
Joshua Yung, Structural EIT

1

Nor Any Drop To Drink
S e i s m i c  A n a l y s i s  o f  t h e  C e d a r  R i v e r  P i p e l i n e  S y s t e m



B E F O R E  W E  B E G I N … .

• What is  l ique facti on?

• Per the  Uni ted  S ta tes  

Geo logi cal  Survey:  

“L ique fac ti on  takes p lace  when 

loose ly packed,  water - logged 

sed iments at  or  near  the  gr ound 

sur face lose  the ir  st reng th in  

response  to  st rong  ground 

shaking .”

• Ar eas most  suscepti bl e to 

l i que fact ion :

• High groundwater

• Inf i l led land

• Locat ions ad jacent to bod ies o f 

water  (marshes,  r ive rbeds,  e tc )

Liquefaction from the 2001 Nisqually Earthquake 

(source: Washington Department of Natural Resources)



B A C K G R O U N D

• The Cedar R iver  Watershed (managed 

by Seat t le  Publ ic Ut i l i t i es )  conveys 

water  to  approximate ly 1 .6 m i l l ion  

peop le  i n the  Seatt le  met ro  a rea

• Water  i s conveyed via  g ravi ty - fed  

t ransmission  ma ins from the Ches te r  

Morse Reser vo ir  in  the Cascade Range

• Near downtown Renton , the  Cedar 

River Pipe l i ne  sys tem (CRPL) consists 

of (3 )  r ive ted  stee l  p ipe l ines:

• CRPL 1:  66 - inch  di ameter, 

const ruc ted  c irca  1920

• CRPL 2:  51 .5- inch  di ameter, 

const ruc ted  c irca  1920

• CRPL 3:  66 - inch  di ameter, 

const ruc ted  c irca  1930

Cedar River Watershed (source: kingcounty.gov)
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• I n  t h e  e a r l y  2 0 t h  c e n t u r y,  t h e  La k e  Wa s h in g t o n  S h i p  C a n a l  wa s  c o n s t ru c te d ,  c o n n e c t in g  L a k e  Wa s h i n g to n  t o  

P u g e t  S o u n d ….

• . . . . w h ic h  p e rma n e n t l y  l o w e re d  th e  l a k e  l e v e l… .

• …. c a u s in g  th e  B la c k  R iv e r  t o  d r y  o u t .

• T h e  C R P L a l i g n m e n t  w a s  c o n s t ru c t e d  o v e r  t he  fo r me r  B la c k  R iv e r  c h a n n e l ,  w h i c h  w a s  t h e n  b a c k f i l l e d .

P I P E L I N E  D E S C R I P T I O N

Cedar River Pipeline 

(CRPL) Alignment In 

Downtown Renton

(source: SPU)
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• R iv e t e d  s t e e l  p ip e

• B a r r e l s  c o n n e c te d  b y  s i n g le  l i n e  o f  

r i v e t s  a t  g i r t h  j o in t s

• S p a c in g  u n k n o w n

• C R PL  1  &  3  a r e  p i e r - s u p p o r t e d  a c r o s s  t h e  

le n g t h  o f  t h e  B la c k  R iv e r  C h a n n e l

• F i l l  d e p th :  a p p ro x .  2  f e e t

• P ie r  s p a c i n g :  1 5  f e e t

• P ie r  d e p th :  u n k n o w n

• C R PL  2  wa s  in s t a l l e d  b e f o re  C R P L 1  a n d  3  

a n d  i s  d i r e c t l y  b u r ie d  b e lo w  t h e  f o rm e r  B l a c k  

R iv e r  c h a n n e l

• F i l l  d e p th :  a p p ro x .  1 0 - 1 5  f e e t

• P ie r  d e p th s  a re  u n k n o w n ;  m a y  re s t  u p o n  

l i q u e f i a b le  s o i l s  ( a l l u v i a l  f i l l )  O R  e x t e n d  in t o  

b e d ro c k  (R e n to n  F o rm a t i o n )

P I P E L I N E

D E S C R I P T I O N

CRPL 1, 2, & 3 Cross-Section at Black River Channel
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CRPL 1, 2, & 3 Profile at Black River Channel (source: Seattle Public Utilities)



ANALYS IS



A N A L Y S I S

• SPU h ir ed  Stan tec  to  per form a 3D 

f in i te e lement ana lysis  o f  the  CRPL 

p ipel ines  to  con f i rm the  r i sk o f 

l i que fact ion - induced fa i l ure

• Mode l was const ruc ted  usi ng  SAP2000 

st ructur al  anal ysis  sof tware

• Per Amer i can L i fel ines  Al l iance  ( ALA 

guide l i nes,  non - l i near  anal ysi s is not  

appropr ia te  fo r  r iveted p ipel ines

• I f the p ipes  exper ience 

longi tud inal  l oad ing tha t  exceeds 

the  r ive t  st rength….

• ….the  r i ve ts  w i l l  fai l  be fore  the  

p ipe barr el  y ie lds.

