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BACKGROUND

Flagstaff Family Food Bank transports,
stores, and distributes food and commodities
to people in need. The staff works with social
service agencies, churches, civic
organizations, and national hunger relief
organizations.

Figure 1: Food Bank Front Entrance

Problem Statement — Food Bank is experiencing significant

flooding at the entrance of the building.

Purpose — Find a solution which will alleviate the flooding.

2



LOCATION

h)rp.‘g
Pk v

Park “JlanRd E MOUQ,I"DI
z o [ E Hom®
(s ,“’o 4 ”Qm¢ & E-Linda Vista Dr
. ' A
9 %, CY 3
S %9 oﬂmq ?,, Swilzer Mesa o ;
° > £
. v J n H (
‘; W MeadeLn™ ='W Fir Ave 5.4 {E:CEDAR/AVE t '-OCKBE TIRD
2‘ % 5 § “. McPherson z ushma
= - g W Pine Av o - Park E Dothpive >
X = $ = T g " e
- o €,
z g ez @ - < x
i M W Cedar Ave™ O - Il ~
WP £ WOakAve # R11P @ z
o v No=Zlle B
: Figuan  E FORESTAVE s e B ety
. : ¢ 3283 253
=2 Sw-c - -
o zz
d¥e i :z z§ ~
o 8 ©
€ Q)
P
- &
z 4

Atroyo
Park

ETREE RD
cY
%ﬁ~
o

e

S Rlver;‘,o

S

s Monroe

Jom Dr

ul ysy

S Beech Dr

N Lake Hills Dr g\ Jlepued 3

Figure 2: Flagstaff Network




COLLABORATIO

N

< Neighboring Companies
>Neighborhood Survey

- Past and Present Flooding ——
Issue e e e
o CITY OF FLAGSTAFF. ARIZONA
”’Clty of FlagStaf.f ENGINEERING DEPARTNENT
>Rick Barrett, City FANNING DRIVE STORM DRAINAGE -
Engineer & EE= Rl
>Donna Curry, Engineering | = =, i
Specialist o
. Official Documents

o City Plans
o Elevational Data [2]
o Letters

o Hydrology Data ;




FLOODING

High Intensity
Flooding

Figure 8: DURING HEAVY RAIN EVENT:
Monsoon (July and August) [1]




POTENTIAL FLOODING SOURCE

Historic

Watershed

LAMITS OF COUSTRUCTION

i e e

FANSMD Dol SToan Deant

STSE- 5N

SITE LOCATION

e BOX
~CULVERT

~itss Gon Cobr

CITY OF FLAGSTAFF, ARIZONA
ENGINEERING DEPARTMENT

DRAINAGE MAP

Figure 5: Watershed Near Humphreys Peak [2]
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Figure 6: Existing Plpellnes Near Food Bank [2]



ON-SITE EVALUATION

. Enderstaﬂd tlflg[ ﬁ)hysical t
opogra of the proper
an% geighgorhoodp dilid

« Determine how water
comes onto property

» Current flooding alleviation

« Determine how water flows
off of the property

- E. Huntington Rd. elevation
compared to Food Bank
Property Elevation.

Figure 9: North-West Corner of Food Bank
Property
(Food Bank Property meets E. Huntington
Rd.) 7



Figure 12: Further Flooding Prevention
Figure 11: Front Concrete Barricades (Sandbags)




PROJECT

< Flooding Area

> Neighborhood
Assessment

> Collaboration with the
City of Flagstaff
- Stakeholders
- Liability
- Legal Terms: Property rights,
right of way, ADOT

Figure 13: Property
Breakdown
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Figure 14: On-site Evaluation Figure 15: Survey Point Grid
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Figure 17: Topographic Map of Figure 18: Topographic Map of Property W/ Food Bank 11
Property Buildings



CODES AN
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< Title 13 — Engineering
Design Standards and
Specifications fon.New
Infrastructure

% 13-08-001-0001
STORMWATER
MANAGEMENT

- “The design and construction of all
public and private stormwater
management facilities shall be in
accordance... with the City of
Flagstaff Stormwater Management
Design Manual and these
Standards.”

