Prepared as part of the Alaska Water Resources Evaluation
in cooperation with
ALASKA DEPARTMENT OF NATURAL RESOURCES,
DIVISION OF GEOLOGICAL AND GEOPHYSICAL SURVEYS

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

HYDROLOGIC INVESTIGATIONS
ATLAS HA-686 (SHEET 2 OF 3)

e V4 Sl ’RFACE ‘N’ g!TER 1,000,000 T TN T e T T 10,000 3 s Siees Ben 56 [ 10 T T 10,000 — T 1
100,000 = - = (=) [ 5 E
SRR 2 E Nonglacial 3 E EXPLANATION z - - % - Lowe-altitude mountain streams o
: ; = 8 E = B s) £ Lowland streams - o | -
Runoff -- Runoff is that portion of precipitation that leaves an area as rt _ ] a & o9 Maxi _ : O i = 3 E &
streamflow. Average annual runoff in the Copper River basin ranges from « = T T, T > laximum instantaneous discharge qu um" i g
less than 5 in. in the lowland areas to more than 54 in. in the high & 10000f . 8 (See table 2 for map number) o B ] e
mountain areas (fig. 8). Annual runoff for the entire basin above Chitina w F 3 L 100.000 E | w
; 3 = - E 7} . E ———10(ft3/s)/mi2 = = o
averages 24.8 in., or 37,680 ft> /s. The runoff values and pattern shown o = 3 = ke s = i -
on the map are based on measured and estimated streamflow and on other 2 Aversge—~ | 10,000 g—— 3 w - Line of equal unit runoff B w o
factors such as estimated evapotranspiration and area-altitude runoff z L) "N . Glacial SECS Tt AT R 2 a B 5 i W 4600 -
calculations, The map is intended only to delineate the general areal - uEE ] E P 2 o 3
distribution of runoff from the basin and should not be used to estimate g o ) i LLE L - g = 4
the flow of any specific stream. 5 . 3 s TN ] o o 8 .« Creek 1970-81 :
= S Y T T | v | 2 r HTHT H=ss 3 = 10,000 E" ? = > on
Stream Types -- The streams draining the Copper River basin can be classi- 8a RS B R T T & IR E = : 5 = 2
fied into two general types: nonglacial streams, which drain lowland and DISCHARGE E 4 (&) B = g wi
low-altitude mountain areas, and glacial streams, which drain the high- % | = B & ] & g
altitude mountains. s 3 o £ N - :<: <
2 10,000—T—T—T—TT T 71 E = ] (@) o I .
Streams in the Copper River Lowland areas (fig. 2), have a relatively low g Glacial E E ] 9 1000 - ) 8 100
gradient and derive their flow from snowmelt and rain. Streamflow is low o Average 3 © 4 o = = (=) a
from September through March, but with the increased solar radiation and g | o B / e = ] g E 3 z E 5 >é v
warmer temperatures of April and May, flow reaches a peak. This peak = 1000 1K - a : - g = - b Little Nelchina River Tributary 5
results mainly from melting of snow and channel ice. A general recession i = E = 1 d > E ! o 1965-81 o i
in flow then takes place during June, July, and August. About 75 percent 2 - a ) L v }_ q &1 [ = :(‘ L
of the total annual flow occurs during the open-water period, May a8 = 4 s ONDJFMAMUJJA S 5 56 60 65 70 s = | S L ]
through September. Squirrel Creek (fig. 9) northwest of Tonsina is an =8 o0 2 ANNUAL AVERAGE DISCHARGE g 100 . % e =
example of a lowland stream. & E E %{7 = 3 Z 5
2 F KLUTINA RIVER AT COPPER CENTER 1950-67 E 2p é - 10 Lt i | 1 i 10 £ 1ttt 1 E i
Low-altitude mountain streams are nonglacial, as their drainage basins lie é g ] s E | 2 5 10 20 50 2 5 10 20 50
along the mountain flanks at altitudes too low for glaciers to exist. The =) il
Little Tonsina River (fig. 9) typifies such streams. Flow of the Little B I I R S - - RECURRENCE INTERVAL, IN YEARS RECURRENCE INTERVAL, IN YEARS
Tonsina increases due to snowmelt from late April through June and then 8g ANNUALAVERSGEIDISCHARGE g 100000—— e 5 10 il i il (il oL
declines during July, August, and September. About 80 percent of the é E Glacial TAZLINA RIVER NEAR GLENNALLEN 1950-72E 1 10 100 1000 10,000 100,000
o e i b - : PR FIGURE 15. - FLOOD MAGNITUDE AND FIGURE 16. - FLOOD MAGNITUDE AND FRE-
' L i ] . | ' FREQUENCY FOR SELECTED LOWLAND QUENCY FOR SELECTED LOW-ALTITUDE
High-altitude mountain streams (glacial) exhibit the greatest seasonal r = . A 3 STREAMS. MOUNTAIN STREAMS.
