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INTRODUCTION

In Accordance with Désign Directive No. Alaska General T-50-1, dated March 21,
1950 and Memorandum outlining Definitive Criteria dated July 10, 1950 as

‘received from the Office of the District Engineer, Alaska District, we are in-

cluding herewith the report of the preliminary study covering the selection of
the route and design of a POL Pipeline system from Haines, Alaska to Fairbanks,

Alaska.

The system includes terminal tank farms, pumping stations, dock facilities for
tanker unloading and all other appurtenances necessary for the transportation

and handling of refined petroleum products in quantities sufficient to satisfy
both normal and emergency demands,

An eight (8) inch line was originally indicated and studies made on this basis
called for three normally operating pump stations with two emergency stations.
Conferences held in Seattle on March 5, 6, and 7, 1951 with the Corps of
Engineer's representatives from the office of the Chief Engineer, Portland
Division, and Alaska District, representatives from Headquarters, USARAL, Alaska
and Mr. S. S. Smith, special consultant, from the Shell 0il Company resulted in
the acceptance of a six (6) inch pipeline to obtain better operating character-
istics at normal throughput. This decision, however, was based on the

-utilization of the existing 3" Canol Pipeline extending from Haines Junction,

Yvkon Territory, Canada and the laying of additional 3" pipeline to connect
between Haines Junction and Haines,

This system as now designed in a preliminary stage requires four (4) normally
operating pump stations and six (6) emergency operating pump stations; each
station to have complete pumping facilities for both the 3" and the 6" pipelines
combined in a common pump house.

Considerable reconnaissance has been performed in the field and studies made in
the office to select the best route for the pipeline. Alternate routes out of
Haines have been explored and are herein reported upon.

The estimates which are included are based on Seattle costs and reflect the
best guesses of material and equipment suppliers. A special effort has been
made to obtain more accurate prices on major pieces of equipment which to-
gether with the pipe make up a major portion of the entire construction cost.,
Quantitative takeoffs of minor materials have been made and prices have been
inserted for their supply and installation based on Fluor'!s experience.

It is believed that the costs are factual within a plus or minus 10 percent of
actual costs.

Following our preparation of the major portion of the design work based upon
the above premises there has been received a revised criteria which introduces
a much higher ultimate capacity, Effort has been made to provide for this un-
expected increase in capacity by added pumping facilities, For economic and
operational reasons explained herein an expanded system of this character, in
our opinion, fails.to pass the qualifications of sound engineering judgement
which influenced the original selection of the six inch line size.

Cc-1
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~ Definitive Review Conforence covering : (L pipeline, Haines to Intertor
Alaska, took place Monday, 5 Karch 1951, in couference rocm of Seattle Branch

of Alaska District, attended by: - . x ol A

Hatrs, US.:L o7 MajJe A P Moiritt Jr, —_—
Alaska ' R Mro Fo a. Wolff ' .

T

trs, id T M. 0, Gy Riggs
anchorage, alaska

Qf{ice. C!!G‘ O‘ &2}202! _ Mr. L, Jo Feg&n

- #ashington, D,C, Mr. R, £, Ost _
orth Pacific Division Lt. Col. T. H, Lipscomb ‘
Portland, Oregon M. G, . Kelleway ‘ 1
ho R. J. Daﬁs ‘ A ’ . -:""}

. Mr. H, N. Walker

Apchitect-Engineer M. R. L, Merrick

Mr. Ho J, Gearin
w. CQ x. HHWkG .
m‘o Go D, Bachemin

Shell 01l -C , Mr. S. S, Smith (Special consultant .
, o on pipeline wark for the Shell 04l
Company an loan to the United States

. Government )
Alaska District Mr. .arren George
anchorage, ilaska : Mr, E, #, Digges

Mr. Zdwin J, Kreitlow

The meeting began at 9 a.m. with an introduction of persons attending, a '
short statement covering purposs of meeting, followed by a general review by the !
Fluar Corporation covering their approach to the problem, during which period
questions were invited from the members attending for amy further explanation
ar clarification on points bearing on the Pluar Corporation's presentation, aftar
the District's program had been explained, a discussion of specific points con-

ected with the design took place; and these discussions in turn mere resolvad
“nto the conclusions und recommendations thut follow,.

