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SUrMuARY

Ship Creek drains an area in the Chugach hountains, flows
westward through Anchorage, and empties into Knik Arm, It emerges
from the mountains 10 miles east of anchorage znd above that point
has a drainage area of 90 square miles. Stream flow recorus for the
4 year period, 1947 through 1950, show a mean flow of 156 second-feet
with a variation from 114 second=-feet for 1950 to 198 second-feet for
1949. The monthly distribution of flow has considerable variation
with about one-fifth of the runoff in the 6 month period December to
May, and about one-half the runoff in the 3 month period, June, July,
and august, Storaze is therefore required for regulation and most
effective use of the sireamflow. There is no natural storage in the
basin, Storase possibilities and power developments are not favorable,
Two possible sites are considered in this report, one at mile 1,0 and
one at mile 3.5, Development at the former site would produce 3200
and 2800 Kl for 50 percent and 90 percent of the time while develop-
ment at the latter would produce 5000 and LLOO KW for 50 percent and
90 percent of the tine.

Ship Creek is not a glacier fed stream and thus is free from
glacial silt and offers a good source of municipal and industrial
water supply. The natural flow i1s suff'icient to supply present demands
and it is believed that with the development of storage demands created
by any foreseeable expansion of .nchorage and the surrounding area can

readily be met.



INTRODUCT IO

Purpose and Scope: The purpose of this report is to present the resvlus

of investigations concerning the utilization of Ship Creek, as a

potential source of power and of municipal and industrial water supply.

The data presented will serve s a basis for the classification of

public lands involved as to their value for power and storage purposes.
The investigations included the mapping by plane table methods

of 2 7.3 mile section of Ship Creek to show possible dam sites, reservoir

sites, and the str:am gradient; a study of stream flow records from

1947 through 1950; the study ol pertinent climatological records; and

geologic examination of two possible dam sites.

acknowledgments: The authcr is indebted to hr. Charlices Tryk, City

Ingineer of anchorage; Mr, Charles .ilson, Superintendent of Anclioraze
Public Utilities; and iir. Bud Tout of the alaska Railrocad for furnishing
valuable information i'elative to watcer supply vroblems in Anchorage and
vicinity.

Maps_ard aerizl Photosraphs: Ship Creek was map)ed frou the Fort

Richairdson weter supply wiversion aam, located 10 miles east of Anchorage,
upstiream for 7.3 niles during the 1948 and 1949 rield seasons by G. C.
Giles an<d C. B. Shaw., lapping was on a tfield scale of 1:20,000 with a
cout our interval of 20 feet, Lorizoital control was based unon stadia
tre.erses, and verticel control upon a U. 3. Army bench mark on the

floor Qf tae boiler rocia at tlie diversion dam., Datum for this bench

mar’- is iean Sea level. The resulting map, entitled "Plan and Profile,
Ship Creek, nlaska," has been pubiished as a regular stream survey in

three colors on a scale of 1:24,000 (1" = 2000 ft,) on one sheet, and &
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copy is included as plate 3 of this report. From the starting poiat

to mile 3.5 the topozraphy was completea to 250 feet or more above
stream level., Beyond mile 3.5 the topography was comgleted to the 1300
foot contour, Copies of the map are on file at 410 Federal Building,
Tacena, Jashinsto., or may be purciased from Distribution Section,
Geologiczl Survey, Denver Federal Center, Denver, Coloradc at a cost of
10¢ each.

Fourteen plane table bench marks were established during the
mappins, descriptions and elevations of wiilci are included as an
appendix to this report or copies may be obtained from the office of the
U. o, Geolozical Survey, 410 Federal Building, Tacone 2, .ashinston.

The Ship Creek basin, see plate 1, is covered by the Anchorage,
Knik and haven Glacier .uadrangles prepared by the U, 3. Army, These
maps are on a scale of 1:02,500. Tie Raven Glacier uadrangle has a
contour interval « 100 {eet while the other two have = 50 foot
interval. They are published by the army l.ap 3ervice, Wasiington, D. C.
Alaska Map 25, “Seward to the latanuska Coal Fields," covers the entire
region. Tiis map, published by the U, S. Geological Survey, has a
scale of 1:250,000 and a contour interval of 200 feet,

The finchorage and ohip Creex areas have been covered by aerial

photography., & list of photogrzphs of these areas is as follows:



AAF TRIIROGON PHOTOGRAPHY SRR —

R

Final Index
Sheet Project Roll Flight or Mission _ dipotures
1 N 128 33-39
% 2011 p ) ' 1-5
1 2011 2 5 1-4
1 2011 2 B 3 [
2 L1 1 29X 56-62
2 L1 1 39X Ll-15 L &V
2 L1 1 0K 80-81 L& R
3 N " 4 K 22-27
3 41 18 1-5
3 L1 2 23
L 158 L5 RS, M7 Lk 128
A 155 ub RS, MTH L4 190
A 155 L6 RS, ki L4 46
5 158 72 23 &1 42 £5-87
5 158 "2 1S 8. 5L (1-64 &
76-T4
5 15B 72 RS & 42 39

L, V, and K reier to left, vertical, or right exposures for tri-lens
photographs.
GEOGRAPHY
Ship Creek rises in tne Chugach l.ountain Fange “hich lies
east of Anchorsge. These nountains do not e.iceed 5,000 feet in altitude
in the Ship Cresk basin, Timber line is about 1800 feet with thick
alder brush above t.is for a few hundred feet. Slopes are covered
with grass and weeds above the brush line. 801l cover throughout the
valley ranges froa unconsolidatea -lacial material in the upper reaches
to expesed consoliuztec rock in a canyon section in the foothills,
Although there are many glaciers in the hirh lands of this
range, there are o -“la~x:rs within the Ship Creek basin nor are there any
lakes, Tuhe ilow is buiit an by the many unnamed creeks that drain the

steep slopes ol tie Chugaca hanse. Tids twisting network of creeks



Flite 2

Ship Creek valley, from point on road to Ski Bowl 4.3 miles
from junction with road to diversion dam and about one mile
north of Dam 3ite B, This view shows most of the reservoir
site area above Dam Site B, (Photo J-48-90, August 20, 1948),



