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THE FLUOR CORPORATION LTD. 
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June l, 1951 

Corps of Engineers, u. S. Arrrty' 
Office of District Engineer 
Alaska District 
Anchorage, Alaska 

Re: POL Pipeline 

; 
,. 

Seaboard to Interior Alaska 
Contract DA-95-507-ENG-95 
Your File NPAGD-A 
Fluor Contract No. 5160 

Gentlemen: 

We are presenting herewith a Preliminary Engineering Study 
of th~ POL Pipeline, Seaboard to Interior Alaska for your 
consideration. 

CMH:am 

C ·-~ 1:J ~ '? ;..,, ~ [! ..)'--..; 

Yours very truly 

THE FLUOR CORPORATIOU, LTD • 

C. M. Hawke 
Project Manager 
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POL Pipeline 

C 

INTRODUCTION 

In Accordance with Design 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, ve 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 demandso 

An eight (S) 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. S~th, special consultant, from the Shell Oil 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 3n Canol Pipeline extending from Haines Junction, 
Yukon Territory, Canada and the laying of additional J" 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 J" 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 pipelineo 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 supplierso 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 facilitieso 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 sizeo 
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Definitive H.eview Con!t#rence covuri.Ag : La. J.iipeline, H&.inoa to Int.erior 
aa&ka, took· ;:,lace· Moll(lq, 5 i..rch 1951, ,in c0tu1trenoe · room ot ;)8a~tle ~anch 
o! .;J..:ieka District, attended b71 

• 

Hgtra 1 US,.,.~ .L 
Al.:..ska 

Hqtr§, UQ 
nnchorage, "1.aaka 

Office, Chief o! l!ingineer, 
. \flashinu...-ton, D.C. 

Jorth PaciJ.'1c Division 
Portland, Oregon 

She U Oil · CC!JP!I\I 

Alaap Diatrict. 
"nohorage, al.aaka 

• 

Maj; "'• f. J.lo.i' fit t Jr. 
Mr. F. ~. Wol!t ' 

Mr. o. c;. il~s 

Mr. L. J. Fegan 
Mr. a • A• Ost 
Lt. Col. T. H. LipacClllb 
Mr. G. H. lellew~ 
Mr • R. J. Davis 
Mr. H. N. lia.lker 

Kr. R. L. Merrick 
Mr. H. J. Gearin 
Kr. C. ){. Hawke 
Mr. G. D. Bachendn 

Ur. s. s. Smith· (Special consultant. . 
on pipeline work tor the Shell Oil 
Compa"7 <n loan to the United States 
Government} 

Mr. ,;arren George 
Mr. E. ?I. Digges 
Mr • .?.drln J. Kreitlow 

Toe meeting begu at 9 a.11. with an introduction o! persona attending, a 
ehort statement covering purpoM ot meeting, followed by a general revi~• by the 
FluOI' Corporation covering their approach to the problem, during which period 
queetions were invited from the membere attending for aey further explanation 
or clarification on points bearing CXl the Fluor Corporation'• presentation. ~rter 
the District'• program had been explained, a discuasion of speci!i~ iOiJlta con-

•

ected with the design took place; and these d1acus8ione in turn were resolv~d 
nto the conclusions .:.nd recoarnendations thut follo1·1., . 

!he text of the conference followed was a canpil .. tion in 'urochure form, f.>re­
pared bi the Fluor t;orpor .. tion especially !or subject ·conference, corie.., of which 
.vere 0iven to tll conference n-embers, entiUed •.r 0L fipellne, Seaboard to Fair­
b-1nks, .. l .... akoi 1 " dct.ted 5 and o ~ch 1951. Contained 1n subject brochure was iJ 

copy of data previously issued by the fluor Corporation to all offices concerned, 
!or their inform~tion and prestudr for use in subject conference. SUbmitted 
alonr, with the '.>rochure were a number of drawincs as listed on ,,agas l .md 2 
of brochure o 

There follows a sunmar;y o! major ; oints discusaed, on \l:hich the confereea 
based the conclW5ions :md roconwend ... tion~ ~s subsequeritly shown. 

