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squent aol:ven1; properties ot the runoft wa:tera is the winter snow at 

the higher el.evaUons., !he aehanieal dieintegratiotl of the roeka br 

the~ process Of ll&eiers, the tiU'Uptiye •ffeeta of fl!OIJtf &nf 

mu~tqual expansion due 'to alteraatie.-u of heat aa4 cold is a14e4 exteuiwlT 

1'11' eheld.cal weatlu~riq. Work done reoeatl7 011 the chemical weatherba 

in 1;ha Cascade itouataia8 (IUliau, 1949, P• 1.31) showd that the pre­

..... ot a l:d.P eoaeentratim of earbon d1ox14e in ;M melt water en• 

kanns ita aol.vent qW!ties. !he pi ot th.ls anew water us found '\o be 

s.9l eom.pared to 7.08 tor the we'iv ot the Saoqul.sde River nearlQ'- and. 

tlle ec:aoreepOildiJta eoneeavaUms of ~~ '"" 9.) and 1.0 P•:P•••, re­

apeeti:vel,-. IUJ.iute explained ihat tb.e hip eoneerd>ration of co2 ia the 

melt wa'\er ia due to al wrnate aolution and releeuse of CO;e d~ tile 

periGtt ot al terne:td.lJC bJ.8h and low 'temperatures of the sprinc season. 

'later triekliB.g 1Uurough snow is neU' freezing or a\ an optimwll tempera• 

tuoe for dissolvi.Dg gases suoh as 02 e.ni COza. Carbon dioxide is absorbed 

_. e(!)l.d wat$1" amt is Hleased when the water freeaes. Jut, being a 

heav gas, GOa settle• in the snow 1!ihen it is released trom the water. 

Triekl1Jli water piok8 llp this co2 aad ee.:triee 1 t into the soil beneath 

the snaa. kperilt.eatal detel"JJd.:naUona of 002 ill a ool'tDm of snow in 

the Snoqualld.e P«aa area showed 0.098. eompa:red to onlJ' 0.040• in 1ifte 

a-.ospb.ere of 'bhe ehemioal laboratOJ'ies ot lhlll.ey Hall, Uldversit7 of 

Vlashinctm. 

llb.f'ortlmatel7, then has 'been no work done em the di•solved organic 

au'bstaneea in either the rivera a,a1n1ne ill to Puget 8ouacl or in the sea 

water. llilliaJitfl (1949, P• 134) does show, however, that the water in 
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~ ;~!,~;• ot ~ ln\iw .,. ~ tw .. t ~ \be riwr• ot ~ 

&f.• «tlt.t;t• ta ... ot tbe •~ a~.-tJa• hiab w.t. _.l-. an 
al~ ~~a ~rca til J"•l:p:l\1\t:hlli ~ ·~,_..of ~<atn. ~ 

~ ~ *~ -~~.\he lai\ter ptdf\ ~ ~~-- ~ ... 

SO~ tho ra1ll ptarMi)d:taU~ -~- :ri.wr ~ott. ln ~ lkaci\ ti,_. 

a law au\ua t1ood. J4Wic:ld lrs G~. ~~~•t~:t.iw &#1\ tl~• --~ 

''ll'htm a ~~tdill..-ly Gh:la~ 'dfti a • ea.~ ~~s t~l1~• a heev 

a~dl •ali$ a~Qilpalli.t • • n~t.--. tit!d.a a pm:itt4 ot a •t& 

-· Ska&i\ 1181 ~- lrtw c Uslpifitult 418Gh_,. f1l ,,000 ••t••• 
to the vlol•t r ... fJt 7~,000 fl•f ••• fbi apt·~~]¥ -~ tl~ 18 

fS! r~~!,;.J.\ ot 1lh4 ~~~ .... 1n ~ hu4 t'il:tttlt'~ ad •l(to:nds «~Jr a pe:ric4 

of ttwe to~ Jt•:mtha wi\b a -.n .. ti.leh"'• ud l•~• l'iolaoe • .Aeeom~ 

;patq';b:« thea 1Ql,., t.l~U~ .b\ ~tire.- tl~ ~ ~~~ ~st1efl8 



j 

a ~ a..•ol• oc:ewutu.-. ~ • ._. •ililr ta *- .-..w.u-. 
ot eblw1ft, •'lll'att, .- .t•tum. t.q. ,.mu-. 1a -.w.a'J' ...,..... 
~ 1o the ft~ti(lfdl iD Ilk-. ft.o~ .. nn.t .,.llJ' • ~ 

\iouta~l-. 

BtlliM) ...... JR,,It,b&d.IJiull 

l'il 1a ~~ • ~ 114 ~ ~ to h'da Ia .. ..,..,.~1-

-1M ~ul ~~ ot ~ ..... Wt. to •e1-.,. t~!.tll \hca 

-~~ ~. ,_. S.S.p.-t•t ill • clletri~• •~' -..a-.1 ...u~ • 
.. ...... l-.. .. .-~.~.!a,..,~ ...... ~t .. .. -­

~~ ·~ 1a '19 -. ll1l ..,.. 1!1e r.. ~Welt, a.. of· a. .,.. ,._.., 
aeat r.ew~.t1 ~.-~1M -..~y~h7 ltd._.. • laM-~ 

th$ patiwft• an a.~~,, ,.._J.,t~, aM. ~Q'I..b t..-. '1M ldt 

that ~ •• 11 ._, pwa a 4i:.ft_..\ ~eUOil ._ 1tUt. 1ft Chua• 

~· Ia¥ • \M A11.l.dUo e-.~t. ~ ct· ..Uow .Ule ~-- t• 
aaple ~ti.laUa tit \h~& 4HP •'- ad .-. iiM lJafda 4Uteret :1\'011 

1--aua t'i~•· a.~ Pl*•_.. ,.~ ....... ~. of ~ei• ~­

\V ~ U&&l ...,. • ._. Otblr ~W.u vb;!eh ue ...-tlalll ~Sa-

l~•• • • two -tot~ -. u. ~ ~ d~lr al% .u • 
~~ aa4 tM ~'Ji.•l condlUQJI8 • vl&U• ~piu\trJW. ad 

~Qats..Qi'i. U. et:feo'U ~t o~ t~ ...,.. ha'Ve ~ am• aiptf1• 

CPW 1» tile ;ph7dal ..-.-}Pb1. 
hlget se• u a ba•b wen ~p!-U.:a _, ~~ .,.... ..,.,.,..... 

