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Site & Project Description  
 
This drainage study has been prepared for the development of vacant lot at the west end of Pala 
Road.   
 
The project will involve the regrading of the 7.28 acre site, and the construction 54 single family 
homes. The project will also include four biofiltration basins, for stormwater quality and 
Hydromodification Compliance.  
 
The project will also extend Pala Road to a proposed cul-de-sac at the southeast corner of the site.  
The project will include storm drains on and off -site to intercept runoff and convey it to a 
discharge point to a vegetated basin adjacent to San Luis Rey River.  
 
Offsite runoff currently enters the site from the Aspen Street and Pala Road. Private and public 
storm drains will intercept this flow and convey it through the site to the discharge point.   
 

Methodology 
 
This drainage report has been prepared in accordance with current City of Oceanside regulations 
and procedures.  The Modified Rational Method was used to determine the peak flowrates 
generated by the existing and proposed site conditions. The flowrates generated by sub-basins were 
confluenced according to the junction equations as detailed on page 3-24 of the San Diego County 
Hydrology Manual.  
 
Initial Time of Concentration was determined via Table 3-2 of the County Hydrology Manual.  
Travel Time was determined via the Kirpich Formula for natural drainage areas. For developed 
drainage areas, the Travel Time was determined by the specific pipe hydraulics, or when applicable, 
the Gutter and Roadway Discharge Velocity Chart from the San Diego County Hydraulic Design 
Manual.  
 
See the attached calculations for particulars. The following references have been used in 
preparation of this report: 
 

(1) Handbook of Hydraulics, E.F. Brater & H.W. King, 6th Ed., 1976. 
(2) County of San Diego Hydrology Manual, 2003 

 

Existing Conditions 
 
The existing site is a bare, pad with no permanent improvements. Ground surface conditions 
consist of seasonal grasses and shrubs. Onsite drainage is overland flow and concentrated natural 
flow. 
 
Runoff from the residential area to the west flows onto the site at the dead-end of Aspen Street. It 
then flows across the site in a graded channel and enters a concrete drainage channel that runs 
along the east side of the site, discharging to a vegetated area adjacent to San Luis Rey River 
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Runoff from Pala road enters the site immediately south of the intersection of Los Arbolitos 
Boulevard and Pala Road. This runoff flows east across the undeveloped right-of-way and 
discharges to the same vegetated area as the onsite flows.  
 
The County of San Diego Soil Hydrologic Group Map indicates Group ‘A’ Soil on the site, but the 
entire site has a layer of artificial fill. As a conservative measure the soils onsite are assumed to be 
Type ‘D’. 
 
The project is in a Special Flood Hazard Area, as designated by the Federal Emergency 
Management Agency (FEMA) Flood Insurance Rate Map (FIRM) map number 06073C0752G. 
 

Proposed Conditions 
 
In the proposed conditions, 54 single family homes will be constructed. Onsite areas will surface 
drain to the proposed private streets, and then to one of four onsite biofiltration BMPs. The BMPs 
will drain via a private storm drain system.  
 
Flow from offsite areas that drain to the site will be intercepted and conveyed through the site. 
Runoff from offsite tributary areas and onsite areas will confluence in the proposed storm drain 
under Pala Road and will be discharged via a 60” storm drain to a headwall located at the existing 
point of discharge southwest of the site.  
 

Existing Rational Analysis 
 
The existing area of analysis was modeled as 8 separate basins, 4 onsite, and 4 offsite.  
Basins O-1 and O-2 contain the neighborhood immediately east of the site. This runoff enters the 
site at the dead end of Aspen Street. Basins O-3 and O-4 contain areas that drain to both sides of 
Pala Road extending east of the site for approximately ½ mile. This project does not propose 
changes within Basins O-1 through O-4.  
 
Basins E-1, E-2, E-3 are entirely onsite. Basin E-4 contains the offsite extension of Pala road. 
 
C values were determined using table 3-1 of the county hydrology manual, included as Appendix 5 
of this report. The initial time of concentration (Ti) and maximum overland flow length (Lm) were 
determined using Table 3-2 of the Hydrology Manual. Travel Time (Tt) was determined via the 
kirpich method, Manning’s Equation for Pipes, and the Gutter and Roadway Discharge Velocity 
Chart. The 100-yr, 6-hr storm depth (P6) was determined using the isopluvial map included as 
Appendix 2 of this report.  
 