gradually develops into the main stream which is about 24 miles Zcn,
The stream flows in a northwesterly direction to a wide tum *c¢ *I&
west 15 miles upstream from Anchorage. The last 1i miles of the
channel in the mountains is through a steep-sided rocky canyon., One
possible dam site has been selected in this section. Ship Creek
emerges from the mountains about 10 miles east of Anchorage and continues
its generally westward course through the brushy, comparatively low
land north and east of Anchoraze to where it empties into Knik Arm at
the head of Cook Inlet.,
The grgdient or profile of Ship Creek, as sliown on plate 3,
is fairly steep throughout. The first mile of the mabpéu sectiﬁn has
a fall of 160 feet, and the rfollowing mile is somewhat flatter having a
fall of 115 feet. The steepest section comes in the next half mile with
a fall of 115 feet. rrom tiiis point on the gradient decreases to an
average iall of 67 feet per mile,
Anchorage is the only city in the immediate vicinity of Ship
Creek. This city, the largest in Alaska, has an estimated 15,000
residents within the city limits and a considerable population that has
grown up in the adjacent area for an estimated total of about 30,000,
During World i¥ar II the population made an upward spurt and since the
war it has continued to grow, & larse part of tiiis growth was due to
the developmert of [ory Richardson Army Base, three miles to the
northeast. The Alaska Railroad 1s the principal industry of the city
and will continue to te¢ a major Iacter in the future of inchoragze. The
r=ilroad runs frem S#ward to Fairbainks, a distance of 470 miles, and
crosses Ship Creek 1/i. mile fror the mouth. Another port, Whittier,
also serves as‘a terminz) point for the line. The local airfield,
kerrill rield, is considered tie busiest in the territory. Airlines

ope.ating from lLerrill Field serve the .lenal leninsula, Cook Inlet points,

r




Alaska Peninsula, Bristol Bay, Nome, Kuaskoxkwim River, rcirloris oa
Prince #illiam Sound. Pan american Airlines, though not operating
airectly to Anchiorase, connects with anciiorage by Pacific Northern
Airlines from Juneau. Northwest Airlines operates directly from Seattle
to aachorage. The latter two lines operate from Elmendorf Field, which
is an Army field. A commercial aiiport, capable of handling the large
planes and located a few miles southwest of the city, is nearing
completion.

The Glenn Highway links anchorage with the Richardson Highway
at Glenn Allen which in turn connects witii Valdez, Fairbanks, and
the alaskan Highway. Thus anchorage is well served by overland routes,
ocean transportation, and by air,

A gravel road extends frowm hnchorage to the diversion dam
on Ship Creek, This road is all within Fort Richardson. above the
dam there is a road called Pioneer iioad, which runs parallel to and
about 1/2 mile north of the creek for about 4 wiles, terminating at
the Tenth hescue Squadron trail cabin. Due to steep grades it can only
be traveled by four wheel drive veuwicles anu thnen only in dry weatlier.
A recreation area called The Ski Be il is located in the Ship Creek
basin 5 miles acrtheust frow the diversion wam, and is reached by a
road branching frow the road to the dam.

The areas of the Ship Creck drainage basin at several points
as measured on the Kaven Gliacier, sanchorage, and knik Juadrangles are

siiown in the follovinsg table:

r T - N ARla IN PERCZNT

Upstrzam from Diversion Dam 90.3 100,0
" " Mile 1,0, Dam 3ite A 89,2 98,7
i " Mile 345, Dam Site B 75,1 83,1




GECLCGY

A geological examination of parts of the Ship Creek valley
and the proposed cam sites was made by E. Dobrovolny of The Engineering

Geology Branch of the Geological Survey in August 1950, and a report

_/ Preliminary report on the geology of two dam sites on Ship Creek
near Anchorage, Alaska. FE. Dobrovolny, December 1950

prepared, This report gives a preliminary evaluation of the dam sites
but further geological examination is necessary as well as for possible
tunnel routes. Dam site surveys on a scale of 1:4800 should be made to
facilitate more detailed geological investigations.

At the lower dam site the exposed rock is hard and of a
probable high compressive strength. Joints are numerous but these are
tight and can be sealed. Horizontal contact between consolidated rock
and glacial till occurs about 100 feet above the water surface of the
stream, Superficial indications show the till to be tough, resistant,
and impervious.

The same tough impervious till will form the abutments of a
dam at the upper dam site. The depth to consclidated rock is not known,
but the rock will have properties similar to the exposed rock at the
lower dam site.

The valley is wide and U~shaped above the upper dam site near
Mile 3,5 and narrow and V-shaped on downstream to its place of emergence
from the mountains at the diversion dam. The geology of the Anchorage
vicinity is further described in a report by the Geological Division of

the Geological Survey.

_/ Dobrovolny, E., Miller, Robert D,, and Cooley, Maurice, Descriptive
Geology of Anchorage and Vicinity, Alaska, Engincering Geology Branch,

Denver, Colorado, Junc, 1950

7



WaTUR SUFPLY

Climatology: Weather records for the Anchorage vicinity are reavly
complete as far back as 1916, During the period of record the oveerva-
tion station was moved several times. All of these moves, however, wecre
within the representative area so the records may be regarded as con-
tinuous. In the later years of the record, the observation station has
been at Merrill Field, just east of Anchorage.

A study of the precipitation data, shown in table 1, shows
a varietion in annual precipitation from a minimum 6.78 inches in 1931
to a maximum of 19.57 in 1917. The annual values shown in the table
are for the water year, October 1 to September 30, This arrangement
has been used so as to be comparable with stream flow records, The
mean precipitation for the period of record, 1917-1950, is 14.45 inches.
The spring months of March, April, and May are the driest of the year
as only 10 percent of the precipitation occurs during this quarter.
April contributes less than 3 percent of the total, Precipitation
during the five month period, June through October, amounts to nearly
70 percent of the annual total., August and September are the two
wettest months, accounting for 36 percent of the yearly precipitation.
The mean monthly values for precipitation and also temperature are
shown graphically in figure 1l.

The snowfall, shown in table 2, averages 61,3 inches annually,

varying from a minimum of 29,9 inches in 1935 to a maximum of 11l.4 inches

in 1949. Snowfall values are not available for the extreme dry year of
1931. In general, the four month period, November through February,
accounts for three fourths of the annual snowfall. During the period
of record, snowfall has never been recorded in July or August and only
once in June, which was in 1949, when O.4 inches fell., The winter

8




snowfall accumulates until tis 1ising temperatures of Aprii a. .ay
begin the melting of this storzd moisture. This explains the very
high runoff in May and Jure even though neither of these months has
very much precipitation. It mist be remembered that these data are
for the Anchorage vicinity and that conditions in the upper levels of
the Ship Creek drainage basin will differ to some extent.

The annual snowfall at Anchorage during the period of record,
as well as Index of Wetness, is shown graphically in figure 2.

