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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. 

Pinal 
flow. 

The Coolidge Dam, located on the border of Gila County and 
County, plays a major role in the regulation of the river 
It contains the San Carlos Reservoir, one of the largest 

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 11 Flood 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 11 Pinal County Flood 
Insurance Study.~~ Since the majority of the study is outside of 
the town limits, the maps showing the gr~atest 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. 

3 
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SECTION 2 
FLOOD OF OCTOBER 1983 

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 published their findings in 
Report #85-4225-A entitled "U.S."G.S. Flood of October 1983 In 
Southeastern AZ Along the Gila River." (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 detail.ed 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 . 

. , 
1983 RECORDED U.S.G.S. FLOOD INSURANCE 
(Reference 3 ) (Reference 4) STUDY (Ref . 2) 

--------
CALVA 150,000 120,000 N/A 

DUDLEYVILLE 135,000* 53,000 49,600 
(SAN PEDRO 

RIVER) 

WINKELMAN 125,000 140,000 140,000 
(After Rivers 
Converge) 

KELVIN/RIVERSIDE 100,000 140,000 140,0 00 

FLORENCE 61,000 120,000 120,000 

* Verbal Communication with U.S.G.S. 

4 
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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 Oudleyville. 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 gaugin~ stations represent 2 of the 3 drai~age 
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 
following precipitation data obtained at Fl-orence and Kelvin. 

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 



SECTION 3 

FLORENCE AND PINAL F.I.S. ANALYSIS 

A. GENERAL 
In order to complete a thorough review of the Town and 

County Flood Insurance Studies, it was necessary to obtain the 
archive files of the original reports. In determining whether 
the FIS'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 
s i p h on u n de r t he r i v e r bed • T h i s h a s y i e 1 de d a n e g 1 i g i b 1 e e f.f e c t 
on the hydraulics of the Gila River. 

8 
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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 crew 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 11 n11 value of 
0 • 0 2 5 • M r B u r k h am c om mente d t h u s I y ; " The • con s e r vat i v e • r e s u 1 t' s 

9 
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based on the 'n' of 0.025 may not be conservative at all, as 
recent studies have shown that the 'n' for a sand channel may be 
as low as 0.010. 11 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 nn•• 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 11 Hydrologic Analysis 11

, the following comment is made; 
11 Peak discharge values used in this study were developed by the 
U.S. Geological Survey using a log-Pearson Type III distribution 
(Reference 5). 11 The reference is U.S. Department of the 
Interior, Geological Survey, 11 Methods for Estimating the 
Magnitude and Frequency of Floods in Arizona, R.H. Roeske, 
Sponsored by Arizona Department of Transportation, September 
1978. 11 

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 Figures. 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 11 Reference to Figure 6, Report ADOT-RS-151210 11

, 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.r.s. quotes this document, (Exhibit C). 
However, the final draft of the F.I.S. converts the quote into a 
paraphrase. It reads 11 

••• large floods (100-year or greater) are 
caused by uncontrolled releases from the dam ... {Ref. 1) Mr. 
Aldridge further clarifies in Exhibit B; 11 Curve A is defined by 
estimates of peak flows that would have reached Kelvin if San 
Carlos Reservoir did not exist. 11 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 11 Summary of 
Discharges - Table 2, 11 in the Pinal County F.r.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.I.S. (Ref~ 2) 11 Summary of Discharges 11 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.G.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 



lower area's runoff was likely substantial. There was a 
technical report written in 1988 by Brian M. Reich, Consulting 
Engineer, entitled 11 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. I.n the 
report Mr. Reich indicates the following: 

11 Another 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, 
1984] 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 Q'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 op1n1on indicates that whether or not the lower 
watershed contributed to the flooding in 1983 is irrelevant 
because it would have peaked and flowed past by the time the 
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 and 
reasona·ble. 

13 
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SECTION 4 

COOLIDGE DAM REGULATION 

A. GENERAL 

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 Carlos 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 reservoir volume from 1929 to 1987 is 
graphically presented on page 16. Included on that graph are 
three additional lines. The line near the top represents the 
spillway crest elevation. The next line down represents the 
water surface elevation on September 28, 1983. This line is 
noteworthy because it was here that the 100-year flood b~gan 

filling the reservoir with an ultimate negligible outfall of 5023 
cfs. 

14 
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SAN CARLOS RESERVOIR 

Monthly H istoricol Gaged Volume 

MONTH*! AVG. ELEV. STORED WATER AVAIL. FLOOD CAPACITY 
(FT.) (ACRE-FEET) (ACRE-FEET) 

JAN. 2432 190,655 726,345 

FEB. 2438 21 5,960 70 1,040 

MAR. 2442 245,779 67 1,221 

APR. 2444 264,695 65 2,305 

MAY 2442 245,55 I 671,449 

JUN. 2439 229,686 687,314 

JULY 2433 20 I ,I I 2 71 5,888 

AUG. 2430 190,655 726,345 

SEPT. 2429 179,067 73 7,933 

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 

AVG'S 

* DATA FROM THE FIRST DAY OF EACH MONTH UNDER 
RECORD, IS USED FOR LIFETIME AVERAGE. 
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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 entire 100-
year event. 