The text of the conference followsd was a compilstion in urochurs form, pre-
pared by the Fluar Corpor.tion especially far subject ‘conference, copies of which
#ere siven to all conference members, entitled "iuL Fipsline, Seaboard to Fair-
banks, ~luska," dated 5 and 6 karch 1951, Contained in subject brochure was a
copy of data previously issusd by the Fluor Corporation to all offices concerned,
for their inform.tion and prestudy for use in subject conferencs. Submitted

along, with the orochure were a number of drawings as listed on »azes 1 and 2
of brochure,

There follows a summary of major ;oints discussed, on which the conferees
based the conclusions and recommend.tions s subsequeritly shown,

B A
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n profile Lused on an S-inch lina, containsd in tne vrochure, ias giscussgd,

d it was staved that opercting at 1350 pounds, 5> pump stations sould e requ;red.

: Of these, 3 stations would be permunent constructiony 2 stations of stand-vy -
construction. The stund-by stations would 20 on the lins when through-puts in
excess of 12,000 barrels per day were required. Stations 3 and 5 uargwiﬁpntifiod '
as stand-by stutions,’ Stations 1, 2 and ‘4 would be required to attuin normal -
through-put requirements, - ~ -~ -~ N ‘ R

It was pointed out that low flow riange of operatian of the 8-inch line would” [T
cause excessive intermingling of the product. However, it was indicated that =~ [
if the flow be kept in the turbulent runge for all products, this would be con=.
trolled. However, this would result in a sautdown of the pipeline the major .’
portion of the yeir under normal conditions, : Ty

Comment on location of pipeline with respact to existing highway indicuted
that maximum distance of line from the highway would be zbout 1, miles and that,
in general, pipeline would follow road. Hydraulics were figured on tha basis
of a lins of upproximately 650 miles, expect final design to shorten this mileage
somewhat, :

Comments were made on how surge pressures might affect the operation of the
ine, and it was felt that due to the build-up that would result at Fairbanks,
or example, with static head from Fump Station 4, would result in excess of

pressure; and indicate preferred selection of pipe having a wall tanickness of
«322 inches instead of wall t.ickness of .277., In gencral, it was desirable to-
have few stations and to pump at relatively high pressures. The statement was
made that pipe should definitely be of an uniform wall thickness throughout the
system except al river crossings and under-wuter crossings and lukes, However,
at lake and river orossings, pipe of special fubrication would be desir.ble so
that the wall thicikness could be increased. However, the increase should ve .
on the ocutside diameter., The inside diumeter of the line throughout the system
should be unifarm. The thinking favoring the .322 1ine thickness was because
of anticipated shock pressures thut would occur, However, statement was made
that 1f a 277 wall thickness pipe was used, it would result in a saving of
approximately 15 tones of steel per mile over a .322 wall thickness.

Pressures discussed appearsd to be within range of commercial installations,
rurtner feeling was indicated that rressure reducing stations should be avoided
for reasons of maintenuance und camplicated operation. Open lines wers preferred.

Carbon content of the pipe discussed was fram .15 to .22% carbon, 32,000
to 34,000 pounds yield-point seamless pipe was preferred. Electric welded pipe
s only to be used us a last resort, as shock at low temperatures is art to open
t.

‘he .rcnitect-Engineer favorsd no preservative ouLaide‘coatings or steel on
unouried pipeline. 3xception was tuken to use of moss here avallavle ror cover-
in the line for reusons cof corrosion .nd doubtful venefit.

Jater seraration and filtration were discussed, and the rchitect-Enginesr
favorzd mechanical separation of ths water by use of degume i excelsior pa:k type
witer separators and sumps in tanks, The use of activated alumina and similar
dehydrztin: acents were discussed.  nemical dehydrition appeared to present
objsctionatle sffects upon quality of product and 'might altar fuel specifications,
Statement w s made that dehydration is used on statusice lines to control interiar

. corrosion, o sxamrle is known in tha states where denydration was used to
remove water to pravent freezing of the lines,

ER.-2
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in.formation was presénted :Lndicat.ing that, sspecially on Cancl and com-
mercial lines, at low temperatures interrj.al ‘corrosion was at a minimu:n. - g

On 8-inch 1ine, positive displacement pumps with™low speed Diesel enginas .
were suggested., On the two emargency stand-by stations, modersts speed Diesel

engines driving cen‘rifugal pumps were suggested as the most dqairabl\.e’.';;_ e

- Housing at the two emorgency stand-by stations wus to consist of a single
one~-family quarters, and the Architect-Engineer suggestad that additional housing
be added to provide for transient pipeline crews, The criteria had been developed
based upom the operating personnsl's family being evacuated in an emsrgency, and.
the subjeet housing used for additional operating personnel,

