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WATERSHED PROTECTION FOR HYDROELECTRIC PURPOSES

INTRODUCTION

We hear much at the present time about huge reclamation

projects,

ower sites, and storage reservoirs.

The Owyhee dam in

southeastern Oregon, recently completed at a cost of $6,000,000
and an additional $12,000,000 for canals, is supposed to reclaim

much valuable desert land in that section.

The Boulder ^am in

Colorado is all ready under construction and will supply Los Ang

eles with water and hydroelectric power.

Lake chelan was recently

raised by artificial means, hydroelectric turbines put in, and is
now generating power to put the Great Northern trains over the
Rockias,

The Columbia River has been considered for water power

purposes, and recently there was considerable agitation to put in
an enormous hydroelectric project here.

It is my purpose in this paper to show the importance of
watershed protection for hydroelectric purposes, and to do this I
have divided my paper into two parts.

In the first part, I am going to show the great development
that takes place in any hydroelectric construction, the high cons

truction costs, and for the comfort and use that society is depen
dent upon it for light and power.

By showing the importance of waterpower in general would be
to make this paper too lengthy and without enough detail.

To avoid

this, I have taken the City of Seattle Light and Power Company as

an example, and which will not differ materially from any other work
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of this kind.

I chose the City of Seattle for this comparison for

two reasons: first, they have been the foremost city in America so
far as waterpower development is concerned, and second, I have

worked nearby their construction sites and am more familiar with
what is going on there than anywhere else.

Lack of appreciation of the natural resources for waterpower
and inadequate watershed protection is the purpose of the second

part of my paper.

Here I will show how the hydroelectric companies

go to work to harness this power with but little thought to the pro
tection of the watershed, or that if it is not protected, someday

they will wonder why there is no more water for their turbines.
I do not mean that the City of Seattle is alone in this short

sightedness, but it is. quite the common belief of most companies
that the water is there and will always be there.

Here on the Pac

ific Coast especially must watersheds be protected.

There are enor

mous power possibilities on the coast, but with only a few exceptions
the rivers are short, coming from the summit of the Cascades to the
Pacific Ocean, and the watersheds are not too large.
have to look for a

Here we will

gseat part of our power in the future, and here

also we will have to take measures to protect them until they are
needed.
HISTORICAL

Since starting to furnish hydroelectric ^ower to itself in

1902, Seattle has ever been confronted with the problem of getting

light and power to keep pace with its rapid growth, '^he first plant
was at Cedar River 40' miles from the city and consisted of two gen
erators of 1200 K.W. each and was the first municipal power site in

America,

Further develppment at Cedar River was brought to a rather

disastrous close, as the larger dam, after construction, would not

hold water.

This was due to the water seeping around the edges,

through the shale and slides, which had not been properly excavated.
During operations at Cedar River, the company was not idle,
but officials were looking around for a source of water

would supply their ultimate needs.

power which

They found thi3 in the Upper

Skagit River, but at the time this watershed was leased to private
companies for power purposes.

In time these smaller companies lost

their right to this basin, and by a good deal of legislative pull

the Skagit w.s ceded to the City of Seattle in 1918.

As Mr. Houston,

Secretary of Agriculture said, "A Christmas present to Seattle that
will grow in value as the years go by."
DEVELOPMENT

Gorge Power House.

It did not take the city long to start oper

ations as soon as it was known that they had right to this watershed.
A railroad was built from Rockport up the river twenty-one miles to

Newhalem, where a very modern camp was located.

Here the Gorge Power

House was constructed, primarily for generating power from the Gorge

dam to be immediately above it.

however this dam is not to be built

until the last, as it would make impossible development above.

But

by a log crib in Newhalem Creek and a 20 foot tunnel 11,000 feet long,
the two 30,000 K.W. generators are now supplying 39,000 K.YJ. under a
reduced head.

One hundred miles of transmission line from the Gorge

plant supplied 165,000 volts of electricity to the city.

Tjn.s dev

elopment was only for the emergency confronting them, but it began
the million horsepower development of the Skagit River.

Gorge Power House, Skagit River

FIG.
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Diablo Dam and Power House,-—

The railroad was next extended nine

miles up the river to Reflector Bar where another camp was made.

Construction of Diablo Dam was begun at a narrow Gorge just above the
camp and work wqs completed in 1930.
forms a lake about six miles long.

The dam is 325 feet high and
The power house and a second

transmission will be completed sometime this year.

