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FU10D or OCTO~ER lQS6 AT SniA1i.D. ALASKA

Broad areas alon~ the lower J!esltnection River and S"lmoll Creek as well as the
surfaces of sever-al adjacent alluvial fans in th~ Se"IIr-d atH ,'ete floode~ as a
result of the intensive rainstorm of October Y-l1, 19Bb. Severe erOSlon took place
through the ~te~p gtadient, mountain canyona and near the a\l~X of the fans, while
r-ock and dehris wer-e deposited on the distal parts of th.. bns. rn r.odwin, T.ost,
~o", Canyon, Japanese, and Spruce Creek hasin~, and perh.,pM other-~, landslide" or
dehris avalanches dalllmed the streams terrpotllr-tly. 5ubsequent faHure or ovet­
toppillg of these dams led to "surge-niease" flooding; peak dtschllr~e of such a
flood at Spruce Creek was 13,600 cubic feet per ~econd. four times as great as any
ptevioualy known I!l8ximum discharge frorr the hasilJ and 2.5 tim..- as gr ..at as the
runoff rate upstream from the dehris dam.

flood dischaTFes were deter-mined indirectly -- Lsing the slope-area method ~­

at ten high-grad lent reaches on nine streams. C~puted \leak discharp,e for sever~l

small basins were the larp,est since records heRan III 1963, The lar~est

rainfall-runoff rste unaffected hv ~urf'..-re1eas~ ,,"s 1 ,020 cuHc feet per second
per square mile at Rudolph Cree., which ha~ a drainage area of 1,00 square mile.

The 15.05 inches of rain that fell in one 2~-hour period during the storm was
asaigtled a recurrence interval of 100 years or ~reatcT. lhe length "f the
streamflow record available for most Seward area streams ~- 25 yeara or less -- is
inadequate to relil1b1y define fIood-freq"ency relati"n. for recurrence intervals as
great as 100 years. "Aowever, the slope-area determin~d discharge of S\lruce ere".
above the debris avalanche indicat"s a recurrence interval of 100 years OT RTeater.
In addition, conventional f1ood-freq"..ncy "nllly~i8 techniques are not applicabh to
pealr disch.. tll"S that nTe affected by surge-release phenolilena. Large. da,.aRlng
noods h",'e repeatedly caused _jor damarp in the Sel;at~ are". "nd the potenti~l

for cMastrophic, debris-laden floods i. an eveT-present threat. to areas hordering
the lIany steen mountain sUeams.

INTP0DUCTWN

Dur-ing the period October 9-11, 198fi a JaTlle North PacHic storm system 1I.0ve~

onshore over southcentral Ah"lo-a, where it cllused record-setting rainfall that led
to widespread, catastrophic flooding and landslides. ('ne of the h"Tdest~hit aTeas
was the coastal community of Sew"rd (fig. 1), which Teceived more than 15 in, of
precipitllticn in one 24-hour period. "road areas along the Resurrection River and
Salmon Creek at the head of ~esuTrection 'flay were inundated (plate 1). The effects
of the ~loodwaters were execerhated bv severe erosion and sub~equent depo~ition of
rock ..nd debris along the channch of "teep mountain stre~",". The high sedlme"t
discharge, combined with trees, hrush and other debris, clol/;~ed channels at bridge~
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and culverta, causing overtoppjn~ and erosion of brld~e

hil';hw:o.y ell'h:o.nkmenta; inVrruptlon of hillhway and
de"truction and da~a~e to businesse" and re"id~nces.

approachea and railrn~d

rail tranaportat1nn;
,.....

The Intense rainfall saturated steep "lope~ alonll the ~ountain "treams.
inducing landalides, avalanche.. , and debris n"",s that contributed .."tedal to
debria-laden floods and in a01lle lnatB.ncea t""rporarily dammed atre"", channels. The
sudden failure of theae dehria dams resulted in 1't18.SS 1llOve"'ent of earth, rod:,
"egetation, and ~·ater. This "uqle-releaae floodin~ produced peak dhchat~e"

substantially greatet than any pteviously determined flood flowa.

l'lood data in this report were collected aa part of a long-terlll cooperative
prollram hth..een the IT.S. Geolollical Survev and the State of Alas1<a, Department of
Transportation and Public Facilities (ATlOT&PF), ..nd the Federal Fillhway
Administration (FWA). Additional support for preparation of thi>< report wns
furnished by the AOOT&PF, Alaska Divhion of r...ergency Servicu, FFWA, and the
rederal Emer!'ency Management Agency (FEMA), The mereorolol';ical and rainfall
analysis is based on information provi~ed by Gerald ~iblet of the National ~eather

Servic...

Purpoae and Scope

This tepott do~ument9 the flood~ of Octobet 198~ at Sewatd and ad1acent areas
ot the hea~ of Reautrectlon ~ay us1n~ 1nfo~ation collected and obaervat10ns made
hy the U.S. r.eoloFical Survey durin!, "nd after tbe catastrophic event. Included
ate <:lescriptiof's of the maS9 movement featutes and ptocesses active in the steep
mountainous tetra in surroundin~ Seward, the floods an~ thefr effecta in each of the
affected drain~ge basins, lind a discussion of the hydraulic and statisticsl
analyses of the flood data. A flood inundation ""'p, a discuas10n of and a map
delinesting flood-related hazards. and tabulation.. of hydroloi!ic snd hydraulic data
on the (lctobet 1986 snd earlier floods pto"ide a technical basis on which to meke
flood-plain Il8na~ement de~iaions. Stream names in parentheses on maps either do
not appear on U,S, Geological Survey maps, or indicate local usage.
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PHYSICAl. SI'TTn:r. >l1'!n CT.TMATE

Seward lies at the head of Resurrection Ray, II deep fiord IIbout 75 mi long 00
the noreh shore of the r.ulf of Alask.a (fil!. I). Neat Seward, the bay fs 2 to 3 .. i
wide and about 500 ft deep. The water is deep tll!llled111tely offshore except H the



h••d of th.. bav and at th. toe of 1111",,181 fan-d .. lus t!::at hav.. fon..d .t th..
..,.,rh. of .t p-jl;.r.dl ..nt "tr....... trlklurv to th .. h.,.. Th., Ill.r.{at ..d 1:.. " ..1
)'ountaine Ii ueply .b<lv.. Il...,urreetlon ra.. and th.. ""I1 ..y of th.. R.."urrer.tion
Rtv... : the hi~h..n pe.1<. on th .. ""61 "1d.. of th.. bay an.. If'.'.. r reaeh altitud..s of
4.0Cl0 to 5.000 fto

Tha .."tr...,.. .....nt.ln rotlh.f and Its efhtr on tb. "oan.l ...IIrl[l_ tlt.... te
t.u6.. Ann 1"".1 "ar18tlN<. hi ..... rht'r in th .. Il..sorr..etlon aay-~.."ard .ua. Th..
s.n.r.1 elrtualton of .tr ...s ••• 1a dth.... hy .,lllrar1"1 pr....ur.. e ..ot ..r. In Ih..
GUlf or Al••k.. The lifting .04 eoolinll of -otllt atr ........ at the ROVnlain front ..
,,"u ill npid lnc:r ,.. in pr."lpltilltion ...hh Incr.iII.inl! e1 ..v.tio"s iIIlon.. the
"I"c! rd IIide of th otl1".. M••" annual pu"lplt.tlon rangea frc. 6, tn••t
S..... rd 10 ~r .. Ihilln 100 In. in Ih. hl~-ailitude glar.ial ..d iIIr••a. Ahoul 40 per"..nt
of rh. tOlal iIIrnual pr."lpll"tlon falill a. r.ln durlnR th. p.rlnd S.ptemb.. r Ihrou@h
!'""..ber. 1I"ll.inntnr: In ••rly Orlnb..r. Ihe pr.."lpltatinn .bov.. an altilud. or :-.100
ft. h U6UllU, io the fotlll nf ........ ([l.e. Trillh..nt. n.s. r..nl<>tll"al 5u.." ..y. oral
tOl:lloun., 19117), IIOSI of will"h 1. "tor..d I .. ",ounrain aod IIl11el.r "n""l'iII.,k".

Th. upp"r h ..sd"81"rll of ll.."Ulnrllon River. In,,ludl''l1 th. bulns of 1.osl and
Grouse Cr .."k", lire in m .ltron~ trllnmltl""11.1 zon" b"t"""n th .. H"rdtng l".. rbld,
where ~laclcr,. IIr" 8ueteln.d h ... hl~h pr""loltetlon. IInrl t~ .. " .."e.I Mountains. in
~hl"h pre.,lpltatinn rlecrea ..e. rGpldly to the nOTth and weat. ~elln annual
pUdplt"tlon in this zone d.rr"aull tllpidly rrOlll mor" than Ion In. In the
lIouot81ns drlltning into R.6t1rurtlnn Bay to 40 in. in t~ .. Kenai River drllinag..s to
the north"est.

GEOI.N:Y

Alt .. rnating unils nf ""Y".ek.. and phyllit .. "OlUltttuU "lrlullll' all th.
h.d..""k In th.. i..-diale vl"lnlty of Se.... rd. Hoconlloltdn.d Ilhdat aod fluvlal
d.poslta, d..scribed 10 Il1O,., d.. tail b.10\l (frc. I.e...... 191>7. p. 16-14). overlie Ih"
bedrock e."..pl on Ih.. 1I1....p. hi,h.r alop..~. Th.s.. su..fl,,1.1 d.pOllllll .r.. ~..o.ralIT
lnt.,.lyed 10 tb.. ,,all.y of tb. R.llurr."tlOb Riv"r (pl.t .. l).

I ......nts of Iillt.r.l _rain..a flank Ih....ln " ..n., of 1l••urr.u:Son Ilhe.. and
ulend up the iII1du. rf trlbuury val hT. to a KAll1_ d tHud. of ab<l'lt I. ~OO ft_
Th. -.or.in"" a ... h ....vUy " ...n.ted tn -.on plar.ell. but ""'.r.. .I",po",..d "onslst of
rath.r 100II.1. grlly till. r"PD.e<! prltKlp.ll, of alII, und, and gra..."I. vlth
....n .. r all'OUntll of "lay-.11:..d ""rtld'll, cobbha...0<1 1i11..". bou1d"n. Gh"la.,.. ln
the S....lIrd ",,.,a ha"e b........trUIlnll .nd thiooiolt in re"enl , ••r. (Field, 1975, p.
523). Contlnu"'tioo of thlol tr..nd ""OIIld "r.ate .nd hillve a<!dlt101lll1 .r""'11 of
ullcolI.olldat ..d ...r.in.l .. t.rloll .ub1."1 10 .""..hr.ted eroaion .nd deposttton by
IIlr....... T"noJIlIlI or ..." ••atonal lIDr.ln". in ofllfn glaciated .r"sll .... , ht
.uHktenlly .... II-pres..rv..d .0 thae thfov d". th.. st Ih.t r.pl."ell th.. D..111tni:
p.lachr (CO.. till, 1985, p. )1).

,



Alluvial fana and Fan-Delta nepo~lts

Alluvial f"ns and f"n deltas have been deposited at ehe mouths of "'ost valleya
trIbutary to the he~d of Resurrection ~ay. Deltaic d~rosits form the distal e~~es

rtf the fanB that extend into the bay. The four 1ar~est fans are the broad "prona
at Fourth of Jnly, Japanese, Lowell, end Spruce Creeks. The fen deposits. chiefly
~t1 e, sand and ~,raval, ran" .. in thickn"B~ from "b(>ut IliO ft to several hundred
feet. I'y definitIon. alluvial fans are depodtional hndfonos __ formed as a
stream channel mi~r"tes across the fan surfllce, changing <.ourse prhlarily durinp
lar~e flood~. "ecauae of the process by which alluvial fans are buIlt Up. a sin~le

flood zone or floodway across the hn cannot be desI~nated or fdentified. The
stream fa prone to lateral migrat:!on or sudden shift" fn COurse durin~ high runoff
events, so that the entire surface of the fan apron :Is sub.!ect to floodln~.

Prof:lle~ 01 the "tre",_ channel~ acrosa major ~lluvial faH~ at Sew"rd (fill;. 2)
indicate that ~rad1"nt~ ne>lr the apex of the fans ran!,:" from 0.025 to 0.062 ft/ft,
whereas !':radients near thdr "ases (distal edl>;es) t1m~e from 0.010 to 0,0.~2 ft/ft.
The pr"sence of steep-walled ren-head tr"'r.chea indicates that erosion takes place
on the upper part 01 >I fan, nepOR1tion "el>;ina on the l",,'pr parr of the fan
arran -- typically bela..' a distinct break In dope Iftlt. 2) __ at ~radfpng less
than aboHt 0.052 ft/ft.

The bu~lness dfatric.t >lnd 1I10al o~ the residentJaJ sections of the "ori~inal"

city of Seward are huilt on the nlluvhl hn of 1.0we11 Cr ..eL Ref are the
construction in 1940 of a div"'rslon tunnel rrom Lowel1 Canyon to the he"d of
hesurrect:!op ray at the southern edr.e ~f the Seward, Lowell Creek flowed h "
channel anpro,dm"te1y coincident with the present-day ,I .. fterson Street. The
channel overflowed pet:!nd1cally, spreadfn~ a l~y~r of ~~nd and gravel over much or
the fan. lIy tbe early 1960's, residential developmenr was ber.:!nn1n!,: on the broad
r>ln of Japanese Creek (~or"st Acrea area) and fn th" l~~t two decades h"s spr"a~ to
other fan ar"IlS, n<>t>lblv t!\(}S., at Lost, 1'0Y Canyon. ~".....Ill, and Spruce Cree'ks.
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t'igUte 2. -l.on~itudinalprofile of selected alluvial fan str....m channds near Seward.



