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treaties or bilateral agreements as might be appropriate, vessels discovered with contraband salmon on
board, with such vessels to be sequestered in United States pons until disposition by the Federal Courts.

COPIES of this resolu-ion shall be sent to the Honorable James A. Baker, Ill, Secretary of the
U.S. Department of State; to the Honorable Robert A. Mosbacher, Sr., Secretary of the U.S. Department
of Commerce; to the Honorable Samuel K. Skinner, Secretary of the U.S. Department of Transportation;
and the

and to the Honorable Ted Stevens and the Honorable Frank Murkowski, U.S. Senators,

Honorable Don Young, U.S. Representative, members of the Alaska delegation in Congress.
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A laska State Legislature

Senator Paul Fischer Whilo inJuneau

Senate District D P.O. Box V
Box 784 Juneau, Alaska 99811
Soldotna, Alaska 99669 (907)465-3791
(907) 262-9420 W
262-9269 State Senate

MEMORANDUM

T0: Senator Lloyd Jones, Chairman
Senate Resources Committee

FROM: Senator Paul Fischer
SUBJECT: Senate Concurrent Resolution 18
(relating tc the sale and transfer of surplus

Alaska wat r to California)

DATE: March 19, 1991

I would appreciate your scheduling the above referenced resolu—
tion for a hearing before the Senate Resources Committee at your

earliest possible convenience.
I have attached backup information for the committee files. A
fiscal note has been requested and should be forthcoming from

the Department of Natural Resources.

Your consideration would be greatly appreciated.

PAF/sgn

Attachments
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CS FOR SENATE CONCURRENT RESOLUTION NO. 18 ( )
INTHE LEGISLATURE OF THE STATE OF ALASKA

SEVENTEENTH LEGISLATURE -FIRST SESSION

BY

Offered:
Referred:

Sponsors):  SENATOR FISCHER

A RESOLUTION
Encouraging Governor Hickel to work 1in cooperation with the State of California and the

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

fresh water pipeline.

BE IT RESOLVED BY THE LEGISLATURE OF THE STATE OF ALASKA:

WHEREAS the shortage of wau r in California has become an increasingly serious problem for
its citizens, businesses, and agricultural interests; and

WHEREAS fresh river water that is surplus to the needs of Alaska is presently flowing into the
Pacific Ocean from Alaska while parts of California are suffering critical water shortages; and

WHEREAS Governor Hickel has publicly announced his interest in sharing Alaska 3 immense
renewable surplus of fresh water by piping the resource to the states on the west coast; and

WHEREAS modem technology and engineering capabilities make itfeasible to construct a fresh
water pipeline extending from Alaska to California; and

WHEREAS an interstate compact agreement between Alaska and California could be executed

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

WHEREAS Assemblywoman Lucille Roybal-Allard has introduced into the CaliforniaLegislative

Assembly Concurrent Resolution 31, which urges California Governor Pete Wilson to direct the

-1- CSSCR 18( )
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immediate start of an initial feasibility study for the construction of the Alaska-Califomia pipeline; and

2*09” WHEREAS H.R. 1600, which has been introduced by Representative Edward R. Roybal into the
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U.S. Congress, would request the U.S. Secretary of the Interior, actingthrough theU.S. Bureau of
Reclamation, to conduct an initial feasibility study for the pipeline; and

WHEREAS Representative Edward R. Roybal has also introduced H.J.R. 186, which would
request the President of the United States to conduct an initial feasibility study for the pipeline; and

WHEREAS thediversion of Alaska water to the areas in California that are experiencing severe
water shortages would greatly benefit the growing population of California and its agricultural and
industrial concerns, and the proceeds from the sale of tne water to California would benefit the citizens
of Alaska;

BE ITRESOLVED that the Alaska State Legislature encourages Governor Hickel to work in
cooperation with the State of California and the United States Congress toarrange for an initial
feasibility study of an Alaska-Califomia fresh water pipeline.

COPIES of this resolution shall be sent to the Honorable George Bush, President of the United
States; the Honorable Dan Quayle, Vice-President of the United States and President of the U.S. Senate;
the Honorable Thomas S. Foley, Speaker of the U.S. House of Representatives; the Honorable Manuef
Lujan, Jr., Secretary of the U.S. Department of the Interior; the Honorable George Mitchell, Majority
Leader of the U.S. Senate; the Honorable J. Bennett Johnston, Chair of the U.S. Senate Committee on
Energy and Natural Resources; the Honorable Ernest F. Hollings, Chair of the U.S. Senate Committee
on Commerce, Science and Transportation; the Honorable Quentin N. Burdick, Chair of the U.S. Senate
Committee on Environment and Public Works; the Honorable George Miller, Vice-Chair and Acting
Chair of the U.S. House Committee on Interior and Insular Affairs; the Honorable Robert A. Roe, Chair
of the U.S. House Committee on Public Works and Transportation; the Honorable Pete Wilson, Governor
of the State of California; the Honorable Ted Stevens and the Honorable Frank Murkowski, U.S.
Senators, and the Honorable Don Young, U.S. Representative, members of the Alaska delegation in
Congress; the presiding officer of each house of the California State Legislature; the members of the
California State Legislature; the Honorable Kenneth Hahn, County of Los Angeles Board of Supervisors;
and to the Honorable Dennis B. Underwood, Commissioner of the Bureau of Reclamation in the U.S.

Department of the Interior.
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T.uimo ugdlliSt police
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.

By RANDOLPH E SCHMID
THE ASSOCIATED PRESS

- WASHINGTON - 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
sthe 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-

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 humber 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-

CLUkU £,
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

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 woOn, 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.

Moderate quake jolts

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 I/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.

“l 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. She said she hadn't'
mfeard anyone ridicule the .sal,
but said there certainly wil be
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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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
more for less.

“We could close all our state uni-
versitics, we could open all our pris-*
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.

} they can reach agreement before the

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
the state’s AAA rating. f

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

Determining what taxes to raise and
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

fiscal year begins................. t vf

"What we're talking about is-ag-!
giavating the situation by any delay,"” 1
Wilson said. “If we do not begin !
Imaking the cuts, the hole grows deep- |
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. i

Wilson has already begun closed- |
door negotiations with the top four
leaders of the Legislature. Passing a
budget requires a two-thirds vote in i
each house.
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fornia drought bill tlI1
House will debate. ’
Roybal said that the "i |
novative” pipeline, to Ij
planned, financed and opt;
ated by aa.interstate publl
pipeline authority, wou j
permanently solve Calif, i
nia’s water supply probler >
Although Hickel has mi f
tioned building such a pi;.'
line along the continen '
shelf for more than 20 yei
the idea is still new enoi
— and outlandish-sound
enough — to cause most ¢

Please see Page B-3, WA
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and breezy. According to the National Weather
Service, however, clouds will return tonight with
occasional rain predicted for Tuesday.

ion prepares to launch an airfoil kite
Sandy Beach in Douglas as area resi-
yod perfect kite-flying weather - sunny

P dream ? Hickel proposes

ip e

w ater

By LEE DYE
LOB ANGELES TIMES
OK. So it sounds a little wild. But

‘Think, of the pipeline
as a big garden hose. You

line to parched C alifornia

offshore would sidestep most of the
environmental and legal problems
that have blocked many efforts to
transport huge amounts of water

nd maybe, just maybe, it would work. L A
.a Alaska has more fresh water than  plug it into a river here gye_r Iandh and_dacross various juris-
i any other place in North America. it ictions, he said.

Southern California has a drought. and then you plugl It into Hickel has been promoting the
jut  Sotake two or three billion gallons of L.A. down there. idea ever since an even more ambi-
:0b water out of some of Alaska’s rivers - James Rockwell tious plan to dam up many of the riv-
al each day and ship it down to Los An- G Walter J. Hick I" ers across North America ran into
:on geles through a giant plastic pipe ov. Walter J. RICKeI S economic and political difficulties in

laying on the bottom of the ocean. special projects aide  the 19605 No one paid much atten-
e "It can be done,” said Walter tion to Hickel’s proposal until the

Hickel, Alaska's governor, a man current drought, but as the water
ia,  who carved his personal fortune out fraught with potential problems. shortage has worsened, more and
w-  of the Alaskan economic wilderness Beyond that, whether the pipeline more experts have begun to treat it
as and likes to dream of “world scale would be worth what it would gost is seriously. The pipeline, however,
in projects.” an unanswered question. woilld be designed to meet long-term

And true to his entrepreneurial Hickel believes the pipeline could ~ Water problems in the Southwest, not
& past, Hickel does not want to give the  be built on the back of a huge barge Just the current drought.

water to California. He wants to sell and lowered to the sea floor like a big Rep. Edward R. Roybal, D-Calif.,
to it, but at a reasonable price, of garden hose as the barge moved has introduced legislation in Wash-
ae- course. south. And because it would be under ington that would require a feasibili-
on The basic concept is fairly simple, the sea, the pipeline could be built of ty study of the proposal. His daugh-
m-  and some experts said that it might reinforced plastic instead of the con- ter, Rep. Lucille Roybal-Allard, D-

be technologically feasible. Others, crete and steel that would be needed  Calif., has introduced a similar reso-
88 however, say the feat - involving to withstand the rigors of a land lution in the California Legislature.

factors like the spin ofthe Earth - is  route. And the Los Angeles County Board of

considerably more complex and In addition, laying the pipeline Please turn to Water, Page 8
.................. Page 16 Once Over Lightly Page 2
S e Pages 15-16 Opinion Page 4
Abby Page 17 Stocks/Money Page 7 W E A T H E R



" 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

W ater...

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
itout.”........

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.

I 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 Sl
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 itinto 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
1000 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

MUOrmu 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.

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

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. > . e L. >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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Zastosowanie Robotow. J

Conference Location: Wroclaw, Pol Conference Date: 1985 Sep j8-20

E .lI. Conference No.: 08093

Source: Prace Maukowe Instytutu Cybernetyki Technicznej, Politechniki
Wroclawskie]j n 67 1985. Publ by Wydawnictwo P olitechniki Wroclawskiej,

Wroclaw, Pol p 225-232
Publication Year: 1985
CODEN: PICWDU ISSN: 0324-9794
Language: Polish

2/3/40
02237S45 E.lI. Monthly No: EIM8703-020975

T itle: CONVERSION OF THE SEAWAY PIPELINE PROM OIL TO GAS SERVICE.

Author: Bazin, G. L. I Ince, R. L. Jr.

Corporate Source: P hillips Petroleum Co, B artlesville, OK, USA
Conference T itle: F acilities, Pipelines, and Measurements: A Workbook for
Engineers. ( Presented at 41st Petroleum Mechanical Engineering Workshop
and Conference.)

Conference Location: Kansas City, MO, USA Conference Date: 1985 Sep
15-17

E .lI. Conference No.: 08225

Source: Publ by ASME, New York, NY, USA p 171
Publication Year: 1985
Language: English

2/3/41

02215704 E.l. Monthly No: EIS706061329
Title: SUBSEA PIPELINE PIG TRACKING.
Author: R iddell, R. K.

Corporate Source: Oceano Instruments (UK) Ltd

Source: Underwater Technol v 12 n 4 Winter 1986 p 28-32
Publication Year: 1986

CODEN: UNWTA4

Language: ENGLISH

2/3/42
02213537 E.l. Monthly No: EI3706061320

Title : FORCES EXERTED BY SHALLOW OCEAN WAVES ON A RIGID PIPE SET AT AM
ANGLE TO THE FLOW.

Author: Grace, R. A.; Andres, J. M.; Lee, E. K. S.

Corporate Source: Univ of Hawaii at Manoa, Honolulu, HI. USA

Source: Proceedings of the Institution of Civil Engineers (London) v 83

Pt 2 Mar 19S7 p 43-59
Publication Year: 1987
CODEN: PCIEAT ISSN: 0020-3262
Language: ENGLISH

2/31/43

02211753 E.lI. Monthly No: EIS706060771

Title: SPECIAL TOOLING AIDED WORLD'S DEEPEST HOT TAP.
Author: Cooper, Al; Pitman, Robin

Corporate Source: HydroTech Systems
Source: Ocean Industry v 21 n 8 Aug 1986 p 39-40
p, mte v a N - - 14 -



IUULIWB Li UN ILUI . 1JUU - I
CODEN: OCIDAF ISSN: 0029-8026
Language: ENGLISH

2/3/44

02157721 E.l. Monthly No: EI8701007324

Title: INSTALLING THE 'JUGULAR VEIN' FOR OFFSHORE OIL PRODUCTION,,
Author: Stoll, Jeffrey E.

Corporate Source: Surveyor, Paramus, IMJ, USA

Source: Surveyor (New York) v 20 n 3 Aug :L986 p2-10
Publicat lon Year: 1986

CODEN: SRVYAK ISSN: 0039-629X

Language: ENGLISH

2/31/45
02141604 E.I. Monthly No: EIMS612-08957G

Title : ARCTIC PIPELINE CONSTRUCTION SIMULTANEOUS TRENCH AND LAY THROUGH
LANDFAST ICE.

Author: Healey, A. J.; Roberts, R. A.; Hazlegrove, B. M.

Corporate Source: Brown & Root Int Inc, Houston, TX, USA

Conference Title : Proceedings of the Fifth International O ffshore
Mechanics and Arctic Engineering (OMAE) Symposium.

Conference Location: Tokyo, Jpn Conference Date: 1986 Apr 13-18

E.lI. Conference No.: 08905

Source: Proceedings of the International O ffshore Mechanics and A rctic

Engineering Symposium 5th v 4. Publ by ASME, New York, NY, USA p 73-80
Publication Year: 1986
CODEN: PIOSE®6
Language: English

2/3/46
02141593 E.I. Monthly No: EIM8612-089559

Title: ADDITIONAL STABILIZATION OF SUBMARINE PIPELINES..

Author: Jinsi, B. K.

Corporate Source: JP Kenny Netherland, The Hague,Neth

Conference Title : Proceedings of the Fifth International O ffshore
Mechanics and Arctic Engineering fOMAE) Symposium.

Conference Location: Tokyo, Jpn Conference Date: 1986 Apr 13-18

E.lI. Conference No.: 08905

Source: Proceedings of the International Offshore Mechanics and A rctic

Engineering Symposium 5th v 3. Publ by ASME, New York. NY, USA d 717-724
Publication Year: 1986
CODEN: PIOSEB
Language: English

2/3147
02141585 E.lI. Monthly No: EIMS612-089551
Title: REVIEW OF FATIGUE ASSESSMENT METHODS FOR PIPE-L.AY OPERATIONS..
Author: Jutla, T .; Tubby, P. J.; uiardinieri, V.
Corporate Source: Welding Inst, Cambridge, Engl
Conference Title : Proceedings of the Fifth International O ffshore
Mechanics and Arctic Engineering (OMAE) Symposium.
Conference Location: Tokyo, Jpn Conference Date: 1986 Apr 13-18
E.lI. Conference No.: 0S905
Source: Proceedings of the International O ffshore Mechanics and Arctic

Engineering Symposium 5th v 3. Publ by ASME, New York, NY, USA p 647-655
Publication Year: 1986
CODEN: PIOSEB
Language: English

2/31/48
1.'2141561 E .I. Monthly No: EIMS612-089527
T itle : NONLINEAR FINITE ELEMENT METHOD FOR THE ANALYSIS OF OFFSHORE

FIPELINES, RISERS ANDCABLE STRUCTURES.
Author: Malahy. R. C.
Corporate Source: ROM, Houston. TX. USA



uonrerence Title : Proceedings of tne riT tn intern5*lonai ©i i iur cr
Mechanics and Arctic Engineering (OMAE) Symposium.

Conference Location: Tokyo., Jpn Conference Date: 1986 Apr 13-18
E .I. Conference No.: 08905
Source: Proceedings of the International O ffshore Mechanics and Arctic

Engineering Symposium 5th v 3. Publ by ASME, New York, NY, USA p 471-478
Publication Year: 1986
CODEN: PIOSEB
Language: English

2/3/49
02141492 E .I. Monthly No: EIM8612-089458

T itle : FEASIBILITY AND CONCEPT DESIGN STUDIES FOR OTEC PLANTS ALONG THE
EAST COAST OF TAIWAN, REPUBLIC OF CHINA.

Author: Liao, T .: Giannotti, J. G.; Van Mater. P. R. Jr.; Lindman. R. A,
Corporate Source: Taiwan Power Co, Taipei, Taiwan

Conference Title : Proceedings of the Fifth International O ffshore
Mechanics and Arctic Engineering (OMAE) Symposium.

Conference Location: Tokyo, Jpn Conference Date 1986 Apr 13-18

E.l. Conference No.: 08905

Source: Proceedings of the International O ffshore Mechanics and Arctic

Engineering Symposium 5th v 2. Publ by ASME, New York, NY, USA p 618-625
Publication Year: 1986
CODEN: PIOSEB
Language: English COMPLIMENTS oF THE
ALASKA STATE LI3RARY

2/3/50
02141489 E.lI. Monthly No: EIMS612- 089455
Title : INSTALLATION OF OTEC CoLD WATER PIPE IN C<UNOSHIMA BY

SEMI-FLOATING TYPE SUBMARINE METHOD.

Author: Iso, S.; Kondo, |.; Adachi, Y. ; Tamamura,

Corporate Source: Tokyo Kyuei Co. Tokyo, Jpn

Conference Title : Proceedings of the Fifth International O ffshore
Mechanics and Arctic Engineering (OMAE) Symposium.

Conference Location: Tokyo, Jpn Conference Date 1986 Apr 13-18

E.l. Conference No.: 08905

Source: Proceedings of the International O ffshore Mechanics and Arctic

Engineering Symposium 5th v 2. Publ by ASME, New York, NY. USA p 599-605
Publication Year: 1986
CODEN: PIOSEB
Language: English

2/3/51
02137020 E.I. Monthly No: EIM8612-064729
Title: HYPERBARIC WELDING HABITATS: ENVIRONMENTAL AND SAFETY ASPECTS.

Author: Lafferty, C. F.
Corporate Source: British Gas Corp. Eng)

Conference Title : Developments in Diving Technology, Proceedings of an
International Conference, (Divetech '84).

Conference Location: London, Engl Conference Date: 1984 Nov 14-15

E.lI. Conference No.: 08310

Source: Publ by Graham & Trotman Ltd (Advances in Underwater Technology

and O ffshore Engineering, v 1). London. Engl p 63-74
Publication Year: 1985
ISBN: 0-86010-625-X
Language: English

2/3152

02132489 E .I. Monthly No: EIM8611-079532

Title : SOME PROBLEMS INVOLVING UMBILICALS. CABLES AND PIPES.
Author: Simmonds, D. G.

Corporate Source: RGIT, Aberdeen Scot 1l

Conference Title : O ffshore and Coastal Modelling. IPapers Presented at
the Seventh POLYMODEL Conference.)
Conference Location: Sunderland. Engl Conference Date: 1984 May

E .I. Conference No.: 08159



Studies, v 12), Berlin, West Ger, and New York, NY, USA P 323-352
Publication Year: 19S5
ISBN: 0-387-96054-6
Language: English

2/3/53
02122206 E.I- Monthly No: EIM8610-066717
Title: AQUACULTURE USING COLD OTEC WATER.
Author: Daniel, Thomas H.
Corporate Source: Natural Energy Lab of Hawaii, Kailua-Kona, HI, USA
Conference Title : Ocean Engineering and the Environment - Conference
Record.
Conference Location: San Diego, CA, USA Conference Date: 1985 Nov 12-14
E.l. Conference No.: 08324
Source: Oceans (New York) 1935. Publ by IEEE, New York, NY, USA.

Available from IEEE Service Cent (Cat n 85CH2250-9), Piscataway, NJ, USA p
1284-1289

Publication Year: 1985

CODEN: OCNSDK ISSN: 0197-7385

Language: English

2/3/54
02122105 E.l. Monthly No: EIM8610-066616

Title : FIELD PERFORMANCE OF THE BENIGRAPH HIGH-RESOLUTION MULTIBEAM
SEAFLOOR MAPPING SYSTEM.

Author: Hammerstad, Erik; Lovik, Arne; Minde, Svein; Krane, Leif;

Steinset, Magne
Corporate Source: Bentech A/S, Trornso, Norw

Conference T itle : Ocean Engineering and the Environment - Conference
Record.

Conference Location: San Diego, CA, USA Conference Date: 1985 Nov 12-14

E.lI. Conference No.: 08324

Source: Oceans (New York) 1985. Publby IEEE, New York, NY, USA.
Available from IEEE Service Cent (Catn S5CH2250-9),Piscataway, NJ, USA p
682-685

Publication Year: 1985

CODEN: OCNSDK ISSN: 0197-7385

Language: Fnalish

2/31/55
02119543 E.I. MonthlyNo: EIM8609-062565
Title: STATICS AND DYNAMICS OF PIPELINE SPANS.
Author: Lapidaire. P. J. M.
Corporate Source: Delft Univ of Technology, D elft, N eth

Conference T itle : Behaviour of Offshore Structures, Proceedings of the
4th International Conference.

Conference Location: D elft, Neth Conference Date: 1985 Jul 1-5

E .I. Conference No.: 08202

Source: Publ by Elsevier Science Publishers BV (Developments in Marine

Technology, v 2), Amsterdam, Neth and New York, NY, USA p 729-738
Publication Year: 1985
ISBN: 0-444-42513-6
Language: English

2/3/56
02119542 E.l. Monthly No: EIM8609-0625614
Title: NATURAL SELF-BURIAL OF SUBMARINE PIPELINES.
Author: Leeuwestein. W.; Bi.jker. E. W.: Peerbolte, E. B, : Wind, H. G.
Corporate Source: Delft Univ of Technology, D elft, N eth
Conference Title : Behaviour of Offshore Structures, Proceedings of the
4th International Conference.
Conference Location: D elft, N eth Conference Date: 1985 Jul 1-5
E.I. Conference No.: 08202
Source: Publ by Elsevier Science Publishers BV (Developments in Marine

Technology, v 2), Amsterdam. Neth and New York, NY, USA p 717-728



Publication Year: 1985
ISBN: 0-444-42513-6
Language: English

2/3157
02118624 E.I. Monthly No: EIM8609-061646

Title : INTERNAL CORROSION PROTECTION FOR WASTEWATER SYSTEM, PERTH,
WESTERN AUSTRALIA.

Author: Wishart, S. J. : MclLeari D. D..

Corporate Source: Binnie & Partners, London, Engl

Conference Title : P lastics for Pipeline Renovation and Corrosion
Protection in UK arid Overseas.

Conference Location: London, Engl Conference Date: :L985 liar 27-28

E.lI. Conference No.: 08215

Source: Publ by Plastics & Rubber Inst, London. Engl p 10. 1-10. 14
Publication Year: 1985
Language: English

2/3/58
02100136 E.I. Monthly No: EIM8607-042070

Title: STM4-120 STIRLING ENGINE FOR UNDERWATER APPLICATION -

Author: Mei.jer, Roelf J. ; Ziph, Benjamin; Godett, Ted M.

Corporate Sowurce: S tirling Thermal Motors Inc, Ann Arbor, MI, USA
Conference Title: Proceedings of the 20th Intersociety Energy Conversion
Engineering Conference, Energy for the Twenty-First Century. (Volume 3 .3
Conference Location: Miam i Beach, FL, USA Conference Date: 1985 Aug
18-23

E.I. Conference No.: 07916

Source: Proceedings of the Irtersociety Energy Conversion Engineering
Conference 20th. Publ by SAE fP-164), Warrendale, PA, USA. Also available

from IEEE Service Cent (Cat n 85CH2242-6), Piscataway, NJ, USA p 278-281

Publication Year: 1985
CODEN: PIECDE ISSN: 0146-955X ISBN: 0-89883-725-1

Language: English

2/3/59
02067119 E.I. Monthly No: EIM8601-004382

Title : ECONOMIC AND TECHNICAL EVALUATION OF SLURRY PIPELINE TRANSPORT
TECHNIQUES IN THE INTERNATIONAL COAL TRADE.

Author: Brookes, D. A.; Dodwell, C. H.

Corporate Source: BP, Business Technical Support Dep. London, Engl
Conference Title : Proceedings of the Tenth International Conference on
Slurry Technology.

