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HYDROLOGY MEETING

June 13th, 1961, 9:30 a.m.

Meeting on hydrology in Maricopa County was held June 13th, 1961,

in the County Health Department auditorium, 1825 East Roosevelt., 9:30

a.m. Those attending were:

Soil Conservation Service

U.S.Geological Survey

U.S. Bureau of Reclamation

U.S.Corps of Engineers, Los Angeles

U.S.Weather Bureau

Johannessen and Girand

Benham Engineering Co., Inc.

Yost and Gardner, Engineers

Arizona State University

Flood Control District
of Maricopa County

J. J. Turner·
Marvin Sheldon
George Watt
J.H.Dorroh, Jr.

Douglas D. Lewis
James J. Ligner
Al Wilson

James E. Bowie

Jack C. Jorgensen
Paul C. Brabham
Don L. Sieckman

Fred E. Tatum

Louis R. Jurwitz

Jack Phelps
Jake T. Doss
Chandler McCoy
Wilson D. Charles

John E. Schaefer
Leigh O. Gardner

Robert D. Kersten

Robert E. Cron, Jr.
Tom R. Neiswander

·e

The meeting was opened at 9:00 a.m. by Mr. Cron. Mr. Cron

pointed out that there are three governmental agencies making studies
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connected with flood control in the county and three consulting firms

doing the same thing. Mr. Cron stated he was fully aware of the

fact that we cannot hope to have a uniform hydrology throughout the

County because hydrological conditions throughout the county are not

u~iform. Also in the case of Federal agencies, each one may have

its O\vn criteria. Nevertheless, in an effort to assure equal treat­

ment to all parts of the County it seemed only fair that we have

this meeting for the purpose of exchanging information, asking one

another questions, commenting, and contributing towards one another's

knowledge of the hydrological conditions within the County. Since

most of the people here have a good basic knowledge of hydrology,

elementary principles of hydrology need not be covered, but the

ei approach you are taJcing toward the solution of your own problems in

the County is very important. ~k. Cron hoped everyone would feel free

to ask questions, it is not a formal meeting, you are not expected to

make formal presentations. The meeting will be recorded for the pur­

pose of keeping a permanent record of the useful information which

\vi.ll come from this meet ing.

As there is no formal agenda for the meeting, the scheme Mr.

Cron felt might be effective would be to first have the gentlemen who

provide the basic data on hydrology say whatever they have to say.

This "10uld be Louis Jur\'litz of the U. S. Feather Bureau and Dot1.glas Lewis

of the U.S.G.S., then calIon the agencies working in certain areas

to make their presentation.
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Mr. Douglas Lewis of the U.S.G.S. was called upon. ~is comments

are summarized as follows:

~~. Lewis introduced members of his organization present - Jim

Ligner, who is Mr. Lewis's assistant, Al Wilson in charge of hydrological

special study section, Jim Bowie in charge of the Phoenix sub-district

office. The U.S.G.B. has worked quite closely with the agencies

represented here for quite a number of years; they have also wor){ed

closely with the consultants. Recently, some of our policy state­

ments indicated that the objective of the survey was an appraisal of

the ~mter resources of the United States. Broadly speaking that would

include providing the basic information and some interpretation of

that information for the agencies, all of the acting agencies, and

that is including the Federal agencies, State agencies and the consulting

engineers. It is a pleasure to be able to tal)~ to this group and ex­

press some of our ideas.

~tr. Lewis remarked it seemed to him that it was only a few years

ago that all the basic information that was needed was primarily stream

flow records, water level records and that sort of thing. There have

been some tremendous changes in the America of today. These changes

have been brought on by population, economics and social pressures and

accordingly they have contributed immensely to the water problems

that we have. Let us just consider for instance a few of those that

have developed within the last years or have become more critical during

41' the past few years. Here in the arid southwest, the demands for ~mter
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have caused a mining or a depletion process of ground water. I suspect

that within a few years that is going to create problems that are

much more complex than the solution to the present \'1ater shortage.

There has been a change in hydrological environment of plants; we

have to consider that. There has been the organization of large areas

of agricultural and waste lands; they have changed the problems. We

have an interstate system of highways across the country that has

developed drainage problems. We need to knm'1 a lot more about the

repetitive processes of the hydrologic cycle than we have in the past~

The concept of flood plain zoning, as an alleviation of flood damages

has increased the need for knowledge of flood frequencies, and so right on

do~m through the list. Problems of pollution and the disposal of atomic

waste -- all of these enter into it. I think that if we had the basic

data that the problem we are confronted with would be fairly easy.

Actually here in Maricopa County, we have very little basic data;

some of that that we do have is not germane to the problems confronting

us. The Survey itself, has published, in two of its water supply

papers, a number of parts of what we call our hydrologic by-laws. In

just a few minutes I will give Jim Bowie the opportunity to explain

the way the Survey attacks some of these problems and a little later

I want to prOVide Jim Ligner with the opportunity of explaining what

our program is here in cooperation with the Flood Control District of

Maricopa County. We are faced with a problem. I thinJ{ we all realize

~ that there is a lack of basic data and yet I think we would be derelict

Hydrology Meeting - 4 - June 13, 1961



•

if ~le even suggested we put off flood control until we have all the

information that we need. VIe are going to have to make out with '''hat

we have. l1e do have some tools that we can use. The Survey normally

does not favor empirical formulas or some of the standard processes

that are used elsewhere. He have such tools as the unit hydrograph,

flood routing processess, rain-fall run off relationships can be devel-

oped, conveyance slope methods. Actually I don't believe we should be

dogmatic about where a particular method should be used. \~e try to

fit the particular method of attack with the data that we have on hand
a

and that in ~~~li throws/much greater burden of responsibility upon the

individual engineer who does the work. That, perhaps, is confusing to

some of you but we believe that it has wor]ced. In some 30 states vie

have cooperative agreements with the state highway departments providing

information that will permit them to develope a closer design on their

drainage structures. It has worked out very successfully. At the present

ti~e we are about ready to complete a program of flood plain zoning for

the city of Boulder, Colorado. There was very little more data available

at Boulder than there is in Maricopa County at the present time. In

addition to these hydrologic tools I want to mention one other tool.

tve are attempting to get into what we call systems analysis, which

will ta]ce an entire drainage basin and make it possible to predict

what would happen in any given spot of the drainage basin if something

else happens, perhaps upstream or downstream. The mass of computations

required for that type of analysis have been just too large for any
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agency to get very deeply into it. However, we are working on analog

computer methods to solve some of these problems. Frankly, the analog

computer is in an experimental stage but we do believe we can develop

it to the point where it will cut out a lot of the menial labor

connected \'lith this type of worRy Now I \vant to get dO\m to a few

specific cases for awhile. I think that even with a wealth of data the

computations that we make are going to define a rather \llide band of

error. ~lithout actual data to work on that band is going to be some­

what wider. I might give one or two specific examples. I do not

\~nt to point the finger at anyone or any agency but there is one

that comes particularly to my mind. I think that many of you have

heard here and there that the Corps of Engineers, for instance, may over­

design on hydrology. In 1950, the omaha Division Office sent into the

Chief's office a survey report on the little Neemah River in Nebraska.

