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COXVERSIOKR FACTORS

For readers wvho may prefer to use rmetric (Internacional Svstem) units rather than
inch-pound units, the conversion (actors for the terms used in this report are
listed below:

Multiplvy inch-pound unit by To obtain metric unic

inch (in.) 25.4 millimecer (mm)

foot (fc) 0.3048 meter (m)

mnile (mi) 1.609 kilometer (km)

square foot (ft?) 0.09294 souare meter (m”)

square wile (mi?) 2.590 square kilometer (km*)

cubic foot (ft?) 0.02832 cubic meter (m?)

foot per foot (ft/ft) 0.3048 meter per meter (m/m)

foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)

foot per second (fr/s) 0.3048 meter per second (m/s)

cubic foot per second (ft?/s) 0.02832 cubie meter per second (m?/s)

cuble foot per second per 0.01093 cubic meter per second per
square mile [(ft3/s)/mi?] square kilometer [(m®/s)/km?]

fither useful conversion factor for stream channel slope (or gradient):

Multiply by To obtain
foor per foot (ft/ft) 5,280 foot per mile (fr/mi)

Sea level:

In this report "sea level" refers to the National Geodetic Vertical Datum of
1929 (NGVD of 1929) — a peodetic datum derived from a peneral ad{justment of
the first-order level nets of both the I'nited States and Canada, formerly
called "Mean Sea Level of 1520."

Stream names:

Stream names in parentheses on maps In this report either do not appear om U.5.
Geological Survey maps, or indicate local usage.
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FL.OOD OF OCTOBER 1986 AT SEWARD, ALASEA

hv Stanlev V. Jones and Chester Zencne

ARSTRACT

Broad areas aleong the lower Resurrection River and Salmon Creek as well as the
surfaces of several adjacent alluvial fans in the Seward area were flooded as a
result of the intensive rainstorm of October 9-11, 198f., Severe ercsion took place
through the steep gradient, mountain ranvons and near the dpex of the fans, while
rock and debris were deposited on the distal parts of the fans. Tn fodwin, Tost,
Rox Canvon, Japanese, and Spruce Creek bhasins, and perhaps others, landslides or
debris avalanches dammed the streams temporarilvy, fubsequent faillure or over-
topping of these dams led to "surge-release" flecoding; peak discharpe of such a
flood at Spruce Creek was 13,600 cubic feer per second, four times as great as any
previously known maximum discharge from the basip and 2.5 times as great as the
runoff rate upstream from the debris dam.

Flood discharges were determined indirectly =- using the slope-area method -—-
at ten high-gradient reaches on nine streams. Cowputed peak discharge for several
small basins were the largest since records hegan In 1963, The larpest
rainfall=-runcff rate unaffected hyv surge-release was 1,020 cubde feet per =second
per square mile st Rudolph Creek, which has a drainage area of 1.00 square mile,.

The 15.05 inches of rain that fell in one Z4-hour pericd during the storm was
assigned a recurrence interval of 100 years or greater. The length of the
streamflow record available for most Seward area streams —- 25 vears or less —— is
inadequate to reliably define flood-frequency relations for recurrence Intervals as
great as 100 years. However, the slope-area determined discharge of Spruce Creck
above the debris avalanche indicates a recurrence interval of 100 vears or greater.
In addition, conventioral flood-frequency analyais techniques are not applicable to
peak discharges that are affected by surge-release phencmena. Large, damaging
flopds have repeatedly caused major damape in the BSeward area. and the potential
for catastrophic, debris-laden flnods 1s an ever—present threat to areas hordering
the many steep mountain streams.

INTRODUCTION

During the period October 9-11, 1986 a large North Pacific storm svstem moved
onshore over southcentral Alaska, where it caused record-setting rainfall that led
to widespread, catastrophic flooding and Iandslides. O0One of the hardest-hit areas
was the coastal communitv of Seward (fig. 1}, which received more than 15 in. of
precipitatrien in one 24-hour peried. Preoad areas along the Resurrection Eiver and
Salmon Creek at the head of Resurrection Pay were inundated (plate 1). The effects
ol the floodwaters were exacerhated by severe ercsion and subsequent depositlon of
rock and debris alomg the channels of steep mountain streams. The high sediment
discharpe, combhined with trees, brush and other debris, clogged channels at bridges
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and culverts, causing overtopping and erozion of bridge approaches and railroad and
highway emhankments; dinterruption of highway and rail transportatien; and
destruction and damage to businesses and residences.

The dintense rainfall saturated steep slopes along the mountaln streams,
inducing landslides, avalanches, and debris flows that contributed material to
debris-laden floods and in some instances temporarily dammed stream channels. The
sudden failure of these debris dams resulted in mass movement of earth, rorck,
vepetation, and water. This surge-release flooding produced peak discharges
substantially greater than any previously determined flood flows.

Flood data in this report were collected as part of a long-term cooperative
program hetween the 1.S5. Geological Survev and the State of Alaska, Department of
Transportation and Public Facilities (ADOT&FF), and the Federal Fighwav
Administration (FAWA), Additional support for preparation of this repeort was
furnished by the ADQT&PF, Alaska Division of Fmergency Services, FHAWA, and the
Federal Emergency Management Agency (FEMA), The meteorological and rainfall
analyslis 1s based on information provided by Gerald Nibler of the National Weather
Service.

Purpose and Scope

This report decuments the floods of October 1986 at Seward and adiacent areas
at the head of Resurrection Rav using information collected and observations made
hy the U.2. Geological Survey during and after the catastrophic event. Tncluded
are deseriptions of the mass movement features and processes active in the ateep
mountainous terrain surrounding Seward, the floods and their effects in each of the
affected drainage basins, and a discussion of the hvdraulic and statistical
analvses of the flood data. A flood inundation map, a discussion of and a map
delineating flood-related hazards, and tabulations of hydroleogic and hydraulic data
on the October 1986 and earlier floods provide a technical basis on which to make
flood-plain manapement decisions. Stream names in parentheses on mwaps either do
not appear on 11.5. Geological Survev maps, or indicate local usage.
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PAYSTCAT. SETTINC AWD CLTMATE
Seward lies at the head of Resurrection Bay, a deep fiord about 7?5 mi long on

the north shore of the Gulf of Alaska (fig. 1). W¥ear Seward, the bav is 2 to 3 mi
wilde and about 500 ft deep. The water 1s deep immediately offshore except at the



head of the bay and at the toe of alluvial fan-deltas that have formed at the
mouths of steep-gradient streams tributarv to the bay. The glaciated EKenai
Mountains 1ise steeplvy above Resurrection Tav and the wvalley of the Resurrection
River; the highest peaks on the west side of the bay amo 1iver reach altitudes of
4,000 ro 5,000 fr.

The extreme wountain relief and its effect on the coastal maritime climare
cavse great lecsl variations in weather in the Resvrrection Bay-Seward area. The
general circulation of air masses 1is driven hv wigrating pressure cencters in the
Culf of Alaska. The lifting and cooling of mofst air masses at the mountain fromts
cause a rapid increase in precipitation with increasing elevarions along the
windward side of the mountains. Mean annual precipitation ranges from 67 in. at
Seward to more than 100 in. in the high-altitude placiated areas. About 40 percent
of the total anrual precipitation Falls as rain during the perind September through
November. Reginning in early Octeber, the precipitation above an altitude of 2,100
fr. 18 usually in the form of snow (D.C. Trabanr, 1.5. Geological Survey, oral
commun., 1987), most of which is stored in mountain and glacier snowpacks.

The upper headwaters of Resurrection River, including the basirs of Lost and
Grouse Creeks, are in a strong transitional zone between the Harding Icefield,
where glaciers are sustained by high precipitation, and the Kenal Mountains, in
which precipitation decreases rapidly to the north and west. Mean annual
precipitation in this zone decreases rapldly from more than 100 4in, 1in the
mountains draining into Resurrection Pay to 40 in. in the Kenai River drainages to
the northwest.

GEOLOCY

Alternating units of graywacke and phyllite constitute wvirtually all the
bedrock in the immediate vicinicty of Seward. TUnconsolidated glacial and fluvial
deposits, described inm more detail below (from Lemke, 1967, p. 16-24), overlie the
bedrock except on the steep, higher slopes. These surficial deposits are gecerally
intermired in the vallev of the Resurrection Eiver (plate 2).

Glacial Deposits

Remnants of lateral moraines flank the main vallev of Resurrection River and
extend up the sides cof tributary valleys to a maximm altitude of about 1,500 fr.
The moraines are heavily vegetated in most places, but where exposed consist of
rather loose, gray till, ccmposed principally of silt, sand, and gravel, with
smaller amounts of clay-sized particles, cobbles, and large boulders. CGlaciers in
the Seward area have been retreating and thinning in recent vears (Fileld, 1975, p.
523). Continuacrion of this trend would create and leave additional areas of
unconsolidated morainal material subject to accelerated erosion and deposition by
streams. Terminal or recessional moraines 1in mountsin glaciated ereas may be
sufficiently well-preserved so that thev dam the stream that replaces the melting
glacier (Costa, 1985, p. 31).



Alluvial Fang and Fan-Delta DNeposits

Alluvial fans and fan deltas have been deposited at the mouths of mest wallevs
tributarv to the head of Resurrection Pay. Teltaic deposits form the distal edges
of the fans that extend into the bay., The four largest fans are the broad aprons
at Fourth of July, Japanese, Lowell, and Spruce Creeks. The fan deposits, chiefly
2ilt, sand and gravel, ranpe in thickness from abeut 100 ft to several hundred
feet, Py definition, alluvial fans are depositional landforms -- formed as a
stream channel migrates across the fan surface, changing course primarily during
large floods. TPecause of the process by which alluvial fans are bullt up, a single
flood zome or floodway across the fan cannot be desipnated or identified. The
stream is prone to lateval migratien or sudden shifts in covrse during high runoff
events, so that the entire surface of the fan apron is subject ro flooding.

Profiles ol the stream channels across major alluvial fans at Seward (fig. 2)
indicate that gradients near the apex of the fans range from 0.025 ro 0,082 ft/ft,
whereas pradients near their bases (distal edges) rarpe from 0.010 re 0.052 ft/fe.
The presence of steep-walled fan-head trenches indicates that erosion takes place
on the wupper part of a fan, Deposition hbegins on the lower part of the fan
apron —— typicallvy below a distinet break in slope (fig., 27 -- at pradients less
than abour 0,052 ft/ft.