I(e!urr.,etl<m Piv.,r h a ht~fded atre,n::. ",ithin 1""". "eRetatad h.."IuI .....os.
channel nigutes a"Tn"_ a ..Ide flood "bill. lu flood-plaia deposits con"bt
minly of allnd :lr.d fl ..e-t ......edtUII Il:n".. I. Coau,", g "d and Il:"all co"hl., .. ar-or
a-e 01 lll....b.ndon.... "trea. COUlte.. The ..U"vt of the lowar f ....ch of the
~e1H1n Cree~ .." .."hu cblefly of ...<li ..... to-<:oan'e ..nd all<l !fn. Rrav.l. pHghtly
"lner than t"" aaterla) sl~ R.surracti"n Klv.. r. ~er the p••t 10 yeat ••
n·.ld.M1,,1 d ..v .. l""...."t h•••1lCToadl.d oot" the flood plain of S.Io,o" Cre.k••s u
(\u.ua \/"""" "nd r.alUlot by eh. Sill lul'-dl"hlo.... and .lollil ~;a.h Road.

~atUT>1r1"" of u..eonl\.olldat ..d .utflcial .aretlal 0" at p .lop.s. Includ1n,
rr.vlous l.n~~llde depns:t r.lule.d In ~bllt~.tlon of th., at ..rt.)s and th.. lr
Incorp.-rlltt"n in ......" ...."" nt r>'U<:"'••"'a variously tu· d d.beia .valaDch....
'Sa·all.tOD, lOW), ""'''rIo: fl"". (·!lIrn..... 1916; Costa a ..d J.rr.. tt. IOftl). and d ..brl",
rJood .. lIo'h,c7or.k ar,d oth",r ... 101'3). Slop", "falJuT.n .pl'earad to uk.. rl.e", at the
" ••• of Ilr"",,1.r aoils or Rhctal lII()rr.l~e d ..oo~!u,. Aft .. r mcv.a.nt of t.t....e
.at"rl"'),. In (lctoter 1986, latr.• au". (of track..d ""d "~arll-bollnd,,,d ........" rc..alD
r'!reh ..d of' ot .... ll slOIlU. Th.u ", ..~r.~ .. an D'''' l ..s~ atahle and 1I0re llk~lv tc he
tlubtllud rl"Tio~ hesvy ralono......

1and.lid"s

l.~ndaHde M,d t",lua dellnlllta at'! llT ..~ ..nt on and lit th. bas. of slope", ,,10111(
the "'teq-,,·alled ""lle.,.s of all bUoll .,ount"Jn atT."',"S n,n S.ward. ,." .. 1964
eartll<,u;\lr; .. r", ..ctj'·at.-d ..0...... oldar slld.r "r.d trfggeHd n"" One.. in th..ae canyeon..
(Lu.h. 19(1). Old landall<'.~. rec'''l :anddidH (ol.brl~ ...... lancll••) trly,r..nd hV
Ih, r .. toh"'r IQP6 .....ent, .nd l~nd .. ltd'-r.rone ar",as are d'!lln.at.d on plat. 2.

D.bri. Aval.nthes

L..brh avahoch.... [h" tartd t10vnhlll ...ss IlDv_nt of earth. rock. " .. , .. ta­
lion. and ""Ier. ar", r~n nalurnl ph.nc.ena in t""....:. ~rt.l~ lit.... of Al.",I~

(~van.u>D. 1910). The Int'D!>' ratnfall or. rtt.nh .. r 10-11. 1986 ca."."", dehT:h
sval.u..hlng on Ih.. st"'.,p. ".l>•• lY v.. ~Itt"'I ..d """,nl..~n "lopa" cnvared to....hallov-­
rOOff" ~it\" apr"r" IT"".. Th.. "v.lallCh~. ""curr.... I'Ti""lp.llr "'" alop.a Jlr... ter
thar :1:1 c1",ltrus '0.(.) ttlft) h. nu. of ah.ll"" ttll ~....tla. a f""" inches to 1 fl
ln d.pth. u~~rl~ln b.. bedTock. Th~ ~t...p alope~ und inCT••S~ pcT.-v.'~r pr",••ure
In th", .~t~'&t..d gl.cl ..1-tl11 ~etl. v.rs prl~ar. factor. In th.. debti....... I ..nchillA.
Oth.. , .....'[rlblJti"l': factoT.. ~·<:T.. th", pre..."". of nu,",al d.pn..afona tbat call",cced.
;lnd ("t'ncanu.. te<' 'he ",at",r, tl.. e.ae with ~""Ich th.. soli tr.n.llltt.d v.t",r 10
bscOlL.. tarfdl. ""turat..d ••n<I t"" ah",ll_ "",drock nal1dfnl: ..urfae,." Scars of
r~f ..nl d.hrl, evalaoche. sr...."Idsnl ~ rh.......1' slop... cf ~rTUc, and Lo.. t C, ..eks.

Th ... lar/l... t <!"brl" a"ahr.eha Identified In th" S""'lIrd are ... In Ocrob.. r IS8fo
cecurred tm the st"",1' "nlh••n .lnJl'~ of SpTUC", (Te.k. O.~ ...1 ul'ur"'1ITI hOlt it.
"""ah. Th", .va1an..h .. ""lIr h ..hOllt 3.~OO ft Ion" ••"Srall•• 460 ft In ..1dth. and is
1100 f[ ~'ld", lit ita ba~,,; the IIvtra~e .oil depth "'as 1...." thin 2 ft. The a"..hnch.
tln.o""d the tnl!.-.. " ..g.. ta) co".. r. Including th .. hrp tr•••••"d bedruck ..."s
.xpc~"d the tnrlr~ busth cf th .. "car. 'l'he all:ount of terhl 18Ov.d "". "bcut )
l:'.llllnn ft'. ~"\leral s",hll.r debrf' a"alanehes nccurTed alanK the north ...... t-f.e1ng
~lcp"'K .t the .outherll "Ullin of lh• .lap.ne~ .. Cnek .U,n'hl "'n. 'l'hut ..".lllnchu

,



"'~r~ 1" <!~nsely

h~drock surfac~~.
...id...

v~g.. Ut.,d ar~H of shal1<ro' ~',1h

The avalanche scar~ ~~r~ fr~ 300
undnlcin by ate~ply

to 800 ft l"np and 10
slopln?

to 25 ft

S~".,rat " ..bris avalanch~~ and roc'<sl1oes occur..-~d On rhe st.,~p slopes
bordering Resurrec·tion lI~v "lon~ the rOM! !- ..t,..un S~"'&td and Lo"oll Point. The
largest such ali~~, at the ha~~ of the mountaln front 0.2 .i north of lo",~ll Point
fan, origin,Hed fro," a small, suer, u"na,.~~ hbsin ~1th H:~ head~at~~s at lIear
~ountain. 'Tbis type of sl!.<!~ uaua11". occurs in \'_~h"ped dr.1j,w~~s ",itll slores
l';,efit.er th,." "hout 40 deglees. Th~ boulder-a1 ..." "",torial "r,'1.J\'er~o'· I," th"s"
51 ides ~u·~ a aourco ol drrap fur rMt-flood reconatrllpllon.

nebrl" nO~5 and fochr1a-l.ad ..n heods

As hl\dal1d~ aM' ""atanch.. tt.8>'ses reach strealll cha"r'~Js, the "'~'"rlaj n","
becomc 1T'll<~d ~1th the flood,",~Hr~ to produc~ pheno"....n~ I<nown ~. ,'d-rh f10~~ nnd
ciebri,,-laden floods. ])elt.-i~ flows "n ':cftned a8 '''T1d1v mov1"p" Il:r"vH~-!nduced

slurtt"" of ~ranu1al' 5011d6, ~-M"r. and "j, (Varn"a, 197~\. rn OCt»hH 19B6,
materJ .. l from d..ltd, avah"chcs "nco the _'''F"neae Cre,,\ .c an ~... It,,,orp''rllte~ in a
de~,r:ls fl"" and cHrbd M",e j(j to 150 fl "rn,,,,ra,lp ~l~n", the llar~ln of the ;'111;
this d..bris flo,", tran.rnrted at h~5t one 1T'Os~-rovered bouJ,1H that "' ... 1(, t"c lon~

(fl",.3). Tt: clebris-la~~T' flox" , sojl, sed1"'ents, and "".\ "·1th,, gnlller
r~lativ~ pr"rortion of ",a'"r (tha" <l~\'ris f1o~sl nn tr,,-n.ro~ld by fa~t-l'.o,·tnl'

flood"'aters. lIienorel; and oth"r" nQB3, 1'. 3) ref"r t" ""ch ~lIt..-.- d~ll.lnated flo,·s
as debrtG floods.

~'igure 3,.-Oeb';' flow along me west margin in thc Jal'a"""" Cterk "-,luvial fan.
Boulder is 16 reet lon~.

,



landsl1dek a.~ ."ah..,.",.s ..." for.. a ~tJOJ. ,":r~,. stull ......n"'" ".lleya,
r~rar!:y storlnK ~r'er rhat Is 1.Iet t.l,~~ed cat.strcllhlcally ~ the da.s f.il
'>t .r. OVettq'r.,d (r..~ta. 1'18'). p_ ~.. \. Such d"""'ln~ .nd aurre-r",I""",,,, floodIng
<>C"curr",d In ruob,r I'JI'~ ...., r.odrln. '-"u. 1'0_ fanvon. Japsn", and Spruce CruJo;".
~Utg'-'''!'''''8a flONl" can .1"" ly renerau,l 1-', the sudden t.I of "'liter "rand
w1t~ln 0' on th~ "u.f"ce 0' ~ pla.ie. or fn oepression! On Ite·rored aotalncr.

"roil IHSTOkl AT SE\1ARO

~e~'ard l"k a hhtot" of the r"pe "r ! 100<l1nll "n~ flnod da,"~~. Uun octurred !n
~ltlOb~, !?~". The rer"rrenc", of l~tJVV and '''''''''51". p1ecll'ftatl".. nm! th. ptes"n••
uf ", ..dlhlc, urconsoll<!ldcd m~tprl"l (,on st.,,~ ~l"r'" h"v<> ror\,fn",d sc"PT,,1 U,.... In
th", p'",l '-'l n1"odurJ. hndslld'b, d~hrh av.! .."th.s ar:d fln"s, a~d ,l.brh-I"d"
fl ...(~~, a~ ~·~'1 I.~ .he tnuucatlon of ,,1"0 ~teas on all""lal f ..,,~ and the flo,~

l'l .. tns uf "Clley AlltJvilll ~tr.",.s. Th. "oure•• anti productr, "r these pro.~a8e8 en
Lh. ~1"ct;.1 ~("05fe,,. "l,u"l"l hr~. va lit,· allu"t""" and other Aur'!<:b! g,olnlli.
=.. I~rf"l", "~",'ed by L......le OGl67).

"'houe q( percent of ...n"..... 1 peal< dt",~herll''''' fr••• t ..... tto"t dtaln tto. 1,llI'h.
,I c~"e~d lOOunt"l .. ha.f ... ""cur 1n t~ ."ntlts or ,o.""....e throu,,t '·oveab.. r. The",..
flU f1 ...... • re due tn lilt ....... rain',,!! rett-er tltao en r""(ltf frOll Itl.... of Iln""
"I>d Ie .. 'n :.u .. !Iprlr~ "cd ••t!) .L....r. "0\ ,'Is"".rlt.,, <In.. to "n .",..!l usuall\'
en' rot ",,,~.,;.helv lattle, unl ..... e"", ae""plLnled bv ... lnfall. The _ ... ,
".vorl' f1ood~ OCcur "".n fte~~ln~ terpetatur oc.~r .. , "llltud"" htgher Ihan cho••
of tl,e ""croundtn" __ntatns ..."d flud"hnlon r"llll aa uln raeloer th"n ,,""".
,... lae,,~.. t '100<11 ftor J<lsd",r-~hd ballins <>ceur In lall' aumore "nO fllll arc. I'

H·o"paek,. ..,,,.~ ..,I ,ad U 10"'" "lell"d,s bur r.'.",ln ..aturste<l on the hlrher
.lnt..". "I, p.a ~nd ~,l .."I.tll.

no"d fnf"n,stton f"r t~.....rfod 1~6f·74 ba~ b".o sUllmarl,·"" by the ,..~. Armv
\."rl'~ of Fn~jr:e"n 091~, t"hh Z). Utlltl"n~l t~t~ on the fl""d~ of AuguDL \9~6

ond Oct"hcr lQ~q "Pr.' ~"allabl" fro", ".~, r;,olo~tc~l S"rv.. y 11915) end Raid and
olhcr~ (l~75). l/l<,od InveHigatlons "" the "m,r,h or ,Iuly Cn~k fan dtlra nrc
d~.erJh" h Rand"ll pnd f'u",phrey 11'JII4),

~"tcorologt•• 1 r.ondttlonll

r...rinll the ,,<.rInd of h."d.. t puctrHIlUon Ill' f'ct"""t '1-!I, 19116, tl>e
'","r"",,"l<>on of a .ur~ ..r. trou,,1> "I 10" pr.""nr. ~lon" t". H~th _riM"" enl'! •
,-tior" of hhh nnllaUre .. torr r!l. l'.rhJsh Colmobi. !tnl'! Sonth....st "-la"lta cto.lllt
proc!ue"l a Fnuth.rlv ter of " ..........in olr lion c."t.red 01" tit. "."ai 1'""1",,..1••
"o",,,lly, flood-pr""udn~ ..."In.. "IOOF th~ " .... lIt a .. "ouied by tl:.. "att~rn of a
"eroni; OJot"l '",r, crt"n,.d p.,rp.ndlculllr u' the norrl,arn co.... t of th", r.ulf ....f
Ah~lr.a. I<hlch n'lIlrolly tellJLlr,a ,,<nllona .." fnr 12 to IE hnnr.. ruulUns tn 3 co 6
'''. cf pr"rlpfrUtoo. I'lurJnv, thl..... t"TIIl, It""'.""cr. the let """ Slatlo"a." rnr 36
Ii""r~ and the rcd.oIned dy"",.le and oroJ<taphlc upl!rt produred eh" long period of

"



inanse prec1pjt~tion In the S",.'~rd are~. Th~ heaviest rdf'fal1 w~ .. "ssociatd
with warm alr "dvection. which forc~d freezin~' 1..ve16 to ~ltHudes high~r than the
SUTToundlnl:; artain. [0 that TxIn rHIIH th~" 6',OW fell iT' th pladllt~cl tr,ouMaim•.
~{o=ally. ,"ost prec1piU'tion 1n Octoller occurs ,,~ sn,,.. lit these hIl1h...- l.iltltudes.

