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Introduction

When | first applied to the University of Arizona, | had to make a choice between two
different Master’s programs: a thesis or a non-thesis Master’s of Science in Hydrology degree. |
decided on the non-thesis option, as this was more oriented towards individuals who are looking
to enter the job market and begin a career after receiving their degree. The thesis route on the
other hand, was aimed at people who were interested in pursuing more research, a PhD, and
teaching. Because | chose the non-thesis option, | knew that | would have more time on my
hands than my thesis colleagues. With that time, | decided to pursue a graduate certificate in
Hydraulics and Water Resources Engineering in addition to my Master’s degree. I felt that taking
five hydrology-related civil engineering courses and earning the certificate would help to hone
my understanding of hydrology as it relates to engineering. I also figured that both my Master’s
degree and the certificate would help me stand out among other applicants when applying to

jobs.

Instead of completing a thesis for my degree, | was tasked with completing a Master’s
Report. A Master’s report was generally defined as “a professional report completed as a current
work assignment or a graduate-level paper on a topic approved by the faculty advisor.” | knew
that the report would need to be more substantial than a regular report or paper for one of my
courses. But since the Master’s Report was only worth one credit hour, | determined that my
report would not have to be a thesis-caliber paper. For the report, I had to decide whether |
wanted a project focused on surface water hydrology or groundwater hydrology. Since | had
taken several civil engineering courses that focused on surface water, | was leaning towards a
surface water based report. But | figured | would keep an open mind, as | had taken two courses

devoted to groundwater hydrology.



To start my search for a Master’s report topic, | consulted with my faculty advisor, Ty
Ferré. We met and he had suggested a project that was groundwater based with a surface water
interaction element. While I thought the topic was interesting, |1 told Ty that | was not quite sure
if it was the topic for me. Ty told me that I should find a topic that | was really interested in,
because the more interest | had in the topic, the better report | would be able to complete. After
analyzing the groundwater topic, | wanted to see if I could find a project that was surface water
based. That way | could compare the two options and choose the project that | felt the most
interested in and could get the most out of. Having taken a number of classes in the Civil
Engineering department, | decided to look there to see if | could find a project that | would find

interest in.

| decided to meet with Kevin Lansey, the department head of Civil Engineering and
Engineering Mechanics, as well as my professor for two of my certificate courses. He gave me a
few ideas, but one that stuck out to me was a project that involved a small town with some
flooding issues. | contacted the town manager, and he explained the flooding problems they were
having. | told him that | would think on the two possible report topics and get back to him. After
a couple of days, I decided on the town with the flooding issues as the topic for my Master’s
report. When | told the town manager, he seemed very excited to be getting some help with the
flooding problems they were having. The town was Superior, Arizona, and after a couple of

weeks since making contact, I took a road trip up to Superior to check out the town for myself.

Superior, Arizona is a small town of about 3,000 people approximately one hour east of
Phoenix. Several movies had film shoots in Superior, including the critically acclaimed How the

West Was Won. It is also home to Boyce Thompson Arboretum, the largest and oldest botanical



garden in the state of Arizona (founded in 1924). Figure 1 shows the town of Superior, and its

relative location to Phoenix and Tucson.
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Figure 1: State map of Arizona, with Superior featured prominently, and its relative location to
Phoenix and Tucson.

Before I arrived in Superior, | had a basic idea of the problems they were having. There
was a low-lying road (Mary Drive), in which a creek (Queen Creek) would flow over during
flooding events. These flooding events would generally only happen during the monsoon season
in the summer. The problem was that 8-10 days of the summer, the road would get flooded out,
making it impassable to even the most off-road of vehicles. An even more serious issue was that
the town’s fire department was situated a few hundred yards south of the crossing. When the
road is flooded, the fire trucks have to take a 3-5 minute detour to respond to emergencies. 3-5
minutes can mean life or death in an emergency such as a fire. Not only fire trucks, but also
ambulances and police vehicles would have to make this detour should they be on the south side

of the crossing. Because of the effect of flooding at this crossing on emergency vehicle response



times, the town manager ranked it as the flooding issue with the highest priority, as Superior has

other flooding issues they deal with.

After my meeting with the town manager, the sheriff, and others, we decided that there
would be two main parts to this project: hydrologic analysis and culvert design. Luckily my
hydrology classes prepared me for the first part of the project, and my civil engineering courses
helped prepare me for the second part. Once the meeting concluded, the last step of my visit was
to get a first-hand look at the crossing. The sheriff took me over to the crossing so that I could
take pictures and document my findings. Figure 2 shows a picture of Queen Creek upstream of

the Mary Drive crossing.

Figure 2: Upstream view of Queen Creek, just ahead of the Mary Drive crossing.



Figure 3 is also a picture taken of the upstream section of Queen Creek, but with Mary
Drive included for context. Note the channel invert elevation is almost equal to the road invert

elevation.
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Figure 3: Upstream view of Queen Creek, with Mary Drive being the road pictured.

Figure 4 shows the downstream section of Queen Creek, immediately after it crosses over

Mary Drive.

Figure 4: Downstream view of Queen Creek, just after the Mary Drive crossing.



Figure 5 is a picture taken of one of the upstream channel banks. Note the serious amount

of erosion that has occurred.

Figure 5: Picture of the upstream left bank of Queen Creek, noting the erosion.

For a larger perspective of the crossing, Figure 6 is an aerial image of Queen Creek as it

crosses Mary Drive. Note that the Superior Fire Department is also featured.
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Figure 6: Aerial image of the Mary Drive-Queen Creek crossing. Note the crossing in the blue circle
and the fire department in the red oval.



