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TO Tas MA.YO}! and Ca.tassICfiEHS 
ot the Oity 'of Portland, e>regon: 

., 

Tl» Board ot Rln'iew oonvenod b7 you on August 
e, l~ze, has .rev1ewe4 tl» ••ase ooll.eot1on end d1apoaal 
problem ot Portland, ongon. 

It submi ta the enaloaod report tor your oone1dera
t1on, The report represents the unemimoua j~t ot 
the Board. 

Vel'7 truly 
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Lm'T~R OF ASSIGN?v".ENT 
BY A"iAYOR .iiND COUNCIL 

OlTY OF PORTLAND 
OREGCN 

August 14, 193~ 

To the Board ot Review tor the 
proposed sewage treatment system 
tor Portland• Oregon: . . 
Mr. Abel Wolman 
Mr. Wellington Donaldson 
Mr. R. Ho Core:/ • 
Mr. Carl E. Green 

Gentlemen: 

l 

In your 1nvest1gat1one and report on a sewage treatment system 
tor Portland, Oregon, the undersigned ll'1:Jmbere of the City Council re
quest that you include the following speo1t1o 1tema: 

{a ). A diaouseion on aharaoter or t he water of the Willamette 
River W3 i t is now ond will be after treatmento 

(b)o The type of treatment o-r sewece recommended. 

(o)o The preferred location of t reatment plant or planteo 

(d). An. estimated ooet ot oonatruotion of main collection system . 

(e). An estimated oost ot oonetruc"c;ion of treatment plant or pl.ante. 

(f). Annual operating and 1na:tnto:D.f'c,1.00 cost for collectionp 
pumping and treatment. 

(g)o Recommended method ot tinancijgo 

(h). Recommended immedie.to a~eps f or detailed design. 

(i)o Technical type, character, nu1ber ot pereozmel and estimate 
of cost ot auoh detailed design. 

Yours truly, 

(Signed) Joseph Ko Carson, Jr. 
Mayor 

(Signed} wmo A. Bowes 
Commissioner of Public Works 

(Signed ) R. E. Riley 
Commissioner of Finance 

(Signed) Ralph Co Clyde 
Commissioner or Publio Utilities 

-3- Commissioner of Public Af'taira 
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SUMMARY OF FINDINGS 

The Bonrd of Review rec.orde the following conolusionG end reoommendatio:u.e. 

1. 'J'he Wlllamotte River during periods of low f.low 9 normally during tho 
summer months, is heavily polluted 9 unsafe for beth1ng , unsuitable for recreat1ou 
purposes and impossible for austeined fiah and aquatic lite, 

2o The C1 ty ot Po.rtland, tlu.•ough :I.ta verioue sewer outlota and the 
aewege .resul tine therefrom1, is primarUy :.·espon,'31ble for this condition< 

3c The Willa.matte River reaches the oi.ty limite 1n none 'iii.)O good cond:l:
tion~ It should • douh edly be relieved o! a large part of lta domest.io end 1n• 
duatrial waste load~ discharged into it before it reaches the oityc 

4,. Tho cot· ia Slough :!.a 1n wora0 oondlt1on. th the Willamette R1,1er , 

5o The unsut1e~actory cond1t1oue on the Willamette and the Columbia 
Slough oen be elim.1.nated almost entirely by colleot1on and by treatment processes,, 
It 1s reaollllJJ.ended that the eewago discharge from all of the outlets on the 
Willamette R1 ver and the Columbia Slough from the City of Portlan(i and 1 ta im,. 
mediate endrona bti oolleoted end transported to a aite in the vio1:o.1ty of Colum,. 
bie. S1.<:)U.g[1~ there to be treated by sedime:ntation1J and then diach.arged into tho 
Colt!Illbia River throll{;h multiple outlets,., 

6~ such a plan uf oollect:.lon and treatment ivill elimbt;.tte the objectlo::i• 
able co:nd1 tiona al:1.'et.dy noted and w1l1 ci·ea:';;o no dstecteble deleterj.ot:u3 t'i'i'eQ:tfJ 
on the Columbia River. 

7 o The 0oe1; 01' the min intercepting aystsm nill be approximately 
~?~900~0000 

80 The oos1; tl'f' tho treatment plant ,r,;Ul be approximately $2ij~'7 ,, OOO c 

9 ~ The oos1, o! pumping, o:r operat:ioL ~ and of ti::00<1 ohargec:S will be 
annually approximately $794 9 OOOu 

lOo The program should be :t'inenoell by a general obligation bond isau~ 
of approximately $~' 9 500~000 8 by a peJ'~·-a:J-you~go revenue from sewer serv1oe 
charges end by an :.ncrease 1n the genero.l, tax ratec 

llo Approxf1.mately $150 9 000 should be made available at one a tor de
tailed tield and of:t'1o6 surveys and tor design tor th9 propQaed progre.m. 
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HEPORl' OF BOARD OF TIEVIE'.'/ 

THE COtLEGTION AND DISPC1')Ai., <J.2 SB"iAGr: OF POFf.l:L.t1lID 1 OREGON 

(August 19~ 1938) 

. . 
The sewage disposal problem of ?o.I.·tland, orsgon 9 hae had e. long and 

varied history.. The d1aoues1one ot various aspecte ot the local ottu.ati,;m 
have covered a per od of probably over twanty=ti ·1e yearc. Since 193:3~ howoverp 
much more detailed attention has been ~iven otf1c1ru.ly and publicly to tlle 
pi•obJ.0n. 

!;1 '.:J.1e spring of' J.933p e group of w:i.employei began a campaign look:!.ng 
toward th'.J oorr~cti(.m of the sowe.g1::i diepctJal. problem. Thia group prave.Ued 
upon the City Couno11 to authorizo th~ p.~'oparatfou of plane, sst1mates e11d 

apooif'ioat:l.ona for thie pul"poooo In a1:~ w,~t1ks cu~b a plan was ,ropa:red and 
siibnl tted to ·the CounoU on .June 8, 1933c A apeoial i,leotion was "ell.eel fo1· 
July 21, l933o 

'l'he plans prepare<l in this in"tel"'Val '\'i.e.>l'O i:,e1:,ei.n:'l0.rlly incomplete and 
rested upon no sound baoia or eat:lmate o:f aawi::e,~ flon 1 eiza or location of 
main eewe~a! or adaque.te revim, o:f tt.-::i ]. , ~, ;_ ucccaeities for various deg~t.)flB 

ot treatmento 

Thie preliminary and indefinite plan was hm·riedly revised by tb.0 th~D 
C1 ty Engineer and re-submitted to the Cou.uoil on July 12. The CounoU in 
receiving the revised program dod~.rec -,_t; to be '1 ~entativs only and would hav.~~ 
to be changed, rev1eed 9 added to t'S fm~+.l or atudy developed the need. 11 

On July 2lv 1933, a $6,000,000 c;::,1:f'=l igutda.tj.ng 'bond 1asue waa paeeed 
by the people by a votiei of 47 ~020 to 2~ 9 ~1r.J5. 

Dnring the oa.mpaiGU, statements "nere made a.a to serv1oe charges end 
f.lale of 1'crt1l1zero The reoord ind1o&teffl that the people felt the bonds 
r,·ould ta u<il.f=l1quid.~ti!lg 8 e,.ther f'rom aerv1ce charge~p or from revenues de= 
r:lYed fror.·. due.ge :tertUizer eela 9 or both., Work relief features of ths undet"'-
tak1ng 8 horreivere probably supplied the prinoipal moti'Y·ee for the paaaage ,,r 
the bonda o 

On August 4, 19339 an application for a loan of $6 1 000,000 and a gra:r.1~ 
ot $2 8 000 , 000 wae made to tho Federal Em0rgenoy Public ITcrks Administration 
on the basis of' the etill inadequate plans subrni ttad to the Cmmoil on June 8 
and July 120 

The applioe.t;ion wae 1mmediat6ly J'·, t:.:.1•r.;.ed to the City by the P, WoAo 
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( with the statement that ":plans, est:l.nmte.s and specif'icotiona were inau1'1'1cient 
to afford a proper oheoking of ths ~pplioation." 

The Council attempted to obtain va.rioue amounts of: money from d1:1'1'erent 
federal and state agencies with which to carry out the preparation of such plans, 
estimates and specifications. The coet of such preparation was estimated by the 
P.W.A. at approximately $60,000. 