variability of flow. Abput 88 percent of their total annual flow takes g \T—-lr—' }‘WFH— rﬂ[‘ f-‘;_‘r'r“ -i FIGURE 14. - RELATION BETWEEN MAXIMUM DISCHARGE AND
place during the.approximately 5-month open-water period (May through 3 DRAINAGE AREA
September). High flows usually occur in July (fig. 9) when the highest 2 000} = .
seasonal temperatures cause maximum melting of glacier ice and snow. u E 3
1 fr laciated b to be closel % ; i 1,000,000 ——1—7—T1T7T7TTT EE
The production of meltwater from a glacia asin appears e closely 8 - S ) .y . . - ]
related to annual precipitation. This relation can be seen by comparing S 100 Byt R s S M— Floods on glacial streams coincide Wflth the peak rates of melting ¥ . . : ]
the cumulative departure of average annual flow of glacier-fed Tonsina 8f OB dT SFEIMISRERME R YA IS TNED ANN-”SAL AV‘:)RAGE GDSISCHALOG:.? ;)fulce ;nd (sinow n J“nl‘; anii dJuly and_ thehralgsbotms of ht‘iiunll;‘lgr ang £ High-altitude mountain streams ]
River (fig. 10) to the departure curve of precipitation for the same period all. loods on nong cia s.treams in the opper Rlver. wland an |
(fig. 4). G\;lrkfz;.na pp];nd resu:it ‘pm.nanlyedfro;; snc;wmelt in the spring and stream &
overflow in frozen and ice-jammed channels,
=
In the use and management of water, seasonal streamflow variation is of 1,000,000 F—T—T—T—T—T—T—T—T—T—T—T S 2 : - : Q
more concern than long-term variation. Streams throughout the basin ex- g 10E Nongiacial  SQUIRREL CREEK AT TONSINA 196675 3 a E Glacial - 'sI‘tile 1‘ela'tlortl1 Oé' maxnl!{l}lm glsgha._rgehto dr_alrtluage a.;ia 1].'?1‘ 23 selected 8
perience high flows during the spring and summer and low flows during 8 = ] § - COPPER RIVER NEAR CHITINA 1950-81 . eams in ¢ ne Copper River basin is shown in figure 14. For comparison 7
fall and winter. The seasonal and annual variability of streamflow is @ § @ & W purposes, a line corresponding to the peak discharge for a 50-yr recurrence E 100,000
o ] : : :
illustrated in figures 8a-8i. In general, streamflow in the basin shows the @ w trlltge;;a;l, .coml:)utied by t:)he 1f‘}l‘oogzre}c‘luei\lacy ir;gr;ssxobn ;3:;@(:;:5&:21‘:: g
I B 5 : - E , is a rawn on the graph. Maximum obs i s =
greatest variability in mean annual discharge for nonglacial streams and E 10 . E m Average 3 - 2 . 'y A
the least in streams affected by glacial meltwater. Glaciers tend to reduce E . ﬂv:':g_e_ = “ Clit L o . f T _—_r;r_z g:ur)j‘f) ﬁﬁtt:ll ra;z;s; fsrczz ]051 éf; )/s)/ml for lowland drainages to 66 (ft/s)/mi ﬁ
the variation in annual discharge because they release water from ice and 2 :LH- ] ] " F o VT ] : 3
firn storage in dry, warm years and store water as snow and firn during o 3] _ d ) S e -
cool, wet years. However, during the relatively dry years of 1969-70 even 2 o 3 = 3 Zhia r:ait ldolsclha:igesi for lif_ctuzr:nce mtzyals frodmh? ;o ?t(}tygz;rs for rgir:- a i |
glacial streams experienced the lowest annual average discharge in the © 5 o - sentativ wland, low-altitude mountains, and high-alti ude mountains o : .