Monthly and annual values of temperature at Anchorage are
shown in table 3. A study of this table shows that the climate is
characterized by cool summers and cold winters, (nly July escapes the
possibilities of freezing weather. Over a 26 year period there was an
average of 204 days when the minimum temperature was 32 degrees or
colder., Figure 3 shows a temperature comparison of Matanuska, Alaska,

with the average of three midwestern cities for a 29 ysar period.

_/ Lawrence, Fred F,, "Preliminary Report on water-Power Resources of
Little Susitna River and Cottonwood Creek, Alaska," U. S, Geological

Survey, p. 11, 1949.

Matanuska's weather station is about 35 miles northeast of the Anchorage

wezther station. The monthly mean temperaturces for November through
March are all below freezing with a monthly mcan of 12,3 degrees in
January, the coldest month. The monthly means of the two stations differ
by only a degree or two and the overall annual mean for Matanuska is

only one degree higher than Anchorase's 34.8 degrees. It is obvious from
a study of these temperatures that the design of any development on Ship

Creek will be influenced by the temperature,




PHACIPITATION IN INCHuS Table 1
AT ANCHORAGE, ALASKA

a/ 8/

¥o3r Oct Nov. Dec Jan, Feb. har. Apr, May June July Aug, Sept. _Annual
Lr;;lé - -, - - .98 001 T 1¢65 0-96 0¢U6 3-161 2.5‘-]- -
17 6.43 0.99 0,67 1,65 0.87 066 0,13 0.91 0,70 245 1.54 2.57 19.57
18 1,67 0,98 0,07 0.80 1,02 0,31 1,01 0.55 0,21 1,19 3.49 2,16 13.46
19 1.4 0.75 140 0,90 0,10 0.15 Ca23 0,14 0.2 3,00 342 2,63 14.11
2“ 1589 l.hh 3.&-9 1.55 2.01. 0025 0'28 0005 0.55 1.99 3.43 l-lO 18103
2L 0.53  0.89 0,43 1,00 0.50 0.66 0,25 0.23 0,80 2,09 3.08 2,68 13.14
22 3,01 0.03 1,11 1l.41 0,49 0.66 0.66 0,13 0,58 3.60 1.33 1.61 14,62
&5 003 - 0,16 1,61 0.79 0.78 0.35 0,08 0,61 1.70 0,89 5.05 -
7h 1.72 1.03 0.52 0,30 0,08 0,21 0.57 0.55 0,50 0.79 3.60 3.82 13.69
26 1.64 0,21 0.49 0,80 0,10 0,45 0.25 0,09 0.72 097 2407  3.54 11.34
1976 2 44  1.47 1,06 0,89 0,15 0,77 0,16 0,05 0,03 1.26 2.51 2,38 13.17
27 1089 0““9 1.23 0.76 0095 - 0t69 O'BLI- 1606 0-‘1-7 30‘-}6 3069 -
28 1,10 0.49 0,91 0.60 1.96 1,07 0.43 0.13 0.89 2,28 3.12 2,54 15.52
29  1.34 1,55 = - - = - - - 3,12 31.96 2.72 -
30 - - .17 GC.47 0.34 -1.61 0,36 0,82 0,37 2,38 3.68 1,96 -
1931 0,26 0,44 0,18 0,30 0,20 0,09 0.01 0,30 0,21 1.47 0.82 2,50 6.78
32 2,06 1.43 2,10 1,17 1.51 T . 0,08 0,35 031 1.65 L4L.76 3.59 16.01
33 1.81 0,93 0.89 0,80 0,61 0.60 0.39 0,80 0,53 0,19 1.35 2.84 11.74
34 1,61 2,37 0 0.94 O0.46 1,18 0.25 2,00 0,75 1.33 5.91 1.34 18.14
35 1l.14 0,04 1.82 0,80 0,91 O.k6 0u54 O 0,16 2,58 2.16 1.63 12,68



PRECIPITATION IN INCHES
AT ANCHORAGE, ALASKA

Year QOct. Feb. Mar. Apr. Hay June  July
37 5.13 0.43 0.4 1,50 0,50 0,47 0451
2% 3.33 0.12 0,94 T 0.50 1,75 0.50

4] 1.35 0.65 0.51 0,09 0.71. 1l.43 1.56
L 3.98 0.13 0.36 0,28 0,49 0.63 0,96

1G4 3.9  1.27 0.73 0.4 1,40 0.6h 2.62 1,88
L2 L 43 1.02 0.79 0O.45 0,81 0,25 0,68 1.83
L3 2.36 G.17 0.28 0,39 0,17 0.64 1,20 2,54
el Uo7 127 0.47 Ou.ih  0.23 0,51 0.86 2.53
I 120 0,33 113 3.23 034 3.27 162 149

19.8 2,32 0.59 1:22 032 6,18 1.23 0O. 7% 097
47 0.80 1.39 012 047 033 057 0,30 1.27
L 0.89 1.23 0.43 0.67 0.08 0.03 0O.42 3.28
49 1,75 1.37 0.69 1.05 0,82 0,41 2,94 1.26
5N 125 0.62 0.29 0.04 0,10 1.89 0,97

No. of

Values 33 32 34 33 34 34 34 35

lfiean 1:98 1.00 0.6&' 0-56 0-39 0.52 0.83 1067

Percent

of mean

annual 13-7 6 -‘l— 3.8 206 305 5!7 11-5

H&xim 6.‘-}3 2 2.01 1.61 1050 2.m 2091‘- 3.60

Minimum 0.26 0 T & 0.03 0,03 0C.19

a/ For water yezr, October 1 to September 30,

Annual

11.02
17.43
10.94
17.64
16,18

16.14
14,94
16,90
15.97
16.63

11.14
14,04
12,95
17.17

9.43

30
1hob5

100,0

19.57
6.78

Table 1
Ccmt'd.