The total time of concentration was determined by adding the Ti value to the travel time (Tt).  
 
                                                                 Tc  = Ti+Tt 
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The Tc and the P6 values were entered into the peak intensity formula from page 3-7 of the 
hydrology manual to determine the intensity of the rainfall during the peak of the 100-year, 6-hr 
storm.  
 
                                                                     I  = 7.44 × P6 × Tc-0.645   
                                                                     I  = 7.44 × 3.6 × 8.0-0.645 

 
The peak discharge rate was determine using the Rational Method Formula.  

 
  Q = C × I × A 

 
Below is a summary of the input data for the 100-year, 6- hour storm. 
 
 Existing Rational Calculation Summary 

Basin  
Impervious 

% C 
Area 
(ac) 

E-1 0 0.35 1.65 
E-2 0 0.35 1.17 
E-3 0 0.35 3.95 
E-4 0 0.35 0.64 
O-1 50 0.63 8.72 
O-2 50 0.63 0.63 
O-3 50 0.63 25.17 
O-4 50 0.63 31.88 

 
The peak flowrates determined for each basin were confluenced according to the junction 
equations from page 3-24 of the San Diego County Hydrology Manual.  
 

Junction Equations: 
 𝑇ଵ ൏ 𝑇ଶ ൏ 𝑇ଷ 

𝑄்ଵ ൌ 𝑄ଵ ൅
𝑇ଵ
𝑇ଶ
𝑄ଶ 

𝑄்ଶ ൌ 𝑄ଶ ൅
𝐼ଵ
𝐼ଶ
𝑄ଵ 

 
The confluenced flowrate from all basins is 93.11 cfs 
 

Proposed Rational Analysis 
 
The proposed site was modeled as 11 separate basins. 7 onsite basins, and the same 4 offsite basins 
that were included in the existing analysis. The proposed basins are referred to as P-1.1, P-1.2, P-
1.3, P-1.4, P-1.5, P-1.6 and P-2.1. 
 
The average slope of the basins varies from 0.5% to 0.7%. Weighted runoff coefficients vary from 
0.35 to 0.83 The initial time of concentration (Ti) and maximum overland flow length (Lm) were 
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determined using Table 3-2 of the Hydrology Manual.  The total time of concentration was 
determined by adding the Ti value to the travel time (Tt). Tt was calculated by determining the flow 
velocity in the gutters and storm drains and dividing the travel length by the velocity.  
 
The time of concentration, peak intensity and the peak flowrate were determined using the same 
formulas and methods as in the existing conditions. Below is a summary of the input data and 
resulting flowrates generated by each basin for the 100-year, 6-hr storm. 
 
 
  Proposed Rational Calculation Summary 
 

Basin  
Impervious 

% C 
Area 
(ac) 

P-1.1 59 0.68 0.91 
P-1.2 0 0.35 0.21 
P-1.3 58 0.67 0.92 
P-1.4 67 0.72 2.73 
P-1.5 87 0.83 0.53 
P-1.6 60 0.68 1.75 
P-2.1 0 0.35 0.37 
O-1 50 0.63 8.72 
O-2 50 0.63 0.63 
O-3 50 0.63 25.17 
O-4 50 0.63 31.88 

 
 
The peak flowrates determined for each basin were confluenced according to the junction 
equations from page 3-24 of the San Diego County Hydrology Manual.  
 

Junction Equations: 
 𝑇ଵ ൏ 𝑇ଶ ൏ 𝑇ଷ 

𝑄்ଵ ൌ 𝑄ଵ ൅
𝑇ଵ
𝑇ଶ
𝑄ଶ 

𝑄்ଶ ൌ 𝑄ଶ ൅
𝐼ଵ
𝐼ଶ
𝑄ଵ 

The confluenced, unmitigated peak runoff at the discharge point is 107.40 cfs. This is an increase of 
14.29 cfs over existing conditions. 
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Results and Conclusions 
 
The proposed improvements result in an increase in the peak runoff flowrate generated by the area 
of analysis by approximately 15%.  
 
This increase is not anticipated to create adverse downstream conditions, as all the proposed storm 
drains are designed with sufficient capacity to convey the flow to the outfall location.  
 
