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1 treaties or bilateral agreements as might be appropriate, vessels discovered with contraband salmon on

2 board, with such vessels to be sequestered in United States pons until disposition by the Federal Courts.

3 C O P I E S  of this resolu-ion shall be sent to the Honorable James A. Baker, III, Secretary of the

4 U.S. Department of State; to the Honorable Robert A. Mosbacher, Sr., Secretary of the U.S. Department

5 of Commerce; to the Honorable Samuel K. Skinner, Secretary of the U.S. Department of Transportation;

6 and to the Honorable T e d  Stevens and the Honorable Frank Murkowski, U.S. Senators, and the

7 Honorable D o n  Young, U.S. Representative, m e m b e r s  of the Alaska delegation in Congress.
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Senator Paul Fischer 
Senate District D 
Box 784
Soldotna, Alaska 99669 
(907) 262-9420 W 

262-9269

A l a s k a  S t a t e  L e g i s l a t u r e

Whilo in Juneau
P.O. Box V
Juneau, Alaska 99811 
(907)465-3791

S t a t e  S e n a t e

M E M O R A N D U M

T O :

F R O M :

S U B J E C T :

S e n a t o r  L l o y d  J o n e s ,  C h a i r m a n  

S e n a t e  R e s o u r c e s  C o m m i t t e e

S e n a t o r  P a u l  F i s c h e r

S e n a t e  C o n c u r r e n t  R e s o l u t i o n  1 8

( r e l a t i n g  t c  t h e  s a l e  a n d  t r a n s f e r  o f  s u r p l u s  

A l a s k a  w a t  r  t o  C a l i f o r n i a )

D A T E : M a r c h  1 9, 1 9 9 1

I w o u l d  a p p r e c i a t e  y o u r  s c h e d u l i n g  t h e  a b o v e  r e f e r e n c e d  r e s o l u ­

t i o n  f o r  a  h e a r i n g  b e f o r e  t h e  S e n a t e  R e s o u r c e s  C o m m i t t e e  a t  y o u r  

e a r l i e s t  p o s s i b l e  c o n v e n i e n c e .

I h a v e  a t t a c h e d  b a c k u p  i n f o r m a t i o n  f o r  t h e  c o m m i t t e e  f i l e s .  A  

f i s c a l  n o t e  h a s  b e e n  r e q u e s t e d  a n d  s h o u l d  b e  f o r t h c o m i n g  f r o m  

t h e  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s .

Y o u r  c o n s i d e r a t i o n  w o u l d  b e  g r e a t l y  a p p r e c i a t e d .

P A F / s g n

A t t a c h m e n t s
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IN T H E  L E G I S L A T U R E  O F  T H E  S T A T E  O F  A L A S K A  

S E V E N T E E N T H  L E G I S L A T U R E  - F I R S T  S E S S I O N

B Y

Offered:
Referred:

Sponsors): SENATOR FISCHER

A  R E S O L U T I O N

1 Encouraging G o v e r n o r  Hickel to w o r k  in cooperation with the State of California a n d  the

2 United States Congress to arrange for an initial feasibility study of a n  Alaska-Califomia

3 fresh water pipeline.

4 B E  I T  R E S O L V E D  B Y  T H E  L E G I S L A T U R E  O F  T H E  S T A T E  O F  A L A S K A :

5 W H E R E A S  the shortage of w a u  r in California has b e c o m e  an increasingly serious problem for

6 its citizens, businesses, and agricultural interests; and

7 W H E R E A S  fresh river water that is surplus to the needs of Alaska is presently flowing into the

8 Pacific Ocean from Alaska while parts of California are suffering critical water shortages; and

9 W H E R E A S  Governor Hickel has publicly announced his interest in sharing Alaska’s i m m e n s e

10 renewable surplus of fresh water by piping the resource to the states on the west coast; and

11 W H E R E A S  m o d e m  technology and engineering capabilities m a k e  it feasible to construct a fresh

12 water pipeline extending from Alaska to California; and

13 W H E R E A S  an interstate compact agreement between Alaska and California could be executed

14 to arrange for the sale of the water and the construction of the pipeline; and

15 W H E R E A S  A s s e m b l y w o m a n  Lucille Roybal-Allard has introduced into the California Legislative

16 Assembly Concurrent Resolution 31, which urges California Governor Pete Wilson to direct the
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1 immediate start of an initial feasibility study for the construction of the Alaska-Califomia pipeline; and 

2 * 0 9 ^  W H E R E A S  H.R. 1600, which has been introduced by Representative E d w a r d  R. Roybal into the

3 U.S. Congress, would request the U.S. Secretary of the Interior, acting through the U.S. Bureau of

4 Reclamation, to conduct an initial feasibility study for the pipeline; and

5 W H E R E A S  Representative E dward R. Roybal has also introduced H.J.R. 186, which would

6 request the President of the United States to conduct an initial feasibility study for the pipeline; and

7 W H E R E A S  the diversion of Alaska water to the areas in California that are experiencing severe

8 water shortages would greatly benefit the growing population of California and its agricultural and

9 industrial concerns, and the proceeds from the sale of tne water to California would benefit the citizens

10 of Alaska;

11 B E  I T  R E S O L V E D  that the Alaska State Legislature encourages Governor Hickel to w o r k  in

12 cooperation with the State of California and the United States Congress to arrange for an initial

13 feasibility study of an Alaska-Califomia fresh water pipeline.

C O P I E S  of this resolution shall be sent to the Honorable George Bush, President of the United

15 States; the Honorable D a n  Quayle, Vice-President of the United States and President of the U.S. Senate;

16 the Honorable T h o m a s  S. Foley, Speaker of the U.S. House of Representatives; the Honorable M a n u e f

17 Lujan, Jr., Secretary of the U.S. Department of the Interior; the Honorable George Mitchell, Majority

18 Leader of the U.S. Senate; the Honorable J. Bennett Johnston, Chair of the U.S. Senate Committee on

19 Energy and Natural Resources; the Honorable Ernest F. Hollings, Chair of the U.S. Senate Committee

20 on C o m m e r c e ,  Science and Transportation; the Honorable Quentin N. Burdick, Chair of the U.S. Senate

21 Committee on Environment and Public Works; the Honorable George Miller, Vice-Chair and Acting

22 Chair of the U.S. H o u s e  Committee on Interior and Insular Affairs; the Honorable Robert A. Roe, Chair

23 of the U.S. H o u s e  Committee on Public W o r k s  and Transportation; the Honorable Pete Wilson, Governor

24 of the State of California; the Honorable T e d  Stevens and the Honorable Frank Murkowski, U.S.

25 Senators, and the Honorable D o n  Young, U.S. Representative, m e m b e r s  of the Alaska delegation in

26 Congress; the presiding officer of each house of the California State Legislature; the m e m b e r s  of the

27 California State Legislature; the Honorable Kenneth Hahn, County of Los Angeles Board of Supervisors;

28 and to the Honorable Dennis B. Underwood, Commissioner of the Bureau of Reclamation in the U.S.

29 Department of the Interior.

4 \
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. r . u im o  u g d l l l S t  p o l i c e
over the past five years.
The most striking thing about the 

statistics may be how much they 
vary, suggesting the colossal propor­
tions of the task facing the U.S. Jus­
tice Department. The agency was or­
dered by At orney General Dick 
Thornburgh ir. the wake of the Los 
Angeles incident to review the use of 
force by police nationwide.

The figures that are available 
from local law enforcement agencies 
for the past five years only prove the 
futility of jumping to any conclusions 
about trends in police brutality.
There has been a rising number of 

complaints by residents of Cincin­
nati, Honolulu, Chicago, and Roches­
ter, N.Y. There have been fewer 
complaints in San Francisco and 
New York. And the number has fluc-

caitimore; Richmond, Va.; Oklaho­
ma City, and Boise, Idaho.
The Rodney King beating, cap­

tured on video by an amateur, in­
stantly made police brutality a na­
tional issue, and police beatings else­
where in the past few weeks have re­
ceived far more attention than they 
might have otherwise.
In Columbus, Ohio, the American 

Civil Liberties Union said it has been 
getting double its usual number of
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O u t l o o k  

f o r  W e s t  

s t i l l  d r y

By RANDOLPH E. SCHMID
THE ASSOCIATED PRESS

- W A S H I N G T O N  -  Despite re­
cent storms, drought threatens 
'much of the West as the dry sum­
mer season approaches, federal 
water experts said today.
•' Dry conditions have plagued
California for some five years and 
•the outlook for this year “ is not 
good news,” said Frank Richards 
of the National Weather Service.
• “ Basically, what they’ve done
is they’ve run up quite a (water)
deficit. You’re not going to pay 
that off with one or two major 
storms,” Richards said in issuing 
the annual spring report on the na­
tion’s water supply.
Originally a flood report, the 

water outlook this year concentrat­
ed much more on persistent dry 
conditions in California, Nevada, 
Utah, Oregon and North Dakota.
The Missouri and Colorado riv­

er systems face water shortages as 
well as the West Coast, the report 
said.
For the record, states along the 

Eastern seaboard from mid-New 
Jersey south to northern Florida 
and west to the Mississippi River 
basin face potential flooding, if 
strong storms should occur.
While recent storms have only 

raised California reservoirs to half 
full, at best, there have been bene­
fits, Richards said.
For example, the rains have re-

Before and after: The Gibraltar Reservoir in Southern 
California’s Santa Baibara County was bone-dry in April 1990, top. 
but overflowing alter rdins iusl vvoOn, ooltoiii. Still, loieocislers say 
recent storms are not enough to end drought conditions.

duccd the forest lire potential in 
the West and have moistened soils 
enough to allow future snowmell 
runoff to add to reservoirs when il 
arrives.

But major water supply prob­
lems continue, caused by the natu­
ral variability of weather coupled 
with the rising population of Cali­
fornia and increasing demand.
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L.A. takes 
look at 
water line
County hires 
engineers to 
study proposal
By RALPH THOMAS
THE JUNEAU EMPIRE

Gov. Walter J. Hickel’s vision of a 
double-barreled freshwater pipeline 
from Southeast Alaska to California 
is getting some serious attention in 
parched Los Angeles.

Hickel received a letter this week 
from a l/is Angeles politician who 
has convinced the county to hire an 
engineering firm to study the pipe­
line idea and provide a cost estimate 
for the 2,000-mile supply line.

The idea has been around for a 
long time, but started getting re­
newed attention after Hickel men­
tioned it in January at a National 
Press Club luncheon in Washington,
D.C.

California has been suffering 
through a long drought and numer­
ous local governments there have 
imposed water-use restrictions dur­
ing the past year.

In a letter to Hickel, Kenneth 
Hahn, a Los Angeles County supervi­
sor, said the engineering study' was 
approved unanimously by the five- 
member Board of Supervisors last 
weekend.

“I am very optimistic about this 
proposal and I look forward to meet­
ing you in person in the near future," 
Hahn wrote.

Hahn also said he had asked sev­
eral county officials -  including the 
public works director and the coun­
ty’s chief administrator -  to visit 
Hickel in the near future.

Victoria Pipkin, a press aide for 
Hahn, said county officials already 
have made travel plans to Alaska, 
but she didn’t have any details.

Pipkin said the idea is getting se­
rious consideration in California, not­
ing it has been the topic of at least 
two front-page stories in the Los An­
geles Times'.
■fi

^'imes. She said she hadn't' 
.sal, 

be
leard anyone ridicule the 

but said there certainly wil 
doubters.

"Don't you guys have a pipeline 
up there'’" she said. "I’ll bet a lot of 
people said that was impossible, 
too."

Hickel has suggested a twin set of 
20-foot-diameter plastic pipelines 
that could be laid on the ocean floor 
from Alaska to California. Under his 
idea, walcr would be captured from 
Alaska rivers and pumped through 
the pipeline._______
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^ 'concre te  ; bunkers,: .and- when/.- slowed down the a ir  campaign by
p lan es began s tr ik in g  

Iraq i p ilo ts began
about a week. Also bogging down' 
the operation was the gulf region’s

t o  t a p
I , lUl'JhA. I .*>

p l a n  

B . G / w a t e r
■ ■ iift • m- >:V*. ’ ■ .
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By MARIA L. LA GANGA works, b u t -w on 't get the
Los Angeles Times,

GOLETA, Calif. -  With 
its back to  the w all and th e  - 
fa te of a $52 m illion agricul­
tu ra l industry  a t stake, the 
Goleta W ater D istric t select­
ed a company early  F rid ay  
morning to ship Canadian 
w ater to th is th irs ty  San ta 
B arbara County coastal com­
m unity by supertanker, the 
firs t tim e such a drastic ac­
tion has been taken  in th e  ' 
United S tates; ;

But contract negotiations 
w ith  the company th a t w as' 
chosen and a complicated 
perm it process s till s tand  
between Goleta and the cost-

d is t r ic t  e n o u g h , w a te r  in  
enough tim e. ', 't ij
. U nd e r n o rm a l circum-"1 . 

stances, the w a te r d istric t, ,• 
uses 16,000 acre feet of w a te r1 
each year. Today, its  70,000 . ; i: 
re s id en ts  a re  scrap ing  by! 
w ith  10,000. M andatory ra-’j ‘V! ’*! 
tioning has been in place for 
nearly  two years. Desperate y 
avocado growers have begun 
cutting down trees because 
of the drought. So in Goleta, 
Canadian w ate r is not con­
s id e red  exo tic , b u t neces-., 
sary . •-. 5

•g*’' "Exotic is something t h a t * 
occurs when you have a v a r i - .

. . . „  ... , .  ety of alternatives, and y o u '( •
y y ,  »9°* have th e  resources to exer- '

*v '• c*se your fancy,” said Pat-". ;.We a re  c o m m itte d > to  , . r ick Mylod, one of five d i s / "  ►"« moving anftfld w ith  th is .”. ...    it_ t*1*. i ’- '
said 
dent
board. “The main’ th ing  th a t > of'bus'iiTeVs for“ 
would stop us is the p e rm it-• v„„«. <> ■.. i . . . . .* •l.ycttTb. . v. . .£• : . i. ■ :ting  process, which is h o r r i fy v . ^  d istric t p lans to  shlp

. . t v  !? naa happen ^  estim ated 7,500 acre feetw nh in  the nex t year, be- . Qf wate r a  y ea r from  B ritish
Columbia, an area th a t aver­
ages more than  150 inches of . 
ra in fall annually , compared 
to G o le ta ’s s ix  inches in 
1990. . v-  . w. I;

Ships loaded w ith  Canadi— 
an  w ater would dock a t an |

cause a year from May our 
re se rv o ir , L ake Cachuma, 
w ill be d ry .” v:>CV

If Lake Cachuma runs dpr 
and no new w ate r is ava il­
able, several board members 
said, there would be enough 
w a te r for u rban use, bu t
agricu ltu re would have to  b e a s -y e t-u n sp e c if ie d  spot near, 
cut off... The result; $52 m il-., p°!,e ta  and d epo s if t h e i r ^  : 

,~ lig n  in lost*crop value and- loads in to a .p ipeline ^that

tl u w *  ^  £. fdVORK M A N O U U N  / A » o o . l « a v r

| Jpre BriseixiJrl^nVandrLaurence Powefiriwb of the)!. 
eles police.officers,jndicted Friday for beating k,  
^arrive arcourt.MoJiear charges against them /'
t. ». tV : M  &  <*• - •

FT

750 to 800 lost jobs. -.
; Faced w ith  its reservo ir 

running dry, Goleta chose 
w hat many consider to be an 
o u tland ish  rem edy . O th e r 
options, such as jo in ing San­
ta  B arbara in constructing a 
desalination p lan t are in the 
. . .  . . . . . .

would tak e  the w a te r 16 the 
yd is tr ic t ’s tre a tm en t p lan t.:.’ 
•' There it would be distribut-?. 

ed v ia normal channels. -. r
The project, which could 

run  up to seven years, would 
cost more than  $22.5 m illio n1, 
annually . V * .' i
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Californians Faced with 
$13 Billion Budget Deficit

SACRAMENTO, Calif. (AP) — 
An unparalleled S13 billion budget
deficit over two years, with roots in

, the Proposition 13 tax rebellion,
, means residents of the nation's most
• populous state will soon be paying
i more for less.

“ We could close all our state uni- 
, versitics, we could open all our pris-‘
i ons, we could eliminate our entire

suite workforce — and we would still
> i.ot close this gap," said Gov. Pete
: Wilson.
: The projected shortfall is the largest

ever faced by any suite, according to
> the Department of Finance.

Californians could be paying higher 
sales taxes, higher liquor and motor 
vehicle taxes and higher college tu­
ition. One proposal would tax services,

• such as those provided by attorneys,.
. architects and plumbers. }

_Eublic schools and .colleges willf, 
likely have larger classes and fewer/ 
courses, teachers and state workers 
could lose their jobs, and fewer 
health, mental health and welfare pro­
grams will be available for the poor.

Last July, lawmakers thought the 
current year’s $55 billion budget was 
balanced with a S1.4 billion reserve. 
Instead, there will be a record S3.6 
billion deficit by the time the fiscal 
year ends June 30.

And next year’s proposed budget, a 
S55.7 billion spending plan for 1991- 
92 which Wilson proposed in January 
and takes effect July 1, is projected to 
have a deficit of more than S9 billion.

The crisis already prompted Stan­
dard & Poor's Corp. to place the state, 
which has had top credit ratings from ’ 
the three main New York bond hous- J 
cs, on a credit watch. That means the i 
rating agency is considering reducing I  
the state’s AAA rating. f

“ The numbers have gotten larger! 
and we have seen little or no action to I 
reduce that gap. That’s what troubles! 
us.” said Richard Larkin of S&P. > 

Determining what taxes to raise and I 
what services to cut presents a daunt- |  
ing challenge to the Republican gov- ] 
cmor and the Democrat-dominated 
Legislature.

Wilson and most legislators agree 
fast action is needed. He has asked for 
passage of a budget plan by May 1. 
While lawmakers arc skeptical they 
can meet that deadline, leaders hope I 
they can reach agreement before the I
fiscal year begins................. t ’ f

"W hat we're talking about is-ag- 1  
giavating the situation by any delay," 1 
Wilson said. “ If we do not begin ! 

I making the cuts, the hole grows deep- I 
er."

Wilson and most legislators agree 
that filling the gap will require a com­
bination of deep cuts and sizable tax 
increases, since the budget cannot be 
realistically balanced by either taxes 
or cuts alone. j

Wilson has already begun closed- I 
door negotiations with the top four 
leaders of the Legislature. Passing a 
budget requires a two-thirds vote in i 
each house.



W a t e r  p i p e l i n e  

f i n d s  a  b a c k e r

i n  W a s h i n g t o n

finds a baci'er
Continued from Page B-1

grcssionnl a ides to  an sw er 
questions w ith  stunned s i­
lence.

But some staunch water- 
Iransfer critics from Pacific 
Northwest delegations say 
pumping w ater south from 

'  AdasipT will only feed CaTi-
lt and u lt im a te ly sap~~TKe~ 
P acific NortTiwesf.

"To go from  A lask a  to  
C alifo rn ia , you have to  pass 
t h rough the~PgclftC~TTortn-

occo, “D-TcTah o".~ "CaTIFornTa 
has coveted flier w ate r in the 
Northwest for a long time. 
But the Columbia and the 
Snake are working rivers, 
used for hydroelectric pow­
er, shipping, navigation and 
for crops. . . .  We’re strapped 
as it is."

Rep. Jim  McDermott, D- 
Wash., agreed, saying Cali­
fornia should seek to solve 
i t s  w.at erujsejpro bicm s inter- ~ 
nally before re~acHing~north 
for .additional sto res" ~ 

B o th  law m ak e rs  say  
build ing an Alaska-Califor- 
nia pipeline would open the 
door to siphoning off Colum- 
bia R iver w ater "which ~ 
Northwest lawm akers for 40 
y ea rs  Have fough t. Jaince 

~ 19B5~, federal agencies have 
~been p e rm an en tly  ba rrecT 
from even _studymg_CoIum-_ 

■~bia R iver w ater TransferFlcT 
California. *

A spokesm an fo r Rep. 
Pete DeFazio, D-Ore.p said 
the law m aker would only 
"shake his head and sm ile" 
at th e pipeline project.