Conference Location: Lake Tahoe, NV, USA Conference Date: 1985 Mar
26-28

E.l. Conference No.: 07368

Source: Publ by Slurry Technology Assoc, Washington, DC, USA o 67-83

Publication Year: 1985
ISBN: 0-932066-10-0
Language: English

2/31/60
02056246 E.I. Monthly No: EI8612124831 E.l. Yearly No: EI86077229

Title : World Natural Gas Economy: Logic of Supply and Constraints of
Demand.

Title : L' ECONOMIE MONOIALE DU GAZ MATUREL: LOGIQUES D’ OFFRE ET
CONTRAINTES DE DEMANDE.

Author: Bensoni. Laurent

Corporate Source: Univ Paris X I1II, Fr

Source: Revue de I'Energie v 36 n 378 Nov 1985 o0 457-406

Publication Year: 1785
CODEN: REEND7Y ISSN: 0303-240X

Language: FRENCH

2/3/61

02039883 E.l. Monthly No: EI3611113044 E.I. Yearly No: EIS60&7811



U VW v Uou ity oo riEhvwuewue A L 2 v rivweilr rul/s Al VW altl LI I =1v.
Author: Kawashima, Takeshi; Shimogo, Taro

Source: Nippon Kikai Gakkai Ronbunshu, C Hen v 51 n 467 Ju.) 1985 p

1778-1785

Publication Year': 1985

CODEN: NKCHDB ISSN: 0587-5024

Language: JAPANESE

2/31/62

02035120 E.l. Monthly No: EI18611113048 E.l. Yearly No: EI86087854
Title: HOW AN ROV-PLACED GROUT BAG CORRECTED A SEABED FREE SPAN.
Author: Sandford, A. J.

Corporate Source: Stoit-Nielseri Seaway Technology Ltd, Aberdeen. Scotl
Source: ipe Line Industry O v 64 n 6 Jun 1986 p 26-27

Publication Year: 1986

CODEN: PLINAH ISSN: 0032-0145

Language: ENGLISH

2/3/63

02001736 E.I. Monthly No: EI8B608075526 E.lI. Yearly No: EI8B86087780
Title: OPERATION PLUTO.

Author: Middleton, E. W

Source: Pipes and Pipelines International v 13 n 2 Apr 1986 p 27-29
Publication Year: 1986

CODEN: PPIIAU ISSN: 0370-1204

Language: ENGLISH

2/31/64

01986843 E.lI. Monthly No: EIB607062834 E.lI. Yearly No: EI86086081
Title: STATPIPE LANDFALL APPROACH SOLVES ROCKY SHORE PROBLEMS.
Author: Lund, Sverre; G .jertveit, Erling

Corporate Source: Den Norske Stats Oljeselskap A/S, Stavanger, Norw
Source: O il and Gas Journal v 84 n 19 May 12 1986 p 67-68
Publication Year: 1986

CODEN: OIGJAV ISSN: 0030-13838

Language: ENGLISH

2/3/65

01986801 E.lI. Monthly No: EI8607062S31 E.l. Yearly No: EI86086058
Title: STATPIPE EXPERIENCE REVEALS TECHNIQUES FOR SEABED PROBLEMS.
Author: Lund, Sverre; G jertveit, Erling

Corporate Source: Statoil, Stavanger, Norw

Source: O il and Gas Journal v 84 n 17 Apr 28 1986 p 57-62
Publication Year: 1986

CODEN: OIGJAV ISSN: 0030-1388

Language: ENGLISH

2/3/66

01971665 E.l. Monthly No: EIS605041246 E.l. Yearly No: EI86080367
Title: HYDRAULICALLY POWERED BULLDOZER WORKS IN SUBSEA LOCATIONS.
Author: Anon

Source: Pipe Line Industry v 63 n 6 Dec 1985 p 31

Publication Year: 1985

CODEN: PLINAH ISSN: 0032-0145

Language: ENGLISH

2/3/67

019bS920 E .I. Monthly No: EI8605041785 1. Yearly No: EIB6087776
Title: HYDROMECHANICS OF SUBMARINE PIPEL1, S: DESIGN PROBLEMS.
Author: Herbich, John B.

Corporate Source: Texas A&M Univ. College Station, TX, USA

Source: Canadian Journal of C ivil Engineering v 12 n 4 Dec 1985 p 363-874

Publication Year: 1985
CODEN: CJCEBS ISSN: 0315-1468
Language: ENGLISH



¥ 215/00

01960718 E.l. Monthly No: ET3604032450 E.I. Yearly No: EI86087774
Title: DYNAMIC BEHAVIOR OF DEEP-OCEAN PIPELINE.
Author: Zimmerman, Michael; Hudspeth, Robert; Leonard, John; Tedesco, Joe
; Borgman, Leon
Corporate Source: Standard O il of C alifornia, San Francisco, CA, USA
Source: Journal of Waterway, Port, Coastal and Ocean Engineering v 112 ri

2 Mar- 1986 p 183-199
Publication Year: 1986
CODEN: JWPEDS ISSN: 0733-950X
Language: ENGLISH

2/3/69
01933606 E .I. Monthly No: EI8601005876 E.I. Yearly No: EI86087770

Title : FREE SPAN VIBRATIONS OF SUBMARINE PIPELINES IN STEADY FLOWS -
EFFECT OF FREE-STREAM TURBULENCE ON MEAN DRAG COEFFICIENTS.

Author: TORUM, A .; ANAND, N. M.

Corporate Source: NORWEGIAN INST OF TECHNOLOGY, DIV OF PORT & OCEAN

ENGINEERING, TRONDHEIM, NORW
Source: J ENERGY RESOUR TECHNOL TRANS ASME V 107 N 4 DEC 1985 P 415-420
Publication Year: 1985
CODEN: JERTD2 ISSN: 0195-0738
Language: ENGLISH

2/3/70
01898638 E.l. Monthly No: EIM8510-061326
Title: PROCEDURES FOR DESIGN OF OFFSHORE PIPELINES TRAVERSING SLOPE AREAS

SUBJECT TO SEISMIC AND/OR OCEAN WAVE EXCITATION.
Author: Kistler, E. L.

Corporate Source: Ernest L. Kistler & Associates, Shreveport, LA, USA

Conference T itle : Proceedings of the 1985 Pressure Vessels and Piping
Conference. (Seismic tcrformanc-eof Pipelines and Storage Tanks. )

Conference Location: New Orleans, LA, USA Conference Date: 1985 Jun
23-26

E.lI. Conference No.: 06710

Source: American Society of Mechanical Engineers. Pressure Vessels and

Piping Division (Publication) PVP v 98-4. Publ by ASME, New York, NY. USA p
95-108

Publication Year: 1985

CODEN: AMPPD5 ISSN: 0277-027X

Language: English

2/3/71
01878279 E.I. Monthly No: EIM8506-036108
Title: TIME AND FREQUENCY LOADING ANALYSIS OF SUBMARINE PIPELINES..
Author: Alexander. H. C.: Allen, P. L .; Warner, J- L.
Corporate Source: C alifornia State Univ, Long Beach, Long Beach, CA, USA
Conference Title : Nineteenth Coastal Engineering Conference, Proceedings
of the International Conference.
Conference Location: Houston, TX. USA Conference Date: 1984 Sep 3-7
E.lI. Conference No.: 06520
Source: Proceedings of the Coastal Engineering Conference 19th v 3. Publ

by ASCE. New York, NY, USA P 2726-2736

Publication Year: 1985
CODEN: PCECDG®6 ISBN: 0-37262-438-2

Language: English

2/3172
0187821IS E.lI. Monthly No: EIMS506-036047

Title: SHORE APPROACH AT THE DANISH NORTH SEA COAST, MONITORING OF
SEDIMENTATION IN A DREDGED TRENCH.

Author: Mangor, Karsten; Sorensen, Torben; Navntoft. Erling

Corporate Source: Danish Hydraulic Inst. Horsholm. Den

Conference Title: Nineteenth Coastal Engineering Conference. Proceedings
of the International Conference.

Conference Location: Houston, TX. USA Conference Date: 1984 Sen 3-7



E.l. conference NO": 04520

Source: Proceedings of the Coastal Engineering Conference 19th v 2. Publ
by ASCE, Mew York, NY, USA b 1816-1829

Publication Year: 1985

CODEN: PCECD®6 ISBN: 0-87262-438-2

Language: English

2/3/73
01876856 E.l. Monthly No: EIM8506-0344614

Title: OPTIMUM DESIGN OF SUBMARINE SUSPENDED PIPELINES.

Author: Huang, Z., Seireg, A.

Corporate Source: Research Inst of Petroleum Exploration & Development,
B eijing, China

Conference Title : Proceedings of the Fourth International O ffshore
Mechanics and Arctic Engineering Symposium. (Presented at the 1985 ASME
Energy-Sources Technology Conference & E xhibition.)

Conference Location: Dallas, TX, USA Conference Date: 1985 Feb 17-21
E.l. Conference No.: 06296

Source: Proceedings of the International Offshore Mechanics and Arctic

Engineering Symposium 4th v 1. Publ by ASME, New York, NY, USA p 695-702
Publication Year: 1985
CODEN: PIOSEB
Language: English

2/31/74
01876849 E.lI. Monthly No: EIM8506-034457
Title: FREE SPAN VIBRATIONS OF SUBMARINE PIPELINES IN STEADY FLOWS-EFFECT

OF FREE STREAM TURBULENCE ON MEAN DRAG COEFFICIENTS.

Author: Torum, A.; Ariand. N. M.

Corporate Source: Univ of Trodheim, Div of Port & Ocean Engineering,
Trondheim, Norw

Conference Title : Proceedings of the Fourth International O ffshore
Mechanics and Arctic Engineering Symposium. (Presented at the 1985 ASME
Energy-Sources Technology Conference & E xhibition.)

Conference Location: Dallas, TX, USA Conference Date: 1985 Feb 17-21.

E.lI. Conference No.: 06296

Source: Proceedings of the International O ffshore Mechanics and Arctic

Engineering Symposium 4th v 1. Publ by ASME. New York, NY, USA d 629-639
Publication Year: 1985
CODEN: PIOSEB
Language: English

2/3175
01876842 E.l. Monthly No: EIMS506-034450

Title: SCOUR AROUND PIPELINES UNDER MARINE ENVIRONMENT.

Author: Nalluri. C.: Ibrahim, A.

Corporate Source: Univ of Newcastle upon Tyne. Dep of Civil Engineering,
Newcastle upon Tyne, Engl

Conference Title : Proceedings of the Fourth international O ffshore
Mechanics and Arctic Engineering Symposium. (Presented at the 1985 ASME
Energy-Sources Technology Conference & E xhibition.)

Conference Location: Dallas, TX, USA Conference Date: 1985 Feb 17-21
E.l. Conference No.: 06296

Source: Proceedings of the International O ffshore Mechanics and A rctic

Engineering Symposium 4th v t. Publ by ASME, New York, NY, USA p 569-575
Publication Year: 19S5
CODEN: PIOSEB
Language: English

2/3176
01876838 E.l. Monthly No: EIM8506-034446

Tide: CRITICAL REVIEW OF NEAR BOTTOM BOUNDARY LAYER MODELS WITH SPECIAL
ATTENTION TO STABILITY OF MARINE PIPELINES.

Author: Deigaard. R .: Jacobsen. V.; Brxndum, M. B.

Corporate Source: Danish Hydraulic Inst, Horsholm. Den

Conference Title : Proceedings of the Fourth International O ffshore



Mechanics andArctic Engineering SymposiTmKiPresente®atthel985 ASME

Energy-Sources Technology Conference & E xhibition.)

Conference Location: Dallas, TX, USA Conference Date: 1985 Feb 17-21
E .I. Conference No.: 06296
Source: Proceedings of the International O ffshore Mechanics and Arctic

Engineering Symposium 4th v 1. Publ by ASME, Mew York, NY, USA p 542-549
Publication Year: 1985
CODEN: PIOSEB

Language: English

2/3177
01876822 E .I. Monthly No: EIM8506-034430
Title: DYNAMICS OF A PIPE ASPIRATING FLUID SUCH AS MIGHT BE USED IN OCEAN

MINING.

Author: Paidoussis, M. P.: Luu, T. P.

Corporate Source: McGill Univ, Dep of Mechanical Engineering, Montreal,
Due, Can

Conference Title : Proceedings of the Fourth International O ffshore
Mechanics and Arctic Engineering Symposium. (Presented at the 1985 ASME
Energy-Sources Technology Conference & E xhibition.)

Conference Location: Dallas, TX, USA Conference Date: 1985 Feb 17-21

E.lI. Conference No.: 06296

Source: Proceedings of the International O ffshore Mechanics and Arctic

Engineering Symposium 4th v 1. Publ by ASME, New York, NY, USA p 391-397

Publication Year: 1985
CODEN: PIOSEB
Language: English

213178
01876777 E.l. Monthly No: EIM8506-0343S5

Title : PROCEEDINGS OF THE FOURTH INTERNATIONAL OFFSHORE MECHANICS AND
ARCTIC ENGINEERING SYMPOSIUM.

Author: Chung, Jin S. (Ed. ); Lunardini, Virgil J. (Ed. ); Chakrabarti,
S. K. (Ed. 1; Wang. Y. S. (Ed. ); Sodhi, D. S. (Ed. ); Karal. K. (Ed. )
Corporate Source: Colorado Sch of Mines, Golden, CO, USA

Conference Title : Proceedings of the Fourth International O ffshore
Mechanics and Arctic Engineering Symposium. (Presented at the 1985 ASME
Energy-Sources Technology Conference & E xhibition.)

Conference Location: Dallas, TX. USA Conference Date: 1985 Feb 17-21

E .I. Conference No.: 06296

Source: Proceedings of the International O ffshore Mechanics and Arctic
Engineering Symposium 4th. Publ by ASME. New York. NY. USA 2 vol. 1380p
Publication Year: 1985

CODEN: PIOSEB

Language: English

213179
01840482 E.l. Monthly No: EI8512121446 E.l. Yearly No: EI85083916
Title: SINKING BEHAVIOR OF PIPE WITH WATER-INFLOW.

Author: Kawashima, Takeshi: Shimogo, Taro

Corporate Source: Keio Univ, Dep of Mechanical Engineering, Yokohama, Jpn

Source: Bulletin of the JSME v 28 n 245 Nov 1985 p 2796-2803

Publication Year: 1985
CODEN: BJSEAS ISSN: 0021-3764
Language: ENGLISH

2/3/80

01836940 E.l.Monthly No: EIS512123898 E.l. Yearly No: EIS51036S7
Title: SAN FRANCISCO OUTFALL: THE CHAMP?

Author: Murph . G. J.; Eisenberg, Y.

Corporate Source: Parsons Brinckerhoff, San Francisco, CA, USA
Source: C ivilEngineering (New York) v 55 n 12 Dec 1955 p 58-61
Publication Year: 1985

CODEN: CIEGAG ISSN: 0009-7853

Language: ENGLISH



01829466 E.l. Monthly No: EI18512121489 E .I. Yearly No: EI85084159

Title: OPTIMUM DESIGN OF SUBMARINE SUSPENDED PIPELINES.

Author: Huang, Z .; Seireg, A.

Corporate Source: Research Inst of Petroleum Exploration & Development,
B eijing, China

Source: Journal of Energy Resources Technology, Transactions of the ASME
v 107 n 3 Sep 1985 p 335-341

Publication Year: 1985

CODEN: JERTD2 ISSN: 0195-0738

Language: ENGLISH

2/3/82
01827911 E.lI. Monthly No: EI8511103906 E .I. Yearly No: EI85103689
Title : INVESTIGATION, DESIGN AND CONSTRUCTION OF SUBMARINE OCEAN OUTFALL

PIPELINE OFF NINETY MILE BEACH. GIPPSLAND, VICTORIA, AUSTRALIA.

Author: Ryan, J. J.

Corporate Source: G utteridge Haskins & Davey Consulting Engineers,
Brisbane, Aust.

Source: Water Science and Technology v 17 n 8 pt 4 1985 p 1465-1467

Publication Year: 1985

CODEN: WSTED4 ISSN: 0273-1223

Language: ENGLISH

2/3/83
01801010 E.l. Monthly No: EI8509080894 E.lI. Yearly No: EI85077746
Title: ENGINEERS TRYING NEW APPROACH TO ARCTIC CONSTRUCTION. PRODUCTION,
AND TRANSPORTATION.
Author: Anon

Source; O il and Gas curnal v S3 n 31 Au!D41N\V 76-79
Publication Year: 1 15
CODEN: OIGJAV ISE : 0030-1388

Language: ENGLISH

2/3/84

01801008 E.l. Monthly No: EI8509081313 E.I. Yearly No: EI85082341
Title: CANADIAN ARCTIC PRODUCTION PROSPECTS BRIGHTEN.

Author: Anon

Source: O il and Gas Journal v 83 n 31 Aug 5 1985 p 57-60
Publication Year: 1985
CODEN: OIGJAV ISSN: 0030-1388

Language: ENGLISH

2/3/85
01772-’ 1 .. Monthly No: EIS507058325 E.l. Yearly No: EI85084152

T5.1 MICS OF A PIPE ASPIRATING FLUID SUCH AS MIGHT BE USED IN OCEAN
M IN I Ni.

Author: ruidoussis, M. P .; Luu, T. P.

Corporate Source: McGill Univ, Dep of Mechanical Engineering, Montreal,
Cue, Can

Source: Journal of Energy Resources Technology, Transactions of the ASME

V 107 n 2 Jun 1985 p 250-255
Publ cation Year: 1985
CODEN: JERTD2 ISSN. 0195-0738
Language: ENGLISH

2/3/86
01771790 E.I. Monthly No: EIS507058824 E.l. Yearly No: EI850S4151
Title: CONCEPT FOR DESIGN OF SUBMARINE PIPELINES TO RESIST OCEAN FORCES.
Author: Karal. K.
Corporate Soui-ce: Norges Tekniske Hogskole, Trondheim, Norw
Source: Journal of Energy Resources Technology, Transactions of the ASME
v 107 n 1 Mar 1985 p 42-47
Publication Year: 1985
CODEN: JERTD2 ISSN: 0195-0738
Language: ENGLISH



2/3/87

01763242 E.l. Monthly No: EI850604S758 E.lI. Yearly No- EI85084148
Title: SINKING BEHAVIOR OF PIPELINE IN THE OCEAN.
Author: Kawashima. Takeshi: Shimogo, Taro
Corporate Source: Keio Univ, Dep of Mechanical Engineering. Yokohama, Jpn

Source: Bulletin of the JSME v 28 n 237 Mar 1985 p 508-514
Publication Year: 1985

CODEN: BJSEAS ISSN: 0021-3764

Language: ENGLISH

2/3/88

01761909 E .I. Monthly No: EI8506048600 E.l. Yearly No: EI850S2246
Title: WAVE-INDUCED FORCES ON BURIED PIPELINES.

Author: Lennon, Gerard P.

Corporate Source: Lehigh Univ, Dep of Civil Engineering, Bethlehem, PA,
USA
Source: Journal of Waterway, Port, Coastal and Ocean Engineering v ill n

3 May 1985 p 511-524
Publication Year: 1985
CODEN: JWPEDS
Language: ENGLISH

2/3/89
01761770 E .I. Monthly No: EI850604S599 E .I. Yearly No: EI85082245

Title : WAVE LOAD-SUBMARINE PIPELINE-SEAFLOOR INTERACTION.

Author: Pranesh, M. R .; Somanatha, G. S.

Corporate Source: Indian Inst of Technology, Ocean Engineering Cent,
Madras, India

Source: Journal of Transportation Engineering v 111 n 3 May 1985 p
237-250

Publication Year: 1985
CODEN: JTPEDI
Language: ENGLISH

2/3/90
01755815 E .I. Monthly No: EIS50503935S E .I. Yearly No: EI85083937

Title : LARGE BENDING OF PIPES.

Author: Sohal, l. S.; Chen, W. F.

Corporate Source: Purdue Univ, Sch of Civil Engineering, West Lafayette,
IN, USA

Source: Engineering Structures v 7 n 2 Apr 1985 p 121-130
Publication Year: 1985

CODEN: ENSTDF ISSN: 0141-0296 ISBN: 0-13-782178-6
Language: ENGLISH

2/3/91
01746467 E.l. Monthly No: EI18504029971 E.I. Yearly No: EI85078114
Title: TEXACO'S HIGHLANDER FIELD DEVELOPED SUBSEA.
Author: Bleakley, W. B.
Corporate Source: Petroleum Engineer Int, Dallas, TX, USA
Source: Petroleum Engineer International v 57 n 2 Feb 1985 4p between p

2a- and 32
Publication Year: 1985
CODEN: PENGAG6 ISSN: 0164-S322 ISBN: 0-89520-421-5
Language: ENGLISH
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2/3/1

91-01233
Hydrodynamic forces on seabed pipelines
Verley, R.L.P.; Lambrakos, K.F.; Reed, K.
Statoil, Postuttak, 7004 Trondheim, Norway
Ocean Technology Conf. Houston, TX (USA) 27-30 Apr 1987
J. WATERWAY PORT COAST. OCEAN ENG vVOoL. 115, NO. 2, pp. 190-204, 1989
SUMMARY LANGUAGE - ENGLISH
2/312
91-01214
The effect of the sea-bottom proxim ity on the hydrodynamic forces for

submarine pipelines

E, Xwuequan; Li, Zhanhua; Ling, Guocan
Inst. Mech., Acad. Sinica, Beijing, People’s Rep. China
THE OCEAN ENG./HAIYANG GONGCHEMG VvoOL. 71, NoO. 1, PP. 90-100, 1989
SUMMARY LANGUAGE - ENGLISH
2/31/3
89-07753
Combined wave and current boundary layer model for fixed rough seabeds
Myrhaug, D .; Slaattelid, O.H.
Div. Mar. Hydrod/n ., Norwegian Inst. Technol., N-7034 Trondheim-NTH,
Norway
OCEAN ENG vOoL. 16, NO. 2, PP. 119-142, 1939
SUMMARY LANGUAGE - ENGLISH
2/31/4
89-06565
Seismic response of buried submarine pipelines
Oatta, T.K.; Mashaly, E.A.
Dep. Civ. Eng., Indian Inst. Technol., Delhi,Hauz-Khas, New Delhi, India
J. ENERGY RESOUR. TECHNOL VOL. 110, NO. 4, pp. 208-219, 1988
SUMMARY LANGUAGE - ENGLISH
2/31/5
8°-04848
Vortex-shedding response of long cylindrical structures in shear flow
I1Jang. E.; Whitney, A.K. ; Nikkei. K.G.
Lockheed M issiles and Space Co., Inc., Sunnyvale, CA ~aOSh, USA
5. International Symposium and E xhibit on O ffshore Mechanics and Arctic
Engineering Tokyo (Japan) 13-22 Apr 193t>
J. OFFSHORE MECH. ARCT. ENG vVOL. 110. NO. 1. PP. 24-31, 19S3

SUMMARY LANGUAGE - ENGLISH



21316
89-04814

Cameron introduces space age titanium to the subsea
Anon.
*SEA TECHNOL VOL. 29, NO. 6, pp. 39-40, 1988
21317
89-04572
W astewater management for coastal citie s: The ocean disposal option
Gunnerson, C.G.
International Bank for Reconstruction and Development, Washington, DC
(USA)
TECH. PAP. WORLD BANK NO. 77, 1988
SUMMARY LANGUAGE - ENGLISH; NTIS Order Mo.: PB88-170741/GAR. ISBN
0-8213-0989-7.
2/31/8
89-03231
Acoustics in control for Balmoral pipelines
Anon.
OFFSHORE ENG p. 55, 1986
2/319
89-03054
Thermal buckling of offshore pipelines
Ju, G .T.; Kyriakides, S.
Eng, Mech. Res. Lab., Dep. Aerosp. Eng. and Eng. Mech , Univ. Texas,
Austin, TX 78712, USA
J. OFFSHORE MECH. ARCT. ENG VOL. 110, NO. 4, pp. 355-364, 1988
SUMMARY LANGUAGE - ENGLISH
2/3/10
89-03030
On the analysis of pipeline during laying operation.; Haidi guanxian
puguan suoye zhuangtai fenxi
Gu, Yongning
Shanghai Jiaotong Univ., Shanghai, People’s Rep. China
THE OCEAN ENG./HAIYANG GONGCHENG VOL. 6, NO. 2, pp. 11-23, 1988
SUMMARY LANGUAGE - ENGLISH
COMPLIMENTS OF THE
2/3/11 ALASKA STATE LI3RARY
89-03028
Discussion on the lim it erosion length of the ocean o il and goc
pipeline .: Haiyang youoi guandao jixian <chongshua changdu de tantao
Yuan, Xiangzhong; Zheng, Liang
Southwestern Pet. Inst., People’s Rep. China
THE OCEAN ENG./HAIYANG GONGCHENG VOL. 6, NO. 2, pp. 1-10, 1988
SUMMARY LANGUAGE - ENGLISH
2/3/12
89-01382
PIPESTAB project: Improved design basis for submarine pipeline stability
Wolfram, W .R.,Jr.; Getz. J.R.: Verley, R.L.P.
Exxon Production Research Co.. USA
O ffshore Technology Conf., Houston, TX (USA)
19. Annual O ffshore Technology Conference Houston, TX (USA) 27-30 Apr
1*87
NINETEENTH ANNUAL OFFSHORE TECHNOLOGY CONFERENCE. 1987 PROCEEDINGS pp.
153-153, 1987
OTC. HOUSTON. TX (USA)
PROC. OFFSHORE TECHNOL. CONF.. . . ; SUMMARY LANGUAGE - ENGLISH;
OTC-5501.
2/3/13
89-01037
Stress analysis of marine pipelines crossing elevated obstructions or



” (13
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Zhu, Fugen

Dep. Nav. Architect, and Ocean Eng., Shanghai Jiaotong Univ., Shanghai,
People’s Rep, Chin3

CHINA OCEAN ENG vVOL. 1. NO. 4, pp. 109-116, 1987

SUMMARY LANGUAGE - ENGLISH

2/3/14
88-05982

Wave induced forces on submarine pipelines

Shankar, N .J.; Fatt. C.H.; Subbiah. K.; Pounsford, J.H. (ed.)

