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LETTER OF TRANSMITTAL.

STATE OF WASHINGTON.
DEPARTMENT OF CONSERVATION AND DEVELOPMENT.
. Oct. 15, 1928.
To His Excellency, Roland H. Hartley, Governor,

Sir: I have the honor to submit herewith, in accordance with law, the
Fourth Biennial Report of the Department of Conservation and Development,
covering the period Oct. 1, 1926, to Sept. 30, 1928.

Respectfully,
ERLE J. BARNES.
Director Department of Conservation and Development.



DIVISION OF FORESTRY.

Hon. Erle J. Barnes, Director,
Department of Conservation and Development,
Olympia, Washington.

Dear Sir: Herewith are submitted the Twenty-third and Twenty-Fourth
annual reports of the Division of Forestry, covering the period from October
1st, 1926, to September 30th, 1928.

Very truly yours,

GEO. C. JOY,
State Supervisor of Forestry.



INTRODUCTORY.

Herein is published the twenty-third and twenty-fourth annual reports
of the State Supervisor of Forestry for the years 1927 and 1928.

A comparison of the fire losses for the past four years with losses for
rrevious years shows a very material decrease in loss and damage done by
forest fires. This is most gratifying and in measure compensates for expendi-
tures made for the protection of our forest lands.

This is the result of a more combined and determined effort on the part
of all protective agencies and to a finer appreciation of forestry and its influence
upon the welfare of the state by the public. The change from a disinterested,
uninformed public to one demanding knowledge of the subject and action to
perpetuate forest industries has been gradual, fostered by a knowledge of what
has occurred in the Kastern states, the movement of the lumber industry out
west and of prevailing stumpage values.

An indication of the advance of forestry is the changed attitude of some
lumbermen. In spite of the fact that present economic conditions make the
lumber industry a rather hazardous business, a number of the larger operators
are planning and conducting their operations with the purpose of securing
successive crops of timber and thus continue their operations for an indefinite
period.

The attitude of these operators that “timber is a crop and not a mine,”
augurs well for the future of our forests and forest industries, but it should
be borne in mind that raising a crop of timber is a long-time, hazardous un-
dertaking, and that until some change is made in our present system of taxing
forest growing lands, whereby encouragement and some assurance as to costs
of production is given the grower, it should not be expected that efforts on any
extensive scale will be made to practice private forestry.

The need for legislation in this direction is urgent. There are approxi-
mately three million acres of logged-off, or otherwise denuded, privately owned
forest land in the state and there is from one hundred and fifty thousand to
two hundred thousand acres of land, additional, logged off each year. A large
proportion of the land logged off ten or more years ago is in a fair state of
natural reforestation. This has been brought about through “checker board”
logging where ownerships intermingled and owners, large and small, removed
their timber in advance of others. This practice has served to supply seed trees
within seeding distance of hundreds of thousands of acres of logged-off land
with the result as noted. But a different situation now presents itself.

With the advent of high lead logging and the blocking of timber in
larger units for logging operations, the logged areas are swept clean of seed
trees for such distances that it is certain a long period of time will elapse—too
long, in fact—before natural reforestation will take place on such areas.

Such a situation could be remedied and natural reforestation assured, if
those who are logging on a large scale were to leave a “setting” or more—
economic units of timber—standing along their main line roads, where no extra
expense would need be entailed in logging it five, ten, fifteen or twenty years
hence. Such blocks of trees would suffice to seed surrounding areas. Reforesta-
tion by selective area cutting is practiced in European countries. It is the most
practical, economic method. County Assessors should recognize the value of
such practice to the community at large and place a lower valuation for taxa-
tion on timber thus left for seed.
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Artificial planting of forest trees, under present methods, now costs
around $10.00 per acre. This is a large investment to put into land with the
almost certain prospect of not getting any returns for at least forty or fifty
years, and with a possibility that the planted trees may be destroyed by fire.
Reforestation by natural means is just as effective and can be had for a great
deal less money.

A step forward making for stability in handling our logged-off forest
lands is that their ownership be fixed in public and private hands, those having
the will and ability to administer them in such fashion as to not only produce
a new crop of timber, but also to utilize that crop to fullest advantage. The
sooner the status of these lands is fixed in such ownership, the better. There
is ruinous waste in the way young timber is mow being harvested. This
waste must be prevented if a sufficient supply of timber for future needs is
assured.

We are now giving protection to all denuded forest lands, regardless of
ownership, so that their reforestation by natural means may be furthered and
brought about. The destruction of young timber by fire has been reduced so
that the loss from this cause is a very small percentage of the whole. But
under present ownerships, methods of taxing and lack of system and methods
in handling, a considerable portion of the good accomplished through protection
is dissipated through forced harvesting of immature timber and the resultant
waste which follows in the wake of such harvesting.

A great step forward in the preservation of this young timber would be
the enactment of legislation which would permit of forest lands held for forest
growing purposes only, to be put in a special. class for taxation and the tax
fixed at a very nominal rate during the period of growth, with a deferred tax
or yield tax to be paid at time of cutting the new crop. Under such a law, re-
quirements and methods of harvesting to prevent waste and to keep the land
producing timber could be enforced by the state. Action along this line is
most urgent. It should receive favorable consideration at the coming session
of the Legislature.

The disposition of our logged-off forest. land areas has yet to be worked
out. Only a small proportion of the whole have as yet been let go for taxes,
and most of these so let go have been purchased by individuals and companies
who will, no doubt, continue to hold them and pay taxes for an indefinite
period.

But the amount of logged-off lands reverting for taxes is increasing and
there is every reason for believing that the movement is rapidly gaining mo-
mentum and that within the next decade large acreages of such lands will have
passed to county ownership, and the counties will be unable to resell them.

That such a situation will develop is inevitable unless some action is
taken by the state to encourage the holding of such lands by private owners.
For the state fo step in and purchase all of these lands and reforest them is
too gigantic an undertaking for even the state to assume. Aside from this,
if the state were to acquire such lands, it would unguestionably make the mat-
ter of financing acute in some counties.

The state should purchase some of these lands where they can be had

at a low figure and are favorably located with respect to rapid forest growth
and for blocking in State Forest areas.
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When our present reforestation law was enacted providing for the pur-
chase of logged-off lands with “utility bonds,” what was then known as the
“Adamson Act” was repealed. This law provided for cash purchase of lands.
The new law also provides for cash purchase but makes no provision whereby
this may be done. There has been no appropriation for the purpose and monies
coming into the “forest development fund” from any source can be used only
in payment of interest and prinecipal on the utility bonds. The law should be
amended authorizing the State Forest Board to accept gifts of money to the
state and to make provision for use of any monies in the fund for the purchase
of lands or for other forest activities.

The tables contained herein show the number of forest fires which have
occurred, the area burned over, loss to timber, logs and other property, and
the receipts and expenditures of the Division.

Tables No. 1 and No. 2 show number and cause of fires, the area burned
over and the loss and damage to timber and other property in each county for
1927.

Tables No. 3 and No. 4 show the number and cause of fires, the area
burned over and the loss and damage to timber and other property in 1928.

Table No. 5 shows receipts and expenditures from state appropriations.

Table No. 6 shows receipts and expenditures from the federal allotments
under Clarke-McNary Act.

Table No. 7 shows receipts and disbursements from assessment of pri-
vately owned forest lands.

Table No. 8 shows amounts recovered in settlement of expense incurred
in fighting fires.

All items of expenditure in the foregoing financial tables are segregated
to accommodate the budget requirements of the United States Forest Service
under the Clarke-McNary Act and are made up as follows:

Administration: Salaries and traveling expense of officers and clerks,

and office supplies,.

Field Personnel: Salaries and traveling expense of wardens and patrol-

men.

Improvements and Equipment: Trail work, construction and mainte-

nance of lookout stations, tools and field equipment.

Fire Suppression: Wages and expense of fire fighters.

All Other Expense: Telephone, telegraph, postage, printing and miscel-

laneous expense.

Table No. 9 shows amounts expended out of the several funds for fire
prevention and suppression in each county, and the amounts due the state from
the several counties as reimbursement for one-third of expenditures made from
state appropriations.

Table No. 10 shows number of acres of forest land assessed for protec-
tion costs by the state. This assessment is levied on all privately owned forest
lands for which the owner does not voluntarily provide protection.

Tables No. 11 and No. 12 show forest assessment collections received
from County Treasurers from October 1, 1927, to September 20, 1928.

Table No. 13 shows number of burning permits granted, classification
and acreage of land burned over under such permits, the number of arrests
for violation of the forest protection laws, and the fines and costs assessed under
such arrests.
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Table No. 14 shows expenditures of all agencies—private, state and fed-
eral—during the two-year period.

ADMINISTRATION.

The State Supervisor of Forestry is head of all forest protective agencies
in the state, except the U. S. Forest Service and U. S. Reservations. Approxi-
mately 9,000,000 acres of forest land comes under this department’s jurisdie-
tion for protection, of which 3,600,000 is represented in private owners' pro-
tective organizations, 3,900,000 assessed by the state for costs of protection,
400,000 acres vacant public lands and 1,100,000 of state owned land. Members
of private protective organizations contribute directly to the respective agencies
for protection of their lands. Forest patrol assessments levied by the state on
privately owned lands are collected by the respective county tax collecting
officers and remitted by them to the Supervisor of Forestry. Such funds are
used to give protection to the lands so assessed. The vacant public lands which
intermingle with state and privately owned lands are protected by this depart-
ment out of funds appropriated for the Department of the Interior for this
purpose,

Through operation of the compulsory patrol law, the cooperation received
under the Clarke-McNary act and contribution by the Department of the In-
terior, forest protection has, in this state, been put upon a stable, adequate
basis. Under the compulsory patrol law, the forest land owner must furnish
protection for his land or the Supervisor of Forestry is authorized to do it for
him and the costs of such protection are assessed against the land.

Under the Clarke-McNary act, the federal government acknowledges its
responsibility for a share of the state’s forestry activities and provides for an
allotment of funds to forest producing states for such purpose. This state
received allotments of $50,955.00 and $69,155.00, respectively, for the two-year
period. Most of these funds are used to give protection against fire to all forest
lands regardless of ownership. Special effort is made through use of this money
to protect lands which are reforesting. The amount alloted is based upon the
amount needed to give adequate protection to all forest lands in the state and
the amounts expended for fire prevention by the state and private owners for
protection. Money expended for fire suppression is not taken into account.
Adequate fire-prevention measures reduce both fire losses and fire-control costs,
hence the government stresses fire prevention.

The Department of the Interior made very substantial contributions for
the protection of the vacant public lands, $2,836.51 and $11,940.34, respectively,
being paid out for fire prevention during 1927 and 1928,

In Eastern Washington, our work was being carried on in nine protective
units, each forested county comprising one of these units. The funds raised by
assessment of forest lands were used only in the county from which they were
derived. The consequence was that when one of these county units was sub-
jected to a series of fires, as happens occasionally, the funds of that county were
exhausted with the result that the assessment on forest lands had to be raised
to the maximum of five cents per acre, the limit which the law allows, and a
larger amount of money from the state appropriation had to be used than that
county was entitled to. To remedy this situation, the Legislature of 1925 raised
the state wide forest land assessment limit from five cents to seven and one-
half cents per acre. Governor Hartley very wisely vetoed this act. In order
to take care of the situation, we placed the forest assessment funds of eight of
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these counties in one fund. This gave stability to and made more equal the
assessments levied for forest protection in these counties, with the result that
the assessments have been reduced in the high rate counties, the highest rate
in any county now being three cents per acre.

‘We now have more money in the State Assessment Fund than ever before
and unless an unprecedented number of fires occur in several of the HEastern
Washington counties next year, we can still further reduce assessments, which
we hope to accomplish. This is made possible by application of the principle,
“in unity there is strength.” In all counties of Western Washington the forest
protection assessments were reduced from five cents per acre to three and one-
half cents per acre this year.

Translated into dollars, on the acreage involved in these reductions,
this means that the forest land owners of the state will pay over $40,000.00
less for protection, of their property than they paid last year.

FOREST FIRES IN 1927.

From the standpoint of weather the forest fire season of 1927 was normal.

This was chiefly due to the absence of occurrence of any extended period
of low humidity conditions and to timely, seasonal rains.

The most extended period of high temperatures of record in Western
Washington occurred between July 15th and August Tth, and while this period
was marked by several days when the humidity went down to and below the
danger point of 30 per cent, the length of time of such depression on each of
these days was of short duration, while the return to normal in humidity was
rapid and continued through the nights and this condition was most effectual
in helping to control fires.

Most fires occurred during this period of hot weather, but only one fire
assumed large proportions and did any appreciable amount of damage.

This fire was started by lightning on the Columbia National Forest in
Southern Skamania County. It covered an area of 45,000 acres, practically all
of which was in the old “Yacolt Burn.” The fires of 1902 killed an immense
amount of old growth fir timber and these trees, now dead snags, through
which no subsequent fire had burned, constituted a hazard through which the
fire spread and made it most difficult to check or control. All of the burned
area was covered with a good stand of second growth timber around 20 years
of age. Most of this was killed. Ten million feet of old growth timber was
killed. This will be logged so the loss in merchantable timber will be light.
The greatest loss is in the young growth destroyed.

A combination of thousands of rotting snags, a severe lightning storm
followed by dry, windy weather, set at naught the best efforts at fire prevention
and control. Tt is a good exemplification of what snags do to further the spread
of fire. They make it impossible of control.

Another fire, in a bad location where it threatened a large amount of
valuable timber, was started by lightning in the extreme Northwest corner of
Skamania County on Green River.

This fire was hard to check as it originated in an old burn back in the
mountains where it was hard to get men and supplies. It was controlled by
the wardens of this department, the Washington Forest Fire Association and the
United States Forest Service. Very little damage was done, but a considerable
amount of expense was incurred fighting the fire.
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One other fire of serious proportions occurred from lightning in green
merchantable timber on the headwaters of the Deschutes River in Lewis County.
This fire killed two million feet of timber and covered twelve hundred acres of

_ground before it could be brought under control. It was in an inaccessible,

rough country.

Another fire in Pacific County in logged-off land assumed serious pro-
portions and for a time threatened the young growth timber on the state’s re-
forestation block near Wallville. This fire was started in some unknown man-
ner on July 23rd, the hottest day of the year. It was kept out of the young
growth timber. It burned some slashings of the Sunset Timber Company but
did not do any damage to merchantable timber or other property. It cost
several thousands of dollars to control.

Two serious fires occurred on logged-off land in Grays Harbor County.
In one instance 30 acres of second growth was killed. A large amount of slash
was burned by these fires. One fire was started by berry pickers, the other by
Cascara bark peelers.

A bad fire occurred in Eastern Jefferson County in slashings of the Hama
Hama Logging Company. No damage was done but the cost of control was up-
wards of $2,000.00 The origin of the fire could not be determined.

Another fire in logged-off land, partly covered with slashings, occurred
near Ashford in Eastern Pierce County.

In every instance where fires burned on logged-off land in slash the party
responsible for the slash paid all or the greater portion of the cost of fire con-
trol.

While quite a number of fires occurred in Eastern Washington counties,
there were none of serious proportions or that caused any appreciable amount
of damage.

On other pages of this report are tables showmg in detail the number of
fires by counties, their causes, the dacreage burned over and damage done.

The loss to standing timber, logs, logging equipment and other property
was the least it has been in any one of the past fifteen years.

Costs:

The cost of protection to all agencies was less than that of last year.
However, the assessments levied on members of private agencies were kept up
in order for these agencies to complete payment of last year’s indebtedness and
to carry on this year’'s work.

The assessments levied by this department on privately owned forest
lands were made the same as for 1926 with the exception of Pend Oreille County
where the assessment was lowered from five cents per acre to four cents per
acre. If it is possible this year the assessments in Stevens and Pend Oreille
counties should be still further reduced from four cents to three cents per acre.

The Stevens County Timber Protective Association was so hard hit by
expense last year that it has taken them all of this year to pay back bills, The
state carried on most of the work in that county and this will enable the asso-
ciation to pay all of its accounts.

On another page of the report is shown a table giving the acreage and
rate of assessment of forest land by counties.

Organization:

Our field force was composed of 165 district and county wardens and
patrolmen. Four special law enforcement officers were employed. Their work
had a very salutary effect in a better observance of the law.
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Three new portable fire fighting pumps with hose, a new Dodge delivery
truck and other tools were added to our list of equipment.

Cooperation:

There was the same cooperation between all protective agencies as last
season. These consist of private associations, the U. S. Forest Service, the U.
S. Department of Interior, railroad companies, logging operators and citizens.

It is pleasing to note the interest and goodwill manifested by our citi-
zenry in forest protection. Two hundred twenty-five citizens were given private
ranger commissions, 160 emplovees of the U. S. Forest Service were commis-
sioned as wardens and rangers, 22 for Indian Agencies, 124 for private protec-
tive agencies and 190 to serve as logging camp fire wardens. The combined
force of all protective agencies was 655 men—men employed and paid to pre-
vent and control fires.

Fire weather warning forecasts were made and sent out by Weather
Bureau officials at Seattle. This service is most helpful in our work. These
forecasts are dependable and are a sure index of an imminent critical fire
hazard. Over 75 per cent of all forest fires start and spread during these
periods of weather. The forecasts enable us to strengthen protection work at
the right time; logging operators and railroad companies exercise greater care
and burning under permit can be held to a minimum until the critical period
is past. The fire weather warning service is making people “fire conscious” at
times when care with fire means most for forest protection. We have had the
best of cooperation from Weather Bureau officials and we thank them for this
service.

From a comparison of costs of forest protection and of losses from forest
fires during the past six-years, it appears that we may have passed the peak in
losses and, while we may have reached the peak in expenditures, it is doubtful
if any appreciable decrease in costs of protection can be anticipated for several
years to come or until the annual replacement of forest cover of young growth
from 15 to 20 years old becomes equal in acreage to that logged off each year.
The replacement of our forests on denuded areas is going on and already there
is appreciable visible evidence that the young growth on a large amount of
logged-off land has reached an age where it is of sufficient size and stand to
very materially reduce the fire hazard therein.

There is no gquestion but what protection of cut-over lands is the most
effective and cheapest method of producing a new crop of timber. It will prob-
ably be necessary to resort to artificial reforestation on areas where fires have
been too frequent and which are too far distant from seed trees for natural re-
forestation to take place. In the National Forests replanting of such areas is
now being pushed. The Long-Bell Lumber Company is planting some 2,000
acres of their cut-over lands this year and the City of Seattle is reforesting its
water shed, around Cedar Lake, in the same manner.

These two projects are being carried forward in order that reforestation
of the lands may be hastened which, according to the best information obtain-
able on the .reproduction of Douglas Fir, means setting the crop forward at
least five years.

Protection of our logged-off lands from fire is doing more to further re-

forestation of these lands than can be accomplished in any other way. The
cost of protection is distributed between state, federal and private agencies.
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For the past three years, these costs have been borne by each agency in the fol-
lowing proportions: State Appropriation 17.7%; Federal (under Clarke-Me-
Nary Act) 7.99%; Private Agencies 75.4%.

The benefits derived from protection against fire should be stressed, not
only from the standpoint of protecting merchantable timber and other valuable
property but also the saving of young timber for the future.
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FOREST FIRES IN 1928.

Weather is the major factor affecting the pecurrence of forest fires. It
affects fires by causing an increased or decreased inflammability of the material
on which fires feed, with a corresponding increase in their rate of spread. The
relative humidity of the air and rainfall are the two most potent factors affect-
ing inflammability. During the fire season rain is intermittent and its effect
is often of too short duration, but the influence of relative humidity is con-
tinuous and the degree of fire hazard rises or falls with every attendant change
of this phase of the weather; thus, a few days of low humidity may undo all
the effects of heavy rains. In respect to rainfall and humidity, this season was
bad. “June, July and August were probably the driest three-month period of
record in Western Washington. Days with low humidity were above the
average in number.”

On other pages of this report is given a full discussion of the cause and
effect of weather on the occurrence of fires by Mr. Geo. W. Alexander, meteorolo-
gist, Fire-weather Warning Service, Seattle, Washington. Mr. Alexander has
for the past four years been making a special study of this most important
phase of forest fire work and is an authority on the subject.

The largest fire in the state was started by lightning in July in Okano-
gan County. It burned over approximately eighteen thousand acres of land.
About three thousand acres ol this was merchantable timber, the balance being
cut-over, sparsely timbered or sage brush land. Considering the size of the fire,
the loss to standing timber was small. The fire in green timber burned on the
ground and the loss was confined to scattered trees burned down and young
growth killed. Over $7,000.00 was spent in its control.

Lightning was a prevalent cause of fires in the Eastern part of the state,
but outside of the one large fire in Okanogan County all were confined to small
areas and only small loss was occasioned thereby. This is partly due to the
fact that most of these lightning storms were accompanied with rain, which
helped to control the fires until they could be reached and extinguished.

An unusual number of fires from railroad locomotives occurred in Spo-
kane County. A considerable amount of ground was burned over by these fires.
The railroads paid all expense connected with their control. However, a bad
situation was created. Better supervision will be extended this area next year
to the end that such fires be prevented.

In the Douglas fir region west of the Cascades, the only damaging fires
occurred in and were caused by logging operations. There were no large fires
in green timber but there were a number of very bdd fires in logged-off areas.
QOur reports show that more logs were destroyed than in any previous season
since 1922. Eight fires did most of this damage. The amount of loss in logging
equipment was not large. Most of the loss was covered by insurance, but in-
surance cannot cover the loss to the community in logs burned up—these can-
not be replaced. Logging operators were not culpable in the occurrence of
these fires. There was no lack of what is considered adequate prevention.
Three of the largest and most damaging fires came from properly screened
oil burning locomotives. However, all of the fires occurred on days of low
humidity. This would indicate that more drastic measures of prevention are

necessary during such periods, even to the possibility of closing down the.

camps, if such fires are to be avoided in the future. The great mass of highly
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inflammable material created by a logging operation is a veritable tinder box
and must be handled as such during bad fire days.

To better appreciate the full significance of such hazards, I might say
that one of the fires mentioned cost the company interested over $40,000.00 to
control; this cost together with the damage done amounted to over $100,000.00.
Another of the fires cost $9,000.00 to control, another $7,000.00, and still
another over $50,000.00. This is out of all proportion to the costs of control
on lands which have been logged off and the slashings disposed of by burning.

Several fires in logging slashings were of incendiary origin, though none
of these occurred in slashings adjoining active logging operations, hence no
damage was caused thereby. A number of fires in slashings and logged-off
lands were started by berry pickers. Fires from the foregoing causes occurred
during July and August and are to a considerable extent responsible for the
so-called “smoke nuisance” complained of by many.

The owners of logged-off lands are now contributing their share of pro-
tection costs, and protection against fire has been extended to all such lands.
We are endeavoring to prevent and control fires on these lands to the end that
they may be reforested and to keep the atmosphere clear of smoke. Ninety-five
per cent of the area burned over this year was logged-off land. These consti-
tute our greatest fire problem. The problem is aggravated by seekers in one form
or another of recreation and by those employed in the logging industry. As
an evidence of the truth of this statement, I will add that King County is the
most populous in the state and it also has the largest number of fires, making
it evident that the number of fires in Western Washington increases or de-
creases in direct ratio to the population.

Thus the problem with fire on forest lands is much the same as in the
city. It appears impossible to prevent all fires, therefore, a good strong organi-
zation for their control must be maintained.

During the latter part of August and through September and October
several periods of ideal slash burning weather prevailed. This was taken ad-
vantage of and some 90,000 acres of logging slash was burned for protection.
Accidental fires during the summer burned another 50,000 acres of slashings.
This acts to reduce the fire hazard for succeeding years.

ORGANIZATION.

The organization of our field force has been somewhat altered since we
took up the work in 1925.

We have put most of our field work in charge of four Chief District
Wardens, these men being on duty all of the year. This has worked out satis-
factorily and has strengthened the work very materially. It has brought about
closer cooperation between our own men. All supervising District Wardens are
paid jointly by private protective agencies and this department. This makes
one organization and duplication of work is avoided.

Airplane service was supplied by the U. S. Forest Service with planes
stationed at Tacoma and Spokane. These planes were at our service outside
of the National Forests with the exception of a small part of the southwestern
part of the state. It was not necessary to make use of them. Forest Service
officials made several reconnaissance trips.

Two Special Law Enforcement officers were employed during the fire
season. The work done by these men had a very salutary effect in law observ-
ance and was of much help to the field wardens.
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We had about the same complement of men—district wardens, county
wardens, rangers and lookout men—as heretofore. More than ninety per cent
of our employees come back to us each year. They are an experienced, faithful
and loyal force of men.