Methods — Hydrologic analysis

Before | could do any calculations, the first step was to delineate the watershed that
would drain into the outlet (the Mary Drive — Queen Creek crossing). | went through a trove of
files that were given to me by the town manager, and found a USGS topographic map of
Superior and some surrounding areas. | needed to print out a large version of the map, but 1 did
not have quick access to a print shop to have a large map printed. So | decided to MacGyver my
way through the situation by printing out nine separate pages of the map, cutting them precisely,
and taping them back together to form the whole map. Now that | had a large map and could
clearly see all of the features, | decided to first delineate the watershed by highlighting all of the
waterways. | did this so it would be easier to see the watershed and delineate its boundaries. |

then delineated the watershed.

Afterwards, | went onto Adobe Acrobat and measured the hydraulic length of the
watershed (the length between the outlet and the hydraulically most distant point). This happened
to be from the outlet at Mary Dr. all the way up around Fortuna Peak, where Queen Creek
begins. | measured the hydraulic length because | knew it would be an important component to
the equations | would need later on. After measuring the hydraulic length, the area was then
measured in Adobe Acrobat by drawing a polygon matching the watershed boundary delineation
| did on the paper map. Figure 7 shows my hand drawn delineation of the watershed that drains

through Queen Creek and over Mary Drive.



Figure 7: Hand drawn delineation of the Superior watershed that drains through the outlet at the Mary
Drive — Queen Creek crossing.




Now that | had the watershed area, | had to determine how | was going to make my
calculations. For starters, the main goal of the hydrologic analysis was to quantify the flows
coming to the crossing. Specifically, | needed to calculate the peak flows for six statistical storm
events: 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year storms. | had to choose software
and a method that would be able to perform these calculations. For my report, |1 chose HEC-
HMS. | figured that HEC-HMS would be appropriate, as HEC-HMS is designed to simulate the
precipitation-runoff processes of dendritic drainage basins. For HEC-HMS to run properly,

several inputs had to be calculated.

The first input needed was the area of the drainage basin. Fortunately, | already
calculated the area previously. The next step was to define five basin methods: canopy, surface,
loss, transform, and baseflow. To make the calculations simpler, | decided to assume that the
canopy, baseflow, and surface methods would have a negligible effect on the flow values for this
project. For the runoff losses, | chose the SCS Curve Number method. For the hydrograph
transformation, | chose the SCS Unit Hydrograph. Figure 8 shows the subbasin inputs in HEC-

HMS.

& Subbasin 1 Loss [Transform l Options |

Basin Name: Whole Watershed
Element Name: Subbasin-1

Description:

J [

Ig

Downstream: | Junction-182 v
*Area (MI2)
Latitude Degrees:
Latitude Minutes:
Latitude Seconds:
Longitude Degrees:
Longitude Minutes:
Longitude Seconds:
Canopy Method: \—None-- -
Surface Method: | -None-- v
Loss Method: |SCS Curve Mumber v
Transform Method: | SCS Unit Hydrograph v

Baseflow Method: | --None-— v

Figure 8: Subbasin inputs required to run a simulation in HEC-HMS.
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For the runoff losses, two inputs were required: a curve number and a percentage of
impervious area. To determine a curve number for the drainage area, | used the free Web Soil
Survey with the NRCS (Soil survey information included in Appendix A). | drew an area of
interest that represented the drainage area. The program then returned information on the soil
types within the watershed I drew. | used the soil data in the survey and, looking at satellite
imagery, did my best to match up information from Figure 9 and 10 to what was given in the soil

survey. A lot of the curve number work was using my own judgment and assumptions, so that is

a part of this project that could use more study.

Figure 9: Runoff Curve Numbers for Arid and Semiarid Rangelands.
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Figure 10: Runoff Curve Numbers for Selected Land Uses (Soil Conservation Service, 1986).




The second input required for runoff losses is the percentage of impervious area. Just like
determining the curve number, determining the area of impervious surfaces was based on my
judgment. In the soil survey online software, | drew a polygon around the impervious surfaces in
town of Superior. | included parking lots, roads, and buildings as impervious areas. Figure 10

was also used to determine the percentages of the areas that were impervious.

For the hydrograph transformation, only one input is required: lag time. The Soil
Conservation Service (SCS) developed an equation for lag time based on natural watersheds.
Figure 11 gives the equation that the SCS developed in 1975. L is the hydraulic length of the
watershed in feet. The value of L was determined when the watershed was delineated. S is the
potential maximum retention, which is related to the curve number by the equation in Figure 12.
Y is the average land slope as a percentage. It was calculated by taking the difference in elevation
of the hydraulically most distant point and the outlet and dividing the difference by the hydraulic

length of the watershed. And t.is the lag time in hours.

o LO'8(5+1)0'7
L= " 1900y0s

(50 < CN < 95)

Figure 11: SCS (1975) lag time equation.

1000
Srz l)—{) —10)
CN

Figure 12: SCS (1975) potential maximum retention equation.
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model parameters. Out of the available options, the frequency storm was the best-suited

After inputting the basin model parameters, the next step was to input the meteorologic

precipitation method for this project. The frequency storm requires the annual-duration depth

values for Superior. To acquire these values, I went online and accessed NOAA’s Atlas 14,

found a station in Superior, Arizona, and input those values in for all six of the storm return

intervals. Figure 13 is a screen-captured image of the values given by NOAA’s Atlas 14 for

Superior. The last input needed to run the simulation in HEC-HMS was a control input. | set a

start date, start time, end date, and end time.

