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1.0     Project Description 

1.1 Introduction 
Grand Canyon Unified School District has storm drainage issues due to inadequate infrastructure. 

A master drainage study will analyze the existing conditions, flow capacities, and propose 

improvements. The primary objective of this project is to provide hydraulic analysis of the current 

infrastructure, plan, and develop a comprehensive stormwater design. 

1.2 Project Location 
Grand Canyon Unified School District campus is located at 100 Boulder St, Grand Canyon Village, 

AZ 86023. The geographical location of Grand Canyon Village is showing in Figure 1.  

 

Figure 1: Geographical location of Grand Canyon village within Arizona [1]. 
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Figure 2: Regional map of GCUSD site [6] 
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Figure 3 shows an aerial view of the GCS campus.  This includes all buildings currently affected by 

drainage issues as well as the watershed area, which is being analyzed.  Problem areas A-E are 

highlighted. 

 

Figure 3: Aerial view of GCS Campus [1] 

1.3 Constraints and Limitations 
The project is located within Grand Canyon National Park, and therefore, the Grand Canyon 

Historical Society (GCHS) must approve all new construction.  Proposed drainage improvements 

will be limited to material that matches the local environment, as per GCHS recommendations. 

Drainage design must meet all federal regulations set forth by the US Environmental Protection 

Agency (EPA) as well as Coconino County regulations. Coconino County meets the minimum 

federal requirements for designation by the EPA as a Small Municipal Separate Storm Sewer 
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System Operator [4]. The proposed drainage improvements provided within are designed to follow 

all pertinent Title 49 subsections as well as the Coconino County Engineering and Construction 

Criteria Manual. [2, 3] 

2.0 Field Work 

2.1 Existing Conditions 
The client, Ivan Landry, GCUSD maintenance supervisor, provided a walking tour and description 

of current infrastructure during the site visit.  The current infrastructure has evolved piecewise as 

the campus grew through its history. As a result, no master drainage plan exists. Presently, there 

are several small channels and culverts across the campus. There are signs of sedimentation 

decreasing the ability of current hydraulic structures to convey water off the premises. Figure 3 

shows an example of the sedimentation disrupting a culvert’s carrying capacity on site. Additional 

photos of the infrastructure are provided in Appendix A. 

 

Figure 4: Example of current conditions of infrastructure and culvert carrying capacity [4] 

During the site visit, the client commented on high velocity and overtopping in Area A and Area B.  

Area A deposits sediment across the parking lot to the north.  Area B is the coalescence of two 

channels below an elevated walkway.  The intersection tends to meander westward, eroding 

foundation of the building. 

Additionally, the client expressed a need to address ponding in Area C and Area D.  In both 

locations, impervious surface area associated with rooftop and surrounding walkway contributes 

to collection and concentration of rainfall.  Lack of proper grading has caused flooding of 

entryways at these locations. 

The overland flow in Area E is unrestrained and heavy storm occurrences typically result in 

overtopping of the road into neighboring residencies. 

2.2 Robotic Total Station Survey 
A survey of the four problem areas and surrounding landscape was performed using a robotic total 

station for precision and convenience.  A total of 3400 surveying points was recorded.  The point 

data is provided in Table 1 of Appendix B. 
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2.3 Topographic Map 
Data collected from the robotic Total Station was imported to AutoCAD.  Surfaces and hatching 

were applied accordingly.  The complete topographic map is shown in Figure 4 on the following 

page.  Additional topographic maps of problem areas A through E are provided in Appendix C. 

 

 

Figure 2: Completed topographic map of GCUSD campus with problem areas highlighted. 
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3.0 Hydrological Analysis 

3.1 Delineation of Pertinent Watersheds 
Points of concentration were chosen according to the problem areas identified.  Delineated 

watersheds are provided in Figure 5 below. 

 

Figure 3: GCUSD campus watersheds delineated. 

The area to the southwest was deemed Not Applicable, as it drains off the property, away from 

identified problem areas.  Table 1 below shows the area of each watershed, as measured with 

AutoCAD. 
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Table 1: Measured Area of Delineated Sub-Basins for GCUSD Master Drainage Study 

Grand Canyon School Sub Basin Delineation Information 

  Area (Sq Ft) Area (Acres) 

Sub Basin #1 20872.3 0.5 

Sub Basin #2 11590.6 0.3 

Sub Basin #3 22974.8 0.5 

Sub Basin #4 27568.2 0.6 

Sub Basin #5 26793.6 0.6 

Sub Basin #6 25263.2 0.6 

Sub Basin #7 19199.7 0.4 

Sub Basin #8 15385.3 0.4 

Sub Basin #9 7915.2 0.2 

Sub Basin #10 7864.6 0.2 

Sub Basin #11 25224.3 0.6 

Sub Basin #12 51416.1 1.2 

Sub Basin #13 47502.3 1.1 

Total area  309570.1 7.1 
 

3.2 Runoff Coefficient Analysis 
The runoff coefficient for each sub-basin was determined using a weighted value dependent on 

the area within each sub-basin corresponding to terrain type.  Table 2 shows the runoff 

coefficients used for each area type. 

