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ESTUARINE M XI NG PROCESSES

The Yukon River discharges 1,000,000 £3s-! of fresh water during its
peak flow in late spring through 12 active delta distributaries (Dupre,
1977) and a nunber of sloughs shown as unconnected streams in Fig. 1.
The sloughs between the north fork (A) and the ciddle fork (G are shown
to be disconnected by late July in Fig. 2. The nouths of each
distributary and slough (during peak flow periods especially) behave as
estuaries since they connect to the open sea and sea water is measurably
diluted by freshwater derived from land drainage (Jones and Kirchoff,
1978) . Excluding the ice dom nated season (Fig. 3), the nouths of main
distributaries are river controlled estuaries by late May of each year
with circulation and stratification patterns prinarily determned by the
rate at which river water i s being added at their heads.  Seasonal
variati ons in response to their runoff cycles can be observed; and from
early August to early November (Fig. 3) these main distributary
estuaries are controlled by a combination of storm tides, astromonical
tides and river runoff. Slough mouths, however, undergo a transition
from river control in May to tide control in late summer. Evidence for
these transitions (Jones and Kirchhoff, 1978) is the relatively clear
waters off t he sl oughs in August (Fig. 4) indicating little upstream
i nput of sediment-laden fresh water and |ack of connection to the major
distributaries. Opaque sedinent-laden water was seen off Apoon (A),
Kawanak (C) and Kwikluak (B) mouths (Fig. 1),which are the end points of

the major distributaries.
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Yukon River distributaries and sl oughs with approximnate 50’ el evation contour.

Figure 1.



YUKON RIVER DELTA PHOTOGRAPHED IN SUMMER Wuly 22,
Delta area from Stuart Island to South Mouth of Yukon River} s~
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Figure 3. Seasonal variability of coastal processes in the Yukon Delta
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Figure 4. The Yukon Delta showing interdistributary clear waters and
extent of storm surge flooding (Jones and Kirchhoff, 1978).
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Sloughs

Using limted data (Jones and Kirchhoff, 1978) an attenpt to
predict the upstream extent of oceanic salt intrusions in sloughs
has been made. The nouth of Uwi k slough (enclosed in rectangle,

top of Fig. 1) had a salinity of 4 °,, and 12 kminland, it

showed “barely a trace” of salt at high tide. Its depth ranged
from3 pat the nmouth to .38 mat its head (nore than 24 km
i nl and). The tidal range is ~ 1 mand of the mxed (minly
diurnal) type (NOS chart, 16240 Rev. May 1982, and Defant, 1960).

Silvester (1974) has devised a mathematical technique to estimte
tidally driven salt intrusion distances upstreamas follows (see

Fig. 5)
D = Eddy Diffusion Coefficient = (x’Vr/2)/ln(§/s°) (1)

VWer e Vr = nean river velocity

So £ salinity of source (coastal water)

"t

s 2 salinity of river nouth during |ow

wat er sl ack

x—
1

di stance of fshore of source salinity at
low tide (its nost seaward position)

x' = Tygd [1 - cos(2mt/T] (2)
2n

\Were T

period of tide ~ (86,4000 seconds for diurna
period)

acceleration of gravity = 9.8 ins2

o
Il

t =tine of tidal cycle in seconds

d = depth of river or slough
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Liws = | ength ofintrusion of water with salinity s’
at low water slack tide (1ws)

L = %' (RIOTTE1) (3

lws

Note: K = 3 for st = .01 (1 % of source)
S*

At high water slack tide (hws) the bul k of water of given salt
concentration is forced upstreama |ength I‘hws by the ampunt of tidal

excursion (H. According to Ippen (1966):

hs - Liws = (TVEd - L) (1-exp[-H/dD)

Note: This equation does not include frictional effects and
assumes Hd < 1.