No negative effects to downstream water ways are anticipated as a result of the increased flow 
during the peak of the 100 year storm. The outfall of the proposed 60” storm drain will have an  
invert that is below the 100-year flood elevation (per the FEMA Flood Profile for San Luis Rey 
River) 
 
It is the opinion of Omega Engineering Consultants that the project will not cause flow related 
adverse effects to the downstream facilities or receiving waters during the peak of the 100-yr, 6-hr 
storm. A separate Storm Water Quality Management Plan has been prepared to discuss the water 
quality impacts for the proposed development. 
 
 
 
 





Project Name: Los Arbolitos Subdivision  
Priority Development Project - Storm Water Mitigation Plan 
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CYPRESS POINT SUBDIVISION 
EXISTING CONDITIONS

12/23/2020

Sub- AREA S(%) Ti Tt Tc ΣT I Q
Basin Ac. (avg.) mins mins mins mins in/hr cfs 100-year, 6 hr storm 

P(6) 2.7
O-1 1 2 8.20 Link 01 - Overland flow

2 5 8.72 0.63 8.72 5.49 5.49 0.5% 11.93 20.13 20.13 2.90 15.91 Link 02 - Gutter Flow

O-2 3 4 8.20 Link 03 - Overland flow
4 5 0.63 0.63 0.63 0.40 0.40 0.5% 2.00 10.20 10.20 4.49 1.80 Link 04 - Gutter Flow

9.35 5.89 20.13 2.90 17.07 Confluence at Node 5

E-1 0.00
5 8 1.65 0.35 11.01 0.58 6.47 1.1% 4.37 24.50 2.55 16.52

E-2 6 7 12.50 Link 06 - Overland flow
7 8 1.17 0.35 1.17 0.41 0.41 1.0% 4.18 16.68 16.68 3.27 1.34 Link 07 - Kirpich Flow

12.18 6.88 24.50 2.55 17.56 Confluence at Node 8

8 11 12.18 6.88 7.50 32.00 2.15 14.78 Link 08 - Kirpich Flow

E-3 9 10 10.90
10 11 3.95 0.35 3.95 1.38 1.38 1.7% 3.77 14.67 14.67 3.55 4.91

16.13 8.26 32.00 2.15 17.76 Confluence at Node 11

11 17 16.13 8.26 3.82 35.82 2.00 16.51 Link 08 - Kirpich Flow

O-3 3 4 8.20 Link 12 - Overland flow
4 5 25.17 0.63 25.17 15.86 15.86 0.5% 20.74 28.94 28.94 2.29 36.35 Link 13- Gutter Flow

O-4 3 4 8.20 Link 14 - Overland flow
4 5 31.88 0.63 31.88 20.08 20.08 0.5% 19.41 27.61 27.61 2.36 47.46 Link 15- Gutter Flow

57.05 35.94 28.94 2.29 82.39 Confluence at Node 16

Flow through basin, Tt and CA added to 
incoming flow. Tt per Kirpich 

Conduit 
V (fps)

Conduit 
L (ft)

Conduit 
T (mins)

NOTESUpstream 
Node

Downstream 
Node

C ΣA CA ΣCA

611-H&Ha



CYPRESS POINT SUBDIVISION 
EXISTING CONDITIONS

12/23/2020

Sub- AREA S(%) Ti Tt Tc ΣT I Q
Basin Ac. (avg.) mins mins mins mins in/hr cfs 100-year, 6 hr storm 

P(6) 2.7
E-4 0.00

16 17 0.64 0.35 57.40 0.23 36.17 1.7% 3.77 32.71 2.12 76.60

73.53 44.43 32.71 2.12 93.11 Confluence at Node 17

Flow through basin, Tt and CA added to 
incoming flow. Tt per Kirpich 

Upstream 
Node

Downstream 
Node

C ΣA CA ΣCA
Conduit 
V (fps)

Conduit 
L (ft)

Conduit 
T (mins)

NOTES

611-H&Ha



CYPRESS POINT SUBDIVISION 
PROPOSED CONDITIONS

3/22/2021

Sub- AREA S(%) Ti Tt Tc ΣT I Q
Basin Ac. (avg.) mins mins mins mins in/hr cfs 100-year, 6 hr storm 