Uo•• Yh• tlleM ia a J11R t1ft f'ill.,...alild.tq' •W H&Wl."d 5t. ibe ~~-­

ta:C$ ·.-.a ne\ tlR ot r:J.P•~tillld.\f t~tt1wl~~~J•r« at apth. !he t~t«t 

1lt ~ Scuat~ ~ .._ ~~ (raqu.~w anti •mea, 19~1) u:la£ wnow 



ftt~ u\1 ~~ ~al ~ • ba~rt, ~aM 

lo~ ••lt'•t • .,... f1da1 -~ ... ,...,.., 11ft ........ 

··'UDI .1lltl._.a oa "'- ._, ~- .ln hfpt ~. c~u • .t· ._ 

,...,_. ~•t• ap,.ar~r to 1a ~~ pr1arilJ _. U4rle1 ~ ldl .... 

P&l*r• tW.• ~- '-;• ~ 111 ._ ~..,. ol .r.et a..t ••0\t\ . ..­
...._ tct wiM MUoa. ~- -.. .__,.. (\\J h 't ~) •• mi,t. 

-.n..:A h tile ~~ 1a.tricW PB"_.., • heepU. he~s, faot• 

~~ a4 AI•• hn. .., en of ..aeete 'Wloeitl (up t.t 4 Q~) 

p ... of the ...... ~1· .... ~- lldet--~ 1 ami J 

bot. a\ the av~ t• ~~ c.-a, fq•;.-1oa ~~ •• ..._,._ Pel-

•• (u. a. ~,.~,. et ,....., 1941)., e~u• sa lut'• s.. ~­
U'nlf all~G;i"h• ..... fJf "* eea•UiM: ~· •mae u~, \1&11 

~• pae r~ ill me ~ua taw..a ..._ ~. w\ _... •~ 

in-to au~ ohaaMl • ~· ~ 'ltte. A 11ft ~-- mq t. ~~,... 

e4 uoua4 ~· tsl.Pd. ~ ~· ~~1• ~ •••• Z.la 

._... ... 1''•'• ia C.:l'VOII h-.ap an ~' 1111_. a.r.w ~th~. 
ft.al ~'• ~mq ptu!i\ poi•- .a ~· aueh "'-' ~le 11~ d 

~.tJ ~ oau• • Nl"ld ct..._ u!a- ,.-stn tw 1-a • .., 

~- ad tw a 1-. u. after ,._ .._. et tU~h ._.. "" • .,.. 

~ ••' ~~~ 'M.a rt,_ -., -..... !heM l'ipa .-. ~1¥ ._, ..... 

--- ., ma-tu. -~. ....1 .. pMm~ ..,. ·~ --~ ~$ 

tJQJlllll the ~l ollft'•at. ftli.le4~ _,., ~ a ~ ._, ea·td.a 

a le;p ~ 1fbit'b t.,. a tide rip d.tb. the .... l e~t. 

the. «l:rct~htiee .- t1u~ 1a 'tille ild.ft\.8 Q>e ..,.... t~ a l.dp 

•x'-' _,.the aal1BitJ ot 4Mp Ton'- :i.tlt:t'l1 ~ t;vpe Of-~~ ll$4 



,._ _.., ot ~. De .,., Npi.4 t:J.•ahc et ,.._, ~ ~ ht 

*- eft1iUa ._\lie-., •"- u Mcklt ~~ ~~ u ..U &M 

._t.- •"tela beS.., CM'l.ct (iaKW1J1 per~ ._l!iillftS•U•)• loot 

0.-1 ~-· -. .:t..n ftuallite 1a Pup\ ,._ ..._v.a ffl lta 

aWlw ~•l'ioU dl1 (l? tathCM) 1 J.u peat ®pta~ ( 90-l.(liQ tatb-.), 

aa4 the nlaU.ftll ...n l'lwr .rnwmt ~ 1• ~.,.. ~ 

ta tM P\We\ ........ ~ (knu, L!~b, «a4 Bat,~~ 19J4, P• 1)..1') 

....... *'-~- iA. -~ •llrd\Y ...... \he_,_ 
$tne\W. Ia ..._ ... lredu Of ,.., ~ 1B a111c1tt 90 &q8; ~ 

U..t ..... Oflu.UJ.Wi• 1• ~_.. ~--- 'Ute ..... al!n1y d.W. 

