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WATER UTILIZATION IN THE NOOKSACK RIVER, WASHINGTON

By R. 0. Helland

PURPOSE AND SCOPE OF THE INVESTIGATION

The primary purpose of the investigation of the water re-
sources of the Nooksack River was land classification. The
Nooksack basin lies largely wi thin the Mt. Baker National For-
est and a considerable area of public lands will be involved
in any plan for the ultimate development of its water power.,
Surveys on a scale of 1:24,000 and 1:31,680 were msde from the
mouth of the Nooksack River upstream to include such stretches
of all stresms in the basin as asppear to have sufficient flow
and head or storage possibilities to attract future power de-
velopment. A dam site on the main stream and one on South Fork
were mapped on & scale of 400 feet to the inch. A dam site on
the main stream near Deming was mapped in 1938 by the U, S. En-
gineers. Areas within the basin not covered by these surveys
are largely shown on quedrangle meps, The lower basin has been
mapped on a scale of one inch to the mile, and the upper basin
on a scale of one querter inch to the mile (Mt. Becer district).
These surveys and a brief record of discharge on the principal .
streams of the basin together with a general reconnaissance
form the basis of this report, It outlines roughly a plen of
development showing the potential power of the Nooksack River
and its tributesries, and considers briefly the problems of flood
control and irrigation within the basin,

SUMMARY

1. The Nooksack River has its source in the region of Mt.
Baker, drains an area of about 800 squere miles in northwestern
Weshington, a md a smell undetermined area in Canade, and emp-
ties into Bellingham Bay.

2. The upper basin of the Noeksack is one of strong relief,
heavily timbered and well watered. The large area in the lower
beasin is relatively flet and is largely under cultivetion.

3. The climate of the Nookseack besin is strongly influenced
bz the se2, 1s temperate and humid, the mean annual precipita-
tion varying from 33 inches in the low coestal regilon to 102
inches in the higher elevetions surmrounding Mt. Beker. However,
very little rein falls during July end August.



4. The Nooksack River has & well sustained flow due to its
source in the snow-covered and glaciel region of Mt. Baker,
The mean annual run-off et a2 stetion located below the junc-
tion of South Fork near Deming for the five years 1935-1940
was 2,210,000 acre-feet. The maximum flow of record at this
station (1935-40) is 33,200 second-feet (October 28, 1937),
the minimum, 560 second-feet (November 9, 10, 1936).

5. Stordge primarily for power development is possible at
two sites in the Nooksack basin, one site on the lower South
Fork and one site on the main river near headwaters. The two
storage sites have a combined capacity of about 412,000 acre=-
feet that may be feasible of development for power primarily,
112,000 on the main stream and 300,000 on South Fork. Storage
of 500,000 acre-feet for multiple purpose uses may be feasible
at a site on the main stream near Deming.

6. The total potentisl power of the Nooksack River and
tributaries is estimeted roughly as follows:

With natural flow, With regulation,

horsepower horsepower
Mean M‘S’O’b e
For 50 percent of time 220,000 220,000
For 90 percent of time 110,000 180,000
For 95 percent of time 90,000 170,000
For 100 percent of time 50,000 160,000

7. Should irrigetion eventually be practiced in the Nook-
sack basin, it would probably not affect moterislly the poten-
tisl power of the river since the rate of the relesse for ir-
rigation would probably not be in excess of the rate of release
for power, and since ¢ll but a very smell part of the available
water could be utilized for power development through all but
a few feet of eveilable head before diversion into irrigation
canels.,

8. Adequate flood control in the Nooksack basin may re-
quire a totel storasge capacity of 200,000 ecre-feet in addi-
tion to revetments end other chennel improvements.

GEOGRAPHY AND PHYSICAL FEATURES

The Nooksack River has its source in the region of Mt.
Baker and Mt. Shuksen in northwestern Weshington end flows
westwaerd to Bellinghem Bay, draining sn area of esbout 800 square
miles within the United Statecs o2nd o small undetermined srea
in Conada. The upper basin is a region of strong relief, the
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most prominent features being Mts. Bsker and Shuksen, which are
snow cappe d throughout the year. The river hes three prinzi-
pal forks, the mein strecm, sometimes cnlled the North Fork,
the Middle Fork, which joins the maoin strecm ebout S miles
above Deming, end the South Fork which joins the mein stream
about one mile above Deming. All tributeries of the Nookseck
have a steep gredient in the region of the headwaters, but leva
el of. as they reach lower clevations. Below Deming the main
stream has a low gradient and follows a meandering course
throughea region of low relief to Bellingham Bay. A large part
of this lower bssin hes been cleared and 1s now devoted to dairy
farming. (See Sumes end Blaine quedrengles).

The Nooksack basin above Deming 1s gencrally timbered with
the exception of the valley bottoms of the three forks which
have been lergely cleared in their lower stretches and now sup=-
port ¢ considerable number of thriving farms, principally en-
gaged in dairying. Large areas in the upper basin have also
been cut over, but few asttempts heve been mede to farm this
rough stump lend. The upper besin 1s largely within the Mt.
Baker National Forest. A number of smoll villcges are scattered
throughout the lower basin. Bellinghem, 2 thriving city on
Bellingham Bey is the trrde center of the region. Although
situsted within 5 miles of the mouth of Nooksack River, this
ci;y 1s not within its dreinsge but is sepsrated by a low di-
vide.

CLIMATE

The climete of the Nooksack basin 1s tempered by the close
proximity of the ocean. Summers ere moderately warm and have
e high percentage of cleer deys. Reins usually commence in
early fall end winter ond spring heve ¢ high percentage of
cloudy or rainy days.

Although the everage precipitation for the basin is com-
paratively high, there 1s o wide range between stations at which
records have been kept, the higher elevetions receiving a much
greater precipitation then the lower. In the following table
is summarized the monthly and annucl mean precipitation for
five rainfall stations in the basin:



Mean monthly rreciplitetion in inches,
stations in the Nooiscck River end adjecent besins,

Weshington.

Mt. Baker uslccier® Marletta  Near Bel- Bellijiag-

Lodge# lingham ham

El.4,200 E1.960 El. 10 ft. El. 60
Month 8-§§.rec' =yr.rec'd 27-yr.rec'd l1l9-yr.rec 36=-yr.rec

ane . h 4, 406-3 .

Feb. 9.91 4.86 3.03 2.96 3.18
Mar. 13.79 5.14 3.33 3.24 S.11
Apr. 7.64 3051 2.16 2023 2.14
May 6019 2.70 1051 1.82 1081
June 5.21 2.89 1.65 1.60 1.72
Ju1y 2.84 1059 0089 0.85 0092
Aug. 2.28 1.09 0.86 1.23 1.04
Sept. 6.00 3.05 2.08 2.20 2.156
Oct. 11.39 6.16 3.40 3.43 3.37
Nov. 12.03 6.57 4.03 4 035 4.29
Dec. 16.54 9.67 5.23 4.79 4.97
Year 101.54 . . . 55.05

s#Record complecte for 9 years; fragmentery for 9 additional years.
#Record complete for 8 years; fregmentary for 5 additional years.

This table shows that the hecdwnters region of the Nook-
seck River receives about three¢ times as much precipitation
0s the coastel region. Since the season of heaviest precipi-
totion is winter, this comecs in the form of snow at the higher
elevations and remcins on the mountcins until spring,when it
is released by melting and greatly adds to the spring flood
flow of the river. Some snow is carried over from year to year
on the high elevotions of Mt. Baker and 1s compacted into the
glaciers of the region. These in turn supply water to the
streams in the drier port of summer when the accumulation of
snow at the lower elevations has melted. The glaciers there-
fore yleld their moximum of water to streams at a sesson when
other sources, rain, springs °nd melting snow, provide 2 min-
imum, end for this recson 2re of greet velue in contributing
toward a well-sustained flow.

FACTORS AFFECTIN3 HYDRAULIC STRUCTURES

Because of the temperate climate of the region, the Nook-
sack River should heve no serious ice problem. However, ice
hes Tormed over the sluggish lower stretches of the river to
such cn extent as to causc jems which were & major factor in
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floods. Logs and uprocted trees from thc forests are carried
down in large nurbers by ajgh wrter, ond provision would have
to be made for removing *turse iIvor reservoirs. Anotner tioub-
lesome factor 1s the prescice of o fine glacial silt in the
river, especially on thc North Fork. This fine silt gathe:s
in a thick cnat over woter wheels ond accumulates in icrebeavs,
tunnels, conduits and canals from which it must be removeA.
The quantity of silt in the water varies with the secson. wuni
is greatest during periods of warm wcather when glaciesl water
is released 2t the maximum rote. The normal surface run-off
from reins and melting snow, contains very 1little silt.

WATER SUPPLY

The following records of discharge ere available for sta-
tions in the Nooksack River basin:

Stream Point T. & R.Sec.5q.ml. __ Years
Nooksack River at Deming 38N-S5E 6 580 1935-1941
W "  near Glecier 39N-6E 2 195 1910-11 (frag.)
1934-1938
" " aboveCascedeCr., 39N-7E 1 105 1937-1941
" " at Excelsior 40N-8E 31 96 1920-1921
S.Fk, " " nr.Wickershem 37N-5E 26 103 1934-1941
Nooksack R.et Sexon Bridge 37N-OE 21 129 Freogmentary
1920-1921

July, 1932 to

Sept., 1934
Middle Fork
Nooksack River near Deming  38N-5E 13 70 1920-21,
1934-35

Monthly summeries for the periods of the records will be
found in succeeding pnges. Records for the water yecar 1940-41
are not included in the computations of this report.

The Nooksack River has 2 well-sustained summer flow be-
cause of its origin in the snows and glecicrs of the Mt.
Baker region, This 1s especiclly true of the mein strcem, or
North Fork, which dreins the grecter pert of thc snow-capped
area.

In the following table is summerized the record of dis-
charge on the moin streem ncar Deming, whero the draincge area
1s 580 squere miles:



=38 1038-30  1089-A0__107(. 1o

: 00— 33,200 23,000 14,500 1130
Min. s.f. 600 560 782 625 612 €32
Mean s.f. 3,063 2,848 3,133 3,183 3,030 2,444

Total A.F.2,224,000 2,062,000 2,268,130 2,304,000 2,199,5601,7€9,6i9
#Not included in computations of this report.

Records of discharge for Rogue River at Reygold, Oregon,
complete since 1905, indicate that the period of the Nooksack
River record (1935-40) 1s probably close to the long time mean.

An important record of discharge on Nooksack Riyer is the
record for the station above Cescade Creek since this station
is located only a short distance below the lNile-18 :dam site.

In order to obtain an extension of this record based :on proba-
bilities, a factor hes been applied to the record for the sta-
tion on Nooksack River near Glacier (below Canyon Creek) for
the years 1934-37. Both stations were maintained during the
water year 1937-38. During this year the lower station re-
corded a total run-off of 847,690 acre-feet. The upper sta-
tion recorded 530,170 ecre-feet, Accordingly, the ratio
530,170/847,690, or 0.625, has been espplied to the record near
Glacier to obtain the probable run-off at the station above
Cascade Creek. In the following table 1s given the annual run-
off for the stations on Nooksack River above Cascaede Creek (area
105 sq+ mi.) and near Glacier (area 195 sq. mi.,) actually re-
corded for certasin years and as estimated for other years.

Annual run-off in acre-feet at stations on Nooksack River
Above Cescade Creek Near Glacier

Year Acre-feet Acre-feot
1932-35 522,000 (est.) ~ 835,400
1935236 450,000 (est.) 720,500
1936-37 444,000 (est.) 709,050
1937-38 530,170 847,690
1938-39 549,360 880,000 (est.)
1939-40 536,540 860,000 (est.)

Mean 505,3C0 808,000
Per sq. mi. 4,82 4,143

In order to determine the probsble mean run-off for sub-
divisions of the besin of Nooksack River above the junction of
Middle Fork, the total drsinege area has been sub-divided into
minor ereas, e£nd the probable mean annual run-off for each
minor area has been estimated from relativé drainage areas,
meteorological conditions, and a compesrison of the parallel
records on Nooksack River for the yearl937-38 at the station

near Glacier (below Canyon Creek) and the station above Cas=-
cade Creek.



In the following table are given the estimated mean an-
nual run-off for sub-divisions of the drainage basin ahove
Middle Fork:

Estimated mean annual run-off for areas in Nooksack River basin

(1934-40) I
ATFQ Total
Stream and Area Sq. per acre-
. _ Mi, sq.mi. feet
Nooksack River near Glacier
(below Canyon Creek) 195 4,143 808,000
Nooksack River above Cascade Creek 105 4,812 505,300 (a)
Nooksack River below Wells Creek
(Mile 18 run-off area) 95 4,948 470,000#(a)
Glaclier Creek at mouth 34 4,800 163,000#
Canyon Creek at mouth 30 3,333 100,000
Nooksack basin between Canyon Creek
and Wells Creek, excluding
Glacier Creek 36 2,083 75,000
Nooksack basin between Mjddle Fork
and Cenyon Creek 70 1,000 70,000
STORAGE

Storage on Nooksack River and its tributaries is neces-
sary to complete power development, and would be a material
factor in flood control. It would also have value for irrigs-
tion. There are only two points at which major storage pri-
maerily for power development may be feasible. One site is
located on the main stream (or North Fork) at an altitude of
1,890 feet, the other on South Fork at an altitude of 400 feet.
A large reservolr site on the main stresem near Deming may have
value for flood control and irrigation but, owing to its low
altitude (203 feet), would have comperatively little value for
power,

It seems probable thet in the event that irrigation should
eventually be practiced in the Nooksack basin the weter util-
ized for this purpose could be abundantly supplied from diver-
slons below the downstrecm area of probable power development,
and from tributary creeks not brought into the power schemse,

It seems probeble that irrigation needs will never e<ceed the
regulated flow proposed for power development. The bulk of the
cultivable and irrigablc lands in the basin are in the area
below Deming, the espvroximate lower limit of feasible power
development.,

#Based on combined records 1934-40 at the two stations on
Nooksack River.
#Based on run-off per sq. mi. for station above OascadeCr.(p.6)
(a) Overlapping areus.
7



STORACE SITES

Mile 18 Reservoir Sito - (12P5 2). At a point in what
will probably os, waen ou(.eycd, sec. o4, T. 40 N., R. 8 E.,
or about a quartcr of » mile above mile 18 at water surface
elevation 167 “ect. «:s shoun >n Cheet B of the river survey,
conditions may ue Iavoirablec for the construction of a concrete
dam. This éam 31te 13 formed by a series of four hills,
densely timbered, which rise abruptly from the valley floor
and extend in a chein from the left, or south bank,to & point
near the right, or north bank, and there slope steeply into the
river bed. This dam site was excmined by J. C, Miller, geo-
logist, in June 1939, who finds that the formation is a gla-
clated extrusive flow of undetermined thickness. This flow
is in itself a strong, durable andesite suitable as foundation
for a concrete dam, but drilling will be necessary to deter-
mine whether the flow lies on top of other rock sultable as
dam foundation, or whether, if the flow overlies fill, it has
a thickness sufficient to withstand the weight of » dem of the
desired height. Mr. Miller's examination also indicates that
drilling will be necessary to determine the extent of drift
in the proposed abutments,

This dam site has possibilities for a natural spillway
through & saddle near the left bank, but Miller found that
geologic conditions indicate denger of serious scouring.

Although geologic conditions involved throw some doubt
upon the feasibility of this site, the possibility seems fair
that it may present no insurmountable obstecles to construc-
tion,

No discharge records have been obtained for the Nooksack
at this site but a fair cstimate of run-off may be had from
study of discharge records et two stations downstreom.,

A 3-year record (1937-40) is availeble for a gaging sta=-
tion on the Nooksack at a point sbove Cnscade Creek where the
drainage area 1s 105 square miles. The drainage arec above
the Mile-18 site 1s about 67 squere miles. It is proposed
herein, however, to divert the flow of Wells Creck in*to the
Mile-18 reservoir. This diversion would give the prcposed
Mile-18 reservoir a total dreinage of about 95 sq. mi., o»

90 percent of the total drainege abovc the geging stetion,
Hence the run-off for the !ile-1€ reservoir sitec may be con-
sidered as roughly 90 percent of the recerded rur-off. This
estimete is probably somcwhet low, since the snow and ice
covered reglon of the headwatcrs probably has 2 higher run-
off per unit srea than the crea immediately above the gaging
station,
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Assuming that the run-off at the Mile-18 dam site 1is
equal to 90 percent of the rccorded run..off at the staticn
on Nooksack River above Cascade Creek, fig. 5a shows that a
storage capacity of 110,000 acre-feet at this site would hav:
been sufficient to equalize the flow in all 3 years of the
record, and that a minimum flow of 630 second-feet might have
been maintained.