period of record (figs. 8e, 8f, 8h, and 8i) < - < 5 streams are shown in figures 15, 16, and 17. Recurrence interval is the z Klutina River at Copper Center
. 8e, 81, 8h, s é 1 5 FPwhe o i average period of time (in years) within which a flood of specified magni- = 10.000 1951-66
; : ulla " a T e R a TN D R T e 56 60 65 70 75 081 tude will be equaled or exceeded once. For a given recurrence interval, w /
3" tYIil;‘)il :lggvl;zgl;gl olt\"[: m:ﬁ:gu:i]urs?neaﬁlsé :ulc'ih assrfgin?elt :aéell)'&lg‘zli gl Al i g AGI‘?NUAIZti\VE RAIGE 8i ANNUAL AVERAGE DISCHARGE the probability of a flood of specified magnitude occurring inany one year g’_.
relféssion’ disiing i sﬁmmzr it axg1 e slightnigncrease in s:treamflow 8c DISCHARGE can be estimated. For example, if the recurrence interval of a flood of g:( aw at1A
’ 5 . pr . . sy a =
during the early fall rainy period. In contrast, high flow on glacial specified magnitude is 25 years (Q,5), the probability that such a flood o [Gako™ " 4950 ]
streams, such as the Tonsina River, coincides with the peak melting of 141° will occur in any one year is 4 percent (1 chance in 25). For ungaged %]
e e ’ x ; : streams in the study area, the flood discharges for selected recurrence (@) B ]
snow and ice in June, July, and August (fig. 11). Rainfall during these o
. 8 : A : r‘\/ 5 intervals can be estimated using regional flood-flow regression methods -
same months may produce even higher discharge when the rivers are (oY o . < B =
already high from glacial runoff = =/ TN, given by Lamke (1979). r
y hig g . g ‘0,000é G;ac]a; | VR o T v\,é o
g = zhf\( F,{;b Comparison of such estimates for a peak discharge that has an average ;:' 1000 |- =
. 7 B C' &ie recurrence interval of 50 years (Qsp) with the Qso calculated from gaging = 5 ]
EXPLANATION FOR FIGURES 8a-8i £ Average -\? {‘-)(l_/ station records is shown in figure 18. Streams included in the analyses < E 97381 1
£ 1000 M= A THHT —lﬁ = TH . 2 were those for which 10 or more years of gaging station data were avail- <Z,: L ear May Creek 1
Maximum instantaneous i 1 B ( c | » B rr : able. The analysis and resulting graphs (such as figure 18) indicate that - Chititu Creek N |
@ 1 o MRE s gl‘[’cial' TP A 3 e \ the regression method %rovxdes reliable estimates for flood flows only for |
=} 2> - n = e | e ° e .
2 o] = z 61 basins larger than 50 mi®=.
= E = o LITTLE TONSINA RIVER W Z ) \ L :
Maximum mean daily & E E e F A RS )~ 5'} Z /\S\R \ In adﬁitio}rll to runoff from}; rainfall and “nornéa.l” n;lelti(l;g of snow aéld ice,
< - 3 o 100E—— = = O, > v several other events or phenomena may lead to flooding in the Copper
Maximiin insan monthi é B E E [ 3 2 cf ’& %’rLGC:’ % River basin. These include stream overflow icings (aufeis) and backwater 100 L1 11111l 1 L1
i o v a 1w T T R T T T RS e e e A ST S - £ \:__ \[N e, =4 from ice jams, and release of water temporarily dammed by snow or 2 5 10 20 50
EXPLANATION FOR FIGURE 8 8h ANNUAL AVERAGE DISCHARGE 5 B _l 7 > =y o ’i \'\ debris slides. ~Also, of particular concern, are outburst floods associated RECURRENCE INTERVAL, IN YEARS
Mean monthl ; 10 = e/ E ( : : H with glacier-dammed lakes and (or) rapid subglacial melting by volcanic &
' u E E Base adapted from U.S. Geological Survey S ’\\P4 > /S\ 7 S 3 heat (Post and Mayo, 1971). Mt. Wrangell, a glacier-clad volcano, has
4 B . National Atlas, 1:2,000,000 (1970) !C;? “W\ CF \ shown a major increase in heat flux at its summit during the last decade
- £l ’ £l \ -
A Gaging station (Number refers to table 2.) - ] - = o B . (Benson and Motyka, 1979). Therefore, it appears that the potential for FIGURE 17. -- FLOOD MAGNITUDE AND FRE
Wi et Aglng station (Number refers 40 fable 2. -1 e NIRRT ST —o L 9 "% N T 4 7 E outburst flooding from subglacial thermal activity does exist. This type of QUENCY FOR SELECTED HIGH-ALTITUDE
OND J FMAM J A 5 : 2 i ®
; i ANNUAL AVERAGE 2 s N flooding has occurred in other areas of the world, including the State of M
A Partial record station 8b DISCHARGE 0 ..'—\S o Washington and Iceland. The areas subject to flooding from glacier- OUNTAIN STREAMS.
