTABL7 v.2 FSmin=0.996 

KHF G-G' Failure Plane I Spencer Pseudo-Static Slope Stability 
d:\newsted\gi\glspp.plt Ron By. AZ 11R/2003 09:36PM 

Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

1300 
" 

1500, ; I I 

Soil Soil Total Saturated Cohesion Friction Piez. I Desc. Type Unit W t  Unit W t  Intercept Angle Surfau? 
NO. (@I (pO (psfl (deg) No. 

Bedrock 1 130.0 730.0 600.0 40.0 0 
St-10 2 120.0 125.0 0.0 8.5 0 
EL-1B 3 120.0 125.0 0.0 8.0 0 
BL-1A 4 120.0 125.0 0.0 8.0 0 
SL-1A 5 120.0 '125.0 100.0 7.0 0 

Haz Wast 6 115.0 f 15.0 0.0 31.0 0 
MSWS 7 63.4 63.4 100.0 33.0 0 
Eng Fill 8 .125.0 125.0 100.0 33.0 0 
SEPL 9 120.0 125.0 100.0 17.0 0 

MSW20 10 76.5 76.5 100.0 33.0 0 
MSW70 11 91.6 91.6 100.0 33.0 O 

Load Value 
P-k(A 0.570(0) 
kh Coe? 0.0.125(g& 



KHF G-G' Failure Plane 1 Spencer Static Slope Stability 

Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

d:\newsted\gl\glsps.plt Run By: AZ 11ff12003 09:37PM 
I 

Soil Soil Total Saturated Cohesion Friction Piez. 
Desc. Type Unit W t  Unit W t  Intercept Angle Surface 

No. (pd) (pcf) (wf) (deg) No. 
Bedrock 1 130.0 130.0 800.0 40.0 0 
SL-1B 2 120.0 125.0 0.0 8.5 0 
BL-1B 3 120.0 125.0 0.0 8.0 0 
BL-1A 4 120.0 125.0 0.0 8.0 0 
SL-1A 5 120.0 125.0 100.0 7.0 0 

-Haz Wast 6 115.0 115.0 0.0 31.0 0 
MSW5 7 63.4 63.4 100.0 33.0 0 
Eng fill 8 125.0 125.0 100.0 33.0 0 
SEPL 9 120.0 125.0 100.0 17.0 0 

MSWPO 10 76.5 76.5 100.0 33.0 0 
MSW70 11 91.6 91.6 tOO.0 33.0 0 

1 I I I 



KHF G-G' Pseudo-Static Janbu Block Search 

1500 - d:\rwwsml\9wp.pi2 Run By. AZ 11/7/2003 09:39PM 
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[ #  FS 
, 1 r 

So11 Soil Total Saturated Cohesion Friction Piez. 
Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 

No. b e f )  (pd) @sf) (dm) NO. 

1400 

- 

j 0.955) 

L 1 I 
Load Value 

Peak(A 0.570(g) 

GSTA8L7 v.2 FSmins0.949 
Safety Factors Are Calculated By The Simplified Janbu Method 

G S T A B ~ ~ & ~  

a 
J 

a 0.949 
b 0.949 
c0.954 
d 0.954 
e 0.955 
f 0.955 
g 0.955 
h 0.955 
i 0.955 

EngFill 8 125.0 125.0 100.0 33.0 0 
SEPL 9 120.0 125.0 100.0 17.0 0 

MSW20 10 76.5 76.5 100.0 33.0 0 
MSW70 11 91.6 91.6 100.0 33.0 0 

Bedrock 1 130.0 130.0 B00.0 40.0 0 
SL-18 2 120.0 125.0 0.0 8.5 0 
EL-16 3 120.0 125.0 0.0 0.0 o 
EL-1A 4 120.0 125.0 0.0 8.0 0 
SL-1A 5 120.0 125.0 100.0 7.0 O 

Haz Wast 6 115.0 115.0 0.0 31.0 0 
MSWS 7 63.4 63.4 100.0 33.0 0 

kh Cd 0.288(g)c - 

- 



- -  - 

Eng Fill 8 125.0 125.0 100.0 33.0 0 
SEPL 9 120.0 125.0 100.0 17.0 0 

MSW20 10 76.5 76.5 100.0 33.0 0 
MSW7O 11 91.6 91.6 100.0 33.0 0 

KHF G-G' Failure Plane 2 Spencer Pseudo-Static Slope Stability 
d:hewsted\gl\g2jap surface #I .plt Run By; AZ 111712003 09:41 PM 

1500 . 7 ; 1 I 

900 

TOO 

Soil Soil Total Saturated Cohesion Friction Pier 
Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 

No. (pcf) (pcf) (psf) (deg) No. 

GSTABL7 v.2 FSmin=O.995 
Factor Of Safety. Is Calculated By GLE (Spencer's) Method (0-2) 

Load Value 
Peak(A) 0.570(g) 
kh Coef. 0.298(g)< _ 

Bedrock 1 130.0 130.0 800.0 40.0 0 
SL-13 2 120.0 125.0 0.0 8.5 0 
EL-16 3 120.0 125.0 0.0 8.0 0 
BL-1A 4 120.0 125.0 0.0 8.0 0 



Factor Of Safety b Calculated 8 y  GLE (Spenceis) Method (0-2) 

KHF G-G' Failure Plane 2 Spencer Static Slope Stability 
d:\newsted\glwjap surface # l  s.plt Run By: AZ 11/712003 09:42PM 

1500 

' 

1300 

-. 1 7 

Soil Soil Total Saturatd Coh&m fridion Piez 
Desc. Type Unit W t  Unit W t  Intercept Angle Surface 

No. (pcf) (pd) (dm) No. 
B d f ~ c k  1 130.0 130.0 800.0 40.0 0 
SL-18 2 120.0 125.0 0.0 8.5 0 
BL-tB 3 t20.0 $25.0 0.0 8.0 0 
BL-7A 4 120.0 125.0 0.0 8.0 0 
SL-1A 5 120.0 125.0 100.0 7.0 0 

-Har Wast 6 115.0 115.0 0.0 31.0 0 
MSWS 7 63.4 63.4 100.0 33.0 0 
Eng Fill 8 125.0 125.0 100.0 33.0 0 
SEPL 9 120.0 125.0 100.0 17.0 0 

MSW20 10 76.5 76.5 100.0 33.0 0 
MSW70 11 91.6 91.6 100.0 33.0 0 

I I I 



1300 H '553 (1 SL-1A 5 120.0 125.0 100.0 7.0 
h 1.556 Haz Wast 6 115.0 115.0 0.0 31.0 
i 1.564 MSWS 7 63.4 63.4 100.0 33.0 0 

KHF G-G' Failure Plane 3 Static Bishop Slope Stability 
d:\newsted\gl\g3bi.p12 Run By: AZ 11/8/2003 05:OOPM 

Soil Soil Total Saturated Cohesion Friction Piez. 
Type Unit Wt. Unit W t  Intercept Angle Surface 

b 1.509 No- (~d) (pd) (Psf) 16411 NgO. 
1 130.0 130.0 800.0 40.0 
2 120.0 125.0 0.0 8.5 0 
3 120.0 125.0 0.0 8.0 0 
4 120.0 125.0 0.0 8.0 0 

GSTABL7 v.2 FSmin=1 .SO2 
Safety Factors Are Calculated By GLE (Spenceis) Method (0-2) 

1 I 

( j 1.5651 Eng Fill 8 125.0 125.0 100.0 33.0 0 
SEPL 9 120.0 125.0 100.0 17.0 0 

MSW20 10 76.5 76.5 100.0 33.0 0 
MSW70 11 91.6 91.6 100.0 33.0 0 



KHF G-G' Failure Plane 3 Pseudo-Static Bishop Slope Stability 

1300 ""1": ;": 'r0 :" i 
MSW5 63.4 63.4 100.0 33.0 
Eng Fiti 125.0 125.0 100.0 33.0 
SEPL 120.0 125.0 100.0 17.0 

MSW20 10 76.5 76.5 f00.0 33.0 
MSW70 11 91.6 91.6 100.0 33.0 

1500 Of 
d:\nemted\gl\93bi p.pIt Run B y  AZ 1?/8/2003 0 5 : O i ~ ~  

- 

900 

TOO 

Soil Soil Total Saturated Cohesion ~tiction Piez. 
Desc. Type Unit Wt. Unit W t  Intercept Angle Surface 

No. (pcf) (pd  (W (deg) Na. 
Bedrack 1 130.0 130.0 800.0 40.0 0 
SL-18 2 120.0 125.0 0.0 8.5 0 
BL-1B 3 120.0 125.0 0.0 8 .  0 
BL-1A 4 120.0 125.0 0.0 8.0 0 

GSTAE3L7 v.2 FSrninsl .l56 
Factor Of Safety Is Calculated By GLE (Spenceis) Method (0-2) 

1 I I I 
Load Value 

Peak(A) 0.570(~) 
kh Coef. 0.150(~)< - 



KHF G-G' Pseudo-Static Janbu Block Search 
d:\newsted\g2\gjl3.p12 Run By: AZ 11/7/2003 08:58PM 
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GSTABL7 v.2 FSmin=0.997 
Safety Factors Are Calculated By The Slmpfified Janbu Method 



KHF G-G' Failure Plane 4 Janbu PseudoStatic Slope Stability 
d:\nemled\g2\gjl3 surface #I .plt Run By: AZ 13t7l2003 09:ODPM 

1050 

1000 

950 
MSWW 11 88.0 88.0 100.0 33.0 0 
MSW9O t2  93.7 93.7 100.0 33.0 0 

Bio5 13 78.3 78.3 150.0 28.0 0 
Bi20 14 94 5 94.5 150.0 28.0 0 

900 - Bid50 15 108.7 108.7 150.0 28.0 0 

1 
12 

850 - 

800 - 

t 

750 - - - 
2 - 'I 
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100 150 200 250 300 350 400 450 500 550 600 650 

GSTABL7 v.2 FSmin=0.997 
Factor Of Safety Is Calculated By The Simplified Janbu Method 

a I b I f I i 1 
Sod Soil Tobl Saturated Cohesion Friction Pier 

Desc. Type Unit Wt. Unit Wt. Intercept Ar@e Surfaca 
toad Value 

P&k(A) 0 570(g) 
No. (pcf) (pd) (psq ( d q )  N;. 

Bedrock 1 130.0 130.0 800.0 40.0 
SL-18 2 120.0 125.0 0.0 8.5 0 

.- BL-lB 3 120.0 725.0 0.0 8.0 0 
BL-1A 4 120.0 725.0 0.0 8.0 0 
SL-fA 5 120.0 125.0 100.0 7.0 0 

Haz Wast 6 115.0 115.0 0.0 31.0 0 
MSW5 7 63.4 63.4 100.0 33.0 0 
Eng Fill 8 125.0 125.0 100.0 33.0 O 
SEPL 9 120.0 125.0 100.0 17.0 0 

.- MSW20 70 76.5 78.5 100.0 33.0 0 

kh Cod 0.190(9)< 

- 

- 



Factor Of Safety Is Calculated By GLE (Spenceis) Method (0-2) 

KHF G-G' Failure Plane 4 Spencer Static Slope Stability 
d:\newste&g2\gjl3 surface #I s.@t Run By: At 11/7/2003 09:OlPM 

1050 

1000 

950 
MSWSO 11 88.0 88.0 100.0 33.0 0 7 
MSWQO 12 93.7 93.7 100.0 33.0 0 10 

Bio5 f 3 78.3 78.3 150.0 28.0 0 
BioZO 14 94.5 94.5 150.0 28.0 0 * 
8'050 15 108.7 108.7 150.0 28.0 0 1 I - 

12 

850 - - 

4 I I r 1 I 

Soil Soil Total Saturated Cohesion Friction Piez. 
Desc. Type Unit Wt. Unit WI. Intercept Angle Surface 

No. (~cf) bcf) ( ~ f )  ( d ~ )  No. 
Bedrock 1 130-0 130.0 800.0 40.0 0 
SL-16 2 120.0 125.0 0.0 8.5 0 

-- EL-16 3 120.0 125.0 0.0 8.0 o 
EL-1A 4 120.0 125.0 0.0 8.0 0 
SL-1A 5 120.0 125.0 100.0 7.0 0 

Hat Wast 6 115.0 115.0 0.0 31.0 0 
MSW5 7 63.4 63.4 100.0 33.0 0 
Eng Fill 8 125.0 125.0 100.0 33.0 0 
SEPL 9 120.0 125.0 100.0 17.0 0 -- 

MSW20 10 76.5 76.5 100.0 33.0 0 

I I I I I I 

- 

- 



CROSS SECTION H-H' 



Safety Factors Are Calculated By The Simplified Janbu Method 

KHF H-H' PseudoStatic Janbu Block Search 
d:\newsted\hl\hljap.p12 Run By. AZ 111W2003 06:28PM 

1500 

' 

1300 

1100 

I 1 
Load Value 

Peak(A) 0.570(g) 
. kh toe. 0.145(~)< 

- 

# fS 
a 0.947 
b 0.947 
C 0.947 
d 0.948 
e 0.948 
f 0.948 
g0.948 
h 0.948 
i 0.948 
j 0.948 

I I , 
Soil Soil Total Saturated Cohesion Friction Piez. 

Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pcf) (pcf) (psf) (deg) No. 

BL-1A 1 120.0 125.0 0.0 8.0 W l  
SL-1A 2 120.0 125.0 100.0 7.0 W l  
SL-iB 3 120.0 125.0 0.0 8.0 W1 
SL-16 4 120.0 125.0 0.0 8.5 W i  

SL-BUT 5 120.0 125.0 100.0 25.0 W1 
SEPL 6 120.0 125.0 100.0 17.0 W1 

F. COVER 7 120.0 125.0 0.0 24.0 W1 
HW 8 115.0 115.0 0.0 31.0 W1 

- 

BioS 9 78.3 78.3 150.0 28.0 W1 
Bio20 t o  94.5 94.5 j50.0 28.0 W1 
Bi050 11 108.7 108.7 150.0 28.0 W1 
Biol30 12 117.2 117.2 150.0 28.0 W1 

BEDROCK 13 130.0 130.0 800.0 40.0 W1 
ENGFILL 14 125.0 125.0 100.0 33.0 Wt 
BL-1AlB 15 120.0 125.0 600.0 14.0 W1 



KHF HH' Failure Plane 1 Spencer Pseudo-Static Slope Stability 
d:\newsted\hl#lspp.plt Run Br AZ 11/6/2003 06:29PM 

BL-15 3 120.0 $25. 

0 200 400 600 800 1M10 1200 1400 
GSTABL7 v.2 FSmin=l .DO2 

Factor Of Safety Is Calculated By GLE (Spenceis) Method (0-2) 

a a 
1 



GSTABL7 v.2 FSmin=l.943 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

KHF H-H' Failure Plane I Spencer Static Slope Stability 
d:\newsted\hl\hlsps.plt Run By: A2 11/6/2003 06:30PM 

1500 

1300 

.. 
Soil Soil Total Saturated Cohesion Friction Piez. 

Desc. Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pcf) (pd) (psf) (dw) No. 

BL-IA 1 120.0 125.0 0.0 8.0 W1 
SL-1A 2 120.0 125.0 100.0 7.0 W1 
EL-18 3 120.0 125.0 0.0 8.0 W l  
SL-18 4 120.0 125.0 0.0 8.5 W l  

SL-BUT 5 120.0 125.0 100.0 25.0 W t  
SEPL 6 120.0 125.0 100.0 17.0 W I  

F. COVER 7 120.0 125.0 0.0 24.0 W t  
HW 8 115.0 115.0 0.0 31.0 W l  
8io5 9 78.3 78.3 150.0 28.0 W l  
Bi020 10 94.5 94.5 150.0 28.0 W1 

I I I 

1100.  

BioW 11 108.7 108.7 150.0 28.0 W1 
Biol30 12 117.2 117.2 150.0 28.0 W1 

BEDROCK 13 130.0 130.0 800.0 40.0 W l  
ENGFJLL 14 125.0 125.0 100.0 33.0 . W l  
EL-1AIB 15 120.0 125.0 600.0 14.0 W1 



KWF H-H' Dynamic PseudoStatic Block Search 
d:\newstedlhlvl2jap.plZ Run By AZ 1 IfW2003 06:31PM 

1100 - I 
Soil Total Saturated Cohesion Friction Piez. Load Value 

Desc. Type Unit Wt Unit W t  Intercept Angle Surface Peak(A) 0.57qg) 
b 0.923 (p@ (psf) (deg) No. kh Coef. 0.141(g)c 

78.3 78.3 150.0 28.0 W1 
94.5 94.5 150.0 28.0 W l  
120.0 125.0 0.0 8.0 W7 

125.0 0 8.5 W1 
g 0.923 Bio50 5 108.7 108.7 150.0 28.0 W l  
h 0.923 SEPL 6 120.0 125.0 100.0 17.0 W l  
i 0.923 F. COVER 7 120.0 125.0 0.0 24.0 W1 

1000 - j 0.923 HW 6 115.0 115.0 
Biol30 3 117.2 t11.2 

BEDROCK 10 130.0 130.0 800.0 40.0 

900 - 

' 

I 

GSTABL7 v.2 FSmin=0.323 
Safety Factors Are Calculated By The Simplified Janbu Method 



F. COVER 7 120.0 125.0 0.0 24.0 
8 115.0 115.0 0.0 31.0 

Bio130 9 117.2 117.2 150.0 28.0 W1 - - ~ -  

BEDROCK 10 130.0 130.0 800.0 40.0 W1 
ENGFtLL I 125.0 125.0 100.0 33.0 W1 
BL-IAlB 12 120.0 125.0 600.0 14.0 W1 

Type Unit Wt. Unit Wt. Intercept Angle Surface 
No. (pd) (pd) (psf) (deg) No. 

KHF H-H' Failure Plane 2 Spencer Pseudo-Static Slope Stability 
d:\newsted\hf\hZspp.plt Run B y  A2 11/6/2003 06:31PM 

Factor Of Safety Is Calculated By GLE (Spenceis) Method (0-2) 

Peak(? 0.570(g) 
kh CQ . 0.144(9)< 

i 

Soil Total Saturated Cohesion Friction Pi-. 

1 78.3 78.3 150.0 28.0 W1 
2 94.5 94.5 150.0 28.0 W1 
3 120.0 125.0 0.0 8.0 W1 
4 120.0 125.0 0.0 8.5 W1 
5 108.7 108.7 150.0 28.0 W1 
6 120.0 125.0 100.0 17.0 W1 

L I 1 
Load Value 1 



GSTABC7 v.2 FSmin=2.220 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

KHF H-H' Failure Plane 2 Spencer Static Slope Stability 
d:\newstedvllWsps.plt Run By: AZ 11/6/2003 06:32PM 

, 
Soil Soil Total Saturated Cohesion Friction Piez. 