The mean run-off for the 3 years of this record appears
from a longer record near Glacier (1934-38) to have been
about 6 percent above the 1934-40 mean,

Storage of 110,000 acre-feet in the proposed Mile-18
reservolr would require a dam 182 feet high. Since the lower
50 feet of dam would represent only 2,000 acre-feet of stor-
age, however, this part of the dam cculd be more advantageous-
ly used for dead storage to create head. Storage of a total
of 112,000 acre-feet would require s dam 183 feet high above
normal water surface. A 183-foot dam would have a crest
length of about 2,500 feet as roughly determined from a
1:31,680 survey. The dam would be in two sections, an over-
flow section 550 feet in crest length in a ravine on the
left bank, and a non-overflow section of 1,950 feet in crest
length. The tw sections would be separated by a small hill.
The volume of a concrete dam of gravity type, 183 feet high,
as determined roughly from the 1:31,680 survey, is 220,000
cu. yds., not allowing for the subesurface portion.

A dam 183 feet high would inundate & densely forested
area of 1,460 acres. There are no improvements in the area
except a graveled highway and a few cabins.

Mile 16 Reservoir site (12PB 3). In what will probably
be, when surveyed, sec. &2, L. 40 N,, R, 8 E., thers is a
narrow gorge which has possibilities sas a dam site. This
site 1s alternative to the Mile-18 dam site described above,
and 1s located sabout 2 miles downstream or at Mile 16, as
shown on the river survey. Rock 1s exposed to a helght of
more than a hundred feet above water surface, end small out=
crops on both banks indicate that base r»ck ic n=sar the sur-
face over the entire area of the site. If geologizelly
suited, very little excavation woull te necassary. Tore rock
does not have a favorable arpesranc:, nowcver, end may not be
geologically suited to dem construzuior, iiush of it 1s derk
in color, has a slety appesrance and sy ue easily pried
loose. It 1s not uniform in appesrance end asppsers to de a
mixture of rock of verious origin. Scme carbonaceous sheale
is found near the proposed axis of the dam. This site has
been examlned by Chas. E. Zrdmann, geologlst, who states

that conditions in the left sbutment must be regsrded as un-
favorable for a high dem, the rock being structural 1y weak
and highly permeable.,

9
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Storage of 112,000 acre-feet at this site would require

@ dam 256 feet high with crest length of 900 feet. Assumning
that it could be built from concrete, a 256-foot gravity,
overflow type dam at this site would have a volume of about
320,000 cubic yards, not including the sub-surface portion.
This would represent a yardage-capacity ratio of 2.86 cublc
ards to the acre-foot as against 1.97 at the lile-18 site.

ocated at an altitude of 1,780 feet, it would command about
110 feet less of head than the Mile-18 site.

Wells Creek reservoir site ilzpB 8). A small volume of
storege or pondage cou e developed én liells Creek by the
construction of a dem at mile 2.2 as shown on sheet B of the
survey. Rock 1s exposed to a height of about 50 feet or
more above water surface, and very little excavetion would
probably be necessary in any area of the site (See map on
sheet Bi¢), The site has been exsmined by Ches. E. Erdmann,
geologist, who reports favorably on 1ts geology. Although
this storage site is small and would represent a high ratio
of yerdage to capacity (17 to 1), it has a peculier value
in the fact that it would enable elmost complete diversion
of the flow of Wells Creek into the proposed Milc.18 reser-
voir on Nooksack River. Such a plan of diversion would re-
quire about 4 miles of canel or conduit, or 1.6 miles of
tunnel.

The volume of storage or pondage which would be re-
quired for complete diversion may be roughly determined from
the record of flow on Nooksack River above Cascade Creek.
Assuming that the flow in Wwells Creek at the dam site is 25
percent of the recorded flow in Nooksack River above Cascade
Creek, or proportional to relative drainage sreas, a study
of the run-off for the month of greatest discherge of the
record (June, 1938) and for the month showing the greatest
winter run-off for the record (December 1939), indicates
that a storage capacity of 3,600 acre-feet on ¥Yells Creek at
mile 2.2, and a canal or tunnel of 480 second-feet capacity,
would have been sufficlent to have caught end diverted all
Wells Creek flow during these months (see fig. 9a). It will
be noted that the winter month (December 193%), although
having the lesser run-off, has much the grecater variation in
flow. Summer flow, which 1s largely ceused by normal melting
of snow and glaciel ice, is generally more uniform than win.
ter flow, which may vary greatly 3 a result of reins end
Chinook winds.

Allowing some margin for greater fluctuation and for the
possibility that Viells Creek flow may be somewhat greater than
estimated, & storage capacity of 5,000 acre-feet and a tunnel

#Not included in this report.
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capacity of 600 second-feet are proposed to meet the probable
maximum demand for complete diversion in the majority of years.

A reservoir of 5,000 acre-feet capacity at the liells
Creek site would require a dam about 115 feet high, with crest
length of 1,080 feet. If built from concrete, and of gravity,
overflow type, it would have a volume of 85,000 cublc yards,
no allowance being made for the sub-surface portion. It
would flood a forested area of 100 acres without improvements.
Because of the great emount of gravel and drift carried by the
stream during high water, the life of a reservoir at this site
would probably be short.

Edfro Creek Reservoir Site EIZPB 14). In sec. 35, T.
37 N., Re ., on the South Fork of Nooksack River, at water
surface altitude of 400 feet, is the Edfro Creek dam site
which offers the only opportunity for major storage on thls
fork. Geologic exemination indicat es a considerable depth
to bedroeck in the valley floor. This bedrock is described
es a grephitiec schist. A report on this dam site by Chas,
E, Erdmann, geologist, is now available., The site has been
drilled by the U., S. Army Engineeras.

A 6-year record of discharge (1934-40) on South Fork
near Wickershem (3/4 mile above Skookum Creek) may be used
as the approximate record st the Edfro Creek dam site. The
drainage area at the dam site is only slightly less than the
drainege.area at the gaging station, Based on this record,
storage of 150,000 acre-feet would be required for complete
equalization of flow at the dam site, If, however, geologic
conditions at the Edfro Creek dam site are suitable for a
high dam, the most feasible plan of power development on the
South Fork may be through diversion by tunnel into the basin
of Skegit River near Lyman. The lower 220 feet of dam would
then be required to beckwater to the elevation of the pro-
posed tunnel intake,which would be at about 620 feet above
sea level. Assuming storage of 150,000 scre-feet above this
elevation, or a totel storage of 300,000 acre-feet, a dam 305
feet high, rising to an elevation of 705 feet above sea level,
would be required. A 305-foot dem at this site would heve a
crest length of 1,900 fect. The apparent great depth of val-
ley fill may rule out a concrete dam at this site, end thne
feasibillity of a flexible dam of any type will depend on the
bearing power of this fill.

A 305-foot dam at this site would flood about 2,050
acres, of which possibly 40 percent mey be sufficiently level
for cultivation when clearcd of stumps and timber. The rest
of the area is too rough for cultivation and is partly tim-
bered, partly cut-over stump lsnd. A few smell ranches have
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been occupied at one time but are now abandoned. A few not-
tle range in the meadow lancs of the esrea. No improvementis
"have been made other than a few fences and shacks.

Should this site be utilized also for flood control,
eddi tional capacity would be required, and a higher dam con-
structed. The storage capacity could then be divided between
the following uses: From O to 220 feet, dead storagec for
heed. From 220 to 305 feet, storage for power, From 305
fect upward for flood control.

D;ming Resecrvoir Site élePB-lel. Just below the conflu=
ence of the South Fork o € Nooksack River and ebout one
mile above Deming, in sec. 6, Te 38 N., Re 5 E., 18 & con=-
striction in the valley of the Nookseck that has possibili-
ties as a dam site for the deveclopment of major storage. The
U. S. Army Engineers mede on investigation of this site in
1939, which included some exploratory drilling. If not suit-
ed to a concrete dam, it is belleved that this site may be
suitable for an earth or rock-fill dam,

The height of 2 dam at this site would be limited by the
elevation of a seddle between the Nooksack and Samish River
besins near Wickersham. The lowest point in this seddle is
322 feet above sea level. (See river survey of 1938).
Whether or not it would be practicable to store water to the
height of this saddle will depend upon the permeability of
the velley fill in this area. Agsuming construction of a
doam rising to en elevation of 321 feet above sea level, &
reservoir of 500,000 acre-feet capacity would be created,
which would be sufficient for almost complete annuel equali-
zation of flow as determined from the S-year record from 1935
to 1940. Such & dem would have 2 height of 118 feet above normal
water . surface. Normal water surfece at this site is about
203 feet above ser level. A 118-foot dam would flood 9,800
acres, most of which is within the valley of the South Fork.
The area is lergely agriculturel land. A part is woodland,
timberland, and stump lend. It is thickly settled, but most
houses and ferm bulldings are relatively smell.

The principel value of this site is for flood control,
but some power could be developed in connection with such
use. During the S-year period from 1935 to 1940, which
included = pesk flow of 33,200 second-feet (Oct. 28, 1937),

a 118-foot dam could have provided sufficient control to have
meinteined e flow varying from & minimum of 2,800 second-feet
to a maximum of 3,100 second-feet.
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POWER

The generation of electrical power 1is probebly the most
important potential value of water in the Nooksack basin,
Concentration of head in the stresms of the upper basin to.
gether with o well-sustained flow and the possibility of
regulation through storage on the two larger forks, makes
the Nooksack River e valuable power stream. Its proximity
to Puget Sound with its growing cities and vest possibilities
for future industriel and commercial expansion gives the
power resources of Nooksack River a high potentiel value.

Ultimete power development on the Nooksack River mey fole
low any one of several possible plens. There are, however
certain natural featurcs of the basgsin which suggest s faipiy
well defined scheme for its fullest development, These may
be listed 9s follows: )

1. The Mile-18 dem site (or its elternstive, the Mile=
16 dem site) on the main stream (North Fork),

2. A minor dam site on the mein stream near Maple Falls,
3. A dam site on the mein streem neer Deming,
4. A dem site on South Fork near Edfro Creek.

5. A nerrow divide between South Fork Nooksack and Skagit
River basin neer Lymen, which would require 2 short tunnel
for diversion into Skagit dreinage,

If geologic conditions are favorable, these dem sites
will probably determine the general plan of development in
the basin. The size of the proposed structures will depend
upon several factors, especielly the degree of control which
mey be sought for floods. Development of all head in the
basin not concentreted at these drm sites must be accomplished
by canal, condult or tunnel. The general pattern which this
canal and condult development mey follow will depend to =
lerge extent upon the feasibility of the proposed dem sites.
It will also be determined to & certain extent by natural
features which will permit the utilization at several points
of a common power house for the development of flow from the
mein and tributary strcems. The plen of dsvelopment herein
outlined assumes the feosibility of ell proposed dam sites.

13



DEVELOPED POVER SITES

The only developed power site on Nooksack River is in
sec, 31, T. 40 N., R, 8 E. This plent is owned by the Puget
Sound Power and Light Co., cnd utilities a total head of 210
feet. The rated cepacity of inotalled water wheels is 3,200
h.p. of generators, 1,875 h.p.

UNDEVELCOPED POWER SITES

Swamp Creek power site (12PB 1), Swamp Creek and Ruth
Creek onter the Nooksack so close together thet it may be
feasible to divert both at the seme elevetion and bring
their flow into a common penstock discharging into a power
house near the mouth of Swamp Creek. Both creeks have a
steep gradient below en altitude of 3,080 feet, and the pro-
file of both flattens for about two miles obove this eleva-
tion. Diversion of both strcams et an altitude of about
3,020 feet is proposed herein. No tributary of size enters
el ther stream below the proposed point of diversion, and it
seems probeble that the flow in each for 90, 95 and 100 per-
cent of the time would be very neerly os greet ot the pro-
posed points of diversion as it i1s et their mouths. The
flow for 50 percent of the time is probably only slightly
less than at mouth.

Cenal locetion 1s probably good, but some cliff's might
be encountered. Both strecems flow in deep gorges in certain
stretches, end these gorges might make necessary some chane
ges in the proposed diversion points, possibly to bring them
further upstream. The erea 1s densely timbered.

The elcvetion of the power house would be determined by
the helight of backwater from storage on the Nooksack, which,
according to ¢ plen proposed in this report, would epproximate
3,073 feect. The aveallable gross heed is accordingly about

S50 feet.

No opportunity for reguletion of flow exists on these
streems. Twin Lekes at the head of Swamp Creek are lccated
so near the divide eos to receive only 2 very small dreinage
and are probably of little value for storage. The natural
flow 1s roughly estimated from the record on Nooksack River
above Cascrde Creek and direct drainege eres ratio. Both
streams were running a sufficiently strong current in the
summers of 1931, 1932, and 1933, and both showed indications
of a sufficliently heavy discherge to make the estimates thus
obteined seem reasonable. In view of the fact, however,
that the headwaters tributeries of the Nooksack differ wide-
ly in the relative percentage of water which they derive frem
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glaciers ond snow, estimates based on drainage crea must be
regarded as very rough.

The following table gives estimates of potenticl power
at the Swamp Creek site based on estimated flow:

Potentiel power ot Swamp Creck power site (12PB 1)
Gross head 950 fect 70 percent efficliency

Estimated noturel flow(sec=ft):t: orsepower
or sFor :sFor :For 100:For 50 :For 90 :For 95 :For 100

percent:percent:percent:percent:percent:percent:percent:percent
of time:of time:of time:of time:of time:of timc:of time:of time
Q S0 :Q 90 :Q 95 :Q 100 :

s
90 40 30 10 6,800 2,300 ¢ 700
#From rooord on Nookssck K. above Ceserde Ur.and’aFaInagé argg

ra O

Mile 18 power site §12PB 2). For a gencrel description
of this site see discussion under "Storage Sites." Based
on the 3-yecor discherge record at & station above Cescade
Creek (1937-40), annucl equolizetion of flow c¢t this site
would require a dam 162 feet high essuming that the lower
50 fect were utilized for head. The period 1937-40 was a
period of somewhet higher then normel flow. Wator would be
teken out at an elevation of 1940 feet. If carried ' canal
or condult to the power house of the Puget Sound Power and
Light Compeny 3 miles downstream a gross head of 605 feet would
be avelleble. On the basis of the 7-ycar combined records
of dischearge ncar Glecier (1934-38) and ebove Cescede Creek
(1937-40) 2 continuous flow of 370 second-feet would be pos=
siblc. This would give & minimum production at 70 percent
efficiency of 18,000 horsepower. During 50 percent of the
years of the record 2 continuous flow of 475 second-fect
would have been possible with regulation, ylelding 23,000
horsepower.,

3,000

°
.
ee oo oo e

An alternative end more ettrective plen of deveclopment
at this site involves diversion of Wells Creek by tunnel
into the propo-ed Mile-~1l8 reservoir., This slternctive plan
hes severel ea.antages which might jus®ify the higher con-
structlion costs. A tunnel 1.6 miles in length with intake
at water surface clevotion 2,300 feet on Wells Creek would
conduct the flow of Wells Creek to a point on Nooksack River
about 1/4 mile above the Mile-18 dam site. Diversion of
nearly cll of the rlow in Viclls Creek could probzbly be cc-
complished by construction of 2 dem ot mile 2.2 on Wells
Creck. (For a more complete description of the Wells Creek
Reservoir site see pege 10).
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The combined run-off for the Nooksack at the Mile-18
dam site and ot the VWells Creek dem site 1s estimeted ot 90
percent of the recorded run-off for Nooksack River above
Cescede Creek at which station a record is avalleble for
the 3-yeer period, 1937-40, On the basis of this record
end factor, storage of 110,000 acre-feet in the proposed
Mile 18 reservoir would be sufficient to give almost com-
plete annucl equclization of flow.(see fig. S5a). A mini-
mum of 630 second-feet could heve been provided throughout
the 3-year period. If developed through the 605 feet of
availeble head st this site, it would yleld 30,500 contine
uous horsepower,

Storage of 110,000 acre-.feet at the Mile 18 site would
require a dam 182 feet high.

These estimzates are given merely as descriptive of po-
tenticlities at this site assuming no development at sitas
down streem, Since, however,. ultimate development contem=
pletes elso sites downstream, the release of stored water
from the Mi{le-18 reservoir would be governed by the needs
of the system of which it would be a unit.

sumery of potentlial power which follows on a later
page (poge ZBY 1s besed on the assumption thet the proposed
Mile-18 reservoir will be operated with the aim of securing
highest yield of prime power from the series of sites on
Nooksack River.

Potentirl power at Mile-18 power site (12PB 2)
~ Gross head 605 feet WO percent efflclienc
Flow 1in seconﬁ-?ec,gcl Horsegowsr
or skor s¥or skor 100:For sfor 90 sror skor

percent:percent:percent:percent:pcrcentipercentspercent:percent
of time:of time:of time:of time:of timc:oftime :of time:of time

QS0 Q9 : Q95 : Q 100 : H $ 2
(With notural ow(a) )

A%
LN L1

L4

540 :+ 230 : 180 : 75 : 26,000: 11,000: 8,700: 3,600
(With regulstion (a)(b) s
630+: 630 : 630 : 630 230,5004: 30,500: 30,500: 30,500

Includes Tells Creck diversion.

(b) Assuming no development downstrcem. These estimotes
aro descriptive of potcntlieslities only. Actual res-
ervoir operstion would probably result in wide vori-
etion in the rete of relcese.

