
Pr 9rty of
d Control District of MC library

Please u to
280 I W. Durango

Phoenix, AZ 5 09

• Pi :RO lIBRA- V

MAY 28, 1989

GILA RIVER
HYDROLOGY ANALYSIS

FLORENCE, ARIZONA
F.I.A. COMM. NO. 040084

I

I

90.0- 00-1- 05/80.

FILLMORE, UTAH

MESA, ARIZONA



I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I

GILA RIVER
HYDROLOGY ANALYSIS

FLORENCE, ARIZONA
F.I.A. COMM. NO. 040084

MAY 28, 1989

Prepared by:

SUNRISE ENGINEERING, INC.
1550 E. University, Suite N

Mesa, Arizona 85203

Phone (602) 833-3339



1- INTRODUCTION . . . · · · · · · · · . . · · ·
2. FLOOD OF OCTOBER 1983. · . · · · · · · · · · · . . · · ·
3. FLORENCE & PINAL F.I.S. ANALYSIS · · · ·

A. GENERAL . . . · . · · · · · · · · · · · · ·
B. ALTERED CONDITIONS EVALUATION · · · · · · ·
C. HYDRAULIC EVALUATION. · · · · · · · · · · · · ·

SECTION

I
I
I
I
I
I
I
I
I
'I
I
I
I
I
I
I
I
I
I

4.

5.

6.

7.

8.

TABLE OF CONTENTS

D. HYDROLOGIC EVALUATION •

COOLIDGE DAM REGULATION ••

A. GENERAL

B. MODELING ALTERNATIVES.

C. RESERVOIR ROUTING •••

D. REVISED PEAK DISCHARGES •

CONCLUSIONS.

NEW EFFECTIVE WATER SURFACE ELEVATIONS ••

BIBLIOGRAPHY AND REFERENCES ••

APPENDIX ••

PAGE

1

4

8

8

8

9

• 10

• 14

• • • 14

• 17

• 18

• 27

• 34

• • • 37

• 38

• AA



County and
of the river
the largest

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SECTION 1~

INTRODUCTION

The Gila River is a water course with a drainage basin
covering much of the Southeastern part of Arizona, extending into
Old and New Mexico. The river bed in the study area is dry for
most of the year; only transporting water from snow melt and
significant thunder storms.

The Coolidge Dam, located' on the border of Gila
Pinal County, plays a major role in the regulation
flow. It contains the San Carlos Reservoir, one of
reservoirs in Arizona.

The Town. of Florence, Arizona is approximately 75 miles
below the Coolidge Dam. Florence is the County Seat of Pinal
County. Florence has a population of approximately 4000 people.
The Gila River flows southwesterly past the north edge of town.
The following page is an area map showing the general vicinity of
the study location.

In 1979, the Federal Insurance Administration contracted,
under Number H-4607, with a contract consultant to perform a
Detailed Analysis of the Gila River adjacent to the Town of
Florence, Arizona. The limits of the detailed study extend from
u.S. Highway 89 on the east for 1.19 miles downstream.

The results of the study area are pUblished in two reports.
One is the IIFlood Insurance Study, Town of Florence, Arizona,
1981,11 (Reference 1). Community Number 040084. The map numbers
are 040084 0002 and 00028. The second is the IIPinal County Flood
Insurance Study.1I Since the majority of the study is outside of
the town limits, the maps showing the greatest amount of d~tail

are Pinal County Maps 040077 0514 and 0514C. (Reference 2).
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The study was accepted in 1981 and was used by the local
Floodplain Management Agencies to administer their ordinances.
Then in October 1983 a major flood occurrence was experienced.
Flow volumes on most all major tributaries feeding the Gila River
were in excess of the predetermined 100-year flows. The peak
flows at Florence, however, were only one half that expected
during a 100-year event. Land was not inundated that the maps
show should have been. The question arose at that time in the
minds of City and County officials, and private land owners how
discrepancies could exist between predicted outcomes and actual
events.

The purpose of this study is to perform a professional
analysis of the original report. A step-by-step methodical
approach will be taken to verify that no errors were made during
the original report nor unsubstantiated design criteria used that
would yield misleading or inaccurate results.
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FLOOD OF OCTOBER 1983

SECTION 2

Information that was obtained as a result of the 1983 flood
on the Gila River has provided this study with a considerable
amount of data that was not available to the authors of the
original report in 1980. The U.S. Geological Survey performed
extensive data measuring and gathering during and after the
flood. Three members of that agency pub~ished their findings in
Report #85-4225-A entitled IIU.S~G.S. Flood of October 1983 In
Southeastern Al Along the Gila River. 1I (Ref. 3) That report
documents peak flows at several locations along the Gila River
and also the San Pedro River which flows into the Gila River 35
miles below Coolidge Dam. Also provided in the report were two
flood hydrographs: One at Calva (just upstream from the San
Carlos Reservoir) and another at Kelvin (25 miles above
Florence). The following page is a detailed map showing
locations critical to this analysis.

The following table describes 100-yr peak flow comparisons
for several locations along the Gila and San Pedro Rivers.
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The U.S.G.S. documented the 1983 flow at Calva to be a 100
year event. (Ref. 3) They did not place an event year on the
flows at Dudleyville. However, the Flood Insurance Study (Ref.
2) listed a much smaller "Q" of 85,000 cfs experienced in 1926 as
a 600-yr event. The San Pedro Flood had a peak flow of 59%
greater than a predetermined 600-yr event.

The Coolidge Dam played a critical role in regulating the
flows on the Gila River leg. Inflow to the reservoir between
September 30th and October 7th was about 450,000 acre-ft. (Ref.
6) The peak flow of 150,000 cfs was experienced at Calva the
morning of October 3rd. The San Carlos River, flowing into the
Reservoir from the north, peaked the morning of October 2nd with
a maximum discharge of 11,100 cfs. Water began running over the
spillway on October 4th and reached a peak discharge of 5,020 cfs
on October 6th. (Ref. 3) This was only the third time in the 54
year life of the dam that the reservoir had filled up to the
spillway height. What actually happened then, was that the 100
yr flood on the Gila was practically completely absorbed by the
Reservoir. The bizarre event on the San Pedro provided most of
the flows that reached Florence.

These two gauging stations represent 2 of the 3 drainage
areas contributing to Gila flows at Florence. The third area is
the drainage area below the convergence of the two rivers, down
to Florence. This is a comparatively small area of roughly 750
square miles. No data is available concerning how much this area
contributed to the 1983 flood. Evidence that there likely was
substantial runoff from this lower area is provided in the
f 0 I low i ng prec i pitat ion dataobt a i ned at F1-0 r ence and Ke Ivin.

6
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PRECIPITATION (in.) (Ref. 5)

DATE (1983) FLORENCE KELVIN
--------

Sept. 27 0.00 0.00
Sept. 28 1.30 0.63
Sept. 29 1.42 2.02
Sept. 30 0.25 0.96

Oct. 1 2.00 1. 70
Oct. 2 0.51 1.08
Oct. 3 0.01 0.00

TOTAL 5.49 6.39

Florence's average annual precipitation is between 6 to 10
inches. In the 6 days concurrent with the flooding, the local
area received 5.49 inches of rainfall. The peak flows passed by
Florence in the afternoon of October 2nd. The initial 2.97
inches would certainly have saturated the soil and filled any
natural retention areas. It is reasonable to assume that the
following 2.52 inches received during the height of the flooding
would have contributed to the impact of the flood.

7
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SECTION 3

FLORENCE AND PINAL F.I.S. ANALYSIS

A. GENERAL
In order to complete a thorough revi~w of the Town and

County Flood Insurance Studies, it was necessary to obtain the
archive files of the original reports. In determining whether
the FI5's are reasonably true and accurate, three areas of
question were evaluated. They are:

1. Have changes such as topography, terrain or control
structures altered conditions since 1980?

2. Was the original hydraulic analysis modeled correctly
through the HEC-2 Computer Program?

3. Was reasonable engineering judgment used in determining
the design peak discharges?

The following sub-sections cover these questions.