CRPL 2 Girth Joint Test Sample (source: SPU)



L I M I T I N G  C R I T E R I A

• Per ALA gu idel ines , non - l i near anal ysi s 

(aka  anal yzi ng  fo rces with in  a  st ruc tu re  

beyond the p last ic l imi t)  i s no t  

appropr ia te  fo r  r iveted p ipel ines

• In o ther  words:  the  r i ve ts  a re  

expec ted  to  fa i l  befo re  the p ipe 

barr el  y ie lds

• There fo re,  a l i near ana lysi s was  

perfo rmed wi th  the  resul ts  checked 

accord ing to the fol lowing  l im it  cr i te r ia :

• Stra in  at  fa i l ur e = 0 .145%

• L im it  based upon dest ruc ti ve  test ing 

o f r i vet  sample  f rom CRPL 2

• Locat ion  o f  g ir th  jo in ts  i s 

UNKNOWN

Girth Joint Layout for CRPL 1, 2, & 3 (source: SPU)



M O D E L I N G  A S S U M P T I O N S

• 300 fee t o f  each  p ipe l ine  was ana lyzed

• 100 ft  upst ream,  downs tr eam o f  B lack River  Channe l

• 100 ft  w i thi n B lack River  Channe l

• Mul ti - l i near spr ing e lements used to  mode l so i l  supports

• Pin supports a t p ie r  l ocat ions

CRPL 2 Pipe Profile Analyzed in SAP2000



M O D E L I N G  A S S U M P T I O N S

• Mesh si ze:

• 1 ’ x 1’  (approx imate)  she l l  

e lements

• Th ickness:  9 /16”

• Boundary cond it ions:

• Rota t iona l l y- rest ra ined

• Vert ica l ly - f ree

• Spr i ngs cons ist  of  axia l ,  

t ransverse,  and  long itudina l 

so i l  l ink supports  

• Spr i ng  st i ffness  cal cu la ted  

accord ing to ALA gu ide l ines

• Es timated  di sp lacement app l i ed  

to each so i l  node

CRPL 1 & 3 Pipe Profile Analyzed in SAP2000 (soil springs in 

Black River Channel not shown for visual clarity)
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S E T T L E M E N T  C O N D I T I O N S

• Mode l 1:  Assumes the  pi pe  is supported  by  p ie rs  that  ex tend below the  

l i que fi ab le  layer  i nto  the  Renton  Format ion

• Pier s do  NOT d isp lace ,  on ly the  so i l  surround ing the p ipe

Model 1: Deformed Pipe Shape
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S E T T L E M E N T  C O N D I T I O N S

• Mode l 2:  Assumes  the p ipe is  supported by p ie rs tha t do not  extend  be low the 

l i que fi ab le  layer  and i nstead rest  upon  na t ive  al luvium soi ls

• Pier s and  p ipe  d ispl ace  concur ren t ly;  pi pe  and  p ie r  rema in  in  con tac t pos t -

se ismic

Model 2: Deformed Pipe Shape
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S E T T L E M E N T  C O N D I T I O N S

• Mode l 3:  Assumes  the p ipe is  supported by p ie rs tha t do not  extend  be low the 

l i que fi ab le  layer  and i nstead rest  upon na t ive  al luvium soi ls,  however ….

• Pier s and  p ipe  do  NOT di sp lace  concurrent ly,  w ith  the  p ie r  exper iencing  

g rea ter  degree  o f  set t lement  than  the  p ipe

• Pipe  loses contact  w i th  pi ers ; vo id  forms underneath  the  bur ied  p ipe

Model 3: Deformed Pipe Shape
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S E T T L E M E N T  C O N D I T I O N S

• Mode l 4:  Assumes  the p ipe is  supported so le ly  by the  so i l ,  and  therefo re  

exper i ences se t tl ement  equal  to  tha t o f the  surround ing so i l  l ayers

• App l ies onl y to  CRPL 2  (no p ie r  supports)

Model 4: Deformed Pipe Shape



L O A D I N G  C R I T E R I A

• Dead Load (se l f -weigh t )

• Soi l  Load:  ver ti ca l  so i l  p ressure over 

p ipe

• Flu id  Load:  weigh t  o f  water  w ith in  p ipe

• Inte rnal  p ressure : 200  ps i  (servi ce 

condi ti ons)

• No l oad  factors !

Section of Analyzed Pipe with Loads and Boundary Conditions



D I S P L A C E M E N T  M A G N I T U D E S
• D is p l a c e me n t s  b a s e d  u p o n  g e o t e c h n ic a l  b o r i n g s  t a k e n  b y  

H WA i n  2 0 2 5

• M a g n i tu d e s  ra n g e  f r o m  0 .4  i n c h e s  t o  o v e r  4  i n c h e s

• P ro b l e m:  l i q u e fa c t i o n  i s  h ig h l y  d i f f i c u l t  t o  p re d i c t  wi t h  

a c c u r ac y !