Table 2: Runoff Coefficients 

Runoff Coefficients for GCUSD 
 Terrain Coefficient (C) 

Woods, Gravelly Clay, Steep 0.17 

Woods, Gravelly Clay, Average 0.12 

Landscaping, Flat 0.1 

Sidewalks 0.95 

Parking Lot 0.95 

Dense Vegetation, Clay Soils, Flat 0.15 

Roof 0.95 
 

Precipitation intensities for Average Recurrence Intervals of 25 and 50 years were, as per Coconino 

County Engineering and Construction Criteria Manual [3].  Antecedent Precipitation Factor of 1.1 

and 1.2 are used for the 25 year and 50 year storm, respectively [3].  Table 3 summarizes data 

used for analysis. 
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Table 3: Summary of hydrological data and factors. 

Hydrological Data and Factors 

Factor 
Average Recurrence Interval 

25 Years  50 Years  

Precipitation Intensity (10 min) 1.16 in  1.43 in 

Antecedent Precipitation Factor 1.1 1.2 

 

Results for weighted runoff coefficients of each sub basin are shown in Table 4, below.  Raw data 

tables for calculation of weighted runoff coefficients are provided in Appendix D. 

Table 4: Results of weighted runoff coefficient determination 

Weighted Runoff Coefficients for GCUSD Campus Sub-Basins 

Sub-Basin Weighted C 

1 0.345 

2 0.364 

3 0.338 

4 0.574 

5 0.145 

6 0.444 

7 0.302 

8 0.618 

9 0.339 

10 0.401 

11 0.760 

12 0.113 

13 0.112 

3.3 Discharge Analysis through Modified Rational Method 
The volumetric discharge of each sub-basin was calculated using the modified rational method, as 

per Coconino County Title 13.  Equation 1 shows the modified rational method. 

Equation 1: Modified Rational Equation 

𝑸 = 𝑪𝒇 ∗ 𝑪𝒘 ∗ 𝑰 ∗ 𝑨 

Where  Q = volumetric discharge (cfs) 

 Cf = Antecedent Precipitation Factor 

 Cw = Weighted Runoff Coefficient 

 I = Rainfall Intensity (in/hr) 

 A = Sub-Basin Area (acres) 
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Results of discharge analysis for the 25 years flood are provided in Table 5. 

Table 5: Results of discharge analysis for 10-minute duration with 25-year average recurrence. 

Volumetric Discharge for 10 min duration for 25 years frequency 

Sub-Basin Cf Cw i (in/hr) A (acres) Q (cfs) 

1 1.1 0.35 4.16 0.5 0.8 

2 1.1 0.36 4.16 0.3 0.4 

3 1.1 0.34 4.16 0.5 0.8 

4 1.1 0.57 4.16 0.6 1.7 

5 1.1 0.15 4.16 0.6 0.4 

6 1.1 0.44 4.16 0.6 1.2 

7 1.1 0.30 4.16 0.4 0.6 

8 1.1 0.62 4.16 0.4 1.0 

9 1.1 0.34 4.16 0.2 0.3 

10 1.1 0.40 4.16 0.2 0.3 

11 1.1 0.76 4.16 0.6 2.0 

12 1.1 0.35 4.16 1.2 1.9 

13 1.1 0.38 4.16 1.1 1.9 

 

Results of discharge analysis for the 50 years flood are provided in Table 6. 

Table 6: Results of discharge analysis for 10-minute duration with 50-year average recurrence. 

Volumetric Discharge for 10 min duration for 50 years frequency 

Sub-Basin Cf Cw i (in/hr) A (acres) Q (cfs) 

1 1.2 0.3 5.12 0.5 1.0 

2 1.2 0.4 5.12 0.3 0.6 

3 1.2 0.3 5.12 0.5 1.1 

4 1.2 0.6 5.12 0.6 2.2 

5 1.2 0.1 5.12 0.6 0.5 

6 1.2 0.4 5.12 0.6 1.6 

7 1.2 0.3 5.12 0.4 0.8 

8 1.2 0.6 5.12 0.4 1.3 

9 1.2 0.3 5.12 0.2 0.4 

10 1.2 0.4 5.12 0.2 0.4 

11 1.2 0.8 5.12 0.6 2.7 

12 1.2 0.3 5.12 1.2 2.5 

13 1.2 0.4 5.12 1.1 2.5 
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Results of discharge analysis of each problem area for the 25 and 50 years flood provided in Table 

7 

Table 7: Results of discharge analysis of each problem area for 25 and 50 years average recurrence 

Problem Area 
Total Q for 25 yr Total Q for 50 yr 

(cfs) 

A 6.6 8.8 

B 5.4 7.2 

C 2.9 3.9 

D 2.0 2.7 

E 2.6 3.5 

4.0 Hydraulic Analysis of Existing Infrastructure 
The following sections provide the results of hydraulic analysis for existing infrastructure including 

channels in Problem Area A and B as well as all culverts on the property. 