(c) Estimated at 90 perccnt of flow above Cascede Creek.
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Mile-16 power site (12PB 3). For a description of the
Mile-16 reservoir site see discussion under "Storage Sites."
The Mile-16 dem site has possibilities for power development
comparable with the Mile-18 site, but is alternative to the
Mile-18 site, which appears to be preferable. No further
consideration will therefore be given in this report to the

Mlle-16 power site.

Wells Creek power site §12PB 7‘. The two forks of Wells
Creek, a glaclel stream, cou e verted at an elevation of
3,000 feet, and their combined flow cerried by canal or con-
duit to a power house at the junction of the forks at an al-
titude of 2,435 feet. The flow of the two forks at the points
of diversion, together with the flow which could be picked up
along the course of the conduit, would almost equal for 90,
95, and 100 percent of the time the flow at the proposed
wells Creek dam site (mile 2.2). For 50 percent of the time
the diverted flow would be somewhat less than the flow at the
dem site. The flow at the dam site is roughly estimated at
256 percent of the recorded flow in Nooksack River above Cas-
cade Creek. This estimate 1s based on drainage area ratio.

The proposed cesnal location is densely timbered, steep
mountain side in which some cliffs occur.

Potential power at Viells Creek power site (12PB 7)

Gross head 565 feet :
Estimated natural T1ow, S6C.TG.:

s¥or H 3! or 100

percent:percentspercent:vercent:ipercent:percent:percent:percent
of time:of time:of time:of time:of time:of timo:of time:of time
QS50 Q 90 Q 985 Q 100

125 : 65 50 20

2,900 1 2,200
-l

Tunnel power site (12PB 8). The lower 20 feet of the
proposed WeIEa Cre.k reservolr would have a capacity of only
150 acre-feet and could therefare be used more advantageously
for dead storsge to create head. Assuming the tunnel to Mile-
18 reservoir site on Nookseck River to heve its intake et al=-
titude 2,340 feet, and allowing e gradient of 2 feet per thou=-
send, the tunnel would discherge at en altitude of about
2,323 feet, The maximum height of water surfece in the pro-

osed Mlle«18 reservoir under the plan herein outlined is
»073 feet. If the power house were built at this altitude,
en effective head of 250 feet would be available.

5,600 900

The primgry purpose of the proposed tunnel would be the
diversion of Wells Creeck flow inte the proposed Mile-18 res-
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ervoir, but a smell degrec of reguleation could at the same
time be effected, even with the small volume of proposed
storage in Wells Creck (5,000 acre-feet). On the basis of
the 3-year record of discharge on Nooksack River above Cas-
cade Creek, and on the assumption thet the run-off at this
site 1s equal to 25 percent of the recorded run-off st this
stetion, it is roughly estimated that a minimum fiow of 80
second-feet could have been maintei ned throughout the period.
This estimate is based on the record of Januery to March,
1938, sn d February ‘end March, 1939, the periods of lowest
flow. For 50 percent of the time on estimated flow of 120
second-feet would have becn available. This smoll reservoir
would probebly be short-lived due to excessive deposits of
gravel .

Potentisl power at Tunnel power site (12PB 8)

Head, 250 fect 70 _percent elficlency
ow in second-feetit $ Horsepowerit
or :For sFor :For 100:For 50 :For 90 :For 9% :For 100
percent:percent:percent :percent:percent:percent::percent:percent
of time:of time:of time:of time:of time:of time:of time:of time
QS0 :Q90 Q95 : Q 100 : s s :
“(Reguleted f1ow)
120 80 80 80 : 2,400 ¢ 1,600 : 1,600 : 1,600
(Natural flow)
150 65 S50 20 : 3,000 : 1,300 s 1,000 400

#Meen Ilow 1s 185 sccond-fect, which would develop 5,700 h.p.

Glacler power site (12PB 4). The Nooksack River could
be diverted below the power nouse of the Mile-18 power site
gt 1,335 feet and its flow carried by cenal or conduit about
6 miles to a power house near Glacler picking up the flow of
tributaries. If the power house were located near Glazier
it might be used also to house the installation of the Gla-
cler Creek power site, thus avoiding the necessity for an
additional power house. A location in the NW4SW3 of sec. S,
Te 39 N., R. 7 E., at water surfaoce 885 feet seems feasible.

Cenel lccation for this site 1s heavily timbered steep
mountain s ide.

The naturel flow @t this site would be roughly equal to
the recorded flow at the stetion above Cascade Creek.
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Potential power at Glacier power site (12PB 4)
—Gross heesd 450 feet 70 percent efficlienc

Egtimated flow in second-ft.: Horsepower

For gﬁ :For 90 :For 95 :For 100:For 50 :For 90 :Eor 95 :For 100
percent:percent:percent:percent:percent:percent:percent:percent
of time:of time:of time:of time:of time:of time:of time:of time
Q95 :Q9 :Q95 :Q 100 : : : :

4 (With natural flow)
600 ¢+ 260 : 200 : 100 : 21,600: 9,300: 7,200: 3,600

(With regulation)
Variabdble (See summary page 28)

' Glacier Creek power site (12PB 9). Glacier Creek is a
glecial stream ?03 Srom the glacliers and snows of Mt. Baker.
This creek has no possibilities for storage, but its glacial
origin gives it a well-sustsined flow, The stream splits into
numerous tributaries above ron altitude of 2,000 feet and this
elevetion may therefore be close to the upper limit of feasible
development. Additionsl surveys, however, mey show that diver-
tion would be feasible 2t a somewhat greater elevation.

Agssuming diversion at en altitude of 2,000 feet, or in sec.
33, Te 39 N., Re 7 E., the natural flow of this stream could
be carried by canal or conduit to e point within 2 miles of
the power house of the Glacier power site described above. The
remaining 2 miles would require pressure pipe. This plen would
give the site a gross head of 1,115 feet. The naturel flow of
Glacier Creck 1is estimated from the duration curve for Nook-
sack River above Cescade Creek (fig. 4), assuming that the two
basins have roughly the some yield per square mile end that
Glacier Creek has & regimen similar to that of the Nooksack
sbove the gaging stetion.

Canel location for this site 1s steep, hesvily timbsered
mountein side.

Potentisl power at Glacier Creek power site (12PB 9

Gross hesd 1,115 feet ; 70 _percent efficiency
[ f1low in second-feet

Na tural e Horsepower
For 50 :For 90 :For 95 :For 100:For 50 :For 90 :gor 95 :For 100
percent:percent:percent:percent:percent:percent:percentipercent

of time:of time:of time:of time:of time:of time:of time:of time
Q 50 Q 90 Q 95 Q 100

180 60

75 5,300: 2,200

25 : 16,000: 6,700

(T T TN (1]
oe o0 oo foo
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Warnick power site (12PBf§%. Nooksack River might be
diverted below the junction of Glecier Creek by a low diver-
sion dam backing water to the power house ebove at altitude
885 feet, and its flow carried by censl or condult over the
3-mile stretch to Cenyon Creek near Wwarnick and there dis-
charged into a power house in common with the development on
Canyon Creek at an altitude of 730 feet. Separate turbines
would Ye required since diversions on the two streams would
be at widely different elevations. Cenel location would be
in steep heavily timbered mountein side.

The natural flow at this site would be somewhat less than
the discharge recorded for the station on Nooksack River near
Glaclier (below Canyon Creek), especlally for 50 percent of the
time. The flow for 90, 95, and 100 percent of the time would
be only slightly less.

Potential power at Warnick power site (12PB §)
Gross head 150 feet 70 _percent efficiency

Watural flow in seeond-feegﬁ ; orsepower
For 50 :For 90 :For sfor 100:For 50 :For 90 :gor 95 :For 100

percent:percent;percent:percent:percent:percent:percent:percent
of time:of time:of time:of time:of time:of time:of time:of time
9 5 :Q 90 Q 95 Q 100

700 325 250 125

8,700 : 4,000 : 3,100 : 1,500

e 00 %8 Jen
e 68 8a Jee

® 80 oo
e ea o0 Jee
(DB T AT (1)
8 006 00 Jon

#For éegulatcé TTow and power, 566 Summary.

Canyon Creek power site (12PB 10), Canyon Creek has a
steep gradient from mouth t6 en altitude of 2,000 feet, pro-

posed diversion point, above which there is a flattening of

the profile and splitting up of the stream into numerous small
tributaries. Only a small part of the totel flow is contrib-
uted by the small tributaries entering below an altitude of
2,000 feet, especielly during low flow periods, and & consider-
able percent of this discherge might be picked up. Diversion
at 2,000 fect should therefore, utilize 2lmost all of the flow
for 90 percent, 95 percent, and 100 percent of the time as
estimated for the creek st its mouth, and for 50 percent of

the time only a smell part of he total run-off should be lost.
The flow in Canyon Creek is estimated from the record on the
Nooksack River below Canyon Creek and drainage area ratio,
allowing 2 much smaller run-off per square mile to the Canyon
Creek besin then is shown by the record for Nooksack River

(see page 6). Canyon Creek dreins an area of lower general
elev=tion than the Mt. Bsker region, and probably therefore

has » __.er run-off per squate mile than the Nooksack near
heodwaters.
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The flow at the proposed point of diversion could be car-
ried by about 4 miles of cenal or condult and pressure pipe
to a power house in common with the proposed Warnick power
site, giving it a gross head of 1,270 feet.

Potentisl power et Canyon Creek power site (12PB 10)

Gross heed 1,270 feet : 70 _percent efficiency
Netural flow, second-feet : Horsepower

Tor 50 :For 90 :For :¥or 100:For 3 ] sFor

percent:percent :percent:percent:percent:percent:percent:percent

of time:of time:of time:of time:of time:of time:of time: of time

_Q S0 Q 90 Q 95 Q 100

100 35 15

10,000: 4,600

45 3,500 : 1,500

e oo o8 jes

Kulshan power site (12PB 6). From its junction with Can-
yon Creek (water surfece cltitude 730 feet) to the limits of
backwater from the highest dam that might be feesible near
Deming, the Nooksack River drops through a head of 410 feect
which could be developed for power by canal, conduit, or dams,
in one or more units. Possibly 100 feet could be developed
by construction of a dem at the Maplec Fells site in sec. 31,
T. 40 N., R. 6 E. The total length of this stretch of river
is 12 miles.

The naturel flow in Nookseck River ncer Kulshan is some-
what greoter than the flowrecorded for the station on Nooksack
River at Cenyon Creek. The additionsl drainage is spproximate-
ly 70 square miles, end 1ts yleld is roughly cstimated at 10
percent of the recorded run-off from Nooksack River 2t Canyon
Creek, at which point the drainage aree is 195 squere miles.

The Meple Falls dam site was exemined by J. C, Miller,
geglogist, in 1939, who believes the site may be suitable for
& low dam,

Potentiel power at Kulshen power site (12PB 6

Gross hend 410 fect 70 percent efficiency

Naturel flow in second-feets _ HorseBower
For 50 :For 90 :For 95 :For 100:For 50 :For 90 :For tFor 1

percent:percent:percentipercent:percent:percent:percent;:percent
of time:of time:of time:of timesof time:of time:of time:of time
Q S0 Q 90 2 95 Q 100

900 400

..

300 : 140 : 29,500: 13,000

e a8 00 Jon
.9 o8 oo oo
8 90 00 o

9,800: 4,600

#or Togulated flow and power oo Summary.
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Clearwater Creek power site (12PB 11). The Middle Fori
of the Nooksack River has its source in the glaclers on ths
west slope of Mt. Baker and because of the well sustained
summer flow from this source and the steep gradient of the
stream near headwaters, it appears feasible to divert watsr
for power development at & point not far below the area of
the glaciers. The Mt. Baker topogrephic map and the river
survey indicate that the upper limits of feessible develop-
ment may be at an altitude of 2,600 feet, since the stream
appears to split up ebove this elevation into forks having
very small drainage sreas. Assuming diversion of the Middle
Fork st 2 point about 2 miles above the confluence of Green
Creek, or at an altitude of 2,600 feet, the naturd flow
would be caisried by canal or conduit to the confluence of
Clearwater Creek, an 8-mile stretch, and there discherged
into a power house at an altitude of 1,170 feet through a
halfe-mile length of pressure pipe, giving the site a gross
head of 1,430 feet.

The site would be dependent on naturel flow alone, since
there is no opportunity for regulation. The dralnege area
above tlLs proposed power house 1s about 35 squere miles. The
drainage ares above the gaging station on Middle Fork is 70
square miles. The discharge record on the Middle Fork covers
only 2 full water years, 1920-21 and 1934-35. The earlier
record was maede at a section just below the mouth of Helslers
Creek, where the drainage srea is 72 square miles. The later
record was made at a section just above the mouth of Heislers
Creek where the dreinage sres is 70 squere miles. The dis-
charge of Heislers Creek 1s so small, however, thet the two
records are closely comparable. The 2 years of the record
eppear from the long-time record on the Willamette River a%
Albany to heve been higher than probable mean, and it is
therefore estimeted on the basis of the Albany record that
epplication of the fector 0.83 to the velues obteined fion
the duration curve for Middle Fork mry bring these values
closer to the longer term mean,

Applicetion of the factor 0.£3 to the duraeation curve
(fig. 13) indicetes rates of flow “or the Middle Fork of
the Nookseck River at Helsler's Crezk as follows:

FOI‘ 50 percent Of the time D 0000 e 323 SGCO-ft.
For 90 percent of the time secseees 187 sec.=ft.
For 95 percent of the time sececess 153 sec.-ft.

Information is lacking on the veriation of flow in the
Middle Fork near its source. The period of lowest flow prob- -
ably occurs during the sub-freezing temperstures of winter
when 1little or no water is released by melting ice and snow.
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However, the contribution from springs above the proposcd
diversion point will probably be sufficient to maintain e reia-.
tively strong flow throughcuc the winter.

The following estimates of probable discharge at the pro-
posed power house site are based on the records of flow near
Heislers Creek and drainage area ratio:

For 50 percent of the time .eeee... 160 sec.=-ft.,
FO!’ 90 percent Of the time 2000000 90 aec.-ft.
For 95 percent of the time ¢eceeee. 75 sec.-ft.
For 100 percent of the time ¢ee¢s... 60 sec.-ft.

A large part of this total flow may not be captursble,
Estimates of potentisl power, here given, are, however, based
on the total flow.

Potential power at Clearwater power site (12PB 11

Gross head 1,430 feet . rcent efficlency
Natural flow in seconcd=feet ¢ ﬁorse ower
For : or 90 :For 95 :For 100

percent: percent percent:percent:percent:percent:percent:percent
of time:of time:of time:of time:of timesof time: of time:of time
Q S0 e 90 Q 95 Q 100

90 75

18,300: 10,200

160 60 8,600 : 6,900

Kulshsn-Middle Fork power site (12PB 12). The Middle Fork
of the Nooksack River could agein be diverted below Clearwater
Creek at an altitude of 1,170 feet, and its flow carried by
canal or conduit to a point near Kulshan, about 7 miles. Powar
house location for this site would be determined by beckwater
from the proposed Deming dem. The limit of this backwater is
probably at en eltitude of 321 feet. The Kulshen-Middle Fork
site would accordingly have a2 gross head of 849 feet. The
naturel flow 2t the power house site 1s slightly grester then
the recorded flow at the junction of Heislers Creek. There
1s no opportunity for regulation. A large part of this total
flow may not be capturable. Estimates of potentisl power here
given are, however, based on the total flow.
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Potentisl power st Kulshen-Middle Fork power site (12PB 12)

Gross hend 849 fee: ; —70 _percent efficiency

Natural flow ir sz:cond .feet . Horsepower
For 50 :For 90 :For 95 :Far 100:For 50 :For 90 :Eor 95 :For 100

percent:percent -percent.percent:percent:percent:percent:percent
of time:of time:of time.of time:of time:of time:of time:of time
Q 50 Q 90 Q 95 Q 100

320 180

. L] .
* L 4

21,800: 12,200: 10,200: 8,800

150 130

Wanlick Creek power site (12PB 13). Wanlick Creek, tribu-
tary to the South Fork Nooksack River probably marks the upper
limit of feasible power development on this river. The river
splits up into many tributeries above this point and only a
small amount of power could be developed without an intricate
system of canals, condults and syphons in which to collect
the flow from the several small feeders,

The river survey of 1934 ends at Wanlick Creek, but the
basin above this point is shown on the Mt. Baker quadrangle map,
scele, % inch to the mile. Assuming diversion of South Fork
Just below the mouth of V.anlick Creek at an altitude of 1,820
feet and power house in sec, 21, T, 36 N., R, 6 E., the power
site would receive the flow from a drainage area of approxi-
mately 35 squere miles, assuming all flow cspturable. Based
on drainage area ratio and the record obtained from 1934 to
1940 at a station near Wickersham, natursl flow at the proposed
diversion point is estimated es follows:

For 50 percent of the time esec¢eee.. 165 sec.-ft,
For 90 percent of the time ..¢ee... 35 sec.-ft.
For 95 percent of the time ........ 30 sec.-ft.
For 100 percent of the time ....... 22 sec.-ft.