iJMJ ~ut.U'Wi• at.~e :t.a the ll4d» haed.a 1a 100 to 166 ~ ae.e~ 

1141., ti.e'-Me taoe ~- 1~1.-. Ia KGOil Ca-.1, hO'M!~f •tv 

btlM 10 •\en ~ OBl.7 s~htl,y -~ 166 .., • ., ~ -~-f.--

1;o t'*itltW la • ._. ~ ..ttep •wra ot ~~ Ccde1 0'0 nu•d ~ 

al¥ elo~ UlCl peollaldJ ~ ~ .._, tft ~· 

r.. ~1•, •• ~ dU.t~nM'At •• :t~b11111d.~ ~ lild.ta\1•:• or 

..,. ~-~ I'Aa• ._ eh.a 'k> die.-a ~ ~F.J et ~~' ~~ a 

a ftM!CJa61 beets. JtJllle a ~84 ~ eoactt:•{• 8ft apw•~ a 

ald$ll__. p!01tt1J'e ollow ~d;f,, BtlJ1ih•14~tll.-e\ -., 4iiM higk &U -~­

,_... At Vd.a tsae aw ta ~ • ~ t;tn!' a\ 6apth it hpn-nUl; t.~ 

*- htp nl:.bd.Uea a.t· lcm ~r-:ra\tqtGs. lJl :iid.d-h~ ... .,._ :1$ 

• .., a pea ...Uti-a of hip ~, t~outb·•~••' td.mi11 o4 low dr 

-.peratve•• Ao'\ual pea win~ oondi\ii'JU iJa ._ ._ \IU''~ en not 

~ 8\U late ... _.. 4tUl,r April ~~hem \he t~ ...,ina l01Mri a. 