Since V. has not been measured, we make assumptions that the slough is
conected to the distributaries in August to arrive at an upper bound
value. The Yukon River flow in August is ~ 400,000 £3s-! (Carlson,
1977). Dividing this flow rate by2allows for shunting (electrical
anal og) water to the south nouth (A) and the mddle (C and north (A)
nmouths combined (Fig. 1). Dividing the resultant half flow rate by 3
allows for shunting water to the 3 main distributaries between the north
and middl e nout hs. If the four sloughs to the northwest of the
Okshokwewhik di stributary are connected to it and it branches off to
feed 5 mnor distributaries to the northeast (Fig. 1) we nust divide its
flowrate by (4 .2)8. This gives an approximate river flow rate for
Uwik Slough (rectangle, Fig. 1) of 8333 f3s-! or 2361 m®s-1. An
i deal i zed rectangular river of 250 m .3m cross section (N.0.S. chart,
16240, and Jones and Kirchoff, 1978) would have a river current (V) of

~ .3 ins-1 (conmputed fromflow rate divided by cross section). If we
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assume that the salinity of 4°/00 is reduced to 2°/00 during |ow water
slack at the Uwik Slough mouth and it goes back up to 4°/00 1 hour

later, equation (2) can be witten:

X' = 8640049.8 + 3 (1-cos[360.1/24])
2n
X' = 2.535 .10%m seaward of the nouth
From equation (1)
D = -.3 (2535)/1n(.5)
2
Where v, = -.3 (due to negative direction, Fig. 5)
D = 548.6 m%s-1

Inserting these results into (3) and solving for the distance where the

salinity is .01 so

¢ = \ . . =
yg = 2535(35%8.67-3(23535) - 1)

= 3.924 . 10°n at low water slack
(rein distance upstream

Using equation (4)

s L1gs = (74560 3926) [1-exp(-1/3)]

= 20.023 .10°m
or L = 23947 . 10°minshore fromthe nouth for a salinity

hws
of s or .04%
0

Since a salinity of .04°/,, can be considered “barely a trace” (Jones
and Kirchoff, 1978) and the calculated ~ 24 km distance inshore doesn’'t
include frictional effects and actual depth changes, it is apparent that

Silvester's techniques (above) can be used for [] odelling salinity

intrusion distances in sloughs.
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Major Distributaries

The first major distributary, Okwega Pass (counter clockw se from A
Fig. 1), has its bottom depths recorded (N.0.5. Chart, 16240, rev. My
1982) and averages at least 6 mdepth fromits nmouth to Hamilton (* on
Fig. 1). At Hamilton, a distance of ~ 50 km saline water has been
found underlying the surface freshwater (Norton Sound, E I.S., 1982) as
in Part A above, the August total Yukon flow rate of 400,000 f3s-1is
divided in 2 at the first nmajor bifurcation. The next 3 najor shunts
divide it by 3. Finally the Apoon nmouth distributary and the Ckwega
Pass distributary act to divide the flow by at |least 2. Therefore
400, 000/ 12 yields a flow rate of 33333 f3s-1 or 945 m3s-! at the nouth
of Okwega Pass. An idealized rectangular river of 1.5 .10°m.6m

(N.0.8. Chart 16240) cross section results in an estimated river current

(V.) O [945/( 1.5 .10’ 6)] ~ .1 ins-I.

If we again assune that a recorded salinity of 4°/00 is reduced to 2°/00
during low water slack at the river nouth, and it takes 3 hours to get
back to 4°/00 after low water slack (nmore than 3 tines the volunme in

Part A) Equation (2) can be used as:

X = 86400J9.8.6 (1-cos[360 - 3/24])
2

X' = 30.833. 10°m seaward of the nout h
From equation (1) (V expressed as a (-) velocity, Fig. 9)

D = (-.1) (30833 )/in.5 = 2227.7 m?s-!
2
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Inserting these results into (3) and solving for the distance where

the salinity is .01 s,

L

Tus = 30883 (342227.7/.1(30883)-1)

= 47.805 . 10°m at low water slack

Using equation (4)

g - Yige - (105444-47805.2) (1-exp[-1/6])

=8.849 .10° m

or LIWS =56.653 . 10°oinshore from the mouth (s./IOO = .04 °/,.)