This estimate covers a period which, according tc the
record on Willemette River at Albony, was slightlyweite: ibhan
normal. On the other hand, it is highly probable that che
run-off per square mile from the South Fork abcve Wanlic!r Crezk
i1s considerebly greester, especielly for g0 percent, 95 p:3rcsns.
and 100 percent of the time, then it is at the gaging station,
since the higher elevations of this headwaters region probably
give it a heavier precipitation. Rough estimates of the proba-
ble discherge of South Fork of Nooksack River below Wenlick
Creek based on the foregoing considerations are as follows:

For 50 percent of the time cseceeese 165 sec.=fte
For 90 percent of the time eeeees.e 45 sec.=-ft.
For 95 percent of the time eeeeeee. 40 sec.-ft.
For 100 percent of the time eveveee. 20 sec.-ft,
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Assuming development of the Edfro Creek reservoir site
to a capacity of 300,000 acre-feet, the meximum under a plan
for power only, backwater should not interfere with a power
house at an altitude of 710 feet. Assuming a power house at
this altitude in the NE% sec. 21, T. 36 N., R. 6 E., the Wan-
lick Creek power site would hsve & gross head of 1,110 feet.

A large part of the total flow in South Fork at the power
house site mey not be capturable, and accordingly, not feasible
of development.

Potential power at VWanlick Creek power site (12PB 13)

Gross heed 1,110 feet 0 percent efficienc
Natural flow in second-feet Horsepower

percent: percent percent*percent-percent percent: percent:percent
of time :of time:of time:of time:of time:of time:of time:of time
Q 50 Q 90 Q 95 Q 100

165 20

oo oo

45 40

"9 o0 o0 Jon
9 oF oo e
e o8 a0 oo
e @5 o0 Jo

4,000: 3,500: 1,800
H

Lyman power site (12PB 14). This power site would draw
its wa%er from storage In the Edfro Creek reservoir site
through a diversion tunnel. For description of the Edfro Creek
reservoir site see discussion under "Storage sites." The most
feasible plan of power development from Edfro Creek storasge

mey be through diversion into the Skagit River through & tun-
nel diverting at en altitude of 620 feet in sec. 20, T. 36 N.,
Re 6 E., and having its exit in the NE% sec. 32, of the same
township. This tunnel would have a2 length of ebout 2 miles.

An addl tlonel length of approximately 2% miles of cenel and

1 mile of pressure pipe would convey the water to & power

house in or near sec. 17, T, 35 N., R. 6 E,, on Skagit River
near the villege of Lyman. The site would heve a gross hesd

of about 560 feet and an estimoted minimum flow with regula..
tion of 625 sccond-feet o2s determined from the 1934-1940 dis-
charge record near ‘/ickershem, end assuming thet the prcposed
plant 1s operated as en independent unit. Regulection to secure
this minimum flow would require e dem 305 feet high storing
300,000 ecre-feet, of which 150,000 ezcre-feect would be above
the 620-foot level.

As determined from this 6-yeer record, the potential power
at the Lymen power site is estimated es follows:
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Potential power at Lyman power site (12PB 14)
Gross heed 560 feet : WO _percent efficienc

Flow in second-feet orsepower
For 50 :For 90 :For 95 :For 100:For 50 :For 90 :gor 95 :For 100

percent:percent:percent:percent:percent :percent:percent:percent
of time:of time:of time:of time:of time:of time:of time:of time
QS50 : Q9 : Q95 : Q 100 : s s 3
(Natural flow)
500 : 110 : 90 65 : 22,400: 4.900: 4,000: 2,900
(Regulated flow)#
625 ¢ 625 625 : 625 : 28,000: 28,000: 28,000: 28,000
uiasumIng reguIaEIon to s ecure highest erIH of prIme power

at site 12PB 14,

A comparison with the long time record (1895-1940) on Wil-
lamette River at Albany, Oregon, indicates that the 6-year pe-
riod on which the above estl .ates of potential power are based,
may be years of slightly greater than mean flow, and aceording-
ly, that the potential power at the Lyman slte that would be
reasonably dependable over a long period of years, would fall
somewhat under the given estimates.

Acme power site (12PB 15). As sn alternative to the Lyman
power site, the Acme power site could be developed to divert
stored water from the proposed Edfro Creek reservoir at an
altitude of 620 feet. This diversion could be carried by canal
and syphon or flume to & point about 2 miles upstream from Acme,
in sec. 16, T. 37 N., R, 5 Z.,, to a power house at an altitude
of 321 feet. This plan would require 5 miles of canal or con-
duit, and a syphon or flume crossi ng Skookum Creek. The regu-
lated flow at this site would be roughly the same as that esti-
mated for the Lyman power site.

Potential power at Acme power site (alternative)(12-PB-15)

_Gross head 200 feet : 70 _percent efficiency

Tow_in second-feet $ _ Horsepower .

For ¢ :For 90 :For 95 :For 100:For 50 :For 90 :For 95 :For 100

percents:percent:percentspercent:percent:percent:percent:percent

of time:of time:of time:of time:sof time:of time:of time:of time

QS0 : Q90 : Q95 : Q 100 : 3 . $

(Natural flow)

S00 : 110 90 65 : 12,000: 2,600: 2,100: 1,600
(Regulated flow)

625 : 625 : 15,000: 15,000: 15,000: 15,000

625 : 625
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Deming power site ElaPB 16‘. For description, see Dem-
ing reservoir site . lthough this site is of great-
est value as a potential flood control reservoir, it also has
potentiel value as a power site. The mean annual run-off at
this site, as determined from a S5-year record, (1935-40) at
a station located just below the junction of South Fork is
2,210,000 acre-feet. A dam 118 feet high, creating a reser-
voir of 500,000 acre~feet capacity, would provide almost com-
plete regulation on the basis of this S-year record, and would
make possible a minimum flow of 2,800 second-feet. However,
development of this site primarily for power would involve
drewdown with variable head, and flow. During the 5 years
of the record of discharge a constant power output of 20,000
horsepower could have been maintained, assuming operation of
this site as an independent uniti{ Since there are no power
sites downstream, re-regulation of flow at this site would
probably be aimed at the highest yield of prime power for the
site, unless storage to be developed upstream should be in-
adequate for satisfactory regulation. Since proposed storage
at the Mile-18 and Edfro Creek reservoir sites 1s sufficlent
to give a high degree of regulation, it will be assumed in this
report thet the Deming power site would be operated as an inde-
pendent unit,

If the South Fork Nooksack River 1s diverted into Skagit
drainage, this would reduce the flow and power at the Deming
site proportionately to the diverted flow,

Potential power at Deming power site (12PB 16)
(Assuming development primsrily for power)
Head, 64-118 feet : 70 percent effliclency
Flow in second-feet# $ orsepower
For or sFor 95 : : or 95 :For 100
percent:percent:percent:percent:percent:percent:percent:percent
of time:of time:of time:of time:of time:of time:of time:of time
Q50 :Q9 :Q95 :Q 100 : g H :
(Natural flow)
2,500: 1,000: 800 : 560 : 23,600: 9,400: 7,500: 5,300
(Regula ted flow)
V a r 1 a b 1 e s 20,000: 20,000: 20,000: 20,000

#If South Fork Nooksack River 1s diverted into Skagit
drainage, flow and power at Deming would be reduced
in proportion. The summary of potential power (table,
page 28) assumes this diversion.
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SUMMARY OF POTENTIAL POWER IN

THE NOOKSACK RIVER BASIN, WASHINGTON

Yndex: : : Gro?s hea

12;8-: Site $ Stream 3 feet)
-1 : Swamp Creek :Swamp and Ruth Creeks  : 950
2 : Mile-18 :Nooksack River g 605
3 : Mile-16 (Alternative): do s -
4 : Glacier H do H 450
S ¢ Warnick : do H 155
6 ¢ Kulshan s do s 410
7 ¢ Wells Creek sWells Creek s 565
8 ¢ Tunnel H do H 250
9 ¢ Glacier Creek :tGlacier Creek : 1,115
10 : Cenyon Creek :Canyon Creek s 1,270
11 : Clearwater Creek tMiddle Fork of Nooksack R. 1,430
12 : Kulshan-Middle Fork : do s 849
13 : Vanlick Creek :South Fork of Nooksack R. 1,110
14 : Lyman ] do s 560
15 : Acme (Alternative) c do : -
16 : Deming :Nooksack River 2 118

s Horsepower

Q90:@95:Q100: Means ,OBHQOO : .OBHQUYO : s OBHQUO 3 .O8HQIO0 : . OBHG
1 90: 40: 30: O: 100: 6,800: ,000: 00 /00s 7,6
2 : 0540:230:180: 175: 650: 26,000: 11,000: 8,700: 3,600:31,000
4 : 600:260:200: 100: 800: 21,600: 9,300: 7,200: 3,600:26,000
5 ¢ 700:325:250: 125: 970: 8,700: 4,000: 3,100: 1,500:12,000
6 : 900:400:300: 140:1,200: 29,500: 13,000: 9,800: 4,600:39,000
7 ¢ 125: 65: 50: 20: 170: 5,600: 2,900: 2,200: 900: 7,700
8 : 150: 65: 50: 20: 185: 3,000: 1,300: 1,000: 400: 3,700
9 s 180: 75: 60: 25: 225: 16,000: 6,700: 5,300: 2,200:20,000
10 : 100: 45: 35: 15: 140: 10,000: 4,600: 3,500: 1,500:14,000
11 : 160: 90: 75: 6€0: 240: 18,300: 10,200: 8,600: 6,900:27,500
12 : 320:180:150: 130: 480: 21,800: 12,200: 10,200: 8,800:32,600
13 : 165: 45: 40: 20: 230: 14,700: 4,000: 3,500: 1,800:20,000
14 : 500:110: 90: 65: 700: 22,400; 4,900: 4,000:

+2,000:9003:700 s

465:2,300:

19,000

2,900: 31,000

L] . : ‘

: ,000: ’ ,000¢2
2«6 :(Variable flow ) $ 80,000: 80,000: 80,000: 80,000
7 ¢ 125: 65: 50: 20: 5,600 2,900: 2,200: 900
8 : 120: 80: 80: 80: 2,400: 1,600: 1,600: 1,600
9 : 180: 75: 60: 25: 16,000 6,700: 5,300 2,200
10 : 1C0: 45: 35: 15: 10,000 4,600 3,500 1,500
11 ¢ 160: 90: 75: 60: 18,300: 10,200: 8,600: 6,900
12 : 320: 180: 150: 130: 21,800: 12,200 10,200: 8,800
13 : 165: 45: 40: 20: 14,700: 4,000 3,500: 1,800
14 : 625: 625: 625: 625: 28,000: 8 ,000: 28,000: 2,000
¢ (Variable flow 2 15,000: 15,000

potential powers

#Assumes interconnection of all plants in one system, Assumes also
that all flow above power house location is capturable. A proportion=-
ate downward reduction is necessary for flow not capturable. Assumes

over-all plent efficiency of 70 percent. No allowance is made for
friction head in conduits and canals,
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FLOODS IN THE NOOKSACK BASIN

Introduction

The Nooksack River has three principal forks, the South
Fork, the Middle Fork and the main stream, sometimes called
the North Fork. The North and Middle Forks have their sources
in the glaciers and perpetusl snows of Mt. Baker and Mt. Shuk-
san. All descend rapidly through narrow mountain valleys to
points not far above their confluence. Below their confluence,
the main stream flattens out. The Middle Fork enters the main
stream about 5 miles above Deming, and the South Fork enters
about 1 mile above Deming. Except fur an area in the lower besin
of South Fork which is subject to overflow, there is no serious
flood problem above the junction of the three branches.

Below Deming the river flows out upon a broad and conpar-
atively flat valley floor in which the principal damage from
floods has occurred. The total length of the river between
Deming en @ Bellingham Bay is 36 miles and its total fall in
this reach is 200 feet, an average of 5.5 feet per mile. Be-
tween Lawrence and Everson, a distance of 6 miles, the river
follows a course which is roughly parallel to the course of
the Sumas River, a small tributary of the Fraser River, and
the two streems are nowhere much farther then a mile apert in
this area. The intervening ground in much of this area 1is
without perceptible relief, end it 1s reported that the Nook=
sack has on several occasions overflowed into Sumas drsinage.
The Sumas River flows northward into Fraser River in British
Columbia. It is a flat, sluggish 1little stream and any con-
siderable overflow from the Nooksack would probably cvertax
its capacity and flood a wide ares of highly developed agri-
cultural lend around Sumes in British Columbia.

Little information is available on the extent and dura-
tion of floods in the Nooksack basin. The principal sources
of this information are newspaper accounts and the older res-
idents of the region. Rough estimates of discharge can be
mede from informetion regarding stage as suprplied by these
sources. These sources also provide valuable information re-
garding the causes which contribute to the floods and the
character of resulting damage.

Ma jor Floods of Record

In the memory of theMoldest inhabitant", which goes back
to the early nineties, there have been possibly six periods
of high water in the Nooksack River that could be classified
as destructive floods. The earliest of these is alleged to
have occurred in 1893, or approximately 1893. Later floods,
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of which there is authentic record, occurred in 1909, 1917,
1921, 1932, and 1935, and such comparisons as may be had indi-
cate that the flood of 1909 was possibly the greatest in vola
ume. Later floods, however, may have caused more damage to
property end improvements, as there hes been a considerable
degree of development in the 1lower basin since 1909, A

brief resume of availeble eccounts and other information on
these floods is given in the following pages.

The Flood of 1893

Only the vaguest account of this flood is avallable.
Even the date is a matter of some question. An old resident
of Everson, who has lived in the vicinity since 1884, statad
that he could r emember a flood in the year 1893, or about
thet year, in vhich high water flowed through the Northern
Pacific railroad grade near Everson from Nooksack to Sumas
drainege. It appears from his account that the bresk through
the reilroad grade was effected by local residents who sought
to relieve conditions on the Nooksack side of the grade, an
effective barrier, and thorefore cut the graede by pick and
shovel. The water did not bresk through by its own action.

The railroed to which reference is mede is a branch of
the N. P. Ry. which follows the Nooksack-Sumas divide from
Lawrence to Everson.,

The Flood of 1909

The flood of 1909 appears from the Bellingham Herald to
have reached its maximum severity ebout November 30. The im-
mediate ceause of this high water appears to have been & greate
er than normal precipitetion accompanied by unseasonable teme-
peratures causing snow to melt in the Mt. Baker eree, Weath-
er Bursau records show a total of 7.61 inches of precipitation
in November for the Bellinghem station. Later records show
that this was a departure of 43.32 inches from the 35-year
mean (1901-24, and 1929-40). Veather Bureau records also
show thet a total of 2.87 inches fell et Bellinghem between
November 27 and November 30, Temperatures at Bellingham in
November ranged from a low of 24° F. on November 15 to a high
of 73° F. on November 18.

A station at Mt. Baker Lodge (elevation 4,200 feet) shows
a meen precipitation about 3 times as great es at Bellingham
(see poge 4 ). Precipitation in the upper basin in November,
1909, may have occurred largely in the form of rein due to
unseasonably high t emperatures. No weather station had been
established in the Mt. Bgker area in 1909, The Weather Bur-
eau record for Bellingham station does not show daily tempera-
tures for this year, but the meximum for the month of Novem~
ber, 73°, wes recorded on November 18,

30



Describing this flood the Bellinghem Herald of November
29, 1909, states that Ssxon, Acme and Nugent bridges were
"carried out." These bridges were apparently spans over the
South Fork near Sexon and Acme and over the mein stream near
Lawrence ¢

The Bellingham Herald of November 30, 1909, states that
"there is not a dry floor in Ferndale todey and meny are under
6 and 7 feet of water ....... A whole row of houses across
the river has floated downstream eese.e... The middle of Al-
der Street, the highest point in town, shows for less than
8 DloCK sasesves. There 1is a foot of water over the floor of
the bank.

A picture in the Bellingham Herald of December 2, 1909,
shows an area in the village of Ferndale under possibly 1 to
2 feet of water. Flood damage in Ferndele was egtimated at
$90,000. (Bellingham Herald, Dec. 2, 1909).

The Bellingham Herald of December 16 1909, referring to
the flood in the town of Sumas, states: "The water is from the
Nooksack, which backed up below Everson and filled the big
slough running northeast of that town amd which 18 drained
by Johﬂson Creek. Little damage has been done by the high
water,

The postmaster at Deming interviewed by the writer in
1940, expressed his opinion thst the flood of 1909 was the
greatest on the Nooksack in his memory. He stated that the
water rose to an elevation "even with the railrosd track"
at Deming end thet the water from the Nooksack overflowed
into Sumes dreinage sbout half a mile east of Everson. He
stated his belief that the channel of the Nooksack River was
washed out and widened to such an extent by the flood of 1909
that it has since had ¢ much grester capmcity, and that this
has reduced the danger of serious overflow.