B. ALTERED CONDITIONS
There appears to have been no significant changes in any of

the water courses contributing to the flows at Florence. No
major dikes, dams or levees have been constructed. According to
elevation survey shots taken as part of this study, the 1983
flood did widen and deepen the river channel. The change was not
substantial, but has moderately increased the cross-sectional
area of the river.

The Central Arizona Project (CAP) has constructed their
concrete canal crossing the Gila. The crossing is an inverted
sip h0 nun der the r i ver bed. This has yi e1dedaneg1i gi b1e efOf ect
on the hydraulics of the Gila River.

8



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

C. HYDRAULIC EVALUATION
The original input data of the cross-sections used in this

detailed study area were obtained, along with a blue line working
drawing, from Cella, Barr & Associates (CBA). The author wishes
to acknowledge their cooperation in extending these resources to
assist this study.

The U.S.G.S. conducted field surveys upstream and downstream
of the U.S. Highway 89 bridge after the 1983 flood. They
recorded the high water marks left by that flood and calculated
the peak flow to be 61,000 cfs.From the U.S.G.S. field notes it
was possible to use the original contractor's HEC-2 model and
input the 1983 flows. The output showed the water surface
elevations over a foot higher than actual high water marks.

After this result was obtained, a survey ~rew was' sent out
to verify cross section elevations. Shots taken up in the
overbank area fell consistently with those taken 10 years
previous. However, shots taken down in the channel bottom showed

I

the 1983 flood had lowered the channel bed between 18 to 24
inches. The new cross section elevations were then entered in
the model. This lowered the profile on an average of 6 to 8
inches. This still did not quite give an accurate representation
of the actual flood.

The Mannings "n" values used in the original study were
0.035, 0.030 (in the channel), and 0.035. Research concerning
the accuracy of these values on the Gila River uncovered a
professional paper authored by U.S.G.S. employee D. E. Burkham
entitled "Precipitation, Streamflow, and Major Floods at Selected
Sites in the Gila River Drainage Basin above the Coolidge Dam,
Arizona." (Ref. 7) In the report, Mr. Burkham quotes a journal
entry from an engineer who attempted an indirect measurement on
the Gila River back in 1891. The gentleman used an "n" value of
o•025 • Mr Burkham commen ted t husly; "The 'c 0 nser vat i ve' res uIt's

9
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based on the In' of 0.025 may not be conservative at all, as
recent studies have shown that the In' for a sand channel may be
as low as 0.010." While the author of this report does not
concur wholly with this statement, it does support evidence that
the 0.030 value could be justifiably decreased. A trial and
error approach was used to determine that an Un" value of 0.026
modeled the 1983 flood the most accurate. Hydraulically, then,
the model did have to be adjusted, but only in the two ways
indicated ~which are representations of actual existing
conditions. These adjustments were relatively minor.

D. HYDROLOGIC EVALUATION
The Florence F.I.S. (Ref. 1) designates the peak 100-yr

discharge at Florence to be 120,000 cubic feet per second. In
Section 3.1 "Hydrologic Analysis", the following comment is made;
"Peak discharge values used in this stUdy were developed by the
U.S. Geological Survey using a log-Pearson Type III distribution
(Ref erence 5) • II The reference is U. S. Depa rtment of the
Interior, Geological Survey, "Methods for Estimating the
Magnitude and Frequency of Floods in Arizona, R.H. Roeske,
Sponsored by Arizona Department of Transportation, September
1978."

This text was a widely used technical report that provided
regression equations for estimating flood magnitudes at ungauged
sites for various recurrence intervals in Arizona. ADOT no
longer publishes the report. The main stem of the Gila River was
exempted from these equations. Instead, graphs were presented
for estimating the various floods on this river.

Included in the Appendix as Exhibit A are FiguresJ 5 & 6 from
that report. Figure 5 shows the various recurrence interval
discharges above the Coolidge Dam. Figure 6 shows the discharges
coming out of the Dam and along the subsequent miles downstream.

10
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A close observation of these Charts show the 2, 5 and 10-year
floods are considerably affected by the Dam. The 25 and 50-year
floods are moderately affected by the Dam. The 100 and 500-year
floods reflect a direct peak-in, peak-out relationship. These
two curves act as though there is no Dam in place~ On the log
scale, the author is indicating that a 100-year event at Calva is
120,000 cfs. Likewise, immediately below the Dam the peak
discharge is 120,000 cfs.

The U.S.G~S. technical report does not include a narrative
describing the method or reasoning behind the adjustments. In
the project archive files, there is correspondence between the
contract consultant and U.S.G.S. concerning the graphs.
Responding for U.S.G.S. was Mr. Byron N. Aldridge, Surface Water
Specialist. Copies of the corresponding letters and attachments
are included in the Appendix - as Exhibit B. In the Exhibit
entitled IIReference to Figure 6, Report ADOT-RS-151210 1l

, Mr.
Aldridge goes into· detail to describe how various curves were
used for the respective recurrence intervals. The archive file
copy of the Florence F.I.S. quotes this document, (Exhibit C).
However, the final draft of the F.I.S. converts the quote into a
paraphrase. It reads II ••• large floods (100-year or greater) are
caused by uncontrolled releases from the dam. 1I (Ref. 1) Mr.
Aldridge further clarifies in Exhibit B; IICurve A is defined by
estimates of peak flows that would have reached Kelvin if San
Carlos Reservoir did not exist. 1I Mr. R.H. Roeske has confirmed
this concept to the author of this report; that the 100-year and
500-year flood discharges ignore the presence and effect the Dam
may have on the floods. The following section discusses the
ramifications of this assumption and its subsequent effect on the
design floods.

Concerning other areas of hydrology; the "Summary of
Discharges - Table 2,11 in the Pinal County F.I.S. (Ref. 2) are

II
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relatively consistent with those reflected in the U.S.G.S. Report
(Ref. 4). The following are points of observation from those
data sources.

From the Coolidge Dam down to the Town of Winkelman, the
peak discharge of a 100-year storm remains constant. At that
point the San Pedro River drains into the Gila River. This
increases the flow by 20,000 cfs. The peak 100-year discharge of
the San Pedro River is called out to be 49,800 cfs. However, the
San Pedro's drainage area is 4,487 square miles compared to
13,270 square miles for the Gila (above Winkelman). Therefore,
stream routing shows the San Pedro peaks significantly earlier
than the Gila. This was further documented by the Flood of 1983
when the San Pedro at Kelvin peaked at 0100 hours on October 2,
while the Gila peaked way upstream at Calva at 0300 hours on
October 3. (See Exhibits D and E)(Ref. 3) The author,
therefore, concurs with the original report that a 20,000 cfs
increase at convergence with the San Pedro is reasonably
accurate.

From the Pinal F.LS. (Ref~ 2) "Summary of Discharges" it
can be observed that at Riverside/Kelvin maximum discharges
ranging from 66,000 cfs up to 200,000 cfs are projected to
decrease by an estimated 20,000 cfs by the time the flows reach
Florence. This, of course, is due to the regressive equation
principal used for overbank storage of an otherwise dry river
bed. In 1983, the measured peak discharge at Kelvin was 100,000
cfs. The measured peak discharge at Florence was 61,000 cfs.
This is a difference of 39,000 cfs; nearly twice the figure
estimated by U.S.6.S. (Ref. 4) and Pinal F.I.S. (Ref. 2). There
is some question as to the magnitude of the contribution to the
flood from the lower watershed between the convergence of the two
rivers and Florence. Precipitation figures were presented
earlier in this report which would support the argument that the

12
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lower area's runoff was likely substantial. There was a
technical report written in 1988 by Brian M. Reich, Consulting
Engineer, entitled "Flood Frequency Methods for Arizona Streams 
State of the Art. 11 (Ref. 8) The report was written for the
Arizona Department of Transportation to outline how new flood
estimators for Arizona could effectively be prepared. In the
report Mr. Reich indicates the following:

IIAnother change that should be implemented if a new FFA
is undertaken concerns the second phase, involving
relationships between Q100 on different watersheds •••
The previous studies (1) [Roeske, 1978], (4) [Eychaner,
1984J combined Q100 estimates from watersheds (WSs)
over 5,000 sq. mi. with those of area less that 1/6 sq.
mi. Combining point estimates of flood peaks for any
design frequency (Q), from such a wide range of
watershed sizes (A) into a single regression set
overlooks the diverse processes that occur as desert
floods propagate downstream. Floods on small
headwaters result from local summer rains of high
intensity and very short duration. Large watersheds
flood in the autumn or winter when persistent, low
intensity rains cover wide areas. The duration of
winter storm rainfalls that are casually related to
large watershed QI S may be 12 hours or longer.
Regressable rainfall intensities for small watersheds
will probably be as short as 15 minutes, usually occur
in the summer, and are unrelated to long rains. So
flood magnitude will not regress against either long or
short duration when large and small watersheds are
pooled into one sample."