Table 2

AT ANCLORAGS, ALASKA

HONTHLY AND ANi:UAL SNOWF.LL IN INCH:S5

Percent of mean annual

a/ b/
—Annual

M

ay_

o

Nov. Dec. Jan, Feb, Mar, Apr,

Got %

—

e

135
i
107
170

82,6
88,1
65.7
104.2

|x‘]£~
::’
8

111
128
77
69
n

HOOCODO

O r~tnen
= Rl
GnUnTn ™~
e o

PO Y cipaly
Pog N oy (M

22,0
11.0

21.5

123
105
113

L9

o jlofoRole]



MONTHLY AND ANNUAL SNOWrFaLL IN INCH.S

Table 2

AT ANCHORAGS, ALASKA Contt'd.
% Y b/

Year Oct. Nov. Dec, Jan, Feb, iar, Apr. May annual Percent of mean annual

1936 1.3 2,0 2.2 3.4 75 10,0 6.8 0 33.2 54
37 0 12.5 11.0 2.0 L5 1.5 12,7 0 hi .2 72
38 0 22,0 n 2.5 2,0 15.0 T 0 41.5 68
39 U 17.5 ko5 4.7 7.0 7.0 T T 50.7 83
4O 18.2 13.8 15.5 6.5 7.0 0 0 61.0 99

1941 15.0 6.9 15.4 19,0 3.2 5.0 6.0 0 T70.5 115
42 3.5 10.8 1.5 1.7 8.9 Loby 2,0 0 32.8 54
L3 8.6 2.1 7.6 12,0 3.3 2. 3.1 T 39.1 6l
L T 6.8 Lhods 2,6 6.8 8.1 0.7 0 61.4 100
L5 T 7.0 17.5 5.0 18.8 8.1 1.8 7.8 66.0 108

1946 6.1 8.2 1.9 N 19.0 5.8 1.9 0 52,3 85
1‘»7 oih 1?.9 1607 ll.l la3 701 l-? 5605 92
48 37 11.5 4.9 - 8.1 14.0 T 0 - -
49 7.8 10,4 11.1 36.1 12.4 12,9 16.4 3.9 111.4 182

No. of

Values 30 32 32 30 33 31 34 34 26 g/

lean 4.9 10,6 11.0 12.9 8.6 Ted 2.9 0.6 61.3

Percent

of mean

annual & 8,3 18,0 18.6 219 .6 12,7 4.9 1.0 -

Maximum 18,2 28.1 29.5 36.1 21.5 22,0 16,4 7.8 1114

Minimum O 0.9 0 1% T 0 0 29,9

a/ June to Sept. omitted.

b/ For vater year, October 1 to Sept. 30.

o recorded values of snowfall in July or aug. during period of record;
June had only one measurable value, O.4 inch in 1949; and Sept. only one neasurable value, 0.4 inch in 1947,
and a trace registered in nine years.

¢/ liean of annual values,




MEAN MONTHLY AND ANNUAL TAMPERATURES (OF)
AT ANCHORAG.L, ALASKA

Year _Oct, Nov. Dec, Jan, Feb. Mare Apr, May _June July  aug, Seot. .

1916 - — - — 12“# 18 l5 36 07 u-o 50 .0 5“.6 53.9 ll'6.2
17 37.6 18.0 7.7 8.4 17.2 23.6 31.8 44,0 51.8 5540 553 L6 .4
18 33.3 15.2 - 9.2 12l0 12.7 1508 31.5 ‘lztu 52.6 5702 5’4.1 50.5
19 35.6 15.6 12,8 7.1 13,0 20.1 35.2 43.9 53.1 59.3 55.6 49.1
20 34,2 16.8 10.6 2,1 29.4 18.4 27.8 41.2 51.8 5445 52,0 b5.2

1921 31.6 19-7 12014 ‘la‘b 1—1-8 25.2 33!9 Mth 5’!-.0 5533 5506 h607
22 35.4 15.0 12,8 12,8 14,7 17.0 33.7 L3.6 52.4 559 5346 L4 .6
23 39.0 22-5 11.6 8.2 21.’& 22-‘# 36.5 h6.2 53-1 5905 59-2 1&8.8
2 41.8 26,8 11.4 15.4 18,2 31.8 29.0 46,2 54,6 56.6 552 L5.6
25 29.6 26.6 10.6 0.7 11.8 2L.6 35.2 Loy 50.6 56.9 56.1 50.5

1926 lblla 28.8 17'? - 22-0 37-0 1&0.5 w-g 58-6 59.0 57.0 51.1&
27 39.8 28.8 15 1.6 22,9 - 28,4 B5.1  53.9 58,7 5k.5 Lbuk
28 32.0 1206 1“02 1808 2“-.2 2103 35.‘* QSOB 5‘#02 5002 5‘&.6 h5.0
29 3543 25.8 - - - - - - - 56,1 55.8 534
30 391 293 11.3 0 140 7.5 23.2  34.9  45.0 516 S6.h 58,6 LB.6

1931 35.2 23.6 26,8 2L .8 2644 26,0 38,8 46,0 56,2 58,0 56,2 LY 4
32 26,0 27.0 13.3 L2 9.4  28.L. 38,0 43.9 51.4 56.6 54,0 L5
33 3705 1502 ]J#o‘b 3!3 15.‘! 2100 3505 h5.1¢. 51.2 57-5 5-’*-2 1}5;2!-
3, 27,9 25.2 - 0.2 6.2  27.6 2.0 37 b5Jy 524k 55,0 5501 49.0
35  37.0 24,2 17.8 14,9 27.6 2.4 3642  45.1  52.3 574 5443 7.7



MZAN MONTHLY AND aaiNUsL TuMPSRATURES (°F)

AT ANCHORAGE, ALASHA

Year Y Oct, Hov, Pec. Jan, Feb. Mar. _ Apre Hay  June Julys AU,
1936 32,8 23,2 17.2 17.9 14,8 2.8 34,9  45.2 590 61.1  58.5
37 42,1 30,2 11.6 22,0 12,6 25.2 35.2  45.6 54.6 58.0 54.6
38 L1.6 26.4 1.8 12,2 17.0 25.4 40,9 45.6 52,4 56 .2 57.3
39 1&1-2 21.8 19.0 13.2 19;0 20014- 35.1 h\B:? 5208 569‘5 5302
LO 29. 17.9 20,4 20,9 23.% 2h.8 Kl.6 48,0 55.1 57.4 55:6
1941 36.3 23.8 21,8 15.0 27.8 32,0 Wi ooy 554 57.0 592
L2 32.6 19.4 17.8 24,0 30,0 5.5 38.7 508 55.4 57.3 55.5
‘&3 37.6 1558 hlh 9-8 22:O 23-6 3&&8 1&6-\; 3!4-06 55-9 53.6
Li 36.4 28,1 22,4 14,6 25,8 20,6 31.9 45,0 Sk 56a2 55,4
L5 36.8 22.5 17.3 22,6  21.5  23.6 31.8  L2.4 524 573 54.2
1946 34,8 12.4 13.0 15.8 17.8 15,9 32.8 448 53.7 564 53.2
L7 39.4 17, 5.0 =1.0 18,4 30,3 36,1 Lb.6 53.4 59.6 55.2
L3 36.1 27.6 22,7 18.0 12.0 19.8 3l 46,2  53.9 56,2 53.2
L 35,8 14.2 5.8 12.6 6.0 29.4 31.4 4h4.B 50,6 56.0 54,8
50 35.2 26,1 6.9 5ol Ted 275 352 451 53,1 56.7 58.0
No. of
Values 34 34 33 32 34 33 3L 34 34 35 35
Mean 36,1 22,0 13.0 12.3 18.4 23.8 35.0 45,2 53.4 57.0 554
Hax;mum 42,1 30,2 26,8 24,8 30,0 37.0 L1.6 50.8 59.0 61.1 59.2
Minimm 27.9 12,4 - %2 =-1,0 6.0 15.8 27.8 41,2 50,0 54.5 52.0

a/ For water year, October 1 to September 30.
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Runoff: There is one gaging station on Ship Creek, located at the

Fort Richardson diversion dam. It was establishe? Septemcer 20, 19.6,
and operated with a staff gage until May 1, 1947, when a Sterens A-35
automatic water stage recorder was installed., Continuous records Ifrom
this station are available from the time it was established.

