
 

 

 

 

AGENDA 

Town of Southern Pines Planning Board Regular Meeting 
Douglass Community Center 
January 20, 2022 at 6:00 PM 

 
 

I. Call to Order 
 

II. Approval of Minutes 
 

III. Proceedings: 

1. Public Forum re: PD-12-21 Preliminary Development Plan for Waterworks, Phase 1 
 
2. Public Forum re: PD-13-21 Preliminary Development Plan for Old Morganton Road Lot 1 
 

IV. Unfinished Business 
  
V. New Business 
 
VI. Adjournment 



Agenda Item 

To: Planning Board 

From: BJ Grieve, Planning Director 

Subject: PD-12-21: Planned Development - Preliminary 
Development Plan for Phase 1 of the Waterworks mixed-
use development; Applicant: Andy Bleggi, PTAH 
Corporation; Authorized Agent: Kevin Lindsay of 
Crawford Design. 

Date: January 20, 2022 

I. SUMMARY OF APPLICATION REQUEST:

The applicant has applied for a Preliminary Development Plan (PDP) for Phase 1 of the
Waterworks development. Waterworks Phase 1 will include construction of a 33,000
square foot expansion of the existing 4,260 square foot recently-renovated Waterworks
building. The new expanded building will be used for office space as permitted by the
Waterworks Conceptual Development Plan (CDP). A new, additional 9,600 square foot
building will also be built as part of the Phase 1 PDP. The building is presently planned to
be occupied by Workhorse Fitness, a by-right use in the Waterworks CDP. However, any
other by-right use may occupy the building in the future subject to UDO design standards.
Phase 1 will also include construction of 152 permanent parking spaces and 20 temporary
gravel parking spaces to serve the proposed buildings. Access will be provided off Central
Drive, directly across from Reservoir Park Road.

Waterworks Phase 1 PDP will include development of a walking path connecting north
across wetlands to the Town’s Greenway system, as depicted on the CDP. Water and sewer
services are available to the subject property. Detailed site plan review as well as an
Architectural Compliance Permit will be required prior to construction. The subject
property is identified as PIN: 858300245709 (PARID: 00039185) and per the Moore
County tax records, the property owner is listed as PTAH, LLC.
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Figure 1: Vicinity and Zoning Map (Subject Parcel Outlined Red). 
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Figure 2: Subject Property as Presently Developed 
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II. STAFF REVIEW: 
 

A. Criteria for Review: 
The criteria for review and approval of the second step in the process, Preliminary 
Development Plan, are as follows: 

 
Preliminary Development Plan - UDO § 2.18.5(H): 
1. The application demonstrates that it will achieve the purposes of the PDD and this 

section; 
2. The Preliminary Development Plan is consistent with the Conceptual Development 

Plan and conforms to all applicable provisions of this UDO; 
3. The proposed Development is located in an area of the Town that is appropriate; 

and 
4. The proposed Development will not cause the need for inefficient extensions and 

expansions of public facilities, utilities and services. 
 

B. Staff Comments: 
 

i. Consistency evaluation with the Unified Development Ordinance (UDO) 
and the Waterworks Conceptual Development Plan (CDP): 

 
• Phase 1 of Waterworks will include development of a proposed walking 

trail. The trail will connect from the existing Greenway path on the north 
side of the property south to the proposed Phase 1 development. The 
location of the south end of the walking path is depicted on the Phase 1 PDP 
site plan. The walking path will be designed and reviewed with Phase 1 site 
plan review. 
  

• The Traffic Impact Analysis (TIA) from 2018 was submitted with the 
current Waterworks Phase 1 PDP. The TIA was not updated based on the 
changes in land use from the original Phase 1 PDP to this Phase 1 PDP. An 
unsigned copy of NCDOT’s letter of April 11, 2018 with comments on the 
proposed development (at that time) was included with the current PDP 
application materials. One call-out has been added by the applicants 
indicating that a 5- foot storage lane has been modified to a 75-foot storage 
lane and a left turn lane into Reservoir Park has been added. The Town 
Engineer has reviewed the 2018 TIA and the call-out added and has stated 
in an email of January 5, 2022 that the TIA is likely still applicable and 
additional trip generation can be reviewed at site plan review.  

 
• No deviations to signage standards have been requested and no deviation is 

contemplated or approved as part of this PDP. Therefore, all signage must 
comply with UDO §4.06 per Section 5.5.7 of the approved Waterworks 
CDP. Three large “SNC” wall signs as depicted on the building elevations 
will not be permitted. 
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• A substantial portion of Phase 1 will be allocated to parking in excess of the 

minimum number of spaces required by the UDO. The applicants are 
proposing 152 spaces with Phase 1, plus 20 additional temporary gravel 
spaces with Phase 1 that are located in Phase 2. 
 

• Private drives and yards internal to Waterworks Phase 1 will be reviewed 
for compliance with the private drive and yard cross-sections found in 
Exhibit X of the Waterworks CDP. 

 
• All other design standards not addressed as deviations in the Phase 1 PDP 

will be reviewed for compliance with the UDO and/or CDP, as applicable, 
during site plan review and Architectural Compliance Permit review. 

 
• Final Development Plans pursuant to UDO §2.18.7 will be required to 

demonstrate compliance with the Preliminary Development Plan.  
 

ii. General Comments: 
 

• The Planning Board will hold a Preliminary Forum for this request. The 
meeting will provide an opportunity to hear comment, but no part of the 
Forum may be used as a basis for a decision by the Town Council.  
 

• Notices of the Planning Board’s Preliminary Forum were posted, mailed 
and published as required by the UDO. 

 
• On January 5, 2022 a copy of the proposed Phase 1 PDP was emailed to 

members of the Town’s Technical Review Committee (TRC). Responses 
have been incorporated into this report where applicable. 

 
C. Outside Agency Comments: 

 
• A request for comments was emailed to agencies on December 20, 2021. 

Agencies notified include Town of Southern Pines Streets, Utilities, Fire, 
Recreation and Parks, and Engineering departments, the Regional Land Use 
Advisory Commission (RLUAC) and the North Carolina Department of 
Transportation (NCDOT). 
 

• On December 29, 2021 RLUAC provided comment: RLUAC does not have 
any comments on PD-12-21 or PD-13-21.  

 
 
III. ATTACHMENTS: 
 

The following materials are provided as attachments to this staff memorandum: 
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1. Preliminary Development Plan Application 
a. Application 
b. Agent Authorization Form 
c. Narrative and Comments 
d. Building Elevations 
e. PDP Site Plan 
f. Drainage Concept Plan 
g. Soils Information 
h. TIA 

 
2. RLUAC Comment 

 
Additional documents related to this application including (but not limited to) property 
deeds, Authorization of Agent forms, email correspondence, meeting minutes and adjacent 
property notification records are on file in the Town of Southern Pines Planning Office and 
available for public inspections during normal business hours. 
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IV. PLANNING BOARD ACTION: 
Pursuant to North Carolina General Statute §160D-301(b)(6) and Unified Development 
Ordinance §2.5.2, the Planning Board may hold a Preliminary Forum on a matter requiring 
a quasi-judicial decision by the Town Council. However, no part of the forum or any 
recommendation may be used as a basis for the deciding board. 
 
Therefore, the Planning Board may wish to use the following motion to identify issues to 
bring to the attention of the Town Council at the evidentiary hearing. 
 
I move to adopt the following for transmission to the Town Council as a result of the 
January 20, 2022 Preliminary Forum on application PD-12-21, Waterworks Phase 1 PDP: 
 

The information presented at the forum indicated that the following issues be 
considered in applying the criteria for a PDP to application PD-12-21: 

 
1.   

 
In addition, the following concerns were raised during the forum, but do not seem to 
apply in determining whether the PDP criteria are satisfied: 

 
1.  
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Waterworks

1605 Central Drive

858300245709 00039185

28.8 acres PDD

Kevin Lindsay, PD

kevinlindsay@crawforddsn.com 910-920-7661

230 West Pennsylvania Ave., Suite C, Southern Pines, NC 28387

Andy Bleggi, PTAH Corporation

andybleggi@gmail.com 910-639-1985

730 South Bennett Street, Southern Pines, NC 28387
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Attachment A (To Exhibit 1 PDP Application):  Narrative to Show PDP Meets Required Criteria

2.18.5 (H) Preliminary Development Plan (PDP) Criteria:

(1) The application demonstrates that it will achieve the purposes of the PDD and this section: 
This proposed PDP represents Phase 1 of Waterworks (~3.5 acres).  The CDP and this PDD are being
revised from the CDP and PDP approved in 2018 because the tenant for the corporate headquarters
desired to be located where they could be visible form Central Drive/NC-22.  The overall intent of the
development remains the same as the 2018 submission:  a mixed use of commercial and residential
development incorporating the now renovated treatment plant and preserving a large tract of land as
open space.

(2)  The Preliminary Development Plan is consistent with the Conceptual Development Plan and
conforms to all applicable provisions of this UDO:
The planned construction of a corporate headquarters attached to the recently renovated former
treatment plant and a new facility for Workhorse Fitness is that same as described in the CDP
submitted in November of 2021. 

(3)  The proposed Development is located in an area of the Town that is appropriate:
The mixed use development with 64% remaining as open space fits in very well with other
developments along NC 22 / Central Drive which include:  single family detached and attached,
multi-family, retail, restaurants, offices, industrial, institutional, and recreational.

(4)   The proposed Development will not cause the need for inefficient extensions and expansions of
public facilities, utilities and services.
Water, sewer, electricity, and natural gas are all available to the site without extensions (extensions will
be needed within the site, but not to the site).  The site is located on NC 22 and is opposite Reservoir
Park.  The double left turn lanes will be a significant improvement to the exiting interchange.  The
development will be connected to the Town’s Greenway system and preserve a significant wetlands
area.

Additional Comments:
1.  Architectural:  Please see attached preliminary elevations for corporate headquarters and new
fitness facility.
2.  Signage:  No change from CDP submittal.
3. Parking:  152 spaces area planned for Phase 1 compared with estimated requirement of 141 based
on UDO standards.  Note a portion of phase 2 will be graded to provide 20 temporary spaces for
existing waterworks tenant (Workhorse Fitness) to continue operating while until their new facility is
available.
4.  Pedestrian Connectivity:  Phase 1 will be connected to the Town's walking trail system.  Internal
sidewalks will allow safe passage between buildings.
5.  Streets:  As noted in CDP lefter turn lanes will be provided for access to waterworks and to
Reservoir Park--a major improvement over current conditions.  In addition a right turn in and right turn
out will be provided along Central Drive/NC-22.  Internally, vehicle use areas shall be constructed for
access to future phases 2 & 3.
6.  Open Space:  As described in the CDP, 18.8 acres of Open space (65%) shall be preserved on teh
site including .49 acres in Phase 1.
7.  Stormwater Control:  A drypond is planned for Phase 1 that will reduce post construction runoff for
the 1 and 10 years storms to preconstruction rates.
8.  Utilities:  Public water and sewer are available to the site.
9.  Other:  All TOSP Landscaping, lighting, buffers and setbacks will be followed.

PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 12 of 110



Crawford Design Company © Copyright 2021      All drawings, specifications and designs prepared by Crawford Design Company are instruments of service and shall remain the property of Crawford Design Company. The Owner or any other parties
shall not use the work on this or any project except by a proper agreement and appropriate compensation.

WATERWORKS
Exhibit VI - Adjacent Property Owners

Southern Pines, NC

Scale:  1" = 400'

0 400 800
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ADJACENT PARCEL OWNERS

NAME NAME (2) ADDRESS CITY ST ZIP PARCEL ID REF

HOI LIMITED PARTNERSHIP OF SOUTHERN PINES PO BOX 26405 GREENSBORO NC 27404 39144 1

PINEHURST AREA REALTY, INC POBOX 1511 PINEHURST NC 28370 37593 2

PINEHURST AREA REALTY, INC POBOX 1511 PINEHURST NC 28370 37664 3

PINEHURST AREA REALTY, INC POBOX 1511 PINEHURST NC 28370 37604 4

CHAMBERLAIN, ROBERT JOSEPH JR CHAMBERLAIN, KIMBERLY K 405 Pine Barrens Vista Southern Pines NC 28387 20020232 5

MASON, DUSTINA TRUSTEE 375 Pine Barrens Vista Southern Pines NC 28387 20020233 6

DIXIE PIPELINE COMPANY ATTN: AD VALOREM TAX DEPT PO BOX 4018 HOUSTON TX 77210 32927 7

TRIE CASSYN GROUP, LLC 1485 Central Dr Southern Pines NC 28387 20020309 8

SOUTHERN PINES, TOWN OF PO BOX 870 Southern Pines NC 28388 39729 9

MOORE COUNTY COMMUNITY COLLEGE BOARD OF TRUSTEES 2200 Airport Rd. PINEHURST NC 28374 991683 10
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The Waterworks Drainage Concept Plan  1 

1. Project Summary:   

 

The Waterworks project will be done in phases as will the drainage and Stormwater Control 

Measures (SCMs): 

 

Completed:  Renovation of former treatment plant and temporary parking area.  Now in use 

as a fitness facility. 

 

Phase 1 (Watershed 1).  Construction of new corporate headquarters and new fitness facility. 