e....- oCII:ldi.U.. taw .... ~1 ~U. Ja Mlbi'V1 ~rat~ ..a 
16 



~~~llirtll It 
4nJ. lcwest S61.1Jn;t/ 
'tellil;perfltt~A!:n 

~ui".:;$ $cb~'' 
.rC:.et/nu: in A~f.f~ tA~ s.il'lle pe,.,t>d' 

:n. 

It 

~~\ ~ ~""- .-lfit-;..''"*'-~"*:V ~ 'fl,'t,._.,.':llW' .g,._~ - '-<- "'"'' w, ~ "'"'~- .,iii"'r.'!.,.v"" "'h"' 1';i·p;·,.···~··:·"'·· 
• j niJire.sf SAiinif.e.s q,,,:J /DWil'~ hmper.al,rc:-5 

~J~ .• ~, (~C'";r-





~ fl&a.t ·• ._,..,. •~i• et ·-UOD5r.-.. base elWtr ~a 11• 

·~ere l'e1lltfftie 'ftila• te tNt ~'t ot ~ •t~ b ,.. .. .- ld.lt'kr• 

Sali.S.U.e~ ~ ~ ._ n.u_. rmat ataua £a lw. .,_ r... ~wu' 
aaw a M.tfe~.- ._._ .._., ...t 111ta• vel~ fit t.re• •• ~ 
••• .._ ._. · pr•~ (talil~A 11) • tt ~ :aot 1kl 'V'Ill4 w ~--
• ~ Ml~attr tr• ~~u.~ ~ .~ ~- lldn •• ldd-c 

--. •• • -.1.1nt.., .r taa ._, ~•w• ~ t. • pMd'iltU1f' *at. -. 

~~ tltw •~• ·~ ,._ ·~ tt. wJa-• ~;1JiltU flit U1~ 

~M.tt.V.l."ll& .- atea.1• umt ~·· x. ·.t.~ a •• ~ ..._, 

•• .._~.w to' rltllbe (W hci& ..... s, ~.-pM;a o~, 
1953), ~ ._... 2hi.a ~au~t *-' wt.r u --~ lv tM ~ 

~~r ~ mole -~ ._. 1ke ~• •'-' 1a a~-.~~­

.u, :ra,._ tNm, ~ ~ a U.JPW' J.a,c-. thu • ~ atllat 

flit ~ ~ w~hl! ia tbe· -.r.. lqe ·~ ... tlr I"Mua ,... Ollel<:il.tiW 

~_,. ~~ ~ •t.r ill Fua~d• 1..... 'thtue - ~:f:rhifl ~ 

OM ..... tdi. 111 -~ ... wUW!" _,. T.\!i.~tll 41ft'e~t~ lt-~•V":f't tha 

f~lil· -~l'tt .... lOif thell ~· -- -~· • l"tl'4ii~'b'16. fi.nda ... 

f~'ta 1a MthM t~ fetr' ~ ~t..tjc;Jl ~'l ~~ \be ·~• 

!he l.u-p~~Jt ~ ..... ~ ...,~ . .t ~ elleap 1a ft1U211!8 1.1111!~ &q'Ual 

1D~•1• ot tteptl\ lir'• w ... z.- to \M ~ ~ a vel~._... 

s-eotlen w~ iD.._M .. taloula.W ~t. .t ~ w•t~;r. 

the ~ul .U.•Wit»uti.tilft ol ,.~.,. 1n ~ .~ mm ia •h~ 

1D 'ie~ 4 .-1 S ~ t: eM~.lf.>B ~ P:Uln P4t1at to Dftn.r't UMd,. 1M 

aemt ·~ ,._._.. u ..... ocn~\ in the &tr~aM f':rom •~;,~;:e \4'1 

win_.. Ia July tM ·-i.e ftl'f. ®t~~~~ •vautt~ nth 1.,. alidtie~, 

19 





8 lAw• of DO M' -~• 19\l!nu7. f• B ~ llAR • &-.114 ecmV8.U.M 
j :.~~ 

ill rup t4 i<al.1a1:s;, t.p;t:r&tla-e, •• .,_it, tr• 1llle l.tr ~u,.._ 

. ~n1ia1tcra ot waw -~ ~~ ..... \UJ'f~\ •• w * a.1r:al 

h~1f' ot 1lie 'MlU. fM 0--S ap.,._. ~ ..U.U8 tmd 1\ ... 

t. .U4 m4J ta' J-. tie.,... KW lltta b -a. ,,.._ pan fll * ....,_ 
- ,.~ ..... -- u ta ... lo. flMai.., ~t.:l• flit - w ...... . 

lt u ~ thal *'· ~ •rtw tdla • tie •• ..... ot 

the w • ..,.. • ....._~ •• , . .-<ft• a;., ~ ___. ad •.lftw,. 

.. -~ ....... 'R'i4nl , ~ 8,...1, of·--- ..... ~1- fit~ 

<it• 44. ~., bii-~ fd.pttl .... b .. ~·~ d 

tar. .,..... Soul$~·~ ~ • ~~ - tilt~ ..... aii.Jd'ld-c 

ffiaU~hl~. C•'""'· to ... , -. ~- .,..,. ~ ~- at-a 

1~i ~ tM cd.~t~ i-. a~ot· :U... -- J ~ __..,-... 

1t~if ...... 

!l* ft\t'WiGV of fwpt .... .-t • ~ o tzU4(!U~UW 

~, \lteJ' _.. atteow DR oalf laf • .._ •• * a..lf~si& M:t &leo 

t:v biol~ ~•ttuv. fktt ~-u.,. ,. ...... •• ~.,. . ._ -.~ 
~ \he ..U.• ot Jitq:d.Rl ~~. nlttuia _. llle· \lMeW 

•11 • • t.t.md. .. .,.,. • .._u...l •• ata wll1 m~ • .~w 

Mn. JJ*CII & ~H.ad.MQ' e.nall'd.8 of the ~- of ~ ._. 

tittusi• ~ ~- Met, tM .-rr1~ cl'M"t1ed Jd:d·q ~. 

&~tAl the ._:r..- to 4fJ MMH (depth (!Jf ., Mt -~ ami th• -~ 

'\t>wari the~- (feq'uet.w, ~). l'W.tt ~• ~·t a~ 



~· ldmaa ~at • ctev1b ot • .. , •U• u.u. u.tu• • • 
~ td.:dJII ., .. INI!"faft .. tan-. ............. 1141. 

•• - ~ ,.,~ ~-- .._.. 1liU -.... a .PJtOJWtt•• ., u. 

~ .......... ~-----tal~--'·' 
40 to ,, -~ u • ~' .r 11811lll' ·~ •.ua. 
Da~Ji~JI .• lirDIII. 

,.. -~- ot Ph~- - lt i!MN ..... ~ ... 1~ .JU'd 

~-u.r a\ • $p~ w l\8. dl! ,.. s~'* Ju:t, J • l6t ltfa, 

ill aboe 1a ~ 7. A 1'W7 ___ _. ~ pdta" u t*•~• 

,.,_ o.s w a.11ttl ... e\11 ia ~1'4W •• -. ·~•· w lua • ra. 
Sv.it. a 'fttl'''ti.ul ._u. e. 81_,. et .._ ~~ ~ deep ..... 

•• to Ha"f.,. r~.- de ''* •W is ·....,-~~. fl4• ,_., lie ~ 

~· u • 'tyJ4Ml ..,... ~- &tl-i1m\1• *14b. u ldailo • 