Desc. Type Unit Wt. Unit W t  Intercept Angle Surface 
No- (pd) (pd) (psf) (de9) No- 

Bio5 I 78.3 78.3 150.0 28.0 W1 

I I 

"0° I- 
1000 

Bio20 2 94.5 94.5 150.0 28.0 W1 
BL-1B 3 120.0 125.0 0.0 8.0 W1 
SL-16 4 120.0 125.0 0.0 8.5 W1 
Bio50 5 108.7 108.7 15D.O 28.0 W1 
SEPL 6 120.0 125.0 100.0 17.0 Wf  

F.COVER 7 120.0 125.0 0.0 24.0 W4 
-- HW 8 115.0 115.0 0.0 3t.0 WZ 

6ii130 9 117.2 117.2 150.0 28.0 Wf 
BEDROCK 10 130.0 130.0 800.0 40.0 W1 
ENGFILL 11 125.0 125.0 100.0 33.0 W1 
BL-lA1B 12 120.0 125.0 600.0 14.0 W1 

1 
-4 



KHF H-H' Pseudo-Static Bishop Slope Stability 
d\newstedvlrvl3bip.p12 Run By: AZ 1116/2003 06:32PM 

Soil Soil Total Saturated Cohesion Friction Piez. Load Value 

Biol30 9 117.2 117.2 150.0 28.0 W1 
BEDROCK 10 130.0 130.0 800.0 40.0 W1 
ENGFILL 11 125.0 125.0 100.0 33.0 W1 a 
BL-1AlB 12 120.0 125.0 600.0 14.0 W1 

GSTABL7 v.2 ~~m'in=1.000 
Safety Factors Are Calculated By GLE (Spencer's) Method (0-2) 



KHF H-H' Failure Plane 3 Spencer Pseudo-Static Slope Stability 
d:\newstedvll vl3spp.plt Run Br AZ 1 1 /6/2003 06:33PM 

1100 1 I 
Sail Soil Total Saturated Cohesion Fridion Piet Load Value 

Desc. Type Unit W t  Unit Wt. Intercept Angle Surface Pwk(A 0.570(g) 
NO. (pd) (pd) (pn) (dsg) NO. kh Coe? 0.322(g)c , 

BioS 1 78.3 78.3 150.0 28.0 W l  
Bi020 2 94.5 94.5 150.0 28.0 W l  
61-18 3 120.0 125.0 0.0 6.0 W1 
SL-IB 4 120.0 125.0 0.0 8.5 W1 
BioW 5 108.7 108.7 150.0 28.0 W1 
SEPL 6 120.0 125.0 100.0 17.0 W t  

F. COVER 7 120.0 125.0 
8 115.0 115.0 0.0 31.0 W l  

Biol30 9 117.2 117.2 150.0 28.0 11 BEDROCK 10 130.0 130.0 W . 0  110.0 ti 1 ENGFILL 11 125.0 125.0 100.0 33.0 W1 

Factor Of Safety Is Calculated By GLE (Spenceis) Method (0-2) 



Factor Of Safety is Calculated By GLE (Spenceis) Method (0-2) 

UHF H-H' Failure Plane 3 Spencer Static Slope Stability 
d:\newstedhl\h3sp~.ptt Run By: AZ 111612003 06:33PM 

1 'loo ', 

1000 

I I 

Soil Soil Total Saturated Cohesion Friction Pier. 
Desc. Type Unit WI. Unit Wt. Intercept Angle Surface 

No. (pcf) (~cfl (psf) (deg) No. 
Bio5 1 78.3 78.3 150.0 28.0 W1 
Bio20 2 94.5 94.5 150.0 28.0 W1 
BL-IB 3 120.0 125.0 0.0 8.0 W1 
SL-18 4 120.0 125.0 0.0 B.5 W1 
Bi050 5 108.7 108.7 150.0 28.0 W l  
SEPL 6 120.0 125.0 100.0 17.0 W1 

F. COVER 7 120.0 125.0 0.0 24.0 W1 
.- HW 8 115.0 115.0 0.0 31.0 W1 

Biol30 9 117.2 117.2 150.0 28.0 W1 
BEDROCK 10 130.0 130.0 800.0 40.0 W I  
ENGFILL 11 125.0 125.0 100.0 33.0 W1 
BL-1A1B 12 120.0 125.0 600.0 14.0 W1 

I I I 

- 



CROSS SECTION I-I" 



KHF I-I' Pseudo-Static Janbu Block Search 
d:\newsted\il\iljap.plZ Run By: AZ 111612003 07:OOPM 

- 
BEDROCK 10 130.0 130.0 800.0 40.0 W I  
ENGFILL 11 125.0 125.0 100.0 33.0 W l  
BL-ZAIB 12 120.0 125.0 600.0 14.0 W l  

Bi05 13 78.3 78.3 150.0 28.0 W l  
Bi020 14 94.5 94.5 150.0 28.0 W1 
Bias  15 108.7 108.7 150.0 28.0 W1 - 6i0lZO 16 117.1 117.1 150.0 28.0 W l  

l 

Safety Factors Are Calculated By The Simplified Janbu Method 



KHF 1-1' failure Plane 1 Spencer Pseudo-Static Slope Stability 
d:\newsted\il\ilspp.plt Ron By A2 11/612003 07:01 PM 
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GSTABLT v 2  FSmin=t .004 
Factor Of Safety Is Calculated By OLE (Spencefs) Method (0-2) 

a a 

I r- I 

Soil Soil Total Saturated Cohesion Friction Pi=. 
Desc, Type Unit W t  Unit Wt. Intercept Angle Surface 

No. (ptf) (pcf) (psf) (deg) No. 

I I I I I 
' Load Value 

Peak(A) 0.570tg) 
. kh Coef. 0.148(g)< 

BL-1A t 120.0 125.0 0.0 8.0 W1 
SL-1A 2 120.0 125.0 IM1.O 7.0 W1 

- BL-IB 3 120.0 125.0 0.0 8.0 w l  
SL-1B 4 120.0 125.0 0.0 8.5 W1 

SL-BUT 5 120.0 125.0 100.0 25.0 Wf  
SEPL 6 120.0 125.0 100.0 17.0 W t  

F. COVER 7 120.0 125.0 0.0 24.0 W1 
HW 8 115.0 115.0 0.0 31.0 W1 

MSW 9 85.0 85.0 100.0 33.0 W1 
BEDROCK 10 130.0 130.0 800.0 40.0 W1 
ENGFlLL 71 125.0 125.0 100.0 33.0 W1 
BL-1AlB 12 120.0 125.0 600.0 14.0 W1 

Bio5 13 78.3 78.3 150.0 28.0 W1 
Bb20 I 4  94.5 94.5 150.0 28.0 W1 
BbSO 15 108.7 108.7 150.0 28.0 W l  

Bio120 16 117 1 317.1 150.0 28.0 W1 

- 

- 

- 



GSTABL7 v.2 FSrni1~2.065 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

KHF 1-1' Failure Plane 1 Spencer Static Slope Stability 
d:\newsted\if\ilsps.plt Run By AZ 1116l2003 07:OlPM 

1300 - 

1200 

1100 

q000.- 

I L. , 
Soil Soil Total Saturated Cohesion Friction Pi-. 

Oesc. Type Unit Wt. Unit WL Intercept Angle Surface 
No. (pd) (Pcf) (psf) (dw) No. 

Bt-1A 1 120.0 125.0 0.0 8.0 W1 
SL-IA 2 120.0 125.0 100.0 7.0 W1 

.- BL-10 3 120.0 125.0 0.0 8.0 W1 
SL-16 4 120.0 125.0 0.0 8.5 W1 

SL-BUT 5 120.0 125.0 100.0 25.0 W1 
SEPL 6 120.0 125.0 tOO.O 17.0 W1 

F. COVER 7 120.0 125.0 0.0 24.0 W1 
HW 8 115.0 115.0 0.0 31.0 W l  

MSW 9 85.0 85.0 100.0 33.0 W1 
'-BEDROCK 10 130.0 130.0 800.0 40.0 W1 

ENGFILL 11 125.0 125.0 100.0 33.0 W l  
BL-1A1B 12 120.0 125.0 600.0 14.0 W l  

Bio5 13 78.3 78.3 150.0 28.0 W1 
Bi020 14 94.5 94.5 150.0 28.0 W1 
Bi050 15 108.7 108.7 150.0 28.0 W1 
BiolPO 16 117.1 117.1 150.0 28.0 W1 

I I T I 1 



CROSS SECTION J-J' 



KHF J J' Pseudo-Static Janbu Block Search 
d:\newsted\jl\jljap.pIZ Run By. AZ 111612003 07:46PM 

Load Value 

MSW20 20 76.5 76.5 100.0 33.0 0 
MSWXI 11 88.0 88.0 100.0 33.0 0 
MSW9O 12 93.7 93.7 100.0 33.0 0 

Bi05 13 78.3 78.3 150.0 28.0 0 
Bb20 14 94.5 94.5 150.0 28.0 0 
Bio50 15 108.7 108.7 150.0 28.0 0 
B i d 0  16 115.7 115.7 150.0 28.0 0 

GSTABL7 v.2 FSmin=0.984 
Safety Factors Are Calculated By The Simplified Janbu Method 



GSTABL7 -4.2 FSmin=0.998 
Factor Of Safety Is Calculated By GLE (Spencer-s) Method (0-2) 



Factor Of Safety Is Calculated By GLE (Spencer's) Method (03) 
GSTARL~@@ 



CROSS SECTION K-K' 



KHF K-K' PseudoStatic Janbu Block Search 
d:\newstedkl\k?jap.p12 Run By AZ 11/6/2003 09:02PM 

1500 
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1300 

0 200 400 600 800 t 000 1200 1400 

GSTABL7 v.2 FSmfn=0.982 
Safety Factors Are Calculated By The Simplified Janbu Method 

# FS 
a 0.982 
b 0.982 
c 0.983 
d 0.984 
e0.985 
f 0.985 
g 0.985 

i 0.985 
j 0.986 

-i 1 8 

Soil j Soil Total Satubted Cohesion F r r m  P i .  
Desc.: Type Unit Wt. Unit W t  tntwcept Angle i Surface 

: NO. (pd) (pa) (psf) (deg) j No. 
BL-?Pi 1 120.0 125.0 0.0 8.0 : 0 
SL-1R 2 120.0 125.0 100.0 7.0 j 0 BL-iq 3 120.0 125.0 0.0 8.0 j Q 
SL-18 4 120.0 125.0 0.0 8.5 i 0 

I I I 
Load 1 Value 

Peak(& ! 0.570(g) 
k h ~ c e !  ~0.121(g)c 

SL-BUT 5 120.0 125.0 100.0 25.0 i 0 - - - f i - ~ , ~ . . - - - - - s E p ~ - - - - - - ~  ---- t20:6--66j25.0 ----.- l ~ ~ . ~  ----- ?F-O-: --.-- f,..-. 

F. COVBR 7 120.0 125.0 0.0 24.0 0 
HW i 8 115.0 113.0 0.0 31.0 : 0 
8ioS : 9 78.3 74.3 150.0 28.0 i 0 

BEDROCK 10 130.0 130.0 800.0 40.0 / 0 
ENGFlkL 11 125.0 126.0 100.0 33.0 j 0 
BL-1AlP I2 120.0 12p.0 1150.0 20.0 j 0 

-----..-----...-- 



KHF K-K' Failure Plane 1 Spencer PseudoStatic Slope Stability 
d:\nemted\klutlspp.pIt Run By:AZ 11/612003 09:04PM 

0 
GSTABL7 v.2 FSmin=0.996 

Factor Of Safety Is Cakulated By OLE (Spencer-.) Method (0-2) 



KHF K-K' Failure Plane ? Spencer Static Slope Stability 
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GSTABL7 v.2 FSmin=2.358 
Factor Of Safety b Calculated By GLE (Spencer's) Method (0-2) 



GSTABL7 v.2 FSmin=0.954 
Safety Factors Are Calculated By The Simplified Janbu Method 



KHF K-K' Failure Plane 2 Spencer PseudoStatic Slope Stability 
d:\newsted\k2\kjl3 surfam #l.plt Run By: AZ 111612003 08:53PM 
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0 200 400 600 800 1000 1200 1400 

GSTABL7 v.2 FSmin=l .OO1 
Factor Of Safety Is Calculated By GLE (Spencef s) Method (0-2) 

Soil Soil Total Saturated Cohesjon Friction Pier. 
Desc. f ype Uiit Wt. Unit Wt. I n t d p t  Angle. Surface 

1 I 

Load Value 
pmk(A) 0.570(g) : 

I I 1 I 

Np. (p (pcfJ (psl) (deg) N;. 
EL-1A 1 0 0 125.0 0.0 8.0 
SL-1A 2 1PO.O 125.0 100.b 7.0 0 
BL-1B 3 1h0.0 125.0 0.0; 8.0 0 
SL-ie 4 1~o.o 125.0 0.0: 8.5 o 

SL-BUT 5 120.0 125.0 100.4 25.0 0 "----. sEPlr +-- - - - -  a ..--- lboO . O O O O  ,.=* -6-6-6-6 -6  tOOb ..--. t7.0 . - - - - A  

F. COVER 7 120.0 125.0 0.0; 24.0 0 
HW 8 115.0 115.0 0.0; 31.0 0 
BioS 9 $8.3 78.3 150.0 28.0 0 

BEDROCK 10 130.0 130.0 800.0 40.0 0 
ENGFJLL 11 125.0 125.0 100.0 33.0 0 
BL-lA1B 12 1p0.0 125.0 1150i0 20.0 0 

Bi020 13 94.5 94.5 1W.P 28.0 0 
BioSO 14 108.7 108.7 150.p 28.0 0 .--.. ~om---*--t5---117BB0 ----. +16;e* 8 8 8 8 8  1 5 0 - , P P P P P P ~ ~  .----. I3 
MSP5 16 $3.4 63.4 100.P 33:0 0 

MSP20 17 76.5 76.5 1OO.P 33.0 0 
MSPSO 18 88.0 88.0 100.1) 33.0 0 
MSP90 19 Q3.7 93.7 1OO.D 33.0 0 _ 

WI Coef. o.290(Cl)c 1 

i 
: 
...--- L -.---.--...--------..---+--- ; -..-----------------------.-- L - - - -  

; 
j 

j 
j 
i 
j .......: ....---.------.----.-----..-- ; -.--..--.--.-----........-.-; *------.--------.-.-.------.-; ------ ..................... 
i 
j 
j 
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APPENDIX C 

Static and Seismic Stability of Final Cover 



HUSHMAND ASSOCIATES, INCORPORATED 
Geotechnical,  Earthquake and  Environmental Engineers  

Subject: Cover Slope Stability 
By: A.Z. Date: 5/26/06 
Checked By: B.H. Date: 5/26/06 

Project Name: 
Project No: 
Sheet: 1 of 8 

CLASS I WASTE FINAL COVER STABILITY 

Objective: 
Evaluate static and seismic stability (long term condition) and temporary stability during construction of 
the final landfill cover for Class I waste area at Kettleman Hills Facility (KHF) Landfill Unit B-19. 

Performance Criteria: 
Static Loading: Minimum Factor of Safety of 1.5. 
Dynamic Loading: Allowable seismic displacements up to 12 inches. 
Temporary Loading Case during Construction: Minimum Factor of Safety I .25. 

Geometry: 
The typical cover system for Class I waste is shown on Figure I .  

FOUNDATION SOIL 
CLASS l WASTE 

F o u N d i Z  
SOIL 

COVER DETAlL 

- f2  OZ. NONWOVEN 
G f  OEXTILE 

- 40-Mil TEXTURED 
HOPE GEOMEMBRANE 

Figure 1. Cover Geometry for Class I Waste 
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The shear strength parameters of the cover interfaces are shown in Table 1. The site-specific values of 
these parameters should be verified prior to the construction of the cover. 

Table 1. Shear Strength Properties for Interfaces in Figure 1 

Cover Soil I Geotextile 
Geotextile 140-Mil HDPE 

U /I 

* Results of site-specific laboratory interface direct shear tests performed on textured geomembrane and geotextile materials to 

a - 40-Mil HDPE / Intermediate Soil 
Foundation Soil / Class I Waste 

be used for class I waste cover construction under low confining pressures (pressure due to the weight of cover soil) indicate a 

110 
110 

residual friction angle of approximately 28 degrees for this interface (see attached). A conservative value of 25 degrees, 

110 
110 

however, was used in our an&yses. 

0 
0 

Design Theory: 

2 1 
25' 

0 
0 

The long-term stability of the cover (stability analysis for static case) is based on the infinite slope model 

28 
3 1 

shown in Figure 2. 

W = Total Weight 
c = Cohesion (psf) 

Plane 

Per Unit Length: 
W = y T L H  
WCosp=yTLHCosp 
W Sin p = y~ L H Sln p 

Figure 2. Equilibrium of Loads for a Unit Length o f  Cover 
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The safety factor against sliding can be evaluated using the following equation (Huang, 1983): 

c tan I$ 
F.S. = +- 

y ,  H cos2 p tan /3 tan p 

tan 4 
If c = 0, then: F.S. = -- 

tan P 

Note: This analysis is conservative since the effect of finite slope length and passive resistance wedge at 
the toe of the slope is not included. 

Long-Term Static Stability: 
Based on the interface and material properties shown in Table 1, for Class I waste cover the weakest 
interface of the cover is the Geotextile / HDPE geomembrane interface. The following presents the infinite 
slope stability analysis performed for the Class I waste cover. 

Static Stability for Geotextile 1 HDPE geomembrane interface: 

c = 0 psf, t$ = 25", P = 14O, H = 2.5 1 (cos 14) = 2.58 ft, y = 110 pcf 

0 tan 25 
F.S. = +- =1.87> l.50.k. 

110.2.58.cos214~tan14 tan14 

Construction Stage~Temporary Loading (Short-Term) Static Stability: 
The stability of cover needs to be evaluated for the temporary condition during cover placement. It is 
assumed that the cover is placed from bottom to top (backfilling up slope). When the equipment weight is 
considered, the stability is evaluated for a finite length of the slope, usually the distance between two 
benches. The equilibrium of forces for a finite length of the slope is shown on Figure 3 (Qian, Koemer, 
Gray, 2002). Figure 3 illustrates the forces applied on the cover for this case. The following symbols are 
used in this figure: 

WA =total weight of the active wedge including additional weight of soil wedge from the upper 
bench (WAI and WAZ) plus equipment weights on the slope and upper bench (Wet and We2); 

WA, = weight of soil cover on the slope (included in WA); 
WA2 = weight of soil wedge from the upper bench (included in WA); 
WeI = weight of equipment on slope (included in WA); 
We2 = weight of equipment on upper bench (included in WA); 
Wp =total weight of the passive wedge; 
NA = effective force normal to the failure plane of the active wedge; 
Np = effective force normal to the failure plane of the passive wedge; 
y = unit weight of the cover soil; 
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h = thickness of the cover; 
L = length of the slope measured along the slip plane; 
p = soil slope angle; 
4 = friction angle of cover soil; 
6 = interface friction angle; 
C, = adhesion force between cover soil of the active wedge and geo-membrane or foundation; 
c ,  = adhesion between cover soif of the active wedge and geo-membrane or foundation; 
C = cohesion force along the failure plane of the passive wedge; 
c = cohesion of the cover soil; 
EA = inter-wedge force acting on the active wedge from the passive wedge; 
Ep = inter-wedge force acting on the passive wedge from the active wedge; 
FS = factor of safety against cover soil sliding. 

Figure 3. Equilibrium of Forces for a Finite Length Slope of a Uniformly Thick Cover Soit 

For this condition the stability of the cover can be evaluated using the followi~lg equation: 
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Where: 
a = (WA - NAXCOS P) xcos P 
b = -[(WA - NA xcos P) xsin P x tan $I + (NA x tan 6 + C,) xsin P x cos P 

+ (C + Wpxtan $I) xsin P] 
cc = (NAX tan 6+ C,) xsin2 p x  tan $I 

W A = W A ~ + W A ~ + W ~ ~ + W ~ Z  
WAl = (y x h2) x [Llh - llsin P - tan (P/2)] 
W, = (y x h2) /(sin 28) 
Wp = (y x h2) I (sin 2P) 
N A = W ~  x cos /3 
C, = c, x (L - hlsin p) 
C = (C x h) /(sin p) 

For the up slope backfilling, the dynamic force resulting from acceleration and braking of the construction 
equipment is not considered. The weight of the equipment is added to the weight of the cover soil. 

The pressure at the potential slip interface can be calculated from the following equation: 

Equivalent equipment force per unit width at slip plane interface: W, = q x w x I 

Where: 
q = Wb / (2xwxb); 
Wb = operating weight of equipment; 
w = length of equipment track; 
b = width of equipment track; 
I = influence factor at slip plane interface. 

The contact pressure for a CAT D6N LGP tractor is 4.8 psi, with an operating weight of 40,000 lbs. The 
track dimensions are length (w) = 122 in and width (b) = 34 in. The track gauge (distance between centers 
of tracks) is 85 inches. 

The influence factor for cover thickness (h) of 2.5 ff can be calculated as: 

Using this influence factor, the equivalent pressure is evaluated below: 

q = 40,000 l ( 2 ~ 1 2 2 ~ 3 4 )  = 4.8 psi = 695 psf 

h = 2.5 ft + W,I = 695 x (122112) x 0.92 = 6,500 lbs 
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We have also included additional surcharge of the construction equipment on the upper bench of the cover 
veneer. This load is estimated as a 500 psf uniform pressure acting on a length equal to h/sin P. 

p = 14' + WCz = 50Ox2,S/sin(14") = 5,167 lbs 

Using these equipment weights, the safety factor for temporary stability of geotextile / WDPE interface is 
calculated below: 

y =  110pcf; 
h = 2.5 ft; 
L = 200 ft (Section A-A'); 
P = 14"; 
4 = 28"; 
6 = 25"; 
c, = 0 psf; 
c = 100 psf; 
We = 6,500 -i- 5,167 = 1 1,667 Ibs. 

The following values are calculated using above parameters: 

Wn = 65,204 lbs 
Wp = 1,464 Ibs 
NA = 63,267 Ibs 
C, = 0 lbs 
C = 1,033.4 1bs 

These values result in a factor of safety of 2.00 for finite length cover slope. This value is higher than the 
factor of safety of 1.87 for infinite slope analysis without the construction equipment weight. 