COOPERATION.

A new agreement was entered into between this department and the
Washington Forest Fire Association with the U. S. Forest Service, fixing re-
‘sponsibility for the protection of certain areas and providing for control of
fires in a neutral zone one mile wide on each side of the National Forest bound-
ary. This agreement makes the forest officer first discovering a fire in this
zone responsible for its control and designates how the expense of fire fighting
shall be divided. Under the agreement duplication of work is avoided and
areas are blocked in protective units and each unit allotted to the agency
which can handle it to best advantage. We protect certain areas of National
Forest land in exchange for which the Forest Service protects scattered state
and privately owned lands in National Forests. Thus responsibility for the
protection of all forest lands is fixed and expense of protection is curtailed.

We contracted with the Forest Service for the protection of several thou-
sand acres of state and privately owned land in Northwestern Stevens County,
Ferry County and in Kittitas County for certain stated amounts. These lands
intermingle with National Forest lands and can be and are given protection at
less cost than we could do the work for.

We have special agreements and contracts covering protection of pri-
vately owned lands assessed by the state with the Eastern Washington Timber
Protective Association, Tesemini Timber Protective Association, Ferry County
Timber Protective Association, Washington Forest Fire Association, Polson
Logging Company, W. E. Boeing, Crown Willamette Paper Company, Hastern
and Western Lumber Company, Carlisle Lumber Company and the Vernon
Parrish Lumber Company. All of these agreements and contracts fix responsi-
bility for protection of the lands involved.

The Department of the Interior this year made a splendid contribution
for the protection of the vacant public lands, located in the forested districts
of this state. Under agreement with Mr. W. S. Boyer of that department, lo-
cated at Portland, Oregon, we furnished protection for the public lands through
our field service, Mr. Boyer paying for the work direct from his department.
He was authorized to and did expend $11,940.34 in the work. All of the amount
was expended in the work of fire prevention, it being understood that we would
pay cost of fire suppression. The arrangement proved very satisfactory and
enabled us to give a far greater degree of protection to the districts where
these lands are located than ever before.

Mr. Boyer took a keen interest in protection work and went out in the
field to get first hand knowledge of what was being done. We deeply appreciate
the interest manifested in the work of protection and accept this as evidence
that the department intends to shoulder its full share of responsibility along
with the rest of us, to the end that full protection may be provided for all of
our forest lands.

The Weather Bureau continued the investigative work begun four years
ago and gave us the full benefit of their study into the causes and influences
of the weather affecting the fire hazard and the control and spread of fires.
Fire warning forecasts were sent out whenever such weather seemed imminent.
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More recording instruments were installed so that conditions in certain locali-
ties might be noted and a study made into their cause and whether or mnot
conditions were the same in évery district. It is evident from observations
mads already from these recording instruments that the same conditions do
not prevail over all portions of Western or Eastern parts of the state simul-
taneously, and that while it is safe to have fire burning in Skagit County one
day, it may not be safe in Grays Harbor County the same day.

Mr. George W. Alexander, attached to the Weather Bureau at Seattle and
who is making fire weather studies his especial business, hopes to obtain data
enough through these local weather stations to enable him to forecast fire-
weather conditions locally. Mr. M. B. Summers, in charge of the Weather
Bureau office at Seattle, is entitled to our thanks and appreciation for the as-
sistance he has rendered us. He and Mr. Alexander have labored hard to make
the fire-weather service of their department of real value to all protective
agencies. They have rendered signal service already and the prospects are
that there will be still greater achievements in this line.

Officials of railroads, logging operators and camp superintendents, the
press and the public generally, all gave us friendly, hearty cooperation. The
public’s interest in forest protection, preservation and use is still unwavering
and promises to continue, which is due in part, no doubt, to man’s innate love
and admiration of the trees. This interest in forestry should be fostered, not
only to satisfy man’s esthetic nature, but more by reason of the forests’ im-
mense value to the state from an economic standpoint, both now and in the
future.

Our thanks are due Mr. C. M. Granger, District Forester, and his force
of National Forest officers at Portland, and to the Forest Supervisors of Na-
tional Forests in this state. We have had better cooperation this year with all
members of the National Forest organization than ever before. On another
page of this report will be found a statement showing the amount received
through federal allotment under the Clarke-McNary act. Since our incum- °
beney in this office in 1925, the allotment has been increased from $33,220.00 in
that year to $69,155.00 this year. As already stated, the Department of the In-
terior expended $11,940.34, making a total for the Federal Government as their
contribution to protection in this state, $81,095.34.

IMPROVEMENTS.

In cooperation with the Washington Forest Fire Association and the U.
S. Forest Service the old railroad grade of the Clark County Timber Company,
running east from Yacolt to old Camp Eleven, a distance of sixteen miles, was
cleared and graded and converted into a good auto road. This route was for-
merly covered by foot patrol and several hours time were required to make
the round trip. Now it can be run over in a few minutes and if desirable, that
district can be covered several times a day during bad fire weather. Some of
our regular patrol force were put on early in the spring to do this work.

Twelve miles of old logging road extending from Cape Horn in Skamania
County to the Washougal Ranger Station was similarly opened up. This
greatly facilitates the patrol and protection of the old Washougal burn. Ska-
mania County, through its Board of County Commissioners, participated in this
improvement, expending $240.00 on the project.

The trail from Merril Lake in Cowlitz County to the Kalama River was
widened and graded to permit of use of the “Pony Auto” (a narrow gauge
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automobile), now in use between Cougar, on Lewis River, to the lake. This
makes more easy of access the fine stand of timber on the Kalama River and
permits of more frequent patrol of the heavy timber through which the road
passes, a distance of approximately ten miles. Twenty-five miles of new trail
were constructed in other localities and fifty miles of old trail repaired.

Ten miles of new telephone line were constructed and one hundred
fwenty-five miles reconstructed.

A new cable foot bridge was constructed across the Cowlitz River at
Cowlitz Falls, near Nesika in Lewis County. The U. 8. Forest Service and
Lewis County cooperated in this work. This bridge affords an outlet for a
rather inaccessible timbered area which has hitherto been difficult to get in
and out of. Most of our improvement work is done by our field men during
the fire season at times when they are not otherwise engaged.

We purchased a new truck last year and have replaced all of our port-
able fire fighting pumps with new ones and have added to the number already
on hand, and have also replenished and added to our supply of hose and other
equipment.

We are planning to and have already done some work towards estab-
lishing a lookout on Boyer Peak in Southwestern Pend Oreille County. The
work will be completed next spring. This will overlook a large area in Stevens,
Pend Oreille and Spokane counties.
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TABLE NO.

5—STATE APPROPRIATION—GENERAL

FUND.

March 31,1927

October 1, 1920, to

April 1, 1927, to
September 30, 1927

October 1, 1927, to
September 30, 1928

Appropriation. .

Unexpended.
Credits—
Cancelled warrant...........
Recovery, fire-fighting costs

e e e . |

Expenditures—
Administration.............. $058 57
Field personnel......oovv0ee.
Improvements and equipm't
TR i s 1,607
Firesuppresslon.‘...........

smumoun

300 79
123 56

S| P et

e S T .

$84,424 85

Balance............. R B

- 67,160 84

$17,264 51

(@ Reverted to Treasury, April 1, 1927,

TABLE NO.

6—FEDERAL ALLOTMENT—CLARKE-McNARY.

October 1, 1926, to
September 80, 1927

October 1, 1927, to
September 30, 1928

. DUnexpended......ccounus
Relmbursement........coeavsunannes
Recovery fire ﬂshtlng costs.
Oancelled check

Interest earned, ...

Totaly....covavonnes

Expenditures—
Administration.
Field personnel....
Improvements and equipment...
Other expense..
Fire suppression,

) e U AR S

BIATAREN, o oin s e T i e

$8,425
91,205
28

65
08
99
71

100,198 43
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TABLE NO. 7—FOREST ASSESSMENT COLLECTIONS—CLERKS FUND.

October 1, 1926, to October 1, 1927, to
September 30, 1927 September 30, 1928
Unexpended.. $8,867 90 $8,017 25
Collections..... 6,338 95 6,200 05
Trberastenrned o iR NS S e e 131 82 107 36
MOLAME i vivivampsssirasnsssen PE R R R [ iy $15,888 BT [..covnvaranase $14,324 66
Expenditures—
Administration......... A e P P 33,282 Bl |..viniiininnnn
Field personnel. - 3,824 07 |...... P .
Other eXpPeENSe......covvenrrenssres 3 7 ) RSt
117 3 e A R S T 7,321 42 |...... 8,514 11 1
BAIANCE. . eeeeeesrineeeeenn verrrerreneens [orvereneneeees] 88,017 25 [oeerenaen. vee|  $7,810 55
- |
-
FOREST ASSESSMENT COLLECTIONS—STATE FUND.
October 1, 1926, to October 1, 1927, to
September 30, 1927 September 30, 1928
Unexpended.. $16,445 11
Collections.. . S 119,974 44
Interest earned.......... 3 570 83
Recovery—Fire fighting. .. % 536 T

)32 o L I .. N —— $137,527 15

Expenditures—

Field personnel...... T A TR A L

Improvements and equipment..............

Other expense.......... v | (R

Fire suppression.... 8,861 15 | ...
Paid to associations..... 99,700 62 |..eevurunnenes

ORI, st wsasmsimmmpsanyss RS |Sosesh | 105,484 88 [.0veeriennaans| 111,001 04

I AYATIPR e el et e G R e sEisgesad e 816,445 11 |...cvivnuinsnn $25,626 11

TABLE NO. S—RECOVERIES FOR FIRE FIGHTING.

October 1, 1926, to October 1, 1927, to
September 30, 1927 September 30, 1923
: | 1
Unexpended. ..c.ooiiviiviiviasviias T e B B0 |ioewivivissans $88 45
RecelDte...ovrvnvnninninsnrrens Y N —— 307 80 |oeninnnninnnn 864 12
L o R e
Expenditures—
Fire fighters..............
State Treasurer—General
State Assessment Fund
Clarke-McNary Fund...
Totals...... SR e st e ey s 262 85 |...... 832 29
o 1L O Ml 3 Rl e W, I S | —— .l 8B 45 [.vevrennnanras 70 18
1
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TABLE NO. 9—STATEMENT SHOWING AMOUNT EXPENDED IN EACH

COUNTY FOR FIRE SUPPRESSION AND PROTECTION,

'AND THE

AMOUNT DUE THE STATE FROM THE COUNTIES FOR ONE-THIRD OF
EXPENDITURES FROM STATE APPROPRIATION (5785 Rem.).

October 1, 1926, to Sept. 30, 1927 October 1, 1927, to Sept. 30, 1928
COUNTIES

Clarke- State Clarke- State
McNary, Appro- Due from | MeNary, Appro- | Due from
Clerks and| priation | Counties |Clerks and| priation | Counties

State Fund State Fund

L] 1T A R e $3,365 76 | $2,614 01 £871 64 | $2,038 60 $012 01 $304 00
Clallam........ 1,267 70 3,149 22 1,049 T4 2,254 33 3,801 76 1,267 25
895 33 1,456 10 485 08 580 34 1,499 89 499 80
..... 469 01 1,684 46 H61 49 1,191 79 2,970 90 990 30
....... 328 63 1,009 67 366 56 800 04 287 34 9 78
656 49 2,127 79 709 26 1,351 65 2,470 23 823 41
935 52 810 48 270 16 396 04 931 14 810 38
1,205 30 2,887 27 045 76 1,687 77 2,882 51 960 84
1,545 96 5,811 62 1,987 21 2,708 46 6,339 57 2,113 19
896 12 1,170 99 390 33 783 75 1,877 67 459 22
2,200 74 2,526 B6 B42 29 2,560 17 803 93 267 98
Klickitat... 1,008 56 4,055 35 1,018 45 2,813 19 1,591 40 030 47
Lewis..... 2,989 46 3,340 BG 1,116 62 3,118 88 3,491 89 1,163 96
Mason.......... 287 01 1,178 93 3092 08 1,089 23 1,378 82 459 61
OKANOEADN. ...vuvnrnrnnrss 1,629 07 2,166 70 T22 23 9,138 64 1,291 66 430 55
Pacific........ 464 10 2,042 16 680 T2 3,462 68 2,321 43 773 81
Pend Ox‘ei].le“ 1,588 61 2,781 24 927 08 3,646 95 890 36 206 79
Pierce 3,840 T2 3,204 85 1,068 28 1,482 156 2,857 82 952 61
San Juan. 215 23 634 87 211 62 301 56 547 T9 182 60
Bkagit........ 815 59 2,650 29 886 43 047 61 2,916 10 o972 03
Skamania...... 419 24 1,477 79 492 60 2,208 79 1,132 87 877 46
Snohomish. ...... 1,287 47 3,714 57 1,288 19 3,020 13 3,822 56 1,274 18
Spokane,......... : 677 71 1,957 76 652 59 4,990 67 688 80 G0
Htovens........... 3,872 07 4,134 32 1,378 10 4,220 17 1,768 (4 5890 85
Thurston.......covevsnrvss - 813 62 1,684 24 b6l 41 3,481 30 1,692 63 530 88
Wahkiakum.. Sreney 156 66 967 51 322 60 5560 T4 1,208 02 401 00
Whatcom..... 1,320 68 3,847 36 1,282 45 766 91 3,725 81 1,241 93
YAKINR. . vosneissssn o 1,575 b4 2,113 1 T04 47 2,212 22 978 19 326 06
WAL o v v e i s e ibweris PR T o
Totals......cooovuenv.....| $35,585 90 | $66,258 58 | $22,086 19 | $63,604 82 | $56,475 12 | $18,825 04
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TABLE NO. 11—STATEMENT SHOWING FOREST ASSESSMENT COLLECTIONS
RECEIVED FROM COUNTY TREASURERS.
October 1, 1926, to Sepntember 30, 1927.

COUNTIES 1017-1921 1922 1923 1924 1925 1026 Total
TR U i sRise bt s seaiis s 212 45 $68 62 $03 40 | 91,072 90 | 22,245 40 | $3,482 76
Clallam........... $185 68 20 72 08 20 132 43 1,778 02 3,428 18 5,643 23
Clark... lid 21 44 14 00 14 20 83 25 326 68 1,192 76 1,651 38
Cowlitz. 7 246 54 121 85 102 16 145 15 782 85 3,634 10 4,082 65
Ferry . 09 51 BT |ovesaiianiven 65 52 344 03 628 83 1,194 98
Grays Harbor. ... 107 67 112 20 128 21 199 58 2,824 71 | 10,745 05 | 13,618 32
Island. it 18 60 32 90 26 12 6 50 284 05 706 93 1,025 10
Jefferso: vy 02 12 40 80 56 63 181 20 642 61 2,534 51 3,047 8T
L R 164 47 44 87 88 73 78 @ 1,214 67 4,342 03 5,883 58

e B R S O e e 17 06 848 87 787 99 1,153 92

............ 702 10 27 20 60 506 74 4,242 77 4,796 40

S T 14 10 25 64 111 95 739 19 3,366 28 4,257 16

150 88 165 45 145 92 235 15 £29 83 4,232 18 5,759 41

4 80 23 00 29 2 50 05 888 36 4,744 57 5,739 99

...... 20 12 31 66 107 04 271 41 1,328 37 1,758 60

243 36 01 45 180 12 308 90 1,019 81 4,755 19 6,557 83

202 40 106 91 U7 05 435 80 1,761 69 3,086 03 6,019 88

13 [y e R 877 13 25 20 28 74 73 6 33 2,081 46 3,034 92
Skagit......ooou. 85 19 756 90 61 88 114 77 1,136 32 4,779 09 6,263 16
Skamania....... . 37 60 265 50 270 10 376 55 967 07 2,260 18 4,177 00
Snohomigh, . ..... 34 60 80 02 49 61 254 938 870 75 3,239 79 4,479 70
e R S e etas | e SR ST 354 90 | 2,852 93 | 3,257 83
Btevens........... 601 58 220 38 41 636 41 2,023 78 9,686 78 | 14,684 75
Thurston.......... 36 90 25 96 17 81 52 39 537 55 8,400 95 4,080 56
Wahkiakum,...... 36 72 41 20 29 756 43 20 147 02 818 53 1,116 42
Whatcom.......... 137 85 108 40 99 89 235 81 768 13 8,114 18 4,463 26
o ¥ oSl W [ 4 37 10 96 17 82 146 75 1,428 75 1,608 65
Totals......| $2,706 18 | 21,768 86 $2,128 B9 | $4,087 6O | $23,878 92 | $91,403 T1 |$125,060 25

TABLE NO. 12—STATEMENT SHOWING FOREST ASSESSMENT COLLECTIONS
RECEIVED FROM COUNTY TREASURERS.
October 1, 1927, to September 30, 1928,

COUNTIES 1017-1922 1923 1024 1925 1926 1927 Total
Chelan..,...ieuven $70 17 $38 10 $71 57 $117 44 $861 67 | $2,007 26 11
RIS ) H R e 215 61 8 50 68 96 40 1,504 63 3,266 40 5,145 10
Olark. .. oioiis. 41 90 15 12 100 10 202 90 811 45 | 1,262 62 1,924 09
COWHEZ. «ecvenenes 271 71 86 80 114 25 282 80 670 30 | 3,406 37 | 4,841 23
Ry g pOU U TR0 |G aae vl I 87 08 38 14 375 99 50114 | 1,123 11
Grays Harbor.... 143 66 95 96 120 77 553 88 | 2,008 16 | 10,288 17 | 13,254 60
TRIRNA oo s v e v 820 2 48 34 85 188 20 170 &5 648 29 1,047 87
Jefferson. 63 33 21 44 72 75 88 80 597 10 2,450 20 3,208 62
Ringiiws 192 20 48 20 98 81 200 92 1,065 84 | 8,744 64 5,334 61
Kit8aD . c0vviieeens 00 | il 897 31 27 208 704 36 1,046 67
Kittitas........... 4 93 6 43 21 78 56 22 227 70 | 4,283 86 | 4,600 92
Klickitat.......... 40 00 18 25 86 94 132 03 741 98 | 8,220 91 | 4,249 11
Lewis.......‘..... T9 84 b4 60 109 05 188 51 823 27 3,863 46 5,123 73
MASOD. . eeeunes i 71 80 20 76 25 13 187 85 437 56 | 4,134 51 | 4,877 61
Okanogan.. A 31 38 00 48 42 67 15 380 12 1,652 87 2,217 26

........ 170 87 83 44 118 63 244 68 1,147 96 4,630 17 6,395 70

Pend Orellla 1,114 91 837 55 405 00 088 68 1,767 79 3,805 76 7,519 69
............ i 811 111 21 78 174 86 | 1,151 54 | 8,092 30 | 4,472 79
Bkag!t...... ..... 0 204 68 41 48 bl 65 119 86 1,569 77 4,608 78 6,395 72
Skamania......... 44 10 25 09 192 22 810 45 814 44 2,296 14 3,612 44
Snohomish....... 144 68 24 b6 77 40 130 50 661 91 3,018 37 4,057 42
BpORENE B Tl e Mot P et O R PR AR 725 27 3,660 88 4,388 156
Btevens........... 751 64 . 383 48 580 33 695 00 4,089 97 9,648 25 | 16,008 67
Thurston,........, 7 50 122 59 145 42 167 29 1,318 63 3,401 05 5,162 48
Wahkiakum....... 25 60 12 80 51 70 B84 75 215 85 869 00 1,259 20
Whatcom......... 121 21 44 26 46 45 134 58 830 04 | 8,025 50 | 4,202 13
FAKING. .0t nsinn 2 50 5 40 16 80 16 80 130 17 1,194 79 1,366 46
Totals.......| $3,027 21 | $1,526 40 | $2,720 81 | $5,004 41 | $24,755 93 | $88,140 73 ($126,174 49
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TABLE NO. 14—FOREST PROTECTION EXPENDITURES, 1927 AND 192S.
PRIVATE, STATE AND FEDERAL,

Expe]tlditures
or
NAME OF PROTECTIVE AGENCY Private SBtate Prevention
Agencies Assesged and and
Membership Contracted Suppression
1927
Washington Forest Fire Association.................. $31,013 25 $20,805 50 $169,658 44
Eastern Washington Timber Protective Association,. 2,230 00 2,244 20 i 87
Stevens County Protective Assoclation........... A R B 5,595 06 1,737 06
Ferry County Timber Protective Association... P s g o 542 92 1,210 15
Tesemini Timber Protective-Association......, 30 00 11 19 159 65
Private Patrol Districts........ T A ALB00000 | Sk ose nntiatett 83,505 33
Total Private............ S e il A - $38,073 25 $29,198 87 $263,383 50
United States Forept Hervite. . .. .cueeensesosrosrvasses|  SIG000000° |isonwivenioris $641,900 00
Department of the Interior.. 5,78388 |.eevcvrunes 2,836 51
State and Clarke-McNary ............ 11,150 00 $10,407 73@® 125,965 35
Total State and Federal................. $152,883 33 $10,407 73 $770,701 86
Grand Total All Agencles............... R $170,956 58 $30,606 60 | $1,034,085 36
Expe?ditures
or
NAME OF PROTECTIVE AGENCY Private State Prevention
Agencies Assessed and an
Membership Contracted Suppression
1928
Washington Forest Fire Assoclation.............. £30,470 00 $20,868 50 $162,015 87
Eastern Washington Timber Protective Associat 2,230 00 2,217 96 9,488 28
Stevens County Timber Protective Association. 1,481 04
Ferry County Timber Protective Association... e e 514 35 890 00
Tesemini  Timber Protective Association..... . 3 11 19 8,500 00
Private Patrol Distriets.............. 4L 4,800 00 |.ieinannns 49,139 87
Total Private......... o e e e T AT $37,530 00 $23,611 99 2231,515 06
United States Forest Service e $116,000 00 |...... SR «eve| $648,000 00
Department of the Interior... Sy e e e - L e e ; 11,940 34
State and Clarke-MeNary...........ccvvvvnrnnan 11,150 00@) 16,038 05@ 143,108 33
Total State and Federal..... T $132,883 33 $16,038 05 $803,048 67
Grand Total All Agencies..... e R H e weues|  $170,418 33 $30,650 04 | $1,084,663 75

(DB8tate owned Forest Lands, 1,115,000 acres (Merchantable Timber, Second Growth, Logged-

off and Old Burn).
@Private Lands Assessed by State,
Responsibility.

Protection for which the Division of Forestry Assumes



Honorable Erle J. Barnes, Director,
Dept. of Conservation and Development,
Olympia, Washington.

Sir: It gives me pleasure to submit, herewith, report of the Division of
Hydraulies for the Biennium, October 1, 1926, to September 30, 1928,

I deem it appropriate to express my appreciation of the faithful and
efficient work of the entire office staff. This, with some improvement of meth-
ods, and with the elimination of speculative filings, has made it possible to
handle the steadily growing increase of work with no increase in the number
of employees.

Acknowledgment is also due to the field force, water masters and stream
patrolmen for their patient and tactful handling of the many difficult problems
with which they have had to deal; and to individual water users, power com-
panies, cities and irrigation districts for the fine spirit of cooperation always
shown by them toward the representatives of this office.

Respectfully submitted,

R. K. TIFFANY,
State Supervisor of Hydraulics.

PERSONNEL.
DIVISION OF HYDRATULICS.

At Close of Biennium, 1927-1928.

T L B 1 ¢ T gD AT P 010 Supervisor
8 7 T an Rt S SN Ty [ e A U SRt M N O (o oy Assistant Supervisor
Gwendnly - ERIARNAIE .« o o e s S SRS e R e e R e R Secretary
= TH Gy ey B T L | B R o Reporter
%5 L 2Ty T3 1 oy g M S R P G PR S L A Stenographer

Clarence E. Douglass. . ......covcviveanriniavissss Hydrographer and Inspector




FOREWORD.

Water is the very life blood of modern industry and civilization.

As human life depends on water for its sustenance, so have the centers
of human society been dependent upon, and hence been located near to ample
water supplies. The first and universal need was for water for domestic, stock
and irrigation uses. Lafer water became important as a means of transporta-
tion, and ever since that time the great cities of the world have been founded
near the seashore and builded on the wealth derived from ocean commerce.

Then the water wheel was discovered and for some centuries humankind
flocked to the falling streams. This movement in our country made New Eng-
land for many decades preeminent in industrial, social and cultural develop-
ment, The transmission of energy by electric current made it possible tor
industry to move away from the waterfall; but still it cannot stray far from
the flowing stream, for now comes the age of chemistry and in nearly all
chemical processes water, oceans of water, is an essential feature—water for
blending; water for mixing and sorting; water for power; water as a solvent;
and, besides these, the modern community uses ever-increasing amounts of
water to carry away wastes of all kinds; water to beautify home grounds,
streets and parks; water for gardens, farms and golf courses.