1 

·-- .,.._ • ,,_ ,._.,_ .~ .2 -········· • 
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.. • rt prof lie u.isod on t1.n o-inch Una, contilin!id in ti:ld i.Jro~i1ure, ,ii:1S ~scus~d, 
~d it «~a stat.dd that oper~ti.ng at lJ.>0 j.,<>Wld», ? P'JDP sta.t.~Olls ,;ould oe ~equirc:td. 

Of these, J st-ltions would be per~nent construction; 2 stations oi stand-oy 
construction. Tho st...r..rrd-by st<$tions ,,ould ·-~o on the line llhen through-puts in 
exceiss of 121 000 barrels per day 1.,.re requ1re5l._ ~to.tiona 3 and 5 wer~, ~~ntiiiod 
as stand-by st(!tiona~: · Stations 1) 2 _and :4 ·ofOuld. be required to at.taiir ~~J · .. ,. ; . 't, 
throU?..,h-put requirements. · . · -~ 

. . . __.. ...... 
It was pointed out th;::.t lo\, flow r:~o ot operation o! the 8-inch line woulcf)

1

:, •• ~-

cause excessive intermingling 01' the product. However, it was indicated that ' . 
i! the !loo;, be l<ept in the turbulent r.i.nge for all pr'lducta, this would be con:-. · 
trolled. Ho· • ..ever, this l"lould result 1n a s;1utdown o! the pipeline the ujor ;: 
portion of the ye:.i.r under normal conditions. 

Cormient en location o! pipeline with respt3ct to existing highway indic~1ted 
th3t maximum dist~nce o! line from the highway would be ~bout l~ .miles and that, 
in gcnertll, pipeline would follow ro<1d. Hydraulics were figured on tha basis 
o! a line o! upproximatel.7 650 miles, expect 1'inal design to ehort.en this mileage 
eomewhat. 

COIDCl8nts were made on how surge preseures might affect the operation or the . 

• 
ine, and it waa felt that due to tha build-up th.1t would rdsult at Fairb'.l!lka, 
or ex.ample, with static head from fullp Jtation 4, ifould result 1n excess of 

pre seure J o.nd indicate prsferreq selection of pipe having a wall thlcknesa o! 
.322 inches instead o! wall t·:iiclmesis ot .277. In eeneral, it w.aa deslrJ.ble to· 
have few stations and to pump at relatively high pressuree. The etatement was 
made that pipe should definiteq be of an uni!Ol"m wall thic~ss throughout the 
ayatem except aL river crossings and under-w~ter crossings and lakes. H~;o.iever, 
at lake and river crossings, pipe of special !abric~tion would be deBiruble 10 

that the wall thickness oould be increased. However, the increase should ue 
on the outside diamet.er. The inside diruxieter of the lino throughout the system 
should be l.Uli!arm. The thinking favoring the • .322 line thickness was because 
of dllticipated shock pressures that i,ould occur. However, statemant -was made 
that if a .277 will thiclmess pipe wc1s ueed, it would result in a s"ving of 
approJC1.mately 15 tons o! steel per mi.la over a .322 wall thickness. 

Pressures discU3aed appeared to be within range of conmercial instullc1tion.,. 
r·urtner feeling was indicated that pressure reduc~ stations should be avoided 
for reasons of maintenance and c~llcated operation. Open 1..1.nes nre preferNa. 

Carbon content o! the pipe discussed was traa .15 to .22% carbon. 32,UJO 
to 34,CXX> pounds yield-point seamles~ pipe was preferred. Electric welded pipe 

•
s only to tie used <1S a last resort, as shock at low temperatures is ar,t. t.o open 
t. . 

i'he .\l"chitect-Eneineer .r aToNd no preserv~tive ou\.side coati~~s or steel on 
uni:>uried pipeline. 5xceptioo ""'~ taken to use of moas ·.mere dVailable for cov-er­
in the line for re...1.~ona of corrosion ·.nd doubtful oenefit. 

. . 