Seismic Stability: 
For Class 1 waste cover, seismic stability is evaluated for a finite length of the slope, usually the distance 
between two benches. This provides a more realistic analytical model of the cover stability since it 
includes the effect of passive resistance wedge at the toe of the slope. For this case equipment force 
shown in Figure 3 will be set equal to zero and seismic acceleration will be applied on the cover mass. F a  
this condition the stability of the cover can be evaluated using the following equation: 
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Where: 
a = ( C s x W ~  + N ~ x s i n  P) x cos P + CsxWpxcos P 
b = -[( CsxWn + NAxsin p) x sin P x tan $ + O\inxtan 6 i- C,) x cos2 p 

+ (C + Wpxtan $) x cos P] 
cc = (N~xtan  6 + C,) x sin p x cos p x tan I$ 

Cs - Seismic Coefficient 
WA = total weight of the active wedge = y x h2 x [Lih - llsin P - tan ((P2))1 + (y x h2) 1 (sin 28) 
Wp = (y x h2) 1 (sin 2P) 
N A = W A x c 0 ~ p  
C, = c, x (L - Wsin p) 
C = (C x h) 1 (sin p) 

Using the above equations, the Yield Acceleration (k,), corresponding to factor of safety of 1.0 was 
calculated for Geotextile I HDPE geomembrane interface (weakest interface in Class I waste cover): 

L=2OOft, h = 2 . 5  f t , y=  llOpcf,c,=Opsf, c =  loopsf,  P = 14", $ =  28",6 = 25", 
H = 2.5 1 (cos 14) = 2.58 ft, F.S. = 1.0 ==> k, = 0.24 

The Newmark Displacement Correlations developed by Franklin and Chang (1977) were used to estimate 
the permanent seismic deformation of the cover system. 

v 
U,,, = U S  X - 

1800A 

Where: U, = Unscaled Permanent Displacement (in.) 
Us = Standardized Maximum Displacement (in.) 
A = Maximum Ground Acceleration (as fraction of g) 
V = Maximum Ground Velocity ( ids)  

A conservative V/A ratio of 60 was used in the analyses, resulting in a maximum ground velocity of 34.2 
ids,  Us was obtained from standard displacement chart based on k,/A ratio. 

Based on these assumptions, the seismic displacement value in Table 2 was obtained for Class I waste 
landfill cover system. Based on our calculation it appears that the permanent seismic displacement is in the 
allowable range for the weakest interface of the cover, therefore the cover system meets the static and 
seismic stability criteria. 
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Table 2. Permanent Seismic Displacement Evaluation for Class I Waste Cover 

References: 

Huang, Y, H. (1983), "Stability Analysis of Earth Slopes". 

Franklin, A. G. and Chang, F. K. ( 1  977), "Permanent Displacements of Earth Embankments by Newmark 
Sliding Block Analysis", Report 5, Miscellaneous Papers S-71-17, U.S. Army Corps of Engineers 
Waterway Experiment Station, Vicksburg, Mississippi. 

Qian, X.. Koerner, R. M., Gray, D. H. (2002), "Geotechnical Aspects of Landfill Design and construction. 
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CLASS II/III / BIOREACTOR WASTE FINAL COVER STABILITY 

Objective: 
Evaluate static and seismic stability (long term condition) and temporary stability (during construction) of 
the final cover for Class I11111 (MSW) and bioreactor waste at Kettleman Hills Facility Landfill Unit B-19. 

Performance Criteria: 
Static Loading: Minimum Factor of Safety of 1.5. 
Dynamic Loading: Allowable seismic displacements up to 12 inches. 
Temporary Loading Case during Construction: Minimum Factor of Safety 1.25. 

Geometry: 
The typical cover system for Class 111111 and bioreactor waste is shown on Figure 1. 

Figure 1. Cover Geometry for Class I11111 Waste. 
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The assu~ned strength parameters for the weakest interface of the cover are shown in Table I .  The sitc- 
specific values of these parameters should be verified prior to the construction of the cover. 

Table 1. Cover Interface Shear Strength Properties 

Design Theory: 
The stability analysis for static and seismic cases is based on the infinite slope model, which is shown on 
Figure 2. 

W = Total Weight 
c = Cohesion (psf) 

I Acceleration A 

4 = Friction ~ngle-(deg) 
y~ = Tobl Unit Weight 
k, = Horizontal Earthquake 

Failure 
Plane 

Per Unit Length: 
W = y T t H  
W C Q S ~ = Y ~ L H C O S ~  
W Sin p = y, L H Sin p 

Figure 2. Equilibrium of Loads for a Unit Length or Cover. 
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The safety factors against sliding can be evaluated using the following equations (Huang, 1983): 

For static case: 
c tan 4 

F.S. = +- 
y , i i c o s 2 p t a n ~  t anp  

tan 4 
If c = 0, then: F.S. = - 

tan p 

For seismic case (k, > 0): 

~ ( L i c o s f l )  + y,.LNcosP tan4 -k,.y,.LHsinPtan$ 
F.S. = 

y,.LH sin /3 + k,y,.LHcos P 

Note: This analysis is conservative since the effect of finite slope length and passive resistance wedge at 
the toe of the slope is not included. 

Static Stability: 
Static stability for cover soiI I Class IIIIII waste interface properties (Table 1) was calculated. 

100 tan 28 
F.S. = + = 1.94 > 1.5 0.k. 

110~4.31~cos'21.8~tan21.8 tan21.8 

Seismic Stability: 
Using seismic case equation, the Yield Acceleration (k,.), corresponding to factor of safety of 1.0 was 
calculated for the cover soil / Class IVIII waste interface: 

F.S. = 1 .O ==> k, = 0.3 11 

The Newmark Displacement Correlations developed by Franklin and Chang (1 977) were used to estimate 
the permanent seismic deformation of the cover system. 
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Where: U,, = Unscaled Permanent Displacement (in.) 
Us = Standardized Maximum Displacement (in.) 
A = Maximum Ground Acceleration (as fraction of g) 
V = Maximum Ground Velocity (ids) 

A conservative VIA ratio of 60 was used in the analyses, resulting in a maximum ground velocity of 34.2 
ids .  IJ, was obtained from standard displacement chart based on ky/A ratio. 

Based on these assumptions, the seismic displacement in Table 2 was obtained for MSWIbioreactor waste 
landfill cover system. Based on our calculations, it appears that the permanent seismic displacement is in 
the allowable range for all interfaces, therefore the cover system meets the static and seismic stability 

[ criteria. 

Table 2. Permanent Seismic Displacement Evaluation for Cover Interfaces 

Cover Stability for Temporary (Construction Stage) Loading: 
The stability of cover needs to be evaluated for the temporary condition during cover placement. It is 
assumed that the cover is placed from bottom to top (backfilling up slope). When the equipment weight is 
considered, the stability is evaluated for a finite length of the slope, usually the distance between two 
benches. The equilibrium of forces for a finite length of the slope is shown on Figure 3 (Qian, Koerner, 
Gray, 2002). Figure 3 illustrates the forces applied on the cover for this case. The following symbols are 
used in this figure: 

WA = total weight of the active wedge including additional weight of soil wedge from the upper 
bench (WAI and WA2) plus equipment weights on the slope and upper bench (We] and We2); 

WAI = weight of soil cover on the slope (included in WA); 
WA2 = weight of soil wedge from the upper bench (included in WA); 
Wp = total weight of the passive wedge; 
We, = weight of equipment on slope (included in WA); 
We2 = weight of equipment on upper bench (included in WA); 
NA = effective force normal to the failure plane of the active wedge; 
Np = effective force normal to the failure plane of the passive wedge; 
y = unit weight of the cover soil; 
h = thickness of the cover; 
I, = length of the slope measured along the slip plane; 
p = soil slope angle; 
4 = friction angle of cover soil; 
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6 = interface friction angle; 
C, = adhesion force between cover soil of the active wedge and geo-membrane or foundation; 
c, = adhesion between cover soil of the active wedge and geo-membrane or foundation; 
C = cohesion force along the failure plane of the passive wedge; 
c = cohesion of the cover soil; 
EA = inter-wedge force acting on the active wedge from the passive wedge; 
Ell = inter-wedge force acting on the passive wedge from the active wedge; 
FS = factor of safety against cover soil sliding. 

Figure 3. Equilibrium of Forces for a Finite Length Slope of a Uniformly Thick Cover Soil 

For this condition the stability of the cover can be evaluated using the following equation: 

Where: 
a = (WA - NAxc0s P) xcos P 
b = -[(WA - NA xcos P) xsin P x tan 4 + (NA x tan 6 -t C,) xsin P x cos P 

+ (C + Wpxtan I$> xsin P] 
cc = (NAx tan 61- C,) xsin2 p x  tan (I 
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WA = WAI -k W A ~  We1 w e 2  

WAl - (7 x h2) x [L/h - I /sin P - tan (P/2)] 
WA2 = (y x h2) / (sin 28) 
Wp = (y x h2) / (sin 2P) 
N A = W A x c 0 s p  
C, = c, x (L - h/sin 13) 
C = (C x h) 1 (sin p) 

For the up slope backfilling, the dynamic force resulting from acceleration and braking of the construction 
equipment is not considered. The weight of the equipment is added to the weight of the cover soil. 

The equipment pressure at the potential slip interface can be calcuIated from the following equation: 

Equivalent equipment force per unit width at slip plane interface: W, - q x w x T 

Where: 
q = Wb / (2xwxb); 
Wb = operating weight of equipment; 
w = length of equipment track; 
b = width of equipment track; 
I = influence factor at slip plane interface. 

The contact pressure for a CAT D6N LGP tractor is 4.8 psi, with an operating weight of 40,000 lbs. The 
track dimensions are length (w) - 122 in and width (b) = 34 in, 'The track gauge (distance between centers 
of tracks) is 85 inches. 

l'he influence factor for cover thickness (h) of 4 Ft can be calculated as: 

Using this influence factor, the equivalent pressure is evaluated below: 

q = 40,000 / ( 2 x  122x34) = 4.8 psi = 695 psf 
h = 4.0 ft .) W,[ = 695 x (122/12) x 0.85 = 6,005 Ibs 

We have also included additional surcharge of the construction equipment on the upper bench of the cover 
veneer. This load is estimated as a 500 psf uniform pressure acting on a length equal to hlsin P: 

= 21 .go 3 WC2 = 500~4/sin(21 .So)  = 5,385 lbs 

Using these equipment weights, the safety factor for temporary stability of the cover soil / Class IIIIII waste 
interface is calculated below: 
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y =  110 pcf; 
h = 4 f i ;  
L =  135ft; 
p = 21 3"; 
+ = 28"; 
6 = 28"; 
c, = 100 psf; 
c = I00 psf; 
We = 6,005 + 5,385 = 1 1,390 Ibs. 

The above parameters result in the following values: 

WA 66,064 Ibs 
Wp = 2,552 Ibs 
NA = 61,339 lbs 
C, = 11,923 lbs 
C = 1,077 lbs 

These values result in a factor of safety of 1.94 for finite length cover slope. This value is identical to the 
factor of safety of 1.94 for infinite slope analysis without the construction equipment weight. 
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CEKTIFICAI'ION 

111 accordance wit11 the r.equi~-ements of California Code 01' Regulations (CCR) Title 22 Section 
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a Civ i l  engineer registered in the State of California. 
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'l'lie ~ ~ u r l ~ o s c  cot' this tiienl~nl is to describe tllc Constr~~ction Qualily Assurnllce (CQA) procedures 
reqilircd durilig tlic l inal closure constructio~i o f  L.;lndfill 13-1 hat the Kettlelnan l l i l l s  1:acility c~utsidc 
o f  Kcttlc~nan ('it). C i~ l i l i l r~ i i i ) .  'T l i i s  CQA I' la~i estahlisllcs procedures to tlocutnent that c(l~ist~,l~ction 
is ill accordnncc \\it11 t l ~ c  apl)rovcd ct igi~lecri~lg stzltidards ant1 spccilications, mccts tlic al)l)ropriafc 
regulatory rcqc~irc~nents (i.c., CaliSor~iia Code of' Reg~1~atic111~ (CCII) Title 22 $66264.19 ~ I I I ~  i' i t le 27 
$20323 alld $20324). illid ~CYCIOPS the iiecessary d o c ~ ~ ~ i i c ~ ~ t a t i o ~ l  for sub~nittal to tlie regulatory 
agclicy. ' l l lc C'OA plat1 shall be ilnplcmcntcd ~l l ider the directi(111 o f  a CQA ofliccr \+I10 is :I 
Ci~ l i lb r~ l ia  State registered professiolial Civi l  engineer. 

I 'he CQA ~ l i a l l i ~a l  i s  a g i~ ida~ice docunicnt that contailis gelieral ;111d specilic u,ork c l c ~ ~ i e ~ i t  
req~~ircmcnts for ~ i ion i to r i~ ig  constrl~ction. General r cq~~ i~ -c lne~ l t s  i~iclude tlie orfanizntio~l and 
rcspo~isihiiltics o f  CQA personnel. documelltation cotitrol: and reportitlg procedures. Specific work 
clelilenls i~icludc the fb l l ow i~~g :  

Clearing. Grilbbing. end Stripping 

0 Cl~lvcrts 1 Llrainagc Channels 

I 'hc COA orgi lnirat io~~ wi l l  prepare a l i l ial CQA repoll ( I T R )  upon completioli o f  constr i~ct i~~n.  .lhc 
VCR \\ill inclutlc i l i for~iiation gc~icr:~tcd tliroupli the CQA plogrsm and w i l l  documcnt the estcnt to 
\\hiell co~istri~ction was perfnrmcd in accordance with the i ~ i t c ~ ~ t  o f  tlic contract dtrcumc~its and 
dcsipli. T'lic CQA orga~i i~at ion wi l l  he retli~ired to suh~iiit tlie FCR withil l one week o f  substa~~tial 
complctioll ofconstruction. 

1.2 CQA Organization 

'l'llc ( 'QA organizatioll has [lie primary rcsponsibilily o f  i ~np len ien l i~~g  alid tlla~laging the CQA 
prog111111 described ill this ~ i i a~ iua l  and wi l l  document to tlie npprnpriatc rcgl~latory agencies that 
co~istructioll o f t l ic  facility \\as pcrforliicd in  accordance wit11 the design and llie colitract docunlcnts. 
S~)ccific respo~lsibilitics for tlic CQA orgil~lization site personnel arc presc~lted in Scctioll 2.2. 
I<espcmsibilitics ol 'Co~lstr~~ction Quality Assurance Stall: 
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1.3 Project Organization 

'I'he l".o,iect \\.ill he completed by Contractors pcrfor~ning earthwotks co~rstr~~ction. geosyt~ltlictic 
materials installation and associated ancillary facilities. As shown on Figi~rc 1-1 the CQA officer and 
CQA monitors are indepe~ldent of the Contractors and report directly to the Owner's Project 
Manager. 

1.4 Reference Documents 

.l'lle follo\ving reference documents provide background infor~nation and suppot? this CQA manual 
for construction: 

Arrrericuri .Socie!)' for  72.slir7g or7d ,If(~/ericrl.s I.4ST.W) ,4r7i7~/01 Book of' AST.14 S/iri7cl~rrrl.s. 
.Seclioi7 4 ('or7.~1r~~c1ior7, ~1/1iiirc! 04.08 Soil ur7d Rock//), crr7d 141Iliii7e 04.09 ,Soil 0r7d Rock (11); 
Gc,o.syi7/he/ic.s 

Whenever the tcrms listed below are used. the intent and [meaning shall be interpreted as indicated 

A C I .  American Concrete Institute 

AISC.  American Institute of Steel Constr~lction. 

ASTM.  A~nerican Society for Testing and Materials 

Construction Manager. The individual or fir~n respot~sible for administering the construction 
contract and providing overall constr~~ction manageme~~t for the project. The Construction Manager 
is the primary contact on the project site representing the owner. 

Construction Quality Assurance. A planned and systematic pattern of procedures and 
documentation designed to provide confidence that items of work or services meet the req~~irements 
of tlie contt.act documents. Constr~tction quality assurance includes verifying that the Contractor is 
pcrfbrming quality control require~nents of the specificatio~~s. 

CQA Manager. Authorized representative of the CQA orga~lization responsible for ma~laging the 
CQA program. 

CQA Monitors. Authorized representative of tlie CQA organization. responsible for observing and 
documenting activities related to CQA during construction. 

CQA Officer. Authorized representative of  the CQA organization and professional engineer 
registered i n  state of Califol-nia responsible for certifying that co~istruction was performed it1 

acc(1rda11cc with tllc i~ite~it of the contract docu~ncnts and design. 
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Coastructioa Quality Control. 'l'liosc actions \ \ l ~ i c l i  providc a iiiealis to measure and rcg~tlatc tlie 
cltavactcristic~ 01' an ilctii or swvice to comply \villi tlic rcqllire~ncnts o f  thc cotitract d o c ~ ~ ~ i i c ~ i t s .  
Quality control \ r i l l  he pcrli)rnietl by the (:o~itractor, csccpt \r'licrc dcsignatcd it1 the Spucificatiot~s. 

Contract Drawings. 'I ' l~e ofl ici;~l platis. pr(~fi lcs, typic;~l cross-sections. clcvat io~~s. and det;~ils. i ~ s  
I as their anicndtiients and supplc~tic~ital dra\vi~igs, \vliicli sliow tlic locatio~ts. cliaractcr. 
tliliiunsio~ts. and details o f  t l i e  \vork to be perfortncd, Contract dra\ \ i~ ig ;ire also rcferrcd to 21s tlio 
"pla11s.'~ 

Contract I)ocun~cnts. l 'he ofticial sct o f  documct~ts iss~ted by the owner. r ~ h i c l i  i~~c ludcs  bidding 
r e ( ] ~ ~ i r e ~ i i ~ ~ i t s .  co~itract l i ~ r ~ i i s .  cotitract cotiditio~is. ~ ~ ~ e c i f i c a t i o t i ~ .  c ~ t ~ t r n c t  dlx\vitigs. addenda. and 
contract modifications. 

Costractor. I ' l ie persoti or persons. fir~ii. pa~~ncrsl i ip. corporation, or an)' co~iibination, or any 
combiti:~tion, private, mutiicipal. or pi~~blic. ~'110 as at1 itidc~)ctide~it Cotitrnctor. II~S ctitcred illto R 

con1r;lct \vitlt tlic (~\v~icr .  illid \vIio is rckrrcd to t l i r o ~ t g l i ~ ~ ~ t  l l lc COII~I.UC~ ~OCIIIIICII~S by si~igular 
tiunibcr and inasculinc gctitlct-. 

Cclatract Specitications. 'l'lic qualitative requiretiients for products. materials. atid workmanship 
LI~IOII ~ l i i c l i  tlic contract is hasctl. 

Design Engineer, l l i c  individ~t:~ls or l irms responsible for [lie design atid preparation o f t l ie  project 
co~istruction drau,i~ifs and spccilications. Also ~ k r r e d  to as " designer" or "c~igineer". 'I'lie I les ig~i  
l i t~gittccr is (;older Associi~tes Inc.. Irvittc. C:alilbrnia. 

Earthwork.  A conslruction activity itivolving tlic use o f  soil tiiatcrials as d c l i ~ ~ e d  in  tlic cot~str l tc t io~~ 
sl)ecilications and Section 3 o f  this iiianual. 

Flexible Membrane L iner  (FML). A syntlictic l i ~ i i ~ i g  ~natcrial. also referred to ;IS geomcmbratie. 
~iietiibra~ic. liner, or sheet. 

(;eosynthctics Contractor. The person or l i rm rcsponsihlc for geosyntlietic constructioti. Tliis 
dc l i ~ i i t i o~ i  :~pplics to any pitt-ty installing geotnemhrane, gcotcxtile. gconet, or other gcosyntlietic 
~natcrinl. cvcn if not his pri~i iary Il~nctioti. 

Non-Conformance, A dciicicncy i n  cliaractcristic, docu~iicntalirm. or procctlure tliat rcndcrs the 
quality o f  a11 item or :~ctivity u~iacccptablc or i t idctert~~ini~te. 1:samplcs o f  ~~oti-confor~natice iticlude. 
but arc not Iiniitetl to. physical defects. test failures. atid inadequate docutnentntion. 