10,000 g : dammed lakes and the effects of subglacial thermal activity are shown in
Site of miscellaneous measurements of streamflow T. LOGAN e 16
- e 19.
15,000
Minimum mean daily ' Discontinued station
/ \20,000 ,.—-4 21000 L R LR Ly 1,000,000- | R SR AR | SRR AR  E e gR R A | = T I e Ly 0
P D Glacier Scale 1:1 000 00®0 for - SE AR i 8 E  EXPLANATION 3
& \335'0330 20 0 20 40 80 MILES Eah gz ¥y 3 . -
: ; : : (=== ——a F 1 — w S — :
y i 40.000 Line of equal average annual runoff, in cubic feet T === * - o= £ . o6
3 )—- ’ 5 E AT @ lacial m
apdticn \cbdbgandogi o ashi] (1,14 per second per square mile and inches 20 0 20 40 B0 KILOMETERS £ - E ,.,(ghvd ¥ P i e ; i
IN CUBIC FEET PER SECOND [— = — e — e— E S 5] : : o F B 3 R wk O 63 Nonglacial mountain stream
Streamflow -- Total basin outflow has been measured continuously at a : o E R “’p//f/“ﬁr"\,\\ =< & 10 Lowhnd siaars
streamgaging station on the Copper River near Chitina since 1955. The 3 - s (&éﬁﬁ“ ANV \'Mﬂ\ St e = 8 100,000 = =
average flow of the river at this point is 87,680 ft3/s, or 27,000,000 acre- = inl d ée i Iy M\&,‘ ) \\’ i /K{?_ ik T C  (See table 2 for map number) ]
FIGURE 8. -- SURFACE-WATER DATA-COLLECTION SITES, SUMMARY OF STREAMGAGING STATION RECORDS, ft/yr. It is estimated (fig. 8) that about three-fourths of this discharge is & E 3 N wiy T 4 | ,,KMMWJ_C e wz i ]
AND BASIN AVERAGE ANNUAL RUNOFF. derived from the high mountain snowfields and glaciers. The average | A s s s 3 ¥ E ] LG VA o) e N 0o - ;
flow of the Chitina River, the Copper River’s largest tributary, is 2 - 4 & M%Lake \ T ok %\ . o g [ |
estimated to be 20,000 ft3 /s. Thus the Chitina provides slightly more 8 R Ve e T SN WSS S~ L 2 B ’:% £ & \ 8 g 19
than half the total basin runoff even though it drains only 38 percent AL T b o ks & % L { e it E 4 ng«’/ 1, :\L Z &5 10,000 L 30 |
(7,970 mi? ) of the area of the Copper River basin. This high runoff 8d DISCHARGE Y (> S y b o3\ oo o o34 e — - (L 3
is due to the Chiti_na River basin’s relatively high altitude and con- & (i, < % B9 N2, 0 7} t ° River " % 85 C 38 4
sequent high precipitation. o ? b 5. ‘E}e c;;i)w"_ & \\\ S, \ "f%’( o8 L i
° o "R RS o e N ‘ ‘e, 4 - ]
b Wee, ourdoughg’ (S 2,
Streamflow data have been collected at 10 continuous-recording gaging & i =y e > g E YN \ } A TL){- (“5 L - c B Hesi q
stations, 10 partial-record stations and 46 miscellaneous measurement < S:}*;‘};'dp Easlr Og | Copper Labb==y QU TBA" o 8 49 65 pper River basin
sites in the Copper River basin (fig. 8). Information regarding these % §° \1 Gromsaind g . = ot J’L 1 / § — 1000 - . 10 -
30 stations and sites -- such as period of record, drainage area, and streamflow if' /J w”s Pn ¥ < & TpfGond Togma - 5:;; oA '\,]!;./ 8 2 s 32 a 630 /39 5
T T T T T T ¥ T 1 L ! characteristics -- is given on table 2. " il s | G 3 > wr SANFORD De C 3
i A ¢ 3 4 : bWl it C _
o EXPLANATION St TABLE 2, -- SUMMARY OF SURFACE-WATER GAGING STATIONS (G), PARTIAL-RECORD STATIONS (P), b e 4 P o W el e ane N8 T N T et~ L £ s 3
S8 7 O e AND SITES OF MISCELLANEOUS MEASUREMENTS OF STREAMFLOW (M) R o i e e b e e S T | S emed ke Y 3 L o ]
