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PURPOSE 

This report presents the results of a preliminary hydrology and hydraulic analysis of the proposed drainage 
facilities shown on sheets D-01 through D-05 of the construction plans titled, Modjeska Grade Road Improvements 
Sta 10+00 to Sta 25+50 by Mark Thomas. A copy of sheets D-01 through D-05 are included in Appendix A of 
this report. 25-yr peak discharges at all proposed inlets were calculated. The discharges were used for a 
preliminary hydraulic analysis to confirm the size of proposed storm drain pipes and v-ditches. Spread 
calculations were also performed at critical locations. Results from this preliminary hydrology and hydraulics 
analysis can be used for the development of the final construction plans for Modjeska Grade Road. 

This report follows the format outlined for rational method studies in the Orange County Hydrology 
Manual (OCHM) dated October 1986. 

GENERAL DESCRIPTION OF DRAINAGE AREA 

Modjeska Grade Road is located approximately 13 miles southeast of Santa Ana as shown in Figure 1. 
Modjeska Grade Road is approximately 1.3 miles long and connects Santiago Canyon Road on the south end 
to Modjeska Canyon Road on the north end as shown in Figure 2. The project area is rural with primarily low-
density single family residential land use (maximum density of 1 dwelling unit per acre). The roadway is steep 
(as much as 13.5 %) and winding with steep embankments and cut slopes adjacent to the roadway. There are 
existing drainage facilities along the roadway consisting of roadside ditches, cross culverts, and down drains. 
The project proposes to replace much of the existing storm drain facilities.  

 
Figure 1. Vicinity Map 

Project (see Figure 
2 for detail) 
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Figure 2. Close up of Vicinity Map 
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METHODOLOGY 

Hydrology  

Peak 25-yr discharges were calculated using the Rational Method as outlined in the OCHM. Initial times 
of concentration were determined using Figure D-1, ‘Time of Concentration Nomograph for Initial Subarea’, 
in the OCHM. Travel times for concentrated flows in the roadway were calculated by dividing estimated flow 
velocities by the distance traveled.  Travel times in pipes were calculated by dividing estimated velocities using 
mannings equation divided by the pipe length. 25-yr rainfall intensities were computed using the regression 
equations shown on Figure B-3, ‘Mean Precipitation Intensities for Non-mountainous Areas’, in the OCHM. 

The percentage of impervious area within each watershed area was determined by visual inspection of 
Google Satellite imagery. Hydrologic soil groups were determined using the web-based application, Web Soil 
Survey1 (USDA Natural Resources Conservation Service). 

Profiles of storm drain pipes were not available for this stage of design. Minimum slopes were determined 
for the calculated discharges using a variation of mannings equation that calculates the friction slope (slope of 
the pipe at full capacity before going under pressure flow). The minimum slope was assumed to be 0.002 ft/ft. 
Mannings n-values of 0.014 and 0.025 were used for RCP and CMP pipes respectively. Hydraulic grade lines, 
junction losses, and available freeboard will be determined at a later stage of the design process when profiles 
have been established. The equation for friction slope is: 

𝑆𝑓
2.148 𝑄 𝑛

𝑑
^2 

 Where: 

   Sf  = friction slope (ft/ft) 
   Q = discharge (cfs) 
   n = mannings roughness coefficient 
   d = diameter (ft)  

Spread calculations were performed by trial and error using mannings equation. An initial flow depth was 
assumed and the wetted perimeter and flow area was calculated using Autocad Civil 3D.  A composite n-value 
was calculated if the spread extended into the paved area using 0.014 for concrete and 0.022 for pavement. 
Mannings equation was used to calculate the velocity for the assumed flow depth and the discharge calculated 
using the equation Q = Velocity x Area. The flow depth was adjusted until the calculated discharge matched 
the design discharge. A typical section showing how spread is measured is shown in Figure 3. 

 

Figure 3. Typical section of calculated spread 

 
1 https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm 
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V-ditch capacity calculations were performed using mannings equation with an n-value of 0.020 for the 
concrete ditch. The capacity calculations assumed 3-inches of freeboard as shown in Figure 4. 

 

Figure 4. Typical section of V-ditch for capacity calculation 
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DRAINAGE AREA 

The overall drainage areas for the project are shown in Figure 5. 

 
Figure 5. Overall project drainage areas 
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The hydrologic soils groups for the overall project drainage area are shown in Figure 6. 

 

 
Figure 6. Hydrologic Soils Groups (USDA NRCS) Magenta = Class A, Aqua = Class C, Salmon = Class D 
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RATIONAL METHOD CALCULATIONS 

Points of Concentration (POC) correspond with the approximate roadway station shown on the drainage 
plans. If more than one POC occurs at the same station, the designation of LT (left) or RT (right) is used to 
describe the side of the road the POC is located (looking upstation along the roadway). Drainage area maps for 
each POC are included in Appendix B of this report. Initial time of concentration nomographs for each POC 
are also included in Appendix B. Flow path and elevations used for the initial time of concentration nomograph 
for each POC are shown on the drainage area maps. 
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HYDRAULIC ANALY SES –  MINIMUM PIPE SLOPES 

 Table 1 shows the minimum pipe slopes to be used for establishing profiles. Existing pipes that are not 
being replaced were not included. A diversion structure is proposed at station 76+40 to divert a portion of the 
flow to an existing channel. The analysis of the diversion structure will be a part of a later design phase. It is 
assumed that the flow diverted to the channel will be 30 cfs. The existing channel runs parallel to the road and 
crosses Shadowland Circle in double 18” culverts. The double 18” culverts will be replaced with a box culvert. 
The analysis of the channel and proposed box culvert will be a part of a later design phase. 

Table 1. Minimum pipe slopes for final design. 

POC 

Diameter Q25 Sf Minimum slope 

(in) (cfs) (ft/ft) (ft/ft) 

          

16+84 LT 18 2.2 0.0005 0.0020 

16+84 RT 18 3.1 0.0010 0.0020 

18+77 18 3.6 0.0014 0.0020 

22+18 18 3.6 0.0011 0.0020 

24+20 18 0.8 0.0001 0.0020 

27+01 LT 18 4.8 0.0024 0.0024 

26+82 RT 18 5.3 0.0030 0.0030 

31+33 LT 18 4.7 0.0023 0.0023 

31+33 RT 18 5.8 0.0035 0.0035 

37+84 18 1.2 0.0002 0.0020 

41+03 18 0.8 0.0001 0.0020 

43+03 18 3.9 0.0016 0.0020 

44+32 18 0.5 0.0000 0.0020 

44+66 18 0.7 0.0001 0.0020 

47+60 18 1.3 0.0002 0.0020 

49+46 18 0.8 0.0001 0.0020 

50+98 18 1.3 0.0002 0.0020 

52+01 18 1.5 0.0002 0.0020 

54+61 18 4.0 0.0017 0.0020 

56+55 18 4.3 0.0019 0.0020 

63+97 RT 18 7.6 0.0061 0.0061 

63+97 LT 18 8.0 0.0067 0.0070 

67+58 18 12.2 0.0156 0.0156 

69+00 (MH) 24 17.9 0.0073 0.0073 

69+04 24 18.4 0.0077 0.0080 

71+90 18 6.5 0.0044 0.0044 

73+69 18 1.8 0.0003 0.0020 

73+74 18 1.1 0.0001 0.0020 

73+96 (MH) 18 8.9 0.0083 0.0083 
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74+04 36 54.7 0.0078 0.0080 

76+40 (Diversion Structure) 36 31.5 0.0026 0.0026 

76+39 RT 18 4.4 0.0020 0.0020 

76+39 LT 18 0.5 0.0000 0.0020 

76+39 (MH) 36 34.5 0.0031 0.0031 

77+33 18 9.6 0.0097 0.0100 

77+37 (MH) 36 42.4 0.0047 0.0050 

77+60 18 3.1 0.0010 0.0020 

MCR CB 1 36 30.4 0.0024 0.0025 

MCR CB 2 36 32.0 0.0027 0.0027 

78+04 (MH) 36 33.9 0.0030 0.0030 

78+15 36 34.2 0.0030 0.0030 

78+34 (MH) 48 71.9 0.0029 0.0030 

78+38 48 73.1 0.0030 0.0030 

HYDRAULIC ANALY SES –  SPREAD CALCULATIONS 

 Table 2 shows the calculated spread at proposed inlets with concentrated street flow. Inlets in the vicinity 
of the Shadowland Circle and Modjeska Canyon Road intersection were not analyzed due to insufficient design 
details. These locations will be analyzed at a later design phase. 

Table 2. Spread at inlets with concentrated street flow 

POC Type 

Longitudinal Slope Q25 Spread 

(ft/ft) (cfs) (ft) 

          

16+84 RT C&G 0.122 1.0 5.0 

24+20 C&G 0.105 0.8 4.8 

26+82 RT C&G 0.050 0.6 5.0 

31+33 RT C&G 0.117 1.0 5.1 

37+84 C&G 0.025 1.2 6.1 

41+03 C&G 0.060 0.8 3.3 

44+32 C&G 0.111 0.5 2.8 

47+60 C&G 0.080 1.3 5.4 

49+46 C&G 0.115 0.8 2.9 

50+98 C&G 0.120 0.5 2.6 

52+01 C&G 0.095 0.3 2.3 

54+61 C&G 0.107 2.8 7.4 

56+55 C&G 0.118 0.4 3.8 

63+97 LT AC Dike 0.052 0.6 5.3 

69+04 C&G 0.086 0.6 2.8 

73+74 C&G 0.080 1.1 3.0 

76+39 C&G 0.045 0.5 2.7 
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HYDRAULIC ANALY SES –  V-DITCHES  

Table 3 shows the proposed POC’s that will collect concentrated flow from v-ditches. The capacity of the 
v-ditch assumes 3 inches of freeboard. If the capacity of the v-ditch at the POC is greater than the calculated 
discharge at the location, then the v-ditch is considered adequate. 

Table 3. V-ditch capacities 

POC 

Longitudinal Slope Q25 V-Ditch Capacity 

(ft/ft) (cfs) (cfs) 

        

10+80 0.09 1.8 12.2 

16+84 LT 0.128 2.2 14.5 

18+77 0.122 3.6 14.2 

22+18 0.095 3.3 12.5 

27+01 LT 0.040 4.8 8.1 

31+33 LT 0.082 4.7 11.7 

43+03 0.058 3.9 9.8 

49+53 0.108 1.6 13.4 

56+23 0.120 1.5 14.1 

63+97 RT 0.112 7.6 13.6 

67+58 0.068 4.7 10.6 

68+96 0.062 6.4 10.1 

71+90 0.111 6.5 13.6 

73+69 0.093 1.8 12.4 

76+39 RT 0.045 4.4 8.6 

77+33 0.059 9.6 9.9 
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APPENDIX A –  DRAINAGE PLANS (MARK THOMAS) 
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APPENDIX B –  DRAINAGE MAPS AND INITIAL TOC NOMOGRAPHS 

Drainage maps and initial TOC nomograpghs appear in order as shown on hydrology calculation sheets 
(initial time flow paths shown in green). 

 
POC 10+80 

POC 10+80 

Elev 1581 

Elev 1418 

L = 565 ft 

7.0 Acres 
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10+80 V-Ditch (sub-area of 10+80) 

Elev 1492 

7.0 Acres 

Elev 1455 

L = 145 ft 

10+80 V-Ditch 
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16+84 LT and RT 
 

POC 16+84 LT 

Elev 1540 

Elev 1480 

L = 180 ft 

0.23 Acres 

POC 16+84 RT 

0.54 Acres 



  

33 

 



  

34 

 
18+77 

 

POC 18+77 

Elev 1582 
Elev 1510 

L = 260 ft 

1.0 Acres 
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22+18 

 

POC 22+18 

Elev 1591.5 

Elev 1561.5 

L = 250 ft 

1.0 Acres 
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24+20 

 

POC 24+20 

Elev 1546 

Elev 1579 

L = 255 ft 

0.2 Acres 
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27+01 LT and 26+82 RT 

 

POC 27+01 LT 

Elev 1600 

Elev 1701.5 

L = 275 ft 

1.3 Acres 

Elev 1607 

POC 26+82 RT 

Elev 1565 

0.16 Acres 

L = 450 ft 
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31+33 LT and 31+33 RT 

 

POC 31+33 LT 

Elev 1674 

Elev 1708.5 

L = 265 ft 

1.38 Acres 

Elev 1650 

POC 31+33 RT 

Elev 1645 

0.31 Acres 

L = 285 ft 
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37+84 

 

POC 37+84 

Elev 1654.5 

Elev 1642.5 

L = 255 ft 

0.36 Acres 
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41+03 

 

POC 41+03 

Elev 1617 

Elev 1645 

L = 345 ft 

0.17 Acres 
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43+03 

 

POC 43+03 

Elev 1698.5 

Elev 1639.5 
L = 490 ft 

1.43 Acres 
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44+32 

 

POC 44+32 

Elev 1609 

Elev 1584.5 

L = 145 ft 

0.13 Acres 
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44+66 

 

POC 44+66 

Elev 1582.5 

Elev 1586.5 

L = 140 ft 

0.20 Acres 
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47+60 

 

POC 47+60 

Elev 1585 

Elev 1556.5 

L = 275 ft 

0.35 Acres 
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49+46 

 

POC 49+46 

Elev 1572 

Elev 1536.5 

L = 210 ft 

0.18 Acres 
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50+98 

 

POC 50+98 

Elev 1547 

Elev 1518 

L = 180 ft 

0.13 Acres 
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52+01 

 

POC 52+01 

Elev 1525.5 

Elev 1506 

L = 155 ft 

0.06 Acres 
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54+61 

 

POC 54+61 

Elev 1547 

Elev 1497.5 

L = 360 ft 

0.69 Acres 
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56+55 

 

POC 56+55 

0.09 Acres 
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49+53 

 

POC 49+53 

Elev 1551 

Elev 1585.5 

L = 275 ft 

0.42 Acres 
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53+84 

 

POC 53+84 

Elev 1488 

Elev 1522 

L = 310 ft 

0.14 Acres 
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56+23 

 
  

POC 56+23 

0.32 Acres 
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63+97 RT 

 

POC 63+97 RT 

Elev 1453 

Elev 1483 

L = 125 ft 

2.09 Acres 
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63+97 LT 

 
  

POC 63+97 LT 

0.14 Acres 
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67+58 

 

POC 67+58 

Elev 1375 

Elev 1483.5 

L = 330 ft 

1.34 Acres 
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68+96 

 

POC 68+96 

Elev 1351.5 

Elev 1483 

L = 290 ft 

1.74 Acres 
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79 

 
69+04 

 
  

POC 69+04 

0.14 Acres 
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71+90 

 

POC 71+90 

Elev 1317.5 

Elev 1510 

L = 415 ft 

1.86 Acres 
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73+69 

 

POC 73+69 

Elev 1307.5 

Elev 1426 

L = 270 ft 

0.45 Acres 
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73+74 

 

POC 73+74 

Elev 1273 
Elev 1345 

L = 485 ft 

0.29 Acres 
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74+04 

 

POC 74+04 

Elev 1354 

Elev 1698.5 

21.2 Acres 

L = 1,000 ft 
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76+39 LT and 76+39 RT 

 

POC 76+39 LT 

Elev 1285 

Elev 1292.5 

L = 260 ft 

0.11 Acres 

Elev 1278 

POC 76+39 RT 

Elev 1514 

1.43 Acres 

L = 590 ft 
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77+33 

 

POC 77+33 Elev 1278 

Elev 1681 

L = 815 ft 

3.28 Acres 
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77+60 

 

POC 77+60 

Elev 1273 

Elev 1514 

L = 410 ft 

0.85 Acres 
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MCR CB 1 and MCR CB 2 

 

POC MCR CB 2 
0.65 Acres 

Elev 1790 

POC MCR CB 1 

Elev 1323 

12.56 Acres 

L = 990 ft 
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78+15 and 78+38 

 

POC 78+38 

0.23 Acres 

POC 78+15 

0.49 Acres 
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County of Orange 
Stormwater Requirements Template 

 
INTERNAL PROJECTS ONLY 

 
TRANSMITTAL PAGE 

Include this document at the charter of every project. 
Submit a new transmittal page at each 35%, 65%, 90%, and 100% Design stages, as applicable. 

 
Project Name: Modjeska Grade Road, Road and Drainage Improvements 
Project File No: EQ17009D 

Project Location: 
Modjeska Grade Road Check One: 
Silverado, CA 92676  North OC  South OC 

Project Description: 

The Project will address critical pavement and drainage deficiencies along 
Modjeska Grade Road. It will reconstruct the asphalt concrete pavement by 
removing the existing structural section and installing a new one for the entire 
length of the Project.  

Project Area (total area associated with the Project or total area of the right-of-way): 5.98 acres 

Area to be disturbed by the Project (Project Footprint): 5.98 acres 

Project Proposed Impervious Area (subset of Project Footprint) 4.84 acres 

Project Proposed Pervious Area (subset of Project Footprint) 1.15 acres 

The proposed increase or decrease in impervious area in the proposed condition as 
compared to the pre-project condition: +19 % 

Identify the Project type below (refer to the WQMP Applicability Checklist): Place “X” in only 
one box below 

Type 1: Priority Project – WQMP required  

Type 2: Green Street Project – WQMP required  

Type 3: Non-Priority Project – WQP required (North OC) or NPP required (South OC)  

Type 4: Maintenance/Other Project – No WQMP required, no WQP/NPP required  

Additional Permits Yes No 

Does the Project require coverage under a Construction General Permit?   

Does the Project require coverage under the Clean Water Act, i.e., Section 401/404?   

Does the Project require a California Department of Fish and Wildlife Permit?   

Does the Project require a Dewatering Permit?   

 
65% Submittal - February 12, 2024 
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North Orange County 
WQMP Applicability Checklist 

1. Is the Project located in North Orange County (NOC)? 

 Yes; proceed to Question 2  No; please refer to the South Orange 
County WQMP Applicability Checklist 

2. Is the Project proposing streets, roads, highways, freeways, sidewalks, and/or bikeways of 5,000 
square feet or more of new paved impervious surface? 

 Yes; proceed to Question 12  No; proceed to Question 3 
3. Is the Project a below-ground linear drainage or utility construction project, such as storm drains, 

sewers, and water lines, that will result in the replacement of more than 5,000 square feet of 
impervious surface within a developed public street, road, or highway? 

 Yes; proceed to Question 4  No; proceed to Question 6 
4. Will the Project maintain original line and grade, and hydraulic capacity/original purpose of the 

facility? 
 Yes; proceed to Question 13  No; proceed to Question 5 

5. Is the Project occurring in response to an emergency to protect public health and safety? 

 Yes; Type 3: Non-Priority Project, 
WQP required; proceed to Section 1  No; proceed to Question 14 

6. Is the Project a new development project that creates 10,000 square feet or more of impervious 
surfaces (collectively over the entire project site)? 

 Yes; Type 1: Priority Project, 
WQMP required; proceed to Section 1  No; proceed to Question 7 

7. Is the Project a redevelopment project that creates and/or replaces 5,000 square feet or more of 
impervious surface (collectively over the entire project site on an existing site of 10,000 square 
feet or more of impervious surfaces)? 

 Yes; proceed to Question 14  No; proceed to Question 8 
8. Is the Project a new or redevelopment project that creates and/or replaces 5,000 square feet or 

more of impervious surface (collectively over the entire project site), and consist primarily of one 
or more of the following uses: 

i. Restaurants.  This category is defined as a facility that sells prepared foods and drinks for 
consumption, including stationary lunch counters and refreshment stands selling prepared 
foods and drinks for immediate consumption (Standard Industrial Classification (SIC) code 
5812).  Information and an SIC search function are available at 
https://www.osha.gov/pls/imis/sicsearch.html. 

ii. Hillside development projects.  This category includes development on any natural slope 
that is twenty-five percent or greater. 

iii. Parking lots.  This category is defined as a land area or facility for the temporary parking 
or storage of motor vehicles used personally, for business, or for commerce. 

iv. Automotive repair shops.  This category is defined as a facility that is categorized in any 
one of the following SIC codes: 5013, 5014, 5541, 7532-7534, or 7536-7539. Information 
and an SIC search function are available at https://www.osha.gov/pls/imis/sicsearch.html. 

v. Retail gasoline outlets.  This category includes Retail gasoline outlets that meet the 
following criteria: (a) 5,000 square feet or more or (b) a projected Average Daily Traffic of 
100 or more vehicles per day. 

 Yes; proceed to Question 14  No; proceed to Question 9 

https://www.osha.gov/pls/imis/sicsearch.html
https://www.osha.gov/pls/imis/sicsearch.html
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9. Is the Project a new or redevelopment project that creates and/or replaces 2,500 square feet or 
more of impervious surface (collectively over the entire project site), and discharges directly to an 
Environmentally Sensitive Area (ESA)? 
Note: “Discharging directly to” includes flow that is conveyed overland a distance of 200 feet or less from the Project to the 
ESA, or conveyed in a pipe or open channel any distance as an isolated flow from the Project to the ESA (i.e. not comingled 
with flows from adjacent lands).  For projects adjacent to an ESA, but not discharging to an ESA, the 2,500 sq-ft threshold 
does not apply as long as the Project does not physically disturb the ESA and the ESA is upstream of the Project. 

 Yes; proceed to Question 14  No; proceed to Question 10 

10. Will the Project require discretionary action (grading permit, building permit, etc.) that will include 
a precise plan of development, except for those projects exempted by the Permittee Water Quality 
Ordinance (as applicable)? 

 Yes; Type 3: Non-Priority Project, 
WQP required; proceed to Section 1  No; proceed to Question 11 

11. Will the Project require issuance of a non-residential plumbing permit for pipelines conveying 
hazardous materials (e.g. gasoline) as defined in the Permittee Water Quality/Stormwater 
Ordinance? 

 Yes; Type 3: Non-Priority Project, 
WQP required; proceed to Section 1  

No; Type 4: Maintenance/Other 
Project, no WQP or WQMP required; 
proceed to Section 1 

12. Is the Project a Maintenance Project (a routine activity that is conducted to maintain the original 
line and grade, hydraulic capacity, or original purpose of the facility)?  

 
Yes; Type 4: Maintenance/Other 
Project, no WQP or WQMP required; 
proceed to Section 1 

 
No; Type 2: Green Street Project; 
modified WQMP required; proceed to 
Section 1 

13. Is the Project a Maintenance Project (a routine activity that is conducted to maintain the original 
line and grade, hydraulic capacity, or original purpose of the facility)? 

 
Yes; Type 4: Maintenance/Other 
Project, no WQP or WQMP required; 
proceed to Section 1 

 No; Type 3: Non-Priority Project; 
WQP required; proceed to Section 1 

14. Is the Project a Maintenance Project (a routine activity that is conducted to maintain the original 
line and grade, hydraulic capacity, or original purpose of the facility)? 

 
Yes; Type 4: Maintenance/Other 
Project, no WQP or WQMP required; 
proceed to Section 1 

 No; Type 1: Priority Project; WQMP 
required; proceed to Section 1 
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South Orange County 
WQMP Applicability Checklist 

1. Is the Project located in South Orange County (SOC)? 

 Yes; proceed to Question 2  No; please refer to the North Orange 
County WQMP Applicability Checklist 

2. Is the Project proposing new or retrofitting 5,000 square feet of existing paved sidewalks, bicycle 
lanes, or trails that meet the following criteria: 

a. Designed and constructed to direct storm water runoff to adjacent vegetated areas, or 
other non-erodible permeable areas; OR 

b. Designed and constructed to be hydraulically disconnected from paved streets or roads; 
OR 

c. Designed and constructed with permeable pavements or surfaces 

 Yes; proceed to Question 11  No; proceed to Question 3 
3. Is the Project proposing retrofitting or redevelopment of 5,000 square feet of existing paved alleys, 

streets, or roads? 
 Yes; proceed to Question 11  No; proceed to Question 4 

4. Is the Project a new development project that creates 10,000 square feet or more of impervious 
surfaces (collectively over the entire project site)? 

 Yes; proceed to Question 12  No; proceed to Question 5 
5. Is the Project a redevelopment project that creates and/or replaces 5,000 square feet or more of 

impervious surface (collectively over the entire project site on an existing site of 10,000 square 
feet or more of impervious surfaces)? 

 Yes; proceed to Question 12  No; proceed to Question 6 
6. Is the Project a new or redevelopment project that creates and/or replaces 5,000 square feet or 

more of impervious surface (collectively over the entire project site), and consist primarily of one 
or more of the following uses: 

i. Restaurants.  This category is defined as a facility that sells prepared foods and drinks for 
consumption, including stationary lunch counters and refreshment stands selling prepared 
foods and drinks for immediate consumption (Standard Industrial Classification (SIC) code 
5812).  Information and an SIC search function are available at 
https://www.osha.gov/pls/imis/sicsearch.html. 

ii. Hillside development projects.  This category includes development on any natural slope 
that is twenty-five percent or greater. 

iii. Parking lots.  This category is defined as a land area or facility for the temporary parking 
or storage of motor vehicles used personally, for business, or for commerce. 

iv. Automotive repair shops.  This category is defined as a facility that is categorized in any 
one of the following SIC codes: 5013, 5014, 5541, 7532-7534, or 7536-7539. Information 
and an SIC search function are available at https://www.osha.gov/pls/imis/sicsearch.html. 

v. Retail gasoline outlets.  This category includes Retail gasoline outlets that meet the 
following criteria: (a) 5,000 square feet or more or (b) a projected Average Daily Traffic of 
100 or more vehicles per day. 

 Yes; proceed to Question 12  No; proceed to Question 7 

https://www.osha.gov/pls/imis/sicsearch.html
https://www.osha.gov/pls/imis/sicsearch.html
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7. Is the Project a new or redevelopment project that creates and/or replaces 2,500 square feet or 
more of impervious surface (collectively over the entire project site), and discharges directly to an 
Environmentally Sensitive Area (ESA)? 
Note: “Discharging directly to” includes flow that is conveyed overland a distance of 200 feet or less from the Project to the 
ESA, or conveyed in a pipe or open channel any distance as an isolated flow from the Project to the ESA (i.e. not comingled 
with flows from adjacent lands).  For projects adjacent to an ESA, but not discharging to an ESA, the 2,500 sq. ft threshold 
does not apply as long as the Project does not physically disturb the ESA and the ESA is upstream of the Project. 

 Yes; proceed to Question 12  No; proceed to Question 8 

8. Is the Project proposing permeable pavement surfaces? 
 Yes; proceed to Question 9  No; proceed to Question 10 

9. If the proposed permeable pavement surfaces were tabulated as impervious surface, would the 
Project qualify as a Priority Project per Questions 4-7 above? 

 Yes; proceed to Question 13  No; proceed to Question 10 
10. Is the Project resulting in the disturbance of one or more acres of total land (impervious or 

pervious) and expected to generate pollutants (as identified in Section 2.3.4.1 and 2.3.4.2 of the 
2017 SOC WQMP Technical Guidance Document (TGD)) post-construction? 

 Yes; Type 1: Priority Project, WQMP 
required; proceed to Section 1  

No; Type 4: Maintenance/Other 
Project, no NPP or WQMP required; 
proceed to Section 1 

11. Will the Project propose ONLY routine maintenance activities, such as trenching and resurfacing 
associated with utility work; pavement grinding; resurfacing existing roadways, sidewalks, 
pedestrian ramps, or bike lanes on existing roads; and routine replacement of damaged pavement, 
such as pothole repair? 

 
Yes; Type 4: Maintenance/Other 
Project, no NPP or WQMP required; 
proceed to Section 1 

 
No; Type 2: Green Street Project; 
modified WQMP required; proceed to 
Section 1 

12. Will the Project propose ONLY routine maintenance activities, such as trenching and resurfacing 
associated with utility work; pavement grinding; resurfacing existing roadways, sidewalks, 
pedestrian ramps, or bike lanes on existing roads; and routine replacement of damaged pavement, 
such as pothole repair? 

 
Yes; Type 4: Maintenance/Other 
Project, no NPP or WQMP required; 
proceed to Section 1 

 No; Type 1: Priority Project; WQMP 
required; proceed to Section 1 

13. Will the Project propose ONLY routine maintenance activities, such as trenching and resurfacing 
associated with utility work; pavement grinding; resurfacing existing roadways, sidewalks, 
pedestrian ramps, or bike lanes on existing roads; and routine replacement of damaged pavement, 
such as pothole repair? 

 
Yes; Type 4: Maintenance/Other 
Project, no NPP or WQMP required; 
proceed to Section 1 

 No; Type 3: Non-Priority Project; 
NPP required; proceed to Section 1 
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Acronyms 
 
Adf Cross sectional area at design flow depth 
AI Infiltrating surface area 
AIMP Impervious area 
AP Pervious area 
AR Retention area 
AT Trench footprint area 
ATT Total tributary area 
ac Acres 
ac-ft Acre-feet 
b Swale bottom width 
BMP Best Management Practice 
C Simple runoff coefficient 
CCR California Code of Regulations 
CEQA California Environmental Quality Act 
cf Cubic-feet 
D24 Daily harvest water demand 
d48 48-hour drawdown time 
d85 85th percentile storm event rainfall depth 
deffective Effective ponding depth 
db Basin depth 
df Flow depth 
dfiltered Depth of water filtered during the design capture storm 
dg Gravel layer depth 
dHSC Effective storm retention depth 
dm Bioretention media depth 
dO Depth of water at overflow 
dP Ponding depth 
dPM Maximum ponding depth 
dr Depth of water routed through media 
dR Aggregate reservoir depth 
DR Retention depth 
dRM Maximum aggregate reservoir depth 
dT Trench fill depth 
DCV Design Capture Volume 
DCVi Initial Design Capture Volume 
DCVUR Upstream Design Capture Volume Reduction 
DD Drawdown time 
DDg Drawdown time for gravel layer 
DDP Drawdown time for ponded water 
DMA Drainage Management Area 
DQ Design Flow Rate 
E Capture Efficiency 
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ER Green/Brown Roof Extensiveness 
ERed Reduction Efficiency 
ESA Environmentally Sensitive Area 
ET Evapotranspiration 
fED Fraction of effective ponding depth to design capture storm depth 
fEV Effective volume factor 
fPD Fraction of design ponding depth to design capture storm depth 
FS Factor of Safety 
ft feet 
GIS Geographic Information System 
HCOC Hydrologic Condition of Concern 
hr Hour 
HSC Hydrologic Source Control 
I Design storm intensity 
I85 85th percentile storm event rainfall intensity 
Ifull Gradient across filter bed assuming storage is full 
IAHSC Impervious area covered by hydrologic source controls 
ID Identification 
in Inch 
Kd Design infiltration rate 
KL Landscape coefficient 
Kmedia Media design infiltration rate 
Kobs Observed saturated infiltration rate 
Ksat Design saturated hydraulic conductivity 
Kscreen Feasibility screening infiltration rate 
L Length 
Lmin Minimum length 
LID Low Impact Development 
min Minute 
MRDmin Minimum required moisture retention depth 
MS4 Municipal Separate Storm Sewer System 
n Manning’s roughness coefficient 
ng Porosity of gravel layer 
nm Porosity of bioretention media 
nR Porosity of aggregate reservoir fill 
nT Porosity of trench fill 
NA Not applicable 
NOC North Orange County 
NPDES National Pollutant Discharge Elimination System  
NPP Non-Priority Project Water Quality Plan 
NRCS Natural Resources Conservation Service 
OC Orange County 
O&M Operations and Maintenance 
PE Professional Engineer 
Q Flow rate 
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R Ratio of pervious to impervious area 
RSD Percent volume reduction based on soil depth 
S Longitudinal slope 
SACF Surface area Correction Factor 
SARWQCB Santa Ana Regional Water Quality Control Board 
SD Soil depth 
SDmin Minimum soil depth 
SDRWQCB San Diego Regional Water Quality Control Board 
sf Square-feet 
SIC Standard Industrial Classification 
SOC South Orange County 
THR Minimum hydraulic residence time 
TR Assumed storm duration 

Tc Time of concentration 

Tc2-yr, POST 
Time of concentration for the 2-year, 24-hour storm under post-development 
conditions 

Tc2-yr, PRE Time of concentration for the 2-year, 24-hour storm under pre-development 
conditions 

TGD Technical Guidance Document 
TMDL Total Maximum Daily Load 
USEPA United States Environmental Protection Agency 
v Velocity 
V2-yr, POST Runoff volume for the 2-year, 24-hour storm under post-development conditions 
V2-yr, PRE Runoff volume for the 2-year, 24-hour storm under pre-development conditions 
Vcistern Cistern volume 
Vmax Maximum volume 
Vstorage Dead storage volume 
w Filter strip width 
WIHMP Watershed Infiltration and Hydromodification Management Plan 
WQMP Water Quality Management Plan 
WQP Water Quality Plan 
yr Year 
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1. Required Documents Checklist 
 
A Draft WQMP/WQP/NPP is required at each phase of the Project (Initiation, 35% Design, 65% Design, 
and 90% Design, as applicable) with the Final WQMP submitted at Project Completion.  Based on the 
Project type identified by the WQMP Applicability Checklist, select the relevant Required Documents 
Checklist from pages below.  Along with the checklist, drafts shall include only the required sections as 
indicated in the “Project Phase” column, as well as updated documents from every preceding project 
phase.  All sections will be required for the final WQMP at the 100% Design phase.  In addition, some 
attachments may be required.  An updated Attachments Checklist should be included at every applicable 
stage of the Project. 
 