that ~ .• X,.l~, ~, .-... ~liiGII (19"1 l'• 16-17). A 

&Ntta-. ~ .u.-iltuUa te ,_,.,_. u ·ltot ~able, tm\ a law 

ArAil ·~ e ........ -.uou c ~- •• ._ •wt••• ~t-. a­

txuce w l.a 6t .hea SVU~t el;r ~lllb:\l.J ~ Usa O.,fjWI • a'\11., 

a.J.\ e'fid~tt~M -. '\ti$ 'M q,ui'it. ~wd.w tllat. deep '*'l'~" dt ·~ 

tar~ lsld 1•iM W the auriaM iD ..... ~ ~ ~...,_ 

tt~ of· ~t••:t.•att~. If~ aoUw _... ·~ ~ ed.n Sa tJdA ~ 

:1u ~ ....... is 11'\Ue •••U• tkat -.,. •.mw u '-ial ~ w 

~ .. .-taoe at ~ ·~••• w ~ ., r.. hrd' ·~ tt. ~ 

mft\ha. !ba me1n ~ a:ppee~J'• t. t. 1ra u. ~··· lt.; whltll tW-a 

pi'-.M ~. Is it. • ..- r4 a l1•b.aW ci1..,_.,_. ot ~, • 

;;?.,.L_ 







I 
j ,. 

~~._.. lt' ~~- .w.iMe ~ u-.., -v:t.a\a alit 

aaahS.. -to pr-- ~---- ami Oi!CJa-• It 4e$,._. l~t b 

insuft'i.U.t t• ,.. .... ~, -1)M Ht~~tl• ot am~• Cle~ ta. ..,,_ ~u.. -.twW ~.,,~." _. ~ ..,.. ai4tJ b ._ 

•••~U. Of ~· •tta- 14th tile .tllisati.fl'i fill tmdla-. OQpa 

au the ,.,.__. of ~..... ._ ldib J*_,.._ .-1lft1d.•• an 

_.4!,.a.w ~17 14th 1• ~1..a -..- _.._.,. a.t ln pi:,.,..-. 
~~ ... di~l..t ., .. ~ .... ~tp._ -~ u .... 11-­

u. ~u,~ or --t-• .~w.ua • di.hol.W4 ..-.- --~• 

•"' ttt.U~ e~ ~ ,i'illa- P4\>Ut ~) ~~ HRil ill lulf $!d 

h~. ~ 'Ule .....,, l• ~._. fMic- ~•uaa aM tdah 

piu:m~- ~W.t ~ ln *- -., 1-.. de r.- wat*~"• Dda ill !a ~ 

with * id.olop-.1 Jd.ilto17 ot .... --~ -- ... -~-w ., ..,... 
aM ..-1 .. in jf.HQ11Rfd p.~-,-- ..... ,. ,._ -~ ..... ~ ..... 
de or .1.- de ,._ ~'- ~ .wt.- •• ~~ '•' ~· ia lw a 
ph06t~t. uti h~ m $80lT.t Olq'(G ~ UDtrle4t ._... wlth - ,_. 

olt?lieal ~·- ~i.JlC a\ tld.e U.. ~ of U. .-taM l.a e 
ru.. ~€•tB aDd dee)) l•t; $~ ._toJ, a.- •~ :tn~'M 'felua !Ia 

~~- «M~t aad pboa•te ~W&Ucm. a. ,_ • ....., ~ilt\lft a-. 
1 v.r; elon poup:iD£ ~t ptJ~-- with id.P ~' hi- pQ1$;tMt8 ~ 

Vfi\1~ 11t r•t·~ ad lw ~. lmr ~pka:a -~ll-. ia 

J~ • r.a ~trait. 01wioufll1 W.fllop~ uUY11f plqe ~ a ... 

~tole 1n the ~- al.WilN\1• ia ~1a:ter. The •l• laflW~m.., aft 



m • • ~ • f I • I . e f ~ :l ;J 
~~. :: ~ .. 1.. ··I'"' . I ~ -• .. • I 

~ 1 l ~ w .· r I . f r ~ .· _. l 
i ~ .. II .. 'I .. t - I s - 1 , 

.f ~ r fl l ~ .·. • t1 it ;, . . ~ i •-· 1 . • i • • ~ a f I • • I a . I . ! g g:, ·. .. • • ~ . t;·· J 0 ... t ~ ¢' 

I . i ~ = i J ~ I .. : I : .·. I i ; 1 J r 

I ; f I f I :; I i · i , t i r Ji : li I ' i • : [ !; f . f>f I .. · I ~ H f ~ ~ • f • .. · . II 
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~ . ~ fl~ ~~f .. ~"*'!$·~~. i ~ • l 
.• ; ' S I • l I e f J I I f I + J f ~ I a I It f f I ~ . t ~· ·· 1 t' · _ · 2. : I : ! I -~ 
l.=··f!' ~lff"l:tflJ ; A 8 _. 

.. s t I !i ... I ' a .. ' r ~ t i " ~~~ l ~ . . 41' . . f .· · . . I .·· .. · t 
c ...,. . ~t:,: •. 11 ~ + _ .• .lJP.,.;i !tl~:,_l-.l!i:: • ·. f I 

... ~ • 4 ~ .· • +AI -. 
~ q. ft~ 1- I . ...., II .~ g: . ·.· - . . .·· , i I t !I I I ( r I ·. r • c • r I I • • • . l t _. 

~ . . 
t:.. • f l to,. I·~ f • i•"l~ff ~----f f'-~-~e····r' • I II! 

. f .. . .. ·. I . If II l . I It 1: I ~ i . .. ~ ·' 'fill' .,., ... ' . . - ' ~ ~ . . . ;1 ~ 
, •.,. o :t. r I B st"'- ,. i . • ! .· .. • - !& . . !, ~r ..,.. ~ .. . . ~ """"" .. 

I s ~ f - a. I . • f !\ ~ f - ~ [ : ; ·. r . . ~ ~ a . II ' . • I I . 
f t t f I . . • 



••wll''ll~tr-S & ·M~;IWIJN,e q~:D:fd" O't • ,..I", ... 
it.~~.~ • ~ fiit ta. Utrtrw,._ ~ ._ 

.,~ ~11>.~~ 

1"\e-~ 8 RDili'UIJllTWl.l "~t.i- ef i...... . ....... ~-- .. 
ill the .... •bla1 fit \W.. 

b• V. ~ 11~ ai"U1 11,. 41~8 ou' or 1a hili!~~. 

p!t·~~~-

ttl ~~llll:fJll&­

-lt~ll!J" w .. ._1 P-N•tJ-~~\1!~• f6 ealetl• ~t\~ti$b~• • 

•e• 'B'Iil'!llit~'A~ J~~\l:~e}ibaw ·~·~ ~ «Kll~tr the!_.. 

-~~tl. 

the H«iMa'\lJ 

~'"""~· P-ilt&!l.\W ~~~.. ·~J ·~-
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-·--.. ., 71Ift' ........ 1\ h ....., .. ... ... 1,. ., -­

..... n .. a.: . .._ ~• "' ~wpt ._., a -.. . .-. Ill • ,._ _. -. 