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches;)1
X I Average recurrence interval (years)
Puration
[ 1 I[ 2 I[ 5 Il 10 I 25 50 i 100 I[ 200 Il 500
g 0.260 0.339 0.450 0.535 0.646 0.732 0.820 0.905 1.02
"™l (0.223-0309) || (0.290-0401) || (0.382-0529) || (0.452-0624) || (0.540-0749) || (0.601-0.845) || (0.663-0945) || (0.722-105) || (0.794-118)
— 0.397 0.516 0.685 0.814 0.983 1.12 1.25 1.38 1.56
™0 (0339-0.471) || (0.442-0611) || (0581-0.805) || (0.687-0.949) || (0821-1.14) | (0.915-129) {1.01-144) {1.10-1.59) (1.21-1.80)
$E 0.492 0.640 0.850 1.01 1.22 1.38 1.55 1.71 1.93
™0\ (0420-0583) || (0548-0757) || (0.721-0998) || (0.851-1.18) (1.02-1.41) (1.13-1.60) {1.25-178) (1.36-1.98) {150-2.23)
i 0.662 0.862 1.14 1.36 1.64 1.86 2.08 2.30 2.60
M (0ses-0788) || (0737-102) || (0.971-134) {1.15-1.59) {1.37-1.90) (1.53-2.15) {1.68-2.40) (1.83-2.66) {2.02-3.01)
= 0.819 1.07 1.42 1.68 2.03 2.30 2.58 2.85 3.21
M 0.700-0972) || (0.913-1.26) (1.20-1.66) (1.42-1.96) (1.70-2.36) (1.89-2.66) {2.08-2.97) (2.27-3.29) (2.50-372)
25 0.961 1.23 1.61 1.90 2.28 2.58 2.89 3.19 3.60
Tl 0818114 (1.05-1.45) {1.36-1.90) (160-2.22) (1.89-2.65) (2.11-2.99) {2.34335) (254-371) (2.81-421)
- 1.00 1.27 1.64 1.93 2.33 2.65 2.99 3.33 3.80
T (0ss7-1.18) (1.09-1.50) (1.39-1.92) (162-2.26) {193-2.70) (2.17-3.07) {2.41-3.46) {2.64-3.86) {2.94-4.42)
oh 1.23 1.54 1.92 2.23 2.66 2.99 3.33 3.68 4.16
i (1.08-1.41) {1.35-1.77) (168-2.19) (1.94-253) {2.27-3.00) (2.53-3.38) (2.77-2.78) (3.02-4.17) (332-471)
50 1.51 1.88 2.33 2.69 347 3.54 3.92 4.30 4.82
M 1.31:1.78) (1.64-2.18) (2.02-2.69) (2.32:3.11) (2.69-364) (2.98-4.06) (3.27-4.52) (3.53-4.96) {3.87-5.57)
Sk 1.86 2.33 2.92 3.39 4.06 458 5.12 5.69 6.46
T (74201 (2.18-2.51) (2.72-3.15) {3.15-3.66) (3.75-4.38) (4.20-4.95) (4.67-5.56) (5.13-6.21) (574-7.13)

Figure 13: Partial Duration Sequence (PDS) — based precipitation frequency estimates with 90% confidence
interval (in inches) for Superior, Arizona.
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Methods — Culvert Design

After HEC-HMS produced reasonable values for peak flows for storms that | was looking
at, the next step was to begin some preliminary culvert designs. There were three programs that |
could use to accomplish this: HEC-RAS, CulvertMaster, and the Federal Highway
Administration’s (FHWA) HY-8 program. HEC-RAS would be the best software to use for a full
crossing design and accounting of the culvert’s impacts to the area, but it was a bit too
cumbersome to use for preliminary designs. CulvertMaster was not free, so that option was out.
HY-8 was not only free, but it would also be the perfect software to use for basic designs of the

culvert, so | chose it as the program to use for the first set of culvert designs.

It is important to note that | do not have a lot of experience designing culverts, since my
Master’s degree is in hydrology and not civil engineering. That being said, I have had some
experience with culverts and their design in a few of the civil engineering classes that | have
taken towards a graduate certificate in Hydraulics and Water Resources engineering. While | am
more confident in the hydrology aspect of this report, | decided that I could try to help the town
manager and his team with the culvert designs. There were two rounds of preliminary culvert
designs. The first round was based on passing the 50-year return period flow completely through
the culvert, with the 100-year return interval flow overtopping the road at various depths. The
first round had 5 designs: 4 concrete box culvert designs and 1 circular concrete culvert design.
Each design contained a side view, front view, the crossing data, and the culvert analysis.
Because there are many pictures related to the culvert designs, I have included them in Appendix
B rather than in the Methods section of this report. Figure 14 shows the input window for HY-8

and I will explain below the figure how I came up with all of the inputs.
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Crossing Properties

Name:  JEgaed
Parameter Value I Units
(€) DISCHARGE DATA
Discharge Method UserDefined |4
Discharge List Define... |
(@) TAILWATER DATA
Channel Type Rectangular Channel _v_|
Bottom Width 45,000 ft
Channel Slope 0.0182 ft/ft
Manning's n (channel) 0.035
Channel Invert Elevation  |0.000 f
Rating Curve View... l
(@) ROADWAY DATA
Roadway Profile Shape Constant Roadway Elevation _:]
First Roadway Station 0.000 ' Cft
CrestLength 50.000 f®
Crest Elevation 15,000 ft
Roadway Surface Paved ~|
Top Width 28.000 ft

Culvert Properties

Delete Culvert

Parameter Value I Units
(@) CULVERT DATA

G
Shape Concrete Box _v_'
@ Material Concrete _v_l
Span 43.000 ft
Rise 9,000 ft
@) Embedment Depth | 0.000 in
Manning's n 0.012 ’
@) Culvert Type Straight =l
(@) Inlet Configuration | Square Edge (90°) Headwall |
@) Inlet Depression? | No =l
(@) SITE DATA

Site Data Input Option Culvert Invert Data L‘
Inlet Station 0.000 ft
Inlet Elevation 0.500 ft
Outiet Station 28.000 f
Outlet Elevation 0.000 ft
Number of Barrels 1

Figure 14: Main input screen to FHWA’s HY-8 culvert design program.