Owner. Kcttlctiian I l i l l s  Facility 

Owner's I'rc~ject Manager. A~~t l io r izcd  r e ~ ) r c ~ e ~ i t ~ ~ t i v c  o f  tlie u\vncr rcsponsihlc fbr planning. 
organizing. and cotitrol o f t l i c  dcsigt~ and construction activities. Ilcspotisibility includes scheduling. 
cost co~itrol. e~iginccri~ig. procure~iicnt. and contractitig f i~~ict ions.  Rcfcrrcd to its "prqjcct ~iianager" 
it1 tliis ~ i ia t~ l ta l .  

I'anel. A 111iit area of t l ic  I-MI. which wi l l  hc sei~tned in the lield or in tlic Sabricator's plant. 

I'rocetlure, A docu~ncnt tliat specifies or dcscribes lhow all activity is to hu per l i~r~i ied.  
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I'rojert Documents. Contractor submittals, constrc~ction drawing, record drawings. specifications. 
shol~ drawitigs, construction quality control and quality assurance pla~is, Iiealth and safety plan, and 
~wojcct schedi~lc. 

I<ccord 1)rawings. I)ra\vin~ recording the const~.ucted dimensions: details. and coordinates of the 
1xo.icct. Also referred to as "as-builts." 

SSI'WC. Standard Specifications for Public Works Construction. 

Testing. Verification that an itan mcets specified require~~ients by subjecting that item to a set of 
physical, chemical, environmental. or operating co~iditions. 

Testing Laboratory. A laboratory capablc of conducting the tests required by this CQA mani~al and 
the specifications. 
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FIGURE I -I 
ORGANIZATIONAL CHART 

053-1910 2006 CQAPlan w H~ghlighls doc Golder Associates 



Kettleman I l i l l s  Facility - 6 -  
1.andlill 1319 Final Closure Construction -- 

053-1910 
October 2006 

2. GENERAL ItEQUIItEMENTS 

2.1 Meetings 

In order to facilitate construction and to clearly define co~~str i~ct ion goals and activities. close 
coordii~atio~i be t i r cc~~  the om~ier. Design Engineers. CQA cirgani7ation. and Contractors i s  essential. 
1'0 iiicet this objecti\c. pre-constructio~i and progress meetings w i l l  be held. 

2.1.1 Prc-Construction Meeting 

I'ollowing bid award a prc-constriictioti meeting \ r i l l  be lleld at the site. The purpose o f  this !meeting. 
attended by the ouner. Contractor, Design Engineers. CQA organi~ation. agencies. and others 
designated by the owner, wi l l  be to: 

0 Review the co~~st~-uctiun drawings. specifications. CQA plan. work area security. l iealtl~ 
and safety procedures. and related issues. 

U Provide all parties with relevant project documents. 

Review respot~sibilities and qualifications o f  each party. 

0 Define lines o f  comlnunication and authority 

0 Establish reporting and documenting 131-ocedicres 

0 Review procedures for handli~ig sub~nittals 

Re\ icw testing equipl i ie~~t arid procedures. 

0 Revie\v procedures for field directives and change orders 

il Establish testing protocols and procedures for correcting and doct~~nenting constructioll 
or non-confor~na~~ce. 

0 ilstablish \veekly meeting scliedule. 

0 Conduct a site inspection to discuss work areas. stockpile areas, lay down areas. access 
roads. haul roads, and related items. 

U Review the project scliedule and critical path items 

Review Co~itractor's \vol-k plan 

The ineeting wi l l  be documented by t l ~ e  CQA manager. Copies o f  the minutes and relevant 
documents wil l  be prepared and provided to all patties. 

2.1.2 Progress Meeting 

Informal progress 111eetings wi l l  be held each morning before the start o f  work. At a tninimum, this 
meeting \r,ill be attended by the CQA manager and Contractor. ' l l ie purpose ofthis meeting is to: 
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C l  Discuss problclns and resolutions. 

O 1)iscliss thc Co~~tractor's pcrsollllel and cqllipmcnt assigll~ncnts for [lie day. 

0 Rcvic\v the previous daj's activities ant1 accomplisl~incnts 

U r<csolvc any outstanding prcihlcms or  disputes. 

M'eckly scheduled nlcetings wi l l  be Ilcld. ' l ' l ~e  project tiianager. Constrllction Matlager. CQA 
Inanager. and Contractor \+ill he pl.ese111, l ' l lc nlcctings w i l l  he held to discuss progress. problelns. 
constrllction sclledule. clia~~ges. test data. sal'cty. cnvironme~ltal issues. and any other issues 
rlccessary The pro.icct nianagcr \\ill preparc the agenda for each meeting and prepare meeting 
~ ~ ~ i l i i i t e s  for distribution to all parties. 

As required. special meetings \\'ill be llcld to plat1 \vorh items and to discuss problclns or non- 
confiirmance. I'licsc meetings \\'ill bc attended by parties as dircctctl by the owner. I l ' the problem 
requires a design modilicaticitl and subscq~lent change order. tlie ellgilleering project managers should 
also be [irese~lt. 'The ~nceti l lg \\ill he docunlcntcd as directed by the project manager. 

2.2 Responsibilities of Constl.uction Quality Assurance Staff 

2.2.1 Comtnunications u i t l l  tlic Contractor 

Only the individuals assigned to this project. as defined in this manual. can con~municatc \vitli tlic 
Colltractor. Comttrui~ications o f  all official ~lature must be clcar. direct. and professional. When 
\~rittc11 c ~ i i ~ ~ ~ i ~ ~ i ~ i i c a t i c ~ ~ ~ s  arc recluired. they nlust hc docuilicnted on tlie apprcilxiatc forms. I'orlnal 
letters to the Contrz~ctor sliould ilorntally he signed by the (IOA inanagcr and rc\,ic\\fled by tlie o\vlier. 

Only tllose i11dividuals assigned to tllis project. as dclincd ill this ~n~ai~ual .  can comnluliicatc u i t h  
relvescntativcs of tlic o\brncr. A l l  comniullications must be through propcr cliannels as delined in  the 
}xo.ject organiz;~tion cha1-1. Communicatiolis o f  an off ic ial  lnattlre ~ i iust  be \vrittcil. clcar. direct. and 
prof'cssio~lal. 

'lllc CQA Inanagcr adniillisters tile collstri~ctic~n qiiality assurance program. C'QA procedures and 
rcpo'is must hc revic\vcd by t l ~ e  C'QA manager for collipliancc witl l the project C'QA manual, file 
CQA manager acts as an a~iditor to inonitor atid docilment the propcr and complctc ilnple~ncntation o f  
the CQA Iwograln. l 'hc CQA manager has authority to idcnt i l j  deliciencies and irnplcment corrective 
action to t l ~ c  CQA program. The CQA manager collects, tlistrihutes. and addresses disposition o f  
Contractor suhnlitt;~ls iipprcivcd by the Ilcsign ingiltcers. 'I'hc CQA manager coordinates tcstillg \\ it11 
itldcpendcnt tcsti~lg 1;lboratorics aiid inai~ltains record drat\ illgs. I h c  CQA Illatlager reports directly 
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to the Constructic>n Manager. The CQA Iiianagcr bill \%I-ite the final CQA report (I-CR) under tlie 
direction of'tlie CQA officer. 

2.2.4 l<csponcibilit~es o f  tlie CQA  office^ 

'l'lic CC)A officer i s  responsible for docu~ncnting and ce~l i fy ing to the l)epa~lment o f  l o s i c  
Substances Co~itrol (IYlSC) and tile Regional Water Quality Control Board (RWQCB) that 
construction \\as perf'or~iicd in accordance witti tlie intent o f  tlie design and tlie contl-act documents. 
Tlre CQA Oflicer tilay also be the CQA tiianagcr. 

2.2.5 Rcspo~isibilities o f  tlie Design Engineers 

l ' l ie  1)esigli 1;nginccrs repl-esent their organi~ations and are responsible for site engineering services 
related to their design. l l iose services include reviewing Contractor submitvals. resolving technical 
issues related to construction, providing interpretation o f  tlie dra\vings and specifications and 
al~proving si~hstantial design ~nodifications and technical revisions. 

2.2.6 Responsibilities orthe CQA Monitors 

The CQA iiionitors implcrnent tlie CQA prograln under the direction o f  the CQA nianager. 'I'lie CQA 
monitors perform all constl-llction monitoring and construction ~naterials testing. The CQA monitors 
nraintain all documentation and test data summaries related to construction monitoring and 
constructio~i material tcsting. l 'hc CQA monitors repolt directly to tlie CQA manager. 

2.3 Control o f  Documents, Records, and Forms 

2.3.1 I'ro,jcct Control o f  Contract Documents 

Contract docurne~its. including specifications. drawings. and change orders. arc controlled by tlie 
Construction Manager. Tlie Construction Manager maintains one or ~ i io re  copies o f  the most current 
sct o f  contract documents for ilse by the CQA organization. Upon issuance o f  new copies or 
revisions. it i s  the rcsponsibility o f  the Construction Manager to notify tlie Contractor o f  the 
revisions. provide revised contract documents. and order tlie recall o f  all unreviscd copies o f  tlie 
contract doc~ln~ents. l l i e  Constl.~~clion Manager also provides thc latest revised set o f  contract 
docu~iie~its to the CQA organization. 

2.3.2 1'ro.ject Control o f  As-Built Inforlnation 

As-built inl'ormation generated by tlie Contractor and CQA organization is  controlled by tlie CQA 
tnanager. 1)uricig tlie progress o f  tlie \vorl\. the CQA nianager obtains as-built information provided 
t iom tlie CQA monitot-s. Contractor. sur\,eyors. or others and compiles all as-built data onto one set o f  
d~.awings. At rlie completion o f  tile project. this inforrnalion i s  presented to tlie Dcsign llngineers for 
use in preparing final drawings for the final CQA report. The as-built drav.itig set must be 
niaintained o n  site a~ i t l  be clearly inarked as Record Drawings. 

2.3.3 I'roiect Control o f  Forms 

I la i ly  rcpofl forms. test repo~t fol-111s. and otlicr project for~ns are controlled by tlie CQA manager 
\+:lie ~iiaintains a master o f  each form for copies. Upon issuance o f  a ne\v form. tlie CQA manager 
II~LISI rccall and rrmove all superseded copies along \*,it l i  tlie inaster. notify the CQA monitors. arid 
provide nc\v copies fc,r their use. 
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2.3.4 Processing Daily f<cl)orts 

I'he CC)A 111~1li1gcr :111d CQA ~ i i o~ i i t o r s  write a daily rccord of work ~~rogrcss. I 'he tlaily reports arc 
rcvie\vcd hy tile CQA 1iiall;lgcr for legibility. clarity. traceability. and co~iiplctcncss. 'l'lie revie\\  nus st 
hc cvidc~iccd hy signature. 1)ail). rc[)o~ls are submitted to the Co~is t r i~c t io~ i  M;lllager on a dail) hasis 
and arc ~ i i a i ~ i t i i i ~ ~ e d  at the site. A \veekly suttimilr!. c o ~ i s t r l ~ c t i o ~ ~  report \\i l l hc prel~ared b!; the C'QA 
Iiianager and suhn~ittcd to the Co~ is t r l ~c l i o~ i  Manager. 

A test report ~ i i ~ ~ s t  he coliiplctcd by tlic C'QA ~i io~i i tol-s \vlicnc\,cr testing i s  pcrfornicd. 'The test 
reports 11111st he revicwctl by [lie C()A riiaciagc~-. I ' l ie revie\% includes a cllcck Sbr rnatlie~lit~tical 
accur;icy. confor~tlalice to test rcqi~ircmcnts. c o ~ i h r ~ ~ i ; ~ ~ l c e  to specificatio~ls. and ihr clarity. legibility. 
tntccahility, and co~iiplctcness. .l'lic rcvicw must hc c\,idcnccd by a signat~~rc o f the  re\ ie\*er. l e s t  
rc1)orts(or s i~~ i i~ i i i i r i cs )  I.ro1ii i~ idcpe~ idc~ i t  testing laboratories \ r i l l  also he transtnilted to the CQA 
Ilianagcr for rcview. 

I'ro.ject records are co~nplcted ;IS ~lccdcd, l lse o f t l i c  proicct records is litiiitcd to tlic scopc for which 
they arc intended. 'l'hc record must he completed by t i l l ing ill all o f  tllc blanks (iro\ided oti tllc k>rm, 
follo\ved by the sig~iatlcl-e o f  tlic it idi\ idual coti iplcti~lg tlic forln. A l l  project records 11111st hc 
~ i i i ~ i~ i t a i t l cd  at tlic site. 

M'hcnc\jer a tion-conlbr~nance is discovcrcd or ohscrvctl in tlic construction process. product. ,job 
relatetl materials. t locu~i ie~i tnt io~~,  or c lse~ l ic~ .e .  the CQA manager and CQA lnoliitors should first 
~notil:v the hrcman or sl~perintelident supcrvisitig tllc \vork in qclcstion, f l i e  CQA Iiiali;lgcr should 
then riotit) tllc Co~istrucl io~i Manager. 

Whenever ;I notl-co~il'orma~~ce is discovered or ohser\ed in  thc cnnstr~~ction proccss. product. ,job- 
rclatcd materials. documcntatiol~. or elsc\\~lierc. thc CQA organization \\'ill dctcr~i~ i l ic  tlie extent o f  the 
non-conSor~iia~icc. I 'hc ektent o f  tlic deficiency 111ay he dctcr~i i i~ icd hy additional s:~mplilig. testing. 
ohscrv;~tion. revie\\ of'records. or any otller Iiieans dccmcd appropri;~te. 

A l l  non-conformance must bc docutnented in \vriting olt tlic daily ~.ccords. logs, slid clse\\,hcrc. as 
appropriate, f l i c  d~cumcntation must occur itiimcdiately 11po11 detcrlnining the extctit o f  thc non- 
co~ifor~iiancc. I'or t i  non-conformance \rliich is considcrcd scrious or complex in nature. or which 
requires an eriginccring evaluation. a Non-conli>l.~iia~icc I<eporl w i l l  be preliared atltl issued to thc 
Conrtructioti Malit~gel. and Cotitr;~ctor. 

o ! , ~ ? ~ , o ? o s ' I  COA P ~ ~ . , ~  i ig~ ightsaor  Golder Associates 



Kcttle~iian t~l i l ls Facility - 10 - 053-1010 
12andlill R 19 I'inal Closure Construction October 2006 

For a simple or routine non-conformance. corrective measures \\'ill be deternii~ied by specification 
direction. or if nonc exists. the Constructio~i Manager, CQA manager and Co~itractor wi l l  discuss 
standard cotistructio~l nietliods to correct the deficiency. f o r  No~i-conformance Reports \vliicli 
require a c~iginccritig evaluation. tlie Design C~~gineers must deterlnine corrective nieasures. A cop? 
o f the Noti-conformance Repol1, \\it11 the Design Engineer's corrective incastire deter~nination. \+ill 
bc f(~r\cardcd to the Construction Manager, CQA Ilianagel-, and Contractol- for implemetitatio~i o f  the 
corrective actioti. 

2.3.5 Verification o f  Corrective Measures 

UIIOI~ notilication by the Contractor that a co~.recti\,c measure is complete. the CQA manager w i l l  
vcrify i ts  complction. I h e  verification must be accomplished by observations or retesti~ig and 
docunicntctl photographically. M'ritten docume~itation o f  the corrective tncasures milst be made by 
the CQA iiianager on daily reports. logs. and forms. and. ifapplicable. tlie Non-confor~nance Report. 
Verification o f  correcti\~c measul-es wi l l  be reviewed by the Construction Manager. Corrective action 
Ineasures that require an engineering evaluatio~i \\ill be re\'ie\ved and verified by tllc D e s i g ~ ~  
Engineers. 

2.5 Construction Moni tor ing 

2.5.1 Monitoring Priorities 

Before comlnenccmcnt o f  construction. tlie CQA manager w i l l  establish a l is t  o f  ~iionitoring. 
priorities. l 'hc list includes the various co~istruction activities atid tlie monitoring priority o f  those 
activities. The monitori~ig priorities may cha~ige during construction. based upon Co~itractor 
performance and owner requcst. Clianges in the monitoring priorities must be approved b )  the CQA 
matlager. 

CQA testing riiust be conducted in accordance with this CQA manual, the docunient tliat requires the 
most ficqucnt tests or has inore stringent test requirelnents wi l l  govern. unless otherwise specified by 
tlie CQA rnariager. 

2.6 Materials Quality Verification 

1.6.1 Gcncral 

Material sources wi l l  be identified and samples tested to determine if the inaterial inleets project 
spccifications for specific work elements. Definitions and requireme~~ts o f  materials arc provided in 
thc tech~iical specifications. Test saniples wi l l  be obtained in accordance with applicable ASTM and 
GRI standards. Archive sa~nples and test results o f  tlie test samples wi l l  be maintained and stored at 
tlie pro.ject site. The CQA mo~iitors uill establish and maintain a inaterials quality verification list. 
The list wi l l  include ~naterial sources. sample locations. testing requirements. test res~llts, and 
verilication action items. 
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2.6.2 Materials Submittals 

Material suhniittals may bc used by the CQA organ iza t io~~  t o  establish tlie acccpt;lhility of matel-ials. 
W l i e ~ i  sample submittals arc required. they \\,ill be iiiadc available to the C Q A  orpaniratioli h) tlie 
('(xitractor. Acceptance atid p r ~ ~ e r  rc\ ie\v o f s ~ ~ b ~ n i t t a l s  are the rcsl)onsihility o f t l i e  CQA manager. 

7.6.3 Certificates o f  Coolpliancc and Conliirn\ancc 

Ccrtificatcs o f  compliance and confor~na~ice niay be ~ ~ s c d  by tlic C Q A  manager to establish the 
acceptability o f  inaterials. r l lose certificates goicral ly state that tlie ~ilzitcrial is in  cotiipliancc u r  
col i l i~rt i iancc \\'it11 a p a ~ ~ i c u l a r  code. stalidard. or spccilication. I'hc certificate may hc used for 
acceptance  of;^ product bctorc (11. in  lieu of testing. i f  alloived hy  the specilicatiolis. 

2.7.1 f q l ~ i p m c n t  List  

I3cli)re the stall o f  cotistruction. the C Q A  manager w i l l  co~ l~p l e te  a list o f  al l  measuring. sa~np l i~ ig .  
and testing cquipmcnt b c i ~ l g  i~sed  at tlic site. As IICM cqu ip~ i ie~ i t  bcco~iies available d ~ ~ r i t i g  tlie COLI~SC 

o f  tlie 1)rojcct. i t  must be added to the list. Wlieti tiiore than one type o f  equip~nent is available, a 
u~ i ique  t ~ u ~ i i b c ~ .  w i l l  be aff ixed to eacli piece to ]maintain identity. TI-~e equiplnc~it  list is niwit~tained in 
tlic pro.ject files and c o ~ ~ t a i n  the fbl lo\ving i l l formation: 

U l 'gpc of equipment 

0 Serial n~ lmher  or identifj!ing number 

0 Date rcnioveci from scr\ ice 

l3cfhre placil ig a piecc o f  testing cquiplnent into senice. its accuracy must bc estahlislicd and 
cslibl-atcd hy  tlie CQA tiiatiagcr. ' lypcs o f  cquipnient r c q l ~ i r i ~ i g  calibration include: nuclear gauges. 
sand cone devices. sand to he used ill sand cones. and scales. l'hc c i l l i b ra t io~~  proccdurcs atid 
l 'rcquc~~cies niust bc as per rna l~u lhct~~rer 's  instructions or A S T M  standards. Wl ic~ iever  tlic eq~~ip lnet i t  
is suspcct or is producing q~~cst ionohlc  results. i t  must be rcnio\,ed fi.om service immediately and re- 
calibrated. 
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3. CONSTRUCTION QUALII'Y ASSURANCE F O R  E A R T H W O R K  

3.1 Introduction 

'l'his section dcsct-ihes tlie CQA procedures for eattli\\ork operatiorls. The scope o f  cartliwork and 
relatcd CQA i~~cludcs the l'ollo\\ilig eletiients: 

U Clearing, Grubbing. and Strippit~g 

U Structural Fil l 

0 'I'rct~cli Excalation and Backfill 

3.2 Earthwork Construction Testing 

3.2.1 'lest Standards 

'1-lie latea cditiotis o f  the follo\ving test standards apply as called out it1 this ~ i i a n ~ ~ a l  or tlie teclit~ical 
specifications: 

Standard l'est Description 

AS'I'M D412 Standard Test Method for Particle Size Analysis o f  Soils 

AS'I'M D l  140 Standard Test Method for Amount o f  Material in Soils Finer 
Than the No.  200 Sieve 

AS'I'M [>I556 Standard Test Method for Density and Unit Weight o f  Soil in 
['lace hy the Sand Cone Metliod 

AS.[ M Dl557 1-est Mctllod for Laborato~y Compaction Characteristics o f  Soil 
Using Modified Eff01-1 

AS.rM 1122 16 Standard Test Method o f  Laboratory Determination o f  Water 
(Moisture) Content o f  Soil and Rock by Mass 

Standard I'ractice for Classification o f  Soils for Engineering 
Purposes (Unilied Soil Classification System) 

Standard Practice for Description and Identification o f  Soils 
(Visual-Manual Procedure) 

AS I 'M I11922 Standard Test Methods for Density o f  Soil and Soil-Aggregate in 
Place by Nuclear Methods (Shallow Depth) 

AS'I'M [I1937 Standard Test Method fbr Density o f  Soil in Place by the Urivc- 
Cylinder Method 
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AS'I 'M 1130 17 Standard 'Test Mct l tod k)r Water Content o f  Soil and Rock in 
I'lace b y  Nuc lcar  Methods (Shallow Depth) 

A S ' I h l  1143 18 St i~~ ida l -d  Test hlcthods f i ~ r  L iqu id  1.iliiit. I'lastic 1- i~ni t .  a ~ i t l  
1'l;lsticity Index o f  Soils 

I 'ablcs 3-1 and 3-2 estahlisli the tcst f requel~cics for earthwork CQA. l ' l i c  test li'ecll~encies listcd 
cstablisli a inii~~i~i?~~~ii i ~ ~ l ~ t i b e r  cit'rcqllircd 1 ~ ~ 1 s .  l ix t ra testilig 111~1~1 be conducted u l ~ e n c v c r  w o r k  or 
~ i i a te r i t~ l s  arc suspect. ~i ia lg inal ,  o r  [if poor q ~ ~ a l i l y .  1:stra testing may also be pe r l i ~ r l i i cd  to  provide 
a d d i t i o ~ ~ a l  data fc~r  cngil iecring evaluation. A l l y  re-tests pe rh r l i i cd  as a result o f  a la i l i l ig  test d o  not 
contribute to  the total number of l c s ~ s  pcri 'nr~i ied in satisfying t l lc ~n in i rnu ln  test frcquency. 

f l i e  tint11 C Q A  report shall includc t i~h lcs  s imi lar  to  'Table 3-1 and 3..2 documclit ing c o ~ i i p l i a ~ i c e  w i th  
tlie testillg li.eql~cncics and results documenting compliance w i th  the prqjcct sl iecif ici~tions. 