“Many w a te r  d iv e rs ion  
p ropoJS  Is s t r ik e  m any" 
Norfhwesterners as funda­
m en ta lly  s c rew b a ll ,” sa id  
De-Fazio sp o k e sm an  Bob 
H ennessey. "B u t send ing  
N o rthw e s t 'w a te r  to  people 
who choose to live in a 

~~~€ali'famt5~^&asta~rdesert so . 
they "can keep th eir" lawns 
green and~fiot tub s~fuir~!.. 
'doesnT*seerii to be a 
efficient "use 01 w nat's 

, coming~a "scarce resource.

W A T E R :  P l a n

By BRIGID SCHULTE
Stales News Service

WASHINGTON -  I t ’s be­
ing called the Mother of All 
Water Hoses.

Whatever the nomencla­
ture, and despite the rolled 
eyes and snickers, A laska 
Gov. Wally n icke l's  massive 
vision of a freshw ater p ipe­
line running along the ocean 
floor from A laska to Califor­
nia has just got its first 
foothold in Congress.

Rep. Edward Roybal, a 
C alifo rn ia Democrat from  
drought-ridden Los Angeles, 
last week introduced a little- 
noticed resolution calling for 
a fe a s ib ility  s tudy  fo r a 
2,000-mile-long North Ameri­
can W ater T ran s fe r E ng i­
neering Facility. If adopted, 
the study would be complet­
ed by September.

The resolution noted that 
the southward flow of w ater 
in the pipeline would be 
"enhanced in its long jou r­
ney by the E a rth ’s ro ta tio n ,” 
which would lessen the need 
fo r m ech an ic a l p um p  
stations. It also left open the 
possibility of tapping fresh 
w ater resources along the 
way, in the fiercely pro tect­
ed Columbia R iver basin.

This week, Roybal, a 14- 
term  law m aker w ho met 
here w ith Hickel recently, is 
expected to attach the study 
in the form of an amend­
ment to the emergency Cali-

of plan
fo r n ia  d ro u g h t  b i l l  tl 1 
H ouse w ill deba te . ’

R oybal sa id  th a t  th e  "i I 
n o v a t iv e ”  p ip e lin e , to  I j 
p lanned , financed  and  op t; 
a ted  b y  a a .in te r s ta te  p u b 1! 
p ip e lin e  a u th o r i ty ,  wou j 
p e rm a n en tly  so lve  Calif, i 
n ia ’s w a te r  su p p ly  p ro b le r  >

A lth o u g h  H ickel has mi f 
tio n ed  b u ild in g  such a pi;.' 
line along th e  continen ' 
sh e lf fo r m ore th a n  20 yei 
th e  idea  is s t i ll  new  enoi 
— and ou tland ish-sound  
enough — to  cause m ost c

Please see Page B-3, WA
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ion prepares to launch an airfoil kite 
Sandy Beach in Douglas as area resi- 

yod perfect kite-flying w eather -  sunny

III1IAN W A IUC t'JUM fAU EMPIRE

and breezy. According to the National Weather 
Service, however, clouds will return tonight with 
occasional rain predicted for Tuesday.
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P i p e  d r e a m ?  H i c k e l  p r o p o s e s  

w a t e r  l i n e  t o  p a r c h e d  C a l i f o r n i a

By LEE DYE
LOB ANGELES TIMES

OK. So it sounds a little wild. But 
maybe, just maybe, it would work.

Alaska has more fresh water than 
any other place in North America. 
Southern California has a drought. 
So take two or three billion gallons of 
water out of some of Alaska’s rivers 
each day and ship it down to Los An­
geles through a giant plastic pipe 
laying on the bottom of the ocean.

"It can be done,” said Walter 
Hickel, Alaska's governor, a man 
who carved his personal fortune out 
of the Alaskan economic wilderness 
and likes to dream of "world scale 
projects."

And true to his entrepreneurial 
past, Hickel does not want to give the 
water to California. He wants to sell 
it, but at a reasonable price, of 
course.

The basic concept is fairly simple, 
and some experts said that it might 
be technologically feasible. Others, 
however, say the feat -  involving 
factors like the spin of the Earth -  is 
considerably more complex and

‘Think, of the pipeline 
as a big garden hose. You 
plug it into a river here 
and then you plug it into 
L.A. down there.'

-  James Rockwell, 
Gov. Walter J. Hickel's 

special projects aide

fraught with potential problems.
Beyond that, whether the pipeline 

would be worth what it would gost is 
an unanswered question.

Hickel believes the pipeline could 
be built on the back of a huge barge 
and lowered to the sea floor like a big 
garden hose as the barge moved 
south. And because it would be under 
the sea, the pipeline could be built of 
reinforced plastic instead of the con­
crete and steel that would be needed 
to withstand the rigors of a land 
route.

In addition, laying the pipeline

offshore would sidestep most of the 
environmental and legal problems 
that have blocked many efforts to 
transport huge amounts of water 
over land and across various juris­
dictions, he said.

Hickel has been promoting the 
idea ever since an even more ambi­
tious plan to dam up many of the riv­
ers across North America ran into 
economic and political difficulties in 
the 1960s. No one paid much atten­
tion to Hickel’s proposal until the 
current drought, but as the water 
shortage has worsened, more and 
more experts have begun to treat it 
seriously. The pipeline, however, 
woilld be designed to meet long-term 
water problems in the Southwest, not 
just the current drought.

Rep. Edward R. Roybal, D-Calif., 
has introduced legislation in Wash­
ington that would require a feasibili­
ty study of the proposal. His daugh­
ter, Rep. Lucille Roybal-Allard, D- 
Calif., has introduced a similar reso­
lution in the California Legislature. 
And the Los Angeles County Board of 

Please turn to Water, Page 8
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„  aaiu> mosi nortnern lights
occur 70 miles to 100 miles above the Earth, but the 
red coloration occurs when the electrical storms are 
about 300 miles above the planet, he said.

The aurora borealis usually can be seen only near 
the Arctic Circle, but the lights can be visible farther 
south when large solar flares dump large amounts of

r mu owppea yet, Brown said. 
Fairbanks residents saw a red northern lights dis­

play early Wednesday evening and a weaker red tinge 
was seen Thursday night, he said.

Though the lights are common in arctic regions, re­
ports of the aurora borealis as far south as Georgia 
and the Gulf of Mexico “puts it right up there as being 
one of the really rare ones," Brown said.

Water...
• Contlnuad from Pago 1

Supervisors adopted a resolution in 
support of the studies.

Nobody knows what such a pro­
ject would cost, although one expert 
estimated that it is in the "hundred 
billion dollar class." No one has built 
such a pipeline before, so it is not 
clear just how difficult the techno­
logical problems might be. But some 
believe it is not beyond the realm of 
possibility, at least from a techno­
logical standpoint.

"You can do it technologically, 
but is it economically feasible?" 
asked Nathan W. Snyder, director of 
technology for the Ralph M. Parsons 
Co. of Pasadena, Calif., and one of 
the world’s leading experts on huge 
water projects. And even from an en­
gineering standpoint, “there are a lot 
of problems associated with it," Sny­
der said.

Yet he said that he could not rule 
it out.”........

Let there be no mistake about it, 
though, we are talking Big here.

Hickel envisions two pipelines, 
each 20-feet in diameter, running
2,000 miles from the west coast of 
Alaska to Southern California. Oth­
ers interested in the idea see pipe­
lines 36-feet wide, or even larger.

John Dracup, professor of civil 
engineering at the University of Cali­
fornia, Los Angeles, who believes the 
proposal is “ technologically feasi­
ble," said the "economies of scale” 
\vould dictate the size of the project, 
j Hickel put it more simply.
! First you decide how much water 
^ou need, and then you build a pipe- 
Une big enough to carry it. Hickel 
said in a telephone interview, 
i The economic problem results 
from the relatively low value of wa­
ter. “Water is cheaper than dirt," 
iaid a spokesman for the Los An­
geles Metropolitan Water District, so 
the pipeline would have to move a lot 
of water to generate enough rev­
enues to pay for itself.

Hickel said that Alaska would 
charge only a small fee for the wa­
ter, about "a penny for 20 gallons, or 
whatever." Asked if that would 
mean significant revenues for his 
state, Hickel just chuckled. Assum­
ing the-pipeline moves 2 billion gal­
lons a day, that would add up to SI 
million a day for Alaska.
; But the main cost would be in 
building the pipeline and moving the 
water from Alaska to California.

If the pipeline cost S100 billion, 
find lasted about 30 years, the water 
it would deliver could cost at least as 
much as desalinated water, and that 
ivould make the project economical- 
y doubtful. If the cost could be 
irought down considerably, that 
nargin would improve.

But nobody knows for sure what it 
wild cost, or even if it could be 
one.

Asked what he thinks the pipeline 
ould cost, Hickel said, "1 never got 
to that."

concept is basically "a very

simple idea,” said James Rockwell, 
Hickel's special projects aide.

"Think of the pipeline as a big 
garden hose," Rockwell said. "You 
plug it into a river here and then you 
plug it into L.A. down there.

"You build it off the back of a 
1,000-foot barge in 300-foot sections," 
Rockwell said. "You fit them togeth­
er on the barge, and then you lower it 
into the water.

“So the whole line is laying off the 
back of this barge, and a mile back 
its resting on the ocean floor. You lay 
it down like a big hose,” he said.

The water would come from res­
ervoirs built near the mouth of one or 
more of Alaska’s rivers. Thus the 
water would be captured just before 
it flows into the ocean, so no one in 
Alaska would have to give up their 
water rights.

Once filled with fresh water, the 
pipeline would be lighter than the 
ocean’s salt water and it would tend 
to float, so it would have to be an­
chored to the bottom.

But Parsons’ Snyder sees prob­
lems with that idea.

The continental shelf beneath the 
Pacific “is not a nice, smooth sandy 
bed like a lot of people think," Sny­
der said. “There are some deep 
gorges, and if you put a pipe across 
one of those things you will crack it.”

What if the pipe were to leak a lit­
tle? Rockwell said that it would sim­
ply mean a little fresh water would 
escape into the ocean and cause no 
harm.

However, “the maintenance prob­
lems would be enormous,” said Sny­
der. He envisions robotic submers- 
ibles and diving crews that would 
have to service the entire pipeline. 
Even a small crack could become a 
major problem because the water in­
side would be under considerable 
pressure.

The water probably would have to 
be pumped at the rate of 5 or 6 feet 
per second, and that would create 
pressure within the pipe of around 50 
pounds per square inch.

"When vou get a large pipe, the 
stresses get pretty big,” said snyadr, 
who has worked on major pipeline 
projects around the world.

It would also take a lot of energy 
to pump the water south, possibly
1.000 megawatts, which is equivalent 
to that produced by a major nuclear 
power plant.

Rockwell agrees that the water 
would have to be pumped, but he 
said that the energy required may 
not be us great as some believe be­
cause of something known as the 
"Coriolis effect." That is caused by 
the spin of the Earth, and some be­
lieve the water could be helped along 
by it. It is the same phenomenon that 
causes water to form a whirlpool as 
it swirls down a drain.

The water would be traveling in a 
Southeasterly direction, and the 
Earth spins toward the west. Thus 
the Coriolis effect, according to theo­
ry, would cause the water to move 
down the pipeline as the pipeline it­
self moves west.

Several experts said they doubted

that that would have much of an ef­
fect, but they said that they would 
have to think about it a little more.

That is the sort of question that 
will have to be addressed in a feasi­
bility study like the one sought by 
Roybal. Austin Hogan, an aide to 
Roybal, said the congressman got in­
terested in the proposal after con­
cluding that the idea "is not ridic­
ulous.”

“It’s all off-the-shelf technology," 
Hogan said. He estimated that the 
feasibility study would cost about 
$200,000.

Hickel says he is not troubled by 
the chances that many will brand his 
idea as too ambitious.

“Hell, that’s what they said about 
the (Trans Alaska) oil pipeline," he 
said.

But he quickly added, "We’re not 
pushing it. If they have a water prob­
lem, I’m just giving them an idea of 
how they might solve it."

The proposal is ambitious, he 
said, but that is what the situation 
calls for. > . • i . . :>..m

"You have to think big because 
the problem is big," he added. "You 
aren’t going to solve it in a small 
way."
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P u b l i c a t i o n  Y e a r :  1 9 9 0  o n u m  nucmi-o -r.«-

C O D E N : J W P E D 5  J S S N :  0 7 3 3 - 9 5 0 X  A W S K A  O T O T  L O T W
L a n g u a g e :  E n g l i s h

D o c u m e n t  T y p e :  J A; ( J o u r n a l  A r t i c l e )  T r e a t m e n t :  X; ( E x p e r i m e n t a l ) ;  T;

( T h e o r e t  i c a l )

J o u r n a l  A n n o u n c e m e n t :  9 1 0 3

Absti c t : A n  e x p e r i m e n t a l  s t u d y  i s  c o n d u c t e d  i n  o r d e r  to i d e n t i f y  t h e  

m a j o r  p h y s i c a l  p r o c e s s e s  l e a d i n g  t o  t h e  b r e a k o u t  o f  h a l f - b u r i e d  s u b m a r i n e  

P i p e l i n e s  f r o m  t h e  s e a f l o o r  u n d e r  o c e a n - w a v e  a c t i o n .  B o t h  t h e  h y d r o d y n a m i c  

l o a d i n g  o n  t h e  e x p o s e d  s u r f a c e  o f  t h e  p i p e  a s  w e l l  a s  t h e  p o r e - p r e s s u r e  

d i s t r i b u t i o n  o n  t h e  b u r i e d  s u r f a c e  w e r e  m e a s u r e d .  T h e  r e s u l t i n g  

d i s p l a c e m e n t  h i s t o r i e s  o f  t h e  p i p e  w e r e  r e c o r d e d  a n d  a n a l y z e d  i n  o r d e r  t o  
i d e n t i f y  t h e  ci i t i c a l  p i p e - s o i l - w a v e  c o n d i t i o n s  f o r  t h e  d e t a c h m e n t  o f  t h e  

p i p e  f r o m  t h e  s e a b e d .  T h e  p a p e r  e x a m i n e s  t h e  b a l a n c e  of t h e  p i p e  u n d e r  t h e  
c o m b i n e d  l i f t  a n d  d r a g  l o a d i n g  f r o m  t h e  w a t e r  w a v e .  T h e  e x p e r i m e n t a l  

c o e f f i c i e n t s  o f  d r a g ,  l i f t  a n d  a d d e d  m a s s  h a v e  b e e n  c a l c u l a t e d  b y  t h e  l e a s t  

s q u a r e s  m e t h o d  a n d  c o m p a r e d  w i t h  t h e o r e t i c a l  p r e d i c t i o n s .  A s  f o r  t h e  s o i l  

r e s p o n s e ,  a s i m p l e  t h e o r e t i c a l  m o d e l  i s  w o r k e d  o u t  t o  d e s c r i b e  t h e  

p o r e - p r e s s u r e  r e s i s t a n c e  f o r c e  at t h e  s o i l - p i p e  i n t e r f a c e .  A n  e x p e r i m e n t a l  

b r e a k o u t  f o r c e - t i m e  p o w e r  l a w  i s  o b t a i n e d  a n d  c o m p a r e d  w i t h  t h e  t h e o r e t i c a l  

m o d e l .  ( A u t h o r  a b s t r a c t )  2 1  R e f s .

D e s c r i p t o r s :  ’’' P I P E L I N E S ,  S U B M A R I N E  —  *Wav-» E f f e c t s ;  W A T E R  W A V E S — Eff e c t s ; ;  
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B R E A K O U T  F R O M  S E A F L O O R

C l a s s i f i c a t i o n  C o d e s :  6 1 9  ( P i p e s ,  T a n k s  & A c c e s s o r i e s ) ;  9 3 1  ( A p p l i e d  

P h y s i c s ) ;  6 3 1  ( F l u i d  F l o w  &  H y d r o d y n a m i c s ) ;  4 7 1  ( M a r i n e  S c i e n c e  & 

O c e a n o g r a p h y ) ;  4 8 3  ( S o i l  M e c h a n i c s  & F o u n d a t i o n s )

6 1  ( P L A N T  & P O W E R  E N G I N E E R I N G ) ;  9 3  ( E N G I N E E R I N G  P H Y S I C S ) ;  6 3  ( F L U I D  

D Y N A M I C S  &  V A C U U M  T E C H N O L O G Y ) ;  4 7  ( O C E A N  T E C H N O L O G Y ) ;  4 8  ( E N G I N E E R I N G  

G E O L O G Y )
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S o u r c e :  J o u r n a l  o f  W a t e r w a y ,  P o r t ,  C o a s t a l  a n d  O c e a n  E n g i n e e r i n g  v 1 1 6  rt
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C O D E N :  J W P E D 5  I S S N :  0 7 3 3 - 9 5 0 X  
L a n g u a g e :  E n g l i s h
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i n s p e c t  ion.

A u t h o r :  M e l l i n ,  T o r g n y  A.: R a v i k ,  O l l e  

C o r p o r a t e  S o u r c e : S u b O c e a n ,  S t o c k h o l m .  S w e d e n

C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  S i x t h  I n t e r n a t i o n a l  S v m p o s i u m  o n

U n m a n n e d  U n t e t h e r e d  S u b m e r s i b l e  T e c h n o l o g y  T e c n n o l o g y

C o n f e r e n c e  L o c a t i o n :  E l l i c o t t  C i t y .  MD. U S A  C o n f e r e n c e  D a t e :  1 9 8 9  J u n

1 2 - 1 4

E . I .  C o n f e r e n c e  N o . :  1 4 0 0 2

S o u r c e :  P r o c  S i x t h  I n t  S v m p  U n m m a n e d  U n t e t h e r e d  S u b m e r s i b l e  T e c h n o l .  Pub.I

b v  U n i v  of N e w  H a m p s h i r e .  M a r i n e  S y s t e m s  E n g i n e e r i n g  L a b o r a t o r y .  D u r h a m ,
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A u t h o r :  K r i s t i a n s e n ,  0 . :  Torurn, A.

C o r p o r a t e  S o u r c e :  N o r w e g i a n  H y d r o t e c h n i c a i  L a b ,  T r o n d h e i m .  N o r w  

C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  E i g h t h  I n t e r n a t i o n a l  C o n f e r e n c e  o n

O f f s h o r e  M e c h a n i c s  a n d  Arctic. E n g i n e s  _ n g  - l v d ?
C o n f e r e n c e  L o c a t i o n :  H a g u e ,  N e t h  C o n f e r e n c e  D a t e :  1 9 8 9  M a r  1 9 - 2 3  

E . I .  C o n f e r e n c e  N o . :  1 2 3 7 4

S o u r c e :  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  v 5 (of 6). P u b l  b y  A S M E ,  N e w  Y o r k ,  NY, U S A .  p

1 6 7 - 1 7 4
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T i t l e :  W a v e - i n d u c e d  b r e a k o u t  o f  h a l f - b u r i e d  m a r i n e  p i p e s .

A u t h o r :  F o d a ,  M o s t a f a  A . :  L a w ,  A d r i a n  W. - K . ; C h a n g ,  J o  Y. -H.

C o r p o r a t e  S o u r c e :  U n i v  o f  C a l i f o r n i a ,  B e r k e l e y ,  C.A, U S A  

C o n f e r e n c e  T i t l e :  T w e n t y - F i r s t  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e  

C o n f e r e n c e  L o c a t i o n :  C o s t a  d e l  S o l ,  M a l a g a ,  S p a i n  C o n f e r e n c e  D a t e :  1 9 8 S  
J u n  2 0 - 2 5

E . I .  C o n f e r e n c e  N o . :  1 2 3 2 8

S o u r c e :  T w e n t y  F i r s t  C o a s t a l  E n g  C o n f  v  2. P u b l  b y  A S C E ,  N e w  Y o r k ,  NY,

U S A .  p  1 4 6 4 - 1 4 8 1

P u b l i c a t i o n  Y e a r :  i 9 8 8  
I S B N :  0 - 8 7 2 6 2 - 6 8 7 - 3  

L a n g u a g e :  E n g l i s h

2 / 3 / 1 1

0 2 8 0 5 3 2 0  E . I .  M o n t h l y  N o :  E I M 3 9 1 0 - 0 3 4 5 4 0

T i t l e :  N e w  s e a w a t e r  d e l i v e r y  s y s t e m s  a t  t h e  N a t u r a l  E n e r g y  L a b o r a t o r y  of 
H a w a i i .

A u t h o r :  D a n i e l .  T. H.

C o r p o r a t e  S o u r c e :  N a t u r a l  E n e r g y  L a b  o f  H a w a i i .  K a i l u a - K o n a ,  HI, U S A  

C o n f e r e n c e  T i t l e :  S o l a r  E n g i n e e r i n g  1 9 8 9  - P r o c e e d i n g s  o f  t h e  E l e v e n t h
A n n u a l  A S M E  S o l a r  E n e r g y  C o n f e r e n c e

C o n f e r e n c e  L o c a t i o n :  S a n  D i e g o ,  CA, U S A  C o n f e r e n c e  D a t e :  1 9 8 9  A p r  2 - 5  

E . I .  C o n f e r e n c e  N o . : L 2 2 6 6

S o u r c e :  A m e r i c a n  S o c i e t y  o f  M e c h a n i c a l  E n g i n e e r s ,  S o l a r  E n e r g y  D i v i s i o n

( P u b l i c a t i o n )  S E D .  P u b l  b y  A S M E ,  N e w  Y o r k ,  NY, U S A .  p  3 2 3 - 3 3 0  

P u b l i c a t i o n  Y e a r :  1 9 8 9  

C O D E N :  A S M S E 8  

L a n g u a g e :  E n g l i s h

2 / 3 / 1 2

0 2 7 9 2 4 3 3  E . I .  M o n t h l y  N o :  E I M 8 9 0 9 - 0 3 0 7 9 0

T i t l e :  S t e e p  s l o p e  s e a w a t e r  s u p p l y  p i p e l i n e .

A u t h o r :  L e w i s ,  L l o y d  F . : V a n  R y z i n ,  J o s e p h ;  V e g a ,  L u i s  
C o r p o r a t e  S o u r c e :  D O E ,  W a s h i n g t o n ,  DC, U S A
C o n f e r e n c e  T i t l e :  T w e n t y - F i r s t  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e  

C o n f e r e n c e  L o c a t i o n :  C o s t a  d e l  So.l, M a l a g a ,  S p a i n  C o n f e r e n c e  D a t e :  1 9 8 8  

J u n  2 0 - 2 5

E . I .  C o n f e r e n c e  N o . :  1 2 3 2 8

S o u r c e :  T w e n t y  F i r s t  C o s t a l  E n g  C o n f  v 3. P u b l  b y  A S C E . ; N e w  Y o r k ,  NY.
H / i i  -- . . .V .  ,  A V  r~ J.



C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  F i r s t  I n t e r n a t i o n o l  C o n f e r e n c e  o n

O c e a n  E n e r g y  R e c o v e r y  - I C O E R ’ 6 9

C o n f e r e n c e  L o c a t i o n :  H o n o l u l u ,  H I ,  U S A  C o n f e r e n c e  D a t e :  1 9 8 9  N o v  2 8 - 3 0  
E . I ,  C o n f e r e n c e  N o . :  1 3 6 2 8
S o u r c e :  P r o c  F i r s t  I n t  C o n f  O c e a n  E n e r g y  R e c o v e r y  1 C 0 E R  89. P u b l  b y  A S C E .  

B o s t o n  S o c i e t y  o f  C i v i l  E n g i n e e r s  S e c t ,  B o s t o n .  MA, U S A .  p  2 9 7 - 3 0 6  

P u b l i c a t i o n  Y e a r :  1 9 8 9  
I S B N :  0 - 8 7 2 6 2 - 7 7 8 - 0  
L a n g u a g e :  E n g l i s h

«-• - - 1 " 1 1 "T . _______ _

2 / 3 / 4  

0 3 0 0 0 5 1 9  

T i t l e :  

A u  I: h o r

E . I .  M o n t h l y  N o :  E I M 9 0 1 . 2 - 0 5 0 4 2 8  

0TEC- s e a  water' s y s t e m s  t e c h n o l o g y  

V e g a ,  L . ; N i h o u s ,  G . ; L e w i s ,  L . :

C o r p o r a t e  S o u r c e :  

H o n o l u l u ,  HI, U S A  

C o n f e r e n c e  T i t l e :  

O c e a n  E n e r g y  R e c o v e r y  

C o n f e r e n c e  L o c a t i o n  

E . I .  C o n f e r e n c e  No. 

S o u r c e :  P r o c  F i r s t

P a c i f i c  I n t  C e n t

status.,

R e s n i c k ,  A . :  V a n  R y z i n . 

f o r  H i g h  T e c h n o l o g y

J,

Re:s e a r c h ,

o f  t h e  F i r s t  I n t e r n a t i o n a l  C o n f e r e n c e  o nP r o c e e d i n g s  

- I C O E R ’8 9  

: H o n o l u l u ,  HI 

: 1 3 6 2 8

I n t  C o n f  O c e a n  E n e r g y  R e c o v e r y

J SA C o m e r e n c e  D a t e :  L 9 S 9  N o v

B o s t o n  S o c i e t y  of C i v i l  E n g i n e e r s  S e c t .  

P u b l i c a t i o n  Y e a r :  1 9 8 9  

I S B N :  0 - 8 7 2 6 2 - 7 7 8 - 0  

L a n g u a g e :  E n g l i s h

B o s t o n ,  MA,

I C O E R  89. P u b l  b y  A S C E ,  

U S A .  P  2 8 8 - 2 9 6

2 / 3 / 5

0 2 9 9 2 2 5 1  E . I .  M o n t h l y  N o :  E I 9 0 J . 2 1 4 4 4 7 4

T i t l e :  M a r i n e - c r o s s i n g  s e c t i o n s  r e q u i r e  e x t e n s i v e  s u r v e y i n g .  
A u t h o r :  Y a m a u c h i ,  H e n r y  M.

C o r p o r a t e  S o u r c e :  L l e s t c o a s t  E n e r g y  Inc ,  V a n c o u v e r ,  E C, U S A
S o u r c e :  O i l  a n d  G a s  J o u r n a l  v  8 8  n 3 3  A u g  1 3  1 9 9 0  p  4 7 - 5 0

P u b l i c a t i o n  Y e a r :  1 9 9 0

C O D E N :  O I G J A V  I S S N :  0 0 3 0 - 1 3 3 8

L a n g u a g e :  E n g l i s h

2 / 3 / 6  

0 2 9 4 5 5 4 6  

T i t l e :  

p l a t  f o r m s .  

A u t h o r :

E. I . 

N e w

M o n t h l y

d e s i g n

N o :  E l M 9 0 0 8 - 0 3 4 2 8 2

o f  c o l d  w a t e r  p i p e  f o r  u s e  w i t h  f l o a t i n g  O T E C

B r o w n ,  M a r t i n  G . ; H e a r n ,  G r a n t  E . ; L a n g l e y ,  R o b i n  S.

C o r p o r a t e  S o u r c e :  M i c o p e r i  O f f s h o r e  L t d ,  L o n d o n ,  E n g l

C o n f e r e n c e  "Title: u c e a n s  ’39. P a r t  1: F i s h e r i e s ;  G l o b a l  O c e a n  S t u d i e s ;

M a r i n e  P o l i c y  & E d u c a t i o n :  O c e a n o g r a p h i c  S t u d i e s

C o n f e r e n c e  L o c a t i o n :  S e a t t l e ,  W A ,  U S A  C o n f e r e n c e  D a t e :  1 9 8 9  S e p  1 8 - 2 1  

E . I .  C o n f e r e n c e  N o . : 1 3 2 7 4

S o u r c e :  O c e a n s  8 9  P a r t  1 F i s h  G l o b a l  O c e a n  S t u d  M a r  P o l i c y  E d u c  O c e a n o g r

S t u d .  P u b l  b y  I E E E ,  I E E E  S e r v i c e  C e n t e r ,  P i s c a t a w a y ,  NJ, U S A .  A v a i l a b l e  
f r o m  I E E E  S e r v i c e  C e n t  C e n t  n  8 9 C H 2 7 8 G - 5 ) , P i s c a t a w a y .  NJ, U S A .  p  4 2 - 4 7  

P u b l i c a t i o n  Y e a r :  1 9 8 9  

L a n g u a g e : E n g l i s h

2 / 3 / 7

0 2 9 0 0 4 2 9  E . I .  M o n t h l y  N o :  E I 9 0 0 5 0 5 5 9 7 7

T i t l e :  D y n a m i c  i n s t a b i l i t y  a n d  p o s t f l u t t e r  v i b r a t i o n s  o f  a p i p e  s t r i n g

d e s i g n e d  f o r  m i n i n g  m a n g a n e s e  n o d u l e s  i n  t h e  d e e p  o c e a n .

A u t h o r :  Y u a n ,  S h i f e n g ;  A s o ,  K a z u o ;  T a n i ,  J u n J i

S o u r c e :  N i p p o n  K i k a i  G a k k a i  R o n b u n s h u ,  C  H e n / T r a n s a c t i o n s  o f  t h e  J a p a n

S o c i e t y  o f  M e c h a n i c a l  E n g i n e e r s ,  P a r t  C v  5 5  n  5 2 0  D e c  1 9 8 9  p  2 9 5 8 - 2 9 6 4  
P u b l i c a t i o n  Y e a r :  1 9 8 9

C O D E N :  N K C H D B  I 5 5 N :  0 3 3 7 - 5 0 2 4  

L a n g u a g e :  J a p a n e s e

2 / 3 / 8

0 2 S S 1 0 7 2  E . I .  M o n t h l y  N o :  E I 9 0 0 4 0 4 4 9 S 9  

 T i t l e : __P i p e l i n e  ,- p m t-e 1 e c t  1 o n  i n  _a n  i c e P e t - g - s i - o u r e d  s e a b e d .



P u b l i c a b  i o n  Y e a r :  1 9 8 8  
I S B N :  0 - 8 7 2 6 2 - 6 8 7 - 3  

L a n g u a g e : E n g l i s h

2 / 3 / 1 3
0 2 7 8 5 0 3 8  E . I .  M o n t h l y  N o :  E I 8 9 0 9 0 9 2 0 1 9

T i t l e :  C o m b i n e d  w a v e  a n d  c u r r e n t  f o r c e s  o n  l a r g e - d i a m e t e r  s u b m a r i n e

p i p e  1 i n e s .
A u t h o r :  A n d r e s ,  J o s e  M.
C o r p o r a t e  S o u r c e :  M a k a i  O c e a n  E n g i n e e r i n g  Inc, H o n o l u l u ,  HI, U S A

S o u r c e :  M a r i n e  T e c h n o l o g y  v 2 6  ri l J a n  1 9 8 9  p  2 3 - 3 3

P u b l i c a t i o n  Y e a r :  1 9 8 9

C O D E N :  M A R T  A 4  I S S N :  0 0 2 5 - 3 3 1 6

L a n g u a g e :  E n g l i s h

2 / 3 / 1 4
0 2 7 7 3 8 7 0  E . I .  M o n t h l y  N o :  E I 8 9 0 8 0 7 6 4 9 6

T i t l e :  W o r l d ’s f i r s t  r i g i d  f r e e - s t a n d i n g  p r o d u c t i o n  r i s e r .

A u t h o r :  F i s h e r ,  E. A . :  H a c k e t t ,  H. P.

C o r p o r a t e  S o u r c e :  C a m e r o n  O f f s h o r e  E n g  Inc ,  H o u s t o n .  TX, U S A  

C o n f e r e n c e  T i t l e :  O c e a n s  ’88:  P r o c e e d i n g s  - a P a r t n e r s h i p  o f  M a r i n e  

I n t e r e s t s

C o n f e r e n c e  L o c a t i o n :  B a l t i m o r e .  H D, U S A  C o n f e r e n c e  D a t e :  1 9 8 8  O c t  

3 1 - N o v  2
E . I .  C o n f e r e n c e  N o . :  1 2 1 3 9

S o u r c e :  O c e a n s  ’8 8  P r o c  P a r t n e r s h i p  M a r  I n t e r e s t  v  2. P u b l  b y  I E E E ,  N e w  

Y o r k .  NY, U S A .  A v a i l a b l e  f r o m  I E E E  S e r v i c e  C e n t  ( c a t  n  8 8 C H 2 5 8 5 - 8 ) ,  

P i s c a t a w a y ,  NJ, U S A .  p  6 0 7 - 6 1 1  

P u b l i c a t i o n  Y e a r :  1 9 8 8  

L a n g u a g e :  E n g l i s h

2 / 3 / 1 5

0 2 7 5 5 0 7 8  E . I .  M o n t h l y  N o :  E I 8 9 0 7 0 5 8 9 2 9

T i t l e :  C o a s t a l  g e o m o r p h o l o g y  o f  a r c t i c  Alaska,.

A u t h o r :  B a r n e s ,  P e t e r  W . ; R a w l i n s o n ,  S t u a r t  E . ; R e i m n i t s ,  E r k  

C o r p o r a t ;  S o u r c e :  U S  G e o l o g i c a l  S u r v e y ,  M e n l o  P a r k ,  CA, U S A  

S o u r c e :  T e c h n i c a l  C o u n c i l  o n  C o l d  R e g i o n s  E n g i n e e r i n g  M o n o g r a p h  1 9 8 8  p

3 - 3 0

P u b l i c a t i o n  Y e a r :  1 9 8 3

C O D E N :  T C C M E 3  I S B N :  0 - 3 7 2 6 2 - 6 3 9 - 3

L a n g u a g e :  E n g l i s h

2 / 3 / 1 6

0 2 7 2 6 0 7 7  E . I .  M o n t h l y  N o :  E I 8 9 0 4 0 3 6 3 1 0

T i t l e :  T h r e e - d i m e n s i o n a l  s c o u r  b e l o w  p i p e l i n e s .
A u t h o r :  F r e d s o e ,  J . ; H a n s e n ,  E. A . ; M a o ,  Y . ; S u m e r ,  B. M,

C o r p o r a t e  S o u r c e :  T e c h n i c a l  U n i v  o f  D e n m a r k ,  L y n g b y ,  D e n
S o u r c e :  J o u r n a l  of O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  v 1 1 0  n 4

N o v  1 9 8 8  p  3 7 3 - 3 7 9

P u b l i c a t i o n  Y e a r :  1 9 8 8

C O D E N :  J M 0 E E X  I S S N :  0 8 9 2 - 7 2 1 9

L a n g u a g e :  E n g l i s h

2 / 3 / 1 7

0 2 7 0 1 7 1 6  E . I .  M o n t h l y  N o :  E I S 9 0 2 0 1 4 1 4 1

T i t l e :  S e a r c h i n g  t h r o u g h  t h e  s e w e r  o u t f a l l  o f  S a n  F r a n c i s c o  Bay,,

A u t h o r :  C a o o n e ,  V i n c e n t  J.

C o r p o r a t e  S o u r c e :  K a s e l a a n  & 0 ’A n g e l o  A s s o c i a t e s  Inc, U S A
S o u r c e :  S e a  T e c h n o l o g y  v 2 9  n  8 A u g  1 9 8 8  p  4 3 - 4 6

P u b l i c a t i o n  Y e a r :  1 9 8 8

C 0 D E M :  S E A T A D  I S S N :  0 0 9 3 - 3 6 5 1

L a n g u a g e :  E n g l i s h

2 / 3 / 1 8

0 2 6 7 5 5 4 3  E . I .  M o n t h l y  N o :  E I 3 8 1 1 1 0 9 4 5 6
 T i t l e - . .  LIFT (M-iKJIMFC T T O M  s v - ? ^ M  O F  P T P F 1 T N F  RI'MO! F  - S U B S F A  P R O D U C T I O N



A u t h o r :  M i y a k e ,  T o s h i h i r o ;  K i t a j i m a .  T a i s h u ;  H a g i h a r a ,  T o s h i o  

C o r p o r a t e  S o u r c e :  N i p p o n  S t e e l  C o r p ,  J p n

S o u r c e :  N i p p o n  S t e e l  T e c h n i c a l  R e p o r t  n  3 6  J a n  1 9 8 S  p 1 5 - 2 4

P u b l i c a t i o n  Y e a r :  1 9 8 8

C O D E N :  N S T T D I  I S S N :  0 3 0 0 - 3 0 6 X

L a n g u a g e :  E n g l i s h

2 / 3 / 1 9

0 2 6 7 1 8 7 8  E . I .  M o n t h l y  N o :  E I 8 8 1 1 1 0 8 3 1 5
T i t l e :  M O T I O N S  O F  O T E C  P L A T F O R M  I N  W A V E S  A N D  F O R C E S  O N  M O O R I N G  C H A I N  A N D  

C O L D  W A T E R  P I P E .
A u t h o r :  K o t e r a y a m a ,  W . :  Na k a r n u r a ,  M. ; K y o z u k a ,  Y. : O h k u s u ,  M. ; S u h a r a ,  T. 

C o r p o r a t e  S o u r c e :  K y u s h u  U n i v ,  F u k u o k a ,  J p n
S o u r c e :  J o u r n a l  of O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  v  1 1 0  n  3

A u g  1 9 8 8  p  2 6 3 - 2 7 1

P u b l i c a t i o n  Y e a r :  1 9 8 8

C O D E N :  J M O E E X  I S S N :  0 8 9 2 - 7 2 1 9

L a n g u a g e :  E n g l i s h

2 / 3 / 2 0

0 2 6 2 3 6 9 7  E . I .  M o n t h l y  N o :  E I 8 8 0 S 0 7 5 8 3 7

T i t l e :  S I M I L I T U D E  E N G I N E E R I N G :  O C E A N  S T R U C T U R E  I N T E R A C T I O N .

A u t h o r :  P r a n e s h ,  M. R . ; M a n i ,  J. 5.

C o r p o r a t e  S o u r c e :  I n d i a n  I n s t  o f  T e c h n o l o g y ,  M a d r a s ,  I n d i a

S o u r c e :  O c e a n  E n g i n e e r i n g  ( F e r g a m o n )  v  1 5  n  2 1 9 8 8  p 1 8 9 - 2 0 0

P u b l i c a t i o n  Y e a r :  1 9 8 8

C O D E N :  O C E N B Q  I S S N :  0 0 2 9 - 8 0 1 8

L a n g u a g e :  E n g l i s h

2 / 3 / 2 1
0 2 5 9 3 9 7 5  E . I .  M o n t h l y  M o :  E I M S 8 0 6 - 0 3 2 2 2 3

T i t l e :  C A L C U L A T I O N  O F  L O N G  T E R M  C U M U L A T I V E  M O V E M E N T S  F O R  S U B M A R I N E

P I P E L I N E S .

A u t  h o r : C h a o . J . C

C o r p o r a t e  S o u r c e :  E x x o n  P r o d u c t i o n  R e s e a r c h  Co, H o u s t o n ,  TX, U S A  

C o n f e r e n c e  T i t l e :  O M A E  1 9 8 3  H o u s t o n ,  P r o c e e d i n g s  o f  t h e  S e v e n t h

I n t e r n a t i o n a l  C o n f e r e n c e  o n  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g .  

V o l u m e  V: P i p e l i n e s .

C o n f e r e n c e  L o c a t i o n :  H o u s t o n ,  TX. U S A  C o n f e r e n c e  D a t e :  1 9 8 8  F e b  7 - 1 2

E . I .  C o n f e r e n c e  N o . :  1 1 0 8 3
S o u r c e :  P r o c e e d i n g s  of t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  

E n g i n e e r i n g  S y m p o s i u m  7 t h .  P u b l  b y  A S M E ,  N e w  Y o r k ,  NY. U S A  p  7 9 - 8 6  

P u b l i c a t i o n  Y e a r :  1 9 8 3  

C O D E N :  P I O S E B  

L a n g u a g e :  E n g l i s h

2 / 3 / 2 2

0 2 5 9 3 f > 5 5  E . I ,  M o n t h l y  N o :  E I M 8 S 0 6 - 0 3 1 8 & G

T i t l e :  O P E N - C Y C L E  O T E C  S E A W A T E R  E X P E R I M E N T S  I N  HAWAII..

A u t h o r :  L e w i s ,  L l o y d  F . ;  Trirnble. L l o y d ;  B o w e r s ,  J a n e t  

C o r p o r a t e  S o u r c e :  U S  D O E .  W a s h i n g t o n ,  DC. U S A

C o n f e r e n c e  T i t l e :  O c e a n s  3 7  - P r o c e e d i n g s :  T h e  O c e a n ,  A n  I n t e r n a t i o n a l

W o r k p 1 a c e .

C o n f e r e n c e  L o c a t i o n :  H a l i f a x .  N S .  C a n  C o n f e r e n c e  D a t e :  1 9 8 7  S e p  2 8 - 0 c t

1

E.". . C o n f e r e n c e  N o . :  1 0 9 6 3

S o u r c e :  O c e a n s  ( N e w  Y o r k )  1 9 8 7 .  P u b x  b y  I E E E .  (Mew Y o r k ,  N y . U S A .

A v a i l a b l e  f r o m  I E E E  S e r v i c e  C e n t  ( C a t  n 8 7 C H 2 4 9 S - 6 ), P i s c a t a w a y .  NJ, U S A  P 
3 9 7 - 4 1 2

P u b l i c a t i o n  Y e a r :  1 9 8 7

C O D E N :  O C N S D K  I S S N :  0 1 9 7 - 7 3 8 5

L a n g u a g e :  E n g l i s h

2 / 3 / 2 3
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T i t l e :  S C I E N C E ,  E N G I N E E R I N G  A N D  E C O N O M I C S  

A u t h o r :  C h a p m a n ,  C. B.

C o r p o r a t e  S o u r c e :  U n i v  o f  S o u t h a m p t o n ,  E n g l  
S o u r c e :  J o u r n a l  o f  t h e  O p e r a t i o n a l  R e s e a r c h

1 - 6

P u b l i c a t i o n  Y e a r :  1 9 8 8

C O D E N :  J O R S D Z  I S S N :  0 1 6 0 - 5 6 8 2
L a n g u a g e :  E n g l i s h

THE INTERFACE,

S o c i e t y  v 3 9  n  1 J a n  :L98S p

( O C E A N  T H E R M A L  E N E R G Y

U e d a . b .

2 / 3 / 2 4
0 2 5 8 0 5 9 5  E . I .  M o n t h l y  N o :  E I M S 8 0 5 - 0 2 8 5 4 6

T i t l e :  D E V E L O P M E N T  O F  A P I P E L I N E  F O R  L A N D - T Y P E  O T E C  

C O N V E R S I O N )  P L A N T .

A u t h o r :  Yamacla. Y. : I s h i b a s h i ,  M. ; O t a .  T. : S h i m i z u ,  K.

C o r p o r a t e  S o u r c e :  T o k y o  E l e c t r i c  P o w e r  Co, T o k y o ,  J p n  

C o n f e r e n c e  T i t l e :  O M A E  1 9 8 8  H o u s t o n .  P r o c e e d i n g s

I n t e r n a t i o n a l  C o n f e r e n c e  o n  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  

C o n f e r e n c e  L o c a t i o n :  H o u s t o n ,  TX, U S A  C o n f e r e n c e  D a t e  

E . I .  C o n f e r e n c e  N o . :  1 1 0 8 3

S o u r c e : P r o c e e d i n g s  of t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d

E n g i n e e r i n g  S y m p o s i u m  7 t h  v 1. P u b l  b y  A S M E .  N e w  Y o r k ,  N v , U S A  p  111 

P u b l i c a t i o n  Y e a r :  1 9 8 8  

C O D E N :  P I O S E B  

L a n g u a g e :  E n g l i s h

o f  t h e  S e v e n t h  

E n g i n e e r i n g .
1 9 8 8  F e b  7 - 1 2

A r c t  ic 

-117

2 / 3 / 2 5

0 2 5 7 8 6 9 3  E . I .  M o n t h l y  N o :  E I M S S 0 5 - 0 2 6 5 4 3

T i t l e :  F A T I G U E  I N D U C E D  B Y  V O R T E X  S H E D D I N G  O N  A N  O C E A N  PIPELINE..

A u t h o r :  A r a n h a .  J. A. P .: d e  L i m a ,  J a i r s o n  

C o r p o r a t e  S o u r c e :  IPT, S a o  P a u l o .  B r a ?
C o n f e r e n c e  T i t l e :  O f f s h o r e  E n g i n e e r i n g ,  V o l u m e  5: P r o c e e d i n g s  o f  t h e  5 t h  

I n t e r n a t i o n a l  S y m p o s i u m  o n  O f f s h o r e  E n g i n e e r i n g .
C o n f e r e n c e  L o c a t i o n :  R i o  d e  J a n e i r o .  B r a z  C o n f e r e n c e  D a t e :  1 9 8 5  S e p

1 6 - 2 0

E . I .  C o n f e r e n c e  N o . :  1 0 9 8 3
S o u r c e :  P u b l  b y  P e n t e c h  P r e s s .  L o n d o n ,  E n g l  p  5 8 - 8 9

P u b l i c a t i o n  Y e a r 1 9 8 6

I S B N :  0 - 7 2 ^ 3 - 1 5 0 5 - 6  

L a n g u a g e :  E n g l i s h

2 / 3 / 2 6  

0 2 5 7 1 4 8 8  

T i t l e :  
A u t h o r  

S o u r  ~e

E . I .  M o n t h l y  N o: E l 8 8 0 5 0 4 6 8 6 1  

O F F S H O R E  P I P E L I N E S  I N  E U R O P E A N  M A R I T I M E  A R E A S  - T H E  Y E A R S  A H E A D .  

S m i t h ,  C. J.
M a r i n e  T e c h n o l o g y / M e e r e s t e c h n i k  v 1 7  n 2  M a y  1 9 8 6  p 6 2 - 6 3  

P u b l i c a t i o n  Y e a r :  1 9 8 6  

C O D E N :  M R T K A 4  I S S N :  0 1 7 8 - 1 9 2 3  

L a n g u a g e :  E n g l i s h

2 / 3 / 2 7  

0250816*. 

T i t l e : 

A u t h o r  

S o u r c e

E . I .  M o n t h l y  N o: E I S S 0 1 0 0 6 6 2 7  

F L E X I B L E  P I P E L I N E S .

S h e k h e r ,  Vi n o d

M e c h a n i c a l  E n g i n e e r i n g  v  1 0 9  n  2 F e b  1 9 8 7  p  82-83- 

P u b l i c a t i o n  Y e a r :  1 ^ 8 7  

C O D E N :  M E E N A H  I S S N :  002:

L a n g u a g e :  E N G L I S H

-650 i

K.

2 / 3 / 2 8
0 2 3 5 9 3 2 7  E . I .  M o n t h l y  No: E I M 8 7 1 2 - 0 S 6 7 9 9

T i t l e :  l-'AVE I N D U C E D  F O R C E S  O N  S U B M A R I N E  P I P E L I N E S .

A u t h o r :  S h a n k a r .  N. J o t h i ;  F a t t .  C h e o n g  H i n ;  S u b b i a h ,

C o r p o r a t e  S o u r c e :  N a t l  U n i v  o f  S i n g a p o r e .  S i n g a p o r e

C o n f e r e n c e  T i t l e :  I n t e r n a t i o n a l  C o n f e r e n c e  o n  M e a s u r i n g  T e c h n i q u e s  o f

H y d r a u l i c s  P h e n o m e n a  i n  O f f s h o r e ,  C o a s t a l  & I n l a n d  W a t e r s .

;-.nn*erenr.t- ,,? : •-n: L o n d o n .  E n d  C o n f e r e n c e  C o t e :  ,193* a |,.r _' j ^ l



E . I .  C o n f e r e n c e  N o . :  1 0 1 5 6

S o u r c e :  P u b l  b / B H R A ,  C r a n f i e l d ,  E n g l  p  1 3 7 - 1 4 8  

P u b l i c a t i o n  Y e a r :  1 9 8 6  

I S B N :  0 - 9 4 7 7 1 1 - 1 2 - 0  

L a n g u a g e :  E n g l i s h

0 2 3 3 1 0 6 4  E . I .  M o n t h l y  N o :  E I 8 7 1 1 1 1 5 0 1 7

T i t l e :  O N  T H E  S T R E S S  A N A L Y S I S  O F  S U S P E N D E D  S U B M A R I N E  P I P E L I N E S .  

A u t h o r :  A n s a r i ,  K h y r u d c l i n  A k b a r

C o r p o r a t e  S o u r c e :  G o n z a g a  U n i v .  S p o k a n e ,  WA, U S A

S o u r c e :  J o u r n a l  o f  P i p e l i n e s  v 6  n  3 J u l  1 9 8 7  p  2 7 3 - 2 8 2

P u b l i c a t i o n  Y e a r :  1 9 8 7

C O D E N :  J O P I D T  I S S N :  0 1 6 6 - 5 3 2 4

L a n g u a g e :  E N G L I S H

0 2 3 2 7 6 2 0  E . I .  M o n t h l y  N o :  E I 8 7 1 1 1 1 4 8 5 5

T i t l e :  F I R S T  O F F S H O R E  A L A S K A N  A R C T I C  P I P E L I N E S  N E A R I N G  C O M P L E T I O N  F O R  

E N D I C O T T  F I E L D .

A u t h o r :  G r e e n e ,  J. A.

C o r p o r a t e  S o u r c e :  S t a n d a r d  A l a s k a  P r o d u c t i o n  Co, A n c h o r a g e ,  AK, U S A

S o u r c e :  O i l  a n d  G a s  J o u r n a l  v  8 5  n  3 2  A u g  1 0  1 9 8 7  p  3 3 - 3 7 ,  4 0

P u b l i c a t i o n  Y e a r :  1 9 8 7

C O D E N :  O I G J A V  I S S N :  0 0 3 0 - 1 3 8 8

L a n g u a g e :  E N G L I S H

0 2 3 1 8 8 4 7  E . I .  M o n t h l y  N o: E I 8 7 1 0 1 0 0 9 1 1

T i t l e :  S E A B E D  S C O U R  I S  C O N T R O L L E D  B Y  F I B E R  R E I N F O R C E D  M A T S .  

A u t h o r :  A l s o p ,  P e t e r

C o r p o r a t e  S o u r c e :  S e a b e d  S c o u r  C o n t r o l  S y s t e m s ,  L o w e s t o f t ,  E n g l

S o u r c e :  i p e  L i n e  I n d u s t r y  0  v 6 5  n 3 S e p  1 9 8 6  p  32, 34

P u b l i c a t i o n  Y e a r :  1 9 8 6

C O D E N :  P L I N A H  I S S N :  0 0 3 2 - 0 1 4 5

L a n g u a g e :  E N G L I S H

0 2 3 1 7 4 3 9  E . I .  M o n t h l y  N o :  E I S 7 1 0 1 0 5 5 5 1

T i t l e :  L A R N A C A  S E W E R A G E  A N D  D R A I N A G E  SCHEME..

A u t h o r :  G a l b r a i t h ,  P e t e r  G.

S o u r c e :  W a t e r  a n d  P o l l u t i o n  C o n t r o l  ( D o n  M i l l s ,  C a n a d a !  v  1 2 4  n 6  O c t

1 9 8 6  p  1 0 - 1 1
P u b l i c a t i o n  Y e a r :  1 9 8 6

C O D E N :  W P C O A R  I S S N :  0 0 4 3 - 1 1 1 7

L a n g u a g e :  E N G L I S H

0 2 3 1 4 3 7 5  E . I .  M o n t h l y  N o :  E I S 7 0 Q 0 9 3 4 5 5

T i t l e :  U T I L I Z A T I O N  O F  P L A S T I C  P I P E  F O R  S U B M A R I N E  O U T F A L L S  - S T  *tTE O F  T H E  

A R T .

A u t h o r :  J a n s o n ,  L a r s - E r i c

C o r p o r a t e  S o u r c e :  V B B / S W E C O  C o n s u l t i n g  G r o u p ,  S t o c k h o l m ,  S w e d

S o u r c e :  W a t e r  S c i e n c e  a n d  T e c h n o l o g y  v 1 8  n  11 1 9 8 6 ,  M a r  D i s p  of

W a s t e w a t e r .  P r o c  o f  a n  I A W P R C  S p e c  S e m i n .  R i o  d e  J a n e i r o ,  B r a z ,  A u g  2 5 - 2 7  

1 9 8 o  p  1 7 1 - 1 7 6
P u b l i c a t i o n  Y e a r :  1 9 8 6

C O D E N :  W S T E D 4  I S S N :  0 2 7 3 - 1 2 2 3  I S B N :  0 - 0 8 - 0 3 5 5 8 1 - i  

L a n g u a g e :  E N G L I S H

2 / 3 / 3 4

0 2 2 7 3 1 4 9  E . I .  M o n t h l y  N o :  E I M 8 7 1 0 - 0 6 7 1 2 4

T i t l e :  W A V E  F O R C E  A N D  M O V E M E N T  C A L C U L A T I O N S  F O R  A  F L E X I B L E  O C E A N  O U T F A L L  

P I P E L I N E .

A u t h o r : P o s .  J. D . ; R u s s e l l ,  K .  S . : Z w a m b o r n .  J. A.

2 / 3 / 2 9

2 / 3 / 3 G

2 / 3 / 3 1

2 / 3 / 3 2

2 / 3 / 3 3
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o f  t h e  I n t e r n a t i o n a l  C o n f e r e n c e .
C o n f e r e n c e  L o c a t i o n :  T a i p e i ,  T a i w a n  C o n f e r e n c e  D a t e :  1 9 8 6  N o v  9 - 1 4  
E . I .  C o n f e r e n c e  N o . :  3 0 1 2 7
S o u r c e :  P r o c e e d i n g s  o f  t h e  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e  2 0 t h  v  3 .  P u b l

b y  A SC E , New Y o r k ,  NY , USA p  2 1 5 9 - 2 1 7 2  
P u b l i c a t i o n  Y e a r :  1 9 8 7  
CODEN : PCECD6 I S B N :  0 - 8 7 2 6 2 - 6 0 0 - 8  
L a n g u a g e :  E n g l i s h

0 ^ 2 7 8 1 2 9  E . I .  M o n t h l y  N o : E IM 8 7 1 G - 0 6 7 1 Q 4
T i t l e :  S T A B I L I T Y  A N A L Y S IS  OF OCEAN P I P E L I N E S :  A P R O B A B I L I S T I C  APPROACH . 
A u t h o r :  G e u s t y n ,  L e o n  C . ; R e l i e f ,  G i d e o n  d e  F .
C o r p o r a t e  S o u r c e :  U n i v  o f  S t e l l e n b o s c h ,  S t e l l e n b o s c h ,  S A f t -  
C o n f e r e n c e  T i t l e :  T w e n t i e t h  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e ,  P r o c e e d i n g s

o f  t h e  I n t e r n a t i o n a l  C o n f e r e n c e .
C o n f e r e n c e  L o c a t i o n :  T a i p e i ,  T a i w a n  C o n f e r e n c e  D a t e :  1 9 8 6  N o v  9 - 1 4  
E . I .  C o n f e r e n c e  N o . :  1 0 1 2 7
S o u r c e :  P r o c e e d i n g s  o f  t h e  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e  2 0 t h  v  3 .  P u b l

b y  A SC E , New Y o r k ,  N Y , USA p 1 8 9 4 - 1 9 0 8  
P u b l i c a t i o n  Y e a r :  1 9 8 7  
CODEN : PCECD 6 I S B N :  0 - 8 7 2 6 2 - 6 0 0 - 8  
L a n g u a g e :  E n g l i s h

0 2 2 7 8 1 1 8  E . I .  M o n t h l y  N o : E I M 8 7 1 0 - 0 6 7 0 9 3  
T i t l e :  SCOUR AROUND S TRUC TURES .
A u t h o r :  B i j k e r ,  E c o  U .
C o r o o r a t e  S o u r c e :  D e l f t  U n i v  o f  T e c h n o l o g y ,  D e l f t ,  N e t h
C o n f e r e n c e  T i t l e :  T w e n t i e t h  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e ,  P r o c e e d i n g s

o f  t h e  I n t e r n a t i o n a l  C o n f e r e n c e .
C o n f e r e n c e  L o c a t i o n :  T a i p e i ,  T a i w a n  C o n f e r e n c e  D a t e :  1 9 8 6  N o v  9 - 1 4 .
E . I .  C o n f e r e n c e  N o . :  1 0 1 2 7
S o u r c e :  P r o c e e d i n g s  o f  t h e  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e  2 0 t h  v  2 .  P u b i

b y  A SC E , New Y o r k ,  NY , USA p 1 7 5 4 - 1 7 6 8  
P u b l i c a t i o n  Y e a r :  1 9 8 7  
CODEN : PCECD 6 I S B N :  0 - 8 7 2 6 2 - 6 0 0 - 8  
L a n g u a g e :  E n g l i s h

0 2 2 6 0 9 9 2  E . I .  M o n t h l y  N o : E I M S 7 0 7 - 0 4 7 6 5 7
T i t l e :  UNSO LVED PROBLEMS W ITH  THE OTEC COLD WATER P IP E . ,
A u t h o r :  M c H a l e ,  F . A .
C o r p o r a t e  S o u r c e :  H a w a i i a n  D r e d g i n g  & C o n s t r u c t  i o n  C o , H o n o l u l u ,  H I ,  USA 
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  S i x t h  ( 1 9 8 7 )  I n t e r n a t i o n a l  O f f s h o r e  

M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  S y m p o s i u m .
C o n f e r e n c e  L o c a t i o n :  H o u s t o n ,  T X , USA C o n f e r e n c e  D a t e :  1 9 8 7  M a r  1 - 6  
E . I .  C o n f e r e n c e  N o . :  0 9 5 5 2
S o u r c e :  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  6 t h  v  1 .  P u b l  b y  ASME , N ew Y o r k .  N Y , USA p 4 9 7 - 5 0 0  
P u b l i c a t i o n  Y e a r :  1 9 8 7  
CODEN : P IO S E B  
L a n g u a g e :  E n g l i s h

0 2 2 5 0 4 8 9  E . I .  M o n t h l y  N o : E I M 8 7 0 5 - 0 3 5 7 9 0
T i t l e :  HEAT TRANSFER FROM OFFSHORE P I P E L I N E S  W ITH  V AR IO U S  C O A T IN G

M A T E R IA L S .
A u t h o r :  K u n d u ,  N . K .
C o r p o r a t e  S o u r c e :  N o r t h  T e x a s  S t a t e  U n i v .  D e n t o n .  T X . USA
C o n f e r e n c e  T i t l e :  P i p e l i n e  E n g i n e e r i n g  S y m p o s i u m  -  1 9 8 7 .  ( P r e s e n t e d  a t

t h e  T e n t h  A n n u a l  E n e r o y - S o u r c e s  T e c h n o l o g y  C o n f e r e n c e  a n d  E x h i b i t i o n . ) 
C o n f e r e n c e  L o c a t i o n :  D a l l a s ,  T X , USA C o n f e r e n c e  D a t e :  1 9 8 7  F e b  1 5 - 1 8  
E . I .  C o n f e r e n c e  N o . :  0 9 4 4 7



( P u b l i c a t i o n ' J  PD v  6 .  P u b l  b y  ASME . New Y o r k ,  N Y , USA p 2 2 7 - 2 3 1
P u b l i c a t i o n  Y e a r :  1 9 8 7  
CODEN : ASMPEX 
L a n g u a g e :  E n g l i s h

2 / 3 / 3 9
0 2 2 4 3 7 6 3  E . I .  M o n t h l y  N o : E 1 1 - 1 8 7 0 5 -0 3 3 6 3 1  

I i  t: 1 e : U n d e rW a  t  e r  R o b o t  s .
T i t l e :  ROBOTY D LA PRAC PODWODNYCH.
A u t h o r :  G o r k i e w i c z ,  M a c i e . i ;  T u j a k a ,  A n d r z e j
C o r p o r a t e  S o u r c e :  P o l i t e c h n i k i  S z c z e c i n s k i e J , S z c z e c i n ,  P o l  
C o n f e r e n c e  T i t l e :  I  K r a j o w a  K o n f e r e n c j a  R o b o t y k i .  (T o rn 3  -  B u d o w a  ;i 

Z a s t o s o w a n i e  R o b o t o w .  J
C o n f e r e n c e  L o c a t i o n :  W r o c l a w ,  P o l  C o n f e r e n c e  D a t e :  1 9 8 5  S e p  j.8 - 2 0  
E . I .  C o n f e r e n c e  N o . :  0 8 0 9 3
S o u r c e :  P r a c e  M a u k o w e  I n s t y t u t u  C y b e r n e t y k i  T e c h n i c z n e j „ P o l i t e c h n i k i
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4 t h  I n t e r n a t i o n a l  C o n f e r e n c e .
C o n f e r e n c e  L o c a t i o n :  D e l f t ,  N e t h  C o n f e r e n c e  D a t e :  1 9 8 5  J u l  1 - 5
E . I .  C o n f e r e n c e  N o . :  0 8 2 0 2
S o u r c e :  P u b l  b y  E l s e v i e r  S c i e n c e  P u b l i s h e r s  BV ( D e v e l o p m e n t s  i n  M a r i n e

T e c h n o l o g y ,  v  2 ) ,  A m s t e r d a m ,  N e t h  a n d  New Y o r k ,  N Y , USA p  7 2 9 - 7 3 8  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
IS B N : 0 - 4 4 4 - 4 2 5 1 3 - 6  
L a n g u a g e :  E n g l i s h

2 / 3 / 5 6
0 2 1 1 9 5 4 2  E . I .  M o n t h l y  N o :  E I M 8 6 0 9 - 0 6 2 5 6 4

T i t l e :  NATURAL S E L F - B U R IA L  OF SU BM AR IN E P I P E L I N E S .
A u t h o r :  L e e u w e s t e i n .  W. ; B i . j k e r .  E . W. : P e e r b o l t e ,  E . B , : W i n d ,  H . G . 
C o r p o r a t e  S o u r c e :  D e l f t  U n i v  o f  T e c h n o l o g y ,  D e l f t ,  N e t h