P(6) 2.7
O-1 1 2 8.20 Link 01 - Overland flow

2 3 8.72 0.63 8.72 5.49 5.49 0.5% 11.93 20.13 20.13 2.90 15.91 Link 02 - Gutter Flow
3 6 8.72 5.49 0.11 20.23 2.89 15.86 4.97 32 0.11 Link 03 - 24" pipe

O-2 4 5 8.20 Link 04 - Overland flow
5 6 0.63 0.63 0.63 0.40 0.40 0.5% 2.00 10.20 10.20 4.49 1.80 Link 05 - Gutter Flow

9.35 5.89 20.23 2.89 17.01 Confluence at Node 7

6 12 9.35 5.89 0.30 20.54 2.86 16.85 5.04 92 0.30 Link 06 - 24" pipe

P-1.1 7 8 8.20 Link 07 - Overland flow
8 9 0.91 0.68 0.91 0.62 0.62 0.4% 3.78 11.98 11.98 4.05 2.50 Link 08 - Gutter Flow
9 13 0.91 0.62 0.11 12.08 4.03 2.49 3.15 20 0.11 Link 09 - 18" pipe

P-1.2 10 11 8.20 Link 10 - Overland flow
11 12 0.21 0.35 0.21 0.07 0.07 0.5% 6.63 14.83 14.83 3.53 0.26 Link 11- Kirpich Flow
12 13 0.21 0.07 2.41 17.24 3.20 0.23 1.87 270 2.41 Link 12 - 8" pipe

10.47 6.58 20.54 3.53 18.80 Confluence at Node 13

13 18 10.47 6.58 1.49 22.03 2.73 17.99 5.14 461 1.49 Link 13 - 30" pipe

P-1.3 14 15 8.20 Link 14 - Overland flow
15 16 0.92 0.67 0.92 0.62 0.62 0.5% 7.93 16.13 16.13 3.34 2.07 Link 15 - Gutter Flow
16 17 0.92 0.62 0.07 16.19 3.33 2.06 3.03 12 0.07 Link 16 - 18" pipe
17 18 0.92 0.62 0.28 16.47 3.30 2.04 3.03 50 0.28 Link 17 - 18" pipe

11.40 7.20 22.03 3.33 19.68 Confluence at Node 18

18 32 11.40 7.20 0.93 22.96 2.66 19.16 5.21 290 0.93 Link 18 - 30" pipe

ΣCA
Upstream 

Node
Downstream 

Node
C ΣA CA

NOTESConduit 
V (fps)

Conduit 
L (ft)

Conduit 
T (mins)

611-H&Ha.xls



CYPRESS POINT SUBDIVISION 
PROPOSED CONDITIONS

3/22/2021

Sub- AREA S(%) Ti Tt Tc ΣT I Q
Basin Ac. (avg.) mins mins mins mins in/hr cfs 100-year, 6 hr storm 

P(6) 2.6
P-1.4 19 20 8.20 Link 19 - Overland flow

20 21 2.73 0.72 2.73 1.97 1.97 0.5% 8.07 16.27 16.27 3.32 6.53 Link 20 - Gutter Flow
21 22 2.73 1.97 0.08 16.36 3.31 6.51 4.05 20 0.08 Link 21 - 18" pipe
22 32 2.73 1.97 0.12 16.48 3.30 6.48 4.04 30 0.12 Link 22 - 18" pipe

P-1.5 23 24 8.20 Link 23 - Overland flow
24 27 0.53 0.83 0.53 0.44 0.44 0.5% 2.90 11.10 11.10 4.25 1.86 Link 24 - Gutter Flow

O-3 25 26 8.20 Link 25 - Overland flow
26 27 25.17 0.63 25.17 15.86 15.86 0.5% 20.74 28.94 28.94 2.29 36.35 Link 26 - Gutter Flow

25.70 16.30 28.94 2.29 37.36 Confluence at Node 27

27 31 25.70 16.30 0.11 29.05 2.29 37.26 7.41 50 0.11 Link 27 - 24"x72" box 

O-4 28 29 8.20 Link 28- Overland flow
29 30 31.88 0.63 31.88 20.08 20.08 0.5% 19.41 27.61 27.61 2.36 47.46 Link 29 - Gutter Flow
30 31 31.88 20.08 0.03 27.64 2.36 47.43 5.99 10 0.03 Link 30 - 24"x72" box