B. MODELING ALTERNATIVES 
There are three possible ways 

effect of a major flood event as 
Carlos Reservoir. 

to logically evaluate the 
it travels through the San 

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

2 • ·"·""'l'"h'e·'''',,""(;),a,m,,,,.,,.,€J,.Q,.Q.,&m,e,~tl.s.t .. ,.,"''""'b.u,t,,"'"""i,.s""''fJ,1,l,e.<;t .. ,, ... ""t'Q"·•"the 
··'·"S~!D"i'"·lf,il•w-a·y"···e··re·s·t···'"a·s·"'"'a'"'·"f,,1,a..G·G""···a·j!l'lil'Fot;>.a.Gct:l.e.,s ,. 

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 pe~k 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. 

J\ •. f t 0 "' . ,.. n n <: L" 0 v>.a b .. l. '? .. ,,._,t;>,:l;:,;li',,,..,>\t;~:;,,,.,I"J:··'"'''e··u··s·•cr•-r'wcnwrr'"''""''""'"""*'"'8h-0.,_V,"'·cc•""•"'•"'··t!'l.-e· ,J::kt"!>u~w·r'•.•''fo'''*'''·" l.i\,_,.t,)j;_~.~t.J.;;r,,;:"'D'~~,t-~.:!-"'".ll'!'~,.,~~'~d:>r,".·l .·:· ,_,Gi<.v--·G'I!":.l-F'\:::I"f'""tii tJ ~ ~ !:::J l,ll"-.;;:; l!to ~, "VUI'I\,;i t-'''C;o i.,ll 

.,jlx;,.o.£-ee&>s·i·e.·A·a"a ... ,,,,J}&-e,~s·'·;··"··tt··'"''"'"i's'"'t'h''e'"'~·crtrt'h·o'r"''"'S''"'""r'e·e&mm·e'n'cl·a·t+o,n·s··--«""t'A·a'h·''·'t·h·e···· 
··""t,Q.s,.e,p,v~e"i·•ll14''""9ce""'"''''ii"l···l-e•w-eEI····":f!.·o""·&b·e··-·····"'T"tl··l,l~·,,w,h·e·n~·-'"·a····'"'""'4·8·0·-':Y'€"a-·Y""-"·ev··e·Fl·t·-·"S'bi'G'·Iil·,,·,······a·s 

,~,M~a"t'''"'''""'e'X'(Y·e·r··t·'e·rr'c·e·EI""'i"fl·"''"~1,·9'8'6''"''~FIA;,e.y;-.. s,."'.t'h'e'·"''m.~:HJ·t.l1,,,~.q~0.f"'.,,:f:i,!:J,e-,,·~r-·e-s·e-r-v·e·t"'F'""'1. I n 
FEMA's 11 Guidelines and Specifications for Study Contractors 11 , 

this is the suggested approach for reservoirs having no dedicated 
f 1 o o d storage c a p a c i t y • P.M*Y!S""'""""r'e"(YO'rt""''"'''"W~i"'lwl, .. ,,,,s,f:l.e .. w~"""''t'h'am"t"·~··~"·t·he 

,,,e,.Gf,:;i·"l:I"S't'm·e'n't·''''"'"""''''f''Y"'tffff''""""M~e't·rrott'""'""#''t'·"'·''·"'""'t''a*·""""'Ml!'t'h"'crd''"'""'/f'2'·,,,"',." "'''"'e·v·e·n··"·"'·'r·~'f'lf'a·i:,Fl4:··n·'!3··f· 

o-e.R~,e·r-v'a'~"i:''V''e''''""'"'m'a'~'e-·s···'·''a''''"'C'&fl'-s•·h:l'e'P•a"t::l'•1-€'"'''€1'i'·f·'f.·&·lil·enc,e .. ,,,Lra, ... .:t.tte .. ",$o,ut .. c.o.m~,,~ 

C. RESERVOIR ROUTING 
Computer programs 

software 
available 

manufacturers, 
commercially. 

used in this section were devissd by 
CAW, Inc., entitled 11 CIVILTOOLS 11 , 

The Reservoir Routing program requires 
..; 

18 



I 
I 
I 
I 
I 
I 
I 
I 
' 

I 
I 
! 

I 
! 

I 
I \ 

I 

-
I ( 

I 
i 

I 
i 

I 
! 

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 C~lva 

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 

(9 
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SAN CARLOS RESERVOIR 

AREA CAPACITY TABLE 

WATER SURFACE STORAGE CAPACITY 

ELEV (Ft.) (ACRE- FEET) 

2383 0 

2400 22,1 00 

2420 79,900 

2440 180,000 

2460 328,000 

2480 536,50~ 
2486.5 533,00 

2 500 770,000 

2510 90 5,000 
SPILLWAY 2 511.5 931,000 CREST 

2 512 939,000 

2514 976,000 

2 516 1,0 I 0,000 

2519 1,070,000 
AUTHORIZED 

2 52 3 W.S.E. I ,14 7,000 
TOP OF 2535 1,384,000 DAM 

SUNRISE ENGINEERING, INC. 
CONSULTING ENGINEERS 8 LAND SURVEYORS 
MESA, ARIZONA 

STORAGE (ADJUSTED REMAINING FLOOD AVAILABLE 

-14,000 Ac. Ft. AVAILABLE STORAGE FLOOD STORAGE 
FOR SJL TING) UP TO CREST ON SEPT. 28, 1983 

0 9 17,000 0 

8,100 908,900 0 

65,900 851,1 00 0 

I 66,000 751,000 0 

31 4,000 603,00·0 0 

5 22,500 394,500 . 0 

51 9,000 398,000 0 

756,000 161,000 237,000 

891 ,000 26,000 37 2,000 

9 17,000 0 398,000 

925,000 + 8,000 406,000 

962,000 ... 45,000 443,000 

996,000 + 79,000 4 77,000 

1,056,000 t 139,000 537,000 

1,133,000 + 2 16,000 6 14,000 

1,3 70,000 t 453,000 85 1,000 

SAN CARLOS RESERVOIR 

AREA CAPACITY CURVE DATA 

! 
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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. 