C o n f e r e n c e  T i t l e :  B e h a v i o u r  o f  O f f s h o r e  S t r u c t u r e s ,  P r o c e e d i n g s  o f  t h e

4 t h  I n t e r n a t i o n a l  C o n f e r e n c e .
C o n f e r e n c e  L o c a t i o n :  D e l f t ,  N e t h  C o n f e r e n c e  D a t e :  1 9 8 5  J u l  1 - 5
E . I .  C o n f e r e n c e  N o . : 0 8 2 0 2
S o u r c e :  P u b l  b y  E l s e v i e r  S c i e n c e  P u b l i s h e r s  BV ( D e v e l o p m e n t s  i n  M a r i n e

T e c h n o l o g y ,  v  2 ) ,  A m s t e r d a m .  N e t h  a n d  New Y o r k ,  N Y , USA p 7 1 7 - 7 2 8



P u b l i c a t i o n  Y e a r :  1 9 8 5  
I S B N :  0 - 4 4 4 - 4 2 5 1 3 - 6  
L a n g u a g e :  E n g l i s h

2 / 3 / 5 7
0 2 1 1 8 6 2 4  E . I .  M o n t h l y  N o : E I M 8 6 0 9 - 0 6 1 6 4 6

T i t l e :  IN T E R N A L CORROS ION PRO T EC T IO N  FOR WASTEWATER SY S T EM , P E R TH , 
WESTERN A U S T R A L IA .

A u t h o r :  W i s h a r t ,  S . J .  : M c L e a r i  D . D,.
C o r p o r a t e  S o u r c e :  B i n n i e  & P a r t n e r s ,  L o n d o n ,  E n g l
C o n f e r e n c e  T i t l e :  P l a s t i c s  f o r  P i p e l i n e  R e n o v a t i o n  a n d  C o r r o s i o n

P r o t e c t i o n  i n  UK a r i d  O v e r s e a s .
C o n f e r e n c e  L o c a t i o n :  L o n d o n ,  E n g l  C o n f e r e n c e  D a t e :  :L 9 8 5 l i a r  2 7 - 2 8  
E . I .  C o n f e r e n c e  N o . :  0 8 2 1 5
S o u r c e :  P u b l  b y  P l a s t i c s  & R u b b e r  I n s t ,  L o n d o n .  E n g l  p  1 0 .  1 - 1 0 .  14
P u b l i c a t i o n  Y e a r :  1 9 8 5  
L a n g u a g e :  E n g l i s h

2 / 3 / 5 8
0 2 1 0 0 1 3 6  E . I .  M o n t h l y  N o : E I M 8 6 0 7 - 0 4 2 0 7 0

T i t l e :  S T M 4 - 1 2 0  S T IR L I N G  E N G IN E  FOR UNDERWATER A P P L IC A T IO N -  
A u t h o r :  M e i . j e r ,  R o e l f  J .  ; Z i p h ,  B e n j a m i n ;  G o d e t t ,  T e d  M.
C o r p o r a t e  S o u r c e :  S t i r l i n g  T h e r m a l  M o t o r s  I n c ,  A n n  A r b o r ,  M I ,  USA 
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  2 0 t h  I n t e r s o c i e t y  E n e r g y  C o n v e r s i o n  

E n g i n e e r i n g  C o n f e r e n c e ,  E n e r g y  f o r  t h e  T w e n t y - F i r s t  C e n t u r y .  ( V o l u m e  3 . J 
C o n f e r e n c e  L o c a t i o n :  M i a m i  B e a c h ,  F L ,  USA C o n f e r e n c e  D a t e :  1 9 8 5  A u g  

1 8 - 2 3
E . I .  C o n f e r e n c e  N o . :  0 7 9 1 6
S o u r c e :  P r o c e e d i n g s  o f  t h e  I r t e r s o c i e t y  E n e r g y  C o n v e r s i o n  E n g i n e e r i n g

C o n f e r e n c e  2 0 t h .  P u b l  b y  SAE f P - 1 6 4 ) ,  W a r r e n d a l e ,  P A , U SA . A l s o  a v a i l a b l e  
f r o m  IE E E  S e r v i c e  C e n t  ( C a t  n  8 5 C H 2 2 4 2 - 6 -) , P i s c a t a w a y ,  N J , USA p 2 7 8 - 2 8 1  

P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : P IE C D E  IS S N : 0 1 4 6 - 9 5 5 X  I S B N :  0 - 8 9 8 8 3 - 7 2 5 - 1  
L a n g u a g e :  E n g l i s h

2 / 3 / 5 9
0 2 0 6 7 1 1 9  E . I .  M o n t h l y  N o : E I M 8 6 0 1 - 0 0 4 3 8 2

T i t l e :  ECONOM IC AND T E C H N IC A L  E V A L U A T IO N  OF SLURRY P I P E L I N E  TRANSPORT
TECHN IQ UES IN  THE IN T E R N A T IO N A L  COAL TRADE .

A u t h o r :  B r o o k e s ,  D . A . ;  D o d w e l l ,  C . H .
C o r p o r a t e  S o u r c e :  B P , B u s i n e s s  T e c h n i c a l  S u p p o r t  D e p . L o n d o n ,  E n g l  
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  T e n t h  I n t e r n a t i o n a l  C o n f e r e n c e  o n  

S l u r r y  T e c h n o l o g y .
C o n f e r e n c e  L o c a t i o n :  L a k e  T a h o e ,  N V , USA C o n f e r e n c e  D a t e :  1 9 8 5  M a r  

2 6 - 2 8
E . I .  C o n f e r e n c e  N o . :  0 7 3 6 8
S o u r c e :  P u b l  b y  S l u r r y  T e c h n o l o g y  A s s o c ,  W a s h i n g t o n ,  DC , USA o 6 7 - 8 3  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
I S B N : 0 - 9 3 2 0 6 6 - 1 0 - 0  
L a n g u a g e :  E n g l i s h

2 / 3 / 6 0
0 2 0 5 6 2 4 6  E . I .  M o n t h l y  N o : E I 8 6 1 2 1 2 4 8 3 1  E . I .  Y e a r l y  N o : E I 8 6 0 7 7 2 2 9

T i t l e :  W o r l d  N a t u r a l  G a s  E c o n o m y :  L o g i c  o f  S u p p l y  a n d  C o n s t r a i n t s  o f  
D e m a n d .

T i t l e :  L ’ ECONOM IE M ONO IA LE DU GAZ M A TU R E L : LO G IQ U E S  D ’ O FFRE ET
CO N TR A IN T E S  DE DEMANDE .

A u t h o r :  B e n s o n i .  L a u r e n t
C o r p o r a t e  S o u r c e :  U n i v  P a r i s  X I I I ,  F r
S o u r c e :  R e v u e  d e  l ' E n e r g i e  v  3 6  n 3 7 8  N o v  1 9 8 5  o  4 5 7 - 4 o 6
P u b l i c a t i o n  Y e a r :  1 ^ 8 5
CODEN : REEND7 I S S N : 0 3 0 3 - 2 4 0 X
L a n g u a g e :  FRENCH

2/3/61
0 2 0 3 9 8 8 3  E . I .  M o n t h l y  N o : E I 3 6 1 1 1 1 3 0 4 4  E . I .  Y e a r l y  N o :  E I S 6 0 & 7 8 1 1



i u. w J. • IMfil U u n u  ^  I r-iw u-u- A. i » n T V T iw L n  I u l /  i xi w aim I l i t  r>i v .
A u t h o r :  K a w a s h im a ,  T a k e s h i ;  S h im o g o ,  T a r o  
S o u r c e :  N i p p o n  K i k a i  G a k k a i  R o n b u n s h u ,  C H e n v  5 1  n 4 6 7  Ju . ) 1 9 8 5  p  

1 7 7 8 - 1 7 8 5
P u b l i c a t i o n  Y e a r ' :  1 9 8 5
CODEN : NKCHDB I S S N :  0 5 8 7 - 5 0 2 4
L a n g u a g e :  JA P AN E SE

2 / 3 / 6 2
0 2 0 3 5 1 2 0  E . I .  M o n t h l y  N o : E I 8 6 1 1 1 1 3 0 4 8  E . I .  Y e a r l y  N o : E I 8 6 0 8 7 8 5 4

T i t l e :  HOW AN R 0 V -P L A C E D  GROUT BAG CORRECTED A SEABED FREE SPAN .
A u t h o r :  S a n d f o r d ,  A . J .
C o r p o r a t e  S o u r c e :  S t o i t - N i e l s e r i  S e a w a y  T e c h n o l o g y  L t d ,  A b e r d e e n .  S c o t l
S o u r c e :  i p e  L i n e  I n d u s t r y  0  v  6 4  n 6 J u n  1 9 8 6  p  2 6 - 2 7
P u b l i c a t i o n  Y e a r :  1 9 8 6
CODEN : P L IN A H  I S S N :  0 0 3 2 - 0 1 4 5
L a n g u a g e :  E N G L IS H

2 / 3 / 6 3
0 2 0 0 1 7 3 6  E . I .  M o n t h l y  N o : E I 8 6 0 8 0 7 5 5 2 6  E . I .  Y e a r l y  N o : E I 8 6 0 8 7 7 8 0

T i t l e :  O P E R A T IO N  P LU TO .
A u t h o r :  M i d d l e t o n ,  E . W.
S o u r c e :  P i p e s  a n d  P i p e l i n e s  I n t e r n a t i o n a l  v  1 3 n 2 A p r  1 9 8 6  p 2 7 - 2 9
P u b l i c a t i o n  Y e a r :  1 9 8 6
CODEN : P P I I A U  I S S N : 0 3 7 0 - 1 2 0 4
L a n g u a g e :  E N G L IS H

2 / 3 / 6 4
0 1 9 8 6 8 4 3  E . I .  M o n t h l y  N o : E I 8 6 0 7 0 6 2 8 3 4  E . I .  Y e a r l y  N o : E I 8 6 0 8 6 0 8 1

T i t l e :  S T A T P IP E  L A N D F A L L  APPROACH SO LVES ROCKY SHORE PROBLEMS .
A u t h o r :  L u n d ,  S v e r r e ;  G . j e r t v e i t ,  E r l i n g
C o r p o r a t e  S o u r c e :  D e n  N o r s k e  S t a t s  O l j e s e l s k a p  A / S ,  S t a v a n g e r ,  N o r w
S o u r c e :  O i l  a n d  G a s  J o u r n a l  v  8 4  n 1 9  M ay 1 2 1 9 8 6  p 6 7 - 6 8
P u b l i c a t i o n  Y e a r :  1 9 8 6
CODEN : O IG J A V  I S S N :  0 0 3 0 - 1 3 8 8
L a n g u a g e :  E N G L IS H

2 / 3 / 6 5
0 1 9 8 6 8 0 1  E . I .  M o n t h l y  N o : E I 8 6 0 7 0 6 2 S 3 1  E . I .  Y e a r l y  N o : E I 8 6 0 8 6 0 5 8

T i t l e :  S T A T P IP E  E X P E R IE N C E  R EV E A LS TEC H N IQ U E S FOR SEABED PROBLEMS .
A u t h o r :  L u n d ,  S v e r r e ;  G j e r t v e i t ,  E r l i n g  
C o r p o r a t e  S o u r c e :  S t a t o i l ,  S t a v a n g e r ,  N o r w
S o u r c e :  O i l  a n d  G a s  J o u r n a l  v  8 4  n 1 7  A p r  2 8  1 9 8 6  p 5 7 - 6 2
P u b l i c a t i o n  Y e a r :  1 9 8 6
CODEN : O IG J A V  I S S N :  0 0 3 0 - 1 3 8 8
L a n g u a g e :  E N G L IS H

2 / 3 / 6 6
0 1 9 7 1 6 6 5  E . I .  M o n t h l y  N o : E I S 6 0 5 0 4 1 2 4 6  E . I .  Y e a r l y  N o : E I 8 6 0 8 0 3 6 7  

T i t l e :  H Y D R A U L IC A L L Y  POWERED BU L LDO ZER WORKS IN  SUBSEA LO C A T IO N S .
A u t h o r :  A n o n
S o u r c e :  P i p e  L i n e  I n d u s t r y  v  6 3  n  6 D e c  1 9 8 5  p 3 1  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : P L IN A H  I S S N : 0 0 3 2 - 0 1 4 5  
L a n g u a g e :  E N G L IS H

2 / 3 / 6 7
0 1 9 b S 9 2 o  E . I .  M o n t h l y  N o : E I 8 6 0 5 0 4 1 7 8 5  1 . Y e a r l y  N o : E I 8 6 0 8 7 7 7 6

T i t l e :  HYDROMECHAN ICS OF SU BM AR IN E P IP E L 1 , S : D E S IG N  PROBLEMS .
A u t h o r :  H e r b i c h ,  J o h n  B .
C o r p o r a t e  S o u r c e :  T e x a s  A&M U n i v .  C o l l e g e  S t a t i o n ,  T X , USA
S o u r c e :  C a n a d i a n  J o u r n a l  o f  C i v i l  E n g i n e e r i n g  v  12 n 4 D e c  1 9 8 5  p 3 6 3 - 8 7 4
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : C JC E BS I S S N :  0 3 1 5 - 1 4 6 8
L a n g u a g e :  E N G L IS H



*  27 3 / 6 8
0 1 9 6 0 7 1 8  E.I. M o n t h l y  N o : E T 3 6 0 4 0 3 2 4 5 0  E.I. Y e a r l y  N o : E I 8 6 0 8 7 7 7 4  

T i t l e :  D YN AM IC  B E H A V IO R  OF D EE P -O C E AN  P I P E L I N E .
A u t h o r :  Z im m e rm a n ,  M i c h a e l ;  H u d s p e t h ,  R o b e r t ;  L e o n a r d ,  J o h n ;  T e d e s c o ,  J o e  

; B o r g m a n ,  L e o n
C o r p o r a t e  S o u r c e :  S t a n d a r d  O i l  o f  C a l i f o r n i a ,  S a n  F r a n c i s c o ,  C A , USA 
S o u r c e :  J o u r n a l  o f  W a t e r w a y ,  P o r t ,  C o a s t a l  a n d  O c e a n  E n g i n e e r i n g  v  1 1 2  ri

2  Mar- 1 9 8 6  p  1 8 3 - 1 9 9  
P u b l i c a t i o n  Y e a r :  1 9 8 6  
CODEN : JW PED5 I S S N : 0 7 3 3 - 9 5 0 X  
L a n g u a g e :  E N G L IS H

2 / 3 / 6 9
0 1 9 3 3 6 0 6  E . I .  M o n t h l y  N o : E I 8 6 0 1 0 0 5 8 7 6  E . I .  Y e a r l y  N o :  E I 8 6 0 8 7 7 7 0

T i t l e :  FREE SPAN V IB R A T IO N S  OF SU BM AR IN E  P I P E L I N E S  IN  STEADY FLOWS -  
E F F E C T OF FR E E -S TR E AM  TURBU LENCE ON MEAN DRAG C O E F F IC IE N T S .

A u t h o r :  TORUM , A . ; ANAND , N . M.
C o r p o r a t e  S o u r c e :  NORWEG IAN IN S T  OF TECHNOLOGY , D I V  OF PORT & OCEAN

E N G IN E E R IN G , TRO NDHE IM , NORW
S o u r c e :  J  ENERGY RESOUR TECHNOL TRANS ASME V 1 0 7  N 4 DEC 1 9 8 5  P 4 1 5 - 4 2 0
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : J E R T D 2  I S S N :  0 1 9 5 - 0 7 3 8
L a n g u a g e :  E N G L IS H

2 / 3 / 7 0
0 1 8 9 8 6 3 8  E . I .  M o n t h l y  N o : E I M 8 5 1 0 - 0 6 1 3 2 6

T i t l e :  PROCEDURES FOR D E S IG N  OF OFFSHORE P I P E L I N E S  TR A V ER S IN G  SLOPE AREAS
SU B JEC T TO S E IS M IC  AN D /O R  OCEAN WAVE E X C I T A T IO N .

A u t h o r :  K i s t l e r ,  E . L .
C o r p o r a t e  S o u r c e :  E r n e s t  L .  K i s t l e r  & A s s o c i a t e s ,  S h r e v e p o r t ,  L A , USA 
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  1 9 8 5  P r e s s u r e  V e s s e l s  a n d  P i p i n g

C o n f e r e n c e .  ( S e i s m i c  t c r f o r m a n c - e  o f  P i p e l i n e s  a n d  S t o r a g e  T a n k s .  )
C o n f e r e n c e  L o c a t i o n :  New O r l e a n s ,  L A , USA C o n f e r e n c e  D a t e :  1 9 8 5  J u n

2 3 - 2 6
E . I .  C o n f e r e n c e  N o . :  0 6 7 1 0
S o u r c e :  A m e r i c a n  S o c i e t y  o f  M e c h a n i c a l  E n g i n e e r s .  P r e s s u r e  V e s s e l s  a n d

P i p i n g  D i v i s i o n  ( P u b l i c a t i o n )  PVP v  9 8 - 4 .  P u b l  b y  ASME , New Y o r k ,  NY . USA p 
9 5 - 1 0 8

P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : AMPPD5 I S S N :  0 2 7 7 - 0 2 7 X
L a n g u a g e :  E n g l i s h

2 / 3 / 7 1
0 1 8 7 8 2 7 9  E . I .  M o n t h l y  N o : E I M 8 5 0 6 - 0 3 6 1 0 8

T i t l e :  T IM E  AND FREQUENCY LO A D IN G  A N A L Y S IS  OF SU BM AR IN E P IP E L IN E S . .
A u t h o r :  A l e x a n d e r .  H . C . : A l l e n ,  P . L . ; W a r n e r ,  J -  L .
C o r p o r a t e  S o u r c e :  C a l i f o r n i a  S t a t e  U n i v ,  L o n g  B e a c h ,  L o n g  B e a c h ,  C A , USA 
C o n f e r e n c e  T i t l e :  N i n e t e e n t h  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e ,  P r o c e e d i n g s  

o f  t h e  I n t e r n a t i o n a l  C o n f e r e n c e .
C o n f e r e n c e  L o c a t i o n :  H o u s t o n ,  T X . USA C o n f e r e n c e  D a t e :  1 9 8 4  S e p  3 - 7  
E . I .  C o n f e r e n c e  N o . :  0 6 5 2 0
S o u r c e :  P r o c e e d i n g s  o f  t h e  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e  1 9 t h  v  3 .  P u b l

b y  A SC E . New Y o r k ,  N Y , USA P  2 7 2 6 - 2 7 3 6  
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : PCECD6 I S B N : 0 - 3 7 2 6 2 - 4 3 8 - 2  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 2
0 1 8 7 8 2 I S  E . I .  M o n t h l y  N o : E I M S 5 0 6 - 0 3 6 0 4 7

T i t l e :  SHORE APPROACH AT THE D A N IS H  NORTH SEA COAST , M O N IT O R IN G  OF
S E D IM E N T A T IO N  IN  A DREDGED TRENCH .

A u t h o r :  M a n g o r ,  K a r s t e n ;  S o r e n s e n ,  T o r b e n ;  N a v n t o f t .  E r l i n g  
C o r p o r a t e  S o u r c e :  D a n i s h  H y d r a u l i c  I n s t .  H o r s h o l m .  D e n
C o n f e r e n c e  T i t l e :  N i n e t e e n t h  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e .  P r o c e e d i n g s  

o f  t h e  I n t e r n a t i o n a l  C o n f e r e n c e .
C o n f e r e n c e  L o c a t i o n :  H o u s t o n ,  T X . USA C o n f e r e n c e  D a t e :  1 9 8 4  S e n  3 - 7



E.I. C o n f e r e n c e  No': 0 4 5 2 0
S o u r c e :

^     ....................................................

P r o c e e d i n g s  o f  t h e  C o a s t a l  E n g i n e e r i n g  C o n f e r e n c e  1 9 t h  v  2 .  P u b l  
b y  ASC E , Mew Y o r k ,  N Y , USA b 1 8 1 6 - 1 8 2 9  

P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : PCECD6 I S B N :  0 - 8 7 2 6 2 - 4 3 8 - 2  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 3
0 1 8 7 6 8 5 6  E . I .  M o n t h l y  N o : E I M 8 5 0 6 - 0 3 4 4 6 4

T i t l e : O PT IMUM D E S IG N  OF SU BM AR IN E SUSPENDED P I P E L I N E S .
A u t h o r :  H u a n g ,  Z . ;  S e i r e g ,  A .
C o r p o r a t e  S o u r c e :  R e s e a r c h  I n s t  o f  P e t r o l e u m  E x p l o r a t i o n  & D e v e l o p m e n t ,

B e i j i n g ,  C h i n a
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  F o u r t h  I n t e r n a t i o n a l  O f f s h o r e

M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  S y m p o s i u m .  ( P r e s e n t e d  a t  t h e  1 9 8 5  ASME 
E n e r g y - S o u r c e s  T e c h n o l o g y  C o n f e r e n c e  & E x h i b i t i o n . )

C o n f e r e n c e  L o c a t i o n :  D a l l a s ,  T X , USA C o n f e r e n c e  D a t e :  1 9 8 5  F e b  1 7 - 2 1  
E . I .  C o n f e r e n c e  N o . :  0 6 2 9 6
S o u r c e :  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  4 t h  v  1 . P u b l  b y  ASME , New Y o r k ,  N Y , USA p 6 9 5 - 7 0 2  
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : P IO S E B  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 4
0 1 8 7 6 8 4 9  E . I .  M o n t h l y  N o : E I M 8 5 0 6 - 0 3 4 4 5 7

T i t l e :  FREE SPAN V IB R A T IO N S  OF SU BM AR IN E P I P E L I N E S  I N  STEADY F LOW S -E F F E C T 
OF FREE STREAM TURBULENCE ON MEAN DRAG C O E F F IC IE N T S .

A u t h o r :  T o r u m ,  A . ;  A r i a n d .  N . M.
C o r p o r a t e  S o u r c e :  U n i v  o f  T r o d h e i m ,  D i v  o f  P o r t  & O c e a n  E n g i n e e r i n g ,

T r o n d h e i m ,  N o r w
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  F o u r t h  I n t e r n a t i o n a l  O f f s h o r e

M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  S y m p o s i u m .  ( P r e s e n t e d  a t  t h e  1 9 8 5  ASME 
E n e r g y - S o u r c e s  T e c h n o l o g y  C o n f e r e n c e  & E x h i b i t i o n . )

C o n f e r e n c e  L o c a t i o n :  D a l l a s ,  T X , USA C o n f e r e n c e  D a t e :  1 9 8 5  F e b  1 7 - 2 1 . 
E . I .  C o n f e r e n c e  N o . :  0 6 2 9 6
S o u r c e :  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  4 t h  v  1 . P u b l  b y  ASME . New Y o r k ,  NY , USA d  6 2 9 - 6 3 9  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : P IO S E B  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 5
0 1 8 7 6 8 4 2  E . I .  M o n t h l y  N o : E IM S 5 0 6 - 0 3 4 4 5 0

T i t l e :  SCOUR AROUND P I P E L I N E S  UNDER M AR IN E ENV IRO NM EN T .
A u t h o r :  N a l l u r i .  C . : I b r a h i m ,  A .
C o r p o r a t e  S o u r c e :  U n i v  o f  N e w c a s t l e  u p o n  T y n e .  D e p  o f  C i v i l  E n g i n e e r i n g ,  

N e w c a s t l e  u p o n  T y n e ,  E n g l
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  F o u r t h  i n t e r n a t i o n a l  O f f s h o r e

M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  S y m p o s i u m .  ( P r e s e n t e d  a t  t h e  1 9 8 5  ASME 
E n e r g y - S o u r c e s  T e c h n o l o g y  C o n f e r e n c e  & E x h i b i t i o n . )

C o n f e r e n c e  L o c a t i o n :  D a l l a s ,  T X , USA C o n f e r e n c e  D a t e :  1 9 8 5  F e b  1 7 - 2 1  
E . I .  C o n f e r e n c e  N o . :  0 6 2 9 6
S o u r c e : P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  4 t h  v  t .  P u b l  b y  ASME , New Y o r k ,  NY , USA p  5 6 9 - 5 7 5  
P u b l i c a t i o n  Y e a r :  1 9 S 5
CODEN : P IO S E B  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 6
0 1 8 7 6 8 3 8  E . I .  M o n t h l y  N o : E I M 8 5 0 6 - 0 3 4 4 4 6

T i d e :  C R I T I C A L  REV IEW  OF NEAR BOTTOM BOUNDARY LA YER MODELS W IT H  S P E C IA L  
A T T E N T IO N  TO S T A B I L I T Y  OF M AR IN E  P I P E L I N E S .

A u t h o r :  D e i g a a r d .  R . : J a c o b s e n .  V . ;  B r x n d u m ,  M. B .
C o r p o r a t e  S o u r c e :  D a n i s h  H y d r a u l i c  I n s t ,  H o r s h o l m .  D e n
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  F o u r t h  I n t e r n a t i o n a l  O f f s h o r e



M e c h a n i c s  a n d A r c t i c  E ng i n e e r  i n g  S y m p o s i T m K i P r e s e n t e ^ a t t h e l 9 8 5  A S M E  
E n e r g y - S o u r c e s  T e c h n o l o g y  C o n f e r e n c e  & E x h i b i t i o n . )

C o n f e r e n c e  L o c a t i o n :  D a l l a s ,  T X , USA C o n f e r e n c e  D a t e :  1 9 8 5  F e b  1 7 - 2 1  
E . I .  C o n f e r e n c e  N o . :  0 6 2 9 6
S o u r c e :  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  4 t h  v  1 . P u b l  b y  ASM E , Mew Y o r k ,  N Y , USA p  5 4 2 - 5 4 9  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : P IO S E B  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 7
0 1 8 7 6 8 2 2  E . I .  M o n t h l y  N o : E I M 8 5 0 6 - 0 3 4 4 3 0

T i t l e :  D Y N AM IC S  OF A P I P E  A S P IR A T IN G  F L U ID  SUCH AS M IG H T BE USED IN  OCEAN 
M IN IN G .

A u t h o r :  P a i d o u s s i s ,  M. P . :  L u u ,  T . P .
C o r p o r a t e  S o u r c e :  M c G i l l  U n i v ,  D e p o f  M e c h a n i c a l  E n g i n e e r i n g ,  M o n t r e a l ,

D u e , C a n
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  F o u r t h  I n t e r n a t i o n a l  O f f s h o r e

M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  S y m p o s i u m .  ( P r e s e n t e d  a t  t h e  1 9 8 5  ASME 
E n e r g y - S o u r c e s  T e c h n o l o g y  C o n f e r e n c e  & E x h i b i t i o n . )

C o n f e r e n c e  L o c a t i o n :  D a l l a s ,  T X , USA C o n f e r e n c e  D a t e :  1 9 8 5  F e b  1 7 - 2 1  
E . I .  C o n f e r e n c e  N o . :  0 6 2 9 6
S o u r c e :  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  4 t h  v  1 . P u b l  b y  ASME , New Y o r k ,  N Y , USA p 3 9 1 - 3 9 7  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : P IO S E B  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 S
0 1 8 7 6 7 7 7  E . I .  M o n t h l y  N o : E I M 8 5 0 6 - 0 3 4 3 S 5

T i t l e :  PROCEED ING S OF THE FOURTH IN T E R N A T IO N A L  OFFSHORE M ECH AN IC S AND
A R C T IC  E N G IN E E R IN G  SYM PO S IUM .

A u t h o r :  C h u n g ,  J i n  S . ( E d .  ) ;  L u n a r d i n i ,  V i r g i l  J .  ( E d .  ) ;  C h a k r a b a r t i ,
S . K . ( E d .  1 ; W a n g . Y . S . ( E d .  ) ;  S o d h i ,  D . S . ( E d .  ) ;  K a r a l .  K . ( E d .  ) 

C o r p o r a t e  S o u r c e :  C o l o r a d o  S c h  o f  M i n e s ,  G o l d e n ,  CO , USA
C o n f e r e n c e  T i t l e :  P r o c e e d i n g s  o f  t h e  F o u r t h  I n t e r n a t i o n a l  O f f s h o r e

M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  S y m p o s i u m .  ( P r e s e n t e d  a t  t h e  1 9 8 5  ASME
E n e r g y - S o u r c e s  T e c h n o l o g y  C o n f e r e n c e  & E x h i b i t i o n . )

C o n f e r e n c e  L o c a t i o n :  D a l l a s ,  T X . USA C o n f e r e n c e  D a t e :  1 9 8 5  F e b  1 7 - 2 1  
E . I .  C o n f e r e n c e  N o . :  0 6 2 9 6
S o u r c e :  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c

E n g i n e e r i n g  S y m p o s i u m  4 t h .  P u b l  b y  ASME . New Y o r k .  N Y . USA 2 v o l .  1 3 8 0 p  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : P IO S E B  
L a n g u a g e :  E n g l i s h

2 / 3 / 7 9
0 1 8 4 0 4 8 2  E . I .  M o n t h l y  N o : E I 8 5 1 2 1 2 1 4 4 6  E . I .  Y e a r l y  N o : E I 8 5 0 8 3 9 1 6

T i t l e :  S IN K IN G  B E H A V IO R  OF P IP E  W ITH W A T E R - IN F L O W .
A u t h o r :  K a w a s h im a ,  T a k e s h i :  S h im o g o ,  T a r o
C o r p o r a t e  S o u r c e :  K e i o  U n i v ,  D e p  o f  M e c h a n i c a l  E n g i n e e r i n g ,  Y o k o h a m a , J p n
S o u r c e :  B u l l e t i n  o f  t h e  JSME v  2 8  n 2 4 5  N o v  1 9 8 5  p  2 7 9 6 - 2 8 0 3
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : B J S E A 8  I S S N : 0 0 2 1 - 3 7 6 4
L a n g u a g e :  E N G L IS H

2 / 3 / 8 0
0 1 8 3 6 9 4 0  E . I .  M o n t h l y  N o :  E I S 5 1 2 1 2 3 8 9 8  E . I .  Y e a r l y  N o : E I S 5 1 0 3 6 S 7

T i t l e :  SAN FR A N C IS C O  O U T F A L L : THE CHAMP?
A u t h o r :  M u r p h  . G. J . ; E i s e n b e r g ,  Y .
C o r p o r a t e  S o u r c e :  P a r s o n s  B r i n c k e r h o f f , S a n  F r a n c i s c o ,  C A , USA
S o u r c e :  C i v i l  E n g i n e e r i n g  (N e w  Y o r k )  v  5 5  n  1 2 D e c 1 9 5 5  p 5 8 - 6 1
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : C IE G A G  IS S N : 0 0 0 9 - 7 8 5 3
L a n g u a g e :  E N G L IS H



0 1 8 2 9 4 6 6  E . I .  M o n t h l y  N o : E I 8 5 1 2 1 2 1 4 8 9  E . I .  Y e a r l y  N o : E l 8 5 0 8 4 1 5 9
T i t l e :  OPT IM UM D E S IG N  OF SU BM AR IN E SUSPENDED P I P E L I N E S .
A u t h o r :  H u a n g ,  Z . ; S e i r e g ,  A .
C o r p o r a t e  S o u r c e :  R e s e a r c h  I n s t  o f  P e t r o l e u m  E x p l o r a t i o n  & D e v e l o p m e n t ,  

B e i j i n g ,  C h i n a
S o u r c e :  J o u r n a l  o f  E n e r g y  R e s o u r c e s  T e c h n o l o g y ,  T r a n s a c t i o n s  o f  t h e  ASME

v  1 0 7  n 3 S e p  1 9 8 5  p  3 3 5 - 3 4 1
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : J E R T D 2  I S S N : 0 1 9 5 - 0 7 3 8  
L a n g u a g e :  E N G L IS H

2 / 3 / 8 2
0 1 8 2 7 9 1 1  E . I .  M o n t h l y  N o : E I 8 5 1 1 1 0 3 9 0 6  E . I .  Y e a r l y  N o : E I 8 5 1 0 3 6 8 9

T i t l e :  IN V E S T IG A T IO N , D E S IG N  AND CONSTRUC T IO N OF SU BM AR IN E OCEAN O U T F A L L 
P I P E L I N E  OFF N IN E T Y  M I L E  BEACH . G IP P S L A N D , V I C T O R I A ,  A U S T R A L IA .

A u t h o r :  R y a n ,  J .  J .
C o r p o r a t e  S o u r c e :  G u t t e r i d g e  H a s k i n s  & D a v e y  C o n s u l t i n g  E n g i n e e r s ,  

B r i s b a n e ,  A u s t .
S o u r c e :  W a t e r  S c i e n c e  a n d  T e c h n o l o g y  v  1 7  n 8 p t  4 1 9 8 5  p 1 4 6 5 - 1 4 6 7
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : WSTED4 I S S N :  0 2 7 3 - 1 2 2 3
L a n g u a g e :  E N G L IS H

2 / 3 / 8 3
0 1 8 0 1 0 1 0  E . I .  M o n t h l y  N o : E I 8 5 0 9 0 8 0 8 9 4  E . I .  Y e a r l y  N o : E I 8 5 0 7 7 7 4 6

T i t l e :  ENG IN E ER S T R Y IN G  NEW APPROACH TO A R C T IC  CO N S TR U C T IO N . PR O D U C T IO N , 
AND TR AN S PO R T A T IO N .

A u t h o r :  A n o n
S o u r c e ;  O i l  a n d  G a s  c u r n a l  v  S 3 n 3 1  A u ! D 4 1 N \ V  7 6 - 7 9
P u b l i c a t i o n  Y e a r :  1 15
CODEN : O IG J A V  IS £  : 0 0 3 0 - 1 3 8 8
L a n g u a g e :  E N G L IS H

2 / 3 / 8 4
0 1 8 0 1 0 0 8  E . I .  M o n t h l y  N o : E I 8 5 0 9 0 8 1 3 1 3  E . I .  Y e a r l y  N o : E I 8 5 0 8 2 3 4 1

T i t l e :  C A N AD IA N  A R C T IC  PRODUCT IO N PROSPECTS B R IG H T E N .
A u t h o r :  A n o n
S o u r c e :  O i l  a n d  G a s J o u r n a l  v  8 3  n 3 1  A u g  5 1 9 8 5  p 5 7 - 6 0
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : O IG J A V  I S S N : 0 0 3 0 - 1 3 8 8
L a n g u a g e :  E N G L IS H

2 / 3 / 8 5
0 1 7 7 2 - ’ 1 . . M o n t h l y  N o : E I S 5 0 7 0 5 8 3 2 5  E . I .  Y e a r l y  N o : E I 8 5 0 8 4 1 5 2

T5.l M IC S  OF A P IP E  A S P IR A T IN G  F L U ID  SUCH AS M IG H T BE USED IN  OCEAN
M IN I Ni.

A u t h o r :  r u i d o u s s i s ,  M. P . ; L u u ,  T . P .
C o r p o r a t e  S o u r c e :  M c G i l l  U n i v ,  D e p  o f  M e c h a n i c a l  E n g i n e e r i n g ,  M o n t r e a l ,

C u e , C a n
S o u r c e :  J o u r n a l  o f  E n e r g y  R e s o u r c e s  T e c h n o l o g y ,  T r a n s a c t i o n s  o f  t h e  ASME

V 1 0 7  n 2 J u n  1 9 8 5  p 2 5 0 - 2 5 5  
P u b l  c a t i o n  Y e a r :  1 9 8 5  
CODEN : J E R T D 2  IS S N . 0 1 9 5 - 0 7 3 8  
L a n g u a g e :  E N G L IS H

2 / 3 / 8 6
0 1 7 7 1 7 9 0  E . I .  M o n t h l y  N o : E I S 5 0 7 0 5 8 8 2 4  E . I .  Y e a r l y  N o : E I 8 5 0 S 4 1 5 1

T i t l e :  CONCEPT FOR D E S IG N  OF SU BM AR IN E P I P E L I N E S  TO R E S IS T  OCEAN FORCES . 
A u t h o r :  K a r a l .  K .
C o r p o r a t e  S o u i - c e :  N o r g e s  T e k n i s k e  H o g s k o l e ,  T r o n d h e i m ,  N o rw  
S o u r c e :  J o u r n a l  o f  E n e r g y  R e s o u r c e s  T e c h n o l o g y ,  T r a n s a c t i o n s  o f  t h e  ASME

v  1 0 7  n 1 M a r 1 9 8 5  p  4 2 - 4 7  
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : J E R T D 2  IS S N : 0 1 9 5 - 0 7 3 8  
L a n g u a g e :  E N G L IS H



0 1 7 6 3 2 4 2  E . I .  M o n t h l y  N o : E I 8 5 0 6 0 4 S 7 5 8  E . I .  Y e a r l y  N o - E I 8 5 0 8 4 1 4 8
T i t l e :  S IN K IN G  B E H A V IO R  OF P I P E L I N E  I N  THE OCEAN .
A u t h o r :  K a w a s h im a .  T a k e s h i :  S h im o g o ,  T a r o
C o r p o r a t e  S o u r c e :  K e i o  U n i v ,  D e p  o f  M e c h a n i c a l  E n g i n e e r i n g .  Y o k o h a m a , J p n
S o u r c e :  B u l l e t i n  o f  t h e  JSME v  2 8  n 2 3 7  M a r  1 9 8 5  p 5 0 8 - 5 1 4
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : B J S E A 8  IS S N : 0 0 2 1 - 3 7 6 4
L a n g u a g e :  E N G L IS H

2 / 3 / 8 8
0 1 7 6 1 9 0 9  E . I .  M o n t h l y  N o :  E I 8 5 0 6 0 4 8 6 0 0  E . I .  Y e a r l y  N o : E I 8 5 0 S 2 2 4 6

T i t l e :  W A V E - IN D U C E D  FORCES ON B U R IE D  P I P E L I N E S .
A u t h o r :  L e n n o n ,  G e r a r d  P .
C o r p o r a t e  S o u r c e :  L e h i g h  U n i v ,  D e p  o f  C i v i l  E n g i n e e r i n g ,  B e t h l e h e m ,  P A ,

USA
S o u r c e :  J o u r n a l  o f  W a t e r w a y ,  P o r t ,  C o a s t a l  a n d  O c e a n  E n g i n e e r i n g  v  i l l  n

3 M ay 1 9 8 5  p 5 1 1 - 5 2 4
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : JWPED5 
L a n g u a g e :  E N G L IS H

2 / 3 / 8 9
0 1 7 6 1 7 7 0  E . I .  M o n t h l y  N o :  E I 8 5 0 6 0 4 S 5 9 9  E . I .  Y e a r l y  N o : E I 8 5 0 8 2 2 4 5  

T i t l e :  WAVE LO A D -S U B M A R IN E  P IP E L IN E - S E A F L O O R  IN T E R A C T IO N .
A u t h o r :  P r a n e s h ,  M. R . ; S o m a n a t h a ,  G . S .
C o r p o r a t e  S o u r c e :  I n d i a n  I n s t  o f  T e c h n o l o g y ,  O c e a n  E n g i n e e r i n g  C e n t ,  

M a d r a s ,  I n d i a
S o u r c e :  J o u r n a l  o f  T r a n s p o r t a t i o n  E n g i n e e r i n g  v  1 1 1  n 3 M a y 1 9 8 5  p 

2 3 7 - 2 5 0
P u b l i c a t i o n  Y e a r :  1 9 8 5  
CODEN : J T P E D I 
L a n g u a g e :  E N G L IS H

2 / 3 / 9 0
0 1 7 5 5 8 1 5  E . I .  M o n t h l y  N o :  E I S 5 0 5 0 3 9 3 5 S  E . I .  Y e a r l y  N o : E I 8 5 0 8 3 9 3 7

T i t l e :  LARGE B E N D IN G  OF P IP E S .
A u t h o r :  S o h a l ,  I .  S . ;  C h e n ,  W. F .
C o r p o r a t e  S o u r c e :  P u r d u e  U n i v ,  S c h  o f  C i v i l  E n g i n e e r i n g ,  W e s t L a f a y e t t e ,  

I N ,  USA
S o u r c e :  E n g i n e e r i n g  S t r u c t u r e s  v  7 n 2 A p r  1 9 8 5  p 1 2 1 - 1 3 0  
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : ENSTDF IS S N : 0 1 4 1 - 0 2 9 6  I S B N : 0 - 1 3 - 7 8 2 1 7 8 - 6
L a n g u a g e :  E N G L IS H

2 / 3 / 9 1
0 1 7 4 6 4 6 7  E . I .  M o n t h l y  N o :  E I 8 5 0 4 0 2 9 9 7 1  E . I .  Y e a r l y  N o :  E I 8 5 0 7 8 1 1 4

T i t l e :  T E X A CO ’ S H IG H LAN D ER  F I E L D  DEVELO PED SUB SE A .
A u t h o r :  B l e a k l e y ,  W. B .
C o r p o r a t e  S o u r c e :  P e t r o l e u m  E n g i n e e r  I n t ,  D a l l a s ,  T X , USA
S o u r c e :  P e t r o l e u m  E n g i n e e r  I n t e r n a t i o n a l  v  5 7  n  2 F e b  1 9 8 5  4 p  b e t w e e n  p

2a- a n d  3 2
P u b l i c a t i o n  Y e a r :  1 9 8 5
CODEN : PENGA6 I S S N :  0 1 6 4 - S 3 2 2  I S B N :  0 - 8 9 5 2 0 - 4 2 1 - 5
L a n g u a g e :  E N G L IS H  

?b b 2 8
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2 / 3 / 1
9 1 - 0 1 2 3 3

H y d r o d y n a m i c  f o r c e s  o n  s e a b e d  p i p e l i n e s  
V e r l e y ,  R . L . P . ;  L a m b r a k o s ,  K . F . ;  R e e d , K .
S t a t o i l ,  P o s t u t t a k ,  7 0 0 4  T r o n d h e i m ,  N o r w a y
O c e a n  T e c h n o l o g y  C o n f .  H o u s t o n ,  TX (U S A ) 2 7 - 3 0  A p r  1 9 8 7
J .  WATERWAY PORT COAS T . OCEAN ENG VO L . 1 1 5 ,  NO . 2 ,  p p .  1 9 0 - 2 0 4 ,  1 9 8 9
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 2
9 1 - 0 1 2 1 4

T h e  e f f e c t  o f  t h e  s e a - b o t t o m  p r o x i m i t y  o n  t h e  h y d r o d y n a m i c  f o r c e s  f o r  
s u b m a r i n e  p i p e l i n e s

E , X u e q u a n ;  L i ,  Z h a n h u a ;  L i n g ,  G u o c a n
I n s t .  M e c h . , A c a d .  S i n i c a ,  B e i j i n g ,  P e o p l e ’ s  R e p . C h i n a
THE OCEAN E N G . /H A IY A N G  GONGCHEMG VO L . 7 ,  NO . 1 ,  P P .  9 0 - 1 0 0 ,  1 9 8 9
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 3
8 9 - 0 7 7 5 3

C o m b i n e d  w a v e  a n d  c u r r e n t  b o u n d a r y  l a y e r  m o d e l  f o r  f i x e d  r o u g h  s e a b e d s  
M y r h a u g ,  D . ; S l a a t t e l i d ,  O .H .
D i v .  M a r .  H y d r o d / n . , N o r w e g i a n  I n s t .  T e c h n o l . ,  N - 7 0 3 4  T r o n d h e im - N T H ,  

N o r w a y
OCEAN ENG VO L . 1 6 ,  NO . 2 ,  P P .  1 1 9 - 1 4 2 ,  1 9 3 9
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 4
8 9 - 0 6 5 6 5

S e i s m i c  r e s p o n s e  o f  b u r i e d  s u b m a r i n e  p i p e l i n e s  
O a t t a ,  T . K . ;  M a s h a l y ,  E . A .
D e p . C i v .  E n g . ,  I n d i a n  I n s t .  T e c h n o l . ,  D e l h i ,  H a u z - K h a s ,  N ew D e l h i ,  I n d i a
J .  ENERGY RESOUR . TECHNOL VO L . 1 1 0 ,  NO. 4 ,  p p .  2 0 8 - 2 1 9 ,  1 9 8 8
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 5
8 ° - 0 4 8 4 8

V o r t e x - s h e d d i n g  r e s p o n s e  o f  l o n g  c y l i n d r i c a l  s t r u c t u r e s  i n  s h e a r  f l o w  
I J a n g . E . ;  W h i t n e y ,  A . K .  ; N i k k e i .  K . G .
L o c k h e e d  M i s s i l e s  a n d  S p a c e  C o . ,  I n c . ,  S u n n y v a l e ,  CA ^ a O S b , USA 
5 . I n t e r n a t i o n a l  S y m p o s i u m  a n d  E x h i b i t  o n  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  

E n g i n e e r i n g  T o k y o  ( J a p a n )  1 3 - 2 2  A p r  193 t>
J .  OFFSHORE MECH . A R C T . ENG VO L . 1 1 0 .  NO . 1 . P P .  2 4 - 3 1 ,  1 9 S 3
SUMMARY LANGUAGE - E N G L IS H



2 / 3 / 6
8 9 - 0 4 8 1 4

C a m e r o n  i n t r o d u c e s  s p a c e  a g e  t i t a n i u m  t o  t h e  s u b s e a  
A n o n .
•SEA TECHNOL V O L . 2 9 ,  NO . 6 ,  p p .  3 9 - 4 0 ,  1 9 8 8

2 / 3 / 7
8 9 - 0 4 5 7 2

W a s t e w a t e r  m a n a g e m e n t f o r  c o a s t a l  c i t i e s :  T h e  o c e a n  d i s p o s a l  o p t i o n  
G u n n e r s o n , C . G .
I n t e r n a t i o n a l  B a n k  f o r  R e c o n s t r u c t i o n  a n d  D e v e l o p m e n t ,  W a s h i n g t o n ,  DC 

(U S A )
TECH . P A P . WORLD BANK NO. 7 7 ,  1 9 8 8
SUMMARY LANGUAGE -  E N G L IS H ; N T I S  O r d e r  M o . : P B 8 8 - 1 7 0 7 4 1 / G A R .  IS B N

0 - 8 2 1 3 - 0 9 8 9 - 7 .

2 / 3 / 8
8 9 - 0 3 2 3 1

A c o u s t i c s  i n  c o n t r o l  f o r  B a l m o r a l  p i p e l i n e s  
A n o n .
OFFSHORE ENG p .  5 5 ,  1 9 8 6

2 / 3 / 9
8 9 - 0 3 0 5 4

T h e r m a l  b u c k l i n g  o f  o f f s h o r e  p i p e l i n e s  
J u ,  G . T . ;  K y r i a k i d e s ,  S .
E n g , M e c h . R e s .  L a b . , D e p . A e r o s p .  E n g .  a n d  E n g . M e c h  , U n i v .  T e x a s ,  

A u s t i n ,  TX 7 8 7 1 2 ,  USA
J .  OFFSHORE MECH . AR C T . ENG VO L . 1 1 0 ,  NO . 4 ,  p p .  3 5 5 - 3 6 4 ,  1 9 8 8
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 1 0
8 9 - 0 3 0 3 0

On t h e  a n a l y s i s  o f  p i p e l i n e  d u r i n g  l a y i n g  o p e r a t i o n . ; H a i d i  g u a n x i a n  
p u g u a n  s u o y e  z h u a n g t a i  f e n x i  

G u , Y o n g n i n g
S h a n g h a i  J i a o t o n g  U n i v . ,  S h a n g h a i ,  P e o p l e ’ s  R e p . C h i n a
THE OCEAN E N G . /H A IY A N G  GONGCHENG VO L . 6 ,  NO . 2 ,  p p .  1 1 - 2 3 ,  1 9 8 8
SUMMARY LANGUAGE -  E N G L IS H

COMPLIMENTS OF THE
2 / 3 / 1 1  ALASKA STATE LI3RARY

8 9 - 0 3 0 2 8
D i s c u s s i o n  o n  t h e  l i m i t  e r o s i o n  l e n g t h  o f  t h e  o c e a n  o i l  a n d  g o c  

p i p e l i n e . :  H a i y a n g  y o u o i  g u a n d a o  j i x i a n  c h o n g s h u a  c h a n g d u  d e  t a n t a o
Y u a n ,  X i a n g z h o n g ;  Z h e n g ,  L i a n g  
S o u t h w e s t e r n  P e t .  I n s t . ,  P e o p l e ’ s  R e p . C h i n a
THE OCEAN E N G . /H A IY A N G  GONGCHENG VO L . 6 ,  NO . 2 ,  p p .  1 - 1 0 ,  1 9 8 8
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 1 2
8 9 - 0 1 3 8 2

P IP E S T A B  p r o j e c t :  I m p r o v e d  d e s i g n  b a s i s  f o r  s u b m a r i n e  p i p e l i n e  s t a b i l i t y  
W o l f r a m ,  W . R . , J r . ;  G e t z .  J . R . :  V e r l e y ,  R . L . P .
E x x o n  P r o d u c t i o n  R e s e a r c h  C o . .  USA 
O f f s h o r e  T e c h n o l o g y  C o n f . ,  H o u s t o n ,  TX (U S A )
1 9 . A n n u a l  O f f s h o r e  T e c h n o l o g y  C o n f e r e n c e  H o u s t o n ,  TX (U S A ) 2 7 - 3 0  A p r

1*87
N IN E T E E N T H  ANNUAL OFFSHORE TECHNOLOGY CONFERENCE . 1 9 8 7  PROCEED INGS p p . 

1 5 3 - 1 5 3 ,  1 9 8 7
O TC . HOUSTON . TX (U S A )
PROC . OFFSHORE TECHNO L . C O N F . . . . ; SUMMARY LANGUAGE -  E N G L IS H ; 

OTC— 5 5 0 1 .

2 / 3 / 1 3
8 9 - 0 1 0 3 7

S t r e s s  a n a l y s i s o f  m a r i n e  p i p e l i n e s  c r o s s i n g  e l e v a t e d  o b s t r u c t i o n s  o r



“'r SsP1 o w e r  e o * 3 e p r e s s T o n ^ l^ t ™ ^ e a n e ^ 1,l™ ,” ™:,™ ^ ^ ^ —
Z h u ,  F u g e n
D e p . N a v .  A r c h i t e c t ,  a n d  O c e a n  E n g . ,  S h a n g h a i  J i a o t o n g  U n i v . ,  S h a n g h a i ,  

P e o p l e ’ s  R e p , C h i n 3
C H IN A  OCEAN ENG VO L . 1 . NO . 4 ,  p p .  1 0 9 - 1 1 6 ,  1 9 8 7
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 1 4
8 8 - 0 5 9 8 2

W a ve i n d u c e d  f o r c e s  o n  s u b m a r i n e  p i p e l i n e s
S h a n k a r ,  N . J . ;  F a t t .  C . H . ;  S u b b i a h .  K . ; P o u n s f o r d ,  J . H .  ( e d . )
D e p . C i v .  E n g . ,  N a t i .  U n i v .  S i n g a p o r e ,  K e n t  R i d g e ,  S i n g a p o r e  0 5 1 1 ,  

S i n g a p o r e
BHRA , T h e  F l u i d  E n g i n e e r i n g  C e n t r e ,  B e d f o r d  (U K )
I n t .  C o n f .  o n  M e a s u r i n g  T e c h n i q u e s  o f  H y d r a u l i c s  P h e n o m e n a  i n  O f f s h o r e ,  

C o a s t a l  a n d  I n l a n d  W a t e r s  L o n d o n  (U K ) 9 - 1 1  A p r  1 9 8 6
IN T E R N A T IO N A L  CONFERENCE ON MEASUR ING TEC H N IQ U E S OF H Y D R A U L IC S  PHENOMENA 

IN  O FFSHORE , CO AS TA L AND IN L A N D  WATERS LONDON , ENG LAND : 9 - 1 1  A P R I L ,  1 9 8 6  
p p .  1 3 7 - 1 4 8 ,  1 9 8 6

BHRA , THE F L U ID  E N G IN E E R IN G  C E N T . ,  BEDFORD (U K )
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 1 5
8 8 - 0 5 6 1 3

W a v e - i n d u c e d  f o r c e s  o n  b u r i e d  p i p e l i n e s
M c D o u g a l ,  W . G . :  D a v i d s o n ,  S . H . ;  M o n k r n e y e r ,  P . L . :  S o i l i t t .  C . K .
O c e a n  E n g .  P r o g r a m ,  D e p . C i v .  E n g . ,  O r e g o n  S t a t e  U n i v . ,  C o r v a l l i s ,  OR 

9 7 3 3 1 ,  USA
J .  WATERWAY PORT CO AS T . OCEAN ENG VO L . 1 1 4 ,  NO . 2 .  p p .  2 2 0 - 2 3 6 ,  1 9 8 8
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 1 6
8 8 - 0 4 3 3 4

S i m p l e x  p r o v i d e s  f l e x i b l e  p i p e  O f f s h o r e  P e t r o l e u m  D e l i v e r y  S y s t e m  (O P D S ) 
t o  t h e  U . S .  N a v y  

D u b o i s ,  B . C .
S i m p l e x  W i r e  a n d  C a b l e  C o . , USA
M a r i n e  T e c h n o l o g y  S o c . , W a s h i n g t o n ,  DC ( U S A ) ;  IE E E  O c e a n  E n g . S o c . , NY 

(U S A )
O c e a n s  ’ 8 5  " E n g i n e e r i n g  a n d  t h e  E n v i r o n m e n t "  S a n  D i e g o ,  CA (U S A )

1 2 - 1 4  N o v  1 9 8 5
OCEANS ’ 8 5  P R O C E E D IN G S : OCEAN E N G IN E E R IN G  AND THE ENV IRONMENT V O L . 2 .  

p p .  1 2 4 4 - 1 2 5 2 ,  1 9 8 5
OCEANS ’ 8 5 ,  , , : SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 1 7
8 8 - 0 4 1 6 3

O f f s h o r e  o i l  a n d  g a s  t e c h n o l o g y  a s s e s s m e n t  
O t t e m a n ,  L . G . ;  C r o o k e ,  R . C . :  S h o e m a k e r ,  R .
S h e l l  C a l i f o r n i a  P r o d u c t . .  I n c . ,  C A , USA
M a r i n e  T e c h n o l o g y  S o c . .  W a s h i n g t o n .  DC ( U S A ) ;  IE E E  O c e a n  E n g . S o c . ,  NY 

( USA )
O c e a n s  ’ 8 5  " E n g i n e e r i n g  a n d  t h e  E n v i r o n m e n t "  S a n  D i e g o ,  CA (U S A )

1 2 - 1 4  N o v  1 9 8 5
OCEANS ’ 8 5  P R O C E E D IN G S : OCEAN E N G IN E E R IN G  AND THE ENV IRONMENT VO L . 1 , 

p p .  4 - 1 6 ,  1 9 8 5
OCEANS ’ 8 5 ,  , . ; SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 1 8
8 8 - 0 3 8 3 8

I c e  g o u g e  h a z a r d  a n a l y s i s
L a n a n ,  G . A . ;  N i e d o r o d a ,  A . W . ;  W e e k s ,  W .F .
O f f s h o r e  T e c h n o l o g y  C o n r . , H o u s t o n ,  TX (U S A )
1 8 . A n n u a l  O f f s h o r e  T e c h n o l o g y  C o n f e r e n c e  H o u s t o n .  TX (U S A ) 5 - 5  M a y 

1986
E IG H T E E N T H  ANNUAL OFFSHORE TECHNOLOGY CONFERENCE . 1 9 8 6  PROCEED ING S P P .



5 7 - 6 6 ,  1 9 8 6
OTC , HOUSTON , TX (U S A ) 
PROC . OFFSHORE TECHNO L .

5 2 9 8 .
CONF., , ; SUMMARY LANGUAGE - ENGLISH; OTC

2 / 3 / 1 9
8 7 - 0 1 4 3 0

O p e r a t i o n a l  e x p e r i e n c e  w i t h  t h e  c o l d  w a t e r  p i p e  a t  t h e  N a t u r a l  E n e r g y  
L a b o r a t o r y  o f  H a w a i i  

D a n i e l ,  T . H .
N a t u r a l  E n e r g y  L a b .  o f  H a w a i i ,  P .O .  B o x 1 7 4 9 ,  K a i l u a - K o n a ,  H I  9 6 7 4 5 ,  USA
M a r i n e  T e c h n o l o g y  S o c . ,  W a s h i n g t o n ,  DC ( U S A ) ;  I E E E , New Y o r k ,  NY (U S A )
O c e a n s  ’ 8 6  " S c i e n c e - E n g i n e e r i n g - A d v e n t u r e " W a s h i n g t o n ,  DC (U S A ) 2 2 - 2 5

S e p  1 9 8 6
OCEANS ’ 3 6  CONFERENCE RECORD : S C IE N C E -E N G IN E E R IN G -A D V E N T U R E . V O L . 1 .

SYSTEM S , STRUCTURES AND A N A L Y S IS  p p .  1 8 5 - 1 9 0 ,  1 9 8 6
IE E E  P U B L IS H IN G  S E R V . . MEW YORK , NY (U S A )
OCEANS ’ 8 6 ,  , , ; SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 2 0
8 7 - 0 1 3 2 1

W ave i n d u c e d  f o r c e s  o n  s u b m a r i n e  p i p e l i n e s  
S h a n k a r ,  N . J . ; S u b b i a h ,  K .
D e p . C i v .  E n g . ,  N a t l .  U n i v .  S i n g a p o r e ,  
BHRA , F l u i d  E n g i n e e r i n g  C e n t e r ,  L o n d o n  
I n t e r n a t i o n a l  C o n f e r e n c e  o n  M e a s u r i n g  

i n  O f f s h o r e ,  C o a s t a l  a n d  I n l a n d  W a t e r s  
PAPERS PRESENTED AT THE IN T E R N A T IO N A L  

OF H Y D R A U L IC S  PHENOMENA I N  OFFSHORE . 
ENG LAND : 9 - 1 1  A P R I L ,  1 9 3 6  p p .  1 3 7 - 1 4 3 ,

BHRA , F L U ID  E N G IN E E R IN G  CENT 
SUMMARY LANGUAGE -  E N G L IS H

K e n t  R i d g e  0 5 1 1 .  S i n g a p o r e  
(UK)
T e c h n i q u e s  o f  H y d r a u l i c s  P h e n o m e n a  
L o n d o n  (U K ) 9 - 1 1  A p r  1 9 8 6  
CONFERENCE ON MEASUR ING TE C H N IQ U E S 
COASTAL AND IN L A N D  WATERS . LONDON , 
1 9 8 6

BEDFORD (U K )

s u b m a r i n e  p i p e l i n e s  
Y o s h i d a ,  K . ; S p a r k :

2 / 3 / 2 1  
3 6 - 0 6 2 5 0

A d d i t i o n a l  s t a b i l i s a t i o n  o f  
J i n s i ,  B . K . ;  C h u n g ,  J . S .

( e d s . )
J P  K e n n y  N e t h e r l a n d ,  T h e  H a g u e ,  N e t h e r l a n d s  
5 . I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  

S y m p o s i u m  T o k y o  ( J a p a n )  1 3 - 1 8  A p r  1 9 8 6
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  OFFSHORE 

E N G IN E E R IN G  (OM AE ) SYM PO S IUM . VOLUME 3 p p .  7 1 7 - 7 2 4 ,  
AM ER IC AN S O C IE T Y  OF M EC H AN IC A L E N G IN E E R S . NEW YORK , 
SUMMARY LANGUAGE -  E N G L IS H

COMPLIMENTS OF THE 
ALASKA STATE LI3RAHY

C . P . :  T s a h a l i s ,  D . T ,

A r c t i c  E n g i n e e r i n g  (OM AE )

M ECHAN IC S AND A R C T IC  
L 9 8 6  

NY (U S A )

2 / 3 / 2 2
8 6 - 0 6 2 4 6

I n f l u e n c e  o f  s t r u c t u r a l  b o u n d a r y  c o n d i t i o n s  o n  p i p e l i n e  f r e e  s p a n  
d y n a m i c s

H o b b s ,  R . E . :  C h u n g ,  J . S . :  Y o s h i d a ,  K . ; S p a r k s ,  C . P . :  T s a h a l i s ,  D . T .  
( e d s . )

C i v .  E n g .  D e p . ,  I m p e r i a l  C o l l . .  L o n d o n  SW7 2 A Z . UK
5 .  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  (OM AE ) 

S y m p o s i u m  T o k y o  ( J a p a n )  1 3 - 1 3  A p r  1 9 3 6
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  OFFSHORE M ECHAN IC S AND A R C T IC

E N G IN E E R IN G  (OM AE ) SYM PO S IUM . VOLUME 3  p p .  o 8 5 - 6 9 1 .  1 9 8 6
AM ER IC AN S O C IE T Y  OF M ECHAN IC A L E N G IN E E R S , NEW YORK . NY (U S A )
SUMMARY LANGUAGE -  E N G L IS H

2 / 3 / 2 3  
3 6 - 0 6 2 4 4

r w o - d i m e n s i o n a l  s c o u r  b e l o w  p i p e l i n e s  
H a n s e n ,  E . A . ; F r e d s o e e ,  J . : Y e , M .

C . P . ;  T s a h a l i s ,  D . T .  ( e d s . )
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O f f s h o r e  o i l  a n d  g a s  t e c h n o l o g y  a s s e s s m e n t .  O c e a n s  ’ 8 5  " E n g i n e e r i n g  a n d  
t h e  E n v i r o n m e n t "  S a n  D i e g o ,  CA (U S A ) 1 2 - 1 4  N o v  1 9 8 5  

O t t e m a n .  L . G . :  C r o o k e ,  R . C . ;  S h o e m a k e r ,  R .
S h e l l  C a l i f o r n i a  P r o d u c t . ,  I n c . ,  CA., USA 
OCEANS ’ 8 5 .
OCEANS ’ 8 5  PR O C E ED IN G S : OCEAN E N G IN E E R IN G  AND THE EN V IRO NM EN T .
, 1 9 8 5 . ,  v o l .  1 , p p .  4 - 1 6

2 / 3 / 2 0  
0 2 5 9 5 6 9  2 1 8 - 0 3 5 5 8

I c e  g o u g e  h a z a r d  a n a l y s i s .  1 8 . A n n u a l  O f f s h o r e  T e c h n o l o g y  C o n f e r e n c e  
H o u s t o n ,  TX (U S A ) 5 - 8  M ay 1 9 8 6

L a n a n ,  G . A . ;  N i e d o r o d a ,  A . W . ;  W e e k s , W .F .
PROC . OFFSHORE TECHNO L . CONF .
E IG H T E E N T H  ANNUAL OFFSHORE TECHNOLOGY CONFERENCE . 1 9 8 6  PRO C E ED IN G S .
, 1 9 8 6 . ,  p p .  5 7 - 6 6

2 / 3 / 2 1  
0 2 4 7 8 5 2  2 1 " 7- 0 7 7 3 0

N o n l i n e a r  d y n a m i c  r e s p o n s e  o f  s u b m a r i n e  p i p e l i n e s  i n  c o n t a c t  w i t h  t h e  
o c e a n  f l o o r .

C h u n g ,  C . K .
U n i v e r s i t y  o f  H o u s t o n ,  T e x a s  (U S A )
D I S S .  A B S T . I N T .  P T . B -  S C I .  & E N G . , v o l .  4 8 ,  n o .  1 
. 1 9 8 7 . ,  2 6 6  p p

2 / 3 / 2 2  
0 2 3 9 4 5 4  2 1 7 - 0 4 5 0 7

A c o n c e p t  f o r  d e s i g n  o f  s u b m a r i n e  p i p e l i n e s  t o  r e s i s t  o c e a n  f o r c e s .  3 .  
I n t e r n a t i o n a l  S y m p o s i u m  o n  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  New 
O r l e a n s ,  LA (U S A ) . 1 2 - 1 6  F e b  1 9 8 4  

K a r a l .  K .
S I N T E F . T r o n d h e i m ,  N o r w a y
J .  ENERGY RESOUR . T E C H N O L . , v o l .  1 0 7 . n o .  1 , P P . 4 2 - 4 7 ,  ( 1 9 8 5 ) .

2 / 3 / 2 3  
0 2 3 7 5 4 2  2 1 7 - 0 3 7 8 5

O p t im u m  d e s i g n  o r  s u b m a r i n e  s u s p e n d e d  p i p e l i n e s .
H u a n g ,  Z . ; S e i r e g .  A .
R e s .  I n s t .  P e t . .  E x p l o r .  a n d  D e v . ,  B e i j i n g ,  P e o p l e ' s  R e p . C h i n a  
J .  ENERGY RESOUR . T E C H N O L . , v o l .  1 0 7 . n o .  3 . p p .  3 3 5 - 3 4 1 ,  ( 1 9 8 5 ) .



O p e r a t i o n a l  e x p e r i e n c e  w i t h  t h e  c o l d  w a t e r  p i p e  a t  t h e  N a t u r a l  E n e r g y  
L a b o r a t o r y  o f  H a w a i i .  O c e a n s  ” 8 6  ” S c i e n c e - E n g i n e e r i n a - A d v e n t u r e "
W a s h i n g t o n ,  DC (U S A ) 2 2 - 2 5  S e p  1 9 8 6  

D a n i e l ,  T . H .
N a t u r a l  E n e r g y  L a b .  o f  H a w a i i ,  P . O .  B o x  1 7 4 9 ,  K a i l u a - K o n a ,  H I  9 6 7 4 5 ,  USA 
OCEANS ’ 8 6 .
OCEANS ’ 8 6  CONFERENCE RECORD : S C IE N C E -E N G IN E E R IN G -A D V E N T U R E . V O L . 1 .

S Y S TEM S , STRUCTURES AND A N A L Y S IS .
, 1 9 8 6 . ,  p p .  1 8 5 - 1 9 0

‘ I

2 / 3 / 2 5  
0 2 3 1 5 8 3  2 1 7 - 0 1 2 8 0

W a v e i n d u c e d  f o r c e s  o n  s u b m a r i n e  p i p e l i n e s .  I n t e r n a t i o n a l  C o n f e r e n c e  o n  
M e a s u r i n g  T e c h n i q u e s  o f  H y d r a u l i c s  P h e n o m e n a  i n  O f f s h o r e ,  C o a s t a l  a n d  
I n l a n d  W a t e r s  L o n d o n  (U K ) 9 - 1 1  A p r  1 9 8 6  

S h a n k a r ,  N . J . ;  S u b b i a h ,  K .
D e p . C i v .  E n g . ,  N a t l .  U n i v .  S i n g a p o r e ,
PAPERS PRESENTED AT THE IN T E R N A T IO N A L  

OF H Y D R A U L IC S  PHENOMENA IN  OFFSHORE ,
ENG LAND : 9 - 1 1  A P R I L ,  1 9 8 6 .

, 1 9 8 6 . ,  p p .  1 3 7 - 1 4 8

K e n t  R i d g e  0 5 1 1 ,  S i n g a p o r e  
CONFERENCE ON M EASUR ING TE C H N IQ U E S  
COAS TA L AND IN L A N D  WATERS . LONDON ,

I n t e r n a t  i o n a l  
T o k y o  ( J a p a n )

2 / 3 / 2 6  
0 2 1 9 4 8 4  2 1 6 - 0 6 3 5 4

A d d i t i o n a l  s t a b i l i z a t i o n  o f  s u b m a r i n e  p i p e l i n e s .  5 .
O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  (OM AE ) S y m p o s i u m
1 3 - 1 8  A p r  1 9 8 6  

J i r i s i ,  B . K .
J P  K e n n y  M o t h e r l a n d ,  T h e  H a g u e ,  N e t h e r l a n d s
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  OFFSHORE M ECH AN IC S AND A R C T IC  

E N G IN E E R IN G  (OM AE ) S YM PO S IUM . VOLUME 3 .
C h u n g ,  J . S . ;  Y o s h i d a ,  K . ; S p a r k s ,  C . P . ;  T s a h a l i s ,  D .T . . 
e d s .
, 1 9 8 6 . ,  p p .  7 1 7 - 7 2 4

2 / 3 / 2 7  
0 2 1 9 4 3 8  2 1 6 - 0 6 3 0 2

T w o - d i m e n s i o n a l  s c o u r  b e l o w  p i p e l i n e s .  5 .  I n t e r n a t i o n a l  O f f s h o r e  
M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  (OM AE ) S y m p o s i u m  T o k y o  ( J a p a n )  1 3 - 1 8  A p r  
1 9 8 6

H a n s e n ,  E . A . ;  F r e d s o e e ,  J . ; Y e , M.