Dep. Civ. Eng., N ati. Univ. Singapore, Kent Ridge, Singapore 0511,

Singapore

BHRA, The Fluid Engineering Centre, Bedford (UK)

Int. Conf. on Measuring Techniqgues of Hydraulics Phenomena in O ffshore,
Coastal and Inland Waters London (UK) 9-11 Apr 1986

INTERNATIONAL CONFERENCE ON MEASURING TECHNIQUES OF HYDRAULICS PHENOMENA
IN OFFSHORE, COASTAL AND INLAND WATERS LONDON, ENGLAND: 9-11 APRIL, 1986

pp. 137-148, 1986
BHRA, THE FLUID ENGINEERING CENT., BEDFORD (UK)
SUMMARY LANGUAGE - ENGLISH
2/3/15
88-05613
W ave-induced forces on buried pipelines
McDougal, W.G.: Davidson, S.H.; Monkrneyer, P .L.: S oilitt. C .K.
Ocean Eng. Program, Dep. Civ. Eng., Oregon State Univ., Corvallis, OR
97331, USA
J. WATERWAY PORT COAST. OCEAN ENG VOL. 114, NO. 2. pp. 220-236, 1988
SUMMARY LANGUAGE - ENGLISH
2/3/16
88-04334

Simplex provides flexible pipe Offshore Petroleum Delivery System (OPDS)

to the U.S. Navy
Dubois, B.C.

Simplex Wire and Cable Co., USA

Marine Technology Soc., W ashington, DC (USA); IEEE Ocean Eng. Soc., NY
(USA)

Oceans "85 "Engineering and the Environment" San Diego, CA (USA)

12-14 Nov 1985
OCEANS ’'85 PROCEEDINGS: OCEAN ENGINEERING AND THE ENVIRONMENT vOoL. 2.

pp. 1244-1252, 1985
OCEANS '85, , , SUMMARY LANGUAGE - ENGLISH
2/3/17
88-04163
O ffshore o il and gas technology assessment
Otteman, L.G.; Crooke, R.C.: Shoemaker, R.
Shell California Product.. Inc., CA, USA
Marine Technology Soc.. W ashington. DC (USA); IEEE Ocean Eng. Soc., NY
(USA)
Oceans ' 85 "Engineering and the Environment" San Diego, CA (USA)

12-14 Nov 1985
OCEANS '85 PROCEEDINGS: OCEAN ENGINEERING AND THE ENVIRONMENT VOL. 1,

pp. 4-16, 1985
OCEANS '85, , . SUMMARY LANGUAGE - ENGLISH
2/37/18
88-03838
lce gouge hazard analysis
Lanan, G .A.; Niedoroda, A.W.;, Weeks, W.F.
O ffshore Technology Conr., Houston, TX (USA)
18. Annual O ffshore Technology Conference Houston. TX (USA) 5-5 May
1986

EIGHTEENTH ANNUAL OFFSHORE TECHNOLOGY CONFERENCE. 1986 PROCEEDINGS PP.



57-66, 1986
OTC, HOUSTON, TX (USA)

PROC. OFFSHORE TECHNOL. CONF., , > SUMMARY LANGUAGE - ENGLISH; OTC
5298,

2/3/19
87-01430

Operational experience w ith the cold water pipe at the Natural Energy
Laboratory of Hawaii

Daniel, T.H.

Natural Energy Lab. of Hawaii, P.O. Box 1749,Kailua-Kona, Hl1 96745, USA
Marine Technology Soc., Washington, DC (USA); IEEE, NewY ork, NY (USA)
Oceans '86 "Science-Engineering-Adventure™" W ashington, DC (USA) 22-25
Sep 1986

OCEANS ' 36 CONFERENCE RECORD: SCIENCE-ENGINEERING-ADVENTURE. vOoL. 1.
SYSTEMS, STRUCTURES AND ANALYSIS pp. 185-190, 1986

IEEE PUBLISHING SERV.. MEW YORK, NY (USA)

OCEANS '86, , , ; SUMMARY LANGUAGE - ENGLISH

2/3/20
87-01321

Wave induced forces on submarine pipelines

Shankar, N .J.; Subbiah, K.

Dep. Civ. Eng., Natl. Univ. Singapore, Kent Ridge 0511. Singapore

BHRA, Fluid Engineering Center, London (UK)

International Conference on Measuring Techniques of Hydraulics Phenomena
in O ffshore, Coastal and Inland Waters London (UK) 9-11 Apr 1986

PAPERS PRESENTED AT THE INTERNATIONAL CONFERENCE ON MEASURING TECHNIQUES
OF HYDRAULICS PHENOMENA IN OFFSHORE. COASTAL AND INLAND WATERS. LONDON,

ENGLAND: 9-11 APRIL, 1936 pp. 137-143, 1986

BHRA, FLUID ENGINEERING CENT BEDFORD (UK)

SUMMARY LANGUAGE - ENGLISH

COMPLIMENTS OF THE

273721 ALASKA STATE LI3RAHY
36-06250

Additional stabilisation of submarine pipelines

Jinsi, B .K.; Chung, J.S. Yoshida, K .; Spark: C.P.: Tsahalis, D.T,
(eds.)

JP Kenny Netherland, The Hague, Netherlands

5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-18 Apr 1986

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3 pp. 717-724, L986

AMERICAN SOCIETY OF MECHANICAL ENGINEERS. NEW YORK, NY (USA)
SUMMARY LANGUAGE - ENGLISH

2/3122
86-06246

Influence of structural boundary conditions on pipeline free span
dynamics

Hobbs, R .E .: Chung, J.S .: Yoshida, K .; Sparks, C.P.: Tsahalis, D.T.
(eds.)

Civ. Eng. Dep., Imperial Coll.. London SW7 2AZ. UK

5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-13 Apr 1936

PROCEEDINGS OF THE FIFTHINTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3 pp.o85-691. 1986

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, NEW YORK.NY (USA)
SUMMARY LANGUAGE - ENGLISH

2/3/23
36-06244

rwo-dimensional scour below pipelines

Hansen, E.A . Fredsoee, J . Ye, M. Chung, J.S. : Yoshida. . sparks.
C.P.; Tsahalis, D.T. (eds.)

Inst. Hydrodyn. and Hvdraul. Eng.. Tech. Univ. Denmark. Copenhagen.



ienim

5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-18 Apr 1986

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3 pp. 670-678, 1986

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, NEW YORK, NY (USA))
SUMMARY LANGUAGE - ENGLISH

2/3/24
86-06241

Nonlinear random response of marine pipelines in contact with the seabed
Michalopoulos, cC.D .; Chung, J.S.; Yoshida, K .; Sparks, C.P.; Tsahalis,
D.T. (eds.)

Southwest Applied Mechanics, Inc., Houston, TX, USA

5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-18 Apr 1986

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3 pp. 639-646, 1986

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, NEW YORK, NY (USA)
SUMMARY LANGUAGE - ENGLISH

2/31/25
86-06226

A circular cylinder partly submerged in three turbulent boundary layers
Zdravkovich, M.M.; Chung, J.S Yoshida, K .; Sparks, C.P. Tsahalis, D.T.
(eds. )

Univ. Salford, Salford, Lancashire M5 4WT, UK

5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-18 Apr J986

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3 pp. 582-587, 1986

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, NEW YORK, NY (USA)
SUMMARY LANGUAGE - ENGLISH

2/3/26
86-06133

Hydrodynamic forces due t oblique wave and current action on marine
pipelines

Bryndum, M .B .; Jacobsen, V. Madsen, M. ; Brand, L.P.; Chung, J.S. ;
Yoshida, K. ; Sparks, C.P.; Tsahalis, D.T. (eds.)

Danish Hydraul. Inst., Horsholm, Denmark

5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-18 Apr 1c'86

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC;
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3 pp. 402-407, 1936

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, NEW YORK, NY (USA)
SUMMARY LANGUAGE - ENGLISH

213127
S6-Q559P

Proceedings of the Fifth International O ffshore Mechanics and A rctic
Engineering (OMAE) Symposium. Volume 3

Chung, J.S.; Yoshida, K .: Sparks, C.P.: Tsahalis, D.T. (eds.)

5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-18 Apr 1986

1986

AMERICAN SOCIETY OF MECHANICAL ENGINEERS, NEW YORK. NY (USA)

2/31/28

6c>-GA<4.5S

The Benigraph: A sea-floor mapping system
Loevik, A.

Bentech A/S, Tromsoe, Norway
International Conference. O ffshore Site Investigation London, (UK) 13
Mar 1985

ADVANCES IN UNDERWATER TECHNOLOGY AND OFFSHORE ENGINEERING. VOLUME 3.



OFFSHORE SITE INVESTIGATION pp. 63-68, 1985
GRAHAM AND TROTMAN, LONDON (UK)

J.

1

SUMMARY LANGUAGE - ENGLISH
*2/3/29
86-04451
Oahu OTEC preliminary design: Sea-floor surveys
Niedoroda, AW Palrner, A.C ., Pittm an, J.R .; Vandermeulen.
Campbell, J.F.
Inst. Geophys., Univ. Hawaii, Honolulu, HI 96813, USA
International Conference, O ffshore Site Investigation London, (UK)
Mar 1985
ADVANCES IN UNDERWATER TECHNOLOGY AND OFFSHORE ENGINEERING. VOLUME 3
OFFSHORE SITE INVESTIGATION PP. 15-28, 1985
GRAHAM AND TROTMAN. LONDON (UK)
SUMMARY LANGUAGE - ENGLISH
2/3/30
86-04298
Dynamic behavior of deep-ocean pipeline
Zimmerman, M .; Hudspeth, R .; Leonard, J.; Tedesco, J.; Borgman, L.
Standard O il C alifornia, San Francisco, CA 94105, USA
J. WATERWAY PORT COAST. OCEAN ENG. AM. SOC. CIV. ENG VOL. 112, NO.
pp. 183-199, 1986
SUMMARY LANGUAGE - ENGLISH
2/3/31
85-07957

Pipeline breakout from sea floor under wave action

Foda, M.A.

Kuwait Inst. Sci. Res., PO Box 24885, Safat, Kuwait
APPL. OCEAN RES VC 7. NO. 2, PP. 79-84, 1985
SUMMARY LANGUAGE - ENGLISH

?b44






D elft: Hydraul., De Voorst o ff., P.O. B ox 152, 8300 AD Emmeloord,

N etherlands

COAST. ENG., vol. 14, no. 2, pp. 107-128, (1990).

2/31/2
03394914 220-08639

Analysis of water surface oscillations induced by waves in the pits of
the intake pipeline. ; Oceans '89; Seattle, UA fUSAj; 18-21 Sep 1989

Ishino, K.

Technol. Res. Cent., Taisei Corp., 344-1 Nasemachi Totukaku, Yokohama

245, Japan
OCEANS 989

OCEANS '8 9: THE GLOBAL OCEAN. VOLUME 5; DIVING SAFETY AND PHYSIOLOGY.
OCEAN ENGINEERING/TECHNOLOGY.

, 1989., pp. 1567-1570

2/31/3
0329681 220-06241

Hydrodynamic forces on seabed pipelines.; Ocean Technology Conf.;

Houston, TX (USA); 27-30 Apr 1987
Verley, R.L.P.;Lambrakos, K.F.;Reed, K.

Statoil, Postuttak, 7004 Trondheim ,' Norway

J. WATERWAY PORT COAST. OCEAN ENG., vol. 115, no. 2, PP. 190-204, (1989).
2/31/4
0329669 220-06229

The effect of the sea-bottom proximity on the hydrodynamic forces for
submarine pipelines.

E, Xuequan;Li, Zhanhua;Ling, Guocan

Inst. Mech., Acad. Sinica, Beijing, People's Rep. China

THE OCEAN ENG. HAIYANG GONGCHENG, vol. 7, no. 1, pp. 90-100, (1989).
2/31/5

0299587 219-06916
Combined wave and current boundary layer model for fixed rough seabeds.

Myrhaug, D .; Slaattelid, O.H.

Div. Mar. Hydrodyn., Norwegian Inst. Technol., N-7034 Trondheim-NTH,
Norway

OCEAN ENG., vol. 16, no. 2, pp. 119-142, (1989).

2/31/6

0293814 219-054514
Seismic response of buried submarine pipelines,,

Datta, T.K.; Mashaly, E.A.
Dep. Civ. Eng., Indian Inst. Technol., Delhi, Hauz-Khas, New Delhi. India
J. ENERGY RESOUR. TECHNOL., vol. 110, no. 4, pp. 208-219, (1988).
2/317
0288133 219-03781
Vortex-shedding response of long cylindrical structures in shear flow. 5.
International Symposium and E xhibit on O ffshore Mechanics and Arctic
Engineering Tokyo (Japan) 13-22 Apr 1986
Wang, E .: W hitney, A .K.; Nikkei, K.G.
Lockheed Missiles and Space Co.. Inc., Sunnyvale. CA 94086, USA
J. OFFSHORE MECH. ARCT. ENG., vol. 110, no. 1. pp. 24-31, (1988).
2/318
0286778 119-11058; 219-03902
W astewater management for coastal cities: The ocean disposal option.
Gunnerson. C.G.
International Bank for Reconstruction and Development. Washington. DC
fUSA)

TECH. PAP. WORLD BANK., no. 77
, 1988., 422 pp

21/3179



uLuao/7UV 71v=ur vyuQ
Cameron introduces space age titanium to the subsea.

Anon.
SEA TECHNOL., vol. 29, no. 6, pp. 39-40, (1988).

2/3/10
0285262 219-02967
Thermal buckling of offshore pipelines.

Ju, G .T.; Kyriakides, S.

Eng. Mech. Res. Lab., Dep. Aerosp. Eng. and Eng. Mech., Univ. Texas,
Austin, TX 78712, USA

J. OFFSHORE MECH. ARCT. ENG., vol. 110, no. 4, pp. 355-364, (1988).
2/3/11

0282397 219-02221
Haidi guanxian puguan zuoye zhuangtai fenxi
On the analysis of pipeline during laying operation.

Gu, Yongning

Shanghai Jiaotong Univ., Shanghai, People’s Rep. China
THE OCEAN ENG. HAIYANG GONGCHENG.. vol. 6. no. 2, pp. 11-23, (1988).
2/3/12

0282396 219-02220
Haiyang youqi guandao jixian chongshua changdu de tantao

Discussion on the |Iim it erosion Ilength of the ocean oil and gas pipeline.
Yuan, Xiangzhong; Zheng, Liang

Southwestern Pet. Inst., People’s Rep. China

THE OCEAN ENG. HAIYANG GONGCHENG., vol. 6, no. 2, pp. 1-10, (1988S).
2/3/13
0279469 219-01414

Acoustics in control for Balmoral pipelines..

Anon.

OFFSHORE ENG., p. 55, (1986).

2/3/14
0279451 219-01395
Stress analysis of marine pipelines crossing elevated obstructions or

lowered depressions at seabed.
Zhu, Fugen

Oep. Nav. Architect, and Ocean Eng., Shanghai Jiaotong Univ., Shanghai.
People’'s Rep. China

CHINA OCEAN ENG., vol. 1, no. 4. pp. i09-116, (1987).

2/3/15
0276500 219-00565

PIPESTAB project: Improved design basis for submarine pipeline stability.
19. Annual O ffshore Technology Conference Houston, TX (USA) 27-30 Apr 19S7
Wolfram, W.R .Jr.: Getz, J.R .; Verley. R.L.P.

Exxon Production Research Co., USA

PROC. OFFSHORE TECHNOL. CONF.
NINETEENTH ANNUAL OFFSHORE TECHNOLOGY CONFERENCE. 1987 PROCEEDINGS.

1:,)87. . pp. 153-153

2/3/16
0266072 218-06190

Wave induced forces on submarine pipelines. Int. Conf. on Measuring
Techniques of Hydraulics Phenomena in O ffshore. Coastal and Inland Waters
London (UK) 9-11 Aon IPSo

Shankar. N .J.: Fatt, C.H.; Subbiah. K.

Dep. Civ. Eng.. N atl. Univ. Singapore, Kent Ridge, Singapore 0511.

Singapore
INTERNATIONAL CONFERENCE ON MEASURING TECHNIQUES OF HYDRAULICS PHENOMENA

IN OFFSHORE. COASTAL AND INLAND WATERS LONDON, ENGLAND: 1 APRIL. I7Sp.

Pounsford. J.H.
ed.



2/3/17
0266070 218-06188
W ave-induced forces on buried pipelines,.

MoDougal, W.G.; Davidson, S.H.; Monkmeyer, P .L.; S ollitt, C .K.
Ocean Eng. Program, Dep. Civ. Eng., Oregon State Univ., Corvallis, OR
97331. USA

J. WATERWAY PORT COAST. OCEAN ENG., vol. 114, no. 2, pp. 220-236, (1988).
2/3/18

0263434 218-04522

Simplex provides flexible pipe O ffshore Petroleum Delivery System (OPDS)
to the U.S. Navy. Oceans '85 "Engineering and the Environment" San Diego,
CA (USA) 12-14 Nov 1985

Dubois, B.C.

Simplex Wire and Cable Co.. USA

OCEANS '85.

OCEANS "85 PROCEEDINGS: OCEAN ENGINEERING AND THE ENVIRONMENT.

, 1985., vol. 2, pp. 1244-1252

2/3/19
0259865 218-03869

O ffshore oil and gas technology assessment. Oceans '85 "Engineering and
the Environment" San Diego, CA (USA) 12-14 Nov 1985

Otteman. L.G .: Crooke, R .C.; Shoemaker, R.

Shell California Product., Inc., CA., USA

OCEANS '85.
OCEANS '85 PROCEEDINGS: OCEAN ENGINEERING AND THE ENVIRONMENT.

, 1985., vol. 1, pp. 4-16

2/3/20
0259569 218-03558

Ice gouge hazard analysis. 18. Annual O ffshore Technology Conference
Houston, TX (USA) 5-8 May 1986

Lanan, G.A.; Niedoroda, A.W .; Weeks, W.F.

PROC. OFFSHORE TECHNOL. CONF.
EIGHTEENTH ANNUAL OFFSHORE TECHNOLOGY CONFERENCE. 1986 PROCEEDINGS.
, 1986., pp. 57-66

2/31/121
0247852 21"7-07730
Nonlinear dynamic response of submarine pipelines in contact with the

ocean floor.
Chung, C.K.
University of Houston, Texas (USA)

DISS. ABST. INT. PT. B - SCI. & ENG., vol. 48, no. 1

1987., 266 pp

2/3/22
0239454 217-04507

A concept for design of submarine pipelines to resist ocean forces. 3.
International Symposium on O ffshore Mechanics and Arctic Engineering New
Orleans, LA (USA) .12-16 Feb 1984

Karal. K.

SINTEF. Trondheim, Norway

J. ENERGY RESOUR. TECHNOL., vol. 107. no. 1, PP. 42-47, (1985).

2/317123

0237542 217-03785
Optimum design or submarine suspended pipelines.
Huang, Z .; Seireg. A.
Res. Inst. Pet.. Explor. and Dev., Beijing, People's Rep. China
J. ENERGY RESOUR. TECHNOL., vol. 107. no. 3. pp. 335-341, (1985).



Operational experience w ith the cold water pipe at the Natural Energy
Laboratory of Hawalii. Oceans " 86 "Science-Engineerina-Adventure"
W ashington, DC (USA) 22-25 Sep 1986

Daniel, T.H.

Natural Energy Lab. of Hawaii, P.O. Box 1749, Kailua-Kona, HI 96745, USA

OCEANS '86.

OCEANS '86 CONFERENCE RECORD: SCIENCE-ENGINEERING-ADVENTURE. voL. 1.

SYSTEMS, STRUCTURES AND ANALYSIS.
, 1986., pp. 185-190

2/3/25
0231583 217-01280

Wave induced forces on submarine pipelines. International Conference on
Measuring Techniques of Hydraulics Phenomena in O ffshore, Coastal and
Inland Waters London (UK) 9-11 Apr 1986

Shankar, N.J.; Subbiah, K.

Dep. Civ. Eng., Natl. Univ. Singapore, Kent Ridge 0511, Singapore

PAPERS PRESENTED AT THE INTERNATIONAL CONFERENCE ON MEASURING TECHNIQUES
OF HYDRAULICS PHENOMENA IN OFFSHORE, COASTAL AND INLAND WATERS. LONDON,
ENGLAND: 9-11 APRIL, 1986.

, 1986., pp. 137-148

2/3126
0219484 216-06354
Additional stabilization of submarine pipelines. 5. International

O ffshore Mechanics and Arctic Engineering (OMAE) Symposium Tokyo (Japan)
13-18 Apr 1986

Jirisi, B.K.

JP Kenny Motherland, The Hague, Netherlands

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3.

Chung, J.S.; Yoshida, K. ; Sparks, C.P.; Tsahalis, D.T..

eds.

, 1986., pp. 717-724

213127
0219438 216-06302

Two-dimensional scour below pipelines. 5. International O ffshore

Mechanics and Arctic Engineering (OMAE) Symposium Tokyo (Japan) 13-18 Apr
1986

Hansen, E.A.; Fredsoee, J .; Ye, M.

Inst. Hydrodyn. and Hydraul. Eng., Tech. Univ. Denmark, Copenhagen,
Denmark

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3.

Chung, J.S .; Yoshida, K .: Sparks, C.P.; Tsahalis, D.T.

eds.

, 1986.« pp. 670~07S

213128
0219436 216-06300
Nonlinear random response of marine pipelines in contact with the seabed.
5. International O ffshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-13 Apr 1986
Michalopoulos. C.D.

Southwest Applied Mechanics, Inc., Houston TX, USA

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3.

Chung. J.S.: Yoshida, K .; Sparks, C.P. Tsahalis, D.T.

eds.

, 1986., dp, 639-046

2/3/29
0219429 216-06297?

A circular cylinder partly submerged in three turbulent boundary layer:

MMMKmiHKHI
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Tokyo (Japan) 13-18 Apr 1986

Zdravkovioh, M.M.

Univ. Salford, Salford, Lancashire M5 AWT. UK

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3.

Chung, J.S.: Yoshida, K .; Sparks, C.P.; Tsahalis, D.T..

eds.

, 1986., pp. 582-587

2/3/30
0219405 216-06269

Hydrodynamic forces due to obligue wave and current action on marine
pipelines. 5. International O ffshore Mechanics and Arctic Engineering
(OMAE) Symposium Tokyo (Japan) 13-18 Apr 1986

Bryridum, M.B.; Jacobsen, V.; Madsen. M. ; Brand, L.P.,

Danish Hydraul. Inst., Horsholm, Denmark

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3.

Chung, J.S.; Yoshida, K. ; Sparks, C-.P-; Tsahalis, D.T.

eds.