,later ser1.r.1tion and rn tration "-sre discussed, and the l\l'Chitect-Eneinesr 
!::£vond '"lEIChanic:al separation of ths water t)y use of degu.rne i excelsior F~ ;k type 
w:.it .. r serJrfators .:.nd sumps in tanks. The use of activ 0.1.ted <llumina lind similar 
de!-,ydr1:.tin.~ .:i~ents were discussed. :nemical dehydr.1.tion appe>U"ed to present 
objection&t.le eff ~cts upon quality of product and ·might :ilt.,r ruel 8.P')Ci.fications • 
..J'tate~ent w s :uade that dehydration is used on atato1side lines to control intericr 
corrosion. !,o e.x.a.:xirle ia known in t.r:~ et:1.tes :~+ae.rc Jehydr:ition was used to 
remove water to pr~TI'nt freezing of the linee. 
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Information waa presented indic~ting t~Utt,. ~opeciall.1 on Canol Wld com­
zmrcial linee, at low temperatures intern:!l -c.orrosion was at a .minimum •. 

On 8-inch line, positive. di.aplacemarit purupl ~tti·;·lO'!f speed' ~ie-s~l engines 
were wggeet.ed. ·en the two emergenci .tand-b7 et.ationa, moderate speed Diesel . _;.~ 
engines driri.ng cen ~.l"itugal pumps ware suggested as th .. • ~st d~airnble~., ,,,.-~_.,-. 

• , - • - ; ~. • - + 

· Hou.sing e.t the two emerge11G7 at&Dd-b7 station, waa to consist o! a aingle ·:: 
one-tamil.7 quarters, and the iU"chit.ect-Engineer 1uggeated that &dditional housing 
be added to provide tor tranaient. pipeline crews. · The criteria had been developed 
ba•ed upon the operating personnel• 1 tam.1.l.7 being evacuated 1n an e100rgenc7, and• 
tti. a\i>ject housing \lied tcr additional operating personnel. 

Diacusaion was held an whether to support. pipellne on bridges locc1ted · 
convenient to the line, er whether m1lltu7 conaider.tiona •ould point to a 
need tor under-water croaainga, even at a higher coat. 

fipellne 1uapenaiona were also discussed and appeared to havtt less mrit 
than under-river crossings. However, coats were to be considered in selection 
o! bridge crossings versus under-water crossings. Kluane Lake crossing waa 
discusaed, and it was pointed out that the under-water section of the l1ne 
should hc:s.ve the sams inside diameter as the land line. The advantages ~ 
disadvantages ot crossing bot.h t.he streams and .the l.a.k9 were fully e.x;.,lored. 

A discuseia1 o! ta.nkage brought out. tnat in c001Dercial practic•, terminal 
at er age should provide tor at least 15~ !or cycle storage. However, considera­
tion o! a numoer ot products and the Cj'Cle ti.me waa the deterra1ning !actor 1n 
the selection of quantity o! tanks at the terminals. It was strongly recommended 
by the Architect-!ngineer that in normal operations, motor gasoline and aviation 
!uels should be transported through the l.1na in the winter J and Diesel oil should 
preferabl.J' be kept out during cold weather periode. Under this plan, storage 
1hould be provided at inland terminal far Diesel to carrr onr during anticipated 
cold weather perioda. 'nla origin.ally' proposed dispersed tank.age at the booster 
station• was covered. From a pipe l1ne operator's Tiewpoint, it would be pre­
ferred that tlw tankage be concentrated, aa oloBe as other considerations would 
allow, at th• ultimate terminal. 

'n1e Arm, representative reviewed militar;r policy~ regards duplication and 
d.iapereal of tank&se, which waa the basia tc,r the original tankage location. 
Term.inAl ~ank&ge at Hai.nee muat take into consideration possible del£1¥ in de-
ll wey t.i.me with adequate ta.nk&ge provided, baeed upon a tv,o weeks I cycle sUJ·ply'. 

• It wa• indicated that baaed on propo•ed normal through-put requirements and 
emergenc7 through-put requirements, the 8-inch l1n.e under normal conditions 
WOllld be abut. down periodicalq. 

The \lie ot coils !or heating tanka at Haines ter.ninal wua generall, die­
cusaed. 