A dry pond shall be constructed in phase 1 shall be constructed to reduce the 1-year and 10-

year storm peaks to preconstruction rates.  This SCM shall be sized for the additional 

impervious areas planned for Phase 2.   

 

Phase 2.  (Watershed 1) Mixed Use Commercial & Residential Buildings and expansion of 

Vehicle Use Areas.  As previously stated the phase 1 SCM shall be sized to handle the 

planned Phase 2 impervious areas to keep the 1-year and 10-year storm peaks to 

preconstruction rates. 

 

Phase 3.  Commercial/Mixed Use/Single Family Housing. Additional SCMs shall be 

constructed in Phase 3 to keep the 1-year and 10-year storm peaks to preconstruction rates. 

 

Phase 4.  3 Single Family Homes.  Each home site shall have a small peak reduction basin to 

keep post development runoff for the 1 and 10 years storms to predevelopment rates. 

 

2. Analysis:   

 

Watershed 1 contains 0.4.56 acres including most of the existing building.  It will drain to 

SCM 1.  It includes the impervious areas to be added for phases 1 & 2.  The table below 

summarizes how dry pond 1 reduces the runoff from all planned construction in this 

watershed to preconstruction rates for the 10-year storm.  

  

3. Calculation:  Please see attached watershed maps and calculations. 
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SITE PLAN - PHASE 2

V I C I N I T Y  M A P (N.T.S.) N

1. NC 811 SHALL BE CALLED PRIOR TO ANY ACTIVITY.
2. ALL GENERAL NOTES, ABBREVIATIONS, SYMBOLS, AND OTHER

INFORMATION INDICATED ON THE TITLE PAGE SHALL APPLY TO THIS
PLAN

3. ALL ELEVATIONS SHOWN FOR THIS PROJECT ARE IN REFERENCE TO THE
BENCHMARKS AND MUST BE VERIFIED BY THE GENERAL CONTRACTOR
WITH THE SURVEYOR OF RECORD PRIOR TO BEGINNING CONSTRUCTION.
BENCHMARKS ARE SET ########

4. PURSUANT TO G.S.113A-57(2), THE ANGLE FOR GRADED SLOPES AND FILLS
SHALL BE NO GREATER THAN THE ANGLE THAT CAN BE RETAINED BY
VEGETATIVE COVER OR OTHER ADEQUATE EROSION CONTROL DEVICES
OR STRUCTURES. IN ANY EVENT, SLOPES LEFT EXPOSED WILL, WITHIN 21
CALENDAR DAYS OF COMPLETION OF ANY PHASE OF GRADING, BE
PLANTED  OR OTHERWISE PROVIDED WITH TEMPORARY OR PERMANENT
GROUND COVER, DEVICES OR STRUCTURES SUFFICIENT TO RESTRAIN
EROSION. PURSUANT TO G.S. 113A-57(3), PROVISIONS FOR PERMANENT
GROUND COVER SUFFICIENT TO RESTRAIN EROSION MUST BE
ACCOMPLISHED FOR ALL DISTURBED AREAS WITHIN 15 WORKING DAYS
OR 90 CALENDAR DAYS (WHICHEVER IS SHORTER) FOLLOWING
COMPLETION OF CONSTRUCTION OR DEVELOPMENT. ALL SEEDED AREAS
WILL BE FERTILIZED, RE-SEEDED AS NECESSARY, AND MULCHED
ACCORDING TO SPECIFICATIONS IN THE VEGETATIVE PLAN TO MAINTAIN A
VIGOROUS, DENSE VEGETATION COVER. IF ANY SEEDING FAILURE
OCCURS, THOSE AREAS SHALL BE RE-SEEDED WITH RYE GRAIN FOR
TEMPORARY STABILIZATION AND PREPARED FOR PERMANENT SEEDING.

5. SEE DETAIL SHEETS FOR EROSION CONTROL MEASURES & MAINTENANCE.
6. CONTACT: KEVIN LINDSAY, 910-920-7661 FOR QUESTIONS CONCERNING THESE PLANS.
7. PARCEL IDENTIFICATION NUMBER:
8. CONTRACTOR SHALL BE RESPONSIBLE FOR PROVIDING EROSION AND

SEDIMENTATION CONTROL MONITORING ACCORDING TO NPDES PERMIT
REQUIREMENTS.

9. SEE SHEET C5.0 FOR TEMPORARY & PERMANENT SEEDING
REQUIREMENTS.

10. ALL BASIN SHALL BE TESTED FOR POSITIVE DRAINAGE, ANY
NON-FUNCTIONING BASINS SHALL BE BROUGHT TO THE ATTENTION OF
THE PROJECT ENGINEER.   ANY DAMAGED OR NON-FUNCTIONING INLETS
CAUSED BY CONSTRUCTION ACTIVITIES SHALL BE REPAIRED AT
THE CONTRACTOR'S EXPENSE.

SOUTHERN PINES, N.C.

N
.C.22

RESERVOIR PARK RD.

SITE

151 PARKING SPACES
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Without BMP With BMP

Drainage Area (ac)

Curve Number 61.00 86.46

C-Value 0.18 0.71

Q, 1-yr Storm (cfs) 3.92 17.40 0.93 343.88         4.12                       

Q, 10-yr Storm (cfs) 5.84 25.90 4.00 345.75         2.25                       

Q, 100-Yr Storm (cfs) 7.11 31.55 14.87 346.74         1.26                       

Peak Redux Outlet/NML Pool Length #REF! 343.50 3 ea 6" Orifice

Primary Riser Outlet Ele. #REF! 346.50 16' weir

Emergency Weir EL Length #REF! 346.50 10' weir

Top of Berm  #REF! 348.00

4.56

Attachment B--Hydraulic Calculations Summary Waterworks

Item

Existing 

Conditions

Post Development Max Post 

Dev WSE Notes/Freeboard
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Total Area= 198,612            sf

Post Cx Impervious Areas= 136,686            sf 69%

Total Exist. IA= 5,245                sf 3%

Phase 1
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3% BUA Pre

69% BUA Post

Impervious Areas:

Built Upon Areas (BUA) - WaterworksBuilt Upon Areas (BUA) - WaterworksBuilt Upon Areas (BUA) - WaterworksBuilt Upon Areas (BUA) - Waterworks
Date

6/8/18

Project Name Project No.

The WaterworksThe WaterworksThe WaterworksThe Waterworks 17028

By

Location KSL

Southern Pines, North CarolinaSouthern Pines, North CarolinaSouthern Pines, North CarolinaSouthern Pines, North Carolina
Checked By

KSL

Pre-development

Sidewalks: 000 Sq. Ft. 0.00 Acres

Buildings: 0,000 Sq. Ft. 0.00 Acres

Pavement/Curb: 0,000 Sq. Ft. 0.00 Acres

Post-development

Sidewalks: 0.00 Acres

136,686 Sq. Ft. 3.14 Acres

Buildings: 0.00 Acres

Pavement/Curb: 0.00 Acres

Total Built Upon Area:

Pre-development

5,245 Sq. Ft. 0.12 Acres

Post-development

Total BUA Estimate:

68.82%

Total Drainage Area:

198,612 Sq. Ft. 4.56 Acres
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Attachment B--Hydraulic Calculations

L = 731 Overland

H = 54

1 K = 1 Multiplier for flow path conditions

Calculated Tc = 3.42

Tc = 5.00  min. (use 5 as minimum)

g

h + T

P (in) = 2.17 P (in) = 4.2 P (in) = 5 P (in) = 6.13

4.560 acres g = 129 g = 256 g = 271 g = 341

CN = 58 SCS Curve Number h = 19 h = 27 h = 28 h = 30
C= 0.16      Rat'l Coeff. I (in/hr) = 5.38 I (in/hr) = 8.00 I (in/hr) = 8.21 I (in/hr) = 9.74

1000 S = 7.24

CN

Q (cfs) = 3.92 Q (cfs) = 5.84 Q (cfs) = 5.99 Q (cfs) = 7.11

Tp (min) 3.3 Tp (min) 25.8 Tp (min) 38.7 Tp (min) 51.3

100-yr

I (24hr)= 0.126 I (24hr)= 0.23 I (24hr)= 0.279 I (24hr)= 0.362

Q24(cfs)= 0.092    Q24(cfs)= 0.168 Q24(cfs)= 0.204 Q24(cfs)= 0.264

R.O. (in) = 0.07 R.O.(in) = 0.76 R.O. (in) = 1.17 R.O. (in) = 1.84

R.O. (cf) = 1,083 R.O.(cf) = 12,541 R.O. (cf) = 19,344 R.O. (cf) = 30,426

Waterworks Time of Concentration and Intensity Derivations:

Kirpich's Equation: Tc = 
K * (L^3/H)^0.385

Hydrograph formulation 128

Drainage Area (ac) =

Hydraulic Length of watershed (ft)

Elevation diff. along "L"  (ft)

Drainage Subarea:

(see HRM supp. p2-4) 

Pre-Construction g & h are regression coeff

listed in HRM supplement 

p. 5-3

I = (from HRM p. 2-6)

T = Tc

1-yr 10-yr 25-yr 100-yr

Runoff Volume Estimate (SCS Curve Number Method)

S = -10
Peak Flow (Rational Method) for duration = Tc

R.O. (in) =
(P - 0.2*S)^2 Q (cfs) = CiA   

(P + 0.8*S)

1-yr 10-yr 25-yr

Prepared 12/13/2021 Page 12
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Attachment B--Hydraulic Calculations

L = 731 Overland

H = 54

1 K = 1 Multiplier for flow path conditions

Calculated Tc = 3.42

Tc = 5.00  min. (use 5 as minimum)

From Pipe Calcs

g

h + T

P (in) = 2.17 P (in) = 4.2 P (in) = 5 P (in) = 6.13

4.560 acres g = 129 g = 256 g = 271 g = 341

CN = 86.46 SCS Curve Number h = 19 h = 27 h = 28 h = 30
C= 0.71      Rat'l Coeff. I (in/hr) = 5.38 I (in/hr) = 8.00 I (in/hr) = 8.21 I (in/hr) = 9.74

1000 S = 1.57

CN

Q (cfs) = 17.40 Q (cfs) = 25.90 Q (cfs) = 26.59 Q (cfs) = 31.55

Tp (min) 11.5 Tp (min) 21.2 Tp (min) 26.2 Tp (min) 28.8

100-yr

I (24hr)= 0.126 I (24hr)= 0.23 I (24hr)= 0.279 I (24hr)= 0.362

Q24(cfs)= 0.408    Q24(cfs)= 0.745 Q24(cfs)= 0.903 Q24(cfs)= 1.172

R.O. (in) = 1.01 R.O.(in) = 2.77 R.O. (in) = 3.51 R.O. (in) = 4.58

R.O. (cf) = 16,676 R.O.(cf) = 45,862 R.O. (cf) = 58,151 R.O. (cf) = 75,861

Waterworks Time of Concentration and Intensity Derivations:

Kirpich's Equation: Tc = 
K * (L^3/H)^0.385

Hydrograph formulation 128

Drainage Area (ac) =

Hydraulic Length of watershed (ft)

Elevation diff. along "L"  (ft)

Drainage Subarea:

(see HRM supp. p2-4) 

Post Construction g & h are regression coeff

listed in HRM supplement 

p. 5-3

I = (from HRM p. 2-6)

T = Tc

1-yr 10-yr 25-yr 100-yr

Runoff Volume Estimate (SCS Curve Number Method)

Peak Flow (Rational Method)

R.O. (in) =
(P - 0.2*S)^2 Q (cfs) = CiA   

(P + 0.8*S)

1-yr 10-yr 25-yr

S = -10

Prepared 12/13/2021 Page 13
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Stage-Storage Data basins

Contour Area Incr. Vol. Accum. Vol. Stage Z est

(ft) (sf) (ft^3) (ft^3) (ft) (ft)

0 342 7,200        0 -              0 0.00 b 2.346E-03

342.2      7,423        1,462 1,462          0.2 0.20 c1 1.375E-04

342.4      7,646        1,507 2,969          0.4 0.40 c2 -1.255E-09

342.6      7,870        1,552 4,521          0.6 0.60 c3 1.291E-14

342.8      8,093        1,596 6,117          0.8 0.80 c4 -6.921E-20

1 343.0      8,316        1,641 7,758          1 1.00

343.2      8,554        1,687 9,445          1.2 1.20

343.4      8,791        1,734 11,179        1.4 1.40

343.6      9,029        1,782 12,961        1.6 1.60

343.8      9,266        1,830 14,791        1.8 1.80

2 344.0      9,504        1,877 16,668        2 2.00

344.2      9,756        1,926 18,594        2.2 2.20

344.4      10,008     1,976 20,570        2.4 2.40 L W Area

344.6      10,260     2,027 22,597        2.6 2.60 0 342 60 120 7,200              

344.8      10,512     2,077 24,674        2.8 2.80 1 343 66 126 8,316              

3 345.0      10,764     2,128 26,802        3 3.00 2 344 72 132 9,504              

345.2      11,030     2,179 28,981        3.2 3.20 3 345 78 138 10,764            

Waterworks

4th Order Polynomial 

Coefficients

Computation of the Stage Storage Function

y = -7E-20x4 + 1E-14x3 - 1E-09x2 + 0.0001x + 0.002

0

1

2

3

4

5

6

- 10,000 20,000 30,000 40,000 50,000 60,000 

345.2      11,030     2,179 28,981        3.2 3.20 3 345 78 138 10,764            

345.4      11,297     2,233 31,214        3.4 3.40 4 346 84 144 12,096            

345.6      11,563     2,286 33,500        3.6 3.60 5 347 90 150 13,500            

345.8      11,830     2,339 35,839        3.8 3.80 6 348 96 156 14,976            

4 346.0      12,096     2,393 38,232        4 4.00

346.2      12,377     2,447 40,679        4.2 4.20

346.4      12,658     2,503 43,183        4.4 4.40

346.6      12,938     2,560 45,742        4.6 4.60

346.8      13,219     2,616 48,358        4.8 4.80

5 347.0      13,500     2,672 51,030        5 5.00

6 14,976     

Prepared [12/13/2021] Page 14
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1-yr Routing

Width(in) 48.00
Dia. (in) 24 Dia. (in) 2 Dia. (in) 24 Dia. (in) 6 Length(in) 48.000 Dia. (in) 15 Cw = 3

Qp (cfs) = 17.40 Inv Ele. (ft) 1000 Invert (ft) 1000 Inv Ele. (ft) 343.5 Invert (ft) 343.5 Top Ele. (ft) 346.50 Invert (ft) 342.00 Ele. (ft) 346.5
Tp (min) = 11.5 Cw 3.3 Cd 0.6 Cw 3.3 Cd 0.6 Cw 3.3 Cd 0.6 Length(ft) 10

Cd 0.6 Cd 0.6 Cd 0.6

dT (min) = 1
dT (min) = 1

b 2.346E-03
c1 1.375E-04
c2 -1.255E-09
c3 1.291E-14

c4 -6.921E-20

Ref. Ele.  = 342

0.93               cfs

-                 cfs

0.93               cfs  

0.93               cfs  

-                 cfs

343.88          ft

1.88               ft

15,509          cu.ft.