, 1986,, PP. 402-407

2/3/31
0219384 216-06246

Influence of structural boundary conditions on pipeline free span
dynamics. 5. International Offshore Mechanics and Arctic Engineering (OMAE)

Symposium Tokyo (Japan) 13-18 Apr 1986
Hobbs, R.E.

Civ.- Eng. Dep., Im perial Coll., London SW7 2AZ, UK

PROCEEDINGS OF THE FIFTH INTERNATIONAL OFFSHORE MECHANICS AND ARCTIC
ENGINEERING (OMAE) SYMPOSIUM. VOLUME 3.

Chung, J.S. ; Yoshida. K. ;Sparks, C.P.; Tsahalis, D.T..

eds.

, 1986., pp. 685-691

2/3132
0217475 216-05536

Proceedings of the Fifth International O ffshore Mechanics and Arctic
Engineering (OMAE) Symposium. Volume 3. 5. International Offshore Mechanics
and Arctic Engineering (OMAE) Symposium Tokyo (Japan) 13-18 Apr 1986

Chung, J.S.: Yoshida, K.;Sparks, C.P.; Tsahalis, D.T.

eds.

PUBL: AMERICAN SOCIETY OF MECHANICAL ENGINEERS, NEW YORK, NY (USA), 1986.
, 736 pp

2/3/33
0213759 215-06673
Pipeline breakout from sea fioor under wave action.

Foda, M.A.

Kuwait Inst. 3ci. Res., PO Box 24885, Safat, Kuwait
APPL. OCEAN RES., vol. 7, no. 2, pp. 79-84. (1985).
2/3/34

0213707 216-04118
Dynamic behavior of deep-ocean pipeiine.

Zimmerman. M . Hudspeth, R .: Leonard, J .; Tedesco, J.: Borgman.
L.

Standard O il C alifornia, San Francisco, CA 94105, USA

J. WATERWAY PORT COAST. OCEAN ENG. AM. SOC. CIV. ENG., vol. 112. no. 2.

pp. 133-199, (1986).

2/3/35
0211PIO 216-03088
Oahu OTEC preliminary design: Sea-floor surveys. Internationai

Conference, O ffshore Site Investigation London, (UK) 13 Mar 19S5



Niedoroda, A.W.; Palmer, A.C.; Pittm an. J.R.; Vandermeulen, J.P.;

Campbell, J.F.
Inst. Geophys., Univ. Hawaii, Honolulu, HI 96813, USA

ADVANCES IN UNDERWATER TECHNOLOGY AND OFFSHORE ENGINEERING. VOLUME 3.
OFFSHORE SITE INVESTIGATION.

i.;y85. , pp. 15-28
2/31/56
0211604 216-03080
The Benigraph: A sea-floor mapping system. International Conference,

O ffshore Site Investigation London, (UK) 13 Mar 1985

Loevik, A.

Bentech A/S, Tromsoe, Norway

ADVANCES IN UNDERWATER TECHNOLOGY AND OFFSHORE ENGINEERING. VOLUME 3.
OFFSHORE SITE INVESTIGATION.

PUBL: GRAHAM AND TROTMAN, LONDON (UK), 1985., pp. 63-68

2/3137

0186049 215-03706

Dutch rock dumper eyes deepwater prospects.
Anon.

OFFSHORE ENG., pp. 47-48, (1985).
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Resources

Long term issue, looking at state water policy

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
toa 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.

State water program ?

Bill Long, Chiefof 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.

Gathering water data

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
alsotell 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 Alaskais 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

Rep?

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 ofagency projects. Currently, there isno
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.

Wetlands policy

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, notfunded, by the state ofAlaska, 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.

ANWR Resolution

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. HIR-21now goes to
the House Finance.
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DISCHARGE AT MISCELLANEOUS SITES
DIschargo measurements made at miscellaneous sltoo during water yoar 1989

) Mousurod

. , Drainage previously
Stream Tributary to Location ar (water
(mA<) years)

Southeast Alaska

Taku Inlot Lot 58%13"40", long 134*02*25", City and 15,2 $1929-67
Borough of Juneau, 0.7 ml downstream
from ~Lake Bart, 0.8 mi upstream  from
mouth, 3 mi downstream from Lake Dorothy,
and 14 mi southeast of Junoau,

Gastineau Lat 53*23*53"  long 134*34*40", in NEk 1988
Channel MAK sec.3i, T.40 S., R.66 E., City and
Borough of Juneau, 0.8 mi upstream” from
mouth, and 8 ul northwest of Juneau.

Mendenhall Lat 58"23'34",  long 134*34*06", in NEk 1988
River NEk sec.19, T.40 S.. R.66 E. City and
Borough of Juneau, 2,8 ml upstream’ from
mouth, and 8 mi northwest of Juneau.

Lat 58'23'03", long 134*34*31" in NWk 1988
SEk sec.19, T.40 S, R.66 E. City and
Borough of Juneau, 2.1 mi u?stream from

mouth, and 8 mi northwest of Juneau.
Lat 58%22*04" Iong 134%35%16", in  SWK 1988
SWk sec.30, T.40 S.  R.66 E. City and

Borough of Juneau, 0.8 mi upstream’ from
mouth, and 8 mi northwest of Juneau.

Lat 58*23122"  long 134*35*30", in SEk 1984
NEk sec.24, T.40 S. R.65 E., City and

Borough of Juneau, 3.5 mi upstream from

mouth; and 2.0 mi east of Auke Bay.

Lat 58%22*52" Iong 134*35%34" in SEk 1984
SEk sec.24, T.40°S. R.65 E., City and
Borough of Juneau, 2,7 mi upstream’ from

mouth, and 2.0 mi southeast of Auke Bay.

Lat 58%22*56", long 134*35*50", in SEk 1965-
k sec.2d, T.40°S. ~R.65 E., City and 1

Borough of Juneau, 0,05 mi uEstream from

mouth, and 1.8 mi east of Auke Bay.

Lat 58%22%15" Ion% 134%36%00", in  Nwk 1950
SEk sec.25, T.40°S., R.65 E., City and 1
Borough of Juneau, at Brotherhood .

r ge 1,6 miupstream from mouth,
and 2.2 mi southeast of Auke Bay.

1969,
084

Lat 58*04*38" long 134*37%39" on 1983-
Admiralty Island,”at settling pond 19
outlet, and 19 mi southwest of Juneau.

Lat 58*04*44" long 134*38*37"
Adm|ralt¥ Island, ~about 200

stream Trom Gallagher Creek,

upstream _from mouth, and 19 ml
west of Juneau.

Lat 58*05*39", long 134*44*24"  on 1978
Admiralty Island, “about 0.5 mi up-

stream from mouth, and 19 mi south-

west of Junoau.

at 58*05%47", long 134*44*27", on
Admiralty Island,” 19 mi southwest
of Juneau.

o —

L

177

Measurements
Disclnirgo
Date (ft3/5)
12- 5-88 160
- 2-89 no flow
- 2-89 e0,75
- 2-89 0.28

- 2-89 no flow

- 2-89 32
- 2-89 39
- 2-89 11

2-50 2820
2068 gl50
-20-68 gill
- 2-89 59

8-31-89 0.04
8-29-89 1

18-78 eql

-31-89 gzlS
8-31-89 012



ANALYSES OK SAMPLES COLLECTED AT MISCELLANEQUS SITES
SOUTHEAST ALASKA
580444134383700 GREENS CREEK BELOW WEST MINE DRAINAGE CREEK NEAR JUNEAU
WATER QUALITY DATA, WATER YEAR OCTOBER 1988 TO SEPTEMBER 1989

DIS BARO- OXYGEN,
CHARGE,  SPE- METRIC DIS- HARD-
INST.”  CIFIC PRES- SOLVED  NESS  NONCARU
CUBIC  CON: PH  TEMPER- TUR-  SURE OXYGEN. (PER-  TOTAL T
FEET  DUCT-  (STAND- ATURE  BID- (MM DIS-.  CENT  (MG/L TOT FLD
DATE TME  PER  ANE  ARD  WATRR [TV OF  SOLVED SATUR-  'AS GIL AS
SO (sicw UNTS) - (BEG O NTYL - HGl - INGIT ATION) - CACoy) - CACg
(00061) (00095) (00400) (06010} (00076) (00025) (00300) (00301) (00900) (00902
AUG
2. .. 4 1 138 7.80 105 0.30 743 9.5 87 7
ALKA-  ALKA-  BICAR-  CAR:
MAGNE- POTAS- LINITY  LINITY BONATE  BONATE CHO- F
CALCIUM SIUM, SODIUM,  SIUM, WAT WH VAT WH WATER  WATER SULFATE RIDE,  RID
DIS- DIS-" DIS- DIS-" TOT FET TOLIT DISIT DIS T DIS- _ DIS- D
SOLVED SOLVED SOLVED ~ SOLVED FIELD.  FIELD  FIELD  FIELD  SOLVED SOLVED SO
OWTE el el T WG MGT AS MGT A MG AS MG AS  DNGIL [Nl [l
S UG sl K] Cho” Ao HCD 03 AS'S04)  ASCL) AS
(00915) (00925] (00930) (00935) (00410) (00419) (00453) (00452) (00945 (00940 (009
AUG
2. ., 22 3.9 18 0.20 1 I 58 0 20 1.2
SOLIDS, SOLIDS,  NITRO-  NITRO-  NITRO-  NITRO PHOS-  ALUM-
SILICA, RESIDUE SUM OF  GEN.  GEN  GEN.  GENAM  PHOS-  PHOROUS  INUM:
DIS- ' AT 180  CONSTI- N02+Nb3 AMAONIA ORGANIC MONIA + PHOROUS  ORTHO,  TOTAL
SOLVED ' DEG, C TUENTS, = DIS- ~ DIS-  DIS- ORGANIC ~ DIS-  DIS RECOV-
MGIL  DIS-~ DIS-"  SOLVED SOLVED SOLVED DIS. ~  SOLVED SOLVED  ERABLE
DWTE AS o SOLVED SOLVED el WL UGl el el el U6l
sz ey el RSN RSN NS TN S AL
(00955) (70300) (70301) (00631) (00608) (00607) (00623) (00666) (00671) (01105
AUG
29. 45 85 83 0150  0.040 026 030 <0.010  0.020 20
CHRO-
ALUM- BARIUM, CADMIUM MUM,  CHRO-  COBALT,
INUM, ARSENIC TOTAL' BARIUM, TOTAL CADMIUM TOTAL  MIUM, TOTAL
DIS:  ARSENIC ~ DIS- DIS- ' RECOV- ~ DIS-  RECOV- DIS-.  RECQV-
SOLVED ~TOTAL SOLVED ERABLE SOLVED  ERABLE SOLVED ERABLE SOLVED  ERABLE
owte et e UGl (Uelt s UGl UG UGl UG UGl Uel
SCAL)  ASAS)  ASAS BA) ASBA) ASCD) ASCD) ASCR ASCR  AS (O
(01106 (01002) (01000) (0%007) (0T005) (01027) (0T0Z5) (01034) (0%030) (0%037
AUG
2. .. 10 <1 <1 200 38 <1 <1 <1 1 <1
COPPER, IRON LEAD NESE  MANGA- MERCURY
COBALT, TOTAL' COPPER, TOTAL  IRON,  TOTAL  LEAD,  TOTAL  NESE,  TOTAL
DIS- ' RECOV- DIS- ' RECOV-  DIS-  RECOV-  DIS-  RECOV-  DIS-  RECOV-
SOLVED  ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED ERABLE SOLVED  ERABLE
OWTE WGl Sl Juet Uel JUsi el fUelt UGl Uclk o [UGIL
SCO) ASCl> ASCU) ASFE) ASFE) ASPB) ASPB) ASMN ASMN AS HG
(01035 (01042) (0i0d0] (0T045) (0Ic46) (0T051) (01049) (01055 (01056] (71900
AUG
2. .. <1 4 <1 80 1 2 < <10 B 0.10
0IL AND
NICKEL, SELE-  SILVER, ZINC GREASE,
MERCURY ~TOTAL' NICKEL, SELE-  NIUM, ~TOTAL SILVER, TOTAL  zINC,  TOTAL
DIS-  RECOV-  DIS- NIUM DIS-  RECOV- ~ DIS--  RECOV-  DIS-  RECOV.
SOLVED ERABLE SOLVED TOTAL  SOLVED ERABLE SOLVED ERABLE SOLVED  GRAVI-
oaTE UG et UGl (UG (el UG [UGIL UGl UG/ METRIC
SHE) ASNI) ASNI) ASSE) ASSE) ASAG) ASAG) ASZN) AS ZN)  (MGIL
171890) (01067) (01065 (01147) (0I145) (01077) (01075) (01092) (01080] (00556



582359134352103.
LOCATION.--La 58%23°S9", lona 134735'21"

Owner: Har Ison.
AEUIFER Sand Cqsravel of the Quaternar%/ System.
WELL CHARACTE TI Dlametor 6 in, dept ft, screened 30 to 40 ft.
INSTRUMENTATION.— Continuous strip-chart rocordor Novombor 1983 to August 1984,

Au &ust 1984 to current ear.
DATUM.--Elevation of

from levols survey). Measurmt}; Point: Top of casing 1.00 ft above land-surfaco datum.
PERIOD ECORD.— November 1983 o current yea
EXTREMES FOR PERIQD OF RECORD.- H|rg est water Ievel

lowest, 11.65 Tt below land-surface datum, Mar. 22, 23, ,

DEPTH BELOW LAND SURFACE (WATER LEVELRA ’S ),
MUM "VALUES

DAY ocT NOV DEC JAN FEB MAR APR

5 6.76 6.58 6.46 9.45 9.48 10.99 10.83

10 5.57 6.93 6.43 9.72 9.91 11.28 10.32

15 5.79 1.09 6.76 9.66 10.23 11.44 8.97

20 5.60 1.03 1.15 9.95 10.47 11.56 8.68

25 h.89 1.34 8.24 9.99 10.79  11.56 8.17

EOM b.34 6.44 8.99 9.12 10.92 11.41 8.93
WTR YR 1989 HIGH 557 OCT 9-10 Low  11.65 MAR 22-23

PACIFIC

GROUND-WATER LEVEL DATA
SOUTHEAST ALASKA
JUNEAU

MAY

corooroy oo
—RO—IrRO oYU

—~JCo—u—1—Jo

OCEAN

4.92 ft below land-surfaco datum, Oct.

JUN

OO0 —1—1
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FEET), WATER YEAR OCTOBER 1988 TO SEPTEMBER 1989

JUL

OO oD OO
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O CIO o

explanation
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2-3,

Locnl number, CD04006618CBCA3019, . ,
yd rologic Unit 19060000, Mendenhall Loop Road, near Juneau.

Digital recorder from

1987:

AUG
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—~IPOCO PO LD

Op JO | 2PMES

Figure 8.--Locations of ground-water observation wells.

land- )s/urface datum is 50.53 ft above National Geodoctic Vertical Datum of 1929 (determined
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QUALITY OF GROUND WATER
WATER QUALITY DATA COLLECTED FROM WELLS DURING WATER YEAR 1989
SOUTHEAST ALASKA
HAWK [HLET WELLS

LOCAL
IDENT-

STATION  NUMBER FIER DATE
580633134443301 CD04306526CDBB1 001 08-31-89
580633134443302  CD04306526CDBB2 001 08-31-89
580633134444001 CD04306526CBDD1 002 08-30-89
580633134444002  CD04306526CBDD2 002 08-30-89
580645134445201 CD04306526CBBBL 005 08-30-89
530652134445401  CD04306526BCBD1 003 08-30-89
5§0652134445402  CD04306526BCBD2 003 08-30-89
580658134443201 CD04306526BDBB1 004 08-30-89

ARD-
ESS MAGNE-
NONCARB CALCIUM  SIUM,
WAT DS DIS-
TOT FLD  SOLVED ~ SOLVED
STATION NUMBER DATE  MGIL AS (MG/L (MG
CACO3  AS CQ S MG
(00902) (00915 (00925
580633134443301  08-31-89 125 3.1
580633134443302  08-31-89 0 4.2 2.2
580633134444001  08-30-89 0 U 2.5
580633134444002  08-30-89 (Y 6.7
580645134445201  08-30-89 0 5.1 1.6
580652134445401  08-30-89 0 1 7.1
580652134445402  08-30-89 0 43 2.9
580658134443201  08-30-89 32 4.2
CHLO-  FLUO-
SULFATE  RIDE,  RIDE,
DIS-  DIS- DIS"
SOLVED  SOLVED  SOLVED
STATION  NUMBER  DATE  IMGIL  “[NGIL (ML
A scq sc% Sl
(00945)  (00940)  (00950)
580633134443301  08-31-89 <10 10 0.10
5§0633134443302  08-31-89 25 69 1.0
580633124444001  08-30-89  <1.0 3.0 0.10
580633134444002  08-30-89 10 44 0.10
580645134445201  08-30-89  <1.0 43 0.20
580652134445401  08-30-89  <1.0 3.1 0.10
580652134445402  08-30-89 2.0 10 0.60
580658134443201  08-J-89 4.0 3.6 0.20

DEPTH
BELOW
LAND
SURFACE
(WATER
TIME  LEVEL
;FEET
(72019
0857 0.9
0735 43.9
1435 0.2
1410 0
1207 2.4
0930 1.2
1120 28.8
0800 0.8
POTAS-
SODIUM,  SIUM,
DIS- DIS-
SOLVED  SOLVED
E\MG/L NIG/L
SNQ SQ
(00930] (00935)
21 1.4
200 6.9
21 1.2
16 4.3
17 1.3
13 1.5
110 4.9
4.6 1.5
SOLIDS
SILICA, RESIDUE
DIS- | AT 180
SOLVED DEG. C
(MG/L DIS-
AS SOLVED
S102 ;Me/q
(00955) (70300
9.8 139
15 -
16 107
16 115
15 115
17 128
1 331
16 115

SPE-
CIFIC
CON- PH
DUCT-  (STAND-
ANCE ARD
US/CM} UNITS&
500095 (00400)
234 6.50
909 +9.00
154 6.00
204 8.60
137 5.40
196 4.70
516 8.70
169 7.60
ALKA-  ALKA-
LINITY  LINITY
WAT WH. WAT WH
TOT FET TOT IT
FIELD  FIELD
MG/L AS MGIL AS
CAC03 CACO3
(00410) (00419)
74 74
81 84
90 90
50 49
93 92
264 265
79 79
SOLIDS,  NITRO
SUM OF GEN
CONSTI-  NOZ2+Nb3
TUENTS,  DIS-
DIS- ' SOLVED
SOLVED  (MG/L
;MG/L S Nl
(70301)  (00631)
—  <0.100
540 0.300
- <0.100
129 <0.100
<0.100
<0.100
306 <0.100
108 <0.100

HARD-
NESS
TEMPER-  TOTAL
ATURE  (MGIL
WATER  AS
[DEG c; CACO?
00010] (00900
10.0 75
7.5 20
10.5 15
7.5 0
10.5 19
10.0 59
9.0 23
10.0 82
BICAR-  CAR-
BONATE  BONATE
WATER  WATE
DIS IT  DIS IT
FIELD  FIELD
MGIL AS MG/L AS
HCO3 C03
(00453)  (00452)
9 0
103 0
110 0
60 0
112 0
314 5
97 0
NITRO-  NITRO
GEN.  GEN



ALASKA
LUYETPRCT N R — ¥ VorHs
EXPLANATION

A 61  Gaging station

Boundary of hydrologic subregion

NGP AN 6P AR NP NTAEM

Southeast South-central Yukon
1 15022000 30 15238990 59 15344400
2 15024800 31 15239000 60 15356000
3 15028300 32 15239050 61 15388950
4 0000 33 15239070 62 15388960
5 15041200 ¥ 15239500 63 15453500
6 15049900 35 15258000 64 15476000
7 15051008 36 266300 65 15484000
8 37 15271000 66 15485500
t8 38 72280 67 15493000

15067 39 15214550 68 15493700
1 15070000 40 214600 69 15511000
2 1507 4 15275100 70 15514000
1% 15081580 42 7! 71 15515500
14 15083500 43 15277600 72 15518080
15 15085100 44 15277800 73 447
16 15087570 45 15278000 Northwest
% 15087690 46 15290000 1!

47 1522000 75 15635000

19 15101500 48 15292700 76 15743850
ﬂ 5106900 49 15294005 7/ 15744500

5129500 50 15294350 78 15747000
South-central 5 15295700 Arctic SSI%)e
22 200 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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lron Is prosont in _objectionable concentrations in a largo portion of shallow wells in most areas of the
state. Concentrations in “excess of 1.0, mg/L are common. Iron concentrations of more than about 0.3 mg/L can
cause staining of laundry and plumbing fixtures and Impart an unpleasant taste to the water.

) One of the few areas of Alaska whore natural ground-water quality could bo considered generally poor la
in the Copper River basin. As a general  rule the quality of ground water decreases with increasing depth
throughout the Copper River lowland. Saline springs which® occur in the area are the surface manifestation of
saling ground water present in the marine sedimentary rocks that underlie much of the glacial-lake deposits.
Upward “movement of water from these older sedimentary rocks has affectod the quaI|t¥ of water in the
underlying unconsolidated aquifors. The ?_round water in the unconsolidated aquifers of the Copper River
lowland 1S characterized by high concentrafions of dissolved solids (up to 10,000 mg/L), sodium, chloride, iron,

and manganese,

- In many of the coastal areas of Alaska, the natural ground-water quality can be affected by salt-water
intrusion.

_Because the bedrock aquifors In most of Alaska are undeveloped, very little .is known about their water
quality, In general, the concentration of dissolved solids in water from bedrock aquifers is higher than found
in the  unconsolidated aquifers and the chemical quality is more variable.

The most intensive development of bedrock aquifers is in the uplands noar Fairbanks (fractured schist),
The chemical quality of the water is highly variablo and in many "cases tho presence of high concentrations of

several const|tquents render the water unsyitable or marginal for  domestic use. Hardness™ of ground-water
samples from tho Fairbanks area ranges  frgm17to 1,220° mg/L, and more than 50 percent of sampled wells have
a hardness of greater than 200 mg/L. _ Only Tpercent of “the sampled wells have a hardness concentration

less than ,100,m%/L, a_level not ~ considered to be objectionable for most uses. Iron concentrations are also
generally high in the Fairbanks area, the known maximum being 26,000 pg/L. Arsenic and nitrate concentrations
which exceed the recommended limits for domestic use are common in water from bedrock wells in Fairbanks.
The prlmary source of these constituents and the mechanism bg which they enter the ground waters have not
been conclusively demonstrated, but  theyare considered to be most [ikely from natural ratl.er than man-made

sources.

Arsenic concentration ranges from 0 ., 10,000 pg/L. In most wells nitrate concentrations are less than
10 mg/L but 21 percent exceeded this _vafue. Mineralizod hedrock In the Fairbanks area commonly contains  an
arsenic-hearing material, arsenopyrite (FeAsS). Scorodite ;FeAsO,ZtLO), a mineral formed by the weathering
of arsenopyrite,” may also be a source’ of arsenic within the bedrock.

The vast majority of the State's ground-water resources have, for the present, been unaffected by ma
However, in the major urban areas and in Some outlying villages qround-water quality has been locall
degraded, primarily from septic systems, landfills, and abandonéd fuel storage tanks.

_The majority of known ground-water contamination cases in the State are caused by petroleum products,
primarily from leaky fuel tanks.

n.
y

SPECIAL NETWORKS AND PROGRAMS

Hydrologic Bench-Mark Network is a network of sites in small drainage basins around the country whose
purpose  Is to provide consistent dota on the hgdrology including water quality, and related factors in
representative . undeveloped watersheds nationwide, and to provide analyses on a continuing basis to compare and
contrast conditions observed in basins more obviously affected by the activities of man.