The City succeeded in raising th.rough its own auspices some $10 ,000 
in September, l933o This fund, together with a amell amount or money supplied 
by the Oregon State Reconstruction Advisory Board, provided limited funds tor 
further study • . . 

In July, 1934• a grant ot $2,240,000 was obtained from P. W.A. , contin
gent on the sale ,ot the t5 9000,000 bondeo No purchaser of these bonds could 
be tounda 

On September 15 9 1933, Mr. rw.rrison Po Eddy, of Beeton, was retained 
ae consultanto Ha submitted hie rsport on Ootober 3, 19330 On October 25, 
1933, MtH.1srso Koon, Cwmingham and Diso.l-: 11 locel oom;uJ. ting eng1nee1 .. a, were 
retained tor further atud1eso 

In November. 1933, tho City a;ubm1 ·;;·tod fill applioat:l.on f'or $50,000 for 
preparation of complete plEma ~l'.d a fn."'.'·th,:i:r a1Jpl:toation for e. aoutheaet Ulili t 
ot the 1ntoroept1ng sewer, at sn e.pp.ro:dmate coet ot $46lD000c The appl1ca-
t1on was formally submitted on Deaeinhel' 4 8 1933, and ircmt1diately deniedo 

A oomplete application tor the entlre pi•ojecti at a tote! cost of' 
$8 9 240 9 000 was submitted to Pc W.A. on Fe1:n·nary 22 9 19:54. 

Although it was accepted, no money waa available bsoa.t!ae Oregon had 
at that tim exceeded its allotment. 

on November 6, 19349 a chart0r mnendroont wae placed before the voteras 
adding a prov:!.aj.on to the $6,000,000 of sel:f'.,,liqu1dating bonds to the ef:fect 
that tho bo:mle would be eupportad out ot the general tax funds in ceiss of de
tau.l t 1n total 3ervioe ohargeao Thia charter amendment wae defeatedo 

D.u·ing the letter part of 1935 anct the l':.lf.u.•ly part of 1935, the Council 
proceed~d through various steps to test tho 13gality of the bonds. These 
steps wore terminatod on March 31, 1936, vhen tha state Supreme Court handed 
down an opinion which 1n ettect permitted the oity- to 1eatw bonds and proceed 
upon the projeot se submitted to the Council on June e, 1~33o The opinion, 
howevar 0 carried several conditions, or. w~ioh the most important were: (a) 
that all sewage e~oept ot Linnton shall be treated, and (b) that the activated 
sludge tres.tment be used tor the entire e0°.m30 except ot I,innton. 

In order to clarity the various finanoial and legel complications 9 the 
CounoU submitted to the voters 1n the November9 1936 elaction9 a pay-as-you-go 
amendment. It was deteatedo 

A charter amendment on a similar pay--,aa-you-go plan was again submit-
ted to the Portland voters on November 8 8 19360 on this oooaaion the voters 
accepted the enterprise with an assumed probable coot ot approximately $9,000sOOOo 
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This brief summary of the diecussfons during the past six years ind.ice.tea 

that the assumed ooat or the aewage colla-Jtion and treatment program has risen 
from ;)6,000,000 to approximately ..;9,000,000, that at no time during this period 
has a detailed study 01" the enterprise been aocompliehed 8 and that apparently 
local understanding of the engineering plBn and or the methods of finono1Jl8 is 
not yet completely claritiedo 

PRESENT CONDITIONS OF' WIL!.A.Mfil'TE RIVER AND COLU1.BIA SLOUGHo 

. . 
The Willamette River and the Columbia Slough receive virtually all of 

the domestic and industrial waste of the City ot Portland and of the territory 
immediately adjaae t to the city limits. We have had an opportunity to review 
a number or the past investigations of the oondition of these bodies 01" water. 
one or more field inspections have been mc.,.do of each of the areas aa well as ot 
a considerable portion 01" the Columbia Rive1· above~ at, and below the City of 
Portlands The reoorda of field investigQtiona~ the field i~spactions by the 
present Board of Review and the oalcula.tions of the oapao1 tiea of theae variot1a 
bodies of water for the reception of domeetio and industrial waste make it 
perfectly olear that the pollution of the Willamette River by domestio sewage 
and industrial waste has converted it ar.d the Columbia Slough into objectionable 
open sewers= 

The most sensitive and perhaps the moat important index to the character 
ot these waters from a sanitary standpoint is their dissolved oxygen oontento 
All of the investigations disclose the faot that the Willamette River and the 
Columbia slough in the vicinity ot the City ot Portland have reached such a 
state of organic degradation as to prevent the existenoe of any except the most 
hardy forms of fish 11fe9 as to produce objectionable odors at many times during 
the BUIJllll(;)I•s as to oreate objectionable sludge deposits and floating materials 
ot obvious sewage origin, end aa to interfere with the normal uses of the rivar 
tor navigationij fish 11te 9 rocreat1on~ or bath1ngo 

In other worda 9 the character of the Willamette River and the Columbia 
Slough during a lerge part of the summer ioontha leaves no doubt as to the ob= 
jectionable and deleterious effeota ot the discharges of Portland domestic eewage 
and industrial wasteo These waters are in bad condition and immediate steps 
tor removing the major port o! the contributing sewage and industrial waste !rem 
both areas ia an obvious task for the c:o·mun1 ty, 

These oonclusiona of the present Board of Review are so amply and com--• 
pletely supported by prior investigations and by the findings and ooncluaioila of 
all previous consultants or consulting boarde that it is not 1."elt that this 
point need be further laboredc Tho Board aasumea that the river is bad~ that 
the Columbia Slough is worse and that oorroctive measures are aseential in eaohc 

=7= 
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( ME:.ASURES NmESSARY TO oorm1mT UNSATISFACTORY STREAM 

POLLUTION CONDITIONS. 

( a} .Pre.otice eleeivhere in the Uni tad Stet ea o 

Tho problems oonfront1ng the City- of Portland in respect to sewage die• 
posal ere not peculiar to Po1•tl ando Thie problem has vexed thousands of commuui~
tioa 8lld millions ot people in the United Sttit8r.. Co:.iaidorable progress in tI'nat"~ 
ment has~ of oourse 9 been Ill8.de in various areac in thie oountryD even though the 
rate of correotio:rr may have been slow 1~ this ao well aa in other oomm.unitieso 
Io. 1938 approximately 41*000,COO pooplc- 1, oL 52;~ oi' the urban population of the 
United states, wer~ supplied with ne~ace ·~1,eal;uant plantao 

.~ t .' 

Almost 5 9 000 communities in 47 stctes had undertakEJn and were carr·yi:ue-; on 
the treatment of sewage trom their populatioUl3o 

In New York state al.one, th" sot":t,ce ot almost 69 000,000 people was being 
treated in 19380 

M>re than halt o!' the communi tiee treating their sewag@ provided treat~, 
ment by sedimentation onlyo so-,-oal.led complete or oxidation tl"aatment hae been 
used by t-41~ ot the con:muni tioeo several hundred ot the o~:ties have been using 
activated aludge plents~ 

D1a1nfeot~on ot effluents prior to discharge into receiving bodies of 
water was employed in 1938 illl only 20% of all the plants of the tmi tad stateno 

Literally thousands ot plente had been squippod tor sludge disposal 
through bY6produot utilization of one form or anothere Of theee thousands~ 
more than 150 oommun:l.tieo have bean diepo1;,1ng ot aludge 9 trom either plain 
sedimentation tanlca 9 activated sludge plants or che~J.cal treatment plants for 
fertilizer uaeo 

TM.a brief summary of current et)W:.1..r;e d:l.e1Josal. p1•a.otioe ill the United 
states ehowa that the problem 1a not llGlV ,..nd that eotual. ocnstruction and oper11t= 
1ng data are available on a vest scaloo It 1a cgually important to emphe1.:1izt) 
tha 1' aot that de.ta on ooets II Tt'hether fb.:eid or operating» e.re abundant in r.t,Jmbe i.' 

and variet y9 so that there 18 no exou."lo f.or viewing the problems of the City 
of' Portland on the basis or :t"antei::t:.c ur:.d fcnci:ful figures 11:t'ted largely out of 
the imagination and rarely, U' ever 9 cr'ccted agt:iinst known prinoiplea 9 design 
data8 or actual costs of construction and operation~ The fund of experience 
on all of the elements necessary for reaching a decisio:u for the City of Port,; 
land is tremendous in aoope and oharaoter elaewhe.re in the Ull1 ted Stateso It :i.s 
perhaps unaurpaeeed in availability of data anywhere alae in the worldo 