< City of Flagstaff
Stormwater Management
Design Manual (2000)
>Chapter 3: Hydrology
> Chapter 5: Culverts
> Chapter 6: Pavement Drainage

> Chapter 7: Storm Drains

> Chapter 8: Storage and
Detention Facilities

> Chapter 10: Erosion and
Sediment Control

> Chapter 11: Energy Dissipa[tA(]ers
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CITY OF FLAGSTAFF
STORMWATER MANAGEMENT
DESIGN MANUAL

City of Flagstaff NOAA Atlas 14 )
Stormwater Data Maps Online
Mana gement Rainfall Intensities Bgﬁ%%?rtl}é S

Design Manual

Rationale Formula
Partially Full Flowing Pipes Criteria

Runoff Coefficients
13
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Table 1: Runoff Intensity, NOAA Atlas 14 [5]
PDS-based precipitation frequency estimates with 90% confidence intervals [il‘l inl:hES]1
. grage recurrence interval (years)
Duration 1 ] 5 10 | 25 50 100 200 500 1000
5.mi 0.217 0.282 0.380 U35 0.578 0.675 0.780 0.595 1.06 1.21
-min (0.188-0.252) (0.245-0.325) 10.331-0.438) (0.39840.531) (0.485-0.863) (0.572-0.774) (0.553-0.887) (0.736-1.03) (0.855-1.23) (0.851-1.41)
10-mi 0.330 0.428 0.578 0.701 0.879 1.03 1.19 1.36 1.62 1.83
-min (0.288-0.383) || (0.373-0.485) | (0.503-0.867) | (0.805{0.808) || (0.7H3-1.01) [0.BTO-1.18) [0.983-1.38) [1.12-1.57) (1.30-1.88) [1.45-2 15)
15-mi 0.410 0.531 0.716 0.870 1.09 1.27 1.47 1.69 2.00 227
-min (0.357-0.475) (| (0.462-0.614) || (0.624-0.827) 10.753-1.00) 10.024-1.25) (1.08-1.48) (1.23-1.88) (1.38-1.04) (1.81-2.33) (1.78-2.87)
30-mi 0.552 0.715 0.965 w 1.47 1.71 1.98 2.27 270 3.06
-min (0.481-0.631) | (0.623-0827) || (0.B40-1.11) (1.0 .35) [1.26-1.68) [1.45-1.87) [1.66-2 28) [1.87-2.62) (2.17-3.13) [2.42-3 50)
60-mi 0.683 0.885 1.19% 1.45 1.82 212 2.45 2.81 14 3.79
-min [0.585-0.781) || 0.771-1.02) (1.04-1.38 [1.25-1.87) [1.58-2 08) [1.80-2 43) [2.05-2 82) [2.31-3.24) (2.68-3.68) [2.88-4 45)
2-h 0.805 1.02 1.34 1.61 2.01 2.34 2.7 ER R 3.69 418
-r (0.713-0.018) 0.000-1.18) (1.18-1.53) (1.42-1.83) Q7 5-2.28) (2.01-2.88) (2.30-3.07) |2.50-3.53) (3.01-4.22) 3.34-4.81)
3.h 0.888 1.12 1.44 1.71 2,79 318 377 4.27
-nr (0.783-1.01) (1.00-1.27) (1.28-1.82) (1.51-1.83) 1. 1 45 2.40-3.18) [2.70-3.82) [3.13-4.31) [3.47-4.92)
1.09 1.35 1.68 1.96 ' 3.07 346 4.04 4.51
6-hr o ann. o oy . g4 BT : . g
(0.987-1.21) (1.23-1.50) (1.51-1.88) (1.76-2.17) 2, (1.25-1.8TH 2.60-3.40) (2.09-3.86) (3.41-4.53) [3.74-5.10)
12-h 1.40 1.73 211 2.43 o0 B 3.55 3.92 4.46 4.90
-hr (1.27-1.54) (1.57-1.81) (1.02-2.33) (2.20-2.88) (2.58-3.18) (2.86-3.53) 3.15-3.03) [3.44-4.35) (3.86-4.00) 4.18-5.52)