I don't recall what the actual design flood was but it was somewhere

in the neighborhood of 100,000 cfs. On May 30 the Little Neemah River

crested at 225,000 cfs. It 1001cs to me that any accusations that the

Corps of Engineers overdesign on these things is pretty well refuted

by that, because here is a flood 2~ times their design figure. Sure,

it is one of these special events but you find them allover the

country and even a matter of three years earlier the Bureau of Reclama­

tion had to make a redesign of Medicine Creek Reservoir because of one

outstanding flood that occurred on Medicine Creelc. So, as I say, with

our empirical formulae, even when we have a wealth of data, the best
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we can hope for is a rather wide band of errors. NO\'l I would lilce to

have Jim Bowie talk for just a minute on some of the methods that are

used by the survey.

lv1r. Bowie: Mr. Lewis mentioned the basic stream gaging network

that we have proposed and are operating for the Flood Control District

of Maricopa County. This program should be much larger except for

economic reasons we cannot expand it any further at this time. Theo­

retically, a networlc of stream gaging stations such as we have proposed

should be a number of data collection points distributed spaciously

and physiographically so that the data collection may be combined and

used to yield results within limits from ungaged areas. Mr. Ligner

will later on show how we attempted to go into the area and space

these gages, reason for each particular gage, etc •. We have given quite

a bit of thought in the planning of this stream gaging network and

also have attempted to take into consideration any critical areas that

might exist. There was a progress report submitted to the Flood Control

District several months ago that listed some possible fields that the

Geological Survey might help or be of assistance to the Flood Control

District. The first of these was the development of flood hydrographs,

durations, rate of travel, velocity distribution and related hydraulic

studies. The unit hydrograph furnishes the apparent solution to

these problems and, simply stated, the unit hydrograph is a hydrograph

of direct run off resulting from one inch precipitation excess

occurring in unit time. There are a number of definitions out but they
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all say the same thing basically. From this unit hydrograph, the time

of occurrence of peal~ run off could be determined, also the rate of

run off at other times and your complete hydrograph can be estimated.

The unit hydrograph is a time distribution study, does not furnish any

l~ey to the amount of precipitation we can expect over a given area

or the amount of run off that can be expected. Our computation proce­

dures \'lill be based on a report by H. P. Hitchell, the Distr ict Engineer

in the State of Illinois. He has a set of procedures in his bool~ 'chat

we will follow. Another suggestion in this progress report was the

effects of urbanization upon flood peal{s, volumes and times of concentra­

tion. This \~ill also be primarily a unit hydrograph study. But the

effect, magnitude and frequency of floods may be used to evaluate the

urbanization effectd since the two factors controlling the magnitude

and timing of flood are the infiltration rate and the installation

of storm sewers and channel improvements. The infiltration rate is

decreased by the paving, roof tops, etc. and your channel improvements

and storm sewers are used to get the water to the run-off point in a

shorter given time. The second suggestion was the relationship be-

t\'leen rainfall and run-off. Uhen the additional gages are installed

we will have a lot of comprehensive rain fall data that can be corre­

lated "'ith the run-off information accumulated from our stream gaging

stations. One of the simplest correlations would be the direct

correlation between rain fall and run-off. Further studies can be

41' made in time trend analyses, per cent of urbanization and any other
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measureable factors that can be put into the correlations. The pre-

diction of run-off and rain fall is usually unreliable because run-off

is controlled by physiographic factors in the area, such as your

drainage areas, channels, slopes, elevations, geology, etc. Records

of the rain fall are from gages that the survey will operate, will

be computed and tablulated by the Survey, and will be turned over to

the Heather Bureau to become a part of their files; these records \"lill

be available from them. Another suggestion that \'las lis ted in the

progress report was a flood frequency analysis. From the flood

frequency analysis we may determine the magnitude and frequency of

momentary peak discharges, peak stages and flood volumes. The knm'1­
of

ledge of magnitude and frequency/peak discharges are essential to flood

control c"i:ruc-c.ures design as \"lell as in the fields of flood zoning and

flood insurance. The use of flood frequency methods has been abused

and subject to a lot of criticism but properly computed and conserva-

tively interpreted is a very valuable tool. In general we will ma]ce

our analyses if possible, on a regional basis - an area that is

hydrologically homogeneous rather than ma]~ing them at a particular

point. He can make three types: (1) Discharge (2) Stage (3) Volume-

frequency, the most common being the discharge-frequency curve. This

applies to general areas. The stage-frequency will apply only to a

gage which determines the frequency and will be regionalized. You

have to use extreme caution in handling that. Two methods used in

• making flood-frequency analyses are by using the annual flood or by
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the partial duration series. The Survey attempts to stick with the

methods of the annual flood because it seems a little simpler to

handle it that way. Another item mentioned in the progress report

was the making of inundation maps. These can be very valuable in flood

control work, flood control zoning and planning. Such maps can be

prepared by using slopes, profiles, and some of those things that are

available to us. One of the most important need is for topographic

maps and since the h€ight of a Iuajor flood, the variation in height,

is very small, you need your maps on a very small contour interval.

Good maps are essential in that. We have installed a system of

crest stage gages which ~rr. Ligner will talk on, that should provide

the basic stage profiles and high water mar](s upon which to base

these maps. The last suggestion made in this progress report was the

salvage of water that would otherwise be lost by evaporation. The

diminishing surface water supply is a major problem in this area. It

may not be a problem of flood control but the responsibility of

utilizing any water that flood control channels or retention reservoirs

capture is a responsibility of all people interested in the development

of water in our area. The possibility of recharging the ground water

table from flood waters, etc. should be investigated as well as any

other losses should be investigated.

r~o Ligner: Gentlemen, we can perhaps analyze the problems of

a given area, we can understand in some general way what we are faced

with, in the way of problems, we can do as Jim Bowie says. We have
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at our fingertips, all of us as hydrologists and engineers, certain

tools, methods that we all know about, that \1e can use to perhaps come

up with some answers for this area. We can't always wait around until

somebody else comes up with the kind of data that we would like to have

in our design; we have to go ahead and use what is available. This

means then that it does perhaps fallon the shoulders of the individual

making the study as to just how good an anS\<Ter he comes out with. Ue

don't want to lose sight of the fact that even though we have to go

ahead at the present time and do some of these things, we have to look

to the future, to the time we will need more data. No matter how good

an analyst you are you can do a better job if you have better data.

l'fuat we are attempting to do in cooperation with the county flood con­

trol program, is to design within the~limits of the funds available

the type of system that will give us and you, the data that you need

in the futureo We hope that as time goes on it will become greater

and greater and we will get more and better data for all of us to use

in solving these problems. As for the elements of a collection program,

we might start out with the top of the hydrologic cycle, and that is

the element of rain fall. In Maricopa County we are faced with a

rather large problem in that it is a very large area. There are more

than 90,000 square miles in the county. To get a very complete coverage

in an area this size will cost a lot of money. We can't do everything

\~e would like to do but we have to design then on the basis of what

is available in the way of funds. There are rather a large number of

Hydrology Meeting - 11 - June 13, 1961



•

existing rain gages in the area. The green dots shown on the map

(pointing to U.S.G.S. map) are ~1eather Bureau and Corps of Engineer

rain gages that are already in the area. There are 37 of the non-record­

ing gages and 10 recording gages. l~st of the recording gages are in

this area (pointing to map). Even though we have a fairly fine network

we don't get complete coverage that we need for studies that we would

li]~e to make and that you would like to make. We have installed a

number of rain gages of our own. We have at the present time a little

more than 60 non-recording gages that have been installed, observers

have been secured for them and everything is all set to go when we get

some rain as far as the non-recording gages are concerned. This

presented a number of problems. The man we had going up to the houses

trying to get people to participate in the program was many times thought

to be a salesman of some kind. We have had some fair success however

in that field. We are in the process now of installing recording rain

gages. We are going to install 12 of these, placed strategically we

feel, in connection with our stream gaging program so as to obtain

rain fall amount correlations for the most part. In fiscal year 1962,

we propose to install an additional 12 gages which will give us a total

then of 24 recording gages that we will be operating, along with the

10 recording gages that are presently in operation. We feel it should

give us a pretty good coverage. With the non-recording gages to supple­

ment this it should be pretty good. The recording gages are going to

give us not only the volume but the duration which is very important
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in the rainfall studies. In fiscal year 1962, we hope to install an

additional 40 non-recording gages. This pretty well covers then, what

we have and hope to have in the way of rain gages. The next element

in our basic data program is the stream-gaging stations. vIe have, at the

present time, 9 stream gaging stations that we have installed in connec­

tion with this particular prog~am and one that is yet to be installed.