I't nust be noted that any initial salinity s, can be used. Again, these
sinpl e approximtions effectively nodel the salinity intrusion distance

upstream

The Okwega Pass estuary can becone predomnantly tidally driven by |ate
August . For a tidal range (H of 1 m a depth (d) of 6 mand a
di ffusion coefficient of 2227.7 m2?s-! (above), pollutant concentrations
after tidal cycles can be estimated (Silvester, 1974):

U = nean tidal current = (Hgk) (5)
24}

Ao

Us 1(9.3)li = .41 ms-1(4 xtheestimatedriver current from above)
(6)%n

¢ = concentration = M exp [~ (x-ut)2/4Dt]
pA(4nDt)%
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Wiere M = pol lutant mass

cross section

A

density of water (ambient fluid)

€

t tinme

Assum ng that at the river mouth (x = 0), the concentration of
pollutant is well mxed after two tidal cycles (water sol uble
fraction of an oil spill for exanple) and is measured, then the

concentration one week after the spill can be estimated.

at 2T (tidal cycles)

c; = M {exp[-(0-.41 . 2T)2/(4D-2T)]}
pA(4mD . 2T)%

at 7T (one week for diurnal tide)

Cr= M {exp[-[0-.41 “7T)2/(4D.7T)] }
pA(4mD. 7 T)%

or C2/C1 = 1  exp{[(.41)2/4D}[T(-7+2)]}
(7/2)%

inserting D = 2227.7 m?s-! and T = 86400s

C2/Cy = .000150r.015% of the well m xed original
concentration.

Assuming that the paraneters have been selected properly, a week's
time woul d disperse nmost pollutants. However, toxicity levels for

specific pollutants are not estimted here.
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C. Significant Informati on Needs

Investigators will need to determine the missing paranmeters

indicated in Parts A and B above. These are:

1) Salinities of the distributary and slough nouths at both high

and |ow water slack
2) Salinities of the distributary and slough interiors at both
high and |ow water slack

3) The time for the salinity to reach the high water slack val ue

after low water slack
4) River currents and depths (survey data)

5)  Accurate tidal excursions

6) The tinme of the year when sloughs are effectively disconnected

from main distributaries

EFFECTS OF STORMS, WAVES, AND CURRENTS

Though storms may hit the delta in any season, there is an actual storm
dominated season existing from August to November (Fig. 3). During this
period frequent high speed southwesterly winds with longer fetch
distances result in high wave energy particularly on the western side of
the delta. In addition, due to wave refraction, wave energy is
concentrated by delta formations (Bascom, 1964). Thi s conbination of
hi gh wave energy and rapidly decreasing sedi nent discharge fromthe

Yukon causes significant coastal erosion (Dupré and Thonpson, 1979).

Though long time series of surface wind data have not been collected in
the Yukon Delta area, Kozo (1984) has shown that wind data from Al askan

surface wind stations (Fig. 6) separated by distances |ess than 200 km
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Figure 5. Sketch of interaction of ocean waters and river waters at an _estuary
mouth under tidally induced mixing Vr = Tiver current, so , Salinity
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Figure 6. Wnd velocity cross correlation values for land wind stations versus
distance (km) of separation. B = Beaufort coast, C = Chukchi coast,
I = Islands in Bering Sea.
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have cross correlation values of .75 at Olag time. This criterionis
Oet by both Unalakleet (~ 170 km from the Yukon Delta) and Cape Romanzof
{(~ 125 km from the Yukon Delta). They both have orographic w nd
channeling in the winter nonths under stable atnospheric conditions but
in the sunmer nonths when atnospheric stability approaches neutral and
synoptic wind conditions pronote southwesterly flow, they definitely

represent Yukon Delta w nd conditions.

A cl oser examination of the synoptic and mesoscale meteorology shows
that the average large scale wind vector switches from the northeast in
winter to the southwest for the open water periods of July and August
(Brewer etal., 1977). This accomplishes two things since the current
flow also has the same general direction (Fig. 7). The first, is that
surface contaminants southwest of the Yukon Delta can be pushed by the
wind and currents toward shore. At the same time, surface contaminants
in the Lease Sale 57 area (Fig. 7, near shaded area in Norton Sound)
will be pushed away from the Yukon Delta most likely impacting on the
coast to the east of Nome (**, Fig. 7, Samuels and Lanfear, 1981) or
moving to the northwest out of Norton Sound under winds and prevailing
currents combined. The second, is that the average summer wind field
promotes a downwelling and shoreward transport of outershelf water and
with concomitant increase in the water level at the coast. This
increased water level allows waves which are focused by the delta to

push contaminants further inshore.