~~~ ~· ... .-.u. a.- 1\11: . .., .-. st.,..,.,.. 
....... a...,--. ................. ... 
.. -. ... ~~- .... Urt~J~ef-tGljj;.-. A 

.. .Wit!.• 01 "'-~- -~·' ....... ·~" ... ~ ... 
__.-- ei .... ~ -. .... ~--~·······., ..... 
fit,.._,~ tt-. .tole,_. Mf/w a~"'* tt·~• ta 

...... ta ~.._ flta ¥ol ....... ••ldal ........... 
..... , .............. Wnlir ~t (4Al••• ,..., ••• 

• •• .., ~- ...... " - ... ,, ltfJ, --~ .... ~--
,. :t.lltla ffil laa a. r.. •• ad .vlM et . ...,.. ._.. lt -. 

...., t'-t. .. ~- ,_ --.... ~ ~- h1at le 

UMl~htt ~- .. ,... ....... paf..-t ot ~- "'"" 

...... ~ ~---- ~--- .. , ~ .. , •• ., ... ,.... ·1411 

N _._., W ••k V. ~- ·fit 1W.e a~UC-. A1CMt ·U.. ._._. 

th~ ~pUa Pe.-e _. -.~. fte ~~,~•1-.. of~-

1111e\ (J • .u a: w.Ji) u ..,11 100 --. .._, 111 .._,a~• ,.. u.a • ~) 
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TABLE 1 Comparison of Annual MaxL~a and MinL~a for Some Dissolved Constituents in Various Marine Regions---------­
(Average in Depth 0 - 25 N., ) 

REGION 

Puget Sound 
(47° 44' N 
122° 25 1 W) 

Strait of Georgia 
(49° 1.5 1 N 
123° 47. \~!) 

Phosphate 
Haxo 
2.4 

2 .. 0 

Juan de Fuca Strait 2.1 
(48° 181 N 
124° 03 I \if) 

Friday Harborl 

Olga, East Sound 

B ering Sea2 

Barents Sea 

Gulf of Haine 

English Chaime1 

Fjords of Schles3 
\-Jig Holstein 

Anarctic Ocean 
(South Georgia) 

3.3 

2.0 

0.63 

1 ..... 

0.55 

10. 

1 7 .. 

;ug-~t/1 
l'-hn. 

L.5 

1.4 

.s 

.. 25 

0.3 

0 

0.2 

0 

,3 

0.9 

Silicate 
Hax,. 
61 

62 

.55 

80 

49 

70 

30 

;ug-at/1 
Min. 

24 

22 

19 

33 

28 

5 

0 

5 

Nitrate ua-at/1 Nitrite I 0 I 

Hax,. !VIin., Max. 
29 11 .03 

27 6.0 

16 

37 4 .75 

12 5 .68 

.3 

1 

12 2 

7 0 

7.1 

;ug-at/1 
Mino 
.,65 

o.os 

.03 

.03 

0 

0 

Literature Source 

Present vJork 

Tully and Dodimead, 19.54 

]?resent vJork 

Phifer and Thompson, 
1937-38, P,. 57-.58 

Present vJork 

Barnes and Thompson, 
1938, P.,79-83 

Sverdrup et a1., 1946 
P., 939 

Sverdrup et al., 1946 
P., :1239 

Sverdrup et al., 1946 
P. 939 

Ka~dler, 1953, Po 196 

Sverdrup et al.,, 1946, 
P. 939 



TABLE 1 (Continued) 

RED ION 

Northeast Pacific 
Ocean4 

North~est Pacific 
Ocean 

Off Washington 
Coast 460 N. 
127° w. 
Southern Calif. 
32° 05 1 No 
124° 55 I We 

Phosphate ;ug-at/1 Silicate 
Max. Mino Max. 

1.1 

1.5 .o5 

.23 2 

.63 o31 

1 Extreme Surface Values 
3 Average for Upper 10 M. 

;ug-at/1 Nitrate 
Mino Max. 

2, 4, 5 Max, and Mino Represent Regional Variation in Summer 

;ug~at/1 Nitrite 
Ml.no Hax. 

0.4 

.... 

0 

;ug-at/1 
Min. 

0 

Literature Source 

Goodman and Thompson, 
1940, P .. 27-30 

Graham and Moberg, 1944 

Present Work 

Marine Life Research 
Program, 1950. 



TABLE ll - CPJ:mACTRHISTICS OF SOIV!E NORTH AMERICAN RIV'JERS 

RIVER 

Mississippi 

Columbia 

Colorado 

Rio Grande 

Fraser 

Skagit 

Cedar 

Green 

·trJood Creek2 

Snohomish3 

Duwamish4 

Total Puget5 
Sound Rivers 

Sampling 
Location 

New Orleans 

Cascade Locks 

Yuma 

El Paso 

New \Piestm.in­
ester 

Sedro 1rJooley 

Ravensdale 

Hot Springs 

Everett 

Snohomish 

Near Auburn 

Average 

Drainage 
Basin P:rea 
(Square Yiiles) 

1,245,000 

239,600 

200,000 

38, 600 

85, 600 

3,191 

149 

385 

1,734 

488 

11,077 

l - Gauged at San Marcial, N. Mexico 
2 - Drainage area and discharge not available 

Mean AP..nual 
Discharge 
(Acre Feet)6 

. . 6 
434 X 10 

129 X 106 

6 
16 X 10 

0.86 X 106 
r 

88 X 10° 

12 X 106 

o6J X 106 

.85 X 106 

8.68 X 106 

1.05 X 106 

J7 ? I •- X 106 

3 - Suspended and dissolved substances based on ~>Jood Creek data 
4 - Suspended and dissolved substances based on Green River data 
5 - Averaged from available data 
6 - l acre-foot = 43,540 cubic feet 

Dissolved 
Substances 
(pop.,m.,) 

166 

97 

707 

699 

69 

48 

49 

55 

86 

86 

55 

63 

Suspended 
Substances 
(p.p.m.) 