; s . ) - : . P — GEREEE f [
E E 0 ' g : | Le - estimated; b - minimum measured discharge; g - glacier-dammed lake breakout; I - intermittent; D - daily] and Freethey (1980). The equation is based on data from nearby i"""o Ej‘&‘ ":\ SRy ! e "’—\@, o [T 'f‘\{/* 62 e 100 IA1231 L ﬁ;zls il L el B R W Y
w r 201 oo Little Tonsina River (Low i gaged streams and values for basin characteristics such as drainagg ; T olti * o~ "' Hinan 'vé@/ & ¥ MT@WGELL 100 1000 10000 100.000 1.000.000
e o < b Map No. ] Drainage : Average discharg Maximum observed discharge Minimum observed discharge Water quality area and precipitation. Scully and Freethey concluded that esti- DARES S ﬂszf:ne ‘31 Py D . - A f ’ A ’ '
w R altitude mountain stream, (See Station area |Period of record uno Tscharge 1n Tscharge in l ! < C 3 0§ @ 3 1 p‘}(\f? o o Z§\
= 15k . : = fig. 8) No. Stream (mi2) water years | (ft3/s) (in/yr Date [ T(Fey/s) [(Ft3/s)/mi Date /s ft3/s)/miz] | Chemical | Temperature | Sediment | Biological mates of mean annual discharge of glacial streams and large non- s 3 o)) /3>,\’ (78N = S Q
(<(D‘D nonglacial) ; glacial streams (drainage area greater than 100 mi? ) are reliable d ) A g L ai'?fﬁ\w BLACKBURN <Q,L§’<3~,,ﬁ\-. PEAK D'%%";A%TJ%;_E(D E%)blnln\' Sc’:TL'JB1"C FEET PER SECOND
: 5198500  Station Creek nearMentast. 15.3  P1970-81 -- -- July 1977 309 20.2 = = = 1 I o= i3 ve > E s ’ ; { 0 7 % ] ST BLAC [
E‘§ ok Tonsina River (High altitude © - WL it e o e et o e o S - i | G o {'] 't\\f [/ lf’k T Ay ﬂxﬁi\\y&” : | i
L mountain stream, glacial) 4 Mabel Creek - M1970-81 - -- -- -- -- -- -- -- -- -- -- - J / f Jeoarh [ Tonsina N @ e “*O; =y R e
oz 2 5 15199000 Copper River Tributary near Slana 4.32 P1963-81 .= -- June 1980 205 47.5 -- -- - )L 1 - -- A % 3 et S 5 D N v A
PS <Z[ 5 By . . / 6 Indian Creek near Shistochina 113 M1963, 1964 e80  el0 = o ia e e e 1 1 - o Flow Duration -- Flow-duration curves are commonly used as a means of {}%J é é:i\ oL S i crtine YR % (¢ 4 A (J;( LN As}" FIGURE 18. -- RELIABILITY OF ESTIMATED Q50 FROM REGRES-
o L : e Chistochina River rear Chistochina 610 M1948, 1951, 830  el8 Aug. 1971 40,000 65.6 - Z = I i &= 4 expressing the variability of streamflow. The curves show frequency dis- Khot™ y{[Tonsina P * el 4 ‘ N (S ! =
e S 7 istochina River near Chistochina flriagt o e e ug e trigution of i dai]y B e the period of et haaltn percent L if? | _g/«Lake NG NG o e ecart g § : SION METHOD AT GAGING STATIONS AND PAR
0 i I | i 1 T 1 i qe | 1 8 Tulsona Creek near Gakona 91.9  M1974, 1977-82 e60 e9 o - e f}a]’ gg }ggg 38 0.41 I 1 - o of thas are flow io equaledl Bkzceeded. Thevadl sl - P "\” \_WM% 5{ J 5 . ; g _yyH \v&/q%. 1,7-'\5 TIAL-RECORD STATIONS
u ] ~ S o \ M P \ —~cn AT % 141° .
OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT 9 1500000 Gakona River at Gaona B0 GG, 14570, | 866 19 | Mg 10, 1971 10,500 16.9 Mar, 75, 1953 Mo flow - b 0 1 1 e }élacial (figefl12) sntbilngincial (g 10) strwmz. Va.n'o?l,s Secktan e Po\ _?4\/ ?\\ %ina o f“}&;f‘/@@;t?\ﬁ;% .