This opInIon indicates that whether or
watershed contributed to the flooding in 1983
because it would have peaked and flowed past by
other two watershed runoffs arrived.

So the predicted 20,000 cfs loss compared to the '83
experienced loss of 39,000 cfs is a discrepancy. The difference,
however, is sUbject to personal opinion and interpretation.

All other areas associated with peak discharges within the
study area appear, in this author's mind, to be consistent a~d

reasonable.
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A. GENERAL

COOLIDGE DAM REGULATION

SECTION 4

reservoir volume from 1929 to 1987 is
page 16. Included on that graph are
The line near the top represents the

The next line down represents the
September 28, 1983. This line is

here that the 100-year flood b~gan

an ultimate negligible outfall of 5023

Approximately 76 miles upstream from the town of Florence is
the Coolidge Dam which impounds the San Carlos Reservation. The
Bureau of Indian Affairs (BIA) 'owns the dam and the San Carlos
Irrigation Project (SCIP) operates it. The Dam was constructed
in 1929. It delivers water downstream to irrigated lands of the
Gila River Indian Community and to the San Carlns Irrigation and
Drainage District.

The reservoir has been subject to wide fluctuations of
volume since its construction. The, reservoir has been emptied 18
times. It has only experienced spills over the spillway four
times. The reservoir capacity is large; with a surface area at
the spillway crest elevation of 17,212 acres. This correlates to
a volume capacity of 917,000 acre-feet. (Ref. 9)

The reservoir has had a history of low volumes and
inadequate irrigation storage. The table on the following page
reflects the average monthly data of the reservoir over its 60
year life.

The year-to-year
graphically presented on
three additional lines.
spillway crest elevation.
water surface elevation on
noteworthy because it was
filling the reservoir with
cfs.
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SAN CARLOS RESERVOIR

Monthly Historical Gaged Volume

I MONTH*I AVG. ELEV. STORED WATER AVAIL. FLOOD CAPACITY

( FT.) (ACRE-FEET) (ACRE - FEET)

JAN. 2432 190,655 726,345

FEB. 2438 215,960 70 1,040

MAR. 2442 245,779 671,221

APR. 2444 264,695 652,305

MAY 2442 245,55 I 671,449

JUN. 2439 229,686 687,314

JULY 2433 201,112 715,888

AUG. 2430 190,655 726,345

SEPT. 2429 179,067 737,933

OCT. 2428 172,055 744,945

NOV. 2429 182,762 734,238

DEC. 2430 191,349 725,651

TOTAL
2435

I
209,110

II
707,890

I
AVG'S

*" DATA FROM THE FIRST DAY OF EACH MONTH UNDER
RECORD, IS USED FOR LIFETIME AVERAGE.

15



DRAWN

BH

SHEEr NO.

;:
0
...J
I.IJ
lD

~
LO N
~ <l:

0 I.IJ
I.IJ C)
:::l 0
Z
j::: ...J

0Z 00 UU
~~

~
. a::
~
(J)

0

W
C)
<l:
Z
::i:
a::
0

0
Z
<l:

Z
0
~
<l:
C)

a:
a::

(J)

0
...J
a::
<l:
U

Z
<l:
(J)

W
U
a::
:::l
0
(J)

SCALE
5-10- 89

DESIGNED

EJS

I

. I
MONTHS!

1 I
ELEV. FOR 624

I
i ,

t---H---+---r---,--~ .. -._- -- -- ---.._-.-f------t---..----y--- ..-,----4

i I,
I .
i

~,. _1__;---I . -;--

IAVERAGE

GILA RIVER HYDROLOGY ANALYSIS

SAN CARLOS RESERVOIR VOLUME:: RECORDINGS

,

r

--..... '-"'~:::::.-====~ ----:...- =t===~==-:;::,_==-=-:;::.,==-=--===:..:::::::::::::===.,::t::=::::.....::::::;=\=
i ! ! :

: ! • I I
.----'+----+-'-.--r --i----~--·..T--r_

I . !
~,-L----

I I I
-+---\·-j-----'---!-----r·--"'l'----+----+--+O-----4----~-_+__'_---.-- -+-.... --.,

I i.. r ..-.t--

i

I I
'---+---+--~T--+---+·t-

I

---4--.
;
I
I
I

, I I •

! I I i
t---+----+-~+----.-L_ _L__+-- ..J

! I I .

1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958

1'1 1=1 ~_~ + L..-+-+- _---'-__ ----(-;or-- _~_=C=J
1---...., . i ! , I . --.-- : i: I !.-~- --,.,--..- .

! ! i ! Iii I !
~----~~---t_-·--i---,-r-~t-·_·_·,----j·---~-i-------·T---··-_ .. '-·i·-;..---+---'--·:j-~---'--------------,--.....-f--+-Ir-Ir-- i .A--..--+-----'

ii' i !+- ! -"i-- --t-.--'- _·_·-·_--·--·-l·-·--t--t-.....,.;r--+--+-+--;.,..Ir--

'i: i
, I ,1--_--+-__---' +--_---'_-+ .-.-.-----.----...~--_-'---._-+-.----."-i-

!

t-----'-+----+----+--+---+---+---r----+---t---t--+---+-----"/'t--j--+---+-----"------j---'-+---+--~--~-+_---t----+----t---+--4-I·- ..- h--._ -~

Ii! ! !

.----,:-,W-.S-.-E+-J-A-T--+B-E-GI-N-N+IN-G-0~~~19:1-10-0---,!y-E-A-R-+-F-L-OO-D-+---+----+---~nc_l_-- ..-.__+_---+--~---!. ~----,-------.--.,.--;-----'----'-----i--;-------'-

I
I
i

300

400

700

100

200

o

100

o

500

900

800

600

300

200

400

500

600

700

800

900

1,000

1,000

SUNRISE ENGINEERING, INC.
CONSULTING ENGINEERS 8 LAND SURVEYORS
/550 EAST UNIVERSITY, SUITE N, MESA, ARIZONA

DArE BY

REVISIONS

NO.

N 2
N~-+----~--1

= 3

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The third line on the graph is the average water surface
elevation of the reservoir. This was obtained by averaging the
measured height of the reservoir on the first day of 624 recorded
months.

It can be seen that the average elevation line provides more
than enough remaining capacity to totally absorb an entir~ 100
year event.•

B. MODELING ALTERNATIVES
There are three possible ways to logically evaluate the

effect of a major flood event as it travels through the San
Carlos Reservoir.

1. Assume the Dam presents no net effect on the
maximum Q values. (i.e. Dam does not exist)

2. The (Jam does exist, but is filled to the
spillway crest as a flood approaches.

3. The Dam exists and is maintaining a water
surface elevation equal to the historic
average.

Method #1 is what the current Flood Insurance Studies have
used for Q-100 and Q-500.

Method #2 is a very conservative approach considering the
reservoir has reached or exceeded this elevation only a few times
in its 60 year existence. This method would allow a simple
reservoir routing procedure to be run. Because the reservoir is
so large, the peak discharge would likely be substantially
reduced as the wave travels across the lake.