Discussion was held an whether to suppart pipelino on bridges located -
convenient to the lins, or whether military consideratians would point to a
need for under-water crossings, even at a higher cost,

Pipeline suspensions were also discussed and appeared to have less merit
than under-river crossings. However, costs were to be considered in selection
of bridge crossings versus under-water crossings, Kluane Lake crossing was
discussed, and it was pointed out that the under-water section of the line
should have the same inside diameter as the land line. The advantages and
disadvantages of crossing both the streams and the lake were fully ex;lored,

A discussion of tankage brought out tnat in commercial practice, terminal
starage should provide for at least 150% for cycls storage, However, considera-
tion of a numver of products and the cycle time was the determining factor in
the selection of quantity of tanks at the terminals, It was strongly recommended
by the Architect-Bngineer that in normal opsrations, motor gasoline and aviation
fuels should be transported through the line in the winter; and Diesel oil should
preferably be kept out during cold weather periods, Under this Plan, storage
should be provided at inland terminal faor Diesel to carry over during anticipated
cold weather periods. The originally proposed dispersed tankage at the booster
stations was covered, Prom a Pipe 1ine operatar's viswpoint, it would be pre-
ferred that the tankage be concentrated, as close as other considerstions would
allow, at the ultimste terminal,

The Army representative reviewed military policy as regards duplication and

' dispersal of tankags, which was the basis for the original tankage location.

Terminal tankage at Haines must take into consideration possible delay in de-
livery tims with adequate tankage provided, based upon a two weeks' cycle su;ply,

It was indicated that based on proposed normal through-put requirements and
amsrgency through-put requiremsnts, the 8-inch line under normal conditions
would be shut down periodically,

The use of coils for heating tanks at Haines terminal wus generally dis-
cussed.

At this point, the matter of relocation of the Canol pipeline to provide for

pumping from Haines instead of the present tank farm at Skagway, was antered into,

To attain 3,000 barrels per day through the Canol pipeline, it wus indicated thit
14 stations would be required, It also was pointad out by the Army representa-
tive that it was proposed to reactivite four stations on the Canol pipelina in
the summer of 1951 to increase through-rut of Dissel to 1,580 barrels per day
from present through=-put of approximitely 1,000 barrels, und that funds to

E=2 «_3
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‘ accomplisn t.is arc already availupls, , .

The rejuirss t rou =pusts far Lie Smergenc; condition, reviously furiished
to tie. irchitsct-.agineer in tie aesign criteria, coversd tucoush=-put in vie

Pipeline would be opsrating at 1,530 burrels rer duay. o
Repreaentatives frum UUE pointed out to the conferees that in a recent
conferance in vashinton, the starf nud agreed thut the total emergency re.uire-
ment, that would be transported throuzh pipeline or ;ipelines to the ‘Fairbanks
~area would be 16,32/ barrels per day. The premiss on which these decisions.
are based are tuut these czpacities will not nased to be exceeded in emerzency

conditions. '

In the discussions covering flow and pipelins size, the representative of the
USait.L stated th.t he felt that all elements in .laska f.vored the 8-inch line
over the 6~inch line Lut that bused on firmness of fipures und disadvuntayes in
oper.tion of the .-inch line, tie O-inch line is preleruble,.

: .The reactivation program plinned on reactivation of Canol pipeline Stations
C, G,L and N, .stween whitehorse and Fairbanks on No, 4 1line. '

Stratesic considerstions provented tunkage reserv:s from being consider.d
. as an influenca in rzaucing through-put capacity, :

general discussion was held on the advintage of operating a 6-inch and
the 3-inch lincs similtaneously or separately under normal tarough=put ruquire-

ments, ’
It was estim:ted roughly b. the consultants that the decrease in cost of - )

; & 6-inch line with 10 stations over an 8-inch line with 5 stations was in the
order of one million dollars, . : : :

In a general discussion wherein a small pipeline witn lurge inland terainal
storags wus weifhed against a pipeline having a largs capacity and s1all inlund
starage, the point wus mace by the consultant that it i.us objectionable to store
aviation gasoline any longer than the minimum possible time in storage, thut in
commercial practice tne storage of aviation fuel and Dissel oil for more thian a
Jeuar vwis not desirible for the reason that it affected the specificutions of thne
fuels. In the cuse of aVuaS, it increased the gum content. From an overall
Operuting stundpoint, it =.s pointed out that a O-inch line opsrated at hi her
pressures was prefsruble to an 8-inch 4peline in th:t it provided for more
rapid tr.nsgortution of uny siven butch of product from marine terminal %o inland
tankage.