Recalling the flood of 1909, an old-time resident of
Lawrence, interviewed by the writer in 1940, stated thet the
high water from the Nooksack broke through the railroad grade
about 2 miles below Lawrence and flowed into the Sumas River,
He recelled that the surfeoce of the flood waters dropped
about 1 foot in the vicinity of Lawrence following the break
in the railroed grede. This reilroed grade is probably high-
er than any recorded flood, and would constitute an effec=
tive barrier to the psssage of flood weters from the Nooksack
to the Sumes basin as long 2s it stands.
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The Flood of 1917

Little information is aveilable on this flood. The Amer-
ican Reveille, Bellinghem newspeper of December 30, 1917,
states: "The Nookssck River is still rising and 1s reported
to be at least 6 inches higher than it ever was before .... A
stream of weter more than a foot deep is racing through the
streets of Everson and at the highest point in Sumes the weter
is nearly a foot deep ...... It is impcssible to estimate the
great damage."

A consideresble damege wes reported from a "silver thaw"
which spperently preceded the flood peak.

Weather Bureau records show o higher than normel precip.
itetion for December 1917. A totel of 13.32 inches of rain-
fell, a departure of +8.35 inches from normal, wesrecorded at
Bellingham for the month. The normel for Lecember, as de=-
termined from a 35-year record, is 4.97 inches. A total of
3.53 inches fell during the 4 days of December 26 to 29.

A minimum tempercture of 21° F, for the month was re-
corded at the Bellingham station on December 24, This day
of lowest temperature for the month was followed by slowly
rising temperatures which reached a meximum of 62° F. on
December 31.

At Glecier a total rainfell of 24.81 inches was recorded
for December and a totel of 7.07 inches fell during the 4-day
period from December 26 to 29. Normal precipitation st Gleo=-
cier as determined from a l4.year record 1s 9.67 inches. The
temperature at Glacier recched o low of 11° F. for the month
on December 24, after which it climbed to & meximum for the
month of 51° F. on December 31,

Weather Burceu records give this further information on
the climetologicol conditions in Weshington in December:

"The totel monthly precipitetion wes the grestest in
meny ycers, but r large proportion was rein, even at
great eltitudes. On the western slope of the Cas-
crdes the monthly snowfecll was from 3 to 66 inches ...
Owl ng to abnormrlly worm warthar end excessive rain,
the snow did not accumulcte in depth, but acquired
greatdensity ...... A succession of excessive rains
and cbnormally high tcmperctures scttled and melted the
snow rcpidly so thet the ground was bare on the 3lst
in many localities for the first time on record at
thet date, and the heavy run-off coused salmost un=-
precedented freshets in 21l stresms on both slopes of
Cascades, wcshing out meny country bridges and rosads
as well as railway trocks and bridges, greatly delay=-
ing traffic." 53



.he Flood of 1921

Little information 1s avallable. However, the Skagit
River, dreining en adjacent basin, reached its meximum dis-
charge of record on December 12, 1921, when it attained =
peak of 60,000 second-feet at Newhalem, Washington. This
discharge record covers the 27 yeers from 1908 to 1914, and
1920 to 1941. The pesk discharge of December 12, 1921, is
probably the meximum for the 33.year period from 1908 to
1941,

Weather Bureau records (U. S.) give the following sum-
mary of conditions in VWashington in Degcember, 1921:

"The month of December, 1921, elthough somewhat below
normel in temperature, did not have the average snow-
fall, end much of what fell was melted oif by the ex=
cessive rains and warm winds from the 10th to 12th.
Through most of the western division ¢e¢ses.. the pre=-
cipitation of these three days, mostly from rein, was
from 70 to 80 percent of the entire month's precipi-
tation, which wes slightly below normel. These rains
and warm winds ceused excessive floods in the river
velleys west of the Cescades, and those heading in the
Coscades and flowing to the Columbia. They ceaused
disastrous losses to roesds and bridges, dykes, stored
crops, prospective crops by the flooding of the low-
lands with salt water, end loss of live stock."

Precipitation records for the station et Bellingham show
a totel rainfall of 3.56 inches for the 3-dey period from
December 10 to 12, and maximum delly temperstures for the same
period renging from 52° to 57°,

In all probability the Nooksack responded to the same
general climatic conditions thot caused the flood on the
Skegit River. The Apmy Engineers, in a report releesed in
1935 (H.D., No. 159, 74th Cong., lst Ses.) state thet during
the flood of 1921 2 portion of the flood waters of t he Nook=-
sack River discharged into the Sumes River.

A press dispatch from Bellinghem, appearing in the Se=-
attle Post-Intelligencer of Lecember 14, 1921, indicates that
demage in the Nooksrck besin was probably light. The Cs M,

& St. F« Ry. bridge near Ueming was partly washed out, as
were two short stretches of treck. Slight demege resulted to
hay end other feed standing out. No live stock was lost.

The dispatch makes no mention of eny damege to towns in the
area,
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The Flecd of 1932

The flood of 1932, ecppears to heve reached its peak near
“verson on February & , 1932. The Bellinghem Hercld of Fgb-
ruary B, states thet the river had roised 8% feet to reach
the highest flood peak since 1917. Apparently observations
were mede of the river stage at Everson. The Herald of Feb-
ruary 28, reports that Harkness Street and Mein Street (in
Everson) were covered with water at 5:00 a.m. on Februery 27,
and that the water was 1} feet deep in ploces on Main Street
at 1:00 p.m.

According to newspoper accounts the flood agpeara to have
subsided greatly on February 28. The Herald of February 28,
states that a check on flood conditions mrde eerly February
28 showed that Everson wes clecr of water but Moriette was
still under water.

The newspoper account describes the flood as "one of the
most serious floods" in the history of Whatcom County. Sev-
eral mein highways were closed to traffic. Among these were
the Ferndale Cutoff from the Pecific highway, the Lummi res-
ervation roed over Marictta Slough bridge, the Deming-Wicker-
sham highwey end the Lewrence highwey,

The Bellingham Hersld, officiel observer for the Weather
Bureauv station at Bellinghem, in 1ts issue of February 28,
1932, stetes: "“Reinfell which ended at 9 a.m. yesterday
closed the heaviest rainfell in the history of the Bellingham
Herald observatory." The lieather Bureau record shows that
3.14 Inches fell during the 4-day period from Februery 24 to
27. The totel rainfellfor the month wes 5.51 inches. The
normel for February, &s dctermined from & 36-ycar record, 1is
3.18 inches.

Tempcretures ot o Weather Bureau station near Bzllingham
for the month renged from ¢ low of 7° F. on Februcry 2, to a
maximum of 59° F. on Fecbruary 27. From Februcry 23 to Febru-
ary 27 the tempersture ronged from a low of 38° F. on Febru-
ary 23 to & high of 59° F. on February 27.

The Weather Burecu stetion at Mt. Baker Lodge recorded
temperatures for this 5-dey period ranging fron a low of 27°
on February 23 to a high of 45° on February 27.

The following is quoted from the Weather Bureau record
of February 1932:
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“Snow accumulated to great depths in the mountains
during December, January, and the early part of February.
Every watershed in the State was covered with i1ts normal
amount of snow, and in many pleces more thsn normal, for
the first time in 10 years. During the lest decade of
February, ' = weather which had remained cool through
the winter, suddenly turned warm. A4bnormal temperatures
were reported from all parts of the State, and on the
25th and 26th temperatures everaged from 10° to 20° above
normel. Immeasurable qusntitles of water were released
from the melting Snows esececee

"The melting of the snow and flood condition was
augmented by extremely heevy rains which fell throughout
western Weshington from the 24th to the 27th."

Referring to damage from the flood in the Nooksack Valley
the Vieather Bureau report continues:

"About $10,000 worth of crops were lost,and {5,000 dam-
age done to prospective crops where new seeding and
pastures were covered with a deposit of sand, gravel,
logs and stumps. Property damage, including highways,
amounted to approximately $100,000."

No gaging station was in operation on the Nooksack River
in 1932, Informetion submitted to the writer in June 1940
by & resident at a farmhouse located near the south end of
the C, M. and St. P. RR. bridge above Lawrence indicstes, how=
ever, that the stage reached by the Nooksack River on February
27, 1932, has probably beer equaled during high water periods
since that date. According to this source, the river has on
several occasions between 1932 ancd 1940 reached a stage which
permitted some flow across a low flat bench on the left bank
of the river immedietely below tre railrosd bridge. The ele-
vation of thils bench is roughly 7 feet higher than the sur-
face of the adjacent river as observed by the writer on May
29, 1940. As nearly as con be estimeted, the elevetion of
this bench was the spproximate stege reeched in February 1932,
Rough slcpe-aree computations indicate thet the discherge of
Nooksack River at a stege permitting flow over this bench
would probably emount to about 30,000 sccond-feet, or somewhat
more., The meximum discharge recorded at Deming gaging station
since it was established in July, 1935, is 33,200 second-feet
(Oct. 28, 1937). It seems probable that the flood of February
27, 1932, may have reached & pesk at Deming of possibly 30,000
Lo ¢2,000 second-feet,

Photograph No., 2i# shows the C.M.& St. P. Ry. oridge above
Cedarville taken on the morning following the washout of the

#Not reproduced.
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bridge. The washout appears to heve occurred on February 27,
1932, which would date the phot . graph as of February 28, 1932,
It was taeken during the mornirg, and, it is believed, about

12 or 15 hours after the peak had passed Rough slope-area
computations besed on stage shown 1in this photograph indi-
cate that the river wes discharging on the morning of Febru-
ary 28th between 15,000 and 20,000 second-feet.

A comparison of the flood of 1932 with the highweter of
October 28, 1937, brings out whet eppears to be a fact of
much importence in connection with the cerrying capacity of
the river channel. On October 28, 1937, the gaging stat ion
near Deming indicated a peek flow of 33,200 second-feet. This
peak appears to have passed down the river to the sea without
sny considerable overflow. The flood of 1932, on the other
hand, with a peak probably little or no greater then the peak
of October 28, 1937, caused great damage through overflow.
This difference in the extent of overflow in 1932 and 1937
appears with 1little doubt to have been due to the longer dura=-
tion of heevy discharge in 1932. The dally mean flow as re-
corded during the 4 days from October 26 to 29, 1937, was as
follows: 1,590 second-fect on October 26; 7,300, 21,600 and
8,140 second-feet on the 3 following days. Although no recae
ord of discharge 1s esvailable for 1932, it appears that con-
ditions fevorable to heavy discharge, rain, and ebnormal tem-
peratures, prevailed for several days in lete February. The
river channel between Deming and Bellinghem Bay has sufficient
storage capecity to take cere of a heavy inrus of water for
a few hours, but as soon as this storage cepacity is overtaxed
the water overflows.

The flood of 1932. also illustrates a characteristic ef=-
fect of log jems during flood stages on Nookseck River. The
formation of o log jam above the roilroad bridge in February,
1932, acted as & diversion dam to guide e considerable flow
of water into a shrllow drew on the right bank,which spread
out into a broed sheet neer Cedarville and Lawrence, inundat-
ing e part of the town of Cedarville (see photograph No. 3:)
while the river et Cedarville wes well within its benks. Back-
water from log jems hes probably also been responsible for
much of the debris lining the Nooksack River in verious ree-
ches, and the dcposition of debris must accordingly be consid-
ered as questionable indicction of true river stage from which
discherge could be computed.

#Not reproduced.
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The Flood of 1935

The flood of 1935 appears to have reached its maximum
stege in the lower Nooksack valley on or about January 25.
This appears to have been one of the most protracted floods
of record in the basin. The Bellingham Herald of January
21, reports thot Bellinghem was "practicelly isolated except
by weter." The Herald of Jenuary 25, reports 7 inches of
water on Main Street in Everson, This flood was caused by
a number of contributing factors which combined to make it
ocne of the most destructive of the floods which have visit-
ed the Nooksack basin. Weesther Bureau records indicate that
a greater then normasl depth of snow covered the Mt. Baker
region in Januery. Pprecipitation at Bellingham totaled 14.87
inches for January. The mean at this station as determined
from a 35-year record, is 4,35 inches. Subnormel temperatures
prevailed for severel days during the middle of the month.

An extreme low of 3° F,,reported by the Bellingham Herald as
the "coldest wave" since 1911, was recorded on 2 successive
days (January 18, 19) at the station neer Bellingham. Slowly-
rising temperdtures followed the extreme low, and on January
25th & maximum of 61° was recorded. During the cold wave ice
formed over the Nooksack River. The Bellinghem Herald of
January 19th reports the Nooksack "frozen over to its mouth,"
(See photograph No. 1li#). Heavy precipitation began on the
20th and 5,59 inches were recorded at Bellinghem on January
2lst, During the S-day period from January 21 to 25 a total
of 10,74 inches were redorded at this station. This precipi-
tation was in the form of both snow and rain. The Bellingham
Herald of Januery 21 reports thet 10% inches of snowfall pre-
ceded the rain. It also reports a wind velocity of 40 miles
per hour,

No conclusive information is available regarding the peak
discharge of the Nooksack River during this flood. Possibly
the most relieble informetion is obtaineble from & report pre-
pared by C, E, Webb, District Chief Engineer of the Dominion
Water end Power Bureau. In his report dated at Vencouver, B.C.,
March 12, 1935, he states thet the flood stage in Jenuery 1935
was approximately 4 feet above the stage during a discharge
measurement of the U. S, Geologicel Survey on Jenuery 29,
1935. The measurement on January 29th, 1935, indicated a
discherge at Deming of 9,630 second-feet. A discharge of
9,630 second-feet corresponds with a gage height of 8,15
feet (1938-39 rating). Assuming in accordance with Webb's
estimate of stage that the flood of 1935 reached the equi-
valent of a gage height of 12.15 feet, the flood would appear
to have reesched e peak of about 27,000 second-feet,

#Not reproduced,
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No material change is believed to have occurre’® in the
channel section in the vicinity of the gaging station since
1935. The relstionship between gage height snd discherge has
not changed greatly since that year. If the difference in
stage, as reported, 1s approximately correct, the discharge
in January 1933, as estimated, should not be greatly in error.

Weather Buresu records give an estimate of $125,000 for
demage in Whatcom County resulting from the flood end an ac-
companying ice storm.

High Viater of October 28, 1937

At 1:00 p.m. on Qctober 28, 1937, the Nooksack River at
Deming reached a peak diseharge of 33,200 second-feet (gage
height, 13.21 ft.?. This peak i1s the highest of record since
the establishment of the gage in July, 1935. It also appears
to be close to the highest flood crest of which there is
reasonably conclusive evidence.,

The high water of October 28, 1937, does not appear from
avalilable information to have ceused any serious flood damage.
Although a crest was reeched which is comperable to that of
any flood of which there is clear evidence, the durstion of
the peek discharge wes brief. The meen discherge for the day
was only 21,600 second-feet. The mean discherges for the
preceding 2 days were 1,590 sand 7,300 second-feet and for the
2 following cdays were 8,140 and 4,740 second-feet.

The esuse of this brief flood discharge was a heavy dewn-
pour in the Mt. Beker regicn on October 26 and 27. The Weath-
er Bureau station st Mt. Baker Lodge recorded 4.15 inches on
October 26 and 6.51 inches on October 27, a total rainfall of
10,66 inches in 2 deys. Tempecratures at Mt, Baker Lodge on
these 2 days renged from a minimum of 47° to a maximum of 61°,
a sufficiently hlgh temperature to indicate that all precipi-
tation was probably in the form of rein, or was quickly melt-
ed if any pert fell as snow or sleet,

The hesvy rainfall on Mt, Baker during October 26 and 27
was clearly a locel storm. At Bellinghsm the totel reinfall
for the 2 deys wes only 0.65 inch. The total for the month
of October at Bellingham was only 2.65 inches. The October
meen for this station, as determined from a 36-year record,
ls 3.37 inches,

38



A REVIEW OF FLOODS CF P*COHD IN NOOKSACK BASIN,
AUS S Ph\uhu.tﬂu.. _A;._.‘,UL.IEY DUﬁTIﬁN

ARD R-SULTING DAFAGE

Causes

The floods in the Nooksack basin have, in general, result-
ed from abnormal rainfell, usually accompanied by abnormal
temperatures which have caused the release by melting of large
quantities of water stored in the form of snow. Contributing
to the destructive effect of these floods have been log and
ice jams.

Magnitude

As gauged by the peesk discharge of Nooksack River near
Deming, the floods in the Nooksack Valley have reached a maxl-
mum of perhaps 35,000 second-feet, according to the best evi-
ence available. The magnitude of these floods, however, as
gauged by the volume of water discharged during the flood pe~
riod can not be satisfectorily estimeted. The extent of over=
flow in the flat lower basin between “eming and Bellingham
Bay depends not so much on the peak discharge as on the volume
of water which pours out upon this flat lowland area. The
peak discharge of 32,200 second-feet on October 28, 1937,
appears to heve psssed through to the ocean without any seri-
ous overflow. If, as estimated in this report, the flood of
1922 reached a peesk of from 30,000 to 35,000 second-feet,
this was compareble in crest to the high water of 1937. The
flood of 1932, however, ceused much damage by overflow. The
possibility that a flood peak rising well ahove the estimated
maximum of 35,000 . econd-feet occurred at some time prior to
1935 is indicated in drift along the banks of the Nooksack
near Deming as reported by C. E. Wiebb, District Chief Engineer
of the Dominion Water and Power Bureau in his report dated
March 12, 1935. VWebb states that "marks of a previous flood
in the nature of drift were found at an elevation of 9 feet
above stage of the measurement (of Januery 29, 1935)". This
measurement by the U. S. Geological Survey indiceted a dis=-
charge of 9,630 second-feet. Comparisons with the rating
tables for the existing station near Deming indicate that a
reak discherge of about 50,000 second-feet would be necessary
under present channel conditions to reach the stege indicat-
ed by drift. Drift deposits, however, must be regarded as
somewhat uncerteln evidence of discharge since these are fre-
quently left by jems which temporarily dam the channel. This
is especially true of the Nooksack,which is lined from source
to mouth by logs end uprooted trees waiting for the next high
water to pick them up and carry them on to the sea. (See
photographs Nos. 5, 6+, 8, 10, 22%, and 25x%).