SPILLWAYS AND WEIRS 

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

SOLUTION ----FLOWRATE 
(CFS) 

LENGTH 
(FT) 

COEFF 
( -) 

HEAD 
(FT) 

CORRESPONDING 
ELEV. (FT) 

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

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

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 

300.0 
300.0 
300.0 

300.0 

3.400 
3.400 
3.400 
3.400 
3.400 
3.400 

3.400 
3.400 
3.400 

3.400 

0.00 
0.50 
1.50 
2.50 
3.50 
4.50 

6.50 
7.50 

11. 50 
23.50 

2511.5 
2512.0 
2513.0 
2514.0 
2515.0 

2516.0 
2518.0 
2519.0 
2523.0 

2535.0 

Note: Add 4000 cfs for Penstock Capacity. 
-------------------------------------------------------
±Shift 0 ±Prt sco print ±Return° repeat ±Space Bar 0 

------------------------------------------------------------------

These two outflows combined provide the outflow verses 
elevation curve. 
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The fourth input item required by the Reservoir Routing 
program is 11 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 October 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. 11 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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1983 FLOOD MODEL 

INPUT 

R E 5 E R V 0 I R 
1NFLOW HYDROGRAPH 

TIME-rrti n FL.OW-cfs 

0 5770 
920 325812) 
1440 136011ZJ 
1900 9901{)0 
2160 990012) 
2:!.60 152000 
3400 !:i6000 
~}020 2:312lk'.ll2l 
~)900 j, 000\i:) 
7600 21121~~ 

T I r·1E I NCF\:Et•IEN'r 

TII•1E INFU1W STAGE 
<NIN) <CFS) (FT/ 

ROUTINFi 
CAPACITY/OUTFLOW RATING 

STAGE-·fi: VOL.UVIE-c;f OUTFLOW-cf<:. 

(l) ~1 4ti.ml2J 
13 .. ~:; 1 ~n2:~::.721/10vJ0 4002 

.,.,..... 1:!' 
,;:. . .::·. ~~ 1 6 204 ::::::::eHalli0 4(.1)~]4 

2!;i 1 73:3:t:.B8~?Hll0~) 4i/.l0(:) 
~-~~i. !:i 1. 7 .sB~536ii.'J~J~m 4:360 
'"-' c.--'· ,/ .• .. J 1 9297QH3(J0((.)0 [-3(()::=.::2 

29.5 20778:1. 2'·~000 137:.:::<.:) 
::;2. ~; 23~:91 T.!:~00V.)0 £:49~)1{) 
-.. , ~ 

.. )0. '-' ~,::6 7 4~5f341{)Q)(Z)Q) 4:.::.77!::! 
4B.5 ::~: 71i:li.J 956,10lJ)k~ :1.21{:119'1 

(min) - 1~':i0 

VCJU_H•II:~ ClUTFL.OIA-1 
<CF) <CFS> 

7---------------------------------------- ---------7.3.09 
b1.50.il.l 

<Shift> <Prt Sc> orint <P> hvt::ii'-OUI~£i.l::lh 

--------------------------------------------------------------------------

~~----·- ····-- . --­

!1·------··· 

II 
i 

II 
t -·--··--·-·· 

II _____ _ 
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TIME 
<1'-'IIN > 

INFLOW 
(CFS> 

1983 FLOOD MODEL 
OUTPUT HYDROGRAPH 

!3TAGE 
<FT) 

VOLUI"1E 
(CF> 

--- ... -...... ------------··------·- ·-··· 

OUTFLOW 
<CFS) ________________________________________ .. _________ _ 

0.0 
150.0 
300.0 
450.0 
600.0 
750.0 
900. ~) 

1050.0 
1200.0 
1:3:50. 1/) 
15!210.(2) 
1.650.0 
18!210.(2) 
1 C.f50 • '-1 
2100.0 
2250.0 
2400.0 
2550.(2) 
2700.0 
2850.0 
3000.(2) 
3150.(2) 
331210.0 
345,1. (2) 

36(1)0. 0 
375C!J. 0 
390121.0 
4050.121 
4200.0 
435((.1. 0 

. 450~1. 0 
4.':!50.0 
4800.0 
495!.~. Q) 

5100.0 
5250.0 
5400.0 
5550.0 
5700.0 
585~1. fZ) 