24.h 1.65 2.06 2.57 2.98 3.54 3.99 4.46 493 5.58 5.10
-nr (1.50-1.82) (1.87-2.28) (2.32-2.84) (2 68-3.20) (3.16-3.81) (3.56-4 40) (3.96-4.81) [4.36-5 45) (4.80-5.10) [5.20-6.78) :
1.94 2.42 .02 3.50 417 4.70 5.25 5.82 6.60 T.22
2-day (1.77-2.18) (2.20-2 68) (2.74-3.33) [3.17-3.86) [3.75-4.80) [4.23-5.18) [4.68-5.80) [5.17-8.44) (5.80-7.32) [6.28-6.04) Flgure 19 Area Of Property
I 211 2.63 3.29 3.83 4.59 519 5.83 6.49 T.40 8.13 (Red)
-day (1.02-2.23) (2.40-2.81) (2.00-2.64) 3.48-4.23) (4.14-5.08) 4.67-5.73) 15.21-6.43) 5.78-7.17) (6.50-8.21) (7.07-0.05)
ad 2.28 2.85 3.57 417 5.01 5.68 6.40 715 8.20 9.04 —
-tay (2.08-2.51) [2.58-3.15) (3.25-3.04) |3.78-4.80) 4.53-5.53) 15.116.27) 5.72-7.07) 16.34-7.01) (7.18-8.10) [7.85-10.1) — t
7-day .74 34 4.24 4.93 5.89 6.67 7.48 8.33 9.51 10.4
- (2.50-2.09) (3.12-3.73) (3.88-4.63) (4.50-5.38) [5.35-5.44) (5.04-7.29) (5.74-8.18) [T.45-8.14) (B.42-10.5) (8.17-11.8) Se= o A ]
[ § § | § § § ( [ ! n Q = ax 3/a
10 311 3.86 477 5.49 6.47 T.23 a.01 8.79 9.86 10.7 M muim Rate Of RLII]Off’ ft /b
-day [2.84-3.40) [3.53-4.24) (4.38-5.23) 5.01-6.02) (5.88-7.00) [6.55-7.03) 7.22-8.78) (7.88-D.87) (8.78-10.9) @.41-11.8)
4.18 5.19 6.30 7.15 8.25 9.06 9.86 10.6 11.6 12.4 = ol F C s i
20-day [3.83-4 58) 4.75-5.68) (5.77-5.80) 5.53-7.80) (7.51-0.01) B.23-0 BD) B.83-10.8) B.61-11.7) (10.4-12.8) (11.0-13.8) (" — RLII]Off Loeff]'Clerlt
30-day 514 6.37 7.69 8.70 9.98 10.9 1.8 12.7 13.8 14.6
- (4.70-5.64) (5.83-56.89) (7.03-B.43) (7.82-8.52) (8.07-10.9) (8.88-12.0) (10.7-13.0) [11.4-14.0) [12.4-15.2) [13.1-18.2) ol L. .
— — — > — = — = — — = C, = Antecedent Precipitation Factor
-day [5.8346.81) [6.98-8.44) 8.43-10.2) [8.54-11.8) (11.0-13.3) (12.0-14.8) (13.0-15.8) (14.0-17.2) (15.2-18.9) (18.1-20.1)
7.23 8.97 10.8 121 13.8 15.0 16.2 17.3 18.7 19.7 q . Fi I
60-day 6.61-7.08) (B.19-D.88) 0.82-11.8) (11.0-13.3) (12.5-15.2) (13.68-18.5) (14.6-17.8) (16.8-18.1) (16.8-20.7) (17.6-21.8) - I = Rall]fall Il]tellblty, lll/llr
! Precipitation frequency [PF) estimates in this table are based on frequency analysis of partial duration series (PDS). [ | A — Draillage Area Triblltary tO Desigll Locatiorl’ acres
Mumbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and o
average recurence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not checked against probable maximum
precipitation (PMP) estimates and may be higher than currently walid PMP values.
Please refer o NOAA Atlas 14 document for more information.