"t thi• point, the matter of relocation o! the Ganol pipeline t.o provide tar 
pumping from Haines instead ot the present tank farm at Skagway, wae :mtered into. 
To attain J,000 barrels JY.:'r da7 through the Canol pipeline, it w~• indicuted thjt 
U stations would be required. It also was point•ld out by the Army representj­
tive that it was propoeed to reactiv,,te !our st.ations on the ~ol pipeline in 
the suamer of 1951 to increase throUJQ1-put of Diesel to l 1 j80 barrel3 per day 
!ram present throu,)l-put of approximately 1,000 barrele., ,11Xi that fWlds to 
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Tha rtquir<J·i t .r0u: :1-ru~:s ior t.~l-! ..!ncri_;dm;~· c,:inJition, Jeviou.;;~ fw-ili5heci 
to ti1e. ~ci1it:Jct-:,n~,,_er ln i:,..! u,H,iJn criter'l,~1 ::;µv..:r;;;d t.:u·ou ·.h-}'ut in t.i.ta! 
new 1-·ipelina ooJ.y,···.1.~ t.hese fit~~s took into ;c~~iderution th<.:t th~ 'Cmol . 
pipeline \oOuld be operatint; ut 11 500 b0.rrels 1-·er ·d;l,Y. · . . 

Hepreaentative.s fru.n u~i:; pointed out to the conferees that in a recent 
conference in ,,c:..s!dn.;ton, the staff b.ld a&reed th--Lt the total eioorGency re. 1uire­
mant. th.it would be trar,01Jorted ttiro~ pipeline or .;·ipel.ines to the 1''airbanke 
area .would be 16,J24 barrels per da_y. The premiss on which these decisions· 
are based .:ire t:1.:.it these c:::.pacities will not noed to be exceeded in emer.;enc;r 
conditions. 

In the discussions covering flow and pipeline size, the reJJresentative of the 
US,Ji.J. st.1ted th..:.t he felt that all elements in »le1skil f .• vored the 8-inch line 
over the 6-inch line uut that b~aad on firmness of fir,ures und di.sadv.mt<.1.t~eo in 
oper~t.ion of the , -inch ;ine, the 6-inch line is µrel'er..11:Jle. 

. . 

: -'l'ne re;..ctivJ.tion program pL.nned Cl'l reactivation o! Canol pipeline St..:.tiono 
C, G.,L and I., .;et~,een 'whitehoree ::md FairbMks on No. 4 line. 

strut~r,ic coneider;,tiona pr~vented t~age reserv3s from beine consider...id 
ae an influenc·J in reciucing t!u-ough-put capacity. 

general discussion Nas held on the adv1mtagc of oy.ir<J.ting u 6-inch antl 
the J-inch lines simultaneously or sepc.ratei, under normal t!lroue.1-r,ut ruqulre­
ments. 

It was eatim 0.ted roughl1 b~ the consultants th~t tho docreas,3· in coet of 
a 6-inch line with 10 stationa over an 8-inoh line with 5 st:itions 'l'ias in the 
order o! one million dollars. 

In a general discueaion wh,:!rein a small pipeline witc1 lurge inland ter:ninal 
storage w~s weir,hed against a pipeline having a larfe capacity and ~nall inl~nc 
storage, the point t1c1s mJ.i:18 by the consultant that t ,;..1s objectionable to etore 
aviation gasoline~ longer than thd minimum possible time in atorJge, th~t in 
comm13rcial practice the storaee of aviation fuel and Jissol oil far more th'1Il a 
yeur ;·;·1s not desir:.i.Lle for the reason th-lt it affected the :.r~cific:.itions of the 
fuels. In the c .... so of ·"VG.ls, it increased the gum content. From an overcill 
oper .... tin[; st.:.ndpoint, it ~...:s pointed out that a 6-inch line op,:irated at hi _;her 
pres:Jures was prefsrable to an 3-inch ipeline in th::..t it provided for more 
rapid tr...nsport..1tion of ~ ~iven bi.itch of ;.,reduct frooi ~ine terminul to inldl'ld 
tankat:e• 

In discussion of pipeline operation, it w~s pointed out that some Diesel 
cuts over into :~ ,ooline might be tolar-1ted in certain locu.lities, but would 
not be accept able in the ;.retie whore low octane rat in :s are not permi!leible. 

It w:..s su.·_::~ested by the consult<.1.nt that kerosene buffer plu...: 5hould be used 
between the IJiesel dfld .:ll'zy other product. 'l'he use of a buffer l'fOuld re,1uire ti10 
erection of ~ sm.:.u.l ::1ddition,il tunk ;it Haines dl1d any ot~1er tr<ill:Jfer point for 
kerosene. 