6000.0 
6150.0 
6300.(2} 
6450.0 
66!2)0.0 
675~1. ~~ 

6900.0 
7050.0 
7200.0 
T550. 0 
7500.0 

5770.12! 
/.H:H'H. 2 
%14~51.2.4 

~1.18883. 6 
/.232~i4. 8 
/.27626.0 
~.;.31 9'7'7. 2 
/.~3{34~5~7 • 5 
/.8827~::. 1 
~U 1810EI. 7 
:,; 131182. l:J 
%119114.1 
:1.107Q:t45. 7 
~.;.990f,()k). 0 
%99000.121 
'l.122B50.eJ 
%148307.7 
/.134461.5 
1.12([)615. 4 
1.106769.2 
1.92923.1 
f.7C(0'7 6, 9 
i;652:::::0. 8 
~.;.~549B 1 • ~.) 
%519:?5. 9 
~.;.4aan~. 4 
/.45814.8 
1.4:~759. 3 
i~397eJ:5. 7 
~n66 .. 1B. 1 
%::::3~i92. 6 
x:::::c:ls~=::7. 0 
/.27481.5 

~1..21.81.8.2 

~~ 19602. 3 
'l.1.T3:86. 4 
1.151 ?'L ~.:; 

~.;.11()738. 6 
95~~)5a 3 
8i338.2 
8141..2 
7444 .. 1 
6747.1 
6,1~5~~. 0 

4b!.55. 9 
:::9~"iE3. 8 
::::.2,-s l" 8 
251.:)4. 7 

0.3 
0.5 
0.7 
L:l 
1.5 

...,. C."' 
•.:.• II ·~J 

4.9 
,-s. 4· 
7.6 

8.8 
9.9 
11..2 
1 :;::. 7 
14.6 
1.6.5 
:LB.2 

19.6 
20.9 
21.9 
:-~2. 8 

24. 1 
24.6 

::::E;. 6 
:2~3. 9 

26.B 
27. '1 

27 .. 4 
';..:7, ~) 
:~/' .. 6 

27.7 
~-~7. "7 
-:~7. "7 

27u 7 
1"')-.,. 
.,:: I .. 7 
•";•'"1 .;S .. ~- , .. 
~?7. 6 
:~~7 11 6 
rJ"7 c:-
.• : •. I . --! 
~;:::·7 ll 5 
27. 4 

~.;.~;5. 600. ~)•'t9 
'/; 1 l ~) • 541 • :;:;6~::: 
t..:?24 • B22. 9T3 
/~378. 44!:.i" ll i(j 
'!~571 • 4kF .. 7v).:, 
%803.710. 6'i2 
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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 floodinm 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. 

26 



I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
J 
I 
I 
I 
I 
' 

I 
! 

I 
\ 

I 
' 

I 

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 
significantly impacts the peak of a flood. The 

of the reservoir 
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 30 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 dela~ the Gila River peak an 
additional 17 hours. 

The Pinal County F.r.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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FLOOD HYDROGRAPHS 
__ 152,000 --

58,600 
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v C\J 
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C\J 1'0 

100-YR. FLOOD HYDROGRAPH 
INFLOW INTO THE SAN 
CARLOS RESERVOIR 
(DEVELOPED EARLIER IN 
THIS REPORT) 

0 
C\J 
1'0 
v 

100-YR FLOOD HYDRO­
GRAPH OUTFLOW FROM 
SAN CARLOS RESERVOIR 
(AFTER RESERVOIR 
ROUTING) 
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100-YEAR EVENT 

INPUT 

R E S E R V 0 I R 
INFLOW HYDROGRAPH 

RDUTINCI 
CAPACITY/OUTFLOW RATING 

STAGE-ft VOLUME-cf OUTFLOW-cfs TIME-min FLOW-cfs 

----------------------------------------------------------------
0 577,~ 0 eJ 4C3~)~) 92(2) 32581i."J 0.5 ::: 4 E:14 (~~ 0 ~) (/1 (./) 4:::;:t.;,:J 
1440 13601({:1 ., C.'" 

1. -:;.:SeJ2vJ0000 Br-n2 ..::. • \.J 

19012! 99000 4.5 344124~~000 lT/36 2160 99000 7.5 6'1:'A8•H~~100 2•l950 2360 1. 5 :~:~ eHZWJ 11.5 i . .f40B9-!':~(i.)0~)~i 4~::/" .. 7~3 
3400 5.:':~0(~0 23.5 1 'i73268!7J00(2l 1 :;,~C.11 99 502(2) 2::m00 <: 5900 10001;:1 
7600 2100 

TINE INCREI"IENT (min} = 15QJ 

TII•1E INFLmiJ STAGE V(JLUI.•IE OUTFLOI.A.I <MIN> <CFS/ <FT> <CF) <CFS) 
7---------------------------------------------------207.8.23 

X58634.8MAXIMUM VALUES 

<Shift> <Prt Sc> orint <P> hvdroordoh <So<:~.C:I'-:?> b,~.ck tc.. ----------------------------------------------------------··------·---------
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1:350.121 
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300121.0 
3150.0 
3~:0(2). 0 
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361210.0 
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3900.0 
4050.(2) 
420ill.0 
4~55ii-). 0 
4500.0 
4650.0 
4800.0 
495121. vl 
510121.0 

... 5250.0 
5400.0 
5550.0 
5700.0 
5850.0 
61ZJ!t10. 0 
615((). (l) 
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II\IF"LOW 
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577~1. 0 
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'1.14512.4 
'1.188!:3:3. b 
%232:.:;4. 8 
'1.27 6~:6. (2) 

%::::.1997. 2 
~.-:.5843~'. 5 
:1.88273. 1 
'1.1 :l B 1 08. 7 
%1 :::_\ 1182. 6 
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/~652:::::0. 8 
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t.:::.;c~64B • 1 
%:~~;~.:~59::: •. ;S 