It abould be further pointed out, in reviewing the current praot1ce in 
thie count:·y- ~ that the methoc1e, ot treatment adopted in tha past have Dot been 
the result of chance or 01" whime In thousand.e of 1nstanoes, the degr.ee of tre,;1t= 
ment in ee.ch local situation l:.aa been determined upon the basis of the charaot1,r 
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' and quantity ot the sewage in question as balanced SGairist the character, use and 
volume ot the reoeiving body of water. In addition 9 the relative merits ot the 
conoluaions reached by thia method have been balenoed against the first ooet ond 
the annual operation and maintenance cha1•gee involved in the different types of 
treatment~ In other words, the variation in method of treatment adopted in the 
different communities or the United States reflects the efforts of enginoere and 
public oftioiele to select for each community that moat economical tom ot treat
ment most aatistaotory tor the protection of the sanitary, eathetio and biologioal 
necessities of the receiving body of watero Only upon such a basie oan and should 
a decision be renderedo 

. . 
(b)$ Controlling Criteria tor s~leotion o~ type ot traatmento 

What are .i~e criteria which should be applied to an~ river in order to 
determine what degree of treatment 1e neceaaai•y anu desirable to improve the 
QUal.1ty ot the river water rooeiving the untreated or treated discharges or domes= 
tic and 1ndustr1al waste? Obviously9 tha most important consideration rests 
upon hygienic standardso In other words~ a receiving body of water which ia used 
for private or public supply 1ntakes 9 for the production ot natural ioe, for the 
growing ot shell f1sh 9 for the protection of migratory f1ah8 or for tho use or 
bathing beaches or recreational fac1litiea 9 repreaente the highaat uses to be 
protected 1n a treatment program., 

Perhaps the second important consideration rests upon the avoidance of 
oo:nd1t1o:ns affecting the public comf'ort 9 ottens1ve either to the eye or to the 
eenae ot smello 

A thil"d aonsideration8 frequently ot equal inrportanoe to those listed 
under hygieI!1o values» involves the uses ot the reo~i ving bod;r of water for 
eoonomic valuee 8 euoh aa industrial water supplies B the watering of live etock0 
the propagation or fish and other usetul aquat1o lites the prote~tion ot reel 
estate veluee 9 and the safeguarding of private and public river and harbor im,, 
provements and naviget1on~ ao as to avoid the costly and objectionable etteots 
ot silting and sludge dopositoc 

A similar set or cons1derat1one twGt be borne in mind in relation to the 
law 9 with particular reterenoe to the r 1ghte of lower riparian owners and users 
and to oomplianoe end oon1"ormity with exiut1ng legnl requirements or looal, state 
and tederel ageno1es" 

Allot these considerations must be raviem,d in determining upon the 
logical method ot collecting and treatine the sewage of any important metropoli= 
tan populationo 

A generel1zat1on ot these oonside~ations would lead ua to state that the 
choice ot type and looat1on ot a treatment plant will be determined primarily 
by which or two groups ot waters the oomnun1 ty uses tor the discharge or seweg•~c 
It it tolls tnto a designated water area which is or is to be eXl)eoted to be 
used pr1mar1l;r for weter supply 9 tor recreational purposes 9 tor shell fish oul ture 
or tor the development or tioh l1tep it will require that degree of treatment 
whioh will not be detrimental to these useso If 9 on the other hand. it ie looated 
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• pr-n a docignatec.l. w-ite-r aroa 1th:lch 1~ not o::- 1a ,,ot eJCi)ectod to bo uaed p::-imarilr 
for l'ecrcatio:;ial pu i:'1lOsas •> E1holl t'1o:. cul tu ... "O, er tho developillEmt of fiat 11:t'o i; 
o:- for water supply :..ntakesr. 11 lower dccr?.is cf tl~ea-l;w!:'lnt 7!!.ll be required, \Vh:l.Jh 
1rill produce oondit:l.ona in tho m1te::• a:r-er.: •.tnobjeoaonable for those uses of 
leaa importance_, 

The Board of Review hu.s <Jxamin~d wi":ih cr.:i~a all ot the coneiderationa 
listed above and oonflidara thrit tho W:Ul ~-1\<l,.~O R2.varp the Columbia Slough end 
the Columbia River fell within tb.e f:i1..:, o :isxi.ated olfu3~h Thess water a:reaa 
have 1nporte.nt uase.; whioh will be vi;;ec:t..:lsL i'ur1;hoi· below 9 wh1oh will requiro 
the discharge of. f)f.tluc.nte wh:.ch will :no.; disturb the ua~s already enum('rat(3d. 
for a first claas receiving b(>dy of ""'e.tl'l":;"o 

~rien.0 throughout tho ,~ :_,t·· hc,13 illd1ol;,liad that the waters of rJuc- J 

tirat oleae e.rea.a may be preaarve : i~. , .:'; i.~i'e.ctory oo:cdi t1on when all floating 
Bolids and at lsast 60% or suBpenaod sol~~e hevo been removed fr~m the seTI~ge; 
1"hen organisms of the B. coli group Jc.ct,:irll;l. of intestinal. origin) havo been 
so red1.:i_oed as to not exoE> ....... one per cubic oentirootei· in more ·then 50% or thi, 
smnplsa of sewag6 ef.'i'luent duJ•ins th, bathing season; P-rid wh~:o. the averag'(l 
d.iaeoJ. 0·1 oxygen content in the wett-Jrs doos not fl;\],l ,_,eloV:' 50% Baturation in 
any ,:oolt ,:,,v.r:tng tho "'1Ja..i:•o 

{ o) o &.Y2..~~ !Of::..~~'?.,j3.!!_oond_i ~~ in.~~~1-._~nC,o 

W:Uh thees prel1m1;n,ar~, c')es:r•·17ationa tiB tcJ the aontr<'lling ori te1•1a tor 
aoleot1.on ot typ~ o'! troatme:ot; .. \:,.1. ex.y giv:,u oona,tmay9 the Board 1e now pro~ 
pared. to oons1de.r the looal o,.,r.:.1Jt1.oxtB of thei City ot PortJ.and, and to develop 
on the basis of thoee oonditi'·n-c; quentit!;;lti~•-e 1.'.h:.dine;,s wh.toh should lead to a 
decision as to moat desirab:t.e twe ot trr;,ritme,11 :; prooa;sa i"or the local areao ll'ott 
this purpose, the Boeri.1. h!lo m:.,d tno :rcJ, 01:·~,:'±: e,r su.'llptic:nag baaed. upon prav1oU'1 
atudie21 by the munioipa::.lty and itu ·:io.-:ir~t~.a;;B~ and. upon e.djUBtme:nts oonaiderr~d 
wise by the present Board~ 

(1) o The population 01· Portland mid env:l.x•ons ·,r1J..1 reach 450 9000 in .!.95')" 

( 3) o Tho ee1we-3e treat11J1ent ;,lent !:,] .on.tu bt, designed for the 1950 .e·opula-~ 
tion and average eewege flowo 

( 4) o The :pl~t ehould be f'O dosigned flB to provide for a reasonable amount 
n:r storr.-: \JJ.1:01~ flo~a 1n additton to eanitsry aewege tnd 1ndus·trial waetec 

( 5 \ , 'J'::iei •;'ll{:..i ~1Jter!attoa of the ccwe.ge resul tiDg from the Portlend 
pop'..uat1o:. ,,oul~ bu :r-op:rese;1tod iy +'J.e ! cl.lowing as uumed valueE:: a bi0=chemicat 
oxygen dom~.nd o! 200 ve.r ·ts per n1.Hion; a ieponde,\ solids of 210 parts per million; 
and u Boco.U. contont cf 800~000 _per oubic 1Jonti.rre,tero (Theso assumptions rest 
upon co~arable aewaf.e onw.ysrnJ ,.n r:i..nny o·ther oonuntmi•tiea "apot=oheoked" by 
laborator~ t~ate ot Portlan~ :e 'age~) 
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f 6) Tha ;fill amette River and the Columbia slough are or will tie 1Ja.::td u\ 
or ne ar Port1 and for the proJiagation and migration of fish ~ for 'bathi ng and .r.<e. l'n,~ 
tion ~ tor h1dustr1at wator supplies., tor tho watsring o:t lheatc--ruc aud t o:r· \1'Br1.i/1:u 

priirate and pub!io I'1ver WJd harbor illlprovemente ., Similar uaas are aaswned :t·cr· 
the maln Columbia lU\eXo 