The business district and most of the residential sections of the "original”
city of Seward are built on the alluvial fan of Towell Creek. Before rthe
construction in 1940 of a diversion tunnel from Lowell Canyon to the head of
Fesurrection Pay at the scuthern edpe of the Seward, Lowell Creek flowed in a
channel approximately coincidert with the present-dav Jefferson Street. The
channel overflowed periodicallv, spreading s laver of sand and gravel over much of
the fan. By the earlvy 1960's, residential development was hepinning on the broad
far of JTapanese Creek (Forest Acres area) and in the last two decades has spread to
other fan areas, notably tho=e at Lost, Pox Canyon, Sfawmill, and Spruce Creeks.
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Valley Alluvium

kesurrection Fiver is a brailded streac, within low, vegetated banks, whose
channel mnigrates acress a wide flood plain. Its flood-plain deposits consist
mainly of sand ard fine-to-medium gravel. Coarse gravel and srall cohbhles armor
some of the ahbandoned stream cources. The alluvium of the lower reach of the
Salpon Creek comsists chiefly of medium—to-coarse sand and fine gravel, =lightly
“iner rchan the materia: along Resurrection River. Mver the past 10 vyears,
tesidential development has encrosched onto the flood plain of Salmon Creek, as at
fuesta Woods and Camelor by the Sez subhdivisions, and along MNash Road.

MASS-MOVEMINT FEATURES ARD PROCESSFS

faturatfom of uncenscolidated surficlal waterial on steep slopes., including
previous landslide derpesits, resulted fn mobilization of these materiale and their
incorperition in mass-movement processes variously termed debris avalaoches
fSwanston, 1970), debries flows (Varnes, 1978: Costa and Jarrett, 1981), and debris
floods (Wieczorek and cthers, 19P3). Slope "failure" apreared to take place at the
huse of granvlar soills eor glaclal morsine deposicts. After mcvement onf these
materisls in Derober 1986, larpe areas of cracked and searp-bounded masses remain
perched or steep slopes. These masres are now less stable and more likelv to be
mobllized during heavv rainstorms.

Tandslides

Lendslide and talus deposits are present on and at the base of slopes along
the steep—walled wvallevs of all snall mountain streams near Seward. The 1964
earthquake reactivated some older slider and triggered new ones in these canycns
(Lemke, 1967). 0ld landslicdes, recent landslides (debris avelanches) tripgered hy
the Cctoher 198f event, and lorndslide-prone areas are delineated on plate 2.

Debris Avalanches

Lebris avalanches, the rapid Aownhill mass movement of earth, rock, vegets-
tion, and water, are ccmmon natural pheneomena in coastal, maritime areas of Alasks
fSwanston, 1970). The 1intense rainfall or Crtober 10-11, 1986 caused debris
avalauching on the steep, densely vegetated mountain slopes covered by shaliow
rooted Sitka spruce trees. The avalanches occurred principally on elopes greater
thar ) degreez ‘0,63 fr/fr} in sreas of shallow till zoils, a few Inches to 2 ft
in depth, undcrlain by hedrock. The steep slopes and increased pare-water pressure
fn the suturated glacizl-til]l scils were primerv factors in the debris avalanching.
Dther contributirng factors were the presence of natvral depressions that collected
and concentrated the water, the ease with which the scil transmitted water to
becone tapfdlv saturated, and the shallow bedrock "sliding surface."” Scars of
recent debris svalanches are evident on the steep =sleopes of Spruce and Lost Creeks.

The largest debris avalanche {dentified in the Seward area in October 1986
cccurred orn the sreep ncerthern slopes of Spruce Ureek, 0.F mi upstream from its
mouth. The avalanche scar 1= ahout 3,500 ft long, averages 460 {t in width, amnd is
ROO fe wide at its hase; the average sofl depth was less than 2 fr. The avalanche
rencved the entire vegetal cover, {including the larpge trees, and hedrock was
exposed the entire leugth of the ecar. The awecunt of material moved was about 3
millfon ft®, Several smaller debris avalanches occurred along the northeast-facing
slopes at the southern wargin of the Japanese Creek alluvial fan., These avalanches

B



were 1in densely vegetated areas of shallow zoils underlain by steeply sloping
hedrock surfaces. The avalanche scars were from 300 cto 80O ft lonp and 10 to 25 ft
wide.

Ceveral debris avalanches and rockslides occurred on the steep slopes
hordering Resurrection Bav along the road hetweer Seward and Lowell Point., The
largest such slide, at the base of the mountain front U.2 mi north of Towell Point
fan, originated from & small, steep, unnamed basin with 1tvs headwaters st Bear
Mountain., This type of slide usually occurs in V-chaped dralnages with slopes
greater than ahout 40 degrees. The boulder-sized material "feliverea” 1w these
glides were a source of riprap for post=flood reconstruction,

Pebriz Flows and Nehris-Laden Tloods

Ags landslide and awvalanche wssses reach stream chavnels, the maferlal ma
become mixed with the floodwaters to produce phenomerns known as debris flows and
cebris-laden floods. lDebris fleows are cefipned as vapidlvy movirg, gravicy-induced
glurries of pranular solids, water, and air {(Varnes, (07R), Tn Detaber 1986,
material from debris avalanches onto the Japanes=e Creek Tan was incorporated in a
detris flow and carried some 30 to 150 ft Geovngrade zloung the marpin of the fang
this debris f{low tramsported at least one moss-covered boulder that wes 16 1t long
{fig. 31. Tr debris-lader floods, =vil, sediments, and rock with a pgreater
relative proportion of water {thanm detris flows) are transported by fast-moving
floodwaters. Wieczorek and others (1983, p. 3) refer to svch water deminated flows
as debris floods.

Figure 3.--Debris flow along the west margin in the Japanese Creck alluvial fan.
Boulder is 16 feet long.



Surpe-Release Flooding

Tandslides ard avalanches mav form a Jdam across steep, narrow vallevs,
temporariiy storing witer that !z later releassed catastrephically &= the dams fail
ar are overtepped (Costa, 1985, p. 24V, Such deeming and surpe-release flooding
occurred in Ccrober L9PF on Codwin, lust, Box Canvon, Japanese, and Spruce Crecks.
Surge-1clease floods can alsc Be penerated b~ the sudden release of water stored
witkin or on the surface of a glacier or in cepressions on ice-cored morainee.

FrL.con HTISTOKY AT SEWARD

feward tas a historv of the tvpe ol {lpoding and flood damage that occurred in
Veepker 10RA,  The recurrence of beavy and irtensive precipitatior and the presence
of errdible, urceonsolidated materisl on steep slepes have corbined several times in
the past to produce landslides, dehris avalanches and flows, and debris-lade
Tiueds, as well uy the inundation of wide areas on alluvial fans and the flood
1ains of velley alluvial streams. The sources and productr ol these processes are
the glacial ceposits, aliuvial fane, vallev zlluvium, and other surflcial geolosic
naterials mepped by Lemke (19671,

Abont 90 percent of annuzl peak discharges from streams that draim the Ligh,
pleciared mountair bhasins eccur in the menths of Auvgust throuph Yovember. These
pea¥ fluws are due tn Intense raintall rathker than te nmetf from melting of snow
and ice im Iate spring and early suemer, Pepl discharges due o snowrelt usually
are ror excessivelvy large, vnless thry are accompanied bv rainfall. The most
severe Tlpods occur when freering rterperatures ccour at altitvdes higher than those
of the svrrounding mountains, and precipitation falls as rain rather than =now.
The larpest floods fror placier-clad bhasinsg cccur in late summer and fall afrer
snowpacks bave melted at lower altitudes but remsin saturated om the hipher
altituae slcpes and placiers.

Tleod infarpation for the period 1946-74 has been summarired by the 1.5. Armv
Lerps of Fopineers (1975, tahle 2}, Additional cdata on the [loods of August 1966
snd October 1969 were svailable from 11,8, Geoleogical Survey (1975) and Heid and
others (1973). Vlepod investigations win the Fourth of July Cree¢lk fan delea are
descriled by Randall and Humphrey (1984),

FLOOD 0F MCTORER [OHG

Meteorological Conditions

-

by Ferald . M\hler., Maticnal Weather Service

Miring the period of hesviest precipitation on Nctober 9-11, 1986, the
fuxtapnsition of a surfare trough of low pressure along the 155th meridfan and a
ridpe of high pressure alonpg the Rritish Colmmbiz ond Southeast Alaska coast
produced a southerly jet of warm meist afr thet centered or the Fenai Peninsula.
Norrally, flood-producing rains along the coast are caused by the pattern of a
strong moist ‘et, criented perpendicular to the nerthern coast of the Gulf of
Alaska, which tvpically remains stat{onarv for 12 to If hours resulting in 3 te &
in. cf precipirztion. During this storw, however, the let was stationarv for 36
licers and the combined dynarmic and orographic uplii©t produced the long period of



intense precipitation in the Seward area. The heaviest reinfall wae associated
with warm air advection, which forced freezing levels to altitudes higher rhan the
surrounding terrain, cc that rain rether than snow fell in the placiated mountains.
Yormally, most precipitation in Nctoher occurs as snow at these higher altitudes.

Frecipitation totals for selected sites near Seward tor the 3-dav sterm period
of Deteber 9-11 are surmarized 4in table 1. The ischvetzl map in fipure 4 shows the
location of selected precipitation gapes, and that the heaviest preciplitation
occurred in the Seward area. A graph of cumulative precipitation for selected
gites in the Seward area (fig. 5) shows that heavv precipitation began the evening
of Dctober 9, and continued 4into the merning of Gctoher 11. PRainfall for the
“4-hour period beginning at 4 a.m. (Alasks Naylight Timel! cn Octoher 10 was 15.05
in. ™ the basis of 17.8. Weather Puresu (1963} data, this Z4-hour total has &
return peried of more than 100 wvears.

Table 1.--Total precipitation for selected sites near Seward,
October 8-11, 1836

Mata from Hatlonal Weather Service!

Sice We. Statlon Bainfall
{flgure 4} {inches}
i Seward 4EW 10,14
2 Ceward 17.96
3 Lawing A.10
h Cooper Lake L3
Froject
5 Moose Pass 4.96
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13" 150°

™I
P

148"
et LﬂJ=Mu ; ﬂ T
7 A AMCHO RAGE r 1
“! oy “'#!l{“ 5
. 4 r_?Panqu

hittie by A A
Wiliian

Bk +

N

(]

Y
3
~a

B'III MILEE

L] L]
an B s OMETESS
LA 1 1

EXPLANATION
e 1 | i 0 equal precipitation, ininckes; interval
% inches unless otherwise noLed

#& Selected precipitation stations in the Seward
area (see table 1)

Fipure 4 .--Total precipitation, October 9-11, 1886, for
Seward and Kenai Peninsula area.



