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This document consists of the Hydrology and Hydraulics Study (Hydrology Study) for the 
Campus Park Project (Proposed Project or Project) and analyzes hydrologic-related elements 
associated with construction and operation of the Project.  Since circulation of the Project Draft 
Environmental Impact Report (EIR) and associated technical reports, refinements in Project 
description have been implemented in response to comments received.    
 
The majority of Project refinements occur west of future Horse Ranch Creek Road and all of 
them would be south of proposed Harvest Glen Lane.  The majority of the developed uses and 
their construction footprints (residential, office professional, recreational and commercial) 
remain the same as previously analyzed. 
 
South of future Harvest Glen Lane and west of future Horse Ranch Creek Road, the Proposed 
Project has been refined to: (1) eliminate some development areas, (2) modify specifics of 
development detail in some areas, and (3) eliminate the potential for connection to an off-site 
future wastewater treatment plant (WTP) to be constructed by others.  Specifics of road design 
improvements also vary.   
 
Overall, primary design changes result in 325 fewer multi-family homes (a reduction of 41 
percent), and an increase in the biological open space preserve of 20.7 acres (or 11 percent).  See 
Figure A for a comparison of the Project evaluated in the Draft EIR with the current plan.   
  
Project refinements relevant to this technical report are addressed below. 
 
Relevant Refinements to Project Description  
 
The Draft EIR included two multi-family residential areas (MF-1 and MF-4) west of future 
Horse Ranch Creek Road and north of SR 76.  These areas were proposed to contain a total of 
300 residential units sited on a total of 21.1 acres.  Both have been eliminated and now would 
largely be in open space.  Within the MF area east of future Horse Ranch Creek Road and north 
of future Harvest Glen Lane, Draft EIR MF-3 has been renamed MF-1.  The style of housing in 
MF-2 has been changed to match that of new MF-1, and the density of MF housing in both MF-1 
and MF-2 has been reduced.    
 
A 2.4-acre detention basin was previously located south of (now eliminated) multi-family 
housing west of Horse Ranch Creek Road.  With the elimination of that housing, this basin has 
been relocated to the north, and the basin size and shape have been modified to encompass a 
surface area of approximately 5.2 acres (although the detention capacity has not changed as the 
current basin is shallower).  Similarly, a 2.6-acre potential wet weather storage pond associated 
with a previous wastewater management option would be eliminated (along with any associated 
impacts), as would any utility lines required to tie into the proposed off-site WTP under this 
option. 



 
A sewer lift or pump station and trail staging area would be moved from an isolated small 
Project parcel west of future Pankey Road and north of SR 76 to east of future Pankey Road, in 
the old area of MF-4.   
 
Changes have been made to specific design of an off-site portion of future Pala Mesa Drive, 
Pankey Road and on-site Pankey Place.  With regard to Pala Mesa Drive/Pankey Road, 
modifications resulted from a request by the abutting Campus Park West Project to shift a 
portion of the alignment, and this shift has been worked out in coordination with the Department 
of Public Works.  For on-site Pankey Place, the modification is related to deletion of MF-4 on 
the south side of the road, and retention of open space.   
 
Technical Analysis Modifications Based on Project Description Refinements  
 
With regard to hydrologic and hydraulic considerations, the described changes to the Project 
would result in an overall reduction of new impervious surface areas and associated Project-
related runoff generation.  While the on-site detention basin, Pala Mesa Drive/Panky Road and 
Pankey Place have been relocated/reconfigured as noted, the related basin capacity and 
hydrologic/hydraulic conditions associated the on- and off-site roadways would remain 
essentially the same and Project Environmental Design Considerations committed to as part of 
the Proposed Project would be implemented.  Specifically, the modified detention basin would 
be adequate to accommodate all Project-related runoff, with no change to the related conclusions 
provided in the attached Hydrology Study.  Similarly, the modified design of the two noted 
roadways would accommodate projected hydrologic/hydraulic conditions in a similar fashion as 
described in the Hydrology Study.  Accordingly, while specifics of site design would be updated 
to reflect the refined Project prior to issuance of Project grading permits, the attached report has 
not been changed and the associated conclusions regarding impacts related to runoff generation, 
drainage patterns/directions, flow regulation, hydromodification, flooding potential, and the 
capacity of existing and proposed storm drain system facilities are still accurate.  That is, the 
proposed Project and storm drain system design would accommodate projected flow rates and 
amounts, with no significant Project-related hydrologic/hydrologic impacts to on- or off-site 
areas or facilities.  No change to environmental design considerations or significance conclusions 
reached in conformance with the California Environmental Quality Act would occur and no 
change is required to the attached technical analysis. 
 
Each of the above-cited and additional specific revisions are now included as part of the public 
record and will be before the Board of Supervisors during their consideration of the Project. 
 



Im
p

a
c

t 
C

o
m

p
a

ri
s

o
n

C
A

M
P

U
S

 P
A

R
K

F
ig

u
re

 A

I:
\A

rc
G

IS
\P

\P
A

S
-0

1
 P

a
ss

ar
el

le
\M

ap
\B

IO
\M

is
c\

F
ig

A
_

C
o
m

p
ar

is
o
n
.m

x
d

 -
N

M

Jo
b

 N
o

: 
P

A
S

-0
1

  
  

 D
a
te

: 
1
0

/0
6
/1

0

µ
1
,0

0
0

0
1
,0

0
0

5
0

0

F
e
et

P
ro

je
c
t 
B

o
u
n

d
a
ry

D
ra

ft
 E

IR
 P

ro
p
o

s
e

d
 P

ro
je

c
t 
Im

p
a

c
ts

R
e

fi
n
e
d

 P
ro

p
o
s
e
d

 P
ro

je
c
t 
Im

p
a
c
ts

F
u

e
l 
M

a
n

a
g
e

m
e
n
t 

Z
o
n

e



PRELIMINARY  HYDROLOGY  AND  HYDRAULICS 
STUDY



A CEQA LEVEL PRELIMINARY HYDROLOGY & 
HYDRAULICS STUDY  

 
 

FOR: 
 

CAMPUS PARK 
TM 5338 RPL6 

 
San Diego, California 

 
Prepared for: 

 
Passerelle, LLC 

402 W. Broadway, Suite 1320 
San Diego, CA 92101 

 
Prepared by: 

 
Landmark Consulting 

9555 Genesee Avenue, Suite 200 
San Diego, Ca 92121 
Tel:  858-587-8070 

JN 6-14 
REV. DATE:  9-15-09 

 
 

 
__________________________________________________________ 

David Yeh, RCE 62717, EXP 6-30-10 



 2



 3

TABLE OF CONTENTS 
SECTION 1: VICINITY MAP & SITE PLAN 
 
SECTION 2: INTRODUCTION 
 
SECTION 3: METHOD OF ANALYSIS 
 
SECTION 4: EXISTING UNDISTURBED UPSTREAM (EASTERLY) BASINS - 100-YEAR 
RATIONAL METHOD HYDROLOGY CALCS 
 SECTION 4A: CAMPUS PARK UPSTREAM – HYDROLOGY MAP (OFF-SITE) 
SECTION 5: PRE-DEVELOPMENT CONDITIONS (ONSITE) – 100-YEAR RATIONAL 
METHOD HYDROLOGY CALCS 
 SECTION 5A: PRE-DEVELOPMENT CONDITIONS – HYDROLOGY MAP (ON-SITE) 
SECTION 6: POST-DEVELOPMENT CONDITIONS (ONSITE) – 100-YEAR RATIONAL 
METHOD HYDROLOGY CALCS 

SECTION 6A: BASIN 100 
SECTION 6B: BYPASS BASIN 400 

 SECTION 6C: BASIN 200 
SECTION 6D: BASIN 500 

 SECTION 6E: BASIN 300 
 SECTION 6F: POST-DEVELOPMENT CONDITIONS – HYDROLOGY MAP (ON-SITE) 
             
 
SECTION 7: OFFSITE INTERSECTIONS ANALYSIS 

SECTION 7A: OFF-SITE INTERSECTION HYDROLOGY AND HYDRAULICS CALCULATIONS 
SECTION 7B: OFF-SITE INTERSECTION HYDROLOGY MAPS 
 MAP 7-B-1:  PALA RD. @ I-15, OLD HWY 395 @ PALA RD. 
 MAP 7-B-4:  RECHE RD. @ OLD HWY 395 & CANONITA RD @ OLD HWY 395 
                                                                                                                                                                                                             

SECTION 8: HORSE RANCH CREEK 100-YEAR NRCS HYDROLOGIC METHOD 
  
 SECTION 8A:  HEC HMS ANALYSIS FOR PRE AND POST-DEVELOPMENT CONDITIONS 

SECTION 8B: PRE-DEVELOPMENT CONDITIONS HORSE RANCH CREEK HEC HMS 
HYDROLOGY/DEVELOPMENT TYPE MAP 
SECTION 8C: POST-DEVELOPMENT CONDITIONS HORSE RANCH CREEK HEC HMS  
HYDROLOGY/DEVELOPMENT TYPE MAP 
SECTION 8D: CURVE NUMBER (CN) CALCULATION 

SECTION 9: 100-YEAR HYDRAULIC ANALYSIS 
 SECTION 9A: HORSE RANCH CREEK HEC-RAS CALCS - PRE-DEVELOPMENT CONDITIONS 

CALCULATIONS AND CROSS-SECTIONS  
  100-YEAR FLOODPLAIN LIMITS EXHIBIT 
 SECTION 9B: HORSE RANCH CREEK HEC-RAS CALCS - POST-DEVELOPMENT CONDITIONS 

CALCULATIONS AND CROSS-SECTIONS  
  100-YEAR FLOODPLAIN LIMITS EXHIBIT 

SECTION 9C:  HORSE RANCH CREEK HEC-RAS CALCS - POST-DEVELOPMENT CAPACITY 
CALCULATIONS AND CROSS-SECTIONS  

  100-YEAR FLOODPLAIN LIMITS EXHIBIT 
 SECTION 9D: EXISTING CULVERT/BRIDGE HYDRAULIC CALCS 
  PRESSURE FLOW HYDRAULICS FOR EX. 8’X5’ CULVERT 

HYDRAULIC CALCS FOR EXISTING BRIDGES UNDERCROSSING 
 SECTION 9E: HEC-RAS ROUGHNESS COEFFICIENT ANALYSIS 
   

 
SECTION 10:  DETENTION BASIN ANALYSIS 



 4

 SECTION 10A: DETENTION BASIN ROUTING CALCS 
SECTION 10B: DETENTION BASIN OUTLET HYDRAULIC CALCS 

 
SECTION 11: SUMMARY 
 SECTION 11A: PRE AND POST DEVELOPMENT PROJECT DISCHARGE POINT SUMMARY EXHIBITS 
 
SECTION 12: APPENDIX 

HYDROLOGIC SOILS GROUP MAP 
100-YEAR, 6-HOUR & 24-HOUR RAINFALL ISOPLUVIAL MAPS 
RUNOFF COEFFICIENTS FOR URBAN AREAS TABLE 
LAND USE SITE PLAN AND RUNOFF COEFFICIENTS EXHIBIT 
LAND USE SUMMARY & C VALUE CHART(ON-SITE) 
LAND USE & CURVE NUMBER WORKSHEETS FOR RUNOFF CURVE NUMBER CALCULATIONS 
CHANNEL MANNINGS ROUGHNESS COEFFICIENTS CHART 
EXISTING CANTRANS CHANNEL AS BUILT PLANS 
FHWA MEMORANDUM – Highway Embankments versus Levee and other Flood Control Structures 
 



 5

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SECTION 1: 
VICINITY MAP



 6



 7

SECTION 2:  
INTRODUCTION 

 
The project is located on the northerly side of Pala Road (SR-76), between Interstate 15 and Rice Canyon Road.  
The project consists of approximately  416.1 acres of mixed-use development including  113.8 acres of single 
family dwelling units, 45.4 acres of multi-family dwelling units, 11.5 acres of professional office development, 
8.1 acres of town center, 215.4 acres of parks and open space, 0.2 acres of pump station area as well as  21.7 
acres of major circulation roads. 
 
The project site is located at the downstream end of an approximately 7,500 acre upstream drainage basin.  An 
existing Caltrans channel conveys runoff from this upstream basin southerly along a portion of the westerly 
boundary of this project.  The runoff from this upstream basin creates the Horse Ranch Creek and floodplain 
which eventually confluences with the San Luis Rey River.  (Please see Horse Ranch Creek Upstream 
Hydrology/Development Type Maps for the Pre and Post-Development Conditions in Section 8). The existing 
Horse Ranch Creek floodway and floodplain have neither been previously mapped by the County nor by FEMA 
and, furthermore, they are not shown on any floodplain maps approved by the Board of Supervisors.  As such, 
the Horse Ranch Creek floodway and floodplain do not meet the Resource Protection Ordinance’s definition of 
floodway or floodplain and a RPO analysis is not included with this report. 
 
Under the pre-development conditions (see Campus Park Upstream - Hydrology Map in Section 4 and Pre-
Development Conditions - Hydrology Map in Section 5), 287.6 acres of natural terrain in the northerly portion 
of the watershed (Basin 100) drains westerly through an existing 5’x8’ box culvert crossing under existing 
Pankey Road (north).  Under existing conditions, this existing box culvert flows under pressure during the 100-
year storm.  Past this box culvert, the existing runoff temporarily leaves our project boundary and flows into an 
existing, manufactured, earthen, trapezoidal drainage channel (i.e. Horse Ranch Creek) westerly of our project 
boundary.  This channel was constructed by Caltrans as part of the Interstate 15 construction. The runoff from 
existing Basin 100 then confluences with the upstream Horse Ranch Creek watershed (Basins A & B) of 5,850 
acres.  The majority of the Horse Ranch Creek upstream basin is undeveloped and/or low density residential (see 
the Horse Ranch Creek Upstream Hydrology Map in Section 8C).  Horse Ranch Creek then conveys the runoff 
southerly approximately 3,600 feet, opens up from the manufactured channel into a wide, shallow, open area 
and discharges onto natural terrain, within future biological open space Lot V (depicted as OS-2 on the Land 
Use Site Plan included in Section 12) on the southern half of the site. 
 
The southerly portion of the watershed (Basin 200 thru 700) drain southwesterly into the Horse Ranch Creek 
floodplain and the above mentioned natural terrain (future Lot V) and confluences with the runoff within Horse 
Ranch Creek (Basin 100 and the upstream Horse Ranch Creek watershed).  The runoff then flows southerly in 
the wide, shallow, open area of Horse Ranch Creek and then, necks down through an existing bridge crossing 
near the northerly terminus of existing Pankey Road (south) into a more well defined drainage channel of Horse 
Ranch Creek and then, crosses SR-76 (Pala Road) through another existing bridge crossing.  Horse Ranch Creek 
then flows southwesterly approximately 2,000 feet until it confluences with San Luis Rey River.  At this point, 
the Horse Ranch Creek watershed is about 11.6 sq. mi. 
 
Under the post-development conditions, the project site is divided into 5 basins – Basins 100 thru 500 (see Post-
Development Conditions - Hydrology Map in Section 6).  The runoff from the northerly tip of the site creates 
Basin 100. The runoff from the upstream open space areas are collected in a series of brow ditches which is then 
conveyed through Basin 100 via an underground storm drain system into the existing creek on the west side of 
Basin 100 that eventually leads to the existing Pankey Road (north) box culvert.  A separate underground storm 
drain system collects and conveys the runoff from the improved portions of this basin to the downstream end of 
Basin 100.  The first flush runoff is diverted from the large storm flows with a low flow pipe exiting the most 
downstream curb inlet (at Node 140) into a engineered grass-lined swale within HOA Lot CC located at the 
southwesterly corner of Frigatebird Road and Jaeger Street before being outlet onto the undisturbed terrain 
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along the westerly project boundary.   After confluence with the runoff in the existing creek on the west side of 
Basin 100, the basin runoff then enters an existing box culvert under existing Pankey Road (north), exits the 
project boundary and outlets into the existing drainage channel (Horse Ranch Creek) along the westerly project 
boundary (at Node 174).  At this point, the discharge confluences with the upstream Horse Ranch Creek 
watershed of 9.1 sq. mi. and then, flows southerly in the Caltrans channel adjacent to I-15. 
 
A portion of the upstream natural watershed in the northeasterly portion of the site (Bypass Basin 400) drains 
westerly, in natural swales, to the northerly tip of the project site (at Node 402).  The discharge is then collected 
into an underground storm drain system that flows through the proposed development, without comingling with 
the on-site runoff (for water quality considerations), until it confluences with the combined runoff from Basin 
100 and the upstream Horse Ranch Creek watershed in the existing drainage channel (Horse Ranch Creek) along 
the westerly project boundary (at Node 407).  This bypass storm drain system also temporarily diverts some of 
the runoff around the existing box culvert on Pankey Road (north) thereby, reducing the runoff enough through 
this box culvert so that the existing box culvert adequately handles the 100-year post-development flows without 
inundating existing Pankey Road. 
 
The largest amount of on-site runoff comes from the middle portion of the site to create Basin 200.  The runoff 
from the upstream open space areas are collected in a series of brow ditches which is then conveyed through an 
underground storm drain system that also collects and conveys the runoff from the improved portions of this 
basin.  This underground system conveys the runoff from the entire project development (southerly of Basins 
100 and 400) southerly within Horse Ranch Creek Road.  This runoff (and the runoff from a portion of Basin 
300) then discharges into a proposed detention basin located on the westerly side of Horse Ranch Creek Road, 
just south of the proposed multi-family pad, MF-1.  The runoff from MF-1 also discharges directly into this 
detention basin.  The volume detained by the detention basin will mitigate for any increase in runoff due to the 
proposed development.  After the increase in peak volumes are detained in the detention basin, the runoff flows 
southerly through the southern end of the site through existing Pankey Road (south) bridge crossing and existing 
SR76 bridge crossing further downstream. 
 
The runoff from the southerly portion of the site creates Basins 300 and 500.  The runoff leaving the detention 
basin (from Basin 200 and a portion of Basin 300), the runoff from Basins 100 & 400, the runoff from the 
upstream Horse Ranch Creek watershed plus the runoff from the northerly areas of Basin 300 then flow 
southerly within the wide, shallow, open area of Horse Ranch Creek, collecting additional runoff from other 
areas in Basin 300 and Basin 500, until Horse Ranch Creek necks down through an existing bridge crossing near 
the northerly terminus of existing Pankey Road (south) into a more well defined drainage channel of Horse 
Ranch Creek, crosses SR-76 (Pala Road) through another existing bridge crossing, and, then, exists the project 
site (at Node 348).  With the proposed detention basin, the post-developed peak runoff leaving the subdivision 
boundary will be less than or equal to the pre-development volumes.  Horse Ranch Creek then flows 
southwesterly approximately 2,000 feet until it confluences with the San Luis Rey River. 
 
This project also requires the widening of several offsite intersections for additional turning lanes (at Old Hwy 
395 & Stewart Cyn Rd, at Old Hwy 395 & Reche Rd, at Stewart Cyn Rd & Pankey Rd (north), at Old Hwy 395 
& Pala Mesa Dr, at Old Hwy 395 & SR-76, at SR-76 & Pankey Rd (south), at SR-76 & Horse Ranch Creek Rd, 
and at southbound & northbound on-ramps at SR-76 & I-15.  See below for a more detailed discussion of the 
proposed impacts to the drainage facilities at each of these off-site intersections. 
 
The purpose of this report is to determine preliminary post-development peak runoff rate and volume (for the 
100-year storm) to and from the site and compare them to the pre-development levels for the evaluation of the 
project’s impacts to surrounding properties with regard to drainage concentrations, diversions, flooding, erosion 
and siltation. The effects of building within the limits of the Horse Ranch Creek floodplain will be analyzed to 
determine if there are any negative flood-related impacts to the Horse Ranch Creek floodplain due to this 
construction.  A HEC-RAS analysis of the Horse Ranch Creek floodplain will be prepared to demonstrate that 
this construction can be accomplished without detrimental effects to the flood carrying capacity of Horse Ranch 
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Creek or to the surrounding properties and that the proposed pad elevations at the lower reaches of the 
floodplain are high enough that the building pads will not be inundated by 100-year flood waters (see Section 9).  
A HEC-RAS analysis will be run for the pre-development, post-development (i.e. after the construction of TM 
5338) and build-out (i.e. after the construction of TM 5338 and the surrounding developments along Horse 
Ranch Creek: TM 5354, TM 5424 and Palomar College) conditions to compare the impacts to the Horse Ranch 
Creek floodplain.  Additionally, the 100-year flood will be routed through the proposed detention basin (within 
proposed Lot U) to evaluate the flood mitigating effects the detention basin has in the post-developed condition 
(see Sections 8). 
 
For this report, it was assumed that any development upstream from this project would have to detain, treat and 
release the post-development 100-year storm waters such that the quantity, quality and discharge rate & time 
and location would substantially resemble the pre-development conditions.  It is expected that the proposed 
surrounding developments (TM 5354, TM 5424 and Palomar College) will adhere to the regulation set forth by 
the San Diego County Drainage Design Manual Section 6.2.1, “ ..a detention basin may be required to reduce 
peak flows to the capacity of the existing downstream facility.”  The County of San Diego has further stipulated 
that no increase in runoff is allowed to be discharged from a proposed development and that detention facilities 
are required for any development to regulate the discharge rate to that under the pre-development conditions.  
Thus, it is anticipated that the surrounding developments (TM 5354 & TM 5424) will design their own onsite 
detention facilities to mitigate for any increases in their post-development flows such that no adverse affect will 
occur to downstream drainage facilities, particularly, the existing bridge crossings under Pankey road (south) 
and SR-76. 
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OFF-SITE INTERSECTIONS 
 

As part of this project, several off-site intersections will be improved with additional pavement and improved 
lane delineation to mitigate the potential impact in traffic volume and flow as a result of the proposed 
development. 
 
Old Hwy 395 at Stewart Canyon Road (& Canonita Drive): 
 
The proposed improvements consists of the widening and re-striping to accommodate additional lanes on 
Canonita Drive and Stewart Canyon Road, westerly and easterly of Old Hwy 395, respectively.  Also, Old Hwy 
395 must be widened on the easterly side to accommodate additional lanes.  A new AC berm is proposed along 
the easterly side of Old Hwy 395.  A traffic signal is also proposed for this intersection. 
  
The existing runoff on Old Hwy 395 flows southerly, outletting several times in existing AC spillways, until it 
reaches the intersection of Stewart Cyn Rd/Canonita Dr.  The runoff then splits – the easterly runoff drains 
down Stewart Cyn Rd and the westerly runoff flows down Canonita Dr.  The easterly runoff down Stewart Cyn 
Rd continues easterly until it reaches two existing curb inlets immediately before the intersection with Pankey 
Rd (north).  The westerly runoff flows about 100’ westerly to a low point in Canonita Dr .  The runoff on at the 
northerly low point exists the street via an existing AC spillway.   The runoff then crosses Canonita Dr in an 
existing culvert which outlets to an existing 5’ wide concrete channel that flows southerly along the westerly 
side of Old Hwy 395.  The runoff at the southerly low point enters an existing curb inlet which then drains 
connects to the existing culvert under Canonita Dr and, then into the existing 5’ concrete channel . 
 
Even though the existing AC spillway and curb inlet on Canonita Dr will have to be relocated to allow for the 
road widening, the existing drainage pattern of the roadway will not be altered and the additional pavement is 
located in existing hardened dirt areas, thus, appreciable additional runoff is not anticipated at this location. 
 
Old Hwy 395 & Reche Rd, Stewart Cyn Rd & Pankey Rd (north): 
  
The only improvements proposed at these intersections is re-striping at Stewart Cyn Rd & Pankey Rd (north) 
and re-striping & traffic signal installation at Old Hwy 395 & Reche Rd.  Therefore, the existing drainage 
pattern and/or facilities will not be altered in anyway and the proposed improvements to these intersections will 
have no impact to the existing drainage. 
 
Old Hwy 395 at Pala Mesa Drive: 
 
The improvements consist of the widening of Pala Mesa Drive (westerly of Old Hwy 395), the widening of Old 
Hwy 395 (northerly & southerly of Pala Mesa Drive), the installation of a traffic signal and the re-striping of this 
intersection to add additional turning lanes.   
 
A high point exists on Old Hwy 395, approximately 1,700’ south of Pala Mesa Drive, and low points exists on 
Old Hwy 395 north of Pala Mesa Drive (approximately 520’ on the east side of Old Hwy 395 and 620’ on the 
west side).  The runoff from both sides of Pala Mesa Drive flows towards the intersection with Old Hwy 395, 
where it confluences with the runoff from Old Hwy 395 and continues northerly along both sides of Old Hwy 
395.  The runoff from the westerly side of Old Hwy 395 flows northerly along the existing berm, crossing Pala 
Mesa Drive and discharges into an existing AC spillway which then flows into an existing drainage ditch along 
the westerly side of Old Hwy 395 (north of Pala Mesa Drive).  The runoff on the west side of Old Hwy 395, 
north of this AC spillway, continues northerly on Old Hwy 395 until it reaches the above referenced low point 
and exists the street in an existing AC spillway.  The runoff from the east side of Old Hwy 395 sheet flows off 
the edge of pavement into a earthen swale along the existing edge of pavement and flows northerly to an 
existing drain inlet at the above referenced easterly low point on Old Hwy 395.  The easterly runoff then crosses 
Old Hwy 395 in an existing 17” CMP culvert that outlets into the existing drainage ditch on the westerly side of 
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Old Hwy 395.  The combined runoff then flows westerly in an existing wide earthen ditch.   
 
Due to the road widening, the existing AC spillway at the low point on the west side of Old Hwy 395 will need 
to be reconstructed.  The new AC spillway will outlet at the some location as the existing spillway.  A new AC 
spillway will also be required on the easterly low point on Old Hwy 395 due to the new berm proposed along 
the easterly edge of pavement.  This spillway will direct the street runoff to the existing drain inlet & CMP 
culvert.  A curb inlet is proposed on Old Hwy 395 at the southeasterly curb return with Pala Mesa Drive.  This 
curb inlet will pick up the runoff from the east side of Old Hwy 395 before it crosses Pala Mesa Drive.  This 
curb inlet will outlet to the existing drainage ditch along the west side of Old Hwy 395 via a proposed storm 
drain culvert.  Also, due to the road widening on Old Hwy 395, a fill slope will be required on the west side of 
Old Hwy 395, north of Pala Mesa Dr.  In order to keep the fill slope out of the existing drainage ditch, along the 
westerly side of Old Hwy 395, a retaining wall is proposed at the toe of this fill slope. 
 
Due to the fact that the widening in this area is relatively minimal, and due to the fact that the widening occurs is 
very hard compacted dirt areas, the additional amount of runoff generated by this construction should be 
minimal.  Any proposed drainage facilities and any undersized existing facilities will have to be sized 
adequately to handle the proposed runoff volumes in this area. 
 
Old Hwy 395 & SR-76: 
 
The improvements proposed at this intersection include road widening of the west side of Old Hwy 395, north 
and south of SR-76, and the re-striping of this intersection to accommodate additional traffic lanes.  There is 
plenty of flat area for the widening south of SR-76, however, the widening on the north side of SR-76 will 
require the construction of a large retaining wall with a brow ditch at the top of the wall to pick up the runoff 
from the large existing slope behind this wall. 
 
Old Hwy 395 drains southerly to the intersection of SR-76 and gets picked up in two existing drain inlets on 
both side of Old Hwy 395.  Runoff from SR-76 flows westerly to the intersection of Old Hwy 395 and also gets 
picked up in two existing drain inlets on both sides of SR-76.  Runoff that falls in the intersection continues to 
flow southerly on Old Hwy 395 or westerly on SR-76.  The improvements to these two legs of the intersection 
will not impact the existing drainage pattern or facilities. 
 
The widening of the west side of Old Hwy 395 (north of SR-76) will cause the relocation of the existing drain 
inlet to the new AC berm line.  The brow ditch behind the proposed retaining wall will be picked up in a catch 
basin and will connect to the back of the relocated drain inlet.  Any increase in runoff due to the proposed 
improvements to this intersection should be minimal since the additional imperious area is minimal and the 
widening occurs in areas already more or less impervious (i.e. hard compacted dirt adjacent to the existing 
pavement).  Any proposed drainage facilities and any undersized existing facilities will have to be sized 
adequately to handle the proposed runoff volumes in this area. 
 
SR-76 & Pankey Rd (south): 
 
The proposed improvements at this intersection include the road widening of Pankey Rd (south) & Pala Mesa 
Drive, south and north of the intersection with SR-76, respectively, the re-striping of this intersection and the 
installation of a traffic signal. 
 
Runoff from both Pankey Rd (south) and Pala Mesa Dr (north) flow away from SR-76.  Runoff from SR-76 
flows westerly through this intersection.  However the runoff in SR-76 exits the street prior to this intersection 
in AC spillways proposed with the SR-76 realignment/widening construction currently underway by Granite 
Construction. 
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Since improvements to this intersection have been designed per current Caltrans standards with the proposed 
realignment/widening of SR-76 and since runoff from these intersecting streets flows away from this 
intersection, the proposed improvements with this project should have minimal impact to the drainage in this 
area.  
 