57.58 36.38 27.64 2.36 84.69 Confluence at Node 31

31 32 57.58 36.38 1.17 28.81 2.30 83.64 5.99 422 1.17 Link 32 - 60" box

71.71 45.55 28.81 2.30 104.71 Confluence at Node 23

P-1.6 33 34 8.20 Link 33- Overland flow
34 35 1.75 0.68 1.75 1.19 1.19 0.6% 8.67 16.87 16.87 3.25 3.86 Link 34 - Gutter Flow
35 36 1.75 1.19 0.02 16.89 3.24 3.86 3.56 5 0.02 Link 35 - 18" pipe
36 37 1.75 1.19 0.12 17.01 3.23 3.84 3.56 25 0.12 Link 36 - 18" pipe

73.46 46.74 28.81 3.23 106.98 Confluence at Node 37

ΣA CA ΣCA
Upstream 

Node
Downstream 

Node
C

Conduit 
V (fps)

Conduit 
L (ft)

Conduit 
T (mins)

NOTES

611-H&Ha.xls



CYPRESS POINT SUBDIVISION 
PROPOSED CONDITIONS

3/22/2021

Sub- AREA S(%) Ti Tt Tc ΣT I Q
Basin Ac. (avg.) mins mins mins mins in/hr cfs 100-year, 6 hr storm 

P(6) 2.6

37 40 73.46 46.74 0.56 29.37 2.27 106.12 3.56 120 0.56 Link 37 - 60" pipe

P-2.1 38 39 8.20 Link 33- Overland flow
39 40 0.37 0.35 0.37 0.13 0.13 0.7% 14.61 22.81 14.61 3.56 0.46 Link 34 -Kirpich Flow

73.83 46.86 28.81 3.56 107.40 Confluence at Node 37

Conduit 
V (fps)

Conduit 
L (ft)

Conduit 
T (mins)

NOTESUpstream 
Node

Downstream 
Node

C ΣA CA ΣCA

611-H&Ha.xls



Rectangular Channel Sizing Calculation
K'= Discharge Factor
n= Mannings coefficient
D=depth of water in channel
b=width of bottom of channel (ft) Rectangular Conduit
Q= Discharge (cfs) Q=(K'/n)*b^(8/3)*s^(0.5)
s=Pipe Slope (ft/ft)
n=  0.013

Q per conduit 
(cfs) S (%)

Width 
(inches) K' D/b 

Depth of 
water in 
conduit 
(inches)

Cross 
sectional 
area of 
flow (sf)

Velocity 
(ft/ sec)

37.36 0.30 72 0.0746 0.14 10.08 5.04 7.41
47.46 0.30 72 0.0948 0.22 15.84 7.92 5.99
84.69 0.30 72 0.1691 0.33 23.76 11.88 7.13



CONDUIT SIZING CALCULATIONS
The following chart details the sizing parameters and for conduits that convey runoff on the site. 
Flow parameters from Handbook of Hydraulics, King & Braterwere used, see following page.

K'= Discharge factor = (Q*n)/(d8/3*s1/2 )
n= Mannings coefficient = 0.013 for PVC & HDPE
d=diameter of conduit (ft) = per chart
Q= Discharge = based off portions of basins tributary to outlet
s=Minimum Pipe Slope (ft/ft) = per chart
D=depth of flow = From table 7‐4 of the Handbook of Hydraulics, King & Brater  See right
Ca= Flow factor  = From table 7‐14 of the Handbook of Hydraulics, King & Brater  See right

A=Cross sectional area of flow = Ca*d
2

V=Velocity = Q/A

Pipe Flow
Link Q (cfs) S (%) d (in) K' D/d Ca A (sf) V (fps)

3 to 6 15.91 0.3 30 0.328 0.62 0.512 3.200 4.97
6 to 12 17.01 0.3 30 0.351 0.65 0.54 3.375 5.04
9 to 13 2.50 0.3 18 0.201 0.46 0.3527 0.794 3.15
12 to 13 0.26 0.3 8 0.179 0.43 0.3229 0.144 1.78
13 to 18 18.86 0.3 30 0.389 0.70 0.587 3.669 5.14
16 to 17 2.07 0.3 18 0.167 0.41 0.3032 0.682 3.03
17 to 18 2.06 0.3 18 0.166 0.41 0.3032 0.682 3.03
18 to 27 19.68 0.3 30 0.406 0.72 0.605 3.781 5.21
21 to 22 6.53 0.3 24 0.244 0.51 0.403 1.612 4.05
22 to 23 6.51 0.3 24 0.243 0.51 0.403 1.612 4.04
23 to 37 24.40 0.3 30 0.495 0.90 0.745 4.656 5.24
35 to 36 3.86 0.3 18 0.306 0.59 0.482 1.085 3.56
36 to 37 3.86 0.3 18 0.306 0.59 0.482 1.085 3.56
37 to 38 107.80 0.3 60 0.344 0.64 0.531 13.275 8.12