International Ga?hmg Station_ Network_is a network of stations located on the boundarY waters between
Canada or Memfo and tho™ United States, The stations are officially designated as "International™ by
joint action of the two countries to provide ~data pursuant to an International agreement, understanding, of
other mutually, a?reed Burposes. Operation of the ga?mg stations may be by water monitoring agencies of either
country, or joinfly. Data must be collected and analyzéd in a mutually satisfactory manner according to agreed

procedures and be ‘available to users in both countries,

National Stream Quality Accounting Network (HASQAN) is a nationwide data collection network designed by
the U.S. Geological Survey to meet many of the information r.eeds of government agencies and other “groups
involved in nmational or r?glonal water-quality planning and management. These siteS are generally located at
the downstream ends of hydrologic accounting units dem%n ted_by_tho U.,S. Geological Survey Office of Water Data
Coordination in consultation with the Water Resources Touncil.” The ,obAecnve of NASQAN is"to obtain information
on the quahtg and quantity of water mqvm?,wnhm and from the United States throuqh a s¥stemat|c and uniform
process of data collection, summarizafion, analysis, and reporting such that the data may be used for (1)
description of the areal variability —of water quality in the Nation's rivers throu%h analysis of data from
this and other programs, (2) detection of changes or trends with time in the pattern of ‘occurrence of water-

uality characteristics, an (32hprowd|ng a nationally consistent data base useful for water-quality

assessment and hydrologic research.

Radiochemical Program is anetwork of regularly sampled water-quality stations where samples are
collected to bo analyzed for radioisotopes. The “streams that arB sampled represent major drainage basins.

Tritium Network is . a network of stations which has been established to provide baseline information
on the occurrence of tritium in the Nation's surface waters. ~ In addition to the surface-water stations in
the network, tritium data are also obtained at a number of precipitation statigons. The purpose of the
Brem itation stations is to provide an estimate sufficient for hydrologic studies of the tritium input to the

nited States.
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EXPLANATION OF THE RECORDS

The surface-water and ground-water records publlahod in this roport are for tho 1909 water year thot bogan
October 1, 1988, and ended Soptember 30, 1989. A calondar of tho water year la provided on tho ‘inside of fho

front cover. Tho records contain Btreamflow data, stage and content data for for lakesand  rasorvolrs, wator-
quality data for surface and ground wator, and ground-water-lovol data, Tho locations_ of tho stations and

wells "'where the data wore Collected are shown in_ figures 6, 7, and 8. Tho followingsections of tho
Introductory toxt are presented to provide  users with "a more detailod explanation ofhow ~ thohydrologic data

published 1n this report woro collocted, analyzed, computed, and arranged for presentation,
Station Identification Numbers

. Each daga station, whether streamslto, lake, reservoir, spring, or well, in this rogort is _asmgne{? a
unique rdentification number. This number Is unique In that 1t applied specifically to a given station ~and. to
no other. Tho number usually is assigned when a station is first established  and is retained for that station
indefinitely. The systems used b{y the U.S.. Geological Survey to assign identification numbers for surface-water
stations and for ground-water well 3itos differ, but both are based” on geographic location. ~The "downstream
order” system is “usod for reg,ular surface-water stations and the "latitudé-longitude” s 'stem is used for
wells, Takes, reservoirs, springs, and for surface-water stations where only miscellaneous measurements and/or

water-quality samples are collecfed.
Downstream Order System

_Since October 1, 1950, the ordor of listing hydrologic-ststion records in Survey reports is in a downstream
direction along the main stream. ~All stationS on a tributary entering upstream from a mainstream station are
listed before that station. A station on a tributary that enters between two mainstream stations 1is listed
between them. A similar order is followed in ||st|ngI stations on first rank, second rank, and other ranks of
friputaries, The rank of any tributary with respect to tho ?tream to which 1t is |mme,d|51te|y tributary is
Indicated b*an indentation in the "List of Stations" In_the front of this report. Each ingentation represents
one rank. This downstream order and s¥stem of indentation show which stations are on tributaries between
any two stations and the rank of the tributary on which each station s situated. Stations located  on
islands in Alaska are in downstream order starting at the most westerly point on the island and moving
around the island in a counter-clockwise diréction (stations on Kodiak Island start at tho most northerly

point).

The station-identification number is assigned according to downstream order. In assigning station
numbers, no distinction s made between reqular stations and partial-record stations; theérefore, tho
station number for a epamal,—record,stamon indicates downstream-order position in a list made up of both
types of stations. Water-quality stations located at or near reqular stations or partial-record stations
have the some number as the Tegular or partial-record station. Gaps are left in tho series of numbers to
allow for new stations that may be established; hence, the numbers are npt consecutive, The complete eight-
digit number for each Station, such as 15303600, which appoars just to the left of the station name,
includes the two-digit Part number "15" plus the six-digit downstream order number "303600." Tho Port number

designates the state of Alaska.
Latitude-Longitude System

The identification numbers for miscellaneous surface-water sites, wells, springs, lakes, and reservoirs
are assigned according to tho gnd system of latitude and longitude, Tho number consists of 15 digits. The
first six digits denote the degrees, minutes, and seconds 0f |atitude, the next seven digits denote degrees,
minutes, and seconds of longitude, and the last two digits (assigned sequentially) identify the wells or other
sites. within a 1-soeond grid. This site-identification number, once assigned, IS a pure number, and has no
locational significance. In the rare instance where the initial determination of latitude and longitude —are
found to be in_error, the station will retain its initial Identification number; however, its true latitude
and longitude will be listed in the LOCATION paragraph of the station description and also stored in the
computerized data base files. See figure below.

System for numbering wells and miscellaneous sites (latitude and longitude).
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Local Number

The local number, ~which Is assigned to well and spring altes, la derived In Part from tho [oc,tnn%ular
subdivision of public lands and”|s used In Alaska as the site name. Tho first two letters indicate the
rincipal meridian _ and the quadrant formed by tho intersection of the hase line snd the principal meridian,
he first throo d|q|ts indicato thu township” In which tho well or spring is locntad, the next three dlgit3
tho range, and tho last two digits the sectipn. Tho letters ‘'following tho section numper indicate "tho
quartor section, tho quartor-quartor section, and so forth to the fourth order subdivision. Each of these
subdivisions Is lettorod counter-clockwise, from tho northeast comer. Each site within tho smallost order
of subdivision 1Is then. %wen a soquontiaJ number, Finally, each well within . section in assigned a
sequential map number indicated by the last throe digits. Thus, °"SB00601115BCAD1 001 denotes the Seward
meridian (S), the northwest quadrant (B), township™6 north, range 11 west, section 15; and the site is in tho
SEk of NEk of tho SWk of the NWk (BCAD) oI the section. |t was the first site In tho 2.5 acre "D" subdivision
E:sI?nod a sequential number . The next throe digits, 001, Indicato tho sequence in which a site wa3
located on a map, _Thus, 001 indicates the first site plotfed in tho one-square-mllo  section. The next space
Is left blank.  Tho lost five d,|9|ts,, uch as 00114, are tho Alaska register number (which was uBed prior to
I'JBI) and is provided for continuity with older reports. Therefore, tho~local numbor,  for sites estahlished
8r|or to 1981 1s S800601115BCAD1001 00114 and tho number for sites established n 1981 is SB00601115BCAD1
01.. The local nymber for s rmgs is the some,  except for the last throo digits and the S
register number (assigned t Ef’ -1981 sites), as indicated by the following examples: 5B00601115BCAD!
(-pre-19812, and SB00601115BCADIS (1981 to Present), Note: Public-land surveys have not been completed
large portion of Alaska, therefore, some "local numbers" reflect this in on abbreviated form, i.e., SB006

o
—
—o
—

RECORDS OF STAGE AND WATER DISCHARGE

_Records of stage and wator discharge may be complete or partial. Complete records of dischar%e are those at
which daily mean d|schar%es can be computed”or estimated with reasonable accuracy from the sutppor ing data and
information. Because tho doily moan discharges conmonly are published, the stationsare referred to as "daily

stations",

By contrast, partial records are obtainod through discreto measurements and pertain only to . few flow
characteristics, or ‘perhaps only one. The nature of the partial record is indicated by table titlos such as
"Cre3t-stago partial records" or "Low-flow partial records". Records of miscellaneous discharge measurements or
from special studies, such os Jow-flow seepaFge studies, may be considered as partial records, but they ore
Erese,nted separately in this report. eriodic lake-level measurements are also presented separately.
ocations of all comglete-record and crest-stage partial record stations for which data are given in this report

are sho™n in figures 6 and 7, respectively.
Data Collection ond Computation

The base data co .lected at. ,gaglng stations consist of stage records and discharge measurements of
streams, and stage of lakes. In addition,” observations of factors affecting the, sta%e-d,ls,charge relation,
weather records, and _other information are used to supplement base data in determining the daily flow,
Records of stage are obtained from direct reades on a nonrecording gage or from a water-stage recorder that
ives elther~a continuous graph of the flfuctuations or a tape punched at selected timo intervals.
easurements of discharge are made with a current meter, using the general methods adopted by the Geological
Survey, These methods are described in standard textbooks, in Water-Supply Paper 2175, ani“in U.S. Geological
Survey Techniques of Water Resources Investigations, Book 3, Chapter AB.

Incomputing discharge records, results of individual measurements are plotted against the
orresponding stages, and stage-discharge relation curves are then constructed. From these curves, ratin
ables indicating the approximate dlschahge for any stage within the ran%e of the measurements are prepared.
fitis necessarg to define extremes of discharge Outside the range of the current-meter measurements, the
curves are extended using: (1) logarithmic pIottmr%;; rQZ) results qf indiroct measurements of peak d|scharge,
such as slope-area or row-throu%h-pulvert measurements and  computations of flow-ovor-dams or weirs; (3) step-

backwater techniques: or (4) velocity-area studies.

. Daily mean discharges are comPuted by applying the dally = mean stages (gaghe heights) to the stage-
discharge curves or tahles. It the stage-discharge relation iIs subject to change because of frequent or
continual chan%e in the physical features thaf form tho control, the daily mean discharge is determined b¥
shifting control method,” In" which correction factors based on the individual discharge measurements and notes o
the person who made the measurement are added (or ,?u,btracted) to the gage heights efgre the discharges aro
determined from the curves_or tables. This shifting-control method™ also™is wused If tho stage-discharge
relation is changed temporarily because of debris or aquatic growth on the control.

In computing records of reservoir contents, it is necessary to have curves or tables defining the relation
of stage and contents (from prigr survey and computations). The application of stage to  stage-content curves
?r tables gives the contents from which ?any, montply, or Xearlg changes can be determined. Discharges over
ake or reservoir spillways are computed from” stage-dischargé relations™ much as other stream d|schar8es are
comP_uted. Discharge through hydro-power glants can be calculated indirectly by using tho theoretical
relation of flow-ratés with the amodnt of POWGF eing generated b¥ each turbine, the Teservoir level, and the
estimated efficiency of each turbine. It is necessar¥ to have tables, curves, or formulas relating the above
variables (usually supplied b¥ the manufacturer of the turbine). "It 1s also necessary to have fecords of
reservoir elevation, either from periodic observations or continuous records, and power-generation records
(usually furnished by the operators of the power plant).

At most stream-ga%]m(% stations :n  Alaska the,staﬁe-dwcharge relation is affected by ice in the winter,
and it becomes Impossible To compute tho discharge in the usual manper. Discharge for periods of ice effect is
computed or estimated on tho basis of the available gage-hoight record and occasional winter discharge
measurements. Consjderation is given to the available information ‘on temperature and precipitation, notes

gag,e observers and hydrologistS, and comparable records of discharge for other stations in the same or nearhy

asins.

C
t
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For some gaging stations thoro nra gerlods when no gage-,hm ht record is  obtained or the recordod
gage he|ght is “so” faulty that it cannot bo usod to computé dnily discharge, This happens when tho recordor
Is “stoppod for the winter or otherwise fails to oporate proporly, intakes are plugged, the float Is frozen in
tho well, or for various other reasons. For such periods tho daily dlschar?es arg” estimated on tho basis, of
recorded range In stage, prior and subsequent records, dlachargo measurements, woathor records, and comparison
with records for othor stations in the same or nearby basins. Information explaining how estimated " daily-
dIschaqu(o values are identified in station records is included in the next two sections. "Data Presentation”
("REMARKS" paragraph) and “ldentifying Estimated Daily Discharge",

Data Presentation

The records publlahod for each gaging station consist of two parts, the manuscript or station description
and a data table (or tablos) for the current water year. Sometimes data for other than tho current year aro
published, usually to present unpublished lata. The manuscript providos, undor various headings, descriptive
information, such as location of Station: nralnage area; period of record; average discharge; historical and
current-year extremes; record accuracy; and other remarks pertinent to station operation and regulation. The
following™ information, as approPnate, IS provided with each continuous record of discharge, Slage, or
reservolr contents. Comments to clarify information presented undor the various headings of tho Station

description follow:

LOCATION,--Information on locations is obtained from tho most accurate maps available. The location of
tho ~gage with respect to cultural and physical featuros nearby and to the referenco place mentioned in the
station name is given.

DRAINAGE AREA.—Drainage areas are measured using tho most accurate maps avail
maps  available varies from one dralnage basin to another or because ofdifficulties indetermining drainage
poundaries, the acc_ura% of drainage-aréu determinations likewise varies. As appropriate, some  drainage-area
y "approximately”. Drainage areas are updated as better maps become available.

able, Because, the type of

figures aro qualified

PERIOD OF RECORD.--This indicates the period for which published records ore availapble for the station or
for an equivalent station. Anequivalent station is one that was in operation at a time the present station
was not, and whose location was such that records from it can be considered reasonably equivalent with
records from the current station. Some da|Iy[ stations wore previously operated as partial-record stations or
only had monthly discharge records published. These periods are included in thi paragraph.

, REVISED RECORDS.--Published records occasionally are found to be incorrect, usually because of new
information, _and revisions are printed in later reparts. Listed under this heading are al|] ‘the reports in
which rovisions have been published for the station and the water years to which the revisions apply. If a
revision did not include daily, monthly, or annual discharge figures, that fact is noted after tho Year dates
as follows: “(M)" means that only the instantaneous maximum discharge was revised; “(m)" that only the
instantaneous minimum was revised; and "(P)" that only peak djscharges were revised. |f the drainage area
has been revised, the report in which the most recently revised figure was first published is given.

GAGE.—The type of 9age in current use, the datum of the current gage referred to National Geodetic
Vertical Datum of 1929 (see "Definiton of Terms"), and a condensed "history of the types, locations, and
datums of previous gages are given under this heading.

REMARKS.—The paragraph be?_lns by identifying by date all periods of estimated daily-discharge record.
(See next section, "ldentifying Estimate Da|I¥ Discharge".) Othor information is also presented” such as,
a,ccuracy of records, special methods of computation, conditions that affect natural flow at the station, and
(1t appropriate) other pertinent items. Information about, reservoir stations is given on the dam forming = the
reservoir, the capacnY, outlet works and splllway,_ and purpose (use) of the reservoir. For hydro-power
sites, the methods used to compute flow through the turbines and over tho Spillway are mentioned.

COOPERATION.--Records provided by a cooperatin% organization or_ obtained for the Geoloogical,Surve,y by
a cooperating organization ~are ldentified here. Also, "It data or information are supplied which aid In
the computation of the record, the agency providing the information is namod.

. AVERAGE DISCHARGE.—Tho discharge value shown is tho arithmefic mean of the water-ye?r mean discharges,
It is computed only for stations having at least 5 water years of complete record, and onP/ water years with
complete records are used in the computation. |f water developments significantly altering flow _af a station
are put into me after t.e station has geen in operation for a Perlo of years, and sufficient information or
data are avallable, the average Is adjusted to give the natural flow at the site. However, if not enoush
information is available,“a new average Is computed as soon as 5 water years have accumulated following the

development.

EXTREMES FOR PERIOD OF RECORD.--Extremes may include maximum and. minimum discharges, stages, or
contents. Unless otherwjse qualified, the maximum _discharge or contents is the instantaneous maximum
corr,esFondlnog to the highest stage that occurred. The highest stage may have been obtajned from a graphic or
digital recorder, a crest-Stage gage, direct observation of a nonrecording gage, or from high-water marks. [f
the maximum stage did not occur on the same day as the maximum dlschar,g,e, it IS shown separately. Similarly, the
minimum is the ‘Instantaneous minimum discharge, unless otherwise qualified.

_ EXTREME OUTSIDE PERIOD OF RECORD.—Information about floods or unusually low flows that have occurred
outside the stated period of record is included. The Information may or may not have been obtained by the U.S.

Geological Survey.

EXTREMES FOR CURRENT YEAR,--The contents of this paragraph aro similar to those in "PERIQD OF RECORD"
except. that a peak discharge list with secondary peaks may be given. For records that meet certain criteria, all
peak discharges and sta%es greater than a selected base discharge durlnP the water year are given. The
peaks greater than the Dbase dlschar%e, excluding the highest one, are called secondary peaks. The time that the
;feak occurred I1s expressed in 24-hour local Standard time: for exam]ple, 12:30 a.m. 1s 0030 and 1:30 p.m. is
330.  The minimum for the current water year appears below tho table of peak data.
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REVIS|ONS,--1f a critical error Ip published records Is discovered, a revision is included In the first
report publishea following discovery of tho error.

The daily table for stream-gagm% stations gives the mean discharge for each day and also monthly and
yearly summaries. _|n thomonthly sumnarp;\/ olow tho daily table, the lino headed "TOTAL" gives tho sum of” the
daily figures. The lino hooded “MEAN" givestho average flow in cubic feet per second during the month.  Tho
lines hoaded "MAX" and "MIN" give tho maximum and minimum daily discharges, respectively, “for tho month.
Discharge for the month also maybo expressedin acre-feet (line headod "AC-FT"), In cubic feet per second per
square mile (lino headed "CFSM"J,or In mc,hesglme headed "IN"). Figures for cubic foot per second per squaro
mile and runoff in inches are  omitted if there is extensive regulation or diversion, if the contributing
drainage area or bhoundaries are unkpown, or if the flow s mostly from a spring. In the yearly sumnary below
the monthI[y, summary, the f|agures shown are the appropriate daily discharges for the calendar and water years.
At some stafions, monthly and (or) yocrly discharges are adjusted for diversions or changes in reservoir

contents.

Data collected at partial-record stations follow the information for continuous-record 3ites. A table of
crest-stage partial-record stations is followed by a listing of discharge measurfments made at sites other
than cor.tinuous-record or partial-record _stations. In prior Years, low-flow partial-record stations have heen
published, but none were in operation in the current water year.Occasionally, a series of discharge measure-
ments are made within a short time period, to Investigate the Seepage gains or losses along a reach of a stream
or to determine .the low-flow characteristics of anarea. Such measureménts are also given in special tables
following the ||st|n|%t 81‘ miscellaneous measurements. Lake-level data collected at miscellaneous selected

ed.

lakes are also tabu
Identifying Estimated Dally Discharge

Estimated daily-discharge values in the current annual data report are identified by listing the dates
of the estimated record in the” "REMARKS" paragraph of the station manuscript. Prior to the teport for the 1985
water year, estimated daily-discharge values were not specifically identified.

Accuracy of the Records

The accurac;r of streamflow data depends primarily on: (1) the stability of the stage-discharge relation
or, if the coptrol is unstable, the frequency of ‘discharge measureménts; and FZ) the aCcuracy of
observations of stage, measurements of discharge, “and Interpretations of records.

The station description unter "REMARKS" states the degree of accuracy of the records. "Excellent"
means that about 95 ﬁ,ercent of the da||¥{ discharges are within 5 percent of the true value; "good" within 10
percent; and “fair" within 15 percent. Records are rated as "poor" when they do not meet the criteria
above. Different accuracies may be attributed to d ‘.erent parts of a given recofd.

Figures of dally mean discharge in this roport are shown to the nearest hundredth of a cubic foot per
second “for discharges of less than 1 ft /s; to the nearest tenth between 1.0 and 10 ft /s; to whole num-
bers between 10 and 1,000 ft3/s; and to 3 significant flﬂure,s above 1,000 ft /s. The number of signifi-
cant figures used is based solely on the magnitude of the discharge value. The same rounding rules apply to
discharges listed for partial-record stations and miscellaneous measurement sites.

Discharge at many stations, _as indicated by the monthlx mean, may not reflect natural runoff due to the
effects of diversion, flow from springs, or to other factors, For such stations, figures of cubic feet per
second per square mile and of runoft In inches are not published unless satisfactory” adjustments can be made
for diversions or for other factors that might affect the flows. At those stations where adjustments aro made,
large errors in computed runoff ,maY occur 1f adjustments aro large In comparison to observed discharge.
Evaporation from a reservoir is not included in the adjustments for changes in reservoir contents.

Othor Data Available

Information of a more detailed nature than that published for most of the gaglng stations such as
rvations of water temperatures, discharge measurements, gage-height records,” and ra,tln,rq tables, is
in tho subdistrict offices at Anchorage, Fairbanks, and Juneau for thelr areas of resPon,S|b| ity. Also,
of the daily mean discharges are 'In computer files and can be retrieved for statistical analyses.
ation on the availability of unpublished data or statistical analyses may be obtained from the disfrict

RECORDS OF SURFACE-WATER QUALITY

Records of surface-water quality ordinarily are obtained at or near stream-gaging stations because
nterpretation of records of surface-water %uahty nearly always requires correspondmé; discharge data.
ords of surface-water quality in this Teport involve a variety of types of data and measurement

i
Rec
frequencies.

Classification of Records

Water-quality data for surface-water sites are grouped into one of three classifications. A continuinn-
record station 1s a site where data are collected on a regularly scheduled basis. Frequency may be once or
more times daily, weekly, monthly, or quarterly. A partial-record” station is _a site where water-quality data
are collected systematically over a period of Years. Frequency of samplln% is usyally less than quarterly. A
miscellaneous sampling site 15 a location other than a continuing or partial-record Station, where  random
samples are collected to give better areal coverage to define water-quality conditions in the river basin.

A distinction need? to bo made between "continuing ,recordds," as used In this regort and. "contjnuous
recordings," which refers to a continuous gra%h or a series of discrete values punchod at short intervals on a
paper tape. Some records of water quality, Such as teroporaturo and specific conductance, may oe obtamod by
continuous recordings; however, becauso of costs, most data are obtained only monthly or loss frequently.
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Arrangement of Raeords

Water-quality records collected at a surface-water daily record station ore published immediately
following that tecord, rogardlosa of tho froquency of sample collection. ~Station number and name aro the same
for both Tecords. Where a Surface-water dally recofd station is not available or whore the water quality
differs signifioantly from that at the nearby surface-w?ter station, tho continuing water-quality ,recorg IS
Pubhshod,wnh its own station number and name in the reqular downstream-order sequence, Water-qualit ata
f%r partial-record stations and for miscellaneous sampling sites appear in separate tablos following tho table
of dis

discharge measurements at miscellaneous sites.
On-Site Measurements and Sample Collection

To assure the data obtained reprosent the in situ quality of tho water, cortain measurements, such as
water temperature, pH, alkalmnx, and dissolved oxygen, are” made onsite when the samples are collected. To
assure that measurements made in the laboratory also répresent the In situ water, prescribed procedures . are
followed in collecting, treating, and shipping the samples to_prevent chan?es in quality pending analysis In
tho laboratory. Theso procedures” are given in publications on "Techniques of Wator-Rosources Investigations",
Book 1, Chap.”D2; Book 3, Chap. C2; Book 5, Chap. Al, A3, and AA.

One somple can adequtely define the water quality at a given time if the mixture of solutes throughout
the stream cross section is homogeneous, However, the *concertration of solutes at different locations i tho
cross sectiop may vary widely with different rates of water dl%char%e, dePendlnﬁ on the source of material
and the turbulence and mmnq of the stream. Some streams must bo sampled through several vortical sections to
obtain a representative sample needed for on accurate mean concentration and for use in calculating load,

Chemical-quality data published in this roport are considered to he the most representative values
available for the stations listed. The values reported represent water-quality conditions at the time of
sampling as much as possible, consistent with available sampling techniques anhd methods of analysis. In the
rare case where an apparent inconsistency exists between a reportéd pH value and the relative abundance of
carbon dioxide species (carbonate and bicarbonate), the inconsistency Is the result of a slight uptake of
carbon dioxide from the air b¥ the sample between measurement of pH in the field and determination of carbonate

and bicarbonate in the laboratory.

I
r

Water Temperature

Water temperatures are measured at most of the water-quality stations. In addition, water temperatures
are taken at time of discharge measurements for water-discharge stations. Large streams have a small diel
temperature change; shallow streams may have a daily range of several degrees and may follow closely the changes
in air temperature. Some streams may fie affected hy waste-heat dischargés.

_ At stations where recording instruments are used, maximum and minimum temperatures for each day are
published. Water temperatures meastred at the time of water-discharge measurements are on file in the District

office.
Sediment

Suspended-sediment concentrations are determined from samples collected by using depth-integrating
samplers.  Samples wusually are obtained at several verticals in tho cross section, 0r a single sample may bo
obtained at a fixed point and a coefficient applied to determine the mean concentration in the Cross sections.