,, i::encr(..l discu.-~sion w:is enteNd into as ror:..rds r<,;1ci,ilit:.:..tion of the J­
inch t;ilnol systora, beyond the re:1..!!Jilitation bj the Comraand planned for 1951. 
In the ulti:n·2te op,:rr1tion of r.i 6-u\ch nnd a 3-in,:;h r-ipelino co.;mon st .. tion8 
would ba u.eed, ::iac;1 wsing its ser.: .. cr;;te e~uip:".lont. 

! 

The adv mta!,~B :,ml dis.:ic.!v.:mtar;es of stand-by equipment 1 ,:ositiw displace­
ment pu-:ips ver'.~us o.ntrifUf,.:11 tn>e - :me w:.ere centrif~~.-11 ty:-.,.>s 1ra u.;dd, th~ 
adva.ntatF'S of .:bility to o:p-:.r':tte cith-:::r in ix.irs or ·:1s units - ·.Mre fully c;qlor~c. 
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;.. ro\lii;h outline :,..i~ r;.....;.:~, ;;uujucf. to rurt.li.Jr ~t'J.d~ , .. i., t.l,e cc,jt of _,:,.'.JJ' • .u.-

elin:; the c-inci. .Lina ,i th -· ;-in,;;h l.in.J 1·rom H .iu.:s =: t,. ~i1..: J1..:.n..:!.;is,r1 u!' Lhe 
H .. in.?s 1,.;1...,t-o~·r tfl t.h.3 .le~ ~ti '(',\:,.j.y ,,_... ill t.i!e Mi r·,:.,.Jr,a.100 vf ,mu .nd une-:1 .li 
:d.llion ,io~l . ..ri, • . . . . , . . . , 

Si.'11.il.;rl,r, ··.i!i tho 1~11 t .. ickne.iJses ot'·:in·-::-inc~. _1..liie had beei(previously 
discussed. the o-inch line ;...nd it;.; wall thicknesses ~-;ere covered.· 

·The :::onsult.~nt felt th:J.t :1e could bu.r .ntea succe::s.f'ul operation of the 
l-inc!1 line on .11 :·roduct~ ..it J flow r:.1te c.;,f ; /.i..-0. t, .rrels per d:i.y minimum. 
'!'his w3s Lter ,:·u:,liffod by hi-n in :! st~tJ!ll8nt that it t:ould bo b,.'sed on t~iroUQ1-
put fi{UNS far c;'!scline !:oroduct:1, cxclusiv3 of iJie..;el, .nd th·,t t~1is rit;uro 
proba:: ly would not b-;3 :..cc;:lptable during rlnbr op..r .• tion b~c .,u:.;e of the· r.i;,hcr 
visco9ity of I.Ji..isol oil ,,s co:np:U'ed to the visco3.ity of the ~.:.3oline. 

·• :IC exp0rhnce pained bt the consultant inJic .t3d th.it in a p.'..lck~d ipe­
line, inter:,,in::;ling of fuJls of ctif!eront :,:,r.:1vit.i·:!s •. 1S not excei.;sivr.,;j cturinr 
shutdown p,3riod.s for thi;) reaeon th~t any low J.,Oint in t:10 lino e~·fcctivoly pre­
vcnt~d action beyond thc:.:.t point. 

The ·.MIY repressntativs pointed out that ti1c .l .. ska :omunications _;yster:i 
(.;ffices would dosign and prepure cost estimates for c0:Jr.1W11c..,,tion f:..ciliti-.!s,· 
wnicb the crc::itect-2~in.:::or is to ·recornnand aa u'31J\:; necu:3sary for· prop-..!r 

~ration"'l control of the pipeline. l·'unds can then L .. tcr uo ... aocated 1ra.4 
,al1e pip,.lline J-rOj:!Ct to the Lffico of the Chfof, 3iJn:..l Corps ror coorciiniltion 

of the .Sit;nal facilities with the Canadian· 'jowrn:ient an<l !or construction of 
the f .:..cillties. 

". teletype i,y:,tem w:is indicc.1ted as nece3sary fur the re.:ison t:1~t it provided 
.;. ~itten record of all orders ~ disp1tching of .')ro<luct, lJ1 addition to otoor 
me.:.m3 oi -:o::u.:iunicJ.tion, which ,;ould 3erve other purJ.-O.jd:.;. 