. In discussion of rlpeline operation, it was pointed out that some Diesel
cuts over into 2 1601ine might be tolarated in certain loculities, but would
not be acceptable in the arctic where low octane ratin;s are not permissible,

It wus su-ested by the consultunt that kerosene buffer plu; should be used
betveen the Uiesel and amy other product. ‘the use of u bufier would re.juire ine

erection of u smill additional tunk ut Haines and any otner trunsfer point for
kerosene. ' |

n tencral discussion was enterad into as regurds reactilitation of the 3«
inch Canol system, beyond the rea.hilitafion by the Lommand planned for 1951,
In the ultim:te operation of = 6-isch and a 3-inch ;ipeline common st.tions
would be used, cach using its serurite equipment,

The advantagss :nc disacvantages of stand-by equipment, -ositive displice-
ment puips versus oentrifugal type - onc wisre cemtrifuz.l tyres ire used, the
advantugzs of .bility to opirate eithor in pairs or as units - werc fully exglorcc,.

E-3 -4

- new pipeline only,‘ind these {i,ures took into consideration that the Canol f”j§ i‘5
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‘ A rouih outling «ii rwwie, suwvjuct to rurtlier study, .U e cest of pardl-

elinz the 6-inchi tina .ith . s>=inch line Irom H.ines t. _io Jwiction o the

H\.inzg Cut=0.f to the Jdean Y1 nuay s-o in Lie nei hLoruood of vne .nd ovne=u.lf
‘million do.l.rs,. , e O K
| :-inch 1ine had been previcusly = -

, - Similirly, “as the wll t.dicknesses of un : »

discussed, the o~inch lins und its wall thicmessqs were covered, ,
The consultant felt that e could ju.r.ntee succazsful operation of the

L-incii 1ine on .11 rroducts it a flow rate ¢f 4,%.0 t .rrels per diy minimun, -
This was l-.ter ~uilified by him in = stutsment that it vould be bosed on throush-
put ficures far :23cline rroducta, oxclusivs of viesel, .nd thut this risure
proba:ly would not b3 scczptable dwring wintor opsrution beciuse of the hizher - N
viscosity of ui:ssel oil :s compared to the viscosity of the w..soline,

Lie experisnce rsained 0 the consultant indic .tad thut in a packed ipe-
line, interminzling of fusls of dirfercnt zravitizs . .s not exces3ive during
shutdown periods for the reason thut any low poimt in the line e.fectivaly pre-
ventsd action beyond that point. ‘

The .rmy representative pointed out that the .1:ska comunications _ysten
Uffices would design and prepare cost estimatos for coamunication fucilitics,
wnicii the rezitect-Inginzer is to recommend as boing necessary far proper

rational control of tha pipeline. Ilunds can tien loter ve .ilocated iram
ne pipeline jroj:ct to the Cffice of the Chief, 5iznud Corps ror coordination
of tiae Signal facilities with the Canadian Sowernnent and for construction of
the fucilities, » '

~.teletype aystem was indicated as nacessary for the reason that it provided
3 written record of ull orders un disratching of Sroduct, in addition to other
meuns or comwunication, which would 3erve other purjosas,

The rolutive location of the ;0L aock versus dry carso dock und tank farm
location vt Hainos ware discussed, '

Conteroes discussed the rlacing of tanks at the Hainpes terminal and other
points in complete jyrotective revetments, together vith optimum spacing of tunks,
The building of tanks was fully discussed, with advantazes of conserving vapar
loss of rusl versus strategic considerations involved, .

The atility to shift station locations slizshtly and still stay within
hydraulic consideruations was covered, und un allowance of 24 vo 3 miles was
indicated,

CONCLUSIONS
1. Based an rinalized-througb-pqt firures a:yroved in +ashington, disad-
tazes of operiting €-inch line ut normal throu-h-put rate, increase advane

tages of operuting 6-inch line at normal throush=put rate, plus incre.sed speed
of delivery of preduct from seabo.rd tc interior, ;lus tie in.oility to consider
as . factor in operation, tanka e capicities in 2mersency conditions at terminal
points, resulted in tne declsion to use a b-inch pipe throuhout, along with u
naw s-inch pipeline trom Halnes to the Junction of the Haines Jut-off with the
~lean Jdighway, at shicl, point it will connsct with the existing s-inch vunol Fipe=-
line, were ths choicos for ripe sizes,

2 b-inch pipe to be .32 inches in wall thickness on land snd 312 inches
under lakes and siresms, .nc to be of low car:on contont, 3e mloss stezal with
inside diame_or of Pipe unifar~ throu -aout,

\
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3. The Arohiuct-tnginpcr imi directed to study the relative advantages
and coms with a cost o ng study on fixed displacement pumps versus

centrifugal type pumps, ' B N
4. Stand-by pumping would be prvﬂ&d in all stations to be used for normal
operatian, with no stand=bys for those stations set wp for emergency operation.