Freclp1tstlon total" for selett~d sites ne~I Seward lor the 3-d"v storm period
of Octcber 9-11 ",,, s""",,~rir..d 1n table 1. The I .•ohvet~l ",ap 1n fi~uu 4 ~how~ tl~

locnUon of sel~tted pred1'1tEtion ~a~e~. and that tlla he~vi~"t rrecipHation
occurred in the Sewar<l ~r..a. A ~raph of cumu1at1ve preclpiletlon for ~~lected

sites In the Seward area (fl~. 5) shows that heavv precip1tetion bt&"n t~t evenin~

0-' Ottoher 9, and tont1nu~c1 Into the ","T"i,,~ 01 Oct<>her 11. F~lnfal1 fOT tl,,'
:L4-hour p~r:lod b~g1t\tlin~ at 4 a •.,. (Alaska nayl1ght Tine\ C~ Octo"er :0 .",as 15.05
:In. en th~ bas:!g of n.s. Weather Bure~u n963\ dHII, this 24-h<-\Ir totlll ha. a
return period of ~rc than 100 years.

Table L ·T<>tal preeil'itation for ,electro site. ncar ~ward>
October 9-11, 1986
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l'igtlTe 4.-Total precipitation, October 9·1 L 1986, for
Seward antI Kenai Peninsula aIca,
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Fil:ur~ 5,··Cumulative pre<:ipitatio~ in Seward a'"", Odober 9.11.1986 (Data from
"'ational Wea~h"" Servic..)

D.,sc.-t~tlon of Basins and }lo,,~~

Fourth of July Cru" T'adn

A l"rp~ alluvial fan on el", ~nFtern Rhor~ c1 hsu,-r~ctj"n "av 0l'po~tte th~

~ity of S~""rd has b...~" fo:med hy t,,·o glacial-t,~lt\..aar ~trcams -- Gc6'ln Cree. ~n,~

Fo~rch of July tre..k. The ~treams are f.f'pplv il\cj~~o in b~dr()ck ~bQv" th,· ~I'~x of
til .. r"n, Prtor t., the constr"ctlo" of l~v~e~. the />r~lded, distr1h'tarv ollnn""l"
of F"urrlt of July Cr~~' f1"",~d :.4 ,"1 fro., t.hp canyon l'O"uth .. to Re~tJT,.-~ctlo" ~8Y,

me"",!@:red ~CT""~ the bro~d j.2~-50u",u-",il@ fan ~,,~ ,li~~h~TP"" ,.lon~ th~

1.5-mlle-long b"~,, of the fan.

fOn"trllct.i~n of a ne,," port. fac1llty "na UOOO~{crtr(}l 1",,«s On the fan d
Fnurth of Jul~ Cr,,~k ..as cm,.plet.ed in 1~~7, ~nd a St.~te prison h ""'", un<l~:r

conHru<;tfon on the lower pliTt CI the falt. "1" levo,e. rOl'ijne the ~trPR," ..,ithin "
gradually conRtrlctjnlt chann~l "lo,,~ the ~"utheast ,""r~;n of the fan-~~lta. Th~

~"t'face ~u~ d th" actt"~ fan heln,; the aptx of f"".'jn CrHk h,,~ thus heen
"ff..ctb·n1y reduud ~p percent -- ft'()Il\ I.<:b ",j~ tn 0.40 ,..,j', ,\ floo~ ,," Se;>tembeT
1";··16, 19&2 cR,,~ed extensive dalllag" to the le"~eK, The e$tl",,,l~ of pe~lo: '"lo,,' ot

the l~v,,-,,-s W"5 ~ppro",i"'nte1y 4,70(\ ft'/~, "'lth ,~ ncurren<.c int~r"Rl r-f ~f) to l~
'"~arS (~and"ll and Hu",phr~v, lQIl4),

Foutth of .T\,jv Creek dr~ins a 9."O-POUar~-f"J]~ basin Of !.fTc~nt of d,teh is
coverea <-.y r,J8('j~r5i ahnve lt8 e",,!ll1~ne~ "-jth (;od..,ln c",,.I-. T'""'e~lnrelv

~O•.,.,8tr~,'m from -Us origir at the tenan1 of thr~n plac1~r~. 11." "h...nlle~ ,;lr'r~ 1~

(\.055 ft/ft. At a polot 1,7 ",1 b~lo~' the lIIaci<'rn. the 8t.... "~1 chann~l ,l<'re
increases abruptly to G.!; tt/ft in " ~teep Canv"" 'ncised in "~drock.



{"-odvtn Cruk Ich orlgtn.t.. "iii 1'\10 .. n ••• ch..nn"'" .1' the teninu. of
God"'!n Cheler, dr.. ln highly gbc1.. ted (61 perunt Ice .. ne! ..nov) b..Sn \lith
Bteep, ru8ged p.,k.. ttolng ftom .... l.vel to .. ltt1'udeo Rrla1'er than 5,000 ft. The
Btn... chllinnel above thl clnyon .""th in the 13.8-Bquatl-aUe b"atn (at BHe 1,
plue J) h.. a IIl0pe of 0.21 H/ft .lUllt d".",.tre_ frc. the ,lacier; the Ur....
flovs 1.1 .1 thtough a deeply tnrtaeel bedrock canyon hefore dt.charglng "Cro.' the
Fourth of Jul7 ereek alluvial fan aDd d~t". Alan. the caandetlna fao-head treoth
ne"t tbe .p." of the Can, the arre..,. chaonel alope I, 0.041 ft/ft. Th<I' slope
d.C1'e'.~1I to 0.010 ftlft a' the ch.,nnel vlde~ In In ..rea of ht.h dep081tion •

.....rill photojl.nphs Ihow evtdence of put landolldeB trim htetll moralne
depo"H" perched "long the steep-wallee! canyons of Fourth of July Ind r.odvtn
Creeks. These landdle1ea have elepoatu'eI Jatll' ,!ua"t1Ues of ~tette1, 11010.

cont.,inln" cobbl.. .,nd bould.rs up to II ft tn elt_ter. tnto the "tr... channlI.
through the can7on.. Future d_trq; of the ch"nn..h pOII.S tb. potenti"l for
debrls-l.den, surl.-rel.iIIse [load" .,nel re-deposttion of ledi..en1' belev the c"nyon
..outh".

No .vld.nc.. of gl..chr-outbutllt flooding fro.. Coelv1n t.he1er • .,tther in 19116
or ... 11 .... v.."rs. hill" b.. ln td ..ntlfled or docUlllented. However. pl .."li11n ..ith no
vt81hle Iillkea or IUtfa"e d"pr....fon......y hill"" subf(ladill1 atore<! .atn that ....y be
releloed ludel.nly to cau..e ~stalttoph1c flood. (P08t .,od Mlyo. 1071'.

To October 1986, let'dslt<!~s. 11lIllp'n~ ~ oth.r Atope rallures 1n th .. "teer­
...,lled e.nyon of Godwin Cre.k for~ed at leillst ftve dille,. Itro"" the .,hannel. whltL
result ..d tn ..hott-t.no ot01'8g.. of ""t~t and rock d~hrh, ~ut.~.quent btell~h1nlt of
tt.l dams by floodw.t .. r tnflo.. mobill" ..d .. surre-ral.a••• uebrl,,-l ..d ..n flood thrnu~h

rhe can"'oo lind billlow the .,anyon ,"outh. Rilleent aerial photollraph ....how d.DosH~ frc.
<nIch floaal atilltt.1'ed 0".1' the bedrod: tn the t ..n)'on. TIl. "urge relea..e produced a
flood vIIose ..,.1lIUIO unit dhtbillrte .......ubstantt.,lly 1t1'...Uf th..n .n" pr...-toulIl)'
!mown flood In Al ....kiII. The p....k dhchillrlte c(*fluUd (udng e1OJ1i11-aru "thoci,,) for
the tsnyon 0.1 lit above the filln iIIpex Willi 30,000 ft"/•• Or 2.200 (ft"liII)/.12 ( ..ite 1
011 phtill I Ind Ulble 2). Th••ntrench.d th.nnd tn the eanvon ...." 170 ft .. iel", .nel
hId I me"n depth of 12 ft: the b.d matlrt .. l in the ehann.l tnh"t,.t, alnolt entirely
of bould'fI, lome ill. 141'.11:" .. ~ 8 ft ill dt_eter (Hg•• 6 and 7). Th. flood-wave
proflle h"d • ald_ Ilope of 0.0101 ftltt, iIInd the average ..atn thannel iIItteall
veloc1ty wi. t"'puted "1' 16 ft/I.

Picure G.-Godwin C'ftek. vi.... dowlllltnanl I~ Oood diedwp determination litoo 1, 0.8 mile below Godwin
Olao;iK. Bouklm ranKe rrom 2 ~ 8 feet in diameter,
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Figure 7 .··View upstrPllm at apex of Godwin Creek alluvial fan.

floulder fronts and terrll~e-l ike boulder berms e"rending a~rOS6 the flood
~haI"'c16 with th~ ~oarseat ..aurial lit Or m,ar the surfa~e, slmnar to those
deacribed by Scott and Gravltt (1968), were left hy the flood aurge (fig. II). These
n~arly nllC-topped ber"" "xtend ~ontinuou"l~ on hoth lIides of the chllnnel down­
streB", h01ll the fan "pe" neB". the canyon Ilouth. The berm Burlllce is 8S ",uch Ila 10
to 15 ft above the preaent channel although it is below the hlgh-water marks on the
valley ",ails. ~cott Ilnd Gravlee (19611, p. 19) Iluggest that very large boulders "'"y
be transported in suspension under ",,"rr<>turbulent" conditions. An alternllt1ve
e"planation for these depos1u is thllt the'· represent the front of 0 debrh flO\ol
((;oat" Ilnd .'nrrett. \9f;1. p. 314), where they lOre con~entrated by buoyant foc~u

wahln the flow rUsher. 1971). 1I0ulders wn"e deposited to Il depth II.. IIrest 80 10
ft around the baae of IIlatnre oprnce tree.a. The tcees ",ere "cDrr"d 4 to 6 ft above
the bould"r terrace.~ (flgs. II and 9). which indicDtes thBt " debris-lllden fl<>od
rather than a d~bri~ flow o~curred below the canyon. Eviden~e of m~ss movement aa
dehris flows helow the canynn may have been destroye~ or modified by the suh~eouent

<lebriB-laden flood. Trees nore thlln 100 years old 9:;rnwlng alonl! the vegetated
glad III rnck debris ~epooited over bedrotk .'ere scarred lind ripped fro," bedrocl<
~revaases to a height of 15 ft ahove the bed of the main channel.

The flood <!f {lctober 10-11. 1986 'l'Toded new channels Bcross the alluvial fan
of Fourth of July Creel<. Ilnd inundated and deposited great quantities of C<!Drse
Rravel. cobbles, and b<!uldecs over the entire "urface of the fDn upatrp.am from the
levees on Fourth of ,Tuly Creek, Although the levees wen severely eroded, and
overtopped In places. they did confine "",at of the flood flO\ol to the leveed
chDnnel. High-water ,",,-rko sucveyed along the eroded upstream face of the 650­
foot-long diverai<!n levee were 3.1 ft below the levee creac.

The headwlltera of sawm1l1 Creek drain "everal
wirh steep alluvhl f~ns Bt the mountBin front.

high-altitude glDCillted baoins
Below the alluvial fanB. tha



figu.e 8. -Terrnce.like bould... I~m On Godwin Cret'k. Vicw downrt'C'IIm,
1.1 mile below Godwin Glacier and near canyon mouth.

figure 9 .•.Trees on G<.>dwin c....""k fan showina "".....In~
., W 6 tt!<'t B~VC lurfae.· "f houlder berm.



Mre~ .. tr.~v"r6eS the vall~y ~lluvlU1n In l",,-h~ded. bra:ldcd channels of hi~h

..r~Ment (0.0:1;> ftift). j1< ~he Octoher 1986 floon, ",any lo!,: ~n~ debrts .jams "lon~

the stre~.. channel c~used considerahle Jate,al ban. erosion and dlverwion of flood
'-'ate.-!' into abandoned channels. Th,,~e dann"h the" conveyed wtlt"r throughout the
floo<: plain. Cc..~utations based on datIl from a slope-arM survey lit aite 2 (plat"
1). n.~ .,t opsn.. ,,", froll BrJ,ige B~5, glv" a I'''ak flow of 2,900 ft'/a, Or 369
ift"/dhd'. ho.. an aT"" uf 7.RS mi". '" addition.. l 2.42 ",i" dndns into Sa..",ill
Creek ahove N..sh 1I,'ad along tbe c~!'t hank bet"een Bridge PS5 and the slope-area
Furvey sHe. l'urin~ the fleou, the waler !'udate rose to 1.0 il "bove the lor
st.... l (th, l""est polnt nf the sUJ'er~tru~ture of the hT1d~.. ) of Bridg~ 855; and 17
ft 0' ,h.. ~ollth a1,utment road ...as "ashed ""t. ,\bout 500 ft"!s of p..ak dh~har8"

ov.. rt<,pped th~ "<'uch rip-r ..pp ..d dlk .. , bypass~d Br:ldp,e 855, and flo"..d south along
~3sl. ~osd. This b"p~ss fl"", """hined "ith runoff from two small, unnamed mOLnt"i"
dnin~res. fl"",rd ov.. r :<asb F~"d "-t mih :'.4. Bridge PS4 (slte 4), fI.1 mi nort~. nf
llridre P~S, ~arr1e<! ahout ]00 ft'!s of flood"ater. -- the co..h1n~d I1n" from ..
sm"ll draina!\.. pr .. , of 0.33 ..I' and ,,-bollt SO ft"/s overbank nov "hi~h b"-d hypa.sed
th" alol',,-area 51te. I.o~al fl~oding (1'0,. ~,."ll dr"-tnar,es and erosion "loni>: ~r"',·"l

Toad~ oc~urrllu 1" r .."identi"l areas thr"u~hout tit" SAwmlll Cruk hasin. r:,."vel
roads oriented parallel to overflow chann.,h ~nncentrat'ed the flood\Jat~r"-. t~ereby

reducIng d"-m~!\e to structures locate~ cn th~ flond plain.