*NOTE:  Check Primary Riser Barrel to ensure total outflow is always less than or equal to Primary Barrel flow.

Riser Riser Riser Riser Riser Riser

(min) (cfs) (cfs) (cfs) (cfs) (cf) (ft) (ft) (cfs) (weir) (orifice) (weir) (orifice) (weir) (orifice)

0 0.00 0.00 0.00 0.00 0.00 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.32 0.32 0.00 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 1.27 1.27 19.42 342.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 2.77 2.77 95.68 342.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
4 0.00 0.00 4.71 4.71 261.93 342.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
5 0.00 0.00 6.95 6.95 544.67 342.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00
6 0.00 0.00 9.32 9.32 961.70 342.13 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00
7 0.00 0.00 11.64 11.64 1520.85 342.21 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00
8 0.00 0.00 13.75 13.75 2219.36 342.30 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00
9 0.00 0.00 15.47 15.47 3044.10 342.41 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.88 0.00 0.00
10 0.00 0.00 16.70 16.70 3972.58 342.53 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.29 0.00 0.00
11 0.00 0.00 17.33 17.33 4974.55 342.66 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.78 0.00 0.00
12 0.00 0.00 17.32 17.32 6014.31 342.79 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.34 0.00 0.00
13 0.00 0.00 16.66 16.66 7053.35 342.91 0.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.93 0.00 0.00
14 0.00 0.00 15.42 15.42 8053.22 343.03 1.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.52 0.00 0.00
15 0.00 0.00 13.82 13.82 8978.37 343.14 1.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.10 0.00 0.00
16 0.00 0.00 12.34 12.34 9807.68 343.24 1.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.63 0.00 0.00
17 0.00 0.00 11.02 11.02 10548.21 343.33 1.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.95 0.00 0.00

Weirs

Emergency Weir

Rectangular Riser Primary

Waterworks Structure Data

Circular Orifice 1 (WQ) not used Peak Reduction Orifice 3 ea Primary Rec Riser & Cir Barrel

1-yr

Suggested Time Increment (Tp/10) Weir Equation: Orifice Equation: Weir Equation:

Riser: Barrel: Riser: Barrel:  Rect Riser: Barrel:

Q = Cd*A*(2*g*h)^(1/2)

(Perm Pool)

Results:

Selected Time Increment Q = Cw*L*H^(3/2) Q = Cd*A*(2*g*h)^(1/2) Q = Cw*L*H^(3/2) Q = Cd*A*(2*g*h)^(1/2) Q = Cw*L*H^(3/2)
Orifice Equation: Weir Equation: Orifice Equation:

Routing Table (using HRM's "Chainsaw" method)

Max. Emer.Weir Outflow

Riser Intakes

Max. Total Outflow

Max WQ Risers

Max Peak Redux Orifice

Max Primary Riser

Max. Water Surf. Ele.

Max. Stage:

Max. Storage:

Routing Table:

Time Amb. Pump Sutt. Pump R.O. Inflow Total Inflow

            4th order polynomial coefficiants 

used to estimate stage

Barrel Control

Storage
Wtr Surf. 

Ele
Stage Outflow*

Circular 1 (WQ)
Emergency 

WeirControl

Computed Outflow Data:

Barrel
Control 

(f/3)

Peak Reduction Orifice 3 ea

Barrel* Control

17 0.00 0.00 11.02 11.02 10548.21 343.33 1.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.95 0.00 0.00
18 0.00 0.00 9.84 9.84 11209.46 343.40 1.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.20 0.00 0.00
19 0.00 0.00 8.79 8.79 11799.93 343.47 1.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.42 0.00 0.00
20 0.00 0.00 7.85 7.85 12327.19 343.53 1.53 0.02 0.00 0.00 0.00 0.00 0.11 2.60 0.01 0.02 0.00 0.00 0.00 0.02 5.61 0.02 0.00
21 0.00 0.00 7.01 7.01 12796.78 343.58 1.58 0.09 0.00 0.00 0.00 0.00 0.49 4.33 0.03 0.09 0.00 0.00 0.00 0.09 5.77 0.09 0.00
22 0.00 0.00 6.26 6.26 13211.55 343.63 1.63 0.18 0.00 0.00 0.00 0.00 0.95 5.41 0.06 0.18 0.00 0.00 0.00 0.18 5.91 0.18 0.00
23 0.00 0.00 5.59 5.59 13575.93 343.67 1.67 0.28 0.00 0.00 0.00 0.00 1.43 6.20 0.09 0.28 0.00 0.00 0.00 0.28 6.03 0.28 0.00
24 0.00 0.00 4.99 4.99 13894.55 343.70 1.70 0.37 0.00 0.00 0.00 0.00 1.90 6.82 0.12 0.37 0.00 0.00 0.00 0.37 6.13 0.37 0.00
25 0.00 0.00 4.45 4.45 14171.84 343.73 1.73 0.45 0.00 0.00 0.00 0.00 2.34 7.31 0.15 0.45 0.00 0.00 0.00 0.45 6.21 0.45 0.00
26 0.00 0.00 3.98 3.98 14411.97 343.76 1.76 0.53 0.00 0.00 0.00 0.00 2.74 7.70 0.18 0.53 0.00 0.00 0.00 0.53 6.28 0.53 0.00
27 0.00 0.00 3.55 3.55 14618.81 343.78 1.78 0.60 0.00 0.00 0.00 0.00 3.10 8.03 0.20 0.60 0.00 0.00 0.00 0.60 6.35 0.60 0.00
28 0.00 0.00 3.17 3.17 14795.87 343.80 1.80 0.66 0.00 0.00 0.00 0.00 3.42 8.30 0.22 0.66 0.00 0.00 0.00 0.66 6.40 0.66 0.00
29 0.00 0.00 2.83 2.83 14946.39 343.82 1.82 0.72 0.00 0.00 0.00 0.00 3.70 8.52 0.24 0.72 0.00 0.00 0.00 0.72 6.44 0.72 0.00
30 0.00 0.00 2.53 2.53 15073.27 343.83 1.83 0.76 0.00 0.00 0.00 0.00 3.95 8.70 0.25 0.76 0.00 0.00 0.00 0.76 6.48 0.76 0.00
31 0.00 0.00 2.26 2.26 15179.15 343.84 1.84 0.80 0.00 0.00 0.00 0.00 4.15 8.85 0.27 0.80 0.00 0.00 0.00 0.80 6.51 0.80 0.00
32 0.00 0.00 2.02 2.02 15266.39 343.85 1.85 0.84 0.00 0.00 0.00 0.00 4.32 8.97 0.28 0.84 0.00 0.00 0.00 0.84 6.53 0.84 0.00
33 0.00 0.00 1.80 1.80 15337.13 343.86 1.86 0.86 0.00 0.00 0.00 0.00 4.46 9.07 0.29 0.86 0.00 0.00 0.00 0.86 6.55 0.86 0.00
34 0.00 0.00 1.61 1.61 15393.29 343.87 1.87 0.89 0.00 0.00 0.00 0.00 4.58 9.14 0.30 0.89 0.00 0.00 0.00 0.89 6.57 0.89 0.00
35 0.00 0.00 1.44 1.44 15436.57 343.87 1.87 0.90 0.00 0.00 0.00 0.00 4.66 9.20 0.30 0.90 0.00 0.00 0.00 0.90 6.58 0.90 0.00
36 0.00 0.00 1.28 1.28 15468.51 343.87 1.87 0.92 0.00 0.00 0.00 0.00 4.73 9.24 0.31 0.92 0.00 0.00 0.00 0.92 6.59 0.92 0.00
37 0.00 0.00 1.14 1.14 15490.48 343.88 1.88 0.92 0.00 0.00 0.00 0.00 4.77 9.27 0.31 0.92 0.00 0.00 0.00 0.92 6.60 0.92 0.00
38 0.00 0.00 1.02 1.02 15503.69 343.88 1.88 0.93 0.00 0.00 0.00 0.00 4.80 9.29 0.31 0.93 0.00 0.00 0.00 0.93 6.60 0.93 0.00
39 0.00 0.00 0.91 0.91 15509.23 343.88 1.88 0.93 0.00 0.00 0.00 0.00 4.81 9.30 0.31 0.93 0.00 0.00 0.00 0.93 6.60 0.93 0.00
40 0.00 0.00 0.82 0.82 15508.07 343.88 1.88 0.93 0.00 0.00 0.00 0.00 4.81 9.29 0.31 0.93 0.00 0.00 0.00 0.93 6.60 0.93 0.00
41 0.00 0.00 0.73 0.73 15501.08 343.88 1.88 0.93 0.00 0.00 0.00 0.00 4.79 9.28 0.31 0.93 0.00 0.00 0.00 0.93 6.60 0.93 0.00
42 0.00 0.00 0.65 0.65 15489.02 343.88 1.88 0.92 0.00 0.00 0.00 0.00 4.77 9.27 0.31 0.92 0.00 0.00 0.00 0.92 6.60 0.92 0.00
43 0.00 0.00 0.58 0.58 15472.57 343.87 1.87 0.92 0.00 0.00 0.00 0.00 4.74 9.25 0.31 0.92 0.00 0.00 0.00 0.92 6.59 0.92 0.00
44 0.00 0.00 0.52 0.52 15452.33 343.87 1.87 0.91 0.00 0.00 0.00 0.00 4.69 9.22 0.30 0.91 0.00 0.00 0.00 0.91 6.59 0.91 0.00
45 0.00 0.00 0.46 0.46 15428.84 343.87 1.87 0.90 0.00 0.00 0.00 0.00 4.65 9.19 0.30 0.90 0.00 0.00 0.00 0.90 6.58 0.90 0.00
46 0.00 0.00 0.41 0.41 15402.58 343.87 1.87 0.89 0.00 0.00 0.00 0.00 4.59 9.15 0.30 0.89 0.00 0.00 0.00 0.89 6.57 0.89 0.00
47 0.00 0.00 0.37 0.37 15373.96 343.86 1.86 0.88 0.00 0.00 0.00 0.00 4.54 9.12 0.29 0.88 0.00 0.00 0.00 0.88 6.56 0.88 0.00
48 0.00 0.00 0.33 0.33 15343.36 343.86 1.86 0.87 0.00 0.00 0.00 0.00 4.48 9.07 0.29 0.87 0.00 0.00 0.00 0.87 6.56 0.87 0.00
49 0.00 0.00 0.29 0.29 15311.09 343.86 1.86 0.85 0.00 0.00 0.00 0.00 4.41 9.03 0.28 0.85 0.00 0.00 0.00 0.85 6.55 0.85 0.00
50 0.00 0.00 0.26 0.26 15277.46 343.85 1.85 0.84 0.00 0.00 0.00 0.00 4.34 8.98 0.28 0.84 0.00 0.00 0.00 0.84 6.54 0.84 0.00
51 0.00 0.00 0.23 0.23 15242.72 343.85 1.85 0.83 0.00 0.00 0.00 0.00 4.28 8.94 0.28 0.83 0.00 0.00 0.00 0.83 6.53 0.83 0.00
52 0.00 0.00 0.21 0.21 15207.09 343.85 1.85 0.81 0.00 0.00 0.00 0.00 4.21 8.89 0.27 0.81 0.00 0.00 0.00 0.81 6.52 0.81 0.00
53 0.00 0.00 0.19 0.19 15170.76 343.84 1.84 0.80 0.00 0.00 0.00 0.00 4.13 8.84 0.27 0.80 0.00 0.00 0.00 0.80 6.51 0.80 0.00
54 0.00 0.00 0.17 0.17 15133.92 343.84 1.84 0.79 0.00 0.00 0.00 0.00 4.06 8.79 0.26 0.79 0.00 0.00 0.00 0.79 6.50 0.79 0.00
55 0.00 0.00 0.15 0.15 15096.71 343.83 1.83 0.77 0.00 0.00 0.00 0.00 3.99 8.73 0.26 0.77 0.00 0.00 0.00 0.77 6.49 0.77 0.00
56 0.00 0.00 0.13 0.13 15059.26 343.83 1.83 0.76 0.00 0.00 0.00 0.00 3.92 8.68 0.25 0.76 0.00 0.00 0.00 0.76 6.47 0.76 0.00
57 0.00 0.00 0.12 0.12 15021.69 343.83 1.83 0.75 0.00 0.00 0.00 0.00 3.85 8.63 0.25 0.75 0.00 0.00 0.00 0.75 6.46 0.75 0.00
58 0.00 0.00 0.11 0.11 14984.11 343.82 1.82 0.73 0.00 0.00 0.00 0.00 3.78 8.57 0.24 0.73 0.00 0.00 0.00 0.73 6.45 0.73 0.00
59 0.00 0.00 0.09 0.09 14946.59 343.82 1.82 0.72 0.00 0.00 0.00 0.00 3.70 8.52 0.24 0.72 0.00 0.00 0.00 0.72 6.44 0.72 0.00
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1-yr Routing