CHAPTER 3: STREET DRAINAGE, CLEANOUTS, AND INLETS 
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 Grated Inlets in Sag 

A grated inlet in a sag location operates as a weir at shallower depths and as an orifice at larger 
depths. The designer shall estimate the capacity of the inlet under both weir flow and orifice flow 
conditions, then adopt a design capacity equal to the smaller of the two results. Figure 3–5 provides 
a nomograph for calculating the capacity of grated inlets in sag locations.  

 
Figure 3-5. Capacity of Grate Inlets in Sag Locations 

 

Step 1. Calculate the capacity of a grate inlet operating as a weir using the weir equation 
(Equation 3–10) with a length equivalent to perimeter of the grate. When the grate is 
located next to a curb, disregard the length of the grate against the curb. 
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Curb Inlet Sizing 

Opening Length (ft) Opening Height (ft) Q100 Depth (ft)

Inlet #1 14 0.5 15.91 0.179
Inlet #2 14 0.5 1.80 0.002
Inlet #3 20 0.5 37.36 0.483
Inlet #4 20 0.5 47.43 0.778
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San Diego County Hydrology Manual Section: 3 
Date:  June 2003 Page: 12 of 26 

Note that the Initial Time of Concentration should be reflective of the general land-use at the 
upstream end of a drainage basin.  A single lot with an area of two or less acres does not have 
a significant effect where the drainage basin area is 20 to 600 acres. 

Table 3-2 provides limits of the length (Maximum Length (LM)) of sheet flow to be used in 
hydrology studies.  Initial Ti values based on average C values for the Land Use Element are 
also included.  These values can be used in planning and design applications as described 
below.  Exceptions may be approved by the “Regulating Agency” when submitted with a 
detailed study. 

Table 3-2 

MAXIMUM OVERLAND FLOW LENGTH (LM) 
& INITIAL TIME OF CONCENTRATION (Ti) 

.5% 1% 2% 3% 5% 10%Element* DU/ 
Acre LM Ti LM Ti LM Ti LM Ti LM Ti LM Ti

Natural  50 13.2 70 12.5 85 10.9 100 10.3 100 8.7 100 6.9
LDR 1 50 12.2 70 11.5 85 10.0 100 9.5 100 8.0 100 6.4
LDR 2 50 11.3 70 10.5 85 9.2 100 8.8 100 7.4 100 5.8
LDR 2.9 50 10.7 70 10.0 85 8.8 95 8.1 100 7.0 100 5.6
MDR 4.3 50 10.2 70 9.6 80 8.1 95 7.8 100 6.7 100 5.3
MDR 7.3 50 9.2 65 8.4 80 7.4 95 7.0 100 6.0 100 4.8
MDR 10.9 50 8.7 65 7.9 80 6.9 90 6.4 100 5.7 100 4.5
MDR 14.5 50 8.2 65 7.4 80 6.5 90 6.0 100 5.4 100 4.3
HDR 24 50 6.7 65 6.1 75 5.1 90 4.9 95 4.3 100 3.5
HDR 43 50 5.3 65 4.7 75 4.0 85 3.8 95 3.4 100 2.7
N. Com 50 5.3 60 4.5 75 4.0 85 3.8 95 3.4 100 2.7
G. Com  50 4.7 60 4.1 75 3.6 85 3.4 90 2.9 100 2.4
O.P./Com  50 4.2 60 3.7 70 3.1 80 2.9 90 2.6 100 2.2
Limited I.  50 4.2 60 3.7 70 3.1 80 2.9 90 2.6 100 2.2
General I.  50 3.7 60 3.2 70 2.7 80 2.6 90 2.3 100 1.9
*See Table 3-1 for more detailed description 
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