50. Kochanioally controlled water separation to be provided to the extent
of suzp in tanks and treated excelsior water separators. No chemical dehydrating
agents to be used, _

6. No corrosion inhibitors to be used pending operational showing of need.

7. Pumps for 3-inch and 6~inch line would be in same operation buiidingl,
but separate pumps to be installed for each system.

8. Pumps for 3-1nch line wonld be indisated as preferably of the triplex
‘ or guintuyplex type. _

9. The Army will provide the pumps needsd in four of the ultimate stations
to serviee the 3-inch lines. :

10, Architect~Enginesr to provide for the pumps needed for the additional
installations.

11, Closed system operation to be used on both pipelines as ultimately
developsd betwsen terminals,

12, The use of kerosene plugs to be provided for with the installatiom of
the required tankage at the Haines terminal and other transfer points.

13. The dispersal of tanks at Haines to be maximum obtainable in the order
of 500 to 600 feet center to esnter of tanks.

14, Estimates to be made by Architect-Engineer on use of tanks 24 feet in
height with full revetment protection, against tanks of optimun heights with
norsal fire walls,

‘ 15. All tankage above that at Haines necessary for operation of pipeline to
be located at station closest to Tok Junstiom,

16, Tanks to be painted an olive drab color.
17. Pipeline above grownd not to be painted,
18, Pipeline above grownd not to be moss-covered.

19. Pipeline at river crossings to be submerged and no closer to bridges
than 300 yards.

20, Pipelins to be buried in stream bottoms.,
21. Pipeline to croes Kluane Lake, both é-inch and new 3-inch.

22, Steel far tanks to preferably be ASTM 201 with A-7 agceptable as

second choige,
=2 -6 l
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2.‘"_ Prouuru in exoess of 1600 lbl. per square inch should be avoidod.
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E=3
) Design Analysis

Capacities

Capacities used in the design of the system are as contained in the Crilteria
furnished by the Corps of Engineers and made a part of this report under
Section E-1, The most efficient balance between allowable line pressure and
the pump station locations has been made on the basis of emergency capacities.

This presentation is based on decisions reached at the Definitive Review
Conference covering POL Pipeline, Haines to Interior Alaska, held in Seattle,
Washington on March 5, 6, and 7, 1951. (A report of the Minutes of this
meeting is included herein under Section E-2,) ~

The recommended use of a six inch line and utilization of the present three 'y
inch Canol No. 4 line in the system was the decision reached at the confer-
ence and was based on the agreement that capacities in excess of emergency
rate, namely 16,32 barrels per day, would not be mquired of the system.
Other considerations prompting the decision reached was to provide a "Safe
Operations® line by using the three inch line for transportation of Diesel
fuel during extreme cold conditions, and the ability to maintain fairly high
stream velocities in the six inch line, The dual system also provides a
more rapid operating system with less line displacement. two features which
are of value at times when operations are not within the normal schedule,

2)

The principle disadvantage to use of the proposed lines is that the system
is stationed at the upper capacity limit with ten stations., Any further
increase in capacity requires the installation of a great number of stations
-and thus capital investment as well as operating costs rise very rapidly.
The capacity which may be obtained by use of the three inch is extremely low
and its eventual expansion is much more limited than that of the six inch
line,

Design Temperatures

Design temperatures are based on climatological data from five weather sta-
tions along the pipe line route and available date resulting from overations
of the Canol No. 4 line., The minimm low temperature 1s placed at ~20F.
and the average high fluid temperature is placed at a plus 55°F, Plotted
temperature data incorporated in this section show this temperature range

. to be applicable to design, however, the records reveal that the low
temperature is reached a very few days of the year, Hence, basing design
on =200F, provides an excess capacity at higher temperatures, .

Design Fluid Characteristics

Viscosity and specific gravity characteristics used were those supplied by
the criteria, Accuracy checks were made with available data and found in
very close agreement with the data supplied.