SR-76 & Horse Ranch Creek Rd: 
 
Horse Ranch Creek Rd will be new road construction and any proposed drainage facilities will be designed and 
constructed per County/Caltrans standards.  With this new road connection there is a right-turn lane proposed on 
SR-76 that would require the widening of the north side of SR-76, easterly of this intersection.  This widening 
will require the relocation/extension of drainage facilities proposed with the SR-76 re-alignment/widening 
project currently under construction.  Even with the relocation/extension of these drainage facilities there should 
be no impact to the drainage pattern or capacity of these improvements since the amount of additional 
impervious area, and the corresponding runoff, should be minimal. 
 
Southbound & Northbound on-ramps at SR-76 & I-15: 
 
The improvements at this location are primarily for new construction.  However, the construction of the two 
new proposed on-ramps requires the construction of two culverts under the southbound ramp to allow existing 
runoff to cross the road and the construction of a drain inlet (and outlet pipe) on the northbound ramp to pick up 
runoff from the ramp before it connects to I-15. 
 
See Section 7 of this report for detailed hydrologic and hydraulic analysis of these off-site intersections.
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 SECTION 3:  METHOD OF ANALYSIS 
 
A number of methods and computer programs were utilized in the analysis of the hydrologic impact of the 
project site. 
 
The project site is located at the lower end of the Horse Ranch Creek watershed.  The Horse Ranch Creek 
primarily bypasses the proposed development on the westerly end of the site.  The Horse Ranch Creek 
watershed has approximately 7,443 acres of area, or 11.6 square miles.  Since the watershed is way over one sq. 
mi., a NRCS hydrologic analysis was necessary.  The entire watershed, under both the pre-development and 
post-development conditions, was analyzed with HECHMS souftware published by the Army Corp of 
Engineers. The lag times for the subareas with tributary areas greater than one square mile were determined 
using the Corps Lag Equation (4-17).  The watershed lengths and slopes were determined using a topographical 
map obtained from the County Department of Public Works GIS Section.  Centroid locations for the subareas 
were determined using the “MASSPROP” command for a region in AutoCAD.  Basin “n” value of 0.05 was 
determined to be most representative of the rugged topography, ground cover, and channel characteristics of the 
watershed.  HEC-HMS models were prepared to represent the existing and developed conditions in the 
watershed.  The existing condition model consisted of two subareas and one routing reach.  This configuration 
was selected to determine the hydrograph for the channel that passes through the project site.  Since Subarea C 
has its confluence with the main channel near the Pankey Road North Bridge, it was assumed that runoff from 
this area was directly tributary to the bridge.  The developed condition model was configured similarly to the 
existing condition model.  Subarea AB was modified to AB-Rev to account for the proposed improvements at 
the southerly end of the subarea.  Subarea C was changed to C-Rev to account for the separation of the Onsite 
area from the other areas within Subarea C.  The Onsite-S subarea was comprised of the area that will be 
tributary to the proposed detention basin.  As in the existing condition, Subarea C and the Onsite detention basin 
were assumed to be directly tributary to the Pankey Road North Bridge because of the close proximity of the 
confluences to the bridge.  Models were simulated using a 5 minute time step to match the period of maximum 
precipitation intensity.  Input data calculations and HEC-HMS output and data files are included with this 
submittal. 
 
The curve number (Cn) values for the watershed is calculated based the latest land use map from the County of 
San Diego that was overlaid over an NRCS soils map.   The watershed is comprised of Hydrologic Groups B, C, 
and D.  The area of each group within each subarea was determined, and then land uses were assigned.  A 
spreadsheet showing the calculations and the corresponding mapping are attached to this report in Section 9. 
 
There are several types of development both present and proposed for the watershed:  Industrial/commercial, 
low density residential, med density residential, high density residential, roadways and streets and natural areas.  
The individual land use areas are measured and tabulated based on the soil type, see Section 9 for detailed Cn 
value calculations. The areas of proposed high density residential, roadway and commercial developments are 
measure from the latest design of the proposed project.   
 
A spreadsheet was developed to prepare a nested storm, per the criteria of the hydrology manual.  Lag times 
ranged from 10 to 50 minutes, so a 5 minute period of maximum intensity was used for the hyetograph.  
Precipitation-area reduction factors were interpolated from Table 4-1 for the 11.54 square mile watershed.  The 
hyetograph was entered into HEC-HMS as a precipitation time series. 
 
The HECHMS analysis will provide the pre-development and post-development peak flow rates at critical 
points to facilitate the design of proposed drainage systems as well as the evaluation of existing system’s 
adequacy to handle the post-development flows.   
 
The proposed detention basin is also modeled and analyzed with Pondpack with tail water conditions (due to 
Horse Ranch Creek) simulated – see Section 10 of this report.  These runoff rates were used for the HEC-RAS 
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hydraulic analysis of Horse Ranch Creek (See Section 9) and to compare the pre and post development runoff 
leaving the project. 
 
The onsite project and its immediate upstream tributary areas (to the east) form a sub-basin less than 1 square 
mile, thus the AES Rational Method program was utilized to determine the peak discharge from the discharge 
points onto and away from the developed area of the site – See Section 4 for the existing upstream (easterly) 
hydrology calculations, Section 5 for the pre-development onsite hydrology calculations and Section 6 for the 
post-development onsite hydrology calculations.  As was mentioned in the above Introduction, any development 
upstream from this project, such as TM 5354 and TM 5424 and Palomar College, would have to detain, treat and 
release the post-development 100-year storm waters such that the quantity, quality and discharge rate, time, 
location & concentration would substantially resemble the pre-development conditions.  Due to the fact that 
these upstream projects must provide on-site mitigation for changes to this watershed’s hydrologic 
characteristics, post-development runoff characteristics from these upstream areas were assumed to be the same 
as the pre-development. 
 
Finally, a HEC-RAS program, published by the Army Corp of Engineers, is utilized to analyze the hydraulic 
characteristics of the Horse Ranch Creek using the peak flow rates calculated from the HECHMS program (from 
Section 8).  The pre and post-development floodplain limits of Horse Ranch Creek is determined from the water 
surface elevations at various cross sections along the creek bed.  The runoff rates established with the HECHMS 
software were used in the HEC-RAS program to establish the pre and post-development 100-year floodplain 
limit – See Section 9 for the pre and post-development hydraulic calculations for Horse Ranch Creek.    As 
required per the San Diego County Drainage Design Manual, a capacity analysis was also conducted with the 
channel n values set at  0.15, the maximum roughness coefficient expected during the life time of the channel.  
The water surface elevation determined under the capacity analysis will be used to set the elevations of 
improvements such as roadways and pads.  Also included in Section 9 is preliminary hydraulic calculations of 
the existing  8’ x 5’ box culvert under Pankey Road (north)  and the existing bridges on Pankey Road (both 
northerly and southerly of  SR 76), as well as the existing SR76 bridge.  
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SECTION 4:  
EXISTING UNDISTURBED UPSTREAM (EASTERLY) BASINS - 100-YEAR 

RATIONAL HYDROLOGY CALCS 
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SECTION 4A:  
CAMPUS PARK UPSTREAM – RATIONAL HYDROLOGY MAP (OFF-SITE) 
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SECTION 5:   
PRE-DEVELOPMENT CONDITIONS (ONSITE) 

100-YEAR RATIONAL HYDROLOGY CALCULATIONS 
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SECTION 5A:   
PRE-DEVELOPMENT CONDITIONS 

HYDROLOGY MAP (ON-SITE) 
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SECTION 6: 
POST-DEVELOPMENT CONDITIONS (ONSITE) 

100-YEAR RATIONAL HYDROLOGY CALCS 



 28



 29

SECTION 6A:  
BASIN 100 
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SECTION 6B:  
BYPASS BASIN 400 
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SECTION 6C: 
BASIN 200 
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SECTION 6D:  
BASIN 500 
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SECTION 6E: 
BASIN 300 
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SECTION 6F: 
POST-DEVELOPMENT CONDITIONS - HYDROLOGY MAP (ON-SITE) 
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SECTION 7: 
OFF-SITE INTERSECTIONS ANALYSIS 
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SECTION 7A: 
OFF-SITE INTERSECTIONS 

RATIONAL HYDROLOGY AND HYDRAULICS CALCULATIONS 
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SECTION 7B: 
OFF-SITE INTERSECTIONS HYDROLOGY MAPS 
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SECTION 8: 
HORSE RANCH CREEK 100-YEAR NCRS HYDROLOGIC METHOD 
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 SECTION 8A:  
HEC HMS ANALYSIS FOR  

PRE AND POST-DEVELOPMENT CONDITIONS 
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SECTION 8 B:  
PRE-DEVELOPMENT CONDITIONS 
HORSE RANCH CREEK HEC HMS  

HYDROLOGY/DEVELOPMENT TYPE MAP  
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SECTION 8C:  
POST-DEVELOPMENT CONDITIONS 

HORSE RANCH CREEK HEC HMS  
HYDROLOGY/DEVELOPMENT TYPE MAP  
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SECTION 8D: 
 

Cn NUMBER CALCULATIONS
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Project Date 07/29/09

Subject

Soil Break Down(PREDEV) Soil Break Down(POST DEV.)

Subarea B C D Total
Subare
a B C D Total

A 792 3183 576 4551.0 A 834 3183 576 4592.7
B 745 312 237 1294.3 B 745 312 237 1294.6
C 873.0 570 48.0 1491.1 C 853.6 562 48.0 1463.5

Totals 2410 4065 861 7336 Totals 2433 4057 861 7351
33% 55% 12% 33% 55% 12%

Pre-Development Subareas

Basin Landuse Area (ac) CN
Area 
(ac) CN

Area 
(ac) CN

Area 
(ac) CN x A

AB Low Density Res. 236 65 68 77 212 82 516 37941
Med Density Res. 0 72 0 81 18 86 18 1548
High Density Res. 52 85 0 90 9 92 61 5276
Commercial 0 92 0 94 2 95 2 152
Passive Park 71 61 0 74 0 80 71 4355
Broadleaf Chapparal 0 63 0 75 0 81 0 0
Narrowleaf Chapparal 651 72 3052 81 536 86 4239 340180
Evegreen Orchards 364 65 301 77 10 82 675 47622
Paved Roads 172 98 74 98 26 98 272 26636

Totals 1546 3495 813 5853 463710
Composite CN = 79.2

Basin Landuse Area (ac) CN
Area 
(ac) CN

Area 
(ac) CN

Total 
Area 
(ac) CN x A

C Low Density Res. 95 65 68 77 22 82 185 13215
Med Density Res. 1 72 0 81 6 86 7 594
High Density Res. 22 85 0 90 13 92 35 3066
Commercial 2 92 14 94 0 95 16 1519
Passive Park 71 61 0 74 0 80 71 4355
Broadleaf Chapparal 0 63 0 75 0 81 0 0
Narrowleaf Chapparal 509 72 349 81 7 86 865 65519
Evegreen Orchards 89 65 111 77 0 82 200 14306
Paved Roads 83 98 28 98 0 98 111 10878

872 570 48 1490 113452
Composite CN = 76.1

Total Area for Pre-Dev: 2418 4065 861 7344

Group D

Curve Number Calculations (PZN 2.0)

Group B Group C Group D

Campus Park

Group B Group C

Total Area for Pre Dev: 2418 4065 861 7344
Post-Development Subareas 33% 55% 12%

Basin
AB

Landuse Area (ac) CN
Area 
(ac) CN

Area 
(ac) CN

Total 
Area 
(ac) CN x A

Low Density Res. 236 65 68 77 212 82 516 37960
Med Density Res. 0 72 0 81 18 86 18 1548
High Density Res. 89 85 10 90 9 92 108 9311
Commercial 0 92 0 94 16 95 16 1520
Passive Park 74 61 0 74 0 80 74 4514
Broadleaf Chapparal 0 63 0 75 0 81 0 0
Narrowleaf Chapparal 616 72 3056 81 536 86 4208 337984
Evegreen Orchards 364 65 301 77 10 82 675 47657
Paved Roads 184 98 74 98 14 98 272 26656

Totals 1563 3509 815 5887 467150
Composite CN = 79.4

Basin
C

Landuse Area (ac) CN
Area 
(ac) CN

Area 
(ac) CN

Total 
Area 
(ac) CN x A

Low Density Res. 95 65 68 77 22 82 185 13215
Med Density Res. 1 72 2 81 6 86 9 750
High Density Res. 36 85 14 90 23 92 73 6454
Commercial 2 92 0 94 0 95 2 184
Passive Park 71 61 0 74 0 80 71 4331
Broadleaf Chapparal 0 63 0 75 0 81 0 0
Narrowleaf Chapparal 352 72 300 81 7 86 659 50246
Evegreen Orchards 21 65 7 77 0 82 28 1904

Basin Paved Roads 83 98 28 98 0 98 111 10878
Onsite 661 419 58 1138 87962

Composite CN = 77.3

Landuse Area (ac) CN
Area 
(ac) CN

Area 
(ac) CN

Total 
Area 
(ac) CN x A

High Density Res. 9 85 63 90 0 92 72 6435
Commercial 10 92 10 94 0 95 20 1860
Broadleaf Chapparal 0 63 0 75 0 81 0 0
Narrowleaf Chapparal 140 72 107 81 0 86 247 18707
Evegreen Orchards 0 65 0 77 0 82 0 0
Paved Roads 5 98 17 98 0 98 22 2156

164 197 0 361 29158
Composite CN = 80.9

Total Area for Post-Dev: 2388 4125 873 7386
33% 56% 12%

Group B Group C Group D

Group B Group C Group D

Group B Group C Group D
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SECTION 9: 
100-YEAR HYDRAULIC ANALYSIS 

 
 

A HEC-RAS analysis of the Horse Ranch Creek floodplain was prepared to demonstrate that the proposed 
project can be developed without detrimental effects to the flood carrying capacity of Horse Ranch Creek or to 
the surrounding properties and that the proposed pad elevations at the lower reaches of the floodplain are high 
enough that the building pads will not be inundated by flood waters.  The HEC-RAS analysis calculated the 
floodplain limits of the Horse Ranch Creek (at critical locations) from the existing Pankey Road bridge 
southerly of SR-76 to the northerly limits of Horse Ranch Creek within the project boundary (in the pre-
development, post-development and capacity conditions). The flow velocities and water surface elevations are 
listed in the following pages.  As mentioned above, it was assumed the surrounding developments would reduce 
their post-development runoff volumes to pre-development levels.  For the post-development condition, it was 
assumed only TM 5338 was built.  Following the calculations are the pre-development, post-development and 
capacity floodplain limit exhibits. 
 
The runoff volumes used in the HEC-RAS program, for the pre and post-development 100-year flows, were 
taken from Section 8 - Horse Ranch Creek 100-year NRCS Hydrologic Method. 
 
At the end of this section, the capacity of the existing 5’x8’ box culvert under Pankey Road (north) during post-
development conditions to verify that the proposed project does not adversely impact this culvert crossing under 
outlet control conditions. 
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SECTION 9A: 
HORSE RANCH CREEK HEC-RAS CALCS 

PRE-DEVELOPMENT CONDITIONS 
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SECTION 9B: 
HORSE RANCH CREEK HEC-RAS CALCS 

POST-DEVELOPMENT CONDITIONS 
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SECTION 9C: 
HORSE RANCH CREEK HEC-RAS CALCS 

CAPACITY CONDITIONS 
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SECTION 9D: 
EXISTING CULVERT/BRIDGE HYDRAULIC CALCS 

 
 

The existing 5’x8’ culvert’s flow line elevations as well as the internal bridge cross sections of the 
Pankey Road (north and south) are obtain from recent field survey shots on the NGVD 29 vertical 
datum.  Also, as-built plans were obtained from Caltrans for reference as well.
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Plan: 614capacity    HRC    1  RS: 3476       Profile: PF 1
 E.G. US. (ft) 273.21  Element Inside BR US Inside BR DS
 W.S. US. (ft) 272.50  E.G. Elev (ft) 273.13 272.88 
 Q Total (cfs) 8800.00  W.S. Elev (ft) 272.21 271.66 
 Q Bridge (cfs) 8800.00  Crit W.S. (ft) 267.25 266.11 
 Q Weir (cfs)   Max Chl Dpth (ft) 16.81 16.36 
 Weir Sta Lft (ft)   Vel Total (ft/s) 7.42 7.60 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 1186.32 1157.36 
 Weir Submerg    Froude # Chl  0.32 0.33 
 Weir Max Depth (ft)   Specif Force (cu ft) 9511.39 9539.94 
 Min El Weir Flow (ft) 273.41  Hydr Depth (ft) 11.86 11.20 
 Min El Prs (ft) 273.50  W.P. Total (ft) 192.37 185.15 
 Delta EG (ft) 0.71  Conv. Total (cfs) 201387.1 119079.7 
 Delta WS (ft) 0.94  Top Width (ft) 100.01 103.35 
 BR Open Area (sq ft) 1313.45  Frctn Loss (ft) 0.15 0.25 
 BR Open Vel (ft/s) 7.60  C & E Loss (ft) 0.09 0.14 
 Coef of Q    Shear Total (lb/sq ft) 0.74 2.13 
 Br Sel Method  Energy only  Power Total (lb/ft s) 5.45 16.20 

  
Plan: 614capacity    HRC    1  RS: 2525       Profile: PF 1
 E.G. US. (ft) 266.80  Element Inside BR US Inside BR DS
 W.S. US. (ft) 265.91  E.G. Elev (ft) 266.68 266.08 
 Q Total (cfs) 8800.00  W.S. Elev (ft) 265.70 265.16 
 Q Bridge (cfs) 8800.00  Crit W.S. (ft) 260.98 260.22 
 Q Weir (cfs)   Max Chl Dpth (ft) 14.30 15.86 
 Weir Sta Lft (ft)   Vel Total (ft/s) 7.97 7.11 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 1103.82 1238.53 
 Weir Submerg    Froude # Chl  0.46 0.31 
 Weir Max Depth (ft)   Specif Force (cu ft) 8489.47 8804.53 
 Min El Weir Flow (ft) 266.01  Hydr Depth (ft) 9.34 8.53 
 Min El Prs (ft) 267.00  W.P. Total (ft) 166.84 268.02 
 Delta EG (ft) 1.24  Conv. Total (cfs) 96340.7 109723.4 
 Delta WS (ft) 0.60  Top Width (ft) 118.22 145.14 
 BR Open Area (sq ft) 1252.04  Frctn Loss (ft) 0.57 0.19 
 BR Open Vel (ft/s) 7.97  C & E Loss (ft) 0.04 0.33 
 Coef of Q    Shear Total (lb/sq ft) 3.45 1.86 
 Br Sel Method  Energy only  Power Total (lb/ft s) 27.47 13.18 

  
Plan: 614capacity    HRC    1  RS: 1624       Profile: PF 1
 E.G. US. (ft) 260.66  Element Inside BR US Inside BR DS
 W.S. US. (ft) 259.46  E.G. Elev (ft) 260.34 259.43 
 Q Total (cfs) 8800.00  W.S. Elev (ft) 258.66 258.49 
 Q Bridge (cfs) 8800.00  Crit W.S. (ft) 255.51 254.25 
 Q Weir (cfs)   Max Chl Dpth (ft) 12.66 12.49 
 Weir Sta Lft (ft)   Vel Total (ft/s) 10.38 7.71 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 847.40 1142.03 
 Weir Submerg    Froude # Chl  0.51 0.38 
 Weir Max Depth (ft)   Specif Force (cu ft) 7506.73 8154.92 
 Min El Weir Flow (ft) 264.01  Hydr Depth (ft) 9.98 9.75 
 Min El Prs (ft) 263.20  W.P. Total (ft) 160.34 208.01 
 Delta EG (ft) 1.43  Conv. Total (cfs) 63675.0 89432.6 
 Delta WS (ft) 1.10  Top Width (ft) 84.89 117.16 
 BR Open Area (sq ft) 1245.23  Frctn Loss (ft) 0.54 0.17 
 BR Open Vel (ft/s) 10.38  C & E Loss (ft) 0.37 0.03 



Plan: 614capacity    HRC    1  RS: 1624       Profile: PF 1 (Continued)
 Coef of Q    Shear Total (lb/sq ft) 6.30 3.32 
 Br Sel Method  Energy only  Power Total (lb/ft s) 65.44 25.57 
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SECTION 9E: 
HEC-RAS ROUGHNESS COEFFICIENT ANALYSIS  

 
HECRAS ANALYSIS ROUGHNESS COEFFICIENT (n) 
 
The roughness coefficient of the Horse Ranch Creek has significant effect on the efficiency and 
capacity of the creek to convey the peak discharge.  Based on field observations and the current aerial 
photo available from the County of San Diego, the roughness coefficient distribution along Horse 
Ranch Creek in accordance to San Diego County Drainage Design Manual, Tables A-4 and A-5, is as 
follows: 
 
Manning's n Values 
River Station   Frctn (n) LB CHNL RB CHANNEL DESCRIPTION 
119+75  n 0.035 0.035 0.035 Grass-lined (well maintained) 
114+39  n 0.035 0.035 0.035 Grass-lined (well maintained) 
111+29  n 0.035 0.035 0.035 Grass-lined (well maintained) 
102+84  n 0.035 0.035 0.035 Grass-lined (well maintained) 
98+55  n 0.045 0.045 0.045 Grass-lined (not maintained) 
94+31  n 0.05 0.045 0.045 Grass-lined (not maintained), scattered brush on LB 
89+07  n 0.05 0.045 0.045 Grass-lined (not maintained), scattered brush on LB 
85+26 n 0.06 0.045 0.05 Grass-lined (not maintained), Light brush and trees on  LB, scattered               

brush on RB 
81+91  n 0.06 0.06 0.06 Light brush and trees 
72+33  n 0.06 0.06 0.06 Light brush and trees 
66+07  n 0.06 0.06 0.06 Light brush and trees 
62+41  n 0.06 0.06 0.06 Light brush and trees 
58+46  n 0.06 0.06 0.06 Light brush and trees 
51+34  n 0.06 0.06 0.06 Light brush and trees 
45+83  n 0.06 0.06 0.06 Light brush and trees 
40+59  n 0.06 0.06 0.06 Light brush and trees 
37+50  n 0.06 0.06 0.06 Light brush and trees 
36+46  n 0.06 0.06 0.06 Light brush and trees 
35+10  n 0.06 0.06 0.06 Light brush and trees 
34+76 Bridge     
34+47  n 0.06 0.06 0.06 Light brush and trees 
30+50  n 0.06 0.06 0.06 Light brush and trees 
28+46  n 0.06 0.06 0.06 Light brush and trees 
25+95  n 0.06 0.06 0.06 Light brush and trees 
25+25 Bridge     
24+41  n 0.06 0.06 0.06 Light brush and trees 
22+25  n 0.06 0.06 0.06 Light brush and trees 
19+89  n 0.06 0.06 0.06 Light brush and trees 
16+65  n 0.06 0.06 0.06 Light brush and trees 
16+24 Bridge     
15+80  n 0.06 0.06 0.06 Light brush and trees 
13+74  n 0.06 0.06 0.06 Light brush and trees 
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HECRAS ANALYSIS ROUGHNESS COEFFICIENT (n) CAPACITY CONDITIONS 
 
The roughness coefficient within the channel is increased to 0.15 as expected during the life time of the 
channel, the bank 
 
Manning's n Values 
River Station   Frctn (n) LB CHNL RB CHANNEL DESCRIPTION 
119+75  n 0.035 0.035 0.035 Grass-lined (well maintained) 
114+39  n 0.035 0.035 0.035 Grass-lined (well maintained) 
111+29  n 0.035 0.035 0.035 Grass-lined (well maintained) 
102+84  n 0.035 0.035 0.035 Grass-lined (well maintained) 
98+55  n 0.045 0.045 0.045 Grass-lined (not maintained) 
94+31  n 0.05 0.045 0.045 Grass-lined (not maintained), scattered brush on LB 
89+07  n 0.05 0.045 0.045 Grass-lined (not maintained), scattered brush on LB 
85+26 n 0.06 0.045 0.05 Grass-lined (not maintained), Light brush and trees on  LB, scattered               

brush on RB 
81+91  n 0.06 0.06 0.06 Light brush and trees  
72+33  n 0.06 0.06 0.06 Light brush and trees 
66+07  n 0.06 0.06 0.06 Light brush and trees 
62+41  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
58+46  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
51+34  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
45+83  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
40+59  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
37+50  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
36+46  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
35+10  n 0.06 0.06 0.06 Light brush and trees* 
34+76 Bridge     
34+47  n 0.06 0.06 0.06 Light brush and trees* 
30+50  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
28+46  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
25+95  n 0.06 0.06 0.06 Light brush and trees* 
25+25 Bridge     
24+41  n 0.06 0.06 0.06 Light brush and trees* 
22+25  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
19+89  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
16+65  n 0.06 0.06 0.06 Light brush and trees* 
16+24 Bridge     
15+80  n 0.06 0.06 0.06 Light brush and trees* 
13+74  n 0.06 0.15 0.06 Light brush and trees on banks and dense trees within channel 
*  The channel immediately up and downstream of the bridges will be maintained such that no 
excessive overgrowth will block the entrance and exit of the bridges.
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SECTION 10: 
DETENTION BASIN ANALYSIS 

 
HEC-HMS was used to model the entire watershed for both the pre-development and post-
development conditions.   
 
Under the post-development conditions, a detention basin is proposed to mitigate the anticipated 
increase in runoff as a result of the proposed development.  The detention basin was modeled in the 
post-development scenario using HEC-HMS as part of the entire watershed.  Then Pondpack‘s Pond 
Routing analysis was performed in the post-development detention basin simulation.   
 
Pond Routing is a mathematical procedure that models a detention pond (basin)’s response to a given 
storm event.  The pond volume was simulated by entering the design depth versus volume.  By routing 
the On-Site Area in the post-development scenario hydrograph through the proposed basin, the water 
surface elevation, outflow and storage values can be determined.  The inflow hydrograph was 
developed based on the Rational Method analysis results (see Section 6E) using RatHydro software 
published by Rich Engineering Company and distributed by the County of San Diego.  The hydrograph 
is imported into Pondpack model and routed through the modeled detention basin. 
 
The detention basin outlet outfall water surface elevation is determined using Pondpack’s Pond Route 
tail water analysis based on the downstream channel water surface elevation obtained from HEC-RAS 
analysis in Section 9, the downstream section is Section 45+83, the 100-year water surface elevation is 
273.19.   
 