The monthly runoff values for the period of record are listed
in table 4 and are also shown graphically with precipitation and
temperature values for this same period on figure Ls The mean dis~
charge as shown in this table is 156 second-feet, which is equivalent
to 113,000 acre~feet, or 23.46 inches runoff. The mean annual pre-
cipitation at the Anchorage station for the same four year period was
13.40 inches, This indicates that the precipitation in the drainage
basin is much greater than that at Anchorage. The average precipita~
tion at Anchorage for these four years was slightly less than the
overall average of 1l4.45 inches, indicating that the runoff evidenced
by the present period of record should be near normal,

An attempt was made to extend the runoff records back on
the basis of the precipitation. This "synthetic runoff" record will
not be dependable for obtaining a value for individual years but it
will follow the trend of the runoff. The synthetic record indicates
that there were 10 years when the runoff was less than the average
for the years of actual record, The average of the actual discharges
is slightly less than the Lynthetic average discharge for the 34 years
for which precipitation records are available, This indicates the four
year period to be slightly drier than average,

The annual values during this 4 year period varied from 9.43
inches in 1950 to 17.17 inches in 1949. The variation in this 4 year

10




period was almost as great as the variation shown in the 30 annual
values in table 1. Only one year had a lesser value than the 9,.3
inches in 1950 and the 17.17 inches in 1949 was only exceeded in 6
years of the 30,

As above shown, the average runoff for the 4 years of record
was 23.46 inches and the average precipitation for the same period was
13,40, The runoff at the gaging station was therefore 1,83 times the
precipitation at Anchorage. This ratio, however, varied greatly from

year to year as shown by the following tabulation,

“Runoff  Precipitation at Ratio of runoff
Water Year inches _ Anchorage, inches to precipitation

1947 - 1948 26,58 12.95 2,06
1948 - 1949 32.52 17.17 1.90
1949 - 1950 17.92 943 1,90

A comparison on the calendar year basis gives more con-

sistent values as shown by the following values,

Runoff Precipitation at “Ratio of runoff

Year inches Anchorage, inches to precipitation
1947 24,30 13,68 1.77
1948 24,92 13.77 1.81
1949 30,09 16,87 1,80
1.79

The pronounced variation in the ratio between runoff and
precipitation for the water years while the ratio for calendar years
is very consistent is believed due to £he fact that the last month of
the calendar year, December, accounts for only 6% of the average annual
precipitation, Year to year variations in the September precipitation
would therefore have a more noticeable affect on the runoff for the
water year than the year to year variation in December precipitation

11



would have on the runc{f for the calendar year, The figures shown above
would indicate that the runoff at the gaging station would vary from 1.5
to 2,0 times the precipitation at Anchorage for the water year and over
a period of several years would average about 1,75. A ratio of l.5
applied to the Anchorage precipitation record should give a conservative
figure for the Ship Creek runoff,

The maximum recorded flow was 1570 second~feet on June 21,
1949, and the minimum flow was 20 second-feet on February 20, 1949.
The maximum monthly mean was 660 second-feet in June, 1949 and the
minimm monthly mean was 26,5 second-feet in March, 1949. About 75
percent of the annual runoff occurs in the five month period, May
through September while the precipitation during these months aécounts
for only 57 petcent of the annual value,

A flow duration curve, figure 5, based on the 4 years available
records shows the following:

Q 95 = 30 second-feet Q 90 = 33 second~feet
Q 50 = 105 second-feet Q mean (39) = 156 second-feet

The gaging station is at the downstream end of the survey and
has a drainage area of 90,3 sq. miles. The drainage area above the dam
site at Mile 1,0 is 99 percent and above the dam site at Mile 3,5 is 83
percent of the area above the gaging station. In the absence of other
information, it is assumed that the runoff is proportional to the con-
tributing drainage area, and therefore the runoff at Mile 3,5 is con-
sidered as 83 percent of that at the gaging st.tion., It is very likely
that the runoff is somewhat greater than 83 percent because of the higher
mean altitude of the drainage area above Mile 3.5. Applying the 83 per-
cent factor to the flow duration curve, the following values result for
the dam site at Mile 3,5:



\

410 Federal Bldg.,
Tacoma 2, Wash.

Dear Sir:

April 18, 1952

Several months ago a report entitled, "Water Utilization, Ship
Creek near Anchorage, Alaska" was sent to you, An error in the
streamflow data used in this report has recently come to our attentlon.
Table 4, Summary Of Monthly Mean Discharge In Second-feet, lists the
observed values of streamflow at the gaging station, The diversion
to Ft. Richardson is immediately above the gaging station, The

monthly mean values of this diversion is shown in the following table,

Ship Creek Near Anchorage, Alaska
Summary of Monthly Mean Flow In Second-feet
Diverted to Ft, Richardson

Water

_year Oct, Nov, Dec, Jan, Feb, Mar,

Apr, May June July Aug, Sept. ¥r.

1947 4.4 4.7 4,7 4,6 4,7 4,3 4.3 4,350 4,7 4.6 4,6
1048 4.4 4.4 4.7 4,5 4, 4.5 4,6 4,3 L.4 4.6 2 4,5
1949 4.5 4,7 E.o 5,0 4 4 4.6 4,4 4.4 4.4 4.4 “'E
1950 4,5 4,1 4.4 4.3 4 4,8 4,7 4,96,3 5.4 4,7 4,

The values for the streamflow in the
be increased by the amounts shown in

adjusted flow at that point,

on page 18 should be changed to read

gaging station should therefore
the above table to obtain the

this error the first two sentences
as follows: '"During the period

of record, 1947 through 1950, the lowest recorded flow in Ship Creek
was 25 second-feet on February 20, 1949, which is equivalent to
11,220 gallons per minute or 16,1 mgd. Three mgd of this flow is
diverted to Ft. Richardson leaving 13 mgd available for Anchorage."