\ve are waiting for the completion of one of the highways. I would

like to briefly go over for you each of these stations, their location

and what they have been placed there for. First of all let me say that

all ten of these stations provide certain basic data and we hope data

that may be used to solve certain problems and be used with certain

techniques. They can all be used for flood frequency studies, they can

all be used for volume studies, they can all give us some indication,

at that point, of the velocity distribution in a stream. \'llien I

say velocity distribution - the gage itself won't do this, but the fact

that we take measurements there Will. There are any number of items of

rainfall - runoff relationships; they all basically worl( for any of

these things, but each of them has been placed strategically to answer

some particular problem in the county. The first station that we have

is in the Sycamore Cre~c drainage basin. This is a gage that is on

the only large uncontrolled stream above the Granite Reef Diversion

Dam. \le hope that it is going to provide sedimentation data that can

be used for the proposed new dam just above the present Granite Reef

Diversion Dam. vIe feel also that it is going to be very valuable in
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that it will provide rainfall-runoff data from the mountain type

drainage area which lies north of Phoenix.

The second station is the one on Indian Bend Nash near Scottsdale.

This, \1e think, is a very interesting and perhaps, if not unique, a

little unusual. This particular station is just upstream from the

Arizona Canal and will furnish records on one of the worst problems

that apparently faces the Flood control District, the Paradise Valley

area. ~le property values in that area are extremely high and the

station will measure a drainage area of about 223 square miles. It

is believed from the flood history that is available that the run off

can be particularly high - as much as 15,000 second feet runoff in

the report of the Flood Protection Improvement COmID.ittee. In this

area there are no definite channels, the sheet flow that comes do\,m

through this area is one of the problems we are faced with. It is a

tremendously interesting problem and one that is going to be very use­

ful to the Flood Control District and to the county.

Gage No. 3 is located near New River. It is placed to give total

flow figures in the proposed detention reservoir located on New River

just before it enters the Jalt River valley proper. It is hoped that

some record will be collected in the very near future so as to aid in

the design of the proposed structure. The drainage area above this

station is probably undisturbed and that is another reason why this

gage was placed there. It ~lill give us some good data on undisturbed

areas.
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Gage No. 4 is on an unnamed wash near South Mountain Park. This

particular station is located on a small steep mountain dra~nage area

and we hope will provide runoff data for use in the design of flood

control features on this type of area. I understand there are a number

of those types of areas in the Phoenix area.

Gage No. 5 is located in Apache Junction, also on an unnamed

wash. It is a small desert lowland range area and it offers the

possibility of the study of effect on runoff from the development of

this area, since I understand the Apache Junction area is having e;.~­

plosive popula"t~on increases and is changing very rapidly. Uith the

rain fall and run off studies and the change in the area, this station

will give us some answers that are very sorely needed.

Gage No.6, is also on an unnamed wash in Tempe. It was placed

in that particular spot to answer a problem that I think all of us are

aware of and that is what is happening in the industrial areas \Jhere

we have large areas of pavement and practically no infiltration of

rainfall at all. It is a small area in there suited for this particular

type of study. rve hope it will give us some answers as to what takes

place in relationship of rainfall to runoff in the highly industrialized

areas. This is the gage that we have to wait to locate until the

road is finished there.

Gage No. 7 is at Youngtown in an unnamed wash. This is on a

very small 160 acre residential development at Youngtown and we hope

will give data for us all to use on these small, well-kept urban areas

of homes, lavffis and that type of situation.
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Gage No. 8 is on the Hassayampa River near Hassayampa. It and

also Gage 110. 9, 'vlhich is on centennial i!ash near Arlington, will furnish,

VIe hope, the total flou from Jchese streams and give data for the flood

pro~ection plans when they are developed further in this particular

area. Of course it vlill be utilized and \llill furnish information for

all the other types of studies that are open to us.

Gage No. 10 is on louer RainbO'l:l r;rash. This is located at a syphon

where it goes under the Gila Bend Canal. This is a hydrologic station

to furnish data from an arid mountainous area.

From low land desert to high mountains, to urbanized, to indus­

trialized areas we try -to get all of Jche eleri1ents in here that \-le can

possibly get vli th the amoulTt of Il10ney that ue have to spend.

In addition to our stream gaging stations and the recording rain

gages, T,:le have installed Ii!- crest stage gages in the area. These '-lill be

used primarily to give us flood profiles on a particular stream. ~:e can

go in and do additional things in getting those flood profiles but

these are going to be of tremendous assistance in getting that information.

Gentlemen, this is pretty much ,-'hat ue have in the VlaY of instru­

mentation, what ''Ie have and hope will allo'iil us to get the kind of data

that ''Ie can use and you can use to give us better answers to the problems

of the Uaricopa County Flood Control District.

tk. Gardner inquired if the U.S.G.S. stated in their report to the

county that you suggested some additional studies. Are these being made

or ",ere these subject to appropriation?
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1-1r. Lm-,is stated they were no-t being made at the present time, it is
that

hoped to get/into the program ne};:t year, it is largely a question of

funds. It has not been funded as yet, but things are looking gooc1o

i·1r. Cron pointed out -thaJc the map in Jche front of the room breaks

doun the various drainage areas in l-laricopa CounJcy. I·lost of them poin~c

towards the Salt and Gila Rivers. Approximate areas of drainage basins

are indicated on the map. This map may be useful in the discussions

that follO\-'. The ne};:t agency represented here that is in the businesG of

providing basic data is the ~~ather Bureau.

Louis Jurwitz: I·Jr. Le't;lis has mentioned a good portion of the bac}~-

ground of the development of basic data and rainfall stations. His office

and our office worl( quite closely together to spot these various stations

and originally -the recording rainfall stations uere ones that ,-,e had

primary interest in so ue can get some ideas of intensity, duxation,etc.

\!ith regard to the other stations we probably are uniquely fortunate,

from the standpoint that we have some very long records, both on the

non-recording as ,:'ell as the recording stations. The \~eat,her Bureau

office, itself has almost 60 years of recording rain fall records,

a tremendous record for this young area. Some of the other recording

gages that already have been installed have records back to about 1940.

Fe also don J t v,ant to lose sight of the fact 'that "Ie have some bucket

aurveys in the area that the Corps of Engineers developed and have

reports on. L'e have a good basic foundation of uhat can be done. These

that we now propose or already have are a beginning of amplification of
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'l;lhat ,ole hope, ultimately, funds uill permit. In order to be able ·to

get across-the-board ideas of uhat actually -c_aJ;:es place from a rainfall

standpoint, records have to be in existence for quite a long time, so

let I s never lose sight of the stations that ue already have. ~Te can

take, for instance, the Phoenix recording se-t up, ,1hich has been in

e:<dstence long enough to have actually sampled scrae of our major storms.

Just recalling the 1911 storm, better than t}._Il, '.1e have the duration and

tiQe set-up on that, so that you have a nucleus of '.Ihat already has

been recorc1ec1o \:'ith some of -c.hese others that are spacec1 around the

county, I might say that '.Ie are fortunate, from the standpoint of the

number of records we do have of comparatively long dura-tions, in that

this has been a metropolitc:m 'I.-lorry. The climalogical stations grouped

around Phoenix are much more, dense than any other place in the state.

~ben I first carne here in 1948 I had a campaign on where those that

,,,ere in-terestec1 in 'I.-leather, and most everyone is, uere invited to join

in uhat I called the metropolitan netuorJ\:. These are not published

records, these are records given by citizens that have standard equipment

and ue have in the metropolitan area about 25 of those. Don't lose

sight of those, they are on recorcJ. and available. I do uant to say

that one reason the Feather Bureau has not been able to participa-te

direcJcly in ·this program is that He do not have enabling legislaJcion

\"lhich permits the Heather Bureau to accepJc funds from any other

agency. That is the reason it is Horked through the Geological Survey.

He do \"TorJ;: very closely together, and, as mentioned, the records uill
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be on file at the l!eather Bureau available for anyone that wants to

use them for research. The l:'eather Bureau is more than 'Vlil11ng to

do anything \'le can to help in the analysis and provision of "lhat records

ue do have.