~~3((.)5~:::7. IZl 
%27481.!5 
1..24425.9 
i~21818.2 

1.19602.3 
/.1 T5B6. 4 
'1.1~5170.5 

'%.129~i4. 5 
1.10T:::B. ,'::. 
953~7j. 3 
B83B.2 
8141.2 
7444.1 
.'.:>747.1. 
bt2!:50. 0 
53~52. 9 
4tl5~.). ii 
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100-YEAR EVENT 
OUTPUT HYDROGRAPH 

STAGE 
(FT/ 

0.0 
0. 1 

f7l ""!!" 
'I:.J., ·-· 

171 """ 11:1. ;J 

0.8 
1.0 
1...5 

4.7 
5.B 
6.a 

7 .I.J 

9 
,., 

•""-

10. :~;. 
11.4 
12.2 
12.9 

13.4 
13.7 
13.8 
1 ::=;.. 8 
13.8 
L). 7 
13.6 
1 :.:;. • ~.':i 

:1. :::::. ~:;. 

12.9 
12.7 
12.5 
12.3 
l:'.IZJ 
11.7 
11.5 
11.2 
112!.9 
H-L 6 

l 1.-1. ::::. 
1i2l.IZJ 
9.7 
9.4 
9. 1 
8.B 
fl.6 

8. 1 
7. tl 
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'v'OI. .. Lif•IE 
(CF) 

DUTFLOv~ 

\CFS/ 

0 4000,0 
%35.435.649 4036.6 
%109.702.12!79 4113.3 
%222.439.933 4229.8 
%373.155.542 4416.2 
%560.452,753 4842.9 
%782.889.963 5349.7 
%1.138,057.188 6158.9-
%1.736.687.265 7522.8 

%2.584.587.299 %10436.7 
%3.594.658.502 %14394.3 
%4.572.564.207 %18590.1 
%5.41216.863.817 %22169.8 

%6.120,374.851 %25317.9 
%6.767.175.627 %28948.6 

%7.486.785.492 %32988.1 

1..9.294.510.444 %43135.5 
% 100305400+03 %48379.2 
% 105994080+03 %52590.3 

% 110110010+03 %55637.1 
% 112754580+03 %57594.7 
% 114022660+03 %~8533.4 

% 114159650+03 %58634.8 
~~ 1 1 :.::.70Er::::t:m+~n ~-~5Fl300. 7 
% 113020080+03 %57791.2 
% 112110010+03 %57117.6 
% 110992490+03 %56290.3 
% 1 09680B9D+V.);:;. %~:i5:~~ 19. 4 
% 108187720+03 %54214.1 
% 106524680+03 %52983.0 
% 104702730+03 %51634~3 

% 102732120+03 %50175.6 
'%. 100622420+03 %48613.9 
%9.840.211.817 %46970.3 
%9.611.489.894 %45277.2 
'%.9.377.973.004 %43604.1 
%9.138.101.389 %42257.6 
%8.890.597.825 '1.40868.2 
%8.635.838.381 %39438.2 

%8.378.624.885 %37994.3 
%8.125"744.692 %36574.8 
%7.879.206.418 /.35190.9 
%7.638.697.560 %33840.8 
%7.403.921.013 %32522.9 
%7.174.594.314 %31235.6 
'%.6.950.448.91.6 %29977.4 
%6.731.229.507 %28746.8 
%6.516.693.353 %27542.6 
%6.306,609.685 %26363.3 
%6.100.759.101 %25207.8 

30 

PEAK 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
!I l 

I 
I 
' 

I 
I 
I 
il 

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 red~cing 

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 w~s 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 
prescri~ed 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 the F.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 11 Table 1, Summary of Discharges .. , in the 
Florence F.I.S. (Ref. 1). 

' 
Flooding Source 
and Location 

TABLE 1. SUMMARY OF DISCHARGES 

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

----------------------------------------------
Gila River 19,000 25,000 58,600 110,000 

at Florence 
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50-YR EVENT 

f~OUTII\IE• R E S E R V 0 I R 
INFLOW HYDROGRAPH 

TIME-min FLOW-c:fs 
CAPACITY/OUTFL.OW RATING 

STAGE-ft VOLUME-cf OUTFLOW-cf~ 
----------------------------------------------------------------
c.~ 2900 0 ({) 4~~C~JV.1 
92V.1 16300 0. ~:; :~::4B4D~~I/10e:• •f:$.~e:l 
1440 68@ZH2l 2.5 1 96V.120QWiV.iiZi 8032 
1900 49500 4 <::" 344124(:)0('10 1::::.?:::::6 a'...! 

2360 76Ql~lQl l. ~5 6~?J~54FH~?J~10!Zl 249'.50 
340(2) 28000 11. ~; 94~~B96~~000 43778 
5{120 1150'1 2~5. 5 1 <1T!.:2:6f:l0V.i00 12iZJ199 
5900 51£j({j(2} 
7600 1050 

Tit··fE I NCREI''IENT (m~n) - 150 

T I t·1E INFLOW F:lTI-\GE VOLUI"IE OUTFLQI,,J 
<MIN> <CFS> <FT> (CF> <CFS> 

7--------------------------------------------------218.5.0 
3750.0 7.5 %6.060.720.567 24983.0MAXIMUM VALUES 

<Shift> <Prt Sc> orint 
<Soo.~c:e:~> bc:\c:k t 

------------------------------------------------------·-------------------

500-YR EVENT 
nOUTII>IG. R E S E R V 0 I R 

TNFL.OW HYDROGRAPH CAPACITY/OUTFLOW RATING 
TIME-min FLOW-cfs ST~iGE·····ft OUT FLOW--e i: ~s 
----------------------------------------------------------------
0 8940 0 0 Lf. (Zii2l ~l 
9:20 51Zl500 i2L ~:· 

·"·' ::::A 8 •t 8 (2Wl@l1 4:::;:.~:lii:l 
1440 :::: 1081Zl~1 2. c:. .. 