Salmon Cr..ek orlllln'll"S at the te".",lnus of lIear L~ke Glacier and flo,,"
south"e"t<·r]v for 7 '"~ to its ~o"lluen~e wHh the R..surtection Hver. I\el"" the
~"nvon mouth, S"l.on Creek is a hraid..d stream (!lTad1ent 0.015 ft/ft) trav"r ... ini>: "­
broad ~llllvi"l flood pl..1n b""uded on th~ .',,"t by tbe Al"sle" Railroad. Lost Cr .."k
lB t~ .. lari>:"sr tributary to ~P1mon Cre..k, "ith ~Olllhl"ed fl""s o:r:l~1n"tin~ fro,"
LOH, r:rous .. , and Be"r Creek drafna~e". Abov.. itB confluence \Jith Sall<on [reek,
T.ost Creek ~"S B total &r .. " of 23.~ "'i' at Se""rd Rl~h"'ay Pr:lrlr .. ~OO (site 11), and
"~~nunts for over 65 p~rrent of t1> .. tot,,1 36.~-aqu"-re-,,,lle Salmon Creek },astn (s1te
~~) (excludinp the Cl ..ar Cr"ek dtalnape). Peak n"" of B..ar rreek walt reduced by
the effect or ~tnra~e tn "par T.ale.. , "h:lch "aB at B..a50r,al 10.., staft.. at th" tl"." of
the storn.

r:rous" Craek

Crouse Cuek, whlrb d .... t"a " ~",.. 1J basin adjac..nt to th.. Seward IIl,o:h",ay.
~a~hed out severaT sectton5 of a I-mile stretch of the road"ay and flow..d Over tb ..
road ul'£tream of Gtouse tak". Turhulence jn<!uced h,- drop Gtructut ..~ in the "",in
channel and sl\all land&l1des that dlv.-rt ..d the flow "auaed .. roston nf the htghway
embankm..nt. Embankment m~teri~l and landal:lde ~ebrls were deposited f,,-rther
do"",,otr.. am in Grouse Creek And at the entrance to Grou~e t,,-ke. Tha puk dhctarg..
in the ~anyon of r.rnuGe Creek (site 10) "aa 1,890 ft'!s Ot 395 (ft3/~)!mi'; the
av..r~~e v..lo~ity :In the main ch~n"el "as calcul.. ted to 1>e 11 ft/s.

Lost Creek

Lost [reele originates In the ht~h alpine, non-glaci,,1 lake bastn of Lost Lak"
(1"'<,, ar.... , 0.57 .,i') and 1.0"'er Lost L"ke (lake area, 0.05 me), and ~ascad.. s
through n steep-walled hedrock t""yon 4.7 ",1 downstten", to the Lost r.re ..1: alluvl .. 1
f"n. The dratn"i>:e are" of th.. ba81n upatream from the apex of the fan lalte 9) is
1l.42 Tlt:l'. Th .. str.. am slope is 0.11 ftlft through the ranvon and 0.039 ft!ft from
the ,,-pex to th .. to.. of the fan.



lB."dslid~&, ~lu",pln~. nI,<. other slo!'. failures slong the denselv f"rested
"tnp-"'1I11ed (;7 ~e~ree9 or rreaterl canyon of lost ~reek co",bi..... ,! "Hh fl~0d\lB.ter

to caUl;" damlling Iir.rl short-ten: storage of ~'ater lind reck debris. 1"Mure spr1tce
trees "'He eroded froln the hillsides, and !-"',lders as l~rre as P ft in ~ialOeter

"'''H <leposited along the me.,oded,,!, rh.,nnel. The chsnn.1 b in~h'ed throu!,h
deposits ,,1' boulders, cohhles, sod gravel ",j,l,,". :Ire 20 tc> 75 ft deep and 1"ss than
]no ft ",id~ 11t tloe cllnvon. The largest ",1 ide for",ec Ii "ebris ,1<"" .,bout I ,,1
upstream from the apex of the fan. '.'hen the dam was ~reached, the flood",atHf'
mobil1?cd the mat ..rial as a debris-laden flooo, "'hich ero<led B. me"n<l .. rinll,
enn..nched channel 10 ft d"el' and RO ft ,,·ide.

The pesk dlscharge of the flood or lost ~reek, c01l1puud u'lng d.1U fr"nl a
slope-urea surve), ,,~ the ape>; uf the fan (.He 9), ",as 14,000 tt'h, or 1,700
(ft'/5)/.,i'. The 011111' chant, .. l strea'" \'£locity av.. ra~ed 16 ft/s. This estir'He of
<lebr1s-lad.-n peak flow 01&;' h~ too hj~h t-~cause of th~ l~r~e S11X'''''' of sedi~lent in
transpo"t, and hecau&e the hilb-~,~ter 11Iar¥r n.sy have been left hefnn !>ator channel
.. roslon o~"\Jrred.

hlo", the apex, the debdR-Jade" flood eroded "O~' channelR of cobbles s~d

~r"veJ ond "'B.shed <Jut t"'o subdh·isi<Jn roall tr1rl~es. D"ro~lts of coarse sanrl,
I\t~v"l. and cobbhs, , to R ft tbick, "'er.. ~Jstrlh"t.. <! randomly across the f~r,

surface, h'r"jn~ h"llrljn~s, equlpTl:ent, nrrl vehicles (flR~. 10 ~l'.rl II). ~atuH

5ith spruce trees 00 the T.o~t ~reck f"" ~'lthlo th~ rid i"IIl Su"dlvision "'ere
hurlerl to (:cpth~ of 2 t(> ? ~t ahove the IGR6 root l ..vel. l1an1' ,,;- the tr~e"

uprooted hv the Ilood ",ere bet",eeo ](\C and 150 Ye~re old. Several lar!\e c-rruct
tree" In the overbank ar..a sho"'.." dr,lls of pre~:i('us fill. Th~ trees ",hid, ~'ere

found to be about 140 y ..ars old, had "eveloped t",o ut thr"e ront "Vate,.s H
differel:t h ..lght~ on the trunk. lhe ]o.,est of the.e multi,,]e root sv.t~"'S ",as 5.';
ft !-elow the 198~ pre-f1ooo 1"0<1 ~U1·~,,~e.

figure 10. -Water and debri,·laden flood damage (<J re,iden~e On the
L"st C,,,,,,k allu'-;al fan,



figure It._flood:and debris d.amage to fftlde'- On the~ Qfek
:alluvuol f:an.

A IUlte ~"H of the i1ebrb-lad... flood "hlfted ch.nneh nur the old ..til at
tile ape" of tile '-""t r.r.e~ f"n. and dj>;chllr~ec1 t""'"rd the eaat tnto l':rOll"e I..,ke.
lid"", the confluente "f tOllt lind Cro"alO Cree~a. larltlO ~"a"tlt1lOs of lledh.ent and
trlOes were eroded fr~ "tte:a~henkl. r.u"tn~ the w••llout of .. hridge .nd flooding of
rlO01dent"a northwest "f the S....."rd 1IIgh....y. Severe flno<llng and taural hllnk
erolli"n .lao O<"~u"trlOd up-rn.... fro.. S~..ard IIt,lt.llwlly Prtd,lt.e 6()(1 ( .. Ue II) and the
Alall~a Retltoad hridge .t .ileprl!t 6.0. I..,at Cr.al< re"ched " pa.k "tag. of 143.00
ft at So:ward "tgll.."l' ~rtdlte 600 f"lta II) and \41.00 ft at thlO Al..h btlroad
hrtd!;£ 3~ ft d"",,,"tna. fr.- tha bI.h....... \Olts aft<! othar d..btis loclud on thlO
railroad brtd",.. piling" (fi,lt.. I~). 1M. htUlla .v.."t"allv hlled. The U.S. Any
r.orpll of En~tn.lOr.. (197~) re~a,ni~ed the possthl11ty thst d"bria buildup On brldgea
vould callaa dacr"a""d capac It, and bsc~~t.r .ffccts (gr•• ler dlOpths) "p.tr..... frna
the strutlurea. The cal cuI. ted pa.k dl.char,1O .t thts point ...." 8.500 ft l / •• Ahout
~Q(l ftS/ .. of tbl" ~·.. ter overflowed the "outh h.nk "",;tre.. trOft the hi/thwa.. b...dlle.
eroded 50 ft of lIue"",h.nk. and flooded re"idence. along the "'1O&t side of Se",ard
High...ay.

flooding "'a" severe throuRhout the Sal..o" Creek basin. " ....ge ...lIa partlcu­
tarly "evere to re,,1~e"tial and coneercl.l ~topert' In the Cueata Wood" and C.Dltlot
by the Sa. aubdivt"ioD5 ."d neat ~a.h Road.

The puk October 1986 now of 3,910 ft l /lI. fr... the 7.lo-"cuara-.Ue badn
("Ite 12). 1.1 ..I dO'llllsnrnlll froal the stup, 1I1 ...der-clad head../Ilurs of Sal.m
Cn..k, repreuntB a unit runoff 01 551 (ft'/,,)!.t:. S..ver. ht.... l erodon of 30
ft or _ore took pl.ce along the north blink b..~lnnlng lit the ... lope-.t... ~.a"ur~lOnt



Flgure 12.-Pk>od and noaling rlehN damage to Aluka RailI'Old bridge at
Mil<: 6.0. Sa1Jnon er-lt,<>.:to'- 12. 1986.

dte aDd eJ<t.ndlns: 0.11 _i rlownt;tre"",. Thill arr.l.nted eroslon left a venlcal
cutbank 10 to 15 ft blAh and cootributed to the ~~.hout of Qua.. ts Woods Subdivilion
toad_. Illd " bridle O.~ 101 downt;tr".... lh. erollton bv Salo'on Creek has left I
vertiCil cutbank wlth1n 115 ft of the chann.l of ~ear r.reell. whtch Is perched 7 ft
..bove th.. S"lmen Cuek str....bed. ~ur Creek at on. time entered S.l,.oo Cruk .t
thh point but h.s h..en ch.nn..li~ ..d so that It now flows weatwlrd to Loat Creek.
Contin".d eraSion of the c"tbank could event"ally lead to the r"capture "nd
dlverllon of tha flow of B.ar Creek Inte Silmon Cr.ek.

Flrther down.tre~. debris blocked the Al.t;~. RllltDl~ brlds. It r.llepost 6.P
aDd diverted water over aDd around th....11 sp"r dike Ilong the "nut!> bank at tbe
brld.lif. Th. dh'uud w.ter valhed out ILoot 500 ft· of r ...<:k. Tha pateoUal for
dabtll blocka,.s and £lov dlveratan at this la<:atl<:n was also id.ntified by tha U.S.
A...,. CorpI' of [ftjl;inun 09n. p. 7 and fill. 6), ~_e of th"- .,.,erbanl< n .....
upptrea. from the hrldlle r~bin.d with the diYerte~ water ana then fl .....ed snuchwara
along thl! raUroad ...blob"nt. Re"td"nthl p"ol'"rtl' "'IS "xtenal"ely flooded Ind
roads in Cam..lor by the S.I Subdivision ..eT"- w.."hed our. Gravel rO"~5 such .."
Cemet"ry Road running parallel to the flow wer......od"d and b..e~~" chann~l~ of flow.
Floating d ..brh AlaO black.6 the AlIl.klt PAUroad brldpe at "ihpast 3.7; brldp;e
piltr.,. v"n ..h"ared and 200 ft <>f ttJI<:l< ancl ".banb"nt "a"h..d out 800 ft to the
BOlIth of tha bridg". Th.. flCO<!water calle .dthtn 2.5 ft of tha 1"", u ..el of th..
railroad btld~... ~rld,e 1026 on C~..cery Road 101"" COMPletely Inundated.

The 4.000 ft 3/a of Sal.on Creek fl~at"rs that floved throulh Bridl. e53 at
/;..h load (sit" U) c_ within 1.0 fl of I..., "'eel. AdditlOtlltlly••1o(l\lt 6,000
ftl/" of wlt"r overflowed .. 2.ooo-faot section of I""sh Road with an "v.rs,," ""c.. r
d"pth of 1.5 ft. About )00 ftl,s of ""un"" 1oypa d Jiiuh Hoad 10 the eltat and
w"ahsd aur l' ft of ths ,,;;adwav. The "udd"n nle of waur I..pound..d by the
r~llraad embankment and aCCUIutated d"brls .. t btidges cI"aed temporary incr~us.." In
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~;" "ls"-hu'.... '''od "-onsec;ue"r ."cel"rated er.... le... The eooo}>~ .. ed pe.k abd'.rll;e
for <;,,11':01' Cnek e' r ..bh Ro.d ".b """'"'..".,, to l.. 10.]00 £tIll. Thh toul tndudu
"bout 2.'('0 fr'l/l ot fleodflov fror. '.ox C.nyon t.'rpel<. vht ..h ..ntere<! S• .J ....n Cree"
.hroull;h CI ..n.. Creek 8t 'dllge S9'l ( ..ftt 1]). I." .., .. q..lntlt1cl' .. f "-O"rse udbent
wer" d..poslrec in :h...."In """".... 1 of 5.11<0n 4"r",,1< h .. lov the "o"fh,"nee of C!"ar
Creel< d.... to low.. r ~tr.,,~ p.rJldf~nt snd v~lorlrv In Snl~on Creek.