I n s t .  H y d r o d y n .  a n d  H y d r a u l .  E n g . ,  T e c h .  U n i v .  D e n m a r k ,  C o p e n h a g e n ,  

D e n m a r k
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  OFFSHORE M ECH AN IC S AND A R C T IC  

E N G IN E E R IN G  (OM AE ) S YM PO S IUM . VOLUME 3 .
C h u n g ,  J . S . ; Y o s h i d a ,  K . : S p a r k s ,  C . P . ;  T s a h a l i s ,  D . T .
e d s .
, 1 9 8 6 . «  p p .  6 7 0 ~ o 7 S

2 / 3 / 2 8  
0 2 1 9 4 3 6  2 1 6 —0 6 3 0 0

N o n l i n e a r  r a n d o m  r e s p o n s e  o f  m a r i n e  p i p e l i n e s  i n  c o n t a c t  w i t h  t h e  s e a b e d .  
5 . I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  (OM AE ) 

S y m p o s i u m  T o k y o  ( J a p a n )  1 3 - 1 3  A p r  1 9 8 6  
M i c h a l o p o u l o s .  C .D .
S o u t h w e s t  A p p l i e d  M e c h a n i c s ,  I n c . ,  H o u s t o n  
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  

E N G IN E E R IN G  (OM AE ) S YM PO S IUM . VOLUME 3 .
C h u n g .  J . S . :  Y o s h i d a ,  K . ; S p a r k s ,  C . P .
e d s .
,  1 9 8 6 . ,  d p ,  6 3 9 - o 4 6

T X , USA
OFFSHORE M ECH AN IC S AND A R C T IC  

T s a h a l i s ,  D . T .

2 / 3 / 2 9  
0 2 1 9 4 2 9  2 1 6 - 0 6 2 9 ?

A c i r c u l a r  c y l i n d e r  p a r t l y  s u b m e r g e d  i n  t h r e e  t u r b u l e n t  b o u n d a r y
M M M K m i H K H i

1 a y e r :
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T o k y o  ( J a p a n )  1 3 - 1 8  A p r  1 9 8 6
Z d r a v k o v i o h ,  M . M .
U n i v .  S a l f o r d ,  S a l f o r d ,  L a n c a s h i r e  M5 AWT.  UK
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  OFFSHORE M ECHAN IC S AND A R C T IC

E N G IN E E R IN G  (OM AE ) SYM PO S IUM . VOLUME 3 .
C h u n g ,  J . S . :  Y o s h i d a ,  K . ;  S p a r k s ,  C . P . ;  T s a h a l i s ,  D .T . .
e d s .
, 1 9 8 6 . ,  p p .  5 8 2 - 5 8 7

2 / 3 / 3 0  
0 2 1 9 4 0 5  2 1 6 — 0 6 2 6 9

H y d r o d y n a m i c  f o r c e s  d u e  t o  o b l i q u e  w a v e  a n d  c u r r e n t  a c t i o n  o n  m a r i n e  
p i p e l i n e s .  5 .  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  
(OM AE ) S y m p o s i u m  T o k y o  ( J a p a n )  1 3 - 1 8  A p r  1 9 8 6

B r y r i d u m ,  M . B . ;  J a c o b s e n ,  V . ;  M a d s e n .  M. ; B r a n d ,  L .P . ,
D a n i s h  H y d r a u l .  I n s t . ,  H o r s h o l m ,  D e n m a r k
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  OFFSHORE M ECH AN IC S AND AR C T IC

E N G IN E E R IN G  (OM AE ) S YM PO S IU M . VOLUME 3 .
C h u n g ,  J . S . ;  Y o s h i d a ,  K . ; S p a r k s ,  C - . P - ;  T s a h a l i s ,  D . T .
e d s .
, 1 9 8 6 , ,  P P . 4 0 2 — 4 0 7

2 / 3 / 3 1  
0 2 1 9 3 8 4  2 1 6 - 0 6 2 4 6

I n f l u e n c e  o f  s t r u c t u r a l  b o u n d a r y  c o n d i t i o n s  o n  p i p e l i n e  f r e e  s p a n  
d y n a m i c s .  5 .  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c  E n g i n e e r i n g  (OM AE ) 
S y m p o s i u m  T o k y o  ( J a p a n )  1 3 - 1 8  A p r  1 9 8 6  

H o b b s ,  R . E .
C i v . -  E n g . D e p . ,  I m p e r i a l  C o l l . ,  L o n d o n  SW7 2 A Z , UK
PROCEED ING S OF THE F I F T H  IN T E R N A T IO N A L  OFFSHORE M ECHAN IC S AND A R C T IC

E N G IN E E R IN G  (OM AE ) S YM PO S IU M . VOLUME 3 .
C h u n g ,  J . S .  ; Y o s h i d a .  K . ; S p a r k s ,  C . P . ;  T s a h a l i s ,  D .T . .
e d s .
, 1 9 8 6 . ,  p p .  6 8 5 - 6 9 1

2 / 3 / 3 2  
0 2 1 7 4 7 5  2 1 6 - 0 5 5 3 6

P r o c e e d i n g s  o f  t h e  F i f t h  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  a n d  A r c t i c
E n g i n e e r i n g  (OM AE ) S y m p o s i u m .  V o l u m e  3 .  5 .  I n t e r n a t i o n a l  O f f s h o r e  M e c h a n i c s  
a n d  A r c t i c  E n g i n e e r i n g  (OM AE ) S y m p o s i u m  T o k y o  ( J a p a n )  1 3 - 1 8  A p r  1 9 8 6  

C h u n g ,  J . S . :  Y o s h i d a ,  K . ; S p a r k s ,  C . P . ;  T s a h a l i s ,  D . T .
e d s .
P U B L : AM ER IC A N  S O C IE T Y  OF M EC H AN IC A L E N G IN E E R S , NEW YORK , NY ( U S A ) ,  1 9 8 6 .

, 7 3 6  p p

2 / 3 / 3 3  
0 2 1 3 7 5 9  2 1 5 - 0 6 6 7 3

P i p e l i n e  b r e a k o u t  f r o m  s e a  f i o o r  u n d e r  w a v e  a c t i o n .
F o d a ,  M . A .
K u w a i t  I n s t .  3 c i .  R e s . ,  PO B o x  2 4 8 8 5 ,  S a f a t ,  K u w a i t  
A P P L . OCEAN R E S . ,  v o l .  7 ,  n o .  2 ,  p p .  7 9 - 8 4 .  ( 1 9 8 5 ) .

2 / 3 / 3 4  
□ 2 1 3 7 0 7  2 1 6 - 0 4 1 1 8

D y n a m i c  b e h a v i o r  o f  d e e p - o c e a n  p i p e i i n e .
Z im m e rm a n .  M . ; H u d s p e t h ,  R . : L e o n a r d ,  J . ; T e d e s c o ,  J . :  B o r g m a n .

L .
S t a n d a r d  O i l  C a l i f o r n i a ,  S a n  F r a n c i s c o ,  CA 9 4 1 0 5 ,  USA
J .  WATERWAY PORT CO AS T . OCEAN ENG . AM . SOC . C I V .  E N G . , v o l .  1 1 2 .  n o .  2 .  

p p .  1 3 3 - 1 9 9 ,  ( 1 9 8 6 ) .

2 / 3 / 3 5  
0 2 1 1 P lO  2 1 6 - 0 3 0 8 8

O a h u  OTEC p r e l i m i n a r y  d e s i g n :  S e a - f l o o r  s u r v e y s .  I n t e r n a t i o n a i  
C o n f e r e n c e ,  O f f s h o r e  S i t e  I n v e s t i g a t i o n  L o n d o n ,  ( U K )  1 3  M a r 1 9 S 5



N i e d o r o d a ,  A . W . ;  P a l m e r ,  A . C . ;  P i t t m a n .  J . R . ;  V a n d e r m e u l e n ,  J . P . ;  
C a m p b e l l ,  J . F .

I n s t .  G e o p h y s . ,  U n i v .  H a w a i i ,  H o n o l u l u ,  H I  9 6 8 1 3 ,  USA

ADVANCES IN  UNDERWATER TECHNOLOGY AND OFFSHORE E N G IN E E R IN G . VOLUME 3 .
OFFSHORE S I T E  IN V E S T IG A T IO N .

,  j . y 8 5 .  , p p .  1 5 - 2 8

2 / 3 / 5 6  
0 2 1 1 6 0 4  2 1 6 - 0 3 0 8 0

T h e B e n i g r a p h :  A s e a - f l o o r  m a p p i n g  s y s t e m .  I n t e r n a t i o n a l  C o n f e r e n c e ,
O f f s h o r e  S i t e  I n v e s t i g a t i o n  L o n d o n ,  ( U K )  1 3  M a r  1 9 8 5  

L o e v i k ,  A .
B e n t e c h  A / S ,  T r o m s o e ,  N o r w a y
ADVANCES IN  UNDERWATER TECHNOLOGY AND OFFSHORE E N G IN E E R IN G . VOLUME 3 .

OFFSHORE S I T E  IN V E S T IG A T IO N .
P U B L : GRAHAM AND TROTMAN , LONDON ( U K ) ,  1 9 8 5 . ,  p p .  6 3 - 6 8

2 / 3 / 3 7  
0 1 8 6 0 4 9  2 1 5 - 0 3 7 0 6

D u t c h  r o c k  d u m p e r  e y e s  d e e p w a t e r  p r o s p e c t s .
A n o n .
OFFSHORE E N G . ,  p p .  4 7 - 4 8 ,  ( 1 9 8 5 ) .

? t b o g o f  f
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. . .  R e s o u r c e s  . . .

L o n g  te rm  issue, lo o k in g  a t sta te  w a te r p o lic y
A presentation by the Water Resources Board 

sparked a lengthy discussion of the state’s water policy 
in a House Resources Committee meeting last week.

Resources Chair Rep. Cliff Davidson asked the 
Board and state and federal officials for ideas on 
establishing a sound water policy for the state of Alaska. 
One commonly-expressed idea was the need for ad­
equate data on the state’s water resources, in an easily- 
retrieved and usable format. Mary Lu Harle of the 
Dept, of Natural Resources compared the lack of data 
to a checking account. “It’s hard to write out checks for 
water if you don’t know how much is there,” she said.

An analysis of the state’s present and projected 
future needs of our water resources is needed. Gary 
Gustafson of DNR suggested the need for a policy to 
establish preferences among water uses, and coopera­
tive planning among various water users.

S t a t e  w a t e r  p r o g r a m  ?

Bill Long, Chief of the Water Resources Section of 
DNR cited two main areas of emphasis for his office 
this year: (1) water resources of the state’s land
entitlement selections; and (2) groundwater quality and 
supply for Alaska’s communities. Rep. Bill Hudson 
and Rep. Georgianna Lincoln expressed dismay that 
the Governor is talking about exporting water to Cali­
fornia, while he cannot ensure safe drinking water in 
many of Alaska’s communities. Long admitted that the 
state is falling behind in collecting water resources 
data. Rep. Davidson said that he would like to see DNR 
ask for more money for this effort.

G a t h e r i n g  w a t e r  d a t a

Phil Carpenter of the USGS recommended a “net­
work evaluation” of the state’s water resources. That, 
he said, would tell us how accurate our data is. It would 
also tell us where to focus future data collection efforts. 
The cost of a study would be approximately $400,000, 
half of which could be paid for with federal funds.

Just because Alaska is a “water-rich" state, Carpen­
ter said, doesn’t mean that we don’t need a sound water 
policy. He cited the state of Washington, also a water- 
rich state, is now facing a dilemma over water rights. 
The Board presented 12 resolutions to the committee, 
several dealing with data for water resources.

Concern was expressed by both the board and the 
committee members that the Dept, of Natural Resources 
is now using onc-quartcr the amount of federal funds
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that it was using eight years ago for data collection. One 
particular area where data collection is needed is in the 
Arctic National Wildlife Refuge. The Board recom­
mended that DNR take full advantage of all federal 
matching funds available for data collection.

Board chair Peg Tileston recommended a network 
of stream gauging, as well as funding for the STORET 
program, which she called an efficient data storage and 
retrieval system.

The Board also called for an interagency task force 
charged with studying the impacts on village water and 
waste systems of agency projects. Currently, there is no 
coordinated approach for state agency projects in vil­
lages, which can end up placing too-heavy demands on 
existing systems. The board suggests keeping “as- 
builts” on the site of utility systems, so that rural 
maintenance personnel have some reference materials 
on the systems they are expected to maintain.

W e t l a n d s  po l i cy

An aggressive campaign to influence national wet­
lands policy with regard to its treatmentor regulation of 
Alaska lands is urged by the Board as well.

In response to Gov. Hickel’s proposal to export 
water to California, the Board is recommending a 
study, not funded, by the state o f Alaska, to analyze the 
impacts of such a project on Alaska’s people, fisheries, 
aud land and water resources.

The Board alsocalled fora $25 million appropriation 
to the Oil and Hazardous Substance Release Response 
Fund (the “470 fund”), and that this fund be kept in 
reserve for use on major oil and other hazardous sub­
stance spills. Regarding a hazardous waste disposal site 
in the state, the board recommended a cost-analysis be 
done by the Dept, of Environmental Conservation, and 
that if such a site is created in Alaska, that adequate 
groundwater protection is assured.

A N W R  R e s o l u t i o n

The House Resources last week passed out 
HJR-21, endorsing ANWR exploration and devel­
opment and objecting to any decrease in the state 
revenue share. The resolution was amended to 
include language re: protection of habitat for the 
Porcupine caribou herd, as well as other land, 
water and wildlife resources. HJR-21 now goes to 
the House Finance.
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DISCHARGE AT MISCELLANEOUS SITES 

D l s c h a r g o  measu rements made a t  m i s c e l l a n e o u s  s l t o o  d u r i n g  w a t e r  y o a r  1989

Stream T r i b u t a r y  t o

Taku I n l o t

L o c a t io n

S o u th e a s t  A la sk a

G a s t in e a u
Channe l

M endenha l l
R i v e r

Mousurod 
D ra in a g e  p r e v i o u s l y  

a r e a  (w a te r
i 2 ,(m i ) y e a r s )

Measurements
D isc ln i rg o  

Da te  ( f t 3 / s )

L o t  5 8 * 1 3 '  4 0 " ,  lo ng  1 3 4 * 0 2 * 2 5 " ,  C i t y  and 1 5 , 2  
Borough o f  Juneau , 0 . 7  ml downstream 
f rom  Lake B a r t ,  0 . 8  mi u p s t r e am  f rom  
mouth, 3 mi downstream f r om  Lake  D o ro t h y ,  
and 14 mi s o u th e a s t  o f  Jun oau ,

L a t  5 3 * 2 3 * 5 3 " ,  l ong  1 3 4 * 3 4 * 4 0 " ,  i n  NEk 
MWk s e c . 3 i ,  T . 4 0  S . ,  R . 6 6  E . ,  C i t y  and
Borough o f  Juneau , 0 . 8  mi u p s t r e am  f rom  
mouth , and 8 ui n o r thw e s t  o f  Juneau .

L a t  5 8 " 2 3 ' 3 4 " ,  long  1 3 4 * 3 4 * 0 6 " ,  i n  NEk 
NEk s e c . 1 9 ,  T . 4 0  S . ,  R . 6 6  E . ,  C i t y  and
Borough o f  Juneau , 2 , 8  ml u p s t r e am  f rom  
mouth , and 8 mi n o r thw e s t  o f  Juneau .

L a t  5 8 ' 2 3 ' 0 3 " ,  long  1 3 4 * 3 4 * 3 1 " ,  i n  NWk 
SEk s e c . 1 9 ,  T . 4 0  S . ,  R . 6 6  E . ,  C i t y  and
Borough o f  Juneau , 2 . 1  mi u p s t r e am  f rom  
mouth, and 8 mi n o r thw e s t  o f  Juneau .

L a t  5 8 * 2 2 * 0 4 " ,  lo n g  1 3 4 * 3 5 * 1 6 " ,  i n  SWk
SWk s e c . 3 0 ,  T . 4 0  S . ,  R . 6 6  E . , C i t y  and
Borough o f  Juneau , 0 . 8  mi u p s t r e am  f rom  
mouth, and 8 mi n o r thw e s t  o f  Juneau .

L a t  5 8 * 2 3 12 2 " ,  l o n g  1 3 4 * 3 5 * 3 0 " ,  i n  SEk
NEk s e c . 2 4 ,  T . 4 0  S . ,  R . 6 5  E . , C i t y  and 
Borough o f  Juneau , 3 . 5  mi u p s t r e am  f rom  
mouth, and 2 . 0  mi e a s t  o f  Auke Bay .

L a t  5 8 * 2 2 * 5 2 " ,  lo n g  1 3 4 * 3 5 * 3 4 " ,  i n  SEk
SEk s e c . 2 4 ,  T . 4 0  S . ,  R . 6 5  E . , C i t y  and
Borough o f  Juneau , 2 , 7  mi u p s t r e am  f rom  
mouth , and 2 . 0  mi s o u t h e a s t  o f  Auke Bay .

L a t  5 8 * 2 2 * 5 6 " ,  lo n g  1 3 4 * 3 5 * 5 0 " ,  i n  SEk 
SEk s e c . 2 4 ,  T . 4 0  S . ,  R . 6 5  E . ,  C i t y  and
Borough  o f  Juneau , 0 , 0 5  mi u p s t r e am  f rom  
mouth, and 1 . 8  mi e a s t  o f  Auke Bay .

L a t  5 8 * 2 2 * 1 5 " ,  lo n g  1 3 4 * 3 6 * 0 0 " ,  i n  NWk 
SEk s e c . 2 5 ,  T . 4 0  S . ,  R . 6 5  E . , C i t y  and 
Borough o f  Juneau , a t  B r o t h e r h o o d  . 
B r i d g e ,  1 . 6  mi ups tream  f r om  mouth , 
and 2 . 2  mi s o u t h e a s t  o f  Auke B ay .

L a t  5 8 * 0 4 * 3 8 " ,  l o n g  1 3 4 * 3 7 * 3 9 " ,  on 
A d m i r a l t y  I s l a n d ,  a t  s e t t l i n g  pond 
o u t l e t ,  and 19 mi sou thw es t  o f  Juneau .

L a t  5 8 * 0 4 * 4 4 " ,  lo ng  1 3 4 * 3 8 * 3 7 " ,  on 
A d m i r a l t y  I s l a n d ,  abou t  2 0 0  f t  up ­
s t r e am  f rom  G a l l a g h e r  C re e k ,  6 . 1  mi 
u p s t re am  f rom  mouth, and 19 m l s o u t h ­
wes t  o f  Juneau .

L a t  5 8 * 0 5 * 3 9 " ,  lo ng  1 3 4 * 4 4 * 2 4 " ,  on 
A d m i r a l t y  I s l a n d ,  about 0 . 5  mi up ­
s t r e am  f r om  mouth, and 19 mi s o u t h ­
w es t  o f  Junoau .

L a t  5 8 * 0 5 * 4 7 " ,  lo n g  1 3 4 * 4 4 * 2 7 " ,  on 
A d m i r a l t y  I s l a n d ,  19 mi s ou thw e s t  
o f  Juneau .

$ 1 9 2 9 - 6 7  1 2 -  5 - 8 8  160

1988  3 -  2 - 8 9  no f l ow

1988  3 -  2 - 8 9  e 0 , 7 5

1988  3 -  2 - 8 9  0 . 2 8

1988  3 -  2 - 8 9  no  f l ow

1984 3 -  2 - 8 9  32

1984 3 -  2 - 8 9  39

1 9 6 5 - 6 8 ,  3 -  2 - 8 9  11
1984

1 9 5 0 ,  1 9 6 9 ,  4 -  2 - 5 0  2 820
1984 1 1 - 2 0 - 6 8  g l 5 0

1 1 - 2 0 - 6 8  g i l l
3 -  2 - 8 9  59

1 9 8 3 - 8 4 ,  8 - 3 1 - 8 9
1988

1978 8 1 8 -7 8  
8 - 3 1 - 8 9

8-31-89

0 . 0 4

1 9 7 8 - 8 0 ,  8 - 2 9 - 8 9  11
1 9 8 3 ,  1988

e g l 2
l.S

0.12



ANALYSES OK SAMPLES COLLECTED AT MISCELLANEOUS SITES 
SOUTHEAST ALASKA

58 0 4 4 4 1 3 4 3 8 3 7 0 0  GREENS CREEK BELOW WEST MINE DRAINAGE CREEK NEAR JUNEAU 
WATER QUALITY DATA, WATER YEAR OCTOBER 1988 TO SEPTEMBER 1989

D IS ­ BARO­ OXYGEN, HARD­
CHARGE, SPE­ METRIC D IS ­ HARD­ NESS

INST. C IF IC PRES­ SOLVED NESS NONCARU
CUBIC CON­ PH TEMPER­ TUR­ SURE OXYGEN. (PER ­ TOTAL WH WAT

FEET DUCT­ (STAND­ ATURE B ID ­ (MM D IS ­ CENT (MG/L TOT FLD
DATE TIME PER ANCE ARD WATER ITY OF SOLVED SATUR­ AS MG/L AS

SECOND (US/CM) UNITS) (DEG C ) (NTU) HG) (MG/L) ATION) CAC03) CAC03
( 0 0 0 6 1 ) ( 0 0 0 9 5 ) ( 0 0 4 0 0 ) ( 0 0 0 1 0 ) ( 0 0 0 7 6 ) ( 0 0 0 2 5 ) ( 0 0 3 0 0 ) ( 0 0 3 0 1 ) ( 0 0 9 0 0 ) ( 0 0 9 0 2 )

AUG
2 9 .  . . 1430 11 138 7 . 8 0 1 0 . 5 0 . 3 0 743 9 . 5 87 71 24

ALKA­ ALKA­ BICAR­ CAR­
MAGNE­ POTAS­ L IN ITY LIN ITY BONATE BONATE CHLO­ FLUO­

CALCIUM SIUM, SODIUM, SIUM, WAT WH WAT WH WATER WATER SULFATE R IDE , RIDE.
D IS ­ D IS ­ D IS ­ D IS ­ TOT FET TOT IT D IS  IT D IS  IT D IS ­ D I S ­ D IS ­
SOLVED SOLVED SOLVED SOLVED FIELD FIELD FIELD FIELD SOLVED SOLVED SOLVED

DATE (MG/L (MG/L (MG/L (MG/L MG/L AS MG/L AS MG/L AS MG/L AS (MG/L (MG/L (MG/L
AS CA) AS MG) AS NA) AS K ) CAC03 CAC03 HC03 C03 AS S 0 4 ) AS CL) AS F )

( 0 0 9 1 5 ) ( 0 0 9 2 5 ) ( 0 0 9 3 0 ) ( 0 0 9 3 5 ) ( 0 0 4 1 0 ) ( 0 0 4 1 9 ) ( 0 0 4 5 3 ) ( 0 0 4 5 2 ) ( 0 0 9 4 5 ) ( 0 0 9 4 0 ) ( 0 0 9 5 0 )
AUG

29 .  . , 22 3 . 9 1 , 8 0 . 2 0 47 47 58 0 20 1 . 2 0 . 2 0

DATE

S IL ICA ,
D IS ­
SOLVED
(MG/L
AS

S I 0 2 )
( 0 0 9 5 5 )

SOLIDS, 
RESIDUE 
AT 180 
DEG. C 
D IS ­

SOLVED 
(MG/L) 

( 7 0 3 0 0 )

SOLIDS, 
SUM OF 
CONSTI­
TUENTS, 

D IS ­
SOLVED 
(MG/L) 

( 7 0 3 0 1 )

NITRO­
GEN, 

N02+N03 
D I S ­

SOLVED 
(MG/L 
AS N) 

( 0 0 6 3 1 )

NITRO­
GEN, 

AM40NIA 
D IS ­

SOLVED 
(MG/L 
AS N) 

( 0 0 6 0 8 )

NITRO­
GEN, 

ORGANIC 
D IS ­

SOLVED 
(MG/L 
AS N) 

( 0 0 6 0 7 )

NITRO­
GEN, AM­
MON I  A + 
ORGANIC 

D IS .  
(MG/L 
AS N) 

( 0 0 6 2 3 )

PHOS­
PHOROUS 

D IS ­
SOLVED 
(MG/L 
AS P ) 

( 0 0 6 6 6 )

PHOS­
PHOROUS 
ORTHO, 
D IS ­

SOLVED 
(MG/L 
AS P) 
( 0 0 6 7 1 )

ALUM­
INUM. 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS AL) 

( 0 1 1 0 5 )
AUG 

2 9 . . . 4 . 5 85 83 0 . 1 5 0 0 . 0 4 0 0 . 2 6 0 . 3 0 < 0 . 0 1 0 0 . 0 2 0 20

DATE

ALUM­
INUM, 
D IS ­

SOLVED 
(UG/L 
AS AL) 

( 0 1 1 0 6 )

ARSENIC 
TOTAL 
(UG/L 
AS AS) 

( 0 1 0 0 2 )

ARSENIC 
D IS ­

SOLVED 
(UG/L 
AS AS) 

( 0 1 0 0 0 )

BARIUM, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS BA) 

( 0 1 0 0 7 )

BARIUM, 
D IS ­

SOLVED 
(UG/L 
AS BA) 

( 0 1 0 0 5 )

CADMIUM 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS CD) 

( 0 1 0 2 7 )

CADMIUM 
D IS ­

SOLVED 
(UG/L 
AS CD) 

( 0 1 0 2 5 )

CHRO­
MIUM, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS CR) 

( 0 1 0 3 4 )

CHRO­
MIUM, 
D IS ­
SOLVED 
(UG/L 
AS CR) 

( 0 1 0 3 0 )

COBALT, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS CO) 

( 0 1 0 3 7 )
AUG 

2 9 .  . . 10 <1 <1 200 38 <1 <1 <1 1 <1

DATE

COBALT, 
D IS ­

SOLVED 
(UG/L 
AS CO) 

( 0 1 0 3 5 )

COPPER, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS CU> 

( 0 1 0 4 2 )

COPPER, 
D IS ­
SOLVED 
(UG/L 
AS CU) 

( 0 1 0 4 0 )

IRON, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS FE ) 

( 0 1 0 4 5 )

IRON, 
D IS ­

SOLVED 
(UG/L 
AS FE) 

( 0 1C 4 6 )

LEAD. 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS PB) 

( 0 1 0 5 1 )

LEAD, 
D IS ­

SOLVED 
(UG/L 
AS PB) 

( 0 1 0 4 9 )

MANGA­
NESE. 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS MN) 

( 0 1 0 5 5 )

MANGA­
NESE, 
D IS ­

SOLVED 
(UG/L 
AS MN) 

( 0 1 0 5 6 )

MERCURY 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS HG) 

( 7 1 9 0 0 )
AUG 

2 9 .  . . <1 4 <1 80 11 2 <1 <10 B 0 . 1 0

DATE

MERCURY 
D IS ­

SOLVED 
(UG/L 
AS HG) 

1 7 1 8 9 0 )

NICKEL, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS N I )  

( 0 1 0 6 7 )

NICKEL, 
D IS ­
SOLVED 
(UG/L 
AS N I )  

( 0 1 0 6 5 )

SELE­
NIUM, 
TOTAL 
(UG/L 
AS SE ) 

( 0 1 1 4 7 )

SELE­
NIUM, 
D IS ­

SOLVED 
(UG/L 
AS SE ) 

( 0 1 1 4 5 )

S ILVER, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS AG) 

( 0 1 0 7 7 )

S ILVER, 
D I S ­

SOLVED 
(UG/L 
AS AG) 

( 0 1 0 7 5 )

ZINC, 
TOTAL 
RECOV­
ERABLE 
(UG/L 
AS ZN) 

( 0 1 0 9 2 )

ZINC, 
D I S ­

SOLVED 
(UG/L 
AS ZN) 

( 0 1 0 9 0 )

O IL  AND 
GREASE, 
TOTAL 
RECOV. 
GRAVI­
METRIC 
(MG/L) 

( 0 0 5 5 6 )



, ..............

GROUND-WATER LEVEL DATA 
SOUTHEAST ALASKA 

JUNEAU

5 8 2 3 5 9 1 3 4 3 5 2 1 0 3 .  L o c n l  number , CD04006618CBCA3019,
LOCAT ION .--La t  5 8 * 2 3 ’ S 9 " ,  I o n a  1 3 4 ’ 3 5 ’ 2 1 " ,  H y d r o l o g i c  U n i t  1 9 0 6 0 0 0 0 ,  M endenha l l  Loop  Road , n e a r  Juneau .

Owner: H a r la n  O l s o n .
AQUIFER . - -Sand  and g r a v e l  o f  t h e  Q u a te r n a r y  System .
WELL CHARACTERISTICS.— D lam e to r  6  i n ,  d ep th  40 f t ,  s c re en ed  30 t o  40 f t .
INSTRUMENTATION.— C on t in u ou s  s t r i p - c h a r t  r o c o r d o r  Novombor 1983  t o  August 1 9 8 4 ,  D i g i t a l  r e c o r d e r  f r om  

August  1984  t o  c u r r e n t  y e a r .
DA TUM .- -E le v a t i o n  o f  l a n d - s u r f a c e  datum i s  5 0 . 5 3  f t  above N a t i o n a l  G e od o c t ic  V e r t i c a l  Datum o f  1929  (d e te rm in e d  

f rom  l e v o l s  s u r v e y ) .  M easu r ing  P o i n t :  Top o f  c a s in g  1 . 0 0  f t  above l a n d - s u r f a c o  datum.
PERIOD OF RECORD.— November 1983  t o  c u r r e n t  y e a r .
EXTREMES FOR PERIOD OF RECORD .- -H ighes t  w a te r  l e v e l ,  4 . 9 2  f t  b e low  l a n d - s u r f a c o  datum, O c t .  2 - 3 ,  1 9 8 7 ;  

l o w e s t ,  1 1 . 6 5  f t  b e low  l a n d - s u r f a c e  datum, Mar. 2 2 ,  2 3 ,  1 989 ,
DEPTH BELOW LAND SURFACE (WATER LEVEL) (FEET ) ,  WATER YEAR OCTOBER 1988  TO SEPTEMBER 1989

MINIMUM VALUES
DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

5 6 . 7 6 6 . 5 8 6 . 4 6 9 . 4 5 9 . 4 8 1 0 . 9 9 1 0 . 8 3 9 . 0 5 7 . 3 3 9 . 4 2 8 . 5 3 8 . 7 9
10 5 . 5 7 6 . 9 3 6 . 4 3 9 . 7 2 9 . 9 1 1 1 . 2 8 1 0 . 3 2 7 . 8 6 7 . 9 3 9 . 5 4 8 . 7 2 8 . 9 4
15 5 . 7 9 7 . 0 9 6 . 7 6 9 . 6 6 1 0 . 2 3 1 1 . 4 4 8 . 9 7 7 . 6 2 8 . 2 8 9 . 4 0 8 . 9 2 9 . 3 3
20 5 . 6 0 7 . 0 3 7 . 1 5 9 . 9 5 1 0 . 4 7 1 1 . 5 6 8 . 6 8 7 . 6 7 8 . 6 6 9 . 4 5 8 . 9 8 9 . 3 2
25 5 . 8 9 7 . 3 4 8 . 2 4 9 . 9 9 1 0 . 7 9 1 1 . 5 6 8 . 7 7 8 . 2 2 8 . 9 0 9 . 1 9 9 . 2 2 7 . 0 1

EOM 6 . 3 4 6 . 4 4 8 . 9 9 9 . 1 2 1 0 . 9 2 1 1 . 4 1 8 . 9 3 7 . 8 1 9 . 0 7 9 , 4 1 9 . 4 7 6 . 7 1
WTR YR 1989 HIGH 5 . 5 7 OCT 9 - 1 0 LOW 1 1 . 6 5 MAR 2 2 - 2 3

explanation
Obufvltion will 
Multiple ob»4fYrft«on *•!!»

0 100 200 MILES 1_ l I_I I

PACIFIC OCEAN ,38°'

Figure 8.--Locations of ground-water observation wells.



QUALITY OF GROUND WATER

WATER QUALITY DATA COLLECTED FROM WELLS DURING WATER YEAR 1989 
SOUTHEAST ALASKA 
HAWK IHLET WELLS

DEPTH

STATION NUMBER

LOCAL
IDENT­

I ­
F IER DATE TIME

BELOW
LAND

SURFACE
(WATER
LEVEL)
(FEET)

( 7 2 0 1 9 )

SPE­
C IF IC
CON­
DUCT­
ANCE

(US/CM)
( 0 0 0 9 5 )

PH
(STAND­

ARD
UNITS)
( 0 0 4 0 0 )

TEMPER­
ATURE 
WATER 

(DEG C) 
( 0 0 0 1 0 )

HARD­
NESS 
TOTAL 
(MG/L 
AS 

CAC03) 
( 0 0 9 0 0 )

5 8 0 6 3 3 1 3 4 4 4 3 3 0 1 CD04306526CDBB1 001 0 8 - 3 1 - 8 9 0857 0 . 9 234 6 . 5 0 1 0 . 0 75
5 8 0 6 3 3 1 3 4 4 4 3 3 0 2 CD04306526CDBB2 001 0 8 - 3 1 - 8 9 0735 4 3 . 9 9 09 •9 .00 7 . 5 20
5 8 0 6 3 3 1 3 4 4 4 4 0 0 1 CD04306526CBDD1 002 0 8 - 3 0 - 8 9 1435 0 . 2 154 6 . 0 0 1 0 . 5 45
5 8 0 6 3 3 1 3 4 4 4 4 0 0 2 CD04306526CBDD2 002 0 8 - 3 0 - 8 9 1410 0 204 8 . 6 0 7 . 5 70
5 8 0 6 4 5 1 3 4 4 4 5 2 0 1 CD04306526CBBB1 005 0 8 - 3 0 - 8 9 1207 2 . 4 137 5 . 4 0 1 0 . 5 19
5 3 0 6 5 2 1 3 4 4 4 5 4 0 1 CD04306526BCBD1 003 0 8 - 3 0 - 8 9 0930 1 . 2 196 4 . 7 0 1 0 . 0 59
5 8 0 6 5 2 1 3 4 4 4 5 4 0 2 CD04306526BCBD2 003 0 8 - 3 0 - 8 9 1120 2 8 . 8 516 8 . 7 0 9 . 0 23
5 8 0 6 5 8 1 3 4 4 4 3 2 0 1 CD04306526BDBB1 004 0 8 - 3 0 - 8 9 0800 0 . 8 169 7 . 6 0 1 0 . 0 82

STATION NUMBER DATE

HARD­
NESS

NONCARB CALCIUM 
WH WAT D IS -  
TOT FLD SOLVED 
MG/L AS (MG/L 
CAC03 AS CA) 

( 0 0 9 0 2 )  ( 0 0 9 1 5 )

MAGNE­
SIUM, 
D IS ­

SOLVED 
(MG/L 
AS MG) 

( 0 0 9 2 5 )

SODIUM, 
D IS ­

SOLVED 
(MG/L 
AS NA) 

( 0 0 9 3 0 )

POTAS­
SIUM, 
D IS ­

SOLVED 
(MG/L 
AS K ) 

( 0 0 9 3 5 )

ALKA­
L IN ITY  
WAT WH 
TOT FET 
F IELD 

MG/L AS 
CAC03 

( 0 0 4 1 0 )

ALKA­
L IN ITY  
WAT WH 
TOT IT  
F IELD 

MG/L AS 
CAC03 

( 0 0 4 1 9 )

BICAR­
BONATE 
WATER 

D IS  IT  
F IELD 

MG/L AS 
HC03 

( 0 0 4 5 3 )

CAR­
BONATE 
WATER 

D IS  IT  
F IELD 

MG/L AS 
C03 

( 0 0 4 5 2 )
5 8 0 6 3 3 1 3 4 4 4 3 3 0 1 0 8 - 3 1 - 8 9 1 25 3 . 1 21 1 .4 74 74 90 0
5 8 0 6 3 3 1 3 4 4 4 3 3 0 2 0 8 - 3 1 - 8 9 0 4 . 2 2 . 2 200 6 . 9 — — — —
5806 3 3 1 3 4 4 4 4 0 0 1 0 8 - 3 0 - 8 9 0 14 2 . 5 21 1 . 2 81 84 103 0
5 8 0 6 3 3 1 3 4 4 4 4 0 0 2 0 8 - 3 0 - 8 9 0 17 6 . 7 16 4 . 3 90 90 110 0
5 8 0 6 4 5 1 3 4 4 4 5 2 0 1 0 8 - 3 0 - 8 9 0 5 . 1 1 . 6 17 1 . 3 50 49 60 0
5 8 0 6 5 2 1 3 4 4 4 5 4 0 1 0 8 - 3 0 - 8 9 0 12 7 . 1 13 1 . 5 93 92 112 0
5 8 0 6 5 2 1 3 4 4 4 5 4 0 2 0 8 - 3 0 - 8 9 0 4 . 3 2 . 9 110 4 . 9 264 265 314 5
5 8 0 6 5 8 1 3 4 4 4 3 2 0 1 0 8 - 3 0 - 8 9 3 26 4 . 2 4 , 6 1 . 5 79 79 97 0

STATION NUMBER DATE

CHLO-
SULFATE R IDE , 
D IS -  D IS ­

SOLVED SOLVED 
(MG/L (MG/L 

AS SC4 ) AS CL) 
( 0 0 9 4 5 )  ( 0 0 9 4 0 )

FLUO­
R IDE , 
D IS ­

SOLVED 
(MG/L 
AS F )  

( 0 0 9 5 0 )

S IL ICA ,
D IS ­
SOLVED

(MG/L
AS

S I 0 2 )
( 0 0 9 5 5 )

SOLIDS, 
RESIDUE 
AT 180 
DEG. C 
D IS ­
SOLVED 
(MG/L) 

( 7 0 3 0 0 )

SOL IDS , 
SUM OF 
CONSTI­
TUENTS, 
D IS ­
SOLVED 
(MG/L) 

( 7 0 3 0 1 )

NITRO­
GEN, 

N02+N03 
D IS ­

SOLVED 
(MG/L 
AS N) 

( 0 0 6 3 1 )

NITRO­
GEN, 

Al-2-iOHI A 
D IS ­

SOLVED 
(MG/L 
AS N> 

( 0 0 6 0 8 )

NITRO­
GEN, 

ORGANIC 
D IS ­

SOLVED 
(MG/L 
AS K ) 

( 0 0 6 0 7 )
5 8 0 6 3 3 1 3 4 4 4 3 3 0 1 0 8 - 3 1 - 8 9 < 1 . 0 10 0 . 1 0 9 . 8 139 — < 0 .1 0 0 0 . 1 2 0 0 . 6 8
5 8 0 6 3 3 1 3 4 4 4 3 3 0 2 0 8 - 3 1 - 8 9 25 69 1 . 0 15 — 540 0 . 3 0 0 0 . 1 3 0 0 . 7 7
5 8 0 6 3 3 1 2 4 4 4 4 0 0 1 0 8 - 3 0 - 8 9 < 1 . 0 3 . 0 0 . 1 0 16 107 — < 0 .1 0 0 0 . 0 7 0 0 . 7 3
5 8 0 6 3 3 1 3 4 4 4 4 0 0 2 0 8 - 3 0 - 8 9 10 4 . 4 0 . 1 0 16 115 129 < 0 .1 0 0 0 .  170 0 .  13
5 8 0 6 4 5 1 3 4 4 4 5 2 0 1 0 8 - 3 0 - 8 9 < 1 . 0 4 . 3 0 . 2 0 15 115 - - < 0 .1 0 0 2 . 5 0 0 . 3 0
58 0 6 5 2 1 3 4 4 4 5 4 0 1 0 8 - 3 0 - 8 9 < 1 . 0 3 . 1 0 . 1 0 17 128 - - < 0 .1 0 0 1 . 9 0 0 . 5 0
58 0 6 5 2 1 3 4 4 4 5 4 0 2 0 8 - 3 0 - 8 9 2 . 0 10 0 . 6 0 11 331 306 < 0 .1 0 0 0 . 0 5 0 0 . 3 5
5 8 0 6 5 8 1 3 4 4 4 3 2 0 1 0 8 - J - 8 9 4 . 0 3 . 6 0 . 2 0 16 115 108 < 0 . 1 0 0 0 . 0 5 0 0 15



ALASKA

100 0  10G WOM'lfS»—< i-n-fcri- >=1. h-i—fe-- _ --------- ■<

EXPL A N A T I O N

A  61 Gaging station 

^ •- —-  Boundary of hydrologic subregion

MAP STATION MAP STATION MAP STATION
NO. NUMBER NO- NUMBER NO NUMBER
Southeast South-central Yukon

1 15022000 30 15238990 59 15344400
2 15024800 31 15239000 60 15356000
3 15028300 32 15239050 61 15388950
4 15039900 33 15239070 62 15388960
5 15041200 34 15239500 63 15453500
6 15049900 35 15258000 64 15476000
7 15051008 36 15266300 65 15484000
8 15052500 37 15271000 66 15485500
9 15056560 38 15272280 67 15493000to 15067900 39 15274550 68 15493700

11 15070000 40 15274600 69 15511000
12 15072000 41 15275100 70 15514000
13 15081580 42 15276000 71 15515500
14 15083500 43 15277600 72 15518080
15 15085100 44 15277800 73 15655447
16 15087570 45 15278000 Northwest
17 15087690 46 15290000 74 1562100018 15090000 47 15292000 75 15635000
19 15101500 48 15292700 76 15743850
20 15106900 49 15294005 77 1574450021 15129500 50 15294350 78 15747000
South-central 51 15295700 Arctic Slope

22 15200280 52 15297485 79 15798700
23 15212000 Southwest 80 15896000
24 15214000 53 15302000 81 15906000
25 15216000 54 15302500 82 15908000
26 15226000 55 15303110
27 15237360 56 15303700
28 15238648 57 15304000
29 15238820 58 15304393
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I r o n  I s  p r o s o n t  i n  o b je c t i o n a b l e  c o n c e n t r a t i o n s  in  a l a r g o  p o r t i o n  o f  s h a l l o w  w e l l s  in  most a r e a s  o f  the  
s t a t e .  C o n c e n t r a t i o n s  i n  excess  o f  1 . 0  mg/L a r e  common. I r o n  c o n c e n t r a t i o n s  o f  more than abou t  0 . 3  mg/L can 
cause s t a i n i n g  o f  l a u n d r y  and p lumbing f i x t u r e s  and Impa r t  an u n p le a s a n t  t a s t e  t o  the  wate r .

One o f  t h e  few a rea s  o f  A la s k a  whore n a t u r a l  g rou nd -w a te r  q u a l i t y  c o u ld  bo c o n s id e red  g e n e r a l l y  p oo r  l a  
in  the  Copper R i v e r  b a s i n .  As a g e n e r a l  r u l e  the  q u a l i t y  o f  g round  wate r  d e c r e a s e s  w i t h  i n c r e a s i n g  d e p t h  
t h r o u g h o u t  t h e  Copper R i v e r  l ow land . S a l i n e  s p r i n g s  which o c c u r  in  t h e  a rea  a r e  t h e  s u r f a c e  m a n i f e s t a t i o n  o f  
s a l i n e  g round wa te r  p r e s e n t  i n  the  m a r in e  sed im en ta ry  r o ck s  t h a t  u n d e r l i e  much o f  the  g l a c i a l - l a k e  d e p o s i t s .  
Upward  m ovemen t  o f  w a t e r  f r o m  t h e s e  o l d e r  s e d im e n t a r y  r o c k s  h a s  a f f e c t o d  th e  q u a l i t y  o f  w a te r  i n  the  
u n d e r l y in g  u n c o n s o l i d a t e d  a q u i f o r s .  The ground w a te r  in  the  u n c o n s o l i d a t e d  a q u i f e r s  o f  t h e  C o p p e r  R i v e r  
low land  i s  c h a r a c t e r i z e d  by h igh  c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o l i d s  (u p  t o  1 0 ,0 0 0  m g /L ) ,  sodium, c h l o r i d e ,  i r o n ,  
and manganese ,

I n  many o f  t h e  c o a s t a l  a r e a s  o f  A la sk a ,  the  n a t u r a l  g ro u nd -w a te r  q u a l i t y  can be a f f e c t e d  by s a l t - w a t e r  
i n t r u s i o n .

B e c a u s e  t h e  b e d r o c k  a q u i f o r s  I n  most o f  A la s k a  a re  undeve lo p ed , v e r y  l i t t l e  i s  known about t h e i r  w a te r  
q u a l i t y ,  I n  g e n e r a l ,  t h e  c o n c e n t r a t i o n  o f  d i s s o l v e d  s o l i d s  i n  w a te r  f r om  bedrock a q u i f e r s  i s  h i g h e r  th a n  f o u n d  
i n  the  u n c o n s o l id a t e d  a q u i f e r s  and the  chem ica l  q u a l i t y  i s  more v a r i a b l e .

The most i n t e n s i v e  deve lopment o f  bed rock  a q u i f e r s  i s  in  th e  u p la n d s  n o a r  F a i r b a n k s  ( f r a c t u r e d  s c h i s t ) ,  
The chem ica l  q u a l i t y  o f  the  w a te r  i s  h i g h l y  v a r i a b l o  and i n  many c a se s  tho p re sen ce  o f  h igh  c o n c e n t r a t i o n s  o f  
s e v e r a l  c o n s t i t u e n t s  r e n d e r  the  w a te r  u n s u i t a b l e  o r  m a r g i n a l  f o r  d o m e s t i c  u s e .  H a r d n e s s  o f  g r o u n d - w a t e r  
samples f rom  tho  F a i rb a n k s  a rea  ranges frgm 17 t o  1 ,2 2 0  mg/L, and more than 50 p e r c e n t  o f  sampled w e l l s  have
a h a rd ne s s  o f  g r e a t e r  than 200  mg/L. On ly  7 p e rc e n t  o f  t h e  samp led  w e l l s  have a ha rdness  c o n c e n t r a t i o n
l e s s  t h a n  1 0 0  m g /L ,  a l e v e l  n o t  c on s id e re d  t o  be o b j e c t i o n a b l e  f o r  most u s e s .  I r o n  c o n c e n t r a t i o n s  a r e  a l s o  
g e n e r a l l y  h igh  in  the  F a i rb a n k s  a r e a ,  th e  known maximum be ing  2 6 , 0 0 0  p g / L .  A r s e n i c  and n i t r a t e  c o n c e n t r a t i o n s  
w h ic h  e x c e e d  th e  recommended l i m i t s  f o r  domes t ic  u se  a r e  common i n  w a te r  f rom  bedrock  w e l l s  i n  F a i r b a n k s .  
The p r im a ry  s o u rc e  o f  th e se  c o n s t i t u e n t s  and the  mechanism by which they  e n t e r  t h e  ground w a te r s  h a v e  n o t
b e e n  c o n c l u s i v e l y  d em on s t ra t e d ,  b u t  th e y  a r e  c on s id e re d  t o  be most  l i k e l y  f rom  n a t u r a l  r a t l . e r  than  man-made
s o u rc e s .

A r s e n ic  c o n c e n t r a t i o n  ranges f r om  0 g o  1 0 , 0 0 0  p g / L .  I n  most  w e l l s  n i t r a t e  c o n c e n t r a t i o n s  a r e  l e s s  than  
10 mg/L b u t  21 p e r c e n t  exceeded t h i s  v a l u e .  M in e r a l i z o d  b ed rock  i n  th e  F a i rb a n k s  a r e a  common ly  c o n t a i n s  an 
a r s e n i c - b e a r i n g  m a t e r i a l ,  a r s e n o p y r i t e  (F eA sS ) .  S c o r o d i t e  (F eA sO ,2 tL O ) , a m in e r a l  fo rmed by th e  w ea th e r in g  
o f  a r s e n o p y r i t e ,  may a l s o  be a sou rc e  o f  a r s e n i c  w i th in  the  b ed ro c k .

The  v a s t  m a j o r i t y  o f  t h e  S t a t e ' s  g round -w a te r  r e s o u r c e s  h av e ,  f o r  the  p r e s e n t ,  been u n a f f e c t e d  by man. 
However, i n  the  m a jo r  u rban a r e a s  and i n  some o u t l y i n g  v i l l a g e s  g r o u n d - w a t e r  q u a l i t y  h a s  b e e n  l o c a l l y  
d eg raded , p r im a r i l y  f r om  s e p t i c  sy s tem s , l a n d f i l l s ,  and abandoned f u e l  s t o r a g e  tan k s .

The m a j o r i t y  o f  known g round -w a te r  c on tam in a t io n  cases  i n  th e  S t a t e  a r e  caused b y  p e t r o l e u m  p r o d u c t s ,  
p r im a r i l y  f rom  l e a k y  f u e l  t a n k s .

SPECIAL NETWORKS AND PROGRAMS
H y d r o l o g i c  B e n c h -M a rk  N e tw o rk  i s  a n e tw o rk  o f  s i t e s  i n  s m a l l  d ra in ag e  b a s in s  around t h e  c o u n t r y  whose 

pu rpose  i s  t o  p r o v id e  c o n s i s t e n t  d o ta  on the  h y d r o lo g y ,  i n c l u d i n g  w a t e r  q u a l i t y ,  and  r e l a t e d  f a c t o r s  i n  
r e p r e s e n t a t i v e  undeve loped  wate rsheds n a t io nw id e ,  and t o  p r o v id e  a n a ly s e s  on a c o n t in u in g  b a s i s  t o  compare and 
c o n t r a s t  c o n d i t i o n s  o b se rv e d  in  b a s in s  more o b v i o u s l y  a f f e c t e d  b y  the  a c t i v i t i e s  o f  man.

I n t e r n a t i o n a l  G a g in g  S t a t i o n  Network i s  a ne two rk  o f  s t a t i o n s  l o c a t e d  on the  boundary w a t e r s  between 
Canada o r  Mexico and tho  Un i t e d  S t a t e s .  The s t a t i o n s  a r e  o f f i c i a l l y  d e s ig n a te d  as " I n t e r n a t i o n a l "  by  
j o i n t  a c t i o n  o f  the  two c o u n t r i e s  t o  p r o v id e  d a ta  p u rsu an t  t o  an i n t e r n a t i o n a l  agreement, u n d e r s t a n d in g ,  o r  
o t h e r  m u t u a l l y  ag reed  p u rp o s e s .  O p e ra t io n  o f  t h e  gag ing  s t a t i o n s  may b e  by w a te r  m on i t o r in g  ag enc ie s  o f  e i t h e r  
c o u n t r y ,  o r  j o i n t l y .  D a ta  must be c o l l e c t e d  and a n a ly z ed  in  a m u t u a l l y  s a t i s f a c t o r y  manner a c c o rd in g  t o  ag reed 
p ro c edu re s  and be a v a i l a b l e  t o  u s e r s  in  b o th  c o u n t r i e s .

N a t i o n a l  S tream  Q u a l i t y  Account ing  Network (HASQAN) i s  a n a t io n w id e  d a ta  c o l l e c t i o n  ne tw o rk  d e s igned  by 
the  U .S .  G e o l o g i c a l  S u r v e y  to  meet many o f  the i n f o r m a t i o n  r . e e d s  o f  g o v e r n m e n t  a g e n c i e s  and  o t h e r  g r o u p s
i n v o l v e d  i n  n a t i o n a l  o r  r e g i o n a l  w a t e r - q u a l i t y  p la n n in g  and management. These s i t e s  a r e  g e n e r a l l y  l o c a t e d  a t  
the  downstream ends o f  h y d r o lo g i c  accoun t ing  u n i t s  d e s ig na ted  by tho  U .S .  G e o l o g i c a l  Su rvey  O f f i c e  o f  W a te r  Data 
C o o r d i n a t i o n  in  c o n s u l t a t i o n  w i th  the  Wate r  Re sou rce s  C o u n c i l .  The o b j e c t i v e  o f  NASQAN i s  t o  o b t a i n  i n f o rm a t i o n  
on the  q u a l i t y  and q u a n t i t y  o f  w a te r  moving w i t h i n  and from  the  U n i t e d  S t a t e s  th rough  a s y s tem a t ic  and u n i f o r m  
p r o c e s s  o f  d a t a  c o l l e c t i o n ,  s u m m a r i z a t i o n ,  a n a l y s i s ,  and r e p o r t i n g  such t h a t  the  da ta  may be used f o r  ( 1 )  
d e s c r i p t i o n  o f  th e  a r e a l  v a r i a b i l i t y  o f  w a te r  q u a l i t y  in  the  N a t i o n ' s  r i v e r s  th rough  a n a l y s i s  o f  d a t a  f r o m  
t h i s  and  o t h e r  p rog ram s , ( 2 )  d e t e c t i o n  o f  changes o r  t r e n d s  w i th  t ime in  the  p a t t e r n  o f  o c c u r r e n c e  o f  w a te r -  
q u a l i t y  c h a r a c t e r i s t i c s ,  and ( 3 )  p r o v i d i n g  a n a t i o n a l l y  c o n s i s t e n t  d a t a  b a s e  u s e f u l  f o r  w a t e r - q u a l i t y  
a ssessmen t and h y d r o l o g i c  r e s e a r c h .

R ad io c h em ic a l  P rogram i s  a n e tw o rk  o f  r e g u l a r l y  s a m p le d  w a t e r - q u a l i t y  s t a t i o n s  w h e r e  s a m p l e s  a r e  
c o l l e c t e d  t o  bo a n a ly z e d  f o r  r a d i o i s o t o p e s .  The s t re am s t h a t  arB samp led  r e p r e s e n t  m a jo r  d r a in a g e  b a s i n s .

T r i t i u m  Network i s  a network o f  s t a t i o n s  which has been e s t a b l i s h e d  t o  p r o v i d e  b a s e l i n e  i n f o r m a t i o n
on  t h e  o c c u r r e n c e  o f  t r i t i u m  in  the  N a t i o n ’ s s u r f a c e  w a te r s .  In  a d d i t i o n  t o  the  s u r f a c e -w a t e r  s t a t i o n s  in
the  n e tw o rk ,  t r i t i u m  d a ta  a re  a l s o  o b ta in e d  a t  a number o f  p r e c i p i t a t i o n  s t a t i o n s .  The p u r p o s e  o f  t h e  
p r e c i p i t a t i o n  s t a t i o n s  i s  t o  p r o v id e  an e s t im a te  s u f f i c i e n t  f o r  h y d r o l o g i c  s t u d i e s  o f  the t r i t i u m  in p u t  t o  the  
Un ited  S t a t e s .
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EXPLANATION OF THE RECORDS
The s u r f a c e -w a t e r  and g rou nd -w a te r  r e c o r d s  p u b l la h o d  in  t h i s  r o p o r t  a re  f o r  tho  1909  w a te r  y e a r  t h o t  bogan 

O c tob e r  1 , 198B , and ended Soptember 3 0 ,  1 9 8 9 .  A c a lo n d a r  o f  tho  wa te r  y e a r  l a  p ro v id e d  on t h o  i n s i d e  o f  t h o
f r o n t  c o v e r .  Tho r e c o rd s  c o n ta in  B t re am f low  d a t a ,  s ta g e  and c on ten t  d a t a  f o r  f o r  l a k e s  and r o s o r v o l r s ,  wato r -
q u a l i t y  d a ta  f o r  s u r f a c e  and g round w a t o r ,  and g r o u n d -w a t e r - l o v o l  d a t a ,  Tho l o c a t i o n s  o f  t h o  s t a t i o n s  and 
w e l l s  w h e r e  t h e  d a t a  w o re  c o l l e c t e d  a r e  shown  i n  f i g u r e s  6 ,  7 ,  and  8 .  Tho f o l l o w i n g  s e c t i o n s  o f  tho
I n t r o d u c t o r y  t o x t  a r e  p re sen ted  t o  p r o v i d e  u s e r s  w i th  a more d e t a i l o d  e x p la n a t i o n  o f  how th o  h y d r o l o g i c  d a ta
p u b l i s h e d  in  t h i s  r e p o r t  woro c o l l o c t e d ,  a n a ly z e d ,  computed, and a r ranged  f o r  p r e s e n t a t i o n ,

S t a t i o n  I d e n t i f i c a t i o n  Numbers
E ach  d a ta  s t a t i o n ,  whether s t r e a m s l t o ,  l a k e ,  r e s e r v o i r ,  s p r i n g ,  o r  w e l l ,  in  t h i s  r o p o r t  i s  a s s ig n ed  a 

un ique  i d e n t i f i c a t i o n  number. Th is  number i s  u n ique  i n  t h a t  i t  a p p l i e s  s p e c i f i c a l l y  t o  a g iv e n  s t a t i o n  and  t o  
no  o t h e r .  Tho number u s u a l l y  i s  a s s ig n ed  when a s t a t i o n  i s  f i r s t  e s t a b l i s h e d  and i s  r e t a i n e d  f o r  t h a t  s t a t i o n  
i n d e f i n i t e l y .  The systems used by th e  U .S .  G e o l o g i c a l  S u rvey  t o  a s s ig n  i d e n t i f i c a t i o n  numbers f o r  s u r f a c e -w a t e r  
s t a t i o n s  and f o r  g round -w a te r  w e l l  3 i t o s  d i f f e r ,  b u t  b o th  a r e  based on geog raph ic  l o c a t i o n .  The "downstream 
o r d e r ”  sys tem  i s  usod f o r  r e g u la r  s u r f a c e -w a t e r  s t a t i o n s  and the  " l a t i t u d e - l o n g i t u d e "  s ' s t e m  i s  u s e d  f o r  
w e l l s ,  l a k e s ,  r e s e r v o i r s ,  s p r i n g s ,  and f o r  s u r f a c e -w a t e r  s t a t i o n s  where o n ly  m is c e l l a n e o u s  measurements an d /o r  
w a t e r - q u a l i t y  samp les a r e  c o l l e c t e d .

Downstream O rd e r  System
S in c e  O c tobe r  1, 1950 ,  the  o r d o r  o f  l i s t i n g  h y d r o l o g i c - s t s t i o n  r e c o rd s  in  Su rvey  r e p o r t s  i s  i n  a downstream 

d i r e c t i o n  a l o n g  the  main s t re am . A l l  s t a t i o n s  on a t r i b u t a r y  e n te r in g  ups tream  from  a m a ins t ream  s t a t i o n  a re  
l i s t e d  b e f o r e  t h a t  s t a t i o n .  A s t a t i o n  on a t r i b u t a r y  t h a t  e n t e r s  between two ma ins tream  s t a t i o n s  i s  l i s t e d  
b e tw e e n  t h em .  A s i m i l a r  o r d e r  i s  f o l l o w e d  i n  l i s t i n g  s t a t i o n s  on f i r s t  ra n k ,  second r a n k ,  and o t h e r  r a n k s  o f  
t r i b u t a r i e s .  The ra n k  o f  any t r i b u t a r y  w i th  r e s p e c t  t o  tho  s t ream  t o  which i t  i s  i m m e d i a t e l y  t r i b u t a r y  i s  
i n d i c a t e d  by an i n d e n t a t i o n  in  th e  " L i s t  o f  S t a t i o n s "  i n  the  f r o n t  o f  t h i s  r e p o r t .  Each i n d e n t a t i o n  r e p r e s e n t s  
one r a n k .  Th is  downstream o r d e r  and sys tem  o f  i n d e n t a t i o n  show which s t a t i o n s  a r e  on t r i b u t a r i e s  b e tw e e n  
a n y  tw o  s t a t i o n s  and  t h e  r a n k  o f  t h e  t r i b u t a r y  on which each s t a t i o n  i s  s i t u a t e d .  S t a t i o n s  l o c a t e d  on 
i s l a n d s  i n  A la s k a  a r e  i n  downstream o r d e r  s t a r t i n g  a t  t h e  m o s t  w e s t e r l y  p o i n t  on  t h e  i s l a n d  and  m o v in g  
a r o u n d  t h e  i s l a n d  in  a c o u n t e r - c lo c k w is e  d i r e c t i o n  ( s t a t i o n s  on K od iak  I s l a n d  s t a r t  a t  t h o  most n o r t h e r l y  
p o i n t ) .

The  s t a t i o n - i d e n t i f i c a t i o n  number i s  a s s ig n ed  acco rd ing  t o  downstream o r d e r .  I n  a s s ig n in g  s t a t i o n  
numbers , no d i s t i n c t i o n  i s  made between r e g u l a r  s t a t i o n s  and p a r t i a l - r e c o r d  s t a t i o n s ;  t h e r e f o r e ,  t h o  
s t a t i o n  number f o r  a p a r t i a l - r e c o r d  s t a t i o n  i n d i c a t e s  downs tream -o rde r  p o s i t i o n  i n  a l i s t  made up o f  b o th  
ty p e s  o f  s t a t i o n s .  W a t e r - q u a l i t y  s t a t i o n s  l o c a t e d  a t  o r  n e a r  r e g u la r  s t a t i o n s  o r  p a r t i a l - r e c o r d  s t a t i o n s  
h a v e  t h e  some numbe r  a s  t h e  r e g u l a r  o r  p a r t i a l - r e c o r d  s t a t i o n .  Gaps a r e  l e f t  in  th o  s e r i e s  o f  numbers t o  
a l l o w  f o r  new s t a t i o n s  t h a t  may be e s t a b l i s h e d ;  h ence ,  t h e  numbers a re  n o t  c o n s e c u t iv e .  The com p le te  e i g h t ­
d i g i t  n um be r  f o r  e a c h  s t a t i o n ,  such as 1 5 3 0 3 6 0 0 ,  which appoars j u s t  t o  the  l e f t  o f  t h e  s t a t i o n  name, 
i n c l u d e s  th e  tw o - d i g i t  P a r t  number " 1 5 "  p l u s  th e  s i x - d i g i t  downstream o r d e r  number " 3 0 3 6 0 0 . "  Tho P o r t  num be r  
d e s i g n a t e s  the  s t a t e  o f  A la sk a .

L a t i t u d e -L o n g i t u d e  System
The i d e n t i f i c a t i o n  numbers f o r  m i s c e l l a n e o u s  s u r f a c e -w a t e r  s i t e s ,  w e l l s ,  s p r i n g s ,  l a k e s ,  and r e s e r v o i r s  

a r e  a s s ig n e d  ac co rd in g  t o  tho  g r i d  sys tem  o f  l a t i t u d e  and lo n g i t u d e .  Tho num be r  c o n s i s t s  o f  1 5  d i g i t s .  The 
f i r s t  s i x  d i g i t s  deno te  the d e g r e e s ,  m in u te s ,  and seconds o f  l a t i t u d e ,  the  n e x t  seven  d i g i t s  d eno te  d e g re e s ,  
m in u te s ,  and seconds o f  l o n g i t u d e ,  and t h e  l a s t  two d i g i t s  ( a s s ig n ed  s e q u e n t i a l l y )  i d e n t i f y  t h e  w e l l s  o r  o t h e r  
s i t e s  w i t h i n  a 1 - s o e o n d  g r i d .  T h is  s i t e - i d e n t i f i c a t i o n  number, once a s s ig n ed ,  i s  a pu re  number, and has no 
l o c a t i o n a l  s i g n i f i c a n c e .  In  the  r a r e  i n s t a n c e  where the  i n i t i a l  d e te rm in a t io n  o f  l a t i t u d e  and l o n g i t u d e  a re  
f o u n d  t o  b e  i n  e r r o r ,  the  s t a t i o n  w i l l  r e t a i n  i t s  i n i t i a l  I d e n t i f i c a t i o n  number; h owever ,  i t s  t r u e  l a t i t u d e  
and l o n g i t u d e  w i l l  be l i s t e d  i n  t h e  LOCATION p a rag rap h  o f  the  s t a t i o n  d e s c r i p t i o n  and a l s o  s t o r e d  i n  t h e  
c om pu te r i z ed  d a ta  base  f i l e s .  See f i g u r e  b e low .

System for numbering wells and miscellaneous sites (latitude and longitude).
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L o c a l  Number
The l o c a l  number, which I s  a ss igned  t o  w e l l  and s p r i n g  a l t e s ,  l a  d e r i v e d  In  p a r t  f rom  tho r o c t n n g u l a r  

s u b d i v i s i o n  o f  p u b l i c  l a n d s  and I s  used In  A la sk a  as the  s i t e  name. Tho f i r s t  two l e t t e r s  i n d i c a t e  the  
p r i n c i p a l  m e r id ia n  and the  quad ran t  fo rmed by th o  i n t e r s e c t i o n  o f  the  b ase  l i n e  snd th e  p r i n c i p a l  m e r i d i a n .  
The f i r s t  t h r o o  d i g i t s  i n d i c a t o  thu township I n  which th o  w e l l  o r  s p r i n g  i s  l o c n t a d ,  the  n e x t  t h r e e  d l g i t 3  
tho  rang e ,  and tho  l a s t  two d i g i t s  the  s e c t i o n .  Tho l e t t e r s  ' f o l l o w i n g  t h o  s e c t i o n  num be r  i n d i c a t e  t h o  
q u a r t o r  s e c t i o n ,  t h o  q u a r t o r - q u a r t o r  s e c t i o n ,  and  so  f o r t h  t o  th e  f o u r t h  o r d e r  s u b d i v i s i o n .  Each o f  th e s e  
s u b d i v i s i o n s  I s  l e t t o r o d  c o u n t e r - c lo c k w is e ,  f rom  tho  n o r t h e a s t  c o m e r .  Each s i t e  w i t h i n  th o  s m a l l o s t  o r d e r  
o f  s u b d i v i s i o n  I s  t h e n  g i v e n  a s o q u o n t i a J  n u m b e r ,  F i n a l l y ,  each w e l l  w i th in  a  s e c t i o n  in  a s s ig n e d  a 
s e q u e n t i a l  map number i n d i c a t e d  by the l a s t  t h r o e  d i g i t s .  Thus , S B 00 6 0 1 1 1 5BC A D 1  0 0 1  d e n o t e s  t h e  S ew a rd
m e r i d i a n  ( S ) ,  the  n o r thw e s t  quad ran t ( B ) ,  townsh ip  6 n o r t h ,  range 11 wes t ,  s e c t i o n  1 5 ;  and the  s i t e  i s  i n  tho  
SEk o f  NEk o f  t h o  SWk o f  t h e  NWk (BCAD) o f  t h e  s e c t i o n .  I t  was the  f i r s t  s i t e  In  tho  2 . 5  a c r e  "D" s u b d i v i s i o n  

5s l g n o d  a s e q u e n t i a l  n um be r  ( 1 ) .  The n e x t  t h r o e  d i g i t s ,  001 , I n d i c a t o  tho  sequence i n  which a s i t e  wa3 
l o c a t e d  on a map, Thus, 001 i n d i c a t e s  the f i r s t  s i t e  p l o t t e d  i n  tho  o n e - s q u a r e -m l l o  s e c t i o n .  The n e x t  space 
i s  l e f t  b l a n k .  Tho l o s t  f i v e  d i g i t s ,  3uch as 0 0 1 1 4 ,  a r e  th o  A la ska  r e g i s t e r  number (which  was uBed p r i o r  t o  
l ' J B l )  and i s  p ro v id e d  f o r  c o n t i n u i t y  w i th  o l d e r  r e p o r t s .  T h e r e f o r e ,  th o  l o c a l  numbor, f o r  s i t e s  e s t a b l i s h e d  
p r i o r  t o  1 9 8 1  i s  S800601115BCAD1001 00114 and tho  number f o r  s i t e s  e s t a b l i s h e d  in  1981 i s  SB00601115BCAD1 
0 0 1 .  The l o c a l  number f o r  s p r i n g s  i s  the  some, e x c e p t  f o r  t h e  l a s t  t h r o o  d i g i t s  and t h e  A l a s k a  
r e g i s t e r  number ( a s s ig n e d  t o  p r e - 1 9 8 1  s i t e s ) ,  as i n d i c a t e d  by the  f o l l o w i n g  examples : 5B00601115BCAD1S 4065S
( - p r e -1 9 8 1 )  and SB00601115BCAD1S (1981 t o  p r e s e n t ) ,  N o te :  P u b l i c - l a n d  su rv e y s  h a v e  n o t  b e e n  c o m p l e t e d  f o r  a
l a r g e  p o r t i o n  o f  A la s k a ,  t h e r e f o r e ,  some " l o c a l  numbers" r e f l e c t  t h i s  i n  on a b b r e v i a t e d  fo rm ,  i . e . ,  SB00601115 .

RECORDS OF STAGE AND WATER DISCHARGE
Reco rd s  o f  s ta g e  and w a to r  d is ch a rg e  may be com p le te  o r  p a r t i a l .  Comp le te  r e c o rd s  o f  d is c h a rg e  a r e  t h o s e  a t  