TABLE 3-1 
STRUCTURAL FILL AND FOUN1)ATION LAYER CONFORMANCE TESTING 

ASTM Test M e t l ~ o d  
A S T M  

Material ' l 'vl~c I Per Material 'l'vpe 
I 

Nuclear ~ c n s i t ) '  

Nuclear &later Cnntcnt 

Sand Cone 'lest. or 
Drive Cyl i~ idcr lest' 

I (il-adation A~ialysis 
Arlcrberg Limits 

Direct Shear 

I. I'crliir~il i t  C'Iicck I'oilil ( O ~ ~ c - l ' ~ i l l l  selcclcd ill IICII~ ~ > l ) l i ~ i i ~ l ~ i i  iilld CLIIII~II~C~ 10 l l lc  AS lM ])I557 ru r \ t )  ;a1 1c11>1 
,111cc ror ctcr! III.OOO cohic !:IICIS ~ l i ~ l ~ i ~ t ~ r i ~ ~ l  ~ ~ l : ~ c c ~ l .  

2. l c s l s  sII~III l ie  ~ l c ~ l i ~ r ~ i ~ c c l  OII i111 cvcll gricl 10 pro\itIc :IcIc~~II~II~ lcsli11g c ~ ~ \ c ~ l g c .  I'clr large lills ill s111;tll i1rc:Is. lllc 
~chli~iy frcq~~c~ic! hliall he incrc;~scd i t 5  ticcchsilr! ICI cris~trc Icslirig h r  ~ ~ c l i  lirl  isoi oil ~plttcccl. 

3 .  I)ri\c c! li~iiicr 11.~1 iliil! he pcrli>r~iic~I 1111 line-fri\i~icd c l i~ !  silt si~~iiples ~III!. 
.I. IchIh shell hi: coniliiclcil ;it cnnlini,y pressures similar cn tilose i.\pcclcd e l  cn~nplclion ol'lhc hwlrchs lill. 
5 I l >< l~~o l i c  ( '<~~~c luc t i \ i l !  ICSIS slii~ll h c  COI~~ILICICCI ,111 rcl;~tivcl~ ~ ~ ~ i ~ l i s f u r h c ~ l  si~~~il>lcs oI>!;~i~~c<l 11si11g :I l l i i ~ i - ~ ~ ~ ~ l l c ~ l  

;t~nplur (S11cIl>! I I I ~ C )  \\ill1 ;! l n i i ~ l i ~ i i ~ ~ ~ i i  3-i~icli di;~~i~ctcr. 

lest I'it l o  Confil-111 Covcr 
I l~ ichncss 

(For iixisting Cover Only) 
tlydraulic Conductivily 
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0531910200GCUA r a n  w ~ ~ h r ~ h ~ ~ d ~ ~  Golder Associates 

1)29?? 

I33017 

111556 
D29.37 
D477 

1133 l R 

D3080 

I I'er 100.000 s f  

I I'cr 100.000 sf 
-. .- --- --- -- 

, , 

[II~~II~IIILIII~ 11f2) 1 ,,,yls . ' 
I I'cr 1.000 CY per 1.5 Ve~tical I Per i.ifi Per 700 1.i11ear 

Feet I e c l  
I I'er 1.000 C Y  per I .S Vo~l ical  I I'cr L i l i  I'el- 700 1.iliear 

I'ce1 I'cet 
I Per I 0  Nuclear i)ct~sity 

I I'cr 20 Nuclcar Iletlsity l ests 

I I'cr 30,000 CY 
I Pcr 30.000 CY 

3 Point I'est I'cr 30.000 (.'Y 
( m i n i ~ i i c ~ ~ i i  of714 

Nolcs lo'I;~Iilc 3-1: 
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TABLE 3-2 
VEGETATIVE COVER CONFORMANCE TESTING 

Frequency I 
Frequency (Structural Fill) 

(Uonrh Fil1iTmnrl.i 11 ASTM Test Method 
~ - - - ~ ~  ~ ~ ~ ~ . .  . "...... . ..., . . ...... 

I .! - -  . r 
I I'er 10.000 CY or Each 

Dl557 Material Type I Per Material Type 1 
[ 

(minimum o f  2) 
I Per 1.000 CY per 1.5 Ve~lical I I'er Lift Per 200 Linear 

Nuclear Density2 Dl972 
Feet Feet 

I130 17 
I Per 1.000 CY per 1.5 Vertical 1 Per Lift f'er 700 Lincar 

Nuclear Water Content 
Feet I'eet 

D3080 
j Point Test Per 30.000 CY 

Direct Sliear (miniinurn o f  2)' I 
Sand Cone 'lest. or 111556 I f'er I 0  Nuclear Density I Per 20 Nuclear Density Tests 

Dl937 Tests 

I. I'crhr~ii ii Check I'oinl (One-l'oinl sclcctcd a1 ncsr optimum and compared to thu ASIM 111557 cui- \c l  a1 1c;ist 
rliicc 101 c\i.r) 10.000 cuhic !;ids oI'nl;itcl-iel pl;lucd. 

2 .  'l'cs~s sh;ill he pcrlbr~ncd 01, ;in c\cn grid to prniidc adc i j i i ;~~~ lcsliiig rtr\.cragc, l:or Inrgc lillr in srn;ill ;irc;~s. t l iv  
icsting li-cqucnc> sh;iIl he iilcrcascd ;IS ticccss:ifi lo ensure testing lilr ciicli liii 01siiil plilccd. 

3, I)r i \~. c~ li~idcr tcsl inn! he pcrli,rmcd on linc-g~iiiicd cl;~! or h i l t  s;iniplcs oiily. 
4. I csls hli;tll he crrniluctcd on ri~;itcri;il~ placed ill dircct coliti~cI \\it11 gci~sy~~tl~clic ~iii~tcriiils. 

3.2.3 Soi l  Sample Nulnbcr ing 

'The CQA lnoliitol. ~ n a i n ~ a i n s  soi l  sample i~l lrnbers in a master log maintained at the site. Sample 

~nunibers begin wi th  (001) and proceed up\vard. N o  sa~nplc n i~ lnber  can be repeated. and re-tests o f  a 
fidiling sa~i iple are give11 the original number \+ i t l i  a letter suff ix (i.e.. re-tests for a fai l ing sample 02 1 
would be 02 IA .  021 U. etc.). I n f o r~na t i o~ i  contained i n  the master log o f  test samples includes: 

U Dated sampled 

U Moni tor  obtaining saliiple 

U 1,ocation sampled 

CI Location l o  testing (site vs. o f f  site) 

U Date sample sent o f f  site 

U Date test results received 

U Sire testing i ~ i on i l o r  

0 Date testing completcd at site 

3 l'cst results and remarks 
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2 . 4  Soil Satllplc 'l'agging 

'1-lie CQA ~i ionitor is responsihlc for ~ i i a i t ~ t a i ~ ~ i n g  sample itlct~tificalion ihr all soil samples \\hilt o11 
site. fi.oln time ofsampl i~ ig tl~rtrugh cotnplction ol'tcsting. ' I ' l~e COA monitor I I I L I ~ ~  lplacc a samplc tag 
011 1111' soil si1111plc c o ~ ~ t a i ~ ~ e r  i~i i~~icdi; l tely LI~OII s a ~ ~ i p l i ~ ~ g .  '1 '11~ tag must rctnait~ \\.it11 the soil salnplc 
througliot~t processing. I ' l ic  tag contains tlic l'ollo\ving i ~ ~ h r ~ n a t i o ~ l :  

0 I'rqjcct nmne and pro,jcct 11u1nhe1 

3.2.5 Soil Sanlple I'r(rccssing 

l'lie C'QA nionitol- i s  rcspotlsiblc for tlie titncly processing o f  soil test samplcs. 'l'llc C'QA Inilnagcr' 
also t lctcrmi~~cs \v l~ ic l l  saoiples are tcstcd on site and \\!liich arc tcsted otf' site. .fhe dctcrmitiation is 
~nade based on tnatipo\rcr nvailahlc, etluip~ncnt a\,ailable. complcsity o r  test. and titile available for 
rcsults. I:or expediency. sanlples to be tested o f '  site should hc shipped the sai~ie day as they arc 
c)btaiiicd. 

l l i c  ('QA i l l o ~ ~ i t o r  is rcsponsihlc for tnaintainit~g test t ~ ~ l ~ i i b e r s  atid results liir l ield density tests 
perlbrmctl by the nllclcar ~noisture density (AS'I'M 112922). sand cone (AS'I'M D l  556).  and drive 
cylintlcr (ASTM 112937). A l l  other testing is identified through the sample nltmbcr (Scctio~i 3.2..3). 
.l'lic CQA motiitors \\ill maintain l icld hooks that i d c ~ i t i b  soil segments. data tested. CQA monitor 
~x r fo r tn i t~g  the tcst. :~nd scqucntiel tcst number. Cach soil segment \ r i l l  llavc a unique series o f  
nit~nhcrs. No test t i u ~ ~ ~ b c r  call be repeated fix a given soil scg~netlt. and re-tests o f  lhil ing tcsts must be 
given ;I letter sull is along wit11 t l ~ c  original test n l~mber (i.c.. re-tests for a failing 'lest # 1201 would he 
1201 A. 120 1 f3. ctc.). 'lest datit and results must be filled out o11 the field density tcst i b r ~ l ~ .  

I l i c  i~itctition o f  tltc (:QA prosram i s  to provide conlidcnce that the carth\+rr~-h inaterials atltl wol-h 
col~forrn to tlie tecli~iicel spccilicatio~is, f o  meet this intelit. the CQA monitor w i l l  perform dcnsity 
tcsts of c a l ~ l ~ l i l l s  and co~npacted soil l i l ~c r  duririg cot~itrltction. I>c~lsity tests t11~1st bc located at 
val-ious clcvations and uniformly dispersed tl~roughout the entire plat1 dimensions or  tlie f i l l .  I lcnsity 
test locatiotis II~LIS~ be cliose~i w i t l i o ~ ~ t  bias: I~owc\,cr. ttdditional testing can be pcrlbrmed ill ally areas 
t l~ ;~ t  arc suspect. marginal. or al)pear to be o f  poor (1~1;tlity. 1111ri11g tlic progress ol't l ie work. dc~isi ly 
tcst locations \\ill be plotted 011 a dlxuing hy tlie CQA tnonitor to doct~nietlt tIi:~t 110 significa~it areas 
arc t~~ltestcd, l ' l ic t l r i~wing hcco~nes part of'tlie I'CR. 
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3.4 Monitoring and Testing Rcquiren~ents 

1:arthwork colnponents of the co~istruction are sumniarized in Paragraph 3.1 of this section. Each 
component has specific construction requirctncnts that must be 1no11ito1-ed. The following sections 
list nro~iitoring recluire~iients for each type of earth\+ork. 

3.4.1 Clearing, Grubbing. and Stripping 

[locunient that erosion and sedinie~it control silt fences. straw bale barriers. and otlier 
measures a!-e securely in place prior to initiating clearing. grubbing, and stripping 
operations in any area. 

0 Llocument that elisting plant life designated to remain is protected against damage during 
co~~st r t~c t io t~ ,  

0 I)ocunient that clearing and stripping i n  areas required for site access and executio~i of 
tlie work is complete. 

ilocumcnt tliat vegetation. roots. and highly organic soil within marked areas are 
removed to a minimum deptli o f 6  inclies belo\\' the existing ground surface. 

3.4.2 Excavations 

0 Llocurnent tliat constri~ctiotl staking is performed before \vork and that survey bench 
tiiarks with elevations are secured outside the work area. 

0 If applicable, docu~nent tliat tlie Contractor has notified the ilnderground Senice Ale11 to 
identify and locate underground utilities. 

0 Docu~iient tliat excavated tnatcrials are segregated into proper stockpiles. 

0 Coordinate \ritli tlie Contractor to perform escavatio~i verification surveys i ~ p o ~ i  
co~iipletion of excavating operations. Verify corrective action measures as determine by 
verification surveys. Verilication surveys will also be used to determine litnits of 
cxcavatio~i for ~iieasureme~it and payment applications. Submit copy of verification 
surveys to the Construction Manager. 

Monitor tliat constructio~i staking is perfor~iied before work and tliat survey hench marks 
wit11 elevations are secured outside the work area. 

0 Pcrform visual and manual soil classificatio~is (ASTM D2488) to verify that material 
source is suitable for S t r ~ ~ c t ~ ~ r a l  Fill. Verify tliat the material is free of organic and 
o\,ersired materials atid perform classifications continually during excavation of borrotv 
materials. 

0 Perform inoisture-detisity relationship testing (ASTM Dl 557) to determine the masimutn 
dry density and optimum moisture content for Struct~~ral Fill materials. Perform Direct 
Shear tests to confirm design shear strcngtli is equivalent to 33 degrees FI-iction angle and 
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100 psf colicsion at tlic aliticipatcd overburden pressures. Perforti1 tcsts at testing 
fieql~eclcics spccilicd in I'able 3-1. 

--- 

U Mollitor that Strilctltral l i l l  m;~tcrials arc lllaced loosc l i f i s  not to cscecd 8-inclics thick 
illid c o ~ i ~ ~ a c t e d .  

U I'crforln nl~clcar density-tnoist~tt.~ tcsts (AS'I 'M [I2022 and AS'I'M 1)3017) to docutnc~it 
tliet cacl~ l i f t  is cotiipactcd to a ti i i~iitnutn of'O0 pcrcctit o f thc  masiliium dry dcnsity and - 
3 to -13 percait o f o 1 ~ t i t i i ~ 1 1 i ~  moist~lre content as determined by ASI 'M 111557. I'erll>rm 
tests at tcstitig hcqucticics specified in l 'ahlc 3-1. 

U Motiitor that soil materials nre kept \\ithiti tlic spccifietl moisture content rangc listed in 
the Specifications. Motiitor tliat soil rnatcrinls that escccd tlie spccilicd moisture content 
are pro~)erIy aerated and proccsscd to bring tlie tnoist~tre cotitcnt o f  tlie material into the 
acceptable rangc. Monitor that Struct~~ral Fi l l  soils that are below the specified moisture 
content arc properly tiioisture conditioned and processed to bring tlic moisture content 
into the acceptable rangc. 

0 Motiitor that desiccated Structur;~l F i l l  arc properly repaired or removed hcforc placing 
suhscqltent litis. 

0 Monitor tliat fitlal Structural f i l l  surfaccs are free ofruts. gouges. and other features that 
niiglit cotitribute to erosion and scditnent ruti-{iff. 

0 L)uritig Structllral l:ill operations liclt l verify lines; grades; and dimcnsions using hand- 
held levcls. range poles and tneasuring tapes. 

3 Coordi~iate witli tllc Contractor to perform verification sur\cys at tlie complctio11 o f  
Struct~lral I'ill opcratiolls. Vcrif?; corrective action lncasures as detertiiincd by 
vc~.iticatioli s~~rveys. Verification surveys w i l l  also bc used to determine tlic liniits o f  
Structural F i l l  for tiieasure~nent and paytilent applicatiotis. Subniit copy o f  vcrificatioti 
surveys to tlie Constr~lction Manager. 

O Mcinitor tl1;tt illaterial source is suitable fbr tlic subgrade. is free o f  organic and oversized 
m;~terials. and meets the grading requirements ciftlic tcclinical spccilications. 

U Monitor that grade control conslrltction stahitig is perforlncd prior to work 

0 I'erf(irm ~iioisture-density relaticinship testi~ig (AS1'M D l  557) to determine tlie masimltln 
dry dcllsity atid optitnutii moisture content o f  subgrade materials. 

U Monitor tIi;tt angular or sharp rocks, rocks tliat p ro t r~~dc  more than 0.5-inclics. atid ollier 
dcbris that could damage tlie geoliic~iibranc arc reliioved from the surFtce o f  tllc 
subgradc. VerilL tliat [lie suhgrade is Srcc of it.regltlaritics and is steel drlitn rolled 
sliiootli prior to gcotiie~nbrane placement. 

0 Monitor tliat the linal surfilcc provides continuous and intimate contact \villi tlie ovcrlyitig 
gco~iicmhl'ane. 
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Coordinate \+,it11 tlie Contractor to perform subgrade \.critication surveys upon cotnpletion 
of the subgrade preparation. Verify corrective action ~neasures as  determined by tlie 
verificatio~l surveys. Verification surve) s \ \ i l l  also be used to determine tlie limits oftl ie 
subgrade preparation for measi~rcrnent and payment applict~tio~is. Submit copy of  
verification survcys to tlie Construction Manager. 

3.4.5 Vegetative Cover 1-a)er 

0 Monitor that material source is suitable for the operations layer. l'ree of  organic or other 
deleterious materials. and free o fpa~ t i c l c s  greatel- than 3 inches in diameter or 0.5 inches 
in diatiieter ill the select fill zone abo\se geosyntlietics. 

Monitor that grade control construction staking is performed before work 

0 Verify tliat the operations layer is placed in a manner tliat does not damage underlyi~ig 
geosyntlietic itistallations. 

0 Coordinate ~ ' i t l i  tlie Contractor to perform operations layer vesificatioli surveys ilpon 
co~npletion of  placement operations. Verify corrective action measures as  determined by 
tlie verificatioli si~rveys. Verification surveys will also be used to determine tlie l i~nits of 
the operations layer for ~neasi~rement  and payment applications. Submit copy of 
verificatio~i surveys to the Construction Manager. 

3.4.6 Trenching and Backfilling 

0 Monitor tliat constl.uction staking is performed before work and tliat survey bench marks 
with elevations are secured outside tlie work area. 

Monitor tliat treliches arc excavated i n  accordance \%it11 tlie dimensional cross-sections 
and design elevations s l i o ~ n  on tlie dranings. 

0 Monitor profile surveys conducted by tlie Contractor during trenching operations. 

Perform moistllre-density relationship testing (.4SI'M I11 557) to determine tlie rnaximii~n 
dry density and opti~iiwn moisture content of  ealtlifill inaterials that will be used as 
backfill. 