10 15200160  Gunn Creek near Pakson 9.6 M1973, 1974 el50  :e4D 3z % il o i == I 1 = ! affect flow duration, including melting of snow and glacier ice, glacial out- Gd ~ ‘\ 2 e A i )/% W\%/OQ{;W;&:\ | \
' . - : s 2 & TR S 3 &8
FIGURE 9. -- MEAN MONTHLY DISTRIBUTION OF DISCHARGE i 15200165 Gulkana River near Paxson 8.2 M9T3, 1974 €200 ey - - - < = = ! ! = ! burst flooding, climate, geology, and ground-water inflow. EXPLANATION g f__, gy Lakes /\,N// 2 ).UQ,' » //,\_j/]sv :«\%ﬁj&/z(f/f) B
OF THREE STREAMS. 13 15200190  Gulkana River near Paxson - M973, 1974 Eoi—= e - = = = = I I o I SR UPA NSO i Al 2 S il o S
18 1500210  Onemile Cresk near Passon s Mi97s, 1974 de a0 - - " - 5 - : I bt } —=w— Glacial outburst flood courses for water from 0 ¢, ", | & \ W S J4(:C;’ 35 \\¥
1.000.000 T glacial dammed lakes (after Post and Mayo, 1971) i e \‘ & =+ i N o T SER g8 R\
: 15 13200280  Hageara Creek near Sourapugh G owos, em | v e o o o, gl g i i % z i S iR e ) o W\ SRR IRG] § LA
= 1000 T T T I T T 18 15200270 Sourdough Creek at Sourdough 68.0  M1970-77 el8  ed May 1972 1,270 18.7 Mar. 29, 1982 0.011  0.00016 I 1 = I E . ] “e——=_ Glacial outburst flood courses and areas subject to e 2Ry %‘ﬁ% o />k”??\_fﬂlﬁi§§8 ¢’
w 9 (=) ' y 19 15200280  Gulkana River at Surdough 1,770 61973-78 1,063 8.17 | June 2, 1977 3,170 5.18 RS&Z ?5,1?;;; 200 0.11 I D I I E Glacial streams ] flooding andfor mudflows from subglacial thermal SU\N& ‘iﬁ JLZ A ;‘\\";54 5 & /7@D s,
% w % 800} Tonsina River at Tonsina 20 15200400  Gulkana River at Glkana 1,970 M1948, 1949,  [e1,200  e8 June 3, 1964 15,300 8.27 Mar. 15, 1971  b130 0.066 I 1 I 1 . activity 3y s f':/\_m_%\q //‘\\ﬁi “@ﬁwj} g \
FS0 1969, Logbez, s . & SV e € %o MR 14, o
< S & 600}~ - 1965, 1970, 1971 ! 2 0 Sl \35\_@ el J/— Lig L
o o .67 M1973, 1974 2 7 g = sx Apr. 15, 1974  b0.29 0.079 1 I = I 100,000 — 2 o 20 ; Filoncren .
W= w — 2 }ggg?ggg gﬁ;rcx::kn:?rs?g‘::ﬁen 1?.27 P1363-8i & o May 12, 1'972 546 47.9 Mg:y éayslw No flow - 1 I -- 1 & o e : - o S
400
() L‘ﬁ t IE 23 15201100 Little ge]c:ina Rier Tributary 7.81 P1965-81 e2 ed May 29, 11977 127 16.3 - - -- 1 I - -- =
wi near tureka Ny
= Brek - M1970 = = e = = e = = 1 I 2t = -~
E % ﬁ 200 354 PEI::ZEIz:etrzgzrna:es?ennﬂ'Ien 196 M1870, 1972-76, | €100 o7 -- = e Mar. 29, 1982  76.8 0.39 I I - L e | FIGURE 19. -- AREAS SUBJECT TO FLOODING FROM GLACIAL OUTBURSTS.