which d a i l y  mean d i s c h a rg e s  can be computed o r  e s t im a te d  w i th  r e a s o n a b le  accu racy  f rom  th e  s u p p o r t i n g  d a t a  and
i n f o r m a t i o n .  Because tho  d o i l y  moan d i s c h a rg e s  conmon ly a r e  p u b l i s h e d ,  the  s t a t i o n s  a r e  r e f e r r e d  t o  as " d a i l y
s t a t i o n s " ,

By c o n t r a s t ,  p a r t i a l  r e c o r d s  a r e  o b ta in o d  th rough  d i s c r e t o  measurements and p e r t a i n  o n ly  t o  a  few f l o w  
c h a r a c t e r i s t i c s ,  o r  pe rhaps o n ly  one. The n a tu r e  o f  t h e  p a r t i a l  r e c o rd  i s  i n d i c a t e d  by t a b l e  t i t l o s  s u c h  as 
" C r e 3 t - s t a g o  p a r t i a l  r e c o r d s "  o r  "Low - f low  p a r t i a l  r e c o r d s " .  Reco rds  o f  m is c e l l a n e o u s  d i s c h a rg e  measurements o r  
f r om  s p e c i a l  s t u d i e s ,  such os lo w - f l o w  seepage s t u d i e s ,  may be c o n s i d e r e d  a s  p a r t i a l  r e c o r d s ,  b u t  t h e y  o r e  
p r e s e n t e d  s e p a r a t e l y  i n  t h i s  r e p o r t .  P e r i o d i c  l a k e - l e v e l  m easu rements  a re  a l s o  p re s e n t e d  s e p a r a t e l y .  
L o c a t i o n s  o f  a l l  c om p le t e - r e c o rd  and c r e s t - s t a g e  p a r t i a l  r e c o r d  s t a t i o n s  f o r  which d a ta  a r e  g iv en  i n  t h i s  r e p o r t  
a r e  sho'"n i n  f i g u r e s  6 and 7, r e s p e c t i v e l y .

Data C o l l e c t i o n  ond Computation
The b a s e  d a t a  c o  . l e c t e d  a t  g a g in g  s t a t i o n s  c o n s i s t  o f  s t a g e  r e c o r d s  and d i s c h a rg e  measurements o f  

s t r e am s ,  and s t a g e  o f  l a k e s .  I n  a d d i t i o n ,  o b s e r v a t i o n s  o f  f a c t o r s  a f f e c t i n g  t h e  s t a g e - d i s c h a r g e  r e l a t i o n ,  
w e a t h e r  r e c o r d s ,  and  o t h e r  i n f o r m a t i o n  a r e  used t o  supplement base  d a ta  in  d e te rm in in g  the  d a i l y  f l o w .  
R eco rd s  o f  s t a g e  a r e  o b ta in e d  f r om  d i r e c t  r e a d in g s  on a n o n re c o rd in g  gage o r  f rom  a w a t e r - s t a g e  r e c o r d e r  t h a t  
g i v e s  e i t h e r  a c o n t i n u o u s  g r a p h  o f  t h e  f l u c t u a t i o n s  o r  a t a p e  p u n c h e d  a t  s e l e c t e d  t im o  i n t e r v a l s .  
Measurements o f  d i s c h a rg e  a r e  made w i th  a c u r r e n t  m e te r ,  u s in g  the  g e n e r a l  methods a d o p t e d  by t h e  G e o l o g i c a l  
S u r v e y .  T h e s e  m e th o d s  a r e  d e s c r ib e d  in  s t a n d a rd  t e x t b o o k s ,  i n  W a te r -Supp ly  Pape r  2 1 7 5 ,  a n i  i n  U .S . G e o l o g i c a l
S u rv e y  Techn iques o f  Wate r  Resou rce s  I n v e s t i g a t i o n s ,  Book 3 ,  Chap te r  A6.

I n  c o m p u t i n g  d i s c h a r g e  r e c o r d s ,  r e s u l t s  o f  i n d i v i d u a l  m e a s u r e m e n t s  a r e  p l o t t e d  a g a i n s t  the  
c o r r e s p o n d in g  s t a g e s ,  and s t a g e -d i s c h a rg e  r e l a t i o n  cu rv e s  a r e  t h e n  c o n s t r u c t e d .  F rom  t h e s e  c u r v e s ,  r a t i n g  
t a b l e s  i n d i c a t i n g  t h e  app rox imate  d i s c h a rg e  f o r  any s t a g e  w i t h i n  the  range o f  the  measurements a r e  p r e p a re d .  
I f  i t  i s  n e c e s s a r y  t o  d e f i n e  extremes o f  d i s c h a rg e  o u t s i d e  the  range o f  the  c u r r e n t -m e t e r  m e a s u r e m e n t s ,  t h e  
c u r v e s  a r e  ex tended  u s in g :  ( 1 )  l o g a r i t h m ic  p l o t t i n g ;  ( 2 )  r e s u l t s  o f  i n d i r o c t  measurements o f  peak d i s c h a r g e ,
such as s l o p e - a r e a  o r  f l o w - t h r o u g h - c u l v e r t  measurements and compu ta t ions o f  f l ow -o v o r -d am s  o r  w e i r s ;  ( 3 )  s t e p -  
b ackwa te r  t e c h n iq u e s :  o r  ( 4 )  v e l o c i t y - a r e a  s t u d i e s .

D a i l y  mean d i s c h a rg e s  a r e  computed by a p p ly in g  th e  d a l l y  mean s t a g e s  ( g a g e  h e i g h t s )  t o  t h e  s t a g e -  
d i s c h a r g e  c u r v e s  o r  t a b l e s .  I f  t h e  s t a g e - d i s c h a r g e  r e l a t i o n  i s  s u b je c t  t o  change because  o f  f r e q u e n t  o r  
c o n t i n u a l  change in  t h e  p h y s i c a l  f e a t u r e s  t h a t  fo rm  th o  c o n t r o l ,  the  d a i l y  mean d i s c h a r g e  i s  d e t e r m i n e d  by  
s h i f t i n g  c o n t r o l  method, in  which c o r r e c t i o n  f a c t o r s  based  on the  i n d i v i d u a l  d is c h a rg e  measurements and n o te s  o f  
t h e  p e r s o n  who made the  measurement a r e  added ( o r  s u b t r a c t e d )  t o  the  gage h e ig h t s  b e f o r e  t h e  d i s c h a r g e s  a r o  
d e t e r m i n e d  f r o m  t h e  c u r v e s  o r  t a b l e s .  T h is  s h i f t i n g - c o n t r o l  method a l s o  i s  used i f  tho  s t a g e - d i s c h a rg e  
r e l a t i o n  i s  changed t e m p o r a r i l y  because o f  d e b r i s  o r  a q u a t i c  g rowth on th e  c o n t r o l .

I n  computing r e c o r d s  o f  r e s e r v o i r  c o n te n t s ,  i t  i s  n e c e s s a r y  t o  have cu rv e s  o r  t a b l e s  d e f i n i n g  the  r e l a t i o n  
o f  s t a g e  and c on te n ts  ( f r o m  p r i o r  su rvey  and c o m p u ta t i o n s ) .  The a p p l i c a t i o n  o f  s tage  t o  s t a g e - c o n t e n t  c u rv e s  
o r  t a b l e s  g i v e s  t h e  c o n t e n t s  f rom  which d a i l y ,  m on tn ly ,  o r  y e a r l y  changes can be d e te rm in ed .  D is ch a rg e s  o v e r  
l a k e  o r  r e s e r v o i r  s p i l lw a y s  a r e  computed from s t a g e - d i s c h a rg e  r e l a t i o n s  much as o t h e r  s t ream  d i s c h a r g e s  a r e  
c o m p u t e d .  D i s c h a r g e  t h r o u g h  h y d r o - p o w e r  p l a n t s  c a n  b e  c a l c u l a t e d  i n d i r e c t l y  by u s in g  tho  t h e o r e t i c a l  
r e l a t i o n  o f  f l o w - r a t e s  w i th  the  amount o f  power b e ing  g en e ra te d  by each t u r b i n e ,  the  r e s e r v o i r  l e v e l ,  and  t h e  
e s t i m a t e d  e f f i c i e n c y  o f  each t u r b i n e .  I t  i s  n e c e s s a r y  t o  have t a b l e s ,  c u rv e s ,  o r  f o rm u la s  r e l a t i n g  th e  above 
v a r i a b l e s  ( u s u a l l y  s u p p l i e d  by the  m anu fac tu re r  o f  t h e  t u r b i n e ) .  ' I t  i s  a l s o  n e c e s s a r y  t o  h a v e  r e c o r d s  o f  
r e s e r v o i r  e l e v a t i o n ,  e i t h e r  f rom  p e r i o d i c  o b s e r v a t i o n s  o r  con t in uou s  r e c o r d s ,  and p ow e r -g e n e r a t io n  r e c o rd s  
( u s u a l l y  f u r n i s h e d  by th e  o p e r a t o r s  o f  the  power p l a n t ) .

A t most s t r e am -gag ing  s t a t i o n s  :n  A la ska  the  s t a g e - d i s c h a r g e  r e l a t i o n  i s  a f f e c t e d  by i c e  in  th e  w i n t e r ,  
and i t  becomes Im p o s s ib le  t o  compute tho d is c h a rg e  in  t h e  u s u a l  manner. D is ch a rg e  f o r  p e r i o d s  o f  ic e  e f f e c t  i s  
c om pu te d  o r  e s t im a t e d  on  t h o  b a s i s  o f  t h e  a v a i l a b l e  g a g e - h o i g h t  r e c o r d  and o c c a s i o n a l  w in t e r  d i s c h a rg e  
measu rements . C o n s id e r a t i o n  i s  g iv en  t o  the  a v a i l a b l e  i n f o rm a t i o n  on t em pe ra tu re  and p r e c i p i t a t i o n ,  n o t e s  by 
g a g e  o b s e r v e r s  and h y d r o l o g i s t s ,  and comparab le  r e c o r d s  o f  d i s ch a rg e  f o r  o t h e r  s t a t i o n s  in  the  same o r  n e a rb y  
b a s i n s .
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F o r  some g ag ing  s t a t i o n s  t h o r o  n ra  p e r i o d s  when no  g age -h o ig h t  r e c o r d  i s  o b t a i n e d  o r  t h e  r e c o r d o d  
g ag e  h e i g h t  i s  so  f a u l t y  t h a t  i t  c anno t  bo usod t o  compute d n i l y  d i s c h a rg e ,  T h i s  happens when tho  r e c o r d o r  
i s  s toppod  f o r  t h e  w in t e r  o r  o t h e rw i s e  f a i l s  t o  o p o ra t e  p r o p o r l y ,  in ta k e s  a r e  p lu gged , t h e  f l o a t  i s  f r o z e n  i n  
t h o  w e l l ,  o r  f o r  v a r i o u s  o t h e r  r e a s o n s .  F o r  such p e r i o d s  tho  d a i l y  d i s c h a rg e s  a r o  e s t im a te d  on tho  b a s i s  o f  
r e c o rd e d  range  in  s t a g e ,  p r i o r  and subsequen t  r e c o r d s ,  d la c h a rg o  measurements, w oa tho r  r e c o r d s ,  and  c o m p a r i s o n  
w i t h  r e c o r d s  f o r  o t h o r  s t a t i o n s  i n  the  same o r  n ea rby  b a s i n s .  I n f o rm a t i o n  e x p la i n i n g  how e s t im a te d  d a i l y -  
d l s c h a r g o  v a lu e s  a r e  i d e n t i f i e d  i n  s t a t i o n  r e c o rd s  i s  in c lu d e d  i n  the  n e x t  two s e c t i o n s .  "D a ta  P r e s e n t a t i o n "  
("REMARKS" p a r a g ra p h )  and " I d e n t i f y i n g  Es t im a ted  D a i l y  D is c h a rg e " ,

Data P r e s e n t a t i o n
The r e c o r d s  p u b l la h o d  f o r  each gag ing  s t a t i o n  c o n s i s t  o f  two p a r t s ,  the  m anu sc r ip t  o r  s t a t i o n  d e s c r i p t i o n  

and a d a ta  t a b l e  ( o r  t a b l o s )  f o r  t h e  c u r r e n t  w a te r  y e a r .  Sometimes da ta  f o r  o t h e r  t h a n  t h o  c u r r e n t  y e a r  a r o  
p u b l i s h e d ,  u s u a l l y  t o  p r e s e n t  u n p ub l i s h ed  l a t a .  The m anu sc r ip t  p r o v id o s ,  undor  v a r i o u s  h e ad in g s ,  d e s c r i p t i v e  
i n f o rm a t i o n ,  such as l o c a t i o n  o f  s t a t i o n ;  n r a ln a g e  a r e a ;  p e r i o d  o f  r e c o r d ;  a v e rag e  d i s c h a rg e ;  h i s t o r i c a l  and 
c u r r e n t - y e a r  e x t r em e s ;  r e c o r d  a c cu ra c y ;  and o t h e r  remarks p e r t i n e n t  t o  s t a t i o n  o p e r a t i o n  and r e g u l a t i o n .  The 
f o l l o w i n g  i n f o rm a t i o n ,  as a p p r o p r i a t e ,  i s  p r o v i d e d  w i t h  e a c h  c o n t i n u o u s  r e c o r d  o f  d i s c h a r g e ,  S L a g e ,  o r  
r e s e r v o i r  c o n t e n t s .  Comments t o  c l a r i f y  i n f o r m a t i o n  p r e s e n t e d  undor the  v a r i o u s  head ing s  o f  t h o  s t a t i o n  
d e s c r i p t i o n  f o l l o w :

L O C A T IO N , - - I n f o rm a t i o n  on l o c a t i o n s  i s  o b ta in e d  f r om  tho  most a c cu ra t e  maps a v a i l a b l e .  The l o c a t i o n  o f  
tho  gage w i t h  r e s p e c t  t o  c u l t u r a l  and p h y s i c a l  f e a t u r o s  nea rby  and t o  the  r e f e r e n c o  p l a c e  m e n t i o n e d  i n  t h e  
s t a t i o n  name i s  g i v e n .

DRAINAGE AREA.— D ra in age  a r e a s  a r e  measured u s in g  tho  most a c cu ra t e  maps a v a i l a b l e ,  B e c a u s e  t h e  t y p e  o f  
maps a v a i l a b l e  v a r i e s  f r om  one d ra in a g e  b a s in  t o  an o th e r  o r  because  o f  d i f f i c u l t i e s  i n  d e te rm in in g  d ra in a g e
b o u n d a r i e s ,  t h e  accu racy  o f  d r a i n a g e - a r e u  d e t e rm in a t i o n s  l i k e w i s e  v a r i e s .  As a p p r o p r i a t e ,  some d r a i n a g e - a r e a
f i g u r e s  a r o  q u a l i f i e d  by " a p p r o x im a t e l y " .  D ra in age  a r e a s  a r e  updated  as b e t t e r  maps become a v a i l a b l e .

PERIOD OF RECORD .- -Th is i n d i c a t e s  t h e  p e r i o d  f o r  which p u b l i s h e d  r e c o r d s  o r e  a v a i l a b l e  f o r  t h e  s t a t i o n  o r  
f o r  an  e q u i v a l e n t  s t a t i o n .  An e q u i v a l e n t  s t a t i o n  i s  one t h a t  was in  o p e r a t i o n  a t  a t im e  the  p r e s e n t  s t a t i o n  
was n o t ,  and whose l o c a t i o n  was such t h a t  r e c o r d s  from i t  can b e  c o n s i d e r e d  r e a s o n a b l y  e q u i v a l e n t  w i t h  
r e c o r d s  f r o m  t h e  c u r r e n t  s t a t i o n .  Some d a i l y  s t a t i o n s  wore p r e v i o u s l y  o p e r a t e d  as p a r t i a l - r e c o r d  s t a t i o n s  o r  
o n l y  had m on th ly  d i s c h a rg e  r e c o r d s  p u b l i s h e d .  These p e r i o d s  a re  in c lu d ed  i n  t h i  p a ra g ra p h .

REV IS ED  RECORDS. - - P u b l i s h e d  r e c o r d s  o c c a s i o n a l l y  a r e  f o u n d  t o  be i n c o r r e c t ,  u s u a l l y  b ecause  o f  new 
i n f o rm a t i o n ,  and r e v i s i o n s  a r e  p r i n t e d  i n  l a t e r  r e p o r t s .  L i s t e d  u n d e r  t h i s  h e a d i n g  a r e  a l l  t h e  r e p o r t s  i n  
w h ic h  r o v i s i o n s  h a v e  been p u b l i s h e d  f o r  the  s t a t i o n  and the  w a te r  y e a r s  t o  wh ich  the  r e v i s i o n s  a p p l y .  I f  a 
r e v i s i o n  d id  n o t  i n c lu d e  d a i l y ,  m on th ly ,  o r  annua l d is c h a rg e  f i g u r e s ,  t h a t  f a c t  i s  n o ted  a f t e r  t h o  y e a r  d a te s  
as f o l l o w s :  " ( M ) "  m eans  t h a t  o n l y  the  in s t a n t a n e ou s  maximum d is c h a rg e  was r e v i s e d ;  " (m ) "  t h a t  o n l y  the
in s t a n t a n e o u s  minimum was r e v i s e d ;  and " ( P ) "  t h a t  o n ly  peak d is c h a rg e s  were r e v i s e d .  I f  t h e  d r a i n a g e  a r e a  
has been  r e v i s e d ,  the  r e p o r t  i n  which the  most  r e c e n t l y  r e v i s e d  f i g u r e  was f i r s t  p u b l i s h e d  i s  g iv e n .

GAGE.— The type  o f  gage i n  c u r r e n t  u s e ,  the  d a tum  o f  t h e  c u r r e n t  g a g e  r e f e r r e d  t o  N a t i o n a l  G e o d e t i c  
V e r t i c a l  D a tum  o f  1 9 2 9  ( s e e  " D e f i n i t o n  o f  T e rm s " ) ,  and a condensed h i s t o r y  o f  the  t y p e s ,  l o c a t i o n s ,  and
datums o f  p r e v i o u s  gages a r e  g iv en  under t h i s  h ead ing .

REM ARKS .— The p a r a g r a p h  b eg in s  by i d e n t i f y i n g  by d a te  a l l  p e r i o d s  o f  e s t im a ted  d a i l y - d i s c h a r g e  r e c o r d .  
(S e e  n e x t  s e c t i o n ,  " I d e n t i f y i n g  E s t im a ted  D a i l y  D i s c h a r g e " . )  O th o r  i n f o rm a t i o n  i s  a l s o  p r e s e n t e d  s u c h  a s ,  
a c c u r a c y  o f  r e c o r d s ,  s p e c i a l  methods o f  c ompu ta t ion ,  c o n d i t i o n s  t h a t  a f f e c t  n a t u r a l  f l o w  a t  th e  s t a t i o n ,  and 
( i f  a p p r o p r i a t e )  o t h e r  p e r t i n e n t  i t em s .  I n f o rm a t i o n  about, r e s e r v o i r  s t a t i o n s  i s  g iv e n  on t h e  dam f o rm i n g  t h e  
r e s e r v o i r ,  t h e  c a p a c i t y ,  o u t l e t  w o r k s  and  s p i l lw a y ,  and pu rpose  (u s e )  o f  t h e  r e s e r v o i r .  F o r  h yd ro -p ow e r  
s i t e s ,  t h e  methods used t o  compute f l o w  th rough  th e  t u r b i n e s  and o v e r  tho  s p i l lw a y  a r e  men t ioned .

COOPERATION.--Records p ro v id e d  by a c o o p e ra t in g  o r g a n i z a t i o n  o r  o b ta in e d  f o r  the  G e o l o g i c a l  S u r v e y  by 
a c o o p e r a t i n g  o r g a n i z a t i o n  a re  I d e n t i f i e d  h e r e .  A l s o ,  i f  d a ta  o r  i n f o rm a t i o n  a r e  s u p p l i e d  w h ic h  a i d  i n  
the  c om pu ta t io n  o f  t h e  r e c o r d ,  the  agency p r o v id in g  the  i n f o rm a t i o n  i s  namod.

AVERAGE DISCHARGE.— Tho d i s c h a rg e  v a lu e  shown i s  tho  a r i t h m e t i c  mean o f  t h e  w a t e r - y e a r  mean d i s c h a rg e s .  
I t  i s  c om p u te d  o n l y  f o r  s t a t i o n s  h a v ing  a t  l e a s t  5 w a te r  y e a r s  o f  comple te  r e c o r d ,  and o n ly  w a te r  y e a r s  w i th  
com p le te  r e c o r d s  a r e  used i n  th e  com pu ta t ion .  I f  w a te r  d eve lopments  s i g n i f i c a n t l y  a l t e r i n g  f l ow  a t  a s t a t i o n  
a r e  p u t  i n t o  u s e  a f t e r  t'. e s t a t i o n  has been in  o p e r a t i o n  f o r  a p e r i o d  o f  y e a r s ,  and s u f f i c i e n t  i n f o rm a t i o n  o r  
d a ta  a r e  a v a i l a b l e ,  t h e  a v e rag e  i s  a d ju s t e d  t o  g i v e  the  n a t u r a l  f l o w  a t  t h e  s i t e .  H o w e v e r ,  i f  n o t  e n o u s h  
i n f o r m a t i o n  i s  a v a i l a b l e ,  a new ave rage  i s  computed as soon as 5 w a te r  y e a r s  have accumu la ted  f o l l o w i n g  the 
deve lopm en t .

EXTREMES FOR PERIOD OF RECORD. - - E x t r e m e s  may i n c l u d e  maximum and minimum d i s c h a r g e s ,  s t a g e s ,  o r  
c o n t e n t s .  U n le s s  o th e rw i s e  q u a l i f i e d ,  t h e  maximum d i s c h a r g e  o r  c o n t e n t s  i s  t h e  i n s t a n t a n e o u s  maximum 
c o r r e s p o n d i n g  t o  t h e  h ig h e s t  s ta g e  t h a t  o c c u r r e d .  The h ig h e s t  s t a g e  may have been o b ta in e d  from  a g r a p h ic  o r  
d i g i t a l  r e c o r d e r ,  a c r e s t - s t a g e  gage, d i r e c t  o b s e r v a t i o n  o f  a n on re c o rd ing  gage, o r  from h ig h -w a t e r  m a r k s .  I f  
th e  maximum s t a g e  d id  n o t  o c c u r  on t h e  same day as t h e  maximum d is c h a rg e ,  i t  i s  shown s e p a r a t e l y .  S i m i l a r l y ,  the  
minimum i s  t h e  in s t a n t a n e o u s  minimum d i s c h a rg e ,  u n l e s s  o t h e rw is e  q u a l i f i e d .

EXTREME OUTSIDE PER IOD  OF RECORD.— In f o rm a t i o n  ab ou t  f l o o d s  o r  u n u s u a l l y  low  f l o w s  t h a t  h ave  o c c u r r e d  
o u t s i d e  th e  s t a t e d  p e r i o d  o f  r e c o rd  i s  i n c lu d e d .  The I n f o rm a t i o n  may o r  may n o t  have been o b ta in e d  by t h e  U . S .  
G e o l o g i c a l  S u r v e y .

EXTREMES FOR CURRENT YEAR,--The c o n te n t s  o f  t h i s  p a rag raph  a ro  s im i l a r  t o  t h o s e  i n  "PER IOD  OF RECORD", 
e x c ep t  t h a t  a peak d i s c h a rg e  l i s t  w i th  seconda ry  peaks may be g iv e n .  F o r  r e c o rd s  t h a t  meet c e r t a i n  c r i t e r i a ,  a l l  
peak d i s c h a rg e s  and s t a g e s  g r e a t e r  than  a s e l e c t e d  base d i s c h a rg e  d u r i n g  t h e  w a t e r  y e a r  a r e  g i v e n .  The 
peaks g r e a t e r  th an  the  base  d i s c h a rg e ,  e x c lu d in g  th e  h ig h e s t  one, a r e  c a l l e d  seconda ry  p ea k s .  The t ime t h a t  the  
peak o c c u r r e d  i s  e xp re ss ed  i n  2 4 - h o u r  l o c a l  s t a nd a rd  t im e ;  f o r  example , 1 2 : 3 0  a .m . i s  0 0 3 0  and 1 : 3 0  p.m . i s  
1330 .  The minimum f o r  the  c u r r e n t  w a te r  y e a r  appea rs  be low  th o  t a b l e  o f  peak d a ta .
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R E V IS IO N S , - - I f  a c r i t i c a l  e r r o r  I n  p u b l i s h e d  r e c o rd s  I s  d i s c o v e r e d ,  a r e v i s i o n  i s  i n c lu d e d  I n  th e  f i r s t  
r e p o r t  p u b l i s h e d  f o l l o w i n g  d i s c o v e r y  o f  t h o  e r r o r .

The d a i l y  t a b l e  f o r  s t re am -gag ing  s t a t i o n s  g iv e s  the  mean d i s c h a rg e  f o r  each day and a l s o  m on th ly  and 
y e a r l y  summaries . I n  tho month ly  sumnary b o low  th o  d a i l y  t a b l e ,  the  l i n o  headed "TOTAL" g i v e s  t h o  sum o f  t h e
d a i l y  f i g u r e s .  The l i n o  hooded "MEAN" g iv e s  t h o  ave rage f l ow  i n  cub ic  f e e t  p e r  second d u r in g  the  month. Tho
l i n e s  hoaded "MAX" and "MIN" g iv e  tho  maximum and minimum d a i l y  d i s c h a r g e s ,  r e s p e c t i v e l y ,  f o r  t h o  m o n th .  
D i s c h a rg e  f o r  t h e  month a l s o  may bo e xp re s s ed  i n  a c r e - f e e t  ( l i n e  headod "AC -FT " ) ,  in  cu b ic  f e e t  p e r  second p e r
sq u a re  m i l e  ( l i n o  headed "CFSM"), o r  in  in che s  ( l i n e  headed " I N " ) .  F ig u r e s  f o r  cub ic  f o o t  p e r  second p e r  squa ro
m i l e  and r u n o f f  i n  i n c h e s  a r e  om i t t e d  i f  t h e r e  i s  e x t e n s i v e  r e g u l a t i o n  o r  d i v e r s i o n ,  i f  t h e  c o n t r i b u t i n g  
d ra in a g e  a r e a  o r  b o un da r ie s  a r e  unknown, o r  i f  t h e  f l ow  i s  m o s t ly  f rom  a s p r i n g .  In  th e  y e a r l y  sumnary be low  
t h e  m o n t h l y  summary, t h e  f i g u r e s  shown a r e  the  a p p r o p r i a t e  d a i l y  d i s c h a rg e s  f o r  the  c a l e n d a r  and w a te r  y e a r s .  
At some s t a t i o n s ,  m onth ly  and ( o r )  y o c r l y  d i s c h a r g e s  a r e  a d j u s t e d  f o r  d i v e r s i o n s  o r  c h a n g e s  i n  r e s e r v o i r  
c o n t e n t s .

Data c o l l e c t e d  a t  p a r t i a l - r e c o r d  s t a t i o n s  f o l l o w  t h e  i n f o rm a t i o n  f o r  c o n t in u o u s - r e c o r d  3 i t e s .  A t a b l e  o f  
c r e s t - s t a g e  p a r t i a l - r e c o r d  s t a t i o n s  i s  f o l l o w e d  by a l i s t i n g  o f  d i s c h a rg e  measurements made a t  s i t e s  o t h e r  
th an  c o r . t i n u o u s - r e c o rd  o r  p a r t i a l - r e c o r d  s t a t i o n s .  In  p r i o r  y e a r s ,  l o w - f l o w  p a r t i a l - r e c o r d  s t a t i o n s  h a v e  b e en  
p u b l i s h e d ,  b u t  none were in  o p e r a t i o n  i n  the  c u r r e n t  w a te r  y e a r .  O c c a s i o n a l l y ,  a s e r i e s  o f  d i s c h a rg e  m easu re ­
ments a r e  made w i th in  a s h o r t  t ime p e r i o d  t o  i n v e s t i g a t e  the  seepage g a in s  o r  l o s s e s  a lo n g  a r e a c h  o f  a s t r e a m
o r  t o  d e t e r m i n e  t h e  l o w - f l o w  c h a r a c t e r i s t i c s  o f  an a r e a .  Such measurements a r e  a l s o  g iv e n  i n  s p e c i a l  t a b l e s
f o l l o w i n g  t h e  l i s t i n g  o f  m i s c e l l a n e o u s  measurements . L a k e - l e v e l  d a ta  c o l l e c t e d  a t  m i s c e l l a n e o u s  s e l e c t e d
l a k e s  a re  a l s o  t a b u la t e d .

I d e n t i f y i n g  Es t im a ted  D a l l y  D isch a rg e
E s t im a t e d  d a i l y - d i s c h a r g e  v a lu e s  i n  the  c u r r e n t  annua l d a ta  r e p o r t  a re  i d e n t i f i e d  by l i s t i n g  th e  d a te s  

o f  t h e  e s t im a te d  r e c o r d  i n  the "REMARKS" p a rag raph  o f  the  s t a t i o n  m anu sc r ip t .  P r i o r  t o  th e  r e p o r t  f o r  the  1985 
w a te r  y e a r ,  e s t im a te d  d a i l y - d i s c h a r g e  v a l u e s  were n o t  s p e c i f i c a l l y  i d e n t i f i e d .

Accuracy o f  t h e  Records
The a c c u r a c y  o f  s t r e a m f l o w  d a ta  depends p r im a r i l y  on : ( 1 )  the  s t a b i l i t y  o f  the  s t a g e - d i s c h a rg e  r e l a t i o n  

o r ,  i f  the  c o n t r o l  i s  u n s t a b l e ,  t h e  f r e q u e n c y  o f  d i s c h a r g e  m e a s u r e m e n t s ;  and ( 2 )  t h e  a c c u r a c y  o f  
o b s e r v a t i o n s  o f  s t a g e ,  measurements o f  d i s c h a rg e ,  and i n t e r p r e t a t i o n s  o f  r e c o r d s .

The s t a t i o n  d e s c r i p t i o n  u n t e r  "REMARKS" s t a t e s  the  d eg ree  o f  a ccu racy  o f  t h e  r e c o r d s .  " E x c e l l e n t "  
m eans  t h a t  abou t 95 p e r c e n t  o f  the  d a i l y  d i s c h a rg e s  a r e  w i th in  5 p e r c e n t  o f  the  t r u e  v a l u e ;  "good" w i t h i n  10 
p e r c e n t ;  and " f a i r "  w i th in  15 p e r c e n t .  R eco rds  a re  r a t e d  as " p o o r "  when t h e y  do n o t  m ee t  t h e  c r i t e r i a  
above . D i f f e r e n t  a c c u ra c i e s  may be a t t r i b u t e d  t o  d ‘ . e r e n t  p a r t s  o f  a g iv en  r e c o r d .

F ig u r e s  o f  d a l l y  mean d i s c h a rg e  i n  t h i s  r o p o r t  a re  shown t o  the  n e a r e s t  h u n d r e d t h  o f  a c u b i c  f o o t  p e r  
second f o r  d i s c h a rg e s  o f  l e s s  th an  1 f t  / s ;  t o  the  n e a r e s t  t e n t h  between 1 . 0  and 10 f t  / s ;  t o  who le  num­
b e r s  between 10 and 1 ,0 0 0  f t 3 / s ;  and t o  3 s i g n i f i c a n t  f i g u r e s  a b o v e  1 , 0 0 0  f t  / s .  The number o f  s i g n i f i ­
c a n t  f i g u r e s  u s e d  i s  b a s e d  s o l e l y  on th e  magnitude o f  the  d i s c h a rg e  v a l u e .  The same round ing  r u l e s  a p p ly  t o  
d i s c h a rg e s  l i s t e d  f o r  p a r t i a l - r e c o r d  s t a t i o n s  and m is c e l l a n e o u s  measurement s i t e s .

D i s c h a r g e  a t  many s t a t i o n s ,  a s  i n d i c a t e d  by the  m on th ly  mean, may n o t  r e f l e c t  n a t u r a l  r u n o f f  due t o  the  
e f f e c t s  o f  d i v e r s i o n ,  f l o w  from  s p r i n g s ,  o r  t o  o t h e r  f a c t o r s .  F o r  s u c h  s t a t i o n s ,  f i g u r e s  o f  c u b i c  f e e t  p e r  
s e c o n d  p e r  s q u a r e  m i l e  and o f  r u n o f f  i n  in ch e s  a r e  n o t  p ub l i s h e d  u n le s s  s a t i s f a c t o r y  a d ju s tm en t s  can be made 
f o r  d i v e r s i o n s  o r  f o r  o t h e r  f a c t o r s  t h a t  m igh t  a f f e c t  the  f l o w s .  At th o se  s t a t i o n s  where ad ju s tm en ts  a r o  made, 
l a r g e  e r r o r s  i n  c om pu te d  r u n o f f  may o c c u r  i f  a d j u s t m e n t s  a r o  l a r g e  i n  compar ison  t o  o b se rv e d  d i s c h a rg e .  
E v a p o ra t i o n  f rom  a r e s e r v o i r  i s  n o t  i n c lu d e d  in  t h e  ad ju s tm en ts  f o r  changes i n  r e s e r v o i r  c o n t e n t s .

O th o r  Data A v a i l a b l e
I n f o rm a t i o n  o f  a more d e t a i l e d  n a t u r e  t h a n  t h a t  p u b l i s h e d  f o r  m o s t  o f  t h e  g a g i n g  s t a t i o n s  s u c h  a s  

o b s e r v a t i o n s  o f  w a t e r  t e m p e r a t u r e s ,  d i s c h a rg e  measurements, g a g e -h e ig h t  r e c o r d s ,  and r a t i n g  t a b l e s ,  i s  
f i l e d  in  th o  s u b d i s t r i c t  o f f i c e s  a t  Anchorage , F a i rb a n k s ,  and Juneau f o r  t h e i r  a r e a s  o f  r e s p o n s i b i l i t y .  A l s o ,  
m o s t  o f  t h e  d a i l y  mean d i s c h a r g e s  a r e  i n  c o m p u t e r  f i l e s  and  can  b e  r e t r i e v e d  f o r  s t a t i s t i c a l  a n a ly s e s .  
I n f o rm a t i o n  on the  a v a i l a b i l i t y  o f  u n p ub l i sh ed  d a ta  o r  s t a t i s t i c a l  a n a ly s e s  may be o b t a i n e d  f r o m  t h e  d i s t r i c t  
o f f i c e .

RECORDS OF SURFACE-WATER QUALITY
R e c o r d s  o f  s u r f a c e - w a t e r  q u a l i t y  o r d i n a r i l y  a r e  o b t a i n e d  a t  o r  n ea r  s t re am -gag ing  s t a t i o n s  because 

i n t e r p r e t a t i o n  o f  r e c o r d s  o f  s u r f a c e -w a t e r  q u a l i t y  n e a r l y  a lw a y s  r e q u i r e s  c o r r e s p o n d i n g  d i s c h a r g e  d a t a .  
R e c o r d s  o f  s u r f a c e - w a t e r  q u a l i t y  i n  t h i s  r e p o r t  i n v o l v e  a v a r i e t y  o f  t y p e s  o f  d a ta  and measurement 
f r e q u e n c i e s .

C l a s s i f i c a t i o n  o f  Records
W a t e r - q u a l i t y  d a ta  f o r  s u r f a c e -w a t e r  s i t e s  a r e  grouped i n t o  one o f  t h r e e  c l a s s i f i c a t i o n s .  A c o n t i n u i n n -  

r e c o r d  s t a t i o n  i s  a s i t e  where d a t a  a r e  c o l l e c t e d  on a r e g u l a r l y  schedu led  b a s i s .  F requency  may be once o r  
more t imes d a i l y ,  w eek ly ,  m on th ly ,  o r  q u a r t e r l y .  A p a r t i a l - r e c o r d  s t a t i o n  i s  a s i t e  where w a t e r - q u a l i t y  d a t a  
a r e  c o l l e c t e d  s y s t e m a t i c a l l y  o v e r  a p e r i o d  o f  y e a r s .  Frequency o f  samp l ing  i s  u s u a l l y  l e s s  than  q u a r t e r l y .  A 
m is c e l l a n e o u s  sam p l ing  s i t e  i s  a l o c a t i o n  o t h e r  than  a c o n t in u in g  o r  p a r t i a l - r e c o r d  s t a t i o n ,  w h e r e  random  
samp les a r e  c o l l e c t e d  t.o g iv e  b e t t e r  a r e a l  c ove rage  t o  d e f i n e  w a t e r - q u a l i t y  c o n d i t i o n s  in  th e  r i v e r  b a s in .

A d i s t i n c t i o n  needs t o  bo made be tw een  " c o n t i n u i n g  r e c o r d s ”  a s  u s e d  I n  t h i s  r e p o r t  and " c o n t i n u o u s  
r e c o r d i n g s , "  which r e f e r s  t o  a c on t in uou s  g raph o r  a s e r i e s  o f  d i s c r e t e  v a lu e s  punchod a t  s h o r t  i n t e r v a l s  on a 
pape r  ta p e .  Some r e c o rd s  o f  wate r  q u a l i t y ,  such as te ropo ra tu ro  and s p e c i f i c  c o n d u c t a n c e ,  may o e  o b t a m o d  by 
c on t in u ou s  r e c o r d i n g s ;  however , b ecauso  o f  c o s t s ,  most d a ta  a re  o b ta in e d  o n ly  m on th ly  o r  l o s s  f r e q u e n t l y .
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Arrangement o f  Raeo rds
W a t e r - q u a l i t y  r e c o r d s  c o l l e c t e d  a t  a s u r f a c e - w a t e r  d a i l y  r e c o r d  s t a t i o n  o r e  p u b l i s h e d  im m e d i a t e l y  

f o l l o w i n g  t h a t  r e c o r d ,  r o g a r d l o s a  o f  tho  f r o qu ency  o f  sample c o l l e c t i o n .  S t a t i o n  number and name a r o  the  same 
f o r  b o th  r e c o r d s .  Where a s u r f a c e -w a t e r  d a l l y  r e c o rd  s t a t i o n  i s  n o t  a v a i l a b l e  o r  w h o re  t h e  w a t e r  q u a l i t y  
d i f f e r s  s i g n i f i o a n t l y  f rom  t h a t  a t  the  n ea rby  s u r f a c e -w a t e r  s t a t i o n ,  t h o  c o n t in u in g  w a t e r - q u a l i t y  r e c o rd  i s  
p u b l i s h o d  w i th  i t s  own s t a t i o n  number and name in  th e  r e g u l a r  d owns t re am -o rde r  sequence. W a t e r - q u a l i t y  d a t a  
f o r  p a r t i a l - r e c o r d  s t a t i o n s  and f o r  m is c e l l a n e o u s  samp l ing  s i t e s  appea r  i n  s e p a ra t e  t a b l o s  f o l l o w i n g  tho  t a b le  
o f  d i s c h a rg e  measurements a t  m i s c e l l a n e o u s  s i t e s .

O n -S i t e  Measurements and Sample C o l l e c t i o n
To a s s u r e  t h e  d a t a  o b ta in e d  r e p r o s e n t  the  in  s i t u  q u a l i t y  o f  t h o  w a t e r ,  c o r t a i n  m e a s u r e m e n t s ,  su ch  as 

w a t e r  t e m p e r a t u r e ,  pH, a l k a l i n i t y ,  and d i s s o l v e d  oxygen , a r e  made o n s i t e  when the  samples a r e  c o l l e c t e d .  To 
a s s u r e  t h a t  measurements made in  th e  l a b o r a t o r y  a l s o  r e p r e s e n t  th e  In  s i t u  w a te r ,  p r e s c r i b e d  p r o c e d u r e s  a r e  
f o l l o w e d  i n  c o l l e c t i n g ,  t r e a t i n g ,  and sh ip p in g  the  samp les t o  p r e v e n t  changes i n  q u a l i t y  pend ing a n a ly s i s  in  
th o  l a b o r a t o r y .  Theso  p ro c edu re s  a r e  g iven  in  p u b l i c a t i o n s  on "Techn iques o f  W a to r -R o sou rce s  I n v e s t i g a t i o n s " ,  
Book 1 , Chap. D2; Book 3 ,  Chap. C 2 ; Book 5 ,  Chap. A l ,  A3, and AA.

One somple can  a d e q u te l y  d e f i n e  the  wate r  q u a l i t y  a t  a g i v e n  t ime i f  the  m ix tu re  o f  s o l u t e s  t h r o u g h o u t  
t h e  s t r e a m  c r o s s  s e c t i o n  i s  homogeneous. However, t h e  c o n c e n t r a t i o n  o f  s o l u t e s  a t  d i f f e r e n t  l o c a t i o n s  in  tho  
c r o s s  s e c t i o n  may v a r y  w id e ly  w i th  d i f f e r e n t  r a t e s  o f  w a te r  d i s c h a rg e ,  depending on t h e  s o u r c e  o f  m a t e r i a l  
and  t h e  t u r b u le n c e  and m ix in g  o f  t h e  s t re am . Some s t reams must bo sampled th rough  s e v e r a l  v o r t i c a l  s e c t i o n s  t o  
o b t a i n  a r e p r e s e n t a t i v e  sample needed f o r  on a c c u ra t e  mean c o n c e n t r a t i o n  and f o r  use in  c a l c u l a t i n g  l o a d ,

C h e m i c a l - q u a l i t y  d a t a  p u b l i s h e d  i n  t h i s  r o p o r t  a r e  c o n s id e r e d  t o  be the  most r e p r e s e n t a t i v e  v a lu e s  
a v a i l a b l e  f o r  the  s t a t i o n s  l i s t e d .  The v a lu e s  r e p o r t e d  r e p r e s e n t  w a t e r - q u a l i t y  c o n d i t i o n s  a t  t h e  t im e  o f  
s a m p l i n g  a s  much a s  p o s s i b l e ,  c o n s i s t e n t  w i th  a v a i l a b l e  sam p l ing  te chn iqu es  and methods o f  a n a l y s i s .  I n  the 
r a r e  case  where an ap pa ren t  i n c o n s i s t e n c y  e x i s t s  between a r e p o r t e d  pH v a lu e  and  t h e  r e l a t i v e  a b u n d an c e  o f  
c a r b o n  d i o x i d e  s p e c i e s  ( c a r b o n a t e  and b i c a r b o n a t e ) ,  t h e  i n c o n s i s t e n c y  i s  the  r e s u l t  o f  a s l i g h t  uptake  o f  
c a rb on  d i o x i d e  f r om  th e  a i r  by the  sample between measurement o f  pH i n  t h e  f i e l d  and d e te rm in a t io n  o f  c a r b o n a t e  
and b i c a r b o n a t e  i n  t h e  l a b o r a t o r y .

W a te r  Temperatu re
W ate r  t em p e ra tu r e s  a r e  measured a t  most o f  t h e  w a t e r - q u a l i t y  s t a t i o n s .  I n  a d d i t i o n ,  w a te r  tempe ra tu re s  

a r e  t a k e n  a t  t im e  o f  d i s c h a rg e  measurements f o r  w a t e r - d i s c h a rg e  s t a t i o n s .  L a rg e  s t ream s have a s m a l l  d i e l  
t em p e ra tu r e  change; s h a l l o w  s t re am s may have a d a i l y  range o f  s e v e r a l  d eg ree s  and may f o l l o w  c l o s e l y  the  changes 
i n  a i r  t em p e ra tu r e .  Some s t re am s  may l ie  a f f e c t e d  by w a s te -h e a t  d i s c h a rg e s .

A t  s t a t i o n s  w h e re  r e c o r d i n g  in s t ru m en ts  a r e  u sed , maximum and minimum tempe ra tu re s  f o r  each day a re  
p u b l i s h e d .  Water t em p e ra tu r e s  measured a t  the  t im e  o f  w a t e r - d i s c h a rg e  measurements a re  on f i l e  i n  the  D i s t r i c t  
o f f i c e .

Sediment
S u s p e n d e d - s e d im e n t  c o n c e n t r a t i o n s  a r e  d e t e rm in e d  f rom  samples c o l l e c t e d  by u s in g  d e p t h - i n t e g r a t i n g  

s am p le r s .  Samples u s u a l l y  a r e  o b ta in e d  a t  s e v e r a l  v e r t i c a l s  i n  t h o  c r o s s  s e c t i o n ,  o r  a s i n g l e  sample may bo 
o b t a in e d  a t  a f i x e d  p o i n t  and a c o e f f i c i e n t  a p p l i e d  t o  de te rm in e  t h e  mean c o n c e n t r a t i o n  i n  the  c r o s s  s e c t i o n s .

D u r ing  p e r i o d s  o f  r a p i d l y  chang ing f l o w  o r  r a p i d l y  c h a n g i n g  c o n c e n t r a t i o n ,  s a m p le s  may h a v e  b een  
c o l l e c t e d  m o re  f r e q u e n t l y  ( tw ic e  d a i l y  o r ,  in  soma in s t a n c e s ,  h o u r l y ) .  The p u b l i s h ed  sed iment d i s c h a rg e s  f o r  
days o f  r a p i d l y  chang ing  f l o w  o r  c o n c e n t r a t i o n  were compu ted  by  t h e  s u b d i v i d e d  d a y  m e th od  ( t i m e - d i s c h a r g e  
w e i g h t e d  a v e r a g e ) .  T h e r e f o r e ,  f o r  th o se  days when th e  p u b l i s h e d  sed iment d i s c h a rg e  v a lu e  d i f f e r s  f rom  the 
v a l u e  computed as t h o  p ro d u c t  o f  d i s c h a rg e  t imes mean c o n c e n t r a t i o n  t imes 0 . 0 0 2 7 ,  tho  r e a d e r  can  a ssume t h a t  
t h e  s e d im e n t  d i s c h a rg e  f o r  t h a t  day was computed by th e  s u b d iv id e d  day method. F o r  p e r io d s  when no samples 
were c o l l e c t e d ,  d a i l y  l o a d s  o f  suspended sed iment were e s t im a ted  on  the  b a s i s  o f  w a t e r  d i s c h a r g e ,  s e d im e n t  
c o n c e n t r a t i o n s  ob s e rv e d  im m ed ia te ly  b e f o r e  and a f t e r  the  p e r i o d s ,  and suspended -sed imen t l o a d s  f o r  o t h e r  p e r io d s  
o f  s i m i l a r  d i s c h a rg e .

A t  o t h e r  s t a t i o n s ,  suspended -sed im en t  samples were c o l l e c t e d  p e r i o d i c a l l y  a t  many v e r t i c a l s  in  the  st ream  
c r o s s  r e c t i o n .  A l th ough  d a t a  c o l l e c t e d  p e r i o d i c a l l y  may r e p r e s e n t  c o n d i t i o n s  o n ly  a t  the  t ime o f  o b s e r v a t i o n s ,  
s u c h  d a t a  a r e  u s e f u l  in  e s t a b l i s h i n g  s e a s o n a l  r e l a t i o n s  between q u a l i t y  and s t r e am f low  in  p r e d i c t i n g  l o n g - t e rm  
s e d i r a e n t -d i s c h a rg e  c h a r a c t e r i s t i c s  o f  the  s t ream .

I n  a d d i t i o n  t o  the  r e c o r d s  o f  the  q u a n t i t i e s  o f  suspended sed im en t ,  r e c o rd s  o f  the  p e r i o d i c  measurements 
o f  t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  o f  the  suspended sed iment and bed  m a t e r i a l  a r e  in c lu d e d .

L a b o r a t o r y  Measurements

I n  March 1969 th e  N a t i o n a l  W a t e r -Q u a l i t y  t s b o r a t o r y  d i s c o v e r e d  a b i a s  in  the  t u r b i d im e t r i c  method f o r  s u l ­
f a t e  a n a l y s i s ,  i n d i c a t i n g  t h a t  v a l u e s  b e lo *  7 .'.mg/L have a median p o s i t i v e  b i a s  o f  2mg/L above the  t r u e  v a lu e  f o r
the  p e r i o d  between 1982 and 1989 .  S u l f a t e  v a lu e s  i n  t h i s  r e p o r t  h ave n o t  been c o r r e c t e d  f o r  t h i s  b i a s .

Sed iment c o n c e n t r a t i o n  and sand -b re a k  samples a r e  an a ly zed  l o c a l l y ;  a l l  o t h e r  sed iment samples a re  a n a ly z ed  
i n  t h e  U. S .  G e o l o g i c a l  S u rv e y  l a b o r a t o r y  i n  Iowa C i t y ,  Iowa. Methods used in  a n a ly z in g  sed iment s a m p le s  and 
c o m p u t i n g  s e d im e n t  r e c o r d s  a r e  g i v e n  i n  TWR I, B ook  5 ,  Chap . C l .  Methods used by the  G e o l o g i c a l  Su rvey
l a b o r a t o r y  a r o  g iv e n  in  TWRI, Book 1 , Chap. DR; Book 3 , Chap. C2 ; Book 5, Chap. A l .  A3, and A^.
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RECORDS OF GROUHD-WATER LEVELS
O n ly  g r o u n d - w a t e r  l a v o l  d a t a  f r om  a b a s i c  network o f  o b s e r v a t i o n  w a l l s  a ro  p u b l i s h e d  i n  t h i s  r e p o r t .  

T h i s  b a s i c  ne twork  c o n s i s t s  o f  o b s e r v a t i o n  w e l l s  l o c n to d  in  t h o  most Im p o r ta n t  a q u i f o r s ,  and  t h e r e f o r e  t h e  
most  s i g n i f i c a n t  d a ta  a r e  o b t a in e d  from tho  fow es t  w o l l s .  (See  f i g u r e  8 , )

D a t a  C o l l e c t i o n  and C o m p u t a t i o n

W a t e r - l e v e l  measurements a r e  made in  many typos  o f  w e l l s ,  undo r v a r y i n g  c o n d i t i o n s  o f  a cce ss  and wea the r  
c o n d i t i o n s .  However, the  equipment and moasu r lng  te chn iques  used  a t  e a c h  o b s e r v a t i o n  w o l l  a s s u r e  t h a t  t h o  
measurements a re  o f  c o n s i s t e n t  a ccu ra c y  and r e l i a b i l i t y .

T ab le s  o f  w a t e r - l e v e l  d a ta  a r e  p re sen ted  by H yd ro lo g i c  S u b re g io n .  The s t a t i o n - l d o n t i f i c n t l o n  number Cor a 
g i v e n  w e l l  i s  t h e  1 5 - d i g i t  n um be r  t h a t  a p p e a r s  i n  t h o  u p p e r  l e f t  c o m e r  o f  the  s t a t i o n  d e s c r i p t i o n .  The 
seconda ry  i d e n t i f i c a t i o n  number i s  the l o c a l  number , an a lph anum e r ic  number, d e r i v e d  f rom  th e  townsh ip - rango  
l o c a t i o n  o f  the  w o l l .

W a t e r - l e v e l  r e c o rd s  a r o  o b ta in e d  f rom  d i r e c t  measurements w i th  a s t o o l  tope  o r  f rom  tho  g r a p h  o r  p un ch ed  
t a p e  o f  a w a t e r - s t a g e  r e c o r d e r .  The w a t e r - l e v e l  measurements i n  t h i s  r e p o r t  a r e  g iven  i n  f e e t  w i th  r e f e r e n c e  
t o  e i t h e r  N a t i o n a l  G eode t ic  V e r t i c a l  Datum o f  1929 (NGVD o f  1 9 2 9 )  o r  l a n d - s u r f a c e  datum ( l s d ) .  HGVD o f  1 9 2 9  
i s  t h e  datum p la n e  on which t h e  n a t i o n a l  ne twork  o f  p r e c i s e  l e v e l s  i s  b a sed ;  l a n d - s u r f a c e  datum i s  a datum 
p la n e  t h a t  i s  a p p ro x im a te ly  a t  l a n d  s u r f a c e  a t  each w e l l .  I f  known, t h e  a l t i t u d e  o f  t h e  l a n d - s u r f a c e  datum 
i s  g iv en  i n  the w e l l  d e s c r i p t i o n .  The h e ig h t  o f  the  m oasu r lng  p o i n t  (MP) above o r  b e low  l a n d - s u r f a c e  datum 
i s  a l s o  g iv en  in  each w e l l  d e s c r i p t i o n .  Water l e v e l s  in  w e l l s  equipped w i th  r e c o r d i n g  gages a r e  r e p o r t e d  f o r  
e v e r y  f i f t h  d a y  and the end o f  each  month (e om ) .  D a i l y  w a te r  l e v e l s  a r e  r e p o r t e d  f o r  a few w e l l s  t h a t  may 
have s i g n i f i c a n t  f l u c t u a t i o n s  botwoon eve ry  f i f t h  day. The ex t reme w a te r  l e v e l s  r e c o r d e d  d u r i n g  t h e  y e a r  
a r e  r e p o r t e d  as t h o  h ig h e s t  w a te r  l e v e l  (HIGH) and as tho  low e s t  w a te r  l e v e l  (LOW).

Water l e v e l s  a r o  r e p o r t e d  t o  a s  many s i g n i f i c a n t  f i g u r e s  as can be j u s t i f i e d  by the  l o c a l  c o n d i t i o n s .  F o r
e x a m p l e ,  i n  a measurement o f  a dep th  t o  wa te r  o f  s e v e r a l  hundred  f e e t  o r  i f  an e l e c t r i c  w a te r  s e n s o r  i s  u sed , 
tho  e r r o r  i n  d e ta rm in ln g  the  a b s o lu t e  v a l u e  o f  t h e  t o t a l  d e p t h  t o  w a t e r  may b e  a f ew  t e n t h s  o f  a f o o t .  
H o w e v e r ,  t h e  e r r o r  i n  d e te rm in in g  th e  n e t  change o f  wa te r  l e v e l  between s u c c e s s i v e  measurements may be o n l y  a 
hund red th  o r  a few hund red ths  o f  a f o o t ,  F o r  l e s s e r  depths t o  w a t e r ,  t h o  a c cu ra c y  i s  g r e a t e r .  A c c o rd in g ly ,
m os t  measurements a r e  r e p o r t e d  t o  a hundredth  o f  a f o o t ,  b u t  some a r e  g iv en  o n l y  t o  a t e n th  o f  a f o o t .

Da ta  P r e s e n t a t i o n
Each  w e l l  r e c o r d  c o n s i s t s  o f  tw o  p a r t s :  the  s t a t i o n  d e s c r i p t i o n  and th e  d a ta  t a b l e  o f  wate r  l e v e l s  

o b se rv e d  d u r ing  th o  wa te r  y e a r .  The d e s c r i p t i o n  o f  tho w e l l  i s  p re s e n te d  f i r s t  t h r o u g h  u s e  o f  d e s c r i p t i v e  
h ead ing s  p reced ing  the  t a b u l a r  d a t a .  C l a r i f i c a t i o n  o f  each h ead ing  i s  g iv e n  b e low .

LOCATION.--This p a rag raph  f o l l o w s  the  w e l l - i d e n t i f i c a t i o n  number and r e p o r t s  the  l a t i t u d e  and  l o n g i t u d e  
( g i v e n  i n  d e g r e e s ,  m i n u t e s ,  an d  s e c o n d s ) ;  t h o  H yd ro lo g i c  U n i t ;  the  d i s t a n c e  and d i r e c t i o n  f rom  a g eog raph ic  
p o i n t  o f  r e f e r e n c e ;  and the  ow ne r ' s  name.

AQUIFER.— Th is  e n t r y  d e s ig n a t e s  by name ( i f  a  name e x i s t s )  and g e o lo g i c  age tho  a q u i f e r ( s )  open t o  the
w e l l .

WELL CHARACTER IST ICS . - - T h i s  e n t r y  d e s c r i b e s  the  w e l l  i n  te rms o f  d e p th ,  d iam e te r ,  c a s in g  depth a n d /o r  
s c re ened  i n t e r v a l ,  method o f  c o n s t r u c t i o n ,  and a d d i t i o n a l  i n f o rm a t i o n  such as c a s i n g  b r e a k s ,  c o l l a p s e d  s c r e e n ,  
and o t h e r  changes s i n c e  c o n s t r u c t i o n .

INSTRUMENTATION.— Th is  p a ra g ra p h  p r o v i d e s  i n f o r m a t i o n  on  b o t h  t h e  f r e q u e n c y  o f  m e a s u rem e n t  end  t h e  
c o l l e c t i o n  m e th od  u s e d ,  a l l o w i n g  t h e  u s e r  t o  b e t t e r  e v a lu a t e  t h e  r e p o r t e d  w a t e r - l e v e l  ex t remes by knowing 
whethe r  th e y  a r e  based  on w eek ly ,  m on th ly ,  o r  some o t h e r  f r e q u e n c y  o f  measurement .

D A TU M .- -T h is  e n t r y  d e s c r i b e s  bo th  the  measu ring  p o i n t  and the  l a n d - s u r f a c e  e l e v a t i o n  a t  the  w e l l .  The 
measu r ing  p o i n t  i s  d e s c r i b e d  p h y s i c a l l y  (such  as t o p  o f  c o l l a r ,  n o t c h  in  t o p  o f  c a s i n g ,  p lu g  in  pump b a s e  and 
s o  o n ) ,  and i n  r e l a t i o n  t o  l a n d  s u r f a c e  ( such  as 1 .3  f t  above  l a n d - s u r f a c e  da tum ). The e l e v a t i o n  o f  the  
l a n d - s u r f a c e  datum i s  d e s c r ib e d  i n  f e e t  above ( o r  be low ) N a t i o n a l  G eode t ic  V e r t i c a l  Da tum  o f  1 9 2 9  (NGVD o f  
1 9 2 9 ) ;  i t  i s  r e p o r t e d  w i th  a p r e c i s i o n  depending on tho method o f  d e t e rm in a t i o n .

REMARKS.— Th is  e n t r y  d e s c r i b e s  f a c t o r s  t h a t  may i n f l u e n c e  t h e  w a te r  l e v e l  i n  a w e l l  o r  th e  m ea su rem en t  
o f  t h e  wa to r  l e v e l .  I t  s h ou ld  i d e n t i f y  w o l l s  t h a t  a l s o  a r e  w a t e r - q u a l i t y  o b s e r v a t i o n  w e l l s ,  and may be used to  
acknowledge the  a s s i s t a n c e  o f  l o c a l  ( n o n - s u r v e y )  o b s e r v e r s .

PERIOD OF RECORD .- -Th is e n t r y  i n d i c a t e s  th e  p e r io d  f o r  which t h e r e  a r o  p u b l i s h ed  r e c o r d s  f o r  the  w e l l .
I t  r e p o r t s  the  month and y e a r  o f  t h e  s t a r t  o f  p u b l i c a t i o n  o f  w a t e r - l e v e l  r e c o r d s  by the  t h e  U. S .  G e o l o g i c a l  
S u rv e y  and the  words " t o  c u r r e n t  y e a r "  i f  t h e  r e c o rd s  a re  t o  be c on t in u ed  i n t o  t h e  f o l l o w i n g  y e a r .  P e r i o d s  f o r  
which w a t e r - l e v e l  r e c o r d s  a r e  a v a i l a b l e ,  b u t  a r e  n o t  p ub l i s h e d  by th e  U. S . G e o l o g i c a l  S u rv e y ,  may be n o ted .

EXTREMES FOR PERIOD OF RECORD. - -T h i s  e n t r y  c o n ta in s  t h e  h i g h e s t  and lo w e s t  w a te r  l e v e l s  o f  the  p e r i o d  o f  
p u b l i s h e d  r e c o r d ,  w i th  r e s p e c t  t o  l a n d - s u r f a c e  datum, and the  d a t e s  o f  t h e i r  o c c u r r e n c e .

A t a b l e  o f  w a te r  l e v e l s  f o l l o w s  the  s t a t i o n  d e s c r i p t i o n  f o r  each w o l l .  W a te r  l e v e l s  a r e  r e p o r t e d  in  f e e t  
b e low  l a n d - s u r f a c e  datum and a l l  taped  measurements o f  w a t e r  l e v e l s  a r e  l i s t e d .  F o r  w e l l s  e q u i p p e d  w i t h  
r e c o r d e r s ,  o n l y  a b b r e v i a t e d  t a b l e s  a r e  p u b l i s h ed ;  g e n e r a l l y ,  o n l y  w a t e r - l e v e l  lows a r e  l i s t e d  f o r  e ve ry  f i f t h  
day and a t  the  end o f  the  month (e om ) .  Tho h ig h e s t  and lowes t  w a to r  l e v e l s  o f  t h e  w a te r  y e a r  and t h e i r  d a te s  o f  
o c c u r r e n c e  a r e  shown on a l i n e  be low  the a b b r e v ia t e d  t a b l e .  8 ecau se  a l l  v a l u e s  a r e  n o t  p u b l i s h e d  f o r  w e l l s  
w i th  r e c o r d e r s ,  the  ex t remes may be v a lu e s  t h a t  a re  n o t  l i s t e d  in  the  t a b l e .  M is s in g  r e c o rd s  a r e  i n d i c a t e d  
b y  dashes in  p la c e  o f  the w a te r  l e v e l .



WATER RESOURCES DATA FOR ALASKA, 1989

RECORDS OF GROUND-WATER QUALITY
Reco rds  o f  g rou nd -w a te r  q u a l i t y  i n  t h i s  r e p o r t  d i f f e r  f r o m  o t h o r  t y p o s  o f  r e c o r d s  I n  t h a t  f o r  m o s t