More and more with the advancing years, the health, happiness and
advancement of human society depends upon an ample supply of this liquid;
and Washington, with its thousands of lakes and streams, perpetually renewed
as the rising vapors are wafted from the ocean to the great mountains, there
to fall again as rain or snow; Washington with her fertile plains, perennial
forests, treasure-laden hills and kindly climate is destined to become a center
of civilization and culture second to none the world has ever seen.

WATER RESOURCES OF THE STATE.

Irrigation.

Durinig the past two years there has been a slow but steady development
in irrigation, comparable to that of the preceding decade. This development
has come chiefly as a result of individual or small cooperative enterprises.

In North Central Washington the censtruction of the power transmission
lines along the Columbia, Wenatchee and Okanogan rivers has stimulated the
building of pumping plants, which have brought into cultivation considerable
areas of excellent land with low pumping lifts and good transportation facili-
ties. These developments, while small in comparison with the larger projects
of earlier years, are in the main sound and will undoubtedly be permanent.

The only large irrigation construction under way is the building of the
Kittitas division of the Yakima Project of the U. S. Bureau of Reclamation.
This division is now about sixty per cent complete and it is understood that
some water will be delivered during the irrigation season of 1929.

There has also been a healthy development under the Wapato canal in
the Yakima Indian Reservation, where new lands, aggregating 3,000 acres,
have been added during the past two years. In the Wapato division there is
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under construction a pumping unit consisting of three 700 H. P. turbines direct
connected to three 30” centrifugal pumps, each with capacity of 50 s. f. with
an actual lift of 85 feet above main Wapato canal. Under this unit water for
11,000 aeres of land will be available in 1929,

It is estimated that 567,000 acres are now irrigated in the counties east
of the Cascade Mountains, and that there remains 2,583,900 acres of land that
is irrigable under approved projects. In counties west of the Cascade Moun-
tains, approximately 30,500 acres are irrigated. The area adaptable to irriga-
tion in these counties is not known. It may be as high as 500,000 acres. The
rate of development will, of course, depend upon the demand for the products
of more intensive farming.

The increase of irrigation in Western Washington is clearly evident from
applications for permits to appropriate public waters and the developments
observed and reported in connection therewith. The need for irrigation in
this area is obvious from the fact that this region has just experienced four
months of good growing weather, during which only 1.75 inches of rainfall
was recorded at Olympia, a typical station., During this period pastures were
dry and no field crops were produced on any of the unirrigated land. And this
has been a typical year. Irrigation in Western Washington means at least a
doubling of the crops possible under natiiral conditions.

For these reasons we have freely encouraged irrigation developments in
Western Washington and often gave advice to prospective water users toward
the planning of their developments. The number of applications for permits
to appropriate water for irrigation in Western Washington is now approxi-
mately equal to those received from Eastern Washington.

Cost of Irrigation Projects: Engineering studies have been made in
more or less detail of mest of the possible projects, and these studies indicate
that a few of the smaller developmentz may be bhuilt at a cost of $50.00 to
$100.00 per acre; but that the larger projects, including the Horse Heaven,
new divisions of the Yakima, the Quincy and the Columbia Basin Projects,
will probably cost $150.00 and upward per acre. This figure seems high when
compared to the earlier projects, the cost of which ranged from $60.00 to $100.00
per acre, but the cost is really not excessive if the land can be placed in the
hands of actual settlers at its real value, and the lands brought to production
gradually, and not so rapidly as to injure or destroy potential markets.

The principal reasons for the increased cost are as follows:

1. The land closest to the streams has all been developed. Much
longer canals over rougher country, with fregquent tunnels, are
required to reach lands in the remaining projects.

2. The low water flow of all streams available for irrigation is
already appropriated. Storage reservoirs, generally gquite ex-
pensive, will be required for future developments.

3. The cost of labor and materials is now two to three times what
it was when the first canals were built.

Crop reports of the U. S. Bureau of Reclamation give Washington first
rank in returns per acre, and if our irrigation development is carried on at
a rate commensurate with the demand for its produects, it is probable that all
of the area above mentioned may be profitably reclaimed, and that its reclama-
tion will add immensely to the wealth and prosperity of the state.

The following tabulation shows by counties the area of irrigated and
irrigable lands in the state:
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. Irrigated Irrigable
COUNTY Land Land
e e T T L T e IR I eI it 4,800 |-iciiiaiaisias
........... ; 3,000 1,000
............ 50,000 304,400
............ 35,000 15,000
............ 10,500 10,000
........... 4,000 1,000
........... 7,100 26,000
T L 2,600 186,000
Franklin, exclusive of Columbia Basin.... 3,000 2,000
L B e 1,000 2,000
Grant, exelusive of Columbia Basin 8,000 1,000
Kittitas 75,000 89,000
Klickita 12,500 29,000
Lineoln 3,800 1,000
Okanogan 40,900 42,800
Pend Oreille 3,000 3,000
Skamania 1,000 4,500
o A T S R S for R 15,000 10,200
Bpokane. il il daeeass 17,000 10,000
TPROFBUOT cLvia i viwis vvwarsn v e inn sy ssssen 2,000 5,000
Walla Wallu ...... A R R AT S Wb e 30,000 50,000
WRRIDNE . i o nin s vaa an sy e waa e sraralh o e a'a BrrEHA e T 250, 600 163,000
Western Washington Scattering Devclopments ............................ AB000 [ivesiainvaaia
Total exclusive of Columbia Basin........ccoiivnvvrrnsesrrsnesss 597,600 785,900
Columbia BaBin (..o iiicidviivrassnnsssanasssisansisvnessnsres i 1,800,000
Grand Total 2,585,900

Water Power.

No area in the United States offers more favorable opportunity for de-
velopment of water power than the slopes of the Cascade and Olympic moun-
tain ranges in Washington. The general elevation of these high ranges is
from 3,000 to 8,000 feet above sea level, with four high glacial peaks from
10,000 to 14,000 feet in elevation.

The streams draining these areas reach sea level in a comparatively short
distance, making available the rapid fall essential for economical develop-
ment of water power. Another feature which adds greatly to the value of
these streams for power development is the heavy precipitation in the moun-
tains, ranging from 80 to 140 inches annually. The winter precipitation
forms snow fields and glaciers insuring an abundant water supply and a
well-maintained flow during the summer season.

For maximum development on most streams, however, some storage is
desirable, and good storage sites are available in connection with most of
the power streams. Climatic conditions are such that ice has never been
known to cause interruption in the operation of hydro-electric plants on the
Western Slope, and as most of the power streams are within the humid
portion of the state there is no conflict with irrigation development.

There are sixty-nine hydro-electric plants in operation at the present time
with enlargements or extensions planned to several others. The principal
developments during the biennium are briefly noted as follows:

City of Seattle—Skagit River project. First unit of 50,000 horsepower
completed. Ultimate development to be 350,000 horsepower. Second unit
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consisting of the development of about 100,000 horsepower at Diablo Canyon
was commenced during the biennium and is now well under way. The city
is also building a new 20,000 horsepower unit at Cedar Falls and a unit of
37,600 horsepower at the Skagit River Gorge plant.

Chelan Electric Company—At Chelan Falls, with 600,000 acre feet of
storage, in Lake Chelan. First two units of 68,000 horsepower have been
completed during the biennium. Ultimate development to be 136,000 horse-
power.

The Northwestern Power & Light Co. has completed the construction of
an additional plant on Elwha River in Clallam County with a capacity of
20,000 horsepower.

Engineering investigations are still in progress looking toward develop-
ment of upwards of 100,000 horsepower on the Cowlitz River between May-
field and the mouth of the Cispus River.



35

Division of Hydraulics

'0D J438IT pus IaMoq punog jadng | g ¥82°8 ‘o 8L ENEFEL IS OB ST S A R e A e IDARY QUOIBUIA, |*:°tcttctttt uBEq) | 88
‘(Juede ‘oD "I[H "UsSEM) ‘'AY ‘10 32@ 181 000°L ‘wa | CNFE | o1 SreetticcIBAT 09UDIBEAAL |0 Treemsenp | A8
#9300 39800 W 99 08T AL ‘N ¥e or- trtUUUIBARY SAUDjBUAM | C terueEyp | 98
*BInqsud(iy Jo ha_O ] 009*T “H 81 ‘N 8T B TS e IoAly BUIIYBX |° TR | g8
‘0D JUBIT pue MO 9HBT JNOLT, [1]8 008 ‘H 0L ‘N9 ¥e I9A1Y UOWBy MNIUA " UIBIRIN | FE
"00) 2LII0O[Y UIM)SIMYUIION | 80T 0008t ‘HOL | NS ot *tI9AJY mOUI[BY 0OM | “JRYIIY | 88
'0D JY3fT ¥ IMOJ gPRBL | a1 001 ‘HIL | NF 08 *tIARY UOUIES 9JIUM | 18I | B
‘0D AT ® Jomog apleg o858 02z "H 8T ‘N ¥ BT e S S ¥oaxp Aupdg TP | 18
‘00 JYSIT ¥ JaMog oplaed g9 008°T AT ‘N FL e L ] e e e S A JRALY SagouN SUROMYBE | 08
‘0D QT % JaMOJ 2ple, 19T 00101 | LT ‘N L L e a ¥ CTIDALY SAUDRN ‘BULYBE | 63
*0D J4drT ¥ Iasod oglaw 8g 002 "H 8L "N 8L N " IBAIY SOUDBN ‘BU{BY | 86
‘0D JSIT ¥ IaMog aylud 9% 0002 “H 88 ‘N ET Bire |t S e L u?:_m BjQuInior) ‘RIOINRE | 02
"UO[IBWR[IDY JO NWING 893838 pajiu 89 00% o ‘NG @ opEiuung ‘Al VUYEX ‘BUNYRE | 97
‘U0 BIUR[Y JO NEaING §3)818 pajiu ¥ 008 H @8 ‘NOT 6 opIsiunny ‘ISAJY BUINEX ‘BUIYRX | FE
‘UO[BIIB[XY JO NBAING §918I§ pPajiun | gy 005 ‘Hes | N6 g op[sfuung ‘ISAR WHIYBX ROIYUE | §3
"UO[VUIR[DY JO NUAINg §23838 pajiuf 15 008 ‘H 76 ‘N6 08 apsinung ‘I9AR BUIYBX ‘uojuRd | @8
‘HOIBWIB[IPY JO NUoING 181§ poliun | g9 005 ‘AW | N6 9% ‘DALY BUINBE ‘uojuRg | 1%
‘UOIBWIB[9Y JO NvAANg £9)83§ pajiun |y 00 ‘q9T | N6 0z CIOAIH BUINBX uojuag | 0%
*JO[ISI UO[R B JueqIng 0r 000°T ‘" 1e ‘NG 08 Tttt IaAl BUS T8M BIBM | 6T
QABI[SIOPIID "M ‘D | 63 < ‘T8 | N | 9 ‘IDAR PSNOMEd | et Sumpy | 8L
‘00 PMOJ ¥ SIIA 1[10Y dSIM, 1% GLL “H @2 ‘N g8 8 ettt gaAny dSIMT | ‘uUBIOURNQ | LT
"0 IoMod W JYIIT dSIML | og-g8 | LI i e | R L o L P O S T 1Ay dsjug, | “*rugdoury0 | 91
00 PMOJ ¥ JUIIT A9((BA MOyWN wdd] | gF 00T A R T B N L *IDARY MOUII | ‘unfousnyo | €1
‘00 dMIAY UBPUD | 8lg 00089 o e A S S i e IoAy UBEYQ | uvgo) | ¥l
‘0D IoMOJ I9)BA\ UOIIUMSEM | G 002°% o BT ) R 2 s T AR URIUIBN[IUIY |* urdouny( | 81
‘0D MO IJUAL UOYIUIYSTM | g 00838 SSERR L NEEE |G |t S[I® 9191 ‘IoAly oumyodg |° SUDAMY | GL
‘0D Jamog I9jup\ UOIIUIYSEAN LT 00036 o 68 ‘N 18 HEN [poasaeswes oxYwT AuoT ‘IeAny euuwyody |- apoourt | It
‘00 IMOJ I9IBM UOITUISEM | g 00091 s e S TR L SR OUIDUIN ‘I0ATy duvyods |* suwyods | 0f
‘o) IM0J 1B UOYTUISEM | 59 | 008°LL TR WIS R G S e S[[BJ MO ‘I2AQY ouwyodsg | *raueyods | 6
‘o) Jamod IojBp\ UolFulsEM | o9 00F‘ET ST it S IO M P s[eg Iadd ‘IeAry eueyods | “rouByodyg | 8
‘fddng soyep (wdpuny suryods | jz-or | 008°f e MR R S R S T N R IoAly suwjody |° rroumyody | L
"0)) Iasog sueyody JUNOW | g 00% HEr | N® | o “xoAry ouwdodsg I |ttt ‘oueyody | 9
URISAY VM0 T2 | ¢g 008 el ke S [ Foar) eop go-dung CgURAMS | g
‘0p) MO INBA UOIFUIGSBAL | 60g 008 | 8 g A e BRI, Foor0) [PASB) HIOL YIION [*°°°TtO[RI0 PURd | ¥
‘0D Jomog puw JuIT aqqnday | g 0ot G710 e i 0 I e 090 WOLIEL, O AL | 8
‘00 AT N IoMOJ LJUNOD SWIANS | ger 009°T ‘qHee | 'N9g | 6 t IOARY O[ITA[0D *USUIANS | G
"00 WMWY PUV[IIOL PUYIUL | 09y 000°9 SRR N e | e M st sen et aamanasy HP0XD) UBAING |*°***" "APIQ PUAT | 1
Tomod eduey | ‘dMI, |T0PIOS _
JITHSHANMO avaH -9RI0H WVHIHLS LLNOOD "ON
padopasd NOILVOOT _

sdew 8y} U0 UOIIBIO] 0} JI9J2I SIDQUINN

MO RIIGQ IIPU[] SIUVL
'NOLONIHSVM J0 HLVIS THL NI HEMOd HALVA ad0THANA

1910N



1cs

 Hydraul

Wiston o

D

36

eep'soL |ttt vislasisial e el cerenn TaModoSION PRdO[PA B30
‘BolAleg uojjvdlA] uvppul ‘g "0 12 09%°'G A E AN ST snad ® [BUB)) UOJ}BAIISOY TR K
‘Aunduwio)) Jamodg WINION JUaIL) L (1154 ‘dH8 ‘N 86 9 a RS A W CLIITRY SO OTS
‘00 WEr] PUB MO PUnoy wang 99 898 ‘o9 ‘N 18 6 ¥ TTUUUUHRRID umpp |ttt Us|Woyous,
00 JUAPL puv Jsod punos JosnNdg 8L 08 L ‘N0 GL i HIID HoMR(LL (1077777 Tysimoyousy
‘0D WET PUv WMo Punos 1pang 0Ga 0ct R ‘N L& L 2 TTURINID AR |TUCC T TUsjuoyouy
‘[j3uay 10 L3110 oty 000°2 uopuf| aywer trUtUUYY E CrettttIaAly Aepag |ttT
a[338ag Jo £310 819 000°£¢ ‘s ‘N & & TTIDAIY ABpa))
ayIBag Jo £91) 0 000" 09 "o 6L ‘N8 |18 ‘UrISAl MdBys
a38ag o L10 egg 000'& "o el N L8 85 "HOOLD WIDBYMIN
‘00 WD) puv(jiog Jopedng i 0045 ‘e N 98 i [ Sl g St bl NI dwag
"0 SUPNDIVINUBY PUB MO UID}samIIoN 002 000" 0% ‘ML N & i TTIDARY BUM[SL
‘00 FUMNIIRINUVIY PUB JOMOJ WIDISIMIION 001 000" 9L ) ‘N 08 a1 T IDATY WUM[GL
"00) Iomod wAB[IIAL 004 002 ‘M6 ‘NI 118 S
‘00 WET PUB MO PUNOg g oy 898 ML ‘N S 5 TR0l BALAS
’ ‘0 JoMOJ PuB U uoj@Eys 4] 6eT M N 08 e HoaI)) YANOI0(SPIOL
RUIOOR [, Jo £30 092 000" 0% AT ‘N @ g *TTIRALY ysnoNONg
) BULOAR], 1O £31) sty 00055 sy ‘N oL 24 CraIeAlRy  AQBDDsSIN
‘0D SUIU [B0) VUINZIJUOTY 06T L e ‘N 8L bicH b i SNSRI SUBAY
‘00 IR [VUOPBN INUiRY | 04 oot |8 NG | & Y trect DALY PSIPBIRA
‘0 A UOIOW 48 ok oy ‘N @l . e J9AR  UOILL
TII0D "M "D g1-al 002 "A¥ ‘NI g SN SRR IDALY [BINOYBYAL
‘00 MO ¥ ST UINSIAL o V6% ay 'N&@ 24 TUUUUIDATY  [RANOUSE AL
IO M D | 8FL DLt ‘q 8 ‘N ¥ T - CUeRID) oRr, Sig
‘00 AT PUB JOMOJ Punos 193ng or L08 ar ‘N9 i Ut rIBATY BULS[BH
‘00 AL puw Mo punog jeang ¥8 0188 "M G, ‘N 8L g [ttt s IDATY S9INUDSD(]
‘00 WAL puw Iamod punog jedng | oo8 608" 9% e ‘NAT 4 soeIeAly  dnpeAng
‘0D AT PuB JOMOJ punog 193ng 0oF BeFI08 ‘ae N 0z L SR, 10ATY 93 AL T raNR A
*00) JUSIL PuR IOMOJ Punog jadng 098 FOPEL ‘ws ‘N % 08 CIaAl epRnbOLY ceredury
‘00 JUAI] PUB J0MOd punos 19dng 088 TOP'E1 ‘a8 ‘N % 61 ‘IaAp ejwenbouy |°*° *Crduig
00 AT pus IMog punos jeandg C1é 0G9° 64 ‘a8 ‘N g8 @ WOV A
00 WAL puB MO puUNog J95ng SIT oF8'e ‘He ‘N OF I8 |5 TIAAIY NOUSHOON NIOJL UJION |*°°°° woxN)BYUA,
0D JAIT PUB 1MOJ PULOS 9FN0J 8L PLF T R ‘NG | 8l BRAIEERE tertiIaAlg eppuy |ttt uBEUD
|
Jasod aduvy | AT _noneom
JTHSHANMO AvVdaH -ISI0H WYAHLS LLNDOD
padopAsd NOLLVOO'L

‘dew 9] U0 UOTPEIO[ 0} JI31dd siaquuny

‘WOIRIAAQ IIPU] SIuv|d
spanunuo)—NOLONIHSVAL A0 HLVLS HHL NI HAMOd HALVA JUEJOTHATA

1930N



Division of Hydraulics

37

PARTIAL TABULATION OF UNDEVELOPED POWER SITES IN THE STATE
OF WASHINGTON.

The following tabulation of potential power sites is by no means intended as

a complete inventory of the State's power resources,
tive enumeration of the principal sites which are known to exist and

but rather as a conserva-
which have

received sufficient investigation to indicate with a degree of certainty their

potential value.
included in this tabulation,
any individual site or group of sites may be capable of d
or lesser amount of power than here shown or may even fo
reasons for the present, at least, prove entirely non-feas

ible.

There are, therefore, unguestionably many excellent sites not
and likewise it may be found upon detailed study that
eveloping a greater
hysical or economic
The definite de-

termination of the physical and economic feasibility of a power project or-
dinarily requires a great deal of costly study, and such determination is not
within the present scope of this office.

Note: Numbers refer to location on the map.
Available
Power
No. STREAM FLOW COUNTY 5045 of
Time at
709, Effi-
cleney
H.P.
1 | Nooksack River—South Fork....... Rt v Regulated .......| Whateom...... 22,000
Skagit River—
2 Gorge Creek Bite.......convevevnras Regulated........| Whateom...... 270,000
3 Ruby Creek and Diablo Canyon Sit Regulated Whatcom...... 520,000
4 DOUDET LR oy viass swswvnwsiennssstongss Regulated. . Whateom...... 40,000
] Below Baker River.............. .| Regulated. . Bkagit......... 60,000
6 | Cascade RIVEL .......cc.oons R e S e .| Regulate Skagit... or 50,000
7 | Sauk River Water Shed..........ccooeuinnieennnn Unregulated Hs 225,000
8 , Stilaghamish—South Fork...... AL e S S Regulated Snohomish. ... 30,000
9 | Pilechuck and Deer Oreeks...........c..cevevuvninn Regulated. Snohomish. ... 20,000
10 | Sultan River and Wallace River..................| Regulated.. Snohomish. ... 80,000
11 | Skykomish River—North and South Forks...... Partly Regu Snohomish. ... 45,000
12 | 088 TIWEE . cavsassanssantasssnnsvasns cessvenenes| Rogulated.. MR e 25,000
13 | Miller Oreek .....ieoeuersecsvarssrassrnsssnsnes +...| Regulated. . King... e 15,000
14 | Snoqualmie River—North Fork............. «-+...| Unregulated King. B 20,000
15 | Bnoqualmie River—South Fork.........coveuvunn Unregulated.. A5 15,000
16 | White River—Upper River.........oceceveunnnnes Partly Regula Fs 75,000
17 | Puyallup River (below Electrom)........ wesense.s| Unregulated.. . 16,000
18 | Nisqually River (below LaGrande).............. .| Unregulated...... % 10,000
19 | 8kokomish River, North Fork,
Hoods Canal Plant................ wesssssansane| Regulated..oooi..| MASOD..0uesse- 111,000
20 | Skokomish River, South Fork (Developed in
connection with North Fork)........ wessssesss| Regulated........| M&SOD..vsaeen 35,000
91l | TIUwanD RIVED u.ciivesseimeirveisavecanss vveess| Regulated........ 1,500
22 | Hamma Hamma River.. TN T e, Regulated........ 7,500
28 | Dosewallips River .......ccioiiiiiviniiiiininnn ..| Partly Regulated. 80,000
24 | Dungeness River ........ A s vevesesess| Unregulated...... 4,000
25 | Elwha River (Glines Canyon Dev.).............. Regulated. ....... 16,500
26 | Lyre River .......vveceeeas R e R R A vee...| Partly Regulated. 6,500
97 | Hoh River (Big Bend Site)............ vessneeess| Repulated.........| Jeflerson. ..... 33,000
98 | Hoh River, Upper Hoh......... LA T eee R ..| Partly Regulated.| Jefferson...... 24,000
29 | Queets RIVEr ...oeiveavess S R R veue..| Partly Regulated.| Jefferson...... 16,000
30 | Quinault River ..... T e R R B TR Partly Regulated.| Grays Harbor. 10,000
81 | Wynooche River .............. SR e e ...| Regulated........| Grays Harbor. 20,000
Cowlitz River—
32 Mayfleld Site .........c...... s .v.! Regulated........! Lewis....cu... 33,000
33 Mossy Rock Site .........cooeeecanen AN T Regulated........| Lewis.......... 20,000
34 Big Bend Site ........ oo S R R .| Regulated........| LewiB..covou.en 16,500
35 | Olspus River ........... R L A R +...| Partly Regulated. {Skamania and
LewiB...ovuenn- 40,000
36 | Toutle River (Bilver Lake Plan)......... vesee..| Regulated........| Coylitz........ 30,000
87 | Lewls River (Various sites above Yale)........ O ANE S S o P AR 60,000
38 | Lewis River (Yale B8ite) ..... I PR .| Partly Regulated.| Cowlitz........ 42,000
39 | Lewis River (Arlel Site).........ccovivnnns L W E s R Fopa NO R s 20,000
40 | Kalama River .....c.ecvesiieves R e e A ..| Unregulated......| Cowlitz........ 30,000
41 | White Salmon River—Various Sites.............| Unregulated...... Klickitat....... 70,000
42 | Klickitat River—Lower eight miles............. Unregulated......| Klickitat....... 4,000
43 | Snake River—Five Mile Rapids........... vvvse..| Unregulated......|{Walla Walla
and Franklin. . 100,000
44 | Yakima River—Union Gap ................ N g R e Yakima....... I 30,000
45 | Yakima River Water Shed (other sites doubt-
ful due to regulation for irrigatiom)........ il etz i s neE] | e ek e ey

1




38 Division of Hydraulics

PARTIAL TABULATION OF UNDEVELOPED POWER SITES IN THE STATE
OF WASHINGTON—Continued.

Note: Numbers refer to location on map.

| Available
Power

No. STREAM FLOW COUNTY 50% of

Time at

70% Eff-
cleney
H.P.