Dr. Le\·,is wanted to point out that the relationship of these tHO

agencies has been very cordial; the U. S.G. S. has relied to a large e::­

tent on the advice of the ::eather Bureau in spotting these stations.

They are Heather records and are the proper'i:.y of Jche ~!eather Bureau.

As soon as the Survey doee a little processing they are happy to turn

Jcher.1 over t,o ":he 1!eather Bureau.

l-lr. Cron poin'ted out that r,Ir. Jur,·,itz, in addition to providing

technical help for the Flood Control District, also helps to advise

with policy guidance and polititcal guidance because he is a meTIber of

the Citizens' Flood Control Advisory Board and is extremely helpful in

that capacity.

Before the Flood Control District Has ever formed or organized,

the Corps of Engineers had been requested to initiate a study as to

measures needed for protection of the metropolitan Phoenix area. They

held their first hearing in December, 1959, here in Phoenix, co their

studies have been underuay formally for thaJc period of tirue. They are

studying ·the area primarily lying east of ·the Agua Fria basin, uill

possibly include the Agua Fria basin, over to the other side of

Paradise Valley. The gentleruan in charge of the hydrological studies

of the Los Angeles Distric·t is Hr. Fred Tatum \'7ho is here with us

today and may point out the problems that sometirues come up in the
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reputation of the Corps being over-conservative, as Mr. Lewis mentioned.

Fred Tatum: One thing everyone might be interested in is the

criteria for a design flood, and for \'lhat ue refer to as our s"candard

project flood or design flood for levees - this is a flood that \vill

occur frow the maximuw storw of record in an area that can be transposed

over the project area \'1e are uorJdng ono For example in the Phoeni::

area, uorJ~ing on t.he Indian Bend \~ash problew \"lhich is going ouJc as a

separate repor-t, 'Ide ·take the largest storm - perhaps \"1e compare tuo

or three to see \vhich is the largest - and compare runoff conditions,

transpose it over the area and get our largect flood from that. On

this, \1here there is not a dam in the project, it is most generally

the peak flood and ue can have "tuo standard projecJc floods or tuo

decign floods. One is the peak and one is -the volume depending on the

structure that \'le are designing. For dams, the c:ri teria is the probable

ma;~imum precipitation for an area, and that is determined for us by the

hydrographic section of "the L"eather Bureauo The most rain that they

~~pect to occur in the area ue are studying, is sometimes a local s"corm

or a general storm, depending on the size of the area 0 Pe taJ~e their

precip figures and apply our information on loss rates, figure the mini­

mum loss rates and ma::imum base flmv, if 'there is any base flo\-1, and

this gives us quite an ex'creme flood but i'c is one \-1e hope Hill never

be e::ceeded so -the dam \-1ill never be over-topped. That is the only

place 'chis approach is usedo 1~e also have some surface Hater recorders

and a non-recording gaging sta"cion on HcNicl::.en Dam and Trilby \Tash.
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I don't believe any of this data is being published but we have copies

of it in our office and 1·1r. Raymond of the i·laricopa County ~:ater Dis­

trict has copies~

I-lr. Jurui tz remarked tha"t i'lr. Raymond furnishes the \leather

Bureau with photostats.

i:Ir. Tatum: So far ''':Ie haven't had any flo~:, into Hcr·licken Dam, ·that:

is of any size, ·that \'/e could use for deterr.linaJcion of runoff character­

istics. Normally, in survey reports vIe don't go into detail, until it

comes up for actual design. \:e do try to go over the area \'lith the

hyc1rologisJc that is ma]~ing the study to observe the type of ground con-

ditions and relate those 'co other areas \",here '\le already have studies

for coraparison of loss rates, uhat type of strear.l }.Jed there is, etc.

Indian Bend Uash is very in"teresting and ue hope to get some data from

that gaging station t.here. :~e have no records of flo\'!, out of that type

of an area~ That is sheet flou and according "to our estimate \'Jill spread

out from our standard project flood over a considerable part of the

area. :Te feel this is quite different from our normal studies. In

making our study ue ta1~e, if there are records in an area, the records

and ma]~e reproductions of them to determine our unit hydrograph.

Probubly the other agencies do that too. (There there are no record:::: He

rela·te the basic characteristics "to these anc~ apply as a more or less

average condition, develop our unit hydrograph and develop our storm

anc runoff based on that.

iir. Cron asl;:ed if r·lr. Tab..1ffi could tell "chose present v/hat their
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deDign storm flood is Jchat they are using in the raet:ropolitan Phoeni::

area studies.

I-Ir. Tatum stated he believed that so far -the storm tha-t has been

mOD-C Devere is uhat ''le refer to as the Gueen CreeJ~ storm of August,

195L!-. Tha-t had over 5" of rainfall over 100 square miles. The ::hitlou

Dam project had a discharge of about 45,000 cfs from that storra. It

\"las one of the most severe storms and covers a larger area than o-thers

that 'de do have records of. There v/ere other storms "lith apprm:iraately

5 11
, but not covering so large an area.

I·Ir. Juruitz stated "that he believed U1e general set up for the

proj ec-t storra is pretty close 'co 6".

Ur. Tatum stated they had been using a lit-tIe over 5" for Jchic

area. The only place Ue might use SOf,1e other storm is when ''le get_ into

a larger area such as Heu River.

I-Ir. Cron said that he understood thaJc Trilby 'i7ash, designed and

built by the Corps, \'Tac designed af-ter a heavy flood in 1951. Did

you use that storm as your project storm for the Trilby Pash reservoir'?

\fuere is your dividing line to be, when you approach that area in studies

for I7letropoli-tan Phoeni::? 'i7here v/ill you change your hydrology?

Hr. Tatum rerJar];:ed that it is unfortunate that ue don't have all

these s·torms \-/hen \"Je maJ~e a study. The Queen CreeJ;: storm occurred

since then. It might not be the most severe storm over the Trilby

::ash area anyuay. If \"le \"Jere to mal~e a res-tudy of the Trilby "\:ash

area ue \"Joulc1 try our Oueen Creek storm over the area to see hO\"J it
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compared Hi-th the other. The more data ue get, ue do sometimes revise

figures.

I·IrQ Juruitz reported "chat "che 1951 s·torm resulted in 20 neH recordD

of total rainfall in that area so it was an outGtanding storm.

Ur. Tatum stated "che dam "!"Jas a mili'tary proj ect, mostly for the

pro'tection of Luke Airforce Base but of couroe i't gives pro'cection to

the farm land dO\'ln beloH.

r.Ir. :-ells as]"ed if the Corps computed design floods on the basis
IIr. Tatum:

of frequency studies?/ Design floods are not based on frequency studies.

1Jhere it does come in is uith our section that "!'lorks on the benefi'i:s.

They 'tlor]" on a flood frequency curve that, in areas uhere you don't

have any records are hard to come by, but nost of our standard project

flooc]::; around this area range someuhere '0e'cueen 200 and 500 years.

That doesn't mean that they have to be in that range. I have heard

of Gome areas uhere they go over 'that.

I-Jr. Cron stated he believed the project st.orm for the Salt River

Channel is frequency of .6 per hundred years.

1-lr. Tatum stated 'that \"las based on the 1916 storm shifted over

the area to give a more severe condition. In case of a general storm,

we don't ta]~e the isohyets, bodily, and move them because we feel there

is a loi:. of topographic influence on those DO ue Hould use a procedure

of tranDferring by mean seasonal.