s a m p l i n g  s i t e s  thoy  c o n s i s t  o f  o n l y  ono s o t  o f  moaauromonta f o r  tho  w a to r  y e a r ,  Tho q u a l i t y  o f  g round wa to r
o r d i n a r i l y  changes s l o w ly ;  t h e r o f o r e ,  f o r  m ost  g e n e r a l  pu rposes  ono annua l s am p l in g ,  o r  a few sa rn p lo s  t a k e n  a t  
i n f r e q u e n t  i n t e r v a l s  d u r i n g  t h o  y e a r ,  i s  s u f f i c i o n t .  F requen t measurement o f  t h o  same c o n s t i t u e n t s  i s  n o t  
n e c e s s a r y  u n l e s s  ono I s  c o n c e r n e d  w i t h  a p a r t i c u l a r  p r o b l e m ,  su ch  a s  m o n i t o r i n g  f o r  t r e n d s  i n  n i t r a t e  
c o n c e n t r a t i o n .  I n  s p e c i a l  c n 3 0 s  w h e re  t h e  q u a l i t y  o f  ground wate r  may change more r a p i d l y ,  more f r e q u e n t
measurements a r o  made t o  i d e n t i f y  t h e  n a tu r e  o f  tho  changes.

Da ta  C o l l e c t i o n  and Computation
The r e c o r d s  o f  g ro u nd -w a te r  q u a l i t y  in  t h i s  r e p o r t  were ob ta in ed  m o s t ly  as a p a r t  o f  s p e c i a l  s t u d i e s  i n  

s p o c i f i c  a r o a s .  C o n s e q u e n t ly , a number o f  chem ica l  a n a ly s e s  a re  p re s e n te d  f o r  some a r e a s  but. none f o r  o t h o r  
a r e a s .  As a r e s u l t ,  the  r e c o r d s  f o r  t h i s  y e a r ,  by th em so lv o s ,  do n o t  p r o v ld o  a baLancud v iew  o f  g r o u n d -w a t e r  
q u a l i t y  S t a t e w i d e .  S u ch  a v i e w  c an  o n l y  be a t t a i n e d  by  c o n s id e r in g  r e c o r d s  f o r  t h i s  y o a r  in  c o n to x t  w i th  
s i m i l a r  r e c o r d s  o b ta in e d  f o r  t h e s e  and o t h o r  a r e a s  in  e a r l i e r  y e a r s .

Data P r e s e n t a t i o n
The r e c o r d s  o f  g ro u nd -w a te r  q u a l i t y  a r e  p u b l i s h ed  in  a s e c t i o n  t l t l o d  QUALITY OF GROUND WATER im m e d i a t e l y  

f o l l o w i n g  the  g r o u n d -w a t e r - l o v o l  r e c o r d s .  D a ta  f o r  q u a l i t y  o f  ground wa te r  a r o  l i s t e d  by  H y r o lo g i c  S ub reg ion ,  
and a r e  i d e n t i f i e d  by w e l l  number. Tho s t a t i o n - i d e n t i f i c a t l o n  number f o r  w e l l s  sampled i s  t h e  1 5 - d i g i t  n umbe r  
d e r i v e d  f rom  t h e  l a t i t u d e - l o n g i t u d e  l o c a t i o n s .  Ho d e s c r i p t i v e  s ta tem en ts  a r e  g iv on  f o r  g r o u n d -w a t e r - q u a l i t y  
r e c o r d s ;  h oweve r , tho  w e l l  number, d ep th  o f  w e l l ,  d a te  o f  samp l ing , and o t h e r  p e r t i n e n t  d a t a  a ro  g iv en  i n  t h e  
t a b l e  c o n t a i n i n g  the  ch em ic a l  a n a ly s e s  o f  the  g round w a te r .

ACCESS TO WATSTORE DATA
The  N a t i o n a l  WATe r  D a ta  STOrege and R E t r i o v a l  System (WATSTORE) was e s t a b l i s h e d  f o r  h a nd l in g  wate r  d a ta  

c o l l e c t e d  th rough  the  a c t i v i t i e s  o f  t h e  U .S .  G oo lo g ic a ) .  S u rvey  and t o  p r o v id e  f o r  more e f f e c t i v e  and e f f l c i o n t  
means o f  r e l e a s i n g  t h e  d a t a  t o  t h e  p u b l i c .  The sys tem  i s  o p e ra ted  and m a in ta in ed  on the  c e n t r a l  computer
f a c i l i t i e s  o f  t h e  Su rvey  a t  i t s  N a t i o n a l  C en te r  i n  R o s ton ,  V i r g i n i a .

WATSTORE can p r o v id e  a v a r i e t y  o f  u s e f u l  p ro d u c t s  r a ng ing  from  s imp le  d a t a  t a b l e s  t o  complex s t a t i s t i c a l  
a n a ly s e s .  A m in im a l  f e e ,  p l u s  the a c t u a l  computer c o s t  i n c u r r e d  i n  p rod uc in g  a d e s i r e d  p r o d u c t ,  i s  c h a r g e d  
t o  t h e  r e q u e s t e r .  I n f o r m a t i o n  ab ou t  the  a v a i l a b i l i t y  o f  s p e c i f i c  type s  o f  d a t a ,  the  a c q u i s i t i o n  o f  d a ta  o r  
p r o d u c t s ,  and u s e r  cha rges  can be o b t a in e d  l o c a l l y  f rom  each o f  the Water R e s o u rc e s  D i v i s i o n ' s  D i s t r i c t  o f f i c e s
( s e e  a d d re s s  g iv e n  on th e  back o f  t h e  t i t l e  p a g e ) .

G e n e r a l  i n q u i r i e s  abou t  WATSTORE may be d i r e c t e d  t o :
C h i e f  H y d r o l o g i s t  
U .S .  G e o l o g i c a l  S u rvey  
437 N a t i o n a l  C en te r  
R o s t o n ,  V i r g i n i a  2 2092



T h e  W a t e r  P r o f i t e e r s

In the thirsty West, precious groundwater is luring rich new owners. 

by PETER STE/NHART

C OLORADO'S SAN LUIS Valley 
is almost as flat as a pan, eighty 
miles wide and a hundred long. 

The Sangre de Cristo Mountains rise 
steeply from the eastern edge o f the 
valley, and the San Juans form its west­
ern wall. The Rio Grande trickles out 
o f  the San Juans, meanders past Ala­
mosa, and wanders through the sage 
and sand and rabbit brush into New 
Mexico. Clouds form over the m oun­
tain rims every summer afternoon, but 
the sky directly over the valley remains 
as blue as an oyster’s dream. It rains 
only seven inches a year on the valley 
floor, a pluvial stinginess that qualifies 
the  place as a desert. But the m oun­
tains ringing the valley have for mil­
lions o f years collected rainfall and 
snowmclt which percolate into the 
ground and run down into the valley’s 
deep alluvial gravels. Here and there 
i t  bubbles u p  on the valley floor 
in springs and artesian wells. Farmers 
have sunk 3,000 wells and drawn from 
th e  earth prosperous grain and potato 
farms. There arc 1,800 large pivot- 
irrigation systems in the valley, one 
o f  the densest concentrations in the 
world. U nder the  San Luis Valley may 
be two billion acre-feet of ground- 

f water, an aquifer as rich and wet as the 
Ogallala A quifer which for a century 
has-irrigated Nebraska, Kansas,’ and 

t Oklahom a.
Coloradans have long fought over 

such water. In dry years wells and irri­
gation ditches dry up; a farmer who 
sees his crop die in the field may 
deepen his well or siphon more water

than he is entitled to from the ditch, 
and his neighbor may shoot him or 
call die sheriff. In the 1950s the 
Park Cbunty water commissioner was 

.•found dead at the bottom of a well, 
and for d ie  .next four years no one 
could be persuaded to serve as water 
commissioner. In the early 1980s a 
speculator named John Houston laid 
claim to all of Colorado’s groundwater, 
and was stopped in his scheme only by 
a state supreme court ruling. About 
the same time a Texas company tried to 
buy up land in the San Luis Valley, 
planning to export the water to Texas.

On December 31, 1986, Ameri­
can Water Development Incorporated 
(AWDI), the new owners o f the
155,000-acre Baca Ranch in the San 
Luis Valley, applied for rights to drill 
ninety-seven new wells and pump as 
much as 200,000 acre-feet of water a 
year. (An acrc-foot is the amount of 
water it would take to flood an acre of 
land a foot deep—roughly the amount 
of water in a municipal swimming 
pool.) That water, quite clearly, would 
not be used to irrigate lands in the San 
Luis Valley. It would be exported over 
Poncha Pass to support future urban 
growth in the Front Range cities of 
Denver and Colorado Springs.

The idea o f such a development 
defies a deeply ingrained belief that 
water, like air, is everybody's birth­
right— that it is impulsive but free and 
dependable. Despite the reality that 
water and profit are the same word in 
the West, despite the fact that every­
body pays for water, our culture grew

iup  in wetter places; in .our minds, our 
water and someone clse’s money don’t 
mix. Says Michael Entz, who grows 
wheat, barley, and potatoes on seven 
pivot-irrigation circles near the Baca 
Ranch, "You have somebody coming 
here to export your resource and try to 
tum  a big profit. It's yours and some­
body is trying to take it from you.”

Mike Entz’s father and grandfather 
farmed the valley before him. In a 
good year the groundwater he pumps 
from wells accounts for about thirty 
percent of his costs. Over the years the 
water table in his area has dropped 
from five feet below the surface o f the 
ground to eighty feer below, and each 
additional foot his pumps must lift the 
water costs more. The deeper the water 
table drops, the more likely the water 
will contain salts and minerals that arc 
toxic to crops. And there are two aqui­
fers, a shallow one and a deeper one, 
separated by a layer of blue day. The 
deeper one is believed to feed the Rio 
Grande. W hen wells draw down the 
lower aquifer, the State of Colorado 
restricts pumping in the San Luis Val­
ley to meet its obligations under the 
Rio Grande Compact, an interstate 
agreement to deliver water through the 
Rio Grande to New Mexico and Texas.

Because the state engineer, who is 
the director o f  the Colorado Division 
of Water Resources, believes all die wa­
ter is allotted, farmers cannot get per­
mission to deepen their wells. So, if 
AWDI exports water from the valley, 
the farmers fear they will get poorer- 
quality water, pay more for it, and pos­
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sibly be left without water at all. A 
study done at the request o f the San 
Luis Valley Water Conservancy District 
estimated that the cost of water from 
deeper wells would be $50 to 580 an 
acrc-foot in the shallow aquifer, $210 
to $370 an acrc-foor in the deeper 
aquifer, but concluded: "Realistically, 
the highest cost a valley farmer can 
pay is about twenty dollars an acre- 
foot." Says a farmer in the H & R 
Supply Store in Center, “ It will put us 
out o f business."

It could also have dire consequences 
for the natural environment. That wa­
ter once fostered broad wetlands and 
waterfowl populations. Today there are 
two national wildlife refuges, four 
Bureau of Land Management wildlife 
areas, and a handful of state wildlife 
areas in the valley, and all o f them 
might be affected by the AWDI with­
drawals. Mel Nail, former manager of 
the Alamosa and Monte Vista national 
wildlife refuges, fears that AWDI with­
drawals will leave less water in the Rio 
Grande, and so reduce the amount o f 
water available to the refuges. Says 
Nail, “I'm  sure it will just shut off the 
water to BLM's Blanca Wildlife Hab­
itat Management Area."

AWDI didn’t file for rights to the 
water until the Bureau of Reclamation 
had condemned 38,000 acres of the 
Baca Ranch for wells and pipelines un­

der the Closed Basin Project, a scheme 
which pumps shallow aquifer water 
into the Rio Grande to meet Colo­
rado’s interstate compact obligations. 
BuRec claims 80 percent o f the water is 
salvaged from plants which suck it 
from the shallow water table and tran­
spire it into the air. By pum ping the 
top two feet off the aquifer, the bureau 
expected to meet the needs o f farmers, 
the compact, and wildlife. But once 
the bureau began to pump Baca Ranch 
groundwater, AWDI feared others 
would invoke the western water doc­
trine that water not being put to bene­
ficial use can be appropriated, and 
make claims on its water. So AWDI 
filed for its own rights. At first AWDI 
hoped to use the water in the valley 
to grow barley and perhaps support 
a brewery. But that proved uneco­
nomical. “The only economical way to 
get rid of this water is to sell it,” says 
Steve Vandiver, the district engineer. 
And having been freshly disappointed 
in its desires to build Two Forks Dam, 
the Denver metropolitan area “will 
have to look at other places for a water 
supply,” Vandiver says. "They're not 
shy in seeking water supplies wherever 
they can get them."

The San Luis Valley is not a wealthy 
place. Says Vandiver, “As a whole, the 
San Luis Valley is starving to death.” 
Its southern counties are among the

"To achieve a nice patchuork-quilt effect, /  think fields I, 3, 5. 7, and  9 
should he plant1' I horizontally with barley, alfalfa, corn, rye. and cabbage 
while field* 2, •/, (>. o, and 10 should be planted i vrtically u itb (kits, soybeans

poorest in the nation. "There isn't 
anything to keep people here but ag­
riculture. and agriculture is on the 
ropes. The kids are going to Den­
ver and becoming computer operators." 
In the face of the valley’s poverty, 
the rhetoric of AWDI has not been 
reassuring.

Baca Ranch general manager Budd) 
Whitlock says, “ If the farmers arc us­
ing 1.2 million acre-fcet o f water and 
this valley is still poor, that's not really 
the maximum beneficial use of the wa­
ter." He tells of a local banker who 
confided to him, "It simply does not 
make any sense to put three acre-fcet 
of water that’s worth two thousand to 
seven thousand dollars an acre-foot on 
an acre of pasture to grow one hundred 
fifty pounds of beef.”

It might be easier to envision this as 
a war between open-handed farmers in 
the valley and vault-paled investors 
from Wall Street. But in this newly 
urbanizing West, it gets harder and 
harder to tell who the good guys 
arc. AWDI is a consortium of eastern 
and western corporate investors. But 
the board o f directors includes Rich­
ard Lamm, formerly the governor of 
Colorado, and William Ruckelshaus, 
formerly administrator of the Environ­
mental Protection Agency. The chair­
man of the board, unul recently, 
was Maurice Strong, formerly head 
of the United Nations Environment 
Programme.

For his part, Strong declared that 
AWDI would work to "guarantee that 
nobody is damaged, within the limits 
o f our supply." If farmers had to 
deepen their wells, he said, "we would 
compensate them for additional costs." 
He said that "the wetlands must be 
protected." He declared, " If  we cannot 
pass the environmental tests and pro­
tect the valley interests, I would not 
want to continue with the project."

But the thirst for water in the West is 
insistent and growing. "If we walked 
away tomorrow," Strong conceded, 
"there would be ten others lining up 
to do it." Valley farmers do not trust 
AWDI. They and environmental agen­
cies arc fighting AWDI’s application 
for water rights. Currently challenging 
AWDI arc the Rio Grande Water Con­
servation District, the Colorado state 
engineer, the Colorado Division of 
Wildlife, the Bureau of Reclamation, 
the Bureau of Land Management, the 
U.S. Fish and Wildlife Service, the Na­
tional Park Service, and a host of water 
districts and municipalities. Altogether 
more than thirty groups have gone to 
court against AWDI
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HAT IS GOING ON in the 
San Luis Valley is going on 
here and there all over the 

arid Southwest, where a growing urban 
population has arrived after farmers 
plugged up all the good dam sites and 
after the federal government stopped 
cheerfully building irrigation projects 
to subsidize farmers. In the West, wa­
ter distribution is based upon appro­
p r ia te  rights. The fust one using die 
water gets it, and his claims are de­
fended by the courts from subsequent 
claims by later arrivals. The oldest 
rights are senior in times of drought. 
Rarely is anything left in the strcambcd 
for fish or wildlife. Since midcentury, 
the cities have more than doubled in 
population, and they arc expected to 
add nearly fifty percent to their cur­
rent numbers by the year 2020. But 
there is no water lying around for easy 
appropriation.

"The era of finding a new water hole 
is largely gone," says former Arizona 
Governor Bruce Babbitt. “There’s no 
federal money. The Department of the 
Interior is brain dead. And as a result 
of that we will have the opportunity to 
take the future in our hands."

We have entered what Santa Fc 
watcr-policy consultant Steve Shupe

calls "an era of reallocation.” Market­
ing water that has already been allo­
cated is increasingly being viewed as a 
substitute for new government-subsi­
dized dams. Irrigation districts have 
long traded water among themselves. 
In California’s San Joaquin Valley, for 
example, the 9.500-acre Broadview 
Water District recycles agricultural 
drainwater and sells some of the fresh­
water it buys from the Bureau of Recla­
mation to neighboring irrigation dis­
tricts. What is new in this age of 
reallocation is that urban centers are 
vying with agricultural areas for the 
water. And since urban users arc will­
ing to pay much more for water than 
farmers can pay. the cities arc winning.

Arizona uses twice die water it re­
ceives in surface runoff; groundwater is 
the chief water supply for the strte and 
it is mined at rates that promise ulti­
mate exhaustion. In 1980 Arizona for­
bade additional groundwater with­
drawals around the cities of Phoenix 
and Tucson and required them to have 
a hundred-year supply of water for any 
further development. The intention 
was to stop overdrafting the ground­
water. Tire solution was the free mar­
ket. Says Bruce Babbitt, who as gover­
nor presided over the drafting of the

law, "We deliberately drafted a pro­
vision that said groundwater will be 
freely transferable. We said, 'Let the 
market reign.’ As a result, we triggered 
a rush to the Owens Valley. There were 
guys in black hats from Phoenix and 
Tucson roaming the backwoods of the ^
state with open checkbooks." Phoenix ;
Tucson, Mesa, and Scottsdale acquirci 
more than 50,000 acres of farms with 
the intention of retiring the fields, "T.
pumping the groundwater into the *
Central Arizona Project aqueduct, and ^
delivering it to household taps nearly 
one hundred miles away. {

Along Colorado’s Front Range, mu- 
nicipalities have been buying lip ditch 
companies and shares of stock in water 
supplies. The City of Aurora, a suburb 
of Denver, purchased a major irri­
gation ditch east of Pueblo, along the

River Basin.
In Utah, fast-growing Salt Lake City ’s 2

suburbs like Sandy City, South Jordan, |]1 < 
West Valley City, and Bountiful came /
late to die trough, and are now seeking ,j^
to buy older water rights. With their 
thirst in mind, the Salt Lake County . 
Water Conservancy District is nego- re"
dating the purchase of rights to 40,000 ‘
acre-feet of water per year, water that S',)
now goes to farms. St. George, in )UT
southern Utah, is buying up irriga- janl
don rights to slake the thirst of a grow- 
ing retirement community. Utah cidcs 
have acquired rights to more than ,
100,000 acre-feet of water by buy- 
ing up shares of canal and ditch Pf*
companies. 0th

Around Reno, Nevada, municipal- I
ides and the local electric utility arc /alk
buying up water rights to secure future uj
development. Las Vegas has a standing n(j
offer to purchase water rights for ,
$1,000 per acre-foot. The water agency 
for Castaic Lake, a rapidly urbanizing 3r c
area north of Los Angeles, purchased ° ° r
land at Devils Den in the San Joaquin (
Valley and plans to transfer its water. Ut t,

With the avid interest of munic- ']
ipalitics, private brokers have gotten ^  j-,
into the act. More than a decade ago 
a major insurance company bought 
shares of Colorado irrigation water and 
resold them for profit to Front Range 
cidcs. More reccndy, two Prudcnrial- 
Bache investment funds bought more 
than $42 million worth of western wa­
ter rights, intending to hold onto them 
for up to fifteen years before selling. 
William McLcmorc, a Colorado water



p s p

•/ r v . -
. v v:-- • ~

:• .- -••• .
• • • • . .

: y- ■ ,■ ..• .

that once 

roamed the country 

now thrives in the Creater 

Yellowstone Ecosystem, 

the last great sanctuary,

job tom nun  conr or o n
JACKSON IfOU VACATION FLANNEB
just call i-aoo-m-Mi i. kt.
JACTSONWOLI ̂ISTTOBS COWCIL
FA) loxwzDirr.to
JACK VON HOLE. TYOU1NC MOOI

f / 1 /  WYOMl,
S r g 'V E S A V i

JACKSON HOLE
WYOMING...........

'E’VE SAVED THE BEST FOR YOU.

broker, says he has put together more 
than $100 million in water deals in 
the past five years. Says Walraven 
Ketellapper o f Stillwater Resources, a 
Denver investment firm, “I know one 
speculator who is holding 100,000 
acre-feet, intending to sell it to the 
Denver area.” Oil companies which 
purchased water rights in the 1970s for 
oil-shale developments are now hold­
ing onto those rights in the expectation 
they will increase in value. Ketellapper 
believes oil companies hold rights to as 
much as 400,000 acre-fcet in Colorado 
alone. Says Steve Shupe, "There arc a 
number of entrepreneurs knocking on 
the door of San Diego every week with 
a scheme to take water from Colorado 
and pipe it to San Diego.” A Phoenix- 
area consortium, Agricom, purchased 
more than 30,000 acres in La Paz 
County, nearly a hundred miles away, 
expecting to use more than 100,000 
acre-feet of groundwater a year in 
Phoenix land developments. Lincoln 
Savings, the Arizona savings and loan 
company run by Charles Keating, pur­
chased 13,000 acres of farmland in La 
Paz County.

Increasingly, water is finding new 
owners. A study by researchers at the 
University of Arizona found that in the

last twelve years there were about 6,000 
transactions in Utah, 1,455 in New 
Mexico, 1,500 in Colorado. A 1985 
study showed that h a lf the available 
blocks of more than ten acre-feet of 
water around Reno were held by devel­
opers and half by owners waiting for 
higher bids. In Reno private brokers 
outbid the public agencies, repackage 
the rights, and sell them  to developers 
for three times more than the agencies 
will pay. In Park City, U tah, rights were 
bought by a resort developer for 
$10,000 an acre-foot. W ith prices like 
that, farmers often inflate the value 
of their own water rights. Says Kct- 
cllapper, "In Colorado you might ask a 
farmer, ‘W hat do you want for your 
water?’ and h e ’ll say twenty-five hun­
dred dollars an acre-foot. You might 
then say, ‘W hat do you want for your 
ranch?’ and he might say half o f that."

The trend makes farming commu- 
nitii.s nervous. They remember what 
happened to California’s Owens Valley 
after the City o f Los Angeles bought 
up its water rights. Los Angeles bought 
up 75 percent o f the agricultural lands 
and most of the urban real estate in die 
valley. In 1920 there were 140,000 irri­
gated acres on 521 farms in the valley. 
By 1950 only 30,000 acres remained,

and the total declined to less than 
5,000 during drought years. Today 
there are only a handful of commcrciaJ 
farms. Los Angeles and state and fed­
eral agencies own over 99 percent of 
Inyo County. "Because Los Angeles 
owns all the land in the valley, there's 
no opportunity for growth," says Greg 
James, Inyo County Warer Depart 
ment director. Inyo County and Lo 
Angeles have sued each other back and 
forth, and they are still suing one an­
other to determine who controls the 
valley’s groundwater.

Residents of La Paz County, Ari­
zona, fear they may be headed toward 
the same fate. Ninety-five percent of 
the land in La Paz County is federal­
ly owned, and therefore off the tax 
rolls. Half the remaining private lands 
have been bought by Arizona m u­
nicipalities and speculators, “and that 
fifty percent of the land represents one 
hundred percent of die groundwater in 
the county," says Gene Fisher, chair­
man of the La Paz County Board of 
Supervisors. Under Arizona law, m u­
nicipally held lands are exempt from 
taxes, so the county's tax base has 
shrunk and its ability to sell bonds has 
declined. Says Fisher, "The perception 
is out there that La Paz County is not a 
place where people would like to move 
and live and start a new industry."

Forty miles east of Pueblo, Colo­
rado, 50,000 acres o f irrigated Arkan­
sas Valley farmland has already been 
retired by cities. Fifteen percent of the 
water formerly used in the valley has 
been moved to the cities. “That is 
wrecking the economy of the valley," 
says Frank MiJenski, a sevcnty-six-ycar- 
old La Junta farmer. Milcnski's family 
has grown alfalfa, onions, cantaloupes, 
corn, tomatoes, watermelons, peppers, 
and beans since the 1930s. Recently he 
has seen neighbors move off 4,000 
acres of farmlands bought by the City 
of Aurora. Car dealerships and farm 
equipm ent stores have closed down. 
Neighboring Crowley County begged 
for a new maximum-security prison 
to compensate for the loss of water. 
"They keep wanting to gather it up 
and gather it up," says Milcnski, "and 
the rural areas don 't have much repre­
sentation anymore. It’s an undesirable 
situation."

Chuck Howe, a University of Colo­
rado economist, has studied the effects 
o f water transfers on the Arkansas Val­
ley. He concludes, "W hat we're get­
ting is a phasing out o f  marginal lands, 
lands whose agricultural production 
has been low." He believes it is the 
lands that grow less-profitable crops.



like alfalfa, pasture, and small grains, 
that go out of production. If a farm 
that grows cantaloupes or onions or to­
matoes goes out, a neighbor is likely to 
see a market opportunity opening and 
switch from alfalfa to die more profit­
able crops. "Preliminary runs indicate 
the economic impact of the phaseout 
o f  50,000 acres is really minim al,” says 
Howe. He says the economy is chang­
ing anyway. "The area has been under 
strain for decades.”

There were once at least fifteen sugar 
mills in the valley, but all had closed 
before the water transfers. "Young 
people have been moving out for thirty

or forty years,” says Howe. "You have 
an extraordinarily large percentage of 
welfare payments and retirement in­
come in the valley." Howe guesses that 
as much as 20,000 acres more could go 
out of production, most o f that now in 
pasture and small grains that support 
the valley’s livestock industry. That 
would make the livestock operations 
"noncompetitive" and probably elimi­
nate a quarter o f the agricultural em­
ployment in the valley. Even then, says 
Howe, "the impacts on the state econ­
omy are pretty trivial."

"Sure the Arkansas Valley doesn’t 
make a pimple on the whole damn
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business," says Milenski, "But it’s a 
way of life and a damn good one. You 
look at Denver: Them bastards all get 
in a pile up there. You got smog all the 
time. 1 don’t know why they couldn’t 
bring the industry where the water is. 
It makes more sense to me."

E n v i r o n m e n t a l i s t s  and city
water users have long pitted them­
selves against farmers in the 

West’s water battles. They argue that 
while 85 percent or more of western 
water goes to agriculture, the farms 
contribute a disproportionately small 
benefit to the states’ economies as a 
whole. For example, California advo­
cates of water marketing point out that 
four crops—cotton, rice, alfalfa, and 
pasture—account for 45 percent of the 
state’s total water use but provide only 
three-thousandths of one percent (.003 
percent) of the state’s economic return. 
City customers pay $250 or more per 
acre-foot of water, while farmers pay as 
little as $3.50 per acre-foot. By selling 
their water to cities instead of growing 
alfalfa or hay, the farmers might make 
even more money.

But at the same time it might put 
local seed, fertilizer, and equipment 
dealers out of business and thereby 
make life harder on those farmers who 
chose not to sell their water. Oregon 
recendy passed a law requiring the 
State Department of Water Resources 
to take into account the needs of an 
area before water can be transferred 
out of it. Because of what Los Angeles 
did to the Owens Valley, California 
laws now require state and federal wa­
ter projects to consider die local effects 
o f withdrawals. But protections are not 
specified: Should there be a limit on 
how much water can be wididrawn? 
Ought the importing agencies to pay 
the counues of origin some in-lieu- 
of-tax payments and other compen­
sations? Ought there to be severance 
taxes, such as are applied to umber, 
coal, or petroleum? When the Arizona 
Legislature wrcsded with dicsc ques­
tions last year, the rural counties felt 
the groundwater bill under consid­
eration did not give them enough pro­
tections and defeated it.

One solution to die problem may be 
to allow farmers to sell their water 
without selling their water rights, in 
effect making them water ranchers. In 
Colorado there are Uiought to be more 
than a hundred active water ranches, 
farms whose owners intend to mine the 
water rather than the grass or soil. 
Franklyn Jeans, a Reno entrepreneur, 
bought a cattle ranch in Nevada for $2
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million and found it much less valu­
able for its range than for its water, 
which he believes will be worth $120 
million delivered to the Reno area. 
Since 1986 California’s city-minded 
legislature has passed laws allowing 
transfers from the State Water Project, 
requiring irrigation districts to allow 
their canals to be used to move third- 
party water, and recognizing water 
transfers as beneficial uses so as to pro­
tect the long-term rights of districts 
and farmers who lease water to thirsty 
cities. The new laws were propelled in 
part by a deal inspired by the Environ­
mental Defense Fund, under which 
the Metropolitan Water District (which 
provides water to 15 million Southern 
Californians) is paying to line Imperial 
Irrigation District canals and automate 
p a rtso f  its delivery system, and in turn 
each year will collect 100,000 acre-fcet 
o f  water thus conserved. In 1989 the 
Yuba County Water Agency, finding 
its reservoir full when other parts of the 
state had experienced a drought, sold 
water to the urban Santa Clara Valley 
Water District. And die Metropolitan 
Water District has been negotiating 
with other water districts to purchase 
dry-ycar options, under which in dry 
years MWD would pay farmers even

more than their crops would bring to 
idle their lands and sell the cities their 
water.

But farmers are reluctant to sell 
even dry-year options. W hen the Bcr- 
renda Mesa Water District in Cali­
fornia’s Kern County sought to market 
water that some of its own farmers 
couldn’t afford to buy, the county de­
clared it illegal to transfer water out 
o f the county. Kern, California’s big­
gest farming county, has seen farmed 
acreage drop from 970,000 to 850,000 
acres in the last fifteen yean, but water 
officials there want to see any surplus 
water pu t into the ground to retire a
300,000-acre-foot overdraft.

State laws often make it illegal to 
transfer water very far. Texas outlaws 
interbasin transfers. New Mexico has 
tried to outlaw out-of-state transfers. 
When a Wyoming rancher decided he 
could make more money letting his 
water run into the Colorado River and 
selling his entitlements to a California 
city, the State of Wyoming— fearing 
the loss o f the tax revenues that water 
might generate, and fearing a rush of 
other low-profit farms to the lucrative 
California water market—forbade him 
to sell his water out of the state.

Farmers fear that, under the western

—  JA' —

water doctrine of "use it or lose it,” if 
they don 't put the water on their fields 
they might lose their entitlement to it, 
Many farmers use more than they need 
because they ate afraid that during a 
drought their entitlement may be cut 
to less than they need to make a profit. 
They may also fear increased costs for 
water as a free market for the com 
tnodity develops. Cheap water was th' 
key condition for settlement of th< 
West; because of that, western water 
law and custom have been shaped by 
the desire to protect farmers from 
market forces.

Farmers likewise are leery of the 
complexity of the market, which con­
trasts sharply with the simplicity of 
having a federal agency build and run 
a project and guarantee the supply of 
cheap water.

Nor do farmers want to sacrifice 
their rural independence to big city 
lawyers and bureaucrats. Says Milenski, 
“Water is supposed to be a property 
right. By God, I can 't see why you’ve 
got to go into court three hundred 
sixty-five days a year to protecr it."

As a result, "these guys don’t like 
the idea of transfers," says California 
Assemblyman Phillip Isenberg, who 
has championed water markets in the 
legislature. "ThL'y're not used to it. It 
is a radically different way of thinking.
It strikes at fundamental and deeply 
held attitudes."

But the growth of urban water de­
mand and the decline of agriculture’s 
economic weight are changing both at­
titude and law. With continuing popu­
lation growth, says Colorado water bro­
ker William McLemorc, “ it’s just a 
matter of where people want to live. 
W hen all the supplies have been adju­
dicated and there aren 't any more 
available, that is going to necessitate 
transfers.”

Concludes David Kennedy, director 
o f the California Department of Water 
Resources, "Increasingly, water mar­
keting is being recognized as one of the 
elements of water management that 
are going to sdvc our water needs."

It is unlikely that the developing 
water market will be entirely free. 
"To subject water to the forces of 
a free market is simplistic,” says Jerri 
Gilbert of Oakland’s East Bay Mu­
nicipal Utility District. "The other 
values—the instrcam uses, the social 
values—need to be sorted out in our 
political system." A host of questions 
need to be addressed as more and 
more water changes hands: W ho— 
the farmer or die irrigation district— 
has the right to sell the water? Must
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ditch and canal companies make their 
facilities available to transport third- 
party water? What protections shall be 
required for local communities and the 
environment?

As answers to these questions are 
hammered out, there will be in­
creasing participation in water issues 
Isenbcrg expects that to protect rut 
al interests, the California Legislature 
may require environmental impact re­
ports on transfers. "Conceptually,” he 
says, "that allows everybody to get in.”

William McLcmorc cites a Colorado 
law that requires maintenance of vege­
tation on a piece o f land when its water 
is sold and concludes, "Each time a 
transfer runs through the courts, they 
may carve off portions of those rights 
for the public and the environment."

Walraven Ketellapper observes that 
in Colorado, where anybody may ob­
ject to a transfer before the Colorado 
Water Court, “ there are more people 
involved. There arc more laws. There 
arc more water attorneys. In one, 
small, two-hundrcd-acre-foot transfer 
before the Colorado Water Court, 
there were twenty objectors. A few 
years ago there might have been 
only two."

The increased participation may 
have great benefits for the environ­
ment. Says California’s David Ken­
nedy, "Increasingly, the Department 
of Water Resources recognizes that en­
vironmental resources have not been 
dealt a fair hand. Both fisheries and 
waterfowl have not had adequate water 
reserved to them." Water marketing is 
beginning to restore some of that wa­
ter. Iscnberg recendy persuaded the 
California Legislature to offer $60 mil­
lion to the City of Los Angeles to buy 
water from San Joaquin Valley farmers 
to replace water it formerly took from 
Mono Lake. Private groups in Califor­
nia are trying to buy water rights to 
convey to the state and federal refuges 
that host nearly fifty percent of the 
Pacific Flyway’s waterfowl in winter. 
Those refuges hold rights to almost 
none of the water they need to survive.

In Colorado the Chevron Corpo­
ration donated $7.2 million worth of 
water rights on the Black Canyon of 
the Gunnison to the Nature Conser­
vancy, which passed the lights on to the 
State of Colorado. The state can legally 
reserve the water as insueam flow for 
the benefit of the trout fishery and 
three endangered spedes—the Colo­
rado squawfish, the razorback sucket, 
and the humpback chub.

In Idaho, when low water levels 
froze over a wintering area for trum-
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peter swans, the Nature Conservancy 
rented irrigation district water to run 
through the Upper Snake River, open­
ing up essential water so the swans 
could feed. Congress recently appro­
priated more than $1 million to be 
spent acquiring water rights for the 
Stillwater Wildlife Management Area 
in Nevada.

Iscnberg suggests that California 
conservationists write Secrctaty of the 
Interior Manuel Lujan "a letter offer­
ing to pay five dollars more an acre- 
foot than any farmer offers" for BuRcc 
project water, and then use that water 
to benefit wildlife.

So, if profiting from water poses the 
risk that water will become a com­
modity, to be mined like timber and 
petroleum, it also offers a golden 
opportunity. Says water-policy consul-
l i t Steve Shupe: "Water is related to 

^uality-of-life values that are not mea­
sured in economic terms. Having water 
nourishing wetlands or waterfalls sus­
tains us in the West on some level other 
than dollars in the pocket. As water is 
treated more and more as a com­
modity, I think those values will grow.”

But none of these changes is likely to 
come about quickly or without con­
flict. A measure o f that growing con­
flict is the resignation, late in 1989, of 
"aUricc Strong from AWDI’s board of 
directors. Strong says control o f the 
board had passed to a small group of 
investors who did not share his con­
cerns for the welfare of the San Luis 
Valley and its environment, and that 
he had lost his influence over the com­
pany’s decisions. He says he has faith 
in the company’s management but 
“ strong differences" with principal 
shareholders.

Mrong himself owns a home on the 
• .ge of AWDI’s Baca Ranch. Now that 
he no longer has a voice inside the 
company, lie may find himself with the 
valley’s farmers, arguing from the out­
side. “ If I have to argue," he says, “ I 
will argue."

And the turnabout makes him  all 
the more eager to change western water 
policy. "W ith Colorado’s use-it-or- 
losc-it law, there's no alternative but 
staking your claim before someone else 
N :.es a claim," he says. "1 think we’ve 
i i to change our minds on water. 
5ou’vc just got to relate water to the 
larger issue o f a conscrvcr economy. 
Both rural and urban areas arc guilty of 
using water extravagantly. If they use it 
wisely, they won’t need these projects 
for years. If water could be saved for 
many, many years without develop­
m ent, I'd be happy." $
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R e m o t e .  W i l d .  

U n b e l i e v a b l e .
Unravel the mysteries of a land where time stands still and nature 

displays an astonishing array of wonders — St. Paul Island, Alaska.

• Home to thousands of 
fu r seals 

■ Arctic Fo> and Reindeer

• Spectacular sea bird • Brilliant showcase of
co lon les -ove r  210 species wlldflowers 
Identified • Historic Russian Church

S t .  P a u l
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A L A S K A ’S P R I B I L O F S  

• free color brochure, call Reeve Aleutian Airways 800-544-2248
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‘ ' ARCO  market
^ p i i S  tactics obtain
* * T y  top court OK
:— >.. ̂  < The U.S. Supreme Court
'Zdji(r has upheld ARCO's competi-
r r „  . , live gasoline marketing tac-
A  Patrick Crow tjcs jn California.

Independent retailer USA 
Petroleum Co. (Usapco) 
sued ARCO, alleging it violat­
ed antitrust statutes in 1982 
by setting dealer price ceil­
ings that matched Usapco's 
prices.
Usapco lost in federal dis­

trict court, but the Ninth Cir­
cuit Court of Appeals over­
turned the judgment, holding 
that injuries from nonpreda- 
tory maximum price fixing 
agreements could be the ba­
sis of a lawsuit under antitrust 
laws. The Supreme Court re­
versed that in a 7-2 opinion. 
Justice William Brennan, writ­
ing for the majority, said al­
though Usapco may have 
suffered an injury, it was not 
an antitrust injury under the 
law because it was not attrib­
utable to an anticompetitive 
act. The opinion said USA 
failed to show that ARCO's 
prices were anything more 
than competitive and noted 
antitrust laws were designed 
to promote competition, not 
protect competitors.
"When prices are not pred­

atory, any losses flowing 
from them cannot be said to 
stem from an anticompetitive 
aspect of the defendant's 
conduct,” Brennan wrote. 
"Low prices benefit consum­
ers regardless of how those 
prices are set, and so long as 
they are abo^e predatory lev­
els, they do not threaten 
competition."
Justices John Paul Ste­

vens and Byron White dis­
sented, arguing the ARCO 
tactic might lower short term 
prices, but would lessen long 
term competition.
The court has yet to issue 

an opinion in another petro­
leum products pricing case.
In Texaco vs. Hasbrouck, the 
question is whether Texaco 
violated antitrust laws by 
granting wholesalers a dis­
count that is passed on to 
retailers, undercutting the 
price Texaco offers directly to 
its own retailers. •

S u b s e a  p i p e l i n e worries
Rep. Billy Tauzin's proposal that sub­

sea pipelines be inspected annually 
has the oil industry concerned.
Tauzin (D-La.), chairman of the 

House coast guard and navigation sub­
committee, is considering filing a bill to 
require operators to inspect oil and gas 
lines in shallow, navigable waters— and 
rebury them if necessary.
The Transportation Department's of­

fice of pipeline safety (OPS) and the 
U.S. Army Corps of Engineers regulate 
nearshore lines, most of which are in 
the Gulf of Mexico. Both require that 
new lines be buried in the seabed, but 
neither requires industry to ensure lines 
remain buried.

stow— except perhaps to require exist­
ing lines to be reburied.
Jerry Verkler, senior vice-president 

of Interstate Natural Gas Association of 
America, said industry has not found an 
effective method to measure the over­
burden covering pipe or detect condi­
tions contributing to exposure.
He explained that divers can see little 

in murky Gulf of Mexico waters, and 
side scanning sonar is not yet practical 
or accurate.
"Frankly, with the many thousands of 

miles of pipelines located underwater, 
both inland and offshore, and the limita­
tions of weather, the inspections re­
quired by the proposed bill cannot pos­
sibly be accomplished each year."

Ingaa argued any change in burial 
depth requirements should be prospec­
tive, unless an existing line is in an 
unsafe condition or a hazard to naviga­
tion.
Verkler said fishing boats often oper­

ate in waters equal to or less than a 
vessel's draft without consulting navi­
gation charts giving the presence of 
seabed pipelines.
"Mud or silt cover over a properly 

installed pipeline will not prevent a 
large, steel hulled fishing vessel from 
damaging the pipeline," he said.

Fatal accident’s role
Tauzin’s concern is prompted by an 

accident last October, in which the fish­
ing boat Northumberland hit a Natural 
Gas Pipeline Co. of America pipeline 
off Port Arthur, Tex., killing 11 crew 
members (OGJ, Mar. 12, p. 29).
The line was buried when laid in 

1973, but erosion had uncovered it. 
And the boat was operating at zero 
draft.
Current regulations require lines in 

less than 12 ft of water to be covered by 
3 ft of soil or 18 in. of consolidated rock. 
Tauzin would change that to 4 ft of soil 
or 2 ft of rock in waters of 22 ft or less.
George Tenley Jr., O P S  director, tes­

tified last week that by fall his office 
hopes to find ways to improve safety of 
offshore lines and fishing boats.

Also, O P S  will issue a rule this sum­
mer requiring gas line operators to 
maintain current maps— noting dimen­
sions, repairs, inspections, and tests.
Tenley said D O T  already has all the 

legal powers Tauzin's bill would be-

30 03 & Gas Journal. May!t, 1930

Slim threat—now
At present, the Tauzin bill is a slim 

threat. It hasn't been filed yet; other 
committees share jurisdiction; little time 
remains for House passage this ses­
sion; and there’s no parallel effort in the 
Senate.
But if passed, it would be a tremen­

dous blow to the pipeline industry. And 
in making laws-like in the flower busi­
ness— it’s the thought that counts.
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T e c h n o l o g y  f o r  l a r g e r  d e e p  w a t e r  p i p e l i n e s  

l a g s  b e h i n d  i n d u s t r y ' s  d e v e l o p m e n t  p l a n s

W .  J. T im m e r m a n s

I n t e r  E n g in e e r i n g  I n c .

I lo u s t o n

T  1
I c c  h n u l t i g y  d e v e lo p m e n t  lo r  d e e p -  

w a t e r  c o n s t r m l i o n  o f  m e d iu m  a n d  

la i g e - d i a m c l e r  p ip e l i n e s  l i a s  s t a l l e d  in  

r e c e n t  y e a r s  a s  th e  d e p r e s s s e d  s t a l e  o f  

t h e  o f f s h o r e - c o n s l r o c l i o n  i n d u s t r y  

b r o u g h t  c u r t a i lm e n t  o f  r e s e a r c h  a n d  

d e v e lo p m e n t  e f f o r t s  in  t h i s  a r e a ,

L o w  u t i l i z a t io n  r a t e s  o f  o f f s h o r e -  

c o n s t r u c t io n  e q u ip m e n t  h a s  fu r th e r  

d i s c o u r a g e d  in v e s t m e n t s  in  t h e  b u i l d ­

i n g  o f  n e w  s p e c i a l i z e d  d e e p w a l e r -  

p i j  r e la y  v e s s e l s .

M o d i f i c a t io n s  to  p r e s e n t  d e e p w a l e r  

p ip e l i n e  d e s ig n  a n d  in s t a l l a t io n -  a p ­

p r o a c h e s  c a n  m e e t  t h e  c h a l l e n g e s  o f  

d e e p w a l e r  in s t a l l a t io n s  fo r  t h e  la t e  

1 ‘1‘JO s.

W h a t ' s  d o n e :  w h a t ' s  c o m in g .  P r a c ­

t i c a l  e x p e r i e n c e  h a s  h e o n  g a in e d  o n  

s e v e r a l  p r o je c t s  in  t h e  M e d i t e r r a n e a n ,  

U .S .  G u l f  u L  M e x ic o ,  a n d  o f f s h o r e  

l i r a / i l .

S 'a ip e m 's  l a r g e  s e m i -  

s u h m e r s i h l . '  l a y h a r g e  C a s lo r o  S o i i n ­

s t a l l e d  s e v e r a l  2 l ) - i n .  p ip e l i n e s  a c r o s s  

t h e  M e d i t e r r a n e a n  in  a  r e c o r d d e p t h

o f  2 , 0 0 0  f t . '

T h e  r e c e n t  in s t a l l a t io n  !>y l i o l lo m  

lo w  o f  f l o w  l i n e  a n d  p ip e l i n e  b u n d le s  

d o w n  to  2. fOO ft iir I ’ la r  d ' s  G r e e n  

C a n y o n  J l  f i e ld  h a s  s l t t r w i t h e  p o t e n ­

t ia l  a s  w e l l  a s  s o m e  o f  t h e  l im i t a t io n s  

rtf th a t  m e t h o d . '

O f f s h o r e  l i r a / i l  o i l  f i e ld  d e v e lo p ­

m e n t s  h a v e  a l s o  m o v e r !  to  w a t e r  

d e p t h s  rtf a s  m i l l  h  a s  2 . 0 0 '  II w i t h  t h e  

e x t e n s i v e  u s e  o f  f l e x i b l e  | .  p e .

A n d  d e e p w a l e r  d e v e lo p m e n t  p r o ­

je c t s  c a l l i n g  fo r m e d iu m  a n d  la r g e -  

d i a m c le r  p ip e l i n e s  in  vval> < d e p t h s  o f  

. 1 , 0 0 0  (I a r e  c u i r e n l l y  b e i n g  p l a n n e d  

fo r  t h e  n e x t  y e a r s .  I y  t h e  la t e  

1 0 0 0 s ,  p l a n s  in t  lu d c  p r tr jt  i s  iir  u p  to  

(> ,()l'U -ft w a t e r  d e p t h s .

S c h e d u le d  l ‘)U ()  i n s t a l l ,  ’ io n  o f  th e  

1 2 -1 .1 . S h e l l  l i u l lw i n k l e  1 ip e l i n e  in  

I , . 1 5 0  II in  G r e e n  C a n y r r :  w i l l  p u s h  

t h e  l im i t s  rtf c o n v e n t io n  il l a y h a r g e  

e q u ip m e n t .

P r o je c t s  o n  th e  im m c d i  it e  h o r i z o n  

w h i c h  w i l l  r e a c h  . 1 , 0 0 0  ft i n c l u d e  

d e v e lo p m e n t  in  t ir e  G u l f  ■•( M e x i i o ’s  

V io s c a  K n o l l  a r e a  a n d  th e  . t a r l im  a n d  

A lb a c o r a  f i e ld s  o f f s h o r e  I v . t z i l .

E x t e r n a l  p r e s s u r e .  T h e  i r im a r y  f a c ­

t o r  d e t e r m in in g  d e e p w a l  -r p ip e l i n e

■itrd ( lo w  l i n e  d e s i g n  i s  t h e  e x t e r n a l  

h y d r o s t a t i c  p r e s s u r e .

T h e  p i p e - w a l l  t h i c k n e s s  m u s t  h e  

s e l e c t e d  to  p r o v i d e  a d e q u a t e  p r o t e c ­

t io n  a g a i n s t  c o l l a p s e  a n d  b u c k l in g ,  

w h e n  t h e  p ip e  i s  s u b je c  te d  to  th e  

c o m b in e d  lo a d  o f  e x t e r n a l  p r e s s u r e  