#Not reproduced.
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Frequency

According to the best evidence avallable to the writer
there have been six periods of high watcr on the Nooksack River
between 1893 and 1941 which could be termed destructive floods.
These occurred in or about 1893, in 1909, 1917, 1921, 1932,
end 1935, or one in an averege of 8 years.

Duration
P ——

The avernge durstion of the reported floods on the Nook-
sack appears to have been about 3 or 4 days. The maximum
duration was probably ebout 8 days (1935). In the 36 miles
of its course from Deming to the sea, the river has a total
fell of 200 feet and ebnormally high water subsides within a
few hours after the causes cease to operate. The comparative-
ly long duration of the flood of 1935 wss probably due in
large part to the obstruction of the channel by ice and debris.

Damage

No estimates of damage are avallable for the earlier
floods on the Nooksack River., The damage resulting from re-
cent floods has been estimeated by the Weather Bureax as fol-
lows:

Flood of 1932 . . , y» s » 5 5 5 $100,000
Flood (and ice storm) of 1935 . . 125,000

Flood damage in the Nooksack basin as estimated includes
destruction or injury to crops, lands, houses, highways,
bridges, etc. Apert from these tangible damages must be con-
sidered the inevitable dislocations and personel hardships
which result to individuels whose property is destroyed or
whose dwellings are made unfit for occupancy even though this
is only temporary. Assuming that the six major floods of
record resulted in dameges comparable to the damage of 1932,
the totel for 48 years (1893-1941) would be only $600,000.

A certain amount of damagc has resulted from minor floods dur-
ing the period, but there is no information as to its extent.
It seems probable that the demsge from minor floods has been
confined largely to benk cutting and to crop damage along the
lower depressions in the valley floor. A conservative esti-
mate of total demege from floods in the Npooksack basin during
the 48~ycer period from 1892 to 1941 would probably not ex-
ceed $1,000,000. However, &s population grows end improve-
ments are mede on increasing scoles, ti.c annuel damege will
be proportionately greater if floods are not controlled. In
estimating demage it should also be borne in mind thet lends
subject to flooding would have 2 much greater valué per acre
if the threat of floods were removed,
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Any estimete of flood damege must take into account both
the tangible and intangible damage. It seems probable that
the latter may be a more pressing consideretioca than the tan-
gible damage. So long as there 1s no control of floods the
threat of floods remains, and in the Nooksack basin this po-
tential danger affects a wide sree along the Nooksack from
Deming to Bellingham Bay, and also in the basin of Sumas River
in British Columbia. Another half-century meay psss with no
greater damage then was witnessed in the past half-century,
but potential dangers from floods remain a constant threat to
the security of property and lives. Flood control measures
in the Nooksack Bpsin would be insurance against these threat-
ening dangers.

One feature of flood damage in the Nooksack valley is so
peculiar to this and geologically similar basins that it will
be considered in detall in the following pages. This feature
is the pecullarly destructive action of the river during high
stages in undercutting its banks so that these cave in and
wash away.

Bank Cutting by the Nooxsack River

In order to describe the bank-cutting effect of Nooksack
floods it will be necessary to consider briefly the geologic
formation of the valley floor. The river emerges near Law=-
rence from the r ~untain area to flow out upon the comparative-
ly broad flat piainof the lower valley shown in detail on the
Sumas and Bleine quadrangle maps. This broad lower valley has
been bullt up by drift and sediment carried down by the swift
currents in the upper river and its tributeries and deposited
by the more sluggish current in the lower valley. The maxi-
mum depth of this valley fill is not known, but drill logs
for scattered wells throughout the area indicate that the drift
is deep. Rough drill logs for a number of wells in the area
were obtained. Overlyling this deep deposit of sand end gravel
1s a layer of high grade soil of varying thickness. In a large
pert of the ares this soil layer is comparatively shallow, 1n
many places not more than 6 inches thick. In other parts of
the area, especially along the present river course, the soil
layer is deep, Depths of soil up to extremes of 10 feet were
noted by the writer along thec river banks in 1940. Large
areas are covered by & soil layer 2 feet 1n thickness. Thia
soil layer is rich in humus end contains enough sand to make
it friable. It is rich in plant food and makes excellent hay
and pasture land.

The deeper soil is found in the lower end of the valley.
Examination of the river channel shows that the line of sepa-
ration between soll layer and gravel layer is well above the
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surface of the river at low stage from Deming to a point about
S miles below Lynden where the line of sepsration between the
two formations drops to low water line. Downstream from a
point about 5 miles below Lynden the line of separation is

in general below the water surface, and below Ferndale the
river appears to be flowing over a wellacompacted bed of flne
silt. No coarse gravel is visible in the banks anywhere from
Ferndale to the bays This fact is highly importent in 1ts
beering on the feasibllity of dykes, The deep soil and silt
layer which forms the banks of the river 1in the lower valley
i1s a secure foundation for dykes. The construction of dykes
along the river in the upper valley would have little or no
value since these would collapse with the bank whenever the
underlying gravel is disturbed.

The soil layer ebove described has much greater stablility
then the underlying gravel. The soll layer is in general a
mixture of fine send, clay end humus which is held together by
the roots of its grass covering in e wellabound sod. Water
may overflow the river's benks end sweep over this grass and
pasture land without any serious erosion, and without other
damsge than is caused by silting. If, however, this sod layer
1s undermined by the action of the river current in washing
eway the supporting gravel, the sod layer will sag as its supe
port ylelds, and break off in more or less verticel lines of
cleavege, dropping into the river channel where it is quickly
disintegreted end weshed away, A typical 1llustretion of this
process 1s shown in photogravhs Nos. 7 and 8. Note in photoe
graph No. 7 the typlcal verticcl cleevage of the resistent
god leyer, and the sloping gravel bank beneath, T.e grovel
layer 1s so unstable thet 1t does not come to rest until it
essumes a slope of ebout 45°, Photogrephs Nos. 8 end 10%
show parts of en sree of about 40 ccres which cre rlleged to
have been converted from high-gradec pasture lend to groavel
bars and river bed by this form of erosion,

The relective stobllity of the underlying grevel varies
with 1ts silt content. This silt deposit is in part e fine
cloy which acts as 2 binding ond stabilizing cement., The
cley 1s carried o long distance in suspension and is not de-
posited in quantity until the stream reeches the flst gradie-
ent of the lower besine Or the other hand, the hecvy gravel
soon come3 to rest on the channel floor esnd very little of
it is carried by the river below Lynden except during high
stoge when the current i1s comparatively swift,

This grading ond assorting effect of the river on the
materlscl 1t trensports from the hcadwaters region 1s brought
out quite cleorly in photogrophs Nos. 12%#, 13%, ond 14+#.

#Not reproduced.
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It will be noted from these photogrephs thet large sized rock
is transported as far as Leming, thet there 1s a gredusl de-
crease in the size of transported materisl as the stream en~
ters the flat lowlends, and that there s no perceptible grev..

el content in the exposed aress of the soll of the river banks...

near Ferndale. Below Fcrndale the river benks are in general
sodded to water line,which is indicctive of a firm well-com-
pacted soll, not eesily disturbed by river erosion.

The characteristic under-cutting of the river is not =a
form of flood damage thet draws much attention from anyone but
the owner of the lond thet falls into the river. It does not
create newspaper hesdlines such as a2 house floeting away or
a bridge out. Consequently, little informetion on bank ero-
sion has come to the attention of the generel publice. Photo=-
graph No. 8, however, tells its own story. The owner of this
land said he peid $125.00 en acre for 1it.

How much good lend has been carried down river 1is not
known, and how much has been cerried down since the first set-
tlement is a matter of conjecture. Vorying tcles come from
the riparian owners,

Such informction &s con be hed from riparinn owners and
from exomination of the velley floor indicates that the total
value of lends destroyed by river erosion since the first
settlement may not be grert,s One of the lsrger and more re=-
cently eroded ereas, part of which is shown in photographs
Nos. 8 and 103, measures approximetely 40 acres. The soll 1s
alleged to have washed away by degrees since 1919, Its oriw
ginal purchose price wes rbout $5,000, This 1s apparently
an extreme cese, and probably represents the most severely
eroded aree of size rlong the entirc river, Evidence of re-
cent erosion in other areas slong the river is confined to
patches and strips withina few hundred feet of the existing
channel, On the basis of such evidence 1t 1s the writer's
opinicn that poseibly 500 ccres or somewhat more of pasture
end woodlend in the Nooksack basin mey have been destroyed
by this form of erosion since the first settlements, The
lands adjacent to the river are the best lends of the valley,

The total velue of lands in the Nookseck valley destroyed
by river erosion since the first settlement moy not exceed
$100,000. The threat of greater domcge is, however, constant-
ly presents If thls threct were removed, land values would
undoubtedly rise. Illustrative of the potentisl danger in
this form of river erosion is a2 condition now existing et a
point on the right bonk of the river at approximetely mile
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28.2, in sece 17, Ty 39 N,, Re 4 Es+ At this polnt the chean-
nel of the Nookseck River is ebout 800 feet from Sumas River
dreinage at low water stage. At benk full stage the Nooksack
River is within 300 fect of Sumas dreincge et this point.
Photogreph No, 7 shows this point on Nooksack River and shows
the characteristic undercutting in progress. Information sub-
mitted by the land owner 1ndicat ed that the Nooksack had cut
its way about 2 quarter of a mile in the genersl direction of
Sumas drainege since 1919, The average rate thus indicsat ed

is about 60 feet per ycar, The aree which still separetes
Nooksack River chennel from Sumes drainage is probably of

the same genersl geologic character as the erea that has been
eroded since 1919, about 2 feet of sodded soll overlying grave
els A high rellroad embsnkment occuples the divide between
the two rivers, but this embankment, whille effective as a bare
rier to Nooksack overflow in the pest, will offer no resist-
ance to the undercuttlng process. Unless the Nooksack is dew
flected from its present coursec at this point either by artia
ficlel revetments or by log jams, 1t seems highly probable that
future high weter may eventuelly cut through to Sumas drainage.
Should this occur during high water and should a log jam form
in such manner as to ¢ouse major diversion, the Nooksack might
discharge heevily into Sumas drelnegees The effect of such a
diversion during flood stage would be inundation of a wide
erec in the Sumes River basin on both sides of the Cenadien
boundary.

Such a possible shift in thc dralnage system of this rece
gion does not seem to be without precedent. There is much
evidence both in present surfoce geology and topography and
in the more or less legendery accounts of Indiens to indicate
that the Nooksack River at some time in the past may have
flowed into Fraser River in British Columbis throuzh the prese
ent channel of the Sumas River, Thcere are similer indications
that at one time it mey have followed the present channel of
Dakota Creek or Californic Creck to Dreyton Herbor, Within
the memory of living inhabit.unts, the river has been wholly
diverted bclow Ferndale from its old principel chennel, now
known 2s Lummi River, to its present channel discharging into
Bellingham Bryes The original mein outlet, Lummi River, is now
dry 1n its upper course (see photograph 33#) end its lower
course 1s occupied principelly by tidewater (Photogroph 32i),

One prineciprl factor in the undercutting erosion so chare
acteristlc of the Nooksack is the formation of log jams which
act as diversion dems in deflecting the current, When the
current 1s deflected by the formation of a log jam it attacks
the adjpcent bank much as the jet from a hose in hydreulic min-
ing, The underlying gravel formetion erumbles rapidly under

#Not reproduced,
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action of the direct current and the overlying sod caves and
breaks. A wide area mey be disintegrated in this manner be.
fore the deflected current has completed a sufficient exca-
vation to permit free flow around the obstruction.

Bank cutting 1s nct alone destructive of the better solls
of the Nooksack valley. It is a distinct threat of inundation
to the Sumas valley in British Columbia,

History of Control Measures

Sevei al measures have been tried in combatting erosion by:
the Nooksack since settlement of the valley, In the lower
valley, principally in the area between Lynden and Bellingham
Bay, low dykes have been built from time to time financed by
eounty taxation and by individual enterprise, Plles have been
driven as revetments and deflectors, and various types of shear
walls have been constructed in the mare criticel areas along
the river chaennel from Ferndele to points above Deming, and
on the South Fork Nooksack River, Lesrge sums, it 1s understood,
heve been appropriated for this work by the County from time
to time,

The establishment of vegetative covering to reinforce the
river banks by binding the gravel is being tried in several
short reaches of the main stream end on the South Forke This
work was begun about 1934, and has been carried out under the
supervision of the State Department of Conservation and Devel-
opment, Various forms of brush mats and fascines are used to
protect the benks from erosion while willows and other vegee~
tation gain a foothold (see photographs 15%, 16, 18, 193,
20, end 21i),

PROPOSED CONTROL MEASURES
Such informetion os 1s avallable from the history of past
floods in the Nookssck Valley indicates that sny plan for the
effective control of floods in this basin must embody three
essential fecatures:

(1) Sufficient storage to reduce the daily discharge
to possibly 206,000 seeond-fect at Deming,

(2) Dams for collecting debrise
(3) Chennel improvement.

#Not reproduced,

45



Storage for Flood Control

It is the writer's opinion thet adequete protection asgainst
overflow in the valley of the Nooksack River below Deming could
probably be hed from storage sufficient to reduce the dally
mean discharge of the river to 20,000 second-feety Some bank
erosion in the arec above Lynden would probably result from a
flow of 15,000 second-feet, but the exlsting channel as enw
larged by existing dykes will probably cerry 20,000 secondwfeect
without serious overflow provided the chennel is kept free from
snags and driftwoods

This estimated cepecity is based on statements of riparian
land owners and on the discharge record for the Nooksack near
Deming. It was the opinion of seversl residents slong the
river, os expressed to the writer in 1940, that no serious overw
flow has occurred since the flood of 1935, Discharge records
et the station near Deming show the following daily means and
peaks:

B Second-feet

Date 3 ean 3 Peak
June 21, 1937 18,600 : =--
October 28, 1937: 21,600 : 33,200
Janurry 1, 1939 : 19,000 ¢ 23,000

The almost unanimous opinion of the downevalley residents
that there had been no serious overflow on these dates indicates
that the chennel, es now enlarged and reinforced by dykes, will
cerry 2 mean flow of 20,000 second-feet far a 24~hour period
without damege from overflowe Slope~arees computetions indie
cete thet flow which mey continue over s 24-hour period in the
channel below Deming without overflow, may continue indefin.
itely without overflow. If the peak flow of 33,200 seconde
feet on October 28, 1937 hed econtinued throughout the day it
is probable that serloms ovarflow woudd have occurred in the
lower valleys The mean for the dey was only 23,600 secondw
feets The mean for the praceding day (October 27) was only
74300 second«feety With a flow of only 7,300 secondefeet
there was sufficiont empty storage sapace fn the downevalley
river chennel te nccomncdate the suddem iprush from the peak
flow of Qetober 28, The storesge space in the channel between
Bellinghem By snd Lewrerice 1s estimated roughly at 11,000
acremfect with existing dykess Thils es{imate is dased on
plenimetric mersurcments of the river survey., Only a small
prrt of this cepecity 1s required to nccomnodate flow at low
stages,

Rough slopeearea computations indicete that the Nmoksack
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River at benk full stage will have mean velocities ranging from
about 6 to 7 feet per second in the reach from Lawrence tc
Bellingham Bay. Assuming a mean veloclity of 6 feet per second,
the 30-mile reach of chennel below Lawrence would empty 1itself
every 7.3 hours.s This rate of discharge would give the chennel
the equivalent of o deily storage ceprcity of 36,000 acre~feet,
This indicctes that the channel would accommodate e dally mean
flow of 18,000 second=fect without overflow, which checks
roughly with other informetion indicating a carrying capacity
of perhaps 20,000 second-feet,

Assuming that the existing chennel of Nooksack River will
carry o dally mean flow of not more then 20,000 second-feet,
required storrge for flood control would have to accommodate
any surplus flow over this deily meen, Past records or reports
of discherge or stoge contaln no evidence indicating that a
peak flow greater than 50,000 sccond-feet has occurred in the
Nooksack River, The possibility of a peak flow of 50,000 sec-
ond-feet at some t ime in the past has been suggested by evlidence
of river stage in the form of water deposited debris. This
evidence 1s et best uncertaln in o streem. such es the Nooksack,
which trensports large numbers of logs and uprooted trees dure
ing high stage. These frequently Jjem and ceuse a temporary
backing up of water,

In so fer as may be estimated from indications of stage
end duration s herein described in connection with history
of past floods, 1t seems probablc thet no flood during the pres=
ent century hrs exceeded ¢ pecek discharge of 50,000 second-feet
et Deming, ond during no high watcr period hes the river re-
mained at flood stage for more than possibly 5 consecutive dayse
The severe flood of 1935 wes appcrently prolonged by ice jams
cfter the rate of dlschergc dropped. Assuming the possibility
of a mean dischorge of 30,000 secondefeet at Deming over a
S5-day perlod, £ total run-off of 100,000 ccre-feet in excess
of the cstimated carrylng cepaclty of the channel would prob-
ably have to be stored.