As presented in Section 8 of this report, the post-development peak flow reaching the existing Pankey 
Road Bridge (north) is less than that under the pre-development conditions.  The proposed 
development will increase the impervious areas and storm conveyance systems that are more efficient 
such that the time of concentration is less under the post-development conditions.  Due to the length of 
the entire watershed and the fact that the project site is located at the lower end of the watershed, a 
reduced time of concentration would allow the on-site peak discharge to leave the site sooner than the 
pre-development conditions, thus, the overall peak flow at the existing bridge decreases slightly under 
the post-development conditions.   
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SECTION 10A 
DETENTION BASIN ROUTING CALCS
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   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... Watershed

   Type.... Master Network Summary                                Page 1.01

                         MASTER DESIGN STORM SUMMARY

Hydrograph Queue Only Network

                            MASTER NETWORK SUMMARY
                          SCS Unit Hydrograph Method
              Hydrograph File Import Option Used For 1 node(s)

                      (*Node=Outfall; +Node=Diversion;)
         (Trun= HYG Truncation: Blank=None; L=Left; R=Rt; LR=Left&Rt)

                                                                                     Max
                        Return    HYG Vol          Qpeak      Qpeak    Max WSEL  Pond Storage
  Node ID          Type Event      ac-ft   Trun     hrs        cfs        ft        ac-ft
 ----------------- ---- ------  ----------  --   ---------   --------  --------  ------------
  DET. POND    IN  POND    100     57.827   R      4.2750     830.29

  DET. POND    OUT POND    100     47.462   L      4.2750     829.46     275.24       12.005
  DET. POND    OUT POND    100      -.115   L      2.5250      -4.00 (-Q)

 *OUT 10           JCT     100     47.462   L      4.2750     829.46 
 *OUT 10           JCT     100      -.001   L       .0000        .00 (-Q)

  RATHYDRO HG      HYG     100     57.832          4.2700     842.03 
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... Watershed                                         Event: 100 yr

   Type.... Executive Summary (Nodes)                             Page 2.01

                             NETWORK SUMMARY -- NODES
         (Trun.= HYG Truncation: Blank=None; L=Left; R=Rt; LR=Left & Rt)

                                   HYG Vol       Qpeak      Qpeak     Max WSEL
        Node ID           Type      ac-ft  Trun.  hrs        cfs         ft
       -----------------  ----   ---------- -- ---------   --------   ---------
        DET. POND    IN   POND      57.827  R    4.2750     830.29
        DET. POND    OUT  POND      47.462  L    4.2750     829.46      275.24
        DET. POND    OUT  POND       -.115  L    2.5250      -4.00 (-Q)
Outfall OUT 10            JCT       47.462  L    4.2750     829.46 
Outfall OUT 10            JCT        -.001  L     .0000        .00 (-Q)
        RATHYDRO HG       HYG       57.832       4.2700     842.03 
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... Watershed                                         Event: 100 yr

   Type.... Executive Summary (Links)                             Page 2.02

                            NETWORK SUMMARY -- LINKS
         (UN=Upstream Node; DL=DNstream End of Link; DN=DNstream Node)
         (Trun.= HYG Truncation: Blank=None; L=Left; R=Rt; LR=Left & Rt)

                               HYG Vol      Peak Time  Peak Q
 Link ID          Type          ac-ft  Trun.   hrs      cfs    End Points
 ---------------- ----      ----------- --- -------  --------  ----------------
 ADDLINK 10       ADD    UN      57.832      4.2700    842.03  RATHYDRO HG     
                         DL      57.832      4.2700    842.03                  
                         DN      57.827  R   4.2750    830.29  DET. POND    IN 

 ROUTE 10         PONDrt UN      57.827  R   4.2750    830.29  DET. POND    IN 
 ROUTE 10                        47.462  L   4.2750    829.46  DET. POND    OUT
 ROUTE 10         (-Q)            -.115  L   2.5250     -4.00  DET. POND    OUT
                         DL      47.462  L   4.2750    829.46                  
                  (-Q)   DL       -.001  L    .0000       .00                  
                         DN      47.462  L   4.2750    829.46  OUT 10          
                  (-Q)   DN       -.001  L    .0000       .00  OUT 10          
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... Watershed                                         Event: 100 yr

   Type.... Network Calcs Sequence                                Page 2.03

                        NETWORK RUNOFF NODE SEQUENCE

  ===========================================================================
   Runoff Data              Apply to Node             Receiving Link
  ===========================================================================
   Read HYGRATHYDRO HG      HYG Qin  RATHYDRO HG      Add Hyd  RATHYDRO HG     

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... Watershed                                         Event: 100 yr

   Type.... Network Calcs Sequence                                Page 2.04

                           NETWORK ROUTING SEQUENCE

  ===========================================================================
   Link Operation            UPstream Node             DNstream Node
  ===========================================================================
   Add Hyd ADDLINK 10        HYG Qin RATHYDRO HG       Pond    DET. POND    IN 

   POND ROUTE TOTAL OUTFLOW...
   Total Pond Outflow        Pond    DET. POND    IN   Outflow DET. POND    OUT

   SET POND ROUTING LINK TO TOTAL POND OUTFLOW...
   Outlet  ROUTE 10          Outflow DET. POND    OUT  Jct     OUT 10          
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   Storm... Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... RATHYDRO HG        Tag: 100                       Event: 100 yr

   Type.... Read HYG                                              Page 3.01

               HYG file = 
               HYG ID   = HYG 1           
               HYG Tag  = 100   
               -----------------------------------
               Peak Discharge =       842.03 cfs
               Time to Peak   =       4.2700 hrs
               HYG Volume     =       57.832 ac-ft
               -----------------------------------

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .3050 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
       .0000 |         .00       41.40       44.40       46.10       50.10
      1.5250 |       52.50       58.20       61.70       70.80       76.70
      3.0500 |       93.80      106.80      156.80      171.10      842.03
      4.5750 |      125.80       84.20       65.90       55.20       48.00
      6.1000 |       42.80         .00
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... OUT 10                                            Event: 100 yr

   Type.... Node: Addition Summary                                Page 4.01

                       SUMMARY FOR HYDROGRAPH ADDITION
                       at Node: OUT 10          

    HYG Directory: F:\06-14\hydro\pondpack\

    ==========================================================================
    Upstream Link ID  Upstream Node ID   HYG file     HYG ID           HYG tag
    --------------------------------------------------------------------------
    ROUTE 10          DET. POND    IN    work_pad.hyg  ROUTE 10        100   
    ==========================================================================

    INFLOWS TO:  OUT 10          
    ---------------------------------------- Volume     Peak Time   Peak Flow
    HYG file     HYG ID           HYG tag     ac-ft        hrs         cfs
    --------------------------------------------------------------------------
    work_pad.hyg ROUTE 10          100        47.462      4.2750      829.46

    TOTAL FLOW INTO:  OUT 10          
    ---------------------------------------- Volume     Peak Time   Peak Flow
    HYG file     HYG ID           HYG tag     ac-ft        hrs         cfs
    --------------------------------------------------------------------------
    work_pad.hyg OUT 10            100        47.462      4.2750      829.46
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... OUT 10                                            Event: 100 yr

   Type.... Node: Addition Summary                                Page 4.02

               TOTAL NODE INFLOW...
               HYG file = F:\06-14\hydro\pondpack\work_pad.hyg
               HYG ID   = OUT 10          
               HYG Tag  = 100   
               -----------------------------------
               Peak Discharge =       829.46 cfs
               Time to Peak   =       4.2750 hrs
               HYG Volume     =       47.462 ac-ft
               -----------------------------------

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      2.5250 |       -4.00        8.65       16.36       20.83       24.68
      2.6500 |       28.05       31.04       33.83       36.38       38.80
      2.7750 |       41.10       43.34       45.51       47.62       49.69
      2.9000 |       51.72       53.70       76.62       97.32       85.47
      3.0250 |       95.98       91.12       96.54       94.62       97.73
      3.1500 |       97.39       99.42       99.82      101.35      102.10
      3.2750 |      103.38      104.30      105.46      106.46      109.62
      3.4000 |      113.94      117.92      122.11      126.14      130.29
      3.5250 |      134.35      138.47      142.55      146.67      150.75
      3.6500 |      154.86      157.47      158.57      159.80      160.93
      3.7750 |      162.13      163.28      164.47      165.63      166.81
      3.9000 |      167.97      169.15      170.32      190.59      244.29
      4.0250 |      300.85      354.95      410.95      465.32      521.10
      4.1500 |      575.56      631.54      688.26      741.64      798.20
      4.2750 |      829.46      773.60      712.20      656.12      596.41
      4.4000 |      540.31      479.61      422.79      362.75      305.45
      4.5250 |      246.01      188.49      129.82      119.85      121.31
      4.6500 |      114.29      113.55      108.25      106.22      101.86
      4.7750 |       99.10       95.25       92.14       88.52       85.26
      4.9000 |       83.04       81.71       80.09       78.67       77.12
      5.0250 |       75.71       74.24       72.72       71.23       69.73
      5.1500 |       68.23       66.73       65.52       64.63       63.76
      5.2750 |       62.87       62.00       61.12       60.24       59.37
      5.4000 |       58.49       57.61       56.74       55.86       55.07
      5.5250 |       54.82       54.78       54.71       54.60       54.47
      5.6500 |       54.31       54.13       53.92       53.69       53.44
      5.7750 |       53.17       52.88       52.58       52.28       51.96
      5.9000 |       51.64       51.32       50.98       50.65       50.30
      6.0250 |       49.96       49.60       49.24       48.88       48.43
      6.1500 |       47.80       47.00       46.04       44.93       43.68
      6.2750 |       42.29       40.77       39.13       37.34       35.46
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... OUT 10                                            Event: 100 yr

   Type.... Node: Addition Summary                                Page 4.03

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      6.4000 |       33.44       31.35       29.39       27.46       25.61
      6.5250 |       23.88       22.20       20.47       18.87       17.40
      6.6500 |       16.04       14.15       12.40       10.86        9.52
      6.7750 |        8.34        7.30        6.40        5.60        4.91
      6.9000 |        4.12        3.32        2.67        2.15        1.73
      7.0250 |        1.39        1.12         .90         .73         .58
      7.1500 |         .47         .38         .30         .24         .20
      7.2750 |         .16         .13         .10         .08         .07
      7.4000 |         .05         .04         .03         .03         .02
      7.5250 |         .02         .01         .01         .01         .01
      7.6500 |         .01         .00         .00         .00         .00
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr

   Type.... Time-Elev                                             Page 5.01

                              TIME vs. ELEVATION (ft)

       Time  |                Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
       .0000 |      264.00      264.67      264.70      264.76      264.83
       .1250 |      264.92      265.04      265.18      265.33      265.51
       .2500 |      265.71      265.93      266.06      266.16      266.26
       .3750 |      266.36      266.46      266.56      266.66      266.76
       .5000 |      266.86      266.96      267.06      267.17      267.27
       .6250 |      267.38      267.48      267.59      267.69      267.80
       .7500 |      267.90      268.01      268.07      268.14      268.21
       .8750 |      268.28      268.35      268.42      268.49      268.56
      1.0000 |      268.63      268.70      268.78      268.85      268.92
      1.1250 |      269.00      269.07      269.14      269.22      269.29
      1.2500 |      269.37      269.44      269.52      269.60      269.67
      1.3750 |      269.75      269.83      269.90      269.98      270.05
      1.5000 |      270.12      270.18      270.25      270.31      270.38
      1.6250 |      270.45      270.52      270.59      270.66      270.73
      1.7500 |      270.80      270.87      270.94      271.01      271.09
      1.8750 |      271.16      271.23      271.31      271.38      271.46
      2.0000 |      271.53      271.61      271.68      271.76      271.84
      2.1250 |      271.91      271.99      272.06      272.14      272.21
      2.2500 |      272.28      272.36      272.44      272.51      272.59
      2.3750 |      272.67      272.75      272.83      272.91      272.99
      2.5000 |      273.08      273.15      273.24      273.31      273.37
      2.6250 |      273.43      273.49      273.54      273.59      273.64
      2.7500 |      273.69      273.73      273.77      273.82      273.86
      2.8750 |      273.90      273.94      273.98      274.10      274.16
      3.0000 |      274.13      274.16      274.14      274.16      274.15
      3.1250 |      274.16      274.16      274.17      274.17      274.17
      3.2500 |      274.17      274.18      274.18      274.18      274.19
      3.3750 |      274.20      274.21      274.22      274.23      274.23
      3.5000 |      274.24      274.25      274.26      274.27      274.28
      3.6250 |      274.29      274.30      274.31      274.31      274.31
      3.7500 |      274.31      274.31      274.32      274.32      274.32
      3.8750 |      274.32      274.33      274.33      274.33      274.37
      4.0000 |      274.47      274.56      274.64      274.72      274.80
      4.1250 |      274.87      274.94      275.01      275.08      275.14
      4.2500 |      275.20      275.24      275.17      275.10      275.04
      4.3750 |      274.97      274.90      274.82      274.74      274.66
      4.5000 |      274.57      274.47      274.37      274.24      274.22
      4.6250 |      274.22      274.21      274.21      274.19      274.19
      4.7500 |      274.17      274.17      274.15      274.15      274.14
      4.8750 |      274.13      274.12      274.12      274.11      274.11
      5.0000 |      274.10      274.10      274.09      274.08      274.08
      5.1250 |      274.07      274.06      274.06      274.05      274.05
      5.2500 |      274.04      274.04      274.03      274.03      274.03
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr

   Type.... Time-Elev                                             Page 5.02

                              TIME vs. ELEVATION (ft)

       Time  |                Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      5.3750 |      274.02      274.02      274.01      274.01      274.00
      5.5000 |      274.00      274.00      274.00      274.00      274.00
      5.6250 |      273.99      273.99      273.99      273.98      273.98
      5.7500 |      273.97      273.97      273.96      273.96      273.95
      5.8750 |      273.94      273.94      273.93      273.92      273.92
      6.0000 |      273.91      273.90      273.90      273.89      273.88
      6.1250 |      273.87      273.86      273.85      273.83      273.81
      6.2500 |      273.78      273.75      273.72      273.69      273.66
      6.3750 |      273.62      273.59      273.55      273.51      273.48
      6.5000 |      273.45      273.42      273.39      273.37      273.34
      6.6250 |      273.32      273.30      273.28      273.27      273.26
      6.7500 |      273.24      273.23      273.22      273.22      273.21
      6.8750 |      273.20      273.20      273.19      273.19      273.19
      7.0000 |      273.18      273.18      273.18      273.18      273.18
      7.1250 |      273.18      273.18      273.18      273.18      273.18
      7.2500 |      273.18      273.18      273.18      273.18      273.18
      7.3750 |      273.18      273.18      273.18      273.18      273.18
      7.5000 |      273.18      273.18      273.18      273.18      273.18
      7.6250 |      273.18      273.18      273.18      273.18      273.18
      7.7500 |      273.18
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr

   Type.... Time vs. Volume                                       Page 6.01

                                TIME vs. VOLUME (ac-ft)

       Time  |                  Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
       .0000 |        .000        .224        .234        .252        .276
       .1250 |        .307        .346        .391        .443        .502
       .2500 |        .568        .641        .721        .806        .892
       .3750 |        .979       1.065       1.153       1.241       1.329
       .5000 |       1.418       1.508       1.598       1.688       1.779
       .6250 |       1.871       1.962       2.054       2.147       2.239
       .7500 |       2.332       2.425       2.519       2.613       2.707
       .8750 |       2.801       2.896       2.991       3.087       3.183
      1.0000 |       3.280       3.377       3.476       3.575       3.674
      1.1250 |       3.775       3.875       3.976       4.078       4.180
      1.2500 |       4.283       4.387       4.490       4.594       4.699
      1.3750 |       4.804       4.909       5.014       5.120       5.227
      1.5000 |       5.334       5.441       5.549       5.658       5.768
      1.6250 |       5.879       5.991       6.104       6.217       6.332
      1.7500 |       6.448       6.564       6.682       6.800       6.919
      1.8750 |       7.039       7.160       7.280       7.402       7.524
      2.0000 |       7.647       7.770       7.894       8.018       8.143
      2.1250 |       8.268       8.394       8.522       8.651       8.781
      2.2500 |       8.913       9.047       9.181       9.318       9.455
      2.3750 |       9.594       9.735       9.876      10.019      10.162
      2.5000 |      10.305      10.442      10.588      10.713      10.827
      2.6250 |      10.933      11.033      11.127      11.216      11.301
      2.7500 |      11.381      11.459      11.535      11.610      11.683
      2.8750 |      11.754      11.825      11.894      11.940      11.944
      3.0000 |      11.941      11.943      11.943      11.944      11.943
      3.1250 |      11.944      11.944      11.944      11.944      11.945
      3.2500 |      11.945      11.945      11.945      11.945      11.946
      3.3750 |      11.946      11.947      11.947      11.948      11.949
      3.5000 |      11.949      11.950      11.951      11.951      11.952
      3.6250 |      11.952      11.953      11.953      11.954      11.954
      3.7500 |      11.954      11.954      11.954      11.954      11.955
      3.8750 |      11.955      11.955      11.955      11.955      11.958
      4.0000 |      11.964      11.971      11.976      11.982      11.987
      4.1250 |      11.991      11.996      12.000      12.002      12.003
      4.2500 |      12.004      12.005      12.003      12.002      12.001
      4.3750 |      11.998      11.993      11.988      11.983      11.977
      4.5000 |      11.971      11.965      11.958      11.949      11.948
      4.6250 |      11.948      11.947      11.947      11.946      11.945
      4.7500 |      11.945      11.944      11.943      11.943      11.942
      4.8750 |      11.941      11.941      11.941      11.940      11.940
      5.0000 |      11.940      11.940      11.939      11.939      11.938
      5.1250 |      11.938      11.937      11.937      11.936      11.936
      5.2500 |      11.936      11.936      11.935      11.935      11.935

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr

   Type.... Time vs. Volume                                       Page 6.02

                                TIME vs. VOLUME (ac-ft)

       Time  |                  Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      5.3750 |      11.934      11.934      11.934      11.934      11.933
      5.5000 |      11.933      11.933      11.931      11.928      11.925
      5.6250 |      11.920      11.915      11.908      11.901      11.893
      5.7500 |      11.884      11.875      11.865      11.855      11.844
      5.8750 |      11.833      11.822      11.811      11.799      11.787
      6.0000 |      11.776      11.763      11.751      11.739      11.726
      6.1250 |      11.711      11.689      11.661      11.628      11.590
      6.2500 |      11.547      11.500      11.448      11.392      11.333
      6.3750 |      11.270      11.204      11.137      11.074      11.015
      6.5000 |      10.960      10.909      10.862      10.818      10.777
      6.6250 |      10.740      10.705      10.674      10.646      10.622
      6.7500 |      10.601      10.583      10.567      10.553      10.540
      6.8750 |      10.529      10.520      10.512      10.506      10.501
      7.0000 |      10.497      10.494      10.491      10.489      10.488
      7.1250 |      10.486      10.485      10.484      10.484      10.483
      7.2500 |      10.482      10.482      10.482      10.482      10.481
      7.3750 |      10.481      10.481      10.481      10.481      10.481
      7.5000 |      10.481      10.481      10.481      10.481      10.481
      7.6250 |      10.481      10.481      10.481      10.481      10.481
      7.7500 |      10.481

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... DET. POND

   Type.... Vol: Elev-Volume                                      Page 7.01

                       USER DEFINED VOLUME RATING TABLE

                            Elevation    Volume
                               (ft)      (ac-ft)
                            ---------------------
                              264.00       .000
                              266.00       .665
                              268.00      2.418
                              270.00      5.145
                              272.00      8.412
                              274.00     11.933
                              275.00     12.000
                              275.50     12.010
                              276.00     12.020

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Outlet Input Data                                     Page 8.01

                      REQUESTED POND WS ELEVATIONS:

                        Min. Elev.=    264.00 ft
                        Increment =       .10 ft
                        Max. Elev.=    276.00 ft

              **********************************************
                             OUTLET CONNECTIVITY
              **********************************************

               ---> Forward Flow Only (UpStream to DnStream)
              <---  Reverse Flow Only (DnStream to UpStream)
              <---> Forward and Reverse Both Allowed

          Structure         No.        Outfall    E1, ft     E2, ft
      -----------------    ----        -------  ---------  ---------
      Orifice-Circular      O1   <--->    TW     267.870    276.000
      Stand Pipe            R0    --->    TW     273.200    276.000
      Orifice-Circular      O0   <--->    TW     264.000    276.000
      Weir-Rectangular      W0    --->    TW     274.000    276.000
      TW SETUP, DS Channel

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009
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   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Outlet Input Data                                     Page 8.02

                 OUTLET STRUCTURE INPUT DATA

                 Structure ID      = O1
                 Structure Type    = Orifice-Circular
                 ------------------------------------
                 # of Openings     =         1
                 Invert Elev.      =    267.87 ft
                 Diameter          =    2.2500 ft
                 Orifice Coeff.    =     1.000

                 Structure ID      = R0
                 Structure Type    = Stand Pipe
                 ------------------------------------
                 # of Openings     =         1
                 Invert Elev.      =    273.20 ft
                 Diameter          =    7.0000 ft
                 Orifice Area      =   38.4845 sq.ft
                 Orifice Coeff.    =     1.000
                 Weir Length       =     21.99 ft
                 Weir Coeff.       =      .850
                 K, Reverse        =     1.000
                 Mannings n        =     .0000
                 Kev,Charged Riser =      .000
                 Weir Submergence  = No
                 Orifice H to crest= Yes

                 Structure ID      = O0
                 Structure Type    = Orifice-Circular
                 ------------------------------------
                 # of Openings     =         1
                 Invert Elev.      =    264.00 ft
                 Diameter          =    1.5000 ft
                 Orifice Coeff.    =     1.000

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Outlet Input Data                                     Page 8.03

                 OUTLET STRUCTURE INPUT DATA

                 Structure ID      = W0
                 Structure Type    = Weir-Rectangular
                 ------------------------------------
                 # of Openings     =         1
                 Crest Elev.       =    274.00 ft
                 Weir Length       =    600.00 ft
                 Weir Coeff.       =   .860000

                 Weir TW effects Table File: ������������
                 Weir TW effects Table ID:   New Element     
                   WEIR SUBMERGENCE TABLE

                    dHW/dTW    Multiply Q by
                  ---------     ---------
                    1.0030        1.0000

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Individual Outlet Curves                              Page 8.04

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   264.00    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.10    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.20    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.30    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.40    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.50    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.60    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.70    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.80    -65.33    273.19   .000
                   REVERSE: H =4.20
   264.90    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.00    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.10    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.20    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.30    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.40    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.50    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.60    -65.33    273.19   .000
                   REVERSE: H =4.20

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Individual Outlet Curves                              Page 8.05

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   265.70    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.80    -65.33    273.19   .000
                   REVERSE: H =4.20
   265.90    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.00    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.10    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.20    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.30    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.40    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.50    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.60    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.70    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.80    -65.33    273.19   .000
                   REVERSE: H =4.20
   266.90    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.00    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.10    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.20    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.30    -65.33    273.19   .000
                   REVERSE: H =4.20

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Individual Outlet Curves                              Page 8.06

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   267.40    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.50    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.60    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.70    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.80    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.87    -65.33    273.19   .000
                   REVERSE: H =4.20
   267.90    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.00    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.10    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.20    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.30    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.40    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.50    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.60    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.70    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.80    -65.33    273.19   .000
                   REVERSE: H =4.20
   268.90    -65.33    273.19   .000
                   REVERSE: H =4.20

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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   Name.... Outlet 1

   Type.... Individual Outlet Curves                              Page 8.07

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   269.00    -65.29    273.19   .000
                   REVERSE: H =4.19
   269.10    -64.50    273.19   .000
                   REVERSE: H =4.09
   269.20    -63.71    273.19   .000
                   REVERSE: H =3.99
   269.30    -62.91    273.19   .000
                   REVERSE: H =3.89
   269.40    -62.09    273.19   .000
                   REVERSE: H =3.79
   269.50    -61.27    273.19   .000
                   REVERSE: H =3.69
   269.60    -60.43    273.19   .000
                   REVERSE: H =3.59
   269.70    -59.58    273.19   .000
                   REVERSE: H =3.49
   269.80    -58.73    273.19   .000
                   REVERSE: H =3.39
   269.90    -57.85    273.19   .000
                   REVERSE: H =3.29
   270.00    -56.97    273.19   .000
                   REVERSE: H =3.19
   270.10    -56.07    273.19   .000
                   REVERSE: H =3.09
   270.20    -55.15    273.19   .000
                   REVERSE: H =2.99
   270.30    -54.22    273.19   .000
                   REVERSE: H =2.89
   270.40    -53.28    273.19   .000
                   REVERSE: H =2.79
   270.50    -52.31    273.19   .000
                   REVERSE: H =2.69
   270.60    -51.33    273.19   .000
                   REVERSE: H =2.59

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Individual Outlet Curves                              Page 8.08

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   270.70    -50.33    273.19   .000
                   REVERSE: H =2.49
   270.80    -49.31    273.19   .000
                   REVERSE: H =2.39
   270.90    -48.27    273.19   .000
                   REVERSE: H =2.29
   271.00    -47.20    273.19   .000
                   REVERSE: H =2.19
   271.10    -46.11    273.19   .000
                   REVERSE: H =2.09
   271.20    -44.99    273.19   .000
                   REVERSE: H =1.99
   271.30    -43.85    273.19   .000
                   REVERSE: H =1.89
   271.40    -42.67    273.19   .000
                   REVERSE: H =1.79
   271.50    -41.46    273.19   .000
                   REVERSE: H =1.69
   271.60    -40.22    273.19   .000
                   REVERSE: H =1.59
   271.70    -38.93    273.19   .000
                   REVERSE: H =1.49
   271.80    -37.60    273.19   .000
                   REVERSE: H =1.39
   271.90    -36.23    273.19   .000
                   REVERSE: H =1.29
   272.00    -34.79    273.19   .000
                   REVERSE: H =1.19
   272.10    -33.30    273.19   .000
                   REVERSE: H =1.09
   272.20    -31.73    273.19   .000
                   REVERSE: H =.99
   272.30    -30.09    273.19   .000
                   REVERSE: H =.89

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009
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   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Individual Outlet Curves                              Page 8.09

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   272.40    -28.35    273.19   .000
                   REVERSE: H =.79
   272.50    -26.49    273.19   .000
                   REVERSE: H =.69
   272.60    -24.50    273.19   .000
                   REVERSE: H =.59
   272.70    -22.33    273.19   .000
                   REVERSE: H =.49
   272.80    -19.92    273.19   .000
                   REVERSE: H =.39
   272.90    -17.18    273.19   .000
                   REVERSE: H =.29
   273.00    -13.90    273.19   .000
                   REVERSE: H =.19
   273.10     -9.57    273.19   .000
                   REVERSE: H =.09
   273.20      3.19    273.19   .000
                   H =.01
   273.30     10.58    273.19   .000
                   H =.11
   273.40     14.62    273.19   .000
                   H =.21
   273.50     17.76    273.19   .000
                   H =.31
   273.60     20.42    273.19   .000
                   H =.41
   273.70     22.78    273.19   .000
                   H =.51
   273.80     24.91    273.19   .000
                   H =.61
   273.90     26.88    273.19   .000
                   H =.71
   274.00     28.71    273.19   .000
                   H =.81

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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   Name.... Outlet 1

   Type.... Individual Outlet Curves                              Page 8.10

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   274.10     30.43    273.19   .000
                   H =.91
   274.20     32.05    273.19   .000
                   H =1.01
   274.30     33.60    273.19   .000
                   H =1.11
   274.40     35.08    273.19   .000
                   H =1.21
   274.50     36.51    273.19   .000
                   H =1.31
   274.60     37.87    273.19   .000
                   H =1.41
   274.70     39.19    273.19   .000
                   H =1.51
   274.80     40.47    273.19   .000
                   H =1.61
   274.90     41.71    273.19   .000
                   H =1.71
   275.00     42.91    273.19   .000
                   H =1.81
   275.10     44.08    273.19   .000
                   H =1.91
   275.20     45.22    273.19   .000
                   H =2.01
   275.30     46.33    273.19   .000
                   H =2.11
   275.40     47.42    273.19   .000
                   H =2.21
   275.50     48.48    273.19   .000
                   H =2.31
   275.60     49.51    273.19   .000
                   H =2.41
   275.70     50.53    273.19   .000
                   H =2.51

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O1  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   275.80     51.53    273.19   .000
                   H =2.61
   275.90     52.51    273.19   .000
                   H =2.71
   276.00     53.47    273.19   .000
                   H =2.81

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = R0  (Stand Pipe)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   264.00       .00   REVERSE: Flow is closed off
   264.10       .00   REVERSE: Flow is closed off
   264.20       .00   REVERSE: Flow is closed off
   264.30       .00   REVERSE: Flow is closed off
   264.40       .00   REVERSE: Flow is closed off
   264.50       .00   REVERSE: Flow is closed off
   264.60       .00   REVERSE: Flow is closed off
   264.70       .00   REVERSE: Flow is closed off
   264.80       .00   REVERSE: Flow is closed off
   264.90       .00   REVERSE: Flow is closed off
   265.00       .00   REVERSE: Flow is closed off
   265.10       .00   REVERSE: Flow is closed off
   265.20       .00   REVERSE: Flow is closed off
   265.30       .00   REVERSE: Flow is closed off
   265.40       .00   REVERSE: Flow is closed off
   265.50       .00   REVERSE: Flow is closed off
   265.60       .00   REVERSE: Flow is closed off
   265.70       .00   REVERSE: Flow is closed off
   265.80       .00   REVERSE: Flow is closed off
   265.90       .00   REVERSE: Flow is closed off
   266.00       .00   REVERSE: Flow is closed off
   266.10       .00   REVERSE: Flow is closed off
   266.20       .00   REVERSE: Flow is closed off
   266.30       .00   REVERSE: Flow is closed off
   266.40       .00   REVERSE: Flow is closed off
   266.50       .00   REVERSE: Flow is closed off
   266.60       .00   REVERSE: Flow is closed off
   266.70       .00   REVERSE: Flow is closed off
   266.80       .00   REVERSE: Flow is closed off
   266.90       .00   REVERSE: Flow is closed off
   267.00       .00   REVERSE: Flow is closed off
   267.10       .00   REVERSE: Flow is closed off
   267.20       .00   REVERSE: Flow is closed off
   267.30       .00   REVERSE: Flow is closed off

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = R0  (Stand Pipe)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   267.40       .00   REVERSE: Flow is closed off
   267.50       .00   REVERSE: Flow is closed off
   267.60       .00   REVERSE: Flow is closed off
   267.70       .00   REVERSE: Flow is closed off
   267.80       .00   REVERSE: Flow is closed off
   267.87       .00   REVERSE: Flow is closed off
   267.90       .00   REVERSE: Flow is closed off
   268.00       .00   REVERSE: Flow is closed off
   268.10       .00   REVERSE: Flow is closed off
   268.20       .00   REVERSE: Flow is closed off
   268.30       .00   REVERSE: Flow is closed off
   268.40       .00   REVERSE: Flow is closed off
   268.50       .00   REVERSE: Flow is closed off
   268.60       .00   REVERSE: Flow is closed off
   268.70       .00   REVERSE: Flow is closed off
   268.80       .00   REVERSE: Flow is closed off
   268.90       .00   REVERSE: Flow is closed off
   269.00       .00   REVERSE: Flow is closed off
   269.10       .00   REVERSE: Flow is closed off
   269.20       .00   REVERSE: Flow is closed off
   269.30       .00   REVERSE: Flow is closed off
   269.40       .00   REVERSE: Flow is closed off
   269.50       .00   REVERSE: Flow is closed off
   269.60       .00   REVERSE: Flow is closed off
   269.70       .00   REVERSE: Flow is closed off
   269.80       .00   REVERSE: Flow is closed off
   269.90       .00   REVERSE: Flow is closed off
   270.00       .00   REVERSE: Flow is closed off
   270.10       .00   REVERSE: Flow is closed off
   270.20       .00   REVERSE: Flow is closed off
   270.30       .00   REVERSE: Flow is closed off
   270.40       .00   REVERSE: Flow is closed off
   270.50       .00   REVERSE: Flow is closed off
   270.60       .00   REVERSE: Flow is closed off