Perfor~n nilclear density-tiioisture tests (ASTM D2922 and ASTM D3Ol7) to verify tliat 
backfill ~naterials are moisture coliditioned and compacted to a minimtlrn o f  90  pelrent 
masinii~m dry density and tliat the inoistilre content is \vitlii~i 4 percentage points of  tlie 
opti~nutn moisture content as determined by ASTM D1557. 
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4. CONSTI IL~CTION Q U A L I T Y  ASSURANCE FOR GEOSYNTHETICS 

4.1 General 

l ' l ic ohjectivcs o f  the gcosyiitlictics CQA progt.;~tii arc to: (i) assure that proper constrtlctioli 
tccliniqllcs and proccdurcs arc used: ( i i )  tliat tlie project is completed ill accordance \\,it11 tlic project 
colistrllction drii\vi!igs slid lccl l~i ical s ~ e c i l i c a ~ i o ~ i ~ .  I ' l ie ilitcnts o f  tlie CQA program are to: (i) 
idei l t i l j  and delinc problems tliat may occur during constructioli: (i i) document tliat tliese prohlc~iis 
are corrcctcd hcl'ore construction is complete. 

I ' l i is sectioli dcscrihcs CQA procedures for tlie installation o r  geosyntlietic co~npo~ients. I ' l ie 
li)llowing I) pes ol'gcos) ~ntlictics wi l l  bc ~~ t i l i ded  fbr this project: 

0 60-liiil double-sided testurcd I i I IPC gcotiicmbralic 

CQA for tlic gcos) litlictics inst;~llatiolis w i l l  be perhrmctl to monitor Illill geos)ntlietics arc illstalled 
in accordance w'itli the dcsigli. Constructioli must be conducted in accordalice \\,it11 tlie project 
co~istrt~ction dl-a\\ings and spccificatio~is. 1.0 monitor co~iipliallce. the CQA Site Mal~ager wi l l :  ( i) 
revie\\, tlie Contractor's quality control subtiiittals; (i i) perforln ~iiaterial co~~lirrl i iance tcstilig: (i i i) 
~l iol i i tor construction testing: and ( iv) ~i iol i i tor i~~stallations. Conf'or~nance testing rekrs to activities 
tliat take place before geosyntlietics i~istallation. Construction testilig il~cludes activities tliat occur 
during geosyntlietics installation. 

A l l  CQA tcstilig \ r i l l  hc conducted in acco~.tlancc \\it11 this CQA m;ilrual. and the prc!ject constrllction 
dratviligs and spcci1ic;itions. If a discrcpalicy exists in  the testilig req~~ i re~ne~ i ts .  tlic documelit that 
reql~ires the liiosl stringent tcstillg w i l l  govern. 

L!IIOII clcliver! ofgeolnembrnnc. tlie CQA mollitor wil l: 

Q Observe gcomeliihralie rolls fbr daliiage during sli i l~ping and 1i;lndliny. Idel i t ib  daliiaged 
niateri;lls and doculncnt tliat daliiagcd niilterials arc set aside. 

0 Ohservc tliat tlie gcol~~cmbt.ilnc is stored ill accortlalice with tlie spccificatiolis and is 
~)rotcctcd ko111 pllnctclre. dil l, grease. \vatcr, moistun:, ~ i i i ~ d ,  liicclialiical abrahiolis. 
cscessivc Ileal, direct su~iliglil, tilid otlicr daliiagc. 

3 l)oculi~cnt that ;ill rn;~~iufact~~ri l iy doculiiclitatioli req~lirccl hy tlic specifications h i~s  been 
recei\~cd. 

0 Co~iiplctc tlie geosyntlictics receipt log h r l n  for all geomcmhranc materials rcccived. 

1)aolagctl gcomrn~brane may be rcjcrtcd. I f  rc,jcctetl, tlocunlcnt that nlatcr ial  is rcn~ovcr l  kom 
l l le site o r  storrtl :at a I o ~ i ~ t i o n ,  separate f rom accepted gcomemhranc. <;eomemhranc t l iat tloes 
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not have proper manufacturer's tlocumentation must he stored at a separate location, unt i l  a l l  
documentation has been receivetl, reviewed and accepted. 

<;con~embrat~e Material 'l'csts. Geolncmbrane sa~nples wi l l  be obtained for conf'ormance testing in 
accordalice with Table 4-1. Tlie material nil1 be sanipled at tlie site by the CQA moliitors or at the 
~iiani~f'acturing plant hq an independent third pany under tlie direction of the CQA organization. 'The 
samples n ill be for\varded to an independent testing laboratory for the collformance tests identified in 
Table 4-1. 

The CQA manager wi l l  review all confor~nance tcst results and report any non-conformance to the 
Construction Manager and Contractor. 

l'hc final CQA report shall include tables similar to Table 4-1 documenting con~pliance \*.it11 tlie 
testing frcqucncies and results documenting co~npliance with tlie project specifications. 

Sampling Procedure. Samples wi l l  be taken across tlie entire roll \r,idtl~. Samples may be cut for 
shipping purposes. but a l i i in imu~n o f  five square feet inust be sent to the testing laboratory. Samplers 
must mark tlie machine direction and tlie manufacturer's roll identification number on the sample 
(each piece). Samplers wi l l  also assign a conformance tcst nu~nber to the sample and mark tlie 
sa~nple \vitll that nl~mber. 

42.3 (3eomelnbrane Installation 

Surface Preparation. 'The soil surface n~ust  be prepared in accordance with tlie tecliliical 
specificatiot~s. Before geomelnbrane installation. the subgrade \ r i l l  be inspected by the CQA monitor 
and gcosyntlletics Contractor. Tlie CQA monitor  nus st ~nonitor tlie follo\ving: 

0 A l l  lines and grades fbr soil surface hake been \erified by tlie Co~ltractor 

0 l'he soil surface has been rolled and compacted to be free o f  surface irregi~larities. loose 
soil. and protrusions. 

0 i 'lle soil s~~rface is  firm and does not contaili stones or other objects tliat could damage 
the geomcmbrane. 

0 'rhe aliclior trench di~ncnsions lha\,e been cliecked. and the trenches are free o f  sharp 
ol?jects and stones. 

O r'lierc are no escessivelq soft areas 

0 Tlie soil surface i s  not saturated. and no standing uater i s  present. 

0 'l'hc soil surfice has not desiccated 

0 A l l  construction stakes have been removed and there i s  no debris, rocks, or any otliel- 
objects in or on tlie soil sl~rface. 

0 ' l l ie geosyntl~etics Contractor has cel-tified in uri t ing tliat the surface on \vliicli tlie 
geomcmbrane wi l l  be i~lstalled i s  ;~cccptable. 
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T A B L E  4-1 
HIGH 1)ENSITY I3<)LYETHYL,ENE (I1I)PE) GEOMEMBKANE - 

TEXl'lIItED CONFOltMANCE TESTING 

l ~ ~ ~ i t i  i l \ c . I  

0 5 V 9 1 0  2006 COA p a n  w I I Q , , ~ , ~ ~ , ~  aOC G o l d e r  A s s o c i a t e s  

A S I M  I ) I S ( l j  

. I liy11 l'Fch5orc 01 I ---- ~- 

1111ul-licr S l l c ; ~ ~  SIICII~III ~ c o i c r  suil. $colc\tilc. 
g c ~ ~ r ~ i e ~ l ~ h ~ ~ t ~ c l  - .~ ~. . 

O\CII Slcl Aging 01 I ;II [~iii~i, X5Y' ; IY~, ) .  "0 r c l i ~ i ~ ~ c ~ l  ;\Ilcr ciO ~I;I!S, ur 
I l ig l l  I'rcssuru 0 1  I (nlill, avc.1. " U  rct;lincd ;llicr'JO d;l!s -- .~ ~ ~ 

L V  l < c s i s l ~ ~ ~ ~ c c  

5111. 01 I [~ i i i t i .  i1vc.1. <IF 

I lip11 l ' rcss~~rc 01 I' (III~I~. ; ~ \ c . l  c''~, FcI~~~~Icc~ :irtcr l6llO 11r\ 

AS1 M l15XX5 

AS1 hl l)532I I per 250.000 s f  
. . . . -. - 

AS A S  I 'M  l 21 I)57?1 113X'ij f:-...--~---I 
AS I M l)IXX5 --- 

( i l  l I 
AS'I'I\,l 1)3X1i5 
AS 121 I)JXXS 

'1 c ~ ~ s i l c  l ~ r o l ~ c r ~ i c s t "  
(I~I~II. :~!c.l . Yield strcc~g~l i  . l l r c i ~ h  hIrc11p111 

Notes: 
( I )  O r  I 0  rc;icIi~~:s: X (rut o l  I 0  IIIIIS! he 2 7 illils. i111i1 Io\\csI i~ ic l i v idu i~ l  r c i ~ i l i ~ i $  11111*t he > 5 iiiils. 
( 2 )  Allcrtiiilc IIIC ~ ~ ~ c : ~ \ u r c r ~ i c ~ i l  side l i ~ r  c l ~ ~ o l ~ l c  siclc~l t c \ t ~ ~ ~ c ~ l  s l~ccl .  
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Panel Placement. Before installing any o f  tlie geomembra~ie. tlic Contractol- tnust subniit drawings 
in accordance with the technical specifications. The drawings I\ ill show the proposed laj.ol~t o f  the 
panels, including panel identification nu~nbers. field scams. and any other details tllat do not cotifor~n 
to the construction drawings. 

T11e CQA monitors \\ill maintain an up to date pancl layout drawing that slions the follo\ving: (i) roll 
numbers: ( i i )  liancl numbers: ( i i i )  seam numbers: (iv) test locations: (v) repair locations: atid. (vi) 
11o1i-destructive testing inf'or~nation. 

During panel placement operations, tlic CQA motlitor \\ i l l :  

0 Kccord panel ni~mbers and dimensions on tlie pan ell sea ti^ log. 

0 Observe the pancl surface as i t  i s  deployed and record all panel defects and defect 
corrective actions (pancl re.jccted. patch installed. extrudate placed over tlie defect. etc.) 
on the repair sheet. Verify tliat corrective actions are made in accordance \\it11 the 
specifications. 

0 Monitor that equipment i~sed du r i~ ig  deploy~nent operations does not damage tlie 
geomembrane. Verify tliat equiptnent used on the geomembra~ie does not leak 
hydrocarbons onto tlie geotne~iibrane or that corrective nieasures are taketi to prevent 
leakage. 

U Observe that tlie surface beneat11 tlie geomembrane lias not deteriorated since previous 
acceptance. Verify tliat no stones. construction debris. or other items are beneath tlie 
gcomecnbrane that could damage tlie geo~iie~nbra~ie. 

0 Monitor that the geomembrane is  not dragged across an unprotected surface. If the 
geo~ncmbrane i s  dragged across an unprotected surface. tlie geomembrane must be 
inspected for scratches and repaired or rqjected. if necessary. 

0 Record ueatlier conditions including temperature; \bind speed atid direction. and 
Iiumidity. Vcrify tliat tlie geo~netiibrane i s  clot dep1o)ed in the presence o f  excess 
moisture (fog. dew. ~nist, etc.). I n  addition. verify tliat the geomembrane i s  not placed 
\ r l ie~i  tlie air temperature i s  less tlian 40" F. or when standing water o f  frost is on the 
ground. 

0 Monitor tllat crews working on tlie geomembrane do not stnoke. wear sllocs that could 
damage tlie liner. or engage in activities that could da~ilage tlie geotiiembra~ie. 

0 Monitor tliat inethods used to deploy the geo~nembrane inini~nize wrinkles and tliat 
panels are anchored to prevent movement by the wind. Verify tliat tlie Contractor 
corrects any damage resulting to or from \\indblo\un geotiiembrane. 

U Monitor tliat no more panels are deployed tlian can be seamed on the same day. 

0 The CQA ~i ionitor milst infor~i i  both tlie Contractor atid the CQA tnaliager if any o f  tlie 
abo\,e conditions are ~ i o t  met. 

Field Seaming. Before the start o f  geomembrane welding and during welding operations. each 
welder and uelding apparatus \vill be tested in  accordance \\'it11 tlie specifications to verify tliat the 
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c q u i l ? ~ i ~ c ~ ~ t  is f ~ l l l c t i on i~ l g  properl). Olie trial \veld \\.ill he taken bcfbre t l lc st;trt o f  \\,ark and one at 
niid-shift. I 'he tri;~l \veld sanlplc w i l l  be 42-iticlies-long ant1 12-i1lclies-wide. \\.it11 the scam centered 
l e ~ i g t l i i s e .  'I'lie C Q A  ~ i io i i i t o r  trill obscr\#c a l l  welding trpcratio~is and veri(j that the Contractor 
quatltitati\cly test cacll tr ial n c l d  for peel adliesion alld bonded seatn strength (AS'I'M 1) 4437). (Peel 
adhcsion tcsts w i l l  hc reli.rrctl to as "pccl" and bonded seam strciigth tcsts \\ill be referred to as 
"sllear" in  this 1iia11~1aI.) 'l'lie I)LI~I)(ISC uI' peel and s11ear tests i s  to c\~aluatc seatii strcngtl) a ~ l d  to 
evaluate long-term performance. Slicar strength tiluasllrcs tlic continuity o f  tensile strctlgtll t l irougli 
l l lc  seal11 and into tlic parent 11latcri;il. I'ccl adhesioll llicasurcs the streligtli o f  the b o ~ i d  cre~ltcd by l l ic  
\\elding prtrcess. 'l'lie results o f  the pccl and shear tests \\,ill he recordcd on the trial weld fot.111. Tr ial  
\\clds inust be colirplcted utidcr conditiolis similar to tllose under \vllicli tlie paticls w i l l  be uclded. 
' I r i t ~ l  welds iiiust meet spccificd r cq~~ i r e l i i e l ~ t s  for peel and shear and tlic Pdilurc iliust be ductile or a 
l i lm  tearing bond (ITU) for a wcdgc \\cld. A n  I l ' D  means the test specimcn breaks at the edgc o f  the 
o l~ts i i lc  o f  t l ic sealil. hut 1101 ill the same seam. If at ally titiic tlie C O A  11101iitor hclicves Ilia1 ~ c l d i l i g  
apparatus is not f ~ ~ n c t i o n i ~ i g  properly. a tr ial \veld milst hc pcrformcd. I f t l i e rc  are wide changes in  
le11ipmt11rc (> 30" 1'). liutliidity. or \vind speed. anotller tr ial weld must he perforliicd. .l'lic tr ial \ \e ld 
milst be allo\vcd to cool to ambient tcrnper;iturc before i t  is tested. 

L)ilring geo~iic~nbl.ane \\eldit lg operatio~ls. tlie CQA monitor wi l l :  

0 Moni tor  thiit tllc Contractor has tl ic number o f  \ \c ldi l ig apparatuses and spare parts 
necessary to pc r fo r~ i i  t l ic work. 

U Motl i tor tll:~t cquip~i ict i t  used for \ \e lding w i l l  not da~iiagc t l ic geot~icmbralle 

U Moni tor  tllat estrusioti \vcldcrs are purged before beginning a \veld so tliat al l  lheat- 
degradcd estr~ldatc is reliio\,cd li.onl the nozzle o f t l i e  welder. 

U Moni tor  that scam grinding is completctl less t l i a~ i  I l iour bcfbrc scat11 wclding, and the 
upper slicct i s  hcvclcd ( c ~ t r i l s i o ~ i  u,clding on l j ) .  

U Moni tor  tliat a ~ i i b i e ~ l t  temperature measurcd 6-inclics above the gcomc~nhranc surface is 
bct\vccn 40" and 110" I:;~lire~llieit. 

O Moni tor  that etlds o f  extr l~sion \velds tliat arc i l lore than 5 tninutcs old, are groutid to 
c~l10sc clew niatcrial before restarting a u,cld. 

U Moni tor  Ilia1 cotltecl surfaccs o f t l i e  patlcls arc clean, ant1 free o f  dust. grease, di l l .  debris 
atid ~noistul-e before \ \ c ld i~ ig .  

Moni tor  tliat \velds arc l i ce  o f d ~ ~ s t .  rocks and otllcr debris. 

Moni tor  tliat cross se:~tiis arc ground to a smooth incline bcfbrc welt l ing (f i lsion welding 
only). 

0 Moni tor  that a l l  sca~iis are overlapped ;I rn i~ l i ~ i i u rn  o f  3 i~ lc l ies  or in accordancc wi th  
man~~l';~cturcr's rccolntiiendatio~is. \\, l~icl lcvcr is more stringelit. 

U Moni tc~r  tliat solvcnts or atllicsi\,cs ere not p ~ ~ ~ n t  i n  the seam area. 

0 Moni tor  tllat procetlurcs ~ lscd  to temporarily hold t l ~ c  pa~iels togctller do ~ i o t  daniage tl ic 
11allels and do 1101 preclude C Q A  testing. 
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U Monitor Illat strips o f  geon~elnbrane, \vide enough and l o ~ i g  enough to protect the hot 
wedge \\elder f?om running oil the subgl-ade. are placed below the geoiiiembranc. 'I'liese 
str ipsmay be as long as the seam itself or shoiter and moved with the seaming 
eqi~ip~iient. If necessary. a firm inaterial such as a flat board or si~ni lar hard surface may 
be placed directly under tlie weld overlap to achie\.e firin sllpport. 

U Monitor tllat 1i:lnels arc being welded in accordance with the plans and specilications. 

0 Mo~i i to r  tllat there i s  no free moisture in the \veld area, 

0 Measill-e surSace tetnperat~~re o f  the panels every 2 liours. 

4.2.4 Construction lest ing 

Nonclestructive Seam Testing. Tlie purpose o f  nondestructive geomembrane testing i s  to detect 
discontini~ities or Iioles in thc seams. Nondestructi\e geomembrane tests include vac~iiim and air 
pressure testing. Nondestructive testing must be performed over tlie entire length o f  the seam. 

I t  i s  the ('ontractor's responsibility to perform al l  nondestructive testing as part o f  his quality control 
(QC) program. 'l'lie CQA monitor's responsibility i s  to observe and docu~iient tliat the 
Contractors QC testing i s  in compliance \\it11 tlie specifications and to document seal11 defects and 
repairs. 

Nondestructive testing procedures are described belo\v: 

l'or welds tested by vacuum ~iietliod, tlie \veld i s  placed tinder suction ittilizing a vacuum 
box constructed wit11 rigid sides. a transparent top for viewing the seams. a ncoprelle 
rubber gasket attached to tlie bottom o f  the rigid sides. a vacuuin gauge on the inside. and 
a valve assembly attached to a vacuilln hose connection. The box i s  placed over a seam 
section \\.Iiicli has been thoroughly saturated with a soapy M,ater solutioi~ ( I  or. soap to I 
gallon water). Tlie rubber gasket on the bottom o f  tlie box must fit snugly against tlie 
soaped seain section o f  tlle panel. to ensure a leak-tight seal. 

U A vactlllm pi11i1p i s  energized and the i'acuuln box pl.essulr reduced to approsirnatelj 5 
p i  gauge. Any pinholes. porosity or non-bonded areas are detected by tlie appearance o f  
soap bubbles in the vicinity o f  tlie defect. Dne l l  tiilie ~i iust not be less than 10 seconds. 

Air  pressure testing i s  used to test double seams tliat have e~iclosed air space bet\veen 
tl ie~n. Both ends o f  the air channel must be sealed. A pressure feed device. usually a 
needle equipped \\it11 a pressure gauge. i s  inserted into one elid o f  tlie channel. A i r  is  
then pumped illto tlie channel to a ~i i ini lnum pressure o f  25 to 30 psi. Tlie air clialiiber 
must sustain the pressule for a f i~rt l ier 5 minutes witl~out lo3i11g Inore tlian ? psi. 
Following a passed pressure test, the opposite end o f t l ie  tested seam initst be pllncturcd 
to release tlie air. The pressure gauge must return to zero: if not, a blockage i s  likely in 
the scam cllannel. Locate tlie blockage and test tlie seam on both sides o f  the blockage. 
The ~>cnetration Iioles must be sealed after testing. 

I)uring nondestriicti\,e testing. the CQA nionitoi- M il l: 

U Review technical specifications regarding test procedures 
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3 M o ~ i i t o r  tliat ctluip~ncrit operators are li~ll)' trained and tluali l icd to pcrform tlieir \\orb. 

U Monitor 1Ii;tt test cql~iptnct i t  mccts project specilici~tions. 

0 Mo~ i i t < i r  l l ic c t ~ t i r r  l eng t l~  o f  eac l~  scam is tcstcd it1 accordat~cc \\it11 the specifications. 