. ft3 14
i L — A
= (0.825)(1.1) | 1. 45 (1 564 acres) = 2.06 — : ﬂﬁ‘ﬁf e
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Figure 20: Hydraulic Elements Calculations
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DESIGN CALCULATIONS

Q =2.06 ft3/s
Verification:
PIPE SIZING (1% DESIGN SLOPE) Voctual
E=0.7'0 (CODE) = 1.12(Chart)
D Veun
Qactual _ 1 1 /1ft 2/3
= 0.85 (CHART) _ 2/3 c1/2 _ 1/2
ki ft3 Ve = 3 RrunS™* = 0.01( 4 ) (0.01¥
B 2.06 5 ft3 ft
qu!l = 0.85 T 2-42T Vfull = 397?
Vactual
0= VA= alresgie | o = 1.12(Chart) = Vyrye = 1.12(3.97 ft/s)
" Rpui =7 Veun
Solving for D: i ne V t t
3 D2/ 1 \ /D\2/3 actual _ 4.44f— > 2.0f— =~ Self cleaning (Code)
2 42f = ( ) (—) (0.01)/? Veuu S S
' .93 4 \0.01/\4 '
24215 — 3.12p0/3 : I :
—— 0@9 e Ior 2 inl Figure 22: Verification Calculations

Figure 21: Pipe Sizing Calculations Using Q
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OVERTURNING SLIDING BEARING FAILURE
STABILITY FAILURE

Figure 23 : Stability Failure Checks for Retaining

Table 4: FS for Sliding = 1.73

2672.268
1.726718 | CHECK>1.5

Table 5: FS for Bearing Capacity =

(72575 e |
| awm

2004.681

e o]
| asdasy oy |
| o [ somerss| psr |
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Design Option 1

Design Option 1: Retaining Wall W/ Commercial Drainage

System
Retaining Wall Plan View

6.30" 8.00"

T_ﬁ&_ﬂ E Huntington Dr

JB - ~100' - /
v
= i

i PV \
i 64" —— -

__J
1
H
!
e
/,H/

/ 4\ 44!
d=1-0" !
A A e I /7 ,’l d=1-0" / I

1
411" d=1'-Q" —/

- Building
off-site
16 5'-6
FDigulfle: 25: Design Option 1 Retaining Wall Figure 26: Aerial View of Design 18
etai

Option 1



Design Option 1 Details

Design Option 1: Retaining Wall W/ Commercial Drainage

System
Cross Sectional View Top View

- : -
| 4-1 |
Side View
4'_1 ”
8.25" "
Trs:ch IShallow Inv. Deep Inv. Flow (cfs) + 8.75
320.3 8.25" 9.25" 2.226 i 1 1 ] +
Figure 27: Design Option 1 Cross Figure 28: Top and Side View of 19

Sectional View Commercial Drain



Design Option 2

Design Option 2: Retaining Wall W/ Valley

(;11tters .
Retaining Wall Plan View |
¥ E Huntington Dr Y.
- = 100’ -
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Figure 29: Design Option 2 Retaining Wall Figure 30: Aerial View of Design 20

Detail Option 2



Design Option 2 Details

Design Option 2: Retaining Wall W/ Valley

Figure 30: Design Option 2 Valley Gutter
Detail
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Pros and Cons

Figure 31: Figure 32:
Design 1 agjo

) ]
Table 6: Pros and Cons of Designs
Design Pros Cons

1 Meets Conveyance

1 2.Runoff is Contained 2 Maintenance
3. Long Design Life '

Option 1 Higher Cost

1 Shorter Design Life
2. Does Not Contain
Runoff 22

Option 1 Cost Efficient
2 2. Constructability




Offsite Recommendations to City of

Flagstaff

LEGEND
EXISTING PAVEMENT
. %] EXISTING CONCRETE
77772  BUILDING
DIRT DRIVEWAY

<Initiate the
Vegetated Swale

EXISTING FENCE

Design oo iy
* ———=i E:EEOSED SWALE i é £
Q‘Q Increase CatCh PROPOSED VALLEY GUTTER N
° °

B a S 1 n S ].Z e @ I'L‘JSDTI:}ILLL\[;?%WALE (PER DETAIL) i/
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<Continued ~ : »
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Maintenance o s U]
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Figure 33: City of Flagstaff Stormwater Division Retention
Basin Design



ECONOMICS

Table 6: Economic Analysis for Design 1{Retaining Wall W/ Drainage System Table 7: Economic Analysis for Design 2 (Valley Gutter Design)
Economic Analysis - Design 1 Economic Analysis - Design 2

Task # [Task Describtio Units Price/Unit Totd Task # |Task Describtion| Units Price/Unit Total
Cut/Fill 8654 ft° $2.54 per cub/ft $22,000 Cut/Fill 8654 ft° $2.54 per cub/ft $22,000
Repave 3904 ft? $3.50 per sg/ft $13,000 Repave 3904 ft’ $3.50 per sq/ft $13,000
Retaining Wall
Construction | hours Construction  |hours
Materials 30-40 per so/ft 35,700 Materials 30-40 per sq/ft 313,700
Commerica hours 70 plf $5,600 Construction  |hours
Pipe 20 pif $5,800 Materials 10 plf $3,600