4.1 Existing Culvert Analysis 
An inventory of existing culverts is shown in Figure 6 below. 

 

Figure 4: Inventory and location summary of existing culverts on GCUSD campus. 

CulvertMaster was used to analyze all existing culverts. The parameters used to determine pass/fail during 

CulvertMaster analysis are as follows 
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 Maximum Headwater Elevation: 1 foot above Upstream Invert Elevation 

 Maximum Height of Culvert: 2 feet 

 Velocity Range in Culvert: 3-15 feet/sec 

 Allowable Velocity in Channel: 5 feet/sec 

A summary table of results of analysis is provided in Table 8 below. 

Table 8: Summary Table of CulvertMaster results for existing culverts 

 

As seen in Table 8, Culverts 3, 5, 6, 8-10, and 15-22 are failing to convey runoff for both 25 and 50 year 

storm.  Culverts 1, 2, 4, 7, 14 had inlets or outlets outside the range of this study and were therefore not 

analyzed.  Culverts 11, 12, 13 were found to be acceptable.  Note, several culverts were inventoried with 

a diameter of 6 inches.  CulvertMaster will only analyze a minimum 12 inch diameter pipe.  However, 

analyzed at 12 inch diameter, the culverts still failed; constituting a fail for the actual existing culvert. 

After existing culvert analysis was performed, CulvertMaster was used to solve for the size of culvert 

needed to convey both 25 and 50 year flood intervals.  Differing shapes of culverts were analyzed as well 

as entrance type and number of culverts in parallel.  A slope % of 1 was used to simplify analysis.  Results 

of CulvertMaster Analysis is provided in Appendix E.  Table 9 below shows a summary of proposed culvert 

design. 

Table 9: Summary table of proposed culvert design for GCUSD campus 
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4.2 Existing Channel Analysis 
FlowMaster was used for the analysis in problem area A and B to compute velocity, flow type, 

elevation difference, and depth to floodplain. All the results of the analysis are showing in the 

appendix section E. All the types of the flow is Supercritical as it shown in the reports in the 

appendix section E. Figure 16 in appendix E is showing the location of all the cross sections for 

problems A and B. There are three cross sections on each right and left upstream in problem area 

A and one on right and left downstream in this area. For problem area B, there are two on the 

right and left upstream and one downstream. The analysis were for 25 years and 50 years for each 

cross section on these problem areas. Appendix E-1 shows the results of the 25-year analysis for 

problem area A and appendix E-2 is showing the results of the 50-year analysis in problem area A 

also. Appendix E-3 is the beginning of the results and analysis of area problem B for 25 years, this 

section shows that the cross section RUR cs 1 is over flowing. Appendix E-4 is the results and 

analysis of area problem B analysis for 50 years, in this section it shows that the cross section RUR 

cs 1 is over flowing for 50 years analysis also.  
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5.0 Area A Proposed Improvements 

5.1 Preliminary Design 
The preliminary design and proposed alternatives for problem area A consists of the installation 

of check dams, culverts, and a mix of cut and fill.  This problem area in particular was 

recommended for the following: 

 Install 2 18 inch diameter Corrugated metal pipe culvert with a 10 foot length 

 Insert a 4 foot by 4 foot box concrete culvert with a 10 foot length 

 Install 3 19 inch by 30 inch horizontal ellipse concrete culverts with a 6 foot length 

 Approximate cut and fill where culverts need installation and channels need widening 

Alternatives were proposed to ensure prevention of constant blowout from two channels colliding 

and erosion of the foundation for the buildings elevated walkway.  Please see appendix figure 11 

for the complete construction plans with notes and additional details.  This will also show the exact 

location of the proposed installations and modifications. 

5.2 Hydraulic Analysis 
A complete hydraulic analysis was utilized for all problem areas.  After the analysis of their current 

existing infrastructure, proposed alternatives were explored.  Different cross sections were ran 

through Bentley Flow master to ensure capacity, flow type, velocity, elevation difference, as well 

as flood plain elevation.  Proposed culverts for each existing culvert that failed were then analyzed 

to ensure that water would be carried off the property in a fashion without ponding, erosion, and 

degradation.  Per each problem area, the grading, installation, cut and fill, and options differ due 

to existing conditions and needs. 