20 | | | l

18 =
Seward

16—

14—

10—

Lawing

PRECIPITATION, IN INCHES

1 |
12 2;4 12 24 12 24

Detober 9 Oetober 10 Orctober 11

Figure 3,-Cumulative precipitation in Seward area, Oclober 911 1986 (Data from
National Wealher Service).

Desctiption of Rasins and Floeds

Fourth of July Creel Pasin

A large alluvial fan on the eartern shore ct Resurrection Rav opposite the
ity of Seward has been formed hv two placial-veltwater streams —- Godwin Creek snd
Fourth of July Creek, The streams are ceeplv incised in bedrock above the spex of
the fan. Prior to the construction ol leveesx, the braided, distribuvtary channels
of Fourth of July Creek flowed 7,4 mi from the canvon mwouths to Besurrection Ray,
meandered acrnss the broad 1.7fA-sguare-mile fam and discharped oslong  the
l.5-mile-long basze of the fan.

Construction of a new pert faclliry and flood-cortrol levees on the 7an of
Fourth of July Creek was completed in 1587, and a State prison 1= wnew under
construction on the lower part ci the fan. 7he levees coriine the scream within &
gradually constricting channel along the scutheast margin of the fan—cdelta. The
surface arez ¢f che aective fan helow the apex of Codwin Creek has thus hesn
effectively reduced Af percent —- from 1.2t mi® to 0,40 mi¥., A flooc of September
1516, 1982 cavced extensive damage to the levees, The estimate of pesk “low at
thke levees was approximately 4,700 fc3/a, with & recurrence interval of 1 to 25
vears (Randall and Humphrew, 1984),

Fourth of Julvy Creek dreins a 9.40-sguare-mile basin (3% rercent of vhich is
covered T©v plariers) ahowve dts confluence with CGodwin Creek, Tmmedintely
dovnstream from its origir at the termini of three placiers, the channel slere is
0.055 fefft, Acr a poiwt !.7 mi belew the glaciers, the stresm channel slepe
increases abruptly to 0,17 tt/ft in 4 steep canvon incised in hedrock.
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Codwin Creek, which originates as two stream channels at the cterminus of
Codwin Glacier, drains a highly glaciated (61 percent ice and enow) basin with
steep, rugged peaks rising from sea level to altitudes greater than 5,000 ft. The
stream channel above the canvon mouth in the 13.B-square-mile basin (at site 1,
plate 1) has a slope of 0.21 ft/ft iust downstream from the glacier; the stream
flows 1.1 mi through = deeply incised bedrock canyon before discharging across the
Fourth of July Creek alluvial fan and delta. Along the meandering fan-head trench
near the apex of the fan, the stream channel sglope is 0.04]1 ft/fr. The slope
decreases to 0.010 ft/fr as the channel widens in an area of high deposition.

Aerial ophotographs show evidence of past landslides from lateral moraine
deposits perched along the steep-walled canvens of Fourth of July and Codwin
Creeks. These landslides have deposited large quantities of material, scre
containing cobbles and boulders up to R ft in diameter, into the stream channels
through the canyons. Future damming of the channels poses the potentizl for
debris-laden, surge-release floods and re-deposition of sediment below the canvon
mouths,

No evidence of glacier-outburst {looding from Godwin Clacier, either in 1986
or earlier vears, has been identified or deocumented. However, gleclers with no
visihle lakes or surface depressions may have subglacial stored water that mav be
released suddenly to cause catastrophic floods (Post and Mavo, 1971).

Im October 1986, lardslicdes, slumping and other slope failures in the steap-
walled canvon of Godwin Creek formed at least five dams across the channel, which
resulted in short-term storage of water and rock debhris, Subsequent breaching of
the dams by flcodwater inflow mobilized a surpe-release, debris-laden flood through
the canvon and below the canvon mouth. Recent aerial photographs show deposits from
such flooas scattered over the bedrock in the canvon. The surge release produced a
flood whose maximum unit di{scharpe was substantiallv greater than anv previously
known flood in Alaska. The peak discharge computed (using slope-area methods) for
the canyon 0.1 mi above the fan apex was 30,000 fc?/s, or 2,200 (fc®/s)/mi? (sice 1
on plate 1 and rable 2), The entrenched channel in the canvon was 170 ft wide and
had a mean depth of 12 ft; the bed material in the channel consists almost entirely
of boulders, some as larpe as 8 ft in diameter (figs. 6 and 7). The flood-wave
profile had a maximum slope of 0.041 ft/ft, and the average main channel stream
velocity was computed at 16 ft/s.

Figure 6.-Godwin Creek, view downstream at flood discharge determination site 1, 0.8 mile below Godwin
Glacier. Boulders range from 2 to 8 feet in diameter,
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Table 2.--Summary of flood stages and discharges
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Figure 7.--View upstream at apex of Godwin Creek alluvial fan.

Foulder fronts and terrace-l11ike boulder berms extending across the flood
chanmels with the coarsest materlal at or near the surface, similar to those
described by Scott and Gravlee (1968), were left by the flood surge (fig. 8). These
nearly flat-tepped herms extend continuocusly on hoth sides of the channel down-
strearn from the fan apex near the canyon mouth. The berm surface is as much as 10
to 15 ft above the present channel although it is below the high-water marks on the
valley walls. Scott and Gravlee (1968, p. 1%) suggest that verv large boulders mav
be transported in suspension under "macroturbulent" conditions. An alternative
explanation for these deposits is that thev represent the front of a debris flow
(Costa and Jarrett, 1981, p. 314}, where they are concentrated by buovant forces
within the flow (Fisher, 1971). PRoulders were deposited to a depth as great as 10
ft around the bhase of mature spruce trees. The trees were scarred 4 to 6 ft ahbove
the boulder terraces (figs., 8 and 2), which indicates that a debris-laden flood
rather than a debris flow occurred below the canvon. Evidence of mass movement as
debris flows helow the canven mav have been destroved or modified by the suhseauent
debris-laden flood. Trees more than 100 years old growing along the vegetated
glacial rock debris deposited over bedrock were scarred and ripped from bedrock
crevasses to a height of 15 ftr ahove the bed of the main channel.

The flood of October 10-11, 1986 eroded new channels across the alluvial fan
of Fourth of July Creek, and inundated and deposited great quantities of cearse
gravel, cobbles, and houlders over the entire surface of the fan upstream from the
levees on Fourth of July Creek., Although the levees were severely eroded, and
overtopped In places, they did confine most of the fleod flow to the leveed
channel, High-wzter marks surveyed along the eroded upstream face of the £/50-
foot-long diversion levee were 3.1 ft below the levee cresc,

Sawmill Creek

The headwaters of Sawmlll (reek drain several high-altitude glaciated basins
with steep alluvial fans at the mountain frent. Below the alluvial fans, the
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Figure 8.--Terrace-like boulder berm on Godwin Creek. View downstream,
1.1 mile below Godwin Glacier and near canvon maouth,

»

'y
v

Figure 9.--Trees on Godwin Creek fan showing scarring
4 o 6 leel above surface of boulder berm,
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stream traverses the wvalley alluvium 1n low-banked, braided channels of high
gradient (0,037 ft/ft), 1u the Dectoher 1986 flood, manvy log and debris jams along
the stream channel caused considerable Jlateral bank ercsion and diversion of flood
waters into abavndouned chanmels. These chennels then conveved woater throughout the
flood plain. Cerputations based on data from a slope-area survey at site 2 (plate
1} 0.9 wl upstrearn from Bridge B55, give a peak flow of 2,900 fr¥/s, or 369
{ft*/s)/mi?, frowm an area of 7,85 mi?. Pu additional 2.42 mi? drains into Sawmill
Creek shove Mash Road along the esst bank between Bridge P55 and the slope-area
srurvey site. Twring the fleod, the water surface rose te 1.0 {t above the low
steel (the lowest point of the superstructure of the hridge) of Bridge 855; and 17
ft oi the south sbutment road was washed out. About 500 ft?/s of pesk discharge
ovvertopped the south rip-rapped dike, bypassed Bridge A55, and flowed south along
Nash Eoad. This bvpass flow, comhined with runeff from two small, vnnamed mountain
drainapes, flowed over Mash Ecad at mile I.4. Bridge R54 (aite 43, (.1 mi north of
Bridge B55, carried about 200 ft?/s of floodwaters -- the combined flow from a
small drainage srea of 0.33 mi® and about 50 ft?/s overbank flow whiech had hypassed
the slepe-area site, Tocal fleeding from small drainapes and erosion along gravel
roads occurred in residential areas throvehout the Sawmill Creek hasin., Oravel
roads oriented parallel to overflow channels concentrated the floodwaters, thereby
reducing damage to structures located om the flond plain.

Sslmon Creelk Basin

salmon Creek originates at the terminus of Rear Lake Clacier and flows
southwesterly for 7 m? te its coniluence with the Resurrection River, Pelow the
canvon mouth, Salmon Creek 1s a bhrailded stream (gradient N.015 ft/ft) traversing a
broad alluvial flood plain bounded on rhe west by the Alacka Railread. Lot Creek
ig the largest tributary to Salmon Creek, with combined flows eriginating from
lLost, Grouse, and Bear Creek draipages. Above its confluence with Salmon Creek,
Tost Creek has a total zrea of 23.6 ni? at Seward Righwav Pridpe 00 (sire 113, and
accounts for over 65 percent of the total 36.U-square-mile Salmon Creek hasin (site
14) (excluding the Clear Creek drainape). Peak [low of Bear (reek was reduced by
thke effect of storage in Rear T.ake, which was at seasonal low stage at the time of
the storm.

Grouse Creek

Grouse Creek, which drains a smsll basin adijacent to the Seward Highway,
washed out several s=ections of a l-mile stretch of the roadway and flowed over the
road upstream of Grouse Take. Turbulence induced by drop structures in the main
channel and small landelides that diverted the flow caused erosion of the highway
embankment. Embankment material and landslide debris were deposited farther
downstream in Grouse Creek and at the entrance to Grouse Lake. The peak discharge
in the canvon of Grouse Creek (site 10) was 1,890 ft3/s or 395 (ft¥/s)/mi®: the
average velocity in the wmain channel was calculated to be 11 ft/s.