60 0.00 0.00 0.08 0.08 14909.21 343.81 1.81 0.70 0.00 0.00 0.00 0.00 3.63 8.47 0.23 0.70 0.00 0.00 0.00 0.70 6.43 0.70 0.00
61 0.00 0.00 0.08 0.08 14872.05 343.81 1.81 0.69 0.00 0.00 0.00 0.00 3.56 8.41 0.23 0.69 0.00 0.00 0.00 0.69 6.42 0.69 0.00
62 0.00 0.00 0.07 0.07 14835.15 343.81 1.81 0.68 0.00 0.00 0.00 0.00 3.50 8.36 0.23 0.68 0.00 0.00 0.00 0.68 6.41 0.68 0.00
63 0.00 0.00 0.06 0.06 14798.56 343.80 1.80 0.66 0.00 0.00 0.00 0.00 3.43 8.30 0.22 0.66 0.00 0.00 0.00 0.66 6.40 0.66 0.00
64 0.00 0.00 0.05 0.05 14762.32 343.80 1.80 0.65 0.00 0.00 0.00 0.00 3.36 8.25 0.22 0.65 0.00 0.00 0.00 0.65 6.39 0.65 0.00
65 0.00 0.00 0.05 0.05 14726.47 343.79 1.79 0.64 0.00 0.00 0.00 0.00 3.30 8.19 0.21 0.64 0.00 0.00 0.00 0.64 6.38 0.64 0.00
66 0.00 0.00 0.04 0.04 14691.03 343.79 1.79 0.63 0.00 0.00 0.00 0.00 3.23 8.14 0.21 0.63 0.00 0.00 0.00 0.63 6.37 0.63 0.00
67 0.00 0.00 0.04 0.04 14656.04 343.79 1.79 0.61 0.00 0.00 0.00 0.00 3.17 8.09 0.20 0.61 0.00 0.00 0.00 0.61 6.36 0.61 0.00
68 0.00 0.00 0.03 0.03 14621.50 343.78 1.78 0.60 0.00 0.00 0.00 0.00 3.11 8.03 0.20 0.60 0.00 0.00 0.00 0.60 6.35 0.60 0.00
69 0.00 0.00 0.03 0.03 14587.44 343.78 1.78 0.59 0.00 0.00 0.00 0.00 3.05 7.98 0.20 0.59 0.00 0.00 0.00 0.59 6.34 0.59 0.00
70 0.00 0.00 0.03 0.03 14553.86 343.77 1.77 0.58 0.00 0.00 0.00 0.00 2.99 7.93 0.19 0.58 0.00 0.00 0.00 0.58 6.33 0.58 0.00
71 0.00 0.00 0.02 0.02 14520.78 343.77 1.77 0.57 0.00 0.00 0.00 0.00 2.93 7.88 0.19 0.57 0.00 0.00 0.00 0.57 6.32 0.57 0.00
72 0.00 0.00 0.02 0.02 14488.20 343.77 1.77 0.56 0.00 0.00 0.00 0.00 2.87 7.83 0.19 0.56 0.00 0.00 0.00 0.56 6.31 0.56 0.00
73 0.00 0.00 0.02 0.02 14456.13 343.76 1.76 0.55 0.00 0.00 0.00 0.00 2.82 7.77 0.18 0.55 0.00 0.00 0.00 0.55 6.30 0.55 0.00
74 0.00 0.00 0.02 0.02 14424.56 343.76 1.76 0.53 0.00 0.00 0.00 0.00 2.76 7.72 0.18 0.53 0.00 0.00 0.00 0.53 6.29 0.53 0.00
75 0.00 0.00 0.02 0.02 14393.51 343.76 1.76 0.52 0.00 0.00 0.00 0.00 2.71 7.67 0.17 0.52 0.00 0.00 0.00 0.52 6.28 0.52 0.00
76 0.00 0.00 0.01 0.01 14362.96 343.75 1.75 0.51 0.00 0.00 0.00 0.00 2.66 7.62 0.17 0.51 0.00 0.00 0.00 0.51 6.27 0.51 0.00
77 0.00 0.00 0.01 0.01 14332.93 343.75 1.75 0.50 0.00 0.00 0.00 0.00 2.60 7.58 0.17 0.50 0.00 0.00 0.00 0.50 6.26 0.50 0.00
78 0.00 0.00 0.01 0.01 14303.39 343.75 1.75 0.49 0.00 0.00 0.00 0.00 2.55 7.53 0.16 0.49 0.00 0.00 0.00 0.49 6.25 0.49 0.00
79 0.00 0.00 0.01 0.01 14274.36 343.74 1.74 0.49 0.00 0.00 0.00 0.00 2.51 7.48 0.16 0.49 0.00 0.00 0.00 0.49 6.24 0.49 0.00
80 0.00 0.00 0.01 0.01 14245.82 343.74 1.74 0.48 0.00 0.00 0.00 0.00 2.46 7.43 0.16 0.48 0.00 0.00 0.00 0.48 6.23 0.48 0.00
81 0.00 0.00 0.01 0.01 14217.77 343.74 1.74 0.47 0.00 0.00 0.00 0.00 2.41 7.38 0.16 0.47 0.00 0.00 0.00 0.47 6.22 0.47 0.00
82 0.00 0.00 0.01 0.01 14190.21 343.74 1.74 0.46 0.00 0.00 0.00 0.00 2.37 7.34 0.15 0.46 0.00 0.00 0.00 0.46 6.22 0.46 0.00
83 0.00 0.00 0.01 0.01 14163.12 343.73 1.73 0.45 0.00 0.00 0.00 0.00 2.32 7.29 0.15 0.45 0.00 0.00 0.00 0.45 6.21 0.45 0.00
84 0.00 0.00 0.01 0.01 14136.51 343.73 1.73 0.44 0.00 0.00 0.00 0.00 2.28 7.25 0.15 0.44 0.00 0.00 0.00 0.44 6.20 0.44 0.00
85 0.00 0.00 0.00 0.00 14110.36 343.73 1.73 0.43 0.00 0.00 0.00 0.00 2.24 7.20 0.14 0.43 0.00 0.00 0.00 0.43 6.19 0.43 0.00
86 0.00 0.00 0.00 0.00 14084.66 343.72 1.72 0.43 0.00 0.00 0.00 0.00 2.19 7.16 0.14 0.43 0.00 0.00 0.00 0.43 6.18 0.43 0.00
87 0.00 0.00 0.00 0.00 14059.41 343.72 1.72 0.42 0.00 0.00 0.00 0.00 2.15 7.11 0.14 0.42 0.00 0.00 0.00 0.42 6.18 0.42 0.00
88 0.00 0.00 0.00 0.00 14034.61 343.72 1.72 0.41 0.00 0.00 0.00 0.00 2.11 7.07 0.14 0.41 0.00 0.00 0.00 0.41 6.17 0.41 0.00
89 0.00 0.00 0.00 0.00 14010.24 343.72 1.72 0.40 0.00 0.00 0.00 0.00 2.08 7.02 0.13 0.40 0.00 0.00 0.00 0.40 6.16 0.40 0.00
90 0.00 0.00 0.00 0.00 13986.29 343.71 1.71 0.39 0.00 0.00 0.00 0.00 2.04 6.98 0.13 0.39 0.00 0.00 0.00 0.39 6.15 0.39 0.00
91 0.00 0.00 0.00 0.00 13962.76 343.71 1.71 0.39 0.00 0.00 0.00 0.00 2.00 6.94 0.13 0.39 0.00 0.00 0.00 0.39 6.15 0.39 0.00
92 0.00 0.00 0.00 0.00 13939.64 343.71 1.71 0.38 0.00 0.00 0.00 0.00 1.97 6.90 0.13 0.38 0.00 0.00 0.00 0.38 6.14 0.38 0.00
93 0.00 0.00 0.00 0.00 13916.92 343.71 1.71 0.37 0.00 0.00 0.00 0.00 1.93 6.86 0.12 0.37 0.00 0.00 0.00 0.37 6.13 0.37 0.00
94 0.00 0.00 0.00 0.00 13894.60 343.70 1.70 0.37 0.00 0.00 0.00 0.00 1.90 6.82 0.12 0.37 0.00 0.00 0.00 0.37 6.13 0.37 0.00
95 0.00 0.00 0.00 0.00 13872.66 343.70 1.70 0.36 0.00 0.00 0.00 0.00 1.86 6.77 0.12 0.36 0.00 0.00 0.00 0.36 6.12 0.36 0.00
96 0.00 0.00 0.00 0.00 13851.10 343.70 1.70 0.35 0.00 0.00 0.00 0.00 1.83 6.73 0.12 0.35 0.00 0.00 0.00 0.35 6.11 0.35 0.00
97 0.00 0.00 0.00 0.00 13829.91 343.70 1.70 0.35 0.00 0.00 0.00 0.00 1.80 6.70 0.12 0.35 0.00 0.00 0.00 0.35 6.11 0.35 0.00
98 0.00 0.00 0.00 0.00 13809.08 343.69 1.69 0.34 0.00 0.00 0.00 0.00 1.77 6.66 0.11 0.34 0.00 0.00 0.00 0.34 6.10 0.34 0.00
99 0.00 0.00 0.00 0.00 13788.61 343.69 1.69 0.34 0.00 0.00 0.00 0.00 1.74 6.62 0.11 0.34 0.00 0.00 0.00 0.34 6.09 0.34 0.00
100 0.00 0.00 0.00 0.00 13768.49 343.69 1.69 0.33 0.00 0.00 0.00 0.00 1.71 6.58 0.11 0.33 0.00 0.00 0.00 0.33 6.09 0.33 0.00
101 0.00 0.00 0.00 0.00 13748.71 343.69 1.69 0.32 0.00 0.00 0.00 0.00 1.68 6.54 0.11 0.32 0.00 0.00 0.00 0.32 6.08 0.32 0.00
102 0.00 0.00 0.00 0.00 13729.26 343.68 1.68 0.32 0.00 0.00 0.00 0.00 1.65 6.50 0.11 0.32 0.00 0.00 0.00 0.32 6.07 0.32 0.00
103 0.00 0.00 0.00 0.00 13710.14 343.68 1.68 0.31 0.00 0.00 0.00 0.00 1.62 6.47 0.10 0.31 0.00 0.00 0.00 0.31 6.07 0.31 0.00
104 0.00 0.00 0.00 0.00 13691.34 343.68 1.68 0.31 0.00 0.00 0.00 0.00 1.59 6.43 0.10 0.31 0.00 0.00 0.00 0.31 6.06 0.31 0.00
105 0.00 0.00 0.00 0.00 13672.86 343.68 1.68 0.30 0.00 0.00 0.00 0.00 1.57 6.39 0.10 0.30 0.00 0.00 0.00 0.30 6.06 0.30 0.00
106 0.00 0.00 0.00 0.00 13654.68 343.68 1.68 0.30 0.00 0.00 0.00 0.00 1.54 6.36 0.10 0.30 0.00 0.00 0.00 0.30 6.05 0.30 0.00
107 0.00 0.00 0.00 0.00 13636.80 343.67 1.67 0.29 0.00 0.00 0.00 0.00 1.51 6.32 0.10 0.29 0.00 0.00 0.00 0.29 6.04 0.29 0.00
108 0.00 0.00 0.00 0.00 13619.22 343.67 1.67 0.29 0.00 0.00 0.00 0.00 1.49 6.29 0.10 0.29 0.00 0.00 0.00 0.29 6.04 0.29 0.00
109 0.00 0.00 0.00 0.00 13601.93 343.67 1.67 0.28 0.00 0.00 0.00 0.00 1.47 6.25 0.09 0.28 0.00 0.00 0.00 0.28 6.03 0.28 0.00
110 0.00 0.00 0.00 0.00 13584.91 343.67 1.67 0.28 0.00 0.00 0.00 0.00 1.44 6.22 0.09 0.28 0.00 0.00 0.00 0.28 6.03 0.28 0.00
111 0.00 0.00 0.00 0.00 13568.18 343.67 1.67 0.27 0.00 0.00 0.00 0.00 1.42 6.19 0.09 0.27 0.00 0.00 0.00 0.27 6.02 0.27 0.00
112 0.00 0.00 0.00 0.00 13551.71 343.67 1.67 0.27 0.00 0.00 0.00 0.00 1.39 6.15 0.09 0.27 0.00 0.00 0.00 0.27 6.02 0.27 0.00
113 0.00 0.00 0.00 0.00 13535.51 343.66 1.66 0.27 0.00 0.00 0.00 0.00 1.37 6.12 0.09 0.27 0.00 0.00 0.00 0.27 6.01 0.27 0.00
114 0.00 0.00 0.00 0.00 13519.57 343.66 1.66 0.26 0.00 0.00 0.00 0.00 1.35 6.09 0.09 0.26 0.00 0.00 0.00 0.26 6.01 0.26 0.00
115 0.00 0.00 0.00 0.00 13503.89 343.66 1.66 0.26 0.00 0.00 0.00 0.00 1.33 6.05 0.09 0.26 0.00 0.00 0.00 0.26 6.00 0.26 0.00