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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   Type.... Individual Outlet Curves                              Page 8.14

                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = R0  (Stand Pipe)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   270.70       .00   REVERSE: Flow is closed off
   270.80       .00   REVERSE: Flow is closed off
   270.90       .00   REVERSE: Flow is closed off
   271.00       .00   REVERSE: Flow is closed off
   271.10       .00   REVERSE: Flow is closed off
   271.20       .00   REVERSE: Flow is closed off
   271.30       .00   REVERSE: Flow is closed off
   271.40       .00   REVERSE: Flow is closed off
   271.50       .00   REVERSE: Flow is closed off
   271.60       .00   REVERSE: Flow is closed off
   271.70       .00   REVERSE: Flow is closed off
   271.80       .00   REVERSE: Flow is closed off
   271.90       .00   REVERSE: Flow is closed off
   272.00       .00   REVERSE: Flow is closed off
   272.10       .00   REVERSE: Flow is closed off
   272.20       .00   REVERSE: Flow is closed off
   272.30       .00   REVERSE: Flow is closed off
   272.40       .00   REVERSE: Flow is closed off
   272.50       .00   REVERSE: Flow is closed off
   272.60       .00   REVERSE: Flow is closed off
   272.70       .00   REVERSE: Flow is closed off
   272.80       .00   REVERSE: Flow is closed off
   272.90       .00   REVERSE: Flow is closed off
   273.00       .00   REVERSE: Flow is closed off
   273.10       .00   REVERSE: Flow is closed off
   273.20       .00    273.19   .000
                   Weir: H =.00ft
   273.30       .59    273.19   .000
                   Weir: H =.10ft
   273.40      1.67    273.19   .000
                   Weir: H =.20ft
   273.50      3.07    273.19   .000
                   Weir: H =.30ft
   273.60      4.73    273.19   .000
                   Weir: H =.40ft

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = R0  (Stand Pipe)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   273.70      6.61    273.19   .000
                   Weir: H =.50ft
   273.80      8.69    273.19   .000
                   Weir: H =.60ft
   273.90     10.95    273.19   .000
                   Weir: H =.70ft
   274.00     13.37    273.19   .000
                   Weir: H =.80ft
   274.10     15.96    273.19   .000
                   Weir: H =.90ft
   274.20     18.69    273.19   .000
                   Weir: H =1.00ft
   274.30     21.56    273.19   .000
                   Weir: H =1.10ft
   274.40     24.57    273.19   .000
                   Weir: H =1.20ft
   274.50     27.71    273.19   .000
                   Weir: H =1.30ft
   274.60     30.96    273.19   .000
                   Weir: H =1.40ft
   274.70     34.34    273.19   .000
                   Weir: H =1.50ft
   274.80     37.83    273.19   .000
                   Weir: H =1.60ft
   274.90     41.43    273.19   .000
                   Weir: H =1.70ft
   275.00     45.14    273.19   .000
                   Weir: H =1.80ft
   275.10     48.95    273.19   .000
                   Weir: H =1.90ft
   275.20     52.87    273.19   .000
                   Weir: H =2.00ft
   275.30     56.88    273.19   .000
                   Weir: H =2.10ft

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = R0  (Stand Pipe)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   275.40     61.00    273.19   .000
                   Weir: H =2.20ft
   275.50     65.20    273.19   .000
                   Weir: H =2.30ft
   275.60     69.50    273.19   .000
                   Weir: H =2.40ft
   275.70     73.89    273.19   .000
                   Weir: H =2.50ft
   275.80     78.36    273.19   .000
                   Weir: H =2.60ft
   275.90     82.93    273.19   .000
                   Weir: H =2.70ft
   276.00     87.58    273.19   .000
                   Weir: H =2.80ft

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   264.00    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.10    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.20    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.30    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.40    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.50    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.60    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.70    -41.18    273.19   .000
                   REVERSE: H =8.44
   264.80    -41.06    273.19   .000
                   REVERSE: H =8.39
   264.90    -40.81    273.19   .000
                   REVERSE: H =8.29
   265.00    -40.57    273.19   .000
                   REVERSE: H =8.19
   265.10    -40.32    273.19   .000
                   REVERSE: H =8.09
   265.20    -40.07    273.19   .000
                   REVERSE: H =7.99
   265.30    -39.82    273.19   .000
                   REVERSE: H =7.89
   265.40    -39.56    273.19   .000
                   REVERSE: H =7.79
   265.50    -39.31    273.19   .000
                   REVERSE: H =7.69
   265.60    -39.05    273.19   .000
                   REVERSE: H =7.59

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   265.70    -38.80    273.19   .000
                   REVERSE: H =7.49
   265.80    -38.54    273.19   .000
                   REVERSE: H =7.39
   265.90    -38.27    273.19   .000
                   REVERSE: H =7.29
   266.00    -38.01    273.19   .000
                   REVERSE: H =7.19
   266.10    -37.75    273.19   .000
                   REVERSE: H =7.09
   266.20    -37.48    273.19   .000
                   REVERSE: H =6.99
   266.30    -37.21    273.19   .000
                   REVERSE: H =6.89
   266.40    -36.94    273.19   .000
                   REVERSE: H =6.79
   266.50    -36.67    273.19   .000
                   REVERSE: H =6.69
   266.60    -36.39    273.19   .000
                   REVERSE: H =6.59
   266.70    -36.11    273.19   .000
                   REVERSE: H =6.49
   266.80    -35.83    273.19   .000
                   REVERSE: H =6.39
   266.90    -35.55    273.19   .000
                   REVERSE: H =6.29
   267.00    -35.27    273.19   .000
                   REVERSE: H =6.19
   267.10    -34.98    273.19   .000
                   REVERSE: H =6.09
   267.20    -34.69    273.19   .000
                   REVERSE: H =5.99
   267.30    -34.40    273.19   .000
                   REVERSE: H =5.89

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   267.40    -34.11    273.19   .000
                   REVERSE: H =5.79
   267.50    -33.81    273.19   .000
                   REVERSE: H =5.69
   267.60    -33.52    273.19   .000
                   REVERSE: H =5.59
   267.70    -33.21    273.19   .000
                   REVERSE: H =5.49
   267.80    -32.91    273.19   .000
                   REVERSE: H =5.39
   267.87    -32.70    273.19   .000
                   REVERSE: H =5.32
   267.90    -32.60    273.19   .000
                   REVERSE: H =5.29
   268.00    -32.29    273.19   .000
                   REVERSE: H =5.19
   268.10    -31.98    273.19   .000
                   REVERSE: H =5.09
   268.20    -31.67    273.19   .000
                   REVERSE: H =4.99
   268.30    -31.35    273.19   .000
                   REVERSE: H =4.89
   268.40    -31.02    273.19   .000
                   REVERSE: H =4.79
   268.50    -30.70    273.19   .000
                   REVERSE: H =4.69
   268.60    -30.37    273.19   .000
                   REVERSE: H =4.59
   268.70    -30.04    273.19   .000
                   REVERSE: H =4.49
   268.80    -29.70    273.19   .000
                   REVERSE: H =4.39
   268.90    -29.36    273.19   .000
                   REVERSE: H =4.29

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   269.00    -29.02    273.19   .000
                   REVERSE: H =4.19
   269.10    -28.67    273.19   .000
                   REVERSE: H =4.09
   269.20    -28.32    273.19   .000
                   REVERSE: H =3.99
   269.30    -27.96    273.19   .000
                   REVERSE: H =3.89
   269.40    -27.60    273.19   .000
                   REVERSE: H =3.79
   269.50    -27.23    273.19   .000
                   REVERSE: H =3.69
   269.60    -26.86    273.19   .000
                   REVERSE: H =3.59
   269.70    -26.48    273.19   .000
                   REVERSE: H =3.49
   269.80    -26.10    273.19   .000
                   REVERSE: H =3.39
   269.90    -25.71    273.19   .000
                   REVERSE: H =3.29
   270.00    -25.32    273.19   .000
                   REVERSE: H =3.19
   270.10    -24.92    273.19   .000
                   REVERSE: H =3.09
   270.20    -24.51    273.19   .000
                   REVERSE: H =2.99
   270.30    -24.10    273.19   .000
                   REVERSE: H =2.89
   270.40    -23.68    273.19   .000
                   REVERSE: H =2.79
   270.50    -23.25    273.19   .000
                   REVERSE: H =2.69
   270.60    -22.81    273.19   .000
                   REVERSE: H =2.59

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   270.70    -22.37    273.19   .000
                   REVERSE: H =2.49
   270.80    -21.91    273.19   .000
                   REVERSE: H =2.39
   270.90    -21.45    273.19   .000
                   REVERSE: H =2.29
   271.00    -20.98    273.19   .000
                   REVERSE: H =2.19
   271.10    -20.49    273.19   .000
                   REVERSE: H =2.09
   271.20    -20.00    273.19   .000
                   REVERSE: H =1.99
   271.30    -19.49    273.19   .000
                   REVERSE: H =1.89
   271.40    -18.97    273.19   .000
                   REVERSE: H =1.79
   271.50    -18.43    273.19   .000
                   REVERSE: H =1.69
   271.60    -17.87    273.19   .000
                   REVERSE: H =1.59
   271.70    -17.30    273.19   .000
                   REVERSE: H =1.49
   271.80    -16.71    273.19   .000
                   REVERSE: H =1.39
   271.90    -16.10    273.19   .000
                   REVERSE: H =1.29
   272.00    -15.46    273.19   .000
                   REVERSE: H =1.19
   272.10    -14.80    273.19   .000
                   REVERSE: H =1.09
   272.20    -14.10    273.19   .000
                   REVERSE: H =.99
   272.30    -13.37    273.19   .000
                   REVERSE: H =.89

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   272.40    -12.60    273.19   .000
                   REVERSE: H =.79
   272.50    -11.78    273.19   .000
                   REVERSE: H =.69
   272.60    -10.89    273.19   .000
                   REVERSE: H =.59
   272.70     -9.92    273.19   .000
                   REVERSE: H =.49
   272.80     -8.85    273.19   .000
                   REVERSE: H =.39
   272.90     -7.63    273.19   .000
                   REVERSE: H =.29
   273.00     -6.18    273.19   .000
                   REVERSE: H =.19
   273.10     -4.25    273.19   .000
                   REVERSE: H =.09
   273.20      1.42    273.19   .000
                   H =.01
   273.30      4.70    273.19   .000
                   H =.11
   273.40      6.50    273.19   .000
                   H =.21
   273.50      7.89    273.19   .000
                   H =.31
   273.60      9.08    273.19   .000
                   H =.41
   273.70     10.12    273.19   .000
                   H =.51
   273.80     11.07    273.19   .000
                   H =.61
   273.90     11.94    273.19   .000
                   H =.71
   274.00     12.76    273.19   .000
                   H =.81

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   274.10     13.52    273.19   .000
                   H =.91
   274.20     14.25    273.19   .000
                   H =1.01
   274.30     14.93    273.19   .000
                   H =1.11
   274.40     15.59    273.19   .000
                   H =1.21
   274.50     16.22    273.19   .000
                   H =1.31
   274.60     16.83    273.19   .000
                   H =1.41
   274.70     17.42    273.19   .000
                   H =1.51
   274.80     17.99    273.19   .000
                   H =1.61
   274.90     18.54    273.19   .000
                   H =1.71
   275.00     19.07    273.19   .000
                   H =1.81
   275.10     19.59    273.19   .000
                   H =1.91
   275.20     20.10    273.19   .000
                   H =2.01
   275.30     20.59    273.19   .000
                   H =2.11
   275.40     21.07    273.19   .000
                   H =2.21
   275.50     21.54    273.19   .000
                   H =2.31
   275.60     22.01    273.19   .000
                   H =2.41
   275.70     22.46    273.19   .000
                   H =2.51

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = O0  (Orifice-Circular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   275.80     22.90    273.19   .000
                   H =2.61
   275.90     23.34    273.19   .000
                   H =2.71
   276.00     23.76    273.19   .000
                   H =2.81

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = W0  (Weir-Rectangular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   264.00       .00   REVERSE: Flow is closed off
   264.10       .00   REVERSE: Flow is closed off
   264.20       .00   REVERSE: Flow is closed off
   264.30       .00   REVERSE: Flow is closed off
   264.40       .00   REVERSE: Flow is closed off
   264.50       .00   REVERSE: Flow is closed off
   264.60       .00   REVERSE: Flow is closed off
   264.70       .00   REVERSE: Flow is closed off
   264.80       .00   REVERSE: Flow is closed off
   264.90       .00   REVERSE: Flow is closed off
   265.00       .00   REVERSE: Flow is closed off
   265.10       .00   REVERSE: Flow is closed off
   265.20       .00   REVERSE: Flow is closed off
   265.30       .00   REVERSE: Flow is closed off
   265.40       .00   REVERSE: Flow is closed off
   265.50       .00   REVERSE: Flow is closed off
   265.60       .00   REVERSE: Flow is closed off
   265.70       .00   REVERSE: Flow is closed off
   265.80       .00   REVERSE: Flow is closed off
   265.90       .00   REVERSE: Flow is closed off
   266.00       .00   REVERSE: Flow is closed off
   266.10       .00   REVERSE: Flow is closed off
   266.20       .00   REVERSE: Flow is closed off
   266.30       .00   REVERSE: Flow is closed off
   266.40       .00   REVERSE: Flow is closed off
   266.50       .00   REVERSE: Flow is closed off
   266.60       .00   REVERSE: Flow is closed off
   266.70       .00   REVERSE: Flow is closed off
   266.80       .00   REVERSE: Flow is closed off
   266.90       .00   REVERSE: Flow is closed off
   267.00       .00   REVERSE: Flow is closed off
   267.10       .00   REVERSE: Flow is closed off
   267.20       .00   REVERSE: Flow is closed off
   267.30       .00   REVERSE: Flow is closed off

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = W0  (Weir-Rectangular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   267.40       .00   REVERSE: Flow is closed off
   267.50       .00   REVERSE: Flow is closed off
   267.60       .00   REVERSE: Flow is closed off
   267.70       .00   REVERSE: Flow is closed off
   267.80       .00   REVERSE: Flow is closed off
   267.87       .00   REVERSE: Flow is closed off
   267.90       .00   REVERSE: Flow is closed off
   268.00       .00   REVERSE: Flow is closed off
   268.10       .00   REVERSE: Flow is closed off
   268.20       .00   REVERSE: Flow is closed off
   268.30       .00   REVERSE: Flow is closed off
   268.40       .00   REVERSE: Flow is closed off
   268.50       .00   REVERSE: Flow is closed off
   268.60       .00   REVERSE: Flow is closed off
   268.70       .00   REVERSE: Flow is closed off
   268.80       .00   REVERSE: Flow is closed off
   268.90       .00   REVERSE: Flow is closed off
   269.00       .00   REVERSE: Flow is closed off
   269.10       .00   REVERSE: Flow is closed off
   269.20       .00   REVERSE: Flow is closed off
   269.30       .00   REVERSE: Flow is closed off
   269.40       .00   REVERSE: Flow is closed off
   269.50       .00   REVERSE: Flow is closed off
   269.60       .00   REVERSE: Flow is closed off
   269.70       .00   REVERSE: Flow is closed off
   269.80       .00   REVERSE: Flow is closed off
   269.90       .00   REVERSE: Flow is closed off
   270.00       .00   REVERSE: Flow is closed off
   270.10       .00   REVERSE: Flow is closed off
   270.20       .00   REVERSE: Flow is closed off
   270.30       .00   REVERSE: Flow is closed off
   270.40       .00   REVERSE: Flow is closed off
   270.50       .00   REVERSE: Flow is closed off
   270.60       .00   REVERSE: Flow is closed off

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = W0  (Weir-Rectangular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   270.70       .00   REVERSE: Flow is closed off
   270.80       .00   REVERSE: Flow is closed off
   270.90       .00   REVERSE: Flow is closed off
   271.00       .00   REVERSE: Flow is closed off
   271.10       .00   REVERSE: Flow is closed off
   271.20       .00   REVERSE: Flow is closed off
   271.30       .00   REVERSE: Flow is closed off
   271.40       .00   REVERSE: Flow is closed off
   271.50       .00   REVERSE: Flow is closed off
   271.60       .00   REVERSE: Flow is closed off
   271.70       .00   REVERSE: Flow is closed off
   271.80       .00   REVERSE: Flow is closed off
   271.90       .00   REVERSE: Flow is closed off
   272.00       .00   REVERSE: Flow is closed off
   272.10       .00   REVERSE: Flow is closed off
   272.20       .00   REVERSE: Flow is closed off
   272.30       .00   REVERSE: Flow is closed off
   272.40       .00   REVERSE: Flow is closed off
   272.50       .00   REVERSE: Flow is closed off
   272.60       .00   REVERSE: Flow is closed off
   272.70       .00   REVERSE: Flow is closed off
   272.80       .00   REVERSE: Flow is closed off
   272.90       .00   REVERSE: Flow is closed off
   273.00       .00   REVERSE: Flow is closed off
   273.10       .00   REVERSE: Flow is closed off
   273.20       .00    273.19   .000
                   HW & TW below Inv.El.=274.000
   273.30       .00    273.19   .000
                   HW & TW below Inv.El.=274.000
   273.40       .00    273.19   .000
                   HW & TW below Inv.El.=274.000
   273.50       .00    273.19   .000
                   HW & TW below Inv.El.=274.000
   273.60       .00    273.19   .000
                   HW & TW below Inv.El.=274.000

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = W0  (Weir-Rectangular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   273.70       .00    273.19   .000
                   HW & TW below Inv.El.=274.000
   273.80       .00    273.19   .000
                   HW & TW below Inv.El.=274.000
   273.90       .00    273.19   .000
                   HW & TW below Inv.El.=274.000
   274.00       .00    273.19   .000
                   H=.00; Htw=.00; Qfree=.00; K=1.000
   274.10     16.32    273.19   .000
                   H=.10; Htw=.00; Qfree=16.32; K=1.000
   274.20     46.16    273.19   .000
                   H=.20; Htw=.00; Qfree=46.16; K=1.000
   274.30     84.78    273.19   .000
                   H=.30; Htw=.00; Qfree=84.78; K=1.000
   274.40    130.54    273.19   .000
                   H=.40; Htw=.00; Qfree=130.54; K=1.000
   274.50    182.43    273.19   .000
                   H=.50; Htw=.00; Qfree=182.43; K=1.000
   274.60    239.82    273.19   .000
                   H=.60; Htw=.00; Qfree=239.82; K=1.000
   274.70    302.21    273.19   .000
                   H=.70; Htw=.00; Qfree=302.21; K=1.000
   274.80    369.21    273.19   .000
                   H=.80; Htw=.00; Qfree=369.21; K=1.000
   274.90    440.56    273.19   .000
                   H=.90; Htw=.00; Qfree=440.56; K=1.000
   275.00    516.00    273.19   .000
                   H=1.00; Htw=.00; Qfree=516.00; K=1.000
   275.10    595.31    273.19   .000
                   H=1.10; Htw=.00; Qfree=595.31; K=1.000
   275.20    678.31    273.19   .000
                   H=1.20; Htw=.00; Qfree=678.31; K=1.000
   275.30    764.82    273.19   .000
                   H=1.30; Htw=.00; Qfree=764.82; K=1.000

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  RATING TABLE FOR ONE OUTLET TYPE

                  Structure ID  = W0  (Weir-Rectangular)
                  --------------------------------------
                  Upstream  ID  =    (Pond Water Surface)
                  DNstream  ID  = TW (Pond Outfall)

   WS Elev,Device Q    Tail Water              Notes
   ----------------  ---------------  --------------------------
   WS Elev.    Q      TW Elev Converge
     ft       cfs        ft    +/-ft   Computation Messages
  --------  -------  --------  -----  --------------------------
   275.40    854.75    273.19   .000
                   H=1.40; Htw=.00; Qfree=854.75; K=1.000
   275.50    947.95    273.19   .000
                   H=1.50; Htw=.00; Qfree=947.95; K=1.000
   275.60   1044.32    273.19   .000
                   H=1.60; Htw=.00; Qfree=1044.32; K=1.000
   275.70   1143.74    273.19   .000
                   H=1.70; Htw=.00; Qfree=1143.74; K=1.000
   275.80   1246.10    273.19   .000
                   H=1.80; Htw=.00; Qfree=1246.10; K=1.000
   275.90   1351.38    273.19   .000
                   H=1.90; Htw=.00; Qfree=1351.38; K=1.000
   276.00   1459.47    273.19   .000
                   H=2.00; Htw=.00; Qfree=1459.47; K=1.000

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  ***** COMPOSITE OUTFLOW SUMMARY ****

         CUMULATIVE HGL CONVERGENCE ERROR .000 (+/- ft)

   WS Elev, Total Q                            Notes
   ----------------  -------- Converge -------------------------
    Elev.      Q      TW Elev  Error
     ft       cfs        ft    +/-ft   Contributing Structures
  --------  -------  --------  -----  --------------------------
   264.00   -106.51    273.19   .000  O1 +O0
   264.10   -106.51    273.19   .000  O1 +O0
   264.20   -106.51    273.19   .000  O1 +O0
   264.30   -106.51    273.19   .000  O1 +O0
   264.40   -106.51    273.19   .000  O1 +O0
   264.50   -106.51    273.19   .000  O1 +O0
   264.60   -106.51    273.19   .000  O1 +O0
   264.70   -106.51    273.19   .000  O1 +O0
   264.80   -106.39    273.19   .000  O1 +O0
   264.90   -106.14    273.19   .000  O1 +O0
   265.00   -105.89    273.19   .000  O1 +O0
   265.10   -105.65    273.19   .000  O1 +O0
   265.20   -105.40    273.19   .000  O1 +O0
   265.30   -105.14    273.19   .000  O1 +O0
   265.40   -104.89    273.19   .000  O1 +O0
   265.50   -104.64    273.19   .000  O1 +O0
   265.60   -104.38    273.19   .000  O1 +O0
   265.70   -104.12    273.19   .000  O1 +O0
   265.80   -103.86    273.19   .000  O1 +O0
   265.90   -103.60    273.19   .000  O1 +O0
   266.00   -103.34    273.19   .000  O1 +O0
   266.10   -103.07    273.19   .000  O1 +O0
   266.20   -102.80    273.19   .000  O1 +O0
   266.30   -102.54    273.19   .000  O1 +O0
   266.40   -102.26    273.19   .000  O1 +O0
   266.50   -101.99    273.19   .000  O1 +O0
   266.60   -101.72    273.19   .000  O1 +O0
   266.70   -101.44    273.19   .000  O1 +O0
   266.80   -101.16    273.19   .000  O1 +O0
   266.90   -100.88    273.19   .000  O1 +O0
   267.00   -100.59    273.19   .000  O1 +O0
   267.10   -100.31    273.19   .000  O1 +O0
   267.20   -100.02    273.19   .000  O1 +O0
   267.30    -99.73    273.19   .000  O1 +O0
   267.40    -99.44    273.19   .000  O1 +O0
   267.50    -99.14    273.19   .000  O1 +O0

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  ***** COMPOSITE OUTFLOW SUMMARY ****

         CUMULATIVE HGL CONVERGENCE ERROR .000 (+/- ft)

   WS Elev, Total Q                            Notes
   ----------------  -------- Converge -------------------------
    Elev.      Q      TW Elev  Error
     ft       cfs        ft    +/-ft   Contributing Structures
  --------  -------  --------  -----  --------------------------
   267.60    -98.84    273.19   .000  O1 +O0
   267.70    -98.54    273.19   .000  O1 +O0
   267.80    -98.24    273.19   .000  O1 +O0
   267.87    -98.02    273.19   .000  O1 +O0
   267.90    -97.93    273.19   .000  O1 +O0
   268.00    -97.62    273.19   .000  O1 +O0
   268.10    -97.31    273.19   .000  O1 +O0
   268.20    -96.99    273.19   .000  O1 +O0
   268.30    -96.67    273.19   .000  O1 +O0
   268.40    -96.35    273.19   .000  O1 +O0
   268.50    -96.03    273.19   .000  O1 +O0
   268.60    -95.70    273.19   .000  O1 +O0
   268.70    -95.36    273.19   .000  O1 +O0
   268.80    -95.03    273.19   .000  O1 +O0
   268.90    -94.69    273.19   .000  O1 +O0
   269.00    -94.30    273.19   .000  O1 +O0
   269.10    -93.17    273.19   .000  O1 +O0
   269.20    -92.03    273.19   .000  O1 +O0
   269.30    -90.87    273.19   .000  O1 +O0
   269.40    -89.69    273.19   .000  O1 +O0
   269.50    -88.50    273.19   .000  O1 +O0
   269.60    -87.29    273.19   .000  O1 +O0
   269.70    -86.07    273.19   .000  O1 +O0
   269.80    -84.83    273.19   .000  O1 +O0
   269.90    -83.56    273.19   .000  O1 +O0
   270.00    -82.28    273.19   .000  O1 +O0
   270.10    -80.98    273.19   .000  O1 +O0
   270.20    -79.66    273.19   .000  O1 +O0
   270.30    -78.32    273.19   .000  O1 +O0
   270.40    -76.95    273.19   .000  O1 +O0
   270.50    -75.56    273.19   .000  O1 +O0
   270.60    -74.14    273.19   .000  O1 +O0
   270.70    -72.70    273.19   .000  O1 +O0
   270.80    -71.22    273.19   .000  O1 +O0
   270.90    -69.72    273.19   .000  O1 +O0
   271.00    -68.18    273.19   .000  O1 +O0

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.
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                  ***** COMPOSITE OUTFLOW SUMMARY ****

         CUMULATIVE HGL CONVERGENCE ERROR .000 (+/- ft)

   WS Elev, Total Q                            Notes
   ----------------  -------- Converge -------------------------
    Elev.      Q      TW Elev  Error
     ft       cfs        ft    +/-ft   Contributing Structures
  --------  -------  --------  -----  --------------------------
   271.10    -66.60    273.19   .000  O1 +O0
   271.20    -64.99    273.19   .000  O1 +O0
   271.30    -63.34    273.19   .000  O1 +O0
   271.40    -61.64    273.19   .000  O1 +O0
   271.50    -59.89    273.19   .000  O1 +O0
   271.60    -58.09    273.19   .000  O1 +O0
   271.70    -56.24    273.19   .000  O1 +O0
   271.80    -54.32    273.19   .000  O1 +O0
   271.90    -52.33    273.19   .000  O1 +O0
   272.00    -50.26    273.19   .000  O1 +O0
   272.10    -48.10    273.19   .000  O1 +O0
   272.20    -45.84    273.19   .000  O1 +O0
   272.30    -43.46    273.19   .000  O1 +O0
   272.40    -40.95    273.19   .000  O1 +O0
   272.50    -38.27    273.19   .000  O1 +O0
   272.60    -35.39    273.19   .000  O1 +O0
   272.70    -32.25    273.19   .000  O1 +O0
   272.80    -28.77    273.19   .000  O1 +O0
   272.90    -24.81    273.19   .000  O1 +O0
   273.00    -20.08    273.19   .000  O1 +O0
   273.10    -13.82    273.19   .000  O1 +O0
   273.20      4.61    273.19   .000  O1 +R0 +O0
   273.30     15.87    273.19   .000  O1 +R0 +O0
   273.40     22.78    273.19   .000  O1 +R0 +O0
   273.50     28.72    273.19   .000  O1 +R0 +O0
   273.60     34.23    273.19   .000  O1 +R0 +O0
   273.70     39.51    273.19   .000  O1 +R0 +O0
   273.80     44.67    273.19   .000  O1 +R0 +O0
   273.90     49.77    273.19   .000  O1 +R0 +O0
   274.00     54.84    273.19   .000  O1 +R0 +O0 +W0
   274.10     76.23    273.19   .000  O1 +R0 +O0 +W0
   274.20    111.15    273.19   .000  O1 +R0 +O0 +W0
   274.30    154.88    273.19   .000  O1 +R0 +O0 +W0
   274.40    205.78    273.19   .000  O1 +R0 +O0 +W0
   274.50    262.87    273.19   .000  O1 +R0 +O0 +W0
   274.60    325.49    273.19   .000  O1 +R0 +O0 +W0

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw

   Name.... Outlet 1

   Type.... Composite Rating Curve                                Page 8.33

                  ***** COMPOSITE OUTFLOW SUMMARY ****

         CUMULATIVE HGL CONVERGENCE ERROR .000 (+/- ft)