Method #3 would allow a 100-yr, and possibly a 500-yr flood
event to be completely absorbed by the reservoir with only an
insignificant amount of spillage over the spillway. Method #3
would technically be the most correct. The reason lies with
mathematics. Statistically speaking, any event that had a one
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percent chance of happening, which approaches an obstacle that
has an 80 to 90 percent chance of reducing the effect of that
event to zero, will not maintain the same outcome at those odds.

It can be seen how, in 1980, Method #1 could have been
viewed as a conservative acceptable alternative because the
reservoir had never seen a major flood event. Only
approximations could have been used to predict how the Dam would
affect such an event. It is now, however, apparent that Method
#1 is not a viable, legitimate alternative. It is physically
impossible for the peak of' a flood to travel through the
reservoir and not be significantly affected. Method #2 will
produce the highest Q values that could possibly occur with the
existing Dam intact.

Since the reservoir has been in somewhat of a wet cycle the
last 10 years, Method #3 would probably be difficult,
politically, to gain approval. Perhaps a fourth method should be
considered which would be a compromise between Method #2 and
Method #3.

After~onsiderab Ie effort discussing t'heaboveconcepts with
.profess,ional peers,i t isthe'author ' srecommendations that the
reservoir be "'allowedto ,be full when a lSD-year event such as

"that experienced in 1983 enters the mouth of thereservo ir • In
FEMA's "Guidelines and Specifications for Study Contractors",
this is the suggested approach for reservoirs having no dedicated
flood storage capacity. This report will show that the

.adj ustmentfromMethod #1 to ..··Method #2, even remaining
conservative, makes a considerable difference in ,the outcome.

C. RESERVOIR ROUTING
Computer programs used in this section were devis~d by

software manufacturers, CAW, Inc., entitled IICIVILTOOLS",
available commercially. The Reservoir Routing program reqUires

~
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four sets of data; the inflow hydrograph, the area capacity of
the reservoir, the outflow rate, and the time increment used in
routing the storm.

There are basically two tributaries that flow into the San
Carlos Reservoir. The largest is the Gila River through Calva
gauging station. The other is the San Carlos River flowing
through Peridot gauging station. The reservoir inflow hydrograph
is constructed by combining the two hydrographs developed at
these locations following the 1983 flood. These gauging station
hydrographs were prepared by th~ U.S.G.S.and are included as
Exhibit D and Exhibit F. The graph on the following page shows
these hydrographs superimposed. The resultant hydrograph
reflects a peak of 152,000 cfs. The original design 100-yr peak
discharge was 120,000 cfs. So a higher peak Q will be modeled.

The area capacity tables for the reservoir were gathered
from the Bureau of Reclamation, the San Carlos Irrigation
District and the Bureau of Indian Affairs. All the figures
varied slightly based on sedimentation deposit estimates. Where
this routing model deals with the upper elevations of the
reservoir, sedimentation does not play a factor. The table on
the subsequent page provides the area capacity data of the
reservoir. The Spillway crest at elevation 2511.5 is established
to have 917,000 acre-feet of storage capacity. The figures
needed to be converted from acre-feet into cubic feet for the
computer program.

The outflow rate is established beginning with 4000 cfs
which is the flow capacity through the penstocks, typically open
to satisfy irrigation needs. The spillway capacity is then
calculated. Weir equations are used with an opening coefficient
of 4.03 to match the spillway crest shape. The total spillway
width is 300 feet. The Bureau of Reclamation is currently
designing safety improvements to the Coolidge Dam. The proposed
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SAN CARLOS RESERVOIR

AREA CAPACITY TABLE

WATER SURFACE STORAGE CAPACITY
STORAGE (ADJUSTED REMAINING FLOOD AVAILABLE

ELEV (Ft.) (ACRE - FEET)
-14,000 Ac. Ft. AVAILABLE STORAGE FLOOD STORAGE
FOR SILTING) UP TO CREST ON SEPT. 28,1983

2383 ° ° 9 17,000 °2400 22,100 8,100 908,900 °2420 79,900 65,900 851,100 °2440 180,000 166,000 751,000 0

2460 328,000 314,000 603,00'0 0

2480 536,50# 522,500 394,500 °2486.5 533,00 519,000 398,000 °250O 770,000 756,000 161,000 237,000

2510 905,000 891,000 26,000 372,000
SPILLWAY 2 5 I 1.5 931,000 9 I 7,000 ° 398,000CREST

2512 939,000 925,000 + 8,000 406,000

2514 976,000 962,000 + 45,000 443,000

2516 1,0 10,000 996,000 + 79,000 477,000

2519 1,070,000 1,056,000 -+ 139,000 537,000
AUTHORIZED 2523 1,147,000 1,133,000 t 2 16,000 614,000W.S.E.

TOP OF 2535 1,384,000 1,370,000 t 453,000 851,000DAM

SUNRISE ENGINEERING, I Ne.
CONSULTING ENGINEERS 8 LAND SURVEYORS
MESA, ARIZONA

SAN CARLOS RESERVOIR

AREA CAPACITY CURVE DATA

Dote' 5-25-89

Scale

Drown: 8H

Shf. No:



±Space Sara

2511.5
2512.0
2513.0
2514.0
2515.0

2516.0
2518.0
2519.0
2523.0

2535.0

CORRESPONDING
ELEV. (FT)

0.00
0.50
1.50
2.50
3.50
4.50

6.50
7.50

11. 50
23.50

HEAD
(FT)

±Return° repeat

COEFF
(-)

3.400
3.400
3.400
3.400
3.400
3.400

3.400
3.400
3.400

3.400

300.0
300.0
300.0
300.0
300.0
300.0

300.0
300.0
300.0

300.0

LENGTH
(FT)

------------------------------------------------------------------
±ShiftO ±Prt Sco print
-------------------------------------------------------
Note: Add 4000 cfs for Penstock Capacity.

22

SPILLWAYS AND WEIRS

Enter up to 10 weirs.
Enter ±ReturnO only for flowrate and length to end.

SOLUTION----FLOW RATE
(CFS)

-------------------------------------------------------
0.00

360.62
1873.86
4031.90
6678.86
9736.86
%16903.25
%20950.39
%39778.37
%116198.89

These two outflows combined provide the outflow verses

elevation curve.

improvements include modifications to the spillway chutes and
extensive abutment strengthening. There are no plans to widen
the spillway width or prov~de increased outflow capacity. The
following chart represents the outflow capacity at the various
heights of head for the spillway.
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The fourth input item required by the Reservoir Routing
program is "time increment." This establishes the interval of
time for output results. This is arbitrarily selected at two and
one half hours. Since the flood event extends over 5 days, this
will yield 50 output flow values.

Prior to routing the 100-year flood through the reservoir
filled. The model's input data was first calibrated using the
1983 Flood Event. The area/capacity of the reservoir is set to
reflect the September 28th water surface elevation of 2486.5.
The U.S.G.S. technical report (Ref. 3) includes the Calva inflow
hydrograph extending from September 30 to October 5. (See Exhibit
D) This is used as the input data. The report indicates that at
1330 hours on October 4th, water began to flow over the spillway
and reached a peak of 5,020 cfs on October 6th. The data sheets ~

on the,following pages show the programs input data along with ~~

the results. In this program 1330 hours on October 4 is very ~7

nearly 4350 minutes on our scale. It can be seen that the
outflow exceeds that of the penstock and begins to increase at
this time. The output reflects a maximum outflow is experienced
at 6150 minutes. This coincides with the evening of Octgber 5th.
The outflow Q can be seen as 8609 cfs. If the penstock outflow
is subtracted, the model is within a few hundred cfs of the
actual outflow. This is very reasonably accurate.

Though reservoir routing is not an extremely complicated
process, the above procedure was performed so that the reviewing
agencies can gain confidence in the computer software. "Civil
Tools" is a widely used civil engineering program. The above
exercise certifies that it's application to our specific project
is valid.
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Now the program is calibrated, the actual Reservoir Routing
to determine the new outflow maximum discharge is begun. The
inflow that will be used is that of the 1983 flood. The
substantiating support for this is that an actual measured event
certainly has more credibility than an estimated or predicted
flood whose parameters may vary.