In view of the importance of Ship Creek as a source of municipal
water supply it is desired to call your attention to the above error

at this time,

AJohnson: lcc

Very truly yours,

C:C' [‘Jdm/ A

Arthur Jo on, Reg, Hyd, Eng.
Water and Power Branch
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SHIP CRuEK NEAR ANCHUNAGSE, ALASKA
SUMMARY OF BOWTHLY MEAN DISCHAUGS I SiCOND-FEoT

Table &4
Year _ __Oct. Nov. Dec, Jan, Feb, Mar, ADr . May June July aug. Sept. Annual
10461547 G2.4 674 49,1 7.k 386  43.1 L2,2 163 356 227 183 331 136
1947-1548 269 139 106 72,9 A7 33,7 32,0 192 413 287 271 254 176
1548-1549 175 78.3 58.9  40.5 28,6 2645 27.7 189 660 L78 338 266 198
1 247-1550 177 99.1 62,8  45.3 30.5 31.3 30.3 645 356 222 Wl 109 114
Maximum 269 139 106 72.9 Ll.7 k3.1 2.2 192 660 478 338 331 196
Minimum 92.4 67.4 49.1 37.1 28,6 26.5 27.7 645 356 222 1 109 114
Mean 178 96,0 69.2  49.0 34.8 33.6 33.0 152 L6 304 233 240 156

Mean runoff
Acre-feet 10,945 5,712 4,255 3,013 1,950 2,066 1,964 9,346 26,539 18,692 14,327 14,261 113,090

Mean runoff
Inches 2.27 1,18 0.88 0,63 0.40 0.43 Dokl 1.9 5451 3,68 2497 2.96 2346

Percent of
mean annual 9,7 5.0 3.8 2.7 1.7 1.6 L7 - 8,3 23,5 18,5 12.7 12.6 100.0
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Q 95 = 25 second-{cet J 9C = 27 szzonl-Inet
Q 50 = 87 second-feet Q mesn = 129 second-faet

These proportional runoffs have been used for the site at
Mile 3.5 and the runoff at Mile 1.0 has been assumed the same as at the
gaging stationi

' WATER UTILIZATION

Present Use: Fort Richardson obtains its water supply by diversion from
Ship Creek at a point 10 miles east of Anchorage. The diversion dam is
only 10 feet high and the water is conveyed to Fort Richardson through a
pipe line. The diversion structure includes a boiler installation which
is used at times to warm the water slightly for better solution of the
necessary chlorine, The amount of water diverted averages L.6 second-feet
or 3,0 mgd. This water is used for domestic purposes and for a steam
plant,

Anchorage obtains its water supply by diversion from Ship
Creek at the Fort Richardson dam and conveying it to the city through
a pipe line, This pipe line was put into service in December, 1950,
Prior to that time Anchorage obtained its water supply by pumping from
Ship Creek at a point within the city limits located about one mile
from the post office. The pumping plant has a capacity of 3.5 to 4.0 mgd,

Ship Creek serves The Alaska Railroad which has its pumping
plant very near to the city plants The capacity of the railroad's
installation is 2,5 mgd. The railroali's pumping plant serves all of the
area within the city north of Ship Creek, These customers include two
canneries during the fishing season, oil companies, the Army dock and
the boats using those facilities, and others who ship their products on
the railroad. In addition to the commercial demand, the residences in this
area are also served by the railroad. It is planned that the railroad's

v} 13



distribution system in the area described will be turned over to
the city in exchange for water to be furnished by the city.

The water supply for a gravel washing plant and a concrete
products plant is also taken from the creek. There is no place on
the creek where hydroelectric power has been developed, Salmon
have been observed in the creek at least as far up as the diversion
dam, It is not knowm if they proceed farther upstream, but the low.
dam would not obstruct their progress if their spawning areas were
beyond that point.

Future Use: The development of hydroelectric power from Ship Creek
is possible with the use of one or two dams, However, at this time
it does not appear particularly attractive considering the size of
the dams required and the comparatively small amount of power avail-
able., Irrigation of the area east of Anchorage and west of the
Chugach Mountains in the vicinity of Ship Creek is possible from a
topographic standpoint. No information is available concerning the
soil condition or crop possibilities in this area. The Fort Richard-
son military reservation covers much of this area and thus renders
the land unavailable for agricultural purposes. Water supply for
Anchorage and adjoining communities and Fort Richardson appears to
be the most likely future use for the waters of Ship Creek.



STREAM RuGULATION

Natural Storage: The rapid fall of the stream, the narrowness of the

valley, and the absence of lakes results in no natural storage.

Developed Storage: The one dam, the Fort Richardson diversion dam,

doesn't create any storage but is simply a diversion dam.

Undeveloped Storagé: A study of the map of the stream valley, see

plate 3, suggests two possible dam sites to develop storage on Ship Creek.
These sites are at Mile 1.0 and Mile 3.5 and are hereafter referred to

as Dam Site A and B respectively. Area and capacity curves and cross
profiles of the dam sites are shown on figures 6 and 7. Tables showing

areas and capacities for these dam sites follow,

RESERVOIR SITE RESERVOIR SITE
DAl. SITE A, MILE 1.0 DAM SITE B, MILE 3.5
| Altitude of Altitude of
ter surface Area Capacity ter surface Area Capacity
(feet) (acres) (acre-feet) | (feet) (acres) (acre-feet)
64L0 0 0 1,040 0 0
700 13 210 1,060 3 30
1,080 13 190
720 25 590 1,100 28 600
740 38 1,220
760 ol 2,140 1,120 29 1,430
780 W 3,420 1,140 9 2,940
800 93 5,090 1,160 149 5,390
1,180 208 8,960
820 114 7,160 1,200 296 14,000
840 137 9,670
860 156 12,600 1,220 392 20,880
880 181 15,970 1,210 172 29,520
900 210 19,880 1,260 575 39,990
1,280 71 52,880
920 238 244,360 1,300 838 68,400
940 266 29,400
960 298 35,040
980 332 41,340
1,000 367 48,330
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The mean flow for the period of record, 1947-1950, see
table L4, was 156 second-feet, varying from a maximum monthly mean of
660 second-feet, to a minimum monthly mean of 26,5 second-feet. The
six month period, November through april accounts for less than 20
percent of the annual runoff. June and July account for about LO
percent of the runoff and the four month period June through September
accounts for 65 percent. With thLis variation in distribution throughout
the year storage is necessary to regulate the flow for most effective
use. The storage requirements for complete regulation, and the results
obtainable with various storage capacities were determined from a study
of the mass diagram,.plate 8, showing the cumulative runoff during the
L year period of record.

