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Project Purpose & 
Location

• Click on the "Google Slides" 

button below this presentation 

preview. 

• Click on "Make a copy."

• Start editing your presentation.

• You need to sign in to your 

Google account.

Google Slides

● 30 miles SE of Willcox, AZ

● East of Pinery Canyon Rd, off 

State Route 181

● Adds essential housing options

● Supports volunteer/seasonal 

staff, benefits park employees, 

and creates jobs

● Client: Sam Bell, NPS Chief of 

Facilities

2Figure 1: Location Map

Figure 2: Vicinity Map



Current Conditions & Area of 
Work 

• Click on the "Google Slides" 

button below this presentation 

preview. 

• Click on "Make a copy."

• Start editing your presentation.

• You need to sign in to your 

Google account.

Google Slides

3Figure 3: Project Map

● Flat land with mostly dead vegetation

● Channel very natural and vegetated

● Culvert conveying a flow but quite 

covered in debris 

● No protected plant life or large trees

● Well pump-house, electric pole can’t be 

displaced

● Smooth, wide dirt road



General Site Conditions

Figure 4: GPS Base Station (Facing Northeast) Figure 5: Site Conditions (Facing South-West) 4 



Soil & Survey Data 
Collection

• 750 points

• 2% slope downwards 

South to North

• Survey boundaries 

extend past the site 

boundaries 
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Figure 8 Topographic Map   

Figure 6: Inside of Culvert                
Figure 7 Sample #1   

Surveying

• Soil is very rocky, dry, & compacted 

• 4 samples

• Holes 3-4in deep, 4-5in wide

Soil Sample Collection 



Sieve Particle Distribution

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

Sieve Particle Distribution Test

Sieves Used:

• Sieve No.4 

• Sieve No.10

• Sieve No.20

• Sieve No.40

• Sieve No.60

• Sieve No.100

• Sieve No.140

• Sieve No.200

• Bottom Pan

• ~750g of soil per test used

• Shaken for 20 minutes Figure 9: Sieves Used
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Sieve Particle Distribution Curves



Atterberg Limit Test

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

Atterberg Limits Test

• Only soil that made it 

through #40 sieve was 

used

• 250-300g test samples

• 5 sub-samples for liquid 

limit

• 3 sub-samples for plastic 

limit

• Plastic Index determined

Figure 10: Liquid Limit Test Figure 11: Plastic Limit Test
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Atterberg Limits Results



Soil Types Results

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

Soil Classification
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Proctor Compaction Test 

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

Modified Proctor Compaction Test 

• Used only soil that makes it through #4 sieve

• 2000-3000g test samples

• 3% moisture added per test, each test had a total of 5 

layers with 25 blows between each layer

• 4-5 tests before weight reduced or soil became soupy 
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Figure 12: Compacted Soil



Proctor Compaction Test 
(con)

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

Modified Proctor Compaction Test results

·
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Hydrological Analysis

Watershed Delineation
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Figure 13: Site Watershed

Site Location 

• Area of Watershed: 0.41mi²/ 262.4 acres

• Length of Longest Water Course: 6869ft



Hydrological Analysis (con)

Parameters
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• Watershed Area: 0.41mi²/ 262.4 acres

• Watershed Type: Undeveloped Foothills

• Length of Longest Watercourse: 6869ft

• Impervious Cover: 0%

• NRC-SCS Soil Type: Spread of B, C, and D

• Soil Percentage: 100%

• Veg. Type: Herbaceous

• Veg. Percentage: 9% as per soil map 

report

• NOAA’s Rainfall Data

Results

50-year 100-year Units

Weighted Runoff Coef. (Wc) 0.58 0.61 Unitless

Time of Concentration 12.7 11.8 min

Rainfall Intensity (i) 7.33 8.7 in/hr

Runoff Supply Rate (q) 4.25 5.1 in/hr

Peak Discharge 1124.9 1347.7 cfs

Table 1: Results of 
Hydrological Analysis



Hydrological Analysis (con)

Manning’s Equation
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Alternatives Pursued

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

Figure 14: Alternative 1 Figure 15: Alternative 2
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Figure 16: Alternative 3 Figure 17: Alternative 4 Figure 18: Alternative 5



Decision Matrix

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access
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1= Does not meets expectations

2= Has qualities above and below

3= Meets expectations

4= Has qualities above and below

5= Exceeds expectations



Alternatives Pursued (con)
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Figure 19: Final Alternative



Grading and Cut/Fill

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

17 Figure 20: Proposed Site Grading

• Total Cut: 90 Cu. Yd.

• Total Fill: 1315.54 Cu. Yd.

• Net: 1225.49 Cu. Yd.



Roadway Design

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access
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Figure 21: Road Cross Section



Roadway Design (con)

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access
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Figure 22: Proposed Road 
Plan



Roadway Design (con)

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access
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Figure 24: Pad 7 Turning Movement

Figure 23: Pad 2 Turning Movement



Roadway Design (con)

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

21Figure 25: Proposed Road Profile



RV Pads and Concrete

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

RV Pads 

● MAG AA, 1” machine with AEA (air-entraining 

agent)

● Rated for 4000 psi
22

Concrete

● 50’ x 20’ concrete pad
● Full utility hookups on driver side
● Less than 2% longitudinal slope, less than 1% 

cross slope
● Crown of 0.5% slope designed for drainage
● 9” depth on edges, 9.5” depth at tip of crown
● 10” aggregate below concrete

Figure 26: RV Pad Top Down



RV Pad Cross Section

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access
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Figure 27: RV Pad Typical 
Cross Section



RV Pad Rebar Details

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access
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\

● ASTM A-615 grade 60 
rebar

● #4 rebar
● across 50 foot side: 

136 rebar 19.5ft long
● Across 20 foot side: 

54 rebar 49.5ft long
● ACI 360R-10 and NPS 

Structural 
Engineering 
Standards

Figure 28: RV Pad 20’ side Rebar Cross Section



Site Amenities and Improvements

• Required paperwork must 

be submitted and 

accepted prior site visit.

Lab Access

● Solar Panels on roofs

● Outdoor Gazebos with benches

● Amber low-effect lighting

● Privacy Treeline (west of site)

● ADA accessible

● Sidewalks

● Animal Proof Trash cans

● Covered Parking lot for vehicles (by 

someone else)

● Left room for future design of 

laundry/bathroom 25Figure 29: Example Gazebo



Post-Development 
Hydrological Analysis 

Parameters
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• Watershed Area: 0.41mi²/ 262.4 acres

• Watershed Type: Undeveloped Foothills

• Length of Longest Watercourse: 6869ft

• Impervious Cover: 0.12%

• NRC-SCS Soil Type: B

• Soil Percentage: 100%

• Veg. Type: Herbaceous

• Veg. Percentage: 9%

• NOAA’s Rainfall Data

Results

50-year 100-year Units

Weighted Runoff Coef. (Wc) 0.43 0.47 Unitless

Time of Concentration 14.8 13.6 min

Rainfall Intensity (i) 6.84 7.85 in/hr

Runoff Supply Rate (q) 2.97 3.66 in/hr

Peak Discharge 784.6 968.8 cfs



Cost of Implementing Design
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Cost of Construction Estimated Annual O&M Costs



Impacts Analysis

28
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