1,400 

40 

8,460 

14, 140 

73 

19 

4.2 

7.0 

13 

13 

7.0 

15 

Total Annual 
Dissolved Material 

(Tons) 

97 .,8 X 106 

17 X 106 

15.3 X 106 

.,82 X 106 

8 .. 23 X 106 

0.78 X 106 

4.,21 X 104 

6.37 X 104 

1,0 X 106 
l 

7.9 X 104 

3.7 X 106 



TABLE 11 - CHARACTERISTICS OF SOHE NORTH A}iER.ICAN RIVE:RS r CONTINUED) 

RIVER 

Mississippi 

Columbia 

Colorado 

Rio Grande1 

. Fraser 

Skagit 

Cedar 

Green 

'ltJood Creek2 

Snohomish3 

• I DuwamJ..sh4 

Total Puget 
Sound Rivers 

Total Annual 
Sediment Deposited 

(Tons) 

500 X 106 

7 X 106 

184 X 106 

16.5 X 106 

3610 

8100 

.15 X 106 

1.0 X 104 

6 
o 76 X 10 

Sediment perSq,. Hio 
of Drainage Basin 

(Tons) 

401 

29.2 

920 

h27 

116.9 

94.1 

24.2 

21 

88 .. 4 

20.6 

68.4 

Dissolved Substances 
per Sq. Hi. of Drain­
age Basin (Tons) 

78.5 

71 

21.2 

244 

282 

165 

576 

162 

289 

Total Dissolved and 
Suspended Material 
per Sq. Mi. Drainage 
Basin (Tons) 

479. 

100 

996 

448 

213 

338 

306 

186 

664 

182 

357 



TABLE ll - CHARACTERISTICS OF SOME NORTH AMERICAN RIVI<.:t'lS (CONTINUED) - 3 

RIVER 

Hississippi 

Columbia 

Colorado 

Rio Grande 

Fraser 

Skagit 

Cedar 

Green 

Wood Creek 

Snohomish 

Duwa!llish 

Total Puget Sound vJaters 

Dole, 1909, p .. 77; Holle, 1952, p. ill; Twenhofel, 

Van Hinkle, 1914, Po 89, 98; Clarke, 1924, p. 8'9. 

Stabler, 1911, p. 101; Twenhof'el, 1950, p. 223-4. 

Stabler, 19ll, p. 101; Twenhofel, 1950, Po 226. 

Johnston, 1921, p. 23, 25o 

Van ~·Jinkle, 1914, p. 38; Clarke, 192~., p. 90. 

Van Hinkle, 1914, Po 44. 

Van Hinkle, 1911.;., p. 46. 

Van Winkle, 1914, p. 40. 

Van Hinkle, 1914, P• 40. 

Van vJink1e, 1914, p. 46o 

Calculated. 

1950, p.226. 



TABLE 111 - Composition of Air Extracted from Rainwater at Different Temperatures and of 
· Atmospheric Air. (From Clarke, 1924, p. 54). 

Average 
Air :Brom Rainwater at Different Temperatures Atmospheric 

ELEHENT go Co so ,.. 10° Co 15° Co 20° Co Air ve --
Oxygen 33.88 33.97 34.05 34.12 3h.l7 21.00 

Carbon 2.92 2.68 2o46 2¢26 2.14 0.03 
Dioxide 
Nitrogen 63~20 63.35 63.49 63.62 63.69 78.00 

Argon 0.97 

Total 100.00 100.,00 100o00 . 100.00 100.00 100.00 



TABLE lV - CONSTITUENTS OF SO.l'IJE NORTH AJY'£HICAN HIVE;RS (ANNUAL HEAi'\l IN P .P .11. UNLESS OTHERV'JISE STATED) 

RIVER 

Mississippi 

Columbia 

Colorado 

Rio Grande 

Fras~r 

Skagit 

Cedar 

Green 

Hood Creek 

Snoqualmie 

.Puget !{)w'1d 
Rivers 

~ 
+> 
·rl 
+> Years .,.; 

Heasure- ~ 
;:j 

LOCATION ments., E-l 

New 190.5-06 
Orleans 

l,L.oo 11.7 

Cascade 1911-12 27 4o 1.97 lL 
Locks 
Yuma 1905 

Courchesne 
near El 190.5-07 
Paso 
Ne~..r Heat­
minster 1919-20 
Sedro 1910-11 
\t-loo1ey 
Ravensdale 1 1 

Hot 1910 
Springs (7 mo.) 
Everett 1910-11 

Snoqual- 1947 
rrie Fass 
Average 

8,460 

73 
12 19 1.31 

5 4.2 0.74 13.0 

6 7.0 1.10 

10 13.0 1.15 25. 

Slight 3 .. 1 11.2 

~~-..., 

2& 
H.._.. 

(Fe20J) 
0.,22 

0.,06 

0.31 
o.o8 

0.,02 

o.o4 

0.,01 

0.08 

s 
•:-i 
C).-.... 
rlctl 
roo 
0 .._.... 

34 

17 

92 

10.5 

11 .. 9 
7.9 

6.7 

6.0 

8.6 
(GaO) 
.5.7 

7.6 

8 .. 9.5 

3.9 

18.2 

2.1 
1.7 

1.,4 

1.3 

4 .. .5 
(JvigO) 
Trace 

1 .. 6 

1 Based on chemical data for Skagit, Cedar and Green Rivers and assuming that the 
Green River data are representative of the DuvJamish Rivero 

13 .. 8 

8.9 

113. 

112 

5.5 
3.6 

3.6 

.5.6 

7.6 
(Na2o) 
8;,0 

58.0 

0.7 

20 .. 8 
o.o 

o.o 

o .. o 

o.o 
n n 
\JeV 

69 

233 

238 

29 

28 

28 

51 

29.2 

29 

12 

184 

210 

5.7 

7.8 
(S03) 
4.0 

7.8 



TABLE 1V - CONSTITUENTS OF SOHE NORTH Al'11ERICAN RIVERS (ANNUAL M'.tAN IN P.P.H. UNLJ:;SS 
OTHE.c':r.'tiiSE STATED) ~hv, ( CONTINu.t.ill - 2) 

(!) 
(!) <l) >:::: 
+'rl •rl 
(\) C) ..... -... H 
H •rl 1'\ 0,......, 
+'UO l'"'jrl 

RIVER ·rl cOZ ..>-<0 
z~..._.. 0..__.. 