Dr. Gardner asked if they had assigned frequency in"cervals to

the Queen Creek Storm?
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l1r. Tatum replied that 'chey had not on 'the storm i-C::;elf. ~Tith

regard to frequency of flooding, ""Ie are trying to \lork o\.rc a relation-

ship betueen rainfall-frequency and flood-frequency. There isn't any

real c1efinit:e relationship bu'c ....:le are 'trying to \lork up SOl-:le fac'cors

that ....:le can possibly apply to rain-fall frequency and flood-frequency.,

It depends on your ground conditions. That is something I think needs

to be Horked on'.

ilr. Cron asked if the determination of flood frequencies doun the

Salt River is complicated by the location of upstream reclamation reoer-

voirs \'lhich have no flood control storage in 'thel41, but uhich at the Game

time might be almost empty "'hen a big storm occurred. could you tell

us about hm'l you determined the flood frequencies in the Salt and

Gila in vieu of that cor.lplica'i:ing factor.

i,Ir. Tatum: I don't remember right nO\"1 but ~..,ill use another

e1~ar,lple, Painted nock Reservoir. On that, our frequency \las based

on daQs being in and having 'the effect that they \lould have on floods.

On floods that occurred before 'the dams ,'lere in ,'le made a study, more

or less of a yield study, assuming conc1itions tha't \'loulc1 have been at

these daDS had the flood occurred. Sometimes it would be empty and

oJcher 'times partly full. This approach \las used for flood frequencies

at Painted Rock and I aQ sure the :::alt \'las based on the same thing.

\:e made corrections so that the frequency indicates there were dams

in. ~7e believe the approach 'that works best nm'l is to "lork on data

available prior to the dams corning in, in relationship to conditions

as they are nm'l.
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l-lr. Cron: One other Federal agency 'chat has a very important

flooG control function for 'the metropolitan Phoenix area is 'the Bureau

of Reclar.lation, \lhich is nal::ing a study, or uill mal",e a study of the

multi-purpose reservoir at the confluence of the Verde and the Salt

Rivers. They are represented here to-day and I uoulc.1 apprecia'te it

if you uoulc.1 tell us \"lhat the problems are in connection uith that

sJcudy.

Jacl;: Jorgensen: I am in charge of the engineering division of our

staff here in the Phoeni~: office. For t.hose of you \'lho have not been

acquaint.cd uiJch the Bureau of Reclamation's activities in the area,

the office here has been rather small until just a couple of months

ago. Since that time the office has been e~::panding due primarily to

• the anticipated study here on the Salt in connection \"lith the Ua:;:uell

site, as \'lell as udditional studies in connection vlith the Central

Arizona project vlhich are being financed through the state Stream

COL~ission for an appraisal of the old Central Arizona Project report

\.,hich possibly by ne;::t January \"7hen they anticipate ,the Suprene

Court Decision \'lill be handed dOv-ffi, \',ill pu't Jche State in a posH:ion

to go fon-lard and 'try to seel;. an authorization of the proj ect at that

Jcime. Through these early studies that \'le are conducting nO\" \'le

hope to up~ate and vleed out some of the obviouc differences and chunges

that have occurred due to a lot of things that have happened during the

pact 15 years. 1!e are one of the agencies, of course, that rely on

e the other agencies for our basic data and hydrologic studies. Fe have
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very little data collection type activity and the only collection

that we do is in connection vith specific problems that are related

to operating reservoirs or some very short type of special study designed

for a special purpose. \1e are cooperating all the time with the U.S.G.S.

in setting up programs that ~/ill meet both agencies needs, as well as

all Federal agencies in connection with our over all objective of

multi-purpose types of project, such as flood control, recreation,

conservation and the like. Our present study on the I·1ax\·lell site io

a continuation or taking up ,.,here the Corps left off in the 1950-59

study of '-That they then called the I,lcDm'1ell site. That report studied

the l~cwell site in connection vith channel clearing and channelization
\'las

dO\"ffistream. In the channelziation project uhich/authorized the Na::\'lell

e site '-JaS not considered at that partiCUlar time. Since then, looking

tovard the Central Arizona Project, again, and tO~Jard the need in our

aqueduct system from the Colorado of the requirement for terminal

storage, as well as further conservation that is possible on the Salt,

''Ie succeeded in initiating a feasibility type otudy on the I,lax"mll site

"lhich ~/ill begin in July. In that connection ue will be relying on

the Corps of Engineers to furnish us with the basic data for large

storms and channel capacity and the like down the stream so that "/0 can

incorporate these into the possible design of the structure. In that

connection \"Te met ''lith the Corps in Los Angeleo a month or si:: ''leeks

ago and there are some questions in their minds as to whether their

4It previous predictions of a channel capacity of 82,000 csf is actually
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there now due to the encroachQents that have been made and conditions

on the stream. It appears that the channel capacity that they pre-

dieted just a few years ago possibly isn't there and there is a require-

ment for additional study and that 'viII be taJ~en up during the course of

our study in order to resolve just exactly \'That the capacity is so that

\'le can design our outlet \'lOrks and flood control otorage in the

structure to meet the conditiono that may e;:ist '\'Then the project is

built:.

Basically it "Till be a structure similar, perhaps, to 'tlhat the

Corps propo:;;.:.':::' - a roc1~ fill or earth fill type of structure, uhich

we hope to operate with the other darns as a unit of this \"hole Verde-

Salt system of storages. He can perhaps \"orl~ out some operation that

e uill incorporate all of the reservoirs to get the maximum total buh-mrk

of development there. Other items in our study will incorporate the

large aqueduct from the Colorado River across r·laricopa County and other

areas, "lith large canals. In that connection 'ue uill have a need to

study - perhaps your hight'lay people have the same type of prcb~em ­

of 'uhat the concentration of ,,,ashes along the route \'lill concentrate,

vlhat type of "/ater -::'0 expect, hO\"I much "later, \That type of structure

"le will have to provide and ",hether ·to paso it over the canal or

under the canal. Those are a very important part of our overall

program. Our current study on this is ",hat ue call a reconnaissance

study looking to\'lards authorization of the project or future otudies

\1hich ~..,e have planned on the project. He will go into this in much
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greater detail before the construction v I am deeply encouraged by

your proposed program here of obtaining additional data, which will

certainly be of great help to us before we finally get all the

structures designed. This canal can also cause some measure of changes

that could affect flood control in the reaches below the canalv It

is bound to concentrate flo\'1s in certain areas that have not been

concentra'ced, or that will ha·re greater intensity than they have

had in the pastv However, our objective in this particular type

of structure that we are ruilding is a large concrete lined canal \t"hicl1

would be r~~~ired by necessity to operate almost on a 12 month uniform

typa pattern with little opportunity to de-water, clean, and generally

m~intain the syste3 in a normal f~shion as in a canal system. 7.here-

fore, \tIe are going to be very critical, or look very critically, ~.n

·t~ying 1:0 keep the water in the canal as clean as possible, free ::::'-.:"o:.n

2,ny silt or any-thin',? that \-,j.ll drop out and dec.:ease the cap2.ci-c.y 0:-'

£lo\tlin::J Eu.:-eao 'Therefore, \tlherever possible, one of our critcJ~ia ·,vJ.J.).