5.3 Cost to Implement 
Table 8 below shows the proposed alternatives and their costs with respect to labor, linear feet, 

and installation [8,9]. 

Table 10: This table shows the complete construction and implementation costs for the proposed alternatives within problem 

area A 

Material and Installation Cost for Problem area A 

Type 
# of 

Units 
Material Length 

Cost 
($)/linear 

ft 

Labor ($) 
/ Hour 

# of 
Hours 

Installation 
($) 

Cost 
($) 

18" Dia. 
CMP Culv. 

2 CMP 10 Ft 27 30 10 1550 3670 

4'x4' 
Concrete 
Box Culv. 

1 Concrete 10 Ft 63.2 30 10 2445 5822 

19"x30" 
Horiz. 

Concrete 
Ellipse Culv. 

3 Concrete 6 Ft 51.7 30 10 1830 4477 
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Cut 9 CY Soil N/A N/A 30 10 N/A 300 

Fill 2 CY Soil N/A N/A 30 10 N/A 300 

         $14569 
 

6.0 Area B Proposed Improvements 

6.1 Preliminary Design 
The preliminary design and proposed alternatives for problem area B consists of the installation 

of culverts, channel widening and a mix of cut and fill.  This problem area in particular was 

recommended for the following: 

Install 1 22 inch by 34 inch horizontal ellipse concrete culvert with a 14 foot length 

Install 1 22 inch by 34 inch horizontal ellipse concrete culvert with a 20 foot length 

Insert a 4 foot by 4 foot box concrete culvert with a 10 foot length 

Approximate cut and fill where culverts need installation and channels need widening 

Alternatives were proposed to ensure prevention of ponding and erosion of the foundation for 

the buildings elevated walkway. Please see appendix Figure 12 for the complete construction plans 

with notes and additional details.  This will also show the exact location of the proposed 

installations and modifications. 

6.2 Hydraulic Analysis 
A complete hydraulic analysis was utilized for all problem areas.  After the analysis of their current 

existing infrastructure, proposed alternatives were explored.  Different cross sections were ran 

through Bentley Flow master to ensure capacity, flow type, velocity, elevation difference, as well 

as flood plain elevation.  Proposed culverts for each existing culvert that failed were then analyzed 

to ensure that water would be carried off the property in a fashion without ponding, erosion, and 

degradation.  Per each problem area, the grading, installation, cut and fill, and options differ due 

to existing conditions and needs. 

6.3 Cost to Implement 
Table 11 below shows the proposed alternatives and their costs with respect to labor, linear feet, 

and installation [8,9]. 

Table 11: This table shows the complete construction and implementation costs for the proposed alternatives within problem 

area B 

Material and Installation Cost for Problem area B 

Type 
# of 

Units 
Material Length 

Cost 
($)/linear 

ft 

Labor ($) 
/ Hour 

# of 
Hours 

Installation 
($) 

Cost 
($) 

22"x34" 
Horiz. 

1 Concrete 10 Ft 27 30 10 1550 2120 
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Concrete 
Ellipse Culv. 

22"x34" 
Horiz. 

Concrete 
Ellipse Culv. 

1 Concrete 10 Ft 63.2 30 10 2445 3377 

4'x4' 
Concrete 
Box Culv. 

1 Concrete 10 Ft 63.2 30 10 2445 5822 

Cut 5 CY Soil N/A N/A 30 10 N/A 300 

Fill 3 CY Soil N/A N/A 30 10 N/A 300 

         $11919 
 

7.0 Area C Proposed Improvements 

7.1 Preliminary Design 
The preliminary design and proposed alternatives for problem area C consists of the installation 

of culverts, channel widening and a mix of cut and fill.  This problem area in particular was 

recommended for the following: 

Install 1 14 inch by 23 inch horizontal ellipse concrete culvert with a 10 foot length 

Approximate cut and fill where culverts need installation and channels need widening 

Alternatives were proposed to ensure prevention of ponding and backflow of water runoff into 

the building. Please see appendix figure 13 for the complete construction plans with notes and 

additional details.  This will also show the exact location of the proposed installations and 

modifications. 

7.2 Hydraulic Analysis 
A complete hydraulic analysis was utilized for all problem areas.  After the analysis of their current 

existing infrastructure, proposed alternatives were explored.  Different cross sections were ran 

through Bentley Flow master to ensure capacity, flow type, velocity, elevation difference, as well 

as flood plain elevation.  Proposed culverts for each existing culvert that failed were then analyzed 

to ensure that water would be carried off the property in a fashion without ponding, erosion, and 

degradation.  Per each problem area, the grading, installation, cut and fill, and options differ due 

to existing conditions and needs. 

7.3 Cost to Implement 
Table 12 below shows the proposed alternatives and their costs with respect to labor, linear feet, 

and installation [8,9]. 