Jv<dssissippi 2.66 10.3 

c 0 .J.c.tn.,:&lca.. o.48 3.2 

Colorado 0.7 127 

Rio Grande Oo5 105 

Fraser 0.3 4.4 

Skagit 0.24 0.9 

Cedar 0.20 1.2 

Green O.l? 1,3 

vJood Creek 0.39 2o9 

Snoqualmie 2.0 

Puget Sound R' ln 2~ .lvers u. J 1.0 

'"d 
(j) 

:> 
rlCf.l o ~a 
i1.l ·rl 
Cf.lrl 
•rl 0 
q C/) 

166 

97 

707 

699 

69 

48 

49 

55 

86 

29.1 

63 

7.08 1.0 

0.75 

(Al) 
Oo96 

(FeA1)203 
4.2 

REFERENCE 

Dole, 1909, p., 77 

Van \~Tinkle, 1914, P• 89 

Stabler, 1911, p.28 

Stabler, 1911, p. 101 

Johnston, 1921, P• 25 

Van ~Jinkle, 1914, P• 38 

Van 1rJink1e, 1914, Po 44 

Van tv'inkle, 1914, p. 46 

Van vJink1e, 1914, p • 40 

lflilliams, 1949, p. 134 

Calculated 

1 Based on cherrical data for Skagit, Cedar and Green Rivers and asstuning that the Green River data are 
representative of the Dm.ramish River. 



TABLE V. Relative Concentrations of Various Chernical Constituents in Rivers Discharging into 
Puget Sound and in Sea Hater in Puget Sound and Offshore (in ;ug-at/1 unless stated 

otherv.rise)., 

Q) 
'"d .;..::> 

Q) qj ~ 
Q) ;::: e; s 

.;..::> (i) ;::: Q) w qj :;::l ;::; 

~ 
.;..::> Q) Q) 0 ~ - ·.-l ()) ·rl ·rl ()) v ;::: ~ ~ +> +> qj +> +> ..0 ·r-1 H t:l) 

0... t) (ij ·rl ~ ·rl ~ ()) Q) (ij 
·~ ~~ 

;::: CIS 
(/} ·rl !3 ~ qj t) 0 P.. ;::: ~ tw 0 '1-1 

rl R:l+> ~ rl 0 rl +> 0 rl :2 0.. 0 b.O >-< 

AREA ,.c:: ·rl •rl •rl •rl Cli 0 ~ ~ ~ 0 0 +> ;::$ 
0.. r:.l) ~ z iXI u u u H ,a, CI)O., r:.f) U) 

Pu.get Sound Trace 165 3o7 ? 475 190a 28.2 0.070 l.43a 66a o.o5a 3.9 Trace 81 
Rivers 

Puget Sound 2.0 42 20 .3 9 X 103 4.62 X 105 0.020 0.,7 46 X 103 0.11 9.47 X 103 Boa 22 
\t>Iater 

Offshore 0.3 2 3 0 2350c 10.3 X 10J 4o95 X 105 0.018 50 X 103 o. 18 10.8 X 103 95 26 
Pacific Ocean 

a. Friday Har b::lr Data From San Juan Channel. 

b. From Hauth of LiliirJaup River, Hood Canal .. 

c. Average for the Oceans. 



TABLE Vl. Computation of Fresh ~ater- in Puget Sound, July 1953 and February 1954. 

AV~GE SALINITIES AT VARIOUS STATIONS, S 

DATE 

July 18-22 
1953 

Feb. 15-19 
1954 

July 18-22 
1954 

Feb. 15-19 
1954 

CONTRIBUTION OF EACH SECTION (fs) '1'0 
AVERAGE SALINITY OF PUGET SOUND 

17.61 5.10 4.42 

4.99 4.28 

2.76 

2.63 

Ave. Sal. 
Puget 
Sound 

28.99 °/oo 

28.99 

% Fresh Water Fresh 
in Pliget itlater 
Sound Volume 

1.112 

No. Days Discharge 
of Puget Sound Rivers 
(Using Annual Mean 
Discharge). 

56.6 

3.04% 0.805 41.0 
FRESH WATER lli PUGET SOUND 

BASED ON aiLLAR POINT SALINITY 
10.85 2.88 146.5 

7.62 2.02 102 .. 8 



TABLE Vll. Organic Production Computed From Phosphate Depletion. 
Puget Sound Compared to Other Areas. 
(Mostly from Sverdrup, et. al, 1946, Po 938 and Buch, 1952, Po 51) 

LOCA'fiON 

Point Jeffersonl 
Puget Sound 

Dry Tortugas 

English Channel 

Barents Sea 

Long Island Sound3 

Gulf of Haine3 

Sound of Elsinore, 
Denmark 

Hango (The Baltic)4 

PRODUCTION 
Carbon gm/m2/year 

30-111 

27 

84 

170-330 

138-350 

270 

110 

24 

l MinLmal quantity from February to July 
2 For six months 

LITEP~TURE SOURCE 

Present 11\)'orko 

Sverdrup, et. al. 1946, p. 938. 

Atkins, 1923., 

Kreps and Verjbinskaya, 1930. 

Riley, 1941. 

Riley, 1941. 

Steeman Nielsen, 1937. 

Buch and Gripenburg, 1935 .. 

3 For whole year v>Jith nutrients used several times 
4 Minimal quantity from 21 March to 21 April during rapid diatom outburst from 

beginning to its maxiNwmo 
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