During periods of rapidly changing flow or rapidly changinP concentration, samples may have been
collected more frequently (twice daily or, In soma instances, hourly). The published sediment discharges for
days of rapidly changing flow or concentration were computed by the “subdivided day method (time-diScharge
weighted average).” Therefore, for those days when the published sediment_discharge value differs from the
value computed a$ tho product of discharge times mean concentration times 0.0027, tho Teader can assume that
the sediment dlsc_harqe for that day was computed by the subdivided dag method.  For periods when no samples
were collected, daily Toads of suspendéd sediment were estimated on the basis of water discharge, sediment
concentrations observed immediately before and after the periods, and suspended-sediment loads for other periods

of similar discharge.

At other stations, suspended-sediment samples were collected periodically at many verticals jn the stream
cross rection. Although data collected periodically may represent conditions only at the time of observations,
such data are useful In establishing seasonal reldtiors between quality and streamflow in predicting long-term
sediraent-discharge characteristics of the stream.

In addition _to the records of the quantities of suspended sediment, ~records of the periodic measurements
of the particle-size distribution of the suspended sediment and bed material are included.

Laboratory Measurements

In March 1969 the National Water-Quality tshoratory discovered a hias in the turbidimetric method for sul-
fate analysis, indicating that values belo* 7.'mg/L have amedian positive hias of 2mg/L above thetrue, value for
the period between 1982 and 1989. Sulfate values in thisreport have not been corrected for this  bias.

, Sediment concentration and sand-break samples are analyzed locally; all other sediment samples are analyzed
in the U. S. Geological Survey laboratory in_lowa City, lowa. Methods used in analyzing sediment samples “and
computing sediment recordsare glven in TWRI_Book 5, Chap. Cl. Methods uSed “hy the GeologicalSurvey
laboratory ‘aro given in TWRI,  Book 1, Chap. DR; Book 3,Chap. C2; Book 5, Chap.Al. A3~ and A™.
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RECORDS OF GROUHD-WATER LEVELS

~ Only ground-water lavol data from a basic network of observation walls aro published in this report.
This basic network consists of observation wells locntod in tho most Important aquifors, and therefore the
most significant data are obtained from tho fowest wolls. (See figure 8,)

Data Collection and Computation

~Water-level measurements are made in manY typos of wells, undor varying conditions of access and weather
conditions. However, the equipment and moasur_n%,techmques used at each” observation woll assure that tho
measurements are of consistent accuracy and reliability.

. Tables of water-level data are presented by Hydr,olo?ic Subregion. The station-ldontificntlon number Cor a
given well is the 15-digit number that appears in tho upper left comer of the station description. The
secondary identification "number is the local number, an alphanumeric number, derived from the township-rango

location”of the woll.

Water-level records aro obtained from direct measurements with a stool tope or from tho graph or punched
tape. of a water-stage recorder. The water-level measurements in this report are gwen in féet with reference
to either National Geodetic Vertical Datum of 1929 (NGVD of 1929) or land-surface datum (lsd). HGVD of 1929
IS th% datum plane on which the national network of precjse levels is b?s,ed; land-surface datum is a datum
plane that is approximately at land surface at each well.” [T known, the altitude of the land-surface datum
s ?wen,m the ‘well description.  The he\;\?ht of the moasurlng point (MP% above or below land-surface datum
is afso given in each well description. ater levels in_ wells” equipped with recordmg ?ages are reForted for
every fifth day and the end of each month (eom). Daily_ water levels are rep?rte of a few wells that may
have “significant” fluctuations botwoon every fifth" day. " The extreme water levels recorded) during the year

are reported as tho highest water level (HIGH) and as tho lowest water level (LOW
Water levels aro reR]orted to as many significant fiagures as can he justified by thelocal . conditions.For
example, . in a measurement of a depth to water ot several hundred feet or if an electric Water sensoy is used,

tho eFr)ror in detarmining the absolute value of the total depth to water may be a few tenths of a foot.

However, the error in determining the net change of water leve| between succesSive measurements may be only a .
hundredth or a few hundredths of” a foot, For lesser depths to _water, tho accuracy |s?re tér.  Accordingly,
most measurements are reported to a hundredth of a foot, but some are given only to a terth of a foot,

Data Presentation

Each well record consists_ of two parts: the station description and the data table of water levels
observed durm%,tho water year. The description of tho well is presented first through use of descriptive
headings preceding the tabular data. Clarification of each heading is given below.

. LOCATION.--This paragraph follows the well-identification number and reports the latitude and longitude
(given in degrees, minutes, and seconds); tho Hydrologic Unit; the distance and direction from a geographic
point of reference; and the owner's name.

well AQUIFER.—This entry designates by name (if . name exists) and geologic age tho aquifer(s) open to the

WELL CHARACTERISTICS.--This entry describes the well in_terms of depth, diameter, casing depth and/or
screened interval, method of construction, "and additional information such as casing breaks, collapsed screen,
and other changes since construction.

INSTRUMENTATION.—This paragraph provides information on both the frequency of measurement end the
C ctign method used, allowing the user to better evaluate the reported watér-level extremes by knowing

olle
whether they are based on weekly, monthly, or some other frequency of measurement.

DATUM.--This entry éiescrib,es both the measuring point and the land-syrface eIethion at the well. Th

measuring point Is described physically (such as toR of"callar, notch In top of casing, pug[ in Fump,base an

so on), and in relation to ‘land “surface (such as 1.3 ft above land-surface datum&. he elevation of the

land-surface datum is described in feet above (or below) Nationa] Geodetic Vertical Datum of 1929 (NGVD of
9); 1t 1s reported with a precision depending on tho method of determination.

REMARKS.—This entry describes factors that ma?/ influence the water level in awell or the measurement
of the wator level. It shouéd |de!1t fy wolls that also are water-quality observation wells, and may be used to
acknowledge the assistance of loca {non-survey) observers.

PERIOD OF RECORD.--This entry indicates the period for which there aro published records for the well.
[t reports the month and year of the start of publication of water-leve| records b}( the the U. S. Gealogical
S%[vey and the words "to current y_?ar" if the records are to ge continued into the tollowing year. PeriodS for
which"water-level records are available, but are not published by the U. S. Geological Survey, may be noted.

~ EXTREMES FOR PERIOD OF RECORD.--This entrY contains the highest and lowest water levels of the period of
published record, with respect to land-surface datum, and the dateS of their occurrence.

A table of water levels follows the station description for each woll. Water levels are reported in feet
below land-surface datum and all taped measurements of water levels are listed. For wells equipped with
recorders, only abbreviated tables are published; 8enera|ly, only water-level lows are listed for every fifth
day and at the end of the month (eom). Tho highest and lowest”wator’ levels of the water year and their dates of
occurrence are shown on a line below the abbreviated table. 8ecause all values are “not published for wells
with recorders, the extremes may be values that are not listed in the table. Missing records are indicated
by dashes in place of the water level.
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RECORDS OF GROUND-WATER QUALITY

Records of ground-water quality in this  report differ from othor typos of records Inthat form
sam,plln,q sites thOY consist of only ono sot of moaauromonta for tho wator  ° year,  Tho qualityof groundwator
ordinarily changes sfowly; therofore,” for most general purposes ono annual samplm?, or a few sarnplos taken at
infrequent intervals during tho year, is sufficiont.” Frequent measurement of tho same constituents is not
necessary unless ono Is concerned with a particular problem, such as momtonng for trends In nitrate
concenfration. In special ¢n30s where  the quality of ground water —may change more rapidly, more frequent
measurements aro made to identify the nature of tho changes.

Data Collection and Computation

The records of ground-water quality in this report were obtained mostly as a part of special studies in
spocific aroas. Consequently, a numbér of chemical analyses are presentéd for some areas but. none for othor
areas, As a result, the records for this year, by themsolvos, do not provido a balLancud view of ground-water
quality Statewide. Such a view can only be attained by considering records for this yoar in contoxt with
similar records obtained for these and othor areas In earlier years.

Data Presentation

The records of ground-water quality are published in a section tltlod QUALITY OF GROUND WATER immediately
following the_?,roun -water-lovol records. Data for ua||t¥ of ground water "aro listed by Hyrologic Subregion,
and . are identified by well number, Tho station-identificatlon number for wells sampled 1s the 15-digit number
derived from the latitude-longitude locations. Ho descriptive statements are givon for ?round-water-quallty
records; however, tho well number, depth of well, date of sampling, and other pertinent data aro given In the
table containing the chemical analyses of the ground water.

ACCESS TO WATSTORE DATA

The National WATer Data STOrege and REtrioval System (WATSTORE) was established for handling water data
collected through the activities of the U.S. Goologica). Survey and to growd for more effective and efflciont
means of releasing the data to the public. ~The system is operated andmaintained onthe central computer
facilities of the Survey at its National Center in Roston, Virginia.

WATSTORE can provide a variety of useful products ranging from simple data tables to complex statistical
analyses. A minimal fee [%Ius, the” actual computer c,?,st incurred in ?roducmg a desired product, I1s charged
to fhe requester. Information about the ava||?b| Ity of specific types ot data, .the acquisition of data or
products, and user charﬁes can be obtamed locally from each of the Water ResourcesDivision's District offices

(see address given on the back of the title page).

General inquiries about WATSTORE may be directed to:

Chief Hydro,loglst
U.S. Ge,ologlc | Survey
437 National Center

Roston, Virginia 22092
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In the thirsty West, precious groundwater is luring rich new owners.

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 of the

valley, and the SanJuans form its west-
ern wall. The Rio Grande trickles out
of the San Juans, meanders past Ala-
mosa, and wanders through the sage
and sand and rabbit brush into New
Mexico. Clouds form over the moun-
tain rims every summer afternoon, but
the sky directly over the valley remains
as blue as an oysters dream. It rains
only seven inches a year on the valley
floor, a pluvial stinginess that qualifies
the place as a desert. But the moun-
tains ringing the valley have for mil-
lions of years collected rainfall and
snowmclt which percolate into the
ground and run down into the valley’s
deep alluvial gravels. Here and there
it bubbles up on the valley floor
in springs and artesian wells. Farmers
have sunk 3,000 wells and drawn from
the earth prosperous grain and potato
farms. There arc 1,800 large pivot-
irrigation systems in the valley, one
of the densest concentrations in the
world. Under the San Luis Valley may
be two billion acre-feet of ground-
fwater, an aquifer as rich and wet as the
Ogallala Aquifer which for a century
has-irrigated Nebraska, Kansas,” and
t Oklahoma.

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

by PETER STE/NHART

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

.ofound dead at the bottom of a well,

and for die .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’ 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 of 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 of 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

—W—

iup in wetter places; in .our minds, our
water and someone clses 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 of 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. When 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 of 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-



sibly be left without water at all. A
study done at the request of 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 of 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 of 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 of
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 of the water is
salvaged from plants which suck it
from the shallow water table and tran-
spire it into the air. By pumping the
top two feet off the aquifer, the bureau
expected to meet the needs of 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, / thinkfields I, 3, 5. 7, and 9
should heplantZ | horizontally with barley, alfalfa, corn, rye. and cabbage
whilefield* 2, «, ¢ 0,and 10should beplanted ivrtically 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 of 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 of 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
of 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, "1f we cannot
pass the environmental tests and pro-
tect the valley interests, | 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* 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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FORTHE PERFECTVACATION.
Youll put together the best t *

caiise vacation when you follow

ourdirections. Theyreall herein

black and white. And turquoise.

With aquamarine.coral and topaz.
In fact, with instructions this

colorful, we know you’ll want

to follow them-all the way to the

Caribbean or the Pacific.

So take the first step towards the best vacationyou
ever had. Ask for your 1990 Norwegian Cruise Line
Guide. Aloull see how easy it isto assemble the perfect
vacation-even ifyou just look at the pictures.
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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-
priate 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. “Theres 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 SanJoaquin 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 chiefwater 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

[ (%1

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,
pumping the groundwater into the
Central Arizona Project aqueduct, and
delivering it to household taps nearly
one hundred miles anay.

Along Colorado’ 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
suburbs like Sandy City, SouthJordan,
West Valley City, and Bountiful came
late to die trough, and are now seeking
to buy older water rights. With their
thirst in mind, the Salt Lake County
Water Conservancy District is nego-
dating the purchase of rights to 40,000
acre-feet of water per year, water that
now goes to farms. St. George, in
southern Utah, is buying up irriga-
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
companies.

Around Reno, Nevada, municipal-
ides and the local electric utility arc
buying up water rights to secure future
development. Las Vegas has a standing
offer to purchase water rights for
$1,000 per acre-foot. The water agency
for Castaic Lake, a rapidly urbanizing
area north of Los Angeles, purchased
land at Devils Den in the SanJoaquin
Valley and plans to transfer its water.

With the avid interest of munic-
ipalitics, private brokers have gotten
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
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broker, says he has put together more
than $100 million in water deals in
the past five years. Says Walraven
Ketellapper of Stillwater Resources, a
Denver investment firm, “l 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
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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 half 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, Utah, rights were
bought by a resort developer for
$10,000 an acre-foot. With prices like
that, farmers often inflate the value
of their own water rights. Says Kct-
cllapper, "In Colorado you might ask a
farmer, ‘What do you want for your
water?” and he’ll say twenty-five hun-
dred dollars an acre-foot. You might
then say, ‘What do you want for your
ranch?” and he might say half of that."”

The trend makes farming commu-
nitii.s nervous. They remember what
happened to California’s Owens Valley
after the City of Los Angeles bought
up its water rights. Los Angeles bought
up 75 percent of 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 commcrcial
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 mu-
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, mu-
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
isout 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 of 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 LaJunta 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
equipment 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
of water transfers on the Arkansas Val-
ley. He concludes, "What we're get-
ting is a phasing out of 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
of 50,000 acres is really minimal,” 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
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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 of 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 of 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

business," says Milenski, "But its 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. 1don’t know why they couldn’t
bring the industry where the water is.
It makes more sense to me."

E nvironmentalists 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
ofwithdrawals. 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 Californias 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
partsof its delivery system, and in turn
each year will collect 100,000 acre-fcet
of 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
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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. When the Bcr-
renda Mesa Water District in Cali-
fornias 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
of 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 put 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 of 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

N

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, | 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.
When all the supplies have been adju-
dicated and there aren't any more
available, that is going to necessitate
transfers.”

Concludes David Kennedy, director
of 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 Oaklands 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: Who—
the farmer or die irrigation district—
has the right to sell the water? Must



Monumental
©'Tjtjdetalxjd
Alluring
The O ur Minar,
Hyderabad.
- _i'w
Bharatanatyam
Dancer, Bangalore. O JVWallapumm 7,
Unforgettable

Magical

Wildlife Sanctuary Perlyar.

Shore Temr@gﬂlapuranrvye v

Whenwasthe
last time you used

wordslike these to

describe yourvacation?

tradition. And the breathtaking
beauty of a Jungle kingdom.

India. An extraordinary travel
adventure awaits you no matter
what region you visit. Explore the
possibilities. Send for your free
brochure today.

Yet they only begin to capture
the magnificence of a trip to the
southern region of India. For it’s
no ordinary vacation at all...

It’s the majesty ofastone gate-
way rising triumphantly to the
heavens. And the quiet splendor
of an ancient temple at dawn.

It’sthe mystery of an age old

m rfm
Experience the adventure

’ Yes, It like more Information on India.
Please send me your travel brochure.

N

UI' Ste

Mill to: Governm toflnthounthfhce
0 Rockefeller Pt
15NorthM emn ne Dept. MH

New York, NY 10112 Weo

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 of 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 SanJoaquin 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 Flyways 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 ldaho, 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-

lit Steve Shupe: "Water is related to
Auality-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, | think those values will grow.”

But none of these changes is likely to
come about quickly or without con-
flict. A measure of that growing con-
flict is the resignation, late in 1989, of
"aUricc Strong from AWDI* board of
directors. Strong says control of 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’ 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% Baca Ranch. Now that
he no longer has a voice inside the
company, lie may find himselfwith the
valleys farmers, arguing from the out-
side. “If | have to argue," he says, “I
will argue.”

And the turnabout makes him all
the more eager to change western water
policy. "With Colorado% use-it-or-
losc-it law, there's no alternative but
staking your claim before someone else
N :esaclaim,” 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 of 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-
ment, I'd be happy." $
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Subsea

Rep. BillyTauzin"s proposal that sub—
sea pipelines be inspected annually
has the il industry concerned.

Tauzin (D-La.), chairman of the
House coast guard and navigation sub—
committee, isconsidering fi [rF a hll to
reguire ogerators 1o inspect ail and gas
lires insnallow, navigable waters- and
rebury them ifnecessary.

The Transportation Department’s of—
fie of pipeline safety (OPS) and the
U.S. Army Corps of Engineers regulate
nearshore lires, most of which are in
the Gulf of Mexico. Both require that
new lines be buried in the seabed, hut
neither reguires industry toensure lines
remain buried.

Fatal accident’s role

Tauzin’ concern is prompted by an
accident last October, inwhich the fish—
ing boat Northumberland hit a Natural
Gas Pipeline Co. of America pipeline
off Port Arthur, Tex., killig 11 crew
members (0GJ, Mar. 12, p. 29).

The lire was buried when lad in
1973, but erosion had uncovered ik
é\ipa?t the boat was operating at zero

Current regulations reguire lines in
less than 12 ftof water to be covered by
3 ftof soil or 18 in. of consolidated rock.
Tauzin would change that to 4 ftof sl
or 2 ftof rock inwaters of 22 ftor less.

_George Tenley J., OPS director, tes—
tified last week that by fall his office
hopes to fidways to improve safety of
oftshore lines and fishing hoats.

Also, OPS will issue a rule this sum—
mer requiring gas lire operators ©
maintain current maps- noting dimen—
sions, repairs, 1 lons, and tests.

Tenley said DOT alreaqy has al the
legal powers Tauzin®s hill would be-

3003 &G Journal. May!t, 1930

~p

**Ty

1S

e AR

'Zdji(r

rr, .,

A Patrick Crow

pipeline m

stow- except perhaps to require exist—
ing lires t be repuried. ]

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 t exposure. )
_ He explained trat divers can see litile
in murky Gulf of Mexico waters, and
side scanning sonar isnot 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 hill cannot pos—
sibly be accomplished each year."

Ingaa argued any chan%e in burial
depth requirements should be prospec—
tne, unless an existing lire is in an
%nsafe condition or a hazard to naviga—

.

Verkler said fishing boats often oper—

ate in waters equal t or less than a
vessel*s draft without consulting navi—
gation charts giving the presence of
seabed pipelines.
_"Mud or_glt cover over a properly
installed pipelire will not prevent a
large, steel hulled fishing vessel from
damaging the pipelire," he said.

Slim threat—now

At present, the Tauzin hill is a slim
threat. It hasn"t been filed yet; other
committees share jurisdiction; little time
remains for House passalqe this ses—
sion; and there’ no parallel effort in the
Senate. )

But ifpassed, iwould be a tremen—
dous blow to the pipeline industry. And
in makl% laws-like in the flower busi—
ness- IS the thought that counts.
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ARCO market
tactics obtain
top court OK

The U.S. Supreme Court
has upheld ARCO's competi-
live gasoline marketing tac-
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. .
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Technology

lags behind

W. J. Timmermans
Inter Engineering Inc.
Ilouston

Icclhnultigy development lor deep-
water constrmlion of medium and
laige-diam cler pipelines lias stalled in
recent years as the depresssed stale of
the offshore-conslroclion industry
brought curtailment of research and
development efforts in this area,

Low utilization rates of offshore-
construction equipment has further
discouraged investments in the build-
ing of new specialized deepwaler-
pijrelay vessels.

M odifications to present deepwaler
pipeline design and installation- ap-
proaches can meet the challenges of
deepwaler installations for the late
11J0s.

W hat's done: what's coming. Prac-
tical experience has heon gained on
several projects in the Mediterranean,
U.S. Gulf uL Mexico, and offshore
lira/il.

S'aipem's large semi-
suhmersihl." layharge Casloro Soi in-
stalled several 21)-in. pipelines across
the Mediterranean in a recorddepth
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larger

of 2,000 ft.

The recent installation !>y liollom
low of flow line and pipeline bundles
down to 2.fOO ft iir I’lar d's Green
Canyon JI field has slttrwi the poten-
tial as well as some of the limitations
rtf that method.’

O ffshore lira/il oil field develop-
ments have also mover! to water
depths rtf as mill h as 2.00" 1l with the
extensive use of flexible |. pe.

And deepwaler development pro-
jects calling for medium and large-
diamcler pipelines in vval> <depths of
.1,000 (I are cuirenlly being planned
for the next years. ly the late
1000s, plans intludc prtrjt is iir up to
(>,)'U-ft water depths.

Scheduled 19U() install, ion of the
12-1.1. Shell liullwinkle 1lipeline in
1,.150 Il in Green Canyrr: will push
the limits rtf convention il layharge
equipment.

Projects on the immecdi ite horizon
which will reach .1,000 ft include
development in tire Gulf me M exiio’s
Viosca Knoll area and the .tarlim and
Albacora fields offshore lv.tzil.

External pressure. The irimary fac-
tor determining deepwal -r pipeline

Iei

deepwater

development

pipelines
plans

mitrd (low line design is the external
hydrostatic pressure.

The pipe-wall thickness must he
selected to provide adequate protec-
tion against collapse and buckling,
when the pipe is subjec ted to the
combined load of external pressure
and the bending and tensile loads
introduced during installation,

Ilie two main design criteria in use
are buckle propagation and collapse.
The propagation criterion requires that
the wall thickness of a pipe Ire select-
ed SO that if a buckle occurs it does
not propagate along the pipeline.

Various researchers have conduct-
ed experiments and developed theo-
MeS and formulas to determine the
relationship between the pipe diame-
ter and wall thickness (D/T ratio) and
the external pressure (or water depth)
at which a buckle no longer propa-
gates.
jEig, | gives a typical representation
of Il.is correlation.

The collapse criterion considers the
combined (nailing of external pressure
and tension and bending during lay-
ing, taking into account the effect of
out-of-roundness.

IK

Departure-angle constraints'l

®ipj jo* m



I".ulir ularly for tin* low D/l range
where collapse is no longer elastic,
tonlinnerl rese.trt li is warranted heller
lo tinrlerslanrl the process and to oh-
lain more empirical data from full-
s ale tests. !

lo the external pressure which in
comhinalion with the other factors
would cause the pipe wall to collapse,
t safely factor is usually applied lo
airive al the design D/I. Ihe D/l value
is also shown in fig. |, hased on a
safely faclor of I,

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 of buckling is lower than
for a lay harge method.

On the other hand, tire use of a
conseivatively high wall thickness can
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-
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Pipelay options
example*

* Third- sanaiatlon Ia*yt|arge >om llia, X nth Ssi:

for 3,000-ft

Mile |
Gulf of Mexico

Mut] demob. { |'|—1000/|||y 11t 0 million

t % q ys Way) | |

onvelsion/iiit: vm@
Total Installation 120 3 million
(5013,000/mli)
‘D nam|c pouhoned la mtol conn tod lor Myln|:

ob demob 1 (Jays fn_lit 000/day) [ 10 rillh'yn
Laying <10 ays in HOO.t* i0/day) 0 I million
CoilvvTston/iiigiadnig” iiorlton chai> —d , _-J(MLFfI'lIIM

Total Initallalion

. Conventlonal laybaigo com|||ntd will liollom low:

HU B million
(1000.000/mll)

/demob. bargg days in_1101J,000/d.ty) 10 4 million
La |n ug lp 1.0 0 11 ays In" M 30,000/ |y 3.U million
ar e modification”, 2 0 million
dd’I materials lor Iowmﬁ 10 mille 2.6 million
Pipe make up and launc 2 1 million
Survey and low oul 12 million
Intcimedialc lie-ins (LLIMI/n

Total Installation 114.5 million

* Drillihlp converted lor (-laying:

I(HB3,0C0/mllt)

Mob./demob. §4 days In 1100, 00 "day) 10 3 m||||on
Conversion cost _charged. lo p |£) 1g-%m|l
Laying (00 days In 11201 0/day)
Total installation 1175 m|I||0n
(2507,000/mllo)

eRates and costs are estimates tor i nslralion
|Avcrage ol lay (1315,000/mile) an, low 11820

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- >h.