G £ T T T By O O L e B

47 | Chiwawa River ............coevvens Regulated. .......

48 | Railroad Creek and Dumpky Lake Partly Regulated.

49 | Clark Fork at Z Canyon.......... Regulated........

B0 |- BReepi €Ieale. © i i S s ks e s Regulated. ....... 8
Columbia River at—

5l Little Dalles .. Regulated

52 Kettle Falls .| Regulated. .

53 Grand Coulee . Regulated. .

54 Foster Creek ... Regulated

55 Rock Island Rapids Regulated. .

56 Priest Rapids ....... .| Regulated..

57 | *Umatilla Rapids .............. .| Regulated.. 5

58 | *“The Dalles ........ R I Regulated........

DY | FECRBERAR ..vsnnsivmisicnmsnsss srevimansan i insy sris Regulated. .......

NOTE.—In estimating power available from streams in Eastern Washington due regard
is had 1';0 chelr present and future utilization for irrigation.

P, shown represents one-half of that available at site; other half credited to Oregon.

Recommended Legislation to Curb Speculative Power Filings.

It is believed that an annual license fee, which might be charged against
all power projects, developed and undeveloped, would quickly eliminate most
of the speculative power claims now remaining. Such a measure would
produce an annual revenue of $25,000 to $50,000, which could be advan-
tageously used for securing basic information in regard to the power re-
sources of the state and other resources that might furnish industrial load
for power development.

NEW WATER RIGHTS UNDER WATER CODE.

Any person who desires to initiate a right to appropriate or store water
for a beneficial use may do so by filing an application in the office of the Super-
visor, using the printed forms, which are furnished on request, together with
a map showing points of proposed diversion and place of use. The applicant
is required fo publish notice of his proposed appropriation in a local newspaper
and investigation is made on the ground by the Supervisor or his representative
to determine whether there is public water available for appropriation, whether
the appropriation sought is for a beneficial use and whether or not it will con-
flict with existing rights. This often entails a survey of the stream to deter-
mine what other hises are being made of its water.

When large projects or streams of importance are involved, a careful
study is made in order that the public interest may be protected. In case of
two or more conflicting applications on the same stream, permit is issued to
the applicant who proposes to make the highest feasible use of the public water,
and it is within the discretion of the Supervisor to refuse to issue permit if
the use proposed threatens to prove detrimental in any way to public interest,
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having in mind the ultimate development of the highest feasible use of the
waters belonging to the publie.

If conditions warrant, permit is issued, fixing dates for beginning and
completion of the project. These times may be extended for good reasons, but
if the applicant does not show good faith, application or permit may be can-
celled and the water then reverts to the State. On completion of the develop-
ment and proof of application of water to beneficial use, a Certificate of Water
Right is issued. This certificate is recorded in the office of the Supervisor and
also of the Auditor of the County in which the project is located and is of
similar effect to a land patent or deed.

Where prior appropriations of water are found, but it appears that some
water at least is available for the use proposed, permits are sometimes issued,
specifically subject to existing rights so that the permittee may not be misled.

RECORD OF APPLICATIONS AND PERMITS DURING THE BIENNIUM.

During the biennium 539 applications for permits to appropriate water
have been received; 469 applications have been approved and permits issued,
and development under 158 permits has been completed and final Water Right
Certificates issued.

Since the office was established in 1917, 2,432 applications have been filed;
530 cancelled; 1,264 permits granted; 638 applications are now pending, and
construction under 292 permits has been completed and final certificates issued
thereunder.

WATER RIGHT APPLICATIONS, VARIOUS USES.

The amendment to the Water Code recommended by the Department and
passed by the Legislature of 1925, requiring substantial examination fees based
upon the amount of water applied for, accomplished two important results.
First, it has very largely eliminated speculative power filings, of which there
were always hundreds pending so long as the fee was fixed at $5.00. Second, it
has greatly increased the revenues of the division and so justified more careful
and comprehensive study of important applications than was before possible.

Of the applications filed during the biennium 70 were for hydro-electric
development and 28 permits have been issued for that purpose. Of these only
7 permits were for the development of over 100 horsepower. One of these
permits was for a municipal project, two were issued to public utilities and
the rest were issued to individuals and private corporations. Forty-four appli-
cations and 22 permits were for municipal water supply. Applications in these
two classes are published in detail on the following pages.

For irrigation rights, amounting to 1 cubic foot per second or more,
72 applications were filed and 60 permits issued; for fish culture 12 applica-
tions and 12 permits.

Mining, manufacturing and miscellaneous uses accounted for 61 appli-
cations and 19 permits. Developments under these applications included
hydraulic sluicing, milling of ore, washing sand and gravel, logging flumes, and
paper and pulp mills.

The remaining 280 applications received during the biennium were
mostly for private water supply systems for domestic and irrigation uses.

Note: In the tabulations on the following pagées information is given regarding
the more important applications for permits to appropriate and store water for power,

muniecipal, irrigation and industrial uses. The less important applications for domestic
and small irrigation use are omitted as they are not of general interest.



Division of Hydraulics

40

B R ] 000°6L pedaalnsun) 8% TNPRI) UIejsOAN il | UAg Joddo) Jses) did | 488
| NG e 000° 00T padaainsuf) oor  JareeEes A1) ESE_ ...... udg mddo) jsom dig | ges
S Rt F08 000‘ST pedasrnsuf) 88 rerentt WeaxD Lqoyrx |ttt uig Ieddop 3sop\ g | ogg
"penss| JjuLiad Lxvsoduray, |tcvc|tree ¥66°'284 | 000°000'8 ‘W § _.z 6| ot g0o‘or |ttt J9ARY 9INOL |00 Id ¥ &9 oy Huds | 9o
............ 698 009 ‘H eF['N 63| ¥ 08 TRttt ¥@Rd) 10330 |TUtUop famod eumyod§ ‘I | 6e¥
6% *ddy Iopun 1aj8m |
JO 09BIOIS JOF JOAIISAN |t ter|terrrerrersteees/seiniiiiinns pakoAInsun '8 000492 “Soy AQIOTOC OB |+o+eereee wouuwyg ‘q ‘A | OFF
AI0 yInog
............ &19'GF 000°000'¢  |'® OT I'N 18| 18 000'T Tt I0AIY USJWONANG |ttt uouusyg Cd AL | 68F
181 %9 991 “Jo I9pUN 19)8M
Jo 093BI0}8 I10] JIjOAJagay |Ttcttt 84 it 000°000‘9 pafaansun) FRO00'000°T ' JpoATosay Lqnyp [rcecereereeees v Jo LD | ¥y
...... 990 | 000'89T 00000001 pafeainsun 00g'g TRttt IRARY giBeNg |tvccccccocrectapymag Jo &0 | geR
"d "H 000*0—Pa30[dmod
juowdoressp jo dags gsIg |ttt 18T | 000'98% | 000°000'<E pedosrnsupn 008's X0 I0puUnyL ¥ 10
IBIING Y IS e I8 Jo A0 | ge¥
*861 JJULI3J IOpUN J9)BM ,
10 03BI0)8 IOF IJOAIaSAY |tccccc| gLoM|tccctccttt 000°08 ‘HEP [N E8| L3 ‘800001 Rty LD A L R o) Iamod ¥ V1 edsped | 18%
100 YII0N
‘pajardumod juamrdoreasd | og 86T | 089 000° 0F eV |'N 28| 13 0% Ut O{eRI) edsiep |tUroD Jemod % VI [PAs[eD | 0zF
‘Pjerdurod juamdor@ad( | gg SFL | 0098 000003 ‘g 8L|'N L8| 83 091 Tt DOID WID[BUMAN [*o¥errrereeres 9[3Iwag 10 A0 | ¥og
...... zer | oot 000'% T 01N 28| 8 001 St ORED) BUBQ |ttt gonoar Tg P | 098
‘BCE NWID IIpUun Iem
JO 088I0)8 JOJ JJOAISSY |tttct il (et 000°89L°T "M P |'N@E| ¢ ‘FU000'06T  |'S0Y UBUIYSTD YW [trrrrreeeeeeee wuroaw, jo £310 | ¥os
*d "H 000*0¢—pe3ojdizod A10,] YIION
juomdof@aop Jo de3s gsapg |*cot %88 | 000'€L 000°000°0 "M\ ¥ I'N @E| @ 000°T Ut IDARY USJUIONONG [rerrrrereeee BUWIOIRL, JO £31D | 808
061 JWIsg Jepun Jajuat
J0 93BI0)S 10} JIOAIOBOY |*vttC g | resesn 0008 (L IL'N 62| 8 | ‘Fvoos | §9Y 9B I0A[IS |'0Q jmdopAdg ¥ Suymyy
| faddop x prop adoH pooyd | o
...... 0L | oge 000°g HOTLN 66| 8% g O IOANS IO |00 9, dO[PAIT ¥ FupuTy
H pus 9qwT IANY | ddop) ¥ plop sdoH poop | gsg
............ ¥ar 00001 WAL 'N 0| 9% 001 Tt IOARY A |ttt re) Iquint uoddiN | 018
‘pajerdutod 'syA ‘sesodind
uopjedina;  I0f A@ANPXHE |t 811 | 98 0000 HIG|'N®| % (14) GO I2A1 MOUIOW |* 98I BT La[[BA MOUIOW | 183
*G0g JULIa] JIpUn Jojum
JO 9duvl10)s IOF JJOATASY vttt o (i So“m HOF I'N 18| LT TR 009 TTTBOY ONBT S)IBM |CCCUUU[B 39 ‘oumAm[Y I030d | 0@S
L 208 | 003 So.nm HOFPI'N 18| LA e oo SHBT SJUBA |° [ 30 ‘ouvAm(y X9 | 192
...... 668 | oot 00002 ‘He 'N| 18 0g TeTt JOAID SUPHUAP |tvvtvverereececc sory BUIIY
9 pURT ‘YSEA\ UINISOAN | 0FF
HIOL yInog
00431 | 000‘00L Mo |'NSL| 68 00F | TOAT AN[BANG |*1oeeeesteeeee JUMOH PP | 98T
¥al 000" o6 |'N 98| g 03, 7, [ {0 Iapnog Sy |* CUBAMG Y JUBIY | 315
00t 000°1 TN 28| 18 9 (11 H9vID Auwduiofy |-reecerereeriecces USYT YUBLT | 99
000°82 | 00000078 | GT|'N 28| 13 O [ TOARY PFuYG [“ccre 3IBog Jo 4310 | g8
oN | "d'H losa dng! 00y | 'g-a0 "ON
SYHVINIY ON | HUD | 213309, 1500 U SR T 1938 M uopvdorddy LNVOITIdYV 0 ANVYN [ddy
|90 | -1 |pe)BUIST| poYBUISH | JUIOJ UOSIOAIQ | FO JUnOULY 0 @2Inog
*I2Mog

"HHLVA HLVIHJOUddV OL SLINHIJd HOJ SNOILVOI'IddV



41

Diwvision of Hydraulics

‘pansst imIad rgrodway, |ttt | %p.ma ﬁkoﬁ_.m ‘g9 I'NTIL| 9 Q00T - -|fiteasas I9ARY z)M0Q | 0D o_hmwﬂ_mwmﬁammno []
............ | gor'T 4 f i : k el et S ol
%o... ey pin Easa _ g |9 |'N6s| 6er £1'8 weaIs p n 2t 0| us
JO 0ERI0qE I0l  JOAXAEAY |vescs|reRevslesndeseiean st ehivearis by d L8 |'N 98 | TL '8 | 3% 000'09 crgRy B[WA e[NeN | ‘00 19M0g I9JBAL USUM | 60L
‘pangs| Jpurtad Lrgrodumdy, |1 cr |t 9B1'08F | 000°000'0 |'H 48 N 98 |1L°% 000'02 |*°'tIaAjM mjquInjoQ |17 "0D I9MO04 I93BM 'USSA | 80L
‘pojardwod joaford "ttt 618 | ¥¥% 000°0T HIG[N¥E| ¥ R | LT oA Moy | 00 Iosod ¥ AT
f A9[[BA MOUIRI I0dd) | c0L
“LFE PWIDJ 19pUnl I3jus
Jo 938l038 10§ JjOAJesAY |ttt PR | ERRRELTTI TN CRTTEEPPRPrT T M8 NG| T FBO00408  |Trereererreeeee o .
mjseg xuazegjeem | uaaplaqy jo £310 | ¥G9
‘pa0A EPUO] PUE PAZII0
-ane juewdoraasp Iamod 7 .
pus L[ddns Jojsm pPauqUIOD M8 N T 009 s J9AlY AyaoomAM [T ulIpIaqy Jo £310 | 869
‘169 "ddy Iapun Ijum |
JOo 93vI0)8 10} JIOAIISYY Mg [NFE| o1 38 000°00T |89 wwueE vunmeg |00 Bpueqd ‘W H | 9191
‘ursd £1vroduwag, ‘M S I'N¥B| o 009 ] BUIUIBH BUIWBE | 5 triepuByd W CH | 169
AY N8 | & 1 5 IoAWY BuIpyuR |TUTITUtUUc U IeSS0Ad JO 4310 999
MOB'NTIL| T8 “*IDAIY O[[ISBN d100) oa-0IpiH
18800 38aM sa[doad | 119
"MOF|'N 63| ST e B 10098 T °C | L0
TMOFI'N 63| BI HereraeApy sseudSund | IOy T L | 909
H 98 |'N 8| el (118 e y@AID Iefuenyg T MU "W P9ag | 109
“o6g “ddy Iapun I91BM
Jo 0dul0)s IO} JJOAJISOY q BN oF| 0z | 1eo00ss 'soy "3y weammEypung | 0O JUIIT ¥ "id uvdouwxo | T6C
a1 "N OF | 08 008 |+ 19A1y memmYuIg |00 WIT ¥ AL UBIOUNNO | 06¢
‘I0JJONIISUOD IOF 9] "JUOD)
‘fujmooq Fop puw Iamod |
10} 19A1M OYOH JI0AIp |
03 awgps [vIvUed Jo JIBg MHI'N 18| &1 ooe [reaesiee zoayg OOy | NS eqdure somepr | Lo
"DO9Y PUB 9096 ‘4099 “BOOS |
‘o0 ‘opf 'sddy Ispun Injum |
3O 03BI0}S IO JIIOAIOSY | we 'N6 | o 1'% 000°08 oy exeT dg || 0100 I ¥ Ay oxwT Jpads | 199
‘panss} pruzrad A1vIoduag, ‘e 'NOT| I 008 ;i © roApy moday | 70D CIL ¥ Ay ey Judg |poge
‘penss| JjuIad £1vIodur, ‘T 'N6 | B 00F + oAl epnog, |TU0D CId B Ay oyw dg 0099
‘ponsst JurIad Lr8IoduId], ‘e 'NOL| @8 004 + ARy apmog, |TU100 IX F ‘AY exw 3iudg qo9e
‘panss] jruzad ArerodumaT, "MT'NoT| o1 009 * IoAlY Apgnog, |TTU0D CId W Ay sywT jldg v
*panss] jnuiad huﬁcnogw%.ﬁ kL M T |'NOT| 08 opg't [ttt oAl epynog, |TTT0D CId W Ay eywl jjaidg | 09¢
I
-e8n 10 aes dupdund
Joy Iemod dopaasp 03 we[g [yttt 189°e 000 0083 qdEI'N9| 03 000°s *++ oAl uedouwyp | 3810 "HUA] OPISIOALY | 8GC
“}9IID) Ho0yq
uo jus[d FuIsIxa M U0
-00uu0d up pejvrado oq oF |ttt 10 [1O0ENT. | T ‘L NS | BT oI R AO0IQ sppeg | UOSWBE WS | 9F¢
"ON ‘d'H 3. |"daL, 1 098 ‘80 "ON
SN VINET T BTN ETLEYTETTA A 1800 — 1038 M uopvpdorddy INVOITAAY 0 AWVN [ddy
4130 | ~I8g payBmgsy | Julod wolseAld | 70 junomy 70 32IN0Y

DpABISH

EEXTTR |

pARUPUOS—HIALVMA HLVIHAOHJIIY OL SLINHAJ HOA SNOILLVOITIAV



42

Diwvision of Hydraulics

419 JjUIsg J9Un JajBM
J10  9dv103s 103 u_wb_mww@m ...... § i L R A A 000" ¢ ‘H6 |'NSs| 98 18 000°0T "TUEOY [PQBST 9FW [Tttt 0 NN Uy | 9501
A uwo juepd Aupsixe uw
A pajerado 8q [ia quslg |ttt L19 | 000'S 000008 ‘H6 N8| 98 [ | [ N Ay frrcccreect 00) LMY UWING | GR0L
....... EEREE m@mnﬂm §_§_N .ﬂ‘ .z.b h _HHM" .......Hﬂp_m Hgﬁwm .......-.....-ﬁaﬂﬁﬁg Ho Hhom EC.—.
............ gnwﬂ So_oca.m ‘8 |'N L 91 081 TTUtTUtttNRRI() JFIME |TCCCUCCUCCUUUUBIMB[RY JO 304 | 6ROL
............ THeor 00008 ‘I 1 I'N L 98 089 frerctcIRAlY BUWB[BY | CCCC Ut tUUUuwIe[eY JO 3104 | SFOL
*pajorduod jued PMog |ttt 91F | 008 0008 "HOL|'N 9 Ve oce JI9ALY UoulBy OHYM |*T0D (YT B Id Y8 JNOLY, | 8E0L
........... thn.H g;c.ﬂ .m “ﬁ .z MN g g ...-..uﬂ..umwko Hwﬂ-mﬂ.—om <....!....<-MQ—H_HNQ .M_” ._W ym.HE HMO—.
“£80 JjWIeg pug 2
032 U Jopun JajBM
jo  odwIols JI0} SJOAXIRRY, | TS 4| 000008 M L|'N6G| L F'e 000‘er 'soy uoLuw) saU(H |*'0D YT W "I UINSIMYLION | L8GT
‘d "H 008°91
0} ABM I9pUN JUIUIIFIB]
-uf “Jd"H L& 01—Pajerdurod
JuenrdoaAsp yo dojs IsIy "M LN 6G| L pog [ JOAIY BUMH |TOD VI W I UIsemulIoN | GE0T
STF NULID IAPUN J0)BM
JOo 93vI0)s J0] JJ0AIISIY ‘T8 ‘M9, % 1'% 000'09 Trgay Ioqwg JeMOT |[*UUToD 'YL ¥ 'd punos jedndg | gL
‘d "H 000°59—pajardmod
Juewdo[eAsp jo days JsIyy ‘d8 'N9| @ 000*F TIDARY IR |CTT0D YL ¥ d Punog 398ndg | TI0T
‘A8 |'NS8| L 0oy i .—uhE ugjng | o) V1 W "d punog 193ng | 0101
‘H 06 |'N 65| 98 ot ao O PAY-EJUDM, | "ttt qyug 'y pIBMDH | 966
‘H6 (N2g| 8 {4 EE Y LA HOAI) uwuIyoup |00 juLmd) p,[3I0g Iopedng | 916
"848 "ddy Iopun Ia3em .
JO 088I0)8 J0F JIOAIISY ‘A8 'NSE| 8% '8 000°Co §)] UIODJWUAL O [*"'" reereeeee MH g Suims | 006
‘HE |'Nsg| 08 00& STUYEII) WHOdYBUM | MH g Juams | 868
‘168 "ddy Jpun mjsM |
10 0d91098 I0] JJOAIEIY ‘A9 |'N L8| 98 1'% 00008 TereEY HIOT YINOE |ttt IH g Juins | 668
H10g '8
. g8 'N&| L& 000°T TTTUIBAlY HORSNOON |TCUCUUUUUUTTUTT [I'H g Suns | 168
‘ggg “ddy Iepun 1ajum
JO OSBI0IS JOT JJOATOSAY |*ttic|treree|rreseessresfeseiiiien. ‘s I'Nerl 6 IU000'08L | TIOATOSON DrOPABI |tttierrereee snxovg A\ ‘@ | 9101
unred Lrvujunpead Iapun
wopwavdord u suwid °‘pa
-Jo[duIod SLIAINS PAJBOAIXF |**"" """ """ 1A 000089 ‘HE |'NBL| 6 o0g'g |t JOAYYL ZYIMOQY |*norrer e snyovg ‘M ‘H | 988
‘urses sejelsdo
Iasod  cCpajerduiod ERIOM [*CUUCC 788 | 931 000°T qHO0F|'N 68| FI 4 S p el S A qoax) daagq | “rrrrrree uog ¥ wed | 78
888 UL JIpunl I)BM
JO 03vI0)s JI0] JIOAIISHY | | R | R ReE At 000° 008 ‘G 'NeE| 91 T8 000'FL B9y HOOID ¥ouudlL |ttt 0D IRA\ 9 09 WIR( | BCB
‘[nyqnop jpefoxd yo £3iq
-8B “I0AIODI JO SpuUBy
0jul JUIM NG NIOM U0
-ANIEuod payawls Lusduwop [t00tC 888 | 800 000°0028 ‘He |'N%| ST (17 I L O Ho9ID) Aonuyd[ig [*°""" 00 INUM ¥ IH BIRA | L8
‘ON ‘d "H 03, |dag| "098 b ] “ON
SMAIVINHY "ON | Jjm | 9[3RI08 T 1800 1938 M uopuldorddy INVOITAAV 0 HINVN |ddy
‘A0 | -I19g |pejBUIISH| PRIBUIISH U0 TOISIDAKT | FO JUDOULY J0 admog

I2MOg

PRLUPUO—HHLVM HLVINdOHIAY OL SLINWHI

HOH SNOLLVOI'TdAV



43

Division of Hydraulics

“paIels J
-up sjpun dCy 000°FE oM, ‘H %8 |'N 5| S8 000°F TUTUIDAIY UB[IGQ [t 00 OMIN[HE UBEUD | 9O8T
‘6 |'NOL| LI [y, 1 pre ] e o) I0AR1  sndsi) 14D "I "H | 9881
g 0L 'N 0L |6 108 {10 Sl i R oAy sndsi) laqo I "H | ¥e8l
'H9 NL | ¥ oco”m ....... wwub_ﬂahwkuﬂ %.&EG T 'H §ww
. oo ol LT BRI+ R, e 1 1. g
.wwﬂ P ———— 48 (NL | % 000 1 (L)1 WIEM L SO | 888
JO 9381078 I0] JJOAI9S0Y ‘e |I'N6 | o 7R GEIoT *regay OB G [reeeereere 200) OPIBA AIUDH | £8GI
*pansgsy Juriad Lrerodma], ; . ToAl AT ODIBM AIUD
‘ggz1 *ddy I9pUDN 1B A By NS | B 66 B epnoy, 900 OplEM AIWOH | 785l
J0 05BI0J8 10} JjOAIISYY | M OF|'N9B| ¥& | ‘F®000°0T .::..mwmguo dump |- T 3ndoA T | 95EL
4 2 " "+ I9A RMBGO(Y |- mrrrernssmrannsiy FoA 'L o
*1g71 *ddy Ipun I138a M PN ¥ 005 o sdil a 1304 “f T | 991
JO 05BI038 JI0F JIOAIOEY CMBIIN & TR000°LE Tttt g0y puag g |ccccccccttt uoslapuey "N d | 8851
i M BN 1Tt 000G |rrreeeeet 1A YOH ‘wostopuns ‘N ‘i | LEET
2 pajadurod Juvfg L¥ INT | 8 008 TIDAIY  [BIANOUSBAL [rrrocrerierteet 243100 "M "0 | BLIL
810 JJULIDJ JOpUN I9)8M JJOAIISOY OB
jo 0dulojs JO] IJOAISSSY | DOT | gF MUttt 'H8 N&B| 18 1 008 RFE0Y F YPIWOT, [-orrrreertrs 0D I3[y weyng | SILL
"} £0D) Hoa10 K0DIN
- uo juerd JFulysixa uw % oYR Jodg
g pyjerdo oq 4 Juv[I ‘A8 ['N22| & 9 -20y ‘eyRT IO, 00) I0R[H UVIMY | LOTT
11T "ddy 1epun Ijes L "ON I[OAIDEY
JO 93wI0)S JOF IJOAIIEDY |° BT I'NL | 98 '8 000°T I0ATY WWB[WY pmw[By JO 3104 | GOIL
I ‘& NL | 8% 0oy JOARY wwwBey (°°* sww[ey Jo Mog | 1911
‘HOF|'NE| 6 oeL eymT puweq |°ccttttttt ¥ 39 UOJOH "d 'V | ¥FIL
o1l "ddy Ispun Iajuam | g0y yoH Jod
ORI (o o T i (R R (R AR AR Lt AR LERE M8 [Nl T 1'% 008°L -0 ‘uskg oM *t*ro) VT W LY CIQH SABID | FEIL
............ 90888 000'0%6° "M 8 'N L&| II 025 sersiecss AR YOH |*tT0D VI ¥ AN CIGH SABID | 81T
............ ZI8'58 000°009'T  |'M 8 N %| 9 1D uojpd ¥ 10
R ety b R Pt e R "M 8 |'N 9% |18°68 0% 00H 00H ‘Y §30900 |**v0D 1T ¥ A “IGH 8481 | TELL
‘0e1r "ddy 1epun Iajem
J0 038108 JOJ Jj0AINSRY ‘M OSI'N ¥&| 98 18 000°C8 “gay spldwy Jausyy | - uosmpuUey ‘N ‘H | 1811
i ‘M BL'N ¥E| 98 [ R | O TOAPY §10000 | **ruoslepuRg N CH | 0BIT
ggI1 'ddy Iapun Iajes
jJ0 03vloje JOJ JOAIeSaY | ML TN R Feo00'ee |t sy Ao 388y |TTUT00 VI ¥ Ay ‘IQH 84BID | GELL
3 ML N TR 004 SIOL “® Y} neumy |°0p VI ¥ AW IQH S&vID | SEIT
“ge1T “ddy Jepun Iajus
JO 03BI0j8 JIO] JJOAIISIY ‘MB|N¥E| 1'% 00008 gy NIOL IION |00 VT ¥ AN CIQH S&wIp | LEIT
104 "N
................................... M8 N TR 008 s TART VUMDY | ***°00 VT ¥ AN IQH $ABID | 08IT
ON | d°'H 03y |"dM, | "098 ‘840 ON
SNU VT ON | JIUD | D[32I00T, 1800) I9)B AL uopurdorddy LNVOITddV 40 EWVN |[ddy
80 | -19d |PeIBWIISH| PYBUIISH | JUOJ UOSIPAKD | JO junoury J0 20IN0Y
CIIMOJ