T —

Construction 04.5 ft $39.00 per ft 43,666 Construction 94.5 ft $39.00 per ft $3,666

3
E
&
3
3

TOTAL $ 55,066.00
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PROJECT IMPACT

<4V Alleviate — No
V' |Floodingjsss| | ‘; Governmenta
— 1 Impacts

TowRite ‘
NORTHLAND
BEVERAGE g ; to Serve

Co.

voidance
of Future
Flooding

Figure 34: Project Impact Flow
Chart
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STAFFING HOURS

Table g: Estimated Staffing Hours

Staffing

Table 10: Actual Staffing Hours

Task SENG

ENG

LAB

Staffing

Project Management
- Meetings .
- Scheduling

- Documentation

20

Research
- Site Evaluation
- Neighborhood Survey
- Codes/Legal Standards

15

10

Analysis
- Surveying
- Geotechnical
- Hydrological
- Environmental

220

80

Final Design
- Final Proposal
- Presentation
- Website

160

40

20

Subtotal 197

339

94

50

Total (Hrs)

680

Task SENG

ENG

Project Management
- Meetings
- Scheduling

-  Documentation

26

73

14

20

Research
- Site Evaluation
- Neighborhood Survey
- Codes/Legal Standards

25

75

10

Analysis
- Surveying
- Geotechnical
- Hydrological
- Environmental

8o

Final Design
- Final Proposal
- Presentation
-  Website

160

40

20

Subtotal 211

311

94

50

Total (Hrs)

666
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Table n: Estimated Project Schedule | Table 12: Actual Project Schedule |

Items Dates Items Dates
ishborhood Survey (Interviews) 1/z2/15 - n/20/15 ighborhood Survey (Interviews) 1/z2/15-1/z20/15
11 |Interview Neighboring Companies 11 |Interview Neighboring Companies
Observe Surrounding Drainage Observe Surrounding Drainage

' | Conditions 2 | Conditions

2.0 Researching Permitting/Standards/Codes 1/25/16 - 2/15/16
21 |Obtain Flagstaff City Drainage Codes Obtain Flagstaff City Drainage Codes
ys Obtain ADOT Drainage Codes for Near 2 Obtain ADOT Drainage Codes for Near

" |Highways " |Highways
23 Obtain Property Right Information For 23 Obtain Property Right Information For
' Ownershlp ~ |Ownership
— 216 -2hshs
Sun eying Property 1 |Surveying Property

3.:-: Generate Topographic Maps of Property 3.2. Generate Topographic Maps of Property

4.0 Design Alternatives 2/22/16 - 4/11/16 4.0 Design Alternatives 2/22/16 - 4/11/16
41 |Hydrologic and Hydraulic Modeling 42 |Hydrologic and Hydraulic Modeling
4.2 |Stormwater Runoff Evaluation 4.2 |Stormwater Runoff Evaluation
4.3 |Geotechnical Constraints 4.3 |Geotechnical Constraints
4.4 |Economic Analysis 4.4 |Economic Analysis

5.0 Project Management 1/25/16 - 5/12/16 5.0 Project Management 1/25/16 - 5/12/16
5.1 |Project Schedule 51 |Project Schedule
5.2 |Website 5.2 |Website
5-3 |50% Design Report 5.3 |50% Design Report
5.4 |Final Design Report 5.4 |Final Design Report
5.5 |Final Presentation 5.5 |Final Presentation

27



Table 13: Estimated Cost

Cost Estimate for Engineering Services

1.0 Personnel Classification Hours Rate (s/hr) Cost
SENG 197 194 $38,218.00
ENG 339 67 $22,713.00
$4,512.00
2,800.00
Total Personnel $68,243.00
2.0 Travel 7 Meetings @ 1omi/Meeting $0.56/mi $39.00
$68,282.00

3.0 Total

Table 14: Actual Cost

Cost Estimate for Engineering Services

1.0 Personnel Classification Hours Rate ($/hr)
SENG 211 194 $40,934.00
ENG 311 67 $20,837.00
$4,512.00
2,800.00
Total Personnel $69,083.00

2.0 Travel $0.56/mi $39.00

7 Meetings @ 10mi/Meeting

3.0 Total $60,122.00

»Within 10%
Difference

< Senior Engineer
VS. Engineer

% S840.00
Difference

28
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