Discharge method: Instead of a minimum, maximum, and design flows, | chose the user

defined option and input the 50-year and 100 year flow values. Channel type: | chose a

rectangular channel (as opposed to a trapezoidal, triangular or irregular channel) because | knew

it would be the simplest to get preliminary culvert designs. Based on Figures 2, 3, and 4, it

appears that the channel is naturally somewhat rectangular, but it will end up being an irregular

channel once the channel is mapped with elevation data in ArcMap and transferred to HEC-RAS.

Bottom width: Estimated with Google Maps. A more accurate value was obtained when using

elevation data with ArcMap and HEC-RAS. Channel slope: Found by taking 40 feet (a

topographic map with 40 feet contours) divided by the distance between the 40-foot contours

(around the crossing).
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Manning’s n: Estimated by looking at tables, established n values and pictures of
channels, and comparing theses to Queen Creek (see Figure 2). Channel Invert Elevation: Made
an assumption that it was 0 feet, actual value was found with ArcMap. Roadway Profile Shape:
Chose constant roadway elevation (even though the road does not have a constant elevation)
since this was the simpler option for a preliminary design. Ended up with an irregular roadway
profile once elevation data was used in ArcMap and HEC-RAS. First Roadway Station: Chose

0.0 feet as the start point for the roadway. Crest length: Chose 50 feet based on Google Maps.

Crest Elevation: Assigned a value of 15 feet based on the size of the culvert that needed
to be built. Roadway Surface: Paved. Top width: Estimated based on Google Maps. Culvert
shape: Concrete box or circular; chosen because those two designs seemed to be the most
popular. Material: Concrete. Only option for concrete box culvert, did not investigate the other
materials for a circular culvert. Span: Estimated based on a reasonable value for “rise” in order to
allow 50-year flow to flow through culvert. Rise: Estimated based on a reasonable value for

“span” in order to allow 50-year to flow through culvert.

Embedment depth: Assumed it was 0 inches. Culvert Type: Straight, assumption. Inlet
Configuration: Square Edge (90 degree) Headwall, assumption. Inlet Depression: Assumed to be
no. Site Data Input Option: Culvert Invert Data. Inlet Station: Assumption of 0.00 feet. Inlet
Elevation: 0.500 feet, basically matched the channel slope with the slope that is designed for the
culvert. Outlet Station: 28.00 feet, matching the width of the road. Outlet Elevation: 0.00 feet

(see Inlet Elevation description). Number of barrels: Dependent on design.

For the second round of culvert designs, | turned to others for guidance. After talking
with the Pinal County engineer, Christopher Wanamaker, | made some changes to my designs. |

decided to narrow it down from five designs to one design per return period. We also decided

18



that we would focus on the 4 return intervals from the 10-year through the 100-year storms. Mr.
Wanamaker also suggested that I try out a ConArch design and see how it compared to the
rectangular and circular culverts. The concrete arch design performed much better than the
rectangular and circular culverts. The ConArch designs were lighter as well. See Appendix B for

pictures of the second round of culvert designs.

Methods — Integration of the hydrologic analysis and culvert design

Now that | had used HEC-HMS to get my hydrology data and HY-8 to get some
preliminary culvert designs, the next step was integrating both of these parts together. HEC-RAS
would be the best software for this task, as one of its main functions is channel flow analysis and
floodplain determination. But before | could use my hydrology and culvert data in HEC-RAS, |
needed to first work with ArcMap to compute cross sections, reach lengths, and bank stations
that HEC-RAS would recognize. For that | needed a GIS extension called HEC-GeoRAS. I first
began by taking the shapefile elevation data given to me, and used the 3D analyst tool to convert
it into a TIN format (for GeoRAS). | was then able to use GeoRAS to create a stream centerline,
bank lines, flow paths, and cross sections. After making sure all of the settings were correct, |
exported the GIS data as RAS data, and imported the data into HEC-RAS. The result was that |
had all my cross sections, downstream reach lengths, bank stations, and station elevation values

ready to go in HEC-RAS.

After creating a model of Queen Creek in HEC-RAS, | was interested in seeing how it
handled the peak flow values from the four return period storms, specifically at the Mary Drive —
Queen Creek crossing. When | had finished running the simulation, | realized that the creek
would need a serious channel excavation to handle the flows from these storms. Luckily there is

a channel excavation tool within HEC-RAS that can take inputs such as the center cut, bottom
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width, channel invert elevation, and left and right bank slope. Once an initial channel excavation
had been created, the flows through the creek around the crossing were much more manageable.

Results from the excavation are included in the Results section of the report.

Results — Hydrologic Analysis

By using Adobe Acrobat, and drawing a polygon in the shape of the watershed, I
achieved an area of 13.70 square miles (see Figure 7 for delineation). Since | did not have any
values to compare my result to, I decided to look within the gigabytes of data given to me.
Fortunately, | found a FEMA Flood Insurance study performed in July of 1980. It had calculated
a watershed area (that drains through the same point at the Mary Drive crossing) of 13.42 square
miles. My calculated value was approximately 2% larger than the flood insurance value, and the
Pinal County engineer deemed that acceptable. Figure 15 shows the area the flood study
determined for the watershed at the Mary Drive crossing, as well as the peak flows for the 10-

year, 50-year, 100-year, and 500-year return periods.