Consideration was given to establishing a hydrograph from
the Gila River Flood of 1916. While it had a lower peak
discharge, the total volume of runoff was larger than the 1983
Flood. Reference 7 provides a narrative that describes this
event. It was actually a 2 stage type of flood. The first was
the most severe, occurring January 18-20, 1916. It had a peak
discharge estimated at 100,000 cfs at the head of Safford Valley
and 130,000 cfs at San Carlos. This was, of course, before the
Dam was constructed. On January 29th another peak discharge was
experienced, estimated at 30,000 cfs. In. analyzing the recorded
average mean daily flows for the first flood stage, it reflects
roughly a 5 day flooding event. This is about one additional day
longer than the 1983 flood. All the data figures surrounding
this event were estimated. All staff gauges were taken out early
in the flood. The second stage of flooding continued to yield
heavy volumes. However, this extra flow would be experienced by
the reservoir after the spillway outflow had peaked and subsided.
A greater spillway discharge peak than the first would not have
been possible with only a 30,000 cfs inflow peak. Based on the
uncertainty of the accuracy of the 1916 data, as well as the fact
that a lot of the volume of the flood was stretched out over many
days, thus not effecting a reservoir routing model's peak
discharge, it was determined that data obtained from the 1983
Flood is the best representation of a 100-yr event.
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The reservoir capacity remains the same for this model,
although it is now adjusted to have standing water at the crest
of the spillway preceding the flood.

The outflow rating data also remains the same as the
calibration model. This is a combination of the spillway
capacity plus the penstock capacity of 4000 cfs.

The following pages show the input data and the output
results. It can be seen that the extreme size of the reservoir
significantly impacts the peak of a flood. The new 100-year Q
value at the base of the Dam should be reduced from 120,000 cfs
to 58,600 cfs. Another important point to observe is that the
damaging high floodwaters are delayed by over a day and a half.
The graph on the following page shows these two flood hydrographs
and graphically depicts the impact the full reservoir has on a
major flood.

D. REVISED PEAK DISCHARGES
In Sub-section 3D of this report, it was discussed how the

San Pedro River would likely peak more than a full day before the
Gila River would peak. The Flood Hydrograph from the previous
section shows how the Dam will delay the Gila River peak an
additional 17 hours.

The Pinal County F.I.S. indicates that the San Pedro will
contribute 20,000 cfs to the Gila peak. The aforementioned 17
hour delay could reduce this figure by 10,000 cfs. However, the
nature and length of a San Pedro flood may vary and could produce
an unusually late peaking flood that would contribute 20,000 cfs
to the Gila Peak. For this reason, the 20,000 cfs is left as
originally dictated.
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Tracking the peak flow, then, there is a 100-yr discharge
from the dam of 58,600 cfs. It remains relatively constant down
to the San Pedro convergence. There it is increased by 20,000
cfs. The F.I~S. (Ref. 2) indicates that the peak is to remain
constant until it reaches Kelvin/Riverside. (The 1983 Flood lost
25,000 cfs in this stretch.) At this point it begins reducing
until the flows at Florence have lost 20,000 cfs off the peak.
Earlier in Sub-section 3D, it was discussed how the actual
experienced 1983 peak decreased by 39,000 cfs between Kelvin and
Florence. Precipitation data was presented to support the fact
that the lower drainage area did sUbstantially contribute to the
flooding.

It is the opinion of this report that with the flows
indicated herein, from Kearny to Florence, a straight declining
regression of 30,000 cfs is a good representation of what
actually will occur during a 100-year event. The one possibility
that this does not account for is a bizarre storm dropping
excessive rainfall along the river during a flood event between
Kelvin and Florence. Once again, the author of this report
elects to take the conservative stand and stay with the
prescribed losses of only 20,000, cfs. Using this figure then,
the design 100-year peak discharge at Florence, Arizona should be
revised to be 58,600 cfs.

In establishing this new 100-yr peak discharge, then,
reservoir routing was the only variation from the original F.I.S
and U.S.G.S. report. All other inflows and regression variables
have been used as originally specified.

The 10-year design peak discharge at Florence was originally
handled appropriately, being a product of flooding caused below
the dam. Therefore, this Q is accurate in theF.I.S.
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The 50 and 500-year peak discharges are calculated using
the same techniques as the 100-yr. The 50-year and 500-year
reservoir routing input and output are on the sUbsequent pages.
The input was determined by using the 1983 Flood hydrograph at
Calva as a unit hydrograph. It was adjusted in height to match
the F.I.S. peak discharges. The duration was kept the same for
all three floods. The swale in the middle of the hydrograph was
removed for the 500-year flood to pose a worst case for that
severe of a flood.

The results of these hydrographs were then added to the San
Pedro flow of 20,000 cfs and then diminished by 20,000 cfs as
described above to produce the design flows at Florence, Arizona.
This is consistent with the Pinal County F.I.S.

The following chart shows the established new discharges.
This should replace the "Table 1, Summary of Discharges", in the
Florence F.I.S. (Ref. 1).

TABLE 1. SUMMARY OF DISCHARGES

Peak Discharges (Cubic Feet per Second)
10-year 50-year· 100-year 500-year

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Flooding Source
and Location

Gila River
at Florence

19,000
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SECTION' 5

CONCLUSIONS

The purpose of this study has been to perform a professional
analysis of the original Flood Insurance Study to verify that no
errors were made nor unsubstantiated design criteria used. Three
basic areas were researched: Alterations, hydraulics and
hydrology.

It has been concluded that no significant channel
modifications have taken place. No control structures have been
constructed, nor major topographic alterations developed.

Extensive review has uncovered no apparent errors in the
hydraulic modeling of the design floods through the use of the
Corps of Engineers' HEC-2 Computer Program. Elevations and
reference benchmarks have also shown to be accurate.

There was actually no original hydrologic work done by the
F.I.S. contract consultant. The peak discharge values were
obtained from a technical report entitled "Methods for Estimating
the Magnitude and Frequency of Floods in Arizona.'1 That report
was prepared by Mr. R. H. Roeske of the Water Resources Division
of the U.S. Geological Survey. It provided regression equations
that could be used in various regions throughout the State. It
more specifically included a graph of projected river flows on
the Gila River. This U.S.G.S. Report documented well the
projected flows extending clear from the New Mexico border.
Basically all the storm runoff values appear reasonably accurate.
However, there was one design criteria used that has made a
profound discrepancy between theoretical and actual. The author
viewed the 100-year and greater floods to be such major events
that the Coolidge Dam would have little or no impact on the peak
discharge. The U.S.G.S. report indicates that during a 100-yr
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event, 120,000 cfs should enter the reservoir and 120,000 cfs
should come over the spillway and continue down the river. In
1983, an actual 100-yr flood was experienced. That flood
provided actual data that disputes the assumptions made in the
U.S.G.S. report. Not only did the Dam reduce the peak flows, it
contained nearly the entire flood. In 1983, the peak inflow to
the reservoir was 152,000 cfs. The resultant outflow over the
spillway was 5020 cfs. To handle projected flood flows properly,
they must be calculated using reservoir routing techniques.

Documentation has been submitted herein which verifies that
the Dam does affect peak flood discharges even when the
reservoir i,s full. The author of this report has been liberal in
allowing several I'worst case" scenarios to occur in establishing
the revised design flood flows.

In October of 1983, 72 percent of the drainage area above
Florence yielded ~ 100-yr flood. Twenty-four percent of its
drainage area yielded an unprecedented volume far in excess of a
previously defined 6DO-yr flood. The remaining 4 percent is
undocumented, but received heavy rains at the time. The Dam
played a major role in controlling the flooding. The 61,000 cfs
experienced at Florence came principally from the San Pedro
River. Even if the reservoir would have been full, the flooding'

I

would not have been worse. Florence would have only experienced
a second peak that would have occurred 2 days later, equivalent
to 58,600 cfs.