Flood Control Storage Sites

Threc potentiesl reservoirs 1in the Nooksack River basin,
if geologically sulted, could bec developed for flood control.
Thesc sitecs hove been described herein under the discussion
of "Storage Sites" (sce prge 8)es They are es follows:

l, Deming reservolr site (12PB 16) on Nookscck River,

2+ Mile=~1l8 reservoir site (12PB 2) on Nookseck River (or
North Fork)e.

3¢ Edfro Creck reservolir site (12PB 14) on South Fork No.ksack
River, .
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Deming reservoir site (12PB 16). Development to capacitiy
of the Deming reservolr site would obviate necessity for other
flood storsge space., This recservoir site hes a capacity of
500,000 ecre-fect if fully developed (see page 12).

Mile-18 reservoir site (12PB Z2)s If the proposed Deming
dem 1s not tuilt, development of [lood storage space at the
Milewl8 site on the North Fork of Nooksack River (or main
stream), and, at the Edfro Creek site on the South Fork, might
be feasible, and would give & substantisl degree of protection
against floods, The two sites have about the seme mean ennual
run-offe This is estimated at 504,000 acre-fecet for the Edfro
Creek site on South Fork and about 455,000 acre«~fect for the
Mile-1l8 site on North Fork, assuming diversion of Wells Creek
into the Mile=1l8 site,

The mean annunrl runeoff et the Mile-1l8 site on North Fork
including the ereas of the proposed "ells Creek diversion, 1is
about 20 percent of the run-off et Demings The mean annual
run-off at the Edfro Crcek site on South Fork is about 23 perw
cent of the runeoff st Deming, Thec combined mesn run-off at
the two sites is therefore about 43 percent of the run-off
at Deming, However, the two forks heve a widely different
regimen, end flood peaks at the two sites ere rarely, if ever,
concurrenty, The efficacy of the two rescrvoirs in reducing
flood peaks st Deming would accordingly be less, probably much
less, than e reservoir of equivelent capacity at Dominge

Agsuming thet ¢ mcen discherge of 30,000 second-feet at
Deming were to continue for 5 days, it would then be necessary
to store 100,000 acre-~fcect, the excess run-off over the esti-
moted channel capacity of 20,000 second«feet, Agsuming fure
ther that nearly £ll of the flood flow were contributed by only
one of the two forks, and giving some weight to relative draine
gge arees, 2 storege capeccity of 110,000 ecreefeet at the Ede
fro Cresk reservolr site end 90,000 ccreefeet et the Mileel8
site would appeer to be sufficient protection against floods
such as have occurred during the past helfecenturye

If the entire spsce to be utilized for flood storage were
reserved solely for this purpose, o totel storege capecity of
about 200,000 aocreefest would be necessary at the Mile«l8 site
under plocns for power development hereln described, A dam to
store 200,000 acreaefect at the M{leel8 site would probably be
about 240 feet high mecsured from water surfece =t the dam site,
The river survey does not show topography to this full height,
The estimated height of dam is obtecined by projection of the
copeelity curvee A 240-foot dem would flood about 1,850 acres
of timber lande
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Edfro Creek reservoir site (12PB 14), (See description
of this site on page 11). If this site were developed solely
as a flood control project, storage of the estimated require-
ment of 110,000 acre~feet could be developed by construction
of a dam 193 feet high, flooding 1,330 acres. If storage
gpace recuired for flood control should be developed in addi-
tion to the full storage space proposed for power only, a total
reservoir capacity of 410,000 acre-feet would be necessarys.
This would require e dam 354 feet high as measured from natu~
ral water surfece st the dam site. A 354~foot dam would ine-
undate 2,370 acres.

Debris Dams

The construction of a dem on the main river above Deming
or dems in the lower reaches of each of the 3 forks would probe
ably do much to reduce the damege from overflow in the lower
Nooksack Valley, and would probebly also reduce materially the
damage from bank cuttinge Drifting logs, ceught in jams, have
doubtless been mejor contributing causes in past inundations
of parts of the valley,

The log jem which formed in February 1932, above the Cedarw
ville railroad bridge 1llustrates this point, The river eap-
pears from the testimony of local residents to have been well
wli thin its banks at Cedarville, but the lcg jam at the railroad
bridge about 2 mile above the town acted as & diversion dam to
raise the river level until it overflowed its right banke The
overflow followed a shellow draw snd spread out in a broad sheet
in the vicinity of Cedarville,s When the bridge was washed out
and the log jem broke the water quickly »eceded from Cedarville,
Hed the log jem not formed at the bridge, the river channel
would probably heve accommodeted the peak discherge, at least
in the reach gbove Lawrence,

Not only do log jams contribute to overflow, but these

nlso a¢t to accelerate bank cutting by directing the river cure
ent into its banks. Residents clong the river tell of geeing
this process in operation, A drifting log 1s grounded in a
shellows; ecnother drifting log catches on the first, and
another, and soon the jom effectively blocks the onward current,
deflecting it at an angle into the river bank, The loose grave
el of the bank ylelds end the more resistent soil layer on top
buckles and breaks into clods which fell into the channel and
wash away,

The character of debris transported by the Nooksack River

1s not such as to restrict the use of eny dem to debris cole
lectione Any dam on the Nooksack or its forks could serve the
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meltiple purpose of debris collection, storage for power and
storage for reducing flood stage. Debris in the Nooksack

River consists principally of logs and uprooted trees (see
photographs 5%, 6%, 8, 10%, 22#, end 25#)s The current also
transports grevel and silt, but it 1s not belleved that these
latter would meterielly interfere with the use of the debris
dems for the multiple purpose. Silt 1s carried to the mouth

of the river. Coerse river gravel 1s carried by the channel

as far as Lynden, Cobbles 6 inches or more in diasmeter are
carried as far as Veming. Depositions of silt and gravel would
1imit the 1life of any reservoir, but would not seriously impair
its velue for power or other use,

Logs and uprooted trees would probably not accumulate to
the extent that they would seriously interfere with reservoir
opera tione Thelr removal from reservoirs would entail some
expense, but this could probably be reduced to some extent
by salvage operationse A part of the drifting timber is sult-
able for lumber and could be collected at the reservoir and
transported to millsat a compearatively low coste

Sites suitable for debris dams could be found on the Nookw
sack neer Deming or at Meple Fglls, The Edfro Creek site on
South Fork would be valueble for this purpose. The Mile~l8
or Mile~16 sites on the main stream (or North Fork) would have
some value for debris collection. The Middle Fork 1s wothout
any reservolir site of value for any other purpose, but debris
collection would probably be possible through construction of
a low dam near Kulshen, Construction of a debris dam on the
main stream near Deming would obviate the necessity for debris
dems on any of the forks,

Any of the proposed dams on Nooksack River and its tribu-
taries could be mede to serve the purpose of debris collection
without materiel change in proposed reservolr cepacity, as
estimeted for power development end flood control,

The term "debris dam," as used ebove, is meant to desig-
nate any dam, the primary purpose of which would be debris col=-
lectione The design of such a dem for any site on the Nooksack
River would not necesserily vary in any essential deteil from
the design of a power or storage dam, If, however, it were
designed for debris collection only, 1t might be a comnarative=
ly low dam, creeting only enough lake surfocec to float the max-
imum probable load of logs cnd driftwood until this meterial
could be cleared from the lcke surfece, Materiel not worth
selvaging could be hauled to the shores The lake level could
then be lowered, leaving the debris to dry before burninge
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Channel Improvement

To the c¢xtent thet channel imprcvements, inecluding dykes,
revetments, vegetestive covering ond rerouting are possibie,
these will reduce the rcquircd storege spececes To whaet extent
funds expended for such improvcments mcy be more effective then
if expended for storegc spece depends on o number of factors
regording which there i1s at prescnt inedequate information.

For a study of chennel improvements the mein river may
be divided roughly into two parts, the reach from Lynden to
Bellinghem Bay, and the reach from Lynden to Deming,

Dykes could probably bc constructed slong the entire river
course from a point 2 few milecs below Lynden to Bellingham Bay.
These could probably be built to 2 height that would retain
within banks eny rete of discherge that could be contained
within the channel ebive Lynden where dykes ere not practice
able due t> the unstable gravel. Dykes heve beon in progress
of construction in the ares below Lynden for many years, and
haove been helghtened and strengthened from time to time as
the necessity became apprrent, Exlsting dykes with some cddie
tion to present height ond the construction of new dykes in
certain arees, would probebly protect the lower valley proe
vided storage 1s developed in sufficient volume to reduce flood
dischorge to 20,000 second-feet at Deming, ond provided there
1s effective debris control. Vegetative covering along the
channel below Lynden would strengthen the dykes and help to
preserve them against erosicn, A successful stort hes been
mede with willow plentings in sevoral oreas below Lyndens

In the asres ebcve Lynden the grovelly banks will prevent
successful dyke construction unless the exposed edge of the
underlying grevel stratum can be seasled by vegetative covering,
or by artificiel neans.# Dykes cen in no wey prevent or retard
the destructive ..dercutting action of the river current, Sev-
eral areas elong the river in the resch from Lynden to Deming
have been plented to willows in recent yecers. This vegetatlve
covering has mede en excellcnt start, and may contribute greate
ly to a solution of thc bank-cutting problem., Maintensance,
however, 1s equally important to this vegetetive covering as
it 1s to ertificlal revectments, and the .success of the projects
will depcnd lergely upen the cere given to them in the luture,

#A flexible concrete mat developed by the Army Engineers
for rcvetment elong the lower Mississippi River 1s de=-
scribed on page 125 of thc Engineering\ News-Record of
September 20, 1945. This type of met might prove effectw
ive in those rcaches of thc Nooksack where grevel 1s too
coerse and unstable to favor vegetative covering.
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Piles, cribs, deflectors and most forms of revctments
can have only a temporary restraining action on the current in
the area above Lynden. Any deflection of the current starte
trouble elscwhere. Plles and cribs hold until the current
graduelly works behind them, Eventuelly they ere left stand-
ing in the middle of 2 new chsnnel, isolated on dry ground or
otherwise circumvented, (See photograph No. 25#), Many years
of experience in combatting the Nookseck River in the reach
above Lynden by revetments hes shown thet these structures do
not afford permanent protection, It 1le necessery that they
be supplemented from time to time Y £ new structures as the old
give way, By deflecting the current, revetments also create
areas of erosion elsewhere. Revetments in some form will probe
ably always be necessary, however, in the area above Lynden
unless the channel can be rerouted through an asrec less subject
to erosion. If, however, adequote storage 1s developed at pro=
posed reservolr sites upstream, this ghould greetly reduce the
necessity for new revetments and should help substentially to
preserve existing revetments,

As s more lessting solution of the problem in the area above
Lynden, it might be worth whilec to give some study to possible
rerouting of the chennel, Information now availablc is not
sufficient to serve s a basis for anything but the Lost gene
eral suggestions with regard to possible chennel reroutinge

A broed peat marsh extends with some discontinuity along
the lower ground from &2 point on the south or left bank of the
Nookscck near Everson to o point neer the river severel miles
below Lynden., This peat formetion hos accumulsted in what ape
pears to have been river becd at one time. Fountaln Lake and
Wiser Lake now occupy shallow basins in this area., The depth
and cxtent of thls pecat formation is not definitely known, A
part of the area wos exemined by the writer in 1940, but no
depth determinations were mede, It was noted, however, thot
a newly dug ditch in this area, heving maximum depths of about
5 feet was wholly in fibrous peate Flbrous peat is resistant
to erosion, and will w! thstend a considerable current before
yielding.

Extensive surveys of the peat areca along the left bank of
the Nooksack below Zverson will bc necessary before any conclue
slon may be reached regerding the fecsibility of routing the
river through thls area,

From Everson to Deming, the river hes eroded a wide chane
nel, and, although much of this chanpel is compcratively shallow,
its avercge gredient of 10 feect per mile compesres with an avere
age gradicent of only 3.2 fect per mile in the reach from Evere
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son to Bellingham Bey. If storage of sufficient volume were
available to reduce floods to 20,000 second-feet as measured
at Deming, there would probably be no overflow in this area,
This reach of the river presents the most serious problem of
bank cutting and the solution must depend on revetments, or
vegetative covering, or e combination of them., From Deming to
Lawrence, however, the velley floor is comperatively narrow,
and therefore offers a more restricted erea to river erosion
than 1s the case below Lawrence.

IRRIGATION IN THE NOOKSACK VALLEY

A detaliled study of irrigation possibilities in the Nook-
sack valley i1s beyond the scope of this report. It is desired
herein merely to call attention to these possibilities, and to
thow in a general wey the reletionship between irrigation from
the Nooksack River and other possible uses of its water, esw
peclally power.

Thet irrigation will have its part in the future develop-
ment of sgriculture in the Nooksack valley, 1s generally ac=-
cepted by many of those who have studied the problem. Several
small projects in the valley have elready demonstrated that
irrigation will moterielly increcse the yleld of meny of the
standard crops. A frcrmer near Lawrence reported (1940) that
he hod more than doubled the yleld of alfalfa and begns from
a small field by irrigation. He pumped water from a well and
applied 1t by a power spray.

It will be noted from the table of mean monthly precipita-
tion (page 4) for stotions in the Nookssck River basin thet
comparatively little rain fslls in the lower velley during sum-
mer. The station r* Marietta, locoted nesr the mouth of the
Nooksack, shows a 27-year mean of only 4.91 inches for the pee
riod from Moy to August, inclusive. The 27-year mean for July
1s 0.89 inch, and for August i1t is 0,86 inch., A slightly great-
er precipitation probably occurs throughout the agricultural
area from Marletta to Lawrence, The station et Glacier shows
a consliderably greater precipitation, but this station is lo=-
cated so far upstream thet it does not represent conditions
in the lower valleys The meen precipitation throughout the
agricultural area probably ronges from § to 6 inches for the
4-month season of May to August, inclusive, ond this area
probably recelves less than 1 inch of rainfall during each of
the months of July and August,
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A total rainfall of 5 or 6 inches during the 4.month pe-
riod of May to August would be a limiting factor in crop pro=-
duction even though it fell under the most favorable conditions
for plent use, and on the most retentive soil., Such favorable
conditions, however, do not prevall in the Nooksack basin,
Summer precipitation in the lower valley comes mostly in the
form of light showers which do not penetrete the soll to any
depth, and a large percentage of the molsture evaporates withe
out reaching plant roots. After crops reach a certein stage
of growth & large percentage of this light summer precipitation
comes to rest on the leaves or blades of the plants, and is
eveporated without even coming into contact with the soil,

In much of the agricultural area of the Nooksack valley, more=-
over, the subsoil is not retentive of molisture, and water that
percoletes through the topsoil is rapidly drained away by the
grevelly underleyer. Becsuse of this low retentive capacity,
the duty of weter i1s correspondingly high,

As a fair mersure of the shortage represented by 6 inches
of reinfell in the 4-month period from Masy to August, comparie
son may be made with the probable requirement for fuil irrie
grtion based on practice in other areas, The sctual duty of
weter in the Nooksack valloy, as elsewhere, cen he determined
only by trisl., The region has the great edvantage of a moder=-
ate summer temperature with little wind, Evaporation losses
shculd accordingly be smell, On the other hend a gravelly sube
soil throughout most of the erea conduces to low retentive
capacity and a high resultant seepege losse Soils in much of
the area dry out eecrly in the season, end grass in many locale
itlies turns brown by midsummer unless rein is ebove normel,

In late June, 1940, the wrlter tested the subsoil in a wide

area of the lower valley and found 1t comparatively dry, ese
peclally in spots where the topsoil wes thine, Allowing for

the more favorable summer tempercture, the requirements for
irrigetion In the Nooksack valley would probably be somewhat
less then in the vicinity of Medford, Oregon, where 4 feet of
weter 1s considered the normal seasonel requirement. Possibly
S feet, inclusive of rainfall, would suffice for the Nooksack
valley, of which et leest 2 feet would normally be applied in
the 4-month period from May to Auguste If 6 inches of water
falls as rein during this period it would represent only 25 pere
cent of the normal requirement for complete irrigetions 1In
terms of irrigation it would represent a shortage of 75 percent,
or 18 inches,

It would accordingly seem thet the complete irrigation of
lands in the Nooksack valley should supply & normel deficiency
of perheps 1.5 feet of woter, The Sumes and Blaine topographe
ic maps show that a maximum of perhaps 130,000 acres between
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Deming and the ucean, including Dreyton Harbor drainage, may
be sufficiently level to be susceptible of irrigaetion either
by grevity or by pumping. Agsuming the feasibility of such
irrigetion, the meximum annuel requirement would approximate
200,000 escre-fect., Of the total of 130,000 ecres that may be
aufficiently level to irrigete, possibly 70,000 acres could be
reached by gravity concls. The remaining 60,000 acres would
require pumping with 1ifts ranging up to 100 feet or slightly
moree