PINUREOD—UALVAN HLVIHAOHIIV O SELIWHHI

HWOA SNOLLVOITdAY



ydraulics

f H

Wision o

D

. R R R B ‘M9 'NL | ¥ | ‘3e000°ST TUUUEIY EJRLL dRpa) |Tcccttttttttttttymeque I CH | 80FT
1057 "ddy Iapun JajRm
Jo eduI0ls 10} IjOAIISOY ettt 000008 ‘@9 'N8 | 8 | FUOOD‘EL  |TCUUUSRM I9JMAIBRLY [tvrrorteorterer RqUY T "H | 0¥l
000‘e 000004 ‘HO 'NB | £ 002 Tttt IOAlY APPURW : 1 'H | 971
0009 000" 09F HL 'NB | 88 008 TYUTUUUUIBALY BT I "H | 09%1
BI8's 000° 204, ‘HL 'NL | &8 [ XRID I T JOqIID T "H | 69FT
*LeFT ddy Jepun Iajua
10 9381095 IO} JIOAIDSOR (cttor|terircftetcereiee] g00‘008°T M8 'NB | ST '8 000'F8 *UIJOATRSIYY ZIABNY [t ttamequn I CH | 8SFT
......... A B 000°098° T ‘He |I'N8 =18 00% TTTRTTTCIOALN SIMT |ftotttttttttttUEYRqUR I CH | LS
‘FGFL pue gopl ‘sddy
Iapun goafoxd mﬁnoﬂac_ﬁ .
-BUINB uB s joafodd spy |ttt eeree) gge'es 000000 '@ L N L | 8L oot VETLAEEL a1y Hpg [*+rrreerrreree L0 p H | sorr
FEFL-gofl sddy Japun Iajea L N | os A1 g JxqIn T H | @
10 8dwi0)s I0§ IjoAdasay [tvcccc|tct e ser nOnFn0e "L |'NL | ST IR 000° 8T TUHOY 0)ING QUOTL [trrrrrrrrecreeces JIqUn T H ! gorr
H 4 I'NG 8 SHIUID)
A e v R S o TCOUNIDINE p gsmap [tererii MIqD T CH | FSHT
3 - Pt Gl -Gl S -~y M 9010 MMODBORY |+ 27 e ereverennras a2 e 0
‘goel “didy Iapun I9jua AL N & _ 0¢ oL PRl R L "H | S2FT
10 93wI0)8 JOJ JjoAzesayy |Tvccc|tttvef rrresreere 000007 ‘M FNSGE| ¥ 00002 IjoATesayy  ANBMIIT |00 IMRAL W LT dnesyrr | 00st
| ety 198 F 000008 ‘MY |'N mw_ 81 [+ S A AT AnRMIL | 0D MR ¥ I dneajir | g68
‘08g1 ddy Jepun
I9jBAL JO 0ABIOIE PISEDIIU] 2 sinndly ey e fvel 00000050 ‘He |'Nzt| 8 PR O00°000°T |80y Mooy ASSOR |tcctttrtircottt 1012010 "A\ "H | FROT
‘0get “ddy apun Iajum
10 08810)8 JOY IjOAJOSOY | 000°00S‘T |'M & |'NGI| 8§ 18 00008 treay yooy LssolW seerreraol) "M CH | E8SC
000'000'0  |'H & |'NBL| 8 (110215 N R oA ZYIMOD |*000trrrets TUUTUIRRoI) "M OCH | 0881
‘Gler “ddy Jepun Iajem
10 23wI0)8 JOF J[OATISdY |t ERbSINL] abieEle e * 000008 T ‘HE |'NSl| 62 F8000° 95 “IOATISRY PlagARpy |t 1912010 "M "H | TRET
............ Gle'le | 000°00s'L ‘M@ 'NEL| 63 000§ TUUUIDARY ZIMOQ |TTUtttUaeazoI) "M OCH | LT
‘8291 "ddy Iapun Iajum |
10 93BI0)S  JOF JOALRaY [Urciceecc|tecorece | 000*0e O I'NIL| 9 TRO00T |t S0 puag g [tcccttctttttUUINZOID M CH | 26wt
B Mt B 51 000°008°Es |'H 9 |'NTL| 9 [126:1 10 S DA ZA0 |ttt TUIROID CAL TH | SL8L
‘erer *ddy mpun Iajum
J0 edwlols 10}  IJOAIOSIY o IL'N 1T 0 e §.a.m csoy 9B HM—.SSB ................. WRqne T 'H | 9281
HILIN T 02 0001 9910 O JAn[BAL |tctererereeee WqUH T H | a8l
‘LLET "ddy Ipun Iajum x U‘mw_mﬂﬁymwmg 9
JO 03BIOIS IO} J[OAIISAY |ctctc| Lpy|ttCt B Rl o - B 4 ww_ ird 18091 ey dnjaeyg |ttt mRgssy Iejepy dnjawyg | gl
HaoxD) Keupo
“ponss| uried £IwIodumag, |ctccc|rreer| grgty |erereeeerees ‘6N S S SR GBS ceereouiekR IEM ANIIR
byl et b iy T N 0% 0t ¥ soyur mem 1848 I, dmamy | 1481
JO 9381038 JOT IOAIAsy |ttt 23 | AR R UM BB 'N LB 81 T O000°0F9 (TSR 9N wePUD |TTUUCCUUUUUOD MINIH uvpyud | 998!
"ON ‘d'H 8.y | 'dnT, | 098 ‘BAD oN
SMYVINIH TON | Jjur (21391090, 1800 I8 AN uopuprdorddy LNVOITAAY 10 AWNVN |ddy
‘180 | -1 g ca._u_.:smm‘ porRuIfsy | JUI0J UOISIOAKI | JO JUNOUIY 10 92100

EETI R

PRNUNUEO—HUHLVMA HLVIHAOUAAY O SLINUHAL

HOA SNOLLVOITAAV



45

1CSs

ion of Hydrauli

s

D

“quepd
quasaxd oy AL3ppuded ede
-1038 pasearou] apjaold o3
v Iopun wep jo Jusiey **l g89 | 009'91 000°000" T "ML I'N 68| I s e DA UBMIH |*'0D "II ¥ "IJ UISIMQIION | 8EOL
"TOJJB R[N JO NUIT
-ng "g "0 JO 980 IO} umuvIp
MM B)BM JO  @EBIAI
U0 juaduljucd juemrdop@asg |ttt st 606'0F 000°005°3 a 6T 'NST| L oo0's |ttt DAY BUIRRE |*totrrtoorttt I PLOIT "H | 9891
‘UO]JBIIB[DN] JO N¥AT
-ng "§ ‘[l JO 950 IO} UMuIp
- BIjBM JO  9sEaal
uo juedupjuod jueumrdoppasg *vcctUitttte [dr Al 000°000°% |® 6L |'N 9T | €8 0008 TTUUUUIRAIY BUHBA NN pAOIT H | FE9T
pued Supsixe qim uop
-09Uu0d Ul peviado oq OF [ttt e, | 0% 008t ‘HOF|'M 18| 98 ot ©Ip eof PO dwmmp |+ctce 00 Iamog euwyodg "I | €80T
‘Fe01 "ddy Iepun I3jBM
JO 9FBI0IS JOJ JIOAJOgaY |*tcctctereccfttcettcttt'! 000'0%2 TAILI'N¥#| 7 78 000 CF ‘s eqw Lgjoloq |ttt Al (R A
- ) pus IapRuajed L A\ | 9891
L it - i 000°00& "HTIL|'N 98| AT 00t b AT G VR Y R G113 ) R (O §
b puw I9[PUIBH "L "M | 69T
...... B 1 000 0% 'HIT|'N S| 8¢ 091 ‘H104 ‘H 'Y FQUEA |tccctccttttttttUuUes[O W CH
*16er “ddy Iepun Iajem puw Ieysied "L ‘M | FIOL
JO 058I0J8 10] IOAIISOY |tttftviie sogmepsessaliessuersieisligg oy gpjevess FRO00'ELE  |ttttttet AJOAZaSaY [teerrretietteecs “zopjug "y “r | seer
covenfenenns| gEgipy 000°095°T  |"AV 6 'N T """ 000'S A TOARY IION [trrrrreeee ceeceTaplug o CF | 168
*0F9 JIULID T I9pUN 19)8M
j0 odwIO}s uouuouhoabuw%"wm veeses] gpogleettettttt| 000°000°8 |'HSI'N 8 8 178 000106 frrIjoATeSRY olqelg |ttt Trrettapyway Jo 4310 | @6et
‘pajepdur
jmemdoeasp Jo deys Jsdiq 0000008 pasaaInsuf) il P it T IOATY Nduwxg |r-ceceerctt ecaues Jo £310 | 1eSr
“ponss] Judad Lrviodua, 000000'T | FL|'N 8| 18 000°T CUUIBANY wWnpy oo (tUUUtUtttt TepaBylY CH [Medd | LLST
-ponss] Jjurzad £18I0duTag, cresesseenees ey v oz | gz 008 e g AR SO |t LR B DIBIV "€ T | 1921
000'00¢‘T |'EF I'NG | % 00¢ seeeesegoAg OQNOQ, |ttt “-ol[wolaly g ‘M | Beel
IDALY UDAIE)
AN R 81899 000°008'T  |'@L e 'NOL| 9 000'T T tID JPBNISPOH |ttt “apvolel | Y | 1921
“1Fer “ddy Japun Iajum
ﬂo QMH-—QHH HOH Hmot@mé ...... ssssssfessssanssnafesasscsscnnnan ﬂ N -z N.m Gﬂ <M.ﬁ §.§ peasanan ma.m “—O—HQE ..... u‘-v.—HﬁEHHHm -.m @HO.—HN NE—.
R U SI8"61IT 000°006°8 |'M @ I'NBL| 63 008°s TrUtUtIRAlY Z[Mo) [ttt ‘udmleH CH PIOIvH | TR
R 000* 08 pafaalnsuf) 0a st ¥PRI) uokum)) | B R T piu[ug “H so[BUD | G2CL
ermn|eeea sl Zaiiee | JeErdsies e PR TP T T 0ot “ereiyoaI) BEINT 'C'00 3,poI( ¥ BUIUIN ANVMS | 7261
...... i BT 000°8L M P |I'NEE| 2 09 cteetccRYRT S0 |1T0D IBA F CId ANBMIIT | 96FT
"O8FL 000°9 "M PN BBttt CFR000'E tregey ORI SOUR, |C10D 108N ¥ T AnwMIIT | 68FT
puw ogf[ "sddy Iapun Jojes 4 J[OATIEIY
JO 93BI0I8 JOT JIOAIRSFY |tctrU|tcrrcc|ttttettests 0002 ‘MOF'N 88 || CEB00tor o duremg AnvAJIT | 100 1059y ¥ CPT ANBMANNT | SRFL
000°S MFI'NBE|I"CCT T 000G '$0Y NT OUANO(PIY |*T0D 11080y ¥ P ANBMIIT | 1861
5 wrereeeeres) 000088 ‘M 8 |'N 88| 6L 0<e sreteapAly dneAf |troD jdosey ¥ P AnBMAINIT | 98F1
008° 18 [l 1 I ledehad] it inbac by 092 ereeToAR AnwAIIT |*°0D MOS0 ¥ PT AnvAIIT | S8FT
000*g 0000088 ‘9 'NL 41 008 sressereordORI0) QUL |tccttttttttUttUU'|]aRAn T CH | POFL
oN s B a8,y | AT | o9y 80 ‘ON
SMUVHHEY "ON | JIUX | 939I09ULT, 1800 T8 AN uopedorddy INVOITdAV 40 HRVN |ddy
‘180 | -Iag |pejwurpsy| pajvuIisy | JuUlod UORI2AIQ | FO jUNOWY 10 32IN0Y

.—uudﬂmvﬂen‘lﬁﬂ.ﬂdﬁhﬁ HLVINdOUddY O

IO

SLINYAJ HOJd SNOLLVOITddV



Division of Hydraulics

46

18 963'903'9 |t esna0g
a%-gm.“ gm.ﬁ-ﬂmwﬂh“ ................. -Q.H.c aW-a.ﬁ AR LHARERN m—.ﬂuoa
....................... 000°00g dIT'N 8| I | "¥®000'CE t 'y exwT wouely (" 10ATGE "M "d | LIS
"OI81 puw FISL
‘e181 sddy uwopeadoiddy
Y34 UOJ30uU0d UL BI[OATDSIY | """ 7| " rrrrr e 00008T HIL|'NS| & FBO08L [ O BONBTT WM, [ttt IDANYE "ML T | OIST
............ 809 00009 HOL'N 68| % g TTTUTTTTIBAR ummg (ccccecttttUUUUUtIpATlg M A | 918
H10d “H
............ 26L'S 000" 002 HII'NSS| 1T 08 ‘HaarD oﬁwwm_nsw..wﬁ rrsresrrrettttIOANIR M A | FIST
“qI04
............ 168°1 000*091 HII|'N®| & 0t HPOID PUIOBI[(NOLE |-+ " ** "I0AMI{ ‘M " | SI8L
...... 88 | 8IL 00¢'2 ‘H9 'NEI| B g IR POWRULL | ttUttttttuos[AR) 'D "0 | LI8T
“pgL1 “ddy Iepun Jajem
10 03B1038 J0} JjOAdRsey |ttt 1T § I 000°¢a 08 |'NSE| 9 | 'FUO08E'E Tt doAXasey AupQ |ttt maysAy 118 dnjaelg | LELL
..... 6901 | e22'1 000°C% ‘H8 |'NSE| 9 0L Tttt Rer)  £9upQ |ttt u@)sAy 19jem Anawlg | 9ELL
g1 *ddy Iepun Iajes
10 8dviols 1o} JjoAdesdy Tt DR B T e M S I'NE| T | 'TRO00°08E |"UUs0 NIOL [INOG [rorrecreeeees BUIooRT, Jo £310 | SELL
jioq '8
"MOUNEE] O [1,1:: E Y “YBIUIONONE |ttt BUIOOR, 7O £310 | FELL
pafaainsuf) 1. et o pgnog | ©* o) UpunE e0B[[UA | SGLL
THOTL|'NIEB| @ [11] S HodD) dmapy | oottt eV % I8N | 914L
‘H6 'N6E| L 0f. - s ORI wuaRE) |ttt 00 Sujujly BUoIdA | S0LT
‘ool ddy Japun 1ajum
10 08BI0)S JI0F JJOATISIY ‘ML T |'NOT (I8 ‘g FR000°00T [t BOY W JAAQQg |ttt 112y "V LIU9E | 989T
a1 ot B 000t e TOAI B[N0, | rrrrereteean 1103 “V ATUOH | ce9r
‘801 “ddy Ispun 10j8a JjOATDERY
J0 938108 107 JIOAISSYY Lo |'wes|ee ‘18 000°0L yanwusAv) eyey cuwuind g 051099 | FROT
HL I'NgE| L 000°G ¥oa1) Taa(l usrum ‘Hy 041095 | gEOT
‘MOF'N 98| B [1]8 L)) BIUVIBUOL) |=rnnrrrrrrnssess s IA0A f T | 6L0T
‘H6 I'N6gl A (1] HIOID LD[Bvel 0) AWMU BUOIIA | §LOT
' pafaaInsun 03 me_.wn.ehmmo..o ..... wpyl "4 "0 | 1L
‘N
‘H6 'N¥| S 00L *tfIeAry apmpenboug |ttt UosUoL "M T | 0L9T
1991 “ddy Jepun Iajes
JOo 0381018 I0f IJOAIISSY 3 "MEB|NTIL| 18 1'% 0000 *Ey IDALY e[EsEN | e fuin T ATWH | 29T
............ a81°GL 000009't "M 8 [N TI| 18 09 U2 "N ‘¥ 9[[PsuN rAway T AIUOH | 1991
‘pjardurog | 969 | 080T 000*0F HOTIN O8] ST 0z eI sd[Ryd 0D jueurdo[@Aa(] [BAOY | 099T
............ 7wz 000" SF pafealnsun 0z YA, apduy T RIopoaq; (W "M | SSOT
............ 160'F 000° 08 paLoarnsupn 0 srercccyeern peodey |tcccccctt aopayedEilg PIBMDH | 1000
............ (i 000" 018 TN I o0 TTETTUUINSID [URH (CCCUUUUUUUUUUUUIRUMIN W ML | 9F0T
*£R0 HULISg JapUn I2jeM
Jo 038108 JO] JjoAldEay ("t Qs e A M LI'N6es| B 000°09 oy uokuw) sauj(n |**0D VI ¥ I WINEIMIIIoN | 6801
‘ON ‘d"H 88,y | A, | ‘098 8D "ON
SMYVNIY ON | 3 |31301090,L 380D 1098 M uopupdorddy INVOITddY J0 AWVN |ddy
100 | -30d |PHIRWSE| PAYUWISE | JUOd UOISIBALT | JO JUNOUIY J0 2Inog

LEE IV |

PINMURUO—UNLVM HLVISdOHAAV O SLIKHHd H0d SNOLLVOITddV



Diwvision of Hydraulics

‘ponss] pured Lrvrodwad, |

s I9Aly sdj[emesod

........... Awip AIUOH

.
86

pus RPUBYY ‘W “H

000098 T 86 08t " IOATY SAMIBAMBSOQ [*rerrrorrnrerrer £v1p AIU9H
puw J[pusyd ‘W I
Gotas e 25 agg e JOAL UOQIBL |++revvrsrnsinanees ojreg A ‘H
......................... e % cevenctraAT UOINE 00 TOMOJ 10T
........... 000° L : @ g {9910  FUIN-AIOUIN AU M

0% 08T M8 76 i s S L ey HL

........................ Ty o8 5 Lot gy 4 N
........................ v 9 : s Ly D L0
-B{0ON Hiod "H £9X[1D) 1B
........... 000y ‘qd9 9% ot T ERl) PIBpoOM resesessessss OSUIBY WBH
001 000°L | 8L AR i YOOI} ABJON |=orcernnrovesns Hojmsog W ‘T
........... 000°T ‘q 8 i 01 ftereeNRRI) I[PRIUD tececrecgao[3unox 'V CH
009 000°04% "M 0T e ! i S TOARY SUGOL f=crrrrrerrrrrenss uesuvH ‘D "H

9858
606°06 00008 |J L ‘I8 000°005 ["80Y “HT 90UIJBUIML frorccvcrot 00 IaM0Og 9puIsED
000°002°%  |'® LT 0003 *tt DAY GIUDIBUBAY ececctritt 00 MO 9pPuISE]
002 000°00T ‘a6 TR 004 8T “Te g0y [BQESL YU ettt 00 IMOJ BpuISED
000°098°T | 6 L T | (st [BQBST OB [+oreorrecent 0 IPMOJ SPEISBD
968 000° ST ‘o 08T T JOAIY [BINOYSBAL |=ccrorrerrereet 813300 "M D
‘008 ‘qe 38 000 seregay IOAIY ULRIH |- -+ puvoy ydosop
000* 008 “H g “1°8 000 **'50y HPOID M0) |* -+ guwoy ydosOP
186° 1T 000 00F & 18 000 89y NaID 9[IsBD |* *+ guwoy ydasop
000°SeL‘T  |'H @ N ki A TDARY O[INOT, [*rcrecrenrerer ouuoy gdasop
‘00) MO

UIIIION JUID 0} POuI[SSY GRROY. - | 7meeisennte 6 08 TR R 0910 Koulo woyshy 1w dnqaulg
08 000's ‘M9 8 | e H9al) Jafng |=cetcttcrretttt g “H SN
0% 000°G M E 98 0t YRR ALWQURIY [rovrceeeieccees a[ISBY "L 09D
........................ T 6 % 1'% 000G verrhetigoN GORIEAL |**-O0) IOMOJ UIOUIION 160D
........................ " 6 3% “ POR[[BAL umwmmm “++00 IMOJ UIIION 891D

ot 009°T ML g TUR[qu) [OUBIG M tUUtrrrnettt UIFUDL 19)0d
puw yo0dqed ‘H "0

1ALy sAnydumip
000°2 000°00& s, L - e S IR (o i oty qI04 M | cuosupydoH "H UM
60F'Ee | 000°000'c [® & | 9 | 9 **JaARg A[RnDSIN [**° oo JURIAOAI( PRI
¥ 008'1 MT| B | P 2L BUUIBQRT |*"°ftttrrrrerrirty WEO 0 f
eTiTg  |rreereeerees ‘qul oz T S IDAM BIQUIN[OQ) | terrrrrereeanr 10sdoH ‘D ‘@
0% 008°T e [ S R R e B MOI() BULOP | 7w vrv rererreres AoqIA 'O 'E
009°L81 MSQ.Sa.m ‘SLeT| 18 | 8 | "¥2000%008'E |00ttt say  Aqny T a[)3BIg 10 A310
000°000°0T ' 81| 8 | & QU3 " aeNs | *-a)33meg Jo &30
818°0 0000958 ‘a8 g b sl (IRl v ey bt I9A1 PUIM plognH ‘H ‘M
dH 008
SAU VAT 213910901 1800 uopedorddy LNVOITdAV I0 HNVN
paysuIyse| peyvurpsy | YUIOd UOISIDANT §0 90IN0g,