The peak discharge from a 100-yr event should still come
from the Gila River, through the Dam. The new discharges,
however, should give credit to the Dam's ability to buffer the
flood peak. The Dam was there in 1983. It is projected to
remain there. Flood Insurance Studies should accept this fJood
control structure and the benefit it gives to the communities
downstream.
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The Appendix of this report includes a copy of the Florence,
Arizona Flood Insurance Study. The conclusions of this report
have been presented to the Florence Town Council. A copy of
corr~spondence from the Town Manager is included in the Appendix.

The findings of this report were also presented to Mr. Rod
Roeske of the U.S.G.S. He concurred conceptually that the
approach presented in this report is a reasonable approach. He
verified that reservoir routing was not performed in his original
study. He declined a request to perform a thorough review of
this report~ stating that he did not have funds allocated is his
department to perform such work and deemed the report a private
concern and not his problem. He indicated that an inter
governmental agreement would have to be entered into between
U.S.G.S. and F.E.M.A. to authorize such a review.

Pinal County and Arizona Department of Water Resources will
perform reviews of this report.
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SECTION 6

NEW EFFECTIVE WATER SURFACE ELEVATIONS

The new revised peak discharges for Florence t Arizona are
substantially different than those presently used in the
community's Flood Insurance Study. Therefore t a new hydraulic
analysis must be performed to determine the actual water surface
profile in the detailed study area.

The original model t with' its same cross-section locatiuns
will be used with the new dischar~e values. The Pinal County
Maps 040077 0514 and 0514C t along with Florence Town Maps 040084
0002 and 0002B t can be amended with minimal effort because the
length of the study area has been kept the same. Only the water
surface elevations and corresponding flood boundaries will
change.

The original GR grade cards have been adjusted only slightly
to reflect actual existing river bottom elevations. Under a
separate covert the HEC-2 modelling input and output results are
prepared for FEMA review. A Mapt along with a brief narrative is
included with that submittal. This data provides the necessary
information to complete the Flood Insurance Map Revisions in
accordance with Federal Emergency Management Agency's gUidelines
in "A Guide for Community Officials".
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Figure 5.--Relation of discharge to miles above Coolidge Dam.
Gila River main stem. for selected recurrence intervals.
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Gila River main stem, for selected recurrence intervals.
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1.1 Purpose of Study
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1.0

1.2

1.3

FLOOD INSURANCE STUDY

This Flood Insurance Study investigates the existence and severity
of flood hazards in the Town of Florence, Pinal County, Arizona,
and aids in the administration of the National Flood Insurance
Act of 1968 and the Flood Disaster Protection Act of 1973. This
study will be used to convert Florence to the regular program
of flood insurance by the Federal Insurance Administration. Local
and regional planners will use this study in their efforts to
promote sound flood plain management.

In some states or communities, flood plain management criteria
or regulations may exist that are more restrictive or comprehensive
than those on which these federally supported studies are based.
These criteria take precedence over the minimum Federal criteria
for purposes of regulating development in the flood plain, as
set forth in the Code of Federal Regulations at 24 CFR, 1910.l(d).
In such cases, however, it shall be understood that the State
(or other jurisdictional agency) shall be able to explain these
requirements and criteria.

Authority and Acknowledgments

The source of authority for this Flood Insurance Study is the
National Flood Insurance Act of 1968, as amended.

The,hydrologic and hydraulic analyses for this study were performed
by Cella, Barr, Evans and Associates, for the Federal Insurance
Administration, under Contract No. H-4607. This work, which was
completed in July 1980, covered all significant flooding sources
affecting Florence.

Coordination

The Gila River detailed study miles were identified at a meeting
attended by representatives of the study contractor, the Federal
Insurance Administration, and officials of the Town of Florence
in August 1977.

Results of the hydrological analysis were coordinated with the
U.S. Geological Survey, the U.S. Soil Conservation Service, and
the U.S. Army Corps of Engineers. Additional information was
obtained from the Pinal County Flood Control Board.



On December 5, 1979, the results of the study were reviewed at
the intermediate/final meeting which was attended by representa
tives of the study contractor, the Federal Insurance Administration,
and community officials. The study was acceptable to the community.

2.0 AREA STUDIED

2.1 Scope of Study

This Flood Insurance Study covers the incorporated areas of the
Town of Florence, Pinal County, Arizona. The area of study is
shown on the Vicinity Map (Figure 1).

The limits of detailed study in Florence were determined by the
Federal Insurance Administration with community and study contractor
consultation at the meeting in August 1977.

The detailed study area consists of 1.19 miles of Gila River,
extending from U.S. Highway 80/89 on the east, to the extreme
western corporate limits.

Those areas studied by detailed methods were chosen with considera
tion given to all proposed construction and ~orecasted development
through 1985.

Small washes southeast of Florence were not studied due to the
existence of a U.S. Soil Conservation Service flood control struc
ture in this area. This structure was designed to protect against
the 1 percent frequen~l (lOO-year) flood (Reference 1).

2.2 Community Description

Florence, the county seat, is centrally located in Pinal County,
in south-central Arizona. Unincorporated areas of Pinal County
surround Florence. Coolidge is the nearest city, located approxi
mately 8 miles to the west-southwest, while the Town of Superior
is approximately 28 miles to the northeast.

Florence is approximately 2.25 square miles in area (Reference 2),
with a population of approximately 3200. Gila River, flowing
southwesterly, divides Florence into northern and southern areas,
with the population concentrated in the southern portion of the
community. A thin strip of the town runs across the Gila River
flood plain. Very little development has taken place in this
strip, and it is mainly used for agricultural purposes.

Gila River at Florence has developed a gently sloping flood plain
consisting of alluvium from mixed sources. An average annual
rainfall of 6 to 10 inches supports annual grasses, creosotebush,
mesquite, paloverde, and cactus as the natural vegetation. Mean

2
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annual air temperature is 68 of to 71°F, and the frost free per iod
is approximately 275 days per year.

The population of Florence was approximately 2200 in 1970 and
3200 in 1978, making the average annual growth rate approximately
4 percent.

2.3 Principal Flood Problems

In 1929, Coolidge Dam was constructed approximately 75 miles upstream
of Florence, forming the San Carlos Reservoir. Of the 18,500
square-mile area contributing to the flood hazard at Florence,
approximately 12,900 square miles are controlled by Coolidge Dam.
Thus, Coolidge Dam plays an important role in the flooding problems
of Florence. Assuming the reservoir to be at capacity, there
are three types of events which could lead to severe flooding
on Gila River: a widespread frontal type storm of large magnitude
and long duration, a warm airmass moving in on a large snow accumu
lation, or a frontal type storm falling on snow (Reference 3).

An examination of Gila River discharge records collected at Kelvin,
gage No. 94740, (approximately 25 miles upstream from Florence)
show that the annual peak discharge occurs most often during the
months of August through January (Reference 4) .

The estimated maximum discharge at Kelvin is 190,000 cubic feet
per second (cfs) and occurred on November 28, 1905. Based on
newspaper accounts describing floods of similar magnitude, Gila
River has been known to swell to 1 mile in width, cutting Florence
off from communication with other communities and washing out
three railroad bridges between Florence and Kelvin. According
to the current discharge-frequency relationships, a flood of this
magnitude has a chance of occurring at Florence on the average
of once every 285 years.

The maximum recorded discharge at Kelvin is 132,000 cfs, which
occurred on January 20, 1916. According to the January 22, 1916
edition of the Arizona Blade-Tribune, both the north and south
approach to a bridge in the vicinity of the existing u.s. Highway
80/89 bridge was washed away, and the river cut a new channel
to the south of the bridge. According to the current discharge
frequency relationships, a flood of this magnitude has a chance
of occurring at Florence on the average of once every 120 years.

A more recent flood occurred on December 20, 1967. The peak dis
charge of this flood was 27,700 cfs, recorded at Kelvin. A flood
of this magnitude has a chance of occurring at Florence on the
average of once every 21 years.

The bridge on U.S. Highway 80/89 is the only structure in the
vicinity of Florence which affects the flow of floodwater. Both
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2.4

the bridge and the south approach ramp to the bridge create a
backwater condition.

Flood Protection Measures

There are no flood protection structures for Gila River at Florence.