Peak Discharges (cfs)
Drainage 10-Percent- 2-Percent- 1-Percent-  0.2-Percent-
Area Annual- Annual- Annual- Annual-
Flooding Source and Location (sq. mi.) Chance Chance Chance Chance
Queen Creek
At Mary Drive 13.42 4,600 9,800 11,400 14,200

Figure 15: Drainage area and peak discharges for storms of various return periods (10-year, 50-
year, 100-year, and 500-year from left to right) at the Mary Drive crossing.

To calculate the curve number for the watershed, | needed to determine the area-weighted
average of the different curve numbers within the watershed, as the curve number for the urban
region will not be the same as the curve number for the mountainous region. For the Web Soil

Survey, | needed to draw an area of interest. Just like in Adobe Acrobat to determine the
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watershed area, | drew a polygon to approximate the area of the watershed. The area of interest

turned out to be 12.92 square miles, or approximately 3% smaller than the flood insurance area

value. This value was again within the acceptable range. For reference, the soil survey

information is included in Appendix A. Figure 16 shows my work for determining the curve

number for the watershed. It required a combination of the Web Soil Survey from the NRCS,

Figures 9 and 10, and my own judgment of satellite imagery. The curve number | determined for

the watershed was 85.8.

Map unit symbol Map unit name HSG
84 Rock outcrop-LaD
Subtotals for Soil Survey Area

Map unit symbaol
400
405
410
420
450
500
570
600
655
710

IASSUMPTION

IASSUMPTION NOTCOM

Map unit name HSG
Tenneco-Bodecl (57.5% B, 42.5% A)
Urban land and  (50% A, 50% C)
Urban land and (50% B, 50% C)
Deloro-Andrada (25% C, 75% D)
Andrada extrem D

Mined land (ass C

Rock outcrop-M D

Oxyaquic Torrifl (82% A, 16% D)
Bodecker soils a A

Rock outcrop-W D

Mo Digital Data. D

Subtotals for Soil Survey Area
Totals for Area of Interest

CN
Acres in AQl Percent of AQI A B c
B9.6 1.10% 63 77 BS
B9.6 1.10%
CN
Acres in ADl Percent of AOI c
52 0.60% 63 77 BS
159 0.20% B9 92 54
570.9 6.90% 77 B5 50
6.6 0.10% 63 77 BS
35.3 0.50% 63 77 BS
401.1 4.90% 72 81 B8
554.2 11.50% 63 77 BS
32.5 0.40% 63 77 BS
229 0.30% 63 77 BS
533.6 6.50% 63 77 BS
5,550.20 67.10% 63 77 BS

CM if 2/3 of watershed is Soil Group C
CM if 2/3 of watershed is Soil Group D
Average between the two scenarios

B8

B8
55
52
B8
B8

g1F

B8
B8
B8
BB
B8

Actual

CN

71.05

51.5

B7.5

B7.25

B8

B8

B8

67.5

63

B3

B8

B4.8
B6.8
B85.8

weighted CH
0.4263
0.183
6.0375
0.08725
0.44
4,312
10.12
0.27
0.183
5.72
59.048

86.8

Figure 16: Excel spreadsheet work to determine the curve number for the watershed.

Similar to determining the curve number, determining the area of impervious surfaces

was in part based on my judgment. However for impervious surfaces, | used the 13.70 square

miles value for drainage area, because | believe it is better to slightly overestimate the area of

impervious surfaces rather than underestimate it. In the soil survey online software, | drew a

polygon around the town of Superior to get an idea of the number of acres that had a significant

area of impervious surfaces. | determined that about 655 acres of the drainage area had some
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degree of impervious surfaces. This meant that about 8110 acres, or around 92% of the
watershed, basically did not have any impervious surfaces, as it was mainly in the desert and
mountains. (I did take out 0.5% for roads though). Figure 17 shows my work for determining the
percent area of impervious surfaces. | determined that the watershed has 5.16% impervious

surfaces by area.

B55.8 # of acres of watershed with some degree of impervious area
B768 total acres of watershed
B768 acres
B112.2 #of acres that have essentially no impervious area 13.7 mi’
52.5205292 % of watershed area that has essentially no impervious area
-0.50% account for some roads in this area
92.02 realistic % of watershed area that has no impervious area

About 80% of 655.8 acres is residential, 20% is commercial
Impervious % Acres impervious
524.64 acres of residential 1/8 acre lots 5 341.016

131.16 acres of commercial 85 111.486

452,502 acres of impervious

percent of total watershed that is impervious 5.16

Figure 17: Excel spreadsheet work to determine the percent of impervious area in the watershed.

For the unit hydrograph transformation, all I needed to calculate was the lag time. Using
the equations in Figures 11 and 12, | determined the lag time to be 2.36 hours. Figure 18 contains

the work | completed in Excel.
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Hydraulic length of the watershed L= 8.71 miles

Area of the watershed A= 13.7 mi’
highest elevation 5240 ft
lowest elevation 2650 ft
S = (1000/CN)-10 Elew diff 2550 ft
CN = B5.8 length 45988.8 ft
S= 1.65501166 slope 5.63 %
Y 5.63 %

ti= 2.35988435  hours

CN t, (hrs) t, (mins)
B84.8 If 2/3 of watershed is Scil Group C 2.45 147
B86.8 If 2/3 of watershed is Scil Group D 2.28 136.8
85.8 Average between the two scenarios 2.36 141.6

Figure 18: Excel spreadsheet work to determine the lag time for the watershed.

For the meteorologic model parameters, the frequency storm was the best-suited
precipitation method. The process is described in detail in the Methods section, but Figure 19

shows a screenshot from the input screen from HEC-HMS.