Lost Creek

Lost Creek oripginares in the high alpine, nen-glacial lske basin of Lost Lake
(lake area, 0.357 mi?) and lLower Lost Lake (lake area, 0.05 mi®), and cascades
through a steep-walled bedrock canvon 4.7 mi downstream Lo the Lost Creek alluvisl
Fan, The dralpape ares of the basin upstream from the aper of the fan (site 9) is
8.42 mi*, The stream slope is 0.11 fr/ft through the canvon and 0.039 ft/ft from
the apex to the toe of the fan.
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Landslides, s=lumping, &auc other slope failures aslong the denselvy forested
steep-walled (22 deprees or preater) carnvon of Lost Creek combired with flrodwater
to cause damming arnd short-tern storage of water and rock debris. Mature sprice
trees were eroded from the hilleides, and bPoulders as lwrpe as B ft in diameter
were deposited along the mesandering chemmel, The channel 4= dinclsed through
deposits ol boulders, cobbles, and gravel which are 20 to 75 't deep and less than
1NG fr wide 1n the canvon. The largest slide formed s webris dam sbour 1 mi
upstream from the apex of the fan. When the dam was breached, the floodwaters
mobilired the material as a debris-laden floowd, which ernded 2 meandering,
entrenched channel 10 ft deep and B0 ft wide.

The peak discharge cf the flood cr Tost COreek, computed using data from a
slope-area survevr at the apex of the fan (site %), was 14,000 ft*/=s, or 1,700
{(ft?/e)/mi%. The main channel stream velecity averaged 16 fr/s. This estimate of
cebhris-laden peak flow msy he too high hecause of the large amount of sediment in
transport, and hecause the high-water marks may have been left before major channel
erosion occcurred,

Felow the apex, the debris-ladern flood eroded new channels of cobbles and

gravel and washed out two subdivision rToad hridges. Neposits of cearse sand,
pravel, and cobbhles, 2?2 to B Fft thick, were distributed randomly across the fan
surface, burving buildings, equipment, ard wvehicles {({{gs. 10 and 11}. Mature

Sitka spruce trees on the Tost (Creek fap within the 01d Mill Suhkdivision were
huried to cdepths of 2 to 8 ft above the 1986 root level. Many of the rtrees
upreoted by the tlood were between 00 and 150 vesrs old. Several large spruce
trees 1in the overbank area showed sipns of previcus fill. The trees which were
found to be atout 140 vyears old, had developed two or three root svatems ot
different heights on the trunk. The lowest of these multiple root svatems was 3.5
ft telow the 1986 pre-flond land surfoce,

Figure 10.--Water and debris-laden flood damage to residence on the
Lost Creek alluvial fan,



Figure 11.-Flood and debris damage to residence on the Lost Creek
alluvial fan

A large part of the debris-lader flood shifted channels near the old mill at
the apex of the Lost Creek fan, and discharged toward the east into Grouse TLake.
Relow the confluence nf Tost and Crouse Creeks, large nuantities of sediment and

trees were eroded from streambanks, causing the washout of a hridege and flooding of
residences northwest of the Seward Highwav, Severe flooding and lateral bank
erosion also occurred upstream from Seward Highwav PBridge 600 (site 11) and rhe

Alaska Railroad hridge at milepcet 6.0. Lost Creek reached a peak stage of 143.C0
ft at Scward Highwav Rridge 600 (site 11) and 142.00 Et at the Alaska Eailroad
bridge 35 ft downstream from the highway. Togs and other debris lodged on the
railroad bridge pilings (fig. 12). This bridge eventuzllv failed. The U.S5. Arwy
Corps of Engineers (1975) recognirzed the possibility that debris buildup on bridges
vould cause decreased capacity and backwarer effects (greater depths) upstream from
the structures. The calculated peak discharge at this point was 8,500 ft®/s. About
500 ft®/s of this water overflowed the south bank upstream from the highwav bridge,
eroded 50 ft of streambank, and flocded residences along the west side of Seward
Highwav.

falmon Creelk

Flooding was severe throughout the Salmon Creek basin. Damage was particu-
larly severe to residential and commercisl property in the Cuests ¥Woods and Camelot
bv the Sea subdivisions and near Nash Road,

The peak October 1986 flow of 3,910 ft®/s from the 7.10-scuare-mile basin
{eite 12), 1.2 mi downstream from the steep, glacier-clad headwaters of Salmon
Creek, represents a unit runoff of 551 (ft®/s)/mi?. Severe lateral erosion of 30
ft or wore took place along the north bank beginning at the slope-ares measurement
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Figure 12.-Flood and floating debris damage to Alaska Railroad bridge at
Mile 6.0, Salmon Creek, October 12, 1986.

site and extending 0.8 wi downstream. This accelerated erosion left a vertical
cutbank 10 to I5 ft high and contributed to the washout of (Questa Woods Subdivision
roads, and a bridge 0.4 mi downstream. The erosion by Salmon Creek has left a
vertical cuthank within 115 ft of the channel of Bear Creek, which is perched 7 f¢t
above the Salmon Creek streambed. PRear Creek at one time entered Salmon Creek at
thie point but has heen channelized so that it now flows westward to Lost Creelk,.
Continued erovsion of the cutbank could eventually lead to the recapture and
diversion of the flow of Bear Creek inte Salmon Creek.

Farther downstrearm, debris hlocked the Alaska Rallroacd bridge at =ilepost 4.7
and diverted water over and around the small spur dike along the south bank at the
bridge. The diverted water washed out about 500 fr of track. The potential for
debris blockage and flow diversion at this location was alsc identified bv the [.5.
Army Corps of Engineers (1975, p. 7 end fig. 6}. Some of the cverbank flow
upetream from the bridge combined with the diverted water and then flowed southward
along the rallroad ewbankment. FResidential property was extensively flooded and
roads in Camelot by the Sea Subdivision were washed out. Cravel roads such as
Cemeterv Road running parallel to the flow were eroded and hecame channels of flow,
Floating debris also blocked the Alaska Pailroad bridge at milepost 3.7; bridge
pilirgs were sheared and 200 ft of track and embankment washed out BOO ft to the
south of the bridge. The fleodwater came within 2.5 ft of the low steel of the
rallroad bridge. PRridge 1024 on Cemetery Road was completely inundated.

The 4,000 ft3/s of Salmon Creek floodwaters that flowed through Bridge 853 at
Nash Road (site 14) came within 1.0 ft of low steel. Additionally, about &,000
ft¥/s of water overflowed a 2,000-foot section of Fash Road with an average water
depth of 1.5 ft. Abour 300 ft3/s of overflow bypassed Fash Koad to the east and
washed out 1P ft of the rcadwavy. The sudden release of water 1impounded by the
rallroad embankment and accumulated debris at bridges caused temporary lncreases in



peck discharges and conseguent accelerated erosicon. The combined peak aischarge
for Salmor Creek 2t Yach Road was computed to Le 10,300 ft?/s. This tetal includes
about 2,BCC ft*/s of flcodflow from Rox Canyon Creek, which enterec Salmon Creek
through Clear Creek at FPridge 599 (site 13). large gquantitiecs of coarse sediment
were deposited in the main chammel of Salron Mreek helow the confluence of Clear
Creek due to lower stream pradient and velocitv in Salwmon Creek.

Fesurrection Fiver Rasin

Pesurrection River dreins a 169-scuare-mile bkasin (1h percent perennial snow
and icel in which mean annual precipitation is 100 ir. 7"n its lower reaches, the
Resurrertion River is a braided £1luvial stream wich high velocities and an average
gradienr eof 00,0038 ft/ft below Fxi:r (lacier. 7The river's low banks are densely
vegetated. Punoff frowm steep, glariated movntain basine tributary te Resurrection
Fiver deposirs large qusrtities of cczrse bed material at their mouths, Fforming
large alluvis: f{ans anc providing hiph sedimeut Ioads to the river. The steep
slluvial crhannels of [:it Clacier srd Paradice Lreeks (D.CI5 ft/ft] cdeposit most of
theit coarse bhed raterial st rtheir confivenre with Pesurrection River,

The Fxi: (lacier Koad traverses the northern edee of the Fesurrection River
ilocd plain from the Seward Mighwavy (mile (1,0) to Bridge 1390 (site 5) at mile 7.7
of the read, Althovgh rthe Octaober storm caoused flooding 2nd erosion along
Resurrection Hiver zd‘*acent to the Exit Glacier Read, the most destructive ercsion
and sediment deppsition resulted lrum floodwaters discharging across the steep
alluvial fans ul several erall basins Lraversed bv the road (plate 1}, Numerous
wasbovrrs and overflows occurred along the road.

The ccastal wrouentaln barrier effect or precipitzcion in the Pesurrection Fiver
hasin wa:= rronounced -- total precipitation for October 9-11 decrezsed from 17.97
fn. at Seward, to 10.14 in. at Fxit Clscler, to E.&7 in. at the Cooper Lake Project
rcar the headwaters of Besurrectior Ediver table 1). As a conseouence, runoff from
rhe iMb—-scuzre-mile baszin of Resurrection River above Rridge 1390 was less than the
voebined runoff from the several =r»r]11l mountain basins whese streams enter the

river devnstrear from the bridpe.

The stage of the Nctober 1' flcod peak un Pesurrection River at TNridge 1390
was 353.2K fr (Federal Fighway Administratrion datum) -- 3 ft helow low steel ol the
hridge. A conpurison of crnes-sectior surveys made prior to the flood and on
Neroher 14 shows that about 2-foot peneral sccur occurred {n the hridee section.

Fridge |17, ar mile 4.7 c¢i kExit Glacier Road, iz on the steep alluvial fan of
a stream that drairs a 3.1ll-gruare-miic tasin., The floodwater: deposited streambed
material both in tke bridge opeving and on the bridpge deck (figs. 13 zrnd 14). The
itad was washed out at the esst abutrent of the bridge and at several other
locativnn scross the aliovial fan.