For the preoervEt1on ot these bodiee er water tor fieher1ee purpose~ . 
it is asaumad that the di aeolve:l or.rgen content ot t hese waters should not at 
WlY time tall bell1W 5 parts per million., Thi~ f'lgure ta intent ionall y plaoe>d i1t 

a big..li level, al though some author1 tiea 1r, thhi f ield feel tbat a mfo.imum dis= 
solved oxygen l;lOUtsnt of 3 parte per m.1..lUc1 i1 might su:tf:J.oe~ The Boardd r.oweve1'~ 
considers the rivers o! euc- h import&10e i n r el tion to !'i&h life th.at 1t hila 
a.asumed the t iguro • o:f 5 _parts per million tor t his purpose ln 1 ts oaloJula:tiouac 

In oouueo~ion with the asaump•i;ioue ac, to, qua.:iti t:y ot sewage f"J.ow W10. 
quali ty ot sewage •' • inaurtioier:.t studi.&a heve eo :tar been mwie by tho City 
ot Portland t o warrant oompletoly t 1nt:U. deo1e1ons as to these two important 
elements, It i a r easonably safe~ howe\er 9 to use the figures which tho Board 
has asaumsd :for comparative purposes et this stage ot the study., Tht,1r e.caurao, · 
tor !1ne.l plant design s hould be determined at 8XI early date end ae b.e,rc,irt 
l at er r eoomnendedo 

Th~ Boe.rd tinda t hat t he WUlametve River ?eaohee sel.lwood Bridge in 
Portland 11d th 1 ts c.l.iaaol ved o~ygen content el.ready eeriously i,mpaired ,) due to the 
disoharge o:t" 1.n:portEJnt amount13 of' domestic and induetrial waste on the WiU~ttt<1 
and i ta trtbutarles ,,~>ewe Portland¢ This ori tioal si tuatinn in the Ri irer btu!OIQ 
it reaohee Po.rtland makes it important to ~all atteDtion to the neoe~aity of 
~leaning up the :river above J?ortl&nd at t~ s ame t ime as impl."Ovementa in t.1t»Wft8~ 

treatment are undertaken by the City ot ::>c>.1:tl and" 

Until. au.e:h cleoning ot the upper r1ver 1e aooompl1shed" 1t is doubt f'ul 
,rhet her t he Willamette River above Portland may be expected in the smmner ioonths 
t o reaoh Portland with any more than 4 parts per million o! dissolved oiyg~n~ 
The .Board does .not retain ita :t'equiremerit of 5 p.Ji 0mc residual oxy~n fo.r t'ieh 
l ife 1n the Willamet t e Rive:l."~ beoaus o 1:1' i t doea so the oal~ulat1ons result t n 
no available dilution water s during the low flow ioo:o.ths ~ 

lt is , t l•eret ore 9 assumod t hat 11 ot t h i s 4 pai•ts per million t 3 perta 
must be preserved tor f i sh liteo A r~eidual or only l part pe~ million 1e iu~u 
available to assi milat e and convert the ·r;r,aa·tod or untree.t@d s ewage ot' the .:,1 ty , 
One per t per million ot residual o....yge:n in th& r iver 1e the equivalent ot 
5 8 400 pounds of oxygen tor eaoh one thouuand o~bic teet per second ot flow 

The Boord hew oaloule.ted the &mount ot dilutl on \Vat. ei.t reqt l1:r'tHi 1n t,b.a 
Willam.c-.tte River to absim1late,, the sewage or the ~Uy 111:th vnr Yi ¾-r d.q:tJo :-, 1.t 
tretS.t~o t .. l!J t ll .!.H ~Pmteot1ou the "Board haa BElfiWll&d that t ne t"OIJJtd AJ.oiJ ;:i e, \·:~~ ,:r 
t hf1 •~1 ·;~, , ~ .t-'t rtl ~niJ rep~.,!j,:;nt.e an oxygexi requ1remari.t ... cc , <rnw:::-utct: t".'. l., t. 
1,rga:.1i,· .. 2~.u t;,. t -l t, utrn t.o ; .r.i. .;v ete.ble 1norgenioi matari&l ot .:.~ .l;.4 p;-)u.nd _pa r. J.i ~ :t' f..• :\J 

,9e.r iJ. &}' c !u J 950 1 tho {,opuletion 01' 450 9 000 will tbei-tt!'cr~ t·e qu.Lt'6 .t , ju \ Q.._it; 

pou.ncte of oxygen _pe:c uey., fhia o·i:ygen mu.at be ~uppl Joct eithe.n.• ihr·ough thti 
na1-w·el :re,nuroett o:r "1.h~ ce Jai v1ng bod~li:ia ot wti.tex or t hrough urtif 1 c;i.JJ. U ,,~ i 
meut p1·00oe,ses or <ra~ri :cg 1.egreee vf ttf!'lci ,Jn ci:,r 

l'r,~ Botu;'d -- ii ~ ~t:!:l..l.lLod ;.·,;.> ,. ,. 4rJ; Olk88 ,:1f ,; bli;. ,u ,At l,H ttr~ • ,,, IJ~~)0,sl ,_ .·, , t ,· 
,'.l.t.t',..t·ti~,=, 01 i, rettHu+-,:.:.l, 0d1., ; \; u : .r., 1;, r •titP·t:40llt -.iti··t!J t 1:/y ,,q_,..,r 1. ;;;1c :t '!) t "'~; 
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ren:oval or organio oonatituents; a::id (~) 90% remr..vel of organic constituuntso 
These degrees o'! treatment oorreiJponcl in general to the follcuing prooesuea: llo 
treatment 9 plain aed1mentatfon 9 !lil.d nct1Yetad sl11dgeo 

On the basis of these :figureo~ the, Bow:•d 1.'inde the results aat :f'c,rth in 
Table l, showing the required d1J.ut1ng water in the W:tllamatto River to I1rov1de 
t'or the sate diapoaal or the 11ar~Loua effluents rea~tine frorr; the three c.egreee 
of trsatmento The quantitative (1videm.ae in Table 1 disoloaes at onoe thc.t d:u:dng 
e- large part o! the 'Ii!.~ tb.o Willamette Piver 1e 1wJuffic1ent 1:n flow to prov:Lie 
for adeqt..ate aeaimi.tntion of the ef'1"1uent from en7 ot. the treatment _proc(.; esaa 
except the go% onao . . 
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WILLAMF.TTE ruv,_::R 

Csl.culatione ot Oxygen Ba.1.enoe on Discharge or Portland sewitge 
with Various ~groeo ot Treat~nt 

Degree of Treatment . 
(on basis of bio= 
chemical oxyc'9n 

Oxygen 
Requ1redn 
pounds 
per day 

Minimum Flow 
01' River Re
quired to 
satio:t"y oxygen 
c.'l.emruid, cubic 

Percent ot 
Time Uequi:r.= 
ed Flow is 
Availoble demand) ,t , 

teet per 
: : ·ssoond ---------------------·· __ ,____, ________ , __ _ . . 

None 108,000 52 . . . -------------·---------··----. . . . 
33'-l/3'% Treatment 62 . . . . , . -------------·----------...... 

< 
·----·-·--------. . 