Regulation from year to year, and for the 4 year period,

would have required the storage and maintained the flows as shown below.

Y, b/
DAM SITE A at MILE 1.0 DAM SITE B at MILE 3,5
Storage Required| Resulting Storage Required|! Resulting
Year (acre~feet) |Mean Flow (acre-feet) Mean Flow
. (cfs) (cfs)
1947 | 42,000 146 35,000 121
1948 38,000 170 31,500 41
1949 63,000 199 52,500 165
1950 24,500 107 20,000 89
1947~
1950 47,500 156 I 39,500 130

2/ Runoff assumed to be the same as at gaging station.
b/ Runoff assumed to be 83 percent of that at gaging station.

To maintain constant flow throughout the year withdrawal from
sterage would start in October or November and continue into April or
May when the natural flow would exceed the demand and the reservoir would
start to refill and would continue until October or November when with-

drawal would again start,




RESERVOIR SITE
DAM SITE A, MILE 1.0, SHIP CREEK, ALASKA
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ALTITUDE IN FEET
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RESERVOIR SITE
DAM SITE B, MILE 3.5, SHIP CREEK, ALASKA
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It seems very iupractical to atte.pt couplete regulation

of Ship Creek because such large dams would be required. A dam 250
feet high at dam site B would be necessary for complete regulation.
A dam that high would have a crest length of 1,310 feet. At dam site A,
a dam 350 feet high having a crest length of 1,800 feet would not
completely regulatc the flow.

Assuming an active storage capacity of 20,000 acre~feet, for
example, and analyzing each dam site on that basis would result in the

following regulated flow,

DaM SITs A, DaM SITE B,
MILEZ 1,0 MILE 3.5
Q95 102 cf's 90 cfs
Q90 103 90
Q50 118 103
Qmean 156 129

MUNICIPAL WATER SUPPLY

In an attempt to determine the consumption of water of
various business establishments and residences, pilot meters were
installed by the city water department in several places throughout
tihez city. The results of this metering failed to establish any usable
value for a per capita consumption as the demands were so divergent.
They did serve to show that more water was being used at various
places than had been believed. Water consumption during the months of
peak demand, February through april, is quite high because of bleeding
of pipe iines by consumers to prevent freezing. The month with the
greatest consumption in 1947 was lharch when approximately 410 gallons
per capita per day were used. The estimated population for 1947 was

9,000, The foregoing figures on consumption and population would
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result in a demand of 3.7 mgd. /ypj’ﬂ/w
M

During the period of record, 1947 through 1950, the lowest ,,T:;{:»’Hj
25
recorded flow in Ship Creek was 20 second-feet on February 20, 1949 "y
I, 220 1€ | “,17

which is equivalent to &38%5 gallons per minute or #¥<¥mgd. Three mgd
of this flow is diverted to Fort Richardson leaving ggn:mgd available
for Anchoraze., This appears to be adequate to supply all demands at
the present time. However, lower flows and longer periods of low flow
may be experienced. On the basis of past records of stream flow and
precipitation, it is reasonable to assume that there will always be
some flow in the creek. If there is further expansion in Anchorage or
if nearby communities such as Mountain View, Spenard, or Eastchester
were to be included in a distribution system with Anchorage, a greater
and more dependable supply should be developed,

The required storage and resultant regulated supply could be
achieved with a dam at dam site A, For example, a uam 100 feet high
would develop 1,220 acre-feet of storage which would provide a constant
flow during a four month low water period of 3,3 mgd in addition to
the natural flow, A 150 foot dam would develop 4,250 acre-feet of storage
which would provide a flow of 11l.6 ngd in addition to natural flow
throughout the same four month period. Thus the additional 50 feet
in the height of the dam would increase the available flow fourfold.

The two foregoing examples indicate that the natural flow in
Ship Creek along with the development of a small amount of storage should

prove adequate for all demands in the foreseeable future,
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WATER-POWER

Developed Power: There is no developed water-power on Ship Creek at
this time. |

Undeveloped Power: The determination of the optimum design is not

possible at this time with the information available. However, an
illustrative plan of development with the data at hand is given teo
show how much power would be available under certain conditions. Inso-
far as possible it is based on practical considerations as to the size
of dams, capacitiés of reservoirs and stream flow.

A plan of development for each of the two dam sites referred
to in the section, Stream Regulation, is described in the following
paragraphs. These plans botl assume that the available flow would be
that resulting from the development of 20,000 acre-feet of usable
storage and that the power house would be at the mouth of the canyon
at an altitudg of 500 feet. The potential power has been computed
using the formula KW = 0,068 Q H in which

KW = kilowatts
Q = flow in second~feet

H = head available between mean
reservoir level and power house site

The foregoing formula is based on an overall efficiency factor of 80
percent, |
Dam Site A (Mile 1.0)

A dam 300 feet high, with maximum flow line at altitude 940
fecet, would develop 29,400 acre-feet of storage. Using 20,000 acre-feet
would require a maximum draw down of 102 feet or down to altitude 838

cet, The mean altitude of the rescrvoir would be at 898, with a

resulting mean head at the power house of 398 feet., Conveying the water
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from the dam to a power house at the mouth of the canyon would regu're
a tunnel approximately 3/L mlc in ‘ength =nd a penstock approximately
1/2 mile in length. The tunnel entrance would be below the minimum
draw down elevation and consequently would at times of full reservoir
be subject to a static head of slightly over 100 feet. The foregoing
assumes that the tunnel would have only enough gradient to provide the
necessary flow and the main drop would be in the penstock. The length
of penstock could be reduced by using a stesper gradient for the tunnel
which in turn would require that the tunnel would have to be built to
withstand increasingly greater pressure as it approached the penstock.

Potential power at undeveloped site, Mile 1.0, Dam Site A,
(Head, 398 feet)

Flow in second-feet Kilowatts
| 95 per | 90 per | 50 per 95 per | 90 per | 50 per
cent of \cent of |cent of cent of |cent of |cent of
time | time | time time time time
Natural flow .. 30 ! 33 105 812 893 28L0
Regulated flow. | e | 103 | 18 2760 2790 | 3190

Dam Site B, (Mile 3.5)

A dam 200 feet high, with maximum flow line at altitude

1240 feet, would develop 29,500 acre-feet of storage.

Using 20,000

acre-feet would require a maximum draw down of 58 feet or down to alti-

tude 1182 feet.

feet with a resuiting mean head at the power house of 716 feet.