116 0.00 0.00 0.00 0.00 13488.45 343.66 1.66 0.25 0.00 0.00 0.00 0.00 1.31 6.02 0.08 0.25 0.00 0.00 0.00 0.25 6.00 0.25 0.00116 0.00 0.00 0.00 0.00 13488.45 343.66 1.66 0.25 0.00 0.00 0.00 0.00 1.31 6.02 0.08 0.25 0.00 0.00 0.00 0.25 6.00 0.25 0.00
117 0.00 0.00 0.00 0.00 13473.26 343.66 1.66 0.25 0.00 0.00 0.00 0.00 1.29 5.99 0.08 0.25 0.00 0.00 0.00 0.25 5.99 0.25 0.00
118 0.00 0.00 0.00 0.00 13458.31 343.66 1.66 0.25 0.00 0.00 0.00 0.00 1.27 5.96 0.08 0.25 0.00 0.00 0.00 0.25 5.99 0.25 0.00
119 0.00 0.00 0.00 0.00 13443.59 343.65 1.65 0.24 0.00 0.00 0.00 0.00 1.25 5.93 0.08 0.24 0.00 0.00 0.00 0.24 5.98 0.24 0.00
120 0.00 0.00 0.00 0.00 13429.10 343.65 1.65 0.24 0.00 0.00 0.00 0.00 1.23 5.90 0.08 0.24 0.00 0.00 0.00 0.24 5.98 0.24 0.00
121 0.00 0.00 0.00 0.00 13414.83 343.65 1.65 0.23 0.00 0.00 0.00 0.00 1.21 5.86 0.08 0.23 0.00 0.00 0.00 0.23 5.97 0.23 0.00
122 0.00 0.00 0.00 0.00 13400.79 343.65 1.65 0.23 0.00 0.00 0.00 0.00 1.19 5.83 0.08 0.23 0.00 0.00 0.00 0.23 5.97 0.23 0.00
123 0.00 0.00 0.00 0.00 13386.96 343.65 1.65 0.23 0.00 0.00 0.00 0.00 1.17 5.80 0.08 0.23 0.00 0.00 0.00 0.23 5.96 0.23 0.00
124 0.00 0.00 0.00 0.00 13373.34 343.65 1.65 0.22 0.00 0.00 0.00 0.00 1.15 5.78 0.07 0.22 0.00 0.00 0.00 0.22 5.96 0.22 0.00
125 0.00 0.00 0.00 0.00 13359.93 343.64 1.64 0.22 0.00 0.00 0.00 0.00 1.14 5.75 0.07 0.22 0.00 0.00 0.00 0.22 5.96 0.22 0.00
126 0.00 0.00 0.00 0.00 13346.72 343.64 1.64 0.22 0.00 0.00 0.00 0.00 1.12 5.72 0.07 0.22 0.00 0.00 0.00 0.22 5.95 0.22 0.00
127 0.00 0.00 0.00 0.00 13333.72 343.64 1.64 0.21 0.00 0.00 0.00 0.00 1.10 5.69 0.07 0.21 0.00 0.00 0.00 0.21 5.95 0.21 0.00
128 0.00 0.00 0.00 0.00 13320.90 343.64 1.64 0.21 0.00 0.00 0.00 0.00 1.09 5.66 0.07 0.21 0.00 0.00 0.00 0.21 5.94 0.21 0.00
129 0.00 0.00 0.00 0.00 13308.28 343.64 1.64 0.21 0.00 0.00 0.00 0.00 1.07 5.63 0.07 0.21 0.00 0.00 0.00 0.21 5.94 0.21 0.00
130 0.00 0.00 0.00 0.00 13295.85 343.64 1.64 0.20 0.00 0.00 0.00 0.00 1.05 5.60 0.07 0.20 0.00 0.00 0.00 0.20 5.94 0.20 0.00
131 0.00 0.00 0.00 0.00 13283.60 343.64 1.64 0.20 0.00 0.00 0.00 0.00 1.04 5.58 0.07 0.20 0.00 0.00 0.00 0.20 5.93 0.20 0.00
132 0.00 0.00 0.00 0.00 13271.53 343.63 1.63 0.20 0.00 0.00 0.00 0.00 1.02 5.55 0.07 0.20 0.00 0.00 0.00 0.20 5.93 0.20 0.00
133 0.00 0.00 0.00 0.00 13259.64 343.63 1.63 0.20 0.00 0.00 0.00 0.00 1.01 5.52 0.07 0.20 0.00 0.00 0.00 0.20 5.92 0.20 0.00
134 0.00 0.00 0.00 0.00 13247.92 343.63 1.63 0.19 0.00 0.00 0.00 0.00 0.99 5.49 0.06 0.19 0.00 0.00 0.00 0.19 5.92 0.19 0.00
135 0.00 0.00 0.00 0.00 13236.37 343.63 1.63 0.19 0.00 0.00 0.00 0.00 0.98 5.47 0.06 0.19 0.00 0.00 0.00 0.19 5.92 0.19 0.00
136 0.00 0.00 0.00 0.00 13224.99 343.63 1.63 0.19 0.00 0.00 0.00 0.00 0.96 5.44 0.06 0.19 0.00 0.00 0.00 0.19 5.91 0.19 0.00
137 0.00 0.00 0.00 0.00 13213.77 343.63 1.63 0.18 0.00 0.00 0.00 0.00 0.95 5.41 0.06 0.18 0.00 0.00 0.00 0.18 5.91 0.18 0.00
138 0.00 0.00 0.00 0.00 13202.72 343.63 1.63 0.18 0.00 0.00 0.00 0.00 0.94 5.39 0.06 0.18 0.00 0.00 0.00 0.18 5.91 0.18 0.00
139 0.00 0.00 0.00 0.00 13191.82 343.63 1.63 0.18 0.00 0.00 0.00 0.00 0.92 5.36 0.06 0.18 0.00 0.00 0.00 0.18 5.90 0.18 0.00
140 0.00 0.00 0.00 0.00 13181.07 343.62 1.62 0.18 0.00 0.00 0.00 0.00 0.91 5.34 0.06 0.18 0.00 0.00 0.00 0.18 5.90 0.18 0.00
141 0.00 0.00 0.00 0.00 13170.48 343.62 1.62 0.17 0.00 0.00 0.00 0.00 0.90 5.31 0.06 0.17 0.00 0.00 0.00 0.17 5.89 0.17 0.00
142 0.00 0.00 0.00 0.00 13160.04 343.62 1.62 0.17 0.00 0.00 0.00 0.00 0.89 5.29 0.06 0.17 0.00 0.00 0.00 0.17 5.89 0.17 0.00
143 0.00 0.00 0.00 0.00 13149.74 343.62 1.62 0.17 0.00 0.00 0.00 0.00 0.87 5.26 0.06 0.17 0.00 0.00 0.00 0.17 5.89 0.17 0.00
144 0.00 0.00 0.00 0.00 13139.59 343.62 1.62 0.17 0.00 0.00 0.00 0.00 0.86 5.24 0.06 0.17 0.00 0.00 0.00 0.17 5.88 0.17 0.00
145 0.00 0.00 0.00 0.00 13129.57 343.62 1.62 0.16 0.00 0.00 0.00 0.00 0.85 5.21 0.05 0.16 0.00 0.00 0.00 0.16 5.88 0.16 0.00
146 0.00 0.00 0.00 0.00 13119.70 343.62 1.62 0.16 0.00 0.00 0.00 0.00 0.84 5.19 0.05 0.16 0.00 0.00 0.00 0.16 5.88 0.16 0.00
147 0.00 0.00 0.00 0.00 13109.96 343.62 1.62 0.16 0.00 0.00 0.00 0.00 0.83 5.17 0.05 0.16 0.00 0.00 0.00 0.16 5.87 0.16 0.00
148 0.00 0.00 0.00 0.00 13100.35 343.62 1.62 0.16 0.00 0.00 0.00 0.00 0.81 5.14 0.05 0.16 0.00 0.00 0.00 0.16 5.87 0.16 0.00
149 0.00 0.00 0.00 0.00 13090.88 343.61 1.61 0.16 0.00 0.00 0.00 0.00 0.80 5.12 0.05 0.16 0.00 0.00 0.00 0.16 5.87 0.16 0.00
150 0.00 0.00 0.00 0.00 13081.53 343.61 1.61 0.15 0.00 0.00 0.00 0.00 0.79 5.10 0.05 0.15 0.00 0.00 0.00 0.15 5.87 0.15 0.00
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10-yr Routing

Width(in) 48.00
Dia. (in) 24 Dia. (in) 2 Dia. (in) 24 Dia. (in) 6 Length(in) 48.000 Dia. (in) 15 Cw = 3

Qp (cfs) = 25.90 Inv Ele. (ft) 1000 Invert (ft) 1000 Inv Ele. (ft) 343.5 Invert (ft) 343.5 Top Ele. (ft) 346.50 Invert (ft) 342.00 Ele. (ft) 346.5
Tp (min) = 21.2 Cw 3.3 Cd 0.6 Cw 3.3 Cd 0.6 Cw 3.3 Cd 0.6 Length(ft) 10

Cd 0.6 Cd 0.6 Cd 0.6

dT (min) = 2
dT (min) = 1

b 2.346E-03
c1 1.375E-04
c2 -1.255E-09
c3 1.291E-14

c4 -6.921E-20

Ref. Ele.  = 342

4.00               cfs

-                 cfs

4.00               cfs  

4.00               cfs  

-                 cfs

345.75          ft

3.75               ft

35,233          cu.ft.

*NOTE:  Check Primary Riser Barrel to ensure total outflow is always less than or equal to Primary Barrel flow.

Riser Riser Riser Riser Riser Riser

(min) (cfs) (cfs) (cfs) (cfs) (cf) (ft) (ft) (cfs) (weir) (orifice) (weir) (orifice) (weir) (orifice)

0 0.00 0.00 0.00 0.00 0.00 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.14 0.14 0.00 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.56 0.56 8.50 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 1.26 1.26 42.34 342.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 2.21 2.21 117.77 342.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
5 0.00 0.00 3.39 3.39 250.16 342.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
6 0.00 0.00 4.78 4.78 453.61 342.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00
7 0.00 0.00 6.36 6.36 740.69 342.10 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00
8 0.00 0.00 8.07 8.07 1122.13 342.16 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00
9 0.00 0.00 9.90 9.90 1606.57 342.22 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.00 0.00
10 0.00 0.00 11.79 11.79 2200.44 342.30 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00
11 0.00 0.00 13.70 13.70 2907.73 342.39 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.82 0.00 0.00
12 0.00 0.00 15.60 15.60 3729.99 342.50 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18 0.00 0.00
13 0.00 0.00 17.45 17.45 4666.21 342.62 0.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.63 0.00 0.00
14 0.00 0.00 19.19 19.19 5712.93 342.75 0.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.17 0.00 0.00
15 0.00 0.00 20.80 20.80 6864.24 342.89 0.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.82 0.00 0.00
16 0.00 0.00 22.23 22.23 8111.95 343.04 1.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.56 0.00 0.00
17 0.00 0.00 23.46 23.46 9445.75 343.20 1.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.40 0.00 0.00
18 0.00 0.00 24.46 24.46 10853.48 343.36 1.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.07 0.00 0.00
19 0.00 0.00 25.21 25.21 12321.32 343.53 1.53 0.02 0.00 0.00 0.00 0.00 0.10 2.57 0.01 0.02 0.00 0.00 0.00 0.02 5.61 0.02 0.00
20 0.00 0.00 25.70 25.70 13832.98 343.70 1.70 0.35 0.00 0.00 0.00 0.00 1.80 6.70 0.12 0.35 0.00 0.00 0.00 0.35 6.11 0.35 0.00
21 0.00 0.00 25.90 25.90 15353.75 343.86 1.86 0.87 0.00 0.00 0.00 0.00 4.50 9.09 0.29 0.87 0.00 0.00 0.00 0.87 6.56 0.87 0.00
22 0.00 0.00 25.82 25.82 16855.37 344.02 2.02 1.47 0.00 0.00 0.00 0.00 7.78 10.91 0.49 1.47 0.00 0.00 0.00 1.47 6.97 1.47 0.00
23 0.00 0.00 25.46 25.46 18316.12 344.17 2.17 1.84 0.00 0.00 0.00 0.00 11.42 12.40 0.61 1.84 0.00 0.00 0.00 1.84 7.34 1.84 0.00
24 0.00 0.00 24.82 24.82 19733.08 344.32 2.32 2.13 0.00 0.00 0.00 0.00 15.29 13.67 0.71 2.13 0.00 0.00 0.00 2.13 7.67 2.13 0.00
25 0.00 0.00 23.92 23.92 21094.39 344.45 2.45 2.37 0.00 0.00 0.00 0.00 19.27 14.76 0.79 2.37 0.00 0.00 0.00 2.37 7.98 2.37 0.00