.)) Hydraulics

Friction loss curves for three and six inch pipe for the various products to
be handled are included heyein, These curves are corrected for viscosity and

; E=3 -1




POL Pipeline

specific gravity at the temperature shown and hence read direct. The fric-
tion factor curve used in preparing these curves is also inciuded and is the
result of industry wide research over a period of years; it is considered

the most reliable data available.

Stations are located on the profile to provide a station near Tok Junction
and to provide emergency flow rates without exceeding the maximum allowable
atress of the pipe. This pressure is 1610 pounds per square inch and pro-

vides a safety factor of 2.1 including an allowance of 50 times average
emergency velocity for maximum instantaneous surge pressure. Without surge
allowance the safety factor of 2.5 and is within industry practice, Stations
required for normal pumpings are provided with housing for sufficient per-
sonnel to operate on a full time schedule and to house line maintenance

personnel,

Stations required for emergency rates are provided with facilities fora
resident operator-custodian, and sufficient bunking quarters for a full time

operating staff for comparative long durations.

Comingling of Product Interfaces

Selection of a pipe size and a sufficient operating rate such that turbulent
flow will be maintained at all times is the foremost fundamental principle

of design observed herein. As long as flow remains well within the turbulent
range comingling will be held to a minimum, Reference to the included plot
of pumping rate vs. Reynolds number will give the relation that exists for
the three types of products to be handled, Operating data on the Canol No. 4
1ine indicates fairly conclusively that safe turbulent flow of Arctic wge
Diesel fuel is maintained only by holding the Reynolds number in excess of
tffen thousand at temperate ranges below O°F, The chart referenced above
shows that maintaining a high Reynolds number on jet fuel and gasoline is

no problem but does become a problem when handling Diesel fuel at low temper—

atures.

Hence, the ability to obtain a safe operating system in the combination six
and three inch lines is considered of great value, It will be necessary to
operate equipment at booster stations along the line 1if it becomes necessary
to handle batches of Diesel fuel in the aix inch line in periods of extreme

cold conditions,

Continuous twenty-four operation of the line for periods of time necessary
%o handle sizable batch quantities of products is based on maintaining the
minimm quantity of product comingling and the desire to have sufficient
available trained operating personnel to place the line in full time normal
operation, This is the reason for our insistance on such an operating

schedule.

Other design features incorporated in the system with a view to reduction of

comingling are as follows:

1. The systém 15 designed for "closed 1ine™ or "tight line"™ operation with
one station pumping directly into the suction of mpstream station. No
over and short tanks are to be provided at intermediate stations.

2, Station lines are as s treamlined as possible with no dead pockets or

)
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POL Pipeline

]' blind spots to collect and spread fluids. Ample drain facilities to
: the sump are provided at locations such as pumps, scraper traps, and
proving meter runs,

3, Adequate sump facilities are provided so that drainage can be collected
and held until time to place the fluid collected back into the contami-~
nated plug between products, or place it back into a clean fluid at
times when prover runs are made on meters,

L. Provisions are supplied to place a kerosene buffer between products
easily contaminated (mainly for use when handling batches of Diesel
fuel in the large line,)

5, Provisions are made at the Tok tank farm to take "heart" cuts from the
meinline stream or to make "heart'" deliveries back into the main line
stream, thereby allowing a minimum of interfaces to move to the end of
the line for disposal or blending.

6, Adequate positive displacement and flow type meters, continuous gravi-
tometers, and other recording type instrumentation is being supplied
jn order that continuous record can be made available to personnel
operating the system. This maturally provides a system by which mis-
takes in dispatching can be detected before ultimate deliveries are
made, It also makes any line leaks readily apparent and assists in
location of the trouble.

7. The system is designed for a single line. Loops are contamination
spreaders unlessextremely well operated, and shall never be considered
as a means of providing additional capacity to this system.

It has become apparent that the problem of providing "as safe an operating
1ine as is possible" has taken precedent over the other considerations
usually entering pipeline design. This feature is considered paramount to
all others due to the consequences which can arise by the inability to
deliver products to meet full specifications or to the costs involved in
having to destroy large quantities of products failing to do so, Other
problems peculiar to the system which have prompted design of "safe basis®
are:

1, Extreme range of capacities expected of the system.

2, Extreme range of temperatures which cause the change in fluid charac-
teristics.

3, Possibility of infiltration of personnel lacking experience at periods
of expanded operation.