Pe~urr..crtun Piver ~~ .. f"

'"sururlJ".. River <IT,,ln,, " 160-....... re- .. I1" "~sln (16 percent ~r .."nlal "nOW
IOnc 1.... \ In ...hl ..h ",eao .no.... l I'reell'ttl!t1on lJ1 lOll iT,. 'n It" lower .ea"hai. th"
Re"uru.. tlon Itl ...,r tJl a br.id.,.! rlluvla] HrU....Ith h!l'h velocll~~JI Jlnd.n .veUIt.,
Itudl.,nt "I 0.0(1)8 ft/ft hl_ FXI~ (.heler. The ttv., .. •• 10\. b.nb ue <l ..n... l,.
veg"tat.,c. P..noff frfS liteep. al"rht..d .oo'nt"in basll.., trlhut.r'l'" to ".,,,Utrecrlon
'her de(l<O~~c. hrge qu~r:rttle~ of cc.. rae bold _M ..rhl at t ....ir _th". f"ndo~

ar"", all",,'''~ faos an" I-l ...·ldln~ hipt, sed"",,,t load" ro the .-t"er. The 5t.. .,p
.lluvI~l r~a~"els o~ [,I. r.l.ct~r ....d P.r"~l&" t.re",ks (r.P15 ft/!t' l"poJllt aDSr Ilf
t~.!r Loarae b~" r"tPrtal rt rhtllr cDofh'""r", ...hl> ',,~-..rr..(tjoll River.

Thp <"'1: (helllr 1:.",," rr.ver".,,, the nonh",", pdee ,,~ tl1O' ~.,,,urrectlC''' 'lv.,r
!1o,"" vl"ln !r"'" th~ Se.... ru '1if~"'~Y (.-.Ih (l.0) to Rrfuge 1)C)(l ( ..la 5) .t all. "1.1
01 .he r"~~' All'h'''-"l\h 110., O"tahel ...orm ('"used floudln~ end erod"" alonll
~e""rrret1<ln Mive, d' •• cent to the ~"It {,l"rlor ~o"d. t~e ,,"Oa[ uestr" .. ttve etll"1,,n
nne ~edl",,,nt t. .. nn~trj"n r"H,lteJ fr"f< flno<l ...aur.. dl"char~!n~ "c,.o,,~ thi "r,,-,,-p
"ll''''Ia1 fanh '" " ..""-r,,l .rnl1 ha"tr:~ .,,,"erull h,· thr. road (pl"tp I). 1(UII'''1ro""
",('"",,~t~ .nd ov"r~l~'S ocCur"cd slonK the ICl"d.

110., ..."u't.I .....,"t.ln b"HI .. r .. 'feet 0.. I'rectpll",lo" 1" the P""urTecttoC' Pt""'r
h... 111 ''',~ trOnoune"" - toul pre<'fpllul"n lOT October 0-11 dlOCre".ed (roe 1r.'!1
In. at S.....ard. to IG.It. In. at F.dc r.jul.,r. to £.4J In••, ttl., Cool"'r take Prohp.t
~~•• the he'<l....cer" of ' ..~..rrecti~. Piver ft3hlc 1). A•• con••GU.,ftce. TUooff fra.
.Ioe 1000-sc:"••e·.ih b_d" nf 'I..,.urr",etlon P1v"r ahnve " ..~dae 1190 ...." lp•• tha" th.,
• ..,blned t","ofr fr""'- the • .,veral 50:-,'11 ftOUfttafu h.dn" who......tre"...~ "Iller the
rlv.,r ~(:•.,.. tre.., fn.. th .. hrl"~...

Tl'" ~taKe of th~ ""t"ber I' r;"ad p"'.k "n '.,sur",,,tl,,,. "lver at nrfdlt.. IJ90
"u 3S~.:" f. (re,!.r~l "Igh"ay Ac",'nl~tr~nn" datu,.) -- 3 fl helow 10" aceal of Ihe
br!~lte. A "Ol11''''·ls,," of cr'l~.·~p.rt1",. 4utveYII ""'~ .. prlor ,A Ihe flood and M
"rnh.. r It. ~hows that ..1·,,,,1 2-fool f.,,".. nl It.ll" occorrp.~ In th" hridSp. section.

h,OIt'" DIl!·. H ..1110 4. 7 t.f t.>clt faap.l"r Poad. 1" 01; che aUe" llJluvl"l fa" of
a "tre~m thaC dralr" " ).II-."'~T.,-.Il£ la~tn. Th., rloodwJlter~ d"poslt.,d "tr....b.d
..a'"rlal boch I" t~ .. I-rl<llt'" Clr.."tnlt .nd 0" t .... brtdl<e deck (ft~a. l] ."d 14). n..,
..... <1 ..."" ""IIt-.O Out at th......"t ab"tt,c"l ui th" brldK'" ar>d U s.,ver.1 other
locativr.~ rrtO.JlI cPr al:uv1al Ian.

Pox r.~r. (reek. whIch ..r~lle~ "~11 ~lJlc1.. r p~.<1 throu"h Bridg., 129~ "t alle
I ••. ,'raI". a 11.1-squ",re-e'lle h.s10. l"nd"llde.. have t ......"rorlly d_ed thp.
..nrlr" £t ..""e1 1n tt.• Fast (l....~ ... 1967, p. 22) to prod"c.. "totJIl:e-rel"sa.. f1""'-'s
en ....rr.,""' fr.... th" c."yoc. I'"rtnlt tl-.c h't"n"" rainfall of ('rrob.,r 10-11. aevenl
h"dsl~t.. " Intn th~ creek conn~hute<l to t"e 1'11th "ed1.,.,rt load. AD old la..dIlU"e
O.~ "'! ~h,,'}" the ca,."; ..n ",ouch tp"",ourlly ' ..rmed thp "rr""l11 Ilnd ~.. b .."q"ently

"



Fig"'~ l3,··Cohble an<.! ~ruvel dcp".ib at tlndge 1:'lR9, mlle ·1. 7 E~it Glacll'r Road. View dowmtn'am on
Octobc" 1:'l. I !l1l6.

f'ilure 1....· Aerial yiPa' IoobnC eul at Bricll:e 13.89. mile ....7
P,:Iit Gbciecr R..-d, October 13, 19116.
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released iI d.bd~-1iIden flood thlt eilul'ed a ...~or ch.llne! ah1f! .t the c""yon
IIOUth. OoomlilrUlI, the flood bre.ched de levee of .lru1tbed urubl on the
eouth...at h..nk, .pread over th.. entlr.. ilU t.1 fin ilurfilc... ilnc! ".ilhe<! out f:dt
r,li1cl .. r Road be~een aileil 0.8 ilnd 1.7. The debris-l.d..n ... tec .... concentrat..d In
an ab.ndoned chann.. l at .11e 1.2. where eroalon ..xpos ..d ~ltiple-coot S.lIt ..as (l~k..
thoee de.crl~d alon~ T~at Creek) 1111 150-vear-old Sitka apruce tree. to a depth of
7 f! bal_ th.. pre-l986 flood f.ll .urhc. and ""c""ered hucled tllla Itlll'lpti cut
,JucinJl: Conatruc.UOII of the Ainu Railroad 65 yu.r" .ltO (nc. Ilob.n .... l..I'.lln.v:.
Atask.a VO<'llttonal and Techatcd School, onl c.-...n., 1981). '1nr the .pe" of the
Pc. Can.on alluvlill f.n. the .ctl...e ch.nnel 1. artlficlallv l .....ad .t .n .I.v.tioo
.hout 8 ft hl~h... r tha.. th., .b.ndon.... ch."nd. Pre.chilli of the I ....... hy future
floode ...... Id again result In dlv.ulon of flaw to th.. "b.ndon..d t:hana..l "Dd th..
Inundation .nd .rosion of F~lt CI.ti.. t AOild.

Ahout 2.800 ftS/e of flOtXl ...ren fr... 80I Canyon Crult were dlv..rt.d Into
S.lllOtl Cu...1t tbrough Cleu Cn.,1t at IIrld!,:" 59'J (dt" 13) at aUe 3.9 SMlard
Klp:h...y. Kost of tb. ~ter froa 110" Canyon Cr..ek bypa•••d krld~. 1295 .nd left it
...... fllcted by either ero.ion or d."osltfan of ..... ted.l. Howev,r, the ..at.r eroded
and Inundated the .pproarh... to ftrJd~. 1295 and ea.e ~thln 3 ft of the hrid"e low
.t.,I, The remain1n" flood water. froa Sox ranyon Creek fl&w..d southward alon~ th~

~lIlhankllent of the Seward "llthw.y, flood InK teatd~nt1al and eQlfl1l.rclal prrpHtv and
finally anterlng ReGurr~et~on River at ~rldKe 598.

Flood-peak stage and discharge data wer~ coll~cted .t the S~ward Highway Isit~

6) during th .. period 1965-67. The llarlon81 "'uthn Service h.. o"arated a flood­
nage warnin~ station at Seward I'ip:hway "rid"e 598 alnte 1977. :th. stage
hydrograph for tho Octoher 1086 flood on Re."rrectlon River .t lIrldge 598 (,,1t. 6)
t.. ahown in ft/lure 15; atag, and dhch.rge data for oth.r ,It•• an the river .n,
.uemarl,.d in t.hle 2.

TIle t_blned F.eaurrectioll Rher flaw (20.400 ft 3/.J at the thr.e blp,w.y
bridg••••nd • flow of 10.000 ft'l. fr ... Salaon Creek c.u.ed "xten.l"e flooding and
d...~. tn r.ddenU.I ,,"" c.-.rchl property dowtlatreall fr... the Sa... rd 1II!dno"Y,
The ext.nt of d....g. b, lnunclecton .nd ero.ton .Ionl!!. both .rr.... wa. iN.nsUled
whan tre•• a_ other dehrla _re cartled downattea- to Indie at bridg" pf"ra and
other nhatructlons (fiR. 16).

Japanue Creek

J.panue Cre..k (U.S r.eol",lcal Survey. 1983. II. 226) orlatnuea t ... hilth
altitude, Itlaciet" baatn th.t drel ... throup canyon ..alb that ha"e be..n /I:r""'tl,
ov.r-ete.p..ne" by gleci.l .roatoo. Th.... In str.,... chAnn.. 1 throulh the 3.48­
aau.re-alle b•• ln abov" the canyon aouth baa • elope of 0.19 ft/ft. At the c.nyon
.outh. a broild fan 1.5 IILl long ..nd I at wide eat..ncla to tbe .... llay &11""i_ of
~.urr.ttfon RI ....r. Th. alop. of the .tr.... chilnnel ia 0.087. ftlft down.tr.... froa
the f.ll .pex ~nd d.cr...... to 0.020 ftlft •• th.. acti"" atre.. thann.1 wid.n" In an
are. of hlp.h d"poaitlon farth.r down the f.n .pron.

IIa In other .lpln, b••ina tn tha S...... rd lire•• rure.tln8 gledera IIave left
l.t.ral ...,r.ln~. percll ..d on .tU" alo"•• In til. upp.r b.,ln of J.pane,e Cre..k. A
hrp.. tanddlde 0.1 .i lIbove the cenyon mouth, id.ntlfhd by L.mk. (1967). v••
r ...ctlvllted by tbe inte."ae ratnfall of Octob.r 10-1l .nd d..po.lud r",,1< .nd
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Figure 15...Stage hydrograph of Resurrection Rhw at
Brid~e 598 (si\e 6) October 7.15, 1986.
(:"Iational Weather Service)

Figure lB.-Debris lodged on bridge pilings, Resurrection RiYcr.



""..Id~u •• la~,.e a. 6 (t In dla_u-r In the .t.." .... ct.ann.l. "'h.n tha ....ulting
rlrh ..t. d.. failed. the flood ...ashed out a ••naade leve. a1008 the aouth" ..~t Gt~ ....
banI< at the lpe" of the r.n .nd lnunel.t.d pel "tnel"d lbandoned chann.!11 to th"
.outh .nd e...t. ~fulla~ flaudln,. .nd .~OGlon DCcu~Teel If this 8itc In AoS... t !966
(ft&. '7). Th" ""tr~nch.d ch,,",\~l It til" Iflu of the fAn. aboot 2S ft dup and 100
ft ...1d~ ~'lth a slop. of 0.0&2 ft/ft. 1\"ltKI.~" ac.."." the 300-f""t-"'1d~ .p.". The
flQ~~ft&htlnr effort.. of Sew.~d buIldo~e.. operator•• wo~.in~ continuously throu~h

the nlphe of October 10-11. contBlned JlpBneSe C..U;. within thh II1U/lt ..ecent
f"nh~ad t~enth (fr.nk Df"k~t3eff, MF.T~, 0"11 COMmun., 1986).

~eb~t.-!hcen flood. on J.p.D".e C~••I< In AuguG' 1966. ~ctDb"r 1969. Septembet
1976, Sept~~".. 19&1. and .~aln In ~ttobe.. 1ge6 docum.nt the frequ.nt .."curr"nc~ of
"tre.1I d.-lnR .nd lur~,,-tdes..e floodlog of IJ\lfflcl"nt voh...e to b", n"".portei
plAt th" c.nyon ...... 'h to .ffect the love-r po..tion nf the IIlllvl.} fen. Th. fanhu.d
c-re ..ch COllV""" .edl..nl-hden .... te .. to the I""e-r I'(ITtlon of rh" fill ..... te th"
.ctl.... "t~e.. chann.! videnl. th" Ilope dec-r"••"1 to 0.020 ftlft, .nd T.ptd
depol1tlon occu~s. In Oerob.[ 1986. Ih" flood fI_ .tlnted Iu"nl1y. llll:indatlnll
ar.~ erndln. Butdlvilion tua~s ~est of fllt"s[ Acres ~uhdtYlaion.