26 0.00 0.00 22.79 22.79 22387.40 344.58 2.58 2.58 0.00 0.00 0.00 0.00 23.26 15.72 0.86 2.58 0.00 0.00 0.00 2.58 8.25 2.58 0.00

27 0.00 0.00 21.50 21.50 23599.91 344.70 2.70 2.76 0.00 0.00 0.00 0.00 27.17 16.55 0.92 2.76 0.00 0.00 0.00 2.76 8.49 2.76 0.00
28 0.00 0.00 20.22 20.22 24724.29 344.80 2.80 2.91 0.00 0.00 0.00 0.00 30.90 17.28 0.97 2.91 0.00 0.00 0.00 2.91 8.71 2.91 0.00
29 0.00 0.00 19.02 19.02 25762.88 344.90 2.90 3.04 0.00 0.00 0.00 0.00 34.45 17.92 1.01 3.04 0.00 0.00 0.00 3.04 8.90 3.04 0.00
30 0.00 0.00 17.89 17.89 26721.44 344.99 2.99 3.16 0.00 0.00 0.00 0.00 37.80 18.48 1.05 3.16 0.00 0.00 0.00 3.16 9.08 3.16 0.00
31 0.00 0.00 16.82 16.82 27605.23 345.07 3.07 3.26 0.00 0.00 0.00 0.00 40.95 18.98 1.09 3.26 0.00 0.00 0.00 3.26 9.23 3.26 0.00
32 0.00 0.00 15.82 15.82 28419.12 345.15 3.15 3.35 0.00 0.00 0.00 0.00 43.89 19.42 1.12 3.35 0.00 0.00 0.00 3.35 9.37 3.35 0.00
33 0.00 0.00 14.88 14.88 29167.59 345.22 3.22 3.43 0.00 0.00 0.00 0.00 46.63 19.82 1.14 3.43 0.00 0.00 0.00 3.43 9.50 3.43 0.00
34 0.00 0.00 14.00 14.00 29854.80 345.28 3.28 3.50 0.00 0.00 0.00 0.00 49.17 20.17 1.17 3.50 0.00 0.00 0.00 3.50 9.61 3.50 0.00
35 0.00 0.00 13.17 13.17 30484.65 345.33 3.33 3.56 0.00 0.00 0.00 0.00 51.53 20.49 1.19 3.56 0.00 0.00 0.00 3.56 9.71 3.56 0.00
36 0.00 0.00 12.38 12.38 31060.73 345.39 3.39 3.62 0.00 0.00 0.00 0.00 53.70 20.77 1.21 3.62 0.00 0.00 0.00 3.62 9.80 3.62 0.00
37 0.00 0.00 11.65 11.65 31586.43 345.43 3.43 3.67 0.00 0.00 0.00 0.00 55.70 21.03 1.22 3.67 0.00 0.00 0.00 3.67 9.88 3.67 0.00
38 0.00 0.00 10.96 10.96 32064.91 345.47 3.47 3.72 0.00 0.00 0.00 0.00 57.53 21.26 1.24 3.72 0.00 0.00 0.00 3.72 9.96 3.72 0.00
39 0.00 0.00 10.30 10.30 32499.11 345.51 3.51 3.76 0.00 0.00 0.00 0.00 59.20 21.46 1.25 3.76 0.00 0.00 0.00 3.76 10.02 3.76 0.00
40 0.00 0.00 9.69 9.69 32891.79 345.55 3.55 3.80 0.00 0.00 0.00 0.00 60.72 21.64 1.27 3.80 0.00 0.00 0.00 3.80 10.08 3.80 0.00
41 0.00 0.00 9.12 9.12 33245.54 345.58 3.58 3.83 0.00 0.00 0.00 0.00 62.09 21.80 1.28 3.83 0.00 0.00 0.00 3.83 10.14 3.83 0.00
42 0.00 0.00 8.57 8.57 33562.80 345.61 3.61 3.86 0.00 0.00 0.00 0.00 63.33 21.95 1.29 3.86 0.00 0.00 0.00 3.86 10.18 3.86 0.00
43 0.00 0.00 8.06 8.06 33845.82 345.63 3.63 3.88 0.00 0.00 0.00 0.00 64.43 22.07 1.29 3.88 0.00 0.00 0.00 3.88 10.23 3.88 0.00
44 0.00 0.00 7.58 7.58 34096.75 345.65 3.65 3.90 0.00 0.00 0.00 0.00 65.41 22.19 1.30 3.90 0.00 0.00 0.00 3.90 10.26 3.90 0.00
45 0.00 0.00 7.13 7.13 34317.59 345.67 3.67 3.92 0.00 0.00 0.00 0.00 66.28 22.28 1.31 3.92 0.00 0.00 0.00 3.92 10.29 3.92 0.00
46 0.00 0.00 6.71 6.71 34510.21 345.69 3.69 3.94 0.00 0.00 0.00 0.00 67.04 22.37 1.31 3.94 0.00 0.00 0.00 3.94 10.32 3.94 0.00
47 0.00 0.00 6.31 6.31 34676.37 345.70 3.70 3.96 0.00 0.00 0.00 0.00 67.70 22.44 1.32 3.96 0.00 0.00 0.00 3.96 10.35 3.96 0.00
48 0.00 0.00 5.94 5.94 34817.74 345.71 3.71 3.97 0.00 0.00 0.00 0.00 68.25 22.50 1.32 3.97 0.00 0.00 0.00 3.97 10.37 3.97 0.00
49 0.00 0.00 5.58 5.58 34935.87 345.72 3.72 3.98 0.00 0.00 0.00 0.00 68.72 22.55 1.33 3.98 0.00 0.00 0.00 3.98 10.38 3.98 0.00
50 0.00 0.00 5.25 5.25 35032.22 345.73 3.73 3.99 0.00 0.00 0.00 0.00 69.10 22.59 1.33 3.99 0.00 0.00 0.00 3.99 10.40 3.99 0.00
51 0.00 0.00 4.94 4.94 35108.16 345.74 3.74 3.99 0.00 0.00 0.00 0.00 69.40 22.63 1.33 3.99 0.00 0.00 0.00 3.99 10.41 3.99 0.00
52 0.00 0.00 4.65 4.65 35164.99 345.74 3.74 4.00 0.00 0.00 0.00 0.00 69.63 22.65 1.33 4.00 0.00 0.00 0.00 4.00 10.42 4.00 0.00
53 0.00 0.00 4.37 4.37 35203.91 345.75 3.75 4.00 0.00 0.00 0.00 0.00 69.78 22.67 1.33 4.00 0.00 0.00 0.00 4.00 10.42 4.00 0.00
54 0.00 0.00 4.11 4.11 35226.06 345.75 3.75 4.00 0.00 0.00 0.00 0.00 69.87 22.68 1.33 4.00 0.00 0.00 0.00 4.00 10.43 4.00 0.00
55 0.00 0.00 3.87 3.87 35232.51 345.75 3.75 4.00 0.00 0.00 0.00 0.00 69.90 22.68 1.33 4.00 0.00 0.00 0.00 4.00 10.43 4.00 0.00
56 0.00 0.00 3.64 3.64 35224.28 345.75 3.75 4.00 0.00 0.00 0.00 0.00 69.86 22.68 1.33 4.00 0.00 0.00 0.00 4.00 10.42 4.00 0.00
57 0.00 0.00 3.42 3.42 35202.30 345.75 3.75 4.00 0.00 0.00 0.00 0.00 69.78 22.67 1.33 4.00 0.00 0.00 0.00 4.00 10.42 4.00 0.00
58 0.00 0.00 3.22 3.22 35167.46 345.74 3.74 4.00 0.00 0.00 0.00 0.00 69.64 22.65 1.33 4.00 0.00 0.00 0.00 4.00 10.42 4.00 0.00
59 0.00 0.00 3.03 3.03 35120.61 345.74 3.74 3.99 0.00 0.00 0.00 0.00 69.45 22.63 1.33 3.99 0.00 0.00 0.00 3.99 10.41 3.99 0.00

Barrel* Control
Emergency 

Weir
Riser Intakes

Rectangular Riser Primary

ControlBarrel Control Barrel
Control 

(f/3)

Storage
Wtr Surf. 

Ele
Stage Outflow*

Circular 1 (WQ) Peak Reduction Orifice 3 ea

Max. Water Surf. Ele.

Max. Stage:

Max. Storage:

Routing Table: Computed Outflow Data:

Time Amb. Pump Sutt. Pump R.O. Inflow Total Inflow

Max. Total Outflow

Max WQ Risers

Max Peak Redux Orifice

Max Primary Riser

Max. Emer.Weir Outflow

Q = Cd*A*(2*g*h)^(1/2)

            4th order polynomial coefficiants 

used to estimate stage

(Perm Pool)

Results:

Selected Time Increment Q = Cw*L*H^(3/2) Q = Cd*A*(2*g*h)^(1/2) Q = Cw*L*H^(3/2) Q = Cd*A*(2*g*h)^(1/2) Q = Cw*L*H^(3/2)

Barrel: Emergency Weir

10-yr

Suggested Time Increment (Tp/10) Weir Equation: Orifice Equation: Weir Equation: Orifice Equation: Weir Equation: Orifice Equation:

Routing Table (using HRM's "Chainsaw" method) Riser: Barrel: Riser: Barrel:  Rect Riser:

Weirs

Waterworks Structure Data

Circular Orifice 1 (WQ) not used Peak Reduction Orifice 3 ea Primary Rec Riser & Cir Barrel
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10-yr Routing