Note that a submittal is required for Type 4: Maintenance/Other Projects.  See the Required 
Documents Checklist for Type 4 Projects below. 
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1.1 Required Documents Checklist for Type 1 Projects 
 
Type 1: Priority Project Water Quality Management Plan (WQMP) 

Sections Required Page Project 
Phase 

For 
Internal 
Use Only 

 - Transmittal Page i Initiation  
 - WQMP Applicability Checklist iii-iv or vi-vii Initiation  
 1 Required Documents Checklist 

1.1 Required Documents Checklist for Type 1 
Projects 

1.5 Attachment Checklist 

1-1 Initiation  

 2 Project Description  2-1 Initiation  
 3 Site and Watershed Characterization 

3.1 Site Characterization 
3.2 Watershed Characterization 
3.3 Preliminary Infiltration Investigation 
Preliminary Infiltration Investigation 

3-1 Initiation  

 5 Site Design and Drainage Plan 
5.1 Project Performance Criteria – NOC Only 
5.2 DMA Delineation and BMP Site Selection 
5.3 Additional Investigations for Priority Projects 

5-1 35% Design  

 6 Site Design BMPs for Priority Projects 
6.1 Selection of Site Design BMPs 
6.2 Site Design BMP Calculations 
6.3 Inventory of BMPs 

6-1 35% Design  

 8 Hydromodification BMPs 8-1 35% Design  
 9 BMP Exhibit 9-1 35% Design  
 10 Source Control BMPs 10-1 65% Design  
 11 Educational Material 11-1 100% Design  
 12 Routine Inspections, Operations, and 

Maintenance 
12.1 Inspection / Maintenance Responsibilities 
12.2 Operations and Maintenance Plan 

12-1 100% Design  

 13 Discretionary Permits and Water Quality 
Conditions 

13.1 Discretionary Permits 
13.2 Water Quality Conditions 

13-1 100% Design  
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1.2 Required Documents Checklist for Type 2 Projects 
 
Type 2: Green Streets Project 

Sections Required Page Project 
Phase 

For 
Internal 
Use Only 

 - Transmittal Page i Initiation  
 - WQMP Applicability Checklist ii-iii or iv-v Initiation  
 1 Required Documents Checklist 

1.2 Required Documents Checklist for Type 2 
Projects 

1.5 Attachment Checklist 

1-1 Initiation  

 2 Project Description  2-1 Initiation  
 3 Site and Watershed Characterization 

3.1 Site Characterization 
3.2 Watershed Characterization 

3-1 Initiation  

 5 Site Design and Drainage Plan 
5.1 Project Performance Criteria – NOC Only 
5.2 DMA Delineation 

5-1 35% Design  

 7 Site Design BMPs for Green Street Projects 7-1 35% Design  
 8 Hydromodification BMPs 8-1 35% Design  
 9 BMP Exhibit 9-1 35% Design  
 12 Routine Inspections, Operations, and 

Maintenance 
12.1 Inspection / Maintenance Responsibilities 
12.2 Operations and Maintenance Plan 

12-1 100% Design  

 13 Discretionary Permits and Water Quality 
Conditions 

13.1 Discretionary Permits 
13.2 Water Quality Conditions 

13-1 100% Design  
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1.3 Required Documents Checklist for Type 3 Projects 
 
Type 3: Non-Priority Project Water Quality Plan (WQP/NPP) 

Sections Required Page Project 
Phase 

For 
Internal 
Use Only 

 - Transmittal Page i Initiation  
 - WQMP Applicability Checklist ii-iii or iv-v Initiation  
 1 Required Documents Checklist 

1.3 Required Documents Checklist for Type 3 
Projects 

1.5 Attachment Checklist 

1-1 Initiation  

 2 Project Description  2-1 Initiation  
 3 Site and Watershed Characterization 

3.1 Site Characterization 
3.2 Watershed Characterization 

3-1 Initiation  

 4 Site Design BMPs for Non-Priority Projects 
4.1 Site Design BMPs 
4.2 Other BMPs 

4-1 35% Design  

 9 BMP Exhibit 9-1 35% Design  
 10 Source Control BMPs 10-1 65% Design  
 12 Routine Inspections, Operations, and 

Maintenance 
12.1 Inspection / Maintenance Responsibilities 

12-1 100% Design  
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1.4 Required Documents Checklist for Type 4 Projects 
 
Type 4: Maintenance/Other Projects 

Sections Required Page Project 
Phase 

For 
Internal 
Use Only 

 - Transmittal Page i Initiation  
 - WQMP Applicability Checklist ii-iii or iv-v Initiation  

 1 
Required Documents Checklist 
1.4 Required Documents Checklist for Type 4 

Projects 

1-1 
Initiation 
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1.5 Attachment Checklist 
 
Identify the attachments included in this submittal.  Refer to the appropriate sections to determine if 
attachments are necessary. 
 
Attachment Section Included 
Attachment 1 Preliminary Infiltration Investigation Report 3.3  
Attachment 2 WIHMP Criteria and Opportunities (NOC Only) 5.1  
Attachment 3 Additional DMA Delineation Tables 5.2  
Attachment 4 DCV Calculations 5.2  
Attachment 5 Supplementary Infiltration Investigation Report 5.3.1  
Attachment 6 Additional Infiltration and Harvest and Use Feasibility Tables 5.3.3  
Attachment 7 Priority Project BMP Conformance Analysis Tables 6.2  
Attachment 8 DCV Reduction Calculations 6.2  
Attachment 9 Green Street Project BMP Conformance Analysis Tables 7  
Attachment 10 Hydromodification Exhibits and Calculations 8  
Attachment 11 Hydromodification Management Plan 8  
Attachment 12 BMP Exhibit 9  
Attachment 13 Additional Educational Material 11  

Attachment 14 Additional BMP Inspection and Maintenance Responsibility 
Tables 12.1  

Attachment 15 Operations and Maintenance Plan 12.2  
Attachment 16 BMP Inspection Record 14 NA1 

1 A BMP Inspection Record is not to be completed by the Plan Developer or submitted with the WQMP/WQP/NPP.  A BMP Inspection 
Record form is provided to allow the Plan Developer to review items that will be inspected and ensure BMPs are designed in a 
manner that aligns with the requirements identified in the form. 



Stormwater Requirements Template – Modjeska Grade Road Improvement 
EQ17009D 
WQMP – 65% Submittal 

2-1 
 

2. Project Description 
 
Section 2 is required for Type 1: Priority Projects, Type 2: Green Street Projects, and Type 3: 
Non-Priority Projects. 
 
Describe the Project in a manner that matches the legal description of the Project used as part of project 
approval.  The description shall also identify Project features and attributes relevant for water quality and 
hydromodification management planning.  The purpose of this information is to: 
 

1. Legally define what is meant by the “Project” for the purpose of discretionary and subsequent 
approval; and 

2. Provide a general introduction to proposed development patterns, land uses, site activities as 
they relate to determining applicable stormwater management provisions. 

 
This section shall not provide a detailed description of the existing or proposed site.  That information will 
be catalogued in more detail as part of Section 3: Site and Watershed Characterization.  The Project 
Description Section of the WQMP/WQP/NPP shall include: 
 

 Project location, parcel numbers, and legal address, as applicable; 

 Legal boundaries of the proposed Project; 

 Project acreage; 

 Proposed land uses and site activities, including associated quantification (e.g., acreages, units); 

 Off-site improvements as part of the overall Project action; and 

 General description of site grading and drainage modifications as part of proposed development. 
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Project Description 

Project Area (total area associated with the Project or total area of the right-of-way): 5.98 acres 
260,699 sq. ft. 

Area to be disturbed by the Project (Project Footprint): 5.98 acres 
260,699 sq. ft. 

Project Proposed Impervious Area (subset of Project Footprint) 4.84 acres 
210,666 sq. ft. 

Project Proposed Pervious Area (subset of Project Footprint) 1.15 acres 
50,033 sq. ft. 

The proposed increase or decrease in impervious area in the proposed condition 
as compared to the pre-project condition: +19 % 

* Proposed impervious area, for this table, includes only full depth reconstructed areas, including road 
surface, curbs, gutters, and dikes. Proposed impervious area 
 

1. Project location, parcel numbers, and legal address, as applicable. 

Modjeska Grade Road  
Silverado, CA 92676 

2. Legal boundaries of the proposed Project. 

The boundary of the Project lies within the existing County right-of-way for Modjeska Grade 
Road from Santiago Canyon Road on the south to Modjeska Canyon Road/Shadowland Circle 
on the north, and for Modjeska Canyon Road between the Santiago Creek bridge and 
Modjeska Grade Road. 

3. Project acreage. 

The Project area is 5.98 acres. 

4. Proposed land uses and site activities, including associated quantification  

The site is a 1.3-mile two-lane rural highway. The Project focuses on entire 1.3 miles of 
Modjeska Canyon Road. 100 percent of the Project is within a land use area reserved for 
transportation. 

5. General description of site grading and drainage modifications as part of proposed 
development. 

The Project site under both existing and proposed conditions is an asphalt concrete roadway 
providing access to several single-family residences and to a popular mountain biking trail 
leading into Cleveland National Forest.  Under proposed conditions, the road will be generally 
located in the same place, but the roadway will be regraded, parallel drainage ditches will be 
upgraded, and inlets will be added. 

The structural section of the roadway will be redesigned and replaced entirely. The proposed 
road will include additional proposed drainage inlets to redirect flow. There will be a series of 
v-ditches to capture offsite drainage from the uphill slopes.   

The roadway and the ditches will continue to follow roughly the same profile as under existing 
conditions.  Steep longitudinal slopes greater than 6% are present in over 90% of the Project, 
and the slopes approach 17% in some locations.  The right-of-way for the Project is also 
limited by slopes, cliffs, and private property improvements. 
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3. Site and Watershed Characterization 
 
Section 3 is required for Type 1: Priority Projects, Type 2: Green Street Projects, and  
Type 3: Non-Priority Projects. 
 
The purpose of this Section is to describe the Project site conditions that will inform the selection and 
design of BMPs through an analysis of the physical conditions and limitations of the site and its receiving 
waters.  The Plan Developer shall conduct appropriate investigations to characterize the site and 
watershed in a manner that supports informed and appropriate decisions about site design, source 
control, Low Impact Development (LID), and hydromodification BMPs as part of subsequent steps.  The 
Project WQMP/WQP/NPP shall clearly and comprehensively document the investigations completed and 
describe the site and watershed conditions in a manner that provides appropriate support for subsequent 
selection of site design, source control, LID and hydromodification BMPs. 
 
3.1 Site Characterization 
 
The Project Site Characterization Section of the WQMP/WQP/NPP shall include: 

 Physical setting 

 Address 
 Planning Area/Land Use Designation/Zoning 

 Site characteristics 

 Topography 

 Soil type and geology 

 Groundwater considerations 

 Geotechnical considerations 

 Off-site drainage 

 Existing utilities 

 Proposed site development activities (including pollutants to be generated) 

 Project land uses 
 
Additional information regarding these topics can be found in Section 2.3 of the 2013 OC WQMP TGD 
(NOC WQMP TGD) and Section 2.3 of the SOC WQMP TGD. 
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Site Characterization 
Identify the pollutant(s) expected to be generated by the Project. 

 Metals  Suspended solids / sediment 

 Nutrients  Toxic organic compounds (pesticides, 
solvents, and hydrocarbons) 

 Oil and grease  Trash and debris 
 Pathogens (bacteria and viruses)   

1. Physical Setting 
 
The Project is located on and along Modjeska Grade Road, between Santiago Canyon Road to 
the south and Modjeska Canyon Road/Shadowland Circle on the north and includes a short 
stretch of Modjeska Canyon Road between the Santiago Creek bridge and Modjeska Grade 
Road.  
 

2. Site Characteristics 
 
The total area to be disturbed by the Project is 5.98 acres (ac).  The total amount of new 
impervious surface, will be 4.84 ac.  The total amount of pervious surface is 1.15 ac.  The 
width of the graded area of the Project is narrow, leaving only enough room to place drainage 
structures and roadway surfacing in most places. 
 

3. Topography 
 
The topography of the site is mountainous with a maximum grade of 16% and a 375-foot 
elevation change from high point to low point.  The topographic high point is near the middle 
of the Project, where Oriole Street and Santiago Truck Trail meet.  The topographic low point 
is at the southern end of the Project where Modjeska Grade Road merges with Santiago 
Canyon Road.  Another topographic low point is found at the northern end of the Project 
where Modjeska Grade Road merges into Modjeska Canyon Road and Shadowland Circle. 
 

4. Soil Type and Geology 
 
The Project is located in an area of Type D soils, according to Figure XVI-2a in the Orange 
County WQMP Technical Guidance Document (OC TGD).  A geotechnical analysis was 
conducted in May 2020 by Diaz Yourman and Associates that compiled prior geotechnical data 
for the site and included a site reconnaissance. The geotechnical analysis found sandstone 
formations and alluvium deposits throughout the Project.  The geotechnical analysis did not 
include an infiltration test since type D soil impedes water infiltration. 
 

5. Groundwater Considerations 
 
Groundwater was not encountered during the geotechnical field investigation. The site is not in 
an Orange County Water District (OCWD) Groundwater Basin Protection Boundary, according 
to Figure XVI-2e in the OC TGD. Groundwater quality is expected to be good in this location, 
as there are no nearby groundwater plumes. 
 
 
 

ocpwarullendrand
Highlight
We have a recent geotechnical report from Diaz Yourman. 
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1 INTRODUCTION 


This report presents the results of the geotechnical services performed by DiazYourman & 


Associates (DYA) for the proposed Modjeska Grade Road Improvements (Project) in Orange 


County, California.  The County of Orange Department of Public Works (OCPW) authorized this 


work on October 13, 2022. 


The Project alignment is located along Modjeska Grade Road from its intersection with Santiago 


Canyon Road to approximately 100 feet south of Modjeska Canyon Road in the City of Silverado, 


as shown on the Vicinity Map, Figure 1.   


 


Figure 1 - VICINITY MAP 
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We understand that the proposed Project will primarily consist of roadway and drainage 


improvements along Modjeska Grade Road.  The purpose of the proposed improvements will be 


to rehabilitate the existing pavement, improve the existing drainage systems, identify potential 


approaches to mitigate and/or remediate erosion along the Project alignment, and address 


localized shallow slope instability.  The approximate location of the proposed improvements is 


shown on the site plan, Figure 2, and the 65% submittal Project drawings (OCPW, 2023) are 


presented for reference in Appendix A.  Based on our review of the preliminary Project drawings 


and our discussions with the Project design team, we understand that the following components 


of the Project will require geotechnical input for design:  


 Reconstructing the existing pavement along the Project alignment. 


 Installing erosion control devices (e.g., hydroseeding, open-weave textiles, and/or turf 


reinforcement mats). 


 Installing reinforced concrete pipe (RCP) and corrugated metal pipe (CMP) at various 


locations along the proposed alignment.  We understand that the proposed pipes will have 


diameters ranging from 18 to 36 inches and invert depths ranging from approximately 4 to 


8 feet below proposed grades. 


 Constructing a cut slope near Station 49+50 that will be approximately 4 feet high with an 


inclination of 2H:1V (horizontal to vertical). 


 Potentially installing a retaining wall near Station 58+50 with retained soil heights ranging 


from approximately 15 to 20 feet.  Based on our discussions with the Project design team, 


we understand that the proposed retaining wall is currently undergoing type selection and 


that the design will be performed for the 95% design submittal. 


Note that 20- to 25-foot-high cut slopes were originally planned for the Project near Station 38+50 


and Station 42+00, as was an approximately 3-foot-high, 50-foot-long retaining wall near 


Station 74+75; however, based on our discussions with the design team, these improvements 


were removed from the Project after DYA completed our field exploration and laboratory testing 


services.  The geotechnical data collected by DYA (e.g., field exploration logs and reports, 


laboratory testing) for the improvements that were removed from the Project is, therefore, 


presented herein for completeness. 


Modjeska Grade Road is currently fully developed, and the proposed pavement improvement 


locations are generally covered with existing asphalt concrete (AC) pavements; however, the 
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majority of the adjacent hillsides are generally undeveloped, and potential alterations to current 


stormwater runoff or infiltration patterns or rates will be evaluated by others as a part of the 


Project. 


  







4
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The purpose of DYA's services was to provide geotechnical input for the design of the proposed 


improvements.  The scope of our services consisted of the following tasks: 


 Reviewing available geotechnical data. 


 Conducting a field exploration to supplement geotechnical data previously collected at the 


Project site. 


 Performing geotechnical and agronomy laboratory tests on selected soil samples. 


 Performing engineering analyses to develop conclusions and recommendations regarding 


the following: 


o Subsurface conditions 


o Geologic and seismic hazards 


o Site preparation and grading 


o Temporary and permanent slope stability 


o Infiltration potential 


o Erosion control device design parameters 


o Shallow foundation allowable bearing capacity 


o Estimated total and differential foundation settlements 


o Lateral earth pressures 


o Pavement thickness design 


o Soil corrosion potential 


 Preparing this report. 


We understand that the design of the proposed improvements addressed in this report will be 


subject to review by OCPW.   


Investigation for the mitigation of methane gas or other hazardous materials was not part of DYA’s 


scope of services.  Evaluation of pavement rehabilitation and non-destructive testing (NDT) and 


infiltration testing was also not included in DYA’s scope of services.   


The elevations presented herein refer to the North American Vertical Datum of 1988 (NAVD 88) 


unless otherwise noted.







6 
https://diazyourman.sharepoint.com/sites/Projects/Shared Documents/2022/2022-017 OCPW Modjeska Grade Rd/Report/2022-017 Report v2.docx 


2 DATA REVIEW, FIELD EXPLORATION, AND LABORATORY TESTING 


 DATA REVIEW 


Geotechnical data collected during previous field explorations performed by County of Orange 


(1995, 1999, 2001, 2005, 2006) along Modjeska Grade Road and by Leighton and Associates, 


Inc. ([LAI], 2008) for the residential property at 28161 Modjeska Grade Road were reviewed to 


supplement site data collected during this exploration.  DYA also reviewed our previous letter 


report summarizing our conceptual evaluation of the potential for and mitigation of erosion along 


the Project alignment (DYA, 2021).  A list of the documents reviewed is presented in the 


bibliography (Section 8).  Previous geotechnical data reviewed by DYA for the Project included 


boring logs and laboratory testing results which are presented in Appendix B for reference. 


 FIELD EXPLORATION 


DYA’s field exploration, which was conducted between April 6 and May 4, 2023, consisted of 


drilling six soil borings, advancing two hand augers, and collecting 36 bag samples for agronomy 


testing.  The boring and hand auger locations are shown on Figure 2, and the agronomy sample 


locations are shown on Figure 3.  The boring and hand auger locations were chosen by DYA 


based on site access constraints, such as underground utility conflicts and/or overhead 


obstructions (e.g., overhead power lines and trees).  The field exploration locations were selected 


to provide areal coverage of the Project site for earthwork and grading in addition to pavement, 


foundation, and drainage design.  The boring and hand auger depths, which ranged from 


approximately 10 inches to 41 feet below ground surface (bgs), were selected to supplement data 


previously collected by others and to extend to the depth of significant influence of the proposed 


improvements.  Details of the field exploration, including sampling procedures and boring logs, 


are presented in Appendix C. 


DYA’s field exploration also consisted of performing geophysical surveys to evaluate the 


subsurface conditions of the existing slopes adjacent to Modjeska Grade Road.  The geophysical 


surveys, which consisted of two seismic P-wave refraction traverses and one-dimensional seismic 


surface wave refraction microtremor (ReMi) profiles, were performed by Atlas Technical 


Consultants LLC (Atlas) on March 23 and May 3, 2023.  The geophysical surveys were performed 


in areas that were inaccessible to the drill rig to supplement the data collected during the current 


and previous field explorations performed by DYA and others.  The locations of the geophysical 


surveys are shown on Figure 2, and the results are presented in Appendix D.  
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 LABORATORY TESTING 


Soil samples collected from the borings were re-examined in the laboratory to substantiate field 


classifications.  Selected soil samples were tested for moisture content, dry density, grain-size 


distribution, percent passing the No. 200 sieve, Atterberg limits, shear strength, compaction 


characteristics, and pavement support capacity (R-Value).  The soil samples tested are identified 


on the boring logs.  Laboratory test data are summarized on the boring logs in Appendix C and 


presented on individual test reports in Appendix E.  


Agronomy testing was performed by Wallace Laboratories on selected soil samples.  Tests 


included standard agricultural suitability, growth studies, and nematode testing.  Results of the 


agronomy testing and recommendations for the Project site are summarized in the report 


prepared by Wallace Laboratories that is presented in Appendix F.   
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3 SITE CONDITIONS 


 GEOLOGY 


 Regional Geology 


The Project site is located in the mid-west section of the Peninsular Ranges.  The Peninsular 


Ranges are a series of ranges that are separated by northwest trending valleys, subparallel to 


faults branching from the San Andreas Fault.  The Peninsular Ranges are bound to the north by 


the Transverse Ranges, to the east by Santiago Peak, to the south by Trabuco Canyon, and to 


the west by the Orange County groundwater basin.  Geologically the Peninsular Ranges are 


similar to the Sierra Nevada, with older metamorphic rocks containing granitic intrusions (CGS1 , 


2002).   


 Local Geology 


The Project site is located in the Santa Ana Mountains.  Based on mapping performed by Morton 


and Miller (2006), the Santa Ana Mountains, within the Project alignment, are underlain by 


continental and marine sandstone and conglomerate of the late Eocene, Santiago Formation 


(Tsa), nonmarine and marine sandstone, siltstone and conglomerate of the Paleocene, Silverado 


Formation (Tsi-Tsicg), Pleistocene-age very old axial-channel deposits (Qvoa3-Qvoa2), marine 


sandstone of the Pleasants Sandstone Member (Kwps-Kwps1), and Holocene-age young 


axialchannel deposits (Qya).  A  summary of the Morton and Miller (2006) geologic units mapped 


along the Project alignment and the previous and current borings located within each geologic 


unit are presented in Table 1, and a geologic map of the Project alignment is presented on Figure 


4.     


 
 
1 Formerly California Division of Mines and Geology (CDMG). 
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Table 1 - SUMMARY OF GEOLOGIC UNITS 


GEOLOGIC UNIT1 DESCRIPTION BORING ID 


Qls 
Late Holocene age, fragmented to coherent active landslides.  
Unconsolidated to consolidated. 


-- 


Santiago Formation 
Sandstone  
(Tsa) 


Eocene-age non-marine and marine sandstone and conglomerate.  
Conglomerate is composed of a variety of rock clasts including quartzite, 
volcanic and granitic rock, sandstone, and metamorphic rock.  Overlying 
the conglomerate is a thick sequence of sandstone with lesser 
interbedded siltstone.  Unit is moderately soft to hard, moderately to 
highly fractured, poorly to moderately well-bedded. 


DYB23-01 
B95-11 


B95-21 


Silverado Formation 
Sandstone  
(Tsi and Tsicg) 


Paleocene-age non-marine and marine sandstone, siltstone and 
conglomerate.  Conglomerate is composed of a variety of rock clasts, 
including quartzite, volcanic and granitic rock, sandstone, and 
metamorphic rock.  Basal conglomerate is overlain by a relatively thin 
sequence of sandstone with lesser interbedded siltstone.  Above this 
sequence is a distinctive claystone bed (Claymont) overlain by a thicker 
sequence of sandstone, siltstone, and conglomerate and a second 3- to 
4-foot-thick clay bed (Serrano) that contains carbonaceous shale and 
lignite.  Unit is moderately soft to hard, moderately to highly fractured, 
poorly to moderately well-bedded. 


DYB23-03 
DYB23-04 
DYB23-05 
DYB23-06 
DYB23-07 
B99-6111 


B99-6061 


B99-5891 


B99-5981 


Very old alluvium 
(Qvoa3) 


Sand containing scattered gravel and cobbles and having silt- and clay-
rich layers.  Generally reddish brown to yellowish tan, slightly to well 
indurated/consolidated, poorly bedded, and covered with a weathered 
pedogenic surface soil cap often with a higher percentage of clay. 


DYB23-02 


Qvoa2 
Fluvial sediments, reddish brown, mostly very dissected gravel, sand, 
silt, and clay. 


-- 


Williams Formation 
Pleasants 
Sandstone  
(Kwps and Kwps1) 


Late Cretaceous; white to pale gray; coarse-grained marine sandstone 
containing pebbles and cobbles, as well as siltstone beds, poorly 
bedded, moderately to very hard, moderately fractured, generally 
massive with scattered conglomerate lenses. 


Possibly 
Underlaying 
DYB23-092  


Young alluvium 
(Qya) 


Slightly to moderately consolidated silt, sand, and gravel deposits.  
Deposits can contain abundant boulders from steep tributary canyons.  
Some alluvial-fan deposits are present from tributary canyons and 
gulches. 


DYB23-09 


Notes: 
1. Borings previously performed by the County of Orange (1995, 1999); see Appendix B. 
2. Boring DYB23-09 is mapped within the Qya geologic unit; however, based on the results of the current 


subsurface exploration, Boring DYB23-09 appeared to be closer to the Kwps and/or Kwps1 geologic 
units. 


In general, the Tsa, Tsi, and Kwps formations are massive and poorly bedded, which suggests a 


low potential for gross slope instability.  Bedding planes in the Kwps formation were generally 


steeper than those observed in the Tsa and Tsi formations.  Where observed, bedding planes 


were oriented into slope or were oriented such that out-of-slope conditions were judged to be 


unlikely to affect the proposed Project.  However, fractures were noted that crosscut bedding and 


produced small- to medium-sized blocks of material that could be surficially unstable for cut 


slopes.  In addition, DYA observed evidence of localized slope instabilities during our previous 


geologic site reconnaissance (2021) in the Tsa, Tsi, and Kwps formations.  The slope instabilities 


were observed near Station 24+50 in the Tsa, near Stations 32+50, 37+00, and 64+50 in the Tsi, 


and near Station 77+00 in the Kwps.   
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A north-to-northwest-trending geologic fault separates the units presented in Table 1 through 


much of the alignment, with Tsa located predominantly to the west of the fault and Tsi 


predominantly to the east.  The fault is believed to be non-active and will likely have little to no 


impact on the proposed Project improvements.  However, past fault movement can increase the 


level of fracturing and degrade bedrock quality; therefore, additional evaluation of the fault’s 


effects on bedrock properties might be required during future location-specific phases of Project 


design.  
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 SURFACE CONDITIONS 


At the time of DYA’s field exploration, Modjeska Grade Road generally consisted of existing AC-


paved roads with one lane in each direction.  The existing pavement sections encountered during 


DYA’s field exploration are summarized in Table 2.  Overhead powerlines, guardrails, and large 


trees bordered portions of Modjeska Grade Road throughout the Project alignment, and existing 


shoulders were generally unpaved.  The adjacent hillsides were generally undeveloped with 


residential properties located along isolated portions of the Project alignment.  The topography of 


the Project alignment varied significantly (OCPW, 2019); the ground surface elevation along 


Modjeska Grade Road was approximately 1,385 feet at the intersection of Modjeska Grade Road 


and Santiago Canyon Road and approximately 1,275 feet approximately 100 feet south of 


Modjeska Canyon Road.  The maximum ground surface elevation along Modjeska Grade Road 


was approximately 1,651 feet near Station 35+50. 


Table 2 - EXISTING PAVEMENT SECTIONS 


BORING ID 
ASPHALT CONCRETE 


(inches) 
BASE 


(inches) 


DYB23-01 3 5 


DYB23-02 2 4 


DYB23-04 1 9 


DYB23-05 2 -- 


DYB23-07 3 4 


DYB23-09 5 4 


Note: 
 Pavement not encountered at Borings DYB23-03 and DYB23-06. 


Modjeska Grade Road generally appeared to have been formed via a series of cuts and fills along 


natural hillsides, resulting in slopes that ascend from one shoulder of the roadway and descend 


from the opposite shoulder.  The inclination of the ascending slopes typically ranged from steep 


(i.e., equal to or steeper than 0.5H:1V) to moderate (approximately 2H:1V to 3H:1V); site access 


constraints generally precluded DYA from evaluating the inclinations of the slopes that descended 


from the roadway.  Surface conditions along the slopes observed by DYA appeared to consist of 


2 to 4 feet of surficial materials (e.g., soil/colluvium and alluvium) underlain by formational units.  


The surficial material was moderately to densely vegetated with natural grasses, shrubs, and/or 


trees, with some isolated areas of landscaping associated with adjacent residential properties.  


Little to no alluvium and vegetation were observed where slope inclinations were steeper than 


approximately 1H:1V; in such areas, the formational units were exposed. 
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During DYA’s previous site reconnaissance (DYA, 2021), evidence of erosion on the slope faces 


in the form of rills, gullies, and weathered jointing in the formational units was observed; however, 


evidence of erosion on the roadway surface (e.g., soil and gravel on the roadway) was not 


observed.  Google (2023) Street View imagery and photographs previously provided by OCPW 


indicate that erosional rills, gullies, and cracks have occurred along unpaved shoulders and 


slopes and that soil and gravel have been deposited along the roadway during and after rain 


events.  DYA also observed that erosion control devices (e.g., sandbags, wood panel barriers, 


and water-filled plastic barriers) have been implemented along the Project alignment. 


 SUBSURFACE CONDITIONS 


The subsurface soils along Modjeska Grade Road generally consisted of artificial fill underlain by 


natural soils.  Based on borings previously performed by OCPW (1995, 1999) along the Project 


alignment, the fills generally range from 4 to 7 feet thick and are typically composed of sandy clay, 


clayey sand, and silty sand.  Descriptions of the fill presented on the boring logs prepared by 


OCPW suggest that the fill was likely derived from the topsoil in the adjacent areas.  The soils 


encountered during DYA’s field exploration were generally similar across the Project site and 


consisted primarily of medium dense to very dense coarse-grained soils (e.g., sands) with isolated 


areas of fine-grained soils (e.g., silts and clays). 


Borings performed by OCPW in 1995 and 1999 (see Appendix B) encountered the Santiago (Tsa) 


and Silverado (Tsi) formations, respectively.  Borings that encountered the Tsa were performed 


between Station 33+00 and Station 35+00; borings that encountered the Tsi were performed 


between Station 61+00 and Station 65+00.  Descriptions of the Tsa and Tsi in the OCPW boring 


logs were generally consistent with the descriptions in Table 1, with blow counts indicating that 


the formations are generally very dense.  However, boring logs performed in the Tsa indicated 


that, when disturbed during drilling, the granular components were prone to decomposition.   


Boring DYB23-09 likely encountered the Williams Formation.  As shown on Figure 4, Boring 


DYB23-09 is mapped within Young alluvium (Qya); however, we judge that the geologic 


characteristics observed during the current field exploration were closer to what would be 


expected from the Williams Formation.  Refusal was met in Boring DYB23-09 indicating that the 


underlying formational unit is likely hard. 


A summary of the near-surface soils encountered along Modjeska Grade Road is presented in 


Table 3. 
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Table 3 - SUMMARY OF GEOTECHNICAL CHARACTERISTICS (ROADWAY) 


SOIL LAYER1 
DEPTH  
(feet) 


SPT N60 BLOW 
COUNT2 


(bpf) 


DRY 
DENSITY3 


(pcf) 


MOISTURE 
CONTENT3 


(%) R-VALUE 


Silty Sand (SM), Clayey Sand 
(SC), Sandy Lean Clay (CL) 


0 to 5 > 40 
111 
(5) 


9 
(4) 


15 to 67 


Notes: 
1. Soil types classified in accordance with Unified Soil Classification System (USCS) based on results of field 


and laboratory testing. 
2. SPT N60 – Standard penetration test (SPT) corrected for hammer efficiency (see Appendix C).  
3. Average values presented; standard deviations are indicated in parentheses. 


 bpf = blows per foot; pcf = pounds per cubic foot. 


Based on our review of the geologic conditions in the vicinity of the cut slope proposed near 


Station 49+50, we infer that the slope material will likely consist of the Silverado Formation (see 


Section 3.1.2).  Note that the cut slope was added to the proposed improvements after DYA had 


completed our field exploration and laboratory testing program for the Project; therefore, 


geotechnical data was not collected at the location of the proposed cut slope. 


The subsurface soils in the vicinity of the proposed retaining wall near Station 58+50 generally 


consisted of artificial fill underlain by medium dense to very dense natural coarse-grained soils.  


Based on test pits previously performed by LAI (2008), the fills generally range from 0.5 to 4 feet 


thick and are typically composed of sandy clay and silty sand.  Laboratory direct shear strength 


testing of a manually driven ring sample indicated that the peak and ultimate friction angles of the 


artificial fill were both approximately 32 degrees.  The underlying natural soils were reported to 


consist of colluvium and/or Silverado Formation claystone and sandstone (LAI, 2008).  DYA 


performed a geophysical survey at the top of the slope that will be supported by the proposed 


retaining wall because of site access constraints (see Section 2.2).  The results of the geophysical 


survey generally indicated the following: 


 The geophysical survey performed at the top of the proposed retaining wall near Station 


58+50 likely encountered alluvium at shallow depths (i.e., the upper 20 to 40 feet) and 


potentially the Silverado Formation at deeper depths. 