‘pAInUNHO)—HHLVA HLVINJOHJddV O SLINUEd H0d SNOLLVOI'TddV




Division of Hydraulics

48

18 00z*goatF |t 2981018
........... 980358 008°808 658 |***  + [+ e ee oot 50 gyt oe reeseeegmag
............ 8 009 HLL| 88 9 g T NPerD spwAUy |TttctcUctUUUUBm CH o uyor | 13§
R L I 000°3 g8 7l g 0 e NI [IO0IN |* e terrrsansnsnss neaang 'O "H | ¢
‘980 DISIWOP pPUB WOIIWILX
I ‘BupngoeBpnusw  ‘Iamog | 000082 qT gF [1hshed egL L . L s (L) 1] 00 IAquINT WNJOONg | 188
| 000°G ‘M ST 78 g e |77 Head() HOO[B[Ey |*°ttriotecierreris UOXIN ° “H | 9983
00023 H 68| 0F | BT FRO0DT [Tttt qoary doagg |+ uvgor ouadny | Lige
mooc.mm o 68| OF 61 reoootor [Tttt Yoarp daagg |°° uvdo] omaAng | 9§ez
000" 08T H 68| OF i 1 N 991D doayy [* uvdoT ewadAny | 6263
00008 ‘HOU| 68 LT [1]8} Y umjIng jI04 ‘N a(fog wBayg | OIEE
Joary dosyeg
000400T ‘Mol 6 % P JO UOWBIG gy |tterreeeeeeeeeeees £or0Us 'S "H | 6053
- HOID I
ogcm ‘M%| 9% @ “UIRH YV pue aug Iojivg ‘W WA | 1983
000009 ‘o 0L L8 88 SISAY  USIUIONANS Eo.—umau___ww P | 0983
| 000°000° '@ OT| L& 68 ALY USJUTONANS HONSHIM "H L | 6938
‘0D IR MSQ.S_Q.« ‘a6 | 68 66 | "FRO00'088 |TtCCCC I0ARY uw3ng sedupuuap q Cd | ¥OE8
TojHUSBA 0] poud[ssy 00000001 |'M 6 62 6 [ 004 0 |rrreer IoAly uwmymg | sduuuap 'q g | §C88
i 000084 M L| 68 gt | o0m e JOAIY BUME |” E_anﬂ 104 30 £31D | GFEE
000'0T ‘M 8| 01 o8 b CCIDARY  UBUIONDO[Y a0 f A | ¥FER
000'e M F| 01 08 g TTIDALY URIION2O]Y JoXN0u ‘[ A | EFEE
000‘e M P 0T 08 g TTIBAR]  URUIONDO[Y Jaxag ' " | §¥eE
MSﬁ_kS_ﬁ_«w ML 68 &8 T8 000°6H IDAIY BUM[H (*'0D VI ¥ 'Id UISaMUJON | BEEE
000'002'2  |'M L | 63 £8 005°T PUTTUUIDAIY BUA[E (10D YT A I UIISIMIIION | LEGE
000° TLT T e 12 TBO0GLG  |rrreeeene HODID) Taa(] |*tetee e “00) 10MOJ
¥ IBA, L] £o[[BA YSBYS | 6LEG
000° 003 ‘" 8| OF 08 erd HIRIH equgg | roenirrereeees PAOT I0q0Y | L0ZG
.M ........... HOBF| OF | GTFT| ‘F'R 0000 “3I04 HIB[D *Iadoop T yInH | 613
000°000°LT ['HL €F | OF FL 0088 HI04 HIV[D dadoo) T yAng | 1617
"ON sel: ody |'dag, | ooy 8°d°D ‘ON
SAUVINEA "ON | 41U | 21393001, 380D J09RM uopvdorddy LNVOITddV 0 HRNVN |ddy
3D | -I0d |PNVWSH| POIRUIISH | JUOg UOIBIAANT | JO jJUNOUIY 10 32IN08

TIANO0]

‘PRRERUO—UHLVM HLVIHAOHJIAV OL SLINTIJL

WOA SNOILVOITAAV



49

Diwvision of Hydraulics

wzl @ | = g e Yoo BOBRLQ |**rererreneene prewo ‘g ‘0 | 1983
uvduliAL ) s =31 s
"MTI| FL g e “ee Y, PRUTRTLY |00 tirerAs gazo T "d | €788
‘HI a1 8L (1 sea YONUPDIINOONE T giBIjUID JO £31D | F08E
I0ALY UBAUSIA
AL 6| 08 a8 3 TR Lo D 10 IO IS0M | PpIAQY JOo £3]D | 98R
‘M6 g | 8L ARSI et 1A X[IRd ** Aouoop [N | 1858
‘MB8| 16 | 8% | ‘yeor ot IOATY RNUSIM | ugapdaqy Jo 431 | 08%E
‘pouMo  L[@)BALLL ‘M 8| 08 LT {1 S T S Y99I SNUISY SuonswIy U03seld | 84Es
IsAly wwnboH
‘M 0T ST a8 O W o 104 PPN | wnboH JO £31D | 9923
‘M 6| BT | G i * I0AIH UBHUSIA wenboH Jo £310 | 6918
U N ) S 18 000 seg APUlAL ump | ‘uspIaqy Jo A310 | 890%
H9 | 9% | 8 | ‘¥eses ‘50 puUOWpay |° puUoOWIpay JO UMO[, | LE0G
............. ‘w9 | 9% | 6 £2°81 * O HeID (EPIS | ‘puowpay] JO UMOJ | 6508
‘M LT 6L | 88 003 oAy sdjnjdmng |°° s cwwnboH Jo &[0 | 9105
‘M| x| 8 008 et JoAmy speyey) |ttt ‘- wemboH J0 £310 | 0108
‘MB8| 1B | % 1'% 00F“00L ey sdpnydurnp |ttt wemboH Jo £310 | 0008
IoAry sdingy
‘MB| 1B | %8 <6 -QUmy JIOJ SR |ttt wenboH Jo 43110 | 2008
‘A6 16 | ¥ 00T sdfnydume 4L CH | swmenboH Jo £310 | 6005
“M6| 18 | ¥ | '¥voooor |'soy sdiynydurnpy g |tcctcccctect wenboH jo £} | ¥661
"M%| % | 88 | ‘FeO0LL B G L O pussuMO,L, 3104 JO £310 | B66L
‘MS| 9% | ¥ ot Tttt I0ARL PUIIN®) |tcccct PIRSUMO, 3104 JO £310 | T66L
‘M % | 8 |e8es 08 |*q oudopnd BT |**cc° PUISTMOT, 3104 JO £31D | 0661
‘HS | SI % | [ HOAID JYILOA [crrccrenreoctt BUIODB,[, JO £310 | 961
qe | | 8 FB000°0¢  |[I10ATISRY UEMOAE[ TRMOOR], JO £310 | GL6I
He | A | @ 08 ©* ¥eal) upsmodsuy reuoon], Jo £110 | FL6L
‘Mo | 8L | g8 cg9 crer IeApy dnpeing ¢ **RUIOdR, JO 31D | £461
‘M 8| 8L | 8 01t ** I9AY PUIOOUAM |* ‘ueepIeqy Jo £910 | BL6L
‘M 8| ST | 6B ¢ ©err yoarp ALeuoon | £310 | 0461
{l'm8| st | 6 g 9910 PUPAPIM |° 4310 | 6961
"M 6| 8L | 98 g ysnog JI01H |° £10 | 8961
M 8| 8r | 88 GIL I0AI AUIOOUAM |° ‘ueepIaqy Jo £310 | FE6L
‘a8 | ¥ | 08 oL seet NRI) MO (e AT S|ed sjuenboug | 661
............. ‘o6 8% 0% 3% 00005 ‘IJOAIIEDY 9PBISR)) (' 0D IeMOd UINIION 383D | 0261
‘g8 | 8 | 8 T ‘punog je8ng “qILL |TctUUtte TOS|[[V “f SPWOUL | G361
............ L6 | 8 | ST 1R 000'E sgoy 0ABT JEMA [T JOMOJ UIOYIION JBRIN) | 0Z6T
W6 | 8 | € g | axury 080y |'°10D MO UINIION 81D | TE6L
‘H9 | 2 | €8 ot 5l BOOG JO CqLIE,|etectmnres e Juey 10O A31D | 006T
Hoal)) esiung
‘H¥ | 9% | 6 1 serr QU ‘sSupdg |TCUT0D M HABJ 389104 9T | FESI
ON | pIAIag 03,1 |"da | 098 ‘B0 ON
SHUVWNHY "ON | MWL [9q 03 WO 3800 1938 M uopjepadorddy LNVOITAAY 40 HNVN |ddy
3100 | -Iog | -vndog | pojvuIisy | U0 WOSIGAL( | FO junoury Jo saanoy

28] [udppuniy

“(RT6T-2761) HALVAM HLVINJOHJIV OL SLINUHd V04 SNOLLVOITIAV



Diwision of Hydraulics

20

3’8 ga8ieg) [t CEEAGER
............ 004'288 | 004‘68E8E |*tte|terre| oo w0 gorte sessssssigmagr et g T
"EJUDA puB poomuvly
158 ‘POOMUBYE DAIOS OF, |*'vttv|ttrrct 005°g 00008 q¥ 18 g g R oo ganorg
I8 H ‘(L sSupadg |** 0000t 0D 198 AL POOMUBLS | EEFE
T oAb eS| 00068 000°003‘e "ML 8| T3 &l 008 *tOTOAM BUOOOWEMN |trerrrrreett meepIaqy Jo £910 | 6855
&yupra puew |
SEaUD ‘BEnue) Addng [fcveeitcee 00002 0000828 g0 i O (R ) Al 73 s YONUIMWnNNooRg |ttt 00 WqQUINT WN{OOAS | L8SE
‘ON | poAxsg 3.y ["dng | o0y ‘8'I°D [ON
SMYVREY "ON | 3ux |aq 03 uon 3800 I9)B AL uopeadosddy LNVOITdAV J0 ENVN |ddy
49D | -1 | -BMdog | PUINUIIST | IUOJ UOSIAAIC | O JUNOUTY J0 @2Inog

o8 [edpppunyg

‘PANU[UO)—(SZ6I-LZ6T) UALVM HLVINIOHIAV 0L SLINUIAI WOJ SNOLLVOI'TddV



ol

f Hydraulics

.

18101 O

Dy

B80T 1 008 | Ta 08 T 2 U0 UB[LY ALl 0§ [rrrereerrenens TOSTUNTY OME
g pue ua[[y yIng | ALIE
9801 | 00T 000° €L ‘H G| 18 2z RS S LR JOATY MOTIOPL |rovrvvvettt MBI "M 31900y | TLIG
............ 08 000°T o 0F 78 83 1 sreeercTOATA] [IIAJOD) |+e v erreererseias &.H_H—QM 0110 | 0LIE
STOYNAL POOLE |= ttrrnenrssranaprnnst e s n st s ‘d 8| 86 |98¥3| ‘¥FBO0OCT |tctetttt JP0I0) GBI |*°****"0)) SPIBYIIQ) PIOJIVIYY | LOTE
‘uopRIpI-qng |ttt s R = 000°T ‘g 18| 98 % 18 8f Tttt NA0I0) WIBALIR |crrcercetieeiee B LoyeT | 101a
. 20T | 00T 000'g ‘"9 2 9% ) ettt e ok HOBIL) ORI oo ver oo neannnanee UOSUIBE WRE | 6605
...... YT | OF 0@ ‘M 8 i e i Tt NI ASUINI
30 "qLI) POUTBUU() |-*** """ " OI[UOIJL URA JIOPV | 1602
...... ¥86 | ¥L 000‘e A ¥ @6 % 1 Tttt @RIy URME,Q |tccttttttrAusdmio) § OUWEN | ¥80G
¥I0L | 00T 000°8 ar 96 0z ;0 RS ) IOt oI sAUOL |-uio)) YIed ‘e3ees 10 L3I0 | @806
...... 00F 000* 5L EACE BT g Tt OB UOBIIBJ |ttt MBUSION YITOMUBABIT | 6L0G
....... 93T 000‘e ‘d 88| 8L 08 ¥ tttt JRARY vqUINIO) |-*° TTTUtttttRRAOfL W OCWIM | 8L0G
01T | OF 09L H 8 6% 18 G Y b HAAID) aZje0g 33081 g 'O AIUdH | 6908
€86 1 ¥4 000°0T ‘HP G 1t 'L crrerttt JRARY UM Auuvdwo) ¥ OUNBN | 0907
6 | 09 00T " E 68 @8 @ Tttt MERID OI-UAL CUR[INOW A O | 9808
€66 | OF 00z ‘HE 0F gL TS et HOAID MBODG |«orerrrrmrerrnses P3N YV "H | 6308
84 | OF 009 ‘H 8 oF 88 8 © IPARY {ORSHOON
PU¥ Y010 JOPIE | ccccttrttrtete [9331U3 A\ 09D | 803
‘H 98| ¥E 6 T et yeer)) Aqeurwg (e et puBsdod PoLy | 1005
] 08 6 ) T e HoI)) BpI0INY ‘IAWPEd Cf WA | T00E
‘M & | @& e 14 “q0D Mof[oH AddvH ttt'I0SOH Y BUPH | 0261
‘o 98| 68 1T 1 © duadg pamwun ** Sgaeg AIueH | 8F6L
‘| 8% 8 08 91 *tt JOAJY UwAOURNQ |*CCrUsARQ ' M PUR Y C09D | GREL
qB 4 ¥ L ) eI ad3pLIg
juIngl Jo QAL [ttt 18 30 sUBT "§ “§BYD | IF6L
S 15 08 g = i JOAPY Yoy |vrroorcte et you|g [ °f | LE6L
‘o | 88 a8 8 T MR AGUIAL ‘**o) SUp[OH BIPEAY | OF6L
H 8L| 2% (g 38 000°6 ‘eegoy eyw arenbg **JSI(I UOIBALLI] B[] | FE6L
‘HL "® £8 ; SO RIS [l ey 9YBTY SSB |'°°'TU@0)JIWO) SYIBJ 998l | GE6L
‘H 95| €8 8 %1 U JeAly uwIoumyQ [*trccrct sEB[ANOQ 'V I9[Lnyag | 9161
10 "qQILL
‘"L a8 1 ;| oI IOATY Jlduxg |rrcccccctee ‘SOXE FopIowmIay | SI6T
YR | @8 0z L e, i gl § = HOAI) EJAR(Q (U uosupqoy T 1T
Pus qqop [USPH | S06T
ozl ¥ 8 oF S+t JoApy WEBOUBHQ [trerrerreereeeeeeees 199 L0IT
| uvsousyQ "y ‘d '§ ‘0 | 9681
‘H 08| 88 02 L NI o o5 TOARY dSAL (CCttttttt PIEISRPURY " "L | LIST
a1 ¥e ¥e 1N e 9T B0y [Tttt PUoHI[y SSB[ANOQ | 898T
qLE| L8 e 81 tt J9ALY UBSOUBH{Q ["cvttrtUttt "auy “SpIvYRI0
ugdouny0-3eseUO], | SO8T
q | 9 9 1 8 Tt IBARY uBIomBN(Q) [Cttctttrettt Uy ‘spIByaI)
uBIounyO-)9qsvUO] | FOST
qLE| 98 8 21 |7 I9ARY UBIOUBYQ [ttt 'ouf ‘SpIsyII)
uedouny(-joyseUO], | 8091
"ON 03,4 | 'daT,| 098 ‘8°d 0 ‘ON
SMUVIHITY 'ON | | 2FeaIdy 380D I93B A wopndorddy INVOITdAY d0 HRVN |ddy
‘M8 | 19 g perBIIpSy | JUIOg WOISIPALT | FO jUnOUIY 70 22In08

‘uopuFyaay

PAINUNUON—(STET-LZ6T) MALVM HLVIHJAOHIAAV OL SLINMII HO0A SNOLLVIITJAdAV



1CS

f Hydraul

WISION 0

D

52

——— o .H.ﬁ mw—.wamm ............. ﬁﬂ -_hcuw.w
.......... | o'z 0866908 ‘870 FoF g0 R L A7
‘| 06 | L& H tretett @edQ oL |ttt Trerertrer olgog uyof | SIF
‘as | ¥ gL I ettt NRAX)) jeysug |ttt [PAP[ED | AUBH | 11§18
‘ML | % | S oF mAEAAN LS IDARY JIOL | Tttt [[BH Uopuag ‘0 | 90Fs
g8 | 2t | 8 0z et YOOI [OOAN | e eeen Bang "0 " | 0Fe
wel s | o i c YORID) ATIOq |*trirrreeereeeee UM I M | s08
m HOOID) WHOL, [ *+++++ = oo e+ " ralawry 008 | 00FG
"M 8| 8L | ¥L 1 TAGRID WY PUM | T qaang) ey | 968%
‘a9 08 &6 T Seeameest MAID WOV (T hﬂﬂnEOD. ST SIOWSUN] | 5655
"SI IR Y 00 YA UINUBYY |t UISKE UOHUSLL] wauRyy | 1668
L8 g |[emenibate sHudsy
SIDUNT PUW TOGOT [+ =-ve S D 'S | eesE
‘gL e | 8 K CUUttt DALY esnofe g |t : TRWRIIA CH N | @868
Yy | 8% | 9% I TRttt JOARY UDOLE) UUUINH 9 T ) 1888
V| 68 | & 1 Tt jRal)) uoslogar UUIIOAORIE Y CF | 086
‘e 18 | 18 R b I9A1Y MOyjaly BULIIUNOY Y 'V | BLEE
‘M1 8 | gL 1 *t UIHAIYS pauigi) : Truoslopad ‘B d | $LEE
HgF| 8 | 8 3 HOMD T [*rrreerrreey uruApOH ‘W 'L | 4968
g oz| e | i 101D
NG5 JO HIOJ "ON |""rorrrrrrrrrie Iy SMILL | FO6G
qTe 1% a1 L b TTt WIBal)s pauwrsuup) |ttt Uttt BBUIOH Buuy
PUB SAULOH ‘Y UYO[ | 1982
st QLTT | 00F 0000 ‘MeE| L& | et oL e IoAR UBpPYQ |ttt I LI SIRA URPUD | 86T
srerssreeees] gg 000°L ‘A 16| 98 | 08 [ sserheilNBOI) QU [ ¢ Yes et JUBLLIDYLT, YUBLT | G263
iasmislesresnl O 008 ‘He | BT | 98 1 ,_8.6 BRUIBIRTL [*rorrrrereeeeres CupdRg wWog, | 096
phndl M 0006 000°¢ H M| 88 | 08 01 T ANBT AUOYSAIYAY | TSI LI JRNSRUOL-I[[JACI) | GFEZ
............ % 000°T For| s st I -+ WDOIE POWBUL] | -~"* -+ -SupIImng p o
puw {oo[[oy I | FELE
% [ ‘H¥ | 8 | &% % [Jewases *tOIBAIY DAL |ttt AouMo(l CH SOWBL | 8087
05 000‘e ‘g6 ¥% | 18 L T IDAIY 99UDRBUAML (T BgRLy Cf 40y | 8623
981 005 "M%| % | 8 g'g "t IDALY sdi[emasoc [ttt UOSIAPUY ' Uyof | 882
........... R 1 1404 TR | 68 | 98CE| IR O009‘T UBBYD T JO CQUIT, Ut YSIA 99y UB[ay) oqBT | 1863
0z 00F =T | % |8 T Set YOOI UOSIONDIQY | wrrrinnre e 103080 "0 'd | £92
09 009 HE | A | e 1 TeRtTr NOAI)) WRX |ttUtttttttttttCIUH M UPSnp | 6123
oF 0002 @ eF| OF | 81 3 DT YOOI AW [tttttttettttttttU[OSSAId MY | 8988
trrretnentl 000°GL H 88| 8L | ¢ "3°8 00005 U N0RI) qua) sty Y CH | 8888
0g 0002 ‘MTI| 8 3 £ DR G CTE O IS SWBPY "H "M | 083
028 003°2 ‘e | 9% 13 a'y ©rr I9ATY UB[UIBUIBE [t "UosuIls ‘D PIOIH | 955E
oF 092 ‘He | g8 | &1 3 Tttt DA YS[UIBE [ttt UBULINE, "¢ ' | 1182
iz 009 ‘a¥ | | g8 g D BINQUIN[BA UBA [*000 (R 49 "SOd OQUUH | €616
00 G HOF| LI | 8 z TTTUt IDAIY OSDO[R [TTUCtUUttttttttttt WOXIA 130 | 6816
861 002°e$ a8 | |9 3 T NPID SRUIEDET |T0D mmumﬁoz dPBA YMON | 8815
ad.y "dm, | o9y 80 0
SMUVINEY agwaly 1800 e uopjeirdorddy LNVOITddV 40 ANVN ['ddy
pojBwIsH | U0 UOISIAAKI | JO JUNOUIY 10 d2In0g

‘panupuo)—(STI-L261) HIELVM

‘uonueSIay

HLVIMdOHIdY OL SLINUHI H0d SNOLLVOI'TdAdV



53

1CS

[ Hydraul

WISTLON O

D

‘SUENPVINUSIY |*7* 7| SLIT | 002 M6 | 8L L e oA wemboH ‘A
30 "q pawpuun |*** 0 0p AN I0QIBH S4BID | 8863
‘FupInjovinuey |t 000°F H ¥ 18 :8 [ TSR 1chovs BB 9HWL |°°°°CCCCUC U UDUBPOOM "M A | 8088
'98[] DIISOUIO(] PUB FUMNIIBINUBYY |t ‘M 6| BL 8L 04 "IOAY X[IB CHA N fTTTirtoertiretttt Aau000) [1BN | 0.35
‘AupInjanpnue "M 6| 6L &6 ar Tt JOARY UBNUSIM |1UUU0D ﬂ_._m.aon.;m 848IE) | 0BEE
edug puw dng SuMnIOBINUBIY ‘CF | 8 | Of ot Ut I9ARY (SIUBMNJ AUy g WY | 816%
‘puog Hop ‘H 68| O 08 {1 e 2y [ JOAQY JADNO, |TCUrTUTeTTr 33008 "H 'Z | 9062
‘[PARIY) PUB DPUBE JUIUEV AL ‘q 3 0% 1% 0z TUqPII)) BRqUIBYD |T'0)) [PABIY ¥ puBy INIUOL] | 981F
‘[PARID puB pusq SUSUAL ‘H B 08 62 i Tt ¥eel) squey) |t AuRdwo)) [PABID IPB[D | 841G
“1amo g puw Suiuy ‘SupInjoRwinueyy [ ‘U6 (i 65 008 srerecr IDARY UBYNS |TTU00 MO UIOYIION J®AID | FLIE
‘[eLysnpur | ‘w6 | 6L | @ BB | TOARY UAUSIM (0 rrmemboH J0 A1) | 6918
“SupgoRnuBR |t ‘He | S | %8 A W TOARY WOYKE |*7**77*" """ **"0) JOMOJ IO | &[5
“Jupnjowinuey | ML 08 8 E | - [|EE ke JOARY BUMPH (*TCTC7 PURSUM0], 3104 Jo A10 | 1818
*I9M0g pue Jujuiy - ‘Mg| o1 ¥ el ** JOAJY UBWOUDOLY |***"ttrrrrrrectes suepy "H 'F | 0818
‘98] opyseuro( puw JupnjovInuBy | ‘" e 0L Tttt MeAID Jwe[) (*TTo) 'xdw] % puB BWOIL, | 9515
*98[] 2pjsewro(] pue SN ‘[epIsnpup | o8 08 f0t q0RID sIBQUIBLY (CCtCUUUtUTUUTUUUTT UOSIUUOT, *d | SBI8
'98[] OPIsAUIO( pUB FupInjovinuBmy | HF L i) ayuy Apg |ttt AONHIID "M IN[BM | 6112
98] AsauIo( puw SulINjavInuBly ‘H g g vt pdWRyIBY0ON |
HI0Q ISR trrrettettRAN(ID (M TO)BAL | STIE
‘FuanjowInueg |t o ¥ oF sererens JRAY TURALE |TTTUUUTCCC Tt glIRq0Y BuRd | £00%
‘SupngovnuBly dpng |*vCC M ‘18 091 ** ¥p ydnoloqspon |*'*'0p IWdvg ® ding Jjuwy | 8906
‘HupEInjoRInuvR 008 't HOJFUIYSBAL Oqurp [Tt "UOSUYOL "M\ 09 | &
"AuLImjavInueyy | [Easets ‘M6 g TTHIOID) V[HUIAL UBA "IsAM\ ‘Y AUUAf | GE0%
‘Jupnjovinuvy | 1L 00F STttt el uoowy ‘pundliag “H f | 6106
AUENORINUBTY |TC 0t |q I et Tt YRRl eswqelq TrUpuBdlaeg ‘W CJ | 8106
‘Fupniovjnuuyg | ‘M B 08 |©t qEaID prIgaapep |t weyduiong | f | 9108
‘SupmawInoulg |Ccccct ‘M 8 oF [Tt JoARy wdR[IAL | Tusysuppng o f | 106
SUINORINUBY |ttt ‘M 8 i TH ) i Ho0d[) WOS[IM | .‘Emnmn_xu:m "H L | 8108
‘SN dedwg puw dmgl| i g ¢ [*reree e T0ARY RDID TUUJ0QIRG UM M | 986T
pue opseurod ‘Supmjovjnuepl ccc - ({4 " MM JO sowIpw, (M7 U SAIRI IO, | 6461
‘Aupnjauinoep | ‘M 8 1 R [ Fooxd sdeqay |T0CC T OSIUR JIBMIE | LI6T
‘dupnjovinuey pug asewmo( ‘JIomMoJg M6 (1. | s ALY
sdfmyduny y,4 "o 700 uosupydoH “H WA\ | 1961
“AupEnoRgnuBy | M B | AT 88 0z TIBARY UMON BINL |17 *TU003R "H PUB[OY | 9961
*SupnjoRnuey |- ‘M B | AL 9 '8 08 crercrgay q9RID AL 100 YT ¥ CAY IoqavH sAvly) | z961
*FupInjoRjnuBy | M8 | L 9 N b 91D AL |00 VI ¥ &Y IoqIvH sAvld | ¢RI
‘SupInjosnueyy "MLTL ST | 98 | F®O00L *tURay YEOID sswrn |TTUUCUUUUUUUUBSOH ‘D uUyor | 8p6L
‘SupmoRInuRg |t "M IT 8L 08 - PRt f e Sl Hood) SERID ‘UuBIOH D wWyop | LF6L
98] VlysoumIo( puw JunmjovjnusByy [cccct T - I 9 treett PRI spsuayp |1 rectundoH D uqop | oRel
‘Jupnjavjnuey | "M 6| B 8 og *of wenboy Ig "®A |77 o ding IoqivH s£win | ¥E6L
.Mﬂmhﬁun—wwﬁﬂﬁuﬂ R My “| 000°00es M 8 er 0 gL - |dvesiE 20ATY Bas—m;..f *SENIpUY hwﬁﬂ&uﬁ ﬁ:oﬁha.mm 96T
"ON 88,y |dM | 998 ‘8°dD ‘'ON
asn ‘oN | g 1500 I8 uonrdoIddy LNVOITAAY 40 @NVN |ddy
1100 | -18g | pOIRW)SH | JUIOL UWOSIIAI | FO junoury 10 92In0Y

‘RIS SNOIUB[PISI pue Supampouvynuvly “Supupg
PAINUNUOD~—(STGTI-2T61) UIALVM HLVIHJAOHIIV 0L SLINHAd 04 SNOLLVOITdAV



Dwvision of Hydraulics

gro | eeevererereaeni S930T
000°£31‘ 7% ‘§FogE0s [t SIRIOL
[ ——— -
‘[PARIE) )
Jujyssp\ puv A(ddng opjsemoq ‘Iomog [*ccccv|tctt 000*0L ‘ME| ¥ | % P 5 9910 sugor |*op “A0] PUIWNH BWWBH | 0875
*95(] PSIWO( PUB FUMNPIVIOUBIY |**+* "7 [**w 000008 M 6| o1 | 66 08 [ AOOI) UG [ rr e PUOUILIBF “A\ "V
oylg dwsp pus meound 'y “J | 0¥
d0y Addng 9MSIWOQ PUB JOMOJ @ | 8 0L, o HOOI) IoFuwIyg |trrrerrerte u0391310N “H °V | 105
*AulInjewInue | 8 g | S i HIDID HIOY [*rociccrrecetees PIOUOH "D "M | LEEG
‘Aupmjosinusyy | 8t L 0% “IAN WR[MDOE CHL |ttt 00 ding JoqIvH sAvIY | 1863
"oN Baldsgl s | suao | oN
H€80 ‘ON | 3 1800 I8 A uopspdorddy INVOI'IdAY 40 AWNVN [ddy
J80 | -I8g | PJRWpIEE | JUIOL UOEILALD | JO JUNOWIY _ 10 821nog

*HIN[] ENOUB[[DISIN Pue Fupampounuely ‘Supup
‘PINURUe)—(STGI-LZ6T) MHALVM HLVIHJO HddV OL SLINHAJ H0Jd SNOLLVOITJddV



Division of Hydraulics 55

METHODS AND EXTENT OF WATER SUPERVISION,

The fundamental idea of the Water Code is that all rights to the bene-
ficial use of water in the State of Washington will be evidenced eventually by
certificates of water right issued through this office and based upon either
permits under the Water Code or determination of old rights under the court
procedure authorized by the Code.