Two generators

of 60,000 K.W. each, the largest in America, will then supply the

city with 220,000 volts in addition to the power from the Gorge plant.

Ruby Project.

The next and largest step in the city's light dev

elopment is the Ruby Dam.

This will be six miles above Diablo with

the base of the dam actually in the upper end of Dablo Lake.

At a

place known as the "rip-raps", the entire Skagit tumbles through a
narrow gorge and here a dam 610 feet high will be built and will be
less than a quarter of a milesacross at the top.

The Ruby project is going to offer one of a greater problem

than either of the others.

*n the first place, it is massive and

there is to be the problem of getting building material in there.

A railroad will undoubtedly have to be built along the shore of Dia
blo take and this will be at a

great cost.

is the timber in the area to be flooded.

A still greater problem

Unlike the Diablo basin,

the entire Ruby basin is he wily timbered, and what to do with it
is still undetermined.

Virgin Douglas Fir constitutes the bulk of

the volume of the area, with other types of Cedar, White ^ine, Hem
lock, Sitka Spruce, Maple, and Cottonwood.

There is practically no

possible way and no economic way of getting it out.

To drive the

logs down the river would be to make tooth-picks out of them in the

rapids of the ^orge.

xhen they would have to be let over the dam

FIG.
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at Diablo.

costs.

A railroad in here would cause prohibitive construction

About the only alternative is to clear the lake bed by burn

ing the timber in it.

This damage is what the Forest Service was interested in and

made quite an intensive cruise of the area.

It was while on this

cruise that I was able to observe conditions along the Skagit and ad

vance my ideas as to its outcome.

A ZOfo cruise was made of the area

to be flooded, but only type site and burned areas were mapped.

No

section lines nor corners were to be had here as it is one of the

few areas that is unsurveyed.

•''or controls, stadia points on the

flow line were used and the area was atificially "sectionized" to
aid in cruising.

There is to be 360,138 M board feet of merchantable timber

cut and burned; the majority of which is Cedar and Douglas *ir.
In addition to this there is 70,322 M board feet in wonderful cedar

poles and piling.

Fungi have deducted a good deal of the volume

from the fir, but even so, much of it will run No. 1 logs in Site
II soils.

The entire Ruby basin has been carefully surveyed by the city
and its ultimate needs and possibilities studied.

In 1920, a sur

vey was made around the 1600 foot flow line; but since then it has
been decided to get the maximum waterpower from the Ruby Lake and a

survey has just been completed around the 1700 flow line.

Stadia

methods were employed entirely for distance and elevationa; points

being taken as close to the flow line as possible.

Ejtdeedingly

difficult places were encountered as part of the country is perpen-

dicular granite walls.

Some very nice engineering was performed

here, as an error of closure showed only three feet in elevation
and two minutes for alignment.

A traverse was also run up the

trail and lines run out to the river and flowing from this.

An

accurate topographic map was then made using 25 foot contour int
ervals.

It is estimated that it will take five years to clear the
area.

Half of the dam will be built, first - the part to be flood

ed being cleared previously.

With water in half the lake, it will

be easier to clear the upper end of the basin.
ment is all that can be used.

Light logging equip

The timber will be felled, bucked,

and drug to the spar poles, where it will be heaped up and burned
at the proper time.

Final Development.

When the Ruby project is finished, a small

dam of 180 feet high, just above the Gorge ^ower House (previously

mentioned), will complete the development of 1,120,000^^ horse
power in the upper third of the Skagit River.

Practically the en

tire possibilities of this river have been utilized for power, for

where the river will enter the upper end of ^by Lake, it is little
more than a creek, and below the Gorge Power House the river emerges
into a wide valley.

Costs and Income.—-

of the project.

It is interesting to analyze some of the costs

The Gorge plant with railroad, transmission lines,

Newhalem crib, depreciation, and other preliminary work has cost

114,536,348.19 and started operating in 1924.

At the beginning of

December 1930, revenue from this plant had amounted to 119,644,248.13

Ar+t3fs

Sketch

or

FIG.
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or over $5,000,000 over the cost of the project.

%e Diablo dev

elopment including dam, power house, and transmission line, will

cost about 112,000,000 or about £75 per horsepower delivered in
Seattle.

The entire project, including railroads, powerhouses, tran
smission lines, construction interest, and preliminary work is es

timated to cost 174,500,000.

This will make the power cost about

$66.65 per horsepower, the cheapest of any large hydroelectric
development in America.
Use of the Power.—-

Power arid light from this project will fur

nish light to more than a thousand miles of streets in Seattle, be
sides all the residences, factories, etc.