Station Design

Tt is proposed to install positive displacement pumping equipment at the
normal operating stations and centrifugal equipment at the emergency station,
This selection was based on economic as well as operating features of one
unit over the other., While it is true that large capacity centrifugal pumps
offer sizeable first cost savings over equal capacity plunger equipment the
range narrows as capacity is reduced and reaches a point where the opposite

E-3 -3
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POL Pipeline

becomes true., The loss in operating efficiency and added first cost of
centrifugal units in the capacity range of this system makes the centrifugal
units more costly than plunger units by several thousand dollars. :

First Cost Centrifugal per Unit - - $37,720.00
First Cost Plunger Units - - - - - - 34,,220,00

Additional Cost for Centrifugal $ 3,500,00

The above figure is a result of the cost of additional horsepower to &ive
the unit and the more expensive higher ratio speed-increaser required for
the higher rotative speeds of the centrifugal pumps, Actual cost of the
centrifugal pump without associated equipment is about one thousand dollars.
less than a comparative plunger pump.

Reference to the pump unit selection sheet for the six inch line included
herein shows that the three plunger units for normal operating stations are
sized to meet all pumping requirements of the system. Standby pumping capa-
city can be provided during emergency operations by operating the other two
units at slightly higher speeds which can be accomplished without exceeding
the power rating of the engines, The additional cost per station to equip
the normal stations with centrifugal units would run about $11,000.00.

The reason for the recommendation of plunger type pumping equipment at the
normal operating stations is to operate at higher efficiencies, The centri-
fugal pumps available to fit the capacities and heads of this system have
peak operating efficiencies between 72 and 75 percent, These units must be
sized to produce emergency flow pumping conditions and when reduced flow is
effected (normal pumping conditions) a further reduction of about 25 percent
of efficiency occurs, The only way to avoid this efficiency loss would be

to change impellor size in each pump or to have a combination parallel series
arrangement of pumps, either of which would be extremely objectionmable,

- Plunger pumps have a peak operating efficiency of 85 to 90 percent and are

sized such that they maintain this peak efficiency at normal pumping rates,
Thus, an increased efficlency of approximately 45 percent is realized by use
of the plunger equipment for normal pumping rates, At normal operating
econditions this increased efficiency will provide savings in the fuel con-
sumption of the system as follows:

System Horsepower Required at 100 Percent Efficiency

H.P. = _410 B/H x 6500 psi = 1100
2450

System Horsepower Using Plunger Equipment
: @

@ 90% Efficlency = 1100 = 1220
90%

'§y§tem Horsepower Using Centrifugal Units

€ 55% Efficiency = 1100 = 2000
55%

This provides a saving of 780 horsepower, The power thus saved can be calcu-

L E-3 -4
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1ated in value of fuel oil saved as 0,42 pounds of fuel per horsepower hour
at seven cents per gallon.

780 x 0,42 = 328 Pounds per Hour
328/7.2 = 455.5 x 24 = 1670 Gallons per Day
1670 x 7 cents = $74.90 per Day

The change in flow to emergency conditions means that it will be possible to
operate centrifugal units at their peak efficiencies. This improved effic-
ency combined with the operational advantages of centrifugal pumps as booster
station pumping equipment and probability of short operating time requirements
at emergency rates makes their choice for the emergency stations apparent,

Very little comparative dats is available on relative maintenance costs of
the two types of pumping equipment., It is our opinion that very 1little cost
difference would be discernable. Certainly the saving in fuel obtained by
the use of plunger units at the normal stations would make whatever differ-
ence which may exist of little consequence.

Other Design features worthy of note ares

1, Pressurized engine room and office which will prevent‘entry of wvapors
into these spaces and is a safety measure.

.2, location of the majority of the operating manifolding, metering and
prover equipment within the pump room, This is for the protection
to the equipment against extreme cold weather conditioms and for the
comfort of operating personnel

3, Automatic safety devised and alarm signals on all operating equipment.
Design Calculations

Basic design calculations are reproduced and follow in this section.

o
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Route Selection

The overall route of the pipeline has been established by studies made from
aerial photographs and by field inspection trips. The principle objectives
followed in the route selected were:

"l Protection of the line from physical damage by avoiding slide areas
and maintaining distance from highways.

2. Minimum overall length of line.

3. Accessibility from existing highways to line location for construc-
tion and maintenance purposes.

4o Minimum construction obstructions, hence less overall cost.