90% Truatment 100 _________________________________ , ____ .., __ 

C O!l~~ TJ.l'c".T I CNS . ... -.-... -
l eas cubic feet per second :: 646 9 000 gal.lone per day 

1 part por million ot oxye;en ;:; Oa646 :;r 1000 :.: 8033 ::;: 5380 8 say 5400 pounds 
per day per 1000 GcFoS~ 

Assumed oowage loud ( oomb1nod sewers) ;; Oo24 pound per oapita per tlay ~ 
450 9 000 population ·:; l,08e000 pounds ot oxygon 
required per day f.or untreated aewageo 

piae~~~o 

Willamette River at sallwood Bridge 4 

Minimum roqu:iremnt tor fish 11:te 3 

Avz•.:i..tatle 1 

l popoMo available is tho equivalent of 5400 pounds per day per 1000 Oofo~~ 
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I1' it 18 :Curther assumed 'd::.at 5 parto per million of dissolved oxygen 
ia to be ratained in the V/illmnette River 9 tho ooncluaion 1a rein.torced" 

It sewage is to be diechoreed with sa:fety into the Willamette Rivel'r 
it must be subjected to at 16aet 90% tJ.•eatmento It should be emphasized 
that this would still leav~ tor diao!1arge into the \"JUlamette River 10% 
ot the organic content ot the original. sewage requiring reasonable diluting 
amounts o'! water in the IVUlamette during every e1umnero This is pfl'irticule.r,,, 
ly true sinoe veloo1ty and holding oonditioilfl in t~e Willamette at low flow 
are deo!dedly unaatie:Caotoryo It is en unusually aluggiah body ot water 
with delayed C!lfrying oft ot discharged me.terielso .Although 1n later years 
the minimum tlowe 1n t he Willamette wil.l be 1n.creGeed by regulated flow 
~ontrolo" the oonolua1ona here noted will not be a:f.'f'eoted in any important 
degree at that ,tt},ma,, 

Similar cal~ulat1ona have been dev~J oped x:'or d1echa:i•ge into the 
Columbia Riverc- The reBulta are aet :forth in Table 2) 
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Table 2 

COLUH3IA RIVhR 

Caloulat1ons ot Oxygen Balance on Discharge of Portland Sewase 
with Various Desreee ot Treatment 

Dogree of Treet111ent C>xygon Minimum now Percent ot 
(On basis ot bio-- Requ1~d, ot River Ra• Time aequi.l'--
~hemical o:xygen pounds quired to ed Flow ia 
demend) . . per day Satiety Qxygen Available 

Demand, oubic 
teet per 

\ t f second 

For 3~,em I P'or 5pp:n 

T I 4000 I I None 108. 000 6700 100 

• 1 
33-l/3% Treatment I 728:300 I 2700 I 4500 r 100 

go% Treatment I 10,800 I 400 I 670 l 100 

OC!dPU!'ATICfiS 

SEE Table l tor duplioate oalouletions 

Dissolved OXygen~ p.p.m. 

Columbia River above Portland 

Minimum Qaquiremeut for fish lite 

Available 

8 

3 

5 

o p~p .. m.~ 1s the equivalent of 2? , 000 pounds per dey per 1000 cs... t - s , 

From 60 year reoord , minimum tlow ot Col umbia River, unregulated p 
fer a single day~ in January, :tCJJ7 8 36 ~000 o, r ~s . 

Minimum tlow with regulat1Ln will be 
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• Reference to Table 2 indicatee that Portland aswaga in the amounts 
probably available in 1950 could be diechargod into the Columbia River without 
any t reat ment whatever, with no deleterioua e:t'fect in oxygen balan.oe upon any 
of the present or potential uaea of the Colum.bie Rivero This is the oaee not 
only upon the assumption that 3 parte per million of dissolved oxygen should 
be retained in the :::-:1.ver :for the preserv,ition of fiah end aquatic 11f'e9 but 
alao if it ie aeaumed that 5 or 7 parts per m:tllion a~e eo requ1redo our 
oonforenoea with experts in the f'iold. ot biological life, t1sher1ea or other," 
wise,_ disoloee that no experienced prote5:zionral obearver in this field euggesta 
a reaidual. oxygen of l!X>re than 5 parta :per mUl:tono Tha Columbia Ri ver 9 there-
1"ora, C8Il receive all of the Portland aawcga nn.tranted without detriment to 
its oxycen balance~ It con do eo becau:Jf'.J lta mean monthly discharge has 
never f'allen below 40 8 000 aecond feet 1ri t>.o ;)e:r.·iod o:':' reoord covering some 
sixty years .. 

It should be recalled aucl omphaci:?;ed that the low :Clow on ·the Columbia 
occurs in midwinter, when the d11ut1c1;1 ne,cH.ls31t1ea are et their lowest fi€:,'Ul'eo 

In aummer, when aewage assim.Uatiol'.l. p:.:•oe.:oej,s at its groe.test rate 9 the t'low 
of the Columbia exceeds lOr 1000 oofo~. 

Within the next tew years end no doubt before the PorUand eewage 
treatment program has been consmrmated, the regiu.at6d flow of the Columbia 
River will result in a minimum flow ot ov-er ao,ooo inotead of 40,000 cubio 
:feet;; per aeicondo Thie future regulated :!'low would provideg "Without detriment 
to tho r1vor 8 for roceiving the untreated sewage ot a:ppro:d.mately 1.,5 million 
peo:ple., 

In orda1• to avoid 9 howev·or, any conceivable evidence ot aewae,,a discharge 
into the Columbia R1v5r8 the Board recommonde that the sewage to be discharged into 
the Columb:ta River should be au.bject ·to plein ao<11mentation which will reduoe the 
organic content ot thi, aewsge by at laaat 33,,,1/3%., 

It hae been auggeeted by some thn-1; oar·rying st'lwag(; to the location her(l 
proposed would result in a quality of ooW,f.\@;S cl.if:t'1oult to treet. our Caloula~ 
tione show that the difference in time of trannit of sew~e to this looation 
in contrast with eny other proposed locr·~:~·Jn if.l o. matter of only hot.m3., The 
time differenoe will not control the i;yi:,c or Cl:t'i'ioiency of treatment at any 
ot the sites recommended~ 

Discharge into the Columbia Slough 1a not even desirable with go% 
treatment, eince ite oonditiona ot flov1 c.n·e docidodly interior to those or 
the Willamette River. 

In summary, therefore, the Board tinda that it sewage is to be disohare;ed 
into the W1llematte River, 1t will require a minimum of 90% treatment; if it 1~ 
to be dieoharged into the Columbia Rivers mininr!J.111 of partial treatment will be 
require('i; and that preferably no eewage 9 no matter how well treated 8 should 
be <Uscheree3d into the Columbia Slough. 

On th\:> basis of' all considerations so far diacusaed, the Board recom
menda without quelif1oat1on that the sewage of the City of Port16lld ehould be 
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' oolleoted and transported to ·the Columbi a River, into whioh it should be dis= 
charged atter treatment by plain sedimentation. 

Discharge into the Oregon Slough (North Portland Harbor) is not recom
mended, since the flow in this area is only a traction of that in the main 
Columbia River and since the discharge point is unnecessarily close to reasonably 
populated bathing beaoheec 

Tho plants on the Willamette River ere not viewed with any great favor 
because of operating problems 1n connoct1on with sludge handlingi which e:xper,. 
ienoe elsewhere shows makes the placement of euoh plants 1n heavily populated 
areas unwise, if al.ternat1ve sites equally cheap are available 1n more 
isolated eeotiona. These conoluaiona are later rei:n!'oroed by considerations of 
costs tor the various processes reviewed. 

Tho scieno~ end art of sewa~a treatment -nre sutt1c1ently well advanced 
in this country to make it unnecessary to construat and operate in Portland 
experimental or small pilot plante 9 prior ·to d.esign and construction ot full 
scale units • .Although such a prooodure h~s been suggestedp the Board recommends 
against ito 

Chlorination of the effluent is not coneiderod necessary 1n any ot the 
projects, although it will no doubt bo US<)d :f'rom t1mo to time tor special plant 
purposeso 

MAJN OOLLEaI'ICN SYSTEM FOR POm'LAND. 

The colleotion ot eewage from the many outlets of the Portland sewerage 
system oft'ers a more oomp11catod and ditticult set or problem.e than does the 
ultimate treatment of the oolleoted mater1alo Thia coiI!plex situation is brought 
abot1t by tho faot thert practicelly ell or the aewers in the City of Portland 
are of the combined type 9 nm@ly 9 they aro designed and oon~truated to carry 
storm water as well ae sanitary sewage. Appa1·ently none ot them have been de.,, 
signed or constructed with referenoe to t he ultimate problem ot joining them 
at their outlets tor the simplest and least expensive method of disposal of 
the aewageo AB a reaul t, a num_oer of unaol ved pr oblem.a arise when e. dao1a1on 
as to the best intercepting eystsm is to be mode., Existing data on normal 
and storm water flows are exceedingly moagerQ Estimates ot coat at present 
available in the 01 ty eDgineer' s 01':t'ice aro equally preliminary in oha.t"aoter 
and 1neu:f't1o1ent in extent or in ez:plorotiono 

The preparation ot em adequate plan tor collection and the development 
o-r saf'e estimates ot costs there:f'or wUl r equire many months and the expenditure 
ot a reasonable amount ot moneyo Thoce f acilities have not yet been ecoorded 
to the city engineer's office and, until they are, the exact method ot design 
and oonatruotion and looation ot the main oollection system cannot be definitely 
determined. 