'the roLitive location of the sOL aock versus ary cart;o dock ~ t.mk i'arm 
location ~t Hairu3s were discussed. · 

l.:oru'eroes discu3sed the r:L1cing oi' tanks at t1'1e Haines terminal and othor 
points in carwlete rrotective revetments, to~ether ,·11th optimusu spacing ot t.illks. 
The building o! tanks w.1s fully discussed, with adv.'.lnt~es of conserv1ni vaJJor 
loss of ruc1l versus str3.tegic considerations involved. 

The atility to slli!t stc1tion location:, sllzhtly :t."ld still stay within 
hydrauilc considerations Wii!:i covered, .:.and -i.n o.llow~mce of 2~ io J miles was 
indicated. 

~N~LU3luN.5 

• 
1. l:!:1sed oo l'in:ilhed thro~;h-p~ ficures a;. ;..,rove<l in .,.:tsllingt.on, <1isad­

ta'.~,3s of oper:,ting ?-inch line ut normal throu.:h-put rJte, increa::;e .::ldv.m­
tages of oper,.t1ng 6-in:h lino :it normal throurh-put r:ite, plus incre:.sad .;peed 
of J.elivory of product rran seabo ~d to interior, ;:lus t;,c in:.iJillty to con3ider 
aa . f qctor in operation, tank.:. :e c.::.p.1citie~ in -Jroor;oncy conditions at termin.:il 
points, rcsultej in ttlt! acc1s1on to u~o ;:i b-inch pipe th.ro1.1<·.hout, :don~ _.;ith :i 

nc3w .,;-inch r,ipelinc rro'.t rial.Ms to the junction or the Eainc;; :ut.-ofr with the 
.. lean .:ighr.~y, at t:t.icl, f•oint it -...ill conn13ct ,,.ith the ~.x.ist.i.n: J-inch 1,.,:mol i,:ipe­
line, were th'J choicJs for r·ipc sl~c.:i. 

2. 6-inch pipe to be • :.8 inches in wall t~ickn2ss on land· Jnd .Jl2 in:hes 
under lakes and etre::.;us, :.me to be o! lo~ c,1r,.on cont.)nt, 3e .r.i.L.isa st.:::~1 111th 
insicie c.ii.1.;ne. -!I' of pip0 unlf 31"~. th.r01,.;, ·.:10ut. 
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.). TM Arohiteot~imer wa.a dinot.ed to 1'twi1' th• rel&tiw advanta&•• 
and com up with a oo~:•nginHring et~ Oil fixad dilplaoement P\1111>• ~~ 
oentl"i.tugal tn,e pump,. ·· ' ·· ·.. . · · . . 

4. St.and-b1 pmping would be pl'Wi6td 1n all 1tat.ian1 to be uaed tor nonaal 
~ration, with no at.and-bye for th_o• et.at.ione Ht up for em1rg1n07 operaticm. 

,o Mech&nio..U, cont.rolled. water separation to be prarlded to the ext.ent 
at IUIJI> 1n tanks and treated ,xo,laior water ••pa.ratora. Jlo chemical de}i,dratin&. 
&&•nt. to be UNd. 

6. lo corro,ion inhibitor• to be Uffd pending operaticaal showing o! need. 

7. Pampa tor )-inch and 6-inch line would be in ,a.me operation building•, 
but separate pU111p1 to be innaJ.led for each 97atu. 

8. Pwlp1 for )•inch line •O\lld be indaat.ed u preterabl.7 of the triplex 
or quintuplex t1J)e • 

9. The Anq will pNWide the paap1 DM<Wd 1A tow ol th• ultimate atationa 
to Nrvioe the )•inch line,. 

10. Architect...ltng1o.v t.o proncs. tor t.he J"IIPa needed tw- \he additional. 
i.nnallationa. 

ll. Cloaed. qst.em operation t.o be uNd on both pipelina1 a, 1ll.timat•l,T 
denloped betwen tendnal.1. 

12. Tba ue of uro•na pl,ag1 to be prOTided tor with the inat.allaticm of 
the required tanu,e at the Haint1 tendnal. and othv t.ran,ter point,,. 

lJ. The d.Uper1al ot t&Aka at 8&1nl1 to be ux1nu• ob\&in&ble in the order 
of .500 t.o 600 tN\ cent.er t.o eenter ot \anke. 