Also it is fixed so that

the city of Tacoma can receive 80,000 horsepower from this project
when needed.

City Light Building.

The city of Seattle light company have

their offices in a modern 26-story building in the down-town dis

trict where they have a wonderful display of light goods both for
show window and sale.
WATERSHED PROTECTION

Description of Skagit Watershed.

I have attempted to describe a

rather vivid Ticture of this waterpower development or "white coal"
as it is often termed, but in the second part of my paper I want to

show where the picture is not so beautiful.
The Skagit, while being quite large in times, is a compar

atively short river - only 125 miles in length.
area of 3000 sq. miles.

It has a drainage

The upper third of this area is to be de

veloped, or a drainage area of 1200 square miles.

xhe protection

7~he

U/J-imcr+c

Use
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of this watershed is the eyesore of the whole project.

Being in

National Forest land, ther area naturally has cutting restrictions,

but to date no cuttings have been made in this area; it is too re
mote.

Fire Hazards.

Fire is the big problem in this area.

In hour

control, it could only be classed under the third zone or "high coun
try", and it would take at least six or eight hours to get men into
a fire here even if it were along the trail, and a much longer time
if the fire were back in the side creeks and heads of the watersheds.

From Diablo to the

Canadian line, there are only two lookouts that

can see any or part of this watershed, one ranger station and one

fire guard.

There are two gas launches on Diablo Lake operated by

the city, which are at the disposal of the Forest Service, but as
I will show later, they are at the disposal of the *'orest Service
whenever they can get them.

In general, the area is remote and un

der poor fire protection.

In addition to being in a country of high fire hazard, there

is also a very great fire risk in here.

The area, while being a

game preserve, is open to fijsrhing, and fishing is wonderful here.

It is a place where the would be "big sports" go; lawyers and doc
tors on their vacations go to the Upper Skagit to fiff.i.

Only peo

ple who can afford to have a packer take them in with horses will be
seen here, and it is this type who are usually the more careless

with camp and fire.

From my observations last summer, I think they

were extremely lucky that the entire valley, was not set on fire.

Big Beaver Fire.—

One extremely bad conflagration in 1926

shows what will happen in here when fire gets started,

^n July 1

of the year mentioned, lightning set fire on the runs above Big

Beaver Creek, a tributary of the Skagit.

This was followed by sev

eral days of foggy weather so that the lookout did not see it until

July 4, after which the weather turned extremely hot.

The fire

kept continually getting away and crowning on the steep slopes until
it had swept across 41,500 acres of timberland and protection for
ests.

In a letter from Mr. Pageter, Supervisor of the Mt. Baker

National Forest, he stat-s that it was reputed to have crowned dur

ing the nights, which would make it very dangerous and h ard to con
trol*

It cost $35,000 to control this fire and losses were esti

mated at (160,000,
Deforested Watershed?

What is the significance of this?

Five such fires as this and practically all the timber would be gone

(a good part of the watershed is above timberline).

But the dam

age this one fire has done is apparent and will show what would hap

pen if the entire area were to be denuded.

I am going to describe

how Big Beaver Creek acts since a large part of its watershed was

burned over,

*^ur camp was situated at the mouth of this creek, and

I was able to watch it nearly all summer.

Floods.

Daring the first hot days of spring, snow would

melt iff the peaks and glaciers, and the creek would become flooded

and muddy, carrying with it logs and other debris.

Soon the looser

snow would be melted and the creek would get low.

Then when a rain

would set it, it would come booming up again; only to recede to a
lower level when the storm was over.

The reason for this is that
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ther

are no roots nor litter to soak up and hold the water.

Other

streams, whose watersheds are still timbered, would raise and become

milky when snow began to melt, but they were still free from mud
and would not raise so much.

The difference was even more marked

during a summer rain, as the litter would absorb nearly all the
water and the creek would not raise appreciably.
Not even timbered areas will control water if it rains inces

santly for long periods as it does here,

Litter, roots, etc. will

hold and absorb water to the saturation point after which it must go.
Rainfall in this area averages 74 inches per year which comes mostly
during the winter and spring, so it must b<

iods of floods and high water,

>ha

the:

nar-

'"or stream flow measured by the U.S.

Geological Survey for eighteen years, the maximum flow is 100,000

cubic feet per second and a minimum of 470 cubic feet.

**ut what

would be the results of this if there was no forests to control the

runoff?

Obviously it would run a lot higher than it does now and

become almost dry in the summer.