   WS Elev, Total Q                            Notes
   ----------------  -------- Converge -------------------------
    Elev.      Q      TW Elev  Error
     ft       cfs        ft    +/-ft   Contributing Structures
  --------  -------  --------  -----  --------------------------
   274.70    393.16    273.19   .000  O1 +R0 +O0 +W0
   274.80    465.50    273.19   .000  O1 +R0 +O0 +W0
   274.90    542.24    273.19   .000  O1 +R0 +O0 +W0
   275.00    623.12    273.19   .000  O1 +R0 +O0 +W0
   275.10    707.93    273.19   .000  O1 +R0 +O0 +W0
   275.20    796.50    273.19   .000  O1 +R0 +O0 +W0
   275.30    888.62    273.19   .000  O1 +R0 +O0 +W0
   275.40    984.23    273.19   .000  O1 +R0 +O0 +W0
   275.50   1083.18    273.19   .000  O1 +R0 +O0 +W0
   275.60   1185.34    273.19   .000  O1 +R0 +O0 +W0
   275.70   1290.62    273.19   .000  O1 +R0 +O0 +W0
   275.80   1398.90    273.19   .000  O1 +R0 +O0 +W0
   275.90   1510.15    273.19   .000  O1 +R0 +O0 +W0
   276.00   1624.28    273.19   .000  O1 +R0 +O0 +W0

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f
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Bentley Systems, Inc.
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   Name.... DET. POND

   Type.... Pond E-V-Q Table                                      Page 9.01

                       LEVEL POOL ROUTING DATA

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

Elevation    Outflow     Storage               Infilt.     Q Total    2S/t + O
    ft         cfs        ac-ft                  cfs         cfs         cfs
------------------------------------------------------------------------------
  264.00    -106.51        .000                .00     -106.51      -106.51
  264.10    -106.51        .033                .00     -106.51       -74.32
  264.20    -106.51        .067                .00     -106.51       -42.13
  264.30    -106.51        .100                .00     -106.51        -9.95
  264.40    -106.51        .133                .00     -106.51        22.23
  264.50    -106.51        .166                .00     -106.51        54.42
  264.60    -106.51        .200                .00     -106.51        86.61
  264.70    -106.51        .233                .00     -106.51       118.80
  264.80    -106.39        .266                .00     -106.39       151.10
  264.90    -106.14        .299                .00     -106.14       183.53
  265.00    -105.89        .333                .00     -105.89       215.97
  265.10    -105.65        .366                .00     -105.65       248.40
  265.20    -105.40        .399                .00     -105.40       280.84
  265.30    -105.14        .432                .00     -105.14       313.27
  265.40    -104.89        .465                .00     -104.89       345.71
  265.50    -104.64        .499                .00     -104.64       378.15
  265.60    -104.38        .532                .00     -104.38       410.60
  265.70    -104.12        .565                .00     -104.12       443.04
  265.80    -103.86        .598                .00     -103.86       475.48
  265.90    -103.60        .632                .00     -103.60       507.93

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND

   Type.... Pond E-V-Q Table                                      Page 9.02

                       LEVEL POOL ROUTING DATA

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

Elevation    Outflow     Storage               Infilt.     Q Total    2S/t + O
    ft         cfs        ac-ft                  cfs         cfs         cfs
------------------------------------------------------------------------------
  266.00    -103.34        .665                .00     -103.34       540.38
  266.10    -103.07        .753                .00     -103.07       625.50
  266.20    -102.80        .840                .00     -102.80       710.62
  266.30    -102.54        .928                .00     -102.54       795.71
  266.40    -102.26       1.016                .00     -102.26       880.83
  266.50    -101.99       1.103                .00     -101.99       965.95
  266.60    -101.72       1.191                .00     -101.72      1051.08
  266.70    -101.44       1.279                .00     -101.44      1136.21
  266.80    -101.16       1.366                .00     -101.16      1221.31
  266.90    -100.88       1.454                .00     -100.88      1306.44
  267.00    -100.59       1.542                .00     -100.59      1391.58
  267.10    -100.31       1.629                .00     -100.31      1476.71
  267.20    -100.02       1.717                .00     -100.02      1561.85
  267.30     -99.73       1.804                .00      -99.73      1646.97
  267.40     -99.44       1.892                .00      -99.44      1732.11
  267.50     -99.14       1.980                .00      -99.14      1817.26
  267.60     -98.84       2.067                .00      -98.84      1902.41
  267.70     -98.54       2.155                .00      -98.54      1987.56
  267.80     -98.24       2.243                .00      -98.24      2072.69
  267.87     -98.02       2.304                .00      -98.02      2132.30

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND

   Type.... Pond E-V-Q Table                                      Page 9.03

                       LEVEL POOL ROUTING DATA

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

Elevation    Outflow     Storage               Infilt.     Q Total    2S/t + O
    ft         cfs        ac-ft                  cfs         cfs         cfs
------------------------------------------------------------------------------
  267.90     -97.93       2.330                .00      -97.93      2157.84
  268.00     -97.62       2.418                .00      -97.62      2243.00
  268.10     -97.31       2.554                .00      -97.31      2375.31
  268.20     -96.99       2.691                .00      -96.99      2507.62
  268.30     -96.67       2.827                .00      -96.67      2639.90
  268.40     -96.35       2.963                .00      -96.35      2772.21
  268.50     -96.03       3.100                .00      -96.03      2904.53
  268.60     -95.70       3.236                .00      -95.70      3036.86
  268.70     -95.36       3.372                .00      -95.36      3169.18
  268.80     -95.03       3.509                .00      -95.03      3301.48
  268.90     -94.69       3.645                .00      -94.69      3433.81
  269.00     -94.30       3.782                .00      -94.30      3566.19
  269.10     -93.17       3.918                .00      -93.17      3699.32
  269.20     -92.03       4.054                .00      -92.03      3832.46
  269.30     -90.87       4.191                .00      -90.87      3965.57
  269.40     -89.69       4.327                .00      -89.69      4098.74
  269.50     -88.50       4.463                .00      -88.50      4231.93
  269.60     -87.29       4.600                .00      -87.29      4365.13
  269.70     -86.07       4.736                .00      -86.07      4498.35
  269.80     -84.83       4.872                .00      -84.83      4631.55

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND

   Type.... Pond E-V-Q Table                                      Page 9.04

                       LEVEL POOL ROUTING DATA

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

Elevation    Outflow     Storage               Infilt.     Q Total    2S/t + O
    ft         cfs        ac-ft                  cfs         cfs         cfs
------------------------------------------------------------------------------
  269.90     -83.56       5.009                .00      -83.56      4764.80
  270.00     -82.28       5.145                .00      -82.28      4898.08
  270.10     -80.98       5.308                .00      -80.98      5057.51
  270.20     -79.66       5.472                .00      -79.66      5216.96
  270.30     -78.32       5.635                .00      -78.32      5376.39
  270.40     -76.95       5.798                .00      -76.95      5535.89
  270.50     -75.56       5.962                .00      -75.56      5695.41
  270.60     -74.14       6.125                .00      -74.14      5854.96
  270.70     -72.70       6.288                .00      -72.70      6014.54
  270.80     -71.22       6.452                .00      -71.22      6174.10
  270.90     -69.72       6.615                .00      -69.72      6333.74
  271.00     -68.18       6.779                .00      -68.18      6493.41
  271.10     -66.60       6.942                .00      -66.60      6653.12
  271.20     -64.99       7.105                .00      -64.99      6812.86
  271.30     -63.34       7.269                .00      -63.34      6972.60
  271.40     -61.64       7.432                .00      -61.64      7132.43
  271.50     -59.89       7.595                .00      -59.89      7292.31
  271.60     -58.09       7.759                .00      -58.09      7452.24
  271.70     -56.24       7.922                .00      -56.24      7612.23
  271.80     -54.32       8.085                .00      -54.32      7772.23

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND

   Type.... Pond E-V-Q Table                                      Page 9.05

                       LEVEL POOL ROUTING DATA

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

Elevation    Outflow     Storage               Infilt.     Q Total    2S/t + O
    ft         cfs        ac-ft                  cfs         cfs         cfs
------------------------------------------------------------------------------
  271.90     -52.33       8.249                .00      -52.33      7932.36
  272.00     -50.26       8.412                .00      -50.26      8092.56
  272.10     -48.10       8.588                .00      -48.10      8265.15
  272.20     -45.84       8.764                .00      -45.84      8437.83
  272.30     -43.46       8.940                .00      -43.46      8610.58
  272.40     -40.95       9.116                .00      -40.95      8783.52
  272.50     -38.27       9.292                .00      -38.27      8956.63
  272.60     -35.39       9.468                .00      -35.39      9129.94
  272.70     -32.25       9.644                .00      -32.25      9303.50
  272.80     -28.77       9.820                .00      -28.77      9477.35
  272.90     -24.81       9.996                .00      -24.81      9651.74
  273.00     -20.08      10.173                .00      -20.08      9826.90
  273.10     -13.82      10.349                .00      -13.82     10003.59
  273.20       4.61      10.525                .00        4.61     10192.44
  273.30      15.87      10.701                .00       15.87     10374.08
  273.40      22.78      10.877                .00       22.78     10551.42
  273.50      28.72      11.053                .00       28.72     10727.78
  273.60      34.23      11.229                .00       34.23     10903.72
  273.70      39.51      11.405                .00       39.51     11079.42
  273.80      44.67      11.581                .00       44.67     11254.96

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND

   Type.... Pond E-V-Q Table                                      Page 9.06

                       LEVEL POOL ROUTING DATA

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

Elevation    Outflow     Storage               Infilt.     Q Total    2S/t + O
    ft         cfs        ac-ft                  cfs         cfs         cfs
------------------------------------------------------------------------------
  273.90      49.77      11.757                .00       49.77     11430.48
  274.00      54.84      11.933                .00       54.84     11605.98
  274.10      76.23      11.940                .00       76.23     11633.86
  274.20     111.15      11.946                .00      111.15     11675.27
  274.30     154.88      11.953                .00      154.88     11725.48
  274.40     205.78      11.960                .00      205.78     11782.87
  274.50     262.87      11.967                .00      262.87     11846.44
  274.60     325.49      11.973                .00      325.49     11915.55
  274.70     393.16      11.980                .00      393.16     11989.71
  274.80     465.50      11.987                .00      465.50     12068.53
  274.90     542.24      11.993                .00      542.24     12151.75
  275.00     623.12      12.000                .00      623.12     12239.12
  275.10     707.93      12.002                .00      707.93     12325.87
  275.20     796.50      12.004                .00      796.50     12416.37
  275.30     888.62      12.006                .00      888.62     12510.43
  275.40     984.23      12.008                .00      984.23     12607.98
  275.50    1083.18      12.010                .00     1083.18     12708.86
  275.60    1185.34      12.012                .00     1185.34     12812.95
  275.70    1290.62      12.014                .00     1290.62     12920.17
  275.80    1398.90      12.016                .00     1398.90     13030.38

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND

   Type.... Pond E-V-Q Table                                      Page 9.07

                       LEVEL POOL ROUTING DATA

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

Elevation    Outflow     Storage               Infilt.     Q Total    2S/t + O
    ft         cfs        ac-ft                  cfs         cfs         cfs
------------------------------------------------------------------------------
  275.90    1510.15      12.018                .00     1510.15     13143.58
  276.00    1624.28      12.020                .00     1624.28     13259.64

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    IN                                   Event: 100 yr

   Type.... Node: Pond Inflow Summary                             Page 9.08

                       SUMMARY FOR HYDROGRAPH ADDITION
                       at Node: DET. POND    IN 

    HYG Directory: F:\06-14\hydro\pondpack\

    ==========================================================================
    Upstream Link ID  Upstream Node ID   HYG file     HYG ID           HYG tag
    --------------------------------------------------------------------------
    WARNING: Missed peak when adding hydrograph...
    ADDLINK 10        RATHYDRO HG        work_pad.hyg  HYG 1           100   
    ==========================================================================

    INFLOWS TO:  DET. POND    IN 
    ---------------------------------------- Volume     Peak Time   Peak Flow
    HYG file     HYG ID           HYG tag     ac-ft        hrs         cfs
    --------------------------------------------------------------------------
    work_pad.hyg HYG 1             100        57.832      4.2700      842.03

    TOTAL FLOW INTO:  DET. POND    IN 
    ---------------------------------------- Volume     Peak Time   Peak Flow
    HYG file     HYG ID           HYG tag     ac-ft        hrs         cfs
    --------------------------------------------------------------------------
    work_pad.hyg DET. POND    IN   100        57.827      4.2750      830.29

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    IN                                   Event: 100 yr

   Type.... Node: Pond Inflow Summary                             Page 9.09

               TOTAL NODE INFLOW...
               HYG file = F:\06-14\hydro\pondpack\work_pad.hyg
               HYG ID   = DET. POND    IN 
               HYG Tag  = 100   
               -----------------------------------
               Peak Discharge =       830.29 cfs
               Time to Peak   =       4.2750 hrs
               HYG Volume     =       57.827 ac-ft
               -----------------------------------

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
       .0000 |         .00        3.39        6.79       10.18       13.57
       .1250 |       16.97       20.36       23.75       27.15       30.54
       .2500 |       33.93       37.33       40.72       41.60       41.84
       .3750 |       42.09       42.33       42.58       42.83       43.07
       .5000 |       43.32       43.56       43.81       44.06       44.30
       .6250 |       44.48       44.62       44.76       44.90       45.04
       .7500 |       45.18       45.32       45.46       45.60       45.74
       .8750 |       45.88       46.02       46.23       46.56       46.89
      1.0000 |       47.21       47.54       47.87       48.20       48.53
      1.1250 |       48.85       49.18       49.51       49.84       50.14
      1.2500 |       50.34       50.53       50.73       50.93       51.12
      1.3750 |       51.32       51.52       51.71       51.91       52.11
      1.5000 |       52.30       52.50       52.97       53.43       53.90
      1.6250 |       54.37       54.84       55.30       55.77       56.24
      1.7500 |       56.70       57.17       57.64       58.11       58.43
      1.8750 |       58.72       59.00       59.29       59.58       59.86
      2.0000 |       60.15       60.44       60.72       61.01       61.30
      2.1250 |       61.59       62.15       62.89       63.64       64.39
      2.2500 |       65.13       65.88       66.62       67.37       68.11
      2.3750 |       68.86       69.61       70.35       70.99       71.48
      2.5000 |       71.96       72.44       72.93       73.41       73.90
      2.6250 |       74.38       74.86       75.35       75.83       76.31
      2.7500 |       76.98       78.38       79.78       81.19       82.59
      2.8750 |       83.99       85.39       86.79       88.19       89.60
      3.0000 |       91.00       92.40       93.80       94.87       95.93
      3.1250 |       97.00       98.06       99.13      100.19      101.26
      3.2500 |      102.32      103.39      104.46      105.52      106.59
      3.3750 |      110.08      114.18      118.28      122.37      126.47
      3.5000 |      130.57      134.67      138.77      142.87      146.96
      3.6250 |      151.06      155.16      157.50      158.68      159.85
      3.7500 |      161.02      162.19      163.36      164.54      165.71

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    IN                                   Event: 100 yr

   Type.... Node: Pond Inflow Summary                             Page 9.10

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      3.8750 |      166.88      168.05      169.22      170.40      193.10
      4.0000 |      248.09      303.09      358.08      413.08      468.07
      4.1250 |      523.06      578.06      633.05      688.05      743.04
      4.2500 |      798.03      830.29      771.58      712.87      654.17
      4.3750 |      595.46      536.75      478.04      419.34      360.63
      4.5000 |      301.92      243.22      184.51      125.80      122.39
      4.6250 |      118.98      115.57      112.16      108.75      105.34
      4.7500 |      101.93       98.52       95.11       91.70       88.29
      4.8750 |       84.88       83.00       81.50       80.00       78.50
      5.0000 |       77.00       75.50       74.00       72.50       71.00
      5.1250 |       69.50       68.00       66.50       65.37       64.50
      5.2500 |       63.62       62.74       61.87       60.99       60.11
      5.3750 |       59.23       58.36       57.48       56.60       55.73
      5.5000 |       54.96       54.37       53.78       53.19       52.60
      5.6250 |       52.01       51.42       50.83       50.24       49.65
      5.7500 |       49.06       48.47       47.91       47.49       47.06
      5.8750 |       46.64       46.21       45.78       45.36       44.93
      6.0000 |       44.50       44.08       43.65       43.23       42.80
      6.1250 |       39.29       35.78       32.28       28.77       25.26
      6.2500 |       21.75       18.24       14.73       11.23        7.72
      6.3750 |        4.21         .70

   S/N:  250f6f51-5169-41f8-ac89-b0ce1be0ce4f

   Bentley PondPack (10.01.04.00) 9:43 AM 9/15/2009

Bentley Systems, Inc.



   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr

   Type.... Pond Routing Summary                                  Page 9.11

                       LEVEL POOL ROUTING SUMMARY

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    INITIAL CONDITIONS
    ----------------------------------
    Starting WS Elev   =   264.00 ft     
    Starting Volume    =     .000 ac-ft  
    Starting Outflow   =  -106.51 cfs    
    Starting Infiltr.  =      .00 cfs    
    Starting Total Qout=  -106.51 cfs    
    Time Increment     =    .0250 hrs    

    INFLOW/OUTFLOW HYDROGRAPH SUMMARY
    =====================================================
    Peak Inflow       =    830.29 cfs    at    4.2750 hrs    
    Peak Outflow      =    829.46 cfs    at    4.2750 hrs    
    -----------------------------------------------------
    Peak Elevation    =    275.24 ft     
    Peak Storage =         12.005 ac-ft  
    =====================================================

    MASS BALANCE (ac-ft)
    --------------------------
  + Initial Vol  =        .000
  + HYG Vol IN   =      57.827
  - Infiltration =        .000
  - HYG Vol OUT  =      47.462
  - Retained Vol =      10.481
                    ----------
    Unrouted Vol =        .115 ac-ft  (.200% of Inflow Volume)

    WARNING: Inflow hydrograph truncated on right side.
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr

   Type.... Detention Time                                        Page 9.12

                         DETENTION TIMES SUMMARY

    HYG Dir          = F:\06-14\hydro\pondpack\
    Inflow  HYG file = work_pad.hyg - DET. POND    IN  100
    Outflow HYG file = work_pad.hyg - DET. POND    OUT 100

    Pond Node   Data = DET. POND
    Pond Volume Data = DET. POND
    Pond Outlet Data = Outlet 1

    No Infiltration

    APPROXIMATE DETENTION TIME
    ---------------------------------------
    Tp, Outflow + Infilt.   =    4.2750 hrs    
    Tp, Total Inflow        =    4.2750 hrs    
    Peak to Peak            =     .0000 hrs    
    ---------------------------------------
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr

   Type.... Pond Routed HYG (total out)                           Page 9.13

               POND ROUTED TOTAL OUTFLOW HYG...
               HYG file = F:\06-14\hydro\pondpack\work_pad.hyg
               HYG ID   = DET. POND    OUT
               HYG Tag  = 100   

   -----------------------------------    -----------------------------------
              POSITIVE FLOW                          NEGATIVE FLOW
   -----------------------------------    -----------------------------------
   Peak Discharge =       829.46 cfs      Peak Discharge =        -4.00 cfs
   Time to Peak   =       4.2750 hrs      Time to Peak   =       2.5250 hrs
   HYG Volume     =       47.462 ac-ft    HYG Volume     =        -.115 ac-ft
   -----------------------------------    -----------------------------------

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
       .0000 |     -106.51         .00         .00         .00         .00
       .1250 |         .00         .00         .00         .00         .00
       .2500 |         .00         .00         .00         .00         .00
       .3750 |         .00         .00         .00         .00         .00
       .5000 |         .00         .00         .00         .00         .00
       .6250 |         .00         .00         .00         .00         .00
       .7500 |         .00         .00         .00         .00         .00
       .8750 |         .00         .00         .00         .00         .00
      1.0000 |         .00         .00         .00         .00         .00
      1.1250 |         .00         .00         .00         .00         .00
      1.2500 |         .00         .00         .00         .00         .00
      1.3750 |         .00         .00         .00         .00         .00
      1.5000 |         .00         .00         .00         .00         .00
      1.6250 |         .00         .00         .00         .00         .00
      1.7500 |         .00         .00         .00         .00         .00
      1.8750 |         .00         .00         .00         .00         .00
      2.0000 |         .00         .00         .00         .00         .00
      2.1250 |         .00         .00         .00         .00         .00
      2.2500 |         .00         .00         .00         .00         .00
      2.3750 |         .00         .00         .00         .00         .00
      2.5000 |         .00       -4.00        8.65       16.36       20.83
      2.6250 |       24.68       28.05       31.04       33.83       36.38
      2.7500 |       38.80       41.10       43.34       45.51       47.62
      2.8750 |       49.69       51.72       53.70       76.62       97.32
      3.0000 |       85.47       95.98       91.12       96.54       94.62
      3.1250 |       97.73       97.39       99.42       99.82      101.35
      3.2500 |      102.10      103.38      104.30      105.46      106.46
      3.3750 |      109.62      113.94      117.92      122.11      126.14
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... DET. POND    OUT   Tag: 100                       Event: 100 yr
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                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      3.5000 |      130.29      134.35      138.47      142.55      146.67
      3.6250 |      150.75      154.86      157.47      158.57      159.80
      3.7500 |      160.93      162.13      163.28      164.47      165.63
      3.8750 |      166.81      167.97      169.15      170.32      190.59
      4.0000 |      244.29      300.85      354.95      410.95      465.32
      4.1250 |      521.10      575.56      631.54      688.26      741.64
      4.2500 |      798.20      829.46      773.60      712.20      656.12
      4.3750 |      596.41      540.31      479.61      422.79      362.75
      4.5000 |      305.45      246.01      188.49      129.82      119.85
      4.6250 |      121.31      114.29      113.55      108.25      106.22
      4.7500 |      101.86       99.10       95.25       92.14       88.52
      4.8750 |       85.26       83.04       81.71       80.09       78.67
      5.0000 |       77.12       75.71       74.24       72.72       71.23
      5.1250 |       69.73       68.23       66.73       65.52       64.63
      5.2500 |       63.76       62.87       62.00       61.12       60.24
      5.3750 |       59.37       58.49       57.61       56.74       55.86
      5.5000 |       55.07       54.82       54.78       54.71       54.60
      5.6250 |       54.47       54.31       54.13       53.92       53.69
      5.7500 |       53.44       53.17       52.88       52.58       52.28
      5.8750 |       51.96       51.64       51.32       50.98       50.65
      6.0000 |       50.30       49.96       49.60       49.24       48.88
      6.1250 |       48.43       47.80       47.00       46.04       44.93
      6.2500 |       43.68       42.29       40.77       39.13       37.34
      6.3750 |       35.46       33.44       31.35       29.39       27.46
      6.5000 |       25.61       23.88       22.20       20.47       18.87
      6.6250 |       17.40       16.04       14.15       12.40       10.86
      6.7500 |        9.52        8.34        7.30        6.40        5.60
      6.8750 |        4.91        4.12        3.32        2.67        2.15
      7.0000 |        1.73        1.39        1.12         .90         .73
      7.1250 |         .58         .47         .38         .30         .24
      7.2500 |         .20         .16         .13         .10         .08
      7.3750 |         .07         .05         .04         .03         .03
      7.5000 |         .02         .02         .01         .01         .01
      7.6250 |         .01         .01         .00         .00         .00
      7.7500 |         .00
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
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   Type.... Diverted Hydrograph                                   Page 9.15

               DIVERTED HYDROGRAPH...
               HYG file = F:\06-14\hydro\pondpack\work_pad.hyg
               HYG ID   = ROUTE 10        
               HYG Tag  = 100   
               -----------------------------------
               Peak Discharge =       829.46 cfs
               Time to Peak   =       4.2750 hrs
               HYG Volume     =       47.462 ac-ft
               -----------------------------------

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      2.5250 |       -4.00        8.65       16.36       20.83       24.68
      2.6500 |       28.05       31.04       33.83       36.38       38.80
      2.7750 |       41.10       43.34       45.51       47.62       49.69
      2.9000 |       51.72       53.70       76.62       97.32       85.47
      3.0250 |       95.98       91.12       96.54       94.62       97.73
      3.1500 |       97.39       99.42       99.82      101.35      102.10
      3.2750 |      103.38      104.30      105.46      106.46      109.62
      3.4000 |      113.94      117.92      122.11      126.14      130.29
      3.5250 |      134.35      138.47      142.55      146.67      150.75
      3.6500 |      154.86      157.47      158.57      159.80      160.93
      3.7750 |      162.13      163.28      164.47      165.63      166.81
      3.9000 |      167.97      169.15      170.32      190.59      244.29
      4.0250 |      300.85      354.95      410.95      465.32      521.10
      4.1500 |      575.56      631.54      688.26      741.64      798.20
      4.2750 |      829.46      773.60      712.20      656.12      596.41
      4.4000 |      540.31      479.61      422.79      362.75      305.45
      4.5250 |      246.01      188.49      129.82      119.85      121.31
      4.6500 |      114.29      113.55      108.25      106.22      101.86
      4.7750 |       99.10       95.25       92.14       88.52       85.26
      4.9000 |       83.04       81.71       80.09       78.67       77.12
      5.0250 |       75.71       74.24       72.72       71.23       69.73
      5.1500 |       68.23       66.73       65.52       64.63       63.76
      5.2750 |       62.87       62.00       61.12       60.24       59.37
      5.4000 |       58.49       57.61       56.74       55.86       55.07
      5.5250 |       54.82       54.78       54.71       54.60       54.47
      5.6500 |       54.31       54.13       53.92       53.69       53.44
      5.7750 |       53.17       52.88       52.58       52.28       51.96
      5.9000 |       51.64       51.32       50.98       50.65       50.30
      6.0250 |       49.96       49.60       49.24       48.88       48.43
      6.1500 |       47.80       47.00       46.04       44.93       43.68
      6.2750 |       42.29       40.77       39.13       37.34       35.46
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   Storm... 100   Tag: 100

   File.... F:\06-14\hydro\pondpack\614p.ppw
   Name.... ROUTE 10                                          Event: 100 yr

   Type.... Diverted Hydrograph                                   Page 9.16

                             HYDROGRAPH ORDINATES (cfs)
       Time  |               Output Time increment = .0250 hrs
       hrs   |    Time on left represents time for first value in each row.
    ---------|--------------------------------------------------------------
      6.4000 |       33.44       31.35       29.39       27.46       25.61
      6.5250 |       23.88       22.20       20.47       18.87       17.40
      6.6500 |       16.04       14.15       12.40       10.86        9.52
      6.7750 |        8.34        7.30        6.40        5.60        4.91
      6.9000 |        4.12        3.32        2.67        2.15        1.73
      7.0250 |        1.39        1.12         .90         .73         .58
      7.1500 |         .47         .38         .30         .24         .20
      7.2750 |         .16         .13         .10         .08         .07
      7.4000 |         .05         .04         .03         .03         .02
      7.5250 |         .02         .01         .01         .01         .01
      7.6500 |         .01         .00         .00         .00         .00
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              Index of Starting Page Numbers for ID Names

   Appendix A                                                       A-1

    ----- D -----
    DET. POND... 7.01, 9.01
    DET. POND    IN 100... 9.08
    DET. POND    OUT 100... 5.01, 6.01,
      9.11, 9.12, 9.13

    ----- O -----
    OUT 10 100... 4.01
    Outlet 1... 8.01, 8.04, 8.30

    ----- R -----
    RATHYDRO HG 100... 3.01
    ROUTE 10 100... 9.15

    ----- W -----
    Watershed... 1.01, 2.01, 2.02, 2.03
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SECTION 10B: 
DETENTION BASIN OUTLET HYDRAULIC CALCS  
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SECTION 10C: 
PRELIMINARY DETENTION BASIN DESIGN 
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SECTION 11: 
SUMMARY 

STORMWATER VOLUMES AT POINTS OF DISCHARGE & INTEREST (see Hydrology Maps for Node 
locations): 
 
DISCHARGE FROM PROJECT SITE PER AES RATIONAL ANALYSIS AND PONDPACK DETENTION 
BASIN ANALYSIS (SECTIONS 4, 5, 6 & 10) 
 

PRE-DEVELOPMENT CONDITIONS POST-DEVELOPMENT CONDITIONS DIS-
CHARGE 

POINT 
 

C Tc I A V Q 

DIS-CHARGE 
POINT 

C Tc I A V Q 

PROPOSED 
MITIGATION 

Node 108  
Upstream 
of ex. 
5’x8’ 
culvert 
crossing 
Pankey 
Rd, (north) 

0.35 18.3 4.0 287.6 5.1 420.9 Node 170 
Upstream of 
ex. 5’x8’ 
culvert 
crossing 
Pankey Rd, 
(north) 
 

0.41 
 
 
 

16.1 4.4 148.2 9.8 270.9 Discharge into existing 
lined culvert, runoff rate 
decreased, no mitigation 
required. 

Node 204 0.35 15.3 4.5 56.1 5.2 88.1 Node 407 0.35 13.7 5.2 105.3 25.9 212.2 Riprap will be placed at 
outlet to minimize 
erosion and to dissipate 
flows.  The increase in 
runoff is due to a 
temporary diversion of 
flows to this point.  
Further mitigation to 
increased runoff to occur 
downstream at proposed 
detention basin. 