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 lhooMitully
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 *> high
strength steel can allow a much great-
er curvature than is based in the
traditional "00% of yield.” Fir 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

0ses only
O

0/mile)

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 O-
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 docpwater 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 Ir several very large projects
scheduled in the North Sea for the
early 19J0s.

Consequently, there is an incentive
for development of practical, lower-
cost alternatives for the Gulf of Mexi-
co and offshore Brazil.

\dditional 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
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successfully for installation <i pipe
from Exxon's l.enu guyed towi; 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 o1 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 ifstall a
12.75-in. pipe in close to TO000 ft
depth in areas of low to m .derate
currents. These operating limit - could
be increased by providing fi r even
greater departure 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-
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lion 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 drilling semi-
submersibles or ships, derrick barges,
or S-curve lay vessels to operate in this
mode.

Drilling 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 drilling 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 llending 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 of operation and pro-
ductivity and be,competitive not only
in deep waler, but also in water
depths within 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 metl 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 | 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, 'ra
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. », whid 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.iile
intricate.

The most experience has |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 >
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 llian ')
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 will be prepared to un-
dertake lbis 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.
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Beyond these limits the reel barge
can be used for the smaller <i.t; inters
in excess of 2,000 ft depth. l)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 Ill.,l a I-
curve vessel be developed Il ougli
conversion of existing equipment.

The large semisubniersililes -.owld
be capable of installing a 20 in pipe
in up lo 2,S0l) 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. Furlhelnon*,
till* deep water will 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. |low
cost effective Ibis solution is de tends
on the dayrale of the vessel, th- pro-
duction rate it can achieve, the < >§ of
conversion, and on what piop >rlinn
development and conversion to 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
esection 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 llv 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 1,)()()-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 ¢ |[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 | ases,
because ibis will require die dess
techniques.

Tie-ins can be executed eilk * 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 pin 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. tSeconrl 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 connec tion and
sealing of the two pipe ends, usually
by met lionic al i onnec tor.

[be direct pull-in method (Iig. (®
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. llie cable can 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
turvc laying method and bottom low,
both of which involve* large tensile
forces in the pipe. It is well suited,

however, for j-turvc* 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 lbis
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-
erl 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 llu* deflec linn process.

lor 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. Critical 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 lacililies arc- de-
signed and even installed lonjl heioie
pipeline or flow line details have heen
determined. This lime nap can lead lo
hit*th 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 JJ)
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
considcrahly.

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 ).

¢ Receiving structure should accept
about r 3“ of misalignment.

+ Docking and engagement proce-
dures should he reversible.

¢ The lie-in point should he close lo
the seabed.

« A passive alignment system is

0G| SPECIAL
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Freferred if spat e on he suhsea slruc ¢
ure permits.

* Pipe end shook he locked into
Used position, .mil trial <onnec lion
should he achieved by slinking in-
hoard pJ)mg only.

lhc distinction between passive
and aclive alignmen systems lies in
the manner in whirl" the Im.Il adjust-
ment in position and oiienlalion is
ac hieved

Active systems rek on mechanical
devices, usually liycl: mlic ally operat-
ed, to move and rot. te the pipe end.
loi medium lo Inigo diameter pipes,
this requires cnnsirli-nhin font* and
consc(|tienlly a slum  -ton lure.

the aclive-alignm'ill inniepl is
pail ol most inlegi led connection
systems which have been developed
by the major suppli rs ol wellhead
equipment and invc 've components
and loots which can »e loweied onto
lire suhsea sliur line.

?/pIC ally, a pull-e tool is used lo
pull-in and align th pipe, while a
connec lion tool is us. d lo remove the
pipe-end cap. stroke both ends to-
ether. and aclnale the Conner lor.
ine e these systems ,ae dec eloped for
llow line lie-ins, thel load and mo-
ment capability thus Lit an- limited,
and the svslcnts are e uicnllv onsiiitcd
loi laige-diainelei pi

A passive alignmr il system lelies
on sliue local guides mil lesliainls to
align llu- pipe end iiv snicessively
constraining the vai ous degrees of
freedom as the pipe -*nd is ptilled-in.

Although this cincept requires
more space on the li --in facility, il is
attractive in its sir: i itv heiause
only one singlelcable mil can acnun-
plish the entire pnrise alignment.
Since the degrees ot +'lecilom are re-
siiaiiied suec essjveh there i. little
risk of the pipe bind, ig oi becoming
stiin k. a problem “Inch has been
experienced in thet jmis|.

lo lacililiilcl the i‘incite lie-in of
pipelines to suhsea s"uclmi's in deep
water, therefore, il is important lo
avoid unnecessary c< nplicalions, and
Use a design which ncorporales the
requiremenls of the- paiel'ne engineers
al the earliest possible sta?e in the
project. Failure lo & so will lead lo
more complicated lesigns, higher
costs, and tinnecesxa v lisks.
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Fast driliin;
J. Foullces
U. Simon
V. Del.ifon
folal Oil Marine pic
Aberdeen

A high level of performance was
attained during lire bulk of lhc devel-
opment drilling program for the Al-
wyn North field in the U.K. sector ol
the North Sea during | (TH7 and I0IHI.

In facl. an aver.ige drilling 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 drilling. The development
drilling cm Alwyn North field has heen
carried out since early 1907 by Total
011 Marine p!c, operator on behalf of
a1 association of Total Oil Marine
(3J.3%) and EIf 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 1386, followed by the
spudding of the first development well
at the beginning of 1087.

The two rigs were used in simulta-
neous drilling operations for the first
18 months to drill a sufficient humber
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
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EPA

eyeinc| privatization

for ciean v ater projects

he Insugmnexd.il I'imctIr o Agen-
is sinned the lust in 1 elies ol
Inamist 4ii mmy; sessions lasteek lle-
sinned I> lind wavs 1< win a. eptmie
lot the lin.zminn ol pubha piofeils
with piis.lie inotiev. Atiotdu, lo the
[Ja selei | paitii ijiants, the C ¢ to the

CIO building .Ml CINISHIM Toll Italics

Drill. Ims .<hanged us polio on ding
illlll iilioliol testing loallnu piehtie
testing wlii'ii n-ijiiti(<l 1n owimis oi
the government.

Inc ih.mgc svis adopted .il 1 teient
meeting ol the ilc'p.uliik'iil's govern-
inn lio.ikl. I'mil now, 4lie- unions li.nl
<iifitloncil testing only \slirn THI'I" is
Fioliiihli' i.msr. Ilie unions loniinuc
0 insist 111 siaud piiHCiltn.il icijiinc-
nn'iits lie observed, suili .is giving |ol>
ap_FIii.tu_ts (lie Tight >0 Iexu imilulcu-
il testilts hum "1 medizd ollui.il .uni
in iillei explanations. Apiilu.inis .tlso
ran litve* s.nnples teli'sleil 1 2 Lil) ol
[It'if iltoiii', al llteir own expense.

Some union ollui.ils Ze Infills uiti-
ctl ol the change, ilaimmg Ih.it il was
pushed hv local union ulliii.ils who felt
it was needed in nidn to gel wotk. "It
Wits it piat liee that (mainly needed to
he addressed.” savs one olliit.il. "On
cetlain projects, it's going 11 1'1 done
or we’re not noinn to net on the job,"

John d. McCabe. who tuns the sub-
stance ahnse program ol the sheet
metal workers' union, .unnes that the
science ol teslinn is not ju urate
enough to support suih 21 poliiv.
"You re not giving ¢ V»|Mh pctson 1
chance before he stalls to wink." he
sitvs. McCabe also worries that jobs
will be reclassified in Qldel to test cur-
retK employees. McCabe and othets
wild" accuse the governing hoatd of
"?iving in to man.tnement” ptelc the
old probahble-cattse policy.

Huildinn trades Secretary-Tieasiuer
Joseph I\ Maloney says that the de-
partment’s lifting of 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,
"We’re almost silent on the issue
now," Department ollicials also believe
the new Folicy will help reduce the
number ol grievances. X

10] ENR/Ne\ixr>boc 0. 1963

S«nder.” Rosponsibililios must bo ci."fiod.

success «of piiv.iti/.ttion is an e liii.itioti
pmnram to »lunge altitudes :n hotli
the ptthlii and private scum-

"Overall, theie is a need lot the
toiicept ol pnhlit -pnvnte pain eelship,”
said Roger D. i'eldm.m. n ana*'tng
partner ol the ptojeit Im.mce and de-
velopment nroup of the Wa imtglmi
law linn ol Nixon, Ifaty'tave, L-v.r s&
Dovle and vice chairman ol (' Piivan-
/atiott Council. "In ellect. the concept
ol a publiclv chattered |piis. e| ven-
ture must cease to he rcg-.ud'd as an
oxvmoron or a threat to public
policy."”

Duildlng a network, Itilleo .is the*
lirst National Leadership Co leterne
on Huildinn Hublic-Private ;'ittiic’l
ships, the meeting was an iilmt to
build-a neiwoik ul people .mo institu-
tions in the environmental ' Lmuon
lield and to establish an agendi. KI'A's
interest is in limdinn project* 10 the
areas ol drinking water stippl  waste-
water treatment and solid w. ste dis-
posal, all ol which are sullcrr:g from
reduced federal funding.

"Whaicsii thr z1h.illi' lUs ill,tv* hr.
wr'vr gut I inmiiiil In a 1n sUiuinn
link hrtwrrn piivate 1idnsilV and the
gnsu nitwesit.” said 1\ \<lmmmSinue B
lre M Ihmnas |hr agenis hopes
that thr sin,itteiing ul rleiled ptimti
iillu ails. 1.iwm'ls and h.mkriv that at-

Thomac: Conloionco is just tho bogmmog

tended the luninrnic will hla/e the
ptIV.tIL it it.ul,

In its elloits to liitill.lie ptisali/a-
linti ovet Ilir next veal. KI'A plans to
doitiitienl c.lves nl hnlh suiiessInl and
tinsiii ZessInl p.tttncrships, identify pri-
vate Int.miing th.it vlales and tomnm-
unit's 1m use and show the impedi-
ments and incentives to these
airaonemeots, said (diaries I.. Grizzle,
assistant KI'A administrator lor admm-
isti.moo and rcsotirtes management,
lie s.iys the agency also will snare, in-
lotm.ition with (oiuimmities on how- to
ariangc ptihltcprisale partnerships.

Other KI'A olhW.ils noted that the
jgetivs plans to publish tase studies,
option papers laying out legislative
and irgulalorv strategies, and sell-help
gut(les, UKhiding a vtdcoljﬁc. Some
mas he ready b\ next mont

Kclduun said there are at least six
innovative approaihcv to fatihuimg
public -private partnerships, |hev
miImle

+ |'vmg vsstemsside ImaiKuig that is
h.nfed lts user abarges.
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Soviets get German reactor

lie Soxul Union signed .i general
agieemciil lLixi week willi .i WrM
German iiimlnnr Ini inciiiri iiinti in

J|r| ilinr inn leai posvei minx. li ttnnld
nr Ilir liix] x.ilr ol ttnli imilx, .mil Ilir
Inxi lime dir USSR lux rvu .itdtm<d
lweign ir.uioix. %

Ilir Ji.n( tv.ix ir.ulird lirittren i

Sotin Si.iir C.oininnirr lot Utilization
ol Alomir F.ucigv ;m<l 4 |<<inl xrniinr
ol Asm'Hiown Hnvru At; (Aim) wiili
Kraftwetk Union At;, dir niulr.ir pl.mt
divixion ol Sirinrnx At;.

Ilit- liix] 7ilnixf falls lin building a
LOO-Mw unit with a liigh-lempiTatuie
reactor (I11K) al UimitinvKiad. tiSO
miles raxl ol Mosiow, liv [Udti." Il
would roxt mmr dun $.%() million.
I'lauiiing and liri’iiMnK air.ingemeiitx
will Mail tliix sear, aimiiiK lhr a ion-
xmulion Mart direr years limn now.
Ilir German consortium would le-
reixe aliniu 10"u of die project's rost.

An ollicial nl'die rnmliinc says pruj-
etl approval will lie soiiklii from the
CooVdmaling Committee lin Muliil.it-
eral Kxport Gomtols, a Illi-n.mon
group ol Western countries and Japan
that reviews delivery of sensitive tech-
nology In llie Kastrm HIluf. Hui com-
millce approval will nut be sought nit-
lil lirensuiK. planning and construction
contracts are worked out.

The general agreement foresees
join! construction of more Il11K uniis
lo produce electric power as well as
process steam and beat in (be I'SSK
and oilier countries following comple-
tion of the Dimitrovgrail reactor.

/  Aim was formed by a merger last
year of the Swiss firiil Brown Boveri &
Cic and Sweden’s Asea. Its German
subsidiary in Mannheim signed (be
agreement with the Soviets.

Prototype unit wont onlino Uvoo yea-. ngo
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DOE may close weapon sites

ounting roniern oxer xalei and
enviromiiem.il lu/aids ol .t de-
fense-related mitlear' oper.iln
forcing the Dep' ol Kiiergv m i. nxid-
er pennanemly closing some i.utm
sites. A DOK spokesin.m acknowledges
that closure is an option but dir 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 protliation
through 2010. A draft of 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 111
neiu closure of die plants.

Underscoring the need for . non.

die (ieiieial An miming Ollne, die in-
sexiigaliie aim o| Congiexx, lele.ixetl 1

ix iepori last week claiming dial DOK lud
iinderMated die reasons Inr (losing
Rmkv Flats. lbe lepmi said DOK
laised sauotis xalely .mil be.ildi run-
reins “oxer the past two seaix,”

"Of pailiitilai cmirein base been in-
.ileijuate nun.igeniem alentinn 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.
im lulling j DOK inspector, wjs 1 "ial-
.illsi" lor closing die ljiilhv.

Hie ('.At) repori found emiromuen-

3 1986 u



Water
Supply

Ry o e Droug

Modern divining rods such as conservation, resource planning and
wastewater reclamation are being used by American water
officials to prepare for the future.

ist year. America wii
L hammered by the hot-

test. driest, rr.0s; can-

tankerous weather in
more than 50 scan. Accord-
ing to the Climate Office of
the Oceanic and Atmospheric
Administration (NOAA).
portions of 35 states experi-
enced extreme drought con-
dition- in 19::.

Especially thir-iy regions
included the Southwest,
Northern Plains anc North-
ern Rockies, the Northeast,
Midwest, Southeast, and
Southern Plains, Tl.e last
drought that was substan-
tial® worse happened in
1934, which contributed to
the Du-.t Bowl era.

Richard Heim, NOAA me-
teorologist in Ashexille,
N.C.. proxided several siz-
zling statistics about the
drought of 19S8-S9. Precipi-
tation in April, Ma> and June of 1988

was the lowest ever recorded for the na-

tion, and 1988 was the fifth driest year

in 94 >ears, with an average annual pre-

cipitation of ju:t 24.83 inches.

June, July and August 1988 ranked as
(he third hottest summer in 94 years,
with an average national temperature of

73.4 F. Last year, from January ro De-

cember, was the 16th warmest in 94

20

By Burl Xydes

years, with an average national temper-

ature of 53.1 F.

The winter of 1988-89 was ire 14ih
driest in 94 years, and was the fifth
consecutive winter in which ram and
snow across the United States w.-re be-
loyv historical averages.

"The dryness of the winter of 1983-89
has inhibited recovery from the severe
drought of 19S3," Heim say' "At

195)'> summer peak, the
drought covered 40 percent
of the contiguous United
States. Approximately one-
thirJ of the country re-
mained in a severe long-term
drought as of March 1989.
Although a lew areas of the
country actually had above
average precipitation during
this past winter, most regions
had below normal or even re-

cord low precipitation."
Long-range forecasts from
the National Weather Service
indicate that hot and dry
weather probably will affect
many parts of the country

into the summer of 1989.
The impact of last year's
prolonged drought has been
enormous. Il ruined crops,
M devastated farmers, contrib-
< uted to increased retail food
; prices, resulted in more for-
< est fires, hindered navigabil-
ity and restricted traffic on the Missis-
sippi River, curtailed some hydroelec-
tric plant operations, adverselY affected
coastal wetlands and wildlife, and
shrunk essential water supplies. Reser-
voirs are down 20 to 30 percent for

American cities and counties.

Apﬁearing on NBC's,Today Show in
March, Mayor Thomas Whelan of Al-
hany, N.Y., stood inside his city's main

American City & County/June 1909
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reservoir, and said, "Ordinarily, a! This
lime of year, where I'm standing 1'd be
underwater. Our reservoir is now down
about 4 billion gallons. We're ai the
lowest point we've experienced in the
past 26 years."

Jay Lehr, executive director of the
National Well Water Association
(NWWA), sees the extended drought as
a serious national problem, but not as
an unmanageable crisis.

"The United States perceives itself to
be facing an impending water crisis as
the result of increasing drought cycles,
the potential for a temperature increase
resulting from the widely reported
greenhouse effect, naturally inadequate

surface and groundwater supplies in
some regions and localities, and
sources lost as the result of pollutio:
he says.

"Doomsday viewpoints are hased an
extremely rough conceptual models of
how the world’'s weather patterns re
changing. The reports evolve from ! s
torical weather data using barely .JO
years of records to predict dim te
changes in a world that is millions of
years old."

Lehr says that major changes in
weather or water supplies should no; oe
anticipated for another 50 years.

"We can expect increasing demar Js
on the available supplies, but we .re

STOI*L iiri«

well equipped to continue balancing
supply and demand," he says. "We will
not need new-fangled technology or the
discovery of untapped reservoirs. We
simply need to put in place existing
concepts of water conservation, water
resource planning, and reuse."

From an educational standpoint,
Lehr says the most recent drought is not
all bad, "Drought, increased heat and
reduced water supplies are now part of
our short-term history. Thus, for the
first time in recent years there is hope
that widespread public interest in con-
servation won't dissolve with the next
burst of heavy rainfall."

American farmers need to be edu-

m irfntooy™ Amaaflmuiin.iu. ... >V
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Arid Arizona City Conserves, Manages Water

ater management is serious business for an area
that receives Il inches of rain a year and has two
months of temperatures over 100 degrees.

In the arid southern Arizona environment around Tuc-
son, water for household use and irrigation is a treasured
commodity that has spawned several decades of legislative
and legal haitjes. Tucson is one of the largest cities in the
world that is dependent totally on wells for its water needs.
The Tucson Water Co. currently uses 19S wells to provide
water to 553,152 customers in a
285-square-mile service area.

The way that the city has cut
its Gordian knot of water crises
has set an example for those
looking to protect their own
supplies. Tucson's action in-
cludes the use of mandatory
management legislation and
voluntary conservation mea-
sures, farmland reclamation and
the installation of high-quality
monitoring and control devices.

The main challenge facing
Tucsonans is finding a way to
stop the steady depletion of
southern Arizona groundwater
reserves. The utility estimates that water is being used at
about twice the rate it is being replaced.

This negative flew is seen as a critical problem even
though most of 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 within 10 years, the utility has
qudertaken a number of new water conservation and supply
efforts,.

"One of the most important methods of conservation is
to have accurate metering throughout the system," says
William Wright, administrator of Tucson Water's division
of water resources'. "Accurate metering provides the ac-
countability needed to tell how much water other conserva-
tion efforts are saving."

The utility uses MW500 main line propeller-type flowme-
ters manufactured by the McCrometer Division of Keiema
Inc., Hemet, Calif. About ISO are used to measure the
amount of water coming from wells and 70 are used in
hooster pump applications.

With its flow mcasurcmerii apparatus in place, Tucson
Water is tackling one of the most controversial measures of
the state’s 1980 Groundwater Management Act, It requires
that, by the year 2025. each of Arizona's four active man-

Reclaimed wastewater Is used to Irrigate T: csorvgotf
courses, parks and school grounds.

agement areas >alance the amount of water they are taking
from the grou d with the amount that is recharged an-
nually.

"We call it ur bank account." Wright says. "We re-
charge water a: i then we extract it. For every 12-month pe-
riod, we try to -.avc a balance in the account where we did
not extract me." than was put in."

Currently, re.harged water comes in the form of rainfall
and runoff fro: . the melting of distant snow , but the utility
IS studying the use of treated
water from the local Pima
County Wastewater Plant. This
water, which meets federal stan-
dards for plant discharge, could
receive further treatment and
then be injected into unused
\Gllells to replenish the water ta-

e

Reclaimed wastewater already
is being used by the utility to ir-
rigate several golf courses, parks
and school grounds in the city.
Tucson Water diverts about S
million gallons a day of (he
plant discharge and. after filter-
Ing jnd disinfection, sends jt to
customers thrc .gh a separate water system.

The Arizona Department of Natural Resources also has
taken over ma-.agement of the Central Arizona Project-
This massive p.blic works undertaking is a water-delivery
system that wi  bring about 219 billion gallons of water a
year from the Colorado River to the Tucson area by 1992.

But the wate management program that has received the
most attention n Tucson is a fully voluntary conservation
program callec "Beat the Peak."

Residents h. -e been heeding the directive of the pro-
gram’s animati J mascot, "Pete the Beak," to refrain from
watering beiwi.n 4 and Sp.m., and only every other day.
Average water ,;se per person in Tucson dropped from 205
gallons a daK t. 161 giallons since the program began.

With all the ; atural water supply problems the city has to
deal with, iher, is a bri%hter side to the picture. For the past
several %/ears, "ac>on has claimed the semiofficial distinc-
tion of having ie nation’s best-tavting drinking water.

"We have w. nanumber of water-tasting contests and we
think it's beca. our wells are so old and so deep that the
water is very p re," Wright says. "It seems fitting tlut, in
a place where t ere is bare'y enough water to go around, for
some rejson it hould taste better than anywhere else." G
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v-jfW aboui low-lost methods, 'uch as
Jrip or surge irrigation. that can im-
prove irrigation efficiency and reduce
the groat lasting of water that results
from common eonjer pi‘oi sprinklers,
l.ehr sass. New strains of grains and
grasses can be developed to flourish
with less water. Also, inJustr> ean rec-
ognize that all processes using water
*hould be altered to save water and re-
duce the size of the waste stream.

Increasing water supplies

Municipalities can increase available
water through metering, leak detection
and development of more sensible pric-
ing policies, according to Lehr.

*'Mans cihes still don't meter their

water; they just offer users a flat ate
for all the water they want," he ' >x
"Thai's crazy. You can't conserve va-
lor if people have no idea about ow
much they are using. If there iv nc in-
centive for people to not waste w_:er,
they will waste it,

"The average American commu its
loses nearly one-third of all of iis w ter
from leaks through its distribu: on
pipes. Today, there are technique - to
repair and eliminate leaks — such a- in-
sertion of plastic liners in pipes — iiat
could help prevent the loss of great ol-
utnes of water.

"Furthermore, many commup. icv
that sell a lot of water actually enc ar-
age jvaste through reverse pricing. Tttey

Seismic Risks Affect Wafer

fter an earthquake, emer-
A gency crews are faced with

fighting fires that breA out as
a result of broken gas lines downed
electric lines and other quake-dam-
aged structures. Their abil ty to save
lives and property depends often on
whether, water pipeline., survive the
quake. .

There has been a growing aware-,
ness of the need to design pipelines
to withstand seismic events since the
197| S3n Fernando, Calif., earth-
quake knocked out between SCO and
1,000 pipelines. The lessons of this
quake have not been lost on the
Metropolitan Water District of
Southern California, which is mak-
ing seismic conditions a top ﬁriori%
in developing * r.cw pipeline that will
interconnect the east branch of the
California Aqueduct with the Colo-
rado River Aqueduct.

The new pipeline will provide for
the delivery of additional water to
the 14.6 million people living in the
district’s six-county service area.

All possible routes for the feeder
system cross or parallel major
stretches of the San Andreas or other
active faults. These routes originate
northwest of S3n Bernardino at

. Devil Canyon Power Plant and ter-
minate at the hijad of the San Diego
Canal, about 43) miles to the south.
Preliminary plans indicate the sys-
tem may be a combination of exist-
ing and new line-s, or may consist en-
tirely of new pipes. In either case,
the majority of the pipes will be un-
derground, but portions of the line
may be laid above ground or in tun-
nels, '

The scivmie risks led the district to
undertake a comprehensive analysis
of 17 different routes. Dames k
Moore, Los Angeles, was retained to
evaluate the seismic risks cf each

04

m m*iw iia

proposed route based on several var-
lables, including different earth
quake scenarios, the impact of sepa-
rate seismic events, and the perfor
mance of two types of undergrour.
pipelines (steel and concrete) and or.
general class of tunnels.