Rudolph f"u~k

P"dnlph C~ee" d~.lnl s hlph-lIltltllde., &Iaclote~ hllllin of 1.00 III' ab"ve tl>.
c<!.nyon tllDuth (sHe n) at th. 80uth,,"n ..d~.. of the Jllpanue Cue. fIIn. ""low its
orlllin at th .. b"II" "f In le"-coud .0t&I"... the ""'In chinn..} IIlop" h 0.16 ft/ft.
AbOl>! 0,5 lbt below the "oralne. tl:t Itn•• ent..u I steep canyon, Incf"ed In
b"d~Dt", "lth .n .b[up[ Inc-r"••" in .lope to C.Jl'l ftlft. The l.c1l, of -rec"nt
lllnddide aDd tl.brt"-fl",, .ctivlty a1on. Rudolph C~...1l, dovn.tr.". fTOII I",,-cored
""T.I"" 11 Indtc.. t"d b., the ......ne. oi (, dl"tlncU"" .11u...IIII { ..n 1I[ Its canyOn
IOUtb. tr th.. Klac~ .... and tce-toud 1ID~a1nr ..""tinu. to •• It. bovev..... -rea<!ll,
erodlbl~ Cl!t.r1al ...UI bec_ .v.i1able .nd the ..10 ehann.1 could I:e d_ed by
"",.-..,veaent ph.n.-"nll. In ..delHf"n to the .ur~e~ulel6" floodln8 pot"ntllli (,,_
60ch d.btls d~s. fl~~ .t••Iso pesstht. fTOI the SUddlln bt"achtnR of Beall I.k"s
nn Ice-coTed mor.ln". (plete 2).

rt,. p..... discher,e lit the ""dolph Cue~ ~lInV"" lMl'U[h fchannd "lop. of O.OPj
ft/h} On ncto!'>" ... 11 .... 11 det"ndll.d to be 1.020 ft'/ •• ,,~ 1,(120 Ih"s'I",I':
calc\llllc.d m./l1I velocity "'1111 11 ftl". Thh ..... 11 the lI'lI"tIlU," T"tnf.II_tunoff fl"od
(un..ffected I>v In-rg8~[.I.u" fl"odln~' cillculllted for the 80'a11 mount.tn tad~~

nu-r S".... -rd. P"nh.r do""H-ru.. , th~ fluod "'Ished out [ulvert.. a"d tOld", Jrmnd.ted
and .~od.d ch"nnel~ "crO'1 th", belle "f th. J.pane." C[""k f.n, .nd d.po.1tad cO&-r.."
s.~h:ent In 8 l"l;oOIl upH-re". f-rDIII Thi-rd Av.nu.. The ~aptd nmoH I .."", Rudnlph
Cr.~k .nd ".ve~.J oth.~ ...11 EDUnt.ln .t-re.ms cDlllbloed to c.u"e extellilv. flooding
along ThiTd and "'clInh Av.nuea. Ro.d ov..rfl .... fT_ the Jal!.ODD bo~dn1.Ds thin"
Avenu. nOOll'd tbe "lonted .nlflclal (11: alon,. Fourth Av.nu.. 1ft<: depolited
s"cia"Ot In Ihe ...11 bo81 h.~bnT (Ins.. t I, pI.t .. I).

L....~l1 Cre.k

tha 0..1~lnal townSIte" and old"'t p.TtI of S".... td .u built on th. fan .t th.
DOUth of L~·.ll C~.a'" c.nyon. Thl f.n tl 1.2 .~ 1unt and 0.5 III wid", ana [I"". at
"" .....uS.. ",radlent of 0.052 ft/ft f~"," lie" lev"l u, .n altitude of 130 ft at thB
lrIOuth ot th. canyon. roll"'d:ng -rep8dtcd f1oodi.n ... ~nd dl,."ginp, uOllon .nd (or)
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c1.po.oolt1on ... Ithin the tovodte, • dh.tdoo I .... u .tld • 7,OOO-foot 1""" 10-fool
tlt.-tet tunn.l v.re c...... troct.d itl 1940 to dh~rt 1.oIo'e11 CTu'k tnto le....neo:rlOll
Jay .t the .outh.rf1 ~g~ of the etty, Suba.qu.ntly, c1ebrt.-lacl.n fl~F rbrouth th"
tunnel haV,. depollred hrle q..anlltt.. of aedlolent OVer thl< road aDd lind,. 11311
....petfUvdy - hi Augu5t 1966, S.ptnber 1967, October 1%9. S.ptash..... 1976, aDd
qato In Octoller 1966,

Dvrtnll. • Hood It AuSU.. t 1066. hlll.h....uer ..."rks 2 ft bel"", tb. tt."t l'f
the up"ttea...nd of the Lowel, Cr.ek dhe..... lon I • ..,ee hleh .nRle.. acrOa, the
str.3~ (alt. 16); In Oetob,.t 1'1.86 the .... ter c~....tthln 0.7 ft of th,. crest .t thla
point (fig, un, !!urlnH the night of October 10-11. debrill frOAl s..all land. ltd..
• bove th,. tunn.l entr.nce, "t the dOlo'l\stre .... end of the leve", t ••pot.rily
obstruct,.d the ,.nt ....nee, "nd th,. ",at,.r hvel SUtR,.d to vithln a fe ... f,.,.t of th ..
crest of the levee. ~loek"ge of the tun"el entr..",:e fOr bre.chlng of th,. I.v,.e d...
>IOuld h.ve c.used flooding, eroilion .•nel d.po"ttton through thl< ctty of Se..ard
dovnatresm ft~ the c.nvon Ilouth.

Spruce Cr,.ek

Spruce CT••k dTall", • 'L26-.qu.r.-.lh at".p IIOUnt.ln b••ln upane_ frc. tho
n.s. Getllogle.l ~"1"V.y'. stre"-34gln, st.tlon (alte 19); .c.n .~ual pTeelpit.tlon
10 the b.lI1n Is 112 tn. and 8 parcent 1a slacter-covered. Spruc. Cre.k orlgillatu
.t ••.all II.thT .lId t.sc.d,.. 3.5 III through I .re.p-.... lled. l-edrock c.ny01l In
""Ieh l",d.l1dtns .nd rock ~"" .........v•.boehe......c..... fuq....nth'. About 2.5 III.baY. It. south the Itt,... ,red lent deer••ses .bruptly to 0.025 ftlft .nd eontln..e.
In • -..c.derfna .lluvi.1 cit",n.l 300 ft vid...nd hounded by d.nsely v.g.tated
bedrock dopes. A ...11 lake fo~d by p.,uonlal sllOlo' "ithln th., b••d .,f
Spruce CT,.elr (pi ... I) pTetlenU • potentl.l for sUTg.-T.l.ue flooding. The 1. 11
Point hn-d.ltl .t the llouth of ~prue. CT""~ clnyon elltelld. 0.5 si IntO R ......
t.ctl00 B.y ... ith • s.ntle stre4lll eh.nn.l atope of l'.021 ft/ft. The br.ld.d.
distribut.ry "h.nn,.111 of low,.r Spt ...". Cu,." .re "vid.n". of r.ndOl> .."ttttnil of
att.... c<l1lrna thllt takes pIa",. on the distsl paTts of In alluvial fan (fill. 19).

The inuns. rslnr.ll on OctO!>,.T la-II, 1986 t1"JlIlI ....ed I 1OIIssiv~ d.brls
Ivslaneh. (deaerlbed earlier) on the litel!p northern dope of SpTUC" r.ruk O.B .. I
Ibove Its mouth (fiR, 20 and 21), Thl "I of debrlR dero~I[.d In the cblnnel vas
1,000 £t lonjt .nd 200 ft ... Ide, vhlch c d the d..-ing Iud short-t..... stoujt. of
...ster, ,.srth, rock .nd trees (ft,. 27). The bT.achlnlt of the da.. r.h••ed I
...aur-d.,b ... h sl ... try ""'ieh .... r.pldly tr.nsported d......etn... All the d.brls
Iv.l.uche ..t.rf.1 .t the bas. of the .lope ".S TeIlOv.d by rh. ensuioll flood. Th.
tst.atTophlc r.l •••• of the .tored ...~ter .nd d.bri. erod.d a new ch.nnel below the
d... Prior to the October 19116 .tone, the .trea. ch.lln.l et th,. gag1n~ "t.tlon h.d
t_hed rel.thelr .t.ble OV,.T • 21-ye.r peTlod .nd th..Te ",,,, no hletorleal
evlc!nte of ItOrllll.-nh...;e flooding vtthir, the ba.ln. Tn U1l6. h......v.r, the
fo.-r chum.l tbn'''sh th" densely v.g.tated flood plain .long tbe left h.nk .....
eroded to • width of 40 to 45 ft .nd • deptb of 3 ft bel..... the pT~'986 flood-pl.in
level (figli. 13 .n<! 24). }..n elt1ltat.d 20,000 ft 3 .. f ..terlel .....'1 erod.d fr_ the
thonel e"U,oding fro- th" debris d.. to th,. .pe'" of th,. a1ltrVlal fen 1.500 (t
dmmu·re..... r.nh.r dovnstTe.lI. tre,.1 (T_ the aVlhnehe .nd the ItT,.n:b.nk.
bIOus,. .1.....d In the thannel along th. rtght ("OIIth) dd. of the .n""jal f.n.
e1tv.rUng the debrh-I.d,.n ....ur Ilotthvard .nd .....y fr_ the ae...alle tre.ta.nt
pl.nt. Realel.lItlal snd eommetcl.l propeTt~ ",. d.maged, po r lin." veTe sever.d.
and IItld,e 1783 ..... v".h.d out. III S"pullbu 1982••ev e .cour and lahrd
....oslon by Sprue. Crotek elluaed d.",,~e to the ..aln ae"u line bUThd 'ctosa the
fan-delts,
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ngure 18. -Highwater marks (HWM) on upstream side of Lowell Creek
diversion levee.
8. flood of August HI66, HWM· 2 feet below crest
h. flood of Odobcr 1986, H\V!I1 • 0.7 feet below ere,t



t'4ture 19.-SfB'UCi! Creel< -.Jluvill1 fan. Octobl'!" 14, 1986.

fi«\m! 2O.-DclJris...nb.nche K:U on Spruee (:mot, o.,lober 12. 1986.
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Th. p-uk dhcbar,. 1.000 It "pHrUIII f ...... th.. olebrb a"shnchl Can. ;1;),
c.-puud ....1nll 810('..·6......uhoda ..... ~."C' ft~f•• 608 (ft~f.)/.t·. Thh
d!Fcharlle vaG ,.or .rreeled "" the fOru.lltlon and br.,IchlnR of th.. <i'bris " ....
"owever, .he plilk dhcher(l.e nf the <!"brh-l.':en flood IUTI:', deterllined at the
1'1I.1:1n@. elnloo (stu 19), "<'Ill D.600 f[5/ •• which h eqlltvdent It' • unlf "unoff of
I.SOC (ft"'.)/a1'. ~he Av.r.~" velocity in the ~ln r"~nn.l thro~~h the Alop~-are.

rueh ,"'&6 calcutst.d to have b"• ., L6 ft/~. vlth .. slol'" ,,1 0.017 fl/ft. The fl",xl
suge .t the II;AJllnp .. tAllon, 1,000 ft dovnstrMm from the <I ..b"1,, da.. , "48 ~.5 ft
hir.her than any pnvlously knoVfl flouC and the dhrh.. r!' ......" four rl.... the
pr"vt.:..." ""."h,,,,,.

l1M! .lo~- ..rn _tll<'<l (l\Llrymph no! !ell.on. !<':6;) "iIS .UIN! to Utu•.u~ peak
dtscharku n n" hiRh-Rr.dh·nt ruch.. 11 (frtcH"" II10pe. nnlling fr_ O.r097 to
O.OI!28) on nine st.......... The hydrllullc I'ro;-rerlle" ualt~ tn chit c..putaclons for
e~ch reach .rr Ita ted ln table 3. E.tt~~cea of prak JI.ch.r,~ usfnll the .Iope-area
..echod rnr "'''lltab1", IlUep-lI.radtent Stres.,,, IOn Bubject to I.rge erron (Ja ...rutt,
!984; RanD.. !! a"d Hual'hrtly, 1984), and .fIt lIltne ..."lly too 1.rg" If h1l!'h""Ur aarh
~'ere dep""jrad he!oru .,ajor ch.nnel .. roalon ocrurr"d. T" •.tntshe .uth Itrrors tIl
indirect cl~te~jnation. of d1achkrRea fOT the ~ctober 1986 flood, the ,"urv.y. "ere
'!'l,de, vhltTU poutbl", in th" hadrod: canyona ah<we the fon "p"" "h"n n"",. WeT"
confinltd ~nd onlv the atr"aabed 1t sublect to scour and fill.

rlt.k dhth"rl:as tor the t ..n raachaa ...ere .. 1110 caleuhted ulltng .athoda
dascrthed by RI&g. (1976) and bv Jarract (1964). '"ault" ef thase c.)cul"t10". "ra
r_p.tK with tha a1ope-.. ra. d&tetlll.!~d valuea (tahl. 4), A rattnl; ot "poor" ia
•••1r-n.d if th~ 5ea6urewent error ia con.lder"'" to hr l.rgaT than 25 ~rcltnt. Prak
dt,.rhar,u dn"'nlf"II'd ualnl; tb. 81op",-"r". .erhod, ...ilh field-u)uted l'lanninlll:
Tou~hl1a'lI codffcfantll. "''''T••ad ~t ""rcotnt ht,.hu than v.l"e~ coepute" udng
J.rrett ' ...thod and .".rate" 1 p~rc.nt hi/lhrt th.n val"",. cDllput.d ".lnlt RiU'"
~thod, Th. la'r.eRt dlfferenc. for,. alope-ar.a dece.-.ln",u peak di.ch.rlt'" ~'R thal
for 1.o"t Creek, .... lch ".a 49 perce"t hl8her than th. valu., COllI'"t"d u"lnlt .J.rrett'.
_thodll.