60 0.00 0.00 2.85 2.85 35062.53 345.73 3.73 3.99 0.00 0.00 0.00 0.00 69.22 22.61 1.33 3.99 0.00 0.00 0.00 3.99 10.40 3.99 0.00
61 0.00 0.00 2.68 2.68 34993.96 345.73 3.73 3.98 0.00 0.00 0.00 0.00 68.95 22.58 1.33 3.98 0.00 0.00 0.00 3.98 10.39 3.98 0.00
62 0.00 0.00 2.52 2.52 34915.59 345.72 3.72 3.98 0.00 0.00 0.00 0.00 68.64 22.54 1.33 3.98 0.00 0.00 0.00 3.98 10.38 3.98 0.00
63 0.00 0.00 2.37 2.37 34828.09 345.71 3.71 3.97 0.00 0.00 0.00 0.00 68.29 22.51 1.32 3.97 0.00 0.00 0.00 3.97 10.37 3.97 0.00
64 0.00 0.00 2.23 2.23 34732.06 345.71 3.71 3.96 0.00 0.00 0.00 0.00 67.92 22.46 1.32 3.96 0.00 0.00 0.00 3.96 10.35 3.96 0.00
65 0.00 0.00 2.09 2.09 34628.08 345.70 3.70 3.95 0.00 0.00 0.00 0.00 67.51 22.42 1.32 3.95 0.00 0.00 0.00 3.95 10.34 3.95 0.00
66 0.00 0.00 1.97 1.97 34516.70 345.69 3.69 3.94 0.00 0.00 0.00 0.00 67.07 22.37 1.31 3.94 0.00 0.00 0.00 3.94 10.32 3.94 0.00
67 0.00 0.00 1.85 1.85 34398.43 345.68 3.68 3.93 0.00 0.00 0.00 0.00 66.60 22.32 1.31 3.93 0.00 0.00 0.00 3.93 10.31 3.93 0.00
68 0.00 0.00 1.74 1.74 34273.76 345.67 3.67 3.92 0.00 0.00 0.00 0.00 66.11 22.26 1.31 3.92 0.00 0.00 0.00 3.92 10.29 3.92 0.00
69 0.00 0.00 1.64 1.64 34143.13 345.66 3.66 3.91 0.00 0.00 0.00 0.00 65.60 22.21 1.30 3.91 0.00 0.00 0.00 3.91 10.27 3.91 0.00
70 0.00 0.00 1.54 1.54 34006.98 345.64 3.64 3.90 0.00 0.00 0.00 0.00 65.06 22.15 1.30 3.90 0.00 0.00 0.00 3.90 10.25 3.90 0.00
71 0.00 0.00 1.45 1.45 33865.71 345.63 3.63 3.88 0.00 0.00 0.00 0.00 64.51 22.08 1.29 3.88 0.00 0.00 0.00 3.88 10.23 3.88 0.00
72 0.00 0.00 1.36 1.36 33719.69 345.62 3.62 3.87 0.00 0.00 0.00 0.00 63.94 22.02 1.29 3.87 0.00 0.00 0.00 3.87 10.21 3.87 0.00
73 0.00 0.00 1.28 1.28 33569.28 345.61 3.61 3.86 0.00 0.00 0.00 0.00 63.35 21.95 1.29 3.86 0.00 0.00 0.00 3.86 10.19 3.86 0.00
74 0.00 0.00 1.21 1.21 33414.81 345.59 3.59 3.84 0.00 0.00 0.00 0.00 62.75 21.88 1.28 3.84 0.00 0.00 0.00 3.84 10.16 3.84 0.00
75 0.00 0.00 1.13 1.13 33256.60 345.58 3.58 3.83 0.00 0.00 0.00 0.00 62.13 21.81 1.28 3.83 0.00 0.00 0.00 3.83 10.14 3.83 0.00
76 0.00 0.00 1.07 1.07 33094.95 345.56 3.56 3.81 0.00 0.00 0.00 0.00 61.50 21.73 1.27 3.81 0.00 0.00 0.00 3.81 10.11 3.81 0.00
77 0.00 0.00 1.00 1.00 32930.14 345.55 3.55 3.80 0.00 0.00 0.00 0.00 60.87 21.66 1.27 3.80 0.00 0.00 0.00 3.80 10.09 3.80 0.00
78 0.00 0.00 0.94 0.94 32762.42 345.54 3.54 3.78 0.00 0.00 0.00 0.00 60.22 21.58 1.26 3.78 0.00 0.00 0.00 3.78 10.06 3.78 0.00
79 0.00 0.00 0.89 0.89 32592.05 345.52 3.52 3.77 0.00 0.00 0.00 0.00 59.56 21.50 1.26 3.77 0.00 0.00 0.00 3.77 10.04 3.77 0.00
80 0.00 0.00 0.84 0.84 32419.26 345.51 3.51 3.75 0.00 0.00 0.00 0.00 58.89 21.42 1.25 3.75 0.00 0.00 0.00 3.75 10.01 3.75 0.00
81 0.00 0.00 0.79 0.79 32244.27 345.49 3.49 3.74 0.00 0.00 0.00 0.00 58.22 21.34 1.25 3.74 0.00 0.00 0.00 3.74 9.99 3.74 0.00
82 0.00 0.00 0.74 0.74 32067.28 345.47 3.47 3.72 0.00 0.00 0.00 0.00 57.54 21.26 1.24 3.72 0.00 0.00 0.00 3.72 9.96 3.72 0.00
83 0.00 0.00 0.70 0.70 31888.49 345.46 3.46 3.70 0.00 0.00 0.00 0.00 56.85 21.17 1.23 3.70 0.00 0.00 0.00 3.70 9.93 3.70 0.00
84 0.00 0.00 0.65 0.65 31708.08 345.44 3.44 3.68 0.00 0.00 0.00 0.00 56.16 21.09 1.23 3.68 0.00 0.00 0.00 3.68 9.90 3.68 0.00
85 0.00 0.00 0.62 0.62 31526.23 345.43 3.43 3.67 0.00 0.00 0.00 0.00 55.47 21.00 1.22 3.67 0.00 0.00 0.00 3.67 9.88 3.67 0.00
86 0.00 0.00 0.58 0.58 31343.10 345.41 3.41 3.65 0.00 0.00 0.00 0.00 54.77 20.91 1.22 3.65 0.00 0.00 0.00 3.65 9.85 3.65 0.00
87 0.00 0.00 0.54 0.54 31158.83 345.39 3.39 3.63 0.00 0.00 0.00 0.00 54.07 20.82 1.21 3.63 0.00 0.00 0.00 3.63 9.82 3.63 0.00
88 0.00 0.00 0.51 0.51 30973.58 345.38 3.38 3.61 0.00 0.00 0.00 0.00 53.37 20.73 1.20 3.61 0.00 0.00 0.00 3.61 9.79 3.61 0.00
89 0.00 0.00 0.48 0.48 30787.49 345.36 3.36 3.59 0.00 0.00 0.00 0.00 52.67 20.64 1.20 3.59 0.00 0.00 0.00 3.59 9.76 3.59 0.00
90 0.00 0.00 0.45 0.45 30600.66 345.35 3.35 3.58 0.00 0.00 0.00 0.00 51.97 20.55 1.19 3.58 0.00 0.00 0.00 3.58 9.73 3.58 0.00
91 0.00 0.00 0.43 0.43 30413.24 345.33 3.33 3.56 0.00 0.00 0.00 0.00 51.26 20.45 1.19 3.56 0.00 0.00 0.00 3.56 9.70 3.56 0.00
92 0.00 0.00 0.40 0.40 30225.33 345.31 3.31 3.54 0.00 0.00 0.00 0.00 50.56 20.36 1.18 3.54 0.00 0.00 0.00 3.54 9.67 3.54 0.00
93 0.00 0.00 0.38 0.38 30037.04 345.29 3.29 3.52 0.00 0.00 0.00 0.00 49.85 20.26 1.17 3.52 0.00 0.00 0.00 3.52 9.64 3.52 0.00
94 0.00 0.00 0.35 0.35 29848.48 345.28 3.28 3.50 0.00 0.00 0.00 0.00 49.15 20.17 1.17 3.50 0.00 0.00 0.00 3.50 9.61 3.50 0.00
95 0.00 0.00 0.33 0.33 29659.72 345.26 3.26 3.48 0.00 0.00 0.00 0.00 48.45 20.07 1.16 3.48 0.00 0.00 0.00 3.48 9.58 3.48 0.00
96 0.00 0.00 0.31 0.31 29470.88 345.24 3.24 3.46 0.00 0.00 0.00 0.00 47.75 19.98 1.15 3.46 0.00 0.00 0.00 3.46 9.55 3.46 0.00
97 0.00 0.00 0.29 0.29 29282.02 345.23 3.23 3.44 0.00 0.00 0.00 0.00 47.05 19.88 1.15 3.44 0.00 0.00 0.00 3.44 9.52 3.44 0.00
98 0.00 0.00 0.28 0.28 29093.23 345.21 3.21 3.42 0.00 0.00 0.00 0.00 46.35 19.78 1.14 3.42 0.00 0.00 0.00 3.42 9.48 3.42 0.00
99 0.00 0.00 0.26 0.26 28904.59 345.19 3.19 3.40 0.00 0.00 0.00 0.00 45.66 19.68 1.13 3.40 0.00 0.00 0.00 3.40 9.45 3.40 0.00
100 0.00 0.00 0.25 0.25 28716.16 345.18 3.18 3.38 0.00 0.00 0.00 0.00 44.97 19.58 1.13 3.38 0.00 0.00 0.00 3.38 9.42 3.38 0.00
101 0.00 0.00 0.23 0.23 28528.02 345.16 3.16 3.36 0.00 0.00 0.00 0.00 44.28 19.48 1.12 3.36 0.00 0.00 0.00 3.36 9.39 3.36 0.00
102 0.00 0.00 0.22 0.22 28340.22 345.14 3.14 3.34 0.00 0.00 0.00 0.00 43.60 19.38 1.11 3.34 0.00 0.00 0.00 3.34 9.36 3.34 0.00
103 0.00 0.00 0.20 0.20 28152.83 345.12 3.12 3.32 0.00 0.00 0.00 0.00 42.92 19.28 1.11 3.32 0.00 0.00 0.00 3.32 9.33 3.32 0.00
104 0.00 0.00 0.19 0.19 27965.90 345.11 3.11 3.30 0.00 0.00 0.00 0.00 42.24 19.18 1.10 3.30 0.00 0.00 0.00 3.30 9.29 3.30 0.00
105 0.00 0.00 0.18 0.18 27779.49 345.09 3.09 3.28 0.00 0.00 0.00 0.00 41.57 19.07 1.09 3.28 0.00 0.00 0.00 3.28 9.26 3.28 0.00
106 0.00 0.00 0.17 0.17 27593.64 345.07 3.07 3.26 0.00 0.00 0.00 0.00 40.90 18.97 1.09 3.26 0.00 0.00 0.00 3.26 9.23 3.26 0.00
107 0.00 0.00 0.16 0.16 27408.41 345.06 3.06 3.24 0.00 0.00 0.00 0.00 40.24 18.87 1.08 3.24 0.00 0.00 0.00 3.24 9.20 3.24 0.00
108 0.00 0.00 0.15 0.15 27223.83 345.04 3.04 3.21 0.00 0.00 0.00 0.00 39.58 18.76 1.07 3.21 0.00 0.00 0.00 3.21 9.17 3.21 0.00
109 0.00 0.00 0.14 0.14 27039.96 345.02 3.02 3.19 0.00 0.00 0.00 0.00 38.93 18.66 1.06 3.19 0.00 0.00 0.00 3.19 9.13 3.19 0.00
110 0.00 0.00 0.13 0.13 26856.82 345.00 3.00 3.17 0.00 0.00 0.00 0.00 38.28 18.56 1.06 3.17 0.00 0.00 0.00 3.17 9.10 3.17 0.00
111 0.00 0.00 0.13 0.13 26674.46 344.99 2.99 3.15 0.00 0.00 0.00 0.00 37.64 18.45 1.05 3.15 0.00 0.00 0.00 3.15 9.07 3.15 0.00
112 0.00 0.00 0.12 0.12 26492.92 344.97 2.97 3.13 0.00 0.00 0.00 0.00 37.00 18.35 1.04 3.13 0.00 0.00 0.00 3.13 9.04 3.13 0.00
113 0.00 0.00 0.11 0.11 26312.22 344.95 2.95 3.11 0.00 0.00 0.00 0.00 36.36 18.24 1.04 3.11 0.00 0.00 0.00 3.11 9.00 3.11 0.00
114 0.00 0.00 0.10 0.10 26132.40 344.94 2.94 3.09 0.00 0.00 0.00 0.00 35.74 18.14 1.03 3.09 0.00 0.00 0.00 3.09 8.97 3.09 0.00
115 0.00 0.00 0.10 0.10 25953.50 344.92 2.92 3.06 0.00 0.00 0.00 0.00 35.11 18.03 1.02 3.06 0.00 0.00 0.00 3.06 8.94 3.06 0.00