Table 12: This table shows the complete construction and implementation costs for the proposed alternatives within problem 

area C 

Material and Installation Cost for Problem area C 
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Type 
# of 

Units 
Material Length 

Cost 
($)/linear 

ft 

Labor ($) 
/ Hour 

# of 
Hours 

Installation 
($) 

Cost 
($) 

14"x23" 
Horiz. 

Concrete 
Ellipse Culv. 

1 Concrete 10 Ft 27 30 10 1550 2120 

Cut 15 CY Soil N/A N/A 30 10 N/A 600 

Fill 1 CY Soil N/A N/A 30 10 N/A 300 

         $3020 

8.0 Area D Proposed Improvements 

8.1 Preliminary Design 
The preliminary design and proposed alternatives for problem area D consists of the installation 

of culverts, channel widening and a mix of cut and fill.  This problem area in particular was 

recommended for the following: 

Install 1 15 inch HDPE (smooth interior) culvert with a 12 foot length 

Install 1 15 inch HDPE (smooth interior) culvert with a 24 foot length 

Approximate cut and fill where culverts need installation and channels need widening 

Alternatives were proposed to ensure prevention of ponding and backflow of runoff water into 

the existing buildings. Please see appendix figure 14 for the complete construction plans with 

notes and additional details.  This will also show the exact location of the proposed installations 

and modifications. 

8.2 Hydraulic Analysis 
A complete hydraulic analysis was utilized for all problem areas.  After the analysis of their current 

existing infrastructure, proposed alternatives were explored.  Different cross sections were ran 

through Bentley Flow master to ensure capacity, flow type, velocity, elevation difference, as well 

as flood plain elevation.  Proposed culverts for each existing culvert that failed were then analyzed 

to ensure that water would be carried off the property in a fashion without ponding, erosion, and 

degradation.  Per each problem area, the grading, installation, cut and fill, and options differ due 

to existing conditions and needs. 

8.3 Cost to Implement 
Table 13 below shows the proposed alternatives and their costs with respect to labor, linear feet, 

and installation [8,9].  

Table 13: This table shows the complete construction and implementation costs for the proposed alternatives within problem 

area D 

Material and Installation Cost for Problem area D 
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Type 
# of 

Units 
Material Length 

Cost 
($)/linear 

ft 

Labor ($) 
/ Hour 

# of 
Hours 

Installation 
($) 

Cost 
($) 

15" Dia. 
HDPE Culv. 

1 HDPE 12 Ft 15 30 10 1390 1870 

15" Dia. 
HDPE Culv. 

1 HDPE 24 Ft 15 30 10 1390 2050 

Cut 1 CY Soil N/A N/A 30 10 N/A 300 

Fill 3 CY Soil N/A N/A 30 10 N/A 300 

         $4520 
 

9.0 Area E Proposed Improvements 

9.1 Preliminary Design 
The preliminary design and proposed alternatives for problem area D consists of the installation 

of culverts, channel widening and a mix of cut and fill.  This problem area in particular was 

recommended for the following: 

Install 1 15 inch HDPE (smooth interior) culvert with a 12 foot length 

Install 1 14 inch by 23 inch horizontal ellipse concrete culvert with a 10 foot length 

Approximate cut and fill where culverts need installation and channels need widening 

Alternatives were proposed to ensure prevention of ponding and sheet flow of runoff water into 

the existing buildings and neighboring properties. Please see appendix Figure 15 for the complete 

construction plans with notes and additional details.  This will also show the exact location of the 

proposed installations and modifications. 

9.2 Hydraulic Analysis 
A complete hydraulic analysis was utilized for all problem areas.  After the analysis of their current 

existing infrastructure, proposed alternatives were explored.  Different cross sections were ran 

through Bentley Flow master to ensure capacity, flow type, velocity, elevation difference, as well 

as flood plain elevation.  Proposed culverts for each existing culvert that failed were then analyzed 

to ensure that water would be carried off the property in a fashion without ponding, erosion, and 

degradation.  Per each problem area, the grading, installation, cut and fill, and options differ due 

to existing conditions and needs. 

9.3 Cost to Implement 
Table 14 below shows the proposed alternatives and their costs with respect to labor, linear feet, 

and installation [8,9]. 

Table 14: This table shows the complete construction and implementation costs for the proposed alternatives within problem 

area E 

Material and Installation Cost for Problem area E 
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Type 
# of 

Units 
Material Length 

Cost 
($)/linear 

ft 

Labor ($) 
/ Hour 

# of 
Hours 

Installation 
($) 

Cost 
($) 

15" Dia. 
HDPE Culv. 

1 CMP 12 Ft 15 30 10 1390 1870 

14"x23" 
Horiz. 