·.J l ii.:S~!r.::~QJ~?JiZH{J'1 Blir.::::;: 
2~::.l~0 2:::!:!:;ibelfl.l 4. 5 :54-4 1240~100 1 T7:::::.~~ 
3400 86800 "7 ·~-I II .::J ,SQl~iil-8401£100 24950 
502(2) 3565~1 1 1 c::· Sl L~ 08 9 60t'.l 12HZ} 43Tl8 . ...... 
5900 15500 23. a::: 

.J 1 't7326800Ql0 120199 
7600 3250 

TIME INCREMENT <min) = 150 

TIME INFLOW STAGE VOLUME OUTFLOW 
<I'HN> <CFS> (FT) (CF) , <LFS/ 

7--------------------------------------------------894.0.840 
3300. f2l 21. • 9 f. 18:35B l ::~::::::D+Iil:~; 1 l t~!~:J24. 0~~X I NUt1 VALUES 

<Shift> <Prt Sc> crint 
--------------------------------------------------------------------------
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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 
hydraulic modeling of 

has uncovered no apparent errors in 
the design floods through the use of 

the 
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 F 1 ood s in Arizona." 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 infl9w to 
the r~servoir 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 submftted herein which verifies that 
the Dam does affect peak flood discharges even when the 
reservoir is full. The author of this report has been liberal in 
allowing several 11 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 a 100-yr flood. Twenty-four percent of its 
drainage area yielded an unpre~cedented volume far in excess of a 
previously defined 600~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 rese~voir would have been full, the flooding· 
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 
correspondence 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 dld 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, Arizona are 
substantially different than those presently used in the 
community's Flood Insurance Study. Therefore, a new hydraulic 
analysis must be performed to determine the actual water surface 
profile in the detailed study area. 

The original model, with ·its same cross-section locations 
will be used with the new discharge values. The Pinal County 
Maps 040077 0514 and 0514C, along with Florence Town Maps 040084 
0002 and 00028, 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 gradecards have been adjusted only slightly 
to reflect actual existing river bottom elevations. Under a 
separate cover, the HEC-2 modelling input and output results are 
prepared for FEMA review. A Map, 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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~~q•rd1nq o~~ tel~phone conversation of Septe•ber 26, ; t••~• t~• a~pro·t~atel1 7S rtver mile~ between Florence and 
Ce;~4dq• ~.~. Pedk di~tharges mentJoned on p1ge 9 of the FIS 
tf'&~ "'~' !)e ,-pf"'rpnced to: ' 

,.dQrnt.-(Je •nd rrequenc~Floods tn 
'. ~; -;.; ;,-u f' d -·-stites • Pir t 9 • c 0 1 0 r I do 
t>fve·r··a.i·sr;,-:-G.bloqictl Survey Water­
~~po11 Paper 1683, Pttterson and · 
·~omers. 

£nc :-Hed to., .. 111 also f1nd the or1g1na1 letter sent 
:~ ,~ ~ 1 Str0" Aldr:!]~ con~erninq the hydroloqlc study of the 
.~114 ~ .... r. 4"1 tr.erefore florence. Thtt letter ts referenced 
U; ~~t Ar'l~,,. ·)~partme"t of Trln\portttton Report • 151210. 
'P"i4ta~1~ ~·c~~~t~ from t~at r•port are at~o enclosed. 

~,;nc•rely, 

~sf~ 

... 't "I'! 
'" .J' .., 

f f\' i 
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_....~ .. , ~ .................... ~. ~ . .., ........ ~ .. 

~· ..... ,. f 'mc11Jt ............. ,. ...,..,.., .................. , 
. ;, :· jj~_.;_._ •. 
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·~!J,..MI tt Fttvrt 6, atptrt ADOT·It'i·ltl210 

T•• re,ort '''''''' OftlJ • lt•ttt~ taplanettoft of thts 
'''•'t'•t•o• •~• fetlt to potftt out t~et tht curvts reprt• 
lt~t t~• '''' f1ows ~~dtr tht tatsttftt dttrtt of rt,ullttoft, 
T-• t~r••' could ftot bt dtrtvtd fro• eny set of pub fsfttd 
dtt• ••c•~se loftg•ttr• records for tht Gtle Rtvtr hevt bttft 
collected ""dtr wer,tnt dtgrtts of rtgul.,ton. Whtn dtrtvtnt 
U•t curves. tt ••' auw•td thet ( 1) low<rec:urrtnct tftttrul 
.f,•o4' occwrrtd tftttrtlJ as 1 rtsult of l'1tffow bflow tl\t 