The systems analysis w3s per
formed with the aid of a proprietor ¢
computer model known as OUT
ACE, which was developed or}\?
nally under a grant from the Na
tional Science Foundation. Th..
model brings together data on sei
mic hazards, pipeline vulnerability,
system topologies, and pipeline per
formance criteria. .

Eight earthquake scenarios vet.
selected for the modeling process -
four were modeled along segments ¢
the San Andreas fault, three alor
portions of the San Jacinto fault,
and one along the length of the C1 -
eamonga fault.

A key ﬁart of the analysis was ;
identify the specific route segment
subject to earthquake-rel3ted out-
a%es and damages. The analysis w: i
able to identify segments of th
alignment of specific seismic cor.

cerns and determine the importance m

of pipe material to performance
Seismic vulnerability was measure :
by the expected number of repai.
and th: probability of failure. Wit
this data, the district will be able i
compare expected damage costs wi: . j
construction costs and determine
whether designing to a higher con-

struction level would be warrants'!

from an economic standpoint.

In addition, the firm.advised the
district on the general seismic desic g |
concepts aimed at mitigating earth- |
quake damages in areas where the
pipeline crosses faults or passes
throufgh soils  susceptible  to
liguefaction.

offer a quantity discount — the more
you buy, the less it costs. Pricing should
be changed so that your first draws are
cheap, then if you want more you pay-
more. Thai way, users will determine If
they really need the additional water."

Evert though home water use repre-
sents just 6 or, 7 percent of total com-
munity consumption, public education
about conservation may have signifi-
cant benefits. "We need to make peo-
ple aware of silly wasting of water in
their own homes, like excessive lawn
watering," Lehr says. "In addition to
saving domestic water, public education
has a psychological benefit. Willi the
right mindset, people are more likely to
vote for a bond issue, for example, that
raises capital for a new leak defection or
melciing program. Public education
convinces consumers that they are an
Important part of the solution."

Conservation at home means teach-
ing people how to water their lawns;
consumers should know how much wa-
ter is really useful in turf maintenance.
Many communities are implementing
low-flow toilet Frograms. Years agg.
toilets u-cd Sgallons to flush, but mo
ern toilets can use 3.5 gallons, or 1.6
gallons, to Hush without creatin? Sew-
age impediments down the line. Also, as
the public continues to use shower re-
strictors, low-flow cycles for washing
Jish.es anJ clothes, and other conserva-
tion techniques, th,eK realize they ean get
by comfortably with less water.

To emphasize the need lor long-range
planning and to communicate existing
solutions to dtoughi-relaied water man-
agement problems, the N'WWA is help-
ing produce a major joint venture con-
ference and evposition. Program plan-
ning for Conserv ‘90 to be held in
Phoenix, in August 1990, is co-spon-
sored by the N\Y\YA, the American
Water Works-Association, the Ameri-
can Water Resources Association, and
the American Society of Civil Engi-
neers. These four professional associa-
tions have combined memberships of
more than 170,000.

"Wo believe that Conserv '90 will be
the biggest collective water focus meet-
ing ever held in the United States,"
Lehr says. "This unprecedented event
of technology and information sharing
will be presented by conservation
professionals who have water manage-
ment solutions for the 1990s and be-
yond."

Conserv '90 will assist decision mak-
ers. people who make everyday deci-
sions about how water is produced, dis-
tributed and consumed in the nation.
But "we encourage and expect atten-
dance from lawmakers, city managers,
industrial engineers, environmentalists
and, in fact, everyone in the United
States who needs to prepare for ihc un-
avoidable national anJ regional changes
in demand for and distribution of water
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resources in the next decade," Lehr

* says:

Continual supply problens

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 of the best water conservation
programs in the country.

Phoenix is located within the north-
ern reaches of 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 of only
7 inches per year.

Within the past 10Q years, historical
records show that the Salt River Valley,
from which the .city receives most of 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, "Fortunately, Phoenix w. s in
good shape during the national drought
of 1988, although we did not read top
water production numbers of oast
years. However, if there is low sno -fall
this winter, we could face water short-
age problems as soon as 1990."

According to Chapman, the kiy to
weathering current and future drot ghts
is implementing a comprehensive \-ater
conservation program — one that max-
imizes the efficiency of 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 artifi-
cially replenished. Groundwater has
been a primary source in 400 of Fhoe-
nix’s total 600 square miles of 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 of 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
radiqg public service announcements,
newsletters, bill inserts, billboards, bus
signs, bus bench advertising, commu-
nity and trade show exhibits, and pl-m
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 of 1987, 4 million educa-
tional brochures were distributed,
$240,000 was donated for public service-
air time, and Water Conservation Of-
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

| n 1983, Mansfield, Texas, had a population of 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 city’s water supply. Mansfield’s water
treatment plant could produce only 3 million gallons a day
(mgd), which was not e lhf/sat:sfy the needs of its
growing oopulation. The
city began looking at ways |
to expand its water treat-1
ment plant and t-he ex-Br, >
pansion plan it chose won E | Ul
first place in the water
supply category of American City & County’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 of 15,726.

According to Chris Burkett, director of.planning devel-
opments and city engineer, the design of 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, "If
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."

Award

KAarjf
‘'wer/"

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 of 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 of 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. O

This article vj$ written by Jennifer Carlile, editorial assistant
for Amrricai. City & Count).
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rate structure revisions are ihe most ef-
fective demand management (ools.

"Phoenix raised ils rates and revised
its water rate structure to encourage
water conservation among high-use cus-
tomers. The water rate changed from
almost Hat rate to an increasing block
rate ‘chedule. Pricing policy changes
helped us save 10,000 acre feet per year
(9 million gallons) of water by 1985,"
she says. The Phoeniv water system me-
ters 99 percent of its water billed to cus-
tomers, so there is little more to be
gained.

Building code revisions, intended to
reduce sewer flows, also helped con-
serve water. By 19S5, partial compli-
ance with the code saved the city ap-
proximately ?,Q00 acre feet per year (2
million gallons). Also, through an
emergency retrofit plumbing fixture
program, low-flow shower devices and
toilet dams were installed in more than
40,000 homes.

e<«Qverall, these demand management

programs have reduced water ccmand
by 22,000 acre feel per year, or 19 mil-
lion gallons.l” Chapman says "But
more needs to be doneif Phoerix is to
achieve its goal of 10 percent pe: capita
water demand reduction in 1990 and 20
percent reduction by 2000, 3j compared
with 1980."

The newest strategies include plumb-
ing codes that require use of I ,eegallon
flush toilets by 1991; promoting water-
conserving, drought-tolerant la Escap-
ing; auditing large turf facilities modi-
fying the increased block rate struc-
tures; minimizing lost or unaccounted
for water to less than 10 percent of wa-
ter produced: and continuing c.velop-
ment of public education programs.

"Additional augmentation O Phoe-
nix's water resources and imp!.:menta-
tion of water conservation progr ms are
necessary to provide adequate water
supplies into the 21st century," Chap-
man says. "Resource augmenta .on ac-
tivities — such as purchasing and to

] Shreveport Autom ates System

S hreveport, la., has installed
four fully automated Rio Linda
chlorine dioxide generators as

a key part of the city’s 1985 water
I .and sewer capital improvements pro-
gram about to near completion.

Two of the four fully automated
chlorine dioxide systems went on line
j July I, 19SS. Thorough test results

document chlorine dioxide yields of
I 95 to 98 percent. This is 20 to 23
| percent better than the manual sys-
| tern previously used in Shreveport,
I and consistently higher than other
j types of chlorine dioxide generation

systems available.

"There are lots of other ways to
j control off-flavors and odor, but
I unlike chlorine dioxide they can't

also provide a powerful and long-

lasting disinfecting residual through-
I out the almost 1,000 miles of our

water system," says J.B. Williams,
j the superintendent df the water pu-
i riflcation division. ‘

All four generators, supplied by
| Fischer & Porter Company, War-
j minster, Pa., have microprocessor-
; based controls. Data from the auto-
' mated operation of the systems will

be uploaded to Shreveport’s rnain-
< frame and PCs where it can be total-

ized.

In the early 1980s, under the ad-
vice of Bbck & Veatch, Dallas, the
city installed manual chlorine diox-
ide generators. To keep pace with its
population growth, Shreveport initi-

ated its 1985 Water and Sewer Capi- '

tat Improvements Program. This
project added two new J-million-gal-

lon water storage reservoirs Ic in-
creasing capacity to 93 millior gal-
lons per day, and an upgradir: of
the manual chlorine dicide >y; :rrs.
The JSio Linda system generates
chlorine dioxide gas by auto: ati-
callv. mixing sodium chlorite ! quid
and chlorine cas under vacuum Ad-
justing the dosage also is autor. atic.
Phillip Leon, chief supervisor ¢ 'op-
erations, says, "For Shreve.ort,
fully automated generation and dos-
age means lower chemical costs,
higher yields, increased safety, and
the ability to totalize our data.
Because operating and m. me-
nance costs of chlorine dioxic.- are
low compared to other disinf-o::ion |
methods, Shreveport was able :0 in- j
stall four chlorine dioxide genera-
tors. The generators are rotat.-d in |

and out of service two at a lirr..\ al- ;

lowing routine maintenance ta be |j
performed with no downtime.
According to Williams, "Fac iities

are at 65 million gallons per day. |

With the two new 5-million-glilon
water storage reservoirs, we will
reach 93 million. The expansion is
primarily for projected population
growth. We don’t want to exeand
too late. We want the same high
quality of water we have now & stay
with us as we grow. Also, we a! eady
have some major industries a: ound
here that require good water, and
hopefully our abundant suppl; will
attract more. The quality of ou- wa-
ter allows most industries to .se it
for their processes without treat-
ment.” O

acquire associated water rights, re-
claiming wastewater and recharging
groundwater — will be expensive. To
lessen the burden of the expense associ-
ated with resources augmentation, the
citizens of Phoenix are helping us by ef-
fectively conserving water today."

Costs for administration and imple-
mentation of Phoenix's 1988-19S9 wa-
ter conservation programs will exceed
S1.5 million.

Most of California suffered through
extreme drought in 1988, and many re-
gions of the state continue to have
problems this year. Marin County,
north of San Francisco, experienced the
driest 32 consecutive months on record
through February 1989. Ronald John-
son, general manager of the Marin Mu-
nicipal Water District. sr.ys, "Until we
received heavy rainfalls in March 1989,
our reservoirs were down 50 percent or
more from normal levels.

"During the recent most severe
drought, our board of directors insti-
tuted measures requiring 35 percent wa-
ter rationing, and also enacted an ordi-
nance to ban new'servic®,connections
until sufficient water supplies are avail-
able. In addition, we managed several
ongoing conservation activities, such as
installing low-flovy showerheads and ul-
tra low-flow toilets, checking our 830
miles of pipeline for leaks, restricting
turf irrigation, instituting an inverted
tier pricing system, and employing re-
claimed wastewater for landscaping ir-
rigation. Combined, all of these activi-
ties helped us achieve an IS percent re-
duction in water use from May 19S8
through March 19S9," Johnson says.

Before the recent drought, Marin
County spent about $300,000 per year
on conservation programs and public
education: 19SS-19S9 costs exceeded
$500,000.

Voluntary conservation

Like many other cities and'towns in
Southern California, Pasadena insti-
tuted voluntary conservation.measures
in 19SS; the measures resulted in an S
percent reduction in water use. Mary
Ann Long, the city’s conservation co-
ordinator, says that residents were asked
to water lawns after 5 p.m. and every
third day, use a shutoff valve when car
washing, and stop filling or refilling
swimming pools. Also, unless re-
quested, no water was vcrved in restau-
rants.and filling decorative fountains
and ponds was prohibited.

The Metropolitan Water District of
Southern California now is offering a
credit program through which Pasade-
na's conservation department will re-
ceive S75 for every acre foot of water
saved.

Palm Desert, easi of Los Angeles,
began using drought-tolerant median
landscaping in 19S6. John Wohlmuth,
senior administrative assistant for the
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city, says the program has been quite
JIkVWIful,

"The city is now instalLng green, lush
drought-tolerant landscaping on street
medians over a three-mile area," he
says. "Also, the city council has ap-
proved the use of drought-tolerant
landscaping in front of developments
and buildings, instead of.grass, palms
and other oasis-looking materials. We
have determined that grass and talms
cost about 16 cents per square foot to
maintain versus only 4 cents per square
foot for drought-tolerant materials."”

Cities and counties in the arid South-
west were not the only localities hurt by
last sear’s drought. Hugh Wilkins, wa-
ier plant supervisor .for Great Falls.
Mont., savs that.while 19SS was an ex-
tremely dry year for. his city, it was
made worse because the municipal wa-
ter plant *=as under construction.

"The .Missouri River, odr source of
potable water, was down 2 feet in 19SS.
What mitigated the problem is that our
customers are metered, and metering
helps prevent the wasting of water. Now
people check the weather forecast to see
if it is going to rain before they irrigate
crops," he says.

"Two drought-related problems were
water aesthetics and smoke. We had a
lot of algae blooms in the hot, dry sum-
mer of 19SS; as a result, people com-

plained about taste and odor in their’

W h en you
need tomak e

a decision. ..

Off-PeQk Pumping Reflects Savings

D eKalb, 1l1., has been pumj ng
id drinking water off-p ak
for almost a year, a prac ice

(hat shows promise of meeting an

expected S150,000 reduction in in-

nual electrical costs for the city's
water division.

Electric bills averaged S24S.SS: in
the five-year period between J. ne
1933 and June 19SS. The 19S9 bi. is
projected to total $102,600. That a
savings of S146.2SI, or 59.8 per. ml
of the gross electric bill, and a sav-
ings of 64.6 percent on.rhe potable
water pumping portion of that hi. .

Off-peak pumping is possible re-
cause of a two-year building po-
gram. This includes construction of
two elevated storage tanks with ra-
pacities of 2 million gallons earn,
two 1,200-gallon-per-minute wt Is,
about six miles of new warer mams,
and the installation of an automa ed
and computerized control system.

DeKalb’s updated water systrm
serves 33,000 citizens, Northern li*
nois University (the second lar.rst
university in the st3te), and a crew-
ing business/industry contingency.
Daily consumption averages 4.2 nil-
lion gallons.

You are confronted with decisions on a daily

ebasis. Among the most complex of these

concernenvironmental issuesand related
'facilities. Many times, these decisions call for
immediate attention and innovativ e thinking
followed by sound engineering. Thiscalls

..foracompany like WESTOM.

At the

drop ofa hat.

Simplify yourdecision-making...call us today

al thedrop ofa hat.

Roy F. Weston. Inc. =
Weston Way

West Chester. PA 19380
(215) 692-3030

4 8 Offices nationwide

cooo&CCKuUUrcs
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Each of DoKalb'i elevated
storage tanks hold 2 million
gallons of water.

The project was financed through
a 20-vear, S5.3 million genera! obli-
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 <oris for
Dekashy, .

coxefD

Astestos Manegpnent
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water. Also. the wit> wj* enshrouded in
smoke j Il >ummer dui: to major forest
fitex nsurrounding areas," hi* says,

Croat Falls received a rooord To
inehes of snowfall this past winter, so
Wilkins does not expect drought prob-
lems in 19>9, However, he is concerned
about burnoff from the great fires at
Yellowstone National Park. located
about 150 miles from the cits. The
smoke from Yellowstone has contami-
nated the Gelatin Riser, the Madison
Riser, and the Yellowstone Basin, all of
which floss to Great Falls b> was of
MiS'Ours Riser drainage.

Bill Teje, assistant deputy director ai
the California Department of Forestry
and Fire Protection, >a>s the state had
more fires and more fire damage than
usual because of the 19SS drought.
"The state spent tens of millions of
dollars to fight fires; the money was
needed to add extra people to ehgine
companies, to keep aircraft on* hold
longer than in normal sears (fire'fight-
ing helicopters general!) are dismissed in
the.earlx fall), and to move resources
back and forth in anticipation of ness
tires,” he says.

Much of the Midwest, including
mans Chicago suburbs, were water-
short in 195S. In Oak Brook, a Chicago
suburb, the community's ",500 water
customers managed to drain dry all
three of the city’s reserve storage tanks

SYSTEVS: EQUIPVENT: SHRVICES,
* Hydraulic * Troughs * Parts
Backnash * Agitators * Retrofit
* AirAYaier « \\&irs * FHeld Supervision
W .« Baffles  Technical Support
« Alternate .
Underdrain g;
Materials Id
« Automatic * Clarifiers
Filter Control ~ * Humes
Systems/ » Controllers
Components ~ « Recorders
* Transmitters
* How Tubes
707-t
235 V. Florence Ave.,
42 Circle No. 25 On Roador Servleo Card

over one weekend last June. Jails con-
sumption increased from le-s than a
million gallons lo 9 million c. lons. Be-
cause theMuburb's live wells auld pro-
duce only 6 million gallons s .il> Pub-
lic Works Superintendent Tom Lane
placed a ban on washing car* .r,d filling
pools. Lawn sprinkling was | -nied to a
maximum of 12 hours week Is

| ane say >that the cits now is drilling
a new | million-gallon well .. td also is
building a ness ' million-ga on reser-
voir, which will double Oak F ®ak's re-
serve storage capacity.

Unlike Oak Brook, mans :her Chi-
cago suburbs are reluctant :c make ex-
tensive improvements bccau- tints are
scheduled to get water fr >m Lake
Michigan in a diversion be., .mine in
1992. But Darnel Injerd, a -vater re-
sources specialist for the state say* that
Illinois intends to get stingier about re-
moving water from Lake Mi. rigan. He
sass the state also mas requir. — rather
than encourage — all cities ta- ping into
diversion water to adopt law- -.estrictm.g
lawn sprinkling and other e-door wa-
ter uses,

Wastewater reclamatic n

Pasco Counts. Fla., jI>: -.orth of
Tampa, has developed a regie 4! waste*
wafer reclamation progratr that at-
tacked both, increased sewage r-.atm.-n:
needs jnd d.minishmg wijte: -.ppil4-

Two ness treatment plants will expand
the counts's sewage treatment capacity.
When completed, the counts will dis-
pose of treated effluent at one of two
percolation pond sites near one of the
treatment plant sites, allowing effluent
to recharge the local groundwater once
n percolates through the soil. Local golf
courses will serve as land application
sites.

"Applying the effluent to golf ,
courses actuall) achieves a higher de-
gree of reuse,” sass Wayne Welch,
CH2M Hill's project manager. “ By us-
ing effluent in place of potable water
for spray irrigation, golf course opera-
tors recharge drinking water supplies
rather than deplete them. Recharge also
helps present saltwater intrusion of
groundwater from the Gulf of Mex-
ico."

Bruce Adams is director of land and
ssater planning for the South Florida
Water Management Authority, which
".of.Cs a ITOOO-square-mile region south
of Orlando from east to west coast.
Adani' also is national president of
Xeri'.ape, a program to achieve water
conservation through u*e of drought-
tolerant landscaping.

"In south Florida, like much of the
Southeast and West, we must find bet-
ter ways to balance the rising water de-
mand* of a growmg population with the
reality ot limited water supplies,*' he

s WASH SYSTEMS
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Our wash systems offer some of the lowest
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says. Many parts of Florida were hit
hard by the recent lack of rainfall;
through March of 1959, total precipita-
tion was only 4? percent of normal. As
a result, many municipalities instituted
mandatory 15 to 30 percent cutbacks in
water use.

Much of Florida relies on groundwa-
ter supplies; unfortunately, the water
generally comes from shallow aquifers.
Thus, drilling deeper wells will not help
solve shortage problems.

To help reduce water demand, Ad-
ams advocates use of creative conserva-
tion programs. "Xeriscape originated
with the Denver Water Departmeit in
response to severe 19SI drought condi-
tions; the program's principles were
further develop through experience in
a number of semi-arid, western state-.."
he says'.

"The term Xeriscape simply means
using water conserving, drought-toler-
ant materials that do not require special
attention to grow properly. Xeriscape
materials will survive and Houri-h with
comparatively little supplemental irri-
gation. Approximately one-half of the
per capita water demand in urban area>
of south and central Florida is for out-
door use. Application of Xeriscape
landscaping, using materials such as
oaks, pines, citrus, daylillies and many
palms, can significantly reduce outdoor
water use," he says.

With reserxoir levels at just 55 per-
cent instead of the normal 91 percent,
New York City Mayor Edward Koch
declared a wide range of drought emer-
gency measures on March 22,1959.

Warning that "New York will not be
as green as usual this year," the mayor
said, "we are banning or cutting back
on the non-essential use of water in or-
der to keep the reservoirs as full as pos-
sible. All of us have to comply with the
restrictions and change our personal
habits ar home. Just observing these
new restrictions is not enough. New
Yorkers must use as little water as pos-
sible in their daily lives. The city is de-
pending on its citizens to pull through
this crisis."”

New York's mandatory restrictions
include a ban on watering lawns, shrubs
and gardens; a mandatory 20 percent
cutback in water use by all businesses; a
ban on washing any vehicle with a W e
or with water from a hydrant; a ban on
washing down sidewalks, driveways,
steps or the exteriors of buildings; a ban
on ihe ornamental use of water, includ-
ing fountains, waterfalls and reflecting
pools, even if these recirculate the wa-
ter; a requirement that commercial car
washes use welt water; and a ban on
filling private svtimming pools.

The various restrictions have enforce-
ment fines ranging from S100 to S1,000
for repeat violators.

Plans are under way for the city to
pump up to 100 million'gallons a day of

Amorlcan Ctly &County/Juno 1989

Hudson River water to augmen: reser-
voir supplies. The city also is st. pping
up a long-term metering progra n. Its
10-year plan calls for installa: zn of
600,000 residential water mete:  All
commercial and industrial buildi: g- al-
ready have meters.

"The immediate drought can ot be
stopped or stowed by human in: rnven
tion," says a NOAA public. :ioh.
"Cloud seeding, for example, w. 3 not
work where there are no clou js or
where clouds and the surroundir,; envi-
ronment fail to meet critical spe <fica-
lions; and drought areas do nc pro-
duce the appropriate conditions,"

American cities and counties - onnot

change the meteorological aspects of the
drought, but they are beginning to cre-
ate a new climate for change. By modi-
fying human behavior, planting the
seeds of conservation and intensifying
long-term water resource planning, lo-
cal governments are helping to slake the
great national thirst of 1988-19S9. Z

Bjriviuvs is 1 comespondentfor

American City A County bassdm

isbors'h, \ho spedializes in
en\ironmenial topics. Bath Pjmier. aso
of Pittsburgh, assisted in reseerchfor
this artide.
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National Water Policy:
A Prospect for
Institutional Reform

Stephen S. Light and
John R. Wod/aska,
South Florida Water
Management District
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The decade of 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
improved intergovernmental relations witnessed the
demise of 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 Washington, DC reporter became so frustrated
with the lack of leadership from the federal government
that he wrote, “In Washington, D.C., federal water policy
does not exist, except as a joke 11In 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 welcomed the federal hiatus and viewed it as an
opportunity for the states to reassert themselves in the
water policy arena. In fact, researchers throughout the
nation have been documenting in watersheds under stress.

PUBLIC ADMINISTRATION REVIEWmIOTH YEAR

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 water-related
resources. Ironically, these same agencies and levels of
government have become even more dependent on each
other for information, technical capability, and policy
decisions, as fiscal resources have become increasingly
scarce.

The nature of the federal system of government is
another source of irritation. The separation of governmen-
tal powers and responsibilities is a cherished part of the
nation’s political fabric and democratic system. However,
from a water management perspective, when resource
problems 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 of 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 of deliberations on
national water policy coordination over the past five years.
It begins with a retrospective view of the Water Resources
Planning Act (WRPA) in Henniker, New Hampshire,
where the Engineering Foundation Conference was held in
July 1986. It concluds with and looks just beyond the
1990 Interstate Conference on Water Policy in
Washington, DC, where debate ensued on a specific pro-
posal to reestablish a water council in the ex cutive
branch. This condensed analysis is just one interpretation
of the material covered. Readers are encouraged to review
the documents and to draw their own conclusions.
Primary attention is given to the following questions:

» Is the intergovernmental relations problem in
national water policy more serious than apparent
or more apparent than real?

e Some contend that the nation will not face a
water crisis in the 1990s but will continue to
endure a crisis 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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