 Shear (i.e., S-) and compression (i.e., P-) wave velocities generally ranged from 


approximately 550 to 1,440 feet per second (ft/s) and 1,500 to 4,500 ft/s in the vicinity of 


the retaining wall near Station 58+50. 


For design purposes, the subsurface conditions for the proposed retaining wall near Station 58+50 


were divided into idealized units presented in Table 4.   
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Table 4 - IDEALIZED GEOTECHNICAL DESIGN PROFILE (RETAINING WALL - STATION 58+50) 


SOIL TYPE1 


APPROXIMATE 
ELEVATION2 


(feet) 
THICKNESS2 


(feet) 


SPT N60 BLOW 
COUNT3,4,5 


(bpf) 


MOISTURE 
CONTENT5 


(%) 


TOTAL 
UNIT 


WEIGHT6 
(pcf) 


FRICTION 
ANGLE6 


(degree) 
COHESION6 


(psf) Top Bottom 


Sands and Clays 1,4627 1,4407 227 -- 
16 
(5) 


120 328 1008 


Very Dense Sands 1,440 1,420 20 > 50 
7 


(2) 
110 32 100 


Notes: 
1. Simplified soil types.  See boring logs presented in Appendix C for classifications in accordance with Unified Soil Classification System (USCS) based 


on the results of field and laboratory testing. 
2. Depth below the ground surface at the time of the field exploration. 
3. SPT N60 –SPT corrected for hammer efficiency (see Appendix C). 
4. Values do not include SPT blow counts where refusal was met. 
5. Mean values presented; standard deviations are indicated in parentheses. 
6. Idealized soil profile developed from geotechnical data collected during DYA’s current subsurface exploration, geotechnical data collected during 


previous subsurface explorations performed by others (LAI, 2008), and from correlations with field and laboratory test results (Bowles, 1977; Caltrans, 
2014; FHWA, 2002; Kulhawy and Mayne, 1990; Wolff, 1989). 


7. Layer boundaries estimated from the results of the geophysical survey presented in Appendix D and engineering judgement. 
8. Developed from geotechnical data collected during previous subsurface explorations performed by others (LAI, 2008), correlations between seismic 


shear wave velocity and SPT N values presented in Table 20.3-1 of American Society of Civil Engineers/Seismic Engineers Institute (ASCE/SEI) 7-16 
(2017), and engineering judgement. 
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For completeness, a summary of the general geologic and geotechnical conditions encountered 


at the locations of the previously proposed cut slopes improvements is presented below.  The 


geophysical survey, field exploration, and laboratory testing data used as the basis for developing 


the summary are presented in Appendix C though Appendix E.   


 Cut slope near Station 38+50: The borings performed near the toe and top of the 


previously proposed cut slope (i.e., DYB23-02 and DYB23-03) generally encountered 


dense to very dense sands with varying amounts of fines (i.e., soils passing the No. 200 


sieve).  Based on the findings of the borings and the geologic limits shown on Figure 4, 


we judge that the existing slope is predominantly composed of the Silverado Formation. 


 Cut slope near Station 42+00: The geophysical survey performed at the top of the 


previously proposed cut slope encountered the Silverado Formation.  Shear wave 


velocities generally ranged from approximately 750 to 2,100 ft/s and compression wave 


(i.e., P-wave) velocities generally ranged from approximately 2,000 to 6,000 ft/s. 


 GROUNDWATER 


Groundwater was not encountered in the borings performed during DYA’s current field 


exploration, which extended to approximate elevations ranging from 1,403 to 1,672 feet.  


Groundwater was also not encountered during previous investigations performed by OCPW 


(1995, 1999, 2001, 2006).  Historical groundwater levels along the Project alignment have not 


been mapped by CGS (2000).   


Groundwater monitoring data (California Department of Water Resources, 2023) approximately 


3 miles southwest of the Project site indicates groundwater elevations ranging from approximately 


710 to 715 over the last 5 years. 


 







18 
https://diazyourman.sharepoint.com/sites/Projects/Shared Documents/2022/2022-017 OCPW Modjeska Grade Rd/Report/2022-017 Report v2.docx 


4 CONCLUSIONS AND RECOMMENDATIONS 


Based on geotechnical considerations, the site is suitable for the proposed improvements.  The 


primary geotechnical considerations consist of the variability of the geologic units across the 


Project site and potentially difficult grading; the temporary and permanent stability of the proposed 


cut slope; the impact of the design and construction on existing adjacent improvements, such as 


the private properties located at the tops of the existing slopes; and the ability of the near-surface 


soils to support the proposed erosion control devices. 


As discussed in Section 3.1, several geologic units were encountered throughout the Project site.  


The subsurface conditions generally consisted of dense to very dense coarse-grained soils (e.g., 


sands) with varying degrees of gravel and formational units.  Difficult grading should be 


anticipated in the Santiago (Tsa), Silverado (Tsi and Tsig), and Williams (Kwps and Kwps1) 


Formations based on the results of the current and previous field explorations.  As discussed in 


Section 3.3, the rippability of the Silverado Formation could potentially range from moderate to 


very difficult. 


Various retaining wall types can be used for the proposed retaining wall near Station 58+50.  We 


understand that the primary concerns for selecting the appropriate retaining wall type include 


aesthetics of the wall to the public, the amount of excavation, temporary construction stability, 


and the effect on adjacent properties and structures.  Design considerations for the proposed 


retaining wall (e.g., foundation load-supporting capacity and settlement, lateral earth pressures, 


and wall drainage) will be provided during future phases of design upon selection of the wall type. 


Note that some of the preferred erosion control measures might have reduced effectiveness 


because of the steepness of the existing or planned slopes.  For slopes with inclinations steeper 


than 2H:1V, more hydroseed or special mixes to encourage adhesion of the hydroseed to slopes 


may be required and might also require more frequent reapplication of hydroseed than slopes 


having inclinations flatter than 2H:1V. 
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 SEISMIC/GEOLOGIC HAZARDS 


The site, like most of Southern California, will be subject to strong ground shaking during major 


earthquakes.  Seismic design can be performed according to the criteria listed in Table 5.  Seismic 


and geologic considerations based on various mapping studies are also summarized in Table 5 


and shown on Figure 5.  


Table 5 - SEISMIC/GEOLOGIC DESIGN CRITERIA 


CHARACTERISTIC 


CRITERIA 
Proposed Cut Slope 


(Station 49+50) 
Proposed Retaining Wall 


(Station 58+50) 


Geographic Coordinates (Latitude/Longitude) 33.704197, -117.636681 33.707465, -117.640718 


Site Class1,2 C D 


Risk Category1 I, II, or III 


Ss - mapped risk targeted maximum considered 
earthquake (MCER) spectral response acceleration at 
short periods (g)1,3 


1.414 1.42 


S1 - mapped MCER spectral response acceleration at 
1-second period (g) 1,3 


0.498 0.5 


Fa - site coefficient1,3 1.2 1 


Fv - site coefficient1 1.53 1.84 


SMS - adjusted MCER spectral response acceleration 
at short periods (g)1,3 


1.697 1.42 


SM1 - adjusted MCER spectral response acceleration 
at 1-second period (g)1 


0.7473 0.94 


SDS - design MCER spectral response acceleration at 
short periods (g)1,3 


1.131 0.947 


SD1 - design MCER spectral response acceleration at 
1-second period (g)1 


0.4983 0.64 


PGA - mapped MCEG peak ground acceleration (g)3 0.5 0.5 
FPGA - site coefficient3 1.2 1.1 
PGAM - mapped MCEG peak ground acceleration 
adjusted for site class effects, g3 


0.6 0.55 


Alquist - Priolo Special Study Zone5 Site outside a special study zone 
California Seismic Hazards Mapping Act, 
Liquefaction Zone5 


Portions of the Project alignment located within and/or 
adjacent to a liquefaction zone6 


California Seismic Hazards Mapping Act, Landslide 
Zone5 


Portions of the Project alignment located adjacent to a 
landslide zone6 


Notes: 
1. California Building Code (CBC) Section 1613 (International Code Council [ICC], 2022).   
2. Based on shear wave velocity measurements recorded at the Project site.  See Appendix D. 
3. ASCE/SEI 7-16 mapped values obtained from ASCE 7 online hazard tool (ASCE, 2017, 2023). 
4. Selected using Table 11.4-2 of ASCE/SEI 7-16 Supplement 1 (ASCE, 2018) and assumes that Exception 


2 of Section 11.4.8 is applicable such that a site-specific ground motion hazard analysis is not required. 
5. CGS website, 2023. 
6. See Figure 5. 
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We judge that the subsurface sandy soils will not be subject to liquefaction and/or seismic 


settlement.  Liquefaction and seismic settlement analyses (CGS, 2008) were not performed based 


on the following considerations: 


 The majority of the Project site was not mapped within a zone designated as being 


potentially susceptible to seismically-induced liquefaction (CGS, 2023), as shown on 


Figure 5.  The Project alignment, between Shadowland Circuit and Modjeska Canyon 


Road, is mapped within a zone designated as being potentially susceptible to liquefaction; 


however, the subsurface conditions encountered during the current subsurface 


exploration are not typically associated with liquefaction, as discussed in Section 3.3. 


 The Project site is approximately 700 feet above the groundwater levels measured in 


nearby monitoring wells; see Section 3.4. 


 The SPT N-values and equivalent SPT N-values of the sandy soils at the Project site were 


greater than values typically associated with soils that are prone to liquefaction and/or dry 


sand settlement.  


Some of the hillsides adjacent to the proposed Project alignment are mapped within a zone 


designated as being potentially susceptible to seismically induced landslides (CGS, 2023), as 


shown on Figure 5.  However, the proposed cut slope near Station 49+50 and the proposed 


retaining wall near Station 58+50 are not mapped within zones designated as being potentially 


susceptible to seismically induced landslides.  Seismically induced landslides are not anticipated 


to affect the proposed improvements.  Note that it was not in DYA’s scope of services to evaluate 


the seismic stability of the existing slopes adjacent to the proposed improvements. 
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 EARTHWORK 


 Site Preparation and Grading 


Prior to the start of construction, the following should be performed: 


 All utilities should be located in the field and rerouted, removed, abandoned, or protected. 


 Areas to be graded should be stripped of vegetation and debris, and the material should 


be removed from the site.   


 For existing trees and vegetation that are to be removed from the site, care should be 


taken to extricate and dispose of as much of the root system as possible during site 


clearing and grading.  Roots in excess of ½-inch in diameter that become detached from 


the main bulb during demolition should also be removed and disposed of offsite. 


 Pavement and concrete should be separated for recycling. 


 A condition survey of existing adjacent improvements should be performed where 


excavations are planned within the zone of influence of existing structures. 


Prior to placing fills, excavation bottoms should be: 


 Scarified to a depth of 8 inches. 


 Moisture-conditioned to above-optimum moisture content. 


 Compacted to at least 90% relative compaction2.  Note that excavation bottoms that will 


directly support proposed improvements (e.g., pavement sections) should be compacted 


to a minimum 95% relative compaction. 


The bottom of the excavation should be firm, hard, and unyielding. 


Where the soils at the bottom of the excavation preclude compaction, they should be excavated 


to a sufficient depth that a firm and unyielding surface is achieved at the planned bottom of 


excavation or the base of fill.  Generally, an overexcavation depth of 1 to 2 feet is sufficient.  If 


desired, a 6-inch-thick working pad consisting of ¾-inch crushed rock can be placed at the bottom 


of the excavation to facilitate grading and construction.  The crushed rock should be placed and 
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spread evenly using manual or mechanical methods and proof rolled using a vibratory compactor 


or equivalent. 


Fill and backfill should be compacted by: 


 Placing loose layers less than 8 inches thick. 


 Moisture-conditioning to above optimum moisture content. 


 Compacting to at least 95% relative compaction. 


The compacted subgrade soils should be firm, hard, and unyielding. 


 Earthwork Considerations 


In general, the in situ moisture contents of the near surface soils were approximately 1% to 3% 


above/below optimum moisture content.  Moisture conditioning to above optimum moisture 


content will be required for compaction.   


Based on the existing in situ dry densities and an assumed relative compaction of 95% for fill and 


backfill, we estimate that the shrinking and swelling from cut to fill for the existing on-site soils will 


be less than approximately 5% (e.g., 1 cubic yard of existing soil will yield 0.95 to 1.05 cubic yards 


of fill). 


Structure backfill should meet the criteria in Table 6.  Criteria for import fill are also presented in 


Table 6. 


Table 6 - FILL AND BACKFILL CRITERIA 


CRITERIA 
STRUCTURE 
BACKFILL1 IMPORT FILL 


Caltrans Specifications Section2 19-3.02.C 19-7.02 


Greenbook Specifications Section2 217-3 300-5 


Maximum particle size (inches) 2 1 


Maximum percentage passing the No. 200 sieve (%) 30 20 


Maximum liquid limit (%) 30 20 


Maximum plasticity index (%) 10 7 


Minimum sand equivalent  -3 -- 


Notes: 
1. Structure backfill is material generally placed below foundations or supported by retaining structures. 
2. The fills and backfill shall meet the specified Caltrans (Caltrans, 2018)/Greenbook (Building News, 2021) 


criteria and the additional recommendations provided in this table. 
3. Minimum sand equivalent of 20 is required behind retaining/basement walls (within a horizontal distance 


of 5 feet or one-half of the wall height, whichever is greater).   
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We judge that the sandy soils encountered in the borings will likely satisfy the above criteria for 


structure backfill but should be checked prior to construction.  The near surface fine-grained soils, 


if encountered, are not expected to meet the above criteria for structure backfill.  The fine-grained 


soils should not be used as structure backfill without proper blending and moisture-conditioning, 


and laboratory testing should be performed to check that the blended soil satisfies the criteria for 


structure backfill in Table 6. 


Site grading may be accomplished with conventional heavy-duty construction equipment.  The fill 


should be compacted using soil compactors as recommended by the most recent version of the 


Caterpillar Performance Handbook, or equivalent.  Some of the fill and backfill may be located in 


areas with limited access to conventional large compaction equipment.  In such areas, lightweight 


compaction equipment should be used, and extra care should be exercised when moisture-


conditioning and compacting the fills.  Where compaction is performed adjacent to existing 


retaining or basement walls, lightweight compaction equipment should be used, or the walls 


should be braced.  Care should be taken to protect existing structures where earthwork will be 


performed near existing improvements. 


Note that difficult grading should be anticipated in the Silverado Formation (e.g., the proposed cut 


slope near Station 49+50).  Based on the geophysical survey performed on the previously 


proposed cut slope near Station 42+00, as discussed in Section 3.3 and presented in Appendix 


D, the slope material has seismic P-wave velocities ranging from approximately 1,000 to 2,000 


ft/s within the upper 10 feet of the existing slope and seismic P-wave velocities ranging from 


approximately 2,000 to 4,500 ft/s at deeper depths.  Therefore, we judge that the rippability of the 


onsite soils in the vicinity of the proposed cut slope near Station 49+50 could range from easy to 


difficult based on the Caterpillar Performance Handbook (which assumes that a Caterpillar D-9 


dozer with a single shank is used) and that the rippability difficulty will generally increase with 


depth. 


 Excavations and Temporary Slopes 


The stability of temporary excavations is a function of several factors, including the total time the 


excavation is exposed, moisture condition, soil type and consistency, and contractor's operations.  


The contractor is responsible for excavation safety.  As a guideline, temporary construction 


excavations should be planned with slopes no steeper than 1.5H:1V.  For steeper temporary 


construction slopes or deeper excavations, shoring should be provided for stability and protection.  


The contractor should strictly adhere to grading requirements of the Grading Manual for the 
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County of Orange (2017) and applicable health and safety regulations, including those of the 


Occupational Safety and Health Administration (OSHA, 2008).    


We judge that the on-site soils will likely be classified as OSHA Type C soils.  Accordingly, 


temporary shoring should be provided for excavations ranging from 5 to 15 feet deep that will 


have slopes steeper than 1.5H:1V.  Localized instabilities should be anticipated in areas where 


vegetation and trees are removed from the existing slopes during clearing and grading.   


 Permanent Slopes 


Based on the results of field exploration and laboratory testing performed by DYA for the Project, 


we judge that the Silverado Formation that will likely be encountered in the vicinity of the cut slope 


proposed near Station 49+50 will likely be able to support the proposed improvements.  However, 


static and pseudostatic slope stability analyses were not performed at this time because of the 


lack of available geotechnical data.  Therefore, we recommend that the geologic reconnaissance 


of the slope material be performed during final design.  Additional field exploration, laboratory 


testing, and/or analyses could potentially be required if differing subsurface conditions are 


encountered during the geologic reconnaissance or if the proposed slope geometry is revised.


Terracing and drainage of the proposed permanent slopes should be provided in accordance with 


the Grading Manual for the County of Orange (2017).  The slopes should be paved or covered 


with vegetation to reduce surface erosion.  DYA should be consulted if revisions to the proposed 


improvements will result in permanent slopes with inclinations steeper than 2H:1V. 


 Drainage and Infiltration 


Where feasible, best management practices (BMPs) should be implemented.  Runoff water 


should be collected and directed away from structures, if any, into a closed drainage system, an 


infiltration system, and/or onto landscaped areas.  Infiltration and landscaped areas should be 


designed to not seep below building foundations or slabs-on-grade, or at the tops or toes of 


slopes.   


Based on our review of the geologic conditions, the results of the current and previous field 


explorations, and soil type correlations, we judge the near surface soils likely consist of a 


hydrologic soil group (HSG) ranging from B to D (U.S. Department of Agriculture [USDA], 2009).  


Note HSG D are generally considered to have moderate to high runoff potential when thoroughly 


wet.  Based on our conceptual assessment of the subsurface conditions, the near surface coarse-
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grained soils (i.e., sands) and formational units are likely not suitable for infiltration based on the 


following items: 


 The infiltration potential of the near surface soils will likely vary across the Project site due 


to the fluctuating amount of fines (i.e., clays and silts) encountered throughout the 


subsurface profile.   


 The near-surface soils along Modjeska Grade Road are generally dense to very dense, 


and the slopes of the adjacent hillsides generally range from moderate to steep. 


 Based on DYA’s conceptual evaluation of erosion along the Project alignment (DYA, 


2021), the geologic units surrounding the Project site generally have low to severe erosion 


potential based on the composition, competency, and cementation of the surrounding 


geologic units; the degree of weathering of the formation; and the presence, orientation, 


and degree of weathering of bedding planes and joints, where present. 


 Based on the proximity of the roadway shoulders to the toes and/or tops of the existing 


slopes, infiltration is generally not advisable. 


 Erosion 


DYA previously prepared a letter report summarizing our conceptual evaluation of the potential 


for and mitigation of erosion along the Project alignment (DYA, 2021).  We understand that the 


preferred erosion control measures were subsequently selected by the design team with input 


from OCPW.  Based on our review of the preliminary Project drawings (OCPW, 2023), we 


understand that hydroseeding, open weave textiles, and turf reinforcement mats were the 


preferred erosion control measures selected by OCPW.   


Note that some of the preferred erosion control measures might have reduced effectiveness 


because of the steepness of the existing slopes.  During initial hydroseed placement, such areas 


might require more hydroseed or special mixes to encourage adhesion of the hydroseed to slopes 


inclined steeper than 2H:1V.  These areas might also require more frequent reapplication of 


hydroseed than slopes having inclinations flatter than 2H:1V.   


In addition to slope geometry, the effectiveness of the hydroseed will depend on the ability of the 


soils to support growth of the hydroseed mix.  The results of the agronomy laboratory testing 


presented in Appendix F can be used by others to help assess the appropriate hydroseed mix.   
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 TEMPORARY SHORING 


 Temporary Shoring Lateral Earth Pressures 


Based on our discussions with the Project design team, we understand that temporary shoring 


may be required to install new underground utility pipelines; recommendations for temporary 


shoring needed to support the retaining wall proposed near Station 58+50 will be provided 


separately, as needed.  Suggested lateral earth pressures for use in shoring design are presented 


on Figure 6, which also includes the effects of uniformly distributed surcharge loads and traffic 


loads.  The effects of nearby shallow loads, if present, can be estimated from Figure 7 and should 


be added to the temporary lateral earth pressures estimated from Figure 6.  We recommend that 


the design of temporary shoring be performed using shoring pressures equal to or greater than 


those calculated from Figure 6 and Figure 7 and passive resistances equal to or less than those 


shown on Figure 6. 


BRACED
SHORING


q (Surcharge)


Pp


H1


H2


P


qP P


q (Surcharge)


aPq P


CANTILEVER
SHORING


3H


Pp


a


 


Pp1 = 385 H2 4,000 
BRACED SHORING 
P = Pb + Pq = 24 H1 + 0.5q 
(300 psf minimum) 


CANTILEVER SHORING 
P = Pa + Pq = 36 H3 + 0.35q 
(300 psf minimum) 


Notes:  
1. The upper 1 foot of passive resistance should be neglected. 
 All values of height (H) in feet and pressure (P) and surcharge (q) in psf. 
 Passive (Pp) and active (Pa) pressures are based on Kp and Ka values of 3.25 and 0.31, respectively. 
 Values for temporary excavations using flexible walls. 
 For truck traffic surcharge, assume minimum 100 psf uniform horizontal pressure along the top 10 feet. 
 For 2H:1V slopes above the wall, increase the cantilever and braced pressures by 50%; for 1.5H:1V slope, 


increase the cantilever and braced pressures by 100%; for steeper slopes, increase the cantilever and 
braced pressures by 200%.  


 Earth pressure assumes no hydrostatic pressures.  If hydrostatic pressures are allowed to build up, the 
incremental earth pressures below groundwater level should be reduced by 50% and added to hydrostatic 
pressure for total lateral pressure. 


 Earth pressure acting on lagging may be calculated as 0.6 times the braced or cantilever shoring earth 
pressure, as appropriate, not to exceed 400 psf (Caltrans, 2011). 


Figure 6 - LATERAL EARTH PRESSURES FOR TEMPORARY STRUCTURES 
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 m, n = dimensionless coefficients 


Figure 7 - SURCHARGE LATERAL PRESSURE DISTRIBUTION AGAINST A WALL 


The shoring design is the responsibility of the contractor and should be designed by a registered 


engineer retained by the contractor.  The design of the shoring system will require careful 


consideration of the existing adjacent improvements and foundation systems located close to 


shored excavations.  Shoring design should consider the possible related effects on the 


surrounding buildings, deflections of the shoring elements, possible effects of nearby foundation 


loads on the shoring, and settlements of the retained soil. 


The temporary shoring design should incorporate the expected construction procedures, 


sequence, and loads.  In particular, the stockpiling of excavated materials should be considered 


in design, as well as steel plates for cross traffic and the presence of heavy construction 


equipment or spoil piles next to the excavations.   


For cantilever walls, a deflection of 0.2% of the shored height (H1) is necessary to develop active 


earth pressures (see Figure 6 for definition of H1).  For braced shoring, the deflection should be 


less than that for cantilever shoring.  However, the shoring horizontal deflection should be limited 
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to ½ inch for shoring within a distance H1 from existing adjacent structures, where H1 is defined 


as the height of the shoring.  If the shoring is within a distance H1 of an existing adjacent 


settlement-sensitive structure (as determined by OCPW) the maximum deflection should be 


limited to ¼ inch.  For shoring located at a distance greater than H1 from existing adjacent 


structures, the maximum allowable horizontal shoring deflection should not exceed 1 inch. 


 Shoring Type Selection 


The shoring type selection is the responsibility of the contractor and is dependent on the design 


requirements and the contractor’s preference based on constructability.  Continuous shoring is 


recommended, particularly for trenches that will be deeper than 3 feet bgs because of the sandy 


soils encountered during DYA’s field exploration.  Continuous shoring is also recommended 


where trench excavations will intersect existing underground utilities that will be protected in 


place. 


Trench shields and speed shores are considered feasible for the Project.  While feasible, drilled, 


driven, and vibratory shoring installation methods are not anticipated for the installation of the 


proposed underground utilities.  Installation considerations for trench shields and speed shores 


are presented in Section 4.3.3. 


 Shoring Installation Considerations 


Trench shields and speed shores should be installed immediately after excavating to reduce the 


potential for caving.  Difficulty stacking more than two trench shields may be encountered because 


of the potential for caving/sloughing of the sandy soils.  In addition, maintaining the integrity of 


trench excavations while placing and removing trench shields will generally be very difficult for 


trenches deeper than approximately 5 feet. 


Close geotechnical observation and testing during construction is critical for a successful project.  


The shoring system should be monitored using optical surveys and/or “real time” instrumentation 


to check for lateral deformation until the shoring is removed.  Additional instrumentation, including 


tilt meters and/or slope inclinometers, should be considered if settlement-sensitive improvements 


(e.g., residence located near the retaining wall proposed near Station 58+50 and other 


improvements, as determined by OCPW) are located within a horizontal distance equal to or less 


than the depth of the excavation.  Survey monuments should be placed adjacent to buildings and 


utilities, with at least two surface points on each side of the excavations and one point for every 
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25 linear feet of shoring.  Settlement-sensitive structures located within a horizontal distance 


equal to the depth of the excavation should be reviewed on a case-by-case basis by the 


geotechnical engineer of record (GEOR). 


 RETAINING WALL TYPE SELECTION (STATION 58+50) 


Various retaining wall types can be used for the proposed retaining wall near Station 58+50. Table 


7 summarizes the advantages and disadvantages of the different wall types.  We understand that 


the primary concerns for selecting the appropriate retaining wall include aesthetics of the wall to 


the public, the amount of excavation, temporary construction stability, and the effect on adjacent 


properties and structures.  Design considerations for the proposed retaining wall (e.g., foundation 


load-supporting capacity and settlement, lateral earth pressures, and wall drainage) will be 


provided during future phases of design upon selection of the wall type. 


Table 7 - RETAINING WALL ALTERNATIVES 


WALL TYPE 
CONSTRUCTION 


SEQUENCE ADVANTAGES DISADVANTAGES 


Soil 
Nailed/Tie-
Back 


Top Down 


 No back slope excavation 
or earthwork 


 Least expensive 


 Specialty contractors required 
 Corrosion protection required for 


soil nails/tie-backs 
 Limited seismic performance history 
 May require permanent easement 


on adjacent residential property 


Soldier Pile  Top Down 


 Conventional design/ 
construction 


 No back slope excavation 
or earthwork 


 History of satisfactory 
seismic performance 


 More expensive than soil nailed 
walls 


 Specialty contractors required 
 Permanent tie-back anchors may 


be required 
 Corrosion protection required for 


tie-back anchors 
 May require permanent easement 


on adjacent residential property if 
tie-backs are required 


Crib/Gabion Bottom Up 


 Conventional design/ 
construction 


 Potential landscaping 
advantages 


 Some performance history 
 Specialty contractor may 


not be required 


 Requires back slope excavation 
 Increased earthwork compared to 


top down construction 
 Relatively expensive 
 Requires import fill material (sand 


or gravel) 


Cantilever 
Concrete 


Bottom Up 


 Conventional design/ 
construction 


 Specialty contractor not 
required 


 History of seismic 
performance 


 Requires back slope excavation  
 Increased earthwork compared to 


top down construction 
 Relatively expensive 
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 UTILITY TRENCHES 


 


Utility trenches (either open or backfilled) that parallel structures, pavement, or flatwork should be 


planned so that they do not extend below a plane with a downward slope of 1.5H:1V from the 


bottom edge of footings, pavement, or flatwork.  Temporary shoring to provide footing, pavement, 


flatwork, or utility support is recommended unless localized settlements on the order of 1 percent 


of the trench depth can be tolerated. 


All excavations should comply with appropriate safety standards outlined in Section 4.2.3. 


Utility pipes should be placed on the bottom of a neatly cut trench on a layer of bedding as outlined 


on Figure 8 or according to the manufacturer's recommendations, whichever is greater.  Jetting 


should not be allowed for compaction purposes.  We anticipate that the near-surface sandy soils 


will be suitable for use as backfill and as bedding material; however, we recommend that these 


soils be checked prior to construction for conformance with the Caltrans (2018) and Greenbook 


(Building News, 2021) specifications shown on Figure 8. 


To expedite construction, excavatable controlled low-strength material (CLSM), or “slurry,” can 


also be used for the backfill of utility trenches.  In general, CLSM should satisfy the criteria of 


Section 201-6 of the Greenbook (Building News, 2021) or Caltrans (2018) Specifications 19-


3.02G and 19-3.03I; however, when used within the upper 2 feet of trench zone backfill (dimension 


E on Figure 8), CLSM should consist of a minimum of 100 pounds of cement per cubic yard 


(approximate equivalent of 1-sack slurry).  Where approved by the manufacturer, CLSM can also 


be used as bedding or within the pipe zone. 
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Trench Zone Backfill


Not to Scale


PAVEMENT SECTION


Trench Zone Backfill


A


Pipe Bedding


D


E


See Figure 10 for 
Pavement Section Details


C


B


F


 


MATERIAL 
MINIMUM 


THICKNESS1 (feet) 
MINIMUM RELATIVE 
COMPACTION2 (%) 


BACKFILL SPECIFICATIONS 


Caltrans Specifications Greenbook Specifications 


Pipe Bedding A = 0.33 or B/4 -- 19-3.02F(2), 19-3.03H 217-1, 306-6 


Pipe Zone C = 1 -- 19-3.02F(2), 19-3.03H  217-1, 306-6 


Trench Zone D varies 903,4 -- 217-2, 306-12 


Trench Zone3 E = 25 954 -- 217-2, 306-12 


Notes:  
1. Minimum values; use manufacturer’s recommendations if greater. 
2. Based on ASTM D1557. 
3. To reduce settlement, use 95 percent relative compaction. 
4. For slurry backfill, Section 201-6 of the Greenbook (Building News, 2021) or Caltrans (2018) Specifications 


19-3.02G and 19-3.03I can be used. 
5. E = 0 if no pavement or settlement-sensitive structures at surface. 
 See Section 4.6 for pavement section details. 


Figure 8 - PIPELINE BACKFILL SCHEMATIC 


 PAVEMENT THICKNESS DESIGN 


Recommended minimum dense graded hot mix asphalt (HMA) pavement sections are presented 


on Figure 9 and Figure 10.  The recommended minimum pavement sections are based on the 


following: 


 The Orange County Highway Design Manual (County of Orange, 2005) and Caltrans 


Highway Design Manual (2020).  We understand that the proposed Project is subject to 


OCPW review; however, minimum pavement sections in accordance with Caltrans design 


criteria are also provided for comparison. 


 The flexible pavement design charts on Figure 605.1A and Figure 605.1B from the Orange 


County Highway Design Manual (County of Orange, 2005). 


 R-value of 15, which is based on the most conservative R-value laboratory test result 


presented in Appendix E. 
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 Traffic index (TI) of 5.9, as provided by OCPW.  


 Design life of 20 years. 


The minimum thickness requirements of compacted basement soil and aggregate base are 


outlined on Figure 9.  The basement soils should be firm, hard, and unyielding, and not “pumping” 


prior to placing the aggregate base.  The aggregate base requirements and specifications also 


are outlined on Figure 9.  If the basement soil cannot be compacted, the soil should be 


overexcavated as noted in Section 4.2.1. 


 


Basement Soil 


Base Course


Subgrade


Total Pavement Section


HMA/PCC Course


 


COURSE 


MINIMUM THICKNESS (feet) 


HMA Over Base Full Depth HMA 


HMA1 0.32 0.65 


AB3,4 0.9 -- 


Basement Soil5 1 1 


Notes:  
1. Dense-graded AC should satisfy the requirements of Caltrans Standard Specifications Section 30 (Caltrans, 


2018) or Greenbook (Building News, 2021) Sections 203-6 and 302-5. 
2. Corresponds to minimum thickness per Orange County Highway Design Manual (2005). 
3. AB = Class 2 aggregate base in accordance with Caltrans Standard Specifications Section 26 or crushed 


aggregate base (CAB) or crushed miscellaneous base (CMB) in accordance with Greenbook Sections 200-
2.2 and 200-2.4, respectively.  The minimum relative compaction is 95%.  


4. Gf  value of 1 was used for AB per Table 605.1A of the Orange County Highway Design Manual. 
5. Compacted in-place natural soil or fill; the minimum is 95% relative compaction.  Note that compacting the 


subgrade to less than 95% will likely yield an effective R-value of the subgrade soils that is less than the R-
value used for design. 


Figure 9 - PAVEMENT THICKNESS (ORANGE COUNTY DESIGN CRITERIA) 
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Basement Soil 


Base Course


Subgrade


Total Pavement Section


HMA/PCC Course


 


COURSE 


MINIMUM THICKNESS (feet) 


HMA Over Base Full Depth HMA 


HMA1 0.4 0.7 


Class 2 AB2 0.7 -- 


Basement Soil3 1 1 


Notes:  
1. HMA should satisfy the requirements of Caltrans Standard Specifications Section 39 (Caltrans, 2018). 
2. Class 2 AB should satisfy the requirements of Caltrans Standard Specifications Section 26 (Caltrans, 2018). 