Maps of the established route are herewith presented in Volume ITI, Still
further minor route changes will be made in the final field survey and line
staking operation. However, these will have little effect on the overall
line route as established. There is included herewith a tabulation of
highway distances and the length of pipeline route involved for each sheet
of mapping, The highway route involved is 660 miles and the pipeline route
is 606,3 miles., We have added an arbitrary figure of 23% to the pipeline
route (14,7 miles) to make the total pipeline route 621 miles. This is con-
sidered a safe quantity to provide for sufficient line slack in over or
under bends, and to provide for minor variations in final route selection
work. A total reduction in excess of 52 miles has been accomplished by
route selection work., Little or no attention was paid to the present loca-
tion of the Canol Line in the new route selection. There does exist places,
however, where the two routes parallel each other for short distances. We
recommend a safe clearance between the two lines of a minimum distance of
at least 50 feet at these locations,

The majority of the line will be surface laid and will more or less follow
the Haines Cutoff Road and the Alcan Highway. Where the line parallels the
highway it will as a general rule be located a minimum of 290 feet from the
centerline of the highway or-at the outer edge of the customary right-of-
way. This is of utmost importance since it affords protection from:

1., Damage due to mechanized highway work equipment such as tractors,
etc, yet provides space for further borrow pits and for clearing
homesites along the highway without the eventual need to either
relocate the line or to bury it in the future,

) ‘ ' 4
2, Vehicular accidents resulting from highway traffic.

E-4 -1
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_;) The sections of the 1ine from Haines to Station No. 2 and from the south
aide of Big Delta townsite to the terminus of the line will be buried.
Also along the route any major or minor highways or used trail crossings
or any inhabited areas will be likewise treated, Proper casing pipe will
be installed in all highways or rajlroad crossings of which there will be
approximately 5/, crossings. . :

Muskeg, swamp, and tundra areas in general have been avoided but where
there exists no alternate, the line through these areas will be supported
by one of the. following methods; a carefully constructed timber corduroy
surface, £ill made over the area, use of timber piling bents across the
. area, The most feasible means employed must of necessity depend on the
location of the individual area and the availability of material used to
form a suitable supporte The final length involved and more detailed method
of support over such areas will be presented in the final engineering stage
of the project.

Stream Crossings

The following list of stream crossings comprise the total length which is
presently considered major and minor streams and which will be crossed by
buried pipe. ' :

The streams which require valves are those considered major streams. The
Lake Kluane crossing is not made a part of gtream crossings.

Map Sheel Nog amne Length Buried Pipe Valves
. 1 Chena 500 Ft. Yes
| ' 3 Chena Slough 1,100 No
4 Chena Slough 400 No
" ’ 7 Tanans 600 Yes
‘ 15 Tanana 1,650 Yes
L 22 Big Gerstle 2,200 Yes
; 23 Little Gerstle 300 No
f 24 Johnson River 1,500 Yes
‘ 30 Robertson River 2,650 Yes
32 Yerrick Creek 300 No
\ 37 Tok River 300 No
! 37 Tok Overflow 200 Ko
\ 38 Tanana River 500 Yes
‘\ 59 White River 15,000 Yes
‘ 65 Donjek River - 7,500 Yes
\ 69 Burwash Creek 500 ° Yo
: 70 Duke River 5,200 Yes
\ 83 Dezdeash River 300 No
84 Quill Creek 500 No
: 85 Kathleen River , 500 - No
| 90 Unshini River 3,000 Fo
| i
) \
.
| | i
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92 Takhanne River 400 No

94 Stanley River 500 No
97 Nadahini River - 4,000 No
98 Clear Creek 1,400 No
102 Big Boulder Creek 700 Yes
104 Chilkat River 1,000 Yes
Total Length 52,700 Ft, Stream Crossings

All stream crossings will be made by burying pipe in the stream bed to a
depth of at least seven feet below the lowest portion of the river bottom.
Pipe in stream crossings is to be of heavy wall with no protective coating
applied, The major crossings which have valves are to have insulating
gaskets installed on each side. All streams will be crossed a minimum of at
least three hundred feet from the bridge locations along the highvays,

Cresks, Sloughs and Ravines

Creeks and sloughs of which there are approximately 101 are to be crossed
by the most appropriate method. This in general will be by the construc—
tion of "H" type bents to support the pipe. Only in cases where indications
of extreme flash flooding is apparent will pipe be buried, Several cross-
ings of deep ravines will be made in whieh it will be necessary to use the
pipe as the compression member of the crossing, with support supplied by
tension lines, Further work on all types of line support will be developed
after field surveys are completed,

Other Criteria

Other criteria as established for this project and contained in the Design
Criteria latest revision, March 20, 1951, Pages 9 through 15 inclusive is
now considered fully acceptable and is made & part of this criteria,
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