It still remains to be demonatrated 9 tor example, whether all ot thel 

=l'l-
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r 
sewage should be collected-by low level interceptors, by high level interceptors, 
or by combinations thereof, which would cnrry t he sewage by gravity and pumping 
to one or more of the assumed sites for t r eatmentc Preliminary studies which 
the Boe.rd hes undertaken sinoe ita arrival in Portland and similar studies by 
engineers concerned with the problem made prior to oui· arrival, give support 
to the hope that a combination ot high l~vel eravity and low level pumping int~J.'b 
ceptors will yield the greatest economy for the futureo With these possibilities 
in mind, the Board hes made comparative eoti mates ot a number ot projects for 
collecting the sewage and has compared UUAertskings on the low level interoeptor 
basis with preliminecy cost estimat es tor the oombinetion of high level and low 
level methods o . • 

In its evaluation of the main collection syetema 9 the Board has reviewisd 
a number ot unit eQet estimates. It beliovea that the figures are reasonabl y 
1n accord with looal ooats for similar lm1·k , but it repeats its caution that 
the interceptor costs quoted in t his doot:,.,~nt ehould be thoroughly cheoked by 
more detailed field and office atudi oeo In its review or intez-ceptor doaign 
and coats it has aesumed that the intercepting sewers should be deaigood :for a 
population or approximatoly eeo,ooo persona to be reaohed about the year 1970. 
It will be noted that th1e population is considerably 1n exoess of the popula= 
tion of 450,000 aaaumed for the treatment plan dea18(lo This increase 1n 
population haa been assumed in the design ot the intercepting sewers because 
they ar e bui lt deep i n the ground, involve heavy and ooatly construction and 
cannot be readily enlarged or duplioatedo 

The relative costs ot the various aystems for intel"Oepting sewers are 
ahown in Table 3. The locations ot these main collectors shown on the maps 
attached to this report a.re general end t ent ative 1n oheraoter, since adequate 
studies to determine their final and moat eoonomical. location, tor minimum 
construction as well as minimum permaz.ent pumping cos ts, have not yet been madeo 
The oompe.rative ooete will be d1eouased more f ully bel owo 
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0 ... 
f 

Project 
Number* 

1 

lA 

2 

2A 

3 

3.A. 

4 

4A I 
I 

5 

5A 

6 

6A 

7 

7.A 

8 

8A. 

I 

i'able 3 

PORI'LlilID, OREGW 

Estimated Cost of constI"~cting and Operating Interceptors, Pumping stations and 
Treatment Plantso (As or August 19,1939) 

Cost of' Cost of Total 
Intercep,;;or Treatment Cost or 
system Plant System 

! 

79728,000 7.7289000 

8 9 60lf)l00 8s50l,l00 

?99009000 293879500 10,287,500 ! 
I 

897739100 2.387,500 ll.160.600 

7,900,000 5/730,000 I 139 9_30 5 000 I 
8a773,l00 5.730.000 14,.503 8100 I 
'! 9 345 8 200 ?~345,200 I 
8 0al.8 9 3CO 8~2188300 l ,. 

' ' 'l .e.517 a.200 2,3879500 911904_,_ 700 

80390!300 2,3871500 lOB777»800 . 
7~5179200 5,7309000 l:5.247.200 

8»390 9300 5.730f)OO0 14.120.300 

7»088,100 5,061.600 12,149.600 

79530&100 5,0619500 12.5~1,600 

6,723B3QQ 5,0679500 llp790p8l5 

6,769,100 59067,500 llp836.600 

Operation 

174 8 300 

174.300 

~009000 

630n000 

174,_300 

l74t300 
630.000 

630.000 

536.800 

536.800 

5409800 

540.800 

I 

I 

. 

I 

Annual Cost 

Pumping 
,-, . . 

104.600 

62.400 

104.600 

62,400 

104,600 

62,400 I 
104.600 I 

! 

104,·ooo 
I 

104,.600 
62~400 

1041600 

62.400 

87.100 

52.100 

87.100 

54,000 

Interest and 
Amortization 
at~ 

386.400 

430,100 

514.400 

5588000 

681!500 

'125R2QQ 

567.300 

410 9~00 
495,_200 

5389~00 
662»600 

706»000 

607n500 

629,600 

589.500 

591.800 

~ 

-

Total 

491.000 

492~500 

'7'93.200 

I r/94,700 

1,4168100 

I 1!a1~000 
I 471.800 

I 515p500 
I 

774Jj_l00 

'7'15, 600 
ln3971000 

I 1 9 398 9 400 

1~231.400 

lfl218v500 

1 8 2l?n500 

1,1852600 

"l:J Note: Projects marked "A" repreaent the syatem with high level interceptors taking part of the sewage to 8 plant b!' e-r.!:l.vi ty 1"lo• fflld lq~ lev~l 1 T\t~r(}Ar1torl'I f'o.,. the portion to be pumped. 

~ * Project descriptions appear 1n text of: Report on page 21 
-.,! 



ESTllIATED COST OF COHSTRIDTING AND OPERATmG SE77AGE TREATMmr 

PROCESSESFOR VARIOUS PROJECT$. 

In the design ot sewage treatment plants tor Portland, similar dit:f'icul t:f.es 
have been encountered as in t;he design ot the collecting system. Virtually no 
detailed engineering design tor treatment plaD.ts ia available at this stage in the 
city engineer's ofticeo No reliable data have so tar been collected on the flows 
or quality ot sewagoo No authentic detailed cost tigv,rea are at hando 

In this situation, as in others already d1acuseed 9 we have been confronted, 
therefore, with the task ot making asowrJtione in the design and in the coat figures 
as the result ot our experience with unc.art~kinge o'f s1m1lar nature in a number ot 
places throughout trl~ countryo We oons:der th~ odst estimates to be reasonably 
accurate and generally useful tor comparative purposeao It oailDOt be too strongly 
emphasized, however, that they are entirely preliminary in nature end should not be 
accepted as final figures tor conetruotion, bond issue, or psy.-aa=you-go purpoeeeo 
The estimates and the designs from whioh they emanate still remain to be preparodo 
They are not in ex1stenoe todayo 

In general, the assumptions as to m tt costs, oonstruotion end 0peration9 
result in the following averages: 

Plant Cost 

33-1/3% Treetm.ent: 

$5oOO per capita = ~5,000 per million gallons 

90 peroent treatment: 

$1.2000 per capita= $60 8 000 per m;llion gallonoo 

Operation end .!~~anoe Charges 

33--1/3 percent treatment: 

$6000 per million gallons - ~o40 per capita per year 

~o percent treatment: 

$18.00 per million gallons ~ $10 40 1Jor capita per year (without sludge 
processing tor tertllizer) 

The Board has defined the various degrees of treatment upon which costs 
were determined as follows: 
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(A) No treatment except by dilution - mechanioal screening. 

(B) 33-1/3 percent treatment= mechmiioal aoreoning, grit chambers, grease 
removal and plain sedimentation tor two hours 

(0) 90 Deroent treatment - mechanicel sareen1ng 9 grease removal, preliminary
ir~tling tor one hour, aeration for six hours, and secondary settling 
lor two hours , 

It ~ae f'urther assumed in each trea~1ent program thet the large amounts ot 
sludge resulting t~om any ot the proceasaa will be handled as follows: 

33-1/3 percent treatment - Digestion and vacuum filtration. 
Digestion tanks~ covered and heated, capacity 3 cubic feet par capita. 

90 percent treatment - Digestion and vacuum filtration, 
Digestion tanks= covered an~ heated, capacity 6 cubic feet per capita. 

The final sludge ollke 1n either process will be diepoaed of in land till 
or carted away by farmers, at little or no revenueo 

Tha Board haa reviewed eight separate projects (shown achematioally on at
tached charts) as followa: 

Project (1) The collection and discharge of sewage to the Colwnb1a River 
without treatment. 

Project (2) The collection and discharga of sewage to the Columbia River 
with 33=1/3% treatmento 

Project (3) Tho collection and d1schargo of sewage to the Columbia River 
with 90% treatmento 

ProJeot ( 4) 

Project (5) 

Project { 6) 

~ojeot (7) 

The oollection and discharge ot sewage to the Oregon Slough 
(North Portland Harbor) without treatment~ 

The collection and discharge or sewage to the Oregon Slough 
with 33=1/'l/1, treatment. 