a n d  th e  b e n d in g  a n d  t e n s i l e  lo a d s  

in t r o d u c e d  d u r i n g  i n s t a l l a t io n ,

I l i e  tw o  m a in  d e s i g n  c r i t e r i a  in  u s e  

a r e  b u c k l e  p r o p a g a t io n  a n d  c o l l a p s e .  

T h e  p r o p a g a t io n  c r i t e r io n  r e q u i r e s  th a t 

t h e  w a l l  t h i c k n e s s  o f  a  p ip e  Ire  s e l e c t ­

e d  so th a t  if  a  b u c k l e  o c c u r s  it d o e s  

n o t  p r o p a g a t e  a l o n g  t h e  p ip e l i n e .

V a r io u s  r e s e a r c h e r s  h a v e  c o n d u c t ­

e d  e x p e r im e n t s  a n d  d e v e lo p e d  t h e o ­

ries a n d  f o r m u la s  to  d e t e r m in e  th e  

r e l a t io n s h ip  b e t w e e n  th e  p ip e  d i a m e ­

t e r  a n d  w a l l  t h i c k n e s s  (D/T r a t io )  a n d  

th e  e x t e r n a l  p r e s s u r e  (o r  w a t e r  d e p t h )  

a t  w h i c h  a  b u c k l e  n o  lo n g e r  p r o p a ­

g a t e s .

j £ i g ,  I g i v e s  a  t y p ic a l  r e p r e s e n t a t io n  

o f  l l . i s  c o r r e l a t io n .

T h e  c o l l a p s e  c r i t e r io n  c o n s i d e r s  th e  

c o m b in e d  ( n a i l i n g  o f  e x t e r n a l  p r e s s u r e  

a n d  t e n s io n  a n d  b e n d in g  d u r in g  l a y ­

in g ,  t a k in g  in t o  a c c o u n t  t h e  e f f e c t  o f  

o u t - o f - r o u n d n e s s .
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Pipelay o p t i o n s  for 3,000-ft 

e x a m p l e *

Mile I

G u l f  of M e x i c o

• Thlrd-sanaiatlon laytiarge (>om Ilia  X nth Ss i:
Mutj./demob. (2 * 30 (lays f« V i’!- 1.000/il.iy)
Lay ing (30  days In 1 3 6 0 .1 'Wday) 
Convei5ion/ii|it:'.vliii({

Total Installation

•  Dynamic poiilioned lay m t o l  conn tod lor M«yln|:
Mob./demob (2* 10 (Jays fn l i t  000/day)
Lay ing (<10 days in  H O O .t '  iO/day) 
Co iivv rs ton/ iiiig iadn ig  iio rlton chai> - d

Total In ita lla lio n

• Conventional laybaigo com liln td  w ill lio llom  low: 
Mol) /demob. barge (4 days in 1 IOIJ,OOO/d,ty) 
Lay ing up  lo  1.000 11(30 days in M  30,000/d,iy) 
(large m od ifica tion '.
Add I m ateria ls lor low ing 10 m il1 •
P ipe make up  and launch 
Survey and low  o u l 
In t c im e d ia lc  lie- ins

Total Installation

• D r ill ih lp  converted lor (-laying:
Mob./demob. (4 days In 1100,00 ''day) 
Convers ion cost charged lo  piop-c'
Lay ing (00 days in 1120.1 O/day)

Total installation

•Rates and costs are estimates tor i ns lra lion  purposes only 
lAvcrage o l lay (1315,000/mile) an , low 11820,000/mile)

11 rt 0 m illio n  
I O S m illio n “lAmiHnm

120 3 m illion 
(5013,000/mll#)

I  I 0 riillh'yn 
0 II m illio n

, _.J(MLffl'lllM
H U  B m illion 

(lOOO.OOO/mllt)

10 4 million 
3.U million 
2 0 million 
2.6 million 
2 I million 
12 million 

.(I.I.IIMlll'/n
114.5 million 

l(HB3,0C0/mllt)

10 3 m illio n  
10 0 m illio n

 ?.2.hu!!ipi!
117.5 m illion 

(1507,000/mllo)

I’.ulir ularly for tin* low D/I range 
where collapse is no longer elastic, 
t onlinnerl rese.trt li is warranted heller 
lo tinrlerslanrl the process and to oh- 
lain more empirical data from full- 
sc ale tests. '
lo the external pressure which in 

comhinalion with the other factors 
would c ause the pipe wall to c ollapse, 
.t safely factor is usually applied lo 
airive al the design D/I. I he D/I value 
is also shown in fig. I, hased on a 
safely fac lor of I ,r>.
It can he seen that the collapse 

criterion results in a lesser wall thick­
ness than the propagation criterion 
and is therefore less conservative.
Which of the two criteria lo select 

depends on how the risk ol buckling, 
and hence of buckle propagation, is 
assessed and on cost considerations. 
Installation methods such as towing 
usually involve limited bending, so 
that the risk o f buckling is lower than 
for a lay harge method.
On the other hand, tire use of a 

c onseivatively high wall thickness c an 
inc rease lire submerged weight of lire 
pipe to the point of making the instal­
lation ini| 'jssible.
Considering also the material cost, 

there is a rationale for rising the propa­
gation criterion for pipe-wall selection 
of smaller diameter pipelines where 
the cost impact is limited. For the 
larger diameters, the collapse criterion 
is appropriate in combination with 
buckle arrostors to limit the damage, 
should a buckle occur.
Present methods. The most com­

mon methods of pipeline installation 
use surface vessels to make up the 
pipe and lower it to the seafloor.
The pipe has an S-curve configura­

tion in which the overbend curvature 
is controlled by a stinger which pro­
vides support through buoyancy or by 
structural means, while the curvature 
in tlu* sagbend is determined by the 
submerged weight of the pipe and the 
tension force applied to it at the deck 
of the lay vessel.
In shallow-to-intermediate water 

depths, the pipe-lension requirement 
is determined by the allowable bend­
ing stress in the sagbend. In deep 
water, however, where the sub­
merged pipe weight is often much 
less, it is desirable to keep the pipe 
from bending exc essively over the end 
of the stinger that governs the tension.
The angle at which the pipe leaves 

the stinger, the departure angle, is a 
critical parameter since most vessels 
are limited in this regard by the stinger 
geometry. In deep water this means 
that the pipe tension can be reduced if 
the departure angle is increased.
This is graphically illustrated in Fig. 

2 where the departure angle/tension 
relationship is shown for a 20-in. di-

70< i.i,sc..i*kmMi,il ssiv 1 .1*111*) O G | SPFCIAL

ametcr pipe in a range of cli'i ths.
A conventional layharge \\ li 200 

kips (200,000 psi) tension capacity 
and a maximum angle al the end of 
the stinger of .10° can lay the 20-in. 
pipe in up to 600 ft water dc- >lh.
Conversely, one of the larg • semi- 

submersible laybarges operatic ; in the 
North Sea which can achieve depar­
ture angle of 45° and has TOO kips of 
tension capacity, could IhooM itu l ly 
lay this pipe in 2,500-ft depth.
By further extending the capacities 

of existing equipment, the operating 
depth can still he increased, povided 
that the vessel can efficiently operate 
its mooring system.
Guide modifications. The most ef­

fective enhancement ol existing 
equipment in this regard would he to 
stingers or guides which would allow 
greater curvature and thereby result in 
greater departure angles without in­
creasing tension capacity.
Controlling the pipe configuration 

in the overbend more rigidly and tak­
ing advantage of the nonlinc.irilv of 
the slress-strain relationship *>i high 
strength steel can allow a much great­
er curvature than is based in the 
traditional "00% of yield.” F ir a 20- 
in. pipe, the maximum radius of cur­
vature would traditionally he *>20 ft. 
to which an allowance must be ap­
plied to account for the rotation at 
stinger hin; es and articulation*.
On the other hand, by use o a fully 

controlled rlgid-curvalure guide and

an allow,nice of 0.2% residual strain 
as permitted by some codes,1 the 
bending radius could be reduced to 
2.10 ft. For ,111 uverbend length of TOO 
ft, the maximum departure angle 
thereby increases from Ji" to 75°.
Hased on the curves in Tig. 2 this 

would increase the depth capability 
from 600 ft lo well in excess of 3,000 
ft for use of 200,000 II) of pipe ten­
sion. Using these high bending strains 
will result in some residual curvature 
in the pipe unless a straighlener is 
used at the end of tlu* ovcrbend guide.
(lending the pipe in the plastic 

range is commonly done in the reel 
method. From this experience we 
know that residual stresses and strains 
can he acceptable provided one takes 
this into account in design and materi­
al selection.
Mooring limitations. If the capabili­

ty of conventional equipment can thus 
he extended, the mooring system will 
become the limiting factor. The com­
bination of deep water and high pipe 
tension will make positioning and ad­
vancing of a layharge moored with 0- 
14 anchors increasingly difficult and 
time consuming. This anchor-han­
dling problem can lie avoided by use 
of dynamic positioning (DP), This 
would require high forward thrust to 
counteract the pipe tension, however, 
resulting in high fuel consumption.
This is another reason lo increase 

overbend curvature and reduce ten­
sion requirements for a better hal-



.incod doc pwater laying syslom.
For (hi’ Gulf of Mexico, deeper 

water capability could also be ob­
tained by use of one of the large Norlb 
Sea vessels. The cost of mobilizing 
and operating these vessels will be 
very high by Gulf of Mexico stan­
dards, a situation not likely to improve 
in view of the increase in demand 
created l r several very large projects 
scheduled in the North Sea for the 
early 19‘JOs.
Consequently, there is an incentive 

for development of practical, lower- 
cost alternatives for the Gulf of Mexi­
co and offshore Brazil.
\dd it ional methods. Once the pos­

sibilities of the S-curve layharge meth­
od have been exhausted, three alter­
natives exist, namely the reel method, 
tne |-curve method, and towing tech­
niques.
The reel method has been used

successfully for installation < i pipe 
from Exxon's l.enu guyed to w i ; in up 
to 1, 150-fl depth. Particularly ; ie ver­
tical reel system can achieve greater 
departure angles than convent tnal S- 
curve equipment, without the i so of a 
stinger, requiring less tension.
It is therefore better suited :or dy­

namic positioning which enhances its 
deepwaler capability. Only 01 e such 
vessel currently exists, the S. nta Fe 
Apache, which is limited in lee pipe 
diameter it can reel to 1(> in.
With the available tension of 200 

kip.>, and the 60° maximum departure 
angle, it can theoretically i f stall a 
12.75-in. pipe in close to T 000 ft 
depth in areas of low to m .derate 
currents. These operating limit - could 
be increased by providing fi r even 
greater departu re angle and by 
strengthening the tensioning ,md DP 
system.

In the J-curve lay method, the pipe 
is installed from a surface vessel in a 
vertical or steeply inclined orienta­
tion.
Fig. 2 indicates that this pipe orien­

tation results in minimal horizontal 
tension requirements, which reduces 
thrust requirements of a DP system. 
Therefore, this concept lends itself to 
pipeline installation in much greater 
depths than the S-curve method.
A drawback of the J-curve concept 

is that the near vertical, pipe make-up 
allows only one pipe-joining station lo 
be used, which adversely affects pro­
ductivity.
For this reason, considerable re­

search lias been carried out into the 
development of high-speed joining 
systems, including advanced welding 
techniques for vertical pipe welding, 
forged connections, and threaded 
connectors. To improve the produc­

tion r. 
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l ion rale, the length of pipe joined at 
this single station can be increased by 
using multiple joints of pipe.

Conversion onlion. Al present, no |- 
curve lay vessel exists. In view of the 
limited number of deepwaler pipe­
lines, their limited length, and the still 
existing oversupply of offshore instal­
lation equipment, the construction of 
a newly built J-curve lay vessel would 
not be commercially justified. Most 
concepts are therefore based on a 
conversion of existing equipment.
Consequently, designs have been 

developed to convert dril l ing semi- 
submersibles or ships, derrick barges, 
or S-curve lay vessels to operate in this 
mode.
Dril l ing vessels have many of the 

attributes required for J-curve laying, 
such as a high vertical lifting and 
tensioning capacity and a powerful 
DP system. However, since the verti­
cal space in a dril l ing derrick is nor­
mally set up for (>0-ft pipe lengths, the 
production rate will he low unless this 
length is increased or a high-speed 
welding system is commercially avail­
able.
In intermediate water depths, the 

pipe orientation at the surface can no 
longer he vertical because ibis would 
lead to excessive I lending in the sag­
bend. Therefore, an inclined ramp 
with adjustable angle would be re­
quired to enter into shallower water.
Adaptation of existing construction 

vessels such as laybarges and derrick 
barges would be another viable and 
potentially economic approach. A 
successful J-curve laying system 
would have to strike the right balance 
between cost o f operation and pro­
ductivity and be,competitive not only 
in deep wa|er, but also in water 
depths with in the range of capabilities 
of the large laybarges.
An optimal system would combine 

! a large deck area for welding single 
pipe joints into long sections, a rea­
sonably fast single-station joining sys­
tem an$MDP carrier vessel which is 
reasonably priced because of a low 
daily rate, a low mobilization cost, 
and/or low conversion cost.
Ideally, a J-curve laying system for 

the short deepwater pipelines in the 
Gulf of Mexico should be modular so 
that it can be installed on and operat­
ed from a vessel of opportunity which 
is already mobilized for a project.
An example of ibis is illustrated in 

Fig. 3 showing a conceptual J-curve 
laying system on a derrick barge. 
Deepwater developments are likely lo 
require such heavy-lift vessels to in­
stall TLP (tension-leg platform) an­
choring, templates, and riser bases, so 
that additional mobilization costs may 
be avoided.
For successful deepwater operation

it is necessary that the carrier vesse be 
dynamically positioned. Except ior 
drillships and a few heavy-lift vessels, 
offsliore-conslruction vessels wr .ilrl 
have to be retrofitted with a DP sys't-m 
lo meet this requirement.
Towing. There are various met I ids 

which have successfully been use ' to 
low long lengths of single pipe or i ipe 
bundles to an offshore location.
These methods have in common 

that the pipe is welded up into I mg 
sections at an onshore location, n  a 
controlled and rather low-cosi envi­
ronment. The sections are then joined 
at the shoreline while successively 
being pulled into the water and subse­
quently towed to the final location as 
one entire assembly.
This assembly may consist of a sin­

gle line, dual gas and liquid lines, ’ r a 
flow line bundle. Multiple lines can 
be strapped together or placed in ide 
a casing pipe.
There are basically five lowing alti­

tudes as shown in Fig. »l, wh id all 
have their specific area of applicat on.
For calm sea conditions, the air- 

face-tow method has the advantage of 
'simplicity, but in deepwater the pipe- 
lowering process can become c.i ile 
intricate.
The most experience has I een 

gained with the controlled-rlepth :ow 
and the bottom tow for installatio i of

single pipes or bundles.
The conlrolled-deplb low method 

has b<*r*n applied primarily in the 
North Sea for cased bundles of up to r> 
km in length in water depths of up lo 
SOU ft. The bottom low lias seen 
applications worldwide, including re­
cent installation in the Gulf of Mexico 
of pipeline bundles of more Ilian ') 
miles in depths of up lo 2,0(10 ft.
Tin* bottom tow lias the advantage 

of inherent pipe stability if the tow 
must be interrupted, but requires de­
tailed knowledge of the seabed along 
the tow route, often several hundred 
miles long. This calls for extensive 
and costly survey work.
The bottom low will interfere with 

existing pipelines and subsea facilities 
unless special precautions are taken. 
Near-surface tow or controlled-deplh 
low are not hampered by seabed ob­
structions but require greater attention 
in ancillary equipment and rigging to 
control the pipe position and attitude 
at all limes.
The critical element in all tow 

methods is maintaining a low sub­
merged weight in order to maximize 
the lowable pipe length or minimize 
the required towing horsepower. 
Achieving this low submerged weigh' 
while maintaining stability requires a 
tight control ol pipe dimensions and 
coating density and thickness.
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A pipe designed for installation by 
the traditional layharge method will 
generally not lend ilself to economic al 
installation by towing due lo the high 
lost oMnioyancy in deep water re­
quired to offset the higher submerged 
weight or the cost of intermediate tie- 
jns necessitated by pipe length limita- 
lins.
Flow line bundles. Tor deepwaler 

pipelines, towing methods are best 
suited for flow line bundles fur which 
the buoyancy can be provided by a 
continuous external casing pipe, and 
multiple lines can be installed and 
connected simultaneously.
For installation of single pipelines, 

lowing is iess well suited, particularly 
in the case of gas lines. The design 
submerged weight of a gas pipeline is 
governed by the worst environmental 
conditions anticipated over its lifetime 
because the gas content adds little to 
the pipe weight.
Consequently, the pipe will be 

heavier than needed strictly based on 
the installation conditions, and the 
higher weight lends drastically lo re­
duce the length of pipe that can be 
towed. Tor lowing longer strings, a 
considerable amount of temporary 
buoyancy would have to be used.
Tor flow line bundles or multiple 

pipelines of up lo 5 miles' length, 
therefore, lowing is a viable alterna­
tive based on bottom low, conliolled 
depth tow, surface low, or a combina­
tion of these. For single oil pipelines, 
bottom tow has application in water 
depth beyond layharge capability, 
and for pipeline lengths which are 
insufficient to justify the development 
of special deepwaler laying equip­
ment. The most economical solution 
for a given projei l.may be a combina­
tion ol methods. At present there is no 
contractor offering pipeline installa­
tion by lowing in the Gulf of Mexico 
or in Brazil. To be able.to make use of 
the potential advantages of this meth­
od, such contracting capability would 
hi desirable because not every oil or 
gas company w il l be prepared to un­
dertake Ibis type of a project under 
their direction.
Because equipment and technology 

are available, all that is required is the 
combination of the right construction 
and engineering resources and the 
development of several suitable pipe 
make-up sites.
Installation selection. Selection of 

the optimal techniques from the de­
scribed alternatives depends on the 
circumstances of the project and the 
limitations of each method. In general 
terms, conventional laybarges can be 
upgraded without excessive costs to 
install pi|H* of 20 in. diameter in up to
1,000-ft depth, and lesser diameters 
in up to 1.500 ft.

Beyond these limits the reel barge 
can be used for the smaller <li.t; inters 
in excess of 2,000 ft depth. I)i,e inters 
of Ifi in. and larger, however, i- quire 
that either a North Sea layb.e ;e be 
mobilized, that an existing bai :<* be 
outfitted with a high curvature guide 
and dynamic positioning, or III.,I a I- 
curve vessel be developed ll ougli 
conversion of existing equipment.
The large semisubniersililes -.owld 

be capable of installing a 20 in pipe 
in up lo 2,SOI) ft depth, and pi .sihly 
more, but the vessel dayrale ww Id be 
equivalent lo North Se.i level- and 
the mobilization/demobilization costs 
would similarly be high. Furlhe1 non*, 
till* deep water w ill most likely n quire 
modifications lo the mooring s\ .tern.
Conversion of an existing drill ng or 

construction vessel for |-curve lying 
is then the remaining option. I low 
cost effective Ibis solution is de tends 
on the dayrale of the vessel, th- pro­
duction rate it can achieve, the < >s| of 
conversion, and on what piop >rlinn 
development and conversion t o is are 
charged lo a given pipeline pn-ect.
Towing is an atlrac live alter alive 

for the installation of flow line or 
pipeline bundles or a short deep vater 
•section of single pipe to compl'-menl 
the capability of existing laying i quip- 
menl. The cost aspects of these alter­
natives can be illustrated by l l v  fol­
lowing example:
Assume a project in the G If of 

Mexico requiring a 16-in. oil pipeline 
between a platform in 600-fi .vater 
depth and a TLI’ in .1,000 ft depth, 
where the distance from tlu* pi.'dorm 
to the l,()()()-ft depth contour x 20 
miles, and from there to the Tl ’ an­
other 10 miles (Fig. r>).
Consider the options present -d in 

the accompanying box.
Tlu* example clearly demon- tales 

bow important mob/demob cost and 
the percentage allocation of c- aver­
sion cost can be in evaluating o lions 
for a given project.
The example also illustrate* that 

conversion of locally available c- |iiip- 
menl and the combination of (lit -rent 
methods can be an economical iller- 
nalive for deepwaler projects.
Tie-ins, connections. At least . . im­

portant as pipeline and flow lit in­
stallation is their tie-in In deep vater 
production structures such as si bsea 
wells, manifolds and platform I ases, 
because ibis will require die dess 
techniques.
Tie-ins can be executed eilk *r as 

first or as second-end conneclii is.
First-end connections can be made 

by direct pul) in, by lateral defle tion, 
slab and hinge user, or by use oi steel 
or flexible spool pieces. Two ol best* 
methods arc* illustrated m Fig, < for 
second-end connections, the d< 'lec­

tion ,ind spool p in e methods are best 
suited.
Die typical divedcss connection 

process involves three distinct steps.
first is rough alignment in which 

the pipe end is plac cd in the approxi­
mate orientation and position re­
quired. tSec onrl is struc lural engage­
ment between the pipe and tin* swbsea 
structure in which the pipe end is 
brought in llic desired position within 
close tolerance and locked down. 
And last is tlu* at lu.il c onnec tion and 
sealing of the two pipe ends, usually 
by met I ionic al i onnec tor.
[be direct pull-in method (I ig. (*) 

uses a cable to pull the pipe into a 
dm keel and locked position on the 
subsea simc lure as tlu- installation 
vessel lays it down. I lie c able c an lie 
rigged lo a surface vessel or a scibse.i 
pull-in wine li landed on tlu* struc lure.
Because only limited force is al­

lowed on these strut lures, tlu* direct 
pull-in is less compatible with tlu* S- 
t urvc laying method and bottom low, 
both of which involve* large tensile 
forces in the pipe. It is well suited, 
however, for j-t urvc* installations 
where horizontal forces art* much 
lower.
Hit* vertical slab and hinge-over 

first-end tie-in method (I ig, (») consists 
of lowering the pipe vertically and 
slabbing the free end into a receiver 
on tlu* seabed structure similar lo 
guideline-less re-entry technology al­
ready in use with deepwaler drilling. 
Once the pipe end is latched in place, 
the receiver is rotated to a horizontal 
position as llu* lay vessel moves away.
Because of the pipe orientation Ibis 

method can only be used with the I- 
curve method of installation.
lor a second-end spool piece tie-in 

in deep water, the traditionally diver- 
assisted steps have to be executed 
remotely. These steps include accu­
rate measurement, spool-piece de­
ployment, and connector alignment 
and selling.
To simplify the tie-in operation, an 

L-shaped spool piece is preferred be­
cause it allows the various degrees of 
freedom to be dealt with successively, 
rather than simultaneously. The axial 
movement required for makeup of the 
second connector can then be provid­
er I by the lateral movement of one of 
the pipe ends, obviating the need for 
swivels.
The lateral deflection technique can 

be used for first and second-end con­
nections and involves placing the pipe 
end in a target window and deflecting 
the end laterally into a receiving struc­
ture. This method is widely practiced 
for connection of small diameter (low 
lines to subsea wells, and numerical 
as well as physical models have been 
developed to aid in design, and to
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simulate Ilu* deflec linn process.
lo r larger |tipi* or flow line* bundles 

lilt* |>ipi‘ is iisii.illy buoyed oft liollom 
with buoys and (Iran chains lo lower 
lateral resistance and heller control 
the* deflected configuration. Accurate 
placement of the pipe end in a prede­
termined target area is required lo 
keep pull lories and final alignment 
accuracy within accepted liniils.

Suhsea struclure. Critic al lo the 
whole deflection tie-in concept is the 
proper design of the pull-in and align* 
ment system as an integral part of the 
stihsea stitic line (template, manifold, 
or wellhead).
rrec|tienlly these lac ililies arc- de­

signed and even installed lonjl heioie 
pipeline or flow line details have heen 
determined. This lime nap can lead lo 
hit*h costs and less than desirable 
design solutions for the pipeline con­
nection when incompatibilities must 
he conectecl in a later stage.
On the Placid C'.reen Canyon J1) 

project, the pipe-end sleds were large 
structures to allow connection to tie- 
in points high on the central template 
and weighed as much If*5> tons.’ 
Smaller and lighter end sleds would 
have simplified the lowing piocess 
c onsidcrahly.
The optimal pipe-end configuration 

is a narrow, streamlined, neutrally 
buoyant, axially symmetric pullhead.
To enhance pipeline design and 

installation simplicity, the following 
guidelines are recommended for the 
lie-in method selection and system- 
hardware design:
•  Deflection procedures should use 

a single cable pull.
•  Pull loads should he kept al less 

than 20.0(10 II).
•  Rec eiving structure should accept 

about r  3“ of misalignment.
•  Docking and engagement proce­

dures shou ld ,he reversible.
•  The lie-in point should he close lo 

the seabed.
•  A passive alignment system is

p re ferred if spat e on  he suhsea slruc • 
lu re perm its .

•  P ipe end shook he locked  in to  
Used pos i t ion , .m il  trial < onnec l io n  
shou ld  he ac h ieved by s l ink ing  i n ­
boa rd  p ip in g  on ly .

I h c  d is t in c t ion  be tween  passive 
and ac l ive  a l ignmen systems lies in 
the m anne r  in w h i r l '  the Im .l l ad jus t­
ment in pos i t ion  and  o i ie n la l io n  is 
ac h ieved  

A c t iv e  systems rek on  mechan ica l 
devices, usua lly  liycl: mlic a l ly  ope ra t­
ed, to  m ove  and rot. te the p ipe  end.
I o i m ed ium  lo In igo d iame te r pipes, 
this requ ires c n n s i r l i - n h ln  fo n t *  and 
c onsc ( | t ien l ly  a s lum  - ton  lure.

t h e  a c l iv e - a l ig n m ’i l l  i n n i e p l  is 
pa i l  o l most in leg i led connec t io n  
systems w h ic h  have been deve loped  
by  the ma jo r  supp l i  rs o l we l lhead  
equ ipm en t  and invc 've componen ts  
and loo ts  w h ic h  can »e low e ie d  on to  
l ire suhsea sliur l ine.

Iypic a l ly , a pu l l -e  too l is used lo  
p u l l - in  and a l ign th p ipe , w h i le  a 
c onnec l io n  too l is us. d lo  remove the 
p ipe -end  cap. stroke bo th  ends to ­
gether. and  ac Ina le the Conner lor. 
Sine e these systems ,ae dec e loped for 
l lo w  l ine  l ie- ins, t h e 1 load and m o ­
ment capab i l i ty  thus I.it an- l im ited , 
and the svslcnts are e u ic n l l v  ons i i i tcd  
lo i la ige -d ia ine le i p i u

A passive a l ig n m r  il system le l ies 
on sliue local gu ides m i l le s l ia in ls  to 
a l ign  l lu- p ipe  end i i v  sni cessively 
cons tra in ing  the vai ous degrees o f 
f reedom  as the p ipe  -*nd is p t i l led - in .

A l t h o u g h  th is  c i n c e p t  requ ire s  
more  space on the li --in fac il i ty , il is 
a t t rac t ive  in its sir: :>lii i tv  h e ia u se  
on ly  one  single1 c able m i l c an ac n u n -  
p lish the entire pn r ise a l ignment. 
Since the degrees ot • ' lec i lom are re- 
s i ia i i ie d  suec essjveh there i .  l i t t le  
risk o f the p ipe b ind , ig o i b e com ing  
sti in k. a p rob lem  ‘. I n c h  has been 
expe r ienced  in the* ;■ is|.

l o  lac i l i l i i lc1 the i‘incite l ie - in  o f 
p ipe l ines  to suhsea s" uc Im i 's  in deep 
wate r , therefore, il is impo r tan t lo 
avo id  unnecessary c< np l ica l ions , and 
Use a design w h ic h  ncorpora les the 
requ iremen ls  of the- p a ie l 'n e  engineers 
al the  earl iest possib le  stage in the 
p ro jec t . Failure lo  d< so w i l l  lead lo  
m o re  c o m p l ic a te d  lesigns, h ighe r 
costs, and t innecesxa v lisks.
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A high level of performance was 
attained during lire bulk of Ihc devel­
opment drill ing program for the Al- 
wyn North field in the U.K. sector ol 
the North Sea during l (TH7 and I0IHI.
In fac l. an aver.ige drill ing rale of 

200 m/day xvas exceeded during the 
drilling of the twenty-second well. 
The Alwyn program, which is still 
continuing. A combination of team­
work, engineering, and a willingness
10 innovate and use concepts from 
research and development led lo 
these good, by North Sea standards, 
results.
Some specific elements th.it played 

a major role in this performance were 
thorough project preparation, perfo­
rmance incentive contracts, bottom 
hole assembly (BI-IA) software, the 
variable bent sub, and rock bits with 
extended nozzles and cross flow pat­
terns.
Field dril l ing. The development 

drilling cm Alwyn North field has heen 
carried out since early 1907 by Total
011 Marine p!c, operator on behalf of 
.111 association of Total Oil Marine 
(JJ.3%) and Elf U.K. (66.6%).
Alwyn North field, is in the East 

Shetland basin (Fig. 1). The drilling 
facilities consist of a 40-slot, double- 
derrick drilling platform with accom­
modations (OG|, April 27, p. 33,
1007). It is attached to a separate 
production platform by a bridge.
The conductor pipes were batch-set 

in December l ‘J86, followed by the 
spudding of the first development well 
at the beginning of 1fJ87.
The two rigs were used in simulta­

neous drill ing operations for the first 
18 months to drill a sufficient number 
of wells ancl ensure an optimum start­
up production rate from the field 
()nly one rig is currently being used.
Drilling program. Two separate res-
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Unions chango policy 
on prohlro drug tests

W
illi lew-1It.im*i l i t ,■Minions sii|i|ioii 
11 (Mil l i l t - l l l l i n  HUM Ills, l l i r  AM.- 
C IO  building .Mill ClII ISll lM I lo l l  I t a l ic s  

Drill. Ims .<hanged us polio  on ding 
illlll iilioliol testing l o a l l n u  piehtie 
testing wlii'ii n-i|ii!i(<l I_n ow im is  oi 
the government.

I n c  ih .m g c  sv.is a dop ted  .il .1 te ie n t  
m ee t in g  o l the  i l c 'p .u I i i k ' i i I ‘ s govern - 
inn I io . ik I .  I 'm i l  now , 1 lie- un ions  l i .n l 
< i if it lo n c i  I te s t ing  on ly \s l i r n  I I l l ' l l '  is 
p i o l i i i h l i '  i .m s r .  I l ie  un ions l o n i i n u c  
lo  insist 1l 1.1t si 1111 p i iH C i l tn . i l  i c i j i i n c -  
nn ' i i t s  l ie  obse rved ,  s u i l i  .is g iv ing  |ol> 
a p p l i i . tu ts  ( l ie  l i g h t  >0 I1e .11 im i l u l c u -  
11.il tes t i l ts  h u m  .1 1ne1l i1.1l o l l u i . i l  .un i 
i n  i i l l e i  exp lana t ions .  A p i i lu . i n i s  .tlso 
ra n  li.tvc* s.nnples te l i 's le i l  ,11 .1 l.il) o l 
l l l t ' i f  i l t o i i i ' ,  al l l t e i r  own  expense.

Some union ollui.ils .11 e Infills u iti-  
c.tl ol the change, ilaimmg lh.it il was 
pushed hv local union ulliii.ils who felt 
it was needed in n i d n  to gel wotk. "It 
Wits it pi at liee that ( mainly needed to 
he addressed." savs one olliit.il. "On 
cetlain projects, it's going 1(1 I'1' done 
o r  we’re not noinn to net on the job,"

Jo h n  d. McCabe. who tuns the sub­
stance ahnse program ol the sheet 
metal workers' union, .unnes that the 
science ol teslinn is not j u  urate 
enough to support suih .1 poliiv. 
"You re not giving •' V»'|Mn pct son .1 
chance before he stalls to wink." he 
sitvs. McCabe also worries that jobs 
will be reclassified in 01 del to test cur- 
retK employees. McCabe and othets 
wild" accuse the governing hoatd  of 
"giving in to man.tnement" p t e l c  the 
old probable-cattse policy.

Huildinn trades Secretary-Tieasiuer 
Joseph  l \  Maloney says that the d e ­
par tm ent’s lifting o f  the lesiriction on 
prehire textinn was neccxsarv to re ­
duce local conllicts that arose when 
some area officials anreed to testinn. 
Willi the policy change, savs Malones, 
"W e’re almost silent on the issue 
now," Department ollicials also believe 
the new policy will help reduce the 
num ber ol grievances. x

miVMTiunoH / ,

E P A  e y e in c j p r iv a t iz a t io n  
f o r  c ie a n  v  a t e r  p r o je c t s

T
he I n s 111jm n e 11i . i l  I ' im c t  l r  
i s  s inned the lus t in .1 
I n .111 ist 1 ii 111 my; sessions last ' 

s inned l>i l i n d  wavs I<> w in  a. 
lo t the  l i n .1111 inn  o l p 111>h 1 
w ith  pi is . l ie  in o t ie v . A t 1 o td u ,  
I ’Ja selei I p a i t i i  i j ian ts ,  the C

11 Agen-
••lies o l 
eek lle- 
ep t,m i e 
p io | ’ei Is 

lo  the 
•. to the

S«nd«r.’ Rosponsibililios must bo ci.":fiod.

success •of piiv.iti/.ttion is an e Iiii.itioti 
pm nram  to »lunge  altitudes :n hotli 
the ptthlii and private scum -

"Overall, theie  is a need lot the 
toiicept ol pnhlit -pnvnte pain ••!ship," 
said Roger D. i'eldm.m. n ana*'tng 
partner ol the p to je it Im.mce and de­
velopment nroup o f the Wa imtglmi 
law linn ol Nixon, I fat y'tave, L-v.r s & 
Dovle and vice chairman ol (!■• Piivan- 
/atiott Council. "In ellect. the concept 
ol a public Iv chattered | pi is. e | ven­
ture must cease to he rcg-.ud'd as an 
oxvm oron  o r a th rea t to public 
policy."

Duildlng a netw ork, ltilleo .is the* 
lirst National Leadership Co let erne 
on Huildinn Hublic-Private ; '.it tiic’l • 
ships, the meeting was an iilm t to 
build-a neiwoik ul people .mo institu­
tions in the environmental !• 1.muon 
lield and to establish an agendi. KI’A's 
interest is in limdinn project* 10 the 
areas ol drinking water stippl waste- 
water treatm ent and solid w. ste dis­
posal, all ol which are sullcrr:g from 
reduced federal funding.

"Whaics i i thr 1 h.illi' 1 U4«'s ill,tv* hr. 
w r'v r gut l<> inm ii i i l In a 1,11 sUiuinn 
link h r tw r rn pi iv ate 111< In si 1 v and the 
gnsu n 1111 • 1 it." said I I' \ .\<11111111 s 11.11 • ii 
I re M Ihmnas I hr agenis hopes 
that thr sin,ittei ing ul r le i led ptimti 
iillu oils. I . iwm'Is and h.mkriv that at-

Tho mac: Conloionco is just tbo bogmmog

tended the l u n l n r n i c  will hla/e the 
ptIV.tll/.llt«)tl it.ul.

In its elloits to I,ii till.lie ptisali/a- 
linti ovet llir next veal. KI'A plans to 
doitiitienl c .Ives nl hnlh suiiesslnl and 
tinsiii 1 esslnl p.tttncrships, identify pri­
vate Int.mi ing th.it vlales and tom nm - 
unit's 1.m use and show the impedi­
m en ts  a n d  incentives  to these  
airaonemeots, said (diaries I.. Grizzle, 
assistant KI'A administrator lor admm-
isti.moo and rcsotirtes management, 
l ie  s.iys the agency also will snare, in- 
lotm.iiion with (oiuimmities on how- to 
ariangc ptihltcprisale partnerships.

O the r  KI'A olhW.ils n o ted  that the 
jge t ivs  p lans to pub l ish  tase studies, 
o p t io n  papers lay ing o u t  legis lat ive 
and i r g u la lo r v  strategies, and  se l l-he lp  
gut( les, UK h id ing  a v td c o l jp c .  Some 
mas he ready b \ next m on th

K c ld u u n  said the re  are at least six 
innova t ive  app roa ih c v  to  f a t i h u im g  
p ub l ic  - p r iv a te  p a r t n e r s h ip s ,  I hev 
m i Im le

•  I ’vmg vsstcmsside Im a iK u ig  that is
h . n f e d  Its user 1 barges.

S'
J
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• 1 ■ m11̂  I.ix assessments .mil iinp.ul
IfCS. •*
• l.ru<l.l|{lll|( ICM’Mlir SlMMIII' 

iluirwiluiig limdv
• Rrdiuing biuming tnslx iliiuugli 

I,in'exe mpt drill, imexlinrnl i.ix uni- 
iM .mil mii.iik nix lei Inti(|iir .\ mmIi ,ix 
I r t ixe  pmt l u x e  ilr.ilv

• Nfiiiliiii/iiiX |iiii |H l nsk .mil in 
Heaving p iiia ie  seiim  |i,iiinipaiimi 
tinouxfi 11111v. ink  management .mil 
II) HI 11.1111 e uimiv.ilmiM.

* •  I ’ d I n t m i n x  K i i i lM i l  i i m i i . i k i i i k 'III
In  s t im u la te  i l i u m , l i n e  | i l n . i l e  p .ukag-

IKK nl I . n l '  11<‘111<i nn'i l ,in<l 
assumed,

" l l i r i r  l l . i v r  l i r r l l  xtIXX<''<■11 <‘ 
d ie  11 nun ix  < m ig i r s s  «><•' '<<' | "  
, i l t  lu r  i r m l r i i i l i i i l i n n  n l | i . i \ |  • n  
t. in l  Fe ldman  " \ M i i l r  m i l .m u  
i l i ' t i ' l n i n i i r i i i  i . n u n i |  .nt.n l i n i l i i  
i .n n in .  m  | iM in u i . i l  m i l i i t  in  | 
i le tc l i i j«< i t — .un i | i n l r n l l . i l  In  l.i|<
i .m i l . i l— t i n n i l i l  un i I i r  i n i i l i i r t  
C'fl." A l I III i In IK In  I «‘|l II 11.111. I.ix i 
in l l i r  r m i i n i im r i i i . i l  l i r h l  i r | m  
" I I im i I i jH j l r ”  x n lm i l t  

David S r .n l r i ,  m i r  p ie xu l i  m n:

i n l t

i l l .n
| HIS 
! 11 \ * 
h i i i*  
* \h »• 
iv .III'
'in ii
ni. ii-
< <lm 
in .i

'I I I !

\ i t i r in . i Hauling I n ij i Sett \ i . i l  
I l i t .  H u l l ' l l  i l l. II llirtr l l . i t  In  I<r .1 | < IX 
n i l  l< <! 11| It , i l r  11.il III II <.tlI. .li

ml t |n i<ln li>’ r\|il.inii 11
I ' "

t . i l r tr i lui 
" I l |.ll»u| 1l.n In Iir lui illt i Ir.n tt lm 
I.A rt l l i r 11 x L, til 1.11 I ..III x | *.i\ x. tt lm it 
taking i »'x|nnitilnlilt S. .nil i tin;v'rtl 
n l lli.il l l ' X I.lie l l i r li .ul In i|rvr|u |i 
IIIK •• " l l im lr l t r IM i r t .Ig ir . l l i i ' l l l
\ 11. In I Knli,ml l)rtt|iiiK ilniim .iii <>l 
u| M.xl | 11 Iu iu |uk« 'x  lui , S i i i i im  tillr 
N | . "Il gmng <n 1 1 <ti m m r I<* < Ir.m 
ini tt .m m  .m i .uni t< • I ii I tt.ixlr •

/Il l ‘i!n Iliijli'HWH in l< ii.'.iuk'.<<1

h u o i im  rom n Ut1 c: *-V":

S o v ie t s  g e t  G e rm a n  r e a c t o r

/

lie Sox u l Union signed .i general 
agieemciil l.ixi week vvilli .i WrM 

German i i im ln n r Ini incii ir i . i i in ti in 
|)l.inninK iii i i l ImildmK tin.ill high-lent* 
j i r i . i l i n r inn leai posvei minx. Ii ttnnld 
nr l l i r li ix l x.ilr ol t tn l i imilx, .mil l l i r 
Inxi lime d i r USSR lux rv u .it<|tm<-<! 
Iweign ir .u io ix . ,±
l l i r  |i.n( tv.ix i r . u l i r d  l i r i t t r r n  l l i r 

Sot in Si. i i r C.oininnirr lot Utilization 
ol A lom ir F.ucigv ;m<l <i |<<inl x rn i in r 
ol A sm 'H i own Hnvru At; (Aim) wiili 
Kraft wet k Union At;, d i r n iu lr . i r pl.mt 
divixion ol Sir inrnx At;.
I Iit- li ix l ̂ iln ixf falls lin building a 

L’OO-Mw unit with a liigh-lempiTatuie 
reactor ( I I IK ) al UimitinvKiad. tiSO 
miles raxl ol Mosiow, liv lUdti.' Il 
would roxt m m r dun $.%() million. 
I'lauiiing and l i r i ’iiMnK air.ingemeiitx 
will Mail tliix sear, aimiiiK I’nr a ion- 
xmu l ion Mart d ire r years limn now. 
l l i r  German consortium would le- 
reixe aliniu I0"u o f die project's rost.
An ollicial n l 'd ie rnm li inc says pruj- 

et l approval will lie soiikIii from the 
CooVdmaling Committee lin Muliil. it- 
eral Kxport Gom to ls , a ll i -n .mon 
group ol Western countries and Japan 
that reviews delivery o f sensitive tech­
nology In llie Kastrm Hluf. Hui com- 
millce approval will nut be sought nit- 
lil lirensuiK. planning and construction 
contracts are worked out.
The general agreement foresees 

join! construction o f more I I I K uniis 
lo produce electric power as well as 
process steam and beat in (be I'SSK 
and oi l ie r countries following comple­
tion o f the Dimitrovgrail reactor.
/  A im was formed by a merger last 
year o f the Swiss firi i l Brown Boveri & 
Cic and Sweden’s Asea. Its German 
subsidiary in Mannheim signed (be 
agreement with the Soviets.

P ro to type  unit wont on lino  Uvoo y e a - . ngo

I h e  L u g e  M . m i i l i e n u  n l l n  e  l e d  a 

i m i t u i i m i l l  ili.M I n n l i  d i e  I n t i  p t i in i, 

I t p e  i i i i n i i i r i i i . i l  111 It m i l l ,  a lllll M w

I I ISl. lll. il l< HI I I I  I l.ll I I I 11-1 ( I I I  I < i p  I ll.tl

ie.ii tin itenl i mu al in I 'W l and tiait 
ed deliteiiiig puttri in dir ( h iman 
gnd m l<»K’i Bill il bat been la lrli nil 
line 11«'<|iii-iillt lui ii'ii.hi and ii'timg 
\ new teiMun ttnnld lie tnpplird In 

llir Souris
I Ilgll-H'l l lp ll .lllll I', g. i f l nulrd 11'.Il ■ 

lu l t ale i uiixldei ed l.il t ilel ill.ill inn 
leniuiti. il lines. I be small inudnl.il 
nulls me Inel xpbeiex mail 'd ttil li 
giaplnle. ttlm Ii pieienix lixxmnable 
ill.ilel i.il 11 < mi exi.iping l in n  bi'linin. 
\t11n 11 (annul In i i11 in explude, peim- 
laics ibiutigli die bed ul splines, ale 
suibing heal II an an idem causes die 
mre |o uii 'i l ie.i l. die ninlr.u le.niimi 
xbnlx down A dn imm lia l iu i i pebble- 
lied irat tni it in lie htnli al (lie Idaho 
National I'ligineetmg lulm i.i imx II-Mt 
■l/'.l/ST ii -H) ■

D O E  m a y  c lo s e  w e a p o n  s i t e s

M
ounting roniern oxer xalei and 
enviromiiem.il lu /a ids ol . t de­
fense-related mitlear' oper.i ln ix ix 

forcing the Dep' ol Kiiergv m i. nxid- 
er pennanemly closing some i . u t m 
sites. A DOK spokesin.m acknowledges 
that closure is an option but d ir x not 
concede dial it is being rceominc idetl.
DOK is expected to submit a i pmi 

to Congress in mid-December ibout 
plans to continue weapons protlia tion 
through 2010. A draft o f the ie; mi is 
now circulating within the depai.ment 
and reponedlv calls for closing plants 
at Femald, Ohio, and Rockx Fl.us. 
('.olo.. near Denver. ‘Hie govern as ol 
both states last week called lor p 1111.1- 
neiu closure o f die plants.
Underscoring the need for .. non.

die (ieiieial An miming Ollne, die in- 
sexiigaliie aim o| Congiexx, lele.ixetl .1 

iepori last week claiming dial DOK lud 
iinderMated die reasons Inr (losing 
Rmkv Flats. I be lepmi said DOK 
laised sauotis xalely .mil be.ildi run- 
reins “ oxer the past two seaix,”
"O f paili it i la i cmirein base been in- 

.iilei|uate nun.igeniem .11 lent inn to the 
dam's health and safety programs, de* 
icienticx n die plant's radiological 
protection program' and the need lor 
enhancing lire protection," it said. 
DOK did not dispute die report but 
said die exposure 10 a small dose of 
plutonium radiation hi three people. 
imi lulling j  DOK inspector, wjs .1 "ia l- 
. i l ls i" lor closing die IjiiIhv.
Hie ('.At) repori found emiromuen-
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E Water
Supply

Climates For Change: 
Legacy of the Drought

M o d e r n  d i v i n i n g  r o d s  s u c h  a s  c o n s e r v a t i o n ,  r e s o u r c e  p l a n n i n g  a n d  

w a s t e w a t e r  r e c l a m a t i o n  a r e  b e i n g  u s e d  b y  A m e r i c a n  w a t e r  

officials to p r e p a r e  for t h e  future.

L
i s t  year. America w i i  
hammered by the h o t ­
test. driest, rr.os: can­
tankerous weather in 

more than 50 scan . Accord- 
ing to the C limate O f f ice  o f  
the Oceanic and A tmospher ic  
A d m i n i s t r a t i o n  ( N O A A ) .  
po r t io ns  o f  35 states expe r i ­
enced extreme d rough t c o n ­
d i t ion -  in 19 ; ; .

Especial ly th i r - iy  regions 
i n c lu d e d  th e  S o u t h w e s t ,
N o r th e rn  Plains anc N o r t h ­
ern Rock ies, the Northeas t ,  
M i d w e s t ,  S o u th e a s t ,  a nd  
S o u th e rn  P la ins ,  T I.e  last 
d r o u g h t  tha t  was s u b s ta n ­
t i a l ^  w o rs e  h a ppened  in 
1934, w h ic h  c o n t r ib u te d  to 
the Du-.t Bowl era.

Richard He im , N O A A  me­
t e o r o l o g i s t  in  A s h e x i l l e ,
N .C . .  p ro x id e d  several s iz ­
z l i n g  s t a t i s t i c s  a b o u t  the  
d rough t o f  19S8-S9. Prec ip i­
ta t ion  in A p r i l ,  Ma> and June o f  1988 
was the lowest ever recorded fo r the na­
t ion , and 1988 was the f i f t h  driest year 
in 94 >ears, w ith  an average annual pre­
c ip i ta t ion  o f  ju : t  24.83 inches.

June, July and August 1988 ranked as 
(he th i r d  hottest summer in 94 years, 
w ith  an average nat iona l temperature o f
73.4 F. Last year, f rom  January ro De­
cem be r ,  was the 16th warmest in 94
20

By Burl Xydes

years, w ith an average nationa l temper­
ature o f  53.1 F.

The w inte r o f  1988-89 was i r e  I4 ih  
dr iest in 94 years, and was the f i f t h  
consecut ive w in te r  in wh ich  ram  and 
snow across the United States w.-re be- 
loyv historical averages.

"T h e  dryness o f  the winter o f  1983-89 
has inh ib i ted  recovery f rom  the severe 
d ro u g h t  o f  I 9 S 3 , "  H e im  s a y '  " A t

I 9 5 j ' >  s u m m e r  peak ,  the  
d rough t covered 40 percent 
o f  the c o n t i g u o u s  U n i t e d  
States. App ro x im a te ly  one- 
t h i r J  o f  t h e  c o u n t r y  r e ­
mained in a severe long-term 
d ro ugh t  as o f  M a rch  1989. 
A lthough a lew areas o f  the 
coun try  a c tu a l ly  had above 
average p recip ita t ion dur ing 
this past w in te r ,  most regions 
had below no rma l or even re­
cord low p re c ip i ta t io n . "

Long-range forecasts from  
the Na t iona l Weather Service 
i n d ic a te  t h a t  ho t  and  d r y  
weather probably w i l l  affect 
m any  pa r ts  o f  the c o u n t r y  
in to the summer o f  1989.

The impac t o f  last yea r ’s 
prolonged d rough t has been 
eno rm ous .  I l  ru ined  c rops , 

^  devastated farmers, contr ib -
< uted to increased retail food 
;  prices, resu lted in more fo r -
< est fires, hindered navigabi l­

i ty  and restricted t ra f f i c  on the Missis­
s ipp i R iver , cu r ta i led  some hydroe lec­
t r ic  plant operat ions, adversely affected

• c o a s ta l  w e t la n d s  a nd  w i l d l i f e ,  and  
shrunk essential water supplies. Reser­
v o i r s  are d ow n  20 to  30 pe rcen t f o r  
American cities and counties.

Appear ing on N B C 's ,Today Show  in 
March , M ayo r  Thomas Whelan o f  A l ­
bany, N .Y . ,  stood inside his c i ty ’ s main

Am e rica n C ity & C o u n ty /J u n e 1909
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reservoir, and said, "O rd in a r i l y ,  a! This 
l ime o f  year, where I ’ m standing l ‘d be 
underwater. O u r  reservoir is now down 
abou t 4 b i l l i o n  ga l lons . W e ’ re ai the 
lowest p o in t  we 've experienced in the 
past 26 yea rs . "

Jay Leh r ,  executive d irec to r  o f  the 
N a t i o n a l  W e l l  W a te r  A s s o c i a t i o n  
(N W W A ) ,  sees the extended drought as 
a serious nat iona l prob lem , but not as 
an unmanageable crisis.

" T h e  Un ited States perceives itself to 
be fac ing an impending water crisis as 
the result o f  increasing drought cycles, 
the po ten t ia l fo r  a temperature increase 
r e s u l t in g  f r o m  the w id e ly  repo r ted  
greenhouse effect, na tura l ly  inadequate

surface and g ro u nd w a te r  supp lies in 
some reg ions and lo c a l i t ie s ,  and 
sources lost as the result o f  po l lu t io :  
he says.

"D oom sday  v iewpoints are based an 
extremely rough concep tua l models o f  
how the w o r ld ’ s weather pa tterns re 
changing. The reports evolve f rom  ! s- 
to r ica l weather data using bare ly .JO 
years o f  re co rds  to  p re d ic t  d im  te 
changes in a w o r ld  tha t is m i l l io n s  o f  
years o ld . "

L e h r  says th a t  m a jo r  changes  in 
weather or water supplies should  no; oe 
anticipated fo r  another 50 years.

"W e  can expect increasing demar Js 
on the a va i la b le  supp l ie s , bu t we . re

we ll  equ ipped  to  c o n t in u e  ba lanc ing  
supply and dem and , "  he says. "W e  w i l l  
not need new-fangled technology or the 
d iscovery o f  un tapped reservoirs. We 
s im p ly  need to  pu t in p lace e x is t in g  
concepts o f  water conse rva t ion , water 
resource p lanning, and reuse."

F rom  an e d u c a t io n a l  s t a n d p o in t ,  
Lehr says the most recent d rought is not 
all bad, "D ro u g h t ,  increased heat and 
reduced water supplies are now part o f  
ou r  sho r t - te rm  h is to ry .  Thus , fo r  the 
first t ime in recent years there is hope 
that widespread pub l ic  interest in c on ­
servat ion w o n ’ t dissolve w i th  the next 
burst o f  heavy ra in fa l l . "

A m e r ic a n  fa rmers  need to  be edu-

Arid Arizona City Conserves, Manages Water

W
ater management is serious business fo r  an area 