Met Name: SCS 24 hr - 2 yr
Probability: .Other ]
Input Type: ' Annual Duration v
Output Type: | Annual Duration
Intensity Duration: :15 Minutes v ‘
Storm Duration: 1Day ®
Intensity Position: :50 Percent v
Storm Area (MI2) | 13.70
Curve: Umform For All Subbasins v
Duration Annual-Duration Depth (IN)
15 Minutes 0.64000|
1 Hour 1.0700 \A
2 Hours 1.2300| =
3 Hours 1.2700|
6 Hours 1.5900
12 Hours 1.8800
1Day 2.3300| ~

Figure 19: Screenshot of the frequency storm inputs for HEC-HMS. The Annual-Duration Depth values
were taken from Figure 13.
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After calculating all of the parameters required for HEC-HMS to run properly, a
simulation was ran and results were achieved. Table 1 shows the peak flow values for the 10-
year, 25-year, 50-year, and 100-year storms. The 2-year and 5-year values were not included
because the Superior team determined that if they are going to design a culvert, it should be big
enough to at least handle a 10-year return flow. These values will be compared to those in Figure

15 in the Discussion section.

Table 1: Peak flow values for storms of various return periods at the Queen Creek — Mary Drive
crossing.

Return Period Peak Discharge (cfs)

10-year 3.335
25-year 4,345
50-year 5,250
100-year 5,885

In addition to a table of values, it is often helpful to be able to analyze a figure related to
peak flow values. Figure 20 shows the Rainfall depths and outflow hydrograph for a 50-year

return period flow.

0.0
0.2
0.44
0.6+
0.8
1.0
1.29
1.4
6,000

Depth (in)

5,000+
4,000

3,000+

Flowe {cfs)

2,000

1,000

0-r T T

12:00 00:00 12:00
12Dec2017 13Dec2017

m— Run:superior 50-year Element:Whole watershed Result:Precipitation

Run:superior 50-year Element:Whole watershed Result: Outfloww

— Run:superior 50-year Element:Whole watershed Result:Precipitation Loss

Figure 20: A bar graph of rainfall depths and a line graph of the outflow hydrograph for a 50-year
return period flow. 24



Results — Culvert Design

Because there are two rounds of culvert designs, and each design has front view, side
view, data analysis, and input figures, | have decided to include all of the figures from the culvert
designs in Appendix B. The results of the first round of culvert designs were good. | only used
the peak flow for the 50-year return period, but | was able to create several designs that were
able to pass the 50-year flow completely through the culvert, while having the 100-year flow
overtop the culvert and the road at various depths. One of the issues with my first round of
designs was that the culverts were quite heavy, and thus quite expensive. So | asked the county
engineer for advice, and he suggested trying a concrete arch design (ConArch), as they can

sometimes perform better than a box or circular culvert.

| tried out the ConArch design, and it turned out pretty well. For example, the most
efficient 10-year, box culvert design was 4 - 8'x8' barrels. Each weighed 3600 Ibs/ft (total of
14,400 Ibs/ft). A ConArch single barrel (24' span x11' rise) weighed in at only 6650 Ibs/ft. Both
designs were able to pass the 10-year return period flow. The weights of the circular concrete
pipe designs were even higher than that of the box culverts. Additionally, | determined that for a
100 year flow, a 42'x11.5' ConArch would be able to pass that flow entirely through it. It

weighed in at 14,968 Ibs/ft, not even 600 Ibs/ft more than the 10-year best box culvert design.

Results — Integration of the hydrologic analysis and culvert design

Before getting results in HEC-RAS, | first had to get results in ArcMap. After importing
the elevation data into ArcMap, | was able to use the HEC-GeoRAS extension to successfully

create the cross sections, reach lengths, and bank stations that HEC-RAS would recognize.
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Figures 21 and 22 show aerial images in ArcMap of the cross sections across the entire Queen

Creek in Superior and a zoomed-in image of the Queen Creek — Mary Drive respectively.

Figure 21: Aerial image in ArcMap of the cross sections created for all of Queen Creek within
Superior.

Figure 22: Aerial image in ArcMap of the cross sections, specifically at the Queen Creek — Mary
Drive crossing. Note the cross section highlighted in blue is immediately downstream of the
crossing.
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Once the GIS data was successfully exported from ArcMap, | was able to import it into

HEC-RAS. Figure 23 shows the cross sections of the crossing as displayed in the geometry

section of HEC-RAS.

1800

Figure 23: Close up of the cross sections of the Queen Creek — Mary Drive crossing in HEC-RAS.

Now that | had the geometry set up, | needed to run a simulation of the peak flow, to see
how the cross sections handled it. Figures 24 and 25 show the results from the 10-year peak flow

for the upstream and downstream cross sections of the crossing respectively.

Superior Trial 8 Plan: Plan 04 3/10/2018

038 ‘I‘ 035 ‘I‘ 038 of
2648

G et
M’7 EGPF 1
\ A8 WS PF 1
- Crit PF 1

26444 .
Ground

*
Bank Sta

Elevation (f)

26381

2636

Figure 24: 10-year peak flow through the cross section immediately upstream of the crossing.
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Superior Trial 8 Plan: Plan 04  3/10/2018

035 =|L 038 % 035

—

Elevation ()

Station (ft

Figure 25: 10-year peak flow through the cross section immediately downstream of the crossing.

Now that | had run an initial simulation, I decided to perform an initial channel
excavation, as this would be needed to put in a culvert. For the crossing, | had made some
preliminary culvert designs. They had the road being about 15 feet above the invert of the
channel (as the crossing currently sits, the invert of the channel is basically even with the road).
So | knew that the channel would need to be excavated and the slope increased so that the invert
of the channel was approximately 15 feet below the elevation of the road at the crossing. So |
decided to take the 400 feet before the 1200’ cross section (the one immediately upstream of the
road) and excavate a 45 foot bottom width trapezoidal channel, 2:1 side slopes, and increase its
slope from the natural value of 0.0182 ft/ft to 0.0557 ft/ft. Figure 26 shows a side view of the

channel excavation.
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Figure 26: Side view of the channel excavation at the crossing.