The Owyhee Farce.

Let this watershed become denuded of

timber and you will have a situation similar to the Owyhee project

in the desert of our own southeastern Oregon.
supposed to put a

rigation.

This undertaking is

vast area of arid land in that section under ir

The Owyhee #iver has very little if any vegetation thru-

out its watershed.

Snow gets deep in this region in the wintertime,

and in the spring when it begins to thaw, there is a lot of water

coming down here all at once.

In a newspaper item from that sec

tion dated about April 1, I saw where the water was coming through
a twenty foot diversion tunnel and gushing up the canyon wall for a
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height of fifty feet.
bed next summer.

In the same place there will be a dry stream

The Owyhee project, in my estimation, never will

amount to much so far as actual reclamation values are concerned.

It has been the result of political corruption and, to a lesser ex
tent, unemployment relief, and in reality a big joke.

Attitude of Companies in Protection.

But to return to the

Skagit, I should like to comment some on the city of Seattle's atti
tude concerning this watershed that has been ceded them for power

purposes.

They seem to have the idea that it is perfectly natural

for the river to be there, and that it will always continue to be
so.

It is not expected that they should go into an extensive plant

ing program, but with a facility such as they have there, they should

recognize its value and co-operate more in its protection.

However

they would rather take sight-seers and excursionists on trips to
the head of Diablo Lake and cater to a few dollars they get there
than to aid the Forest Service in protective measures during the

fire season.

The unclean camps of the engineers in the upper part

of the basin is another pretty good measure that the city isn't al
together too concerned over the best interests of a perpetual sup
ply of water here.

Protection after Development.

As soon as the project is

entirel • completed, I think more thought can be given to protection,

and better means car. be had of getting it.

'lb.e Forest Service is

going to require that the city build a first class trail on each
side of Rviby- Lake from the dam to the Canadian line.

Guard stations

can be placed along the shore of the lake and power launches kept
here as equipment.

This will materially reduce the hour control in

12

this area, but even yet, the heads of some of the watersheds will

still be very remote.
ber of tourists.

Risk will be higher due to the added num

And as the project will not be complete until

about 1940, there will still be the grave fire situation until then.
Flood Control?

By a lake of this size, there is better

chance of controlling floods.

Before the rainy season sets in, the

level of the lake can be lowered and a lot of the surplus water
caught and stored, whereas it would previously all go down the riv

er at once,

This is possible and what the city claims will be done,

but as they are not very apt to lower the lake below the level of
their turbine pipes, I rather doubt if the flood situation will be
reduced materially and will continue to be a menace,
SUMMARY

I have attempted to show in this paper the need of watershed

protection for dydroelectric, purposes and have not attempted to go

into any research ii/getting this protection, as that would be a
thesis in itself, but have only tried to show the great need for con
serving the timber in the watersheds.

By citing the city of Seattle as an example, I have shown the

huge development that takes place in any hydroelectric project; the

preliminary construction costs, railroads, transmission lines, eng
ineering, equipment, labor, etc.

This project is very little dif

ferent from any other - I took it as an example, because I was fam
iliar with it.

In the second

part of my paper I have tried to show by ex

amples: the effect of having watersheds timbered and when they are
not, how the roots and litter will hold and absorb the water and

let it off more gradually, as compared with the Owyhee River where
the snow water runs off in a

great volume all at once and goes

dry in the summer; and that the city of Seattle is not too concerned
about the protection of the
of most

Skagit watershed, and such is the case

ower companies concerning theirs.

It is not my idea that private companies should go into an

extensive planting program - you're wasting your time in the major
ity of cases, but for their own benefit, to protect and aid in pro
tecting what they have.
CONCLUSION

In conclusion, I should like to briefly discuss what the fu

ture holds for hydroelectric power.

It is a known fact that new

uses are being had for power and that more of it is being used all
the time.

Industries formerly run by coal or steam are installing

electrical equipment.

Transcontinental railroads are being elec

trified, and better street lighting and electric ads and displays
are the theme of the day.
000

We have in the Columbia River 21,000, horsepower or twenty
A

times that of the city of Seattle's project, which has been consid

ered for development.

Some day I look for this to be developed,

but now, where could this enormous amount of power be used, with

the Skagit cupplying nearly all of western Washington, and the
Boulder Bam project there in Colorado to supply a vast area?

The

potential possibilities are there, but let us protect them, as well
as those of the smaller watersheds, and keep them until they are
needed!
*

*
*

*
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