that receives I I  inches o f  rain a year and has two 
months o f  temperatures over 100 degrees.

In the a r id  southern A r izona  env ironment a round  T u c ­
son, water fo r  household use and irr igat ion is a treasured 
com m od i ty  that has spawned several decades o f  legislative 
and legal hait jes. Tucson is one o f  the largest cities in the 
wo r ld  that is dependent to ta l ly  on wells fo r its water needs. 
The Tucson Water Co. currently uses I9S wells to provide 
water to  553,152 customers in a 
285-square-mile service area.

The way that the city has cut 
its G o rd ian  knot o f  water crises 
has set an e xam p le  f o r  those 
lo o k in g  to  p ro te c t  th e i r  own 
supp l ie s .  T u cson 's  ac t ion  i n ­
c lu des  the  use o f  m a n da to ry  
m anag em en t  le g is la t io n  and 
v o l u n t a r y  c o n se r v a t io n  mea­
sures, fa rm land reclamation and 
the in s ta l la t io n  o f  h igh -qua l i ty  
m on ito r in g  and contro l devices.

T h e  m a in  cha l lenge  fac ing 
Tucsonans is f in d ing  a way to 
s to p  the  s teady  d e p le t io n  o f  
southern A r izona  groundwater 
reserves. The  u t i l i t y  estimates that water is being used at 
abou t tw ice the rate it is being replaced.

T h is  nega t ive  f le w  is seen as a c r i t ic a l  p rob lem  even 
though most o f  the city 's wells reach more than 400 feet into 
the water table. Since Tucson Water expects to be serving 
more than 900,000 customers w ith in  10 years, the u t i l i t y  has 
undertaken a number o f  new water conservation and supply 
e f fo r ts , .

"O n e  o f  the most importan t methods o f  conservation is 
to  have accura te meter ing th roughou t the sys tem ,"  says 
W i l l ia m  W r ig h t ,  adm in is tra tor o f  Tucson Wate r ’ s div is ion 
o f  wa te r  resources'. "A c cu ra te  metering provides the ac­
coun tab i l i t y  needed to tell how much water other conserva­
t ion  e f fo r ts  are sav ing ."

The u t i l i t y  uses MW 500  main line propeller-type f lowme­
ters manufac tu red  by the McCromete r D ivis ion o f  Keiema 
In c . ,  H em e t ,  C a l i f .  A b o u t  ISO are used to  measure the 
am o u n t  o f  wa te r  com ing  f r om  wells and 70 are used in 
booster p um p  applications.

W i t h  its f low  mcasurcmcri i apparatus in place, Tucson 
W a te r  is tack l ing  one o f  the most controversial measures o f  
the state’ s 1980 G roundwater Management Ac t, It requires 
tha t ,  by the year 2025. each o f  Ar izona 's  four active man­

Reclaimed wastewater Is used to Irrigate T: csorvgotf 
courses, parks and school grounds.

agement areas > alance the amount o f  water they are taking 
f r o m  the g rou  d w i th  the am oun t tha t is recharged a n ­
nual ly .

" W e  ca l l  it ur bank a c co u n t . "  W r ig h t  says. " W e  re­
charge water a: i  then we extract it. For every 12-month pe­
r io d ,  we try to -.avc a balance in the account where we did 
not extract m e . '  than was put i n . "

Cu rren t ly ,  re.harged water comes in the fo rm  o f  ra in fa l l  
and r u n o f f  fro : . the melt ing o f  distant snow , but the u t i l i ty

is s tudy ing  the use o f  t reated 
w a te r  f r o m  th e  lo c a l  P im a  
County Wastewater Plant. This 
water, which meets federal stan­
dards for p lant discharge, could 
receive fu r th e r  t rea tm en t and 
then be in je c te d  in to  unused 
wells to replenish the water ta ­
ble.

Reclaimed wastewater already 
is being used by the u t i l i ty  to i r ­
rigate several g o l f  courses, parks 
and school grounds in the city. 
Tucson W a te r  d ive r ts  abou t S 
m i l l i o n  ga l lo ns  a day  o f  (he 
plant discharge and. a f te r f i l te r ­
ing jn d  d is in fec t ion, sends jt to 

customers thrc .gh a separate water system.
The A r izona  Department o f  Na tu ra l Resources also has 

taken over ma-.agement o f  the Cen tra l A r izona  Project- 
Th is massive p .b l i c  works undertak ing is a water-delivery 
system that wi br ing about 219 b i l l ion  gallons o f  water a 
year f r o m  the Co lo rado  River to the Tucson area by 1992.

But the wate management program that has received the 
most a t tent ion n Tucson is a fu l ly  voluntary conservation 
p rogram  callec "Bea t the Peak ."

Residents  h. -e been heeding the d i re c t ive  o f  the p r o ­
g ram ’ s an ima t i  J mascot, "Pe te  the B eak ,"  to re fra in f rom  
water ing b e iw i . n  4 and S p .m . ,  and on ly  every other day. 
Average water ,;se per person in Tucson dropped f rom  205 
gallons a day t. 161 gallons since the program began.

W ith  all the ; atural water supply problems the c ity has to 
deal w i th ,  iher, is a br ighter side to the picture. For the past 
several years, "ac>on has claimed the semioff ic ia l d is t inc ­
t ion o f  having ie  na t ion ’ s best-tavting d r ink ing  water.

"W e  have w. n a number o f  water-tasting contests and we 
th in k  i t 's  beca. ou r wells are so o ld and so deep that the 
water is very p r e , "  W righ t says. " I t  seems f i t t ing  t l u t ,  in 
a place where t ere is bare'y enough water to  go around, fo r
some re json  it hou ld taste better than any where e lse." G
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v-jfW abou i low - lo s t  methods, 'u c h  as 
J r ip  o r  surge i r r i g a t i o n .  tha t can im ­
prove i r r ig a t io n  e f f ic iency  and reduce 
ihe groat l a s t i n g  o f  water that results 
f rom  c om m on  eonjer p i ' o i  sp r ink le rs ,  
l .eh r s as s. New s t ra in s  o f  g ra ins  and 
grasses can be deve loped to  f lo u r is h  
w ith  less water. A lso ,  in Just r> ean rec­
ogn ize  tha t  a l l  processes using water 
•hou ld be altered to  save water and re­
duce the size o f  the waste stream.

Increasing water supplies
Mun ic ipa l i t ies  can increase available 

water th rough  metering, leak detection 
and development o f  more sensible p r ic ­
ing policies, accord ing to Lehr.

•’ Mans c ihes s t i l l  d o n ' t  meter the ir

A
f t e r  an e a r t h q u a k e ,  e m e r ­
gency c rews are faced w i th  
f igh t ing  fires that b r e A  out as 

a result o f  b roken gas lines downed 
elec tr ic  lines and o the r q uake -dam ­
aged structures. The ir  abil ty to save 
lives and property depends o ften  on 
whether, water pipeline., surv ive the 
quake.

There has been a growing aware-, 
ness o f  the need to design pipelines 

. to w iths tand seismic events since the 
I9 7 |  S3n F e rn ando ,  C a l i f . ,  e a r th ­
quake knocked ou t between SCO and
1,000 p ipe l ines . The  lessons o f  this 
q u a k e  have n o t  been los t on  the 
M e t r o p o l i t a n  W a te r  D i s t r i c t  o f  
Southern C a l i fo rn ia ,  wh ich is m ak ­
ing seismic cond it ions  a top pr io r i ty  
in developing *  r.cw pipeline that will  
in te rconnec t the east branch o f  the 
C a l i fo rn ia  Aqueduc t w ith  the C o lo ­
rado R iver Aqueduc t .

The new p ipel ine w i l l  prov ide for 
the de l ivery o f  add i t io na l  water to 
the 14.6 m i l l io n  people l iv ing in the 
d is t r ic t ’ s s ix-county service area.

A l l  possib le routes fo r  the feeder 
s y s tem  c ro s s  o r  p a r a l l e l  m a jo r  
stretches o f  the San Andreas or other 
active fau lts . These routes orig inate 
n o r t h w e s t  o f  S3n B e r n a r d i n o  at 

.  Devil Canyon  Power Plant and ter­
m inate at the hijad o f  the San Diego 
Canal, about 40 miles to the south. 
P re l im ina ry  p lans ind ica te  the sys­
tem may be a comb ina t ion  o f  exist­
ing and new line-s, o r may consist en­
t ire ly  o f  new pipes. In  e i the r case, 
the m a jo r i ty  o f  the pipes w i l l  be un ­
de rg ro u nd ,  bu t po r t ions  o f  the line 
may be laid above g round o r in tun ­
nels, '

The scivmie risks led the dis tr ic t to 
undertake a comprehensive analysis 
o f  17 d i f f e r e n t  rou te s .  Dames k  
M oo re ,  Los Angeles, was retained to 
e va lua te  the se ism ic r isks c f  each

water; they jus t o f fe r  users a f la t ate 
fo r  al l the water they w a n t , "  he '  >x. 
" T h a i ' s  crazy. You can ’ t conserve va­
lor i f  people have no idea about ow 
much they are using. I f  there iv nc in ­
centive fo r people to not waste w_ :e r ,  
they w i l l  waste it,

" T h e  average A m e r ic a n  comm u its 
loses nearly one-th ird o f  a ll o f  iis w ter 
f r o m  leaks th r o u g h  i ts  d i s t r i b u :  on 
pipes. Today ,  there are techn ique - to 
repair and eliminate leaks — such a- in ­
sertion o f  plastic liners in pipes — iiat 
could help prevent the loss o f  great ol- 
utnes o f  water.

" F u r t h e rm o re ,  m any  com m  up. icv 
that sell a lot o f  water actua l ly  enc ar- 
age jvaste through reverse pr ic ing. Tttey

proposed route based on several v a r ­
iab les , in c lu d in g  d i f f e r e n t  ea r th  
quake scenarios, the impact o f  sepa­
rate seismic events, and the per fo r 
mance o f  two types o f  undergrour. 
pipelines (steel and concrete) and o r .  
general class o f  tunnels.

T he  systems a na ly s is  w3s per 
formed w ith  the aid o f  a proprie tor • 
c o m p u te r  m ode l k n o w n  as O U T  
A C E ,  wh ich  was deve loped o r ig  
na l ly  under a g ran t  f r o m  the N a ­
t i o n a l  Sc ience F o u n d a t i o n .  T h . . 
model brings together da ta on sei • 
m ic hazards, p ipe l ine vu ln e rab i l i t y ,  
system topologies, and pipeline p-er 
formance criteria. .

E ight ea r thquake scenarios v e t .  
selected for the modeling process -  
fou r were modeled along segments c ' 
the San Andreas fa u l t ,  three a lo r  
p o r t io n s  o f  the San Ja c in to  fa u l t ,  
and one along the length o f  the C l - 
eamonga fault.

A  key part o f  the analysis was ; 
iden t i fy  the specif ic rou te  segment 
subject to ea rthquake-re l3 ted o u t ­
ages and damages. The  analysis w :  i
ab le  to  id e n t i f y  segmen ts  o f  th  '
a l ig nm en t o f  spec i f ic  se ism ic cor. 
cerns and determine the importance ■
o f  p ipe ma te r ia l  to  p e r fo rm an ce  
Seismic vu ln e rab i l i ty  was measure : 
by the expected num be r  o f  repai.  '
and th :  p robab i l i ty  o f  fa i lure. W it  
this data, the d is tr ic t w i l l  be able i
compare expected damage costs w i:  . j
con s t ru c t io n  costs and  de te rm ine  
whether designing to a higher c o n ­
s truc t ion  level w ou ld  be wa rran ts ' !  j
f rom  an economic s tandpoin t.

In a dd i t io n ,  the f i rm .adv ised  the 
dis tr ic t on the general seismic desic •, j
concepts aimed at m i t ig a t in g  ear th - i
quake  damages in  areas where the 
p ip e l in e  crosses f a u l t s  o r  passes 
th rough soils susceptible to 
l iquefact ion.

o f f e r  a quan t i ty  d iscount — the more 
you buy, the less it costs. Pricing should 
be changed so that your f irst draws are 
cheap, then i f  you want more you pay- 
more. Thai way, users w i l l  determine i f  
they really need the add it iona l w a te r . "

Evert though home water use rep re ­
sents just 6 or, 7 percent o f  to ta l com ­
m un ity  consumption, pub l ic  education 
about conserva t ion may have s ig n i f i ­
cant benefits. "W e  need to make peo­
ple aware o f  s i l ly wasting o f  water in 
th e i r  own  homes, l ike  excessive lawn 
w a te r in g , "  Lehr says. " I n  a d d i t io n  to 
saving domestic water, pub l ic  education 
has a psycholog ica l benef it .  W i l l i  the 
r ight mindset, people are more l ike ly to 
vote for a bond issue, for example, that 
raises capital for a new leak defection or 
m e lc i in g  p rog ram . Pub l ic  e duca t ion  
convinces consumers that they are an 
Importan t part o f  the s o lu t io n . "

Conserva t ion  at home means teach­
ing people how to  water th e i r  lawns; 
consumers should know how much wa ­
ter is really useful in tu r f  maintenance. 
Many commun it ies  are imp lemen t ing  
low - f low  to ilet programs. Years agq. 
toilets u-cd S gallons to f lush, but m od ­
ern to i le ts can use 3.5 ga l lons , or 1.6 
gallons, to Hush w ithout creating sew­
age impediments down the line. A lso , as 
the pub l ic  continues to use shower re- 
s tr ic to rs , low - f low  cycles fo r  washing 
Jish.es anJ clothes, and o ther conserva­
tion techniques, they realize they ean get 
by comfor tab ly  w ith  less water.

To  emphasize the need lo r  long-range 
p lann ing and to commun ica te  exist ing 
solutions to d toughi-re la ied water m an ­
agement problems, the N 'W W A  is he lp ­
ing produce a ma jo r jo in t  venture con ­
ference and evposit ion. P rogram  p lan­
n in g  f o r  Conse rv  ‘ 90 to  be he ld  in  
Phoen ix , in August 1990, is co -spon ­
sored by the N \Y \Y A ,  the A m e r ic a n  
Wate r W orks -Assoc ia t ion ,  the A m e r i ­
can Water Resources Assoc ia t ion, and 
the Am e r ic an  Society o f  C i v i l  E n g i ­
neers. These fou r professional associa­
t ions have combined membersh ips o f  
more than 170,000.

"W o  believe that Conserv '90 w i l l  be 
the biggest collective water focus meet­
ing ever held in the U n i te d  S ta te s , "  
Lehr says. " T h i s  unprecedented event 
o f  technology and in fo rm a t ion  sharing 
w i l l  be p re sen ted  by c o n s e r v a t i o n  
professionals who have water manage­
ment so lu t ions  fo r  the 1990s and be ­
y o n d . "

Conserv '90 w i l l  assist decision m ak ­
ers. peop le who make everyday d e c i ­
sions about how water is produced, d is ­
tr ibu ted  and consumed in the na t ion .  
But "w e  encourage and expect a t ten ­
dance f rom  lawmakers, city managers, 
industr ia l engineers, environmental is ts 
and , in fac t ,  everyone in  the U n ite d  
States who needs to prepare fo r ih c  u n ­
avoidable national anJ regional changes 
in demand for and d is tr ibu t ion  o f  water

Seismic Risks Affect Wafer
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resources in the next decade," Lehr
• says:

Continual supply problems
According to Lehr, Phoenix is an 

ideal selling for the-conference. Lo­
cated in a semi-arid desert climate, the 
nation's ninth largest city continually 
faces potential water supply problems. 
On the positive side, the city has devel­
oped one o f the best water conservation 
programs in the country.
Phoenix is located within the north­

ern reaches o f the Sonoran Desert. The 
city experiences hot weather lasting 
about six months, summer tempera­
tures that frequently climb over 100 de­
grees F, and an average rainfall o f only 
7 inches per year.
Within the past 10Q years, historical 

records show that the Salt River Valley, 
from which the .city receives most o f its 
water supply, has experienced droughts 
up to 10 years in duration. In addition 
to addressing concerns about unreliable 
precipitation, the city faces many other 
pressures on its water supply including 
rapid population growth, restrictive 
state legislation, concern about water 
quality (particularly from contaminated 
groundwater wells), unresolved water 
rights claims, and reservoirs too small to 
hold runoff during wet years.
Brenda Chapman, water conserva­

tion coordinator for [he city's Vater 
Conservation and Resources Divi ion, 
says, "Fo r tuna te ly , Phoenix w. s in 
good shape during the national drought 
of 1988, although we did not read top 
water produc t ion numbers o f oast 
years. However, i f there is low- sno - fall 
this winter, we could face water short­
age problems as soon as 1990."
According to Chapman, the k iy to 

weathering current and future drot ghts 
is implementing a comprehensive \-ater 
conservation program —  one that max- • 
imizes the efficiency o f water use •. hile 
assuring equitable impact on all cus­
tomers.
Phoeni.V has had an aggressive con­

servation program since 1982.-The pro­
gram was initially designed in response 
to the 1980 Arizona Groundwater Man­
agement Act, which mandates that after 
the year 2025 .users in Phoenix ccn no 
longer pump groundwater faster :han 
the groundwater is naturally or ar t i f i ­
cially replenished. Groundwater has 
been a primary source in 400 o f F hoe- 
nix ’s total 600 square miles o f se-vice 
area. *
Relying on a variety of corners ..tion 

measures, Phoenix's annual per c .pita 
consumption rate since 1982 has been 
reduced by more than 6 percent (the 
1980 figure o f 267 gallons per person 
per aay was cut to 247 gallons per per­

son per day in 1987). The water de­
mand reduction resulted from a public 
awareness and education program, wa­
ter rate increases and rate structure re­
visions, building code revisions requir­
ing water conservation fixtures, and an 
emergency plumbing fixture retrofit 
program.
The public awareness program, initi­

aled in 1982, educates businesses and 
individuals about wise water use. Infor­
mation about low water use landscap­
ing and irrigation is being disseminated 
to homeowners and developers.
The high profile public awareness and 

education program uses television and 
radiq public service announcements, 
newsletters, bill inserts, billboards, bus 
signs, bus bench advertising, commu­
nity and trade show exhibits, and p1 - ■ 
sentations to professional and civic oi- 
ganizations. The program has a small 
advertising budget —  S25.000 —  but it 
has relied extensively on free local me­
dia coverage, as well as space donations 
from outdoor advertising companies. 
By the end o f 1987, 4 mill ion educa­
t iona l brochures were distr ibuted, 
$240,000 was donated for public service- 
air time, and Water Conservation O f­
fice staff participated in six trade shows 
and community festivals that attracted 
more than 500,000 area residents.
Chapman says that rate increases and

Mansfield Expands Wafer Treatment System
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I n 1983, Mansfield, Texas, had a population o f 9,450. 
However, due to its strategic location between Dallas and 
Ft. Worth, this soon changed. By 1986, Mansfield had 

experienced a 7 to 8 percent growth spurt, which brought 
the population up to .14,658.
Unfortunately, what was'good for the city economically 

boded ill for the c ity ’s water supply. Mansfie ld ’ s water 
treatment plant could produce only 3 million gallons a day 
(mgd), which was not enough to sat:sfy the needs o f its 
growing oopulation. The 
city began looking at ways I 
to expand its water treat-1
ment plant and t-he e x -B r , > K A a r j f
pansion plan it chose won U l  ' w c r / "
f irst place in the water 
supply category o f American City & C ounty’s 19S8. Awards 
of Merit.
Raiher than adding on to the old treatment system, 

Mansfield hired Camp Dresser and McKee, Boston, to de­
sign a new system to work in conjunction with the old. The 
new system produces 7 mgd. Combined with the old plant’s 
production capability, Mansfield now has 10 mgd of treated 
water for its population o f 15,726.
According to Chris Burkett, director of.planning devel­

opments and city engineer, the design o f the addition easily 
lends itself to further expansion. "The next time we ex­
pand, we’ll take the old plant out of service," he says, " I f  
we duplicate the new plant adjacent to itself, we pick up an­
other 7 mgd. We can get up to 56 mgd with more additions 
—  all on the original four-acre site. Under (he old system, 
with additions, we coutd have produced only 15 mgd on that 
site."

Funding : or the expansion came from city revenue bonds 
issued in 1935. A S5.6 million allotment was provided, but 
the-plant actually cost $4.9 million. Burkett attributes the 
savings to conditions brought on by statewide economic 
difficulties. "There was less work for the contractors so they 
bid cheaper." he says. "What was bad for them was good 
for us." The remaining S700.000 went toward improve­
ments on the original plant.
An important feature o f the new plant’s design is the 

ability to 3 Id energy-pro'ducing turbines for utilizing in­
coming wattr pressure. The turbines will be cost-effective 
when water tlows are at twice their current rate. They have 
not been in-tailed yet, but Burkett says, "We've nyade pro­
visions for them to be installed in the next stage."
The advc it o f this stage depends on Mansfield's popula­

tion growt! , which has slowed, and the Texas economy. 
"Hopefully the economy will pick up in the next seven years 
and we'll install lhem," he says.
For the present, "Mansfield is holding its own" econom­

ically and i emographically, and the new water treatmert 
system is pi aviding ample water for its citizens.
Not content with a facility that was merely practical, 

Mansfield \ anted it to be attractive as well. The plant was 
designed to be compatible architecturally With its surround- 
ing commu tity, which includes a school, a church, and a 
residential r-rea. □

This article v- j s  written by Jennifer Carlile, editorial assistant 
fo r Amrricai. City & Count).
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rate structure revis ions are ihe most e f ­

fective demand management (ools.

" P h o e n ix  raised i ls rates and revised 

its  w ater  rate s t ruc tu re  to encourage  
water conservation among high-use cus­
tomers . The water rate changed from 

a lmost Hat rate to an increasing block 
rate  ‘ chedu le . P r ic in g  policy changes 

helped us save 10,000 acre feet per year 

( 9  m il l ion  g a l lo n s )  o f  water by 1 9 8 5 , "  

she says . The Phoeniv  water system me­
ters 99  percent o f  its water billed to cus­
to m e r s ,  so  th e re  is l i t t le  more to be 

gained .
Bu i ld ing  code rev is ions ,  intended to 

reduce  sewer f lo w s ,  a l so  helped co n ­
serve water . By  19S5, partia l com p li ­
ance  w ith the code saved the city ap ­
proximately ?,Q00 acre feet per year (2 
m i l l io n  g a l l o n s ) .  A lso ,  th rough  an 
emergency  retro f i t  p lum b ing  f ixture 
p rogram , low-flow shower devices and 

toilet dam s were installed in more than

4 0 , 0 0 0  homes.
••Overall, these demand management

programs have reduced water ccmand 

by 2 2 ,000  acre feel per year, or 19 m il ­

l ion g a l l o n s . 1’ C h ap m an  say s  " B u t  
more needs to be done i f  Phoer ix  is to 

achieve its goal o f  10 percent pe: capita 
water demand reduction in 1990 and 20 

percent reduction by 2000, 3 j  compared 

with 1 9 8 0 . "
The newest strategies include p lumb­

ing codes that require use o f I,••gallon 
flush toilets by 1991; promoting water- 
conserving, drought-tolerant la E s c ap ­

ing; audit ing large turf fac i l i t ie s  modi­
fy ing the inc rea sed  block rate s t ruc ­
tures; m in im iz ing  lost or unaccounted 
for water to less than 10 percent o f w a ­
ter produced: and continuing c .ve lop- 
ment o f  public education programs.

"A dd it iona l augmentation O’ Phoe­

n ix 's  water resources and imp!.:menta­
tion o f  water conservation progr m s  are 
nece ssa ry  to p rov ide  adequate water 
supplies into the 21st century,' Chap ­
man says . "R e sou rce  augmenta .on ac­
tivit ies — such  as purchas ing  and to

acqu ire  a s so c ia ted  w ater  r i g h t s ,  r e ­

c la im ing  wastewater and recharg ing  

groundwater — will be expensive. To 
lessen the burden of the expense a s soc i­
ated with resources augmentat ion , the 

citizens o f  Phoenix are helping us by e f ­

fectively conserving water today ."
Costs for administrat ion and im p le ­

mentation o f  Phoenix 's  I 9 88 - I9S9  w a ­
ter conservation programs will exceed

S I . 5 mill ion.
Most o f California suffered through 

extreme drought in 1988, and many re­
g ion s  o f  the state con t inue  to have  

p rob lem s th is  year .  M a r in  C o u n ty ,  
north o f San Francisco, experienced the 
driest 32 consecutive months on record 
through February 1989. Ronald J o h n ­
son, general manager of the Marin M u ­
nicipal Water District. sr.ys, "U n t i l  we 
received heavy rainfalls in March 1989, 
our reservoirs were down 50 percent or 
more from normal levels.

" D u r i n g  the recent m ost s e ve re  
drought, our board o f directors in s t i ­
tuted measures requiring 35 percent w a ­
ter rationing, and also enacted an o rd i­
nance to ban new 'se rv ic^ ,connect ion s  
until sufficient water supplies are a v a i l ­
able. In addit ion , we managed several 
ongoing conservation activities, such as 
installing low-flovy showerheads and u l­
tra low-flow toilets , checking our 830  
miles o f  pipeline for leaks ,  restr ict ing 
turf irrigation , inst ituting an inverted 
tier pricing system, and employ ing re ­

claimed wastewater for landscaping ir ­
rigation. Combined, all o f  these ac t iv i­

ties helped us achieve an IS percent re­
duct ion in water use from M ay  I9 S 8  

through March I 9 S 9 ,"  Johnson says.
B e fo re  the recent d ro u g h t ,  M a r in  

County spent about $ 30 0 ,0 0 0  per year 

on conservation programs and public  
educat ion : I9SS -19S9  costs exceeded 

$500 ,000 .

Voluntary conservation
Like many other cities and 'towns in 

Southern C a l i fo rn ia ,  P a s ad en a  in s t i ­
tuted voluntary conservat ion .measures 
in I9SS; the measures resulted in an S 
percent reduction in water use. M ary  
Ann Long , the c ity ’s conservat ion co ­
ordinator, says that residents were asked 
to water lawns after 5 p .m . and every 
third day, use a shutoff valve when car 
w ash in g ,  and stop f i l l in g  or re f i l l in g  
sw im m in g  p o o l s .  A l s o ,  u n le s s  r e ­
quested, no water was vcrved in restau­
ran ts .and  fi l l ing decorative foun ta in s  
and ponds was prohibited.

The Metropolitan Water D istr ict o f  

Southern Ca l ifo rn ia  now is o f fe r in g  a 
credit program through which P a sade ­
na 's  conservation department w il l  re­
ceive S75 for every acre foot o f  water 
saved.

Pa lm  Desert , e a s i  o f  Lo s  A nge le s ,  
began using drought-to lerant median 
landscaping in I9S6 . John W oh lm uth , 
senior administrat ive ass istant for the

j S h r e v e p o r t  A u t o m a t e s  S y s t e m

S h revepo rt ,  l a . ,  has in sta l led  
four fully automated Rio Linda 
chlorine dioxide generators as 

a key part o f  the c ity ’s 1985 water 
! .and sewer capital improvements pro­

gram about to near completion.
T w o  o f  the four fully automated 

; chlorine dioxide systems went on line

j Ju ly  I ,  19SS. Thorough test results
document chlorine dioxide yields of 

I 9 5  to 9 8  percent .  Th is  is 2 0  to 23
| percent better than the manual sys-

I tern prev iou s ly  used in Shreveport,

! and  cons is ten t ly  higher than other

j types o f  chlorine dioxide generation

systems ava i lab le .
" T h e r e  are  lots o f  other ways to 

j con tro l  o f f - f l a v o r s  and odor , but
! u n l i k e  ch lo r in e  d iox ide  they can 't

a l so  p ro v id e  a pow er fu l and  long - 
last ing  dis infecting residual through- 

I out the a lm o s t  1,000 m iles o f  our
water  s y s t e m , "  says  J .B .  W il l iam s ,  

j the superintendent d f the water pu-
i r i f lcat ion d iv is ion . ‘

A ll four generators ,  supplied by
I F i s c h e r  & P o r te r  C om pany ,  W ar -
j m in s te r ,  P a . ,  have m icroprocessor-
; based contro ls . Data from the auto-
' mated operation o f  the systems will

be up loaded  to Shreveport’s rnain- 
• ■ frame and P C s  where it can be total­

ized.
In the ear ly  1980s ,  under the a d ­

vice o f  B b c k  &  Veatch, Dal las ,  the 
city  in s ta l led  m anua l chlorine d io x ­
ide generators . To keep pace with its 
popu lat ion grow th , Shreveport in it i ­
ated its 1985 Water and Sewer Capi- ' 
ta t Im p ro v e m e n t s  P ro g ra m .  T h i s  
project added two new J-million-gal-

Ion water s torage reservoirs l c  in ­
creas ing capacity to 93 m il l io r  g a l ­
lons per day ,  and an u p g r a d i r : of 
the manual chlorine d i c i d e  >y; :rr.s.

The JSio L ind a  system generates 
ch lo r in e  d io x id e  g a s  by auto: ati- . 
ca llv  m ix ing  sod ium  chlorite ! quid 
and chlorine cas under vacuum Ad­

just ing the dosage a lso  is autor. atic. 

Ph il l ip  Leon, ch ief supervisor c ' op­
e r a t io n s ,  s a y s ,  " F o r  S h r e v e .o r t ,  

fully automated generation and dos­

a ge  m ean s  low er  c h em ic a l  co s t s ,  
h igher y ie ld s ,  increased safety , and 

the abil ity  to totalize our data.

B ecau se  op e ra t in g  and m .  me- 
nance costs o f  ch lor ine dioxic.- are 
low compared  to other disinf-o:: ion j

methods, Shreveport was able :o in- j
s ta l l four ch lo r ine  d ioxide genera ­
tors .  The genera to rs  are rotat.-d in j

and out o f  service two at a lirr..\ al- ;
low in g  rou t in e  m a in tenance  ta be j

performed w ith no downtime.
According to W il l iam s,  " F a c  iities 

are at 65  m i l l io n  g a l lo n s  per day. I 
W ith  the two new 5 -m i l l io n -g l i lo n  
w a te r  s to r a g e  r e s e r v o i r s ,  we w i l l  
reach 93 m il l io n .  The  expans ion is 
p r im ar i ly  for projected population 

g row th .  We d o n ’t want to exeand  
too la te .  W e  w an t  the sam e  h igh  
quality  o f  water we have now t< stay 

with us as we grow . Also, we a! eady 
have some m a jo r  industr ie s  a: ound 
here that requ ire  good water , and 
hopefu l ly  our abundan t suppl; will 
attract more. The quality o f  ou- w a ­
ter a l low s  most industr ie s  to .se it 
fo r  the ir  p ro ce s se s  w ithout treat- 
ment .”  □
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city , say s  the  p rogram  has been quite 

JlkVWlfu l,
"T h e  city is now insta lLng green, lush 

drought-to lerant landscap ing  on street 
m ed ian s  o ve r  a th re e -m i le  a r e a , "  he 
s a y s .  " A l s o ,  the c i ty  c o u n c i l  h a s  a p ­

p roved  the  u se  o f  d r o u g h t - t o l e r a n t  

l and scap ing  in front o f  deve lopments 
and b u i ld in g s ,  in stead  o f . g r a s s ,  pa lms 
and other o a s i s - lo o k in g  m ate r ia l s .  We 
have determ ined  that g r a s s  and  t a lms 

cost about 16 cents per square foot to 
maintain versus only 4 cents per square 
foot for drought-to lerant m a te r ia l s . "

Cities and  counties in the arid Sou th ­
west were not the only localit ies hurt by 
last s e a r ’s d rought .  Hugh W ilk in s ,  wa- 
ier p lan t s u p e rv i s o r  . for Great F a l l s .  
M ont.,  sa v s  that .wh ile  19SS was an ex­
t rem e ly  d ry  year  for. h i s  c i ty ,  it w as  
made worse  because the munic ipa l wa- ' 
ter plant *• as under construction .

" T h e  .Missouri R ive r ,  odr  source o f 
potable water ,  was down 2 feet in I9SS. 

What m it igated the problem is that our 
customers  a re  metered, and  metering 

helps prevent the wasting o f  water. Now 

people check the weather forecast to see 

if  it is go ing  to ra in before they irrigate 

c ro p s , "  he says .
" T w o  drought-re lated problems were 

water aesthetics and smoke . We had a 
lot o f  a lgae  b looms in the hot, dry sum ­
mer o f  1 9SS ;  as  a resu lt ,  people com ­
plained abou t  taste  and odor in  t h e i r '

O f f - P e Q k  P u m p i n g  Reflects S a v i n g si

D eKalb , 111., has been pumj ng 
id  d r in k in g  water o f f -p  ak 
for a lmost a year, a prac ice 

i (hat show s p rom ise  o f  meeting an 

! expected S 150 ,0 00  reduction in in- 
nua l e lec tr ica l  co s ts  for the c i ty ' s  
water division.

Electr ic bi lls averaged S24S .SS : in 
the f ive -year  period between J .  ne 
1933 and June I9SS. The I9S9 bi. is 

projected to total $102 ,600 . That a 
savings of S I 4 6 .2 S I ,  or 59.8  per. ml 
o f  the gross electric bill, and a sav ­
ings o f  6 4 . 6  percent on.rhe potable 
water pumping portion o f that bi. .

Off-peak pumping is possible re ­
cause  o f  a tw o -year  bu i ld ing  p o -  

1 gram. This includes construction of 
two elevated storage tanks with r a ­
pac it ie s  o f  2 m i l l io n  g a l lo n s  e a rn ,  

i two 1 ,200 -ga l lon -per -m inute  w t Is, 
about six miles o f  new warer mams, 

and the insta l lation of an automa ed 

; and computerized control system.
D eK a lb ’s updated  water sy s t rm  

serves 33 ,00 0  citizens, Northern .li* 
nois Univers ity (the second la r . r s t  

university in the st3te), and a c rew ­
ing bu s ine ss/ industry  contingency.

; Daily  consumption averages 4 .2  n i l -  
j lion gallons.

Each of DoKalb’i elevated 
storage tanks hold 2 million 
gallons of water.

The project was financed through 

a 20-vear, S5.3 mill ion genera! ob l i­
gation bond issue and a user rate in ­

crease. The rate increase was immi­

nent e*en if  the improvements had 

not been made.

This crude hot *ntten by Ron 
Saylor, director of public *o r is  for 
DeKa>b, III.

W h e n  y o u  

n e e d  t o  m a k e  

a  d e c i s i o n . . .

You a r e  co n f ro n te d  w ith  d e c i s io n s  on  a  dai ly  
•basis. A m o n g  the  m o s t  co m p le x  o f  the se  
c o n c e r n  e n v i r o n m e n t a l  i s s u e s a n d  re la ted  

' f a c i l i t i e s .  Many t im e s ,  t h e s e  d e c i s io n s  ca ll  for 
im m e d i a t e  a t t e n t io n  a n d  innovat iv  e  th in k in g  
fo llow e d  by  s o u n d  e n g in e e r in g .  T h i s  c a l l s  

. . fo ra  c o m p a n y  l ike  WESTOM. . .

A t  t h e  

d r o p  o f  a  h a t .

S im p l i f y  y o u r d e c i s io n -m a k in g . . . c a l l  u s  today 
a l  th e  d r o p  o f  a  ha t .

Roy F. W eston. Inc. ■ 
Weston Way 
West Chester. PA 19380 
(215) 692-3030
48 Offices nationwide

V j a t e r R e s o u r c e s
c o xefD

Asbestos IVIanagement
C O O O & C C K U U r C S
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water. Also. the wit> w j*  enshrouded in 

smoke j II >ummer dui: to major forest 
fit ex n surrounding a r e a s , "  hi* says,

C roat F a l l s  r e c e iv ed  a rooord To 

inehes o f  snow fa l l  th is  past winter, so 

W ilk ins does not expect drought prob­
lems in 19>9, However, he is concerned 

about b u rno f f  from the great fires at 

Ye l low stone  N at ion a l  P a r k .  located 

abou t  150 m ile s  f rom  the c i t s .  The 

smoke from Yellowstone has contami­

nated the Gelat in  R ise r ,  the Madison 

R iser , and the Yellowstone Basin , all of 
wh ich floss to Great F a l l s  b> was o f 

MiS'Ours Riser drainage.
Bill Teje, ass istant deputy director ai 

the California Department o f  Forestry 
and Fire Protection, >a>s the state had 
more fires and more fire damage than 
u su a l  b ecau se  o f  the I9SS  d rough t .  
" T h e  state spent tens o f  m i l l io n s  of 
do l la r s  to f ight f i re s ; the money was 
needed to add extra people to ehgine 
com pan ie s ,  to keep a irc ra f t  on^ hold 
longer than in normal sear s  (fire'fight- 

ing helicopters general!) are dismissed in 
the.earlx f a l l ) ,  and to move resources ~ 
back and forth in an t ic ipat ion  of ness 
tires ,” he says.

M uch  o f  the M id w e s t ,  in c lu d in g  
mans C h icago  su b u rb s ,  were water- 
short in I95S. In Oak Brook, a Chicago 
suburb , the com m un ity 's  " , 5 0 0  water 
cu s tom er s  m an ag ed  to d r a in  dry all 
three of the c ity ’s reserve storage tanks

over one weekend last June. Jails con ­
sum pt ion  increased from !•.-s than a 
mil l ion gallons lo 9 million c. Ions. Be­
cause the^'uburb's live wells auld pro ­

duce only 6 mill ion gallons s .il>. P u b ­
lic W ork s  Superin tendent Tom Lane 

placed a ban on washing car* .r,d fill ing 

pools. Lawn sprinkling was I -nied to a 

maximum o f  12 hours week Is
I ane say > that the cits now is drill ing 

a new I mil lion-gallon well ,. td a lso is 

bu i ld ing a ness '  m il l ion-ga on reser­

voir, which will double Oak F • oak ' s  re­

serve storage capacity .
Unlike Oak Brook, mans :her C h i ­

cago suburbs are reluctant :c make ex ­

tensive improvements bccau- tints are 
s c h ed u led  to get w a te r  fr >m L a k e  
M ich igan  in a d ive r s ion  be., .m ine in 
1992. But Darnel In je rd ,  a -vater re ­

sources specialist for the state say* that 
Il l inois intends to get stingier about re­
moving water from Lake M i. rigan. He 
sa ss  the state also mas requir. — rather 

than encourage — all cities ta- ping into 
diversion water to adopt law- -.•strictm.g 

lawn sprinkling and other e - d o o r  wa- 
ter uses,

Wastewater reclamatic n
Pa sco  C o u n t s .  F la . ,  j l> :  -.orth o f 

Tampa, has developed a regie 4! waste* 
w a fe r  re c lam a t ion  progratr that a t ­
tacked both, increased sewage r-.atm.-n: 
needs j n d  d .m inishm g w jte : - ..pp i 14 -

Two ness treatment plants will expand 

the counts 's  sewage treatment capacity. 
When completed, the counts will d i s ­

pose o f treated eff luent at one of two 
percolation pond sites near one o f the 
treatment plant sites, a l lowing effluent 

to recharge the local groundwater once 

n percolates through the soil. Local golf 
courses will serve as land applicat ion 

sites.
" A p p l y i n g  the  e f f l u e n t  to g o l f  , 

courses actual!) achieves a higher de ­

gree o f  r e u s e ,”  s a s s  W ayne  W e lch ,  

CH2M Hil l 's  project manager. “ By u s ­

ing eff luent in place o f potable water 
for spray irrigation, go lf  course opera­
tors recharge d r ink ing  water supplies 
rather than deplete them. Recharge also 
helps p resent sa ltwater  in tru s ion  o f  

groundwate r  from the G u l f  o f  M ex ­
ico ."

Bruce Adams is director o f  land and 
ssater p lann ing for the South Florida 

Water Management Authority , which 
".•f.Cs a ITOOO-square-mile region south 
o f  O r lando  from east to west coast .  
A dan i '  a lso  is na t iona l pres ident o f  
Xer i ' .ape ,  a program to achieve water 
conservation through u*e o f  drought- 
tolerant landscaping.

" I n  south Florida, like much o f the 
Southeast and West, we must find bet­
ter ways to balance the rising water de ­
mand* o f  a growmg population with the 
reality ot limited water supplies ,* ' he

SYSTEMS:
• Hydraulic 
Backwash
• AirAYaier 
Backwash ,
• Alternate 
Underdrain 
Materials
• Automatic 
Filter Control 
Systems/ 
Components

EQUIPMENT:
• Troughs
• Agitators
• Weirs
• Baffles
• G3tes
• Guides
• Clarifiers
• Flumes
• Controllers
• Recorders
• Transmitters
• Flow Tubes

SERVICES:
• Parts
• Retrofit
• Field Supervision
• Technical Support
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s  W A S H  S Y S T E M S  

A R E  E N G I N E E R E D  T O  L A S T !

Our w a s h  s y s t e m s  o f fe r  s o m e  of the  lo w e s t  
o p e -a t in g  c o s t s  in the  indu s t ry .  W e  fe a tu re  w a s h  
s y s ' - z m s  for all s i z e s  of v e h ic l e s ,  w a t e r  recovery  

s y s z m s  and  a fu ll l in e  o l  a c c e s s o r i e s .  Fo r  

in lc  m a t io n  on N/S s y s t e m s ,  c a l l  M ike  C ree l 

( o u : : ide CA) 1 -8 0 0 -7 82 -1 58 2 .  f l n s id e  CA) 2 1 3 -4 1 2 -  
707-t

N/S Corporation
2 35  .V. F lo r e n c e  Ave., L o s  A n g e le s .  CA 9 03 0 1
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s a y s .  M an y  p a r t s  o f  F lo r id a  were hit 
h a rd  by the  recent lack  o f  r a in f a l l ;  

through M arch o f  1959, total precipita­

tion was only 4? percent o f  normal. As 

a result, many municipalit ies instituted 
mandatory 15 to 30 percent cutbacks in 

water use.

Much o f  F lor ida relies on groundwa­
ter supp l ie s ;  un fo rtunate ly ,  the water 
generally  comes from shallow aquifers. 

Thus ,  dr i l l ing  deeper wells will not help 

solve shortage problems.
To he lp  reduce water demand, Ad­

ams advocates use o f  creative conserva­

tion p rogram s .  "X e r i s c a p e  originated 

w ith the Denver Water D epartm e it  in 
response to severe I9SI drought condi­
t ion s ;  the p ro g r a m 's  p r inc ip le s  were 
further d e v e l o p  through experience in 
a number o f  semi-arid, western state-.."  
he says'.

" T h e  term Xer iscape  simply means 
using water conserving, drought-toler­
ant mater ia ls  that do not require special 
a t ten t ion  to grow properly. Xeriscape 
mater ia ls  will survive and Houri-h with 

comparat ive ly  litt le supplementa l ir r i ­
gat ion . Approximately one-half o f  the 

per cap ita  water demand in urban area> 
o f  south and central Florida is for out­
d o o r  u se .  A p p l i c a t io n  o f  X er i sc ape  
la n d s c a p in g ,  u s in g  m ate r ia l s  such as 
o ak s ,  p ines ,  c itrus, daylil l ies and many 
pa lm s,  can signif icantly reduce outdoor 
water u s e , "  he says.

W ith  reserxo ir  levels at ju st  55 per­
cent instead o f  the normal 91 percent, 
New Y o r k  City M ayor Edw ard  Koch 

declared a wide range o f  drought emer­

gency measures on March 2 2 ,1 9 5 9 .

W arn ing  that "New  York will not be 

as green a s usua l this y e a r , "  the mayor 

sa id ,  " w e  are banning or cutting back 
on the non-essentia l use o f  water in or­

der to keep the reservoirs as full as pos­
sible. All o f  us have to comply with the 
r e s t r ic t io n s  and  change  our persona l 
h ab i t s  ar hom e. Ju st  ob se rv ing  these 
new re s t r ic t io n s  is  not enough . New 
Yorkers  must use as little water as pos­
sible in their da i ly  lives. The city is de­
pending on its c it izens to pull through 

this c r i s i s . "
New Y o r k ' s  mandatory restr ictions 

include a ban on watering lawns, shrubs 
and  ga rden s ;  a m andatory  20 percent 

cutback in water use by all businesses; a 
ban on wash ing  any vehicle with a W e  
or with water from a hydrant; a ban on 
w a sh in g  dow n  s id ew a lk s ,  d r iveway s ,  
steps or the exteriors o f  buildings; a ban 
on ihe ornamenta l use o f  water, includ­
ing foun ta in s ,  waterfa l ls  and reflecting 
pools, even i f  these recirculate the wa ­
ter; a requirement that commercial car 
w a sh e s  u se  welt water ;  and a ban  on 
f i l l ing private svtimming pools.

The var ious restrictions have enforce­
ment f ines ranging from S 100 to S I , 000 
for repeat v io lators.

P l a n s  are  under way for the city to 
pump up to 100 m il l ion 'gallons a day of

Amorlcan Ctly & County/Juno 1989

Hudson River water to augmen: 
voir supplies . The city also is st. 

up a long-term metering progra 

10-year p lan  c a l l s  for in sta l la :  

6 0 0 , 0 0 0  re s iden t ia l  w ater  mete: 

commercial and industr ial buildi: 

ready have meters. .
" T h e  immediate  drought can 

stopped or stowed by human in: 

t i o n , "  s a y s  a NOAA pub l ic .  
"C lo u d  seed ing , for example , vv. 

work  w here  there  are no clou 
where c louds and the surroundir,; 

ronment fa i l  to meet cr it ica l spe 

l io n s ;  and  d rough t a rea s  d o  nc 

duce the appropriate cond it ions ,"
American cities and counties -

reser- 
pping 

n .  Its 

zn o f 

All 
g.-. al-

ot be 
rven- 
: io h .  
:i not 
js or 
envi- 

• fica- 
pro-

onnot

change the meteorological aspects o f  the 

drought, but they are beginning to cre­

ate a new climate for change. By modi- 

fy ing  hum an  b e h av io r ,  p l a n t in g  the 
seeds o f  conservat ion and intensify ing 
long-term water resource p lanning, lo­

cal governments are helping to slake the 
great national thirst o f  I988 - I9S9 .  Z

Bjri \iuV s is 11 correspondent for 
American City A County based m 
Pilisbors’h, \\ ho specializes in 
en\iron menial topics. Beth Pjmier. also 
of Pittsburgh, assisted in research for 
this article.
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N a t i o n a l  W a t e r  P o l i c y :  
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The decade o f  the 1980s was rather turbulent for those 
in state and local water management. The President and 
Congress, by changing fiscal policy and eliminating pro­
grams, shifted additional water-related responsibilities to 
state and local governments. In addition, supporters of 
im proved  in tergovernm ental re la tions w itnessed  the 
demise o f  the Water Resources Council (WRC) and the 
River Basin Commissions (RBCs) in 1981. Almost ten 
years later, no alternative mechanism has emerged for 
overseeing intergovernmental and interagency issues deal­
ing with national water policy.

One W ashington, DC reporter becam e so frustrated 
with the lack o f  leadership from the federal government 
that he wrote, “In Washington, D.C., federal water policy 
does not exist, except as a joke 1 In the same article a staff 
director in the U.S. House of Representatives was quoted, 
"We have gone through eight years of non-leadership on 
water issues."2 While many share this perspective, others 
have w elcom ed the federal hiatus and viewed it as an 
opportunity for the states to reassert them selves in the 
w ater policy arena. In fact, researchers throughout the 
nation have been documenting in watersheds under stress.

a new wave of policy and institutional innovations at the 
subfedera! level (Bom, 1989). While these changes have 
been viewed positively, such assertive behavior has creat­
ed additional controversy and strain on intergovernmental 
and interagency relations. Federal responsibilities have 
not been obviated by this trend in water policy, but respec­
tive governmental roles are being reexamined.

Disputes among various agencies and levels of govern­
ment have increased in frequency as more public entities 
have asserted jurisdiction over ihe same w ater-related 
resources. Ironically, these same agencies and levels of 
government have become even more dependent on each 
other for inform ation, technical capability, and policy 
decisions, as fiscal resources have become increasingly 
scarce.

The nature o f  the federal system  o f governm ent is 
another source of irritation. The separation of governmen­
tal powers and responsibilities is a cherished part o f the 
nation’s political fabric and democratic system. However, 
from a w ater m anagem ent perspective, when resource 
problem s require a larger-than-local perspective, by its 
very nature the federal system has frustrated efforts to 
develop a unified vision and has presented formidable 
obstacles to intergovernmental collaboration. The absence 
of true incentives for improved economy, efficiency, and 
evenhandedness in intergovernmental coordination has 
been yet another part of the problem (Foster and Rogers, 
1988, pp. 89).

Collectively, these factors have contributed to the per­
ception that the nation is becoming a victim of its own 
institutions—that the nation’s institutions have been losing 
their problem-solving capacity.3 Concern has grown over 
the lack o f  marked gains in achieving the nation’s collec­
tive ends in managing water resources, and particularly 
over the adverse impact that poor state-federal relations 
have had on this problem.

This article traces the evolution o f deliberations on 
national water policy coordination over the past five years. 
It begins with a retrospective view o f the Water Resources 
P lanning A ct (W RPA) in Henniker, New H am pshire, 
where the Engineering Foundation Conference was held in 
July 1986. It concluds with and looks just beyond the 
1990 In te rs ta te  C onference  on W ater P o licy  in 
Washington, DC, where debate ensued on a specific pro­
posal to reestab lish  a w ater council in the ex cutive 
branch. This condensed analysis is just one interpretation 
of the material covered. Readers are encouraged to review 
the d o cu m en ts  and to draw  th e ir own co n c lu sio n s. 
Primary attention is given to the following questions:

•  Is the intergovernm ental relations problem in 
national water policy more serious than apparent 
or more apparent than real?

•  Som e contend that the nation will not face a 
w ater crisis in the 1990s but will continue to 
endure a c ris is  in leadership  throughout the 
decade. The question is—where will the requi­
site leadership come from to restructure national 
water policy?
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