This allowed the channel invert elevation to be about 15 ft below the road elevation at the
crossing. And then | need to excavate on the downstream side of the crossing. But this time, |
chose a negative slope (0.0318 ft/ft over the course of 300 ft, from 1100'-800") because both
sides of the crossing have to be excavated and they both can't have a positive slope (see
pictures). After creating an initial channel excavation, | decided to run a second flow simulation.
| used the 10-year flow value (3,335 cfs) just as | had used it in the initial simulation run before
any channel modification. Figures 27 and 28 show the results of the HEC-RAS simulation using

the 10-year peak flow.
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Superior Trial 8 Plan: Plan 3 3/10/2018
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Figure 27: 10-year flow through the cross-section immediately upstream of the crossing after channel
modification
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Figure 28: 10-year flow through the cross-section immediately downstream of the crossing after channel
modification

Discussion

When 1 first began work on this project, | knew that the first step was to determine the
watershed area. What | did not know was that the watershed area had already been determined
by a FEMA flood insurance study done in 1980. While it could have saved me some time by not
delineating the watershed, it turned out to not only be beneficial for my own experience, but

necessary as well. | needed to know the general area of the watershed for the soil survey, so even
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if | had found the FEMA watershed area value beforehand, | would have still needed to delineate

the watershed for use with the soil survey.

For this project, I actually went through and calculated the curve number for the
watershed twice. The first time I calculated a curve number of about 70 for the entire watershed.
This resulted in peak flow values that the county engineer deemed to be too low for a watershed
of its size. My mistake originated from the large part of the watershed that the soil survey did not
have data on. | assigned that area, approximately two-thirds of the entire watershed, a curve
number of 63. This was based on selecting desert shrub — poor hydrologic condition — hydrologic
soil group ‘A’ (see Figure 9). As the county engineer had exponentially more experience with the
area of Superior, he said that due to the mountainous terrain and general lack of ‘A’ soils
throughout the mountainous areas of Pinal County, he would expect the soil group for Superior’s
watershed to be a C or D. After taking the average of the C and D curve numbers, | achieved

peak flow values that the county engineer deemed reasonable.

Going back over this project, if there was any part of it that | would do more work on, it
would be determining the curve number and impervious surfaces. In Figures 16 and 17, | show
my work for determining the curve number and percent of the area covered with impervious
surfaces. Both of these determinations were done with educated guesses, and even assumptions
in some case. What | would do, if I had more time, would be to give someone the same aerial
images and soil survey, and have them determine the curve number and impervious surfaces.
That way the two values could be averaged and eliminate a possible high or low unconscious
bias in the calculations. For the purposes of this report, | believe that my calculations were

acceptable given my methods and the fact that the county engineer approved the final numbers.
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Table 1 shows the peak flow values I calculated at the Queen Creek — Mary Drive
crossing for storms of various return periods. These values can be compared to the ones in Figure
15 from the FEMA flood insurance study. It is very apparent that the peak flow values FEMA
calculated are much higher than the ones I calculated. The county engineer said that my values
were still reasonable, and that the FEMA study was done in 1980, almost forty years ago. Since
they did not have the same technology and capabilities as we do today, the fact that FEMA’s
numbers were much higher was to be expected. Figure 20 shows the rainfall depths and the
outflow hydrograph for the 50-year return period flow. The county engineer said that based on
the precipitation data available from NOAA and the curve number I calculated, both of the

graphs seemed to reflect the outcome of a real-world event.

Just like calculating the curve numbers, | had two rounds of preliminary culvert designs.
The first round of designs can be seen in the first section of Appendix B, while the second round
of designs can be seen in the second section of the same Appendix. After the first round of
designs, the county engineer gave me ample amounts of advice, which I used to create my
second round of designs. This advice ranged from looking at standard size structures, to
weighing the pros and cost of cast in place or pre-cast structures, to trying a whole new design
(ConArch). For the second round of culvert designs, | decided to go with the ConArch design
over the rectangular or circular culverts. But every design has its pros and cons, and a ConArch

design is no different.

For instance, concrete boxes and pipes can be precast, while the ConArch is cast in place.
What I personally do not know is the price differences between all the designs. I also do not
know how much more time and effort would go into precast culverts versus cast in place

culverts. This means that I cannot fully recommend a design because | do not know all that |
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need to about it. But | do know that the ConArch designs would be significantly lighter than a
comparable box or pipe culvert. And so | thought, as a general idea, that the lighter the design
was, the less expensive it would be. The county engineer will be able to take my findings, fill in
the blanks, and hopefully come up with a culvert design that will fit the needs and the budget of

Superior.

After working through some issues with the elevation data in ArcMap, | was able to
successfully get ArcMap and HEC-GeoRAS to run properly and produce the cross sections |
needed (Figures 21 and 22). After importing the cross sections, bank stations, and reach lengths
into HEC-RAS (Figure 23), I ran an initial simulation with the 10-year return period flow. The
results were quite astonishing (Figures 24 and 25). The flooding immediately upstream and
downstream of the Queen Creek — Mary Drive crossing was very significant. | made an initial
channel excavation (Figure 26) and ran the same simulation again. The results from the second
simulation reduced flooding at the crossing significantly (Figures 27 and 28). But it is important
to point out that both simulations were run without a culvert in it. So HEC-RAS ran the
simulation and thought that there was nothing in between the two cross sections. Putting a
culvert there would increase the water surface level of the flood. So it was clear that an even
more expansive channel excavation operation would be needed to reduce the water surface level

even further.