The minimum relative compaction is 95%. 
3. Compacted in-place natural soil; the minimum is 95% relative compaction.  Note that compacting the 


subgrade to less than 95% will likely yield an effective R-value of the subgrade soils that is less than the R-
value used for design. 


Figure 10 - PAVEMENT THICKNESS (CALTRANS DESIGN CRITERIA) 


If the pavement basement soils shown on Figure 9 and Figure 10 preclude compaction because 


fine-grained soils are encountered at the pavement subgrade, the basement soils should be 


overexcavated to a sufficient depth such that a firm and unyielding surface is achieved at the 


planned bottom of the excavation or the base of fill.  Overexcavation limits, if required, are best 


and most accurately determined in the field after the pavement subgrade (i.e., the bottom of the 


aggregate base [AB] layer shown on Figure 9 and Figure 10) is exposed and proof rolled.  Using 


geogrids and/or easily compactable material such as crushed rock can reduce the depth of 


excavation.  The geogrids should satisfy the requirements of Standard Specifications for Public 


Works Construction ([Greenbook]; Building News, 2021) Table 213-5.2 (D) Biaxial S1.  The 


geogrid should be installed by: 


1. Placing the geogrid on a smooth, level, compacted surface (i.e., depressions or humps 


greater than 6 inches should be graded). 


a. The end of the geogrid layer opposite the direction of stabilizing layer fill material 


placement should be secured with “U” staples and/or other approved fasteners. 


b. The geogrid should be rolled out flat and tight with no folds or wrinkles and in the 


direction of travel. 
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c. The geogrid should be overlapped along its sides and ends by a minimum of 18 


inches. 


2. Placing the stabilization layer fill material.  


a. Fill material should be placed from the secured end of the geogrid layer to the 


unsecured end. 


b. Construction equipment should not come into contact with the geogrid layer. 


c. Folds or wrinkles that develop in the underlying geogrid layer during stabilization 


layer fill material placement should be tensioned. 


d. The stabilization layer fill material should not be compacted.  


e. The stabilization layer should be level and unyielding. 


3. Placing a layer of geogrid as recommended in Step 3 on top of the stabilization layer fill 


material. 


4. Repeating the above steps as necessary for the remaining geogrid-stabilized layers. 


The dense-graded HMA layers should not be replaced with open-graded asphalt concrete 


(OGAC) and pervious PCC, respectively, to provide a fully permeable pavement.  A separate 


design is recommended for fully permeable pavements. 


 SOIL CORROSION POTENTIAL 


Four soil samples were tested for soluble sulfate during previous field investigations performed 


by the County of Orange (2006).  The range of test values is summarized in Table 8.  The 


corrosion potential test results are presented in Appendix B for reference.   


Table 8 - CORROSION POTENTIAL  


CONSTITUENT 
CRITERIA FOR CORROSIVE 


MATERIALS1 RANGE OF VALUES 


Soluble sulfate content (ppm) >1,500 82 to 466 


Notes: 
1. More restrictive criteria of Caltrans (2021) and LACDPW (2013) are indicated. 


 ppm = parts per million. 


 


Analytical chemical test results indicated 82 to 466 ppm soluble sulfate concentrations in the 


subsurface soils.  Note that 25 additional soil samples were tested for soluble sulfate during 


previous field investigations performed by the County of Orange (1995, 1999, 2001); however, 


the individual test results were not available at the time of this report.  The available data generally 
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indicate a soluble sulfate content of less than 2,000 ppm in those samples.  Based on these test 


results, we recommend that the concrete be designed for low exposure (LE) to moderate 


exposure (ME) based on Table 201-1.1.3 in the Greenbook (Building News, 2021)  


In addition to the soil characteristics, external factors such as nearby active corrosion systems 


will greatly affect the need for an active corrosion protection system.  We recommend that a 


corrosion specialist be contacted for details of corrosion protection and that additional corrosion 


potential laboratory testing for pH, soluble chloride, and soil electrical resistivity be performed if 


corrosion protection is required. 


Potential import soils should be tested prior to transport to the site to check that they are not 


classified as corrosive to buried metal pipes or concrete based on Caltrans (2021) and LACDPW 


(2013) criteria. 
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5 PLAN REVIEW, CONSTRUCTION OBSERVATION, AND TESTING 


DYA should be retained to review the finished grading plans and related specifications for 


conformance with the intent of our recommendations.  The review will enable DYA to modify the 


recommendations if final design conditions are different than presently understood.   


During construction, DYA should provide field observation and testing to check that the site 


preparation, excavation, foundation installation, and finished grading conform to the intent of 


these recommendations, project plans, and specifications.  This would allow DYA to develop 


supplemental recommendations as appropriate for the actual soil conditions encountered and the 


specific construction techniques used by the contractor.  If retained during construction, DYA 


should also be consulted on geotechnical questions, construction problems, and unanticipated 


site conditions. 


In accordance with CBC Chapter 17, Section 1704A, DYA cannot assume responsibility or liability 


for the adequacy of recommendations if we do not observe construction.  The parties that do 


observe construction of grading and foundation installation should be prepared to accept transfer 


of responsibility under CBC 1704A and deliver required submittals during and after construction, 


assuming all responsibility and liability. 
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6 LIMITATIONS 


This report has been prepared for this Project in accordance with generally accepted geotechnical 


engineering practices common to the local area.  No other warranty, expressed or implied, is 


made. 


The analyses and recommendations contained in this report are based on the literature review, 


field exploration, and laboratory testing conducted in the area.  The results of the field exploration 


indicate subsurface conditions only at the specific locations and times, and only to the depths 


penetrated.  They do not necessarily reflect strata variations that may exist between such 


locations.  Although subsurface conditions have been evaluated as part of the exploration, we 


have not conducted chemical laboratory testing on samples obtained or evaluated the site with 


respect to the presence or potential presence of contaminated soil or groundwater conditions, 


mold, or methane gas.  


The validity of our recommendations is based in part on assumptions about the stratigraphy.  


Observations during construction can help confirm such assumptions.  If subsurface conditions 


different from those described are noted during construction, recommendations in this report must 


be re-evaluated.  DYA should be retained to observe earthwork construction to help confirm that 


our assumptions and recommendations are valid or to modify them accordingly.  DYA cannot 


assume responsibility or liability for the adequacy of recommendations if we do not observe 


construction. 


This report is intended for use only for the Project described.  If any changes in the nature, design, 


or location of the facilities are planned, the conclusions and recommendations contained in this 


report should not be considered valid unless the changes are reviewed and the conclusions of 


this report modified or verified in writing by DYA.  We are not responsible for any claims, damages, 


or liability associated with the interpretation of subsurface data or reuse of the subsurface data or 


engineering analyses without our express written authorization. 
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7 REPORT REVISION LOG 


REVISION NO. DATE REVISION DESCRIPTION 


Version 1 October 30, 2023 Internal Draft to Client 


Version 2 January 30, 2024 Revised for design team and OCPW comments 
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Project Name: Ruiz Residence Logged by: COL 
Project Number: 012305-001 Elevation: 1459' Trench No. TP-2 
Equipment: 24" Backhoe Location: Modjesl<a Grade Road ENGINEERING PROPERTIES 


en � 0 Q 
C !ll 0 (D 


::,-


3 iii' ::i 


(/) Cl) (D 
'O c � 


.... 
() cii" "" --1 


(/) 
(D 


'o 
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DATE: !=> 'if!. C'l en ATTITUDES 1/10/2008 DESCRIPTION: GEOLOGIC UNIT � _=, * 


Artificial Fill, undocumented {Afu}: 


@0': Sandy CLAY (CL); mottled orange and brown, very moist, soft, fine to coarse Afu CL 
grained sand, fine subangular gravel, roots. 
@1.0': Charcoal debris bed. 
@1.2': Sandy CLAY (CL); brown, very moist, soft, fine grained sand, some charcoal CL 
debris. 


Bedrock: Tertiar� Silverado Formation (Tsij: 
@2.5': CLAYSTONE, mottled tan and grey, moist, abrupt gravelly contact, severely Tsi 
weathered. R1 @3' 17.3 110.5 AL,CL 


8: N15W, 44S @5.3': SANDSTONE, light grey matrix, moist. fine to coarse grained sand, thinly B1@3-5' 


bedded,.,oxidized along bedding planes. R2@5' 7.2 125.6 
B2@5' MD 


Total depth: 5.5 feet, the trench was backfilled and tamped upon completion. 
GRAPHIC PRESENTATION SCALE 1" = 5' SURFACE SLOPE: Flat TREND: N45W 
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* Laboratory Test Legend I 
I 
I 


CN: Consolidation El: Expansion Index 
CR: Corrosion MD: Maximum Density 
CU: Triaxial Shear RV: R-value I 


I I 
I 
I I 


OS: Direct Shear SA: Sieve Analysis I I 
I 
I ! 


Log of Trench No. TP-2 


Trench-new.xlt 
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Project Name: Ruiz Residence Logged by: COL 
Project Number: 012305-001 Elevation: 1450' Trench No. TP-6 
Equipment: 24" Backhoe Location: Modjeska Grade Road ENGINEERING PROPERTIES 
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GEOLOGIC z ,...._ (/) 


GEOLOGIC UNIT 9 :::R g cii ATTITUDES DATE: 1/10/2008 DESCRIPTION: � * 
Artificial FB1


1 
undocumented (Afu}: 


@0': Silty SAND (SM); brown, wet, soft, fine to coarse grained sand, charcoal Afu 
debris, roots. R1 @1' 20.3 102.5 


Bedrock: Tertiary Silverado Formation (Tsi): 
@.5-4.5': Clayey SANDSTONE, orange, moist, dense, fine grained sand, very poorly Tsi 
stratified, friable. 
@2.5': lnterbed of sandy CLAYSTONE, orange and grey, moist, stiff, fine grained 
sand. R2@3' 21.5 99.6 AL 
@4.5': Minor water seepage along thin beds. 


Total depth: 4.5 feet, the trench was backfilled and tamped upon completion. 
GRAPHIC PRESENTATION SCALE: 1" = 5' SURFACE SLOPE: Flat TREND: N25W 
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* Laboratory Test Legend I 
I 
I 


CN: Consolidation El: Expansion Index 
CR: Corrosion MD: Maximum Density 
CU: Triaxial Shear RV: R-value 
DS: Direct Shear SA: Sieve Analysis I 
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Log of Trench No. TP-6 


Trench-new.xlt 
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APPENDIX C 


Laboratory Test Procedures and Test Results 


Moisture and Density Determination Tests: In situ moisture content and dry density determinations 
were performed, in general accordance with ASTM Test Methods D2216 and D2937, respectively, 
on relatively undisturbed drive samples obtained from the test pits. Results of these tests are 
presented in the test pit logs (see Appendix B). 


Atterberg Limits: The Atterberg Limits of selected soil samples were determined in accordance with 
ASTM Test Method D43 l 8 for enginee1ing classification of the fine-grained materials. Test results 
are presented in this appendix. 


Expansion Index Tests: Expansion Index (El) tests were performed on representative bulk samples 
of the onsite soil, in general accordance with the ASTM Test Method D4829. Test results are 
presented in this appendix. 


Maximum Density Tests: The maximum dry density and optimum moisture content of 
representative bulk soil samples were determined in accordance with ASTM Test Method D1557. 
Test results are presented on the Modified Proctor Compaction Test figures in this appendix. 


Direct Shear Tests: Direct shear tests were performed on selected relatively undisturbed samples, 
which were soaked for a minimum of 24 hours under a surcharge equal to the applied normal force 
during testing. Samples and specimens were then transferred to the shear box, reloaded, and pore 
pressures set up in the sample ( due to transfer) were allowed to dissipate for a period of 
approximately one-hour. Following pore pressure dissipation, samples were subjected to shearing 
forces. The samples were tested under various normal loads by a motor-driven, strain-controlled, 
direct-shear testing apparatus at a strain rate of 0.05 inches per minute. Test results are presented on 
the Direct Shear Test Results figures in this appendix. 


Chloride Content, Sulfate Content, Minimum Resistivity and pH Tests: Chloride content, sulfate 
content, minimum resistivity arid pH tests of representative bulk soil samples were performed in 
general accordance with California Test Methods 422, 417, and 532 / 643. These results are 
presented in this appendix. 


\ 
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Boring No. 


Sample No.,.... 


Depth (ft.) 


Sample Type 


Soil Identification 


Pocket Penetrometer (tons/ft2) 


Weight Soil + Rings / Tube (g) 


Weight of Rings / Tube (g) 


Average Length (in.) 


Average Diameter . (in.) 


Wet. Wt. of Soil + Cont. (g)


Dry Wt. of Soil + Cont. 


Weight of Container 


Container No. 
,. __ , ,. 


Wet Density 


Moist11.1re Content 


Dry Density 


(g) 


(g) 


(%) 


(pcf) 


Degree of Saturation(%) 


cf Leighton


TP-1 TP-1 TP-2 TP-2 


R-1 R-2 R-1 R-2


2.0 4.0 3.0 5.0 


Drive Drive Drive Drive 


Brown lean Olive brown 
Olive brown White poorly 


clay with 
silt (ML) 


clayey sand graded sand 
gravel (CL)g (SC) (SP) 


3.50 4.00 2.50 >4.5


961.19 1109.23 1001.83 1238.37 


222.00 266.40 222.00 266.40 


5.00 6.00 5.00 6.00 


2.416 2.416 2.'116 2.416 


195.33 315.10 475.59 222.76 


172.72 278.21 411.28 210.47 


38.97 39.16 39.09 38.84 


·'" '; " ·· - .,, ' - � -, .. .,.,. . ,·" ....... ,.._,.< ..,.,.,. .. � 


122.8 116.7 129.6 134.6 


16.9 15.4 17.3 7.2 


105.1 101.1 110.5 125.6 


75.6 62.5 88.8 56.6 


MOISTURE & DENSITY of SOILS 


ASTM !D 2216 & ASTM D 2937 


TP-3 TP-3 TP-4 TP-4 


R-1 R-2 R-1 R-2


2.0 4.0 2.0 5.0 


Drive Drive Drive Drive 


Brown silty Olive brown White poorly Olive brown 
clay with sand silt / lean clay graded sand silt / lean clay 


(CL-ML)s (ML/CL) (SP) (ML/CL) 


2.00 2.00 >4.5 3.50 


1162.75 893.74 1232.70 1169.81 


266.40 222.00 266.40 266.40 


6.00 5.00 6.00 6.00 


2.416 2.416 2.416 2.416 


202.01 311.53 218.82 182.32 


173.29 263.65 206.83 163.07 


38.66 38.66 39.41 39.33 


, ,., . . .. . . . . ... .... , 


124.1 111.6 133.8 125.1 


21.3 21.3 7.2 15.6 


102.3 92.1 124.9 108.3 


89.0 69.1 55.3 75.4 


Project Name: Modjeska Canyon 


Project No.: 012305-001 


Client Name: L & Aj Irvine 


Tested By: S. Felter Date: 01/16/08 


M & D TP-1 thru TP-6 











TESTS fm· SULFATE CONTENT 


CHLORIDE CONTENT and pH of SOILS 


Project Name: Modjeska Canyon Tested By: 


Project No. : 012305-001 Data Input By: 


Boring No. TP-1 


Sample No. Bl 


Sample Depth (ft) 0-3
�,:i:,!i-gfi�.��.,;iMt;'!J.�lfii�;�,ri�(J�'.,l::1"\',Vi.�!; • ·!•;":�}_.'�'f.":l'.):J;_,'fl: '.�,.,-'!: ·"· '<:'� '.. -;�.��,i-�"\t\�'.t! 17''1:� 


Soil Identification: (CL)s


Wet Weight of Soil + Container (g) 201.07 


Dry Weight of Soil + Container (g) 195.51 


Weight of Container (g) 59.61 


Moisture Content(%) 4.09 


Weiaht of Soaked Soil (g) 100.35 


SULFATE CONTENT, DOT California Test 417, Part II 


Beaker No. 13 


Crucible No. 21 


Furnace Temperature (°C) 840 


Time In / Time Out 7:30 I 8:15 


Duration of Combustion (min) 45 


Wt. of Crucible + Residue (g) 18.7995 


Wt. of Crucible (g) 18.7958 


Wt. of Residue (g) (A) 0.0037 


PPM of Sulfate (A) X 41150 152.25 


PPM of Sulfate, Dry Weight Basis 159 


CHLORIDE CONTENT DOT California Test 422 I 


ml of Chloride Sain. For Titration (B) 30 


ml of AgNO3 Soln. Used in Titration (C) 1.2 


PPM of Chloride (C -0.2) * 100 * 30 / B 100 


PPM of Chloride, Drv Wt. Basis \ 104 


6.84 


21.2 


V. Juliano Date: 01/14/08 


L. Fruth Date: 01/18/08 











Leighton 


Project Name: 
Project No. : 
Boring No.: 
Sample f\lo. 


f\'lodJeska Canyon 
012305-001 
TP-1 
B1 


lrlOEX 


T estecl By: __c::;. Berdy_ 
Checked By: 
Depth (ft.) 


J. Ward 
0-3 


Soil Identification: Yellowish browr1l1:;an clay with s_cind (CL)s 


Dry Wt. of Soil + Cont. (g) 1000.00 
Wt. of Container No. (g) 0.00 
Dry Wt. of Soil (g) 1000;00 
Weight Soil Retained on #4 Sieve 0.00 
Percent Passing # 4 100.00 


Date: 
Date: 


01/18/08 
01/21/08 


MOLDED SPEClMEN Before Test After Test 


Specimen Diameter (in.) 4.01 4.01 
Specimen Height (in.) 1.0000 1.0645 


-·- --


_ _l{'{!:_C:omp. Soil + f'llold (g) 571.50 431.10 ·� 
Wt. of Mold (g) 181.20 0.00 
Specific Gravity (Assumed) 2.70 2.70 
Container I\Jo. 0 0 


Wet Wt. of Soil + Cont. (g) 750.60 612.30 
Dry Wt. of Soil + Cont. (g) 667.20 528.10 
Wt. of Container (g) 0.00 181.20 �� ---


Moisture Content (%) 12.50 24.27 
Wet Density (pcf) 117.7 122.2 
Dry Density (pcf) 104.6 98.3 


--


Void Ratio 0.611 0.715 
--- --


Total Porosity 0.379 0.417 
Pore Volume (cc) 78.5 91.9 
Degree of Saturation (%) [ S meus] 55.2 91.7 


SPECIMEN INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h 
--�-


Date I Time I Pressure (psi) Elapsed Time Dial Readings 
I 


01/18/08 
01/ 18/08 


--


01/18/08 I 
01/19/08 
01/19/08 


Expansion Index (EI meas) 


Expansion Index ( EI ) 
50 


16:05 
16:15 


--


16:28 
7:38 


13:05 


(min.) 


I 1.0 0 
I 1.0 10 


Add Distilled Water to lhe Specimen 
I � --
I 1.0 I 
I 1.0 
i 


---


1 -:, _..) 


923 
1250 


= ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 


CCC EI meas - (50 -S mns)x((65+EI mPas) / (220-S meas)) 


(in.) 


0.1200 
0.1200 


------


0.1440 
0.1845 


\ 
0.1845 


64.5 
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Project Name: Modjeska Canyon 
Project Number: 012305-001 


Soluble Sulfates 


(Hach Sulfate Test Kit) 


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


Date: 01/18/08 
Technician: G. Berdy


Sample Identification 


Boring No.: TP-2 
Sample No: R-1
Depth (ft.): 3


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Boring No.: 
Sample No: 
Depth (ft.): 


Dilution 


3 :1 


Reading (PPM) 
Tube Reading H 2O:Soil Ratio 


100 X 3 
= 300 


% Sulfates 


0.0300 
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FIELD EXPLORATION 
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APPENDIX C - FIELD EXPLORATION 


The field exploration for the proposed Project consisted of drilling six borings (DYB23-01, 02, 03, 


04, 05, and 09), advancing two hand augers (DYB23-06 and DYB23-07), and collecting 36 bag 


samples for agronomy testing.  The borings and hand augers were advanced to depths ranging 


from approximately 10 inches to 41 feet below ground surface (bgs).  The approximate boring 


and hand auger locations are shown on Figure 2, and the approximate agronomy samples are 


shown on Figure 3. 


Prior to drilling the borings, the field exploration locations were marked in the field using a hand-


held global positioning system (GPS) unit with an estimated 12-foot horizontal accuracy and 


checked for underground utilities using geophysical techniques.  The geophysical survey was 


performed by Atlas Technical Consultants LLC (Atlas), a subconsultant to DYA, on November 21, 


2022, and March 23, 2023.  Underground Service Alert (USA) was notified a minimum of two 


working days, not including the date of notification, prior to performing the field exploration.  Prior 


to drilling, positive confirmation regarding potential utility conflicts was obtained from each utility 


responder designated by USA.    


Borings DYB23-01, 02, 04, 05, and 09 were drilled by 2R Drilling Inc. (2R) using a truck-mounted 


drill rig using hollow-stem-auger (HSA) drilling techniques on May 2 and May 3, 2023. Boring 


DYB23-03 was drilled by Cascade with a limited access track-mounted drill rig using HSA drilling 


techniques on April 6, 2023.  DYA field personnel observed the drilling operations and collected 


bulk, drive, and grab samples for visual examination and subsequent laboratory testing.  The bulk 


samples were collected from the upper 5 feet of the boring spoils (not including existing pavement 


section materials, where present); drive samples were collected with a 2.4-inch-inside-diameter 


(3.0-inch-outside-diameter) modified California split-barrel sampler lined with stainless steel tubes 


and a standard split-spoon penetrometer with dimensions in accordance with ASTM D3550 and 


D1586, respectively.  Both samplers were driven with a 140-pound automatic trip hammer falling 


30 inches.  The hammer blows required to drive the samplers were recorded in the field by DYA.  


The efficiency ratings (ER) for the hammers used during the field exploration are included on the 


boring logs presented herein. 


The hand augers were also performed by 2R.  Hand tools were used to collect bulk samples for 


identification and testing from the upper 5 feet of the boring spoils. 
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Soils encountered in the borings were classified in general accordance with ASTM D2487, which 


is summarized on Plate C1, and D2488.  Boring logs presented on Plates C2 through C10 were 


prepared from visual examination of the samples, cuttings obtained during drilling operations, and 


results of laboratory tests. The equivalent standard penetration test (SPT) N60-values presented 


on the boring logs were derived from the hammer blow counts recorded in the field as follows: 


 The hammer blows recorded for the last 12 inches of modified California sampler 


penetration were multiplied by 0.65 to obtain the equivalent SPT N-value. 


 The equivalent SPT N-value for each sample was modified by multiplying by the ratio of 


ER/60 to obtain the SPT N60-value indicated for each sample on the boring log. 


 Where sampler refusal (i.e., 50 hammer blows for less than 6 inches of sampler 


penetration) was encountered, the equivalent SPT N-value was calculated by multiplying 


the sampler blow count (usually 50 blows) by the ratio of 6 inches divided by the actual 


sampler penetration in inches.  Where the modified California sampler met driving refusal, 


then the prorated equivalent SPT blow count was further modified as noted above for 


samples that did not meet sampler driving refusal. 


 The equivalent SPT N-value for each sample was modified by multiplying by the ratio of 


ER/60 to obtain the SPT N60-value indicated for each sample on the boring log. 


A photo-ionization detector (PID) was used during the field exploration to screen for potential 


hydrocarbon contamination in select soil samples.  PID readings are shown on the boring logs 


presented herein. 


Groundwater was not encountered in the borings to the maximum depth explored, approximately 


41 feet bgs.  Borings were backfilled with soil cuttings.  Paved surfaces, where present, were 


patched with rapid set concrete.







OCPW Modjeksa Grade Road Improvements


Project No. 2022-017


SOIL CLASSIFICATION SYSTEM-ASTM D2487


"Push" Sampler


(APPRECIABLE AMOUNT OF


FINES)


SILTY GRAVELS, GRAVEL - SAND - SILT MIXTURES


DS  = Direct Shear


GRAVEL AND


GRAVELLY


SOILS


TYPICAL


MORE THAN 50% OF


COARSE FRACTION


RETAINED ON NO. 4 SIEVE GC


C1


CL


OL


LETTER


Standard Penetration Test (SPT) Sampler


CLEAN GRAVELS


CP = Compaction Test


C    = Consolidation


P   = Permeability Test


SW


CLAYEY SANDS, SAND - CLAY MIXTURES


INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY,


GRAVELLY CLAYS, SANDY CLAYS, SILTY CLAYS,


LEAN CLAYS


WELL-GRADED GRAVELS, GRAVEL - SAND MIXTURES,


LITTLE OR NO FINES


DESCRIPTIONS


HIGHLY ORGANIC SOILS


GW


MORE THAN 50% OF


COARSE FRACTION


PASSING ON NO. 4 SIEVE


LIQUID LIMIT GREATER


THAN 50


(APPRECIABLE AMOUNT OF


FINES)


SM


SC


MH


CH


OH


PT


SP


ML


MORE THAN 50% OF


MATERIAL IS LARGER


THAN NO. 200 SIEVE SIZE


LIQUID LIMIT LESS


THAN 50


MORE THAN 50% OF


MATERIAL IS SMALLER


THAN NO. 200 SIEVE SIZE


[PID]  Reading in ppm above background


CLEAN SANDS


CLAYEY GRAVELS, GRAVEL - SAND - CLAY MIXTURES


Groundwater Surface


COARSE-GRAINED


SOILS


SILTS AND


CLAYS


POORLY GRADED SANDS, GRAVELLY SAND, LITTLE


OR NO FINES


Split Barrel "Drive" Sampler With Liner


FINE-GRAINED


SOILS


POORLY GRADED GRAVELS, GRAVEL - SAND


MIXTURES, LITTLE OR NO FINES


INORGANIC SILTS AND VERY FINE SANDS, ROCK


FLOUR, SILTY OR CLAYEY FINE SANDS OR CLAYEY


SILTS WITH SLIGHT PLASTICITY


GM


SYMBOLS


SILTY SANDS, SAND - SILT MIXTURESSANDS WITH FINES


PLATE


PEAT, HUMUS, SWAMP SOILS WITH HIGH ORGANIC


CONTENTS


ORGANIC SILTS AND ORGANIC SILTY CLAYS OF LOW


PLASTICITY


INORGANIC SILTS, MICACEOUS OR DIATOMACEOUS


FINE SAND OR SILTY SOILS


INORGANIC CLAYS OF HIGH PLASTICITY


GP


(LITTLE OR NO FINES)


ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,


ORGANIC SILTS


SILTS AND


CLAYS


NP  = Nonplastic
EI   = Expansion Index Test


CR = Corrosivity


CU = Consol. Undrained Triaxial.


CL  = Collapse Potential


UU = Undrained, Unconsol. Triaxial.


SE = Sand Equivalent


SG = Specific Gravity


CD = Consol. Drained Triaxial.


CU = Consol. Undrained Triaxial.


WELL-GRADED SANDS, GRAVELLY SANDS, LITTLE OR


NO FINES


Bag Sample


Concrete/Rock Core


GRAPH


NOTE:  DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS


SAND AND


SANDY


SOILS


(LITTLE OR NO FINES)


GRAVELS WITH FINES


MAJOR DIVISIONS


PA  = Particle size; HD = Hydrometer


UU = Unconfined Comp.


R    = R-Value
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[12.4]
MD,
RV


[88],
SA


[23.4]


ASPHALT CONCRETE (AC): 3 inches
SILTY SAND (SM): dark brown; moist; medium dense; medium


to fine SAND; trace fine GRAVEL; BASE - 5 inches
SILTY SAND (SM): dark brown; moist; very dense; medium to


fine SAND; iron oxide stains; micaceous


light yellowish brown; trace fine GRAVEL; iron oxide stringers;
micaceous


Bottom of boring at 6 feet.
No groundwater encountered during drilling.
Boring backfilled with soil cuttings.
Surface patched with rapidset concrete dyed black.
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17


15
55/5"


50
55/5"


100


100
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114


87.8%


140 lbsWEIGHT:


6


BORING LOCATION:


LATITUDE:


CHECKED BY:LOGGED BY: NM


See Figure No. 2


BORING DIAMETER (inches): BORING DEPTH (feet):


DRILLING EQUIPMENT: Gtechdrill GT-16 Hollow Stem AugerDRILLING METHOD:


ID: 2.4      OD: 3


COMPLETED:5-4-23


DRILLING CONTRACTOR: 2R Drilling, Inc. HAMMER DROP:


1409


DRIVE SAMPLER DIAMETER (inches)AS


HAMMER TYPE: Automatic EFFICIENCY:


8


LONGITUDE: -117.6331633.69764


ELEVATION (feet):


30 inches


5-4-23DATE STARTED:


1405
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LOG OF BORING  DYB23-01
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[0.0]
MD,
RV


 [3.9],
SA


[40.5],
DS


[8.1]


[2.6]


[75.2]


 [
14.9],
DS


39


ASPHALT CONCRETE (AC): 2 inches
SILTY SAND (SM): dark brown; dry; medium dense; medium to


fine SAND; BASE - 4 inches
SILTY SAND (SM): pale yellow; moist; dense; medium to fine


SAND; micaceous


yellowish brown; dense; coarse to fine SAND; micaceous


very dense


CLAYEY SAND (SC): olive yellow; moist; very dense; medium
to fine SAND; iron oxide stringers


SILTY SAND (SM): yellowish brown; moist; dense; medium to
fine SAND; manganese oxide spots; calcium carbonate spots


POORLY GRADED SAND (SP): pale yellow; moist; dense;
medium to fine SAND; manganese oxide spots; calcium
carbonate spots


Bottom of boring at 21.5 feet.
No groundwater encountered during drilling.
Boring backfilled with soil cuttings.
Surface patched with rapidset concrete dyed black.
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87.8%


140 lbsWEIGHT:


21.5


BORING LOCATION:


LATITUDE:


CHECKED BY:LOGGED BY: NM


See Figure No. 2


BORING DIAMETER (inches): BORING DEPTH (feet):


DRILLING EQUIPMENT: Gtechdrill GT-16 Hollow Stem AugerDRILLING METHOD:


ID: 2.4      OD: 3


COMPLETED:5-2-23


DRILLING CONTRACTOR: 2R Drilling, Inc. HAMMER DROP:


1645


DRIVE SAMPLER DIAMETER (inches)AS


HAMMER TYPE: Automatic EFFICIENCY:


8


LONGITUDE: -117.6365233.70344


ELEVATION (feet):


30 inches


5-2-23DATE STARTED:
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LOG OF BORING  DYB23-02
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4


[0.0]


[0.0],
SA


[0.0],
DS


[0.0]


[0.0]


34


SILTY SAND (SM): olive yellow; moist; medium dense; medium
to fine SAND; trace CLAY nodules; slightly micaceous


increased CLAY nodules


CLAYEY SAND (SC): yellowish brown; moist; medium dense;
medium to fine SAND; trace fine GRAVEL; trace roots;
micaceous


SILTY SAND (SM): yellowish brown; moist; dense; coarse to
fine SAND; trace fine GRAVEL; trace roots; calcium
carbonate stringers


very dense
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79%


140 lbsWEIGHT:


40.75


BORING LOCATION:


LATITUDE:


CHECKED BY:LOGGED BY: BB


See Figure No. 2


BORING DIAMETER (inches): BORING DEPTH (feet):


DRILLING EQUIPMENT: Limited Access Rig Hollow Stem AugerDRILLING METHOD:


ID: 2.4      OD: 3


COMPLETED:4-6-23


DRILLING CONTRACTOR: Cascade HAMMER DROP:


1672


DRIVE SAMPLER DIAMETER (inches)AS


HAMMER TYPE: Automatic EFFICIENCY:


6


LONGITUDE: -117.6363733.70323


ELEVATION (feet):


30 inches


4-6-23DATE STARTED:
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[0.1]


[0.0]


[0.0]


rig chatter at 33 feet


light olive brown
Bottom of boring at 40.75 feet.
Groundwater not encountered during drilling.
Boring backfilled with cuttings.
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MD,
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[1.3],
SA


[5.9]


[220]


[85]


[51]


[12.6]


36


30


ASPHALT CONCRETE (AC): 1 inch
SILTY SAND with GRAVEL (SM): dark green; dry; medium


dense; medium to fine SAND; coarse to fine GRAVEL; BASE
- 9 inches


CLAYEY SAND (SC): yellowish brown; moist; very dense;
medium plasticity; medium to fine SAND; trace coarse SAND;
micaceous


CLAYEY SAND with GRAVEL (SC): yellowish brown; moist;
very dense; coarse to fine SAND; coarse to fine GRAVEL


decrease GRAVEL content


POORLY GRADED GRAVEL with SAND (GP): olive brown;
moist; very dense; coarse to fine SAND; coarse to fine
GRAVEL


Bottom of boring at 20.4 feet.
No groundwater encountered during drilling.
Boring backfilled with soil cuttings.
Surface patched with rapidset concrete dyed black.
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87.8%


140 lbsWEIGHT:


20.4


BORING LOCATION:


LATITUDE:


CHECKED BY:LOGGED BY: NM


See Figure No. 2


BORING DIAMETER (inches): BORING DEPTH (feet):


DRILLING EQUIPMENT: Gtechdrill GT-16 Hollow Stem AugerDRILLING METHOD:


ID: 2.4      OD: 3


COMPLETED:5-2-23


DRILLING CONTRACTOR: 2R Drilling, Inc. HAMMER DROP:


1615


DRIVE SAMPLER DIAMETER (inches)AS


HAMMER TYPE: Automatic EFFICIENCY:


8


LONGITUDE: -117.6368133.70444


ELEVATION (feet):


30 inches


5-2-23DATE STARTED:
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SA,
MD,
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[6.6],
DS


[6.5]


[15.7]


[8.2],
DS


[58]


[55]


NP


ASPHALT CONCRETE (AC): 2 inches
SILTY SAND (SM): yellow; moist; very dense; medium to fine


SAND; trace coarse SAND; trace coarse to fine GRAVEL;
micaceous


pale yellow; no GRAVEL


iron oxide stringers


dark brown; calcium carbonate spots; micaceous


POORLY GRADED SAND with SILT (SP-SM): yellow; moist;
very dense; coarse to fine SAND; micaceous


@ 19 feet thin CLAY lense


Bottom of boring at 20.5 feet.
No groundwater encountered during drilling.
Boring backfilled with soil cuttings.
Surface patched with rapidset concrete dyed black.
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140 lbsWEIGHT:


20.5


BORING LOCATION:


LATITUDE:


CHECKED BY:LOGGED BY: NM


See Figure No. 2


BORING DIAMETER (inches): BORING DEPTH (feet):


DRILLING EQUIPMENT: Gtechdrill GT-16 Hollow Stem AugerDRILLING METHOD:


ID: 2.4      OD: 3


COMPLETED:5-3-23


DRILLING CONTRACTOR: 2R Drilling, Inc. HAMMER DROP:


1445


DRIVE SAMPLER DIAMETER (inches)AS


HAMMER TYPE: Automatic EFFICIENCY:


8


LONGITUDE: -117.6403233.70724


ELEVATION (feet):


30 inches
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20


SILTY SAND (SM): yellowish brown; moist; medium dense;
nonplastic; coarse to fine SAND; trace fine GRAVEL; trace
roots


black mottling at 4 feet


no mottling at 5 feet


Bottom of boring at 5.5 feet.
Groundwater not encountered during drilling.
Boring backfilled with cuttings.