The office is charged with the regulation and control of the diversion
of water in accordance with the rights thereto. Such regulation and control
is undertaken only when the rights have been established by court decrees or
by the procedure prescribed under the Code. Frequent requests are made for
regulation, the rights to which have not heen so determined. In such cases
representatives of the office will give such information and advice as may seem
appropriate, but will assume no authority.

The regulation of water is accomplished by means of water masters and
stream patrolmen. Water masters are appointed upon proper showing of neces-
sity, each to serve a certain definite district, usually a county. Compensation
is paid for the time actually employed, by the county served.

When a given stream requires more time for its regulation than can be
given by the water master, a stream patrolman may be employed upon request
of interested parties, the cost of his services to be paid by those receiving water
from the stream.

It is necessary that the office keep in close touch with the water masters,
as they often seek advice on problems which constantly arise in connection
with the distribution of water, and in many instances water users, aggrieved
by decisions of water masters or stream patrolmen, appeal to the Supervisor.
This frequently requires a visit on the ground to secure the information upon
which a fair and intelligent vuling may be based.

The Water Code provides for appeals from the decision of the Super-
visor by any party not satisfied with his rulings, but only one such appeal has
been made during the biennium.

During the biennium the following water masters and stream patrolmen

have been appointed to regulate the diversion of water in various parts of the
state:

WATERMASTERS.
1927 1928 County
. B ANGerBon: e i s C: 1. Anderson, .. .. e Douglas, Adams, Grant
and Lincoln
Harlow Barney............ Harlow Barney....::.:...u Walla Walla and Columbia
L L S e SN BIRR: L e Chelan
H: M. DOPMAI. e aa el C. A. Ledgerwood.......... Stevens
Lloyd F. Fairbrook........ Lloyd F. Fairbrook......... Yakima
A @y HanBoW o e ins B HADSO e s vt Klickitat
3L e e R TR e Tl = e SRR NI Okanogan
L AR R e L A e | TISOL T N S Asotin and Garfield

Ben Vaughn..........o000. Ben Vaughn..........coava Kittitas
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STREAM PATROLMEN.

1927 1928 Stream
B o BEOWD s o fvvcimvmwin sowms B J: BrOWh. svesrsrsnssnane North Fork Salmon Creek
e b T I N v o oot o T L 00 (0 8 BT o A Teanum Creek
Thog: H. ‘COOM v ssmad Thos. H. COON...ovvinssvinss Beaver and Frazier Creeks
W. H. Dunnagan. .......... W. H. Dunnagan.........Squillchuck and Stemilt Creeks
E Hamlin,...oooeeenaeeeas B. Hamln....ocivesivis Squillchuck and Mission Creeks
H. H. Bell¥..,oiciirsanses H, Hi Bl iicicidhenaineessasanesses e Peshastin Creek
Do EIREER o v vs s ds e Gerald ThompPSON. ... vcvcveeessesssinns Ahtanum Creek
B T LABeY.cvdorosseease Amos Bourdom...........ceiviiaunenrnsnarns Wenas Creek
H R MUITAY .« ccvcvenannne H. Ri MUITAY e v vvvavvavsssavusse Bird and Frazier Creeks
. B Bl . sasen s o AR BIERG s in s soamee s S s e Colman Creek
Picle BRUEY . s suvies L PODE e e e i e s S e e A e e Nanum Creek
George Shuey.......co0000n B0 N DOAIWAR s R e SR e ke Wilson Creek
A, J. Butbon.......ocovuven A To Butbomsiuii smeiv i Sdada v v Reecer Creek
Jo H. Waetzali v vise vaiedvs T B ebmel e e IR Menastash Creek
Guy White.......ovenvnrsns Gy White . oivianieiammeineieses sy ensasy Cowiche Creek
3 U, o e L e s g g Myers Creek
ROV GEITINTO s v viem0 0w awin s e din o 060 wwww w o s a w80 8 wdeoa 4 4 ] 00 Cooke Creek

MISCELLANEOUS ACTIVITIES.

The Supervisor is charged with the responsibility of approving the plans
and inspecting construction, operation and maintenance of dams and other
hydraulic works so far as may be necessary for the protection of life and
property. Owing to lack of funds, and pressure of routine work, this function
had been in a large measure neglected until the failure of the San Francisquito
Dam on March 14, 1928, which cost hundreds of lives and millions in property
damage. This tragedy impressed upon us the seriousness of this responsibility
and a thorough-going inspection of all dams in the state was made.

The owners of these properties welcomed the inspection and gave most
hearty cooperation. The result of the inspection was most satisfactory in that
not a single dam was found to be in dangerous condition. Some suggestions
were made for minor repairs and improvements, most of which were promptly
acceded to by the owners. The cost of the inspection was berne from our gen-
eral appropriation, but the law provides that it shall be reimbursed by the
property owners. Collections have been made already covering most of the
inspections.

Following is a list of the dams examined:
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The Division is required to investigate as to the source and sufficiency
of water supply for proposed new irrigation districts and report to the county
commissioners in advance of the organization hearing. During the biennium
investigation and favorable reports wers made on the Moses Lake Irrigation
District, Chelan Falls Irrigation District, and Gardena Farms Irrigation Dis-
trict No. 3, Walla Walla.

During the biennium no engineers have been regularly assigned for duty
in the Division of Reclamation and the Columbia Basin Division and the work
of these two divisions has been handled by the Supervisor and other office
employees as described in the reports of the respective divisions.

LITIGATION.

Many of the transactions of the Division involve rulings of a quasi-
judicial nature and all rulings are subject to appeal to the courts. With 712
. decisions during the biennium, involving the granting or denying of permits
and the cancellation of pending applications, only two appeals have been taken
and prosecuted. Decisions in these cases have not been rendered.

In connection with the adjudication of water rights, 10 cases, involving
1,140 water rights, were handled during the biennium. These cases are ini-
tiated in the Superior Court by the Supervisor. One case only has been ap-
pealed to the Supreme Court, Staie of Washington vs. Millerdele Irrigation
District et al.,, involving the waters of Squillchuck Creek in Chelan County,
Washington. This case is still pending.

During the biennium decision of the Supreme Court was rendered in
the Hunter Creek case, State of Washington vs. George F. Laugenour and Ellen
Jane Laugenour, his wife et al., in which proceeding a report of the referee
was filed in the year 1921. This decision followed the old riparian doctrine,
whereas other decisions of the Supreme Court during recent years have indi-
cated that the riparian doctrine of English Common Law is not consistent with
our conditions and institutions. A strict application of the riparian doctrine
would upset water titles in practically all of our irrigated districts and would
severely handicap, if not entirely prevent, future irrigation developments.
The circumstances in the Hunter Creek case, however, were such that the ri-
parian doctrine could be applied without substantial injury to any one and it
was apparently the view of the court that this doctrine offered the most simple
solution of the problems involved in this particular case.

DETERMINATION OF EXISTING RIGHTS.

; In the irrigated sections of the state water problems have been the cause
of long and costly litigation. The method for determination of old rights pro-
vided by the Water Code is intended greatly to reduce the amount and cost of
such litigation. It does not attempt to create new rights or to abolish or modi-
fy old rights, but simply to determine the extent of each and.the relative
priority between all claimants on a stream system. The results are set out in
a court decree which is the basis of water right certificates issued by the Divi-
sion of Hydraulies, recorded in the respective counties and subject to sale,
division, transfer, ete., in the same manner as land titles.

This determination work was undertaken shortly after the Code became
effective and has been carried on steadily since that time. The first cases were
purposely limited to small streams until methods and procedure were fairly
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well developed. As most serious conflicts often occur on the smaller streams,
this order of procedure offered relief where it was most needed.

Now that the waters of most of the small irrigation streams have been
adjudicated, the work will be carried to the rivers on which there are serious
conflicts in water rights. It is also quite probable that some of the streams
which were adjudicated before the Water Code became effective will in time be
readjudicated. This appears desirable for the reason that the decrees entered
in many of these casese are difficult to administer owing to the fact that, in
these earlier cases, little consideration was given to the practical use of water
and engineering problems aifecting its diversion and use.

EXTENT OF WATER RIGHT DETERMINATIONS UNDER THE WATER
CODE.

From June 15th, 1917, the date when the Water Code became effective,
to September 30th, 1926, twenty-eight cases were completed, involving 1,295
water rights for as many farms having a total area of 121,236 acres. Since that
period or during this biemnium reports have been filed in ten cases involving
1,140 water rights for the irrigation of 28,927 acres of land. In addition to the
ten cases above mentioned, hearings have been held in three other cases in-
volving 307 water rights.

The number of water rights adjudicated during this biennium is nearly
equal to the total number of water rights which have been handled during the
entire previous history of the office.

Sixty per cent of the field surveys preliminary to the institution of pro-
ceedings to determine the water rights of the Yakima River and its tributaries,
have been made as compared with forty per cent on the Colville River and
tributaries. On Eagle Creek in Chelan County these surveys have been com-
pleted.

FUTURE NECESSITY FOR DETERMINATION OF WATER RIGHTS.

During the biennium eight petitions have been filed with the Supervisor
of Hydraulics for the determination of water rights, and the rights on eleven
streams have been adjudicated.

Of the petitions on file for water right determinations there are several
as to which it is believed the conditions do not warrant action at an early date.
Eventually, however, the water rights on all streams East of the Cascades, ex-
cept perhaps the Snake and Columbia Rivers, must be adjudicated as the avail-
able water is limited in quantity and a fair distribution can be had only after
proper legal action to determine the extent and relative priority of the various
rights.
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PETITIONS FOR DETERMINATION OF WATER RIGHTS FILED PRIOR TO
OCTOBER 1st, 1926, ON WHICH NO ACTION HAS BEEN TAKEN,

County in Which Stream

Name of Stream Is Located
Antoine Creek.........oviu000.n v e e ey « G RBTET;
Bonaparte Creek. ......ccevievonnesssnas vereness . Okanogan
Clugston Creek...... K A R voae .. Stevens
Colville River......... RN AR R RO Stevens
Cottonwood Creek.......... P P At veee...Stevens
Upper Crab Creek........ Frwae e R Pl s s g L ol Lincoln
Crosner CreeK............ P . b Stevens
Deer CreeK....oveviiveencnas e e e s e s ST VOILS
Dry Creek..... R —— varsssassaa. . Walla Walla
Duck Lake Creek.....‘.... .......... vvssaess . Okanogan
Duck Lake.........uu. AT A vesess..Okanogan
BEast Chewelah Creek........ovvviveinennennss vev ... Stevens
Five-Mile Lake........ R R T S R R PR e King
French or Crab Creek.......... Vi e e a e e DEANOEAND
Helnt Creel.. i idansinviiit paase i e birs s, v oaes . Stevens
Jewett CreeK.......0vvnuunnnn i e e Okanogan
LeFleur Creek........ooviuivennnnns T —— Ferry
Marshall or Lake CreeK.......000uun. oo s e s e e s o 3pOKANEG
Methow River and tributaries................ ...Okanogan
Mosquito CreekK.......covuusuun e Okanogan
No Name, tributary Entiat RIVEr..........o0.... ...Chelan
Novth PIne Cleak: aas v e i daa s veevesses..Okanogan
O'Brien Creek........ R R R L L RS B Ferry
Snow Creel.. .o vaasidiae SRR s amaenew e e s GHEIAN
Sherwood Creek.............. ARk e veas .. Stevens
Twelve Mile Creek........... e S O .. .Stevens
Tucannon River.........coovvuuu.. e .. Columbia
Wawawai Creek..... P L vessasessnsssss Whitman
‘White Salmon River......... sl e e e e s v FRlTORTEAE
Wilmott Creek..........o0000n oo w E e e o ata s 1Ry

PETITIONS FOR DETERMINATION OF WATER RIGHTS RECEIVED DURING
BIENNIUM,
County in Which Stream

Name of Stream I8 Located
Bacon CreekK............ R TS B S T voeee . Klickitat
Bigelow Gulch Creek...... A R R M e . .Spokane
Deadman Creelt. ........ccvviviiininnsas vaae s s e s Garfield
Hagle Creek.cvveveiiioiosesanns SRR B B e +++s+.Chelan
GOl Creak . viciinsin s rationsemens N ...Okanogan
Icicle Creek..... o D T S e S .+ ..Chelan
Sinlahekin Creek ........covveemennnennnns e, Okanogan

Yakima River..........cccvuue. S R R TR ++os. Yakima
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Streams Adjudicated.

Determination proceedings were completed or aubstémtiall}’ so, on the

following streams, prior to September 30, 1926.

County in Which Stream

Name of Stream Is Located
AT TR RlC L v e 4 avere ab an s bis Sl e e e s Yakima
AR R i ava v i e o A R T SRR A P T +....5tevens
AIDOWATTORIE e wiaarata s s a ave s e ...Garﬁeld and Asotin
Beaver and I'razier Creeks............ S e . ..Okanogan
Big Creek...... e e e e e e e e et [ g Y |
Bird and Frazier CreeKs..........cvoneennssasesss Klickitat
Bull Dog CreeK......convevsnnnnsas soism s e nness SLOVENS
Chewaela Creek. ..cvvuurererassssseesenensssessssDtEVeNs
Corus Creek. ... cosepuvnns e e e e s VBT
Cooke Creek.....:...... S e e e P DR LR
Cowliche Creek.......co000uuns AR R, e «...Yakima
Crab Creek and Moses Lake......... ....Grant and Adams
Doan Creek......iciviuiaassssnas T e ey L Walla Walla
Dungeness  BEVET. . ivessiansnisnsnvins dnsssanissis Clallam
HANIET RO o 55 vm s A A0 s rd £ Ak W i 5 . . Stevens
Libby Creek..... sassssasrseasssanssrasssssasssOKANOZEAN

McFarland Creek.......cceovssesssnarsssssssssss.Okanogan
Meadow Gulch CreekK....ievseresesenesssessssssssGarfield

Johnson Creek........... e e e e e s OIRENOEAT
Roaring Creek........ R R T e e e e e e AT LB LT
Safety Harbor Creek and tributaries................Chelan
Similkameen RivVer.........ccocuceecsnsncsns .. .Okanogan
Stemilt CreekK............. VessasuissnaesnnsesesessCHOIAN
Btone Oreek. .coveivesesssoveses Y Yy e ... Walla Walla
BAITNON CFBeE. @ ees foansssnesssesssssss o e Okanogan
AN WA TEEVET . o v aw ain avae e o i e i wein s i s #a e Kittitas
Thompson Creek....... i e e e AR OE ATL
Wenas Creek....covvvvvnnnns S e e e e I
WOLE Creel: «oavion v iasasesis P PGP 0 ) . - R T1) 21 ¢ |

DETERMINATION PROCEEDINGS HAVE BEEN COMPLETED ON THE

FOLLOWING STREAMS DURING THE PRESENT BIENNIUM.

No. of

Name of Stream Water
County in Which It Is Located Rights | Acreage

Involved
Antoine Creek......coovvervesrncnses| OKANORAN. coveveveenaaens 6 165
Bacon Creek.....oovuevenyinann | BMERIAE. . i s es 8 840
Bowman Creek...... T e 10 Y AR p e e T R 23 168
Bigelow Gulch............ AR I T T 12 17
Black Canyon Creek................ A T 116
Deadman OreeK.............. 83 505
Johnson Creek......cccovvivinnnnanns 8 16
Quilisaseut Creek 26 276
Squillehuek Creek...... 81 1,500
Walla Walla River.. 886 25,260
L 15 L R A R e A e | ........ el e e e el e e e e 1,140 28,972
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STREAMS ON WHICH DETERMINATION PROCEEDINGS ARE NOW PENDING.

Name of Stream County in Whieh It Is Loeated Rights

Gold Creek....
Iciele Creek.

Touchet River
Sinlahekin Creek

NOTE—Hearings have been held on the first three streams above named and the report of the
Referee is now being prepared.

RECEIPTS FOR THE BIENNIUM.

Receipts for the biennium are more than three times those for the pre-
ceding biennium and about five times greater than they were for a like period
before the increase of fees.

Receipts, segregated according to the more important sources, for the
biennium, with the receipts for twenty-two months of the last biennium prior
to the amendment of the law are shown in parallel columnsg for comparison.

RECEIPTS.
Dee. 1, 1922, | Oct. 1, 1926,
RECEIPTS to to
Sept. 30, 1924 |Sept. 30, 1928
EERMITALION TOME . .oicoimnsmmis s m s s sn s s saa s $1,515 00 £2,610 00
Additional examination fees .........ceccvvriiiiniisirrenfiiiiaaiiinas 14,742 80

(Under amendment passed by 1925 Legislature)
11,944 81 EParm[ta)

Filing and recording fees........cociiiiiiiiiiiriianiieiiinnns 2,376 93 254 10 Certifleate)
107 90 | (Miseel.)
Miscellaneous cOPFINE .....ccoiveuriiimnuciaiiiinuaiaaianaas 124 34 357 85
Extension of time for beginning of construction........|..cc.viviinens 186 19
(Under amendment passed by 1925 Legislature)

Adjudication of water rights....... e S S TR 2,709 02 976 99
Dam i tions (ir Tabe . XEEUTDRY. . v oo srmmaisemmnsvans e omsemsmanesis 363 T0

POBRIR: -oliws wus ssivms s vimmasd i S S $6,725 20 [ 231,544 34

It will be noted that the receipts for examination fees proper show an
increase from $1,515.00 to $2,610.00, indicating a growth in the number of ap-
plications from 303 to 522. Additional examination fees, provided for in the
amendment to the Water Code, amount to $14,742.80, this being an entirely
new source of revenue to Lthe division; and filing and recording fees, the sched-
ule of which was increased in the 1925 amendment, increased from $2,376.93 to
$12,306.81.

CHANGE OF POINT OF DIVERSION.

The Water Code provides that when a water user desires to change the
point of diversion or place or purpose of use of water, he must first obtain a
permit therefor from the Supervisor of Hydraulics. The object of this provi-
sion is to protect other vested rights which might be injured by such change.
If necessary the Supervisor investigates on the ground and if protests are filed
or other good cause appears, a hearing iz held to obtain full information con-
cerning the effect of the proposed change on other rights. Thirty applications
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of this nature have been filed during the biennium and decisions made in
twenty-four of these.

COOPERATIVE HYDROGRAPHIC WORK.

R. K. Tiffany, Superviscr, and G. L. Parker, District Engineer of Divi-
sion of Water Resources United States Geological Survey, Tacoma, Wash., in
charge of Cooperative Hydrographic Work.

Hydrographic work consists primarily of collecting daily records of
stream flow at gaging stations located on many of the important streams of
the state. Secondarily it involves investigation of dam and reservoir sites,
determination of power and irrigation possibilities, consideration of flood prob-
lems, and study of the best sources of water for municipal and industrial uses.

Daily records covering a period of fifteen to twenty years are necessary
to design hydraulic structures intelligently and to plan economical operation.
Other basic information, needed to appraise hydraulic projects, can be obtained
within a relatively short time, but water-supply data must be accumulated
many years in advance of development. Private and municipal capital is too
impatient to wait for the collection of such records. Obviously hydrographic
work is a governmental funetion. It builds for the future and encourages
wise development, which, in course of time, creates taxable wealth.

This state has greater water resources than any other in the Union and
a marked impetus toward utilizing these resources is being experienced. The

* hydrographiec work should be increased four-fold to lay a stable foundation for
development during the next twenty years.

The legislature appropriated $10,000 for cooperative hydrographic work
during the biennium. Arrangements were made to cooperate with the United
States Geological Survey in order to insure that the work would be carried on
by impartial and trained specialists in accordance with a standardized pro-
cedure, in order that the results would be universally available in published
form, and in order that the data would be accepted with confidence by engi-
neers in all parts of the country. The plan of cooperation is the same as that
effective in other states. A program of activities is framed jointly by the Su-
pervisor of Hydraulies and the District Engineer of the Geological Survey,
whereupon supervision of the details is administered by the District Office of
the Geological Survey located at Tacoma. Monthly progress reports are sub-
mitted to the Supervisor of Hydraulics and he is furnished with results as soon
as they become available.

From the beginning of the biennium to September 30th, 1928, an average
of eighty-one gaging stations were maintained, 816 measurements of flow
were made, and the expenditures through the Tacoma District Office, including
those charged to the cooperative state appropriation, amounted to $47,301.96.

Where private corporations or individuals are cooperating, they are ap-
plicants or permittees for water or power rights from the state or federal gov-
ernment or both.

A number of organizations or individuals assist in carrying on the joint
program as follows:

U. 8. Department of State,

U. 8. Corps of Engincers.

U. S. Bureau of Reclamation.

U. S. Forest Service.

U. 8. Indian Service.

Dominion Water Power and Reclamation Service of Canada.
Inter-County River Improvement Commission.
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Jefferson County.

Skagit County.

City of Aberdeen.

City of Seattle.

City of Tacoma.

Backus-Brooks Company.

Chelan Electric Company.

Grays Harbor Railway and Light Company.

Henry Hewitt Land Company.

Hugh I. Cooper Company.

Interurban Band Company.

Methow-Okanogan Irrigation District.

Oroville-Tonasket Irrigation District.

Mount Baker Development Company.

Northwestern Electric Company.

Northwestern Fower and Light Company.

Puget Sound Power and Light Company.

Royal Development Company.

Stevens County Power and Light Company.

Stone and Webster Engineering Corp.

Washington Irrigation and Development Company.

‘Washington Water Power Company.

‘Western Washington Eleetric Light and Power Company.