"





Table 3.--Sun'lmaJ)' of hydraulic pmpenieJ for Aopo»lel dilchargre dlMrml..tlons for ..,Iec!;<!d .rams
at Snrard. Oetobet 1986"..._...._.. _-_ ..
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nebria-laden flo~s assoctated ~jth the 8ur~e-release flooding on Godwin. ~ost,

and Spruce r ...eeka caused unatndv flow and jncreased the visco,ity and density of
the water flood. The effects of the unsteady flow, Inr1e sediment concentrations.
and scour and fjIl int ... oduc.. lnge er ...ors io calculat..d p ..ak discha...ges when using
conventional energy and flow concepts, and may overestimate p..ak di8char~ea

(Jarrett. 1987). AlthouRh peak discharges dete~ioed hy indirect methods may be in
e ......or, the survey deta docUl!l..nt channel changes and the cOlllputed s ..diment-Iaden
disch"rges assist in deteI'llltuing "..hether surge-rel ....se flooding has occurred In the
butn.

flood Magnitude

The Octoher 1986 pellk discharges from small basins neer Sewsrd we ... e the
largest recorded since crest-stage gage .. tattons ~ere established in 1963.
COIlparison of the 1986 peak dischs ...ges "ith prevIous ma"i"",ms shows that thb flood
had the la... rest unit runoff tates in the maritime a ...ea of snHtheent ...al Alaska.
figu... e 25. ,,'hieh r"latea floo~ discharg.....ates to co... respondtng d ...alnage area,
ah"",~ that peak dlscha ...ge rates "er.. g...eatest on basins of less thso ~O mi'; pesk
...ates f ... om the l"... g..... basins, such as Resu...rection Rive were not as outstanding.
The msximum ...stnfall-runoff rate (unaffected by su ...ge- ~lcase floo~tng) detet~fned

fo ... a small mountsfn st ... eam was 1.07.0 ft'/a from a l.OO-square-mile drafna~e basin.
The envelope cu"'ve A of figure 25, d .. fin..d bv the greatest dtscha:r~e ...ates du ... ing
the October 19P.6 flood. p ...ovides " !(utde for ..Btimatin~ potential lDa"imum flood
flo"6 fOT ma itIMe southcenttal Alaaks. ~ftes I, 9, and 19 (t ...isn~lca in fjg. 25),
whoae ~1scha ge values are ahove envelope curve A. "'ere affected by su ...ge-relesse
floodtng fr"m te"porm'ily impounded "ate...s. TI,ese sU"'l\e-...elease deb is-lsden flows
p...oduced peaks substantially ~reater than p ...eviously determined "at floods.
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Figure 25. -Comparison of October 1986 peak discharge with mu;mum known flood peak.
for southcentrnl Alaska maritime streams.



r1ood-fu'l.uency a...~ly.h f .. Ih" bash for thp duIjl:n of ad"qu&t~ fl<'<'<l-plAin
Itruetur.. aed f~r maklnl .ar.'Re~.nt decI.fon~ ahout flood-plaIn land ua~.

Reeurr"n"e inu,.".l, .s .ppli","- ro flood .,'.nt., fa th.. "V.rlle", l'ucloer of )'",an;
vithin "hich a 1I1v~'n flood peat ...-111 be equalled or lJ("utl~ 0"""'. 110.. fr"'lIu.n" ..
of a flood fl~' ~Y also be .t~t.d In te~ of its pr,~.biltty of cc"urtenc"" ~hlcb

for Inrg. floods is the reciprocal ot the re.:urrenre l"terval. 1hUlI. a nO<'<! .. lth
• lOO-y•• r r.eurr~nr. Inte,.",' ~ould have, 0.01 probability Or • 1 rer"ent "h..n'.
of beinl exoeeded In any Rhen vear. I'er.urnne" !utarvah £re ..veuJI'e HRurea -­
..0 th"t ch~ oceurr"nee d 8 ... 1or nOUd In one )'"ar don not reduce th" pr"t:,bll!cy
of th.t flood b.ing ",qu.. l.d or ,",xclI.d",d in th.. follO"I"1: y""r. or HCm later ln tl.c·
..... )'ear. All fr"quenchl, C'r re.:urr"",.e Inte,."alll. ".r", e~ft.... cad rr ..... SUtton
da.:. udnlt log-Pear,_ 1yp. PI fr."uene}' analy'i~ prl>Coodures de"cribed b7 the
Int.rar.lICY Advilory CoaaJtte" on Water n••a (1981'. rt.tton fr~Guency Curv'" ~er",

develop6d u..l~ ek.¥ .nd .t.od••~ ~.vI.tlon statistlCI d.teratn.d ~y Lack. {1~7~l.

For th", aren of thl. report, the leneth 01 av.ll.blr .traxmfl~· records -- '5
year& -- 19 inAdeeuat" to nllohly define flood-frequency rel/ltlons for r~c"rTenee

Int".... ls as guat aft 100 yur.... [huA the e>:l>"eOle flnnd d Cletoher ;Y~b Is
diffIcult to ",v.lu.<e bv conv",ntlooal flood-fr"'Qu",ncv nnalyai. ~~ehod•• Onlv three
"ralit-IIt'lIe st.tton. on .....11 dralnA," basin. have b...n or-rllted In .h.. S,,"aed
.r.... A flood-fr.quene~ det .. rmio.tloo c~ld not ~p Aad.. for thr Ceto~.r I~Pf p••k
.t Lon C....k baellus. th.. "",at " •• aH.etood t~ ...rte-r"h••• type f100dinlt. 10
ab..d population of In..."tanrIN'" i>U~ dbch.rg•• " .... anah,. ..d u"lnll a •• thod
<Inrdb"d hv ('ripp.n (I'n8). In "hich p""k. result tnt fr"", An''''..elt 18 .....11 All
tho~r. 8rnetacetl Iw ..ither r"infall alolle lor rslll On "nml are cOlC~lnp<l. Th..
res"Jt~n8 eompoRite lOIl-PeXrcon lype Tll frt'nllenq distribution .. f lnst"nt",neoua
p.ak dtscharge. for Sprue" r,."ek UI',u-ell" fy"", t~f <I"br18 av.la"ch.. (site Ill).
unaH"et.d by .urg..-rel ... ".. floCAltng. gl'·". a r ..e"...."c'" Int.tv".l of 100 }"""nOi ar
lIr.at.r. ur about. 1 r ..ce.... t eh."et' of h.inr ...,ua1l.d 0' "~e,,,..d..d In Any gtV"'lI
Ve'r. An.lY5~s of peak dlarh.rR' dar. for Porcupine rr.",~ n'al ~ri~08~ '~tt" Z4).
,,1"0 unaffected by .Iury..·relus. (loodfnll, ,i",,, • recunenre IIHe....1 of 80 ye~I'.

~r ~ ~li~tly gre.tar t~~" I p.re~t eh.nee of hetn, eith.r e~ualled aT ""eeeded l~

~"'" gIven year.

1'h, fre~u~ncy .naly~l~ preo..nr.ed in Chh r ..p"rt apollOlJ only to event! In
which runoff w.. ", nO' aff.ct ..d lov x",r,e-r.lu".. f1ordln~. >:••1' str•••", matnlnll
......p .aunt.tn b.~i~. n••r S~"rd ~'Y h"ve a hl~b.r pra~abllttv rl fl00dl~ due to
"el>rh. d.. f"...... ,loa ano:: r ..lll".e th~n '0 ..no l~ ... lnf811- and .n_~t-","off

.vent... Th.. ""'J"'ltt..de 'nd fren"~r.e~ .. r ","st r"t rophle flooda at ~.rd .iltbt

.ho b" e",lua.ed \l.811l$' <:0. or ""r" of the g.<>l<>,I.: and denolrochronulorfr d.. lnlt
t.ehnlnues "",serlbed ~y ('os.a (1 0i8) .nd by Cos ... and Jarr ..tt (1981~.

Til • .,."imu" 24-hrur precipit... lon at ~e'''''rd for ('Jnob.. r HI-II. 19~~ ...a" 1~.05

In •. the IIlghest recorded III nee 1908. Sev,.nty-fo,'r years of annu.l IT.a>:lmv!I\ dnUy
pr"elrlt.tlon d"t. for ~,,~.. rd (periodB IQO,-'4, 19?9-37. "od I~J9-~6) "ere Qr..ly.ed
using the Pear.on T",. III dfetrlbuUo", "'Hh lolt tr""sfo...." cl.,t .. fInt...pn""y
Advisory C.-Ht".. om W.t.r "B", 1981). No .diusu·.....us ~.re ..d" (or ..h.lng
'alord or for ehanges In 10<"~flnn of thp Itage. A predplt.U.,., ",.'10" .1<.....
.:oefftel.nt of 1.65 ~.. ",ud, and the hl,dl 'IUtlte•• of [;.eulllb.r 1'1)••nd OCtob.r
l'IA6 "er. retalnecl .s rare of the .yst..... tl.: recnrd. 1ll1~ lIoaly.l••ujtf""t. thn



thO! pr ..dpH.... :lon totlll for th, Octob..r 1966 .to", hila II r.cur ....nc. Int",,",,al of
1II....."ter thlln IOe YUt. (fir.. 16), lind 1Ill.1(l"~ .. lth Nlhl ... ', (19Ff;' detenn1""t1on
ba.",d on the L.S. ~e8ther ~u...."u·. T.ehnlelll PlIp.r 47 (1963).

'I'll' Pu..son T~'pe tIT clfstrlbutlon "'II~ "Is" IIs ..d t" ..ak", s ..punt. analyRes of
dntll for rll1flHOrtllS Io'hid'. occurte,{ pdnclpllllr dur1n~ til", ",,,nths of IIl'r11 thro\l~h

October, lind dat.. fnr "wh,t.r'· .t"'·"'B (No"...,hur thrcuah Y.rch). Thull Bepllnt"
d1 ..t.rlhutloll~ ~'en ulled to cOIIlpute " cOllbln..d distribution d"lIcrib,d by (r1rP.1I
(1918). 7h. resultloill. cOlllPoB1t, cUnt'" Indltat.d no ....b.I."t1.1 IlI'J>rovem.nt In th•
....·......U .etUraCT of ••tlrulTe of the !r"o".ney dlstr-lhutton of pr.clp1tlltfC"n.

The. utetl< of floodi", frt lind n.... t 5,,,...d in t'lctober l'HII; 11> de11ne"ud on
I,lat .. I. lI..ellU"" or the lll>ftlllloni of r:;;p lIe.I"" "'00:><' loelll t"P08t.phle r""tut.s
or .....1\ flr..a~ wltllfn th.. flood boundath" thM "",re not :Inundate" rr.ay not he
B~C",~'. The ele.vllt1"n of hlF"-"~U" ,"arks ~lonll orrea... ""-0 det" ....1n.d b., hv~l
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... rveys to the aa ........ Identifi"d and fla'Il." d .....!nll 0 ... t""".dbtdy fo110vln, the
!1oocl. Thue .hvl!.t1ona have flOt hen plotted <>II the aap beta.... of thet... I .
variability, p....Ucularly on .1luvia1 fenl ..h~te elf.v.re local ICO"'" (~ro~lon) 0 ...

flit (d"podtion) took place. Elev.. tion. of high-w.. te ... ", ..rka at sehcUd bridllU
........ho In the "stall." COIUII;n of tah),,:. Addition.. 1 d.ta on el.vation of
hillh-.'''te aar~ .. nd profil.s of the flood c nu ..a:- be obtdn"d f ...... th" U.S.
C..ologle.l Survey, U.S. Army Co p. of Enllln n~ the Ken.i Peninaul. Aoruugh.

On OCtober 21, 1986 the Hood..! portiona of the ·hna.1 P.fll.na ..l. Ilotoullh va""
d"dar"'" dh••ter are•• , thn.b.. <)\:.&llfylq the.. for ''''''nat f ..fld. for relt.f and
reeovery .frorts ('edn.l EMrlefley " .....eNDt Agefley. 191'6). The S"vard IIllhway
.......ahed fI.. t and flooded. a. vere .aban~nts l!.nd bridles ot the Al.8~' '.11r03d.
Hllh....y tr.vel to /lnd frc. Se..ard va. curTailed for I day, and rail service va.
int~rrupt.d for n~a ... ly 2 ..eek.. The City o( Sewa...d .uffered .xun51v. dlllll.:llle ro
n. elect ...ic utility, a.ny ...oad., h..nk p ...otection "ork. at the ,aall bo.t h ....bo.... t
the 'o..... th of J .. ly Cr"",k l.vee. Mnd the destruction of tWO dty bridl"" The
prilloCipal daug" to prore:rttu louted on the .111.."1&1 f.". vas the ....o.lon and
.",buq,,~nt 6.poaition ...""had rith the hipb ve1""1tiu of th" 6"l>rt.-ta.!"n
flood... t"..... Keny aubdivi.ion toad". b ... ldl••• and r.,ldlOnc... an th" fan ...... f.clO,
..lOre de"truy.d.

r.tOUnd~"4t~ level" within ch~ vall.y aU..v1,,", .nd on the i111uvial f"n. rou
vtlry rapld}v to cord hiRh lev,,18. \i"t.t l.vel" tn .n oh"ervat1on 11 .... I'o... t
R.yaond (rlg. 27) "en influent..d by Illten'e loul p....dplUtion ·,,11 all by
dtrecr fnflltraeton of flood vstln trav.nl"~ ch" .Il"vld fell of J.p.lne•• Creek
.toc"c ],000 fc upnt..... f th. veIl. Vue... 1",·.1 In th. v"ll "'u&f- 20 (t to
vithi.. 2 ft of the l.nd .", f.c •• Th" R.......nd ...t"r flood"'" b••'-flta And etr..ct"u..
I""ued b.l"" ~ ...ound sutf..c.. r>"rtfcularIy on the , .... of .I.p...e"• .I"" L""ell
r:r.e...... "round-vat.r l"vel 0 .." to the l.nd ..u ... fllce on the 'ourth of July Cre....
fan And al ..n dl"charR.d urface runoff .long the h•• 10 of th" f ..n. S..ch "levat.d
ground-""at"r llOv£l" d"c a .. ., the. 51abil1ty t'f th" faM and 100..nt"fn "lope.. , ,nd
tncr"ue the pot~ntial for ".n ..o..~....nt of th" uncon,,011dat.d "'''terhl". ,h.
Rredu.l d..tlln~ of the ..... te... I.,v..! In the Fort Pa)'1Oond ",.ll f ...o.. Oetoh~t 13-23
(ffR. 27) r.fl"ets th••lev retu ...n tn norma] l"v"l" f ...ca the "atur.t~d condltlon of
.h•• t •• • ••1Iuvl.l f.o~.