Concrete 
Ellipse Culv. 

1 Concrete 10 Ft 27 30 10 1550 2120 

Cut 1 CY Soil N/A N/A 30 10 N/A 300 

Fill 3 CY Soil N/A N/A 30 10 N/A 300 

         $4590 
 

 

 

10.0 Proposed Phasing 
The following sections propose an implementation plan in three phases and provide the cost for each 

phase. 

10.1 Implementation Plan 
Phase 1 will focus on Problem Areas D and E to prioritize the safety of students and faculty as well 

as terminate contribution to flood damage of neighboring properties.  Phase 1 begins with 

regrading of Problem Area D to convey runoff toward Culvert 22.  Additional regrading will be 

performed in Problem Area E, east of parking lot, to create a berm and channelize runoff toward 

Culvert 18.  The addition of Culvert 25 under walkway will allow flow from berm to Culvert 18.  

Finally, Culverts 21 and 22 will be upgraded as seen in Table ??. 

Phase 2 will focus on Problem Areas A and B to improve channel performance and minimize 

maintenance requirements.  Phase 2 will begin with the installation of Culvert 23, a Y-Culvert 

assembly of 3 horizontal ellipse culverts within the channel at intersection in Problem Area A.  

Additionally, the installation of Culvert 24 underneath walkway in Problem Area B will be 

completed.  

Phase 3 will include the upgrade of culverts which showed extreme poor performance.  This 

includes Culvert 3, 5, 8, 9, and 20.  These culverts showed overtopping greater than 6 inches above 

crown and will be upgraded as seen in Table ?? 

Phase 4 will include the upgrade of all additional culverts, with the exception of Culvert 6 to 

improve overall water conveyance.  This includes Culverts 10, 15, 16, 17, 18, and 19.  These 

culverts will be upgraded as seen in Table ?? 

Phase 5 should only be performed after construction and addition of impervious surface in 

Problem Area C is complete.  An updated hydrologic and hydraulic analysis should be completed 
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prior to improvements suggested in Phase 5.  At this stage, regrading can be performed as needed 

as well as the installation of Culvert 6. 

10.2 Phased Costs 
Tables 15-19 below show the costs for each proposed phase of implementation. 

Table 15: Cost Summary for Phase 1  

Phase 1 Cost Summary 

Item Material Cost Labor Cost Total Cost 

Culvert 21 180 1390 1570 

Culvert 22 180 1390 1570 

Culvert 25 517 1550 2067 

Cut/Fill  600 600 

Total Cost of Phase1 877 4930 5807 

 

Table 16: Cost Summary for Phase 2 

Phase 2 Cost Summary 

Item Material Cost Labor Cost Total Cost 

Culvert 23 1093 1830 2923 

Culvert 24 418 2475 2893 

Cut/Fill  600 600 

Total Cost of Phase1 1511 4905 6416 
 

Table 17: Cost Summary for Phase 3 

Phase 3 Cost Summary 

Item Material Cost Labor Cost Total Cost 

Culvert 3 324 1550 1874 

Culvert 5 885 2445 3330 

Culvert 8 885 2445 3330 

Culvert 9 776 1550 2326 

Culvert 20 517 1550 2067 

Cut/Fill  900  

Total Cost of Phase1 3387 10440 13827 

 

Table 18: Cost Summary for Phase 4 

Phase 4 Cost Summary 

Item Material Cost Labor Cost Total Cost 

Culvert 10 517 1550 2067 

Culvert 15 517 1550 2067 

Culvert 16 517 1550 2067 

Culvert 17 517 1550 2067 

Culvert 18 517 1550 2067 



20 
 

Culvert 19 420 1550 1970 

Cut/Fill  600 600 

Total Cost of Phase1 3005 9900 12905 
 

Table 19: Cost Summary for Phase 5 

Phase 5 Cost Summary 

Item Material Cost Labor Cost Total Cost 

Culvert 6 1264 2445 3709 

Cut/Fill  600 600 

Total Cost of Phase1 1264 3045 4309 

 

 

11.0 Summary of Engineering Work 
Table 20 below shows the proposed and actual project schedule. The highlighted tasks those in 

which start and end dates and/or duration were significantly different from proposed to actual.  
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Table 20: Proposed (CENE476) and Completed (CENE486) schedule 
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Table 21 below shows proposed and actual hours for each staff in all the tasks. The total proposed 

hours for the project was 701 hours and the actual total hours worked is 819 hours.  