14. lat.iate, to be aadl bf ANhitect.-&ngiDMr on un of tanka 24 !eet. 1n 
height. with till rnetmant protection, again.st, t.ankl of optimum bei8ht1 with 
neral tire wall.a • 

lS. ill tankage abon that at Rd.ma Deoe11MU7 tor operation of pipeline t.o 
be loaa\ed at. it.at.ion oloeest. to Tok J,mct1Clll. 

16. Tank.I t.o be paint.ed an olive drab colar. 

17. Pipelinl abon ground not to be pd.nt.ed. 

18. Pipeline abon gromd not to be IIIOl8-00"NNd. 

19. Pipeline at. rinr croa•in&• t.o be aubmrpd and no clo,er t.o brid&•• 
\ban 300 7a.rda. 

20. Pi~l.inil to be buried 1n at.nu botkq. 
21. Pipeline to oroes lllWlil Lake, bot.h 6-inoh and new J-inch. 

22. Steel fot' t.anka to pnter&bl7 lM !STX 201 with !-7 uoept.abl• u 
naond choice. 
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23. Aocurat.e at.ring of product• to be prOTided. · 
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24. Pne1ure1 in exoe,i ot 1600 lb,. per &qU&N inch ebould be avoided • 
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E-3 

Design Analysis 

POL Pipeline 

Ga.pacities used in the design of the system are as contained in the Criteria 
furnished by the Gorps 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 M<:Lrch 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 
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 16,324 barrels per day, would not be :required 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 fair]:y high 
stream velocities in the six inch line. The dual system a]so 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. 

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 onerations 
of the Canol No. 4 line. The minimum low temperature is plaeed at -.200¥. 
and the average high fluid temperature is placed at aplUS' 550F. Plotted 
tempera~ure data incorporated in this section show this temperature nmge 
to be applicable to design, however, the records- reveal that the low 
temperature is reached a very few days or the year. Hence, basing design 
on ..?OOF, provides;an excess capacity at higher temperatlll"8s. 

Design Fluid Characteristics 

Viscosity and specific gravity characteristics used were those supplied by 
the criteria. Accuracy checks were·ma.ae-·with available data and found 1n 
very close agreement with the data supplied. 

llydraulics 

Friction loss curves for three and six inch pipe for the various products to 
be handled are included herein. These curves are corrected for viscosity and 
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POL Pipeline 

specifie gravity at the temperature shown and hence read directo The fric­
tion factor curve used in preparing these curves is also included 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 
stress 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 pressureo 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 for a .-­
resident operator-custodian, an~ sufficient bunking quarters for a full time 
operating staff for comparative long durationso 

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 oomingling 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 Canel No. 4 
line indicates fairly conclusively that safe turbulent flow of Arctic we• 
Diesel fuel is maintained only by holding the Reynolds number in excess of 
t){en 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 if it becomes necessary 
to handle batches of Diesel fuel in the six inch line in periods of extreme 
cold conditions. 

Continuous twenty-four operation of the line for periods of time necessary 
to handle sizable batch quantities of products is based on maintaining the 
minimum 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 vith a view to reduction ot 
comingling are as follows: 

1. The system is designed for 8 closed line~ or "tight linew operation Vi.th 
one station pumping directly into the suction of ;upstream station. No 
O"ler and short tanks are to be provided at intermediate stations. 

2. Station lines, are as !:I treaml.ined as possible with no dead pockets or 
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POL Pipeline 

blind spots to collect and spread fluidso Ample drain facilities to 
the sump are provided at locations such as pumps, scraper traps, and 
proving meter runs o 

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 meterso 

4. Provisions are supplied to place a kerosene buffer between products 
easily contaminated (DBinly for use when handling batches of Diesel 
fuel in the large lineo) 

5. Provisions are ma.de at the Tok tank farm to take "heart" cuts from the 
DBinline stream or to make "heart"' deliveries back into the ma.in line 
stream, thereby allowing a minimum of interfaces to move to the end of 
the line for disposal or blendingo 

6. Adequate positive displacement and flow type meters, continuous gravi­
tometers, and other recording type instrumentation is being supplied 
in order that continuous record can be ma.de available to personnel 
opera ting the system. This naturally provides a system b;y which mis­
takes in dispatching can be detected before ultinate deliveries are 
made. It also makes any line leaks readily apparent and assists in 
location of the troubleo 