5 g 9 0 V 26 Tolsona Creek nea*(ﬂ?r{naﬂen i?? mg:g. {g% egg eg = = s xar, ig, {g% I‘P(‘g ggw =5 % { _ I- % = -
g < oQ 27 15201895 Moose Creek at Glenallen s 5 e e - == o= pr. 15, W o . o
= = 8 2001~ i 28 15201900 Moose Creek Tributiry at Glennallen T30 319525-;382 e3 e5 May 12, 11972 250 35.2 Many days No flow - 1 1 - - % 10:000 "'. K/ _'-: 10,000 I | TTT7 l I| ] ‘ ‘
8 o= 2 29 15202000  Tazlina River nearGlennallen 2,670 61949-50, 1951, | 4,085 20.8 | Aug. 14, 11962 960,700 s B =5 o I I I 1 = . < @) Nonglacial streams
« = -400 1 r l : : 30 15206000  Klutina River at Gpper Center 880 61913, 1949-67, | 1,686  26.0 | June 29, 11953 9,040 10.3 Apr. 1955 110 0.12 D D I 1 w = <. 9
i 1950 1955 1960 1965 1970 1975 1980 P P1070 v f’o
k= = ®
i i i 55 s i == - P - 5 == i 1 = =
WATER YEAR :31; 15207800 mgﬁ ;g::}:: s:\‘/’:: near Tonsina 22.7 mg;g-n, G1972- 33.8 20.2 July 20, 11977 214 9.43 Ma;i'ﬁ‘-]Apr.GZ?6 3.0 0.13 I D 1 I ﬁ %
: - T - S 1000 | - TABLE 3. - ESTIMATES OF MINIMUM DISCHARGE CHARACTERISTICS
ittle Tonsina Ri B= M1975 -- o= - - = = = = 1 I am - o — — 2, -~
R 10~ R BAMFLOW, TONSINA RIVER AT TONSINA : e e SOEE Ol A Amee e el e e e 2 = . % d OF idicates o flow: et hrough 1981 wter year]
’ o ? = =2 = =% = S =5 o = = == & - p8
(&) &= = o
3? ng L‘iﬂilﬁi ﬁlﬁﬁ -- mggé e == == == -= ae == == = % ; = = = e | & "-{_’_’e/ 1973.77 Low Flow - Flow in lowland streams is at its minimum during periods of ] Annual Tow fTow, n cubic feet per second
38 15208000 Tonsina River at Tinsina 420 61950-81 844 27.3 June 17, 11962 8,490 20.2 gar. é(l)- 5 35 0.083 D D I I . = L -__. ice cover 'in late winter (March or April) or durmg periods of low precipi- ‘ Dra1nage 7 cons_ecutwe d§ys 30 congecutwe da'ys
] . i pr. 20, 19 . ; ; w - w e o . S 5 Map No. Station area recurrence interval, in years |[recurrence interval, in years
10.000 " Y . T Y . . - - T 39 15208100  Squirrel Creek at fonsina 70.5 %%éigg%_;gm- 30.9  5.95 | June 196¢4 1,200 17.0 Apr. 1-10, 1967 9.0 0.13 I o w ¢ tation in July, August, or September. However, minimum flow in both (fig. 8) No. Station name (mi2) > 10 20 5 10 20
a ! 40 15208180  Willow Creek near (opper Center 46.6  M1972, 1973 e20  eb -- -- -- Apr. 5, 1973  No flow -- I I == I E 100 = fLe 100 | '}\lj} - low-altitude and high-altitude mountain streams occurs during periods of
g K Toisi 14.3  P1966-81 e6  eb May 29, 1977 163 11.4 Many days No flow = 1 1 st 1 T = 3 g NG late winter ice cover (March or April). Minimum measured flows of repre- . 15200000 | Gakona River 620 e # &7 82 45 39
(&) Non-glacial stream ——=__ 212 }2%835—88 E%Zm%‘i%r:ﬁ“n;;?é:?n-na 13.2  P1963-68 e8 8 June 1965 412 31.2 - -- -- -- -- -- -- (LnJ = . 7 g '-.. ‘\ /3 sentative streams are listed in table 2. Methods given in Riggs (1972) were 18 15200270 | Sourdough Creek 68.0 02 0.2 0.2 0.2 0.2 0.2
ui & Gulkana River at Sourdough ! p Copper River above Chitina River 12,630  MI960-65, 1982 [18,000  eld - = - Mar. 7, 1960 2,010 0.16 - = - ” a - A, o o on N used to calculate low-flow frequency characteristics at selected gaging 19 15200280 | Gulkana River 1,770 245 199 187 247 200 188
= x 1000 ‘ 45 Dan Creek == Mls I = = L 32 = 5 5 = B £ B o =z 'bq;-._‘\\:%a sta;10n§ anl(lia to estimate 1°W'ﬂ°:’ C?am(itafllmg)s atTI;aftliﬂl'“f*lCO'd Sta'iions 22 15201000 | Dry Creek 11.4 NF NF NF NF \F NF