Summer mesoscale Wi nds, in particular sea breezes, can dom nate the

| ocal neteorology 25% of the time and reach speeds up to 15 ins-|
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(Zimmerman, 1982). They al so pronbte a shoreward transport of surface
contamnants in a 20 km zone (Fig. 8) seaward of the coast (Kozo, 1982).
The convex curvature of the Yukon Delta (opposite to that of a bay) also
pronotes focusing of thermally driven wind systens (as well as ocean
waves, see above) which tend to bl ow perpendicular to coastlines

(McPherson, 1970).

A. Storm Surges

Rises in water |evel due to strong winds (setup) are of nmjor
concern.  Abnormal setup in nearshore regions will not only flood
lowlying terrain, but provide a base on which high waves can
attack the upper part of a beach and penetrate farther inland (U.S.
Arny Shore Protection Manual, 1977). Accretion and erosion of
beach materials, cutting of new inlets through barrier beaches and

shoal ing of navigational charnels can occur.

The Bering Sea has an average of 3.5 cyclonic events in the 15-20
ins-l range (David Liu, Rand Corporation, pers. comm.). Gven the
average wind direction, the probability of oceanic and at nospheric
events occurring in tandem and the Yukon Delta geomorphology, it
has a high vulnerability to stormsurge events. Figure 9 shows the
coastline of Alaska divided into 25 coastal sectors (Wse etarl.,
1981). Sector 10 has limted data to conmpute surge
hei ght - frequency interval curves. Data from Figure 6, however,
indicate that the interval curve (Fig. 10) for sector 9 can be
applied since wind frequencies are proportional to storm surge

hei ght s. It should also be noted that the large. percentage of
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atypi cal easterly orographic wi nds at Unalakleet in w nter nonths
are not included in Figure 10 since only winds from the southwest
to northwest quadrant are used to construct the curve (favorable

fetch directions, Wise etal., 1981).

The proportionality equation is (Wse et al., 1981):

FI =K
f
Wher e FI = frequency interval
f = wind frequencies for a given wind speed

class and set of directions

K = constant of proportionality for a given area
such as sector 9

A typical storm surge forecast for August can be nmade using data

from storm case histories (Wse etal.,1981)and durati on tables
(Brewer etal., 1977). Assumeacyclonic gale force wind of 35
knots (17.5 ins-1) fromthe southwest. The prelimnary surge height
fromFigure 10 is 9 ft (20-year return period). Duration tables
(Brewer et al., 1977) show that at |east 5% of the August w nd
events greater than 20 knots last 12 hours. The prelimnary surge
hei ght nust be reduced by 10% to 8.1 for a 12-hour duration (see
Appendi x A, Part Il C. Typical |ow pressure centers are 970 mb
from storm case histories. Appendix A Part Il E states that the
surge height should be raised 1 ft. for every 30 nmb increnment bel ow
1004 nb. Therefore the surge height nmust be raised 1.1' «9.2.
itwill be assuned that high water (astronomical tide) is
coincident with the surge so no further corrections are made. This
sea level rise (2.8 m) is consistent with actual reports in the

area (Zimrerman, 1982).
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Waves

The above wind speeds and direction, with unlimted fetch for the
above duration produce significant wave heights (deep water) of
24 ft (Pierson et al., 1971)as Seen on co-cunul ative spectra charts
for wind speeds as a function of duration. This wave height in
shal l ow water for a 10 sec. period converts to a wave of 30 ft. or
9.1 m(Table d, US Arny Shore Protection Manual, Vol. 111,
1977) . The surge height in A above, coupled to the shallow water
significant wave height totalling 39.2 ft. or 11.9 m shows that
40 km inland penetration in the delta (Z mernman, 1982) is very
possi bl e since the 50" contour is ~ 100 kminland (Fig. 1 and U S.

Geol ogi cal Survey charts for Kwigak and St. Michael,Alaska, 1952).