U Obscrvc al l  cont in l~ i t )  tcstitig and record r c s ~ ~ l t s  on tl lc panclfscntn log. atid tlie pancl 
layout drawing. 

U Monitor tliat all tcstitig i s  completed in  accordancc witl i  the plri.jcct spccificatiotis, 

U lt lcntify any failed areas. by intarking the area \vitli n wi~terprooft i iarkcr co~i ipat ihlc \vitli 
gcomc~iibrane. itlfi)rtii tlie Contractor oS:tn? rctluired ~.cpairs. and rccc~rd the repair on the 
paticllscatii log. 

U Monitor that al l  repairs arc complctcd ant1 tested in  accordancc \vitli tlic prqjcct 
specifications. 

U Record al l  co~nplctcd and tcstcd repairs on a reliair shcct, ancl thc patiel l e y o ~ ~ t  drau ing, 

Dest ruct iv r  Senm S a m l ~ l i n g  Procedures and F ie ld  Testing. [)cstritctive scam samples w i l l  bc 
[:then at ititcrvals o f  at least otic test per 500 lineal feet o f  gcometiibranc scat11. Ilowever, additional 
san~ples \\,ill he titken if tlie CQA t i io l~ i tor  suspects tliat n seam does tiot ~ i i c c t  the spccilication 
rctluiremcnts. Re:tsot~s for taking additional satllples !nay inclitde. hut are not litnited to: 

1. W r i n k l i n ~  1 111 ' sea111 arca. 
2. Excess cryslallitlity. 
3 .  Suspect seaming eq i~ i pn l c~ l t  or lecl~ti iqucs 
4. Weld conta~nination. 
5 .  Insufficient overla1 
6. Adverse \veatlicr conditions. 
7. Fail ing tests. 

l ' l ie  C Q A  motlitor selects tlie locations fi.om \+licre scam samples w i l l  he cut for destritctivc 
laboratory tcs t i l~g as li>llo\\s: 

A ~ i i i n i t i i ~ ~ t i i  o f  one test per 500 feet o f  scatn length. Tll is is an average fi.eq~tet~cy fhr the 
ctltirc itistallation: individuii l  sati~ples may bc taken at greater or lesser intcr\sals. l ' l ie  
testing f iequc~icy \\.ill be increilsed if welding opcratiotis \rcrc cot~ductctl it1 temperatures 
helow 40" F. T'liis illcrease \\ill bc agreed i ~ p o ~ l  by tltc Const r~~ct ion Manager. CQA 
tiianagcr. and Contractor. 

U A m a \ i t i i ~ ~ t ~ l  li.equcncy 111itst be agreed to hy l l ic C o n s t r i ~ c t i o ~ ~  Managcr. CQA matlager. 
and Colttractor at tlic prc-cot~struct im t~iectit ig. I lo\vcvcr. i f  the tiumber o f  S ~ ~ i l c d  
sanlplcs csceetls 5 pcrcc~i t  o f t l i c  tcstcd sat~~ples. tliis ij.cq~tet~cy i l l i t> he increased at the 
discretititi ol'tlic CQA nlatiagcr. Samples taken as tlle rcsult o f  Sailed tests do not count 
toward tlie total nl t~i iher t i f r c q ~ ~ i r e d  tests. 

l ' l ie  CC)A motlitor \vi l l  1101 inf tmn the Contractor it1 ad\,i~tice o f  selecting the destructive sittnplc 
locations. • 
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Tile C:ontractor \\ill remo\e specimens and samples at locations identified by the CQA monitor and 
field tcst the speci~nens for peel and sliear before the satiiplcs are shipped off-site for laboratory 
testing. Iluring sampling procedures tlic CQA monitor will: 

U Oh\cr\e sample cutting. 

U Mark eacli specimen and sample wit11 an identifying nuniber \zIiich contains the seam 
number. destri~ctive sample test nu~nbcr. welder. and date and time \\,elded. 

0 Record sample locations on the panel layout drawing and panel-seani logs. 

O Record the sample locations; weather conditions, and reasons satnples were taken (e.g.. 
~.:~ndom satnple, visual appearance. result o f  a previous failure. etc.) In tlie destroctive 
seam tcst form. 

At cach locatio~i. obtain two seam specimens tliat are 44-inches apatl. Tlie specimens slioctld be I- 
inch wide and 12-inclics long \\it11 the weld centered across tlie length o f  tlie specimen Tlie 
C~titractor t i i ~ ~ s t  test tliese satnples to failure in the field using a tensiometer capable o f  qi~antitatively 
tneasuring sliear and peel strengths. For double wedge \veldi~~g, tlie Contractor must test botli uelds. 
The CQA monitor wi l l  observe the tests. Geo~netnbrane seam specimens pass \\lien the break i s  a 
ductile 171~D. A f i lm tearing bond means tlie test specimen breaks at the cdge o f  tlie outside o f t l i e  
seam. but tiot it1 tlie sealn. In addition. the seam strength inust meet tlie specified values. 

If one or botli of  tlie I-incli specinlens fails in either peel or sliear. the Contractor can. at his 
discretion: ( I )  reconstruct the entire seal11 between passed test locations: or (2) take another tcst 
sample I 0  f iet from the point o f  tlle failed test and repeat this procedure. If tlie second test passes. 
tlle Contractor call citl~er reconstruct or cap strip tlie seam bet\veeti tlie two passed test locations. If 
s~~bsequent tests fail. the sa~npl i~ ig and testing procedure i s  repeated. until the length o f  tlie poor 
quality scam is established. Repeatcd failures indicate that either the seaming equipn~ent or operator 
i s  not performi~lg properly. and appropriate corrective action must be taketi inimediately. 

Once thc field tests speci~nens liave passed a sample must be recovered for laboratory testing f i o ~ n  
between the passing field specime~i locatio~ls. The sample must be 42-inches long and I?-it~clies 
u'ide. wit11 tlle \r,eld centered along tlie lengtl~ o f  the sample. The sample must be divided into three 
sections: one 12-inch by 12-inch section for tlie Contractor. one 12-inch by 18-inch section for 
laboratory testing. and one 12-inch by I?-inch for the owlier to archive. Record tlic results o f  field 
testing on the destructive seal11 tests form. and tlie panellseam log. 

Third Party Laboratory Testing. Al l  CQA destructive satnples tnust be shipped to tlie testing 
laboratory to \eritL seam quality. I l i c  laboratory wi l l  test five specimens from cacli sample in each 
method used. Mi~i imutn test values are presented in the specilications. Tlie testing laboratory must 
provide \,erbal test results \\ itllin 24 Iiours to the CQA manager, written certified test results are to be 
provided \vitliin 5 days. 

'1-lie COA tnanager mi~st immediately notify tlie Constructioti Manager and Contractor in the event o f  
failed tebt resltlts. 

If the laboratory tcst fsils in either peel or sliear. The Contractor must either reconstruct the entire 
SCAIII. or reco\,cr adtlitional saniples at least I 0  feet on eitlier side o f t l i e  failed sample for retesting. 
' f l i i s  process i s  repeated until passed tests bracket tlie failed seam section. A l l  seams [nust be 
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hounded by locations fi.om \ ~ l ~ i c l i  passing laboratory tcsts have heel1 taken. 12ahoratory tcsti l ig 
govcr~ is  scatii ncce~) l i~ t~ce.  111 110 case call l ie ld testing oi'rcpaired seams be l ~scd  for l inal  acceptance. 

4.2.5 Repairs 

1'01-tions o f  gcomc~nhrane pstlcls irnd seams that contain: ( I )  a nil\\; (2 )  a dcstructi\c tcst: or (3) 
nondcstri~ctive tcst cuts o l ' l ~ ~ ~ l c s .  must be repaired in  accordirnce \\ i l l1 t l lc specific;rtions. 'l'lie CQA 
rno l~ i io r  Inlist loc;rte and record a l l  repairs oti the repair slice1 ?rtld {~a l ie l  la)0~11 drawing. Accc~~ tah le  
repair tccllniqllcs inclucie tllc l i i l lo\ving: 

0 I'atchillg: llscd to repair large lholcs. tears, larse pallel defects, undispcrscd raw maieri;lls. 
\%clds, contamination hy forcign matter, and tlcstruc~ivc sa~i lple locatio~is. 

U l s t r i ~ s i o t ~ :  i~sc t l  to repair s~ i ia l l  defects in  tlie panels and seams. In  general. this 
procedure slloc~ld he ~ ~ s c d  Tor dcfccts less ilia11 ? - i~ lc l i  i n  tllc largcsi t l iniensio~l. 

0 Capl>itig: ~ ~ s c d  to rcp:rir l'ailcd welds or to cover scanis \vhcre \velds cannot he 
nondcstrl~ctively tested. 

U Removal: used to rcpl;rcr area \vitIi large dcfccts wliere preceding iiletliods al-e not 
appropriate. Also used to re~ i iovc cscess material (\winkles, l islr~noutl is, ititcrsectiot~s. 
ctc.) f rom the illstalled g e o ~ ~ i c ~ n b r a ~ i e .  Arcas o f  removal shall he patclied or cappcd. 

I<cpair procedures i~ i c ludc  tlic fol lo\ \ i t ig:  

O Abrade %eotnetnbratic surfaces to be rcoail.cd ( c h l r ~ ~ s i o ~ ~  \\elds ot i l \ )  no inore than 1 11~111r 
before tile repair. 

U Cleati atld tlry al l  surlgccs at the time of repai r  

0 Moll i tor acceptance 11T the rcpair procetlurcs. 1i1;rtcrinls zrntl tccllniqucs by  t l lc C O A  
111o1iit0r ill ird\'ir~lce o f t l i e  s l~ec i l ic  repair. 

0 [:stend patclies o r  caps at least 6 incllcs beqond the cclge o f  the defect. and r o ~ l l l d  al l  
corners o f  inaterial to be patcl~cd arid the patches to a radius o f  ;rt 1c:ist 3 inclics. 13c\el 
tile top edges ofp:itclies hcihrc e x t r ~ ~ s i o ~ i  \ \ ~ l l d i ~ i g .  

4.2.6 I'olded Material 

A l l  folded pcomemhrane must be removcd 

4.2.7 C;comemhr.a~ic A~ l c l i o r  Trench 

l ' l ie  georncll~hrallc a~ ic l i o r  trencll slrould he left open until se;r~iiing is colnpletcd. [-:\pansion and 
col~tract ion o f t l i e  geo~nc~nhrat ic s h o ~ ~ l d  hc accoi~ntcd l i ~ r  i n  tlic l i l ~ c r  placelnel~t. l 'he aticlior trench 
sllould he l i l led ill the ~ n o r ~ i i n g  I tc~nperaturcs are coolest to rctluce br idging o f  tlie 
geumc~nhranc. 
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4.2.8 Gco~ncmbt-anc Acceptatice 

' lhc Contractor rctaitis all o\vnersliip and responsibility for tlie geo~iie~nbratle until acceptance by the 
o ~ t i e r .  111 tlie event the Contractor is  responsible for placing cober over tlie geomenihrane. the 
Contl-actor rctains all o\vncrsliip and responsibility fol- t l i e  geomembrane until all reql~ircd 
docu~iicntntion is  complctc and tlic cover material i s  placed. Aftel- panels are placcd. sean~ril. tested 
successfi~lly and repairs made, tlie completed installation uill be walked by the CQA nionitor and 
Co~itractor. Ally da~iiage or defect found during this inspection wi l l  he repaired properly by tlie 
Contractor. r h e  installation \\ill not be accepted until i t  ~neets tlic requirements o f  both parties. In 
addition. tlic geome~iihrane wi l l  be reco~innended for acceptance by tlie CQA ~nonitor only when tlie 
following lia\,c been conipletcd: 

0 Tlic installation i s  l i~i isl ied 

U A l l  scams liave been inspected an verified to be acceptable. and that all required 
laboratory and field tests havc been co~npleted and reviewed. 

U A l l  required Contractor-supplied documentation has been received and revicwed 

U A l l  as-built record drawings have been co~npleted and verified by tlie CQA monitor to 
sIio\\ [lie true patiel dime~isions. tlie locations o f  all seams. trenches. pipes, 
app~~~tc~ianccs. and repairs. 

4.2.9 Qualifications 

Installer Experirnce and Qualifications. Proper l ayo~~ t .  seaming, and testing o f  the yeomcmbrane 
requires skill and experience. As such. tlie integrity o f  tlie geomembrane is  dependent 11pc111 tlie 
i~istallers In order to assure a i i l i t i iniu~i i  level o f  experience and expertise, tlie following experience 
statidards \vliicli are presented liave bee11 established in the specifications. 

Ma~iufacturer/Fabricatnr/lnstaller. The specifications list preq~~ali t ied manufacturer/ fabricator1 
installer companies for each geomembrane type. Substitutions to tlie prequalified list wi l l  be 
considered. Iio\vevcr. substit~~tions inust be subtnirted in accordance with tlie construction contract. 
I l i e  CQA managcr must writ \ .  q~~alifications o f  the nianufacturer. fabricator. and installer tlirougli 
revie\\, ofcngincer approved project submittal. 

Installation Superintendent. The installation field superintendent tnust liave been responsible f(11- 

tlie ctimpletcd installation o f  a minimum o f  5,000.000 square feet o f  polyethylene geomcmbranc it1 

the past 5 years. uti l ir ing tlic type o f  seaming techniques and apparatos proposed for use on this 
~irqject. A resume \\,ith rcferences and phone ni~mbers o f  satisfactory installations is required. Any 
superintctident proposed for t l i i s  project must be present whenever geoniembl-ane is  installed. 

Weltlrrs. M'eldel-s must have demonstrated expe~lise on previous geornemb~.ane installations. Each 
\\elder mmt have successli~lly welded a minimum o f  1.000.000 square feet o f  polyethylene 
geomcmhranc within t l ~ c  past 3 years. A resume for tliis ~ ' o r k .  \villi refercnccs and plione numbers. is  
rcq~~ired. 

CQA Manager Qualifications. The CQA manager must have provided CQA services oti a 
m i ~ i i m ~ ~ ~ i i  o f  1.000.000 square feet o f  polyethqlene installations or be level I1 certified in 
gcosy~ithctics installatio~is by National Institute for Ccrtiticatio~i in Engineering Technologies 
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(NIC1:'I'). 'I'I1cy mllsr provide vcrificatinn of  this C 'S I )C~ .~~I ICC b) r eSe~*c~ i~c  ill a C L I ~ ~ C I I ~  res~111ic 
pl.cscntcd i ~ t  the pt-e-constr.t1ctio11 tnccting. 

I)uring cicliver!, of'gcotcstiles the C'QA monitor \+ill: 

D Monitor that eclttip~ncnt used to unload the rolls docs tlor damapc tllc gcotc\tilc. 

0 Monitor that rolls ilrc wrapped in i~npet-mcablc and opaque protecti\'c covcrs. 

Mo11ito1- that c;ire is  used to unload the rolls. 

U Monitor h a t  all documentation required by tllc sl~ecificalions has heon rccci\*cd. 

O Monitor that each roll is niarked 01. tagged \cith the Sollo\\~i~ig infbrmation: 
r n a n ~ ~ l ~ a c t ~ ~ r c ~ ~ ' ~  I I ~ U I C :  project idc~itificatioti: lot I I L I I I ~ ~ ~ I . :  roll 11i11n1~cr.: roll di~nensions. 
I*og illis infbl-mation on the gcos~~t-ttl~ctic ~.eccipt lh r~n .  

U Monitor that the gcosynthctic receipt fbrm is cotnplctcd. 

R Monitor that materials are sto~.cd it1 a location t l~at  \ \ , i l l  prorccl thc rolls frnln ~~ttr*a\:iotct 
light cspusurc. precipitation, m~~c l ,  dirt. dust. puncture, cutting, or any other damaging or 
dclcterinus conditions. 

Any danlagcd r.olls ]nay bc rc-jccted. Monitor that rejcctcd rnatcri;ll is rcrnovcd f i o ~ n  tlie sitc a r~d  
storcd at a localion scpatare fi,om accepted I-011s. Iicorcstilc lulls \ ~ l ~ i c l ~  do  not ha\c  propct* 
nianui'acturc~s doc~tmentation r ~ u s t  also bc storcd at a separate location, 1111til ill1 d o c i ~ ~ ~ i e l l t a t i o ~ ~  has 
hccn recci\'cd and approved. 

Tests. Alier delivery. the CQA monitor \ \ f i l l  obtain gcotesiilc conKo~.mancc test samples for cvcry 
250,000 square fkct of material delivcrcd to tlie sitc or as indicated 011 I'ablc 4-2. 'l'lic CQA monitor 

i l l  fi>1.\4iird thc sainplcs to the testirlg labora~o~.y for t l ~c  ii,lloir.ing conIb~-~nance tests: 

TABLE 1-2 
NOR'WOVEN C;I:OTEXTILE CONF0KMANC:E TESTINC; 
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f'ropcrtics 

R4ass/lJnit Area ( I N  in. avc.)  
~ . . 

Apparent Opcning S i x  (mar;.) 
- -- -- - - . - - . L- 

Grab Strength (mill. ave.) 

Pennillivity (inin.) - -. .- - . . - - . . . 
I'unutul~e Strcngtll ( in in ,  ave.) - - . - - - -- - - A - -- . . 

LIV l<csistnncc'" 

Test  Metllod 

AS-1.M [I526 I 
. - -- 

ASTM D3751 
- - - . - 

ASTM 114632 
~ - 

Co~lfor~rla~icc Q A  'rcsI 
~ r c ~ u e n c ~ ' ~ '  

I pel. 250.000 sf '  
- - - -- .. 

1 per P ~ . 4 j ~ f "  - . -- - . . 

1 pcr 250.000 sf 
- - - 

. - 
AS'I'M D439 I t pcl. prc!icct"' 

-. - - -- - . -. .- . . - -. . 

ASI'M I14833 

- i I per 250,000 sf' 
? ~ 

AS7'M D4355 N'A 
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Notes: 

( I )  AOS and I'cr~nittivit!. shall only be tested for geotestilcs used ill fi lter applications. 
(2) Aftcr 500 hours ol'exposurc. 
( 3 )  Mini l i iu~n testing frequency shall be onc sample per lot. 

The CQA Inanagel- w i l l  review a l l  test rcsults and report any non-conformance to thc Construction 
Managcr. 

'l.lic f inal  CQA repol l  shall i nc l l~dc  tahlcs similar to l 'ablc 4-2 docunienting compliance \vith tlie 
testing fi-equencics and results doc~~tncn t ing  compliance \\ it11 the project specifications. 

Sampl ing  Procetlurc. Samplcs \\,ill be obtained across the entire ro l l  width and w i l l  be 3-feet long. 
Samplers niust ]nark the n ia~ iu fac t~~re r ' s  ro l l  identification nutnber. and the ~ i iac l i ine direction. on the 
sample. Samplers \+ill also assign a conformance test number to the saniple and mark t l ie sample \r it11 
tliat nulnber. 

4.3.3 Cicotestile Installation 

Surface I 'reparation. r3cfore gcotestile installation. tlic CQA monitor wi l l :  

U Moni tor  tliat al l  lines and grades have been verif ied by  the Contractol-. 

Ll Monitor that tlie subgrade has been prepared it1 accordance w i th  the eart1iwol.k 
specifications. and. if placed over a geomernbrane. tlie geo~nembrane installation. and al l  
associated documentation. has been completed. 

O Moll i tor that soil or geon~e~~ ih rane  surfaces do not contain stones tliat could damage tllc 
gcotcxtilc. or any o \ c r l y i t ~ g  geome~nbrane. 

O Monitor tliat tlierc arc no excessively soft area5 in  soil surfaces tliat could damage tliat 
geotextile. o r  any overl) ing geo~ne~nbranc. 

A l l  construction stakes have been remo\ed 

Geotekti le Placement and  Seaming. During geotextile placement and sea~i i i l ig operations. t l ie CQA 
nio11ito1. \+ i l l :  

3 Observe the gcotestilc as i t  is deployed and record a l l  defects and defect corrective 
actions (panel re.jectcd. patch installed. etc.). Ver i f y  that corrective actions are performed 
ill accordance \\it11 tlie specifications. 

0 Moni tor  tliat equip~nent used does not damage tlie geotestilc by handling. cc(uipnient 
transit. leakage o f  hydrocarbons. or other Incans. 

C1 Moni tor  that cl-c\\s \rsorking on t l ic geotestile do not smoke. wear sliocs that could 
da~iiage tlie geotextile, o r  engage ill activities tliat coil ld damagc tlie geotextilc. 