Node 303 0.35 17.2 4.1 32.1 5.0 46.6 N/A*        
Node 402 0.35 21.8 3.6 142.9 6.1 178.3 N/A*        
Node 502 0.35 21.8 3.6 86.7 6.1 108.3 N/A*        
Node 601 0.35 19.4 3.8 106.5 5.6 147.0 327 0.35 14.3 4.7 21.2 9.0 35.2 Riprap will be placed at 

outlet to minimize 
erosion and to dissipate 
flows.  The decrease in 
runoff is due to a 
temporary diversion of 
flows to this point.  The 
diverted runoff is carried 
in the proposed storm 
drain main in Horse 
Ranch Road and into the 
proposed detention basin 

Node 703 0.35 25.8 3.2 14.6 4.1 16.3 N/A*        
 
*  The remainder of the post-development on-site runoff is diverted within the proposed storm drain system in Horse Ranch 
Creek Road, through the proposed detention basin and discharges offsite upstream of the existing Pankey Road (N) bridge 
and confluences with the runoff in Horse Ranch Creek.  See Section 8 for detailed hydrology analysis of the entire Horse 
Ranch Creek watershed.
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DISCHARGE FROM PROJECT SITE COMBINED WITH HORSE RANCH CREEK RUNOFF PER HEC HMS  
ANALYSIS (SECTION 8) 
 
 

PRE-DEVELOPMENT CONDITIONS POST-DEVELOPMENT CONDITIONS DIS-CHARGE 
POINT 

 CN Peak time 
(hr.) 

 A 
(ac) 

V* 
(fps) 

Q 
(sfc) 

Cn   A V* Q 

PROPOSED 
MITIGATION 

Downstrea
m of ex. 
5’x8’ 
culvert 
crossing 
Pankey Rd, 
(north) 

 
88.6 

 
16:45 

 5850 
 

 
13.1 

 
 
8111 

 
88.7 

 
16:45 

 5848  
13.1 

 
8168 

Discharge into 
existing lined 
culvert, no 
mitigation required. 

Upstream 
of existing 
Pankey 
Road (N) 
Bridge 

 
86.4 

 
17:05 

 7343.4  
0.84 

 
8802 

 
89.7 

 
17:05 

 7343.4  
7.6 

 
8800 

Discharge into 
existing natural 
channel,. runoff rate 
decreased, no 
mitigation required 

Upstream 
of existing 
Pala Road 
Bridge 

 
86.4 

 
17:05 

 7343.4  
8.0 

 
8802 

 
89.7 

 
17:05 

 7343.4  
7.9 

 
8800 

Discharge into 
existing unlined 
channel, runoff rate 
decreased, no 
mitigation required. 

Upstream 
of existing 
Pankey 
Road (S) 
Bridge 

 
86.4 

 
17:05 

 7343.4  
9.4 

 
8802 

 
89.7 

 
17:05 

 7343.4 9.3  
8800 

Discharge into 
existing unlined 
channel, runoff rate 
decreased, no 
mitigation required. 

* Per HECRAS analysis (Section 9) 
 
 
 
As previously discussed, it was assumed and expected that any development upstream from this project (which 
contributes to Horse Ranch Creek) would have to detain, treat and release the post-development 100-year storm 
waters such that the quantity, quality and discharge rate, time, location & concentration would substantially 
resemble the pre-development conditions.   
 
It is expected that the proposed surrounding developments (TM 5354 and TM 5424 and proposed Palomar 
College) would adhere to the regulation set forth by the San Diego County Drainage Design Manual Section 
6.2.1, “ ..a detention basin may be required to reduce peak flows to the capacity of the existing downstream 
facility.”  The County of San Diego has further stipulated that no increase in runoff is allowed to be discharged 
from a proposed development and that detention facilities are required for any development to regulate the 
discharge rate to that under the pre-development conditions.  Thus, it is anticipated that the surrounding 
developments will design their own detention facilities on-site to mitigate their overall discharge such that no 
adverse affect will occur to downstream drainage facilities, particularly, the existing culvert under Pankey Road 
(north) and the existing bridge under crossing on Pankey Road (north/south) & SR-76. 
 
Therefore, we did not analyze the post-development conditions for the upstream watersheds – only the existing 
upstream conditions were considered. Due to our assumption that the proposed upstream projects would have to 
mitigate any increases in peak runoff back to pre-development levels, it was assumed that any increase in post-
development runoff from the three proposed surrounding developments (TM 5354, TM 5424, and proposed 
Palomar College) would be insignificant and, therefore, was not considered in this report.   
 
At the first discharge point exiting this project (at the existing 5’x8’ box culvert under Pankey Road), the pre-
development runoff at Node 108 (i.e. 420.8 cfs) is significantly greater than the post-development runoff at 
Node 107 (i.e. 270.9 cfs).  This was primarily due to the temporary diversion of a portion of the watershed 
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upstream of the box culvert (Bypass Basin 400) that was diverted around the box culvert for water quality 
consideration. Due to the fact that this existing box culvert was operating under pressure during the existing 
100-year runoff storm, this diversion actually allows the existing box culvert to flow under capacity (see the 
post-development condition pressure flow analysis and headwater depth nomograph in Section 9).  Since the 
diversion only occurs within the project boundary and for only 465’ before it joins the historical flow pattern, 
the impacts are minimal and require no mitigation.  Based upon the tail water analysis (in Section 9D), the 
existing culvert has a capacity of 2136 cfs, even with the outlet under water.  The tail water surface elevation is 
per the HECRAS analysis in Section 9.  The required water depth at upstream is 3.3 feet, the upstream water 
surface elevation is 348.3 which is approximately 7.3’ which is approximately 10.4’ lower than the proposed 
Horse Ranch Creek Road street elevation.   
 
As the runoff exits the existing 5’x8’box culvert, it confluences with the existing upstream Horse Ranch Creek 
watershed.  As mentioned previously, the pre and post-development runoff rates used for Horse Ranch Creek 
were based upon the HEC HMS program calculations from Section 8 of this report.  Based upon this program, 
the post-development runoff volumes at this point of interest are only 9 cfs more than the pre-development due 
to the above referenced temporary diversion, thereby, offsetting the increased runoff due to the increased 
impervious areas upstream of the box culvert.  Based upon the HEC-RAS analysis of the existing Horse Ranch 
Creek channel (constructed by Caltrans), this portion of the existing channel is adequate to handle both the pre 
and post-development runoff volumes without exceeding the capacity of the channel.  Therefore, there are 
virtually no impacts from the proposed project to this section of the existing channel and the defined channel 
appears to convey the proposed runoff effectively without harm to surrounding properties. 
 
Based upon the HEC-RAS analysis of the pre and post-development conditions for Horse Ranch Creek (from 
Stations 62+41 thru 119+75), the water surface elevation and floodplain limits are nearly the same through this 
section of Horse Ranch Creek.  The existing Caltrans channel can adequately handle both the pre and post–
development runoff volumes to Section 102+84 where it gradually starts to lose capacity.  The runoff breaches 
the left bank and sheet flows onto the Horse Ranch Creek flood plain.  The Caltrans’ channel ends 
approximately 1600 feet further to the south and the runoff is discharged onto the Horse Ranch Creek flood 
plain.  The HECRAS analysis demonstrates that the Caltrans channel gradually loses capacity towards the end 
of the channel under the pre-development conditions.  The post development runoff at the section of the channel 
where the breach happens is slightly less than that of the pre-development conditions due to the temporary on-
site diversion of discharge into the channel along the proposed Horse Ranch Creek Road where most of the on-
site discharge is conveyed in the proposed storm drain system in the proposed roadway and discharged into the 
proposed detention basin analyzed in Section 10.  Therefore, the proposed project has no significant impacts to 
this section of the existing channel and will not alter the existing drainage and hydraulics of the existing 
channel.  Thus no mitigation is required.  
 
As the existing defined channel of Horse Ranch Creek flows further south from the existing 8’x5’ culvert (for 
about 4,000’), the channel banks flatten out and Horse Ranch Creek re-enters the project boundary spreading out 
across a wide, shallow section of the creek.  The majority of the runoff from proposed Basin 200, which 
historically sheet-flowed westerly over a wide reach of the creek, is diverted in the proposed underground storm 
drain system to the most southwesterly corner of Basin 200 (at Node 2185) and then, discharges into the creek.   
The diversion caused by the proposed storm drain system only occurs on-site and will not adversely impact 
surrounding properties.   The post-development condition and capacity condition do not cause an noticeable 
increase in the water surface elevation until downstream of Station 81+91.  The grading proposed in the post-
development condition will constrict the floodplain width and, thereby, cause the Horse Ranch Creek water 
surface elevation to increase between Stations 34+47 and 81+91 under the post-development conditions.  The 
maximum water surface elevation increase is about 4.36’ that occurs at section 45+83 as the runoff is backup by 
the raised Pankey (N) bridge and constricted by the proposed Pankey Place and the berms of the proposed 
detention basin and percolation pond.  This water surface elevation increase will cause additional flooding in the 
adjacent westerly properties.  However, this property is currently vacant and the proposed project planned for 
this area (Campus Park West - TM 5424) would not be adversely affected by this additional flooding.  To 
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mitigate for this additional flooding, this project will obtain permission from the property owners to allow this 
additional flooding.  No flooding will occur to any existing or proposed streets.  No further mitigation measures 
are proposed for the additional flooding in this area. 
 
In order to mitigate for the overall project’s increased runoff volumes, the 100-year peak runoff will be detained 
in a proposed detention basin just south of the Multi-family-1 site (Lot 539). Based on the Pondpack detention 
basin analysis in Section 10, the proposed detention basin provides approximately 12.0 acre-feet of storage 
volume.  The basin overtops at the spillway at around 3.1 hours at the peak time.  Based on the HEC HMS 
watershed and flood routing analysis in Section 8, the detention basin will reduce the overall discharge from the 
site that reaches the downstream Pankey Road and Pala Road Bridges to 8800 cfs, 2 cfs less than the pre-
development conditions’ 8802 cfs. 
 
Also, based upon the HEC-RAS calculations in Section 9, the post-development water surface elevation 
essentially returns to pre-development water surface elevation levels at Station 28+46, down stream of the 
Pankey Bridge (north) prior to Horse Ranch Creek leaving the project boundary.  Based upon the HECRAS 
bridge hydraulics analysis in Section 9A, the Pankey (N) bridge is overtopping under the pre-development 
conditions.   The runoff from Horse Ranch Creek will overtop the bridge and flow across the southerly portions 
of the the existing Pankey Road.  The bridge deck and roadway will be raised to accommodate the peak 
discharge through the bridge opening without overtopping the roadway.  The Pankey (N) bridge will be raised to 
have a bottom deck elevation of 273.5.  Per the capacity analysis in Section 9C and bridge hydraulic analysis in 
Section 9D, the water surface elevation at the upstream of the bridge is 272.5, the bridge deck will have a 1’ of 
free board.   
 
Although this project requires some grading within the Horse Ranch Creek floodplain (with the construction of 
MF-3 site, MF-4, Pankey Place, etc.), the negative impacts of that grading can be mitigated in several ways.  
The grading operation in the floodplain should not occur during the rainy season so that the grading and storm 
drainage facilities can be constructed without floodwater intrusion.  Once the grading operation is completed, 
the exposed dirt should be immediately hydroseeded, planted and irrigated to allow the most time for soil 
stabilization and to minimize erosion and silt from leaving the project site.  Riprap slope protection (or 
equivalent) should be installed to one foot above proposed 100-year water surface elevations immediately after 
the grading within the floodplain to protect manufactured slope embankments which are exposed to flood waters 
within Horse Ranch Creek. 
 
During construction, there is always the likelihood of erosion and siltation within existing drainage courses.  To 
mitigate for this likelihood, the amount of disturbed areas should be limited so that proper erosions control 
measures can be installed and any soil movement can be contained.  The perimeter of the disturbed area should 
be contained with silt fences and/or gravel bags to prevent the movement of soil away from the disturbed areas.  
After every storm event, the erosion control measures should be checked and cleaned of any debris so that they 
operate efficiently for the next storm event.  All erosion control personnel should be properly trained.  If 
construction BMP’s and water quality procedures (as outlined in the County’s current codes) are followed, the 
impacts due to construction activities should be properly mitigated for.   
 
Post-construction, all finished slopes should be planted and irrigated as soon as possible after they are completed 
and all pad areas should be properly stabilized with bonded fiber matrix or similar products.  Compliance with 
the requirements outlined in the County’s current grading ordinance should adequately mitigate for these 
potential impacts.  Where underground storm drain pipes outlet into natural terrain, riprap energy dissipaters (or 
similar devices) should be installed at the pipe outlet to dissipate and slow down concentrated storm water in 
order to prevent erosion of soil in front of the outlet points and to return the concentrate flows to their pre-
development flow patterns as quickly as possible.  Also, riprap slope protection (or equivalent) should be placed 
behind culverts at least one foot above the required headwater depth and at least one foot above floodwater 
depths on slopes facing floodplains.  The riprap slope protection will mitigate any potential soil loss from slope 
scowering from floodwaters. 
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There is an existing, off-site, public 12” sewer main (maintained by the Rainbow Municipal Water District) 
along the westerly boundary of this project which currently sits within the limits of the existing and proposed 
Horse Ranch Creek floodplain limits.  To mitigate for the impacts of the floodplain, watertight manhole covers 
should be installed (unless they already have them).  However, since this project does not propose to utilize this 
sewer main and is not exposing more of the sewer main to flood waters, the Rainbow Municipal Water District 
should be responsible for these upgrades. 
 
FLOOD PLAIN: 
 
Based on the HEC-RAS analysis presented in Section 9 of this report, from cross sections 51+34 to 36+46, 
ineffective flood areas were modeled for the areas between the easterly project boundary and the proposed 
Horse Ranch Creek Road, northerly and southerly of the proposed Pankey Place.  The two areas will remain 
undisturbed.   
 
The area northerly of proposed Pankey Place will be flooded once the flood water in Horse Ranch Creek reaches 
the 20’ wide gap between the proposed berms of the detention basin and perc pond.  The area southerly of 
proposed Pankey Place will also be flooded once the flood water from Horse Ranch Creek floods the northerly 
area.  A proposed culvert crossing under Pankey Place will allow the flood water from the northerly area to flow 
into the southerly area.  Although this will flow will be reverse from normal, it will occur due to the water 
surface elevation differential on each side of Pankey Place. As the flood water in Horse Ranch Creek recedes, 
the floodwaters in these two areas will slowly drain out into the Horse Ranch Creek through this proposed 
culvert crossing and the through the proposed 20’ gap between the detention basin & perc pond.  Even though 
the easterly portion of the proposed Pankey Place, between Horse Ranch Creek Road and the detention 
basin/perc pond, will effectively hold back flood water from Horse Ranch Creek, it is not considered a levee 
since this condition will be temporary until the water surface elevation on each side of Pankey Place balances 
through the proposed culvert crossing.  Per the technical memorandum in the Appendix, dated September 10, 
2008, the Federal Highway Administration (FHWA) states that certifying or, otherwise, designating roadway 
embankments as levees is not acceptable since the embankment of the roadway, in this case, Pankey Place, is 
not designed to perform as a levee or other flood control facility.  In the unlikely event that the roadway fails 
due to flooding from Horse Ranch Creek, the flood water will breach the roadway and flood an natural area that 
was already inundated under the pre-development conditions. 
 
Furthermore, these areas northerly and southerly of Pankey Place, between Horse Ranch Creek and the 
detention basin/perc pond, will be designated as within the 100-year flood limits under both the pre and post 
conditions (even though the only represent ineffective flow areas).  Therefore, any future development within 
these two areas will have to conform to the regulations and ordinances governing land development within 
floodplains and there should be no harm to any people or property. 
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SECTION 11A: 
PRE AND POST DEVELOPMENT PROJECT DISCHARGE POINT 

SUMMARY EXHIBITS  
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SECTION 12: 
APPENDIX 

  
  

























  
Memorandum 

 
 

In Reply Refer To:  HIBT-20 
 

Date:  September 10, 2008 Subject: ACTION:  Highway Embankments versus Levees 
and other Flood Control Structures 
 
/s/ Original Signed by 

From: King W.  Gee 
Associate Administrator for Infrastructure 
 

To: Associate Administrator for Federal Lands 
   Highway Programs 

Directors of Field Services 
Acting Resource Center Director 
Division Administrators 
 
 
This memorandum provides guidance to our field offices on the distinctions between 
highway embankments, levees, and other flood control structures.  The memorandum also 
provides background of why these distinctions are important and recommendations in the 
event that the FHWA encounters questions or issues in this area.  
 
Background: 
 
The Federal Emergency Management Agency (FEMA), primarily through the National Flood 
Insurance Program (NFIP), works with communities to determine floodplain areas threatened 
by flood damages and sets appropriate insurance rates for property owners within those areas.  
The primary means to determine the locations of these flood prone areas are through flood 
insurance studies (FIS) and associated flood insurance rate maps.  By the time the FEMA and 
the communities began conducting these FIS, much of our Nation’s highway system had 
already been constructed, including embankments within some floodplains.   
 
Recent FEMA map modernization and levee certification initiatives have revealed that for 
many years some highway embankments may have been either inadvertently or incorrectly 
designated as levees or other flood control structures.  Also, some NFIP communities 
incorrectly assumed that these embankments provided some level of protection.  Until 
recently, the FHWA was unaware of such assumptions.   
 
Furthermore, there have been recent instances where the FEMA, other floodplain regulators, 
and communities (hereafter referred to as ‘entities’) have approached State departments of 
transportation (DOTs) to request DOT certification of these highway embankments as levees 
or flood control structures.  Some entities have suggested that DOTs need to retrofit these 
embankments into levees and do so using Federal-aid highway funds, thus allowing for 
certification.  Many times these entities cite significant economic hardship for the community 
should the DOT not take such actions.   
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The FHWA, Floodplains, and Flood Control 

 
For over 50 years, the FHWA has been involved in the planning, design, and construction of 
the Interstate and other portions of the National Highway System.  At times, this required 
placing highway embankments adjacent to or within floodplains.  While the FHWA long 
recognized that the highway system would cross and interact with floodplains, the system 
was not designed or intended to serve in a flood control role.   
 
As a consequence, the FHWA does not have flood control standards for highway 
embankments.  However, the FHWA does have regulations and design standards that relate 
to the interaction of highways and bridges with floodplains.  These regulations are found in 
23 CFR 650 Subpart A:  “Location and Hydraulic Design of Encroachments on Flood 
Plains.” 
 
Design of Highway Embankments 

 
Both new and existing highway embankments reflect the following typical design philosophy 
and approach:  
 

• Highway embankments do not include design features, such as an internal impervious 
core and freeboard, required for a levee or other flood control structures;   

• The fill material used in the construction of a typical highway embankment is not a 
sufficient barrier against water; therefore, a highway embankment is subject to 
piping, seepage, and infiltration; and   

• Typical highway embankment construction does not require the same level of 
geotechnical engineering analysis as required for flood control structures.   

 
Role of FHWA Floodplain Regulations 

 
The FHWA floodplain policies and regulations (23 CFR 650 Subpart A) attempt to keep 
encroachments (embankments) entirely out of floodplains.  Where this was not feasible, 
regulations and practice required most Interstate embankments to be sufficiently elevated to 
avoid overtopping by a flood with a 2 percent chance of being exceeded in any given year.   
This requirement does not imply an embankment provides an additional flood control role.  
Instead, the intent is to prevent loss of the embankment as a result of overtopping flows 
associated with smaller floods.   
 
Further differentiating how the FHWA’s floodplain interaction function is distinct from a 
flood control role, the FHWA floodplain regulations require highway project design flows to 
consider potential effects on any existing flood control channels, levees, and reservoirs.   
In doing so, the FHWA recognizes the importance of flood control missions performed by 
other entities, but clearly avoids undertaking and involvement in such a mission.  Typically, 
the Federal Agencies with such a flood control and mitigation mission and authority are the 
FEMA and the U.S. Army Corps of Engineers.   
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Risk of Failure 

 
In developing the floodplain regulations, the FHWA did not intend that highway 
embankments act as a flood control structure.  To the contrary, the FHWA believes that 
assuming such a role poses a significant risk of embankment failure. 
 
An additional concern is that highway engineers cannot quantify the risk of failure of these 
embankments during a flood event.  There are no cost effective means to ascertain the 
potential of failure associated with any given highway embankment or even relative to 
similarly designed highway embankments in different areas.  Nor does a history of some 
individual embankment acting in a “flood protection” mode imply that the design is adequate 
for a flood control role.   
 
Embankments and Permanent Dams 

 
The FHWA floodplain regulations do recognize that there are times when embankments may 
interact with or function as permanent dams.  In these cases, the FHWA has no design 
standards.  Instead the FHWA regulations require the design have the approval of the State or 
Federal Agency responsible for the safety of dams or like structures within the State.  Even in 
this case, the FHWA floodplain regulations distinguish between permanent structures and 
those affected during floods.   
 
Guidance on Highway Embankments 
 
Staff from the FHWA’s Office of Bridge Technology have carefully studied the points 
discussed in this memorandum and believe that certifying or otherwise designating highway 
embankments as levees is not an acceptable practice and should be opposed for the following 
reasons:  
 

• Most existing highway embankments were not designed and constructed for (and thus 
are ill-suited to) performing as a levee or other flood control facility;   

• In such a role, highway embankments could pose a significant and unacceptable risk 
to the public; and subject a DOT and FHWA to an untenable position with respect to 
costs, liability and damages;   

• Certification requires conducting a thorough engineering evaluation by groups with 
experience in analysis and design of flood control structures and applying standards 
and obtaining approval of agencies responsible for flood control structures; and   

• This situation indirectly places the FHWA into a flood control role for its Federal-aid 
highway program.  For nearly all projects, the FHWA does not have the authority to 
engage in flood control activities.   

 
Therefore, the FHWA discourages DOTs in certifying highway embankments as levees or 
allowing any such certification by any entity.  Additionally, the FHWA discourages any type 
of retrofit efforts as DOTs and the FHWA are not in a position to assume such a role for 
statutory, financial, liability, and engineering reasons.   
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We recommend that you and your corresponding DOT decline any certification request 
from any entity that may contact you on this subject.  Additionally, we recommend informing 
the FHWA’s Office of Bridge Technology, Hydraulics and Geotechnical Team (HIBT-20) of 
the request.  The HIBT-20 staff will be available to serve as the FHWA’s lead in providing 
assistance and guidance to your office in resolving such requests.  The HIBT-20 staff has 
also met with FEMA headquarters staff on this issue and can provide liaison services as 
needed.   

 
Please share this memorandum with your appropriate staff and with all appropriate DOT and 
local transportation management officials within your State.   
 
If you have any questions or need additional information, please contact Mr. Joe Krolak at 
(202) 366-4611 (joe.krolak@dot.gov) or Mr. Jorge Pagán-Ortiz at (202) 366-4604 
(jorge.pagan@dot.gov). 
  
 
 
 
 
 

 

mailto:joe.krolak@dot.gov
mailto:jorge.pagan@dot.gov


STORM  WATER  MANAGEMENT  PLAN































































































































































































































































































































































































































































































































PRELIMINARY  HYDROMODIFICATION  MANAGEMENT  
PLAN



PRELIMINARY  
HYDROMODIFICATION 

MANAGEMENT PLAN 
(HMP) 
FOR: 

 
CAMPUS PARK 
TM5338 RPL6 

 
San Diego, California 

 
Prepared for: 

 
Passerelle, LLC 

402 W. Broadway, Suite 1320 
San Diego, Ca 92101 

 
Prepared by: 

 
Landmark Consulting 

9555 Genesee Ave, Suite 200 
San Diego, Ca 92121 

Ph:  858-587-8070 
Jn 6-14 

Rev. Date: 8-17-09 
 

 
 
 

David Yeh, RCE 62717, Exp. 6-30-10 



F:\06-14\HYDROMOD\614hydromod.doc 2



F:\06-14\HYDROMOD\614hydromod.doc 3

TABLE OF CONTENTS:       PAGE: 
 
VICINITY MAP          5 
 
INTRODUCTION         7 
 
PROJECT DESCRIPTION        9-10 
 
METHOD OF ANALYSIS        11-12 
 
HYDROMODIFICATION CALCULATIONS     13-38 
 
SUMMARY          39 
 
PROPOSED MITIGATION MEASURE      40 
 
PERVIOUS/IMPERVIOUS LAND PARAMETERS SUMMARY  41 
 
BASIN OUTLET STRUCTURE DETAIL      42 
 
APPENDIX:          43 
 

LAND USE EXHIBIT 
 
PRE & POST-DEVELOPMENT SLOPE ANALYSIS EXHIBITS 
 
RAINFALL ISOPLUVIAL MAPS 
 
POINTS OF COMPLIANCE LOCATION AND BASIN EXHIBITS   

   
RAIN GAUGE STATION SELECTION MAP 
 
SOIL GROUPS MAPS      

 
DRAINAGE MAP – SEE “A CEQA LEVEL PRELIMINARY HYDROLOGY & 
HYDRAULICS STUDY FOR CAMPUS PARK” (ATTACHED) 

 
GEOTECHNICAL INPUT   

 



F:\06-14\HYDROMOD\614hydromod.doc 4



F:\06-14\HYDROMOD\614hydromod.doc 5

 
 
 
 
 
 
 
 
 
 
 
 
 

 



F:\06-14\HYDROMOD\614hydromod.doc 6



F:\06-14\HYDROMOD\614hydromod.doc 7

INTRODUCTION 
 
Hydromodification is due to the changes in the natural flow pattern of surface and ground water 
as a result of development such as increases in impervious areas, decreases in natural vegetation, 
grading and compacting of soil and construction of drainage facilities. 
 
Hydromodification impacts downstream facilities due to less infiltration as a result of increases 
in impervious areas such as roads, roof areas, driveways and hardscaped areas.  This results in 
increases in peak flow and volume and the likelihood of newly constructed drainage system 
discharging runoff directly into downstream creeks and water bodies. 
 
The impact to the receiving water can include stream bank erosion due to increased flow velocity 
and volume, sediment transport and deposition further downstream. 
 
Hydromodification mitigation measures must be employed in this proposed development to 
reduce and eliminate additional impact to downstream facilities. 
 
A discussion of the geotechnical conditions at the site is included in a soils report included in the 
Appendix of this report.  A discussion of the pre and post-development drainage analysis is 
included in the preliminary drainage report prepared for this project in the Appendix of this 
report. 
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PROJECT DESCRIPTION 
The project is located on the northerly side of Pala Road, east of Interstate 15, west of Rice 
Canyon Road and south of Stewart Canyon Road, in the County of San Diego, State of 
California. 
 
A vicinity map, showing the general property location, is located on page 5.  The site is located 
on a north to south sloping topography.  The terrains along the northerly and easterly boundaries 
are steep sloping, the mid-portion of the project is moderately sloping and southerly end of the 
project is very gently sloping. 
 
The project consists of approximately 416 acres of mixed-use development including 113.8 acres of 
single family dwelling units, 45.4 acres of multi-family dwelling units, 11.5 acres of professional office 
development, 8.1 acres of town center, 215.4 acres of parks and open space, 0.2 acres of pump station 
area as well as 21.7 acres of major circulation roads.  The acreages indicated are of the lot size not the 
actual imperious area used in the calculations.  The actual impervious areas were measured and calculated 
based on the most current TM and Site Plans.  The 416-acre site area is within an approximately 964-acre 
sub-area basin that contributes to the overall 7,500-acre Horse Ranch Creek watershed at the lower end of 
the project site. 
 
There are four Points of Compliance (POC) designated for this project where discharge from the 
project site leave the project boundary.  They are identified as POC 1, POC 3, POC 4 & POC 5.  
There was previous discussion of a fifth POC (i.e. POC 2), however, that point of compliance 
was combined with POC 1.  See the Pre and Post-development POC Exhibits in the Appendix of 
this report. 
 
POC 1: 
 
POC 1 is located at the existing Caltrans’ rock-lined drainage channel along the westerly project 
boundary, just easterly of I-15, approximately 600 down stream of the existing 5’x8’ box culvert.  
Under the predevelopment conditions, the runoff from the northerly portion of the project and 
the easterly upstream tributary area flows into a series of natural channels that convey the flow to 
an existing 5’x8’ culvert located at the easterly side of I-15.  The culvert discharges the runoff 
into the existing rock-lined drainage channel along the easterly side of I-15 and flows southerly 
to the point of compliance. 
 
Under the proposed conditions, the tributary area has two components: one is routed through the 
on-site development via a proposed storm drain system that confluences with the on-site, post-
development runoff and the other is a bypass system that convey the easterly upstream runoff 
from the undisturbed areas through the northerly neighborhood, without picking up any on-site 
post-development runoff, and discharges directly into the existing rock-lined drainage channel at 
POC 1 and confluences with the flow from the existing 5’x8’ culvert. 
 
POC 3: 
 
POC 3 is located on the westerly side of the proposed Horse Ranch Creek Road, approximately 
4,300 feet northerly of the intersection with the existing SR 76.  The tributary area to POC 3 is 
the easterly off-site basin.  