Sine. th" belllnnlnp: of ",lin'. pr••ene" In th.. ~"..."n1 .na. flood••nd th.
Ott .. rreoe...nd .flectl of .....neIIC.d ..a'.-aov,,"ent ph.no~en. h.v. t.pe"tedly caulled
m/ljor da,.asIO. tn hridl", road •• prlvllte properq". and publ1c f.cIBtiu. D~t.r­

mlnatfon of th~ nach.lc... l prohahl11ty ("J~" upu~~~d u fuq\l~ncv 0... r.cur,.~"c.

inte...val) of future noNllnA 1n ch~ "rU h haTrpH~d by th" p.ucitv of Itr~_...flow
records fo the a ....a. hut the fact that 1.rge, d.~,ina flood. have affected S~"ar~

h ...U d"" ot.d '" VlIU as beinll v1tbtfl tl-a a"'llr, of lonjl.-te ..... ruid~nt ••

S~cau.. of the 'te~p, ruRSed t .... r.in .." ......ounding Sev.rd. ....c.nt .. rban
exp.llIsfon haa be~n conc"ntcacad on the "lop". "r the ....e.'. "ll,,"'lal f .....
Abund...c pr.clpitation. rr"o...ntlv .s Intan"e r .. lnscono". coupled "'1t}o • pl.ntHIII
aUPlll,. o( uncon,oUd.t.d lands1t"~ and "tedal depo.lts, aaklO the~' fan a......
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pllrtleuhrly subi."t te floodl"" one! to the erOllnn ."d trll"5pOrt of ....tIlTh].

HOCld ".leu an coneenltated lit the ~\lex of an 111u'-18t ran, lout lipread out .r.d
take one or ,"on ,,~th.. "erou the I"",eT nortt,,, of the fan, In IIome Ill",.... erodin~

the pre-flood surf.c~ and in others depO"lt1uy theIr sedj~~nt load. As an slluvl .. 1
t!!to "Idens. the prohAh11lty of " ftrw:><! "r ,o:tvln ...p.nltuda at " rotnt IIh""l.J. tn
Renerat, decr...... Pnwever. flood aaRcJtudl .. determfned nelT the .pea of II fin ~v

not be In<llc:aU''e of .....""Hude. th.t "In ocr.ur It AnV pOint further <'OVllur",,1'I (10
rh.. hn surfa".. (D,,""' .. , 191Q , p. 1408).

1'lraid~d rea"h•• of atr....'. "'Hhin vid. fl ....... IIb1n" and a"ro•• a!luvlal r"n.
lOr" ar"a .. of v.rv • .,r1". ""rti,,al • .,our. lllft'u,l "rod(,n. "n<! .,onat"nt ch.nnel
m1gration. Aa these atre3~" fra"~rG. for~at"d ar.,,,,.. ~.n~ .ruaion c'u'." tr"ea and
d",""" of lon,s.. to flo.l1 into t~" "tru." f'uttng t~" flood of O.,to""r 1986. ",y.,I>
d"brt" w.a trsn"lI<'rr"d dOIo'll"tr ..~ .. , "'''"rv it ac.,umulated ~t naturn] chann~l

constrlrt!ona, brldl:.es. and cU)"t'rt". Su.,h .. c., .......htlon" of d..brh at brtd,.... fn
th" Seward ar .." r ..lIs ..d ha"1<..... t ..r. dt".. rs!oo or <"I"", alon~ ro.~" and rallt'oo;d
....ban...u'ls. and f1N><ling .nd .. .,ltlnn lOt 1I<'!nts SOlll" dUtso". frOll til" n0l1ll81
chllnn..l. Tn "C&4! io.t• ..., ..,.. th.. Ullpor.rlly d'1IlI!.#d .... ter u"rt.d IOU·""""" that
r"slllt"d In damag.. to ur ra11ur" of tlo" .truclor"•.

:lb



On.. or ....r'" d",l>rls-hd"'n Or "urg",-relesle flood" cr d",brh: aval.od,,,,. th"t
l,.v~ occurnd "tnce 19ft. h""e been Id"'ntHi"'d or docUJI",nted In "everal Se"'..rd~.. r",,,
ure". bOlll"". The"", hi"torlcal and the lDO"1: ,ecent (Oct"her \'186) events ",,,,r,,,
eVelllllt"d to dev",lor " r"[h". I'f tha uh.tlv", potentfal for occllrrence of .lIth
N6-lI-IMlVe-ent ph",n..",n" 'pha 1 and tllhle 5). Th,. llllSlgnMnt Ilf rot",otl"l for
debrla-Iadeo .cd "lIrRe-r",l ...s. flood" ~.." h."",d on known p."t eVentS; as"l~ot of
potential for Illnl"ltde.s or .,·.hnch......... bued on .... rlt by LUll<. (1%1). fhld
~.tOnn.I....nt. 1n Ocr~er 1986••nd ""al,.1" of hi"torlc.] .",rl.l phntngr"ph••

Tahle l't••• Koown and poU>ntial oct'Um'1I<':ti or waU!r·n:lau,d masa-rnovt:momt plW!POmena in iU!<'p
mQunlJlin loutn. in the Se...m. area
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sur.cF:STlON~ FOR Fl'TJlRE STTIDTfS

Identification and evaluation of ~ariou~ fl~od and mass-~nvement phenomena at
Seward in nctober 198~ SUF~est several topics for future study'

1. Lendslides and clebri~ avalanches

a. Prepare landslide susceptibility ~ap~. In wh1ch factors of slope. soil, and
geology are considered. and areas at ria. are identified (~ntinnal Research
Council, 1985, p. 14).

b. As.ess stability of "partly detBched", landslide-prone material(identlfied
by scarps left as result of orevious ~lldes).

c. Oevelop [elatiolls I-et",een r~infall. s011 saturat:l"n (shallow ground­
wat~r levels), and lan,lslide move~ent.

d. Develop techniques to ",onitor ]altdslide-prMe alopeA.

2. Floods on alluv:lal fat,,,

a. Apply alternative ""ci recendv develope" "''''lhoda, "'hld, take into account
~eomorphic. strati~raphlc, and denrlrochronnlngic evide~ce. to improve
flood-frc~uency estimat.s for alluvial fan area~.

h. Estimate the quanti tv of debrln that would he transported by a particular
~tTeam in sto~~ of various magnitu~e.

c. Develop technlque~ for delineatjn~ areas of potential eroR1on ~nd

deposition on alluvial fana.

d. Apply and evaluate spedal alluvial fan flood-1Mpping method~ described
bv Da~dy (1979) and MaRura and ~ood (19801.

a. Asse"" conditions and determine what mechanism could trigrer releAse of
stored wnter, e.,. thn~lnv. of lce-cored mora:lne or overtopping of
depression on ,lacier or moraine.

b, Develop techniques to monitnr strea~s 1dentified as havin~ eitber
documented or high potential for sur~e-re1ease type floodinll {for
exa...ple, God,,'1n, T,ost, and "ox Canyon freeksl.

4. AAReR~ effect nf fl~od-mitir,ntinll structures (levees, brid~es, etc.) and
l~nd-u3e regulat10ns (avoidance, de~ir,n, and control and stabilirat:lon)
(lIat:lo"al Research Coundl, 19P,5. p. 14-15) located within alluvial channels by
documenting erosion and (or) deposition throurh time, especlally following any
future floods.

:\8



Reeord-settlog r.iofall -- as .ueh as IS io. in 1. hour. -- caused flooding in
the Sewnd ..rn, Al ..h, during the I'eriod Oetober 9-11, 1986. lI ..oad arna alon~

Salmon Creek and the lower Resurreetion River were inundated, while the .ffeeta of
the floodwarers were e",aeerbated by severe eroslon and depo"Hlon o( .ediment and
debris along .teep·~radient u.euntllin Utea.a and the "urf.ce" of alluvl.1 fana M
their eanyon mouths.

Sev.rd l1e. at the hUd of 'esunec:tlon 8.l.y. vhieh la bordered by the
~l..,iated renal ~ounta1ns_ Uneonsolldated deposita, prlftClpally of glaei.l ori~ln,

overlie bedroc:k on all but the hbhut slopes. Then depoltt. provlde anertal,
occ.aionally ." land,lides and .v.lanche., to the .teep .evntaio .tr.... vbieb h.ve
built alluvi.1 fanl .t theit c.ovon mouth••

The flood of early Oetober 1986 was nOt" new experience to the ruldlnu of
Seward. Jo:ajor flnoda and the ace""'psny1n~ da ..sl\e have affected the are. "ever.1
tillu In rece"t hletory. The 1lI0st "evere and da1!le~.lng floocle h.ve been due
prf_rtly to intenatv. rainfall !n the aonth" of Auji:ust throul\h Noveo;hcr r.ther
than to tuo"ff frOlll .elting .nov .nd I'l.~tar !u' lola... sprlfll' and es .. l". .u........

The original tDVflsite of S.",.rd and the pte.seot-<la... centr.l bu.lne.s.s di.strlet
.re butlt on tb. brOAd .lluvhl f.n of Lowell Creek. 1I0rth of the fafl. consider·
able de",elopooent h.. oceurred on the flood phins of th., Ruurrecrloo River .nd
Sal_ Crerk. ,",Ote re~ent COMttuetiotl hes t.ken ph~e 01'1 other ..n""i.l fan
.r~... "'l00dvaters. erosien of .tre~h,.ds .nd banks, .nd the suhsequent de~sitlon

of sedh••nt and debria c.us.d ."tens!"r d....Re tn Octohr.. 1986 .long both the
ler",e, b..slrled stre.... and their "teep-gr.dienr trib\lrarhs. The lauer stres... ,
hO\levsr. po ..,. the atealer flood hs... rd due to;

I. The pot,.ntlAl for teaporer". d._inl'. hV landatldes .nd debrl .. '1""'5 "'ithin
their Heep e.nyon rueh.s, and th. a"barquent fail"rl of ttlo.e dam••nd
resulting c.tastrophic "surl\.-release" flood:lnR. Se",rr.l auch .ur8e-r..hase
floods. whose JHI.k tlOV1l f.r rxcuded .ny p..."'!o.... l.,. krlovn peeaks, "'ere
doc......oted 10 October 191'-6.

1. The potcnti.1 for euch .ues.., to .bruptlv shUt eOtlree at the apeox of their
all ...vi.1 fan. d"rln~ high runoff rvrntA, 10 th.t • stnale floodw.~ or corridor
.t rlak eannot be identified. Neithrr e.n the proh.ble aegfllt...d. of • flood
at a glvrn point on the surf.ce of IOn .lluvlal f.n be reli.bly ewtl~.ted.

f.8t1ll1ates of pe.k flnO<! discharge tn October 1986 were made for nine .tru,.s
using Indirect (elore-arra) mUhoda. lIec.use such esti.aus for unlltable-ch.nnel
steep-gradient stre.m••ay be too l.r8r. flood pe.k••Iso ",rtl eatiaated u.1n~ tWO
oth.r cosputatlon ••thods and the r,.sultinil ....lues easpared vith tho.e obt.ined by
slope-.re. ~thods.

the .urgr-rde......ffutrd pe.k discbarge of the flood at 5pnll:. Creek (.outh
of tbe ctt...) va" dlt.raioed to be 1),600 ft'I". or I,Sao (ft'/s)/.t' fros the 9.16
aquen-aUe bseln. The aaI:!JaI.m ra:infall-tunoff rate (un.tr.cted by .urge-rel....
floodl.na) determined vaa th.t for Rurlolph Creek 1,010 (ft'/slmt~ fnr •
I.Oo-.quare-m11e drainage .rr••



AlthauS'r. th~ intens~ r"i,,(sl1 tots I of \5 in. in II 2~-hour period Willi

clliculated to have" recurrence interval of 100 vears, the length of streamflow
Tecards for the Seward ."-~II - 25 years or leslI -- is considered inadequ"t~ to
reliably d~f:lne flood-(r..quency r~lations for interva15 a.. long liS 100 years.
Ilowev~r, the s1ope-ar~a determin..d discharge of Spruce Creek above the debris
avalanche fndfcates II recurrence interval of 100 years or ~rellter. Flood-frequency
",15tions cannot be deHned by conventional methods for streams suhiect to
surge-release flooding.

Water-level m"asurem,mts 1n at least en" Io1ell, reports of flooded bautnents,
and nhservaUons on the alluvial fan of Fourth of Julv Creek, indicated the rapid
r:lse of ground-""ter 1cve15 during the flood. Such el~vsted ground-\Iater levels
decr~as~ the stability of ""'t ..riah on fans and slopes, incressin.o; the potentisl
for m8SS movement of the unconsolidated msterisl.
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