}::c t.hat 'I,.,e ,viII try to pass over or under an:! local drainage typ~~

'rater that comes from upstream area above the canal. That is ser.,',::··

thing to think abou'c in your future proj ect planning. He will b8

IcoJ~ing ~:oward you people for help along those linc::s also in tj.:-yinq

'to ge·t 01...1:;:' plans vlor](ec1 out. Certainly 'iile are in a very prelimin2.ry

s'cage, at present we are just sort of feeling our way. In this

sj.J'- rnont:ls period ""e are working with State fU~1ds and vIe ,-10n l 'c be:;

aJ~.le 'co 2.nswer all th(~se ques·tions. He don I t have plar..s developej

~hat will give sufficient accurac:' to go on in design planning.
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He have in our future year's program monies programmed for a more

detailed study that we hope to begin a year from now. Another flood

control aspect of our program, of course, is the proposed Buttes devel­

opment on the Gila and that report has been finished and has been

forwarded now by the Secretary of the Interior, who has recomraended

it in his future program. Those reports are n0\1 being distributed,

I believe, for their 90 day review period by State, local and Federal

agencies and there has been some progress made in connection with

that report. However, there still is a little problem, as always

on any of tilt~se projec·ts, in trying to get the ·t'·'0 main interests

together so they can operate the reservoir to the satisfaction of

both of them. He hope that the upper and 10\ver valley will come to

some kind of agreement very soon so that project can be authorized and

under construction within a short period of time. Be will also be

looking toward more storage in the upper Gila. That was proposed

in the old report and we are going to go into those in more detail

in future studies. We are very new in this area. I have been in

Arizona for only 2~ months. ~tr. Seaton, who is in charge of our

hydrology JJranch, just arrived yesterday. ~rr. Braham has been here

a little less than a year. lYe also in our overall program have a

soil and moisture program vn1ich goes toward phreatophyte clearing

and its effect on salvage. ~Te also have our betterment program in the

Salt River Project designed to reduce seepage and leakage in the

canals, reduce evaporation in reservoirs and promote general overall

conservation of water.
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Br. Cron: Among the consulting firms vlOrking in this area is

Yost and Gardner who rather recently were awarded the contract for

preparing our flood control survey that the law requires us to pre­

pare, for the metropolitan Phoenix area. As a matter of fact, their

contract covers the whole northeastern end of the county and includes

the run-off from South Mountain toward the Salt River and a report

on the Salt River channel itself. 1~. Gardner.

Leigh Gardner: l';e are very happy, of course, to see the gaging

stations going in by the U.S.G.S., because all of our records so far

are stage records - our recording records are in Tom Neiswander's

head, Tom is a wonderful source of information. lIe should get the

records because in the future we will be able to design a little

better. He do have to carry fon-Iard with our design but ultimately

the record of rain fall and run offs, associated with each other,

will prove very valuable. Everytime we have a record or estimate of

run-off '\tIe have the rainfall over on some other uatershed, not on

the one we want. This has been our problem so we will be happy to

get this correlation. I think all the remarks today are most

appropriate and in agreement \,.,ith the things \-1e think about local flood

problems. Of most interest to me, individually, is this problem

of flood plain zoning. One that I think \'le can do, one that Nr. Cron

is pushing very hard now in the river and other places because it affords

a means of keeping the water in channel where it belongs without re­

quiring dams, diversion structures or other structures. Keeping
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the ~mter where it belongs and reducing the damage. I think Hayes

said 50 years ago that our trouble comes from people occupying the

flood zone and it is more prcnounced today. I ]~now nobody likes an

empirical formula, but of necessity without having the capability or

the calculating equipment, we have some 50 or 60 little zones for

which we have to estimate the run off, in the North Mountains, and

as many in the South Mountains, thousands of different combinations

in the street system of the city of Phoenix. v!e have to make some

sensible or reasonable estimate of what run-off might be expected

at differen~ occurrence intervals. vIe know that scientifically

our background isn't so good but we do use the empirical statement in

our flood control report made to the City, some time ago, and we will

continue to use it, let us say just to give us a basis of estimate, a

basis of design. Illiether it is as appropriate as it should be we don't

know. \Je will know when we get through. For example, Youngto\1n will

be an exact demonstration of a small urban area and will confirm some

of these things, if all the facts of rainfall, infiltration and rain
and

fall intensity and run-off occur/are associated properly then we will

know how to check out. \:e do use a statement, I won't go into it, it

is in cur report, that we think gives a reasonably good estimate

of What flow can be expected from any area, by knowing the rainfall

intensity, estimating the infiltration or base loss in some fashion

and thereby calculating run-off, also knowing the characteristics

of the watershed as to its topography. Unfortunately the report

even though a few years old, is wrong. The Weather Bureau's
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Technical Paper ~i':28 has changed the type of rain fall data that we

used in the report and has upped it to some degree. ~tr" ~chaefer

has spent considerable time in the last month working on Technical

Paper ~F28 and all the storms in the area, to\'lards a better chart of

rain fall intensity duration curves and some estimate of how those

rains might be distributed across the area, so that we have that

information or will have it. We will give it to ~rr. Cron, we will

be happy to show you what our ideas are on those factors. Let me say

one other thing, just for fun I made an estimate of the Indian Bend

Wash, this ~~ a subject that has been slightly reported on by the

U.S.G.S., I know that the Army has their project design flood for

the area. I used a formula for the area, just used an empirical formu­

la, to try to arrive at these occurrences - run-off associated with

some kind of occurrence period. This is very rough but I have

this type of figure. Every 5 years we would get this minor amount

of rain fall, about 1,000 cfs - the USGS says 5,600 - the A.rmy estimates

at 7 years, 8,000; we estimated 10 years, 8,000 and the USGS, 8,000.

Now the figures begin to come together. The USGS estimates 10,000

and then we do begin to separate. A.t 25 years we have 20,000, 33 years

the Army has 20,000, 50 years we have 30,000, 100 years 37,0000 \1e

can't reach the 60,000 of the Army's, except it would be an extreme

storm. Actually though those figures seem to vary, they are for

estimating purposes and the Army's figures in the higher reaches would

be very close to what we would obtain. Our estimate of flow was made
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by reconnoitering the valley with Carl Harris vnlo is skilled in soils

infiltration, who made a few sample tests and tried to place some value

on the infiltration that could be experienced in the valley by utiliz­

ing the 11eather Bureau's curves for rain fall, by making this estimate

of infiltration or base loss and by using the formula that we set

up in this Phoenix Storm Drainage Report and I think it gives us at

least a talking figure and certainly it is not too much different than

the Axmy's figures nor the USGS. The USGS hesitated to estimate this

across the great range of years, their basis was on the more frequent

reoccurrence ~ntervals. The information that we have is available to

others. v!e appreciate all the past help we have had.

~tr. Tatum asked what velocity was used in Indian Bend.

Mr. Gardner replied 43/100 on an average approximately a 2~ hour

period of collection time.

Xtr. Tatum reported that they had used 35/100 in the upper part,

2/10 in the valley. They also were spread out over so much a bigger

area. They also put in a percolation rate which would raise the

loss rate.

~tr. Gardner: My reconnaissance wasn't scientific at all. l1e

made a few infiltration tests, it was averaged out to a figure. This

didn't agree too well with the actual tests. ire had a fine infiltra­

tion rate. I went by one other thing there is no occurrence of run-off

up to 1 year, 2 year, 3 year or 5 year periods some place in there,

as Tom can tell you, there must be a base loss. Its too bad that
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it doesn't average out the way it should. It is not that we want to

do it, it is something that we almost have to do. iJe are asked to

make some estimates coming out of the South Mountains. ;']e cannot,

we don't have the information and I don't think we can go through the

mechanics of constructing a hydrograph range for those small areas

so we empirically say it should be about this rate.

Mr. Dorroh pointed out that from their e~~erience in experimenting

with the watersheds the really significant run-off periods came

about once in five years.

11r. Garaner: In this particular case we have a fine estimate

that \'1e are going to try to run down through the Hater Users, fine

estimates of the '43 storm. If we could do a little better job of

associating the rainfall in Paradise Valley with that storm we might

have the base loss or infiltration dO\¥n a little closer. ~]e have a

reasonably good estimate made by Tom Neiswander of the flow at

that time, about 15,000 sf. I!e associate that with a fairly good

storm.

Mr. Gardner introduced ~tr. Schaefer who has done some fine work

wi.th reconstructing Technical Paper :f;:28 in a little more useable

form, not that it isn't in useable form, but useable in our office

so that we can quickly take off duration, whatever time of concentra­

tion in an area we are using and what rainfall and what occurrence

interval.

~rr. Schaefer: I just wanted to sayan this infiltration matter,
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which is very important from our standpoint and makes a tremendous

,4Ia difference in the results, we are trying to approach it from the rela-

tionship between runoff and rain fall. For instance, storms that

occurred in 159 - there were no gaging stations on Queen Creek before

that. In September of 159 about 8% of the rainfall went through the

gaging station at Queen Creek darn. There were t'VlO Feather Bureau

stations in that area and I hope we can get some data on that particular

storm from observers up there. The other thing is this area-depth

relationship.