3 Moni tor  tliat the geotcxtilc is sccurcly ancliored i n  an anchor t re~ ic l i  and is temporari ly 
anchored to prevent 111o\ement by the wind. 

053?9102006COAPlan w Highghfs doc Golder Associates 



Kettlcman I l i l l s  I'ncility - 31 - 053.1910 
I.andfill I3 I 9  i;ili;ll C'Ios~~re C c i ~ i s t r ~ ~ c t i o ~ ~  
- -. -~ 

Octohcr 2006 
~ ~ ~ 

U Monitor l l ia l  adjzlccl~t pilnels arc o \ ' c r l a p l ~ d  and scalncd in accordance \\it11 the 
s ( ~ c c i I i c i ~ l i o ~ ~ s .  

0 Monitor that the gcotcstilc \YHS not cs~)osed to direct su~i l ig l i t  ibl. 11iot.e t l ia t~  5 dtlys. 

0 l:sa~liitle the gcotcstilc nfier i ns ta l l i~ t io~ i  to ensure that no potclit ial ly l i a~ .~ i i l i l l  i O r r i g ~ ~  
ohjects are prcselit. 

0 Thc COA  lioni it or l l i ~ ~ s t  i l i fbr ln hot11 tlie CQA Iiiilnager atid C'o~itl.nctor iT the abo\,c 
col id i t iot~s arc llot met. 

4.3.4 Repairs 

0 I 'atc l~i l~g: u e t i  to repair large holcs. tears. and small defective areas. 

O Rcnloval: uscd to replace lat-gc dekc t i ve  areas \vlicrc the preceding method is not 
appropri;ite. 
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5. QUALITY ASSljIlANCE FOR HDPE PIPE 

5.1 Introduction 

This sectio~i describes C'QA procedures for high density polyctliylene (l-IDPC) pipe installations. 
Solid I-IDPL pipe wil l  be utilized to extend tlie side-slope and vei.tica.1 LCRS riscrs. 

CQA f o ~  tlie I lDPE pipc installations \\'ill be performed to verify tliat tIDPE pipe systems are 
installed in accordance witli tlic design. Construction  nus st he conducted in accordance u i th  tlie 
project co~istruction drawings and specifications. To monitor compliance. tlie CQA program wil l :  
( I )  revie\\, tlie Contractor's quality control subtnittals: (2)  non nit or construction testing; and (3) 
11101iitor i~istallations. 

A l l  construction testing wi l l  bc conducted in accordance \\it11 the project technical specifications 

5.2 Construction Monitoring 

~l'lic follou ing sections list monitoring req~~ircments during IdDl'E pipe operations 

5.2.1 1)elivery. I landling. and Storage 

0 Monitor that cliai~is. end liooks. cable slings. or any other devices tliat may scar the pipe 
are 11ot used to handle pipe. Wide nylon web slings are recom~nended to ha~idle the pipe. 

0 Monitor that tlic pipe is  not daniagcd during liandli~ig operations and that da~iiaged pipe is 
separated from accepted pipe. 

0 Monitor that pipe out-of-roundness trill not occur due to excessive stacking lieiglits when 
the pipe i s  stored at the site. 

0 Monitor tliat tlie pipe i s  not da~naged by sharp rocks or excessive abrasion when tlie pipe 
i s  pulled into place during filsion \\elding and installation operations. 

Behre pipe fusion \velditig operations and installations verify tliat solid walled pipe. 
perforated pipe. fittings, and flanged couplings comply \\it11 PI-oduct I-equirements o f  the 
technical specifications. 

0 Motlitor rliat certified f i~sion welding operators \\ill he performing the \\,elding. 

0 Monitor that caution i s  taken to pre\elit water f'rom coming in contact wit l i  tlie pipe and 
heater during \velding opel.atio~is. A shelter may be required for the fusion 
weldi~lg macliine to allow operations to conti~iue in advel-se weather conditions. 

0 Monitor tliat lieatcr plate surface te~iiperatures are maintailled bet\veen 375°F and 400°F 
for botli coated plates and u~icoated plates. Monitor that opcrator cliccks lieatcr plate 
surfice tempcrat111-es uitli pyrometer. 

0 Monitor tliat inside and outside o f  pipc ends arc cleaned to rcmove dirt. water. grease. 
and c~tlier k~reign material. 
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0 Monitor that pipc ends arc srli~arety f'nccd \t ith tllc Ii~cing tool of the li~sion \vclding 
~llaclli~le. 

O Monitor that pipe c11ds line up in t l ~ c  fusion \{elding machine and tlint tlie pipe c11ds ~ncc t  
s i l i i~c l )  and co~npletcly over thc cntirc sitrlhcc lo be \+eldcd. Mol~itol. at Illis point that 
tllc pipe is SCCLII.CI> clatiij~cd illto place so that thc pipe doe!, 11ot n ~ o \ e  cIur.ing tllr lilsion 
M ~ l d i n g  I J ~ ~ C C S S .  

O Monitor that the heater platc is clcan and maintains the appropriate tct11pcr:lture. Monitor 
that thc heatci. platc i s  insc~-tcd bctwecn the aligncd pipe ends a n d  t l i n ~  1I1c pipe ends arc 
iirt~ily brought into contact \\it11 thc I~eatcr platc. NO J'IZESSUKL: should be applied to 
ach ieve the !TIC 11 pattern. 

U Monitor tllat the pipe ends arc allowed to  heat and softct~. As thc pipe heats and soflens a 
melt bcad begins to roll back from thc contact point of the heater plate and the pipe ends. 

U Monitor that the Ileatet. plato i s  removed clirickly atid cleanly \+*he11 the appropriate nielt 
bcad is achicved and that no nie11t.d pipc n~aterial sticks to the h c a t e ~  platc. If i ~~c l t cd  
material sticks to thc lieatel- platc, Monitor. that this join1 is disconlinucd, tlic h c a t c ~  pliltc 
is cleaned, tllc pipe etids arc re-faced. and that the joint is re-stat-tcd. 

Monitor tllat the ~ncltcd pipc ctlds are rapidly joined together and that enough p~.cssirrc is 
applied to tllc joint to form a melt bead 1/8-inch to 3/16-iilch in  dialnetel- a~.ound the 
cntirc circulni'ercncc of the pipe. P ~ C S S L I I . ~  is CI-itical to C B L I S C  tile heated matel-ial of 'eacl~ 
pipe end to tlon togetllcr. 

Mollitor that tlie joint is allo\vcd to cool and solidify properly bci'ore the pipc is released 
li.oi11 the f'~ision uclding macliine. Cooling and solidification is completed wl1t.n your 
fi~lgcl-cali ~ .e~nain  conif'o~-tably on thc bead. 

U I.;xati~inc the joint \\hen the pipe is released from Ihe i i ~ s i c > ~ ~  \~clrting machine ro i.erify 
that thc \veld is conipletely around thc entire circiunf'crence of the pipe. 

5.3.3 Slip Joit~ts 

O Monitor that all joints e\tcnd to thc minimum overlap and cotnply i\ith the requisemcnts 
ol'tllc Spccilications. 

Monito~. that tlicre is a slltlg lit with iero air gaps sur~.ounding the conncctiol~. 

053-1910 ZODC, COA P a n  a ti1ghl1ylll.5 L ~ O C  Golder Associates 



Kcttlc~nan IIiIIs I'acility - 34 - 053-1910 
I.andlill B19 Final Closure Constructic>n October 2006 

6. QlJALITY ASSURANCE FOR EROSION CONTROL 

6.1 Introduction 

Tliis sectio~i describes CQA procedures for temporary and permanent c ros io~~  control installatiot~s 

CQA Sol- tlie temporary and perlnalient erosion control measures will be performed to verify that tlie 
CONI'RACTOR is complying with tlie requirements of the SWI'I'P and that the permanent erosion 
co~ltrol tiieasi~res are installed i n  accordance witli tlie design. Construction niust be conducted in 
accordance with the project constructio~i drawings and specilicatiotis. To monitor compliance. tlie 
CQA program will: ( I )  rebiew the Contractor's quality control sub~nittals and (2) monitor 
i~~s ta l la t io~~s .  

6.2 Construction Monitoring 

6.2.1 Te~nporary Erosion Cotitrol 

U Monitor tliat the Cotitractor is impletilentitig temporary erosion control measures in 
compliance with the SWI'PP. 

6.2.2 Permanent Erosion Colltrol Measures 

U Review the Contractor's submittals fbr tlie strau wattles and verify that tlie material 
complies witli tlie rnani~factut-el-'s specifications and the Specifications. 

U Motlitor tliat tlie Contractor installs tlie strau \\attles at tlie locations indicated on the 
Dran ing. 

U Monitor that the Contractor installs the straw wattles prior to revegetation of tlie 
niotiolithic cover. 

U Monitor that the Contractor installs tlie straib uattles i n  accordance uith tlie 
manufactitrer's recolnmendations. 

O I<evie\v tlie Contractor's submittals for the hydroseed mixture and strau mulch for 
compliance witli the Specifications. 

U Monitor that the Contractor evenly and i~niforlnly distributes the hydroseed mixture over 
the ~nonolitliic co\er and that there are no bare spots. 

U Mollitor that tlie Contractor evenly and unifor~~ily distributes the straw mulcli in 
accordance \vith the Specifications. 

U Monitor tliat the Contractor irrigates thc revegetated areas during constructio~i 
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7. Ql:AI,lTY ASSUIlANCE F01l I)KAINA(;E FACILITIES 

I ' l i i s  sectio11 dcscrihcs CQA procctlurcs for t l ic drainagc ihcil i t ics ilistallations. 'l'lle drailiagc f;tcilitics 
at t l ie Kettleman I i i l l s  I:acilily co~iipl.ise various types o f  drainagc channels. tlrop inlets. dow~idrail ls. 
r iprap ~I"'OII. elid diversion berms. 

CQA for the erosion control tnnts instal lat io~i  \\.ill be perlbrmcd to v c r i 5  that the inaterial is installed 
ill accord;l~lcc \vitli tllc design. C o ~ l s t r ~ ~ c t i o n  must be c o ~ i d ~ ~ c t c d  in  accordance w i th  tllc project 
constr l~ct ion drawi l~gs and spccifications. T o  ~ i ion i to r  co~ i t ~ i l i a~ l cc .  t l ic CQA prograln \\'ill: (I) review 
tlie Contractor's qilal i ty colltrol submittals: (2) moll i tor constructio~i testing: and (3) n~ol i i to l .  
i~istaIl;ltiolis. 

A l l  collstrl~ction testing w i l l  be contluctcd ill accordatlce u i th the project tccli11ical spccifications 

7.2 Construction Monitoring 

U Moll i tor that tlie drainagc cl iat i~iel  i s  constructed in  accordance with the Drawings and 
Sliccil icatio~is. 

0 l l cv i c \ r  tile Contr;lctor's submittals For the erosion control-l ining i b r  compliance \r i th the 
Spccilications. a 

0 Moll i tor tliat tlic drainage c l ian~ic l  subgrnde is dry. f i nn  alitl i~n!.ielditig. and docs not 
lhavc loose or e x t r a ~ i c o ~ ~ s  tnatcrial. 

0 Moll i tor tliat the cros io~i  control blanket or rip-rap is placcd to the extents and thickness 
itldicatctl on tlie [)ra\\$iligs. 

7.2.2 1)rop I~ i l c ts  and i)o\rndrains 

0 l<cvicw the C'olitractor's subnlittalh for tllc piping for co~ i i p l i a~ i ce  wi th  tho Spccif icatio~is 

0 Monitor tllal the Contractor hau e\ca\,ated to t l ic proper depth 

LI Monitor t l i r ~ l  tlic Cotittactor has graded the slope to u ~ ~ i f o r r n  gradient. 

U Mol l i tor that tlie dow~idra in  subgrade is dl).. fir111 and ul ly ic l t l i~ lg.  and does not have loose 
or CS~~BIICOLIS ~liaterial. 

U Monitor tliat the p i p i ~ i g  is placcd t o  the e~te l i ts ,  and ditlicnsiolis indicated on the 
l)ra\\'ings. 

7.2.3 Riprap Apron 

O Revie\\' the Contractor's submittals for the ~.iprap f(>r co~npl iat icc \\it11 the Spccitications. a 
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0 Moilitor that the subgrade is  firm and un~iel t l i i ig  prior to the installatioil o f  tlie gcotc~t i le 
filter. 

U Monitor that tllc geotestile i s  installed in accordance with the Drawiilgs and 
Specifications. 

0 Monitor tlic riprap rock size for co~iipliance \vitli the Specilications. 

0 Monitor tliat 1l1e riprap i s  installed in accordance with tlie Drawings and Specifications 

Monitor that the riprap i s  illstalled to tlic design thickness. 

Monitor tliat tlie riprap i s  installed to the limits slio\\;n on the Drawings. 

7.2.4 Iliversion Berms 

0 Monitor tliat the material i~scd to construct tlie diversion berms coinplies with the 
Specifications for Structutxl Fil l. 

0 Monitor that the diversion berms are constructed in accordance \rpitli the design and 
Specifications for Structural Fi l l  (1% liere applicable). 

0 Refer to Section 3 o f  this CQA I'lan for CQA inonitoring requiretnents for Structural Fil l. 
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l l i c  qllality assurance plan depends on t l io ro~~g l i  mo~ii tor ing and tlt~culncntatio~i o f  all co~istruction 
acti\ itics. 'I'licref~~rc. tlic CVA manttgcr \\'ill tlocunient tliat all qllality assurance rcquire~iie~its hate 
been i~dtlrcsscd ant1 satisfictl. llocu~nclitation i l l  cotisist o f  daily rccord kcepilig. testing a ~ i d  
installntiou reporls. no~ i -co~ i fo r~n i l~ icc  reports ( i f  necessary). progrrss I.epc>rts. pIiotogl.apliic rccords. 
design and specificatio~i rc\,isio~is. and a ccll lstr~~ctioli rc l~ol t .  

8.1 Daily R c c ~ r t l  Kccping 

At a mini l i i~lm. daily ~~ccords \+ill consist o f a  daily rccord o f co~ is t r~~c t i o l i  progress. daily ct~lisrrt~ction 
r c~~or t ,  observation and test data sliects. and. as needctl, non-co~i lbr~ i~a~ice lcorrcct ivc  lncasilrc reports. 
A l l  ibrms \*ill llavc peer revie\\.. 

8.1.1 l)z~ily Record of Constrc~ction I'rogress 

'l'lie daily field report \\.ill suliiliiarize o y o i n g  ctrtistruction and discussions \vitll tlie Colitractot. and 
\\ill be prepared by the CQA manager and CQA ~non i~ors .  At a niinimuln. the rcport \ r i l l  include tlie 
l'ollo\r i ~ ig :  

I .  Ilate, prqjcct naliic, project number, and locaticrn 

3 .  Wcatlicr data 

4. A tlcscription o f  ongoing constrllction for tlic day in tlic area o f  the l i lo~iitor's 
res l~o~~"hi l i ty .  

6 .  I~IIIS ofdiscussio~l and iialncs o f  pallies ilivolvcd in  discussiolis. 

7. A hricf descril~tioli ol'tcsts and observations. ide~itif icd as passilig or failing. or. in tlic 
cvelit o f  failure. a retest. 

8 .  Areas of  lion-co~~lirrmanccicorrecti\.e z~ctiolls. if any. (lion-conIbrn~ancelcorrccti\e iictioli 
Sorm to hc attaclicd). 

9. Sulnmary ol'mzitcrials rucei\,ctl and quality tlocumcntatio~i 

10. I'ollo\v-t~p i~ i f i > rn ia~ io~ i  on previously reported prohlenis or deficicncies. 

I I .  Icecord of;tliy sitc visitors. 

12. Signz~tul-e o f  CQA iiianagcr or CQA monitor. 

13. Signature of t l ic  peer rcvie\r,cr. 
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8.1.2 Observrition and 'Test Data Sheets 

Observation and test data sheets should include tlie follou.ing information as i s  appropriate for the 
form being uscd. 

1 .  Date. Project name. and location. 

2. A ilniqile n i ~ ~ i i b c r  for cross-referetici~ig and document control 

3. M'eather data. as applicable. 

4. A reduced scale site plan shou ing samplc and test locations 

5. '1-est eqilipment calibrations. i f  applicable 

6. A summary o f  test I-esults identified as passing. failing. or. in tlie event o f  a failed test, . retest. 

7. Completed calculations. 

8. Sigtiatul-e o f  tlie C Q A  managcr or CQA monitor. 

9. Sigiiati~re ofthe peer revic\vcr. 

8 .  1 .3 Non-Collfor~iia~ice fleports 

111 tlie event o f  a non-conformance event. a non-conforlnance verification repoll form wi l l  be included 
with the daily repolt. f'rocedures for ilnplelncnting and resolving any non-conforlnities to the contract 
are outlined in Section 2.4 ofthis CQA tnanual. 

8.2 Wrrkly Progress Reports 

' l l ic CQA Inatlager \\ill prepare weekly progress reports summarizing construction and qi~al i ty 
assiiraIice activities. I'he reports \\ill contain. at a minimuln. tlie follo\\,ing inforniatio~i: 

0 l ' l ie date. prqject name. and location. 

O A sumlnary o f  work acti\,ities colnpleted in the last week. and those expected to be 
performed in the nest week. 

O A sunimary ofdeliciencies andlor defects. and resolutions 

Ongoing summary o f  changed andlor change orders to the work. 

0 f l ie signatlire o f  the C Q A  manager. 

U 0 1 1  fou~ lh  week o f  each month tlie rep011 \%ill include a silrnniary 011-site and third pally 
laboratory test results. 
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Constr~~ction i~ctivit ics \\i l l he pliolographcd. 1'liologral)hs w i l l  include any signilicatlt prohle~iis 
e ~ i c ~ ~ ~ ~ i t e r e d  and corrccti\.e actioi~s. and \\.ill docl~nie~i t  constrl~ction progress. ' lhe pliotogt-aphs \\.ill 
he identilied hy n~imhor. locaticin. t i~ i ic .  date. and photographer. 'The pliotrigraphcr sl~oult l  documcnt 
the subject or tlie photograpll. eitllcr on 1111. back o f  tlic picu~rc. or ill a pliotograpll log. 

8.4 Design and Spcrificwtion Changes 

Llcsign :~nd specilicatioil cliangcs m:iy be reqciirctl during constr~~ction. I l cs ig~ i  and spccilication 
chatipcs \\ill o~ i l )  he made i r i t l i  \ \ r i t t c~ l  agrccnlcnt o f  tlie Design I(~igiileer, oi41lcr. and Contractor. 
I ' l~cse cliangcs \\.ill be iiiade by change order to tllc colitract. When cliange ordcrs arc issued, tllcy w i l l  
be prepared by tlic C o n s t r l ~ c t i ~ ~ i ~  Maiiagcr. I l i c  Constr~iction Manager w i l l  distribute cha~ige ordcrs 
for s i g ~ i i ~ t ~ ~ r c  and execution to l l ic required pal-ties. 

8.5 Construction Report 

A t  tlic cotnplctio~i o f  tlie pro.ject, tlie COA inanage[. and CQA officer \\ill sc~biiiit a f i ~ la l  construction 
relion. I h i s  rep011 I doclt~nc~it  that tlie work hits hcc~ i  performed in complia~ice with tlic 
coilstr~iction dl.awings and specilicalions. 

A sutnmary o f a l l  co~istruction activities 

U A s ~ t t ~ ~ i i i a r )  o f i ~ l l  l i ~ho r i~ t (~ i y  and lield test results. 

U Sa~npling a i ~ d  te\ting location dra\\ings 

U A tlcscription ofsigti if icant constructiol~ probleiiis and tlic resolution ofthese prohlc~iis. 

O A list o f  cllaiigcs k o ~ n  the constr~~ction drauiligs aiid specifications and tlie justifications 
for these clinngcs. 

3 A statc~iicnt of coinpliance \vitli the constructioii co~ltr;lct documents and desigti intent 
sigiicd aiid stilli~ped hy tlie CQA ollicer. a prof'cssio~ial Civi l  ctigineer registered in the 
state o f  California. 

l 'he as-built record d ra \ \ i ~~gs  w i l l  accur;~tely locatc the coiistructcd location o f  all work items. 
i~lcludit ig the location o f  pipiilg, a~iclior trciichcs. etc. A l l  surveying and base inaps required for the 
dcvclopment o f  the rccortl t l~x\v i~ igs \\ill be prepared hy tlie (:o~itractor. The <'()A tiianagcr must 
review atltl verily that its-huilts ilrc correct. As-huilts wi l l  he iilcluded in the li l ial co~istruction report. 