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

It bas become apparent that the problem of providing 1tas safe an operating 
line as is possible" bas ta.ken 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 n·safe basis• 
are: 

1. ~reme 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 

It 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 tba t large oapaci ty 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 
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becomes trueo 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 dollarso 

First Cost Centrifugal per Unit - - $37,720.00 
First Cost Plunger Units - - - - - - 341220000 

Additional Cost for Centrifugal $3,500.00 

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

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 systemo 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 engineso 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 percento 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 occurso The only way to avoid this efficiency loss would be 
to change impeller size in each pump or to have a combination parallel series 
arrangement of pumps, either of which would be extremely objectio?l8.ble • 

· Plunger pumps have a peak opera ting efficiency of 85 to 90 percent and are 
sized such that they maintain this peak efficiency at normal pumping rates. 
Thus, an increased efficiency of approximately 45 percent is realized by use 
of the plunger equipment for normal pumping rateso At normal operating 
eonditions this increased efficiency will provide savings in the tuel con­
sumption of the system as follows: 

§):stem Horsepower Required at 100 Percent Efficiency 

H.,P o • 410 B/II x 6500 psi • 1100 
2450 

System Horsepower Using Plunger J!Buipment 
@ 

@ 90% Ef'fieiency • 1100 • 1220 
. 90% 

System Horsepower Using Centrifugal Units 

@ 55%'Efficiency • .!!QQ • 2000 
55% 

This provides a saving of 780 horsepower, The power thus saved can be calcu­
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lated in value of fuel oil saved as Oo42 pounds of fuel per horsepower hour 
at seven cents per gallono 

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 efficiencieso This improved effic­
ency combined with the operational advantages of centrifugal pumps as booster 
station pumping equipment and probability of short operating time requiremeni:a 
at emergency rates makes their choice for the emergency stations apparent. 

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

other Design features worthy of note are:: 

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

·2. Location of the majority of the operating manifolding, metering and 
prover equipment within the pump roomo This is for the protection 
to the equipment against extreme cold weather conditions and for the 
comfort of operating personnel 

3. Automatic safety devise• and alarm signals on all operating equipment • 

Design calculations 

Ba.sic design calculations are reproduced and follow in this section. 
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E-4 

Route Selection 

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

-10 Protection of the line from physical damage by avoiding slide areas 
and maintaining distance fron highwayso 

2. Minimum overall length of line. 

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

4. Minimum construction obstructions, hence less overall cost. 

Maps of the established route are herewith presented in Volume II. Still 
further minor route changes will be made in the final field survey and line 
staking operationo However, these will have little effect on the overall 
line route as establishedo 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 60603 miles. We have added an arbitrary figure of 2~ 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 o~ 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 locationso 

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 )>orrow pits and for clearing 
homesites along the highway without the eventual need to either 
relocate the line or to bury it in the future. , 

2. Vehicular accidents ~esulting from highway traffic. 
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The sections of the line from Haines to Station Noo 2 and from the south 
side 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 railroad crossings of which there will be 
approximately 54 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, fill ma.de 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 support. 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 or stream crossings. 

Map Sheet No, Name Length Buried Pipe Valves 

1 Chena 500 Ft. Yes 
3 Chena Slough 1,100 No 
4 Chena Slough 400 No 
7 Tanana 600 Yes 

15 Tanana 1,650 Yes 
22 Big Gerstle 2,200 Yes 
2.3 Little Gerstle .300 No 
24 Johnson River 1,500 Yes 
30 Robertson River 2,650 Yes 
32 Yerrick Creek .300 No 
37 Tok River .300 No 
37 Tok Overfiow 200 No 
.38 Tanana River 500 Yes 
59 White River 15,000 Yes 
65 Donjek River 7,500 Yes 
69 Burwash Creek 500 · No 
70 Duke River 5,200 Yes 
83 Dezdeash River .300 No 
84 Quill Creek 500 No 
85 Kathleen River 500 No 
90 Unahini River 3,000 No 
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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 f'rom the bridge locations along the highways. 

Greeks, 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 nH" 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 which 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 
a~er 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 a part of this criteria. 
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