The collection and diacharge of aowe.ge to the Oregon Slough 
with 90% treatmento 

The collection and discharge of sewage into the Willamette River 
with a eingle plant or 90% treatment. 

Tho collection and d1aoharge or sewage into the Willamette 
River with five plants or 90% treatment and one plant ot 
33=1/~ treatment with discharge into the Columbia Rivere 



f 

The costs ot construction, operation and maintenance, and carrying charges 
are shown 1n detail in table 3o 

RECOt.1MENDATED LOCATIW AND TYPE OF TREATMEffi' PLANT 

The data already presented in Tables 1 9 2 and 3 and hitherto discussed 
in some detail indicate without question that the most desirable plan tor th.a 
collection and disposal ot sewage tor the City of Portland comprises carrying 
the sewage by a o~mb1nat1on ot high level and low level interoeptors to a 
point beyand the Columbia Slough, where it would be subjected to partial treatment 
and then discharged by gravity through multiple outlets at a depth ot not less 
than fifteen feet µito the Columbia Rivero Thiij plan will involve a oonstruction 
cost ot approximatety $10 9 000 9 000 and an ennuel fixed and operating cost ot 
approximately $794,000o This program is less costly than any ot the other 
programs reviewed or subm1tted 9 which are capable ot accomplishing the desired 
resultso Further detailed studies ae herein r~comnended will no doubt disclose 
that this project probably could 'be constructed tr'; a cost in the neighborhood 
ot $10,000,000. It is cheaper 1n total annual uost by more than $390,000 than 
any of the activated sludge propoaels, since all of the 90% treatment plan 
programs involve heavy operating and fixed charges~ 

The plan (Project 2 or 2A) herein reoommended will produce a better con
dition in the Willamette :River than any of the proposals tor activated sludge 
treatment, since the latter must of necessity leave a 10% residual ot organic 
materials tor continuous discharge into the Willamette Rivero In other worda 9 

the moat complete method ot remov1ng the sewage from the Willamette River is 
ottered by the plan herein proposedo It is likewise the cheapest in first 
cost and 1n annual operat1ono 

In i•ev:1.ewing these comparative costs 9 the reader must bear in mind that 
annual operating costs may have as muoh as or more s1gn1fioanoe than tiret 
coat.. Hi therto 9 aa far as the Board is aware» no previous report or discusi,ion 
has oonoerned itself with the important element of operating costs .. These can
not be indefinitely ignoredo 

The adoption ot Project 2 or 2A will result in no detrimental effect on 
the Columbia River~ possible of detection by ony ot our known physiaal, chemical 
or biologioe.l testeo It will remain tor i~<my dooades a aompletely satistaliory 
method ot providing for the local sewage 0. tuationc Whan the population o:r 
Portland an1J 1 ts env1.rons has grown to ovar ei million and a halt, then the time 
for disoue~ion ot more complete treatment will be at hande until then, any 
other me·thod or handling the situation merely oalls tor expenditures large in 
amount e.nd completely unnecessary in ohare~tero 

Before closing the discussion on sewege treatment processes and coetsi tho 
Board wishes to record the tact that it has reviewed proposals for treating the 
sewag1e of Portland 1n writing and in conversation with a variety- ot proponents 
ot various plans., Without exception, not one of these proposals rests upon 
engineering data or cost figures of more than a highly preli1ninary kindo No 
propoeal ;i even including those hitherto used by the city, rests upon any de-
tailed oz.• roaoonabl.y complete engineering or oost intormat1ono The city engineer' a 
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of'tioo has been aware ot this deficiency since AprU 7, 1933, when Mr. c. II. 
smith reoorded the lack of' such atudiee and the necessity tor providing time 
and money tor making them. Funds have nevor been provided to the city engineer's 
office tor such purposes. None ot the previous consultants have been provided 
with autfioient data, therefore, to make final decisionso 

'M, do not believe that this is the place to ooirment critically, beyond 
the above statements, upon some ot the alternative schemes hitherto disouaeed 
bJ the public. Su1'ticient evidence is available, however, to show that in many 
of' them the ooat estimates are neither logioal nor representative of' the con
ditions wh1oh wou?d be encountered 1n the Portland project. 

One propos~ submitted to the oity, tor example, calls tor plants coating 
approximately $2,''720,000 for 320,000 people. Nowhere in the proposal does any 
estimate ot operating coats appear. Aa a matter ot tact, these operating costs 
tor the plants proposed, notwithstanding that their oapaoity would be inade
quate for the 450,000 population, would exceed $:50,000 a month. With suttioient 
plant capacity, thesa charges would exceed $45,000 a month, taking no account 
ot other diacrepanciea and omissions in the proposal. 

RECOVERY AND SALE arr SEWAGE SLUDGE. 

The citizens ot Portland have been led to believe that the sewage treat
ment oosta would be met by an income to bs derived from the sale of sewage sludge 
tor fertilizer and from the sale of treatod liquor tor industrial water or 
irrigation purposes. It has even been st~ted that the cost of construction 
would likewise be amortized through such revenues. 

Throughout the entire history of sowago treatment, this search tor profit
able use of the liquid and solida in municipal sewage has proceeded apace. 
Today the aolution 1s almost as tar away as it was fifty years agoo 

It is true that the organic values and 1norge.n1o constituents of sewage 
materials have varying degrees of fertilizer valueo The titfioulty 1n realizing 
these values lies 1n the fact that it costs money both tor plant structures and 
operationo The sludge from plain settling tanks, properly processed to avoid 
nuisance, has a reasonable tertilizer value. The sludge from activated sludge 
treatment plants, likewise adequately processed, has a greater fertilizer 
valueo Both of these materials are being used for fertilizer purposes through
out the U'.nited states, but nowhere at a net profit to the cormnmity. There are 
one or two minor inst ances, under very unusual local circumstances, where such 
operations have resulted in no lose. The number of these latter is insignifi
cant and their application to Portland is unwarrantedo 

In tho two or three important plants 1n the United States in whioh acti
vated sludge has been recovered on a coDmercial scale, at no time has the 
income from the sales of fertilizer resulted in a net protit or a breaking-even 
1n operating costs. Nowhere have such incomes reaohed the level ot assisting 
1n amortizing the cost ot the plant. 

It ~he Ml.lwaukee, Wisconsin, experience, tor example, in this field 
were applied to Portland, with a present population of 320,000 persons, the 
loss upon sludge conditioning o.nd procosoine alone would exoeed $1.25 n0C0 per 
year. 
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( Tho availability of m.1.neral phos:rt1ates in the Pao11'1o northwest and the 
necesaity for increased fertilizer use in the same region, may some day warrant 
the City ot Portland's entranoe into the con:maroial rertilizer tield• under the 
guise o:r sewage treatment. When that tir::-a arrives, the recormnended plan of 
treatment can be extended without loss of structurQ or investment to provide 
tor sludge processing. The treatment proposed on the Columbia River can always 
be extended to provide tor more treatment, ouch as activated sludge, or tor 
Bludge processing. When firm contracts for such fertilizer are at hand, 
reasonably guaranteed by reliable compa,~iea, the city may profitably re-open 
the discusaion. 

Until that . ~ime, the City ot Portland would be warranted in undertaking 
tho production ot fertilizer only beceuee it has determined to do ao as an 
independent commercial enterprise and not because 1t is compelled to do so or 
finds it profitalll, to do so ea en integral part ot the correction of its stream 
pollution conditions. 

W11HODS OF Fm.llNcmG PROPOSED PROJECT. 

It is the understanding of the Boar~ of Review that up to the present 
moment the plan or meeting the ooste ot construction and ultimate operation ot 
the sewage collection end treatment progran was on a ttpay-as-you-go" basis., 
This program provided originally tor sewer service charges which were expected 
to yield an estimated yearly revenue ot between $400,000 and $600,000. The 
Sewer Charge Equalization Board has r<;cenUy indicated, however, that its 
proposals will produce a gross annual rev-mue ot only approximately $275,000., 

It should be olear that with the original estimated revenue ot $400,000 
annually, a construction program ot approximately $10,000,000 would take 25 
years to complete, provided, of oou1·se, no :t'ederal subsidies or grants were 
included or supplied in the 1ntervalo Wi t h the present anticipated revenue ot 
$276,000 a year, the $].0,000,000 oonatruction program will stretch over a period 
ot over 35 years., EVen it federal grants to the extent hitherto provided 
are assumed, the program will not be oorupleted 1n less then 20 yearso 

The Board oonaiders a oonstruotion program ot this character and ot the 
amount hsrein reoonmended as wholly impractical ot eooompliahment by the 
pay-aa=ycu-go prooedure 9 at least w1th the current ant1o1pated revenueso 

Al though 1 t is true that certain portions of the program might be under
taken end finished independently of othera, particularly 1n the case ot the 
Columbia Slo\18h portion, even these would require t1ve or six years tor unit 
completion. In the meantime, the Willamette River would not be materially 
1mprovedo AB a matter ot te.c·t, until the Willamette R1 ver intercepting system 
is completed, the objectionable conditions of that river will rEllllain approximate
ly the same. 