Significant Information Needs

Investigators Wl need to determne mssing data histories as

indicated i n pParts A and B above. These are:

1. Surface winds at the south, mddle and north distributary
nmout hs coincident in tinme wth Unalakleet surface w nd
measur enent s. Not e: This will acconplish two things:
first, the applicability of Unalakleet wWinds to the Delta
area (there may still be orographic effects at Unalakleet in
the sumrer); second, wi nd focusing of the mesoscale sea

breeze can be neasured at the three nouths.

2. Met eorol ogi cal and astronom cal tides should be measured at

the 3 major mouths.
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3. Synoptic weather charts should be examned during the
experimental season and back in history as a hindcast
procedure. In particular the chronol ogies of previous storm
surges recorded in Wse et al.(1981)should be conpared to
weat her charts.

4, Currents and wave |engths should be measured at appropriate

coastal |ocations.

SEA I CE

The sea and river ice dom nated season in the Yukon Delta extends from
mid-November to mid-May (Fig. 3). It is easily seen as the season of
greatest length, but it is also the season where movement of pollutants
is most restricted. Positively bouyant oil spills occurring under an
ice canopy require current speeds in excess of 20 cm s-1 to move against
the opposing friction of the ice skeletal layer and in a week’s time can
become incorporated into the skeletal layer through the winter freezing
process. The Norton Sound is well within the 75% probability of sea ice
cover from Decenber 1 until My 15 (Figs. 11 and 12) and is considered
as an ice factory supplying up to ten tines its area of ice to the
-Bering Sea (Thomas and Pritchard, 1981). As ice |leaves the Sound, it
moves either north, followng the generally northward moving currents
(Fig. 7), or south under the influence of northerly w nds. These

southward periods could become relevant to Yukon Delta operations.
Though sea ice in Norton Sound is mainly first year (less than 1 m

thick), large ice rubble field features have been seen indicating total

ridge thicknesses of 24 m caused by ice pile-up (Thomas and Pritchard,
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1981). The largest concentration of these piles are in shoal areas off
the Yukon Delta. Periodic strong w nds can nove these rubble piles
seaward andthey can represent extrene ice hazards to transiting ice
breakers which ordinarily cannot crash through ice greater than 4 m
thick. Aso, if they inpinge on drilling structures, the structure will
be destroyed. Another source of ice thicker than 1 mis Arctic pack ice
{(2to 3 mthick) moving through the Bering Strait from the Chukchi Sea
after “breakout” periods caused by northerly winds and/or current

reversal s.

There is a major zone west of the Yukon Delta in water depths of 3 to
14 mcharacterized by periods of ice deformation and accretion during
westerly winds and by periods of offshore ice novenent and |arge polynya
devel opment during easterly w nds (Dupré, 1980). This area is
significant because it is offshore of the south and mddl e Yukon Delta
mout hs whi ch have sub-ice channels connected to the polynya area. These
charnels are considered active during the ice season, from recent

observations (Dupre, 1980) of suspended sedinents.

A. Sub-ice Channel s

The sub-ice channels are extensions of the major distributary
channel s (Dupré, 1980) and are nost conmon on the western margin of
-the Delta. Significant anounts of suspended sedi nents have been
measured beneath the ice canopy in the channels in winter (Duprg,
1980) . The channel geonetry is ~ 1.5 .10°m wi de by ~ 10 mdeep
and they can extend up to 20 km beyond the shoreline. The flow

rate for the Yukon in nmid winter is approxi mately 40,000 f3s-1 or
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10% of the August rate (Carlson, 1977). The method of dividing the
flowrate by the number of distributaries used in part | (B) above
gives a hypothetical distributary current of .02 ins-1 (2 ens-I)
moving at a depth below the river ice and running into a sub-ice
channel.  The tidal current can now be estimated in a subsurface
channel under a 1 meter tidal excursion. Though the underice
channel to the sea is topped by a sea ice lid, a tidal excursion of
1 mcan produce a pressure difference which will force sea water
and sedinent into the channel and shoreward. The situation is
approxi mated as a classical Poiseville flow in a pipe driven by a

pressure differential. The equation (6) (Lanb, 1945) is:

U= Ap (a%-r2) = velocity in the channel (6)
4pD1
Where Ap = the pressure differential caused by the tida

excursion (H
Ap = pgH, P =density of sea water
D = turbulent diffusion coefficient

1 = length of the channel (sub-ice)
(taken here as ~ 10km from N.0.S. chart 16240)

a = radius of an equivalent pipe that approxi mtes the
channel (since [1.5 . 10°m * 10 m] = 1.5 - 10¢ m
letting ma2 = 1.5 .10 mgives a = 69 mfor an
equivalent pipe radius)

r = radial length from the center of the pipe (r = O
to the side (r = a)

g = acceleration of gravity

Using the above information and substituting into (6) we have:

U=9.8 *1* (69)° (at r = O center of channel)
4 .D .10°
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Dis calculated fromthe method in Part | using equations (1) and
(2) and the .02 ins-1 river current estimted above. The tine for
the salinity offshore at the ice-channel nouth to reach the
salinity at high water slack was chosen as ~ % hour (less than any
other season due to limted volume output). This gives a diffusion
coefficient (D) equal to 16.8 m2®s-!, which can be used above to
give a U= .07 ins-1 within the subice channels. U which depends on
D is very speculative but while not nmoving oil under an ice canopy
(less than 20 cms-1) it could nove water soluble fractions and some
sedi ment types.  Kuenen (1950) shows that a .07ms ® current will
transport particles up to .9 nmin dianeter which includes nuds and
fine sand. The notion would be shoreward at high tides and

of fshore at low tides

Breakup and Freezeup

The breakup period which ternminates the ice dom nated season
signals the beginning period when ice floes containing oil are
hi ghl'y nobile being subject to both winds and currents. Ice in the
shore fast ice zone ablates and can al so nove. River flooding
causes freshwater tooverflow the shore fast ice areas. A
concom tant change in albedo causes increased radiational ablation
which together with the above-nentioned nechanical ablation speeds
the near shore ice destruction. River sedinent can deposit on the
ice itself and float beyond the iner shelf. The breakup sequence
has a short time scale but it is perhaps the nost dynamc part of

the year since stormand river influence can also play a role.
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The freezeup period is also dynamc since late fall stornms may
fracture new thin ice and nove it out of the area, |eading to new
manufacture of ice with later small scale wnds blowng offshore
due to to land breeze effects. Thermohaline Ocean circulation wll
be at its peak nearshore, | eading to small scale circulation cells
perpendicular to the shelf. The flow w !l be offshore at depth and
onshore under the ice (Kozo, 1983). These density driven flows
wi |l be augnented in subice channels which have greater bottom

sl opes.

Significant Informtion Needs

The freezeup and breakup periods usually have the |east anount of
avai | abl e data, both before a study has begun and after several
years of study. Since they are so dynamic, they are the nost

hazardous to nmen and equi pnent. Specific needs are:

L Synoptic atnmospheric pressure chart studies during ice
“breakout” events (may move icefrom the Chukchi to the Bering
and possibly toward the Yukon Delta) both as an ongoi ng
program and as post analysis conbined with satellite imgery.

2. Current, salinity, and tenperature measurenents in the sub-ice
charnels and delta front during the winter nonths to determne
diffusion coefficients and flow directions of sediment.

3.  Mnitoring the frequency of occurrence of the West Yukon Delta
Polynya and thermohaline circul ation associated with it.

4. Dunping tracers into the sub-ice channels in winter and
nonitoring the nearshore distributary bottons to detect

novement of “pollutants” under tidal oscillations.
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5. Monitoring currents and sedinent transport on top of and bel ow
the ice canopy during breakup.

6. Fal | freezeup: nonitoring currents in existing sub-ice
channel s before the ice canopy thickens to check for
accel erated thermohaline novenent due to the greater bottom

sl opes.

REFERENCES

Bascom, W, 1964: Waves and Beaches, Anchor Books, 267 pp.

Brewer, W. A., H.F. Diaz, A S. Prechtel, H W Searby and J. L. Wse, 1977:
Cimtic Atlas of the Quter Continental Shelf Waters and Coastal Regions
of Alaska. NOAA, NCC, EDS, Asheville, 409 pp.