MD


DS


SA


LOGGED BY:


BORING DIAMETER (inches):


4/6/23


LONGITUDE:


4/6/23


AS


DATE COMPLETED: 4/6/23


Hand Auger


LATITUDE: 33.70756 -117.640586


DATE STARTED:


CHECKED BY:


Hand Auger


5.5


DRILLING METHOD:


BORING DEPTH (feet):


BB


DRILLING EQUIPMENT:


BORING LOCATION: 1444ELEVATION (feet):See Figure No. 2See Figure No. 2
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ASPHALT CONCRETE (AC): 3 inches
SILTY SAND with GRAVEL (SM): medium dense; BASE - 4


inches
SILTY SAND (SM): brown; moist; medium dense; coarse to fine


SAND; fine GRAVEL; trace fine GRAVEL;


dark brown; no trace fine GRAVEL


Bottom of boring at 5.5 feet.
No groundwater encountered during drilling.
Boring backfilled with soil cuttings.
Surface patched with rapidset concrete dyed black.


MD,
RV


DS


LOGGED BY:


BORING DIAMETER (inches):


5/3/23


LONGITUDE:


5/3/23


AS


DATE COMPLETED: 5/3/23


Hand Auger


LATITUDE: 33.707237 -117.638032


DATE STARTED:


CHECKED BY:


Hand Auger


5.5


DRILLING METHOD:


BORING DEPTH (feet):


NM


DRILLING EQUIPMENT:


BORING LOCATION: 1329ELEVATION (feet):See Figure No. 2See Figure No. 2
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[3.8]
ASPHALT CONCRETE (AC): 5 inches
SANDY SILT with GRAVEL (ML): dark brown; moist; medium


dense; medium to fine SAND; coarse to fine GRAVEL; trace
roots; BASE - 4 inches


rig chatter at 9 inches
Boring terminated at 10 inches due to refusal.
No groundwater encountered during drilling.
Surface patched with rapidset concrete dyed black.


87.8%


140 lbsWEIGHT:


0.83


BORING LOCATION:


LATITUDE:


CHECKED BY:LOGGED BY: NM


See Figure No. 2


BORING DIAMETER (inches): BORING DEPTH (feet):


DRILLING EQUIPMENT: Gtechdrill GT-16 Hollow Stem AugerDRILLING METHOD:


ID: 2.4      OD: 3


COMPLETED:5-3-23


DRILLING CONTRACTOR: 2R Drilling, Inc. HAMMER DROP:


1277


DRIVE SAMPLER DIAMETER (inches)AS


HAMMER TYPE: Automatic EFFICIENCY:


8


LONGITUDE: -117.6361733.70853


ELEVATION (feet):


30 inches
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MS. ASHLEY SCHOLDER 
DIAZ YOURMAN & ASSOCIATES 
1616 East 17th Street 
SANTA ANA, CA 92705 
 
Subject: Geophysical Evaluation 
 Modjeska Grade Road Improvements 
 Silverado, California 
 


Dear Ms. Scholder: 


In accordance with your authorization, Atlas has performed a seismic refraction study pertaining 
to the subject project located in Silverado, California. The purpose of our study was to perform a 
seismic P-wave refraction traverse, and a one-dimensional (1-D) seismic surface wave refraction 
microtremor (ReMi) profile to assess the depth to bedrock, apparent rippability of subsurface 
materials, and seismic velocities at the project site. Our services were conducted on March 23rd, 
2023. This data report presents our methodology, equipment used, analysis, and results. 


We appreciate the opportunity to be of service on this project. Should you have any questions 
related to this report, please contact the undersigned at your convenience. 


Respectfully submitted, 
Atlas Technical Consultants LLC 
 
 
 
 
 
 
 
Frederico T. Diogo Patrick F. Lehrmann, P.G., P.Gp.  
Senior Staff Geophysicist Principal Geologist/Geophysicist 


FTD:KJA:PFL:ds 


Distribution: ashley@diazyourman.com 
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1.    INTRODUCTION 


In accordance with your authorization, Atlas has performed a seismic refraction study pertaining 
to the subject project located in Silverado, California (Figure 1). The purpose of our study was to 
perform a seismic P-wave refraction traverse, and a one-dimensional (1-D) seismic surface wave 
refraction microtremor (ReMi) profile to assess the depth to bedrock, apparent rippability of 
subsurface materials, and seismic velocities at the project site. Our services were conducted on 
March 23rd, 2023. This data report presents our methodology, equipment used, analysis, and 
results. 


2.    SCOPE OF SERVICES 


Our scope of services included: 


 Performance of a seismic P-wave refraction traverse (SL-1). 


 Performance of a ReMi profile (RL-1). 


 Compilation and geophysical analysis of the data collected. 


 Preparation of this illustrated report presenting our methodology and findings. 


3.    SITE AND PROJECT DESCRIPTION 


The project site is located east of the intersection of Modjeska Grade Road and Canyon Heights 
Drive in Silverado, California (Figure 1). Specifically, the seismic profiles were located on the 
property east of the intersection (Figure 2). The seismic P-wave and ReMi traverses were 
collocated and conducted in a northwest-southeast orientation, in an area selected by you and 
your office. Figures 2 and 3 present the seismic line location and depict the general site conditions 
along the study area.  


Based on our discussion with you, it is our understanding that the site is in the planning phase of 
development and that the results from our study may be used in the formulation of design and 
construction parameters for the project.  


4.    STUDY METHODOLOGY 


4.1    P-wave Refraction 


A seismic P-wave (compression wave) refraction study was conducted at the project to develop 
subsurface velocity profiles of the areas studied, and to assess the depth to bedrock and apparent 
rippability of the subsurface materials. The seismic refraction method uses first-arrival times of 
refracted seismic waves to estimate the thicknesses and seismic velocities of subsurface layers. 
Seismic P-waves generated at the surface, using a hammer and plate, are refracted at boundaries 
separating materials of contrasting velocities. These refracted seismic waves are then detected 
by a series of surface vertical component 14-Hz geophones and recorded with a 24-channel 
Geometrics Geode seismograph. The travel times of the seismic P-waves are used in conjunction 
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with the shot-to-geophone distances to obtain thickness and velocity information on the 
subsurface materials. 


Geophones were placed at regularly spaced intervals of 5 feet for total line lengths of 125 feet for 
SL-1, including two off-end shots. The general locations and lengths of the lines were determined 
by surface conditions, site access, depth of investigation, and you and your office. Shot points 
(signal-generation locations) were conducted along the lines at the ends, midpoint, and 
intermediate points between the ends of the midpoint. 


In general, classical seismic refraction theory requires that subsurface velocities increase with 
depth (generalized reciprocal method (GRM) and time-intercept modeling). In classical analysis 
methods a layer having a velocity lower than that of the layer above will not generally be 
detectable by the seismic refraction method and, therefore, could lead to errors in the depth 
calculations of subsequent layers. In addition, lateral variations in velocity such as those caused 
by core stones, intrusions, or boulders can also result in the misinterpretation of the subsurface 
conditions. Application of seismic tomography methods, as was performed for this project by 
Atlas, produces velocity models which, in general, are not subject to this limitation. However, even 
the application of seismic tomography analysis does have certain limitations regarding vertical 
and horizontal resolution. When a velocity anomaly target is of similar scale length to the seismic 
wavelet (or smaller), then diffraction behavior dominates because scattering is governing the loci 
of the wave-fronts. For travel time analysis a target feature must be at a scale versus its depth 
that is detectable relative to the scale length of the seismic wavelet we produce and receive. 
Therefore, there is a general limit to what scale of feature seismic tomography methods can detect 
regarding relatively small velocity anomaly features, related to both source and to medium 
velocities, and travel time uncertainties. In effect, some relatively smaller scale features including 
"thin" velocity inversion layers or voids, and some types of lateral and vertical velocity variations 
caused by core stones and intrusions might not be detected in our results. In general, the effective 
depth of evaluation for a seismic refraction traverse is approximately one-third to one-fifth of the 
length of the spread. 


Generally, the seismic P-wave velocity of a material can be correlated to rippability (see Table 1 
below), or to some degree “hardness.” Table 1 is based on published information from the 
Caterpillar Performance Handbook (Caterpillar, 2018), as well as our experience with similar 
materials, and assumes that a Caterpillar D-9 dozer ripping with a single shank is used. We 
emphasize that the cutoffs in this classification scheme are approximate and that rock 
characteristic, such as fracture spacing and orientation, play a significant role in determining rock 
quality or rippability. The rippability of a mass is also dependent on the excavation equipment 
used and the skill and experience of the equipment operator. 


For trenching operations, the rippability values should be scaled downward. For example, 
velocities as low as 3,500 feet/second may indicate difficult ripping during trenching operations. 
In addition, the presence of boulders, which can be troublesome in narrow trenching operations, 
should be anticipated. 
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Table 1: Rippability Classification 


Seismic P-wave Velocity Rippability 


0 to 2,000 feet/second  Easy 


2,000 to 4,000 feet/second Moderate 


4,000 to 5,500 feet/second Difficult, Possible Blasting 


5,500 to 7,000 feet/second Very Difficult, Probable Blasting 


Greater than 7,000 feet/second Blasting Generally Required 


 


It should be noted that the rippability cutoffs presented in Table 1 are slightly more conservative 
than those published in the Caterpillar Performance Handbook. Accordingly, the above 
classification scheme should be used with discretion, and contractors should not be relieved of 
making their own independent evaluation of the rippability of the on-site materials prior to 
submitting their bids. 


4.2    ReMi 


The passive source 1-D ReMi technique uses recorded surface waves (specifically Rayleigh 
waves) that are contained in background noise to develop a seismic velocity profile of the study 
area down to a depth, in this case, of approximately 100 feet below ground surface (bgs). The 
depth of exploration is dependent on the length of the line and the frequency content of the 
background noise. The results of the ReMi method are displayed as a one-dimensional sounding 
which represents the average condition across the length of the line. The ReMi method does not 
require an increase of material velocity with depth; therefore, low-velocity zones (velocity 
inversions) are detectable with ReMi. 


Our ReMi evaluation included the use of a 24-channel Geometrics Geode seismograph and 24, 
14-Hz vertical component geophones. The geophones were spaced 5 feet apart for a total line 
length of 115 feet at RL-1. A total of 21 records, each 32 seconds in duration, were recorded, with 
15 of the files utilizing passive data collection of ambient ground vibration noise and six files 
utilizing an active source generated by a 20-pound sledgehammer and an HDPE plastic strike 
plate. The active source data gathers included conducting hammer blows at locations on each 
end of the seismic spread at approximately 10 and 20 feet off the end of the geophone array. 
Three active source files were collected at each end of the line to supplement the passive data 
collection. Using off-end active source supplemental data reduces the chances for indeterminate 
dominant phase angle of energy arriving at the seismic spread, which typically increases the 
accuracy of the recorded dispersion curve and model results. For the ReMi method, the average 
surface wave velocity (analogous to shear wave velocity) is calculated across the length of the 
line, and the resulting 1-D model represents the center or midpoint point of the line. It should be 
noted the ReMi results represent the average condition across the length of the line. 
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5.    DATA ANALYSIS 


5.1    P-wave Refraction 


The collected datasets were processed and analyzed using Rayfract® Version 4.03 (Intelligent 
Resources Inc., 2022) which employs wave path analysis. Rayfract® first provides forward 
modeling of refraction, transmission, and diffraction and then back-projects travel-time residuals 
along wave paths also known as Fresnel volumes instead of conventional analysis by rays. This 
increases the numerical robustness of the inversion. A smooth minimum-structure 1-D starting 
velocity-depth profile model is determined automatically directly from the seismic travel-time data 
first arrival picks and elevation data to produce subsurface velocities by horizontally averaging via 
the Delta t-V method. The Delta t-V method is based on common mid-point (CMP) sorted travel 
times and assumes multiple horizontal layers with constant interior velocity gradients (Rohdewald 
2007; Gebrande 1985). Modeled seismic rays follow circular arcs inside each modeled layer. The 
Delta t-V starting model is then refined with 2D Wavepath Eikonal Traveltime (WET) inversion 
method (Schuster, 1993). The resulting 2-D WET velocity model provides a 2-D tomographic 
image of the P-wave velocities which can be used to estimate subsurface geologic conditions. 
Both vertical and lateral velocity information is contained in the tomography model. Changes in 
layer velocity are generally revealed as gradients rather than discrete contacts, which typically 
are more representative of actual conditions. The collected data was processed using and 
analyzed using Rayfract®, version 4.03. Rayfract uses first arrival picks and elevation data to 
produce subsurface velocity models through a nonlinear optimization technique Wavepath 
Eikonal Traveltime Inversion (WET). The resulting velocity model provides a tomography image 
of the estimated geologic conditions. Both vertical and lateral velocity information is contained in 
the tomography model. Changes in layer velocity are revealed as gradients rather than discrete 
contacts, which typically are more representative of actual conditions. 


5.2    ReMi 


The data collected was downloaded to a field computer and the data were later processed using 
Surface Plus 9.1 - Advanced Surface Wave Processing Software (Geogiga Technology Corp., 
2020), which uses the refraction microtremor method (Louie, 2001) and other surface wave 
analysis methods. The program generates phase-velocity dispersion curves for each record and 
provides an interactive dispersion modeling tool to provide the best-fitting model. The result is a 
1-D surface wave velocity model of the study area which, based on published studies, is typically 
85 to 95 percent of the velocity of shear waves. Therefore, using the ReMi surface wave data and 
analysis method results in a relatively conservative estimate of shear wave velocity. 


6.    RESULTS AND CONCLUSIONS 


6.1    P-wave Refraction 


As previously indicated, one P-wave transverse was performed in an accessible portion of the 
project site. Figure 4 presents the velocity model generated from our analysis. Based on the 
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results, it appears that the study areas are generally underlain by low-velocity materials in the 
near subsurface and higher-velocity materials at depth. Distinct vertical and lateral velocity 
variations are evident in the model. Moreover, the degree of weathering and the depth to possible 
bedrock varies across the study area. 


Based on the refraction results, variability in the excavatability (including depth of rippability) of 
the subsurface materials may be expected across the project area. 


6.2    ReMi 


As discussed, the purpose of our ReMi study was to develop shear-wave velocity profiles to be 
used for design and construction at the study site. Table 2 and Figure 5 presents the results from 
our ReMi evaluation. When the 1-D ReMi surface wave velocity results (analogous to shear wave) 
show an IBC Vs100 velocity value that is close to the "border line" boundary between IBC Site 
Classes, the project geotechnical consultant of record should be consulted. The geotechnical 
consultant of record should also consider other existing available site information and whether 
obtaining additional new geotechnical evaluation data such as boreholes, surface to downhole 
seismic (ASTM D7400), cross hole seismic (ASTM D4428), and/or additional 1-D remit data 
collections would be needed concerning the site’s subsurface geologic stratigraphy and structure, 
soil mechanics and soil modulus, along with the initial 1-D Remit evaluation results when 
assessing the "borderline" IBC Vs100 Seismic Site Class. 


Table 2: ReMi Results 


Line No. 
Depth 
(feet) 


Shear Wave 
Velocity 


(feet/second) 


Average Shear Wave 
Velocity (Vs in feet/second) 


Site Class 
(IBC, 2019) 


RL-1 
(NW-SE) 


0-8 555 


Vs = 1,009 ft/s D 


8-16 855 


16-26 951 


26-37 968 


37-50 972 


50-66 993 


66-84 1420 


84-100 1441 


 


7.    LIMITATIONS 


The field evaluation and geophysical analyses presented in this report have been conducted in 
general accordance with current practice and the standard of care exercised by consultants 
performing similar tasks in the project area. No warranty, express or implied, is made regarding 
the conclusions, recommendations, and opinions presented in this report. There is no evaluation 
detailed enough to reveal every subsurface condition. Variations may exist and conditions not 
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observed or described in this report may be present. Uncertainties relative to subsurface 
conditions can be reduced through additional subsurface exploration. Additional subsurface 
evaluations will be performed upon request. 


This document is intended to be used only in its entirety. No portion of the document, by itself, is 
designed to completely represent any aspect of the project described herein. Atlas should be 
contacted if the reader requires additional information or has questions regarding the content, 
interpretations presented, or completeness of this document. This report is intended exclusively 
for use by the client. Any use or reuse of the findings, conclusions, and/or recommendations of 
this report by parties other than the client is undertaken at said parties’ sole risk. 
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Dear Ms. Scholder: 


In accordance with your authorization, Atlas has performed a seismic refraction study pertaining 
to the subject project located in Silverado, California. The purpose of our study was to perform 
a seismic P-wave refraction traverse, and a one-dimensional (1-D) seismic surface wave 
refraction microtremor (ReMi) profile to assess the depth to bedrock, apparent rippability of 
subsurface materials, and seismic velocities at the project site. Our services were conducted on 
May 3rd, 2023. This data report presents our methodology, equipment used, analysis, and results. 


We appreciate the opportunity to be of service on this project. Should you have any questions, 
please contact the undersigned at your convenience. 
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Atlas Technical Consultants LLC 
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1.    INTRODUCTION 


In accordance with your authorization, Atlas has performed a seismic refraction study pertaining 
to the subject project located in Silverado, California (Figure 1). The purpose of our study was to 
perform a seismic P-wave refraction traverse, and a one-dimensional (1-D) seismic surface wave 
refraction microtremor (ReMi) profile to assess the depth to bedrock, apparent rippability of 
subsurface materials, and seismic velocities at the project site. Our services were conducted on 
May 3rd, 2023. This data report presents our methodology, equipment used, analysis, and results. 


2.    SCOPE OF SERVICES 


Our scope of services included: 


• Performance of a seismic P-wave refraction traverse (SL-1). 


• Performance of a ReMi profile (RL-1). 


• Compilation and geophysical analysis of the data collected. 


• Preparation of this illustrated report presenting our methodology and findings. 


3.    SITE AND PROJECT DESCRIPTION 


The project site is located east of the intersection of Modjeska Grade Road and Oriole Street in 
Silverado, California (Figure 1). Specifically, the seismic profiles were located just north of the 
powerline pole near the intersection (Figure 2). The seismic P-wave and ReMi traverses were 
collocated and conducted in a south-north orientation, in an area selected by you and your office. 
Figures 2 and 3 present the seismic line locations and depict the general site conditions along the 
study area.  


Based on our discussion with you, it is our understanding that the site is in the planning phase of 
development and that the results from our study may be used in the formulation of design and 
construction parameters for the project.  


4.    STUDY METHODOLOGY 


4.1    P-wave Refraction 


A seismic P-wave (compression wave) refraction study was conducted at the project to develop 
subsurface velocity profiles of the areas studied, and to assess the depth to bedrock and apparent 
rippability of the subsurface materials. The seismic refraction method uses first-arrival times of 
refracted seismic waves to estimate the thicknesses and seismic velocities of subsurface layers. 
Seismic P-waves generated at the surface, using a hammer and plate, are refracted at boundaries 
separating materials of contrasting velocities. These refracted seismic waves are then detected 
by a series of surface vertical component 14-Hz geophones and recorded with a 24-channel 
Geometrics Geode seismograph. The travel times of the seismic P-waves are used in conjunction 
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with the shot-to-geophone distances to obtain thickness and velocity information on the 
subsurface materials. 


Geophones were placed at regularly spaced intervals of 7 feet for total line lengths of 175 feet for 
SL-1, including two off-end shots on each end. The general locations and lengths of the lines 
were determined by surface conditions, site access, depth of investigation, and you and your 
office. Shot points (signal-generation locations) were conducted along the lines at the ends, 
midpoint, and intermediate points between the ends of the midpoint. 


In general, classical seismic refraction theory requires that subsurface velocities increase with 
depth (generalized reciprocal method (GRM) and time-intercept modeling). In classical analysis 
methods a layer having a velocity lower than that of the layer above will not generally be 
detectable by the seismic refraction method and, therefore, could lead to errors in the depth 
calculations of subsequent layers. In addition, lateral variations in velocity such as those caused 
by core stones, intrusions, or boulders can also result in the misinterpretation of the subsurface 
conditions. Application of seismic tomography methods, as was performed for this project by 
Atlas, produces velocity models which, in general, are not subject to this limitation. However, even 
the application of seismic tomography analysis does have certain limitations regarding vertical 
and horizontal resolution. When a velocity anomaly target is of similar scale length to the seismic 
wavelet (or smaller), then diffraction behavior dominates because scattering is governing the loci 
of the wave-fronts. For travel time analysis a target feature must be at a scale versus its depth 
that is detectable relative to the scale length of the seismic wavelet we produce and receive. 
Therefore, there is a general limit to what scale of feature seismic tomography methods can detect 
regarding relatively small velocity anomaly features, related to both source and to medium 
velocities, and travel time uncertainties. In effect, some relatively smaller scale features including 
"thin" velocity inversion layers or voids, and some types of lateral and vertical velocity variations 
caused by core stones and intrusions might not be detected in our results. In general, the effective 
depth of evaluation for a seismic refraction traverse is approximately one-third to one-fifth of the 
length of the spread. 


Generally, the seismic P-wave velocity of a material can be correlated to rippability (see Table 1 
below), or to some degree “hardness.” Table 1 is based on published information from the 
Caterpillar Performance Handbook (Caterpillar, 2018), as well as our experience with similar 
materials, and assumes that a Caterpillar D-9 dozer ripping with a single shank is used. We 
emphasize that the cutoffs in this classification scheme are approximate and that rock 
characteristic, such as fracture spacing and orientation, play a significant role in determining rock 
quality or rippability. The rippability of a mass is also dependent on the excavation equipment 
used and the skill and experience of the equipment operator. 


For trenching operations, the rippability values should be scaled downward. For example, 
velocities as low as 3,500 feet/second may indicate difficult ripping during trenching operations. 
In addition, the presence of boulders, which can be troublesome in narrow trenching operations, 
should be anticipated. 
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Table 1: Rippability Classification 


Seismic P-wave Velocity Rippability 
0 to 2,000 feet/second  Easy 
2,000 to 4,000 feet/second Moderate 
4,000 to 5,500 feet/second Difficult, Possible Blasting 
5,500 to 7,000 feet/second Very Difficult, Probable Blasting 
Greater than 7,000 feet/second Blasting Generally Required 


 


It should be noted that the rippability cutoffs presented in Table 1 are slightly more conservative 
than those published in the Caterpillar Performance Handbook. Accordingly, the above 
classification scheme should be used with discretion, and contractors should not be relieved of 
making their own independent evaluation of the rippability of the on-site materials prior to 
submitting their bids. 


4.2    ReMi 


The passive source 1-D ReMi technique uses recorded surface waves (specifically Rayleigh 
waves) that are contained in background noise to develop a seismic velocity profile of the study 
area down to a depth, in this case, of approximately 100 feet below ground surface (bgs). The 
depth of exploration is dependent on the length of the line and the frequency content of the 
background noise. The results of the ReMi method are displayed as a one-dimensional sounding 
which represents the average condition across the length of the line. The ReMi method does not 
require an increase of material velocity with depth; therefore, low-velocity zones (velocity 
inversions) are detectable with ReMi. 


Our ReMi evaluation included the use of a 24-channel Geometrics Geode seismograph and 24, 
4.5-Hz vertical component geophones. The geophones were spaced 7 feet apart for a total line 
length of 161 feet at RL-1. A total of 21 records, each 32 seconds in duration, were recorded, with 
15 of the files utilizing passive data collection of ambient ground vibration noise and six files 
utilizing an active source generated by a 20-pound sledgehammer and an HDPE plastic strike 
plate. The active source data gathers included conducting hammer blows at locations on each 
end of the seismic spread at approximately 20 feet off the end of the geophone array. Three active 
source files were collected at each end of the line to supplement the passive data collection. Using 
off-end active source supplemental data reduces the chances for indeterminate dominant phase 
angle of energy arriving at the seismic spread, which typically increases the accuracy of the 
recorded dispersion curve and model results. For the ReMi method, the average surface wave 
velocity (analogous to shear wave velocity) is calculated across the length of the line, and the 
resulting 1-D model represents the center or midpoint point of the line. It should be noted the 
ReMi results represent the average condition across the length of the line. 
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5.    DATA ANALYSIS 


5.1    P-wave Refraction 


The collected datasets were processed and analyzed using Rayfract® Version 4.03 (Intelligent 
Resources Inc., 2022) which employs wave path analysis. Rayfract® first provides forward 
modeling of refraction, transmission, and diffraction and then back-projects travel-time residuals 
along wave paths also known as Fresnel volumes instead of conventional analysis by rays. This 
increases the numerical robustness of the inversion. A smooth minimum-structure 1-D starting 
velocity-depth profile model is determined automatically directly from the seismic travel-time data 
first arrival picks and elevation data to produce subsurface velocities by horizontally averaging via 
the Delta t-V method. The Delta t-V method is based on common mid-point (CMP) sorted travel 
times and assumes multiple horizontal layers with constant interior velocity gradients (Rohdewald 
2007; Gebrande 1985). Modeled seismic rays follow circular arcs inside each modeled layer. The 
Delta t-V starting model is then refined with 2D Wavepath Eikonal Traveltime (WET) inversion 
method (Schuster, 1993). The resulting 2-D WET velocity model provides a 2-D tomographic 
image of the P-wave velocities which can be used to estimate subsurface geologic conditions. 
Both vertical and lateral velocity information is contained in the tomography model. Changes in 
layer velocity are generally revealed as gradients rather than discrete contacts, which typically 
are more representative of actual conditions. The collected data was processed using and 
analyzed using Rayfract®, version 4.03. Rayfract uses first arrival picks and elevation data to 
produce subsurface velocity models through a nonlinear optimization technique Wavepath 
Eikonal Traveltime Inversion (WET). The resulting velocity model provides a tomography image 
of the estimated geologic conditions. Both vertical and lateral velocity information is contained in 
the tomography model. Changes in layer velocity are revealed as gradients rather than discrete 
contacts, which typically are more representative of actual conditions. 


5.2    ReMi 


The data collected was downloaded to a field computer and the data were later processed using 
Surface Plus 9.1 - Advanced Surface Wave Processing Software (Geogiga Technology Corp., 
2020), which uses the refraction microtremor method (Louie, 2001) and other surface wave 
analysis methods. The program generates phase-velocity dispersion curves for each record and 
provides an interactive dispersion modeling tool to provide the best-fitting model. The result is a 
1-D surface wave velocity model of the study area which, based on published studies, is typically 
85 to 95 percent of the velocity of shear waves. Therefore, using the ReMi surface wave data and 
analysis method results in a relatively conservative estimate of shear wave velocity. 


6.    RESULTS AND CONCLUSIONS 


6.1    P-wave Refraction 


As previously indicated, one P-wave transverse was performed in an accessible portion of the 
project site. Figure 4 presents the velocity model generated from our analysis. Based on the 
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results, it appears that the study areas are generally underlain by low-velocity materials in the 
near subsurface and higher-velocity materials at depth. Distinct vertical and lateral velocity 
variations are evident in the model. Moreover, the degree of weathering and the depth to possible 
bedrock varies across the study area. 


Based on the refraction results, variability in the excavatability (including depth of rippability) of 
the subsurface materials may be expected across the project area. 


6.2    ReMi 
As discussed, the purpose of our ReMi study was to develop shear-wave velocity profiles to be 
used for design and construction at the study site. Table 2 and Figure 5 present the results from 
our ReMi evaluation. When the 1-D ReMi surface wave velocity results (analogous to shear wave) 
show an IBC Vs100 velocity value that is close to the "border line" boundary between IBC Site 
Classes, the project geotechnical consultant of record should be consulted. The geotechnical 
consultant of record should also consider other existing available site information and whether 
obtaining additional new geotechnical evaluation data such as boreholes, surface to downhole 
seismic (ASTM D7400), cross hole seismic (ASTM D4428), and/or additional 1-D remit data 
collections would be needed concerning the site’s subsurface geologic stratigraphy and structure, 
soil mechanics and soil modulus, along with the initial 1-D ReMi evaluation results when 
assessing the "borderline" IBC Vs100 Seismic Site Class. 


Table 2: ReMi Results 


Line No. Depth 
(feet) 


Shear Wave 
Velocity 


(feet/second) 
Average Shear Wave 


Velocity (Vs in feet/second) 
Site Class 
(IBC, 2019) 


RL-1 
(NW-SE) 


0-8 758 


Vs = 1,670 ft/s C 


8-16 1472 
16-26 1489 
26-36 1653 
36-56 2021 
56-66 2048 
66-84 2077 
84-100 2105 


 


7.    LIMITATIONS 


The field evaluation and geophysical analyses presented in this report have been conducted in 
general accordance with current practice and the standard of care exercised by consultants 
performing similar tasks in the project area. No warranty, express or implied, is made regarding 
the conclusions, recommendations, and opinions presented in this report. There is no evaluation 
detailed enough to reveal every subsurface condition. Variations may exist and conditions not 
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observed or described in this report may be present. Uncertainties relative to subsurface 
conditions can be reduced through additional subsurface exploration. Additional subsurface 
evaluations will be performed upon request. 


This document is intended to be used only in its entirety. No portion of the document, by itself, is 
designed to completely represent any aspect of the project described herein. Atlas should be 
contacted if the reader requires additional information or has questions regarding the content, 
interpretations presented, or completeness of this document. This report is intended exclusively 
for use by the client. Any use or reuse of the findings, conclusions, and/or recommendations of 
this report by parties other than the client is undertaken at said parties’ sole risk. 
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APPENDIX E - GEOTECHNICAL LABORATORY TESTING 


DiazYourman & Associates (DYA) selected soil samples to be tested and the tests to be 


performed on the selected samples.  Laboratory testing was performed by Hushmand Associates, 


Inc. (a City of Los Angeles certified testing laboratory).  Laboratory data are summarized on the 


boring logs in Appendix E and presented on Plates E1 through E26.  We have reviewed and 


concur with the test results and accept full responsibility for their use in our analysis.  A summary 


of the geotechnical laboratory testing is presented in Table E1.  