It does not appear to the Board that the program as herein recommended 
can be adequately accomplished to the advontage of the public on a strictly 
pa3'-aa-you-go piece-meal basiao 
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It is likewise doubtful whether a·r1g1d pay-as-you-go principle is 

sound tor the entire oonstruotion ooets, part1ou.tarly in view of the fact that 
both the oolleotion system and the treatment plant ere designed tor populations 
to be reached from 15 to 35 years trom now. There is no real basis in equity 
tor the present uaer to bear the tull conatruction load for the ultimate user. 
EVen assuming that ourrent annual revenues were muoh larger than the anticipated 
ones, it 1s our Judgment that the equities ot the financial scheme would be 
even more seriously disturbed. 

It ie our beliet that o. sounder principle ot :f'1nanc1D.B would rest upon 
a bond issue tor the greater part ot oonstruotion and sawer service charges 
tor operation and DJaintenanoeo 

The fixed charges on the bond issue, aggre,gating in our estimate ap
proximately $550,000,should more properly rest at least in part upon the 
aeeessed valuationo 

Any combination in modification ot this proposal might be uaed. For 
example, the Columbia Slough undertaking rtight be carried out by a bond issue, 
to be followed by additional construction from y13ar to year out of accumulated 
annual sewer service charge revenuseo Tho procedure, however, would be long 
and time oonauming. 

The more reasonable proposal would be to finance the entire intercepting 
sewer undertaking through a bond issue of approximately $7,500,000. By the 
time it is studied, designed and construoted, surfioient money will have ac
cumulated from the sewer service chargea to undertake an important portion of 
the necessary sewage treatment plant. By this process the entire program 
could be oompleted no later than 19480 It rests, however, upon a bond issue 
of the general obligation type, upon sewer service charges tor operation and 
maintenance and upon an increased tax rate for the fixed charges on the 
construction bond issue. The method is intended to faoil1tate cleaning up 
the 111llamette River and the Columbia Slough. By any other method this desired 
result would be postponed a quarter of a century. The citizens of Portland 
and the Mayor and Council rust, of course, decide upon the alternative ohoioe. 

RECO?,t@IDED IMMEDIATE STEPS. 

The City of Portland is not provided at thia time with a surfioiently 
authoritative and detailed program ot stream pollution correction to warrant 
the expenditure of funds on any important stops in the construction programo 
A number o:f' months will be required to place it in such a position ot prepared
ness. Because ot this, the Board ot Review makes the following suggestions: 

1. The City should provide the personnel and equipment sufficient to 
carry :f'orward investigations on the following 1mport8Jlt details: 

(a) The determination of fiows in all the trunk sewers, with particular 
referenoe to minimum rates of flow and maximum rateao 
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(b) A detailed investigation ot the present and ultimato population 
and industrial densities in each ot the main interceptor areas. 

(c) An evaluation of present and :ruture population and industrial 
densitiea 1n outlying areas within and without the city limits. 

(d) Field and laboratory investigation ot the oharaoter and quantity 
ot industrial and domestio wastes contiguous to the sewers. 

(e) The study ot the possibility and praotioability ot conetructing 
sewers ot the separate type in cr1t1cal areas so as to reduce oontinuous aD1 
recurring pumping charges and to make greater use ot high level gravity inter
ceptors. 

,t • 

(1') The investigation of the detailed hydraulics or high level gravity 
and low level pumpill8 interceptors. 

(g} The investigation ot the number, location and type ot storm water 
diversion regulators and screenso 

(h) The investigation ot the existing sewerage system in order to pr.,_ 
pare a schedule ot replacements or portions of the system, obsolescent either 
becauee ot physical condition or inadequate a1zee 

(1) A comprehensive study of the engineer i ng design and or the estimates 
ot ooat for a sewage treatment plant on t he Col umbia River. 

(j) Adequate borings tor inter cepto1· tunnel locations, eites ot pumping 
stations and treatment plant, and river o:rossingse 

The personnel necessary tor such an tm.dertaking as outlined above will 
consist of approximately 40 men, of whom 20 should be individuals or h1gbly
specialized hydraulic and sanitary engine0ring experienceo The principal or 
project engineer herein suggested should be a man ot unusual and mature 
technical experience, equipped to assume complete charge of the investigations 
end designs, under the general direction or the city engineer. The :following 
start is suggested tor consideration and discussion: 

1 Principal or Project Engineer 
3 Field Parties of 4 men each 

10 Designers and Draftsmen 
2 Computers of flow and populati on data 
5 subsurface survey men 
3 Right-of-way men 
2 Specification men 
3 Clerks and typists 
2 Designers - Treatment Plant 
l Chemist - Biologist 
l Assistant Chemist -

Total 34 
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3 Consultants and Expenses 
Equipment, materials, rent, trans

portation, etc. 

Salaries $ 97,200 

albsur.raoe explorations, borings, etoo 

10,000 

22,800 
20,000 

Grand Total $150,000 

The work here outlined will take approximately a year end the coats 
will approach $1.~.,ooo.oo. 

The plan or action tor this purpose and the operations thereunder 
should be ourrent;1.t reviewed and agreed upon by.,e. Board of Consultants, ot 
approximately three men9 convened tor this important purpose. 

2. Following these inveatigatioDS, the city engineer's oftioe should 
be provided with sufficient tunda to proceed at once with the preparation 
ot detailed engineering plans and apeoifioationa, which could be used for 
advortisement tor oontraot, if and when this latter step is taken. The 
additional amount ot funds tor this purpose would be 1n the neighborhood 
ot $25,000. 

3. The Mayor and Counoll should request in the immediate future a formal 
ruling trom the state Board ot Health, the state Engineer, the state Sanitary 
Authority, the united states ArlJJ:¥, the United States Bureau ot Fisheries, and 
any other local, state or Federal agency having jurisdiction, as to their 
respective deo1aiona upon the City of Portlam•s intention to discharge a 
sewage ettluent trom a sedimentation treatment plant into the Oolumbia River 

SUMMARY 

Tho Board of Review records the following concluaione and recommenda
tions: 

l. Th~ W1llemette River during periods ot low :f'low, normally- during tho 
sunmer months, is heavily polluted, unsafe for bathing, unsuitable tor recrea
tion purposes and impossible for sustained fieh and aquatic lite. 

2. The City of Portland, through its various sewer outlets and the sewage 
resulting therefrom, ia primarily responsible tor this condition. 

3. The Willamette River reaches the City limits 1n none too good condition. 
It should undoubtedly be relieved of a large part ot its domestic and industrial 
waste load, discharged into it before it reaches the City. 

4. The Columbia Slough is 1n worse oondi tion than the Willamette River. 
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5. The unsatisfactory conditions on the Willamette am the Columbia 
SlolJ8h can be eliminated almost entirely by collection and by treatment pro
cesses. It is recommended that the oewoce discharge from ell of the outlets 
on the Willamette River and the Columbia Slough from the City ot Portland 
and its inmediate environs be oolleoted and transported to a site in the 
vicinity ot Columbia Slough, there to be treated by sedimontotion, and then 
discharged into the Columbia River through multiple outlets. 

60 such a plan or oolleotion and treatment will eliminate tho objection
able conditions already noted and will create no detectable deleterious et
teots on the Columbia River • . . 

7o The cost of the main intercepting syatem will be approximately 
$7,900 ,ooo. ,t , 

a. The cost ot the treatment plant will be approximately $2,387,000. 

9o The cost or pumping, ot operation, and of fixed charges will be 
annually approximately $794,000. 

10. The program should be financed by a general obligation bond issue 
of approximately $7,500,000, by a pay-as-you-go revenue from sewer service 
charges end by en increase 1n the general tax rateo 

11. Approximately $1.50,000 should be made available at once for de
tailed field and ottice surveys and for doaign for the proposed programo 
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