Carlson, R F., 1977: Effects of seasonality and variability of streamflow OnN
Nearshore Coastal Areas. NOAA/OCSEAP Res. Unit 111, 174 pp.

Defant, A., 1960: Physical Oceanography, Vol. Il, Pergamon Press, 598 pp.

Drury, W. H., C. Ramsdell,J. B. French, Jr., 1981: Ecological studies in the
Bering Strait region. Environmental assessment of the Alaskan
continental shelf. NOAA/OCSEAP Final Rpt. Bio. Studies 11:175-487.

Dupré, W. R., 1977: Yukon Delta Coastal Processes Study Annual Report, NOAA,
R.U. 208, 44 pp.

Dupré, W. R., 1980: Final Rpt. Part A, Yukon Delta Coastal Processes Study,
NOAA Res. Unit 208, 1980, 79 pp.

Dupré, W. R. and R. Thompson, 1979: The Yukon Delta: A model for Deltaic
Sedimentation in an ice-dominated environment, Offshore Technology
Conference Paper #3434, 9 pp.

Ippen A. T., 1966: Estuary and Coastline Hydrodynamics, McGraw-Hill, 744 pp.

464



Jones, R D. and M Kirchhoff, 1978: Avian Habitats of the Yukon Delta, U S.
Fish and Wldlife Service, Anchorage, Alaska, 33 pp.

Kozo, T. L., 1982: An observational study of sea breezes along the Al askan
Beaufort Sea Coast: Part |. J. App. Meteor. , 12, 891-905.

Kozo, T. L., 1983: Initial nodel results for arctic mxed |ayer circulation

under a refreezing lead. J. Cee. Res., 88, 2926-2934.

Kozo, T. L., 1984: Al askan Arctic Mesoscale Met eorol ogy, Final Rpt., MMS,
NOS.  Contract 03-5-022-67.

Kuenen, P. H., 1950: Marine Ceology, John Wley and Sons, Inc., New York 568
PP.

Lanb, H., 1945. Hydrodynam cs, Sixth edition, Dover Publications, New York,
738 pp.

McPherson, R D., 1970: A nurerical study of the effect of a coastal
irregularity on the sea breeze, J. App. Meteor. , 9, 767-777.

Norton Sound, E.1.S., 1982: Final Environnental |npact Statement, OCS
Proposed Q| & Gas Lease Sale 57, BIM, Dept. of Interior, 330 pp.

Pierson, W J., 6. Neunann, and R W Janes, 1971: Practical Met hods for
Observing and Forecasting Ocean Waves, U.S. Naval Cceanographic O fice
Pub. #603, 283 pp.

Samuels, W B. and K J. Lanfear, 1981: An oilspill risk analysis for the
Norton Sound, Al aska, (Proposed sale 57) outer continental shelf |ease
area, USGS, open-file report #81-320, 43 pp.

Silvester, R, 1974: Coastal Engineering, |l, sedinentation, estuaries,
tides, effluents, and modelling, Elsevier Scientific Publishing Co,
338pp .

Thomas, D. R and R S. Pritchard, 1981: Norton sound and Bering Sea Ice

Motion: 1981, Flow Research Rpt #209, Kent, Washington, 37 pp.

465



Us. Arny Shore Protection Manual  Vol.III,1977:U.S. Army Coastal
Engi neering Research Center U S. Govt. Printing Ofice, Wshington,

D.C., 144 pp.

Webster, B. D., 1981: Acimalogyof t he i ce extent im the Bering Sea, NOAA

Tech. Meno., NWS AR-33, Anchorage, Al aska, 38 pp.

Wise, J. L., A L. Coniskey, and R Becker, 1981: Storm surge climtology and
forecasting in Alaska, Alaska Council on Science and Technol ogy, Al askan
Natural Hazards Research, 45 pp.