·rt\ef"-votrs. 0) '"ttr•tdhtt floods rtiulttd frou co•btnt· 
~·~" of fnflow btlow tha. rtstrvotrs plus controlled rtltattt 
·fro• tt.t rtservotn a~4··~,Jl) floods htving 1 rtcurrtftC:t ift• 
tf'r,tl of 100 yurs ~~,-~:9ruttr wou14 result fro• uncontrolltcl 
rtle•ses fro• t~• rt\~tvoir\. In order to dtrfvt tht curves 
for t~t~• t~r~t •ssu•ptio~s. it wts necessary to hiYI thrtt 
to•pltte \tt\ of dat• to represent (l) unregulated flow. (2) 
cofttro,\ed rtltt\ts, and (l) inflow below tht rtstrvoirs. 
It wts partic~ltrly i•porttnt thtt tiCh set of data include 
t~e ~iih ruftoff ytars that occwrrtd ••rly in tht twentieth 
c~ntury. btfort tht reservoirs wert constructed. Tht e•tst· 
i~t reservoir Sy\tt•s do not have •dequtte ctpacity to 
co•p1tttly contain floJd\ si•tltr to those thtt occurred 
cl~rtag t~t ••t yetrs. and frtqutftCJ curves developed only 
fr•• post-reservoir dttl show dtschtrges th•t art too l,w. 
lt ttntrtl. t-t d1ta sets •trt rtconstructtd for tht period 
l91l·197S or l917-197S Tht •odtrttt to htgh floods of 
1977-1t wert not tncluded. 