Rox Canven (reek, which crosses Fzit Glacier Peoad through Fridge 1795 at mile
1.7. ¢drains a 12.%-square-rile hasin. Landslides Lave temporarily dammed the
entire ctannel 4n the past (Lemke, 1967, p. 22) to produce storape-release flonds
cewrstream from the canver. During the Intense rainfall of October 10-11, several
landslices intn the creek contributed to the high sedimert load. An old landslide
N.5 m zhewe the caryven mouth terporarily dermed the srream and subsequently



Figure 13.--Cobble and gruvel deposits at Bridge 1389, mile 4.7 Exit Glacier Road. View downstream on
Oectober 13, 1986,

Figure 14 .- Aerial view looking east at Bridge 1389 mile 4.7
Exit Glacier Road, October 13, 1986



released a debris-laden flood that caused a major chamnel shift at the canvom
mouth. Downstream, the flood breached a manmade levee of streambed material on the
southeast bank, spread over the entire alluvial fan surface, and washed out Fxit
Glacier Road between miles 0.8 and 1.7. The debris-laden water was concentrated im
an abandoned channel at mile 1.2, where erosion exposed multiple-root svstems (like
those described along T.ost Creek) on |50-vear-old Sitka spruce trees to a depth of
7 ft below the pre—1986 flood fan surface and uncovered buried tree stumps cut
during construction of rhe Alaska Railroad 65 vears ago (Dr. Robert V. Kesline,
Alasks Vocational and Technical School, oral commun., 1987), Near the apex of the
Rox Canvon alluvial fan, the active channel is artificiallv leveed at sn elevation
sbout B8 ft higher than the abandoned channel. Breaching of the levee by future
floods would again result in diversion of flow to the abandoned channel and the
inundation and erosion of Exit Glacler Road.

About 2,B00 fr /s of floodwaters from Box Canyon Creek were diverted into
Salmon Creek through Clear Creek at PBridge 599 (site 13) at mile 3.9 Seward
Highway. Most of the water from Pox Canyon Creek bypassed Rridge 1795 and left it
unaffected by either erosion or deposition of material. However, the water eroded
and inundated the approaches to Bridge 1295 and came within 3 ft of the bridge low
steel. The remaining flood waters from Box Canyon Creek flowed southward along the
embankment of the Seward Wighwavy, flooding residential and commercial propertv and
finally entering Resurrection River at Bridge 59E.

Flood-peak stage and discharge date were collected at the Seward Highwav (site
£} during the period 1965-67. The National Weather Fervice has operated a flood-
stage warning station at Seward Fighway Pridge 598 since 1977. The =stage
hydrograph for the fOctober 1986 flood on Resurrection River at Rridge 598 (site 6)
is shown in figure 15; stape and discharpge data for other sites on the river are

b

summarired in table 2.

The combined Resurrection River flow (20,400 ft®/s) at the three hiphway
bridges, and a flow of 10,000 ft?/s from Salmon Creek caused extensive flooding and
damage to residenrial and commercial property downstream from the Seward Fighwav.
The extent of damage by inundation and erosion along both streams was intensified
when trees ana other debris were carried downstream to lodge at bridge piers and
other obstructions (fig. 16).

Japanese Creek

Japanese Creek (U.S5 Geological Survey, 1983, p. 226) originates in a high
aleitude, glaciated basin that drains through canyon walls that have been greatly
over-steepened by glacial erosion. The main stream chanpel through the 3.48-
square-mile basin azbove the canyon mouth has a slope of 0,19 fe/fr. At the canvon
mouth, a broad fan 1.5 mi long and 1 mi wide extends to the valley alluvium of
Resurrection River. The slope of the stream channel i{s 0.082 ft/ft downstream from
the fan apex and decreases to 0.020 fe/ft as the active stream channel widenz in an
area of high deposition farther down the fan aprom.

As in other alpire basins in the Seward area, retreating glaciers have left
lateral moraines perched on steep slopes in the upper basin of Japanese Creek. A
larpe landslide 0.1 mi above the canyon mouth, identified by Lemke (1967), was
teactivated by the intense rainfall of October 10-11 and deposited rock and
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Figure 15.-5tage hydrograph of Resurrection River at
Bridge 598 (sile 6) October 7-15, 1986,
[ National Weather Service)

Figure 16.--Debris lodged on bridge pilings, Resurrection River.
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boulders as large as 6 ft in diameter in the stream channel. When the resulting
debris dam failed, the flood washed out a manmade levee along the southeast stream
bank at the apex of the fan and inundated and ernded abandcned channels to the
south and east. Similar flooding and erosion occurred at this site in August 1966
(fig. 17). The entrenched channel at the apex of the fan, about 25 ft deep and 100
ft wide with a slope of 0.082 ft/ftr, meanders across the 300-foor-wide apex. The
flood-fighting efforts of Seward bulldorer operators, working continuously through
the night of October 10-11, contained Japanese Creek within this most recent
fanhead trench (Frank Diekgraeff, METCO, oral commun,, 1986).

Nebris—lacen floods on Japanese Creek in August 1966, Octcber 1969, September
1976, Septerher 1982, and again i Cctober 1986 document the freguent recurrence of
stream damming and surge-release fleoding of sufficient volume to be transported
past the canvon mouth to affect the lower portion of the alluvial fan. The fanhead
trerch conveved sediment-laden water to the lower portion of the fan where the
active stream channel widens, the slope decreases to 0.020 fer/ft, and rapid
deposition occurs. Tn October 1986, the flood flow wmigrated lsterally, inundating
and erndine subtdivision reads west of Forest Acres Subdivision.

Rudolph Creek

Pudolph Creek drains a high-altitude, glaciated basin of 1.00 mi? abeve the
cenyon mouth (site 15) at the southern edge of the .Japanese Creek fan., Pelow its
origin at the base of an {ce-cored moraine, the main channel slope is 0.14 ft/ft,
Abour 0.5 mi below the moraine, the stream enters a steep cauyon, incised 1in
bedrock, with an abrupt 4ncrease in slope te (.38 ft/ft. The lack of recent
landslide and debris-flow activity aleong Rudolph Creek dowvnstream from ice-cored
moraine is indiceted by the shsence of a distinctive alluvial far at {its canven
mouth. If the glacier and {ice-ccred moraine continue to wmelt, howvever, readily
erodible material will bhecome available and the main chamnel could be dammed by
nags-movement phenomena. Tn addition to the surge-release [icoding potential froe
such debris dams, floods are also pcssihle from the sudden breaching of small lakes
on ice-cored moraines fplate 2).

The peak discharge at the Pudolph Creek canvon mouth (channel slope of N.023
ft/ft) on ODectober 1! was determined to be 1,020 ft2/s, or 1,020 (fe3/e)/mi?;
calculated mean velocity was 11 ft/s. This was the maximum rainfall-runcff flood
(unaifected bv surge-release [looding) cualeulated for the small mountain basins
near Seward. Farther downstream, the flood washed out culverts and roads, inundated
and eroded channels across the bzse of the Japanese Creek fan, and deposited coarse
sediment in a lazgeoon upstream from Third Avenue., The rapid runoff from Rudolph
Creek a&nd several cther small mountain streams combined to cause extensive flooding
along Third and Fourth Avenues. Road overfiow from the lagoon hordering Third
Avenue eroded the saturated artificial f£11. along Fourth Avenue and deposited
seciment in the small boat harbor (inset B, plare 1).

Lovell Creek
The original townsite and older parts of Seward are built on the fan at the
mouth of Lewell Creek canvon. The fan is 1.2 mu long and 0.5 mi wide, ana rises at

an average gradient of 0,052 ft/ft from sea level! to an altitude of 130 ft at the
mouth of the canyon. Following repeated flooding and damaging erosion and (or)
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deposition within the townsite, & diversion levee and s ?,000-foot long, 10-foot
diameter tunnel were constructed im 1940 to divert Lowell Creek into Resurrection
Bay at the southern edge cof the city. Subsequently, debris-ladem floods through the
tunnel have deposited large quantities of sediment over the road and Bridge 1136
repetirively — in August 1966, September 1967, Cctober 1969, Septemher 1976, and
again in October 1966,

During a flood ir August 1966, high-water marks were 2 ft below the crest of
the wupstream end of the Lowell Creek diversion levee, which angles across the
stream (site 16); in October 1986 the water came within 0.7 ft of the crest at this
point (fig., [8). During the night of October 10-11, debris from small landslides
above the tunnel entrance, &t the downstream end of the levee, temporarily
obstructed the entrance, and the water level surged to within a few feet of the
crest of the levee. TRlockage of the tunnel entrance or lLreaching of the levee dam
would have caused flooding, ercsion, and depesition through the citv of Seward
downstream from the canvon mouth.

Spruce Creek

Spruce Creek drains a 9.26-square-mile steep mountair basin upstream from the
11.S. Geological Survey's stream-gaging station (site 19); mean annual precipitation
in the basin is 112 in. and 8 percent is glacier-covered. Spruce Creek originates
at & small glacier and cascades 3.5 mi through a steep-walled, hedrock canvon in
which landsliding and rock and snow avalanches occur f[requentlv. About 2.5 mi
gbove its mouth the stream gradient decreases abruptlv te 0.025 ft/ft and econtinues
in a meandering alluvial chamel 300 ft wide and bounded by denselv vegetated
bedrock slopes. A small lake formed by peremnial snow within the headwarers of
Spruce Creek (plate 1) presents a potential for surge-release flooding. The Towell
Point fan-delta at the mouth of Spruce Creek canyon extends 0.5 mi into Resur-
rection Bay with a gentle stream channel slope of (.021 fe/fe. The braided,
distributary channels of lower Spruce Creek are evidence of random shifting of
atream courses that takes place on the distal parts of an alluvial fan (fig. 19).

The intense rainfall on Octoher 10-11, 1986 triggered a massive debris
avalanche (described earlier) on the steep northern slope of Spruce Creek 0.8 mi
above its mouth (fig. 20 and 21). The mass of debris deposited in the channel was
1,000 £t long and 200 ft wide, which caused the damming aud short-term storage of
water, earth, rock and trees (fip. 22). The breaching of the dam released a
water-debris slurry which was rapidly transported dovnstream. All the debris
avalanche material at the base of the slope was removed by the ensuing flood. The
catastrophic release of the stored water and debris eroded a mew chamnel helow the
dam. Prior to the October 1986 storm, the stream chamnnel at the gaging station had
remained relatively stable over a 2l-year period and there was no historical
evidence of storage-release flooding within the basin. Tn 1986, however, the
former channel through the densely wvegetated flood plain along the left bank was
eroded to a width of 40 to 45 ft and a depth of 3 ft helow the pre-1986 flood-plain
level (figs. 73 and 24). An estimated 20,000 ft® of material was eroded from the
chamnnel extending from the debris dam to the apex of the alluvial fan 1,500 fr
downstream. Farther downstream, trees from the avalanche and the streambanks
became jarmed in the channel along the right (south) side of the alluvial fan,
diverting the debris-laden water northward amd away from the sewage treatment
plant. Pesidential and commercial propertv was damaged, power lines were severed,
and Bridge 1783 was washed out. In September 1982, severe scour and lateral
erasion by Spruce Creek caused damage to the main sewer line buried across the

fan-delta.
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Figure 18.--Highwater marks (HWM) on upstream side of Lowell Creek
diversion levee,

a. Flood of August 1966, HWM = 2 feet helow crest
b. Flood of October 1986, HWM = (L7 feet bhelow crest
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Figure 19.-Spruce Creek alluvial fan, October 14, 1986.
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Figure 20.-Debris-avalanche scar on Spruce Creek, Oclober 12, 1986,
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Figure 23.~Channel cross sections at Spruce Creek gaging station (site 19).