I·tr. Garuner: John has a great number of the storms plotted where

we have good records to try to get this area-depth relation versus

point-intensity that the rainfall intensity duration curves represents,

hm'l that rainfall drops off on an average over a large area. The Army

curve was constructed for an entirely different type of thing. I

used an area-depth relation that bears no significance or no relation-

ship to ,~hat occurs around here but we will plot that up and have some-

thing that is a little more representative of the araa~depth relations

in this area.

r·tr. Dorroh asked if they "vere getting a very sharp drop.

r/tr. Gardner: He have a very sharp drop. He are getting 80% over

180 square miles. This curve that I have incorporated in the book

would use something less than 50%. ~"!e now think it is more on the

order of 80% for about 200 square miles. Two hundred square miles

is pretty good coverage, which the Queen Creek storm would bear out.
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As a matter of fact, the Queen Creek storm stays up at the 95% level

indefinitely. Before, of course, we were working on small watersheds,

we didn't have a maximum over 4 or 5 square miles, so that whether

the area in that relationship curve dropped off rapidly or not made

little difference~. They were still only a few per cent apart. But now

we find that we were greatly in error in that choice so we will

reconstruct that.

Mr. Dorroh asked if they find this from the 10\'1 lying strips, not

in the mountains.

Hr. Gardner: The best indication that "ue have, I think, is the

1943 storm which caused all this trouble and it stands up there. The

Queen Creek storm is "ell above it.

~tr. Schaefer said that he believed the storm in September of '59

was \"JOrse than the Queen Creek storm, just not over so large an

area.

~tr. Gardner asked if this included the mountainous area.

Hr. Schaefer said that they had Crown l~ing in there, the rOVI

of stations in the northern end of I-Iaricopa County. Center of that

storm was at Horseshoe Darn. It was a three day storm that was

over 10".

~tr. Gardner stated that ~tr. Schaefer has plotted the isohyetals

on those and we will try to arrive at what we think is an average for

the Phoeni}~ area for our purposes. Our rainfall intensity-duration

curves that we have are for the Phoenix Heather Bureau Station and
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Technical Paper 28 has to be gone back to for the change in two year,

one hour, and the relationship of the 100 year to the two year is a

function of 3.7; those vary depending upon the location.

l1r. Dorroh asked if they were finding a pretty good relationship

shown in Technical Paper 41~28.

Mr 0 Gardner: ~'!e just accept 28. Hhat information we have, and

".,hat \ve have done before, is we took Technical Paper 41'-:24 and 1';:25

and accepted something very close to them. Paper 4j:28 varies this, but

we agree that it is the best source of rainfall information that

we have.
the

~tr. Tatum: In our Queen Creek Storm/curve stays up to about

5" up to a 100 square miles. There is a lot of data missing up

there. ~1e had two high point& you could have two centers or it could

be done with one center. l"1hether we are right or wrong I don't kno\'l

but the curve does stay up there.

!-tr. Gardner: He understand that the data had to be sketched in.

In some of these other storms we have had to make a few hypotheses

too as to vlhat might have happened depending on at what elevation we

have the gage reading or we may be missing a gage reading but we are

working with something a little variable so we don't object to this

kind of use.

ttr. Cron: In addition to the Corps of Engineers and the Bureau

of Reclamation, we also have the Soil Conservation Service ma]<ing flood

control studies in Maricopa County. At the present time the 3CS
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is studying the problems resulting from waters originating in the

Usery-Superstition Mountains. Actually this water originates primarily

in Pinal County but most of the damage occurs in Maricopa County.

They already have that project approved and they have started their

survey. In addition 'Ide have given them a request to make a study

into the Buckeye Valley 1!atershed to handle the flows coming out of

the south end of the ~1hite Tank Hountaino I think within the next

month they will getr:equests for projects in the centennial ~-]ash because

of the fact that there have been such tremendous development of irri-

gated farminq in this area within the past few years. There is a total

of about 50,000 acres of irrigated farm land in that area right now

so the SCS knows that they get these requests. Representing that

Bureau here today are a number of very competent gentlemen. I

will calIon Mr. Bill Turner the representative of the state Soil

Conservation Office and ask him to run the presentation on behalf

of the SCS.

Bill Turner: I feel you are to be commended here today for

haVing the foresight to get all your "hired hands" together and

see that they are all thinJ<.ing along the same lines. As mentioned

by the others we are indebted to the Weather Bureau and to the USGS

for all our basic data. Some 25 years ago we recognized this same

situation that everytime "-Ie consider runoff on a particular watershed

we found that the rains had occurred on some other watershed. In

connection with the flood control work on the upper Gila some 25

years ago we set up a number of observation stations in the Safford
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area, instrumented them with recording rain gages and also run-off

recording stations. For a period along in the 40's we found it a little

bit touch and go to keep those going, but we did keep them going and

have records on them now. Some five or six years ago we turned them

over to the Agricultural Research Service and they have continued

those studies, so on small watersheds we do have some actual records

not only on precipitation but on run-off on the different areas. l'Ie

also at vmlnut Creek Watershed, in the Tombstone area, established a

yield study. That has also been turned over to the Agricultural

Service. They have got in the last few years some very interesting

data, not only on size and intensity of these summer storms but the

actual run-off yield from that particular storm. Those records are

also available. Through the years our hydrologists have worked very

closely with other governmental agencies. In fact back in 1953 and

,
54 when the Corps held its hearing here on Trilby Ivash Project at

Litchfield Park we had previously made studies on that. As I recall

the storm we used was the Las Cruces storm of 1935. These studies were

made prior to 1951. We subsequently compared them with the storm of

1951 and found a rather close relationship. At that hearing at Litch-

field Park the Corps announced that while they had changed our design

- making one dam rather than the two structures we had proposed - they

had accepted our hydrology and our sedimentation. This is merely to

show you here that the two agencies, I believe, are and have been

working hand in hand.

Hydrology Meeting - 39 - June 13, 1961



We have made some other hydrologic studies in the state. As an

example, take the flood control job at Safford, the first item of

which was due to be advertised for bids this week. All other governmental

agencies agreed with our hydrology on that. The same thing is true of

the plans prepared for a drainage area in the vicinity of Doublas for

the Magma area, which is right here (pointing to map), just over the line

in Pinal County. ~ve are now completing a study of Florence. I would

like to give you the responsibilities of the other people with me from

the SCS - ~~rv Sheldon has been with us about three months, several

years prior to that was hydrologist with the State Highway Department,

came to them from the State Engineer's office in North Dakota. George

watt, has for the past four or five years, headed up our within-the-state

~ hydrology studies, Jack Dorroh not only has been acting as our consultant

on the hydrology of desert areas but has been showing the boys up in

the northwest how to handle their work in the country up there. I don't

know what comments our hydrologists have to make but possibly Jack

Dorroh would like to make a few comments.

Jack Dorroh: I didn't come down here with the idea of trying to

expound anything but primarily with the idea of participating in any

discussion we might have, problems we might have and particularly

the hydrology of the Soil Conservation Service, generally speaking on

the basis of agriculture, since we, up until recent years, have not

been shooting toward PMP. The Corps, of course, has done that for

tit years, and in certain types of structures we are going into that field.
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He are going toward this PHP. Pe financed Technical Paper #28 and

38 that the 'Heather Bureau prepared. ':,!e are getting closer and

closer together. On the other hand I still feel that when we are

concerned with agricultural areas, unless there is a real likelihood

for improvement, we will probably fall bacle to say the 100 year

event or something on that order. I feel like we are on rather

sound ground there. You are all familar with Technical Paper ~28,

our hydrology guide, and I might better acquaint you with how

we go about working this job of developing hydrology for projects

and particularly hope we can assist you in getting this information

into your hands so that we will have a good understanding of

what you are doing and we are doing. TP 28 gives a number of

methods of working out problems on hydrology.