E. M. Chandler.

W. F. Crowe, Walla Walla, Chamber of Commerce,

During the past six months the jeint stream-gaging program has been
increased by 17 gaging stalionus constructed at the expense of the U. S. Corps 8
of Engineers for getting stream-flow records needed for an investigation of
Columbia, Skagit, Stilaguamish, Snohomish, Puyallup and Chehalis drainage
basins. The U. S. Department of State has also provided funds for installing
3 gaging stations along the International Border for accurately determining
the rights of the United States in connection with anticipated water contro-
versies.

MISCELLANEOUS STREAM MEASUREMENTS.

The Water Code further provides that the Supervisor shall determine the
discharge of streams and the capacity of lakes and keep a record thereof. In
addition to the cooperative work with the Water Resources Division of the
U. S. Geological Survey on larger streams in the state, this office has inde-
pendently measured the discharge of 133 small streams and has recorded such
measurements in this office. Generally these miscellaneous measurements were
made at or near low water stage as the minimum flow is eritical for most small
projects, whether power, irrigation, manufacturing or municipal water supply.

HYDROGRAPHIC SUMMARY.

In 1920 a hydrographic summary was published by the Division of Water
Resources showing all available stream data on the more important streams of
the state up to that date. Since 1920 there have been several unusually dry
years culminating in the unusually low summer and fall run-off of 1926. It
appears that we have now passed a definite low point in the climatic cycle and
that a new hydrographic summary will be of great value to all prospective
water users. Such a summary has therefore been prepared and will be avail-
able as soon as it can be printed.
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DIVISION OF RECLAMATION.

C. W. Karney, Supervisor.

The biennium has shown but little activity in this division. No new
projects were offered or urged for development by the state. At the present
time there is little demand for new irrigated land. In fact some fairly good
land under existing projects is being poorly farmed or not farmed at all. On
the other hand there is some activity in irrigation as evidenced by the constant
irrigation of new land under the Wapato Project, under pumping plants along
the Okanogan and Columbia Rivers and in some other sections of the state.

Some progress was made toward salvaging projects initiated by the state
prior to 1925 and in one case bonds of the district not heretofore aided by the
state were purchased in order to help the district make essential 1mprovements
which could not otherwise be financed.

WHITESTONE RECLAMATION PROJECT, OKANOGAN COUNTY.

This district was obligated to the state under old contracts for advances
and interest on account of construction work to the extent of over $900,000.
It had voted bonds to the amount of $1,125;000, which it was assumed would
cover the construction cost for an area of approximately 9,000 acres. A board
of eagineers having determined that not more than 2,500 acres could be fur-
nished with full and dependable water supply, the directors of the district
classified land and reduced the area to 2,207 acres and on March 31, 1926, a
contract was closed with the district by which the district delivered to the
state an entire new bond issue of $253,805 in full payment for the construction
of water rights for the 2,207 acres. These bonds bear interest at one per cent
per annum for ten years and at six per cent per annum for the remaining
twenty years, principal payments beginning in ten years. The state reserves
the right to the use of any surplus water above the requirements of the 2,207
acres and the right also to use the canals of the district for the carriage of
surplus water to several additional lands should it become feasible to irrigate
them.

It was obvious on consideration of the fixed charges against the lands in
this district that the land owners could not pay six per cent during the develop-
ment period but it is hoped that with the interest reduced to one per cent the
state may reduce its capital investment to the extent of the bond issue.

METHOW VALLEY IRRIGATION DISTRICT, OKANOGAN COUNTY.

The Methow Valley Irrigation District had an outstanding bond issue
of $165,150, these bonds having been purchased by the state. The interest and
maintenance charges were more than the land of the district would bear. In-
stead of being developed and improved as was anticipated when the state pur-
chased the bonds, the lands were being abandoned and are reverting to sage
brush. In order to make it possible for the settlers on the land to meet their
charges and to settle up the remaining land in the district, a refund issue of
$165,1560 bearing one per cent interest was purchased by the state and the pro-
ceeds used to retire the outstanding bonds.
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LAKE CHELAN RECLAMATION DISTRICT, CHELAN COUNTY.

The Lake Chelan Reclamation District is one of the most highly pro-
ductive districts in the state. Its water supply is secured from tributaries of
Lake Chelan through long and expensive pipe lines. The district first appealed
to the state in 1925 but its financial condition at that time was deemed unsound.
By means of heavy annual assessments, the directors were able to pay off
nearly all of the warranted indebtedness but still could not sell bonds on the
market necessary to finance additional sftorage essential to the full irrigation
of the orchard area which has been steadily increasing. After careful investi-
gation, the department purchased $100,000 of the bonds of this district, the in-
terest rate being fixed at one per cent, and with this assistance it is believed
that the district will be able to carry through to a successful development.

The status of bonds, purchased, sold and on hand, are shown on the
attached tabulation.

IRRIGATION AND DRAINAGE BONDS PURCHASED AND SOLD.
Bienniom October 1, 1926, to September 30, 1928,

Par Value.

On Hand On Hand

Oct. 1, 1926 Purchased Sold Sept. 30, 1928
Methow Valley Irrigation Distriet......... $165,150 00 $165,150 00
Kennewick Irrigation Distriet........ o 199,500 00
Spokane Valley Irrigation Distriet.. 28,500 00
Burbank Irrigation District No. 4.. y 44,000 00
Yelm Irrigation Distriet........oo0veenenens 5,000 00
Franklin County Irrigation Dist. No. 1... 142,000 00
First Creek Irrigation Distriet............. 22,500 00
Icicle Irrigation Distriet .......... ; 195,000 00
White Salmon Irrigation District 85,000 00
Wenatchee Heights Reclamation Distriet.. 20,000 00
Wolf Creek Reclamation Distriet.......... 100,000 00
Consolidated Drainage Improvement Dist.

No. 101, Thurston.....cceceivsersiasnss 74,000 00
Drainage Improvement Distriet No. 2,

T 0 e R o e R O SO 5,500 00
Drainage Improvement District No. 8,

THOIBEON . ovvcvusrivasisssvonsrssssennasfasiiansanesans] . 1,00880  T,02B80 |iieirsvirnennas
Lake Chelan Reclamation Distriet. ; 100,000 00
‘Whitestone Reclamation Distriet........... 253,806 00

TROBRIB L L oo o aiv crornnin b aie wimn wimston v wsm 3ace $046,000 00 $525,978 30 $52,023 30 | $1,389,955 00




LETTER OF TRANSMITTAL.

The Honorable Erle J. Barnes, Director,
Department of Conservation and Development,

Olympia, Washington.

Sir: I have the honor to submit herewith the biennial report of the
Supervisor of Geology. The report covers the period from April 1, 1927, to Sep-
tember 30, 1928.

It is a pleasure to acknowledge the full measure of cooperation and sup-
port with which you have consistently aided the work of the Division of Geo-
logy. I wish to acknowladge also the services and interest of a large number
of engineers and industrial operators in the preliminary study of the geologic
and topographic needs of the state.

Respectfully,
HAROLD E. CULVER,

Supervisor,
Pullman, Washington.
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BIENNIAL REPORT OF THE SUPERVISOR OF THE
DIVISION OF GEOLOGY.

ACTIVITIES OF THE DIVISION.

The work of the Division of Geology readily falls into the following cate-
gories: (1) Geologic Studies, (2) Topographic Mapping, (3) Laboratory and
Field Service, (4) Collection of Mineral Statistics.

GEOLOGIC STUDIES.

Several types of investigation are included in this phase of Divisional
activities, but since the work involved in any one type merges into that of
other types any classification of geologic studies will show certain apparent
omissions and duplications. Geologic studies may be undertaken with any one
of the following aims in view:

(1) To determine the commercial importance of specific deposits in a
given district:

A study of this type serves to indicate the reserves and value of some
mineral substance in a limited area. Such an investigation was reported in
Bulletin 10 of the Division publications, “The Coal Fields of Pierce County.”

(2) To estimate the resources of the entire state in any one mineral
substance:

This sort of investigation unites the study of limited districts and fur-
nishes a basis for reliable estimates of the state’s wealth in certain lines. It
is illustrated by Bulletin 27 of the Division publications, “Iron Ores, Fuels and
Fluxes of Washington.”

(3) The mineral resources of a limited area:

In this type of geologic work a unit area such as a quadrangle or county
is selected and the relations of all geologic features determined. The report of
such studies introduces the general geology of the area in full as a basis for
the presentation of all available information as to mineral resources. This
type has not been systematically undertaken by the Division of Geology, but
it is exemplified by the U. S. Geological Survey Series of Folios and by the forth-
coming report, “Geology and Resources of the Chewelah Quadrangle.”

(4) The delineation of detailed structures and stratigraphic relations in
limited areas:

Exploration and development of districts containing an important mineral
deposit are often handicapped by complexity of structure or stratigraphy. In
some cases detailed investigation of a deposit will reveal the fundamental rela-
tions and point the way to commercial development of the district. In many
instances, however, this procedure cannot be followed on account of unfavor-
able conditions. In such instances, the desired result may be obtained by ex-
tending the investigation to areas of favorable exposures where accurate deline-
ation of the complex relations is possible. The results of such studies, although
often obtained in regions of no commercial importance, can be applied to the
valuable mineral deposits, making plain the relations which are otherwise ob-
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scure. Such reports may be in themselves largely of scientific importance but
ultimately become immensely valuable in the production of mineral wealth.

(5) Determination of regional or state-wide geologic relations:

Like No. 2 above, this sort of investigation is state-wide in scope and
serves to utilize in a broad and thorough manner the result of detailed studies
in limited areas. It is only through these investigations of wide scope that
the general relations controlling the origin and development of our mineral
deposits can be understood. Hence, while primarily scientific in plan, this
type of study has come to be recognized as of prime importance in the exploita-
tion of mineral resources of a region. The report of the “Tertiary Formations
of Western Washington,” which appeared as Bulletin 13 of the Division publi-
cations, belongs in this category.

Studies belonging in one or another of the above groups have been under-
taken in the past but attention has of necessity been centered on those investi-
gations in which specific results could be obtained in the shortest possible
time. As a result, the broader problems, the solution of which demands the
accumulation of large amounts of data, have received little or no attention.

An inspection of the previous activities of the Division of Geology em-
phasized the need of a general survey of the state in an attempt to determine
the proper fields for geologic studies by the Division in the future. First hand
data being essential to a thorough understanding of the matter, most of the
work of the Supervisor has been of reconnoissance character, devoted to the
inspection of the whole state. In the course of the field seasons the details of
structure and stratigraphy were observed in selected portions of practically
every county of the state, and the general geologic relations noted over a much
wider area. So far as time permitted, mines, quarries, and the many other in-
dustrial operations involving geology were visited. During the winter months,
these data were organized, correlated, and to a consideable degree amplified
through correspondence and conferences with industrial operatives and engi-
neers throughout the state.

On the basis of this general investigation of the needs of the state it has
been possible to arrange a general program of Divisional activities, with due
regard to the character, extent, and approximats cost of the work to be under-
taken, .

In addition to the foregoing gemeral investigation some detailed work of
importance and far reaching character has been begun.

For more than a quarter century the northern part of the state has re-
ceived considerable attention from prospectors, mining engineers, and geol-
ogists. While providing detailed facts of undoubted value in local areas, this
work has served mainly to reveal the great complexity of the structure and
stratigraphy of the region and to demonstrate the need for intensive study of
the whole field.

It seemed desirable to initiate this work in a region where the natural
conditions favored this detailed type of work and where the results could be
utilized at an early date in the further study of the valuable mineral deposits.
After inspection of several areas it was decided to begin work on the Chewelah
quadrange in Stevens county. The object of this study was to provide material
for a comprehensive report on the geology and mineral resources of the region,
introducing such facts as would be particularly useful in the commercial ex-
ploitation of the mineral resources. In the course of the first summer, Pro-
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fessor R. H. B. Jones, with an assistant, completed the study of the northern
half of the Chewelah quadrangle. During the present season this work has
been carried to completion for the whole quadrangle and the results will be
incorporated in a report now in course of preparation.

While the foregoing grouping adequately indicate§ the majer lines of
service of the Division, there are a number of important activities which are
difficult of classification and which may be taken as part of the usual and
routine work of such an organization. Among these may be mentioned the
systematic collection of representative ores, rocks, mine maps, geologic maps,
and reports which constitute part of the working equipment of an efficient geo-
logic survey. Coincident with the reorganization of the survey during this
biennium, these phases of survey work have been especially arduous, but from
now on will take their proper subordinate position.

TOPOGRAPHIC MAPPING.

As early as 1893 topographic mapping had been begun in the State of
‘Washington under the auspices of the Topographic Branch of the United States
Geological Survey. Unappreciated at first, these maps passed almost unnoticed,
but as soon as larger areas were covered the value of the maps became more
and more apparent. Ultimately there was developed a real and specific demand
for such maps and their preparation came to be recognized as one of the chief
functions of the geologic organization.

About 1910 there was formulated an agreement between the Federal
and state agencies whereby topographic mapping would be hastened, the cost
being equally divided between the two. Until 1925 the State of Washington
enjoyed this cooperation and a total of more than 11,600 square miles was
mapped. Independent mapping by the U. S. Geological Survey, prior to and
during the period of cooperative activity, covers an additional area of nearly
21,000 square miles. During the present biennium the cooperative agreement
for topographic mapping between the Department of Conservation and Devel-
opment and the United States Geological Survey has been renewed.

Earlier work has been terminated while the mapping of the Chewelah
quadrangle, in Stevens county, was about half completed. The first work was
therefore planned so as to avoid any further loss on that project. Effective
field work permitted the completion of that guadrangle and the starting of
work on the Colville quadrangle to the morth. During the past season, 1928,
this work has been continued through the activity of a precise-level party and
two sketching parties. A line of levels was run from Colville to the Interna-
tional Boundary east of Columbia River, tying with pre-determined points on
the general network for the state and giving adequate level control for the com-
plete sketching of the area. By the close of this season the work will have
been carried so far that a single month next season will serve to finish it.

The work of this biennium, together with some additional work by the
Federal Government in connection with the National Forests brings the total
area now mapped to about 35,000 square miles, slightly more than 51 per cent
of the total area of the state.

LABORATORY AND FIELD SERVICE.

One of the incidental but potentially important activities of the Division
of Geology is in response to the demand for assistance in determining the
value of mineral deposits. This service involves both field and laboratory ex-
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aminations and requires considerable time and equipment. In this way, how-
ever, invaluable service is rendered the state through the intelligent direction
of prospecting for, and utilization of, our mineral wealth.

In the past this phase of Divisional work has received particular atten-
tion and during this present biennium it has been continued and amplified in
certain respects involving the cooperation of various departments of the State
College of Washington. The very limited time and funds available have pre-
c¢luded the possibility of meeting any but a very few of the requests for field
examination.

COLLECTION OF MINERAL STATISTICS.

This phase of Divisional activities corresponds in cHaracter to the work
of the Census Bureau and has for its object the collection and tabulation of all
data relative to the actual production of mineral wealth within the state. Such
data form the only practicable basis for the intelligent comparison and study of
many phases of the mineral industry. For a number of years past this Divi-
sion has cooperated with the Federal agency in charge of the collection of
mineral statistics. By this means any duplication of effort is avoided and the
state receives the full benefit of the compilation. This cooperation has been
continued during the past biennium,

The appended table gives the mineral production for 1925 and 1926 as
far as available. Although the figures are probably subject to some revision,
they indicate with sufficient accuracy the importance of the mineral industry in
the state. It is to be noted that of the total of $23,804,577 production, more than
$11,000,000 are in the non-metallic group.

MINERAL PRODUCTION OF WASHINGTON FOR 1925 AND 1926,

1925 1926
PRODUCTS
Quantity | Valuoe Quantity Value

T |

|
Brigueta. s bons it e e s 0] e h O Sl (R e e
Cement, barrels ...... ceee| 2,499,237 | 95,523,324 | 2,153,320 | 94,632,258
Clay produets ........ ilsiesaratins B R e e B S
Clay, raw, tons...... 24,170 | ® 43,645 12,47 31,515
CORL, BODE: 400 s crnnie +evs| 2,537,800 9,176,000 | 2,586,568 9,350,000
Coke, tODB ...ucivaviiirvinnres ST 79,257 518,068
Copper, pounds ...... .| 1,169,057

Diatomaceous earth
Gold, troy ounces
Gypsum, tons ...
Iron ore, long to
Lead, tons .......
B ]I 7T e s e e e P s e e S
Magnesite, tODB .....coveiiiiiaiiieineiiaiianins
Magnesium sulphate (natural)..................
Manganese ore, long tons..............
b e
Mineral waters, gallons sold @..
Pulpstones, short tons..

Rubbing stones, tons.
Sand and gravel, tons
Siliea (quartz), tons..
Silver, troy ounces ...
LT AR o R e S o L

11,138 |

P L i e R A e e e G
okl S i R ) e
AR T RIe o v s e e e Y Fiivaaanae 28,804,577 |vivnvanaans $17,983,201

Value not included in total value for state.
(8 Includes minerals indicated by @ above.

Vn.lue ineluded under “Miscellaneous.”
@
1) No canvass,
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RECOMMENDATIONS.

Geologic Studies: For nearly a quarter century, under the appropria-
tions made by the State Legislatures, geologic investigations in the state have
been actively prosecuted, first by the State Geological Survey and later by the
Division of Geology.

Of necessity much of the earlier work was of reconnoisance nature
whereby relatively large areas were covered in short periods of time. In addi-
tion to these general studies, however, detailed reports of certain districts
were prepared. Bulletins such as No. 1 on the Republic area, and No. 7 on the
Index area show the results of these endeavors. These early activities served
to bring out the major features of the rather complex geology of the state and
the details of a few selected areas as well. Hxperience has shown, however,
that only a certain amount of the general or reconnoissance character can be
profitably undertaken. While of considerable value in formulating a general
conception of mineral deposits, these general studies must be supplemented by
detailed studies to greatly assist the exploration and exploitation of known
resources. Hence it is obvious that a stage is reached when the emphasis of
the work of the Geologic Survey must be laid upon the detailed studies if the
maximum benefit of the investigations is to be obtained.

Inspection of the mineral industries of the state indicates that such a
stage has now been reached in our investigations. It is therefore mnecessary
for us to consider means by which we can be of further aid to those who are
honestly endeavoring to develop the mineral resources of the state. With few
exceptions the broader geologic relations of the known mineral deposits of the
state are fairly well understocd. By contrast, there is scarcely a district in
which the prospectors and producers would not benefit if the details of struc-
ture and stratigraphy could be put at their command. We have already
acquired and put into use the more general features but lack the details with-
out which further progress is slow if not impossible.

Geologic problems are rarely simple. By their very nature they involve
unknown relations underground and must be attacked by some indirect method.
This is particularly true when details are sought, for in these cases the solu-
tion of a given problem frequently involves the correlation of many apparently
unrelated data. It follows that such studies must progress slowly and may
demand considerable time and effort.

The State of Washington appears to be entering upon a period of ex-
tensive industrial development. No one in touch with the trend of commercial
affiairs can doubt the probability of marked increase in general construction
and the ultilization of the power and other resources of the state. This move-
ment is certain to result in a corresponding expansion in the mineral industry
of the state and if it is to have the benefit of scientific direction it is necessary
that there be made a thorough and comprehensive survey of the mineral
resources of the state. )

Knowledge must precede the application of knowledge in geology as
well as in other-matters and unless the development of the country’s mineral
resources be based upon and proceed from the scientific knowledge of its geol-
ogy there must inevitably be waste of effort, loss of money, and delay of
progress inseparable from haphazard methods.

Since the field to be studied is broad and complex, it is particularly de-
sirable that the start should be made at an advantageous point. Two general
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features of the work should be borne in mind: first, the investigations should
be planned so that the results of the early studies will be of value for those
undertaken later; and second, work should be begun and continued on both
metallic and non-metallic deposits.

No attempt is made here to list the many investigations which are con-
templated. The object is rather to indicate the nature and scope of the work
so that its importance may be realized. Typical of the metallic deposits which
seem to merit attention are the well known lead-silver ores of the northeastern
part of the state, the copper ores in the Red Mountain and Sultan districts, the
quicksilver deposits of Lewis and other counties, and the manganese ores of
the Olympic belt. The non-metallic resources are in general simpler in their
geologic relations and are consequently better understood. Among the out-
standing exceptions to the general rule, however, may be noted the magnesite
deposits of the Chewelah district, the artesian water supplies which constitute
an important economic resource in various parts of the state, and the potential
oil and gas pools for which a diligent search has been made in several localities
during the past few years.

In connection with the non-metallic deposits, attention should be called
especially to the relative importance of clays in the mineral industry of the
state. It is not widely appreciated that clay constitutes one of Washington's
most important resources at present, nor is it generally realized that on account
of the immense deposits cf valuable clays of great variety this is almost cer-
tain to become of even greater relative importance.

Under an agreement between the Engineering Experiment Station of the
University of Washington, the United States Bureau of Mines, and the State
Geological Survey, there was planned a comprehensive study of all phases of
this very important indusiry in this state. The first product of this agreement
was the report by Professor Hewitt Wilson of the University of Washington,
published several years ago. Its popularity is attested by the fact that the issue
has been out of print for about four years. The companion report on the geol-
ogy of clay deposits was completed prior to April 1, 1921, but its publication
has been delayed.

The seven-year interim has seen many changes in the clay industry in
Washington. Further development of known deposits has revealed additional
information as to their nature and mode of formation. Prospecting has shown
the presence of deposits of unknown dimensions and value. By a rather com-
plete revision of the existing report it can be made of immense value to the
state in the further development of the clay industry.

The needs of the state for geologic work are too extensive and too im-
portant to permit any but the most effective use of scientifically trained men.
Under the present arrangement geologists are working for the survey only
during the summer season under temporary appointment with the concomitant
delay and irregularity in the preparation of reports. . In order to more effec-
tively carry on the geologic work it is proposed to secure the services of a
competent geologist to work under the direction of the Supervisor on a twelve-
month basis. This man will have charge of investigations of non-metallic de-
posits and will be chosen on the basis of his demonstrated ability in that line.
By this means it will be possible to avoid most of the losses due to a continual
change of personnel and each investigation will have the benefit of the results *
of previous work.
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Publication: The work of the survey is only partially done when field
studies have been made and reports prepared. In order that the citizens of the
state may receive the benefit due them from the prosecution of this work it is
necessary that the reports of the results be published early and distributed as
widely as can be done economically. One of the oustanding failures of many
such organizations as the Division of Geology is the delay involved in the pub-
lication of reports. Many schemes such as the use of press notices and prelimi-
nary reports have been used to avoid this loss in time. This survey has begun
a series known as “Reports of Investigations” through which it is planned to
present such results of current investigations as cannot well be deferred until
a complete report with engraved maps is off the press.- After a piece of investi-
gative work has been completed it should be possible to present the results to
the people of the state with the least possible delay. With this as a fixed policy
the field men are instructed to observe a rule widely followed by similar organi-
zations throughout the world, that of withholding the results of current investi-
gations until publication can be made. By this procedure all citizens of the
state and other interested persons have an equal chance to benefit by investiga-
tions which have been undertaken and financed by this agency.
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DEPARTMENT OF CONSERVATION AND DEVELOPMENT.
FINANCIAL STATEMENT.

From April 1, 1927, to September 30, 1928,

Totals..... SRR e P T TRk N S s e

FUND Appro- Expen- Balance
priation ditures
GENERAL FUND
Renpral OPHes; .l S R e PR R $8,700 00 26,455 19 $2,244 81
Forestry Division .. 5 160,000 00 142,735 49 17,264 51
Hydrauliec Division ...... 40,500 00 40,498 90 110
Hydrographic Survey .... . 2 10,000 00 6,084 14 3,915 8
Geological Survey ...... :l 5,000 00 4,705 98 204 02
Topographic Survey .............. P 10,000 00 7,598 19 2,401 81
RECLAMATION REVOLVING FUND
Reclamation Division—Operations .................. ; 33,500 00 17,506 55 15,903 45
Land Settlement, Kittitas Project, and/or Contract |
and Bond Purchases | 400,000 00 208,866 95 101,133 05
Land Settlement, Kittitas Project...... 150,000 00 |........... e m.oon 00
Columbia Basin Survey (reappropriated) Ve 13,621 78 12,234 22 1,387 56
REIAE . bk sk g bl s e A s 250 00 950 00 |.ounes am LA ¥
State Forest Board 3,000 00 e T2 2,221 28
SPECIAL FUND (Chap. 161, Laws 1925)
Hydraulic Division—Water Code......... ARG SEN AT o 20,000 00 2,686 19 17,313 81

$854,5671 78 $540,304 52 | $314,177 26
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