• S o lu t i o n :  ( 3 )  s e t t l e me n t  c a s e s  w e re  a n a l y z e d  i n  e a c h  

m o d e l

• C a s e  1 :  U n i f o rm  S e t t l e m e n t

• S o i l  a ro u n d  p ip e  e x p e r ie n c es  t he  s a m e  

d is pl a c e m e n t  t h ro u g h o u t  t h e m o d e l

• C a s e  2 :  D i f f e re n t i a l  S e t t l e m e n t ,  B o r i n g  L o c a t io n s

• S o i l  d i s p la c e m e n ts  a p p l i e d  to  s o i l  n o d e s  i n  mo d e l  

b a s e d  o n  re l a t i v e  l o c a t i o n  to  b o r in g s

• C a s e  3 :  D i f f e re n t ia l  S e t t l e m e n ts

• D is p l a c e me n t  m a g n i t u d e s  a p p l i e d  t o  m a x i mi z e  

s t r a in  a t  c r i t i c a l  p i p e  l o c a t i o ns

• E x a m p le :  a t  C RP L  1  &  3 ,  s o i l  d i s p la c e m e n ts  o f  

4 .0  i n c h e s  a p p l i e d  w i t h in  Bl a c k  Ri v e r  Ch a n n e l ,  

d e c re a s i n g  t o  0 . 4  i n c h e s  o u t s id e  c h a n ne l

SAP2000 Model of CRPL Mesh with Displacements 

at Soil Nodes



RESULTS



19 CRPL 1 & 3 Strain Maxima for Settlement Case 1 (values shown x 10^-3)

Maximum strain =  1.12% 
(tensile)

R E S U L T S



20 CRPL 1 & 3 Strain Maxima for Settlement Case 2 (values shown x 10^-3)

R E S U L T S

Maximum strain =  0.53% 
(compressive)



21 CRPL 1 & 3 Strain Maxima for Settlement Case 3 (values shown x 10^-3)

R E S U L T S

Maximum strain =  2.16% 
(tensile)



O B S E R V A T I O N S
• A l l  t h re e  p i p e l i n e s  w e re  fo u n d  t o  h a v e  

lo c at io n s  w h e re  t h e  r u p tu re  s t r a in  o f  t h e  r i v e t s  

w a s  e x c e e d e d

• S t r a in s  we r e  c o n c e n t ra te d  w i t h in  t h e  B l a c k  

R iv e r  C h a n n e l  f o r  a l l  t h re e  p i p e s

• F o r  C RP L  1  &  3 ,  h ig h e s t  s t r a in s  o b s e rv e d  fo r  

m o d e l in g  c o n d i t i o n  wh e r e  v o i d in g  o c c u rs

• H o we v e r :  s t r a in s  s t i l l  e x c e e d e d  r i v e t  

c a p a c i t y  f o r  mo d e l in g  c o n d i t i o n s  wh e r e  

p ie r s  a n d  p ip e  r e ma i n  i n  c o n t a c t

• R e a s o n :  f o r c e s  c o n c e n t ra te  a t  l o c a t io n s  

o f  h ig h e s t  s t i f f n e s s

• I n  o th e r  w o rd s ,  s t r a in s  w o u ld  d e c re a s e  i f  

t h e  p ip e s  w e re  e n t i r e l y  s o i l - s u p p o r t e d

• M o d e ls  ON LY a c c o u n t  f o r  t h e  v e r t i c a l  p o s t -

s e i s mi c  p o s i t i o n  o f  t h e  p ip e

• M o d e ls  DO  NO T  a c c ou n t  f o r  t h e  a c tu a l  

g ro u n d  mo t io n  d u r in g  a  s e i s mi c  e v e nt

• M o d e ls  DO  NO T  a c c ou n t  f o r  h o r i z o n t a l  

d i s pl a c e m e n ts

Maximum strain = 
0.69% (compressive)

CRPL 2 Strain Maxima for Settlement Case 3 (values shown x 10^-3)



I M P L I C A T I O N S
• P ac if i c  No r thwes t  is  severe ly  unde r -

p rep ared  fo r  a  la r ge  ear thqu ake

• E ve n i f  we  can  de si gn  our  t rea tm ent  

and  f i l t ra t i on  fac i l i t ie s t o  wi ths tand  

se i smic  fo rces….

• …. there  is  no  gu aran tee  th a t  our  

o l der  p i pe l in es  ca n  s t i l l  t ransmi t  

wa te r  to  a f fec ted  po pu la t ions

• E nsur in g  the  se i sm ic  r es i l i ence  o f  our  

wa te r  t r ansmi ss i on  l in es  co u ld  b e  the  

d i ff e r ence  be tween m onths  and  years  

o f  recover y.

• Th i s  ana l ys is  p r ov ides  a  f r amework  

fo r  assess i ng  our  l egacy  sys tems  w i th  

the  m odern  ana ly t i ca l  t o o ls  a t  ou r  

d i sposa l Seismic-Induced Pipeline Failure at Crystal Springs from 

1906 San Francisco Earthquake (source: California 

Department of Conservation)



Q U E S T
I O N S ?
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