The mean altitude of the reservoir would be at 1216

Con~-

ve,ing the water from the dam to a power house at the mouth of the

canyon would require a tunnel approximately 2-3/4 miles in length and

a Lenstock approaching 1 mile in length.

The tunnel entrance would be

below the minimum draw elevation and consequently subject to a static

head of slightly over 60 feet.
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ment the length of penstock could be chortened by increasing the
tunnel gradient which in turn would result in the tunnel being subject

to increasingly greater pressure as it neared the penstock.

Potential power at undeveloped site, Mile 3.5, Dam Site B,
(Head, 716 feet)

“Flow in second-feet Kilowatts
t 9% peri 90 per| 50 per 95 per | 90 per ; 50 per
cent of icent of [cent of cent of |cent of Ecent of
time | time | time time time : time
! T
! [ |
Natural flow 25 . 27 | 87 1220 1310 % L4240
Regulated flow | 90 ~ 90 | 103 .| 4380 | 4390 | 5010

t

It is recognized that there are various other possible
schemes of development, using different heights of dams, reservoir
capacities, diversion methods, power house locations, etc. The basic
data presented in this report will enable such studies to be made by
those interested. The foregoing illustrative plans of development
will serve to show the magnitude of the potential power available

from Ship Creek and the problems to be encountered in developing it.
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Plane Table Bench Marks

The initial elevation for the following bench marks was
a mark on the floor of the boiler room at the Ft. Richardson
diversion dam. The elevations listed were determined with plane
table and aliddade, using stadia distances and vertical angles,
The markers referred to in the following descriptions are aluminum
plates 6" square shiowing the following information.-

PLANE TABLE
BENCH MARK
U.b‘.
GEOLOGICAL SURVEY
ELEVATION
FEET

PLEAGS DO NOT LISTURB THIS MARK

Ft. Richardson diversion dam, boiler room door, 10 feet
southwest of, at No. 4 manhole, bronze tablet grouted in concrete
stamped "A93" L92.8

Ft. Richardson diversion dam, 0.6 mile upstream from
along dim trail on right tank of Ship Creek; about 100 feet above
stream level, 4O feet north of top of steep canyon wall, 14"
spruce tree, copper nail and washer in root on west side, Aluminum
plate on tree, ctamped, "667%. 666.7

Ft. Richardson diversion dam, 1.1 miles upstream from along
din trail on right bank of Ship Creek; 350 feet upstream from mouth
of creek entering on left bank, about 100 feet above stream level,

40 feet north of trail and 50 feet north from top of steep canyon
wall, 12" spruce ties, copper nail and washer in root on north side.
Aluminum plate on tree, stamped "761" 761.5

Ft. Richardson diversion dam, 1,9 miles upstream from
along Ship Creek, on left beni, about 100 feet upstream from small
Biream enterirg on right bank and 1300 feet upstream from tributary
entering on left bank; in group oif poplar trees in flat area at bend
in creels; 9" spruce tree, copper nail and washer in root. A luminum
plite on tree stauped "754". 75540



Ft. Richardson diversion dam, 3.2 miles upstream from,
on right bank of Ship Creek; 0,3 mile downstream from mouth of
creek entering on right bank and which flows past the Tenth
Rescue Squadron cabin; about 115 feet above stream level, and 300
feet north of creek; on point of ridge at top of stee; slope; 15"
spruce tree, copper nail and washer in root. Aluminum plate on
tree stamped "1107", 1107.4

Ft, Richardson diversion dam, 3.5 miles upstream from
along Ship Creek; at mouth of creek entering on right bank ard
which flows past Tenth Rescue Squadron cabin located 0.8 miles
north therefrom; large boulder, standard plane table bench mark
- tablet grouted in top of, stamped, "1-85-1948,1050." 1050.1

Ft. Richardson diversion dam, 4.3 miles upstream from,
along Ship Creek; 0.8 mile upstream from mouth of creek entering
on right bank and flowing past Tenth Rescue squadron cabin;
l.4 miles southeast from said eabin, on right bank of creek,
between two small tributaries entering on right bank, 1250 feet
upstream from one and 500 feet downstream from the other; 4LOO:
feet southwest from Old Mail Trail, large rock at east end of small
island; standard plane table bench mark grouted in top of, stamped,
"2-3-1948,1122" 1122,1

Ft. Richardson diversion dam, 6,0 miles upstream from
along Ship Creek; 2.8 miles southeast from Tenth Rescue Squadron cabin
along Old Mail Trail; 1.2 miles along trail from when it crosses the
second of two small streams entering on right bank; small ridge 500
feet north of Ship Creek; 12" spruce tree on east slope of ridge
15 feet north of trail; copper nail and washer in root. Aluminum
plate on tree stamped "1245" 1245.4

Ft. Richardson diversion dam, 7.4 miles upstream from along
Ship Creek; 3.8 milcs southeast from Tenth Rescue Squadron Cabin
along Old Mail Trail and 1000 feet south from trail; on right bank
of creek 700 feet upstream from old log cabin; 18" spruce tree,
copper nail and washer in root. Aluminum plate on tree, stamped
"1306", 1305.9

Tenth Fescue Squedron Cabin, 0,6 mile south from; on
right hank of creek, 200 feet from channel, 1/L mile above mouth;
10v fest west from Old Mail Truil; stump with copper nail and washer
in top. 1301.8




Tenth Rescue Squadron cabin, 0.6 mile southwest from;
0 4 mile northwest from mouth of creek flowing by said cabin, 300
feet west from a swale ani at south edge of flat area; 12" spruce
tree, copper nail ard washer in root on south side., Aluminum plate
on tree stamped "1527" 1527.8

Ft. Richardson diversion dam, 1.7 miles east from along
Pioneer Road to Tenth Rescue Squadron cabin; 25 feet west of small
creek crossing road and LO feet north of road; 16" spruce tree
dividing into two trunks 3 feet above ground; copper nail and washer
in root, Aluminum plate on tree stcmped "1271M 1271.2

Ft. Richardson diversion dam, l.l miles east from along
road to Tenth Rescue 3quadron cabin; 18 feet south of road and 4O
feet north from top of steep bank; 18" spruce tree with two trunks
both of which have been broken off, copper nail and washer in root
on north side, Aluminum plate on tree stamped "1132" 1131.8

Ft. Richardson diversion dam, 0.5 mile northeast from
along Pioneer Road to Tenth Rescue Squadron cabin; 20 feet south
of road; 12" spruce tree with copper nail and washer in root in
west side, Aluminum plate on tree stamped "809", 809.0
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