Table E1 - LABORATORY TESTING SUMMARY 


TEST NAME PROCEDURE PURPOSE LOCATION 


Percent Passing the No. 200 Sieve ASTM D1140 Classification, index properties Boring Logs 


Moisture Content, Dry Density ASTM D2216 Classification, index properties Boring Logs 


Grain-Size Distribution ASTM D422 Classification, index properties Plate E1 


Atterberg Limits ASTM D4318 
Expansion potential, 


classification, index properties 
Plate E2 


Compaction ASTM D1557 Earthwork 
Plate E3 through 
Plate E8 


Direct Shear ASTM D3080 Shear strength 
Plate E9 through 
Plate E15 


Resistance (R-) Value CTM 301 Pavement thickness design 
Plate E16 through 
Plate E26 


Notes:   


 ASTM = ASTM International 


 CTM = Caltrans Test Method 
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Client: Diaz Yourman HAI Project No.: DYAL-23-007-2
Project: Modjeska Grade Road Tested by: GA
Project No.: 2022-017 Checked by: KL
Boring Number: DYB23-01 Date: 05/08/23
Sample Number: Bulk
Depth (ft) : 0-5
Soil Description: Brown, Clayey Sand with Gravel (SC)


Mold size (in) 4" 129.6
Procedure B 8.5
Weight Retained on: 13.4 132.6
Remarks: 7.4


Compaction Characteristics of Soils Using Modified Effort
ASTM D1557


Maximum Dry Density (pcf)
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Client: Diaz Yourman HAI Project No.: DYAL-23-007-2
Project: Modjeska Grade Road Tested by: GA
Project No.: 2022-017 Checked by: KL
Boring Number: DYB23-02 Date: 05/08/23
Sample Number: Bulk
Depth (ft) : 0-5
Soil Description: Brown, Clayey Sand (SC)


Mold size (in) 4" 127.7
Procedure A 8.4
Weight Retained on: 0.3 -
Remarks: -


Compaction Characteristics of Soils Using Modified Effort
ASTM D1557


Maximum Dry Density (pcf)
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Corrected Maximum Dry Density (pcf)
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Client: Diaz Yourman HAI Project No.: DYAL-23-007-2
Project: Modjeska Grade Road Tested by: GA
Project No.: 2022-017 Checked by: KL
Boring Number: DYB23-04 Date: 05/08/23
Sample Number: Bulk
Depth (ft) : 0-5
Soil Description: Olive Brown, Clayey Sand (SC)


Mold size (in) 6" 133.2
Procedure C 8.0
Weight Retained on: 5.5 134.3
Remarks: 7.6


Compaction Characteristics of Soils Using Modified Effort
ASTM D1557


Maximum Dry Density (pcf)
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Client: Diaz Yourman HAI Project No.: DYAL-23-007-2
Project: Modjeska Grade Road Tested by: GA
Project No.: 2022-017 Checked by: KL
Boring Number: DYB23-05 Date: 05/08/23
Sample Number: Bulk
Depth (ft) : 0-5
Soil Description: Yellowish Brown, Clayey Sand (SC)


Mold size (in) 4" 125.8
Procedure A 8.9
Weight Retained on: 1.3 -
Remarks: -


Compaction Characteristics of Soils Using Modified Effort
ASTM D1557


Maximum Dry Density (pcf)
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Client: Diaz Yourman HAI Project No.: DYAL-23-007
Project: Modjeska Grade Road Tested by: GA
Project No.: 2022-017 Checked by: KL
Boring Number: DYB23-06 Date: 05/04/23
Sample Number: 1
Depth (ft) : 0-2
Soil Description: Brown, Silty Sand (SM)


Mold size (in) 4" 123.7
Procedure A 9.8
Weight Retained on: 2.5 -
Remarks: -


Compaction Characteristics of Soils Using Modified Effort
ASTM D1557


Maximum Dry Density (pcf)


Corrected Optimum Moisture Content (%)
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Client: Diaz Yourman HAI Project No.: DYAL-23-007-2
Project: Modjeska Grade Road Tested by: GA
Project No.: 2022-017 Checked by: KL
Boring Number: DYB23-07 Date: 05/08/23
Sample Number: Bulk
Depth (ft) : 0-5
Soil Description: Brown, Sandy Lean Clay (CL)


Mold size (in) 4" 122.0
Procedure A 11.3
Weight Retained on: 1.5 -
Remarks: -


Compaction Characteristics of Soils Using Modified Effort
ASTM D1557


Maximum Dry Density (pcf)


Corrected Optimum Moisture Content (%)
Corrected Maximum Dry Density (pcf)
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DYAL-23-007-2


Client: Diaz Yourman GA


Project Name: Modjeska Grade Road KL


Project Number: 2022-017 Date:


Boring No.: DYB23-02


Sample No.: S2


Sample Type:


Depth (ft): 5


Soil Description: Light Gray, Clayey Sand (SC)


Type of test: Consolidated, Drained
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DYAL-23-007-2


Client: Diaz Yourman GA


Project Name: Modjeska Grade Road KL


Project Number: 2022-017 Date:


Boring No.: DYB23-02


Sample No.: S6


Sample Type:


Depth (ft): 20


Soil Description: Yellowish Brown, Silty Sand (SM)


Type of test: Consolidated, Drained
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DYAL-23-007


Client: Diaz Yourman GA


Project Name: Modjeska Grade Road KL


Project Number: 2022-017 Date:


Boring No.: DYB23-03


Sample No.: 4


Sample Type:


Depth (ft): 15


Soil Description: Yellowish Brown, Silty Sand (SM)


Type of test: Consolidated, Drained
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1 3 5
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#REF! #REF!
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DYAL-23-007-2


Client: Diaz Yourman GA


Project Name: Modjeska Grade Road KL


Project Number: 2022-017 Date:


Boring No.: DYB23-05


Sample No.: S1


Sample Type:


Depth (ft): 2.5


Soil Description: Yellowish Brown, Silty Sand (SM)


Type of test: Consolidated, Drained
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#REF! #REF!
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DYAL-23-007-2


Client: Diaz Yourman GA


Project Name: Modjeska Grade Road KL


Project Number: 2022-017 Date:


Boring No.: DYB23-05


Sample No.: S4


Sample Type:


Depth (ft): 10


Soil Description: Yellowish Brown, Silty Sand (SM)


Type of test: Consolidated, Drained
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DYAL-23-007


Client: Diaz Yourman GA


Project Name: Modjeska Grade Road KL


Project Number: 2022-017 Date:


Boring No.: DYB23-06


Sample No.: 2


Sample Type:


Depth (ft): 2


Soil Description: Brown, Silty Sand (SM)


Type of test: Consolidated, Drained
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1 3 5
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#REF! #REF!
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DYAL-23-007-2


Client: Diaz Yourman GA


Project Name: Modjeska Grade Road KL


Project Number: 2022-017 Date:


Boring No.: DYB23-07


Sample No.: S1


Sample Type:


Depth (ft): 2.5


Soil Description: Brown, Sandy Lean Clay (CL)


Type of test: Consolidated, Drained
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#REF! #REF!
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• ANALYSIS


• DESIGN l.4Hllelle • ,\\11ni11 
• SOILS, ASPHALT


TECHNOLOGY


PROFESSIONAL PAVEMENT ENGINEERING -----. 


May 23, 2023 


Kang Chieh Lin 


A CALIFORNIA CORPORATION 


Hushmand Associates, Inc. 
250 Goddard 
Irvine, California 92618 


Project No. 49199 
Attention: Kang Chieh Lin 
Testing of the bulk soil samples delivered to our laboratory on 5/15/2023 has 
been completed. 


P.N.:


Reference: 
Samples: 


DYAL-23-007-2 I 2022-017 
Modjeska Grade Road 
DYB23-0l Bulk@0-5 
DYB23-02 Bulk@0-5 
DYB23-04 Bulk@0-5 
DYB23-05 Bulk@ 0-5 
DYB23-07 Bulk@ 0-5 


Data sheets are attached for your use and file. Any untested po1iion of the 
sample will be retained for a period of 60 days p,riqr to,.chsposal. The 
opportunity to be of' se�·vic� i� �itlce'rely appreciated and �4quld you have 
any questions, kindly caU. 


Steven R. Marvin 
RCE 30659 


SRM:tw 


Enclosure 


• 3 


2700 S. GRAND AVENUE• SANTA ANA, CA 92705-5404 • (714) 546-3468 • FAX (714) 546-5841 


INFO@LABELLEMARVIN.COM 
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LaBelle Marvin 


PROJECT No. 


DATE: 


BORING NO. 


R-VALUE DATA SHEET 


49199 


5/22/2023 


DYB23-01 Bulk @ 0'-5' 


Modjeska Grade Road 


P.N. DYAL-23-007-2/2022-017 


SAMPLE DESCRIPTION: Brown Sandy Silt 
---------'----------------


Mold ID Number 
Water added, grams 
Initial Test Water,% 
Compact Gage Pressure,psi 
Exudation Pressure, psi 
Height Sample, Inches 
Gross Weight Mold, grams 
Tare Weight Mold, grams 
Sample Wet Weight, grams 
Expansion, Inches x l0exp-4 
Stability 2,000 lbs (160psi) 
Turns Displacement 
R-Value Uncorrected
R-Value Corrected
Dry Density, pd


Traffic Index 
G.E. by Stability 
G. E. by Expansion 


Equilibrium R-Value 


Gf = 


a 
13 
35 
10.1 
130 
324 
2.51 
3085 
1935 
1150 
38 
32 / 74 
4.47 
39 
39 
126.1 


DESIGN CALCULATION 


Assumed: 4.0 


1.25 


0.62 
1.27 


31 


by 


EXPANSION 


0.0% Retained on the 


REMARKS: 3/4" Sieve. 


SPECIMEN ID 
b 


14 
55 
12.0 
55 
166 
2.62 
3128 
1964 
1164 
17 
41 / 98 
5.05 
24 
26 
120.2 


DATA 


4.0 
0.76 
0.57 


Examined & Checked: 


C 


15 
23 
9.0 
230 
447 
2,48 
3075 
1940 
1135 
83 
24 / 52 
4.28 
55 
55 
127.3 


4.0 
0.46 
2.77 


5 /22/ 23 


Steven R. Marvin, RCE 30659 


The data above is based upon processing and testing samples as received from the field. Test procedures in 
accordance with latest revisions to Department of Transportation, State of California, Materials & Research Test 
Method No. 301. 


LaBelle Marvin, Inc. 12700 South Grand Avenue I Santa Ana, CA 92705 I 714-514-3565 
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LaBelle Marvin 


PROJECT NO. 


DATE: 


R-VALUE GRAPHICAL PRESENTATION


49199 


5 /22/ 23 REMARKS: -------------
BORING NO. DYB23-01 Bulk@ 0'-5' 


Modjeska Grade Road 
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LI\/\ 
LaBelle Marvin 


PROJECT No. 


DATE: 


BORING NO. 


R-VALUE DATA SHEET 


49199 


5/23/2023 


DYB23-02 Bulk@ 0'-5' 


Modjeska Grade Road 


P. N. DYAL-23-007-2/2022-017 


SAMPLE DESCRIPTION : _____ Br_o_w_n_ S_a_n_d.c..y _S _ilt ____________ _


Mold ID Number 
Water added, grams 
Initial Test Water,% 
Compact Gage Pressure,psi 
Exudation Pressure, psi 
Height Sample, Inches 
Gross Weight Mold, grams 
Tare Weight Mold, grams 
Sample Wet Weight, grams 
Expansion, Inches x l0exp-4 
Stability 2,000 lbs (160psi) 
Turns Displacement 
R-Value Uncorrected
R-Value Corrected
Dry Density, pcf 


Traffic Index 
G.E. by Stability 
G. E. by Expansion 


Equilibrium R-Value 


Gf = 


R-VALUE TESTING DATA f CA TEST 301-


SPECIMEN ID 
a 


16 
75 
15.0 
40 
222 
2.62 
3084 
1945 
1139 
13 
63 I 142 
4.83 
6 
6 
114.6 


DESIGN CALCULATION DATA 


Assumed: 4.0 


1.25 


0.96 
0.43 


15 


by 


EXPANSION 


b 
17 
33 
10.7 
120 
466 
2.41 
3034 
1939 
1095 
63 
33 I 83 
3.65 
39 
37 
124.3 


4.0 
0.65 
2.10 


0.0% Retained on the 


REMARKS: 3/4" Sieve. 


-- - -


C 


18 
16 
9.0 
240 
758 
2.36 
3032 
1953 
1079 
88 
25 / 61 
3.26 
55 
52 
127.1 


4.0 
0.49 
2.93 


5 /23/ 23 


Steven R. Marvin, RCE 30659 


The data above is based upon processing and testing samples as received from the field. Test procedures in 
accordance with latest revisions to Department of Transportation, State of California, Materials & Research Test 
Method No. 301. 


LaBelle Marvin, Inc. I 2700 South Grand Avenue I Santa Ana, CA 92705 I 714-514-3565 
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R-VALUE GRAPHICAL PRESENTATION


LaBelle Marvin 


PROJECT NO. 


DATE: 


49199 


5 /23/ 23 REMARKS: 


BORING NO. DYB23-02 Bulk@ 0'-5' 


Modjeska Grade Road 
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LI\/\ 
LaBelle Marvin 


PROJECT No. 
DATE: 


BORING NO. 


R-VALUE DATA SHEET 


49199 
5/22/2023 


DYB23-04 Bulk@ 0'-5' 
Modjeska Grade Road 
P.N. DYAL-23-007-2/2022-017 


SAMPLE DESCRIPTION: _____ B_ro_w_n _G_r _av_ e_ l....:.ly _S _il_t ____________ _


Mold ID Number 
Water added, grams 
Initial Test Water, % 
Compact Gage Pressure,psi 
Exudation Pressure, psi 
Height Sample, Inches 
Gross Weight Mold, grams 
Tare Weight Mold, grams 
Sample Wet Weight, grams 
Expansion, Inches x l0exp-4 
Stability 2,000 lbs (160psi) 
Turns Displacement 
R-Value Uncorrected
R-Value Corrected
Dry Density, pd 


Traffic Index 
G.E. by Stability 
G. E. by Expansion 


----- -


SPECIMEN ID 
a b 


10 11 
47 67 
10.5 12.4 
75 40 
275 112 
2.54 2.61 
3114 3126 
1953 1948 
1161 1178 
17 13 
37 I 90 52 / 123 
4.13 4.52 
32 14 
32 15 
125.3 121.7 


DESIGN CALCULATION DATA 


Assumed: 4.0 4.0 
0.70 0.87 
0.57 0.43 


-� -


C 


12 
32 
9.1 
175 
414 
2.44 
3085 
1943 
1142 
70 
29 / 67 
3.79 
48 
47 
130.0 


4.0 
0.54 
2.33 


34 5 /22/ 23 


Equilibrium R-Value 


Gf = 1.25 


9.6% Retained on the 


REMARKS: 3/4" Sieve. 


by 


EXUDATION 


Steven R. Marvin, RCE 30659 


The data above is based upon processing and testing samples as received from the field. Test procedures in 
accordance with latest revisions to Department of Transportation, State of California, Materials & Research Test 
Method No. 301. 


LaBelle Marvin, lnc.I2700 South Grand Avenue I Santa Ana, CA 92705 I 714-514-3565 
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LaBelle Marvin 


PROJECT NO. 


DATE: 


R-VALUE GRAPHICAL PRESENTATION


49199 


5 /22/ 23 REMARKS: -------------


BORING NO. DYB23-04 Bulk@ 0'-5' 


Modjeska Grade Road 
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R -VALUE 


LaBelle Marvin 


PROJECT No. 


DATE: 


BORING NO. 


49199 


5/22/2023 


DYB23-05 Bulk@ 0'-5' 


Modjeska Grade Road 


P. N. DYAL-23-007-2/2022-017 


SAMPLE DESCRIPTION: Brown Silty Sand 


a 


Mold ID Number 4 


Water added, grams 30 


Initial Test Water,% 8.8 


Compact Gage Pressure,psi 350 


Exudation Pressure, psi 576 


Height Sample, Inches 2.53 


Gross Weight Mold, grams 3074 


Tare Weight Mold, grams 1949 


Sample Wet Weight, grams 1125 


Expansion, Inches x l0exp-4 10 


Stability 2,000 lbs {160psi) 14 I 
Turns Displacement 4.67 


R-Value Uncorrected 74 


R-Value Corrected 74 


Dry Density, pcf 123.9 


DATA SHEET 


SPECIMEN ID 


b 


5 


47 


10.4 


150 


161 


2.56 


3080 


1940 


1140 


5 


25 27 / 47 


5.23 


53 


54 


122.2 


DESIGN CALCULATION DATA 


Traffic Index 


G.E. by Stability 


G. E. by Expansion 


Equilibrium R-Value 


Gf = 


Assumed: 4.0 


1.25 


0.27 


0.33 


67 


by 


EXUDATION 


0.0% Retained on the 


REMARKS: 3/4" Sieve. 
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0.17 


- - -- -�-��-
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36 
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350 
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2.53 


3081 


1950 


1131 


8 


18 I 31 


4.88 


68 


68 


123.9 


4.0 


0.33 


0.27 


5 /22/ 23 


Steven R. Marvin, RCE 30659 


The data above is based upon processing and testing samples as received from the field. Test procedures in 


accordance with latest revisions to Department of Transportation, State of California, Materials & Research Test 


Method No. 301. 


LaBelle Marvin, Inc. I 2700 South Grand Avenue I Santa Ana, CA 92705 I 714-514-3565 
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LaBelle Marvin 


PROJECT No. 


DATE: 


BORING NO. 


R-VALUE


49199 


5/22/2023 


DYB23-07 Bulk@ 0'-5' 


Modjeska Grade Road 


P.N. DYAL-23-007-2/2022-017 


SAMPLE DESCRIPTION: Brown Sandy Silt 


DATA SHEET 


--


. , -
_f!-VALUE_:fESTING DATA I CA TEST 301 


Mold ID Number 


Water added, grams 


Initial Test Water,% 


Compact Gage Pressure,psi 


Exudation Pressure, psi 


Height Sample, Inches 


Gross Weight Mold, grams 


Tare Weight Mold, grams 


Sample Wet Weight, grams 


Expansion, Inches x lOexp-4 


Stability 2,000 lbs {160psi) 


Turns Displacement 


R-Value Uncorrected


R-Value Corrected


Dry Density, pd 


Traffic Index 


G.E. by Stability 


G. E. by Expansion 


Equilibrium R-Value 


Gf = 


SPECIMEN ID 


a b 


7 8 


46 21 


14.4 11.9 


50 170 


156 277 


2.62 2.51 


3082 3058 


1942 1945 


1140 1113 


29 86 


42 / 106 30 / 68 


4.73 4.63 


21 42 


23 42 


115.3 120.1 


DESIGN CALCULATION DATA 


Assumed: 4.0 


1.25 


0.79 


0.97 


20 


by 


EXPANSION 


4.0 


0.59 


2.87 


Examined & Checked: 


0.0% Retained on the 


REMARKS: 3/4" Sieve. 
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10 


10.8 


260 
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2.43 


2871 


1768 


1103 


107 


29 / 67 


4.01 


46 


44 


124.2 


4.0 


0.57 


3.57 


5 /22/ 23 


Steven R. Marvin, RCE 30659 


The data above is based upon processing and testing samples as received from the field. Test procedures in 


accordance with latest revisions to Department of Transportation, State of California, Materials & Research Test 


Method No. 301. 


LaBelle Marvin, Inc. I 2700 South Grand Avenue I Santa Ana, CA 92705 1714-514-3565 
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WALLACE LABORATORIES, LLC 
365 Coral Circle 


El Segundo, CA 90245 
phone (310) 615-0116 fax (310) 640-6863 


 
December 13, 2022 


 
Beatrice Torres, Beatrice@diazyourman.com 
Diaz Yourman & Associates  
1616 East 17th Street 
Santa Ana, CA 92705 
 


RE: OCPW Modjeska Grade Road Improvements, Project No. 2022-017 
36 samples received December 1, 2022 


 
Dear Beatrice, 
 
Twelve locations: Top, Middle and Bottom 
 


Analytical Results 
 
Acidity/Alkalinity – The overall average pH is 6.46. The pH values range from 4.03 to 
7.96. The average pH of the Top samples is 6.46. The average pH of the Middle samples 
is 6.46. The average pH of the Bottom samples is 6.76.  
 
Normally, the optimal pH is generally in the range of about 6.5 to 7.5. The pH of acidic 
soils can be increases with the addition of ground limestone or calcium carbonate.  
 
Salinity – The overall average salinity or electrical conductivity is 0.39 millimho/cm. 
Salinity ranges from 0.11 millimho/cm to 1.76 millimho/cm. The average salinity of the 
Top samples is 0.33 millimho/cm. The average salinity of the Middle samples is 0.28 
millimho/cm. The average salinity of the Bottom samples is 0.55 millimho/cm. 
 
Fertility -  
 
Nitrogen – Nitrogen is moderate on average. Nitrogen is moderate on average for the 


Bottom samples. Nitrogen is modest on average for the Top and Middle samples. 
Nitrogen is high for Location 11, Bottom. Nitrogen is low for 20 samples.  


Phosphorus – Phosphorus is low on average. Phosphorus is low for 27 samples. 
Potassium – Potassium is moderate on average. Potassium is high on average for the 


Bottom samples. Potassium is low for 14 samples.  
Iron – Iron is sufficient on average. Iron is low for 3 samples.  
Manganese – Manganese is sufficient on average. Manganese is low for 5 samples.  
Zinc – Zinc is low on average for the Middle samples. Zinc is low for 18 samples. 
Copper – Copper is sufficient on average. Copper is low for 10 samples. 
Boron – Boron is sufficient on average for the Top and Bottom samples. Boron is modest 


on average for the Middle samples. 
Magnesium – Magnesium is high.  
Sulfur – Sulfur is low on average.  
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Sodicity – Sodium is low on average. The average SAR (sodium adsorption ratio) is 1.1. 
Available sodium is modestly high for Location 8, Bottom. SAR is 5.0 for that location.  
 
Ideally, SAR should be less than about 3. High sodium and high SAR values limit soil 
physical properties, reduces water percolation, decreases soil aggregate stability, 
increases clay dispersion, increases swelling of expandable clays, increases surface 
crusting and reduces soil tilth. High sodium also restricts the uptake of competitive ions 
such as potassium and calcium. Sodium and SAR can be lowered with the addition of 
gypsum followed with leaching. 
 
Soil organic matter – The overall average soil organic matter is 1.80% on a dry weight 
basis. The average soil organic matter is 1.97% on a dry weight basis for the Top 
samples. The average soil organic matter is 0.98% on a dry weight basis for the Middle 
samples. The average soil organic matter is 2.45% on a dry weight basis for the Bottom 
samples.  
 
Soil organic matter is 4.58% on a dry weight basis on average for Locations 11 and 12. 
The lowest soil organic matter is for the Middle samples.  
 
Texture - The average texture is sandy clay loam. Based on the non-gravel fraction, the 
soils contain on average 55% sand, 25% silt and 20% clay. The gravel content is 8% on 
average. The soil texture is sandy clay loam for the Top and Middle samples. The 
average soil texture is sandy loam for the Bottom samples.  
 
Water percolation - The average estimated rate of water percolation based on Soil 
Water Characteristics version 6.02.74 model developed by Keith Saxton of the USDA is 
moderately slow at 0.75 inches per hour for normal soil compaction. The model is based 
on the soil texture, percent gravel and percent soil organic matter. 
 
The average estimated rate of water percolation is 0.71 inches per hour for the Top 
samples. The average estimated rate of water percolation is 0.61 inches per hour for the 
Middle samples. The average estimated rate of water percolation is 0.91 inches per hour 
for the Bottom samples.  
 
Heavy metals - The concentrations of common non-essential heavy metals are low 
except for modest plant-available lead for two samples.  
 
Aluminum – Location 11, Top has high aluminum. The pH of that sample is low at 4.03. 
 
Aluminum restricts growth by interfering with the metabolism of phosphorus and 
calcium. It causes stunting and discoloration. Foliage may turn a dull gray green. 
Aluminum is high in poorly aerated soil and in overly acidic soils. Soluble calcium helps 
to reduce the toxicity of aluminum.  
 
Hydrophobicity – Location 7, Bottom is hydrophobic. It is difficult to wet. Water beads 
up on the soil surface initially and then slowly moves into the soil.  
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Recommendations 
 
Samples with low fertility and low soil organic matter have been highlighted on the 
attached Excel file in the database worksheet. Micronutrients will be increased with the 
addition of soil organic amendments.  
 
General soil preparation on a square foot basis. Broadcast the following uniformly; rates 
are per 1,000 square feet for a 6-inch lift. Incorporate them homogeneously 6" deep.  
 
Ammonium sulfate (21-0-0) – 5 pounds where nitrogen is low and the pH is over 7.0 
Calcium ammonium nitrate (27-0-0) – 4 pounds where nitrogen is low and the pH is 


between 6.5 and 7.0 
Calcium nitrate (15.5-0-0) – 6 pounds were nitrogen is low and the pH is less than 6.5 
Potassium sulfate (0-0-50) – 10 pounds where potassium is low 
Triple superphosphate (0-45-0) – 4 pounds where phosphorus is low 
Agricultural gypsum -  20 pounds for all except 40 pounds for Location 8, Bottom 
Ground limestone – 50 pounds where the pH is below 5 
Organic soil amendment - about 4 cubic yards, sufficient for 4% to 6% soil organic 


matter on a dry weight basis where soil organic matter is low 
 
For the preparation on a volume basis, homogeneously blend the following materials into 
the soil. Rates are expressed per cubic yard: 
 
Ammonium sulfate (21-0-0) – 1/4 pound where nitrogen is low and the pH is over 7.0 
Calcium ammonium nitrate (27-0-0) – 1/4 pound where nitrogen is low and the pH is 


between 6.5 and 7.0 
Calcium nitrate (15.5-0-0) – 1/4 pound were nitrogen is low and the pH is less than 6.5 
Potassium sulfate (0-0-50) – 1/2 pound  where potassium is low 
Triple superphosphate (0-45-0) – 1/4 pound  where phosphorus is low 
Agricultural gypsum – 1 pound for all except 2 pounds for Location 8, Bottom 
Ground limestone – 3 pounds where the pH is below 5 
Organic soil amendment - about 20% by volume, sufficient for 4% to 6% soil organic 


matter on a dry weight basis where soil organic matter is low 
 
Organic soil amendment: 
 
1. Humus material shall have an acid-soluble ash content of no less than 6% and no 


more than 20%. Organic matter shall be at least 50% on a dry weight basis. 
2. The pH of the material shall be between 6 and 7.5.  
3. The salt content shall be less than 10 millimho/cm @ 25° C. on a saturated paste 


extract.  
4. Boron content of the saturated extract shall be less than 1.0 part per million.  
5. Silicon content (acid-insoluble ash) shall be less than 50%.  
6. Calcium carbonate shall not be present if to be applied on alkaline soils.  
7. Types of acceptable products are composts, manures, mushroom composts, straw, 


alfalfa, peat mosses etc. low in salts, low in heavy metals, free from weed seeds, 
free of pathogens and other deleterious materials.  
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8. Composted wood products are conditionally acceptable [stable humus must be 
present]. Wood based products are not acceptable which are based on red wood or 
cedar.  


9. Sludge-based materials are not acceptable. 
10. Carbon:nitrogen ratio is less than 25:1. 
11. The compost shall be aerobic without malodorous presence of decomposition 


products. 
12. The maximum particle size shall be 0.5 inch, 80% or more shall pass a No. 4 screen 


for soil amending.  
 


Maximum total permissible pollutant concentrations in amendment in parts per 
million on a dry weight basis: 
 
arsenic 12  copper 100 selenium 20 
cadmium 15  lead 200 silver 10 
chromium 150  mercury 10 vanadium 50 
cobalt 30  molybdenum 20 zinc 200 
  nickel 100 


 
Higher amounts of salinity or boron may be present if the soils are to be 
preleached to reduce the excess or if the plant species will tolerate the salinity 
and/or boron. 


 
Normally irrigate deeply but not frequently. Balance soil moisture with soil aeration.  
 
Irrigate hydrophobic soils slowly. Use multiple starts and soaking periods between 
irrigation cycles. Slightly moist soils are easier to wet than dry soils. Balance soil aeration 
with soil moisture. 
 
For site maintenance, apply ammonium sulfate (21-0-0) at 5 pounds per 1,000 square feet 
about once per quarter where the pH is over 7.0.  
 
For site maintenance, apply calcium ammonium nitrate (27-0-0) at 4 pounds per 1,000 
square feet about once per quarter where the pH is between 6.5 and 7.0.  
 
For site maintenance, apply calcium nitrate (15.5-0-0) at 6 pounds per 1,000 square feet 
about once per quarter where the pH is less than 6.5  
 
Monitor the site with periodic soil and leaf tissue testing. Adjust the maintenance 
program as needed.  
 
Sincerely, 
 
 
 
Garn A. Wallace, Ph. D. 
GAW:n 
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6. Geotechnical Considerations 
 
The site is located in a potential landslide area, according to Figure XVI-2c of the OC TGD.  
Erosion is a known concern within and around the Project.  The geotechnical analysis found 
that unpaved shoulders that drain toward the roadway, loose alluvial soils, steep slopes, and 
surficial slope instabilities are the primary contributors to the erosion problems along the 
Project alignment.  Infiltration BMPs would be difficult to construct and maintain in this 
location, and they may exacerbate the existing erosion and sedimentation concerns. 
 

7. Offsite Drainage 
 
Offsite drainage enters the Project from uphill slopes. The flow will be intercepted with V-
ditches and redirected through proposed inlets. This will prevent the flow from crossing onto 
the roadway surface. 
 

8. Existing Utilities 
 
Subsurface utilities exist and are located underneath the existing/proposed pavement in many 
locations, particularly in the north half of the Project.  These utilities include electric and 
telecommunication conduits, as well as water mains and water service lines. 
 

9. Proposed Site Development Activities 
 
The site will continue to be used for vehicular access to adjoining properties and for cycling, 
equestrian, and pedestrian access to trails within Cleveland National Forest.  New storm drains 
will be installed as part of the Project to better manage runoff. 
 

10. Project Land Uses 
 

            The Project will continue to be used as a roadway. 
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3.2 Watershed Characterization 
 
The Project Watershed Characterization Section of the WQMP/WQP/NPP shall include: 
 

 Watershed 

 Receiving waters 

 Water quality impairments and TMDLs 

 Pollutants of concern 

 Methods for determining stream susceptibility 

 Environmentally sensitive areas (ESAs) and areas of special biological concern 

 Potential hydrologic conditions of concern (HCOC) 
 
Additional information regarding these topics can be found in Section 2.3 of the NOC WQMP TGD and 
Section 2.3 of the SOC WQMP TGD. 
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Watershed Characterization 
Identify the watershed(s) applicable to the Project. 

 Aliso Creek  San Clemente Coastal Streams 
 Anaheim Bay – Huntington Harbor  San Gabriel – Coyote Creek 
 Dana Point Coastal Streams  San Juan Creek 
 Laguna Coastal Streams  San Mateo Creek 
 Newport Bay  Santa Ana River 
 Newport Coastal Streams   

 

1. Watershed 

The northern half of the Project is in the Santa Ana River Watershed (by way of Santiago 
Creek) and the southern half is in the Aliso Creek Watershed.  As such, the Project contains 
Drainage Management Areas (DMAs) located in both the North Orange County Watershed 
Management Area and the South Orange County Watershed Management Area.  Specifically, 
DMA-1 is in the Aliso Creek watershed, while DMA-2 is in the Santiago Creek watershed.  
Please see Attachment 12 for the BMP Exhibit which shows where the DMAs are located. 

2. Receiving waters 

The northern end of the Project drains into Santiago Creek Reach 4, then to Reach 3 and into 
Irvine Lake. Irvine Lake discharges to Santiago Creek Reach 1, and from there flows to the 
Santa Ana River, Reach 1.  Water from the Santa Ana River connects to the Pacific Ocean 
south of Huntington State Beach. 

The southern end of the Project drains into the Aliso Creek.  Aliso Creek connects to the Pacific 
Ocean north of Aliso Beach. 

3. Water quality impairments and TMDLs 

The 2020/2022 EPA 303(d) list for the Project receiving waters are shown in the table below. 

Pollutant 
TMDL 

Requirement 
Status* 

TMDL Approval Date 
or Scheduled 

Completion Date 
Santiago Creek, Reach 4 
Salinity/TDS/Chlorides 5A 2019 
Toxicity 5A 2027 
Aliso Creek 
Benthic Community Effects 5A 2025 
Indicator Bacteria 5B 2011 
Malathion 5A 2029 
Nitrogen 5A 2019 
Phosphorus 5A 2019 
Selenium 5A 2021 
Toxicity 5A 2019 
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Pollutant 
TMDL 

Requirement 
Status* 

TMDL Approval Date 
or Scheduled 

Completion Date 
Aliso Creek (Mouth) 
Indicator Bacteria 5B 2011 
Toxicity 5A 2027 
Pacific Ocean Shoreline, Aliso HAS at Aliso Creek Mouth 
Indicator Bacteria 5A 2025 
Toxicity 5A 2029 

 
* Category 5A indicates a water segment where standards are not met and a TMDL is 
required, but where a TMDL has not yet been approved by USEPA.  Category 5B indicates 
a water segment where standards are not met and a TMDL is required, and where the 
pollutant is currently being addressed by a USEPA-approved TMDL. 

4. Pollutants of concern 

The Site Characterization table in Section 3.1 lists the pollutants expected to be generated 
from the site.  The pollutants of concern are pollutants expected to be generated from the site 
that are also contributing to water quality impairments in the receiving waters downstream of 
the site.  The pollutants of concern are as follows: 

 Metals (Aliso Creek, Santiago Creek Reach 4) 

 Nutrients (Aliso Creek) 

 Pathogens (Aliso Creek, Aliso Creek (Mouth), Pacific Ocean Shoreline, Aliso HAS at 
Aliso Creek Mouth) 

 Toxic Organic Compounds (Santiago Creek Reach 4, Aliso Creek, Aliso Creek (Mouth), 
Pacific Ocean Shoreline, Aliso HAS at Aliso Creek Mouth) 

5. Methods for determining stream susceptibility 

Downstream channels are considered susceptible to hydromodification if any downstream 
conveyance channels that will receive runoff from the Project are not engineered, hardened, or 
regularly maintained to ensure design flow capacity. Both the Santiago Creek and Aliso Creek 
are not engineered or hardened and are susceptible to hydromodification according to the TGD 
Susceptibility Analysis Map and South Orange County Engineered Channel Exemption Areas 
Map. 