The peak Jdischarge 1,000 ftr upstream from the debris avalanche (site iE),
computed using slope-area wmethods, was 5,470 fr¥/s, 608 (fc3/s)/mi2. This
diecharge war uwor affected by the fornmotion and breaching of the debris dam.
Powever, the peak discherge of the debris-laden flood surge. determined at the
gaging station (site 19), was 15,600 ft®/s, which is equivalent te a unit runoif of
1,500 (fe*/g)/mi®. The averege velocity in the main channel through the slope-area
reach was calculated to have been 16 ft/s, vith a slope obf 0,017 ft/ft, The fleod
stage at the gapging station, 1,000 ft downstream from the debris dam, was 4.5 ft

higher than any previously known flood and the discherge was four times the
previous maximumr.

Fydraulic and Statistical Aralyses

Fvaluaticn of Flood Measurements

The slope-zrea method (lalrvmple erd Benson, 1767) was used to estimate peak
discharges at ter high-gradient reaches f(friction slopes ranging from 0.00%7 to
0.0828) on nine streams. The hydraulic preoperties used in the computations for
each reach are listed 1n tsble 3. Estimates of peak discharge using the slope-area
method for unstable, steep-gradient streams sre subject to large errors (Jarrett,
1984; Rancall and Humphrey, 1984), and are penerally too large 1f highwater marks
were deposited before mesior channel ercosion occurred. Te minimize such errors 1in
indirect determinations of discharges for the Nctober 1986 flood, the surveys were
made, where possible, in the bedrock canyons ahove the fan apex where flows were
confined end only the streambed is subiect tn scour and £1l1.

Peak discharges for the ten reaches were also calculated using methods
described by Riggs (1976) and by Jarrett (1984). PFesulrs of these calculations are
rompared with the slope-srea determined values (raktle 4). A raring of "poor” is
assigned 1f the seasurement error is considered to be larger than 25 percent. Peak
discharges determined using the slope-area wethod, with field-selected Mamming
reueghness coeificients, averaged 3C percent higher than wvalues computed using
Jarrett's method and averaged 7 percent higher than values computed using Ripgpgs’
method. The largest difference for a slope-area determineu peak discharpe was that
for Lost Creek, which was 49 percent higher than the value computed using Jarrett's
mthﬂdﬂ.
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Table 3.—Summary of hydraulic properties for slope-area discharge determinations for selected streams
at Seward, October 1986

TSite menbers certeepesd t3 theee om plate 1]

Svepere wols chumesl

=yrrioy Cragw=

Fasa fg= =] dae Elonal Frlatlon Falocitr A wraxy

e Mebep e e o e ed Rt e ed | P e
H Godwin Croei 3, pon a.om 18,1 1.0 i ®.7a | b.0als 100 - 1.915 0% = L.8f [
: Sawmil]l Creed 1,180 i B 4T s (5] LIT 3. Mk L.oa A = 100 Frier
0 Lost Cresh Ta,0an 013 1.1 LLIY s &1 4,03 039N il = 1,78 L. =14 Foor
in Grrune Cresk I, Ban 035 1o, 1% b L] 1,00 440 LR 1.00 A0 = B4 Garind
12 Salwon Creek 1,00 o kb &, 56 uln L& .28 1.38 SOT8T 1.00 it = L ld Pase
k3 Fudolph Cresk L4020 <050 1o, & an % 51 .18 MELE] ] 1.400 SO0 = Gk Falr
in Spruce Creek 1,420 SO0 B.Lh 4l 153 &1 3.9% 1R L3% = 3,97 JEE = W7 Fair
19 Sproce Crask L3, 600 «TiE 1z,7 L, OEl 228 a7 &A1 LO1rn LAt = 1.21 AT = 1.7h Pour
a Eixteen Hile Cresk 3. 540 « D0 15.8 i b ] .47 LR | SOEN 1.00 B - 1,58 Fesf
=Y Farruslons Cradl &y 000 T = CEW m.z i1 ] L i} i EE 4.0 i TH ] 100" = 2.07 =15 = 1.3% Past

Table 4 —Comparison of peak discharge determinations, using selected indirect methods,
for October 1986 floods at Seward

I=f{te musbers correspond to those om plefe 17 5/A, slope-ares; frffr, foot per foor; ft¥/s, cubic fout per sscosd!

Eatimated pesk discharge

E.I’-Pvl"J .rlﬂ'ltty Tiffers M“ly Differs 5/h

Site flope method mathod from 5/a method from S/A Accuracy

¥a. Srream {frift) e/ ul ifc®/a) (percent) (fe?in) {parcent) rating
1 Codwin Creek fr, 0414 &30, 000 27,500 -8 34, BO0 +16 Foor
7 Zawinil]l Creek L0324 7,760 7,040 =26 3,300 +18 Poor
kel Lost Cresk 0398 al&, D00 7,100 -L5 12,400 =11 Foor
0 Crouse Creek 07 1,820 1,310 -JE 1,050 -&3 Cocd
i Salmnn Creek ~OI&T 3,510 2,170 =19 4,000 +2 Poor
15 Fudolph Cresh -OB2E 1,020 580 -45 ™0 =23 Fair
18 Sproce Cresh A&l 5,420 &, 600 ~15 &,700 474 Fair
L Spruce Cresk T al3, 600 9100 -1 14,000 +3 Foor
21 Sinteen Mile Crask 507 2,540 1 ABD —£2 1,300 =& Poor
14 Porcupine Cresk 0148 &, 000 3. 100 -27 3,400 =15 Poor

J/Dalrymple, and Menson (1967}

A/ Jarrece (1984)
A wiggs (1976}

a liwcharge affected by surge-release flood
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Nebris-laden flows assoclated with the surge-release flooding on Godwin, Lost,
and Spruce Creeks caused unsteadv flow and increased the viscosity and density of
the water flond. The effects of the unsteady flow, large sediment concentrations,
and scour and fill introduce large errors in calculated peak discharges when using
conventional energy and flow concepts, and may overestimate peak discharges
(Jarretr, 1987). Although peak discharges determined by indirect methods mav be in
error, the survev data document channel changes and the computed sediment-laden

discharges assist in determining whether surge-release flooding has occurred in the
basin,

Flood Magnitude

The October 1986 peak discharges from swmall basins near Seward were the
largest recorded since crest-stage gage stations were established 1im 1963,
Comparisen of the 1986 peak discharpes with previous maximums shows that this flood
had the larpest unit runoff rates in the maritime area of seuthcentral Alaska.
Fipure 25, which relates flood discharge rates to corresponding drainage area,
shows that peak discharge rates were greatest on basina of less than 50 mi?; peak
rates from the larger basins, such as Resurrection River, were mot as outatanding.
The maximum rainfall-runoff rate (unaffected by surge-release flooding) determined
for a small mountain stream was 1,020 ft®/s from a 1.00-square-mile drainage basin.
The envelope curve A of figure 25, defined by the greatest discharge rates during
the October 1986 flood, provides a guide for estimating potential maximum flood
flows for maritime southcentral Alaska. Sites 1, 9%, and 19 (triangles in fig. 25),
whose discharge values are ahove envelope curve A, were affected by surge-release
flooding from temporarily impounded waters. These surge-release debris-laden {lows
produced peaks substantially greater than previeusly determined water floods.
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Figure 26.--Comparison of October 1986 peak discharge with maximum known flood peaks
for southcentral Alaska maritime streams.
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Flood Frequency

Flood-frequency analyeids is the basis for the design of adeguate flood-plain
structures and for making wanagement decisions about flood-plsin land wuse.
Recurrence inrerval, as applied to flood events, is the averape rurber of vears
within which a given flood peak will be equalled or exceeded once. 1he frecuency
of a flood flow may also be stoted in terms of its probability of cccurrence, which
for large floods 1s the reciprocal of the recurremce Iunterval. Thus, a Flood with
a 100-year recurrence interval would have a 0.01 probability or a ! percent chance
of being exceeded in any plven year. FRecurrence intervals eve averape figures --
go that the cccurrence of a major flood in one year does not reduce the probahilicy
of that flood being equaled or exreeded in the followiug vear, or even later in the
same vear. Al]l freguencies, or recurrence intervals, were estimated from station
dats using log=-Pearson Tvpe TTI frecuency analysie procedures described by the
Interapency Advisory Committee on Water Data (19EB1'. Sftation freguency curves were
developed usinp skewv and standaré deviation statistics determined by Lamke (197R)Y,

Fer the area of this report, the lenpth of available streamflew records -- 25
years —— 18 inadecudte to reliably define flood-frequency relations for recurrence
intervals as preat as 100 years. Thus the extrveme flood of Dcteoher I1ULE 1is
difficult to evaluate by conventional flood-freouencv nnalysis mechods. Onlv three
rrest-stage stations on small drainagpe basins have been operated in the Seward
area. A flood-irequency determination could not be made for the Cctober 19FF neak
at Lost Creek because the peak was affected bv surge-release type flooding. A
mixed population of instantaneous peak discharges was analvred using a method
described hy Crippen (1978), in which peaks resulting from snovmelr as well as
those generated bv either rainfall alone or rain on snow are combined. The
resulting composite log-Pearson Type TIT frequency distributicn of instantuneous
pezk discharges for Spruce Creek upstream from the debris avalanche (site 1R,
unaffected by surge-release flocding, giver a recurrence interval of 100 vears or
greater, or shout a |1 percent chauce of being ecualled o1 exceeded in anv given
vear. Analvsis of peak discharge date for Porcupine Creek near Primrose fsite 24),
also unaffected by surge-release fleoding, gives a recurrence interval of BO yeurs,
or a slightly greater then 1 percent chance of being either ecualled or exceeded in
anyv given year.

The frequency analvede presented in this report applies onlv to events in
which runoff was not affected hv gurge-release flooding. Small! streams wraining
steep mountain basirs near Sewsrd may have a higher protability of flocding duc to
debris dam formarifon and release then to "normal” rainfall- and snowmeit-runoff
events. The magnitude snd frequercv of past cztastrophic floods at Seward might
slso be evaluated using cne or more of the geologic and dendrochronologic dating
techniques described by Costa (1978) and by Costz and Jarrett (1981}.