The prepsration of even the most tentative design for this
irrigation projeet is beyond the scope of this report. The foree
going estimates are based on the possibility of two main canals
diverting below tellwater from the proposed Deming power house
at a water surface elevation of about 200 feet. One canal,
following the right bank, would commend the area shown on the
Sumas quadrangle lying north of the Nooksack River and east
of Johnson Creekes The other canal, following the left bank
of the Nooksack, would command the grester part of the area
shown on the Sumas and Blaine quadrangle maps lying south of
the Nooksack River. A large part of this srea could be supplied
by a diversion near Lawrence at water surface elevation of
about 100 feet or slightly higher. An edditional ares lying
above the elevetion of these canesls could be reached by pumping,
if economically feasible, This higher srea, extending roughly
from Bellingham north end east to Cedarville, could also be
irrigeted by grevity, assuming diversion of the Nooksack at an
altitude of 300 feet, If a dem were constructed at the Deming
dem site with crest at an altitude of 321 feet, a canal diverte
ing at an eltitude of 300 feet could be supplied from the rese
ervoir by gravity so long as drawedown did not bring the resers
voir surface more then 20 feet below crest, and a comparatively
low 1ift would be 2ll that would ever be required under normal
conditions of reservoir operation, Assuming construction of a
dem at the Deming site, o diversion at about 300 f eet might be
more economical then to depend solely on & pumping plant downe
stream, Any diversion for irrigation at on elevation higher
than tallwater at the proposed Deming power house would mean a
drop in the potential power at this site,

The lerge area, about 40,000 acres, lying north of the
Nooksack River and west of Johnson Creek, will he dependent
almost entirely on the feasibility of pumpings

The reletive merits of pumping end grevity methods will
need to be studied in great detell for the entire iprigable
area before & plan ¢nn be worked out which will meke the best
use of sdvantages offered by topography. Detailed soil classie
ficetion must clso de mede a8 a basis for satisfeotory plenning.
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The soils in some areas of the Nooksack valley may not be of
sufficient depth or fertillity to Justify irrigation. In other
low areas the need will be for drainege rather than irrigation,
except possibly for a brief period in July end August,

Agsuming on the /besis of the foregoing that the maximum
annual needs for irrigation in the Nooksack valley will not
exceed 200,000 acre-fect, this quantity of weter could be
considered as evallable either as natural flow or under any
system of regulation 1nvolv1ng storages The schedule for dis-
tribution used by the Grants Pass Irrigation District in .
Oregon would prébably be roughly applicable to the Nooksack
valley., Over a 6eyear period prior to 1936 the schedule fole~
lowed at Grants Pass was approximetely as follows:

Month ° rercent
pr 5
Mey 10
June 20
July 30
August 25
September 10

On the basis of this schedule the distribution of 200,000
acre-feet in the Nooksack valley betwéen May end August would
be made approximately es follows:

Month Acre-feet

vy 230666
June 47,000
July 70,000
August 60,000

It will be seen from the record of run-off at Deming (page
50) that at no time since the establishment of the gaging sta-
tion hes the rune«off fallen below the Qquentities required to
meet this rate of dlstribution and that in neerly ell months
of the record the rune.off was much greater then the estimated
requirement.,

Under a system of complete pegulation the rate of release
at Deming might possibly be geared to & power demand scheduls,
dbut it 1s not likely thet this would interfere with the irrie
gation demand schedule es outlined, The mean annuel run-off
at Deming from 1936 to 1940 wes 2,211,000 ecre-feet, or a
monthly mean of 184,250 acre~feet, It is highly improbable
that operation of this reservoir for power from variable head
and flow would result in eny maeterial shortage for irrigation,
It seems probedble, therefore, that an abundant supply of water
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for irrigation in the Nooksack valley 1s assured, either from
natural flow or from artificial regulation., Should the South
Fork of the Nooksack River be diverted into the Skegit River,
thereby reducing by about 25 percent the flow of the maln
streem at Deming, the margin of surplus flow would be reduced,
but at no time during the period of the record could a shortw
ege have resulted from such diversion. (See table of run-off
for Nookssck River at Deming, page 59). The full estimated re-
quirement of 60,000 acre-fect for August would heve been met by
only & narrow mergin from neturel flow during & of the 7 years
of the record, but, under a system of reguletion the margin
would probebly heve been omple,

Agssuming diversion of South Fork into Skagit drainege, and
assuming a requirement of 60,000 acre-feet for irrigation in
August, edditional storage at Deming or at some site on the
mein stream (North Fork) would be necessary in order to ascure
a dependable supply for any cdditionol purpose such as municipeal
or domestic use.

The foregoing does not teke into account the loss of water
in distribution. Iprigetion ccnals dug in the gravelly subsoil
of the Nooksack valley would probably leak badly unless lined
with some waterproof material. It 1s probable, however, that
in time the fine glecisl silt carried by the river would settle
in canals in sufficient quantity to reduce seepage losses
materially. Since, under a2 plen for storage, much of the silt
would settle in the upstrerm reservoirs, downstreem cenals might
heve to be in use for a long time before a sufficient quentity
would settle in them to reduce seepage losses effectively.
Effective sealing of the cenals would teke place in & much short-
er time 1f water were not stored but were allowed to enter the
cancls with its full loed of suspended silt.

DOMESTIC WATER SUPPLY

A discussion of this problem is beyond the scope of this
report. It mey be stated, however, that towns end rural homes
in the lower Nooksack valley, end also the lower Skagit valley
to the south, heve a poor quality of water for domestic use,
Anclyses ere not avnilable, but such information as cen be had
indicates that the chief impurity is organic matter, much of
it possibly decryed vegetable matter, Well drillers in the
lower Nookssck velley heve frequently encountered buried logs
at consldersble depth, A largo ores in the lower valley floor
is covercd with peat. Wwater from many farm wells in this areas
1s slightly discolored and hos o taste indicetive of orgenic
impurities, Several wells in the area have been sunk to cone
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siderable depths (see well logs in sppendixi#) in search of pure
water withoug success,

Any diversion from Nooksack River or its tributaries above
the settlements in the lower basin would provide water for do-
mestic use far superior to the water now in use over most of
this areas The silt in the North Fork discharge during part
of the year would have to be removed by settling or otherwise
before the weter were piped into residentiol areas, Organic
impuritiss would probably be very low in water from any source
ebove Saxon Bridge on the South Fork and above Helsler Creek
on Middle Fork. The small scattered settlements along the main
stream (North Fork) ess far up es Glacier, would subject this
stresm to a slight degree of contamination,

It would be possible to supply many towns and some rural
arees in the lower Nooksack and Skagit River basins with water
from the Nooksack River or 1its tributaries. As a project prie
marily for domestic end municipel purposes, a distribution







Run-off in Acre feet, Nooksack River above Cascade Creek
(Area « 105 square miles)

Month:1937«38:1938w39:1 w40:1940wd 1%
Octe : 45,850: 29,600: 37,680: 62,160
Nove. ¢ 52,670: 23,950: 40,890: 24,130
Dec. ¢ 42,060: 47,160: 83,240: 42,090
Jan. : 26,540: 39,830: 37,180: 26,340
Feb., : 10,210: 11,460: 26,630: 23,050
Mar, : 18,990: 20,610: 34,990: 21,640
Apr. : 36,340: <4,560: 33,750: 32,370
May ¢ 67,400: 87,240: 78,690: 54,170
June : 89,610: 83,440: 60,570: 53,150
July ¢ 71,200: 88,260: 44,570: 48,340
Aug. ¢ 39,310: 47,640: 33,0203 25,090

Septes 29,990: 25,6103 25,330: 37,180
Year :550,170:540,360 3586 645;433.710
#Not included in compufutiona of this report,

Run-off in Acre-feet, Nooksack River at Excelsior
(Area = 96 square miles)

Month: 1920-21
ep o? ’
Oct. ¢ 73,200
Nove ¢ 30,500
Dec. ¢ 23,000
Jan, : 20,800
Feb, ¢ 29,800
Mer, ¢+ 20,000
Apr. H 20'500
May : 62,100
June : 118,000
July ¢+ 79,300
Aug. ¢ 57,100
Septe: 41,500

Run-off in Acre-fect, Middle Fork of Nooksack River near Deming
(Area - 70 sguare miles)

Month:1910-2031020=2l : 1933=34 : 105435

Oct. : s 78,100¢ : 29,

Nov. @ : 34,800: ¢ 54,950
DecCs : 34,400 s 53,290
Jan. ¢ 30,700: s 53,340
Feb. 3 s 47,500: 29,500: 37,240
llar. @ : 22,300: 37,060: 15,190
Apr. : : 22,600: 32,930: 12,360
Mey : 48,000: 42,300: 28,160
June : s 71,400: 24,840: 30,090
July : s 40,200 27,040: 22,500
Aug. : s 25,600: 20,420: 15,350
Septe.: 47,400: 25,800: 23,640: 20,840




Run-off in Acre-feet, South Fork Nooksack River et Scxon Briuge (irea - 129 sqe mi,) |

Month:1920. 21 :1033. .22

Tuly ) : 68,900
Aug. @ : 22,800
Sept.:107,000: 56,000
Oct. :116,000: 82,470
Nov. : 60,700: 66,550
Dec. :148,700
Jan., ¢ 71,300:130,600
Febe @ ¢ 57,800
Mar, : : 72,310
Apr. : s 56,370
May : 64,6003 51,690
June : 66,000: 22,170
July : 21,660
Auge ¢ 15,000: 11,460
§gpt.: 64 300: 21 ?490

s748,300 (Water year)

Run-off in Acrc-fect, South Fork Nooksack River near Wickersham,(Area - 103 sqe. mi.)

fonth:1933-54 4-35:18 -3-- 936=37:1937-38:1938-39:1939=40:1940~41
Octe ¢ e » D 4 O: 10,100 41,0303 2040 " 34’
Nove : : 86,230: 27, »490: 7,52Cs 98,78C: 37 340: 52,690: 37,100
Dece : : 69,960: 37, 870 71,440: 76,940: 83 890: 94,400: 61,550
Jan. : 2103,800: 55,800: 11,910: $1,500: 76,130: 40,430: 58,290
Feb. : : 53,390: 21,540: 17,230: 21,080: 24,730: 55,570: 35,950
mar, : : 32,650: 45,780: 47,580: 35,340: 38,310: 72,980: 35,300
Apr. : : 28,280: 68,580: 55, 020- 59,130: 55,580: 41,4603 26,940
May : 43,910: 59,140:102,500: 75 640: 56,240: 76,8370: 47,760: 43,780
June : 18,340: 54,190: 67,560:103,500: 32,430: 63,230: 18,410: 21,380
July : 17,260: 25,240: 22,020: 24,010: 12,550: 39,690: 7,570: 8,630
Auvg., : 8,460: 8,670: 8,140: 11,660: 6,300: 11,140: 5,880: 6,370
Septe: 18,230: 19,490: 13,080: 7,420: 5,140: 9,030: 4,840: 43,680
otal: 2072 24 500:443 :496,460: 480:4 00:4
#hot Included tn computations of this reporte
61



GEOLOGIC RECONNAISSANCE

Maple Falls Dsm Site
Nooksack River, Washington

By
Je Ce Miller

The proposed dam site near Maple Falls is covered with a
dense brush and second-growth timber so that it was rather dif-
ficult to make anything but a cursory examination of geologic
conditions in the vicinity of the stream channel. The high
water during the day when thls examinetion was made and the
lack of a boat prevented close inspection of the left or south
bank of the river,

) On the right or north benk the exposed rock may be classed
as a greenish andesitic agglomerate, the highest part of which
was observed at epproximately 50 feet above water-level, Ad«
Jacent to this outcrop on the upstream side, gravel and alluve
ium extend from water level to thc top of the slope and no
andesite 1s exposed., On the left bank rock similer in sppear-
ance protruded from the brush at the same level as or slightly
higher then that on the right bank to a height sbout 10 feet
above water lsveles The length of both outcrops perallel to

the stream is estimated not to exceed 200 feet before they dise
appear beneath th: alluvium. The igneous rock on the right
benk 1s similar in eppearance tc the agglomerate which occurs
high on the right bank of the North Fork of the Nooksack River
at the Mile 18 dam sitc, cnd perheps older than the basalt or
endesite with the columner jointing which occurs farther up~
stream high on the left bank of the river at Mile 16,4 dam site.

No outcrop of sedimentery beds was observed et the Maple
Falls dem site, and on the basis of the present examinction
the depth of alluvium and the thicknessof the extrusives cane
not be estimeted. If the northward dip of 67 degrees observed
along the road cut in the Sw=1/4 of sece 27, Te 40 N., Rq 6 E,,
We M., persists in sece 31 of that township beneath the ande=-
site flow and the 2lluvium, sedimentary beds striking diagon-
ally across the stream may be present et depthe A simllar dip
appears to have contributed to the rock slides on the north
end of Slide Mountain., In the NWel/4 of sec. 22, T. 40 N,,

Ry 6 Es, o thick limestone shows & steep dip to the north of
approxima tely 80 degrees,

In view of the cover of alluvium and the sppsrent lack of
80l1d beds more then 50 feet ebove water lcvel, a dem at this
location could not be very highe The rock on the left bank is
probably firm and dense enough toc support a modersiely high dem
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provided it 1s of sufficicnt thickness., Whether this extru«
sive merely covers o0ld slluvium or immediately overlies sediw-
mentary or metamorphic beds is not known, and either drillin
or geoph{sical explorations will be necessary to determine the
desirability of this site. A careful inspection of the left
bank, however, and a detalled survey of the entire basin might
reveal some merits of this location not observed during this
brief examination.

GEOLOGIC RECONFAISSANCE

Mile 18 Dam Site
Nooksack River, Washington

By
Je Coe Miller

Except in the immediate vicinity of the Mt. Baker highway,
the entire area of the proposed Mile 18 dem site on the North
Fork of the Nooksack River is heavily wooded., No solid rock
appears on the north or right bank of the stream below the highw
way until an elevetion epproximately 20 feet above water level
is reacheds This bed of broken, Jjointed rock presents the
appearance of a solid mass extending ebout 150 feet upstream
and probably 200 feet downstream from the site., This rock,
which extends across stream from bank to bank, may be classed
as an olivene andesite or a greenstones VMo thin sections of
any of the rocks exposed were prepared for petrographic exam-
ination, Downstream where the stream turns sharply southwest,
the top or highest part of this bed stands at & helght of 50
feet above water, Bencath the footebridge and elsewhere along
the proposed site there are glaciel striae on isolated exgo«
sures of endesite, the general direction of which striae is
parallel to the streams This very hard dense bed in the stream
eppears capable of supporting a dam if there is sufficient
thickness below stream level,

On the small creek proposed for a spillway the exposure
of epproximately 70 feet of endesite facing the creek hes no
counterpart on the south bank or abutment portion of the site
although several very large boulders were cbserved. The lcft
or south benk of this creek and thet portion of the hill approxe
imetely 200 feet above it were covered with alluvium which may
" heve obscured the outcrop. On the right or north bank of this
creek, however, below the escarpment of endesite, nor ock in
plece was observed, The conclusion resched 1s thst the lower
76 feet of the spillway site would be subject to scouring une
less the upturned edges of the older formetions are present
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at relatively shallow depths, The few exposures observed along
the dam site suggest the poss!bility that varlations in the
amount of andesite exposed may be due to variations in thicke
ness of the flowe

The proximity of these exposures to the flows shown on the
areal map of the State suggests that the andesite flow or flows
descended into the valley from the southeast tending to dam
the stream and thet sharp changes in grsdient may be caused by
the cascading of successive flows within the stream bed or by
erosion of the stream headward along successive flows, Fault-
ing and glacial action could have produced the same result.

The precise width of the original stream valley, however, 1s
not known as it was undoubtedly gltered by lava flows and by
glacial action, The thickness of the andesite et the site may
be 70 feet or more. It 1s very hard and dense, but joints tend
to make 1t susceptible to leaskagce. It occurs at an elevation
epproximately 100 feet above stream level, but the abutments
of the proposed dam would terminate in glacial drift or alluv-
ium on the surface unless this material 1s relatively thin.

If the upturned edges of the sediments are not present within
a depth of 50 to 100 feet, there would be leakage at least
around the upper 70 feet of the dam. Moreover, if the ande-
slte rock which forms the stream bed at the siee is underlain
by valley fill it probaebly would not sustain & dam of the de=
sired height, }

If further inuestigation of this site 1s attempted it 1is
suggested that geophysical methods or drilling be employed to
supplement the geologic examination. It 1s also suggested
that a more detalled topographic map be prepared which would
include an area approximately two miles upstream from the site
end dowmstream as far as the Mile 16,4 site, Additional geoe
logic investigations should include the entire basin and should
probably extend beyond the 1imits of 1t by reason of the lack
of exposures within the basin,
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