Vi i Tt oo Mio13 o4 - el S 2 ® s i = Lot = =8 — — < ; and miscellaneous measurement sites e 3). e low-flow analyses . ; : :
% :.1_. S\- /. Glacial stream 47 Re".‘ Creek = M i i 5 = o o 5= 5 55 = X - S (“9’ 10 "l\- _________ 1966-74 were made on a water year basis (October 1 through September 30). 48 HEALING §RTEETE Meichiea Rivpr: Trimbary S ol N: N; :F :F :;
& u - /X Tonsina River at Tonsina ® 15209000 Chititu Creek nearbay Creek 30.9  P1973-81 e eld | Aug. 7, 1981 970 3l.4 = = & I 1 = - 10 0T e z s 7 Low-flow characteristics for gaging stations with less than 10 years of o MERGREL e iErek . e ¢ 2 > “
5 b‘_J \'\ // 50 15209100  May Creek near May Creek 10.4  P1973-81 e2 e3 Aug. 7, 1981 168 16.2 - -- -- 1 I == = E OE § \\/p& record and for partial-record stations were estimated by correlation with 28 15201900 | Moose Creek Tributary 7.11 NF NF NF NF NF NF
O 100 |- B v — 51 May Creek = M1973 2= == == == % == o = = = = 3 B 3 8 2 197377 continuous-record gaging stations for which 10 or more years of record 29 15202000 | Tazlina River 2,670 266 197 179 277 206 188
g T o 2 MeExvihy Ereak I Mon 2 R = = = s B = = = = = B : = - were available. 30 15206000 | Klutina River 880 185 120 110 185 126 112
. i s Br e R TR oo TR = " = T T g 5 | . 32 15207800 | Little Tonsina River 22.7 4.4 2.8 2.6 4.7 2.9 2.7
LZ> ik i e Raaa YR i SR s A i e \ : Accurate estimates of low-flow characteristics at ungaged sites usually can- e 1550606 | Tanston River s - i & ke o 5
— 56 Lakina River = it i = = = = = = = i } P > 1 L Liiailil |} | 1 I R o | | not be made because low flows are highly dependent on stream-aquifer ;
10 1 1 1 1 1 1 | 1 | | 1 22 :;ozo;:: R:\‘:ee: - M1913 - - = = a3 == = = = == =5 == 001'0T T 5 5070 90 99 99.99 00101 1 5 5070 90 99 99.99 relationships and on the effects of ice. Acceptable estimates of low-flow 39 15208100 | Squirrel Creek 70.5 1 9.3 9.0 11 9.7 9.5
OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT 59 REIYERINEE 2 o ST W = = o [ e = 5 = = o characteristics at ungaged sites are possible if a few discharge measure- 41 15208200 | Rock Creek 14.3 NF NF NF NF NF NF
% il " PERCENTAGE OF TIME INDICATED PERCENTAGE OF TIME INDICATED ments of base flow are made during summer and winter low-flow periods 44 Copper River above Chitina River| 12,630 2,800 1,800 1,600 | 2,800 1,800 1,600
61 15211500  Tebay River near Giitina 55.4  G1962-65 164 40.3 | June 9, 1964 946 17.1 Apr. 27, 1963  bl3.4 0.24 1 % = 5 DISCHARGE WAS EQUALED OR EXCEEDED DISCHARGE WAS EQUALED OR EXCEEDED (Riggs, 1972) 50 15209100 | May Creek 10.4 NF NF NF NF NF NF
1975 WATER YEAR 62 Kuskulana River : - M1913 i = 2 = = == -= == I - e 4 : ay Cree )
e e st 7,923'2 :ig;?(gggigiéai ezo,3§§ Z%g i""e ;9’1::7 1 ::Z ::z har. 17, 1963 Loo o1 % Ii < & 64 Chitina River at mouth 7,970 1,800 1,200 1,100 | 1,800 1,200 1,100
G LR Lorerwiver noar Bitine. o @ 60 . 8, : ’ ar. 13 ' : 3 T FIGURE 12. -- FLOW-DURATION CURVES FOR FIGURE 13. -- FLOW-DURATION CURVES FOR 65 | 15211900 | 0'Brien Creek 44.8 3.0 1.2 o[ 3.0 1.4 1.2
L Y HARGE OF A GLACIAL VS. NON~ 66 15212000  Copper River near hitina 20,600 61950, 1953, 37,680  24.8 | Aug. 8, 1981 380,000 18.4 Mar. 1-31, 1956 2,000 0.10 D D D 1 . . v ; . £
FIGURE 11. gg%g?:gss?rgé) :MMEAN i b At FIVE GLACIAL STREAMS. THREE NONGLACIAL STREAMS. 66 15212000 | Copper River at Chitina 20,600 4,600 3,000 2,700 | 4,600 3,000 2,700
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