The maximum 24-bour precipitacion at Ffeward for (ctober 10-11, 1986 was 15,05
in., the highest recorded since 1908, Seventv-four vears of annual maximum daily
precipitation data for Seward (periods 1908f-24, 1979-37, and 1939-R6) were zralyzed
vsing the Pearson Tvpe IIT dfistribution with log trarsformea data (Interapency
Adviscry Committee on Water Data, 19B81). Nc adiustrents were made for mimsing
record or for changes in location of the gage. A precipitatior station skew
coefficient of 1.65 was used, and the high outiiers of December 1934 and October
1986 were retained as part of the systematic record. This analysis suggests that
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the precipitarion total for the October 1986 storz has a recurrence finterval of
greater than 100 years (fig. 76), and agrees with Fihler's (19FA) determination
based on the U.S. Weather Pureau's Techmical Paper 47 (1963).

The Pearson Type IIT distribution was also used to make separate analvses of
data for rainstorms which occurred principally during the months of April chrough
October, end data for "winter" storms (November through March). These separate
diseributions were used to compute a combined distribution described by Crippen
(1978). The resulting composite curve indicated no substantial improvement in the
overall accuracy of estimere of the freauvency distribution of precipitatfon.

Area Tnundated and Flood DNamage

The extent of floodirg in and near Seward in COctober 1986 {s delineated on
plate 1, Recause of the limitations of rsp scale, some local topographic features
or small areas within the flood heundaries that were not inundated may not he
shovn, The elevatinn of high-water marks along streams was determined bv level
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survevs to the marks {identified and flagged during or immediatelv following the
flood. These elevations have nout been plotted on the map because of thelr large
variability, particularly on alluvial fans where severe local scour (erosion) or
f111 (depesitieon) took place, Elevations of high-water marke at celected bridges
are shown in the "stage" column of tahle 2, Additional data on elevation of
high-vater marks and profiles of the flood crests mav be obtained from the U.S.
Geological Survey, U.S. Army Corps of Engineers., and the Kenai Peninsula Rorough.

On October 27, 1986 the flooded portions of the Fenal Peninsula Rorough were
declared disaster areas, therebv quslifying them for Federal funds for relief and
recovery efforts (Federal Emergency Mamagement Agency, 1%E6). The Seward Highway
was washed out and flooded, as were embankments and bridges of the Alaskes FRailroad.
Highwavy travel to and from Seward was curteiled for 1| day, and rall service was
interrupted for nearly 2 weeks. The City of Seward suffered extensive damage to
its electric utility, many roads, bank protection works at the small boat harbor at
the Fourth of July Creek levee, snd the destruction of twe city bridges. The
principal damaspe to properties located on the alluvial fans was the eresion and
subsequent deposition associated with the hipgh velocities of the debris-laden
floodwaters. Many subdivision rosds, bridges, and residences on the fan surfaces
were destroyed.

Ground-Water Fluctuations

Cround-water levels within the valley alluvium and on the alluvial fane rose
very rapidlv to record high levels. Water levels in an ohservation well &t Fort
Faymond (fig. 27) were influenced by intense local precipitation as well as by
direct infiltration of flood waters traversing the alluvial fan of Japanese Creek
abcut 3,000 ft upstream from the well. Water level in rhe well rose 20 fr to
within Z fr of the land surface. The ground water flooded basements snd structures
located below ground surface, particularly on the fans of Japanese and Lowell
fNreeks. Ground-water levels rose to the land surface on the Fourth of Julvy Creek
fan and also discharged as surface runoff along the base of the fan. Such elevated
ground-water levels decrease the stabilitv of the fane and mountsin slopes, and
increase the potential for mass movement of the unconsolidated materials., The
gradual decline of the water level in the Fort Faymond well from October 1[3-23
(fig. 27) reflects the slow return to normal levels from the saturated comdition of
the area's alluvial fans.

TLOOD AND FLOOD-RFLATED BAZARDS

Since the heginming of man's presence in the Seward area, floods and the
occurrence and effects of associlated mass-movement phenomena have repeatedly caused
major damage to hridges, roads, private propertv, and public facilities. Deter-
mination of the statisrical probability (also expressed as frequency or recurrence
interval) of future fleeding in the area 1s hampered by the pauvcitvy of atreamflow
records for the area, but the faet that large, damaging floods have affected Seward
is well documented as well as being within the memory of lonp-term residents.

Because of the steep; rtugged terrain surrounding Seward, recent wurban
expansion has been concentrated on the slopes of the area's alluvial fans.
Abundant precipitation, freocuentlv as intense rainstorms, coupled wirh a plentiful
supply of unconsolidated landslide and glacial deposits, make these fan areas



=1 1 L 3 T & ¢ 1T 301 &1 51T =&

e Well No. BODRDE 149254802

B 3 o @ P B b A e

374

ELEVATION, IN FEET INGVD of 1928)

—123}4

WATER LEVEL, IN FEET BELDW LAND SURFACE DATUM

24 Eob o o e S e s ) ) | 19,74
g2 W0 11 12 13 MM 6 6 W 18 18 AWM M I} 23

COCTOBER 1986

Figurce 27 —Waler level in observation well at Fort Raymond
Recreation Camp, Seward, October 9-23, 1986.

particularly subiect tc fleooding and te the erocsion and transport of material.
Flond waters are concentrated at the spex of an alluvial fan, but spread out and
take one or more paths across the lower porticn of the fan, In some places eroding
the pre=flood surface and in others depositing their sediment load. As an alluvial
feu widens, the probability of a flond of given magnitude at a point sheuld, in
general, decrease. Powever, {lood magritudes derermined near the apex of a fan may
not be indicative of mapnitudes that can occcur at anv point forther downstrearm on
the fan surface (Dawdv, 1979, p. 1408),

Braided reaches of streams within wide flood plains and across alluvial fans
are aress of verv active vertical scour, lateral erosicn, amd constant channel
migration. As these streams traverse forested areas, hank erosion causes frees and
clumps of brush to fall into the stream. Turing the fleod of Octoher 1986, much
debris was transported downstream, where it accumulated at mnatural channel
constrictions, bridpes, and culverts, Such sccumulations of debris at bridges in
the Seward area rcaused hackwater, diversion or flow along road and railroad
embankments, and flooding and ereosion at poimts some distance from the normal
channel., Tr s=cme instances, the temporarily dammed water exerted stresses that
resulted in damage to or failure of the structures.

36



Une¢ or more debris-laden or surge-release floods cor debris avalanches thar
lisve peccurred since 1964 have heen identified or documented in several Seward-area
stream hzeins. These hisrorical and the most recent (Octrber 1986) events were
evaluated to develop a ratinpg nf the relstive potential for occurrence of such
mass-movement phenomena (plate 2 and table 5). The assigmment of potential for
debris-laden and surpe-relevase floods was based on known past events: assipoment of
potential for landslides or avalanches was based on work by Lemke (1967), field
reconnailssance in October 1986, and analvsis of historics] aerial photographs.

Table 5..-Known and potential occurrences of water-related mass-movement phenomena in steep
mountain basins in the Seward area

Teelative potentlial for occurrence: A, high; B, woderate; C, low. See plate 7 for designated harard areas.’

Surge-ralease floods

Potential
Landslide/debrip avalanches Debris-lnden floods
Drainage Landelide Toe or
banin Frowm Potentinl LAV Forential ¥nown dam moraine dam
Fourth of July Creek 19RF A nl9A2,RA A = A A
Godwin Creek 1985 A al BRI AR A 1584 A A
Resurrection Rav = L 1986 # —Ps [ = c
tributary
fwwmil]l Creck -- " -— B - (o C
tributary (wouth)
Smemi 1] Cresk .- A 1976, R A -— )| T
Sewmi]] Creek = L] e | -- c C
tributary (morth)
Clacier Creek (from - B 19846 A = L] L]
Bear Lake Clacier)
Crouse Cresk 19£6 ' 1984 C = r c
Leat wk 18FF A 1969, 74 Bk A (113 i r
Lost Creek s r 19Ra A — C c
eributary
Rax Casvem Cresk 1965 RE [ 1986 ES 1986 ' C
Japanene Cresh 1964 66 .76 RA * 1964 59 E 1955 ' C
Fudolph Creek — c 1985 c - c A
lowel]l Creeb - A 1966 A7 A9 TE, A =S¥ A c
L1
Spruce Cresk 1586 A 19648, TH A2, B 190§ A A
L1}

8 from Randel]l snd “wmphrey (1965)
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SUGGESTIONS FOR FUTITRE STIMTES

Tdentification and evaluation of various fleod and mass-wovement phenomena at
Seward 1in October 1986 suppest several topiecs for future study:

Landslides and debrias avalanches

A,

d.

Prepare landslide susceptibility mapse, in which factors of slope, soll, and
geology are considered, and areas at risk are identified (National Research
Council, 1985, p. 14).

Asress stability of "partly detached", landslide-prone material (identified
bv scarps left as result of nrevicus slides).

Nevelop relations hetween raintall, soil saturation (shallow ground-
water lewels), and landslide movement,

Nevelop techmiques to monitor landslide-prone slopes,

Floods on alluvial fans

da

d.

Apply alternative zna recentlv developed methods, which take iInteo account
geomorphic, stratigraphie, and dendrochronologic evidence, to improve
flood-frequency estimates for alluvial fan areas,

Estimate the quantitv of debris that would he transported by a particular
stream in storms of varicus magnitude.

Develop techniques for delineating areas of potential erosion and
deposition on alluvial fans.

Apply and evaluate special alluvial fan flood-mapping methods described
by Dawdy (1979) and Mapura and Wood (1980).

Surge-release floods

A

Assess conditions and determine what mechanisw could trigger release of
stored water, e.g. thawing of ice-cored moraine or overtopping of
depression on glacier or meraine,

Develop technigues to monitor streams identified as having either
documented or high potential for surge-release tvpe flooding (for
example, Godwin, Tost, and Rox Canvon Creeks).

Agsess effect of flood-mitipating structures (levees, bridees, etc.)} and
land-use regulations (aveidance, design, and contrel and stabilization)
(National Research Council, 1985, p. 14-15) located within alluvial channels by
documenting erosion and (or) deposition through time, especially following any
future floeds.