As mentioned earlier, a flood retarding structure is located to
the southeast of Florence. This structure protects Florence against
discharges emanating from the washes in that area.

I
I
I
I
I
I
I

3.0 ENGINEERING METHODS

For the flooding sources studied in detail in the community, standard
hydrologic and hydraulic study methods were used to determine the flood
hazard data required for this study. Flood events of a magnitude which
are expected to be equalled or exceeded~ on the average during any
10-, SO-, 100-, or SOO-year period (recurrence interval) have been selected
as having special significance for flood plain management and for flood
insurance premium rates. These events, commonly termed the 10-, 50-,
100-, and SOO-year floods, have a 10, 2, 1, and 0.2 percent chance,
respectively, of being equalled or exceeded during any year. Although
the recurrence interval represents the long term average period between
floods of a specific magnitude, rare floods could occur at short intervals
or even within the same year. The risk of experiencing a rare flood
increases when periods greater than 1 year are considered. For example,
the risk of having a flood which equals or exceeds the 100-year flood
(1 percent chance of annual occurrence) in any 50-year period is approxi
mately 40 percent (4 in 10), and, for any gO-year period, the risk in
creases to approximately 60 percent (6 in 10). The analyses reported
here reflect flooding potentials based on conditions existing in the
community at the time of completion of this study. Maps and flood eleva
tions will be amended periodically to reflect future changes.

I
I
I
I
I
I
I
I

3.1 Hydrologic Analyses

Hydrologic analyses were carried out to establish the peak discharge
frequency relationships for floods of the selected recurrence
intervals for each flooding source studied in detail affecting
the community.

Peak discharge values used in this study were developed by the
U.S. Geological Survey using a log-Pearson Type III distribution
(Reference S). Frequency-discharge data were based on records
from several U.s. Geological Survey gaging stations on Gila River.
The gaged information was adjusted to reflect the regulating effect
of Coolidge Dam by assuming low recurrence interval floods to
be a result of inflow below the dam, assuming intermediate floods
to be the sum of inflow below the dam and controlled releases
from the dam, and assuming large floods (lOO-year or greater)
are caused by uncontrolled releases from the dam.

5



Peak discharge-drainage area relationships for Gila River are
shown in Table 1.

3.2 Hydraulic Analyses

Analyses of the hydraulic characteristics of the flooding sources
studied in the community were carried out to provide estimates
of the elevations of floods of the selected recurrence intervals
along each of these flooding sources.

Cross sections for the backwater analysis of Gila River were obtained
using topographic maps at a scale of 1:2400, with a contour interval
of 2 feet (Reference 6). These topographic maps were developed
from aerial photographs flown in January 1979. Flight altitude
was 4200 feet, and the aerial photographs were taken at a scale
of 1:8400 (Reference 7). Vertical control was adjusted (+1.5
feet) to coincide with the National Geodetic Vertical Datum (NGVD)
of 1929.

Locations of selected cross sections used in the hydraulic analyses
are shown on the Flood Profiles (Exhibit 1). For stream segments
for which a floodway is computed (Section 4.2), selected cross
section locations are also shown on the Flood Boundary and Floodway
Map (Exhibit 2).

Roughness factors (Manning's "n") used in the hydraulic computations
were chosen by engineering judgment, based on field observations
of the river and flood plain area. The roughness value used for
the main channel of Gila River was 0.030 with an overbank roughness
value of 0.035 for all floods.

Water-surface elevations of floods of the selected recurrence
intervals were computed through use of the u.S. Army Corps of
Enginers HEC-2 step-backwater computer program (Reference 8).
Flood profiles were drawn showing computed water-surface elevations
for floods of the selected recurrence interevals. The starting
water-surface elevation for Gila River was calculated using the
slope-area method.

Flood profiles were drawn showing computed water-surface elevations
to an accuracy of 0.5 foot for floods of the selected recurrence
intervals (Exhibit 1).

The hydraulic analyses for this study were based on unobstructed
flow. The flood elevations shown on the profiles are thus consid
ered valid only if hydraulic structures remain unobstructed, operate
properly, and do not fail.

All elevations are referenced to the National Geodetic Vertical
Datum of 1929 (NGVD). Elevation reference marks used in the study
are shown on the maps.
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Table 1. Summary of Discharges

Flooding Source and Location
Drainage Area
(Square Miles)

Peak Discharges (Cubic Feet per Second)
10-Year 50-Year 100-Year SOO-Year

Gila River
At Florence 18,500 19,000 46,000 120,000 230,000



4.0 FLOOD PLAIN MANAGEMENT APPLICATIONS

The National Flood Insurance Program encourages State and local govern
ments to adopt sound flood plain management programs. Therefore, each
Flood Insurance Study includes a flood boundary map designed to assist
communities in developing sound flood plain management measures.

4.1 Flood Boundaries

In order to provide a national standard without regional discrimina
tion, the 100-year flood has been adopted by the Federal Insurance
Administration as the base flood for purposes of flood plain manage
ment measures. The SOD-year flood is employed to indicate addi
tional areas of flood risk in the community. For each stream
studied in detail, the boundaries of the 100- and SOD-year floods
have been delineated using the flood elevations determined at
each cross section; between cross sections, the boundaries were
interpolated using topographic maps at a scale of 1:2400, with
a contour interval of 2 feet (Reference 6).

Flood boundaries for the 100- and SOD-year floods are shown on
the Flood Boundary and Floodway Map (Exhibit 1). In cases where
the 100- and SOD-year flood boundaries are close together, only
the 100-year flood boundary has been shown. Small areas within
the flood boundaries may lie above the flood elevations and, there
fore,not be subject to flooding; owing to limitations of the
map scale, such areas are not shown.

4.2 Floodways

Encroachment on flood plains, such as artificial fill, reduces
the flood-carrying capacity, increases the flood heights of streams,
and increases flood hazards in areas beyond the encroachment itself.
One aspect of flood plain management involves balancing the economic
gain from flood plain development against the resulting increase
in flood hazard. For purposes of the National Flood Insurance
Program, the concept of a flood way is used as a tool to assist
local communities in this aspect of flood plain management. Under
this concept, the area of the lOO-year flood is divided into a
floodway and a floodway fringe. The floodway is the channel of
a stream plus any adjacent flood plain areas that must be kept
free of encroachment in order that the 100-year flood may be carried
without substantial increases in flood heights. Minimum standards
of the Federal Insurance Administration limit such increases in
flood heights to 1.0 foot, provided that hazardous velocities
are not produced. The floodway in this report is presented to
local agencies as a minimum standard that can be adopted or that
can be used as a basis for additional studies.

The floodway presented in this study was computed on the basis
of equal-conveyance reduction from each side of the flood plain.
The results of these computations were tabulated at selected cross
sections for each stream segment for which a floodway was computed
(Table 2).
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5.0

As shown on the Flood Boundary and Floodway Map (Exhibit 2), the
floodway'widths were determined at cross sections; betw~en cross
sections, the boundaries.were interpolated. In cases where the
boundaries of the floodway and the 100-year flood are either close
together or collinear, only the floodway boundary has been shown.

The area between the floodway and the boundary of the 100-year
flood is termed the floodway fringe. The floodway fringe thus
encompasses the portion of the flood plain that could be completely
obstructed without increasing the water-surface elevation of the
100-year flood more than 1.0 foot at any point. Typical relationships
between the floodway and the floodway fringe and their significance
to flood plain development are shown in Figure 2.

1I""4f---------- 1 OO-YEAR FLOOD PLAIN ----------..,-,

FLOODWAY ---.*.FLOODWAY
FRINGE --*f---- FLOODWAY FRINGE

STREAM

CHANNEL

FLOOD ELEVATION WHEN
CONFINED WITHIN FLOODWAY

AREA OF FLOOD PLAIN THAT COULD
BE USED FOR DEVELOPMENT BY
RAISING GROUND

LINE AB IS THE FLOOD ELEVATION BEFORE ENCROACHMENT.