F:\06-14\HYDROMOD\614hydromod.doc 10

Under the pre-development conditions, the runoff from the easterly off-site basin drains into a 
natural drainage channel that crosses the project site and discharges the runoff onto the Horse 
Ranch Creek floodplain.   
 
Under the post-development conditions, the runoff from the easterly off-site basin drains into the 
same natural channel and into a proposed culvert crossing the proposed Horse Ranch Creek Road 
and discharges onto the Horse Ranch Creek floodplain.   No on-site, post-development runoff 
will enter this culvert. 
 
POC 4: 
 
Point of Compliance 4 (POC 4) is located at just upstream of the existing Pankey Road bridge.  
The tributary area is the drainage basin between the tributary areas of POCs 1 and 3 as well as 
the tributary area northerly and easterly of the bridge.  
 
Under the existing conditions, the runoff from this tributary area sheet flows onto the Horse 
Ranch Creek floodplain and flows southerly to the bridge. 
 
Under the proposed conditions, the tributary area has two components. One is northerly and 
upstream of the proposed detention basin located on the westerly side of the proposed Horse 
Rand Creek Road, approximately 2,100 feet northerly of the intersection with SR 76.  The runoff 
from this area drains into a storm drain system that conveys the runoff into the detention basin.  
As the runoff exits the detention basin via an outlet structure, it is discharged onto the existing 
Horse Ranch Creek floodplain and concentrates at the upstream of the existing Pankey Road 
bridge.  The discharge point of POC 4 is within the Horse Ranch Creek flow limits thus, no 
overland flows are anticipated. 
 
POC 5: 
 
Point of Compliance 5 (POC 5) is located at approximately 260 feet downstream of the existing 
Pankey Road bridge.   
 
Under the existing conditions, the runoff from the tributary area to POC 5 sheet flows into Horse 
Ranch Creek and flows southerly to the existing SR 76 bridge. 
 
Under the post-development conditions, the discharge from proposed multi-family site 4 (MF4), 
the pump station and portions of the proposed Pankey Place roadway enters the creek and 
confluences with the main flow in Horse Ranch Creek via an underground storm drain system.   
The detention/hydromodification mitigation basin will be maintained by the HOA.  An outlet 
structure in the detention/hydromodification mitigation basin will regulate discharge from the 
basin such that both the duration and peak flow will not exceed those under the pre-development 
conditions as set forth in the San Diego Draft HMP.   
The existing channel is capable of handling the anticipated 100-year peak discharge from the 
site, POC 4 and 5 specifically, the low intensity storm events analyzed in this report will not  
negatively affect down stream facilities, and the proposed rip rap energy dissipaters at the outlet 
points will reduce and eliminate the potential of erosion to down stream banks and streams. 
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METHOD OF ANALYSIS 
 
Per County of San Diego requirements, hydrograph modification analysis is required for any 
project disturbing more than 50 acres.  Hydrograph modification is caused by the increases in the 
frequency and duration of runoff as a result of watershed development.  An increase in runoff is 
caused by additional imperious areas and more hydraulically efficient drainage facilities in 
developed watersheds. The increase can cause or accelerate erosion of existing downstream 
streambeds and/or banks. 
 
San Diego Hydrology Model (SDHM) published by Clear Creek Solutions, Inc. was used in this 
hydro-modification analysis.  The version of the software is V1.0, published 3-6-2009. 
 
The purpose of the hydrograph modification analysis is to certify that the post-construction 
hydrologic characteristics of the project simulates the pre-development hydrologic characteristics 
at the identified points of compliance (POCs).  For this project, the POCs were established at 
four confluence points where the runoff leaves the site. 
 
Under the pre-development conditions, the entire project is vacant and covered with vegetation 
with a sole exception of a paved access road cut across the northerly portion of the site from 
existing Pankey Road to the easterly project boundary.  The project site is at the lower end of the 
large Horse Ranch Creek watershed. The entire project site drains into existing Horse Ranch 
Creek that eventually discharges into San Luis Rey River south of the project via the existing 
Pankey Road bridge overpass and the SR 76 bridge overpass further south. 
 
Under the post-development conditions, the disturbance area of the project site is approximately 
257 acres, of which approximately 107 acres will be impervious areas such as roadways, roof 
areas, driveways and parking lots and sidewalks, the remaining will be landscaped pervious areas 
such as planted slopes, parkways, parks and ball fields.  The impervious areas are calculated 
based on the proposed building and roadway footprint according to the most current Tentative 
Map and B-Designator Site Plans being processed with the DPLU as TM 5338. 
 
The bulk of the project site and its immediate easterly upstream areas drain into a proposed 
detention basin located approximately 2,500 feet north of the intersection of Pala Drive (SR 76) 
and the proposed Horse Ranch Creek Road.  The basin has a uniform 2 to 1 side slope and 
irregular bottom and top.  The basin is simulated with a rectangular trapezoidal basin with 
equivalent depth and volume in the SDHM model.  The total storage volume of the detention 
basin is approximately 15.8 ac-ft.  The outlet structure is a riser with small orifices at various 
depths and a notched overflow inlet at the top – an exhibit of the proposed outlet structure is 
included on page 42 of this report. 
 
The rainfall data used in the hydrograph modification analysis is based on the annual gauge data 
at the Lake Wohlford Station.  The rainfall data was obtained from the 
www.projectcleanwater.org web site.  The Lake Wohford Station data was used, based on the 
County of San Diego’s average annual precipitation Isopluvial Maps in the San Diego County 
Hydrology Manual.  The project site and the Lake Wohford Station are on the same rain curve - 
instead of the nearby Fallbrook Station, which is at a lower rain curve. 
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The infiltration rate of 0.05in/hr is obtained from the San Diego Draft HMP, Appendix C – 
Technical Memorandum.  The soil type of the site ranges from Type “A” to Type “D” per the 
current Soil Hydrologic Groups map in the County of San Diego Hydrology Manual. 
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HYDROMODIFICATION CALCULATIONS 
PRE-DEVELOPMENT WATERSHED SCHEMATICS: 
 

 
 
 
and Use Report For 614-6-11-09    Predeveloped   
___________________________________________________________________ 
 
 
Pervious Land Areas   
                     POC 1 TRIB  POC 3 TRIB  POC 4 TRIB  POC 5 TRIB    
B-Shrub-Flat(0-5%)    1.9         3.6         139.9                    
B-Shrub-Mod(5-10%)    13.6        5.3         87.2                     
B-Shrub-Stee(10-20%)  35.4        4.7         54                       
B-Shrub-Very S(>20%)  28.6        4.2         21.4                     
C D-Shrub-Flat(0-5%)  2.7         2.2         23.7        3            
C D-Shrub-Mod(5-10%)  13.2        2.8         9.4         .4           
C D-Shrub-St(10-20%)  35.3        19.7        30.9        .1           
C D-Shrub-Very(>20%)  176.6       55.9        186.2       .1           
 
___________________________________________________________________ 
 
 
Impervious Land Areas   
                     POC 1 TRIB  POC 5 TRIB    
Roads-Flat(0-5%)                  1.7          
Roads-Mod(5-10%)      1.2                        
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POST-DEVELOPMENT WATERSHED SCHEMATICS:     
 

       
 
 
  
Land Use Report For 614-6-11-09    Developed Mitigated   
___________________________________________________________________ 
 
 
Pervious Land Areas   
                     POC 1 TRIB  POC 3 TRIB  POC 4 TRIB  POC 4 TRIB  POC 5 TRIB    
B-Shrub-Flat(0-5%)    .28         2.4         8.5         84.3                     
B-Shrub-Mod(5-10%)    1           3.4         21.8        4                        
B-Shrub-Stee(10-20%)  6.9         3.5         24.1        2.8                      
B-Shrub-Very S(>20%)  16.7        4           13.4        3.6                      
B-Grass-Flat(0-5%)    4.2                     67.1                                 
B-Grass-Very S(>20%)  8.4                     22.3        3                        
C D-Shrub-Flat(0-5%)  1.74        2.4         3.7         2.8         14.2         
C D-Shrub-Mod(5-10%)  2.55        2.8         2.9         2.6         3.4          
C D-Shrub-St(10-20%)  20.1        19.8        22.5        2.9         3.7          
C D-Shrub-Very(>20%)  160.9       55.9        153.6       24.5        15.2         
C D-Grass-Flat(0-5%)  11.6                    4                       9.2          
C D-Grass-Very(>20%)  1                       5.5                                  
 
___________________________________________________________________ 
 
 
Impervious Land Areas   
                     POC 1 TRIB  POC 4 TRIB  POC 5 TRIB    
Roads-Flat(0-5%)      1.5         25.3        5.2          
Roads-Mod(5-10%)      3.6         12.8        1.9          
Roads-Steep(10-20%)   1           .7                       
Roof Area             5.8         21.3        2.7          
Driveways-Flat(0-5%)  2.5         1.8         2.8          
Driveways-Mod(5-10%)  1.5         1.8                      
Sidewalks-Flat(0-5%)  3           4.6                      
Sidewalks-Mod(5-10%)              2 
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SAN DIEGO HYDROLOGY MODEL 
             
                             San Diego Hydrology Model   
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name:  614-6-11-09  
Site Address:    
City        :  BONSAL  
Report Date :  7/2/2009  
Gage        :  LAKE WOHLFORD  
Data Start  :  1959/10/01 00:00  
Data End    :  2004/10/31 23:00  
Precip Scale:  1.00  
SDHM Version:     
 
Element Flows To:      
Surface               Interflow               Groundwater   
DETENTION BASIN,  DETENTION BASIN,  
___________________________________________________________________ 
 
 
Name      :  DETENTION BASIN  
Bottom Length:  320ft.  
Bottom Width:  205ft.  
Depth :  10ft.  
Volume at riser head :  15.8146ft.  
Infiltration On   
Infiltration rate :  0.05  
Infiltration saftey factor :  0.25  
Wetted surface area On    
Side slope 1:  2 To 1  
Side slope 2:  2 To 1  
Side slope 3:  2 To 1  
Side slope 4:  2 To 1  
Discharge Structure   
Riser Height: 9 ft.  
Riser Diameter: 84 in.  
NotchType   :  Rectangular  
Notch Width :  4.000 ft.  
Notch Height:  2.000 ft.  
Orifice 1 Diameter:  18 in.  Elevation:  0 ft.  
Orifice 1 Diameter:  27 in.  Elevation:  5 ft.  
 
Element Flows To:      
Outlet 1              Outlet 2           
PANKEY RD BRID CROSSING,  
___________________________________________________________________ 
 
 
  
             Pond Hydraulic Table  
 Stage(ft) Area(acr) Volume(acr-ft) Dschrg(cfs) Infilt(cfs)    
0.000      1.506      0.000      0.000      0.000  
0.111      1.511      0.168      2.837      0.019  
0.222      1.517      0.336      4.011      0.019  
0.333      1.522      0.505      4.913      0.019  
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0.444      1.527      0.674      5.673      0.019  
0.556      1.533      0.844      6.343      0.019  
0.667      1.538      1.015      6.948      0.019  
0.778      1.544      1.186      7.505      0.020  
0.889      1.549      1.358      8.023      0.020  
1.000      1.555      1.530      8.510      0.020  
1.111      1.560      1.703      8.970      0.020  
1.222      1.565      1.877      9.408      0.020  
1.333      1.571      2.051      9.826      0.020  
1.444      1.576      2.226      10.23      0.020  
1.556      1.582      2.401      10.61      0.020  
1.667      1.587      2.577      10.99      0.020  
1.778      1.593      2.754      11.35      0.020  
1.889      1.598      2.931      11.70      0.020  
2.000      1.604      3.109      12.03      0.020  
2.111      1.609      3.288      12.36      0.020  
2.222      1.615      3.467      12.69      0.021  
2.333      1.620      3.647      13.00      0.021  
2.444      1.626      3.827      13.30      0.021  
2.556      1.632      4.008      13.60      0.021  
2.667      1.637      4.190      13.90      0.021  
2.778      1.643      4.372      14.18      0.021  
2.889      1.648      4.555      14.46      0.021  
3.000      1.654      4.738      14.74      0.021  
3.111      1.660      4.922      15.01      0.021  
3.222      1.665      5.107      15.28      0.021  
3.333      1.671      5.292      15.54      0.021  
3.444      1.676      5.478      15.79      0.021  
3.556      1.682      5.665      16.05      0.021  
3.667      1.688      5.852      16.29      0.022  
3.778      1.693      6.040      16.54      0.022  
3.889      1.699      6.228      16.78      0.022  
4.000      1.705      6.417      17.02      0.022  
4.111      1.710      6.607      17.25      0.022  
4.222      1.716      6.797      17.49      0.022  
4.333      1.722      6.988      17.71      0.022  
4.444      1.727      7.180      17.94      0.022  
4.556      1.733      7.372      18.16      0.022  
4.667      1.739      7.565      18.38      0.022  
4.778      1.745      7.759      18.60      0.022  
4.889      1.750      7.953      18.82      0.022  
5.000      1.756      8.148      19.03      0.023  
5.111      1.762      8.343      25.62      0.023  
5.222      1.768      8.539      28.47      0.023  
5.333      1.774      8.736      30.71      0.023  
5.444      1.779      8.933      32.62      0.023  
5.556      1.785      9.131      34.33      0.023  
5.667      1.791      9.330      35.89      0.023  
5.778      1.797      9.529      37.34      0.023  
5.889      1.803      9.729      38.70      0.023  
6.000      1.808      9.930      39.99      0.023  
6.111      1.814      10.13      41.22      0.023  
6.222      1.820      10.33      42.39      0.023  
6.333      1.826      10.54      43.52      0.023  
6.444      1.832      10.74      44.61      0.024  
6.556      1.838      10.94      45.67      0.024  
6.667      1.844      11.15      46.69      0.024  



F:\06-14\HYDROMOD\614hydromod.doc 17

6.778      1.850      11.35      47.68      0.024  
6.889      1.856      11.56      48.65      0.024  
7.000      1.861      11.76      49.59      0.024  
7.111      1.867      11.97      50.99      0.024  
7.222      1.873      12.18      52.74      0.024  
7.333      1.879      12.39      54.68      0.024  
7.444      1.885      12.60      56.75      0.024  
7.556      1.891      12.81      58.90      0.024  
7.667      1.897      13.02      61.11      0.024  
7.778      1.903      13.23      63.36      0.025  
7.889      1.909      13.44      65.62      0.025  
8.000      1.915      13.65      67.89      0.025  
8.111      1.921      13.87      70.49      0.025  
8.222      1.927      14.08      73.17      0.025  
8.333      1.933      14.29      75.93      0.025  
8.444      1.939      14.51      78.76      0.025  
8.556      1.945      14.73      81.67      0.025  
8.667      1.951      14.94      84.64      0.025  
8.778      1.957      15.16      87.68      0.025  
8.889      1.964      15.38      90.79      0.025  
9.000      1.970      15.60      93.96      0.026  
9.111      1.976      15.81      97.17      0.026  
9.222      1.982      16.03      102.5      0.026  
9.333      1.988      16.26      109.1      0.026  
9.444      1.994      16.48      116.9      0.026  
9.556      2.000      16.70      125.5      0.026  
9.667      2.006      16.92      135.1      0.026  
9.778      2.012      17.14      145.4      0.026  
9.889      2.019      17.37      156.4      0.026  
10.00      2.025      17.59      168.0      0.026  
10.11      2.031      17.82      180.3      0.026  
___________________________________________________________________ 
 
___________________________________________________________________ 
 
 
Name      :  PANKEY RD BRID. CROSSING  
Bottom Length:  220ft.  
Bottom Width :  20ft.  
Manning's n :  0.06  
Channel bottom slope  1:  1 To 1  
Channel Left side slope  0:  2 To 1  
Channel right side slope  2:  2 To 1  
Infiltration On   
Infiltration rate :  0.05  
Infiltration saftey factor :  0.25  
Discharge Structure   
Riser Height: 0 ft.  
Riser Diameter: 0 in.  
 
Element Flows To:      
Outlet 1              Outlet 2           
___________________________________________________________________ 
 
 
  
             Channel Hydraulic Table  
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 Stage(ft) Area(acr) Volume(acr-ft) Dschrg(cfs) Infilt(cfs)    
0.000      0.101      0.000      0.000      0.000  
0.111      0.103      0.011      12.78      0.001  
0.222      0.106      0.023      40.67      0.001  
0.333      0.108      0.035      80.13      0.001  
0.444      0.110      0.047      129.8      0.001  
0.556      0.113      0.059      188.7      0.001  
0.667      0.115      0.072      256.5      0.001  
0.778      0.118      0.085      332.6      0.001  
0.889      0.120      0.098      416.8      0.001  
1.000      0.122      0.112      508.9      0.001  
1.111      0.125      0.125      608.6      0.001  
1.222      0.127      0.139      715.9      0.001  
1.333      0.129      0.154      830.5      0.001  
1.444      0.132      0.168      952.5      0.001  
1.556      0.134      0.183      1081.      0.001  
1.667      0.137      0.198      1218.      0.001  
1.778      0.139      0.213      1361.      0.001  
1.889      0.142      0.229      1512.      0.001  
2.000      0.144      0.245      1670.      0.001  
2.111      0.146      0.261      1834.      0.001  
2.222      0.149      0.277      2006.      0.001  
2.333      0.151      0.294      2185.      0.001  
2.444      0.154      0.311      2371.      0.001  
2.556      0.156      0.328      2564.      0.001  
2.667      0.159      0.346      2765.      0.001  
2.778      0.161      0.363      2972.      0.001  
2.889      0.164      0.381      3186.      0.001  
3.000      0.166      0.400      3408.      0.001  
3.111      0.168      0.418      3637.      0.001  
3.222      0.171      0.437      3873.      0.001  
3.333      0.173      0.456      4116.      0.001  
3.444      0.176      0.476      4366.      0.001  
3.556      0.178      0.495      4624.      0.001  
3.667      0.181      0.515      4889.      0.001  
3.778      0.183      0.536      5161.      0.001  
3.889      0.186      0.556      5441.      0.001  
4.000      0.188      0.577      5728.      0.001  
4.111      0.191      0.598      6023.      0.001  
4.222      0.193      0.619      6325.      0.001  
4.333      0.196      0.641      6635.      0.001  
4.444      0.199      0.663      6952.      0.001  
4.556      0.201      0.685      7277.      0.001  
4.667      0.204      0.708      7609.      0.001  
4.778      0.206      0.730      7950.      0.001  
4.889      0.209      0.753      8298.      0.001  
5.000      0.211      0.777      8653.      0.001  
5.111      0.214      0.800      9017.      0.001  
5.222      0.216      0.824      9388.      0.001  
5.333      0.219      0.848      9768.      0.001  
5.444      0.221      0.873      10155      0.001  
5.556      0.224      0.898      10551      0.001  
5.667      0.227      0.923      10954      0.001  
5.778      0.229      0.948      11365      0.001  
5.889      0.232      0.974      11785      0.001  
6.000      0.234      0.999      12213      0.001  
6.111      0.237      1.026      12649      0.001  
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6.222      0.240      1.052      13093      0.001  
6.333      0.242      1.079      13546      0.001  
6.444      0.245      1.106      14007      0.001  
6.556      0.247      1.133      14476      0.001  
6.667      0.250      1.161      14954      0.001  
6.778      0.253      1.189      15441      0.001  
6.889      0.255      1.217      15936      0.001  
7.000      0.258      1.246      16439      0.001  
7.111      0.260      1.274      16951      0.001  
7.222      0.263      1.303      17472      0.001  
7.333      0.266      1.333      18002      0.001  
7.444      0.268      1.362      18540      0.001  
7.556      0.271      1.392      19087      0.001  
7.667      0.274      1.423      19643      0.001  
7.778      0.276      1.453      20208      0.001  
7.889      0.279      1.484      20782      0.001  
8.000      0.282      1.515      21365      0.001  
8.111      0.284      1.547      21957      0.001  
8.222      0.287      1.578      22558      0.001  
8.333      0.290      1.611      23169      0.001  
8.444      0.292      1.643      23788      0.001  
8.556      0.295      1.676      24417      0.001  
8.667      0.298      1.708      25055      0.001  
8.778      0.301      1.742      25702      0.001  
8.889      0.303      1.775      26359      0.001  
9.000      0.306      1.809      27025      0.001  
9.111      0.309      1.843      27701      0.001  
9.222      0.311      1.878      28386      0.001  
9.333      0.314      1.912      29081      0.001  
9.444      0.317      1.947      29785      0.001  
9.556      0.320      1.983      30499      0.001  
9.667      0.322      2.019      31223      0.001  
9.778      0.325      2.054      31956      0.001  
9.889      0.328      2.091      32700      0.001  
10.00      0.331      2.127      33453      0.001  
10.11      0.333      2.164      34216      0.001  
 
                      



F:\06-14\HYDROMOD\614hydromod.doc 20

ANALYSIS RESULTS  
 
Flow Frequency Return Periods for Predeveloped.  POC #1  
Return Period         Flow(cfs)  
2 year                  33.3243  
5 year                  112.871391  
10 year                 177.275217  
25 year                 210.86713  
 
Flow Frequency Return Periods for Mitigated.  POC #1  
Return Period         Flow(cfs)  
2 year                  32.1021  
5 year                  97.767161  
10 year                 151.816696  
25 year                 178.414304  
___________________________________________________________________ 
 
Yearly Peaks for Predeveloped and Mitigated.  POC #1  
Year         Predeveloped    Mitigated   
1961          53.134         50.532  
1962          1.246          10.245  
1963          55.530         55.062  
1964          47.082         44.297  
1965          0.914          8.998  
1966          26.364         26.950  
1967          92.908         81.239  
1968          165.839        138.472  
1969          17.041         18.279  
1970          136.975        115.916  
1971          39.834         40.036  
1972          29.552         29.248  
1973          32.648         30.986  
1974          41.218         39.680  
1975          36.304         34.014  
1976          21.078         24.122  
1977          33.324         31.345  
1978          3.314          12.877  
1979          210.879        178.187  
1980          100.723        86.122  
1981          196.666        164.988  
1982          23.353         24.088  
1983          128.508        111.800  
1984          95.409         89.230  
1985          1.187          7.944  
1986          82.308         76.141  
1987          114.799        99.451  
1988          9.466          10.999  
1989          1.506          22.240  
1990          0.460          6.631  
1991          0.101          1.517  
1992          105.932        91.704  
1993          75.861         67.999  
1994          192.495        172.018  
1995          48.715         48.991  
1996          210.866        180.801  
1997          15.343         20.966  
1998          9.547          12.706  
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1999          169.158        144.792  
2000          0.489          4.871  
2001          0.403          5.894  
2002          0.321          4.532  
2003          0.466          7.107  
2004          30.014         32.102  
2005          7.056          11.510  
___________________________________________________________________ 
 
Ranked Yearly Peaks for Predeveloped and Mitigated.  POC #1  
Rank     Predeveloped        Mitigated   
1        210.8790            180.8010  
2        210.8660            178.1870  
3        196.6660            172.0180  
4        192.4950            164.9880  
5        169.1580            144.7920  
6        165.8390            138.4720  
7        136.9750            115.9160  
8        128.5080            111.8000  
9        114.7990            99.4514  
10       105.9320            91.7039  
11       100.7230            89.2297  
12       95.4092             86.1218  
13       92.9075             81.2385  
14       82.3084             76.1411  
15       75.8611             67.9989  
16       55.5296             55.0618  
17       53.1340             50.5319  
18       48.7154             48.9909  
19       47.0819             44.2971  
20       41.2179             40.0358  
21       39.8342             39.6803  
22       36.3043             34.0135  
23       33.3243             32.1021  
24       32.6482             31.3451  
25       30.0141             30.9864  
26       29.5523             29.2479  
27       26.3644             26.9504  
28       23.3532             24.1219  
29       21.0782             24.0877  
30       17.0408             22.2399  
31       15.3430             20.9662  
32       9.5467              18.2790  
33       9.4662              12.8765  
34       7.0558              12.7057  
35       3.3142              11.5100  
36       1.5060              10.9991  
37       1.2456              10.2450  
38       1.1870              8.9978  
39       0.9138              7.9435  
40       0.4888              7.1071  
41       0.4664              6.6310  
42       0.4599              5.8935  
43       0.4031              4.8709  
44       0.3206              4.5315  
45       0.1009              1.5172  
___________________________________________________________________ 
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POC #1  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(CFS) Predev  Dev Percentage Pass/Fail  
22.5743    485     453    93     Pass  
24.1369    451     416    92     Pass  
25.6995    415     389    93     Pass  
27.2622    389     359    92     Pass  
28.8248    362     335    92     Pass  
30.3875    337     318    94     Pass  
31.9501    318     288    90     Pass  
33.5127    295     269    91     Pass  
35.0754    281     253    90     Pass  
36.6380    264     237    89     Pass  
38.2006    252     226    89     Pass  
39.7633    240     206    85     Pass  
41.3259    228     187    82     Pass  
42.8885    218     174    79     Pass  
44.4512    209     163    77     Pass  
46.0138    189     150    79     Pass  
47.5765    174     144    82     Pass  
49.1391    164     135    82     Pass  
50.7017    158     128    81     Pass  
52.2644    151     120    79     Pass  
53.8270    140     116    82     Pass  
55.3896    131     106    80     Pass  
56.9523    126     97     76     Pass  
58.5149    123     91     73     Pass  
60.0775    118     86     72     Pass  
61.6402    110     81     73     Pass  
63.2028    101     75     74     Pass  
64.7654    95      72     75     Pass  
66.3281    90      67     74     Pass  
67.8907    86      66     76     Pass  
69.4534    81      63     77     Pass  
71.0160    77      60     77     Pass  
72.5786    73      55     75     Pass  
74.1413    70      53     75     Pass  
75.7039    67      47     70     Pass  
77.2665    65      45     69     Pass  
78.8292    61      45     73     Pass  
80.3918    60      44     73     Pass  
81.9544    57      41     71     Pass  
83.5171    52      38     73     Pass  
85.0797    50      37     74     Pass  
86.6423    49      35     71     Pass  
88.2050    46      33     71     Pass  
89.7676    45      31     68     Pass  
91.3303    45      29     64     Pass  
92.8929    44      27     61     Pass  
94.4555    41      25     60     Pass  
96.0182    39      22     56     Pass  
97.5808    37      22     59     Pass  
99.1434    36      21     58     Pass  
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100.7061    35      19     54     Pass  
102.2687    32      18     56     Pass  
103.8313    30      18     60     Pass  
105.3940    30      17     56     Pass  
106.9566    26      17     65     Pass  
108.5192    24      17     70     Pass  
110.0819    23      15     65     Pass  
111.6445    21      13     61     Pass  
113.2072    20      12     60     Pass  
114.7698    19      12     63     Pass  
116.3324    18      11     61     Pass  
117.8951    18      10     55     Pass  
119.4577    18      10     55     Pass  
121.0203    18      10     55     Pass  
122.5830    18      9      50     Pass  
124.1456    16      9      56     Pass  
125.7082    16      9      56     Pass  
127.2709    16      9      56     Pass  
128.8335    14      9      64     Pass  
130.3961    13      8      61     Pass  
131.9588    12      7      58     Pass  
133.5214    12      7      58     Pass  
135.0841    11      6      54     Pass  
136.6467    11      6      54     Pass  
138.2093    10      6      60     Pass  
139.7720    10      5      50     Pass  
141.3346    10      5      50     Pass  
142.8972    9       5      55     Pass  
144.4599    9       5      55     Pass  
146.0225    9       4      44     Pass  
147.5851    9       4      44     Pass  
149.1478    9       4      44     Pass  
150.7104    9       4      44     Pass  
152.2730    8       4      50     Pass  
153.8357    8       4      50     Pass  
155.3983    7       4      57     Pass  
156.9610    7       4      57     Pass  
158.5236    6       4      66     Pass  
160.0862    6       4      66     Pass  
161.6489    6       4      66     Pass  
163.2115    6       4      66     Pass  
164.7741    6       4      66     Pass  
166.3368    5       3      60     Pass  
167.8994    5       3      60     Pass  
169.4620    4       3      75     Pass  
171.0247    4       3      75     Pass  
172.5873    4       2      50     Pass  
174.1499    4       2      50     Pass  
175.7126    4       2      50     Pass  
177.2752    4       2      50     Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Drawdown Time Results   
Pond:  Trapezoidal Pond  1  
Days      Stage(feet) Percent of Total Run Time  
1         10.00        0.0022  
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2         10.00        0.0022  
3         10.00        0.0022  
4         10.00        0.0022  
5         10.00        0.0022  
 
Maximum Stage:  10.87  
Drawdown Time:  00 09:38:40  
 
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #3  
Return Period         Flow(cfs)  
2 year                  10.444  
5 year                  34.950291  
10 year                 55.11723  
25 year                 65.632013  
 
Flow Frequency Return Periods for Mitigated.  POC #3  
Return Period         Flow(cfs)  
2 year                  10.3653  
5 year                  34.257717  
10 year                 53.669291  
25 year                 63.7806  
___________________________________________________________________ 
 