My initial channel excavation was fairly simple (as described in the Results section). But
I still had many questions. | was not sure whether to have a really long, very gradually sloping
excavation; a short, steep sloping excavation; or something in the middle. I was also not sure
whether to adjust the bottom width, invert elevation, Manning's n of the trapezoidal cut, whether

the plan would be to line the bottom and/or sides of the new channel, etc. At this point, | decided
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that my work on this project had come to a close. | was able to do quite a lot for the team in
Superior, ranging from hydrologic analysis, to preliminary culvert design, to creating a model of
Queen Creek in ArcMap, and finally integrating all three of these design elements into HEC-
RAS. All that remains on this project is to determine how much channel excavation the town is
looking to perform and put a final culvert design into HEC-RAS. I have confidence that the town
manager, the county engineer, and all of the members of the Superior team will be able to use
what | have created and come up with a culvert design that will improve the lives of the residents

of Superior and the response times of emergency services.

Conclusion

There were four main conclusions to this report. First, after delineating the watershed and
using HEC-HMS to determine peak flow values, the county engineer confirmed that the values
were reasonable. There are other methods to determine peak streamflow values. The USGS has a
program called StreamStats, which uses Regional Regression equations to determined discharge
values. But this method is very simplistic and has large margins of error. So the county engineer
and myself agreed that my method was more accurate. The second was that by using HY-8,
several different culvert designs were successfully created to pass the various peak flows. This
was an important step as it allowed the Superior team to get a general idea of the size and cost of

the culvert.

The third conclusion was that | was able to successfully create geometry data in ArcMap
(with the help of HEC-GeoRAS) and import the data into HEC-RAS. This step was crucial as
HEC-RAS was the software needed to look at how the flooding of Queen Creek at the crossing
could be mitigated by a culvert design. And the fourth conclusion was that after initial

simulations were run in HEC-RAS, a significant channel excavation would be needed, in
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addition to the implementation of a culvert to the channel. Flood simulations were run with and
without channel excavation, and even the initial channel excavation would not have been
sufficient since a culvert design had not been built to the model yet. The only steps remaining in
the project are a final channel excavation design and a final culvert design. Once they determine
how much of the channel they will need to excavate, the Superior team will then have a better

idea of the size the culvert will need to be.

When I first began this Master’s Report, I knew it would not be nearly as in-depth as a
thesis, as a thesis is at least four credit hours, while the report was one credit hour. But I still
wanted to work on a project that would be meaningful. Dr. Lansey introduced me to the Superior
team and they had a few flooding issues that they were trying to fix. They told me about an issue
they were having that was causing problems with the response times of emergency services. That
issue stuck out to me as the most important water issue they were facing that | could have a hand
in helping to fix. While the town of Superior only has a population of around 3,000 people, |
knew | immediately had a connection and wanted to help them with their problems. Although |
did not grow up in a small town, I lived with fraternity brothers who did, and they gave me some

perspective on the benefits of the small town life.

Overall, I am glad | chose this project as my Master’s report. I feel that I have learned a
lot, applied my knowledge to solve problems, and have helped the Superior team with the issues
they are facing. While my patience was tried numerous times working with some of the
computer programs, | kept thinking positively and pushed through. I look forward to using the

knowledge and skills I have acquired with this project in my future career.
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Appendix A

Contents page of Soil Survey Report (40 pg. survey available upon request)
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Soil Survey map
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Soil map legend
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Soil map breakdown
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Appendix B

First round of culvert designs

(Clockwise from top-left: side view, front view, data analysis, inputs)

Single large concrete box culvert, 50 year
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Concrete box culvert - 2 barrels, 50 year
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Concrete box culvert - 3 barrels, 50 year
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Concrete box culvert - 4 barrels, 50 year
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Concrete circular culvert - 6 barrels, 50 year
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Second round of culvert designs

(Clockwise from top-left: side view, front view, data analysis, inputs)
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ConArch, 25 year

Crossing - Dr., Design Discharge - 4345.0 cfs Crossing: Mary Dr.. Culvert: ConArch
Cubvert - ConArch, Cavert Dincharge - 4345 0 ¢fh From View (Net 19 scale)
o] e Y -
CT%I‘ MIEHM 2] mE;:L DEG Seambed Roadway i c«w?v.w Conduch Y. Batiom

|l<- Il--
124 w2
104 10

r o E [
04 = i —— . E of
of of
o L

r 4
24 F

[ 29
P3 SR ettt o S T O o o S e T T o 0 S e TV O 0 OO O T

20 80 E 10 15 20 2 3 [

Station (1)

[t ] ook on v 88 con o ek o s st e

46




ConArch, 50 year

Crossing - Mary Dr. , Design Discharge - 5890.0 cfs. Crossing: Mary Dr. , Culvert: ConArch
Cubvert - CenArch, Cubvert Dicharge - £140 9 cfs Froot View (Not 1o scale)
1L 2) =] [¥] ] =1 =] &l (=] =]
Ciitcal Homal Profile Taiwater Headwater Sreambed Roadway D Conveh Y-Top Convch Y-Satiom
G i
ul
E 124
2] [
F 104
E!o« S [ E [
F o - o 5
I T —— Y T 8
g 0 = - = i z
o] 6
o 4
2 = f
o_?o‘“ e
Station ()
Headwater | Discharge _Total | ConArch | Roadway | Iterations

|t | Chokon K con fo b on @ i o [Lowtiow | [ ace | [ererartuspaton | | Ansyse Grosmrg | [ Corcet

47



ConArch, 100 year
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