·• 
T~t pro,tdurt ts ill~~trtttd bi figure 1 whtch shows frt• 
queftCJ curwes for Gtla Riwtr 1t letvtn. c~rve A fs defined 
Oy esti•ttes of petk flows that would ht~e rtlchtd Ktlvfn if 
~~~ C1r1os -tlt~~oir did not eatat. Unless tht da• fatltd 
or re1e•ses fro• the dt• greatly eaceeded tnflow tftrough 
~~·•~ error, curvt A represents the upper tt•tt of dfscftargt 
for 1 sptctf1td frequency. Curve 8 ts dtftntd by peaks thit 
ortgintttd entirtlJ do.nstr••• fro• Coolidge D••· iftd 
~tpreseats tfte lower lt•tt for discharges. Tht date set for 
'•~-• I ••' re1•ttwe1y tiSJ to co•ptlt btc1use the highest 
,. •• , origtn•ti•t clowastr••• fro• tht reservoir seldo• occyr 
1t t•• •••• ttee 11 t~ost fro• upstr••• of t~• restrvotr. 

flat •••• · 4itl set wts wse4 for curve I .,., used for c~trvt C 
.• ,.,.,, ttstt. ttte •••u•l pe1ks far 1916, 1917 an4 1120 •trt 
re,~•ce4 •ttll ''t'••tes of peak dta~~•rtts t~•t woul4 taeve 
resv1te4 fro• coatro1e4 rele1111 frta S•• Ctrlot ltttrwet• 

. :<!Jtf «•• reserwotr ••• •• htt4 ac tltt t tat. Til h c~trwt tlat'tlt 
· ... , N ••te•••~ ie,-..a~ ttat 1••JCia tf rtcor~. Curv• I 

::t •. ,;,;;F " , • .,.. •••• tt Jla• c-.rw• te1 IC·I~ er tilt. 
' .>:: '::;FJ.,-..,'i¥";~. 
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t'• cvrwts shown tn ftgurt 1 of t~ts discussion and ffgurt 
• of tht reference report art based on statton skew. W~O 
sk•w wts not used for thtst long·t•r• rtcords for ••f" sttM 
drttnagu. 

IS. N. Aldridge 
2115/19 
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EXHIBIT C EXCERPTS FROM ARCHIVE' 
FILE 

~a a4d1t1oa to tbe controlle4 r-1••••• ~~ .. ~ .._., ~ CJt 

large floo4• (100-year or 9C .. tec) reeal~ ~~ _. ... ~1) .. 

rel••••• troa tbe 4.... fhe followiAt .,.ote, \akea ~~~ 

Ald¥149•• 1979, furt~LC olarifi•• tbe .. tbodolotJ ~. 

•xn order to derive the curve• for theae thr .. aaau.pt~, 
it ia neceaaary to have three co.aplete Ht8 of data te 
repreaent (1) unregulated flow, (2) controlled ral .... a, 
and (l) inflow below tba reaervoir•. It waa particalarly 
iaportant that each aet of data include the high ruooff 
yeara t~t occurred early in the twentieth century, ._fore 
the reaervoira were con•tructad. The exiating re•ervo1r 
ayate~ do not have adequate capacity to ooapletely 
contain tlooda aimilar to thoae that occurred during the 
wet yeara, and frequency curvea developed only troa 
post-reservoir data abow 4iacb&rgea that are too low. 
In general, the data aeta were reconatructed tor the 
period 1913-1975 or 1917•1975•. Utt~ference 9). 

;.,. s~..~r.X~ary of the peak Jiacharg•a used in thia atudy are abovn 

in '!"a.tle l. 

Flooding Source 
and Locat.io:. 

Gil• RlV'='l" at 
f'lorenc«: 

Tal.le 1 - Sumi'\Ar;t of Discharges 

Dra1naqe Area 
(:..,!iUC1re tHlea) 10-yecu 

P~~k Diacharqea (CFS) 
50-y~ar 100-year 

lJ,r..uo l9,ooo 4f. 1 000 120.000 

·-·-----------·----------··-----------
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(32) 09468500 San Carlos River near Peridot, Ariz. -Continued 
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1.0 

FLOOD INSURANCE STUDY 

INTRODUCTION 

1.1 

1.2 

1.3 

Purpose of 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. 



2.0 

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. 

AREA STUDIED 

2.1 

2.2 

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. High>'lay 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 forecasted 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~J (100-year) flood (Reference 1). 

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 td 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 
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annual air temperature is 68 °F to 71 °F, and the frostfree period 
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. 

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 estunated 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 qn 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. 

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 once on the average during any 
10-, so-, 100-, or 500-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-, so-, 
100-, and 500-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 90-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. 

\ 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 5). 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 (100-year or greater) 
are caused by uncontrolled releases from the dam. 

5 
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Peak discharge-drainage area relationships for Gila River are 
shown in Table 1. 

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 
'tor 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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Flooding Source and Location 

Gila River 
At Florence 

-.J 

Table 1. Summary of Discharges 

Drainage Area 
(Squace Miles) 

18,500 

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

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 

4.2 

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 500-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 500-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 500-year floods are shown on 
the Flood Boundary and Floodway Map (Exhibit 1). In cases where 
the 100- and 500-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. 

Flood ways 

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 floodway is used as a tool to assist 
local communities in this aspect of flood plain management. Under 
this concept,the area of the 100-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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As shown on the Flood Boundary and Floodway Map (Exhibit 2), the 
floodway· widths were determined at cross sections; betwe.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. 

1-*---------- 1 00-YEAR FLOOD PLAIN ---------...... oof 

FLOOD ELEVATION WHEN 
CONFINED WITHIN FLOODWAY 

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

STREAM 
CHANNEL 

LINE AB IS THE FLOO&l ELEVATION BEFORE ENCROACHMENT. 
LINE CD IS THE FLOOO ELEVATION AFTER ENCROACHMENT. 

FLOOD ELEVATION 
BEFORE ENCROACHMENT 
ON FLOOD PLAIN 

"SURCHARGE IS NOT TO EXCEED 1.0 FOOT (FIA REOUIREMENTI 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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I BASE FLOOD ~ FLOODING SOURCE FLOODWAY 
I WATER SURFACE ELEVATION _ 

I DIS'fANCE 
1

1 
SECTION MEAN I WITHOUT WITH~ 

CROSS SECTION WIDTH AREA VELOCITY REGULATORY l;-LOODWAY FLOODWAY INCREASE 
(FEE'l') (SQUARE (FEET PER 

FEET) SECOND) . (FEET NGVD) 
Gila River -

2 A 156.87 3,0592 18,872 6.4 1,468.2 1,468.2 1,469.1 0.9 
B 156.95 3,2302 19,257 6.2 1,469.0 1,469.0 1,469.9 0. 9 
c 157.01 3,3002 19,778 6.1 1,469.6 1,469.6 1,470.3 0. 7 
D 157.16 3,1832 17,867 6.7 1,470.9 1,470.9 1,471.7 0.8 
E 157.37 3,3522 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 4,3733' 25,642 4.7 1,477.7 1,477.7 1,478.5 0.8 

970 
H I 157.90 I 4,803 I 27,762 I 4.3 I 1,478. 7 I 1,478.7 I 1,479.3 I 0.6 
I 157.99 4,964 11,386 10.5 1,480.1 1,480.1 1,480.1 0.0 

1
Miles Above Painted Rock Dam 

2
Floodway Lies Entirely Outside Corporate Limits 

3
width/Width Within Corporate Limits 

FEDERAL EMERGENCY MANAGEMENT AGENCY 
Federal Insurance Administration 

TOWN OF FLORENCE, AZ 

- - llllf'IALJIIi - -

FLOODWAY DATA 
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5.1 

5.2 

5.3 

Reach Determinations 

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: 

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 
1.0 foot 
2.0 feet 
3.0 feet 

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. 

Flood Hazard Factors 

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 elev3tions 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. 

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: 

Zone A8: Special Flood Hazard Areas inundated 
by the 100-year flood, determined by 
detailed methods; base flood elevations 
shown, and zones subdivided according 
to FHFs. 
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----- --._ -- -·-- - --- -2 
ELEVA'riON DIFFi::RENCI:; 

BETWEEN U. (100-YEAR) FLOOD AND 

lOt 2% 0. 2% 
(10-YEAR) (50-YEAR) (500-YEAR) 

-4.1 -2.5 2.2 

FLOOD 
HAZARD 
FACTOR 

040 

---
ZONE 

A8 
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Zone B: 

Zone C: 

Areas between the Special Flood Hazard 
Areas and the limits of the 500-year 
flood, including areas of the 500-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. 

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. 

Flood Insurance Rate Map Description 

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 (100-year) flood. This map is 
developed in accordance with the latest flood insurance map prepara­
tion guidelines published by the Federal Insurance Administration. 

OTHER S'l'UD IES 

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 94105. 
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Town af FLORENCE 
June 21, 1989 

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

Dear Mr. Johnson: 

I aa writing this letter bringing to your attention what I believe are inconsistencies 
in the Florence Flood 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. 

!he 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, 

'"(.,. -r.:.. J:l_o ~ ~tltl ~ ~ ~ 
Ken Buchanan 
!own Manager 
!own of Florence 

KVB/kb 

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