LINE CD ISTHE FLOOD ELEVATION AFTER ENCROACHMENT.
'SURCHARGE IS NOT TO EXCEED 1.0 FOOT (FIA REQUIREMENT) OR LESSER AMOUNT IF SPECIFIED BY STATE.

Figure 2. Floodway Schematic

INSURANCE APPLICATION

In order to establish actuarial insurance rates, the Federal Insurance
Administration has developed a process to transform the data from the
engineering study into flood insurance criteria. This process includes
the determination of reaches, Flood Hazard Factors (FHFs), and flood
insurance zone designations for each flooding source studied in detail
affecting Florence.
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FLOODING SOURCE FLOODWAY BASE FLOOD ]
WA'rER SU~'ACE ELEVATION _

1 SECTION MEAN
REGULATORYI WITHOUT. 1 WITH~WIDTH AREA VELOCITY FLOODWAY FLOODWAY INCREASECROSS SECTION DIs'rANeE (1"EE'1') (SQUARE (FEET PER

FEET) SECOND) (FEET NGVD)

Gila River
3,059~A 156.87 18,872 6.4 1,468.2 1,468.2 1,469.1 0.9

B 156.95 3,230
2

19,257 6.2 1,469.0 1,469.0 1,469.9 0.9
C 157.01 3,300

2
19,778 6.1 1,469.6 1,469.6 1,470.3 0.7

D 157.16 3,183
2

17,867 6.7 1,470.9 1,470.9 1,471.7 0.8
E 157.37 3,352

2
14,813 8.1 1,473.4 1,473.4 1,474.3 0.9

F 157.58 4,209 22,483 5.3 1,476.5 1,476.5 1,477.4 0.9
G 157.74 4,3731' 25,642 4.7 1,477.7 1,477.7 1,478.5 0.8

970
H 157.90 4,803 27,762 4.3 1,478.7 1,478.7 1,479.3 0.6
I 157.99 4,964 11,386 10.5 1,480.1 1,480.1 1,480.1 0.0

1 , 2
Ml1es Above Painted Rock Darn Floodway Lies Entirely Outside Corporate Limits

3Wl'dth/Wl'dth Within Corporate Limits

FEDERAL EMERGENCY MANAGEMENT AGENCY
Federal Insurance Administration

TOWN OF FLORENCE, AZ
(PINAL CO.)

FlOODWAY DATA

GILA RIVER



I
I 5.1 Reach Determinations

Flood Hazard Factors

The locations of the reaches determined for the flooding sources
of Florence are shown on the Flood Profiles (Exhibit 1) and summa
rized in Table 3.

Reaches are defined as lengths of watercourses having relatively
the same flood hazard, based on the average weighted difference
in water-surface elevations between the 10- and 100-year floods.
This difference does not have a variation greater than that indi
cated in the following table for more than 20 percent of the reach:

I
I
I
I
I
I 5.2

Average Difference Between
10- and 100-Year Floods

Less than 2 feet
2 to 7 feet
7.1 to 12 feet
More than 12 feet

Variation

0.5 foot
l.0 foot
2.0 feet
3.0 feet

Flood Insurance Zones

After the determination of reaches and their respective FHFs,
the entire incorporated area of Florence was divided into zones,
each having a specific flood potential or hazard. Each zone was
assigned one of the following flood insurance zone designations:

The FHF is the Federal Insurance Administration device used to
correlate flood information with insurance rate tables. Correlations
between property damage from floods and their FHF are used to
set actuarial insurance premium rate tables based on FHFs from
005 to 200.

The FHF for a reach is the average weighted difference .between
the 10- and 100-year flood water-surface elev~tions expressed
to the nearest one-half foot, and shown as a three-digit code.
For example, if the difference between water-surface elevations
of the 10- and 100-year floods is 0.7 foot, the FHF is 005; if
the difference is 1.4 feet, the FHF is 015; if the difference
is 5.0 feet, the FHF is 050. When the difference between the
10- and 100-year water-surface elevations is greater than 10.0
feet, accuracy for the FHF is to the nearest foot.

Special Flood Hazard Areas inundated
by the 100-year flood, determined by
detailed methods; base flood elevations
shown, and zones subdivided according
to FHFs.

Zone AS:

5.3

I
I
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I
I
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-....----------------------------------------------------.
FLOODING SOURCE

Gila River
Reach 1

2
ELEVATION DIFFi::RENCl:;

FLOOD BASE FLOOD
1 BETWEEN H (lOO-YEAR) FLOOD AND

PANEL HAZARD ZONE ELEVATION 3
lOt, 2% 0.2% FACTOR (FEET NGVD)

(lO-YEAR) (50-YEAR) (SOO-YEAR)

0001 -4.1 -2.5 2.2 040 A8 Varies - See Map

1
Flood Insurance Rate Map Panel 2weighted Average 3

Rounded to Nearest Foot

FEDERAL EMERGENCY MANAGEMENT AGENCY
Federal Insurance Administration

TOWN OF FLORENCE, AZ
(PINAL CO.)

FLOOD INSURANCE ZONE DATA

GILA RIVER



The flood elevation differences, FHFs, flood insurance zones,
and base flood elevations for each flooding source studied in
detail in the community are summarized in Table 3.

I
I
I
I
I
I
I

Zone B:

Zone C:

Areas between the Special Flood Hazard
Areas and the limits of the SOO-year
flood, including areas of the SOO-year
flood plain that are protected from
the 100-year flood by dike, levee,
or other water control structure; also
areas subject to certain types of 100
year shallow flooding where depths
are less than 1.0 foot; and areas subject
to 100-year flooding from sources with
drainage areas less than 1 square mile.
Zone B is not subdivided.

Areas of minimal flooding.

S.4 Flood Insurance Rate Map Description

I
I
I
I
I
I
I
I
I
I
I

6.0

7.0

The Flood Insurance Rate Map for Florence is, for insurance purposes,
the principal result of the Flood Insurance Study. This map (pub
lished separately) contains the official delineation of flood
insurance zones and base flood elevation lines. Base flood eleva
tion lines show the locations of the expected whole-foot water
surface elevations of the base (lOO-year) flood. This map is
developed in accordance with the latest flood insurance map prepara
tion guidelines published by the Federal Insurance Administration.

OTHER STUDIES

Flood Hazard Boundary Maps have been published for the Town of Florence,
Arizona, and Pinal County, Arizona (References 9 and 10). However,
this study represents a more detailed analysis.

This study is authoritative for the purposes of the National Flood Insur
ance Program; data presented herein either supersede or are compatible
with all previous determinations.

LOCATION OF DATA

Survey, hydrologic, hydraulic, and other pertinent data used in this
study can be obtained by contacting the Insurance and Mitigation Division,
Federal Emergency Management Agency, 211 Main Street, Room 220, San
Francisco, California 9410S.
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Town of FLOIlENCE
June 21, 1989

Mr. Allan Johnson
Federal Insurance Administration
Federal Emergency Management Agency
Federal Center Plaza
500 C street
iashington, D.C. 20472

Dear Mr. Johnson:

I aa writing this letter bringing to your attention what I believe are inconsistencies
in the Florence 'lood Plain boundaries.

In 1983, considerable flooding along the Gila River occurred which was estimated to
be well over a 100 year event. It was noticed that the areas in question were not
affected by the flood, only inadequate drainage in the local areas.

Subsequent to that event, property owners in the affected areas have questioned the
flood plain status to me as well as to other government officials and have gone to an
extent of providing an independent engineering analysis of the boundaries which appear
on the surface to contradict existing floodplain policy.

The firm of Sunrise Engineering gave a presentation of their analysis to the Town
Council of the Town of Florence at its regular meeting June 19, 1989 which acknowledged
receipt of the report. The Town Council gave direction to investigate the
discrepancies.

I request that you look into this matter and take action on a decision to finalize
these discrepancies.

Should you be in need of further information or action on my part, do not hesitate to
call upon me for assistance. Thank you.

Very Truly Yours,

~J3u~Q __
Ken Buchanan
Town Manager
Town of Florence

KWB/kb

Box 490, Florence, Arizona 85232 * (602) 868-5889--_..