6. Environmentally sensitive areas (ESAs) and Areas of Special Biological Significance 
(ASBS) 

The Project does not discharge directly to an ESA or an ASBS. 

7. Potential hydrologic conditions of concern (HCOC) 

Though the downstream channels are susceptible to hydromodification, the difference between 
the pre-project volume and time of concentration and the post-project volume and time of 
concentration for a 2-year 24-hour storm do not exceed the 5% threshold.  Hydromodification 
Exhibits and Calculations are included in Attachment 10. 
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3.3 Preliminary Infiltration Investigation 
 
Section 3.3 is required only for Type 1: Priority Projects. 
 
A preliminary infiltration investigation is required for all Type 1: Priority Projects.  Infiltration BMPs are 
prioritized on the hierarchy of BMPs; therefore, infiltration testing is necessary to determine feasibility for 
full or partial infiltration. 
 
Testing shall seek to characterize the infiltration rates at the likely elevation of the infiltration BMPs, but it 
is recognized that design-level BMP elevations may not be known at this time.  Spacing of tests shall be 
determined based on the variability of conditions.  This can be informed by other information about the 
soils and geology within the Project, such as previous geotechnical investigations.  In sites with uniform 
conditions, a minimum of three tests per site is recommended, coupled with review of other information 
to interpolate or extrapolate from test results.  For larger or more varied sites, additional tests may be 
needed.  Testing locations shall be focused where other soils and geologic data suggests that infiltration 
is most likely to be feasible. 
 
As described in Section 2.3.1.3 of the SOC WQMP TGD, the goal of this investigation shall be to identify 
potentially suitable areas for infiltration.  Table 3-1 below, correlates feasibility potential to ranges for 
the feasibility screening infiltration rate (Kscreen) and is intended to guide decision making.  Note that 
Kscreen is equivalent to the observed saturated infiltration rate (Kobs) divided by a factor of 2. 
 
Table 3-1  Preliminary Infiltration Feasibility as Indicated by Kscreen 

Infiltration Rate Indication Infiltration BMP 
Category 

Kscreen > 2 in/hr Highest potential for full infiltration Full Infiltration 

0.3 in/hr < Kscreen < 2 in/hr 

Full infiltration BMPs may be possible, 
but conditions may be marginal and 
require more thorough analysis or 

contingency planning as part of BMP 
selection 

Full Infiltration or Partial 
Infiltration 

0.05 in/hr < Kscreen < 0.3 in/hr Incidental infiltration may be possible Partial Infiltration 
Kscreen < 0.05 in/hr Negligible infiltration potential No Infiltration 

 
As part of the planning/screening phase, review of Natural Resources Conservation Service (NRCS) soils 
maps (provided in Appendix N.1 of the SOC WQMP TGD) and available information may be conducted by 
the Project design professional.  Simple open pit testing may also be conducted by the Project design 
professional.  These forms of testing do not require a report separate from the WQMP.  Other types of 
tests must be conducted by a licensed professional geotechnical engineer or registered geologist.  These 
types of testing require reporting. 
 
A Preliminary Infiltration Investigation Report shall be included as Attachment 1, and it shall include a 
description of methods, identification of other data source uses, geologic setting, testing locations, testing 
results, interpretation of findings, and a graphical identification of ranges of infiltration rate (if 
applicable).  The Report shall also discuss findings related to seasonal high groundwater, infiltrating into 
plumes or hazardous areas, and groundwater wells and associated buffer areas.  Section 4.2.2.1 of the 
SOC WQMP TGD provides additional factors related to infiltration feasibility, if applicable, shall be 
included in the Report. 
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The results from the Preliminary Infiltration Investigation will be necessary for determining Infiltration 
Feasibility within the drainage management areas (DMAs) identified in Section 5.2. 
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4. Site Design BMPs for Non-Priority Projects 
 
Section 4 is required for Type 3: Non-Priority Projects. 
 
The purpose of this Section is to document the selected and implemented site design BMPs and source 
control BMPs. 
 
4.1 Site Design BMPs 
 
Site Design BMPs reduce the volume of stormwater runoff generated on a project site as well as improve 
the quality of runoff that leaves the site, and are required for all proposed Non-Priority Projects.  
Descriptions of the most common Site Design BMPs are provided in the NOC and SOC WQMP TGDs.  
Complete Table 4-1 below.  All incorporated site design BMPs must be included in the BMP Exhibit, 
further discussed in Section 9, and on the construction plan set. 
 
Table 4-1  Site Design BMPs for Non-Priority Projects 
Site Design BMP Included Brief Description 
Hydrologic Source Controls (HSCs) 

Localized On-Lot Infiltration1         

Impervious Area Dispersion2        

Street Trees3        

Amended Soils Over Tight 
Underlying Soils        

Residential Rain Barrels (Not 
Actively Managed)        

Infiltration 

Bioretention without Underdrains        

Rain Gardens        

Porous Landscaping        

Infiltration Planters        

Retention Swales        

 
1 Also known as Downspout Infiltration, Retention Grading, French Drains, or On-Lot Rain Gardens 
2 Also known as Downspout Dispersion, Downspout Disconnection, Impervious Area Disconnection, or 
Sheet Flow Dispersion 
3 Also known as Canopy Interception 
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Site Design BMP Included Brief Description 

Infiltration Trenches        

Infiltration Basins        

Subsurface Infiltration Galleries        

French Drains        

Permeable Asphalt        

Permeable Concrete        

Permeable Concrete Pavers        

Evapotranspiration 
Green Roofs, Brown Roofs, Blue 
Roofs        

Rainwater Harvesting 

Above-ground Rain Barrels        

Above-ground Cisterns        

Underground Tanks        

Biotreatment 

Bioretention with Underdrains        

Stormwater Planter Boxes with 
Underdrains        

Rain Gardens with Underdrains        

Constructed Wetlands        

Vegetated Swales        

Vegetated Filter Strips        

Compost-Amended Road 
Shoulders        

Proprietary (Ready-To-Install) 
Vegetated Biotreatment Systems        
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4.2 Other BMPs 
 
Other BMPs, such as Treatment Control BMPs (sand filters, cartridge media filters) or Pretreatment BMPs 
(hydrodynamic separation devices, catch basin inserts), may be appropriate under certain conditions.  
Please provide details on any other BMPs selected for this Project.  All incorporated BMPs must be 
included in the BMP Exhibit, further discussed in Section 9, and on the construction plan set. 
 

Other BMPs 
INSERT DETAILS HERE OR INSERT N/A 
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5. Site Design and Drainage Plan 
 
Section 5 is required for Type 1: Priority Projects and Type 2: Green Street Projects. 
 
The purpose of this Section is to develop the site design and drainage plan incorporating all applicable 
site design BMPs and source control BMPs, and to determine the locations for structural BMPs by dividing 
the site into separate drainage management areas (DMAs).  For Priority Projects in NOC, this section will 
also establish Project performance criteria and document conformance with performance criteria. 
 
5.1 Project Performance Criteria – NOC Only 
 
Section 5.1 is required for NOC Type 1: Priority Projects and Type 2: Green Street Projects. 
 

1As of December 2019, no WIHMP exists in Orange County.  

Project Performance Criteria 
1. Is there an approved Watershed Infiltration and Hydromodification Management Plan (WIHMP)1 or 

equivalent for the Project area that includes more stringent LID feasibility criteria or opportunities 
identified for implementing LID on regional or sub-regional basis?  If so, describe the WIHMP 
feasibility criteria or regional/sub-regional LID opportunities: 

 A WIHMP applies.  A description will be included as Attachment 2. 
 A WIHMP is not applicable. 

2. If HCOCs exist, identify applicable hydromodification control performance criteria.  Check all that 
apply. 

 
Post-development runoff volume for the 2-year, 24-hr storm event (V2-yr, POST) exceeds that of 
the pre-development condition (V2-yr, PRE) by more than 5%, thereby requiring 
hydromodification controls. 

 
Post-development time of concentration for the 2-year, 24-hr storm event (Tc2-yr, POST) is less 
than that of the pre-development condition (Tc2-yr, PRE) by more than 5%, thereby requiring 
hydromodification controls. 

 HCOC do not exist within the Project area.  Exhibits and/or calculations will be provided as 
Attachment 10 demonstrating as such. 

3. List applicable LID performance criteria.  Check all that apply. 

 Selected BMPs will infiltrate, harvest and use, or evapotranspire the runoff from the 85th 
percentile, 24-hour storm event (Design Capture Volume, or DCV). 

 
Infiltration, harvest and use, and evapotranspiration (ET) cannot be feasibly implemented for 
the full DCV; and therefore a properly designed biotreatment system will be considered to 
treat the runoff from the 85th percentile, 24-hour storm event. 

4. List applicable structural treatment control BMP performance criteria. 

 
Implemented LID BMPs (including biotreatment) are insufficient in treating the full DCV; 
therefore, structural treatment control BMPs are necessary and will treat the 85th percentile, 
24-hour storm event. 

 The full DCV is treated by LID BMPS; therefore, structural treatment control BMPs are not 
necessary. 
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5.2 DMA Delineation and BMP Site Selection 
 
Section 5.2 is required for all Type 1: Priority Projects and Type 2: Green Street Projects. 
 
The Project site shall be delineated into DMAs per guidance provided in Section 2.4.2.2. of the NOC 
WQMP TGD or per Section 2.4.3.3 of the SOC WQMP TGD and shall be shown on the BMP Exhibit, further 
discussed in Section 9.  Upon delineation, locations for proposed structural BMPs within each DMA shall 
be identified.  These locations, along with areas of potential pollutant generation, impervious and 
pervious areas, any sensitive environmental features, and infiltration rates (if applicable) shall all be 
included in the BMP Exhibit.  DMAs shall be summarized in Attachment 3, referencing the IDs shown in 
the exhibit and providing the total area, percent impervious, and Design Capture Volume (DCV).  BMPs 
shall be summarized in Table 5-2 below, providing the BMP ID as shown in the exhibit, infiltration 
feasibility, the DMA(s) for which it is providing treatment, and total DCV.  Refer to the Preliminary 
Infiltration Investigation conducted per Section 3.3 of this template to determine infiltration feasibility 
for each BMP.  Infiltration Feasibility is not required for Type 2: Green Street Projects.  Additional tables 
are provided in and are to be appended to the WQMP as Attachment 3.  Instructions on how to 
calculate DCV are provided in Appendix III of the NOC WQMP TGD (Equation III.1) and Appendix E of the 
SOC WQMP TGD (Equation E.2).  Calculations are to be included as Attachment 4. 
 
Table 5-1  DMA Summary 

DMA ID 
Total Area Imperviousness DCV 

sf % cf 

DMA-1 109,002 80.6% 6,852 
DMA-2 151,697 81.0% 9,573 
                        
                        
                        
                        
                        
                        
                        
                        

 
Table 5-2  BMP Summary 

BMP ID Infiltration BMP Category Associated DMA(s) Total DCV 
Full Partial No Infiltration - ac-ft 
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A narrative is to be provided describing the rationale behind the selected drainage and site plan.  At a 
minimum, the narrative shall include the following: 
 

 Provide rationale and methodology for how the site was divided into DMAs and how BMP 
placement was selected; 

 Describe how DMAs and BMP sites were located to maximize retention and site BMPs where 
infiltration is most feasible, to the extent practicable; and 

 Describe any overriding factors affecting drainage and BMP location at the site. 
 
DMA Delineation and BMP Justification 

1. Provide rationale and methodology for how the site was divided into DMAs and 
how BMP placement was selected. 

DMA delineations were determined by delineating the portion of the disturbed area tributary to 
each waterbody (Aliso Creek for the South County portion of the Project, and Santiago Creek 
for the North County portion of the Project).  

The BMP Exhibit included in Attachment 12 and described in Section 9 shows the delineation of 
each DMA, and includes calculations for the amount of impervious surfaces and Design 
Capture Volume (DCV) calculations. 

2. Describe how DMAs and BMP sites were located to maximize retention and site 
BMPs where infiltration is most feasible, to the extent practicable. 

The alignment and location of Modjeska Grade Road are constricted by right-of-way and 
topographic features.  The roadway will be reconstructed to minimum widths to allow for 
vehicular traffic, as well as provide for a shoulder where feasible and drainage structures 
where required.  The location of the project, in the canyons of Orange County, prevents the 
Project from implementing any BMPs that take up space.  However, the extent of disturbed 
area on the Project was kept to a minimum, which minimizes the water quality impacts of the 
Project. 

 
5.3 Additional Investigations for Priority Projects 
 
Section 5.3 is required for all Type 1: Priority Projects. 
 
The SOC WQMP TGD defines a hierarchy for BMP prioritization with full infiltration BMPs ranking first.  
Additionally, the TGD requires consideration of harvest and use for any BMPs for which full infiltration is 
not feasible.  Therefore, to determine the feasibility of each, additional investigations are necessary.  The 
flow chart in Figure 5-1 below will guide the Plan Developer in determining which investigations are 
necessary.  The sections below provide guidance related to these investigations. 
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5.3.1 Supplemental Infiltration Investigation 
 
Infiltration BMPs are to be prioritized over any and all other LID BMPs.  Therefore, for any BMPs for 
which “Full Infiltration” or “Partial Infiltration” is feasible, additional infiltration testing is required.  This 
will provide more accurate infiltration rates compared to those provided by the Preliminary Infiltration 
Investigation.  For BMPs for which “No Infiltration” was identified, additional testing is not necessary; 
however, documentation must be provided demonstrating the unlikelihood of infiltration feasibility.  Refer 
to the NOC and SOC WQMP TGDs for appropriate criteria related to infeasibility and attach all relevant 
documentation as Attachment 5. 
 
Infiltration testing must be conducted or overseen by a qualified professional; either a Professional 
Engineer (PE) or Registered Geologist licensed in the State of California, and shall be conducted at the 
location of the proposed BMP.  The elevation of the tests shall correspond to the facility elevation, plus 1 
to 2 feet to account for soil amendments or decompacted zones under the infiltration system.  If a 
confining layer, or soil with a greater percentage of fines, is observed during the subsurface investigation 
to be within 6 feet of the bottom of the planned infiltration system, the testing shall be conducted within 
that confining layer.  The boring logs shall continue to at least 15 feet below the invert of the proposed 
BMP.  Borings shall be conducted at each test location. 
 
The recommended number of infiltration tests depends up on the footprint size and the soil variability.  
The following guidance is provided to estimate the number of tests per BMP: 
 

 Three infiltration tests shall be conducted for every Full Infiltration BMP, conducted within the 
proposed BMP footprint or within 20 feet of the perimeter in representative soil formations. 

 For Full Infiltration BMPs with footprints larger than 10,000 square feet, conduct one additional 
test for every 10,000 square feet of BMP footprint area after the first 10,000 square feet.  For 
example, if a large BMP had an infiltration area of 30,000 square feet, 5 tests shall be conducted 
(3 for the first 10,000 square feet, 1 for the next 10,000, and 1 for the next 10,000). 

 One test for every 100 lineal feet of infiltration facility. 

 In general, no more than five valid tests are required per BMP of any footprint, unless more tests 
would be valuable or necessary (at the discretion of the qualified professional assessing the site, 
as well as the reviewing jurisdiction). 

 
These recommendations may need to be reduced or increased at the discretion of the Plan Developer 
and reviewing jurisdiction depending on the complexity and variability of the site. 
 
Reporting shall include: 
 

 Name and qualifications of preparer; 

 Scope of investigation, including description of methods, identification of other data source uses; 

 Geologic setting; 

 Testing locations and depths; 

 Testing results; 

 Testing records and description of specific measurements; 
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 Interpretation of findings, including consideration of limiting horizons or groundwater conditions 
that could limit full scale infiltration; 

 Confirmation or adjustment of preliminary infiltration screening (i.e. Is it acceptable to utilize full 
infiltration BMPs?); and 

 Recommended component of the overall factor of safety that is appropriate to account for 
variability or uncertainty in testing. 

 
For each BMP-site-specific Kobs provided by the Supplementary Infiltration Investigation, calculate the 
updated Kscreen.  Then, using Table 5-3 below, identify the updated infiltration feasibility the Kscreen 
correlates to.  Record results in Table 5-4. 
 

Table 5-3  Updated Infiltration Feasibility 
Infiltration Rate Infiltration BMP Category 

Kscreen > 2 in/hr Full Infiltration 
0.3 in/hr < Kscreen < 2 in/hr Full Infiltration or Partial Infiltration 

0.05 in/hr < Kscreen < 0.3 in/hr Partial Infiltration 
Kscreen < 0.05 in/hr No Infiltration 

 
5.3.2 Harvest and Use Investigation 
 
As discussed, full infiltration BMPs shall be implemented wherever feasible; however in the case that full 
infiltration is not feasible, harvest and use must first be considered before any biotreatment BMP can be 
considered.  For BMPs for which “Partial Infiltration” or “No Infiltration” was identified, either in  
Table 5-2 or by the Supplemental Infiltration Investigation, harvest and use feasibility must be 
determined.  Harvest and use feasibility criteria is provided in Section 4.2.3 of the SOC WQMP TGD.  
Record results in Table 5-4 below.  Note that harvest and use is not required if found feasible. 
 
5.3.3 Results from Additional Investigations 
 
In Table 5-4 below, summarize the results from the investigations conducted per Section 5.3.1 and 
Section 5.3.2.  Additional tables are provided in and shall be attached as Attachment 6. 
 
Table 5-4  Infiltration and Harvest and Use Feasibility 

BMP ID Infiltration Feasibility Harvest and Use Feasibility 
Full Partial No Infiltration Feasible Not Feasible NA 
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6. Site Design BMPs for Priority Projects 
 
Section 6 is required for Type 1: Priority Projects. 
 
Site Design BMPs reduce the volume of stormwater runoff generated on a project site as well as improve 
the quality of runoff that leaves the site.  Site Design BMPs are required for all proposed Priority Projects 
and shall be included in the BMP Exhibit, discussed further in Section 9, and the construction plan set. 
 
6.1 Selection of Site Design BMPs 
 
Refer to Section 2.5 of the SOC WQMP TGD for BMP selection Guidance. 
 
6.2 Site Design BMP Calculations 
 
Attachment 7 contains Priority Project BMP Conformance Analysis Tables for NOC and SOC.  One set of 
tables must be completed for each DMA listed in Section 5.2 above.  Note that a single set of tables 
may be completed for multiple DMAs if BMPs are shared (i.e. one BMP is designed to treat runoff from 
multiple DMAs).  Be sure to include the DMA ID (or list of DMA IDs) and the corresponding DCV (or sum 
of DCVs) in each table. 
 
This WQMP Template includes just one set of BMP Conformance Analysis Tables for NOC and SOC.  The 
Plan Developer must include as many sets of tables as necessary to evaluate all DMAs.  Each additional 
set of tables is to be appended within Attachment 7. 
 
All calculations are to be included in Attachment 8.  Calculation procedures shall be in accordance with 
Appendix E of the SOC WQMP TGD for South Orange County projects, and with Appendix III of the NOC 
WQMP TGD for North Orange County projects. 
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6.3 Inventory of BMPs 
 
Using Table 6-1 below, provide a summary of all HSCs, LID BMPs, Treatment Controls, and/or 
Regional/Sub-Regional BMPs implemented by the Project.  Include the BMP type, treatment capacity, 
associated DMA(s), and corresponding DCV/Total DCV. 
 
Table 6-1  Priority Project BMP Inventory 

BMP ID BMP Type 

Treatment 
Capacity / 

DCV 
Reduction 

Associated DMA(s) DCV /  
Total DCV 

ac-ft - ac-ft 
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              

Total DCV Reduction =  ac-ft 
Is compliance achieved?  Yes  No 

Total DCV =  ac-ft 
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7. Site Design BMPs for Green Street Projects 
 
Section 7 is required for Type 2: Green Street Projects. 
 
Generally, Green Street Projects must follow the same criteria as Type 1: Priority Projects regarding site 
design and drainage management area assessments (see Section 3 of this template).  Green Street 
Projects must also delineate drainage management areas and determine the DCV for each DMA (see 
Section 5 of this template). 
 
The Municipal Separate Storm Sewer System (MS4) Permit cites the requirement that Plan Developers 
utilize the USEPA municipal handbook “Managing Wet Weather with Green Infrastructure – Green 
Streets” as guidance for selecting appropriate BMPs.  Because street projects typically feature more 
constraints in terms of utilities, structures, and traffic flow, certain BMPs are a better choice than others 
for Green Street Projects.  The MS4 Permit requires that Plan Developers of applicable Green Streets 
Projects shall select BMPs consistent with the USEPA Green Streets guidance to the “Maximum Extent 
Practicable”.  The “Maximum Extent Practicable” standard is intended to be a relatively stringent 
standard.  Developers of Green Streets Projects must follow a BMP prioritization and selection process for 
each DMA and must exhaust every physical possibility before declaring that capturing and treating the 
DCV is not possible. 
 
The following steps are used to size LID BMPs for applicable Green Street Projects. 

1. Complete site and watershed characterization (Section 3). 

2. Delineate DMAs and compute the DCV per each DMA (Section 5) 

3. For each DMA identified in Step 2, select one or more BMPs consistent with USEPA Green Streets 
guidance.  Refer to Section 2.9.4 of the SOC WQMP TGD for more information.  Selected BMPs 
shall be included in the BMP Exhibit (discussed further in Section 9), and the construction plan 
set. 

4. Complete the tables in Attachment 9 for each DMA identified in Step 2.  Note that a single set 
of tables may be completed for multiple DMAs if BMPs are shared (i.e. one BMP is designed to 
treat runoff from multiple DMAs).  Be sure to include the DMA ID (or list of DMA IDs) and the 
corresponding DCV (or sum of DCVs) in each table.  This WQMP Template includes just one set 
of BMP Conformance Analysis Tables.  The Plan Developer must include as many sets of tables as 
necessary to evaluate all DMAs.  Each additional set of tables is to be appended within 
Attachment 9.  All calculations are to be included in Attachment 8.  Calculation procedures 
shall be in accordance with Appendix E of the SOC WQMP TGD for South Orange County 
projects, and with Appendix III of the NOC WQMP TGD for North Orange County projects. 

5. If LID or hydromodification sizing criteria cannot be achieved, document the constraints that 
override the application of BMPs, and provide the largest portion of the sizing criteria that can be 
reasonably provided given constraints. 
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7.1 Inventory of BMPs 
 
Using Table 7-1 below, provide a summary of all HSCs, LID BMPs, and/or Treatment Controls BMPs 
implemented by the Project.  Include the BMP type, treatment capacity, associated DMA(s), and 
corresponding DCV/Total DCV. 
 
Table 7-1  Green Street Project BMP Inventory 

BMP ID BMP Type 

Treatment 
Capacity / 

DCV 
Reduction 

Associated DMA(s) DCV /  
Total DCV 

CF - CF 
N/A                         

                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              

Total DCV Reduction = 0 CF 
Is compliance achieved?  Yes  No 

Total DCV = 16,425 CF 
See documented constraints on the follow ing page and in Attachment 9 
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Documented Constraints for Green Street BMPs 
 
Hydrologic Source Controls (HSCs) 
 
HSC-3: Street Trees: 
Street trees are infeasible for the Project because there is insufficient room to plant street trees, and they 
are out of character for the Project area. 
 
Open Graded Friction Course: 
The County has confirmed that open graded friction course is not feasible due to issues with mudslides 
and debris. 
 
Infiltration BMPs 
 
Infiltration BMPs are infeasible on the Project due to soils within Hydrologic Soil Group D, and due to 
areas of the Project being within a potential landslide area, according to NOC TGD Figures XVI-2b and 
XVI-2c. 
 
LID BMPs (Biotreatment) 
 
BIO-1: Bioretention with Underdrains: 
Bioretention facilities are infeasible on the Project because there is insufficient room to provide BMPs 
while adhering to landslide hazards and setback requirements.  The longitudinal profile of the Project is 
hilly and steep, and the slopes outside of the roadway prism are even steeper. 
 
BIO-2: Vegetated Swale: 
Vegetated swales require a minimum bottom width of two feet and a maximum longitudinal slope of 6%.  
Steep longitudinal slopes greater than 6% are present in over 90% of the Project, and the slopes 
approach 17% in some locations.  For the remaining 10% of the Project with longitudinal slopes less than 
6%, the narrow right-of-way of the Project prevents a swale design of adequate width.  Therefore, 
vegetated swales are infeasible on the Project. 
 
BIO-3: Vegetated Filter Strip: 
Vegetated swales require slopes between 1% and 6% in the direction of flow, with a cross slope 
perpendicular to the flow of less than 2%.  They require a minimum of 15 feet of length in the direction 
of flow.  These conditions are not available at any point within the Project due to the Project’s narrow 
right-of-way and steep longitudinal and cross slopes. 
 
BIO-7: Proprietary Biotreatment: 
Proprietary biotreatment structures are manufactured devices made to treat stormwater, and typically 
include infiltration media with a high infiltration rate.  They are especially susceptible to clogging and 
should not be used in areas that will continue to receive elevated sediment loading from open space 
areas.  They are also more typically found in urban environments, where their concrete-box-like 
appearance is more in character with the surroundings.  Because the Project is located in a landslide 
hazard area, and there are known erosion and sedimentation issues at the site, proprietary biotreatment 
is infeasible on the Project. 
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Treatment Control BMPs 
 
TRT-1: Sand Filter: 
Sand filters have the same space requirements as bioretention basins.  Sand filters are therefore 
infeasible on the Project because of the insufficient right-of-way and steep slopes. 
 
TRT-2: Cartridge Media Filter 
Cartridge media filters are manufactured devices similar to proprietary biotreatment units.  Cartridge 
media filters are infeasible due to the high likelihood of erosion and sedimentation on the Project, and 
they are out of character for the Project area. 
 
 
Summary 
 
Table 2-14 in the SOC TGD lists BMP types and opportunity criteria applicable to Type 2: Green Streets 
Projects.  Each of the BMPs listed in that table was covered in the preceding section and was deemed 
infeasible for each DMA on the Project.  The Maximum Extent Practicable standard is achieved for the 
Project, as no post-construction BMPs are feasible given the Project’s many constraints. 
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8. Hydromodification BMPs 
 
Section 8 is required for Type 1: Priority Projects and Type 2: Green Street Projects. 
 
Priority Projects and Green Street Projects are required to determine whether HCOCs exist as a result of 
the Project.  Use the appropriate table below to identify whether or not HCOCs exist and whether a 
Hydromodification Management Plan is necessary.  Note that criteria for NOC and SOC are different. 
 
Determination of HCOCs within NOC 
Do HCOCs exist? Reasoning 

 No 

 

The volumes and the time of concentration of storm water runoff for the 
post-development condition do not significantly exceed those of the pre-
development condition for a two-year frequency storm event (a difference 
of 5% or less is considered insignificant).  This may be achieved through 
site design and source control BMPs. 

 
All downstream conveyance channels that will receive runoff from the 
Project are engineered, hardened, and regularly maintained to ensure 
design flow capacity, and no sensitive stream habitat areas will be affected. 

 Yes  None of the conditions above are met. 
 
Determination of HCOCs within SOC 
Do HCOCs exist? Reasoning 

 No 

 
Project discharges directly to a protected conveyance (bed and bank are 
concrete lined the entire way from the point(s) of discharge to a receiving 
lake, reservoir, embayment, or the Ocean. 

 Project discharges directly to storm drains which discharge directly to a 
reservoir, lake, embayment, ocean, or protected conveyance. 

 The Project discharges to an area identified in the Water Management Area 
Analysis as exempt from hydromodification concerns. 

 Yes  None of the conditions above are met. 
 
If HCOCs do not exist for the Priority Project or Green Streets Project, exhibits and/or calculations must 
be provided as Attachment 10 demonstrating such. 
 
If HCOCs do exist, additional documentation demonstrating mitigation of possible hydromodification is 
necessary.  Include said documentation as Attachment 11.  Structural BMPs, if incorporated, shall be 
included in the BMP Exhibit, discussed further in Section 9, and the construction plan set.  Note that 
SOC, specifically, requires a Hydromodification Management Plan.  Refer to the SOC WQMP TGD for 
additional information. 
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9. BMP Exhibit 
 
Section 9 is required for Type 1: Priority Projects, Type 2: Green Street Projects, and  
Type 3: Non-Priority Projects. 
 
An exhibit is to be included with the WQMP/WQP/NPP beginning with the Draft submission due at the 
65% Design phase and is to be updated for all submissions up to the Final WQMP/WQP/NPP due at 
Project completion.  Exhibit elements vary depending on the required document type (WQMP, WQP, or 
NPP) and Project location.  Refer to the checklist below for exhibit requirements.  Note that items in bold 
should also be including in the Project’s construction plan set. 
 
BMP Exhibit Requirements 

 Minimum 24” x 36” sheet 

 Title block including the Project name, Project file number (as assigned by County), and 
grading/building or planning application permit numbers, as applicable 

 Project location (including address, drainage plot plan, tract/lot number(s), etc.) 
 Legend, north arrow, and scale 
 Plan Developer name and stamp 
 Site boundary 

 Downstream receiving water(s) of the Project, any 303(d) listed or TMDL water bodies, and any 
hydromodification susceptible water bodies 

 Land uses and land covers, as applicable 
 Each facility and its intended function 
 Areas of outdoor activities, as applicable 
 Drainage delineations and flow information 

 Key topographic features, environmentally sensitive features, natural drainage 
courses, and other relevant information 

 Relationship between onsite drainage and offsite drainage including all drainage connections 
 Stormwater management infrastructure including storm drain facilities 

 
Conditions relevant to infiltration feasibility findings (as applicable), such as, but not limited to, 
surficial soil properties, depth to groundwater, and geotechnical hazards, locations of infiltration 
testing, factors influencing demonstrated space constraints or vertical constraints 

 Locations and types of all structural BMPs including, as applicable 
 GIS coordinates for all structural BMPs, as applicable 

 BMP details with detailed design parameters relevant to sizing calculations, as 
applicable 
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10. Source Control BMPs 
 
Section 10 is required for Type 1: Priority Projects, Type 2: Green Street Projects, and  
Type 3: Non-Priority Projects. 
 
Source Control BMPs, both non-structural and structural, are required for Priority Projects, Green Street 
Projects, and Non-Priority Projects where applicable to Project features.  Please identify the applicable 
Source Control BMPs within Table 10-1 and Table 10-2 below.  For any BMP marked “Not Included”, 
an explanation is required and shall be provided at the bottom of the table.  All structural BMPs marked 
“included” shall be included in the BMP Exhibit discussed in Section 9, and in the construction plan set. 
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Table 10-1  Structural Source Control BMPs 
Identifier Name Included Not 

Included 
Not 

Applicable 

S1 Provide storm drain system stenciling and 
signage    

S2 
Design and construct outdoor material 
storage areas to reduce pollution 
introduction 

   

S3 
Design and construct trash and waste 
storage areas to reduce pollution 
introduction 

   

S4 
Use efficient irrigation systems & landscape 
design, water conservation, smart 
controllers, and source control 

   

S5 Protect slopes and channels and provide 
energy dissipation    

 
Incorporate requirements applicable to 
individual priority project categories (from 
SDRWQCB NPDES Permit) 

   

S6 Dock areas    
S7 Maintenance bays    
S8 Vehicle wash areas    
S9 Outdoor processing areas    
S10 Equipment wash areas    
S11 Fueling areas    
S12 Hillside landscaping    

S13 Wash water control for food preparation 
areas    

S14 Community car wash racks    
For any Source Control BMPs marked “Not Included” briefly state reasoning: 
INSERT REASONING HERE 

Describe implementation frequency for each Source Control BMP. 
INSERT DESCRIPTION HERE 

 



Stormwater Requirements Template – Modjeska Grade Road Improvement 
EQ17009D 
WQMP – 65% Submittal 

10-3 
 

Table 10-2   Non-Structural Source Control BMPs 

Identifier Name Included Not 
Applicable 

Not 
Included 

N1 Education for Property Owners, Tenants and 
Occupants    

N2 Activity Restrictions    
N3 Common Area Landscape Management    
N4 BMP Maintenance    

N5 Title 22 CCR Compliance (How development 
will comply)    

N6 Local Industrial Permit Compliance    
N7 Spill Contingency Plan    
N8 Underground Storage Tank Compliance    
N9 Hazardous Materials Disclosure Compliance    
N10 Uniform Fire Code Implementation    
N11 Common Area Litter Control    
N12 Employee Training    
N13 Housekeeping of Loading Docks    
N14 Common Area Catch Basin Inspection    

N15 Street Sweeping Private Streets and Parking 
Lots    

N16 Retail Gasoline Outlets    
For any Source Control BMPs marked “Not Included” briefly state reasoning: 
INSERT REASONING HERE 

Describe implementation frequency for each Source Control BMP. 
INSERT DESCRIPTION HERE 
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11. Educational Material 
 
Section 11 is required for Type 1: Priority Projects. 
 