Mr. Cron asked if this was printed by the U.S.Government Printing

Office. He felt that if anyone was interested in getting these pub­

lications they might write to the UnS.Government Printing Office.

Mr. ~lilson of the USGS asked if by basing your computations on

PMP you can place statistical limits on your answer; is there any

way of doing that?

Mr. Dorroh replied that there was not. It is one of these things

that can happen; we've had some great discussions vlith the \leather

Bureau on how PMP was developed.

Mr. Turner: I believe I neglected to mention that our hydrologists

have been in discussions with hydrologists from these consulting
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engineers and it has been a pleasure to exchange ideas with them and

we would be happy to continue doing so.

Mr. \'Jatts: '\!e might mention that at ~!alnut Gulch there is an

experiment by the ARS to get data for this area on distribution and

precipitation. They have got about 60 gages on about 60 square miles.

They only have five (5) years of record.

11r. Cron: There are two consulting firms who have been or will be

working with the Soil Conservation Service in the county. Johannessen

and Girand started last fall and they are studying the western end

of the county beginning with the Hassayampa River Basin and also

south of the Gila River. They are represented here today by Jack

Phelps who is in charge of this study.

Mr. Phelps: In our area covering roughly the western end of the

county, we have spot gages and some places where there are rather

short records. It has been necessary for us, in many cases to

move these gage records over to areas that we are concerned with.

The gage at Wickenburg did not give us sufficient data so we came

up to stanton which we believed was more representative of the

area as far as we were concerned. !;Ie had computed two or three

areas but could not come up with the water we believed had flo~m

down there. In Wickenburg there has been much building down in the

bottom of the washes and buildings are in the path of any water

that might corne down. Several methods have been tried, such as

inverted streets to handle the water but this cannot handle the

drainage.
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1. Another "'lash on the east side is PO\'lder House Hash. This is a

short but steep wash and the area from which we would get the run

off is comparable to the area around stanton. He just eliminated

the 'ilic]cenburg gage from consideration. Over in Centennial Hash

we have the rain gage at Tonopah. That is of very short record

so we have used the gage at A.guila because it is more representative

of the area. ~n the Gila Bend area there is discharge from waters

\'lhich flO\v in the Sand Tank and Bender t7ashes. The gage in Gila

Bend did not furnish us adequate information so we had to go down

to the Ajo rain gage to determine run-off because again this was

more representative of the area than was the Gila Bend gage.

I ",auld like to take this opportunity to thank the Federal

agencies we have dealt with for the information furnished us, they

have been most courteous and cooperative.

Mr. Phelps introduced Jake Doss of Johannessen and Girand.

Jake Doss: In general the methods described in the Soil Conserva­
Engineering

tion Service/Handbook HYDROLOGY, Supplement A, Section 4 was used

in utilizing existing rainfall records to obtain probability curves,

and in preparing hydrographs for individual basins for a 100 year

24 hour projected storm. The resulting hydrographs were used to

prepare graphs showing the effect of runoff on selected sites for

storm water retention.

For the ~vicJ~enburg area it was felt that the recording gage at

Stanton, Arizona was more representative of rainfall than the gage
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\t"ithin iTickenburg itself. Stanton recorded greater precipitation,

and past records indicated runoff through Uickenburg larger than

could be expected from the rainfall recorded in the City. Oro-

graphically stanton is located in higher more hilly terrain,

typical of that at the head of washes flowing through Wickenburg.

Probability curves were prepared from recordings at Hickenburg

(50 year record) and Stanton (17 year record). stanton lacked two

years of record to give a satisfactory length of record for pro-

jection. still from the higher rainfall recordings at Stanton

it was felt that this station and its projection would indicate

more closely the rainfall in the basins around Hickenburg than

the recordings in Hickenburg itself.

For the basins of Bender Hash and Sand Tan)( Hash lying south

of Gila Bend the Ajo rain gage was selected as most closely repre-

senting the Basins. Ajo has a long length of record, 43 years,

and it is in a higher more mountainous region than Gila Bend.

The maximum 24 hour rainfall per year was compiled and

listed in sequence of greatest inches recorded to the least. Each

rain's percent of probability was computed from the formula

Fa 100 (2n-l)= 2y Fa
n
y

= the plotting position in %
= the rank number
= the number of years of record

The plotting position in % versus the rainfall for its

rank number ,~as plotted on 3 cycle probability paper. A straight

line through this series of points resulted in a frequency curve
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used to project the 100 year storm. This curve uas derived by a

computed method also and the t\10 curves coincided favorably.

NO\l with a 100 year - 24 hour point rainfall the areal rainfall

was found by figure 3.4-1 of S.C.S. Supplement A.

The projected storm was broken into 1/2 hour increments for

the first 6 hours, 2 hour increments for the second 6 hours, and

two 6 hour increments for the last twelve hours. The factors for

this were taken from Table 3.21-2 from the first 6 hours on. The

Factors for the first 6 hours was taken from curve B figure 3.21-5

of s.C.S. Supplement A.

The antecedent moisture condition and soil classification for

the area was then estimated.

Condition II, the average condition for annual flood was

used in all cases. This is the second worst condition of the 3

broad classifications.

The Soil Group, A through D, most fitting the type of soil

in the region was determined.

The land use was classified as rangeland in poor condition

in all cases. ~!ith these points established, Table 3.9-1 was used

to obtain a curve number for hydrologic soil-cover complexes.

The curve is then used to obtain runoff quantities given

the rainfall. This curve figure 3.10-1 was used to obtain runoff

for each increment of time that the projected storm was divided

into. A minimum of 0.05 inches per hour was considered lost to
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infiltration for soil group B, but no minimum loss was considered

for soil group D.

Next the time of concentration for the basin was estimated

by the formula

0.385 TC = Time of Concentration
L = Length of water course in mi.
H = Height in feet from upper

to lm'ler reach

\lith the time of concentration, unit Hydrographs for durations

of 1/2 hour, 2 hours, and 6 hours were computed from the following

formulas:

T - D/2 + 0.6 T D = Duration
p - c

T - Time of Concentration
Tb 2.67 Tp

c---
Tp = Time of Peak

9p = 484 A.Q. Tb= Total Time

Tp 9p= Peak runoff (c f s)
A = Area Basin (sq. Hiles)
Q "" Runoff (inches, I" )

The runoff as previously found times Peak runoff for Q=l"

gave the runoff in cfs for each unit hydrograph. These were plotted

and graphically added to obtain the composite storm hydrograph.

The accumulative runoff was then plotted and a safe discharge

deducted and that accumulation plotted. Also area (acres) and

storage capacity (acre feet) was plotted versus depth of reservoir

on the same graph. This indicates the height of dam required to

adequately retain the flood runoff.
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~rr. Cron stated that the District will employ a consulting

firm for a flood control survey and report in southeastern Maricopa

County, to cooperate with the Soil Conservation Service studies. The

problem in this area results from flows originating in the

Usery-Superstition I·lountains and a major drainage problem exists

in connection with disposal of storm water in the Mesa, Chandler,

Gilbert and Tempe areas. The flat areas in bet\',een these cities

are rapidly becoming urbanized. Presently all or part of the storm

water is dumped into drainage ditches of the Salt River Valley

Hater Users Azsociation. In the past, the Association was able to

accept this storm water without serious difficulty since it could

be disposed of on vacant land. However, because of the rapid

development of this land the Association will no longer be able to

accept the water into their irrigation ditches. Benham Engineering

Company, Inc. has been selected to make this survey. The contract

has been approved by the Board of Directors and it is now a matter

of getting it signed and the Notice to Proceed issued. Benham

Engineering Company is represented today by trr. Chandler McCoy.

One feature of this study that will prove of interest to everyone

is the introduction of this \'later into the underground.

~tr. Cron also introduced Dr. Bob Kirsten, head of the

Engineering Department, Arizona State University, Tempe.

Dr. Kirsten spoke briefly on engineering study. He stated that

their goal was to learn the cause and the effect.

The meeting was adjourned at 12:15 a.m.
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