ST'MMARY

Record-setting rainfall -—— as much as 15 in. ir 24 hours —- caused flooding in
the Seward area, Alaska, during the period October 5-11, 1986. PRroad areas along
Salmon Creek and the lower Resurrection River were inundated, while the effects of
the floodwaters were exacerbated by severe erosion and deposition of sediment and
debris along steep-gradient mountain streams and the surfaces of alluvial fans at
their canvon wmcuths.

Seward lies at the head of Resurrection Bay, which is bordered by the
glaciated Fenal Mountains. Unconsolidated deposits, principally of glacial origin,
overlie bhedrock on all bur the highest slopes. These deposits provide material,
occasionally as landslides and avalanches, to the steep mountain streams which have
built alluvial fans at their canvon mouths,

The flood of earlv October 198& was not a new experience to the residents of
Seward. Major floods and the accompanving damage have affected the area szeveral
times in recent histerv. The moat severe and damsging floods have been due
primarily to intensive rainfall in the months of August through Novemher rather
than to runnff from melting snow and glacler ice in late spring and earlvy summer.

The original townsite of Seward and the present-dav central business district
are built on the broad alluvial fan of Lowell Creek, ¥orth of the fan, consider-
able development has occurred on the flood plains of the Resurrection River and
Salwon Creek. More recent construction has takem place on other alluvial fan
aresas. Floodwaters, erosicn of strearbeds and banks, and the suhsequent deposition
of sediment and debris caused extensive damage in Octoher 1986 along both the
larpe, bralded streams and their steep-gradient tributaries. The latter streams,
however, pose the greater flood hazard due to:

l. The potential for temporary damming by landslides and debris flows within
their steep canyon reaches, and the subsequent failure of those dams and
resulting catastrophic "surge-release" flooding., Several such surge-release
floods, whose peak flows far exceeded anv previously known peaks, were
documented in October 1986,

Z. The potential for soch streams to abruptlv shift course at the apex of their
alluvial fans during high runoff events, so that a single floodway or corridor
at risk cannot be identified. WNeither can the probable magnitude of a flood
at a glven point on the surface of an alluvial fan he reliably estimated.

Fatimates of peak flood discharge in October 1986 were made for nine streams
using indirect (slope-area) methods. Because such estimates for unstable-channel
steep-gradient streams may be too large, flood peaks also were estimated using two
other computation methods and the resulting values compared with those obtained by
slope-area methods.

The surge-release-affected peak discharge of the flood at Spruce Creek (south
of the citv) was determined to be 13,600 ft*/s, or 1,500 (ft?®/s)/mi? from the 9.26
square-mile basin. The maximum rainfall-runoff rate (unaffected by surge-release
flooding) determined was that for Rudolph Creek -- 1,020 (ft*/g)mi® for a
1.00-square-mile drainage area.
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Although the iIntense rainfall teotal of 15 in. In a 24-hour period was
calculated to have a recurrence interval of 100 wvears, the length of streamflow
records for the Seward area —— 25 wyears or less —-- 1s considered inadequate to
reliably define f{lood-{requency relations for dintervals as long as 100 wvears.
However, the slope-area determined discharge of Spruce Creek above the debris
avalanche indicates a recurrence interval of 100 wvears or greater. Flood-frequencwy
-relationz cannot be defined by conventionsl mwetheds for streams subiect to
surge-release flooding.

Water-level measurements 1in at least cne well, reports of flooded basements,
and observations on the alluvial fan of Fourth of Julv Creek, indicated the rapid
rise of ground-water lewvels during the flood. Suech elevated ground-water levels
decrease the stabilitv of materials on fans and slopes, increasing the potential
for mass movement of the unconscolidated material.

40



SELFCTFD REFERENCES

festa, J.E., 1978, Folocene stratigrarhy in Fflood frequency amalvsis: Vater
Eesources Research, v. 14, no. &, p. 626632,

1984, Physical geomorpholopy of debris flows, in Costa, J.E., and Fleisher,
P., eds., Developments and applications of geomorphnlopy: Peidelberg, Springer
Verlag, 372 p.

1985, Floods from dam failures: U.B. Ceological Survey Open-File Report
B5-560, 54 p.

Costa, J.E., and Jarrett, R.D,, 1981, Debris flows 1n small mountain stream
channels of (ovlorado and thelr hvdrologie dmplications: Pulletin of the
Agsociation of Engineering Geologists, v, 18, po. 3, p. 309-372.

Crippen, J.R., 1978, Composite log-tvpe III frequency-magnitude curve of annual
floods: T1.5. Geological Survev Open-File Reporc 78-352, 5 p.

Daelrymple, Tate, and Benson, M.A., 1967, Measurement of peak discharge by the
slope—area method: T[.S5. Geological Survey Techniques of ¥zter-Rescurces
Investigations, Book 3, Chapter A2, 12 p.

Tawdy, D.R., 1979, Floed-freguency estimates on alluvisl fens: Awmerican Societv of
Civil Engineers, Journal of Wydrsulics Division, AY11, v. 105, p. 1407-1413.

Federal Emergency Management Agency, |986, Interagency harard mitigatiom report:
Federal Emergency Management Agency Report FEMA-TBI-DR-AK Alaska, &40 p.

Field, W.0., editor, 1975, Mountain glaciers of the Nerthernm Hemisphere: (Cold
Fegions Rescarch and Engineering Laboratory, v. 2, 932 p.

Figher, R.V., 1971, Features of coarse-grained, high concentration fluids and their
deposits: Journal of Sedimentary Petrology, v. 41, p. 916-927,

Tnteragency Advisory Committee on Water Dara, 1981, Cuidelines for determwining
Flood flow frequency (2nd editiom, revised): TU.S8. Ceologlcal Survev Office of
Water Data Coordinatiom, Reston, Virginis, variously paged.

Jarrett, R.D., 1984, Hydrsulics of higl-gradient streams: American Society of
Civil Engineers, .ournal of Hydraulic Engineering, FYll, v. 110, p. 1519-1539.

1987, Evaluation of the slope-area method of computing peak discharge, in
Subitczky, Seymour, ed., Selected papers in the hvydrologic sciences: U.S.
Geclogical Survey Water-Supply Paper 2310, p. 13-24,

Jarrett, R.D. and Costa, J.E., 1986, HRydrology, geology and dam-break modeling of

the July 15, 1982 Lawn Lake Nam and Cascade Lzke Dam faflures, Larimar County,
Colorado: U.S5. Geological Survey Professienal Paper 1369, 7B p.

41



Fenal Peninsula Boreugh Planning Department, 1987, Fezard mitigation plan for the
Seward srea (Alaska): 28 p.

Lamke, R.N., 1978, Flood characteristics of Alaska streams: T1.S5. GCeological Survey
Vater-Rescurces Investigatiors 7P-129, 61 p.

Lamke, R.D., &snd Bipelow, E.B,, 1987, Floods of October 1986 1ipr southcentral
Alaska+: 7.8, Ceological Survev Open-File Report B7-301, 31 p.

lemke, R.W,, 1967, Effects of the earthouake of March 27, 1964 at Seward, Alaska:
[.S. Ceclogical Survev Professional Paper S542-F, p. 1-43,

1971, Effects at Seward, in The great Alaskz earthquake of 1964: Geology—
part A: Washinptor, D.C., Naticpnal Academy of Sciences, p. 395-437.

Magura. l..M., and Wood, M.E., 1980, Flood hkazard identification and [lood plain
management or alluvial fans: Water FResources Bulletin, v. 16, po., 1, p.
56-h2,

Vational Research Counecii, 1982, Selecting a methodology for delineating mudslide
hazard areas for the Narional Flooe Insurance Program: National Academy
Press, Weshington, D.C., 35 p.

1985, Reducing losses from landeliding in the United States: National Academy
Press, Washingtom, D.C,, 41 p.

Nibler, G.J., 1986, Report on the October 10-12, 198Ff heavy rain ard flooding in
southeentral Alaska: Alaska River Forecest Center report, lé4 p.

Posut, Austin, znd Mave, L.P., 1971, Clacier—damred lakes and omtburst (loovde im
Alaska: U.SZ. Ceological Survey Hydrologie TInvestigations Atlas WHA-455, 3
sheets, scale, 1:1,000,000.

Randall, M.L., and Pumphrey, .).F., 19B4, Estimating peak flows in unstable channels
uging indirect methods, inm Elliott, C.M., River meandering — Conference

Rivers "B3, MNew Orleans. Louisiana, October 1983, Proceedings: American
Society of Civil Engineers, p. 574=5RS5,

Reid, J.K., and others, 1975, Summary of floods in rhe Unired States during 1969:
U.S8. Geological Survey Water Supplv-Paper 2030, 173 p.

Riggs, F.C., 1976, A& simplified =lope-area method for estimsting flood discharges
in natural channels: U.S. GCeolopical Survey Journal of Research, v. &, no. 3,
p. 285-291.

Scott, K.M, and Gravlee, C.C., 1968, Flood surge on the Ruhicon River, California—

Hydrology, hvdraunlies, and houlder transport: [.8. Geological Survey
Frofessional Paper A42Z-M, 40 p.

42



Swanston, D.N., 1970, Mechanics of debris: Avalanching in shallow til]l soils of

southeast Alaska: U.5. Department of Agriculture Forest Service Pesearch Paper
PNW-103, 17 p.

U.5. Army Corps of Engineers, Alaska District, 1975, Flood plain information,
Resurrection River and Salmon Creek, Seward, Alaska: Flood Plain Informationm
Report, 24 p.

U.5. Geological Survey, 1975, Flood-prone areas of Seward, Alasks: U.S. Geological
Survey pamphlet.

1983, Alaska geographic names--alphabetical finding 1list: U.S5. Geological
Survey, Topographic Division, Office of Research and Technlecal Standards, 528
P

1.S. Weather Bureau, 1963, Probable maximum precipitation and rainfall-frenuency
data for Alaska: Washington, U.S5. Weather Bureau Technical Paper 47, 69 p.

Varnes, D.V., 1978, Slope movement tvpes and processes, in Schuster, R.L., and
Frizek, R.J., eds., Landslides — sanalysis and control: National Academvy of
Sciences, Transportation Research Poard Special Report 176, p. 11-313,

Veczorek, G.F., Stephen, Ellen, lLips, E.W., Cannon, 5.H., and Short, D.,NW.,, 1983,
Potential for debris flow and debris flood alemg the Wasatch Front between
Salt Take City and Willard, Utah, and measures for thelr micigation: TI.S.
Ceological Survey Open-File Report 83-635, 43 p.

43