Table 21: Major Tasks and staff hours 

Major Tasks and Staff Proposed & Actual (Hrs) 

# Task Description Principle Manager PE EIT Tech Admin 
Proposed 

hours 
Actual 
Hours 

1 
Field Work 

 
1 1 3 8 0 1 32 14 

2 Surveying with GPS 0 0 4 90 0 0 53 94 

3 Hydrology 1 1 2 20 20 0 30 44 

4 Evaluate Hydraulics 0 0 4 20 10 0 120 34 

5 
Generate Conceptual 

Design Plans 
1 8 8 24 24 24 54 89 

6 Provide Documentation  0 0 8 24 24 8 14 64 

7 Project Management 40 80 40 120 120 80 400 480 

Total Staff Hours 43 90 69 306 198 113 703 819 

12.0 Summary of Engineering Costs 
Material cost was measured based on the proposed solution, where the costs were measured 

from the RS means book [8]. The installation cost was measured based on the cost of the material 

and the type of the material as provided on table 10 [9]. These costs were determined based on 

the proposed solutions for the problematic areas.  

Table 22: Material and installation cost [8] [9] 

Material and Installation Cost  

Culvert (Name) Material Equivalent diameter Length Cost ($)/linear ft Installation ($) Cost ($) 

3 CMP 18” 12 27 1,550 2,198.0 

5 Concrete 27” 14 63.2 2,445 3,330.2 

6 Concrete 27” 20 63.2 2,445 3,709.6 

8 Concrete 27” 14 63.2 2,445 3,330.2 

9 Concrete 18” 15 51.7 1,550 2,325.4 

10 Concrete 18” 10 51.7 1,550 2,066.9 

15 Concrete 18” 10 51.7 1,550 2,066.9 

16 Concrete 18” 10 51.7 1,550 2,066.9 

17 Concrete 18” 10 51.7 1,550 2,066.9 

18 Concrete 18” 10 51.7 1,550 2,066.9 

19 
Corrugated HDPE 
(Smooth Interior) 15” 

35 
12 1,390 

 
2,230.0 

20 Concrete 18” 10 51.7 1,550 2,066.9 

21 
Corrugated HDPE 
(Smooth Interior) 15” 

12 
15 1,390 1,570.0 

22 
Corrugated HDPE 
(Smooth Interior) 15” 

12 
15 1,390 1,570.0 

23 Concrete 24” 6 60.7 1,830 2,923.0 
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24 Concrete 4x4 ft 10 41.8 2,475 2,893.2 

25 Concrete 18” 10 51.7 1,550 2,066.9 

TOTAL Cost ($) 40,548 

 

Results of the staff members’ rates and hours are provided in Table 23, including the proposed 

hours and rates and the actual hours and rates.  

Table 23: Staff Member Rates and Hours 

Staff Member Rates and Hours 

Position Rate ($/hr) 
Proposed Actual 

(hrs) (USD) (hrs) (USD) 

Principal Engineer 200 57 11,400 43 8,600 

Manager 125 45 5,625 90 11,250 

Project Engineer 142 96 13,632 69 9798 

EIT 105 201 21,105 306 32,130 

Tech 80 208 16,640 198 15,840 

Administration 50 96 4,800 113 5,650 

TOTAL HOURS 703 819 

TOTAL USD $  73,202 83,268 

 

Results of engineering services are provided in Table 24, including the cost of travel and equipment 

rental based on 5 days.  

Table 24: COST OF ENGINEERING SERVICES 

COST OF ENGINEERING SERVICES 

Cost of Travel 

Mileage Cost $300  

Car Rental ($/day) $55  

Total Travel Cost for 5 days $575  

Cost of Equipment 

Surveying Equipment ($/day) $250  

Total Equipment Rental for 5 days $1,250  

 

Finally, the summary of expenses results are provided in Table 25, including the total cost of the 

project.  

Table 25: Summary of Expenses 

Summary of Expenses 

Total Cost of Engineering Services $1,825  

Total Staffing Cost $83,268  
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Cost of Materials and Labor [8,9] $40,548  

Total Cost of Project $125,641  
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Appendix A: Existing Infrastructure Site Photos 

 

Figure 5: Example of Culvert on Site 

 

Figure 6: Example of surface flow causing erosion 



26 
 

 

Figure 7: Example of channel on site (a) 

 

Figure 8: Example of drainage area (a) 
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Figure 9: Example of drainage area (b) 
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Appendix B: Total Station Raw Point Data 
See attached excel file. 
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Appendix C-1: Topographic Map of Area A 

 

Figure 10: Topographic map of Problem Area A with the proposed alternatives, construction notes, details, and additional 

information.   
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Appendix C-2: Topographic Map of Area B 

 

Figure 11: Topographic map of Problem Area B with the proposed alternatives, construction notes, details, and additional 

information.   
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Appendix C-3: Topographic Map of Area C 

 

Figure 12: Topographic map of Problem Area C with the proposed alternatives, construction notes, details, and additional 

information.   