Educational materials specifically applicable to the Project must be identified.  Identify the applicable 
educational materials below.  Listed materials are available in the provided web links and are not to be 
included in the WQMP submission; however, additional materials specific to the Project may be included 
and must be attached as Attachment 13. 
 
Educational Material 
Title Check If Applicable 
Residential Material (https://h2oc.org/resources/view-order-brochures/resident-brochures/) 
The Ocean Begins at Your Front Door  
Tips for Protecting Your Watershed  
Proper Disposal of Household Hazardous Waste  
Homeowners Guide for Sustainable Water Use  
Household Tips  
Tips for the Home Mechanic  
Recycle at Your Local Used Oil Collection Center (North County)  
Recycle at Your Local Used Oil Collection Center (Central County)  
Recycle at Your Local Used Oil Collection Center (South County)  
Tips for the Home Improvement Projects  
Tips for Using Concrete and Mortar  
Tips for Projects Using Paint  
Sewage Spill Reference Guide for Private Property Owners  
Tips for Maintaining a Septic Tank System  
Tips for Landscaping and Gardening  
Tips to Prevent Overwatering  
Responsible Pest Control  
Tips for Pet Care  
Tips for Horse Care  
Tips for Pool Maintenance  
Tips for Residential Pool, Landscape and Hardscape Drains  
Children’s Watershed Workbook  
Coloring and Activity Booklet Brochure  
Tips for Car Wash Fundraisers  
Business Material (https://h2oc.org/resources/view-order-brochures/business-brochures/) 
Tips for the Automotive Industry  
Tips for the Food Service Industry  
Proper Maintenance Practices for Your Business  
Compliance BMPs for Mobile Businesses  
Water Quality Requirements for Land Development  

 

https://h2oc.org/resources/view-order-brochures/resident-brochures/
https://h2oc.org/resources/view-order-brochures/business-brochures/
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Other Material Check if Attached 
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12. Routine Inspections, Operations, and 
Maintenance 

 
Section 12 must be completed for Type 1: Priority Projects, Type 2: Green Street Projects, and 
Type 3: Non-Priority Projects. 
 
12.1 Inspection / Maintenance Responsibilities 
 
Structural BMPs implemented by Priority Projects, Green Street Projects, and Non-Priority Projects must 
be regularly inspected and maintained post-construction for proper effectiveness into perpetuity.  For 
each BMP implemented by the Project, document inspection and maintenance information within  
Table 12-1.  Additional tables are provided in and are to be appended as Attachment 14. 
 
Inspection and maintenance records must be kept for a minimum of five years for inspection by the 
regulatory agency. 
 
12.2 Operations and Maintenance Plan 
 
Section 12.2 must be completed for Type 1: Priority Projects and Type 2: Green Street Projects. 
 
Plan Developers of Type 1: Priority Projects and Type 2: Priority Green Street Projects are required to 
prepare a comprehensive O&M Plan for structural BMPs implemented as part of the Final WQMP 
submittal.  Refer to Section 7 of the NOC WQMP TGD, and Section 2.8 of the SOC WQMP TGD for 
guidance related to the O&M Plan. 
 
The O&M Plan submitted at the 100% Design phase of the final WQMP must describe the designated 
party responsible for maintenance, inspection/maintenance activities required, and maintenance 
frequency.  The O&M Plan included in the WQMP is intended to be a starting point for maintenance 
activities that will take place in the future.  Site specific conditions will determine the final maintenance 
requirements of the site over time, and that ultimately maintenance frequency is set by OC Public Works’ 
asset management system. 
 
The O&M Plan is to be included as Attachment 15. 
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Table 12-1  BMP Inspection and Maintenance Responsibilities 

BMP DMA Reponsible Party(s) Inspection/ Maintenance 
Activities Required 

Minimum Frequency 
of Activities 

                              

                              

                              

                              

                              



Stormwater Requirements Template – Modjeska Grade Road Improvement 
EQ17009D 
WQMP – 65% Submittal 

13-1 
 

13. Discretionary Permits and Water Quality 
Conditions 

 
Section 13 is required for Type 1: Priority Projects and Type 2: Green Street Projects. 
 
13.1 Discretionary Permits 
 
List the discretionary permit(s) applicable to the Project and provide the site address or lot and 
tract/parcel map number describing the property for which the permit was issued. 
 
Permit Site Address/Lot and Tract/Parcel Map Number 
INSERT PERMIT NAME HERE INSERT ADDRESS HERE 
INSERT PERMIT NAME HERE INSERT ADDRESS HERE 
INSERT PERMIT NAME HERE INSERT ADDRESS HERE 
INSERT PERMIT NAME HERE INSERT ADDRESS HERE 
INSERT PERMIT NAME HERE INSERT ADDRESS HERE 

 
13.2 Water Quality Conditions 
 
List the conditions verbatim, any Water Quality Conditions, including the condition requiring preparation 
of WQMP, if applicable.  Water Quality Conditions may be included as mitigation measures in California 
Environmental Quality Act (CEQA) documents for the Project.  For example, a Mitigation Monitoring and 
Report Program adopted in a certified CEQA document may include Project Design Features, Standard 
Conditions, and Mitigation Measures related to water quality protection. 
 
Water Quality Condition 
DESCRIBE CONDITION HERE 
DESCRIBE CONDITION HERE 
DESCRIBE CONDITION HERE 
DESCRIBE CONDITION HERE 
DESCRIBE CONDITION HERE 
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14. Submittal Process 
 
A Draft WQMP/WQP/NPP is required at each phase of the Project (Initiation, 35% Design, 65% Design, 
90% Design, as applicable) with the Final WQMP submitted at 100% Design.  Drafts shall include all 
required sections as detailed in Section 1 and shall be submitted at the specified Project Phase as well 
as the phases that follow.  All sections shall be updated prior to each Draft and the Final submission to 
reflect the latest Project design. 
 
The OC Environmental Resources Division and Operations and Maintenance Division will review the 
WQMP/WQP/NPP at all stages of design.  Upon completion and submission of the Final WQMP/WQP/NPP, 
both Divisions will review the plan and if approved, no further action is required of the Plan Developer.  If 
the plan is not approved, comments will be provided to the Plan Developer which shall be addressed prior 
to resubmission.  It is expected that the ultimate owner of these public facilities will be involved 
throughout the design phase. 
 
During construction, the OC Construction Division will conduct inspections on all construction processes 
related to the structural BMPs identified in the Final WQMP/WQP/NPP.  Inspections will monitor 
construction processes to ensure that the BMPs are designed according to the approved plan.  Inspection 
forms must be completed and submitted to the OC Construction Division by the Inspector for every 
required inspection.  A BMP Inspection Record, available in Attachment 16, shall be kept on site by the 
Contractor and updated following each inspection.  Provided that BMPs are constructed according to the 
approved design plan and modifications are not necessary post construction, responsibility for 
maintenance of the BMPs will be transferred to the parties identified in Section 12. 
 
Following the transfer of responsibility, the following forms will be sent to and filed by the following 
departments.  The Transmittal Page shall be included with every submittal. 
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14-2 
 

Table 14-1  Document Transfer Guide 
Recipient Document(s) 
During Project Design 
OC Environmental Resources 
 
OC Operations and Maintenance 
Division 
 
OC Facilities Maintenance 

 All Sections 

After Plan Approval, Before Construction Completion 

OC Construction Division 
 Section 9 – BMP Exhibit 
 Attachment 12 – BMP Exhibit 
 Attachment 16 – BMP Inspection Record 

After Construction Completion and Project Acceptance by County 

OC Operations and Maintenance 
Division  
 
(for Type 1: Priority Projects not 
involving buildings or parking 
lots; all Type 2: Green Street 
Projects) 

 Table 6-1 / Table 7-1 - BMP Inventory 
 Section 9 – BMP Exhibit 
 Section 10 – Source Control BMPs 
 Section 12 – Routine Inspections, Operations, and Maintenance 
 Attachment 12 – BMP Exhibit 
 Attachment 14 – Additional BMP Inspection and Maintenance 

Responsibility Tables 
 Attachment 15 – Operations and Maintenance Plan 

OC Facilities Maintenance  
 
(for Type 1: Priority Projects 
involving buildings or parking 
lots) 

 Table 6-1 – BMP Inventory 
 Section 9 - BMP Exhibit 
 Section 10 – Source Control BMPs 
 Section 12 – Routine Inspections, Operations, and Maintenance 
 Attachment 12 – BMP Exhibit 
 Attachment 14 – Additional BMP Inspection and Maintenance 

Responsibility Tables 
 Attachment 15 – Operations and Maintenance Plan 

OC Parks Maintenance 
 
(for Type 1: Priority Projects and 
Type 2: Green Street Projects 
involving bikeways) 

 Table 6-1 / Table 7-1 - BMP Inventory 
 Section 9 – BMP Exhibit 
 Section 10 – Source Control BMPs 
 Section 12 – Routine Inspections, Operations, and Maintenance 
 Attachment 12 – BMP Exhibit 
 Attachment 14 – Additional BMP Inspection and Maintenance 

Responsibility Tables 
 Attachment 15 – Operations and Maintenance Plan 
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15. Attachments 
 
The following attachments may be required as part of the Project WQMP/WQP/NPP submittal.  Refer to 
sections outlined below for more information. 
 
Attachment Section 
Attachment 1 Preliminary Infiltration Investigation Report 3.3 
Attachment 2 WIHMP Criteria and Opportunities (NOC Only) 5.1 
Attachment 3 Additional DMA Delineation Tables 5.2 
Attachment 4 DCV Calculations 5.2 
Attachment 5 Supplementary Infiltration Investigation Report 5.3.1 
Attachment 6 Additional Infiltration and Harvest and Use Feasibility Tables 5.3.3 
Attachment 7 Additional Priority Project BMP Conformance Analysis Tables 6.2 
Attachment 8 DCV Reduction Calculations 6.2 
Attachment 9 Additional Green Street Project BMP Conformance Analysis Tables 7 
Attachment 10 Hydromodification Exhibits and Calculations 8 
Attachment 11 Hydromodification Management Plan 8 
Attachment 12 BMP Exhibit 9 
Attachment 13 Additional Educational Material 11 
Attachment 14 Additional BMP Inspection and Maintenance Responsibility Tables 12.1 
Attachment 15 Operations and Maintenance Plan 12.2 
Attachment 16 BMP Inspection Record 14 
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Attachment 4 
 

DCV Calculations 
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DCV Calculations – All DMAs 
 
Impervious area = Aimp  
Pervious area = Aperv 
Total area = A = Aimp + Aperv 
 
Impervious percentage = IMP = Aimp / A 
 
Runoff coefficient = C = 0.75 × IMP + 0.15 
 
85th percentile rainfall depth = d85 = 1.00” (see figure) 
 
Design Capture Volume (cubic feet) = DCV = (C × d85 × A) / 12 
 

DMA ID Aimp Aperv A IMP C DCV 
SF SF SF %  CF 

DMA-1 87,839 21,163 109,002 80.6% 0.754 6,852 
DMA-2 122,827 28,870 151,697 81.0% 0.757 9,573 
Total 210,666 50,033 260,699 80.8%  16,425 
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Attachment 9 
 

Green Street Project BMP Conformance Analysis 
Tables 
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GREEN STREET PROJECT BMP CONFORMANCE ANALYSIS 
 
DMA ID:  All DMAs DCV  = 16,425 CF 
Hydrologic Source Controls 
Included Site Design BMP Fact Sheet DCV Reduction 

 Street Trees4 HSC-3 0 CF 
Low Impact Development BMPs | Infiltration 

 Infiltration Trench5 INF-2 0 CF 
 Bioretention with no Underdrain6 INF-3 0 CF 
 Bioinfiltration with Raised Underdrain INF-4 0 CF 
 Drywell7 INF-5 0 CF 
 Permeable Pavement8 INF-6 0 CF 
 Underground Infiltration9 INF-7 0 CF 

Low Impact Development BMPs | Biotreatment 
 Bioretention with Underdrains10 BIO-1 0 CF 
 Vegetated Swale11 BIO-2 0 CF 
 Vegetated Filter Strip12 BIO-3 0 CF 
 Proprietary Biotreatment13 BIO-7 0 CF 

Treatment Control BMPs 
 Sand Filter14 TRT-1 0 CF 
 Cartridge Media Filter15 TRT-2 0 CF 

Total DCV Reduction = 0 CF 
Remaining DCV = DCV –Total DCV Reduction =  16,425 ac-ft 

  

 
4 Also known as Canopy Interception. 
5 Also known as French Drain, Rock Trench, Exfiltration Trench, Soak-Aways, or Soakage Trench. 
6 Also known as Rain Garden or Infiltration Planter. 
7 Also known as Soak-Away Pits, Infiltration Sumps, Rock Sumps, or Underground Injection Controls.  
Calculations for determining DCV reduction provided by drywells is highly site-specific.  No template is 
provided.  Drywells must be designed to ensure a drawdown time of 48 hours.  Calculations for DCV 
reduction are to be provided in Attachment 8. 
8 Also known as Pervious Pavement, Porous Concrete, Pavers, or Permeable Asphalt. 
9 Also known as Subsurface Infiltration Galleries, Infiltration Vault, or Recharge Vault.  For underground 
infiltration devices with open pore volume (e.g. vaults, crates, pipe sections, etc.), refer to the Infiltration 
Basin BMP Template.  For underground infiltration devices with pore space (e.g. aggregate reservoirs), 
refer to the permeable Pavement BMP Template. 
10 Also known as Rain Gardens with Underdrains, Vegetated Media Filter, or Downspout Planter Boxes. 
11 Also known as Bioswale, Biofiltration Swale, or Grass Swale. 
12 Also known as Buffer Strip or Vegetated Buffer. 
13 Also known as Catch Basin Planter Box, Bioretention Vault, or Tree Box Filter.  A calculation template is 
not provided for Proprietary Biotreatment.  If implemented, calculations are required to be included in 
Attachment 8. 
14 Also known as Bed Media Filter. 
15 Also known as Manufactured Media Filters. 



Stormwater Requirements Template – Modjeska Grade Road Improvement 
EQ17009D 
WQMP – 65% Submittal 

 

Check only one of the two boxes below: 

 Remaining DCV = 0 ac-ft 
The DCV for this DMA is fully captured by the LID BMP(s) 
checked above.  No additional BMPs are necessary, except 
hydromodification control BMPs if applicable. 

 Remaining DCV > 0 ac-ft The DCV for this DMA cannot feasibly be fully captured by LID 
BMPs.  

  

If LID or hydromodification sizing criteria cannot be achieved, 
document the constraints here. 
 
See below. 

 
Documented Constraints for Green Street BMPs 
 
Hydrologic Source Controls (HSCs) 
 
HSC-3: Street Trees: 
Street trees are infeasible for the Project because there is insufficient room to plant street trees, and they 
are out of character for the Project area. 
 
Open Graded Friction Course: 
The County has confirmed that open graded friction course is not feasible due to issues with mudslides 
and debris. 
 
Infiltration BMPs 
 
Infiltration BMPs are infeasible on the Project due to soils within Hydrologic Soil Group D, and due to 
areas of the Project being within a potential landslide area, according to NOC TGD Figures XVI-2b and 
XVI-2c. 
 
LID BMPs (Biotreatment) 
 
BIO-1: Bioretention with Underdrains: 
Bioretention facilities are infeasible on the Project because there is insufficient room to provide BMPs 
while adhering to landslide hazards and setback requirements.  The longitudinal profile of the Project is 
hilly and steep, and the slopes outside of the roadway prism are even steeper. 
 
BIO-2: Vegetated Swale: 
Vegetated swales require a minimum bottom width of two feet and a maximum longitudinal slope of 6%.  
Steep longitudinal slopes greater than 6% are present in over 90% of the Project, and the slopes 
approach 17% in some locations.  For the remaining 10% of the Project with longitudinal slopes less than 
6%, the narrow right-of-way of the Project prevents a swale design of adequate width.  Therefore, 
vegetated swales are infeasible on the Project. 
 
BIO-3: Vegetated Filter Strip: 
Vegetated swales require slopes between 1% and 6% in the direction of flow, with a cross slope 
perpendicular to the flow of less than 2%.  They require a minimum of 15 feet of length in the direction 
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of flow.  These conditions are not available at any point within the Project due to the Project’s narrow 
right-of-way and steep longitudinal and cross slopes. 
 
BIO-7: Proprietary Biotreatment: 
Proprietary biotreatment structures are manufactured devices made to treat stormwater, and typically 
include infiltration media with a high infiltration rate.  They are especially susceptible to clogging and 
should not be used in areas that will continue to receive elevated sediment loading from open space 
areas.  They are also more typically found in urban environments, where their concrete-box-like 
appearance is more in character with the surroundings.  Because the Project is located in a landslide 
hazard area, and there are known erosion and sedimentation issues at the site, proprietary biotreatment 
is infeasible on the Project. 
 
Treatment Control BMPs 
 
TRT-1: Sand Filter: 
Sand filters have the same space requirements as bioretention basins.  Sand filters are therefore 
infeasible on the Project because of the insufficient right-of-way and steep slopes. 
 
TRT-2: Cartridge Media Filter 
Cartridge media filters are manufactured devices similar to proprietary biotreatment units.  Cartridge 
media filters are infeasible due to the high likelihood of erosion and sedimentation on the Project, and 
they are out of character for the Project area. 
 
 
Summary 
 
Table 2-14 in the SOC TGD lists BMP types and opportunity criteria applicable to Type 2: Green Streets 
Projects.  Each of the BMPs listed in that table was covered in the preceding section and was deemed 
infeasible for each DMA on the Project.  The Maximum Extent Practicable standard is achieved for the 
Project, as no post-construction BMPs are feasible given the Project’s many constraints. 
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Attachment 10 
 

Hydromodification Exhibits and Calculations 
  





Pre‐Con Post‐Con Pre‐Con Post‐Con

Drainage Area ID
Total Area 
(sf)

Impervious 
Area (sf)

Impervious 
Area (sf)

Longest 
Flowpath 
(ft) Elev. hi Elev. lo Slope

Percent 
Impervious

Percent 
Impervious

1‐1 22,767 14,495 14,445 716 1467 1377 0.1257 63.7% 63.4%
1‐2 16,730 10,132 7,868 637 1474 1385.9 0.1384 60.6% 47.0%

Aliso 1‐3 25,355 4,465 6,280 348 1542 1465.2 0.2210 17.6% 24.8%
Creek 1‐4 43,520 7,423 10,443 501 1582 1487.9 0.1878 17.1% 24.0%

1‐5 140,213 24,323 27,225 908 1675 1514 0.1773 17.3% 19.4%
1‐6 57,206 11,433 14,588 655 1696 1564.2 0.2011 20.0% 25.5%
1‐8 71,686 9,487 13,122 435 1651 1605.3 0.1050 13.2% 18.3%
2‐1 51,977 12,366 13,838 512 1651 1618.4 0.0636 23.8% 26.6%

Santiago 2‐2 22,821 6,321 7,333 375 1646 1594 0.1388 27.7% 32.1%
Creek 2‐3 6,290 3,098 3,409 145 1602 1567 0.2414 49.3% 54.2%

2‐4 96,476 50,178 50,740 1,244 1586 1454.8 0.1055 52.0% 52.6%
2‐5 230,913 42,306 41,061 1,738 1507 1340 0.0961 18.3% 17.8%
2‐7 1,989,736 56,259 55,817 2,024 1788 1268 0.2569 2.8% 2.8%

To Aliso Creek 377,476 81,758 93,971
To Santiago Creek 2,398,213 170,528 172,198
Total 2,775,689 252,287 266,170



North County ‐ per OC Hydrology Manual

Drainage Area ID Fp (in/hr)
Tc (pre) 
(min)

Tc (post) 
(min)

Difference 
in Tc (max 
allowable = ‐
5.0%)

I (2‐yr) (pre) 
(in/hr)

I (2‐yr) 
(post) 
(in/hr)

C (2‐yr) 
(pre)

C (2‐yr) 
(post)

Precip (2‐yr 
24‐hr) (in)

Volume (2‐
yr) (pre) (cf)

Volume (2‐
yr) (post) 
(cf)

Difference 
in Volume 
(max 
allowable = 
+5.0%)

1‐1 0.2
1‐2 0.2

Aliso 1‐3 0.2
Creek 1‐4 0.2

1‐5 0.2
1‐6 0.2
1‐8 0.2
2‐1 0.2 9.7 9.6 ‐1.0% 1.55 1.56 0.8114 0.8152 2.05 7,204 7,238 +0.5%

Santiago 2‐2 0.2 7.3 7 ‐4.1% 1.82 1.87 0.8286 0.8345 2.05 3,230 3,254 +0.7%
Creek 2‐3 0.2 5.05 4.95 ‐2.0% 2.25 2.28 0.8594 0.8638 2.05 923 928 +0.5%

2‐4 0.2 10.8 10.75 ‐0.5% 1.45 1.46 0.8406 0.8415 2.05 13,855 13,869 +0.1%
2‐5 0.2 15.3 15.35 +0.3% 1.19 1.19 0.7766 0.7755 2.05 30,634 30,593 ‐0.1%
2‐7 0.2 14.5 14.5 +0.0% 1.23 1.23 0.7576 0.7576 2.05 257,529 257,518 ‐0.0%

D soils
Fp = 0.2
per hydro 
manual



Drainage Area 2‐1

L 512 ft
ΔH 32.6 ft
imp % 23.8% (pre‐construction)
imp % 26.6% (post‐construction)

Tc (pre) 9.7 min (red line)
Tc (post) 9.6 min (green line)



Drainage Area 2‐2

L 375 ft
ΔH 52 ft
imp % 27.7% (pre‐construction)
imp % 32.1% (post‐construction)

Tc (pre) 7.3 min (red line)
Tc (post) 7 min (green line)



Drainage Area 2‐3

L 145 ft
ΔH 35 ft
imp % 49.3% (pre‐construction)
imp % 54.2% (post‐construction)

Tc (pre) 5.05 min (red line)
Tc (post) 4.95 min (green line)



Drainage Area 2‐4

L 1,244 ft
ΔH 131.2 ft
imp % 52.0% (pre‐construction)
imp % 52.6% (post‐construction)

Tc (pre) 10.8 min (red line)
Tc (post) 10.75 min (green line)



Drainage Area 2‐5

L 1,738 ft
ΔH 167 ft
imp % 18.3% (pre‐construction)
imp % 17.8% (post‐construction)

Tc (pre) 15.3 min (red line)
Tc (post) 15.35 min (green line)



Drainage Area 2‐7

L 2,024 ft
ΔH 520 ft
imp % 2.8% (pre‐construction)
imp % 2.8% (post‐construction)

Tc (pre) 14.5 min (red line)
Tc (post) 14.5 min (green line)



Stormwater Requirements Template – Modjeska Grade Road Improvement 
EQ17009D 
WQMP – 65% Submittal 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 11 
 

Hydromodification Management Plan 
  



South County ‐ for SOHM Analysis

Drainage Area ID Soil Type

Pre‐const 
Scrub 
Acreage 
(Vsteep)

Pre‐const 
Imp Acreage 
(steep)

Post‐const 
Scrub 
Acreage 
(Vsteep)

Post‐const 
Imp Acreage 
(steep)

1‐1 D 0.1899 0.3328 0.1910 0.3316
1‐2 D 0.1515 0.2326 0.2034 0.1806

Aliso 1‐3 D 0.4796 0.1025 0.4379 0.1442
Creek 1‐4 D 0.8287 0.1704 0.7593 0.2397

1‐5 D 2.6605 0.5584 2.5938 0.6250
1‐6 D 1.0508 0.2625 0.9784 0.3349
1‐8 D 1.4279 0.2178 1.3445 0.3012
2‐1 D 0.9093 0.2839 0.8756 0.3177

Santiago 2‐2 D 0.3788 0.1451 0.3556 0.1684
Creek 2‐3 D 0.0733 0.0711 0.0661 0.0783

2‐4 D 1.0629 1.1519 1.0499 1.1648
2‐5 D 4.3298 0.9712 4.3584 0.9426
2‐7 D 44.3865 1.2915 44.3967 1.2814



                        SOHM  
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name: Modjeska Grade Road  
Site Name:  South County portions of Modjeska Grade Road project 
Site Address:  Modjeska Grade Road at Santiago Canyon Road 
City : Silverado, CA  92676   
Report Date: 2/12/2024  
Gage     : Trabuco Canyon  
Data Start : 10/01/1958  
Data End : 09/30/2005  
Precip Scale: 1.00  
Version Date: 2021/03/09   
___________________________________________________________________ 
 
Low Flow Threshold for POC 1 : 10 Percent of the 2 Year  
___________________________________________________________________ 
 
High Flow Threshold for POC 1: 10 year  
___________________________________________________________________ 
 
PREDEVELOPED LAND USE   
 
Name : DMA 1-1 Pre  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .1899  
  
Pervious Total                0.1899  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.3328  
  
Impervious Total              0.3328  
 
Basin Total                   0.5227  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-2 Pre  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .1515  



  
Pervious Total                0.1515  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.2326  
  
Impervious Total              0.2326  
 
Basin Total                   0.3841  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-3 Pre  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .4796  
  
Pervious Total                0.4796  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.1025  
  
Impervious Total              0.1025  
 
Basin Total                   0.5821  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-4 Pre  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .8287  
  
Pervious Total                0.8287  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.1704  



  
Impervious Total              0.1704  
 
Basin Total                   0.9991  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-5 Pre  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         2.6605  
  
Pervious Total                2.6605  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.5584  
  
Impervious Total              0.5584  
 
Basin Total                   3.2189  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-6 Pre  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         1.0508  
  
Pervious Total                1.0508  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.2625  
  
Impervious Total              0.2625  
 
Basin Total                   1.3133  
 



___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-8 Pre  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         1.4279  
  
Pervious Total                1.4279  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.2178  
  
Impervious Total              0.2178  
 
Basin Total                   1.6457  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
MITIGATED LAND USE   
 
Name : DMA 1-1 Post  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .191  
  
Pervious Total                0.191  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.3316  
  
Impervious Total              0.3316  
 
Basin Total                   0.5226  
 
___________________________________________________________________ 
 
 



Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-2 Post  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .2034  
  
Pervious Total                0.2034  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.1806  
  
Impervious Total              0.1806  
 
Basin Total                   0.384  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-3 Post  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .4379  
  
Pervious Total                0.4379  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.1442  
  
Impervious Total              0.1442  
 
Basin Total                   0.5821  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 



 
Name : DMA 1-4 Post  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .7593  
  
Pervious Total                0.7593  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.2397  
  
Impervious Total              0.2397  
 
Basin Total                   0.999  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-5 Post  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         2.5938  
  
Pervious Total                2.5938  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.625  
  
Impervious Total              0.625  
 
Basin Total                   3.2188  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-6 Post  
Bypass: No  
 
GroundWater: No  



 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         .9784  
  
Pervious Total                0.9784  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.3349  
  
Impervious Total              0.3349  
 
Basin Total                   1.3133  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
Name : DMA 1-8 Post  
Bypass: No  
 
GroundWater: No  
 
Pervious Land Use           acre    
 D,Scrub,VSteep(>15%)         1.3445  
  
Pervious Total                1.3445  
 
Impervious Land Use         acre   
Imp,Steep (10-20%)            0.3012  
  
Impervious Total              0.3012  
 
Basin Total                   1.6457  
 
___________________________________________________________________ 
 
 
Element Flows To:      
Surface               Interflow               Groundwater   
  
___________________________________________________________________ 
 
 
___________________________________________________________________ 
 
                     ANALYSIS RESULTS  
 
___________________________________________________________________ 
 
Predeveloped Landuse Totals for POC #1  
Total Pervious Area:6.7889  
Total Impervious Area:1.877  



___________________________________________________________________ 
 
Mitigated Landuse Totals for POC #1  
Total Pervious Area:6.5083  
Total Impervious Area:2.1572  
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.542585  
5 year                  0.697761  
10 year                 0.752268  
25 year                 1.194989  
 
Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  0.542262  
5 year                  0.697321  
10 year                 0.751936  
25 year                 1.194683  
___________________________________________________________________ 
 
___________________________________________________________________ 
 
POC #1  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(cfs) Predev  Mit Percentage Pass/Fail  
0.0543    7393     7377    99     Pass  
0.0613    6287     6264    99     Pass  
0.0684    5328     5310    99     Pass  
0.0754    4550     4539    99     Pass  
0.0825    4021     4011    99     Pass  
0.0895    3599     3591    99     Pass  
0.0966    3233     3228    99     Pass  
0.1036    2891     2881    99     Pass  
0.1107    2559     2554    99     Pass  
0.1177    2306     2297    99     Pass  
0.1248    2067     2062    99     Pass  
0.1318    1866     1862    99     Pass  
0.1389    1689     1684    99     Pass  
0.1459    1508     1505    99     Pass  
0.1530    1361     1358    99     Pass  
0.1600    1202     1198    99     Pass  
0.1671    1091     1088    99     Pass  
0.1741    1004     1000    99     Pass  
0.1812    925      924     99     Pass  
0.1882    847      846     99     Pass  
0.1953    770      768     99     Pass  
0.2023    720      719     99     Pass  
0.2094    668      667     99     Pass  
0.2164    612      611     99     Pass  
0.2235    571      568     99     Pass  
0.2305    514      512     99     Pass  
0.2376    472      470     99     Pass  



0.2446    441      439     99     Pass  
0.2517    413      410     99     Pass  
0.2587    388      385     99     Pass  
0.2658    358      358     100    Pass  
0.2728    337      336     99     Pass  
0.2799    316      316     100    Pass  
0.2869    300      299     99     Pass  
0.2940    276      276     100    Pass  
0.3010    259      257     99     Pass  
0.3081    246      244     99     Pass  
0.3151    226      226     100    Pass  
0.3222    218      216     99     Pass  
0.3292    196      196     100    Pass  
0.3363    182      182     100    Pass  
0.3433    169      169     100    Pass  
0.3504    163      163     100    Pass  
0.3574    151      150     99     Pass  
0.3645    145      145     100    Pass  
0.3715    139      139     100    Pass  
0.3786    135      135     100    Pass  
0.3856    128      128     100    Pass  
0.3927    119      119     100    Pass  
0.3997    114      114     100    Pass  
0.4068    105      104     99     Pass  
0.4138    99       99      100    Pass  
0.4209    97       96      98     Pass  
0.4279    89       89      100    Pass  
0.4350    86       86      100    Pass  
0.4420    76       75      98     Pass  
0.4491    73       73      100    Pass  
0.4561    66       66      100    Pass  
0.4632    62       62      100    Pass  
0.4702    59       57      96     Pass  
0.4773    55       55      100    Pass  
0.4843    53       53      100    Pass  
0.4914    52       52      100    Pass  
0.4984    52       52      100    Pass  
0.5055    47       47      100    Pass  
0.5125    46       46      100    Pass  
0.5196    46       46      100    Pass  
0.5266    44       44      100    Pass  
0.5337    43       43      100    Pass  
0.5407    40       40      100    Pass  
0.5478    39       39      100    Pass  
0.5549    39       39      100    Pass  
0.5619    37       37      100    Pass  
0.5690    36       36      100    Pass  
0.5760    34       34      100    Pass  
0.5831    34       34      100    Pass  
0.5901    32       32      100    Pass  
0.5972    31       31      100    Pass  
0.6042    31       31      100    Pass  
0.6113    29       29      100    Pass  
0.6183    28       28      100    Pass  
0.6254    26       26      100    Pass  
0.6324    26       26      100    Pass  
0.6395    26       26      100    Pass  



0.6465    25       25      100    Pass  
0.6536    22       22      100    Pass  
0.6606    21       21      100    Pass  
0.6677    21       21      100    Pass  
0.6747    21       21      100    Pass  
0.6818    20       20      100    Pass  
0.6888    20       20      100    Pass  
0.6959    20       19      95     Pass  
0.7029    17       17      100    Pass  
0.7100    15       14      93     Pass  
0.7170    13       13      100    Pass  
0.7241    13       13      100    Pass  
0.7311    12       12      100    Pass  
0.7382    11       11      100    Pass  
0.7452    10       10      100    Pass  
0.7523    10       10      100    Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Drawdown Time Results   
 
___________________________________________________________________ 
 
Perlnd and Implnd Changes   
 No changes have been made.  
___________________________________________________________________ 
 
 
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  
The entire risk regarding the performance and results of this program is assumed by End User.   
Clear Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, 
either expressed or implied, including but not limited to implied warranties of program and 
accompanying documentation.  In no event shall Clear Creek Solutions Inc. be liable for any 
damages whatsoever (including without limitation to damages for loss of business profits, loss of 
business information, business interruption, and the like) arising out of the use of, or 
inability to use this program even if Clear Creek Solutions Inc. or their authorized 
representatives have been advised of the possibility of such damages.  Software Copyright © by : 
Clear Creek Solutions, Inc. 2005-2024; All Rights Reserved. 
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Attachment 12 
 

BMP Exhibit 
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Attachment 15 
 

Operations and Maintenance Plan 
(To be included in 100% submittal) 

  

ocpwarullendrand
Highlight
we need one at 95% 
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Attachment 16 
 

BMP Inspection Record  
(To be included following construction) 
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