Yearly Peaks for Predeveloped and Mitigated.  POC #3  
Year         Predeveloped    Mitigated   
1961          16.458         16.330  
1962          0.174          0.171  
1963          16.973         16.850  
1964          14.615         14.492  
1965          0.105          0.103  
1966          7.956          7.919  
1967          28.613         28.187  
1968          51.737         50.212  
1969          5.056          5.032  
1970          42.850         41.795  
1971          11.858         11.773  
1972          9.093          9.047  
1973          10.194         10.126  
1974          12.817         12.706  
1975          11.342         11.259  
1976          6.501          6.460  
1977          10.444         10.365  
1978          0.725          0.717  
1979          66.141         64.180  
1980          31.427         30.681  
1981          61.645         59.816  
1982          7.022          6.988  
1983          39.683         38.902  
1984          28.813         28.511  
1985          0.240          0.238  
1986          25.197         24.937  
1987          35.518         34.814  
1988          2.787          2.775  
1989          0.015          0.014  
1990          0.053          0.052  
1991          0.000          0.000  
1992          32.907         32.257  
1993          23.444         23.128  
1994          59.769         58.167  
1995          14.798         14.698  
1996          65.584         63.743  
1997          4.428          4.405  
1998          2.770          2.757  
1999          52.637         51.270  
2000          0.065          0.065  
2001          0.021          0.020  
2002          0.014          0.014  
2003          0.002          0.002  
2004          9.118          9.078  
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2005          1.915          1.902  
___________________________________________________________________ 
 
Ranked Yearly Peaks for Predeveloped and Mitigated.  POC #3  
Rank     Predeveloped        Mitigated   
1        66.1414             64.1796  
2        65.5835             63.7426  
3        61.6453             59.8163  
4        59.7686             58.1674  
5        52.6365             51.2703  
6        51.7365             50.2120  
7        42.8503             41.7948  
8        39.6832             38.9020  
9        35.5179             34.8135  
10       32.9069             32.2569  
11       31.4267             30.6813  
12       28.8127             28.5114  
13       28.6130             28.1872  
14       25.1973             24.9372  
15       23.4443             23.1277  
16       16.9729             16.8499  
17       16.4582             16.3301  
18       14.7980             14.6981  
19       14.6154             14.4921  
20       12.8171             12.7056  
21       11.8576             11.7733  
22       11.3422             11.2591  
23       10.4440             10.3653  
24       10.1936             10.1263  
25       9.1184              9.0781  
26       9.0935              9.0470  
27       7.9564              7.9189  
28       7.0221              6.9878  
29       6.5005              6.4597  
30       5.0558              5.0317  
31       4.4277              4.4052  
32       2.7870              2.7754  
33       2.7704              2.7572  
34       1.9147              1.9024  
35       0.7252              0.7170  
36       0.2398              0.2385  
37       0.1740              0.1715  
38       0.1049              0.1035  
39       0.0653              0.0647  
40       0.0532              0.0516  
41       0.0208              0.0205  
42       0.0152              0.0144  
43       0.0139              0.0136  
44       0.0017              0.0015  
45       0.0000              0.0000  
___________________________________________________________________ 
 
POC #3  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(CFS) Predev  Dev Percentage Pass/Fail  
6.9901    492     486    98     Pass  
7.4762    457     450    98     Pass  
7.9623    420     412    98     Pass  
8.4485    393     388    98     Pass  
8.9346    366     355    96     Pass  
9.4207    333     332    99     Pass  
9.9069    319     314    98     Pass  
10.3930    298     293    98     Pass  
10.8791    283     276    97     Pass  
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11.3653    268     264    98     Pass  
11.8514    252     245    97     Pass  
12.3375    242     237    97     Pass  
12.8237    228     226    99     Pass  
13.3098    220     215    97     Pass  
13.7959    208     205    98     Pass  
14.2821    191     182    95     Pass  
14.7682    176     171    97     Pass  
15.2543    165     161    97     Pass  
15.7405    160     156    97     Pass  
16.2266    151     149    98     Pass  
16.7127    142     137    96     Pass  
17.1989    131     128    97     Pass  
17.6850    126     125    99     Pass  
18.1711    122     120    98     Pass  
18.6573    119     115    96     Pass  
19.1434    112     104    92     Pass  
19.6295    101     96     95     Pass  
20.1157    94      91     96     Pass  
20.6018    91      87     95     Pass  
21.0879    87      82     94     Pass  
21.5740    82      79     96     Pass  
22.0602    77      74     96     Pass  
22.5463    73      70     95     Pass  
23.0324    70      67     95     Pass  
23.5186    66      65     98     Pass  
24.0047    65      62     95     Pass  
24.4908    62      60     96     Pass  
24.9770    60      56     93     Pass  
25.4631    55      52     94     Pass  
25.9492    51      50     98     Pass  
26.4354    50      48     96     Pass  
26.9215    49      46     93     Pass  
27.4076    46      45     97     Pass  
27.8938    45      45     100    Pass  
28.3799    45      43     95     Pass  
28.8660    42      40     95     Pass  
29.3522    39      37     94     Pass  
29.8383    38      36     94     Pass  
30.3244    37      35     94     Pass  
30.8106    36      33     91     Pass  
31.2967    35      31     88     Pass  
31.7828    31      29     93     Pass  
32.2690    29      26     89     Pass  
32.7551    27      25     92     Pass  
33.2412    26      23     88     Pass  
33.7274    24      23     95     Pass  
34.2135    23      20     86     Pass  
34.6996    22      19     86     Pass  
35.1858    20      18     90     Pass  
35.6719    18      18     100    Pass  
36.1580    18      18     100    Pass  
36.6442    18      18     100    Pass  
37.1303    18      18     100    Pass  
37.6164    18      17     94     Pass  
38.1026    18      16     88     Pass  
38.5887    16      16     100    Pass  
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39.0748    16      15     93     Pass  
39.5610    16      13     81     Pass  
40.0471    14      12     85     Pass  
40.5332    12      11     91     Pass  
41.0194    12      11     91     Pass  
41.5055    11      11     100    Pass  
41.9916    11      10     90     Pass  
42.4778    11      10     90     Pass  
42.9639    10      9      90     Pass  
43.4500    10      9      90     Pass  
43.9362    10      9      90     Pass  
44.4223    9       9      100    Pass  
44.9084    9       9      100    Pass  
45.3946    9       9      100    Pass  
45.8807    9       8      88     Pass  
46.3668    9       8      88     Pass  
46.8530    8       8      100    Pass  
47.3391    8       7      87     Pass  
47.8252    8       7      87     Pass  
48.3114    7       6      85     Pass  
48.7975    7       6      85     Pass  
49.2836    7       6      85     Pass  
49.7698    6       6      100    Pass  
50.2559    6       5      83     Pass  
50.7420    6       5      83     Pass  
51.2282    6       5      83     Pass  
51.7143    6       4      66     Pass  
52.2004    5       4      80     Pass  
52.6866    4       4      100    Pass  
53.1727    4       4      100    Pass  
53.6588    4       4      100    Pass  
54.1450    4       4      100    Pass  
54.6311    4       4      100    Pass  
55.1172    4       4      100    Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Drawdown Time Results   
Pond:  Trapezoidal Pond  1  
Days      Stage(feet) Percent of Total Run Time  
1         10.00        0.0022  
2         10.00        0.0022  
3         10.00        0.0022  
4         10.00        0.0022  
5         10.00        0.0022  
 
Maximum Stage:  10.87  
Drawdown Time:  00 09:38:40  
 
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #4  
Return Period         Flow(cfs)  
2 year                  34.2587  
5 year                  136.767348  
10 year                 245.496826  
25 year                 294.405783  
 
Flow Frequency Return Periods for Mitigated.  POC #4  
Return Period         Flow(cfs)  
2 year                  22.0492  
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5 year                  108.627717  
10 year                 178.761565  
25 year                 230.44213  
___________________________________________________________________ 
 
Yearly Peaks for Predeveloped and Mitigated.  POC #4  
Year         Predeveloped    Mitigated   
1961          54.478         42.673  
1962          0.652          12.727  
1963          56.802         22.049  
1964          48.584         39.197  
1965          0.388          11.847  
1966          26.563         18.689  
1967          100.712        98.939  
1968          235.229        225.223  
1969          17.141         15.782  
1970          181.526        191.852  
1971          40.390         36.903  
1972          29.855         17.973  
1973          33.314         24.806  
1974          43.656         20.233  
1975          37.187         35.927  
1976          21.449         19.103  
1977          34.259         36.157  
1978          2.669          13.695  
1979          306.573        207.137  
1980          131.869        111.319  
1981          283.593        285.243  
1982          23.531         17.357  
1983          152.751        90.346  
1984          98.841         65.358  
1985          0.847          10.144  
1986          85.418         32.788  
1987          138.128        144.463  
1988          9.543          13.250  
1989          0.082          16.071  
1990          0.236          12.124  
1991          0.000          3.121  
1992          128.998        92.143  
1993          83.554         60.795  
1994          264.749        171.780  
1995          49.598         22.078  
1996          293.247        158.786  
1997          15.145         13.510  
1998          9.498          15.661  
1999          228.086        143.704  
2000          0.233          7.694  
2001          0.079          10.722  
2002          0.063          10.434  
2003          0.012          8.696  
2004          30.394         14.347  
2005          6.764          14.456  
___________________________________________________________________ 
 
Ranked Yearly Peaks for Predeveloped and Mitigated.  POC #4  
Rank     Predeveloped        Mitigated   
1        306.5730            285.2430  
2        293.2470            225.2230  
3        283.5930            207.1370  
4        264.7490            191.8520  
5        235.2290            171.7800  
6        228.0860            158.7860  
7        181.5260            144.4630  
8        152.7510            143.7040  
9        138.1280            111.3190  
10       131.8690            98.9391  
11       128.9980            92.1432  
12       100.7120            90.3459  
13       98.8413             65.3582  
14       85.4180             60.7951  
15       83.5536             42.6730  
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16       56.8021             39.1966  
17       54.4775             36.9031  
18       49.5982             36.1568  
19       48.5844             35.9271  
20       43.6560             32.7882  
21       40.3902             24.8063  
22       37.1870             22.0784  
23       34.2587             22.0492  
24       33.3136             20.2333  
25       30.3939             19.1032  
26       29.8553             18.6892  
27       26.5631             17.9728  
28       23.5313             17.3574  
29       21.4494             16.0705  
30       17.1410             15.7822  
31       15.1451             15.6606  
32       9.5432              14.4558  
33       9.4977              14.3469  
34       6.7636              13.6950  
35       2.6693              13.5102  
36       0.8468              13.2495  
37       0.6517              12.7269  
38       0.3882              12.1239  
39       0.2359              11.8466  
40       0.2326              10.7221  
41       0.0817              10.4337  
42       0.0790              10.1442  
43       0.0632              8.6960  
44       0.0121              7.6940  
45       0.0000              3.1208  
___________________________________________________________________ 
 
POC #4  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(CFS) Predev  Dev Percentage Pass/Fail  
27.3535    452     424    93     Pass  
29.5569    407     389    95     Pass  
31.7604    361     362    100    Pass  
33.9639    335     334    99     Pass  
36.1673    306     315    102    Pass  
38.3708    286     292    102    Pass  
40.5743    268     266    99     Pass  
42.7777    262     240    91     Pass  
44.9812    247     228    92     Pass  
47.1847    230     215    93     Pass  
49.3882    217     202    93     Pass  
51.5916    204     186    91     Pass  
53.7951    185     171    92     Pass  
55.9986    170     159    93     Pass  
58.2020    160     148    92     Pass  
60.4055    153     132    86     Pass  
62.6090    144     121    84     Pass  
64.8124    136     117    86     Pass  
67.0159    126     108    85     Pass  
69.2194    120     102    85     Pass  
71.4228    112     93     83     Pass  
73.6263    106     89     83     Pass  
75.8298    98      78     79     Pass  
78.0332    94      74     78     Pass  
80.2367    91      72     79     Pass  
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82.4402    84      69     82     Pass  
84.6436    78      66     84     Pass  
86.8471    73      63     86     Pass  
89.0506    72      63     87     Pass  
91.2540    68      57     83     Pass  
93.4575    61      55     90     Pass  
95.6610    59      52     88     Pass  
97.8645    58      50     86     Pass  
100.0679    54      46     85     Pass  
102.2714    50      43     86     Pass  
104.4749    46      40     86     Pass  
106.6783    45      40     88     Pass  
108.8818    44      39     88     Pass  
111.0853    41      38     92     Pass  
113.2887    41      37     90     Pass  
115.4922    40      35     87     Pass  
117.6957    38      34     89     Pass  
119.8991    37      33     89     Pass  
122.1026    36      31     86     Pass  
124.3061    36      27     75     Pass  
126.5095    36      25     69     Pass  
128.7130    36      23     63     Pass  
130.9165    33      23     69     Pass  
133.1199    29      23     79     Pass  
135.3234    28      23     82     Pass  
137.5269    27      20     74     Pass  
139.7304    26      20     76     Pass  
141.9338    25      19     76     Pass  
144.1373    23      17     73     Pass  
146.3408    22      16     72     Pass  
148.5442    21      16     76     Pass  
150.7477    19      16     84     Pass  
152.9512    16      15     93     Pass  
155.1546    16      15     93     Pass  
157.3581    15      14     93     Pass  
159.5616    13      13     100    Pass  
161.7650    13      13     100    Pass  
163.9685    12      13     108    Pass  
166.1720    11      12     109    Pass  
168.3754    11      11     100    Pass  
170.5789    11      10     90     Pass  
172.7824    11      9      81     Pass  
174.9858    11      8      72     Pass  
177.1893    11      7      63     Pass  
179.3928    11      7      63     Pass  
181.5962    10      7      70     Pass  
183.7997    9       7      77     Pass  
186.0032    8       7      87     Pass  
188.2067    8       7      87     Pass  
190.4101    8       6      75     Pass  
192.6136    8       5      62     Pass  
194.8171    8       4      50     Pass  
197.0205    8       4      50     Pass  
199.2240    8       4      50     Pass  
201.4275    8       4      50     Pass  
203.6309    8       4      50     Pass  
205.8344    7       4      57     Pass  
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208.0379    7       3      42     Pass  
210.2413    7       2      28     Pass  
212.4448    7       2      28     Pass  
214.6483    7       2      28     Pass  
216.8517    7       2      28     Pass  
219.0552    7       2      28     Pass  
221.2587    7       2      28     Pass  
223.4621    7       2      28     Pass  
225.6656    6       1      16     Pass  
227.8691    6       1      16     Pass  
230.0725    5       1      20     Pass  
232.2760    5       1      20     Pass  
234.4795    5       1      20     Pass  
236.6830    4       1      25     Pass  
238.8864    4       1      25     Pass  
241.0899    4       1      25     Pass  
243.2934    4       1      25     Pass  
245.4968    4       1      25     Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Drawdown Time Results   
Pond:  Trapezoidal Pond  1  
Days      Stage(feet) Percent of Total Run Time  
1         10.00        0.0022  
2         10.00        0.0022  
3         10.00        0.0022  
4         10.00        0.0022  
5         10.00        0.0022  
 
Maximum Stage:  10.87  
Drawdown Time:  00 09:38:40  
 
___________________________________________________________________ 
 
Flow Frequency Return Periods for Predeveloped.  POC #5  
Return Period         Flow(cfs)  
2 year                  34.5535  
5 year                  138.159696  
10 year                 247.860087  
25 year                 296.148087  
 
Flow Frequency Return Periods for Mitigated.  POC #5  
Return Period         Flow(cfs)  
2 year                  22.838  
5 year                  105.588957  
10 year                 166.838043  
25 year                 216.37987  
___________________________________________________________________ 
 
Yearly Peaks for Predeveloped and Mitigated.  POC #5  
Year         Predeveloped    Mitigated   
1961          55.095         42.784  
1962          1.490          17.486  
1963          57.036         22.838  
1964          49.012         39.641  
1965          1.151          15.996  
1966          26.897         19.190  
1967          101.631        98.097  
1968          237.906        211.533  
1969          17.199         17.473  
1970          183.245        185.708  
1971          40.850         38.007  
1972          30.274         18.313  
1973          33.475         24.825  
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1974          43.894         20.414  
1975          37.443         36.286  
1976          21.475         21.046  
1977          34.554         36.737  
1978          3.419          17.079  
1979          309.085        183.130  
1980          133.493        107.670  
1981          286.916        267.272  
1982          23.904         18.280  
1983          153.823        91.351  
1984          99.271         65.980  
1985          1.338          11.981  
1986          85.666         32.945  
1987          139.456        142.501  
1988          9.771          15.084  
1989          2.014          21.806  
1990          0.640          15.206  
1991          0.130          3.464  
1992          130.300        91.689  
1993          84.183         60.627  
1994          266.524        158.149  
1995          50.101         23.318  
1996          294.916        152.607  
1997          15.541         14.873  
1998          9.799          18.381  
1999          229.739        131.677  
2000          0.603          9.671  
2001          0.552          13.187  
2002          0.450          12.368  
2003          0.632          9.713  
2004          30.589         17.335  
2005          7.161          16.781  
___________________________________________________________________ 
 
Ranked Yearly Peaks for Predeveloped and Mitigated.  POC #5  
Rank     Predeveloped        Mitigated   
1        309.0850            267.2720  
2        294.9160            211.5330  
3        286.9160            185.7080  
4        266.5240            183.1300  
5        237.9060            158.1490  
6        229.7390            152.6070  
7        183.2450            142.5010  
8        153.8230            131.6770  
9        139.4560            107.6700  
10       133.4930            98.0972  
11       130.3000            91.6891  
12       101.6310            91.3505  
13       99.2705             65.9796  
14       85.6659             60.6268  
15       84.1830             42.7841  
16       57.0360             39.6411  
17       55.0946             38.0070  
18       50.1006             36.7372  
19       49.0117             36.2855  
20       43.8943             32.9448  
21       40.8504             24.8248  
22       37.4432             23.3180  
23       34.5535             22.8380  
24       33.4745             21.8058  
25       30.5886             21.0461  
26       30.2737             20.4140  
27       26.8970             19.1900  
28       23.9035             18.3807  
29       21.4754             18.3125  
30       17.1993             18.2795  
31       15.5414             17.4863  
32       9.7995              17.4729  
33       9.7709              17.3352  
34       7.1612              17.0788  
35       3.4195              16.7811  
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36       2.0145              15.9961  
37       1.4901              15.2062  
38       1.3385              15.0836  
39       1.1510              14.8725  
40       0.6405              13.1868  
41       0.6317              12.3679  
42       0.6027              11.9814  
43       0.5519              9.7128  
44       0.4504              9.6711  
45       0.1303              3.4643  
___________________________________________________________________ 
 
POC #5  
The Facility PASSED  
  
The Facility PASSED.  
  
Flow(CFS) Predev  Dev Percentage Pass/Fail  
27.6319    454     413    90     Pass  
29.8565    408     379    92     Pass  
32.0810    362     348    96     Pass  
34.3055    334     328    98     Pass  
36.5300    305     303    99     Pass  
38.7546    287     281    97     Pass  
40.9791    269     245    91     Pass  
43.2036    261     231    88     Pass  
45.4282    247     221    89     Pass  
47.6527    230     208    90     Pass  
49.8772    217     188    86     Pass  
52.1017    205     176    85     Pass  
54.3263    185     157    84     Pass  
56.5508    170     149    87     Pass  
58.7753    160     135    84     Pass  
60.9998    154     125    81     Pass  
63.2244    143     117    81     Pass  
65.4489    137     110    80     Pass  
67.6734    127     103    81     Pass  
69.8979    122     94     77     Pass  
72.1225    111     88     79     Pass  
74.3470    107     81     75     Pass  
76.5715    97      73     75     Pass  
78.7961    94      72     76     Pass  
81.0206    90      72     80     Pass  
83.2451    85      67     78     Pass  
85.4696    79      63     79     Pass  
87.6942    74      61     82     Pass  
89.9187    72      58     80     Pass  
92.1432    68      54     79     Pass  
94.3677    62      53     85     Pass  
96.5923    60      51     85     Pass  
98.8168    58      46     79     Pass  
101.0413    54      41     75     Pass  
103.2658    49      39     79     Pass  
105.4904    46      38     82     Pass  
107.7149    44      36     81     Pass  
109.9394    43      35     81     Pass  
112.1640    41      35     85     Pass  
114.3885    41      31     75     Pass  
116.6130    41      31     75     Pass  
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118.8375    38      28     73     Pass  
121.0621    37      27     72     Pass  
123.2866    36      25     69     Pass  
125.5111    36      24     66     Pass  
127.7356    36      24     66     Pass  
129.9602    36      23     63     Pass  
132.1847    33      21     63     Pass  
134.4092    31      21     67     Pass  
136.6337    28      20     71     Pass  
138.8583    27      19     70     Pass  
141.0828    26      17     65     Pass  
143.3073    24      16     66     Pass  
145.5319    23      16     69     Pass  
147.7564    22      15     68     Pass  
149.9809    21      15     71     Pass  
152.2054    19      15     78     Pass  
154.4300    16      13     81     Pass  
156.6545    16      13     81     Pass  
158.8790    15      12     80     Pass  
161.1035    13      12     92     Pass  
163.3281    13      11     84     Pass  
165.5526    12      10     83     Pass  
167.7771    11      9      81     Pass  
170.0017    11      8      72     Pass  
172.2262    11      8      72     Pass  
174.4507    11      7      63     Pass  
176.6752    11      7      63     Pass  
178.8998    11      7      63     Pass  
181.1243    11      7      63     Pass  
183.3488    10      6      60     Pass  
185.5733    9       6      66     Pass  
187.7979    8       4      50     Pass  
190.0224    8       4      50     Pass  
192.2469    8       3      37     Pass  
194.4714    8       3      37     Pass  
196.6960    8       3      37     Pass  
198.9205    8       3      37     Pass  
201.1450    8       3      37     Pass  
203.3696    8       3      37     Pass  
205.5941    8       2      25     Pass  
207.8186    7       2      28     Pass  
210.0431    7       2      28     Pass  
212.2677    7       1      14     Pass  
214.4922    7       1      14     Pass  
216.7167    7       1      14     Pass  
218.9412    7       1      14     Pass  
221.1658    7       1      14     Pass  
223.3903    7       1      14     Pass  
225.6148    7       1      14     Pass  
227.8393    6       1      16     Pass  
230.0639    5       1      20     Pass  
232.2884    5       1      20     Pass  
234.5129    5       1      20     Pass  
236.7375    5       1      20     Pass  
238.9620    4       1      25     Pass  
241.1865    4       1      25     Pass  
243.4110    4       1      25     Pass  
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245.6356    4       1      25     Pass  
247.8601    4       1      25     Pass  
_____________________________________________________ 
 
___________________________________________________________________ 
 
Drawdown Time Results   
Pond:  Trapezoidal Pond  1  
Days      Stage(feet) Percent of Total Run Time  
1         10.00        0.0022  
2         10.00        0.0022  
3         10.00        0.0022  
4         10.00        0.0022  
5         10.00        0.0022  
 
Maximum Stage:  10.87  
Drawdown Time:  00 09:38:40  
 
___________________________________________________________________ 
 
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. 2005-2007; All Rights Reserved.   
  
  
        



F:\06-14\HYDROMOD\614hydromod.doc 36

POC 1 DURATION 
 

 
POC3 DURATION 
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POC4 DURATION 
 

 
POC5 DURATION  
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Drawdown Time Results   
Pond:  Trapezoidal Pond  1  
Days      Stage(feet) Percent of Total Run Time  
1         10.00        0.0022  
2         10.00        0.0022  
3         10.00        0.0022  
4         10.00        0.0022  
5         10.00        0.0022  
 
Maximum Stage:  10.87  
Drawdown Time:  00 09:38:40 
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SUMMARY 
  
FLOW DATA AT POINTS OF COMPLIANCE (POC) 
 
POC1 
  PRE-DEVELOPMENT POST-DEVELOPMENT 
5-YEAR FLOW RATE Q5 (CFS) 112.9 98.6 
10-YEAR FLOW RATE Q10 (CFS) 177.3 153.9 
20% 5-YEAR FLOW RATE 0.2Q5 (CFS) 22.6 19.6 
POC3 
  PRE-DEVELOPMENT POST-DEVELOPMENT 
5-YEAR FLOW RATE Q5 (CFS) 34.9 34.2 
10-YEAR FLOW RATE Q10 (CFS) 55.1 53.7 
20% 5-YEAR FLOW RATE 0.2Q5 (CFS) 7.0 6.8 
POC4 
  PRE-DEVELOPMENT POST-DEVELOPMENT 
5-YEAR FLOW RATE Q5 (CFS) 136.8 108.6 
10-YEAR FLOW RATE Q10 (CFS) 245.5 178.8 
20% 5-YEAR FLOW RATE 0.2Q5 (CFS) 27.4 21.7 
POC5 
  PRE-DEVELOPMENT POST-DEVELOPMENT 
5-YEAR FLOW RATE Q5 (CFS) 112.9 99.6 
10-YEAR FLOW RATE Q10 (CFS) 177.3 153.9 
20% 5-YEAR FLOW RATE 0.2Q5 (CFS) 22.6 19.2 
 
 
 
Based on the calculations presented in this report, The post-development discharge rates and 
durations do not exceed those of the pre-development conditions by more than 10% over more 
than 10% of the length of the flow duration curve.  See pages 22 to 23 for POC1, pages 25-27 for 
POC 3, pages 29-31 for POC 4 and pages 33 – 35 for POC 5 for more detailed results. 
 
In accordance with the San Diego Draft HMP Sections 5.0 and 7.0, and Minimum Criteria for 
Evaluation of Storm Water Controls to Meet Interim Hydromodification Criteria (IHC) prepared 
by Brown and Caldwell, dated 8-11-2008, the post-development flow rates from 20% of  pre-
development 5-year flow, 0.2Q5, to the pre-development 5-year flow, Q5, range do not exceed 
the pre-development conditions.  And the post-development flow rates from the pre-development 
5-year flow, Q5, to the pre-development 10-year flow, Q10, range do not exceed the pre-
development conditions.  See page 21 for POC1, page 25 for POC 3, pages 28-29 for POC 4 and 
pages 32-33 for POC 5 for more detailed results.  
 
According to the drawdown analysis on page 38, the drawdown time is 9 hours and 39 minutes.  
The runoff will completely discharge from the basin in less than 3 days or 72 hours such that no 
vector control scenarios will occur. 
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PROPOSED MITIGATION MEASURE: 
 
The proposed mitigation measure is the detention/hydromodification mitigation basin - it is a 
trapezoidal basin with a uniform 2 to 1 side slopes and irregular bottom and top.  The maximum 
depth of the basin is 10 feet and the maximum volume is 15.8 ac-ft.  The outlet structure is a 84-
inch diameter riser pipe.  An 18-inch diameter orifice will be installed in the riser at the bottom 
of the basin and a 27-inch diameter orifice will be installed 5’ from the bottom of the basin.  A 
rectangular notch will be cut into the riser, the bottom of the notch is  2’ from the bottom of the 
basin and the width of the notch is 4’.  See Basin Outlet Structure Detail on page 41 for more 
details. 
 
Based on the post-development SDHM analysis from page 11 to 38, the proposed detention 
basin is adequate to mitigate the anticipated post-development runoff to satisfy the criteria set 
forth in Sections 5.0 and 7.0 of the San Diego Draft HMP.  No damage to downstream facilities 
is anticipated due to hydromodification concerns.  
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PERVIOUS/IMPERVIOUS LAND PARAMETERS SUMMARY  
 

 
TOTAL  ROOF 

AREA1 

DRIVEWAY/ 
HARDSCAPE 

AREA 
STREET 

AREA 
SIDEWALK 

AREA 
2:1 SLOPE

AREA 
LANDSCAPE

AREA 
UNDISTURBED 

AREA 
TOTAL 
AREA 

 (AC) (AC) (AC) (AC) (AC) (AC) (AC) (AC) 

POC1:         
PRE-
DEV 0 0 1.2 0 0 0 307.3 308.5 

POST-
DEV 5.8 4.0 6.1 3.0 8.4 4.2 222.8 254.3 

POC3:         
PRE-
DEV 0 0 0 0 0 0 98.4 98.4 

POST-
DEV 0 0 0 0 0 0 94.2 94.2 

POC4:         
PRE-
DEV 0 0 0 0 0 0 552.7 552.7 

POST-
DEV 21.3 6.6 38.8 6.6 25.3 67.1 384.5 550.2 

POC5:         
PRE-
DEV 0 0 1.7 0 0 0 3.6 5.3 

POST-
DEV 2.7 2.8 7.1 0 0 9.2 36.5 58.3 

 
 

                                                 
Footnotes: 
1 Roof Areas in POC1: SFR=5.8, MFR=0, Comm/Office=0;  Roof Areas in POC3: SFR=0, MFR=0, Comm/Office=0;  Roof Areas in POC4: 
SFR=8.3, MFR=9.7, Comm/Office=3.3;   Roof Areas in POC5: SFR=0, MFR=2.7, Comm/Office=0 
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DETENTION/HYDROMODIFICATION MITIGATION BASIN OUTLET STRUCTURE 
DETAIL (NOT TO SCALE): 
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APPENDIX 















































NITRATE  REPORT
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