 



32 
 

APPENDIX C-4: TOPOGRAPHIC MAP OF AREA D 

 
Figure 13: Topographic map of Problem Area D with the proposed alternatives, construction notes, details, and additional 

information.   
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APPENDIX C-5: TOPOGRAPHIC MAPS OF AREA E 

 
Figure 14: Topographic map of Problem Area E with the proposed alternatives, construction notes, details, and additional 

information.   
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Appendix D: Raw Data Table for Weighted C 
Table 26: Raw data table for weighted runoff coefficients 

 

  

Su
b

 B
as

in
W

o
o

d
s,

 G
ra

ve
ll

y 
St

e
e

p
W

o
o

d
s,

 G
ra

ve
ll

y 
A

ve
ra

ge
La

n
d

sc
ap

in
g 

Fl
at

Si
d

e
w

al
k

P
ar

ki
n

g 
Lo

t
D

e
n

se
 V

e
gi

ta
ti

o
n

R
o

o
f

To
ta

l A
re

a 
(A

cr
e

s)
W

e
ig

h
te

d
 C

1
27

.0
0%

35
.2

0%
11

.9
0%

18
.4

0%
0.

00
%

0.
00

%
7.

40
%

0.
48

0.
34

5

2
48

.1
0%

25
.8

0%
0.

00
%

16
.5

0%
0.

00
%

0.
00

%
9.

90
%

0.
27

0.
36

4

3
79

.0
0%

0.
00

%
0.

00
%

2.
80

%
0.

00
%

0.
00

%
18

.6
0%

0.
53

0.
33

8

4
0.

00
%

45
.3

0%
0.

00
%

20
.6

0%
0.

00
%

0.
00

%
34

.1
0%

0.
63

0.
57

4

5
51

.7
0%

48
.0

0%
0.

00
%

0.
00

%
0.

00
%

0.
00

%
0.

00
%

0.
62

0.
14

5

6
48

.9
0%

15
.3

0%
0.

00
%

6.
90

%
0.

00
%

0.
00

%
29

.2
0%

0.
58

0.
44

4

7
51

.2
0%

14
.2

0%
14

.9
0%

12
.3

0%
0.

00
%

0.
00

%
7.

00
%

0.
44

0.
30

2

8
0.

00
%

26
.1

0%
13

.5
0%

15
.3

0%
0.

00
%

0.
00

%
45

.0
0%

0.
35

0.
61

8

9
0.

00
%

0.
00

%
59

.6
6%

19
.1

0%
0.

00
%

12
.6

0%
8.

32
%

0.
18

0.
33

9

10
0.

00
%

65
.9

9%
0.

00
%

13
.1

9%
0.

00
%

0.
00

%
20

.6
5%

0.
18

0.
40

1

11
0.

00
%

0.
00

%
22

.1
9%

19
.0

2%
0.

00
%

0.
00

%
58

.6
2%

0.
58

0.
76

0

12
0.

00
%

0.
00

%
73

.2
5%

0.
00

%
0.

00
%

26
.4

3%
0.

00
%

0.
91

0.
11

3

13
0.

00
%

0.
00

%
74

.6
2%

0.
00

%
0.

00
%

25
.2

4%
0.

00
%

0.
95

0.
11

2

0.
17

0.
12

0.
1

0.
95

0.
95

0.
15

0.
95

R
aw

 D
at

a 
fo

r 
C

al
cu

la
ti

o
n

 o
f 

W
e

ig
h

te
d

 R
u

n
o

ff
 C

o
e

ff
ic

ie
n

ts



35 
 

APPENDIX E: CULVERT MASTER RESULTS 

CULVERT 3 REPORT 
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CULVERT 5 REPORT 
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CULVERT 6 REPORT 
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CULVERT 8 REPORT 
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CULVERT 9 REPORT 
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CULVERT 10 REPORT 
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CULVERT 11 REPORT 
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CULVERT 12 REPORT 
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CULVERT 13 REPORT 
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CULVERT 15 REPORT 
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CULVERT 16 REPORT 
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CULVERT 17 REPORT 
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CULVERT 18 REPORT 
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CULVERT 19 REPORT 
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CULVERT 20 REPORT 

 



100 
 

 

 



101 
 

 



102 
 

 



103 
 

 

  



104 
 

CULVERT 21 REPORT 

 



105 
 

 



106 
 



107 
 

 

 



108 
 

 

CULVERT 22 REPORT 
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CULVERT 23 REPORT 
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CULVERT 24 REPORT 
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APPENDIX F: FLOW MASTER RESULTS 

 

Figure 16: Location of cross sections for Problem Area A and B. [5] 
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Appendix F-1: Area A problem for 25 years [7] 
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Appendix E-2: Area A problem for 50 years [7] 
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Appendix E-3: Area B problem for 25 years [7] 
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Appendix E-4: Area B problem for 50 years [7] 
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