Zimrerman, S. T., 1982. The Norton Sound Environnent and Possible
Consequences of Planned G| and Gas Devel opment: Proceedings of a

Synthesis Meeting: Anchorage, Al aska, Cctober 28-30, 1980. BLM, NOAA,55

PP [0

466



APPENDI X A

Forecast Procedures (Wse et al., 1981)

DEFINITIONS
A. Surge

The height of the ocean’s surface above forecast (tidal)

levels.

Favorable Relative Fetch Wind Direction

Assune the coasta configuration to be straight line segments as
shown on Figure 9. When facing seaward the relative wind direction
is measured clockwise from the coast. Thus the coast to the left
is O seaward +090° to the right 180°. If to the left and

offshore, it has negative values. Favorable relative wind

directions are:

Sector. Favorable Direction
1 -020 to 090
2 -020 to 090
3 080 to 140
4 010 to 050
5 -050 to -010
6 040 to 090
7 020 to 090
8 120 to 190
9 030 to 100
10 -020 to 080
11 -020 to 120
12 050 to 150
13 -020 to 090
14 070 to 120
15 010 to 090

16 -020 to 090
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In an idealized nodel the nost favorable directions are from -020
to 090 but topography working in conjunction with gravity acting on
anomal ous sea surface slopes creates surges [generally of |esser
magnitude) in areas wherein the wind is not blowing from an
i dealized “favorable” direction. The favorable directions shown
above are those relative directions where the wnd creates an
anonmal ous sea hei ght somewhere nearby that, in turn, affects the

sector of interest.

Fet ch

An area in which wind direction and speed are reasonably constant

and do not vary past the followng units:

1) The wind direction or orientation of the isobars does not
change direction at a rate greater than 15° per 180 nm and
the total change does not exceed 30°.

2) The wind speed does not vary nore than 20 percent fromthe
average wind speed in the area of the direction fetch being
considered. Exanple: average wind is 40; acceptable range is

32 to48.

Fetch Duration

The nunmber of hours a coastal area is subjected to fetch w nds.

Lowest Pressure

The |owest pressure coincident with fetch induced surge.

Sea Ice Coverage (mninum expected during storm.

Percent of sea ice coverage in tenths.
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Sea Ice Char act er

Primary concern is thiness and weakness.

ice can be destroyed by storm action.

Thin or unconsol i dated

H. Boundary Layer Stability
The difference between the sea and air tenperatures. The boundary
layer temperature difference should be used when estimating the
fetch wind speed. The following guidelines are suggested:
Correction to Geostrophic Wind for the
Sea-Air_Temperature Difference
Percent of geostrophic
Ts -Ta winds used
O or negative 60
0 to 10 65
10 to 20 75
20 or above 90
PROCEDURE
A. Determine
1. Fetch wind (speed, and direction). Consider boundary layer
conditions. If direction is favorable continue with
deternmination of:
a. fetch duration
b. i ce cover
. | owest pressure
d. tidal variation if over 1 foot
B. Preliminary Surge Height

Using wind speed, read correlated surge height from appropriate

coordinate tables (Fig.

10).

469



Durati on Adjusted Surge Height--if fetch duration is |ess than

1. 3 hours reduce surge by 60 percent
2. 6 hours reduce surge by 40 percent
3. 9 hours reduce surge by 20 percent
4. 12 hours reduce surge by 10 percent

5. 12+ hours no reduction

Ice Cover Adj usted SurgeHei ght--if icecoveris|ess than:

1. 1.5 tenths no reduction

2. 3.0 tenths reduce surge by 20 percent (cumulative to above)

3. 5.0 tenths reduce surge by 50 percent (cumulative)
4. 10.0 tenths reduce surge by 75 percent (cumulative)
5. Surges to 3 feet with 10 tenths ice cover have been reported

with ice to 3 feet thick between October and January. Also,
consider sea ice character. Thin ice, weak, ice, or
unconsolidated ice can be effectively destroyed during storm
conditions --particularly in the northern Bering Sea, with
subsequent surges to 9 feet.

Pressure Adjusted Surge Height

Raise the surge height one foot for every 30 mb pressure increment
below 1004 mb.

Tidal Adjusted Surge Height

Check tidal tables or other sources. If peak of surge is

reasonably coincident with normal high water, make no correction.
If surge misses normal high water, subtract as appropriate from

surge height.
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