116 0.00 0.00 0.09 0.09 25775.53 344.90 2.90 3.04 0.00 0.00 0.00 0.00 34.50 17.92 1.01 3.04 0.00 0.00 0.00 3.04 8.91 3.04 0.00
117 0.00 0.00 0.09 0.09 25598.52 344.89 2.89 3.02 0.00 0.00 0.00 0.00 33.89 17.82 1.01 3.02 0.00 0.00 0.00 3.02 8.87 3.02 0.00
118 0.00 0.00 0.08 0.08 25422.51 344.87 2.87 3.00 0.00 0.00 0.00 0.00 33.28 17.71 1.00 3.00 0.00 0.00 0.00 3.00 8.84 3.00 0.00
119 0.00 0.00 0.08 0.08 25247.51 344.85 2.85 2.98 0.00 0.00 0.00 0.00 32.68 17.60 0.99 2.98 0.00 0.00 0.00 2.98 8.81 2.98 0.00
120 0.00 0.00 0.07 0.07 25073.56 344.84 2.84 2.95 0.00 0.00 0.00 0.00 32.09 17.50 0.98 2.95 0.00 0.00 0.00 2.95 8.78 2.95 0.00
121 0.00 0.00 0.07 0.07 24900.66 344.82 2.82 2.93 0.00 0.00 0.00 0.00 31.50 17.39 0.98 2.93 0.00 0.00 0.00 2.93 8.74 2.93 0.00
122 0.00 0.00 0.06 0.06 24728.85 344.81 2.81 2.91 0.00 0.00 0.00 0.00 30.92 17.28 0.97 2.91 0.00 0.00 0.00 2.91 8.71 2.91 0.00
123 0.00 0.00 0.06 0.06 24558.13 344.79 2.79 2.89 0.00 0.00 0.00 0.00 30.34 17.17 0.96 2.89 0.00 0.00 0.00 2.89 8.68 2.89 0.00
124 0.00 0.00 0.06 0.06 24388.54 344.77 2.77 2.86 0.00 0.00 0.00 0.00 29.78 17.07 0.95 2.86 0.00 0.00 0.00 2.86 8.65 2.86 0.00
125 0.00 0.00 0.05 0.05 24220.08 344.76 2.76 2.84 0.00 0.00 0.00 0.00 29.21 16.96 0.95 2.84 0.00 0.00 0.00 2.84 8.61 2.84 0.00
126 0.00 0.00 0.05 0.05 24052.78 344.74 2.74 2.82 0.00 0.00 0.00 0.00 28.66 16.85 0.94 2.82 0.00 0.00 0.00 2.82 8.58 2.82 0.00
127 0.00 0.00 0.05 0.05 23886.65 344.72 2.72 2.80 0.00 0.00 0.00 0.00 28.11 16.74 0.93 2.80 0.00 0.00 0.00 2.80 8.55 2.80 0.00
128 0.00 0.00 0.04 0.04 23721.71 344.71 2.71 2.77 0.00 0.00 0.00 0.00 27.56 16.63 0.92 2.77 0.00 0.00 0.00 2.77 8.52 2.77 0.00
129 0.00 0.00 0.04 0.04 23557.97 344.69 2.69 2.75 0.00 0.00 0.00 0.00 27.03 16.52 0.92 2.75 0.00 0.00 0.00 2.75 8.48 2.75 0.00
130 0.00 0.00 0.04 0.04 23395.44 344.68 2.68 2.73 0.00 0.00 0.00 0.00 26.50 16.42 0.91 2.73 0.00 0.00 0.00 2.73 8.45 2.73 0.00
131 0.00 0.00 0.04 0.04 23234.14 344.66 2.66 2.70 0.00 0.00 0.00 0.00 25.97 16.31 0.90 2.70 0.00 0.00 0.00 2.70 8.42 2.70 0.00
132 0.00 0.00 0.03 0.03 23074.08 344.65 2.65 2.68 0.00 0.00 0.00 0.00 25.46 16.20 0.89 2.68 0.00 0.00 0.00 2.68 8.39 2.68 0.00
133 0.00 0.00 0.03 0.03 22915.27 344.63 2.63 2.66 0.00 0.00 0.00 0.00 24.94 16.09 0.89 2.66 0.00 0.00 0.00 2.66 8.36 2.66 0.00
134 0.00 0.00 0.03 0.03 22757.73 344.62 2.62 2.64 0.00 0.00 0.00 0.00 24.44 15.98 0.88 2.64 0.00 0.00 0.00 2.64 8.32 2.64 0.00
135 0.00 0.00 0.03 0.03 22601.46 344.60 2.60 2.61 0.00 0.00 0.00 0.00 23.94 15.87 0.87 2.61 0.00 0.00 0.00 2.61 8.29 2.61 0.00
136 0.00 0.00 0.03 0.03 22446.48 344.59 2.59 2.59 0.00 0.00 0.00 0.00 23.45 15.76 0.86 2.59 0.00 0.00 0.00 2.59 8.26 2.59 0.00
137 0.00 0.00 0.03 0.03 22292.79 344.57 2.57 2.57 0.00 0.00 0.00 0.00 22.97 15.65 0.86 2.57 0.00 0.00 0.00 2.57 8.23 2.57 0.00
138 0.00 0.00 0.02 0.02 22140.41 344.56 2.56 2.54 0.00 0.00 0.00 0.00 22.49 15.54 0.85 2.54 0.00 0.00 0.00 2.54 8.20 2.54 0.00
139 0.00 0.00 0.02 0.02 21989.34 344.54 2.54 2.52 0.00 0.00 0.00 0.00 22.02 15.43 0.84 2.52 0.00 0.00 0.00 2.52 8.17 2.52 0.00
140 0.00 0.00 0.02 0.02 21839.60 344.53 2.53 2.49 0.00 0.00 0.00 0.00 21.55 15.32 0.83 2.49 0.00 0.00 0.00 2.49 8.13 2.49 0.00
141 0.00 0.00 0.02 0.02 21691.19 344.51 2.51 2.47 0.00 0.00 0.00 0.00 21.09 15.21 0.82 2.47 0.00 0.00 0.00 2.47 8.10 2.47 0.00
142 0.00 0.00 0.02 0.02 21544.11 344.50 2.50 2.45 0.00 0.00 0.00 0.00 20.64 15.10 0.82 2.45 0.00 0.00 0.00 2.45 8.07 2.45 0.00
143 0.00 0.00 0.02 0.02 21398.39 344.48 2.48 2.42 0.00 0.00 0.00 0.00 20.20 14.99 0.81 2.42 0.00 0.00 0.00 2.42 8.04 2.42 0.00
144 0.00 0.00 0.02 0.02 21254.02 344.47 2.47 2.40 0.00 0.00 0.00 0.00 19.76 14.89 0.80 2.40 0.00 0.00 0.00 2.40 8.01 2.40 0.00
145 0.00 0.00 0.02 0.02 21111.01 344.45 2.45 2.38 0.00 0.00 0.00 0.00 19.33 14.78 0.79 2.38 0.00 0.00 0.00 2.38 7.98 2.38 0.00
146 0.00 0.00 0.01 0.01 20969.37 344.44 2.44 2.35 0.00 0.00 0.00 0.00 18.90 14.67 0.78 2.35 0.00 0.00 0.00 2.35 7.95 2.35 0.00
147 0.00 0.00 0.01 0.01 20829.10 344.43 2.43 2.33 0.00 0.00 0.00 0.00 18.48 14.56 0.78 2.33 0.00 0.00 0.00 2.33 7.92 2.33 0.00
148 0.00 0.00 0.01 0.01 20690.22 344.41 2.41 2.30 0.00 0.00 0.00 0.00 18.07 14.45 0.77 2.30 0.00 0.00 0.00 2.30 7.89 2.30 0.00
149 0.00 0.00 0.01 0.01 20552.72 344.40 2.40 2.28 0.00 0.00 0.00 0.00 17.66 14.34 0.76 2.28 0.00 0.00 0.00 2.28 7.86 2.28 0.00
150 0.00 0.00 0.01 0.01 20416.62 344.38 2.38 2.26 0.00 0.00 0.00 0.00 17.26 14.23 0.75 2.26 0.00 0.00 0.00 2.26 7.83 2.26 0.00

45986.90 25704.98 -134.70
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100-yr Routing

Width(in) 48.00
Dia. (in) 24 Dia. (in) 2 Dia. (in) 24 Dia. (in) 6 Length(in) 48.000 Dia. (in) 15 Cw = 3

Qp (cfs) = 31.55 Inv Ele. (ft) 1000 Invert (ft) 1000 Inv Ele. (ft) 343.5 Invert (ft) 343.5 Top Ele. (ft) 346.50 Invert (ft) 342.00 Ele. (ft) 346.5
Tp (min) = 28.8 Cw 3.3 Cd 0.6 Cw 3.3 Cd 0.6 Cw 3.3 Cd 0.6 Length(ft) 10

Cd 0.6 Cd 0.6 Cd 0.6

dT (min) = 3
dT (min) = 1

b 2.346E-03
c1 1.375E-04
c2 -1.255E-09
c3 1.291E-14

c4 -6.921E-20

Ref. Ele.  = 342

14.87            cfs

-                 cfs

4.90               cfs  

7.07               cfs  

11.26            cfs

346.74          ft

4.74               ft

47,612          cu.ft.

*NOTE:  Check Primary Riser Barrel to ensure total outflow is always less than or equal to Primary Barrel flow.

Riser Riser Riser Riser Riser Riser

(min) (cfs) (cfs) (cfs) (cfs) (cf) (ft) (ft) (cfs) (weir) (orifice) (weir) (orifice) (weir) (orifice)

0 0.00 0.00 0.00 0.00 0.00 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.09 0.09 0.00 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.37 0.37 5.62 342.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.84 0.84 28.03 342.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 0.00 0.00 1.48 1.48 78.21 342.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
5 0.00 0.00 2.29 2.29 166.79 342.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
6 0.00 0.00 3.26 3.26 303.97 342.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
7 0.00 0.00 4.38 4.38 499.35 342.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00
8 0.00 0.00 5.63 5.63 761.85 342.11 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00
9 0.00 0.00 7.00 7.00 1099.60 342.15 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00
10 0.00 0.00 8.48 8.48 1519.82 342.21 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32 0.00 0.00
11 0.00 0.00 10.05 10.05 2028.77 342.28 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.00 0.00
12 0.00 0.00 11.68 11.68 2631.63 342.36 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.71 0.00 0.00
13 0.00 0.00 13.36 13.36 3332.49 342.45 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00
14 0.00 0.00 15.07 15.07 4134.26 342.55 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.37 0.00 0.00
15 0.00 0.00 16.79 16.79 5038.66 342.67 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00
16 0.00 0.00 18.50 18.50 6046.20 342.79 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.35 0.00 0.00
17 0.00 0.00 20.17 20.17 7156.14 342.93 0.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.99 0.00 0.00

Riser Intakes

Barrel* Control

Rectangular Riser Primary

Barrel Control Barrel
Control 

(f/3)

Storage
Wtr Surf. 

Ele
Stage Outflow*

Circular 1 (WQ) Peak Reduction Orifice 3 ea

Max. Water Surf. Ele.

Max. Stage:

Max. Storage:

Routing Table: Computed Outflow Data:

Time Amb. Pump Sutt. Pump R.O. Inflow Total Inflow

Max. Total Outflow

Max WQ Risers

Max Peak Redux Orifice

Max Primary Riser

Max. Emer.Weir Outflow

Q = Cd*A*(2*g*h)^(1/2)

            4th order polynomial coefficiants 

used to estimate stage

(Perm Pool)

Results:

Selected Time Increment Q = Cw*L*H^(3/2) Q = Cd*A*(2*g*h)^(1/2) Q = Cw*L*H^(3/2) Q = Cd*A*(2*g*h)^(1/2) Q = Cw*L*H^(3/2)
Weir Equation: Orifice Equation:

Routing Table (using HRM's "Chainsaw" method) Riser: Barrel: Riser: Barrel:  Rect Riser:

Emergency 

WeirControl

Weirs

Waterworks Structure Data

Circular Orifice 1 (WQ) not used Peak Reduction Orifice 3 ea Primary Rec Riser & Cir Barrel

Barrel: Emergency Weir

100-yr

Suggested Time Increment (Tp/10) Weir Equation: Orifice Equation: Weir Equation: Orifice Equation:

17 0.00 0.00 20.17 20.17 7156.14 342.93 0.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.99 0.00 0.00
18 0.00 0.00 21.80 21.80 8366.54 343.07 1.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.72 0.00 0.00
19 0.00 0.00 23.35 23.35 9674.28 343.23 1.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.55 0.00 0.00
20 0.00 0.00 24.81 24.81 11075.05 343.39 1.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.15 0.00 0.00
21 0.00 0.00 26.16 26.16 12563.47 343.56 1.56 0.05 0.00 0.00 0.00 0.00 0.27 3.58 0.02 0.05 0.00 0.00 0.00 0.05 5.69 0.05 0.00
22 0.00 0.00 27.39 27.39 14129.91 343.73 1.73 0.44 0.00 0.00 0.00 0.00 2.27 7.23 0.15 0.44 0.00 0.00 0.00 0.44 6.20 0.44 0.00
23 0.00 0.00 28.48 28.48 15746.98 343.90 1.90 1.03 0.00 0.00 0.00 0.00 5.30 9.60 0.34 1.03 0.00 0.00 0.00 1.03 6.67 1.03 0.00
24 0.00 0.00 29.42 29.42 17394.29 344.08 2.08 1.62 0.00 0.00 0.00 0.00 9.07 11.48 0.54 1.62 0.00 0.00 0.00 1.62 7.11 1.62 0.00
25 0.00 0.00 30.20 30.20 19062.66 344.25 2.25 2.00 0.00 0.00 0.00 0.00 13.42 13.08 0.67 2.00 0.00 0.00 0.00 2.00 7.52 2.00 0.00
26 0.00 0.00 30.81 30.81 20754.92 344.42 2.42 2.32 0.00 0.00 0.00 0.00 18.26 14.50 0.77 2.32 0.00 0.00 0.00 2.32 7.90 2.32 0.00
27 0.00 0.00 31.24 31.24 22464.65 344.59 2.59 2.59 0.00 0.00 0.00 0.00 23.51 15.77 0.86 2.59 0.00 0.00 0.00 2.59 8.26 2.59 0.00
28 0.00 0.00 31.49 31.49 24183.61 344.75 2.75 2.84 0.00 0.00 0.00 0.00 29.09 16.93 0.95 2.84 0.00 0.00 0.00 2.84 8.61 2.84 0.00
29 0.00 0.00 31.55 31.55 25902.59 344.92 2.92 3.06 0.00 0.00 0.00 0.00 34.94 18.00 1.02 3.06 0.00 0.00 0.00 3.06 8.93 3.06 0.00
30 0.00 0.00 31.42 31.42 27611.83 345.07 3.07 3.26 0.00 0.00 0.00 0.00 40.97 18.98 1.09 3.26 0.00 0.00 0.00 3.26 9.23 3.26 0.00
31 0.00 0.00 31.10 31.10 29301.30 345.23 3.23 3.44 0.00 0.00 0.00 0.00 47.12 19.89 1.15 3.44 0.00 0.00 0.00 3.44 9.52 3.44 0.00
32 0.00 0.00 30.61 30.61 30960.89 345.38 3.38 3.61 0.00 0.00 0.00 0.00 53.32 20.72 1.20 3.61 0.00 0.00 0.00 3.61 9.79 3.61 0.00
33 0.00 0.00 29.93 29.93 32580.58 345.52 3.52 3.77 0.00 0.00 0.00 0.00 59.51 21.50 1.26 3.77 0.00 0.00 0.00 3.77 10.04 3.77 0.00
34 0.00 0.00 29.09 29.09 34150.65 345.66 3.66 3.91 0.00 0.00 0.00 0.00 65.63 22.21 1.30 3.91 0.00 0.00 0.00 3.91 10.27 3.91 0.00
35 0.00 0.00 28.10 28.10 35661.78 345.78 3.78 4.04 0.00 0.00 0.00 0.00 71.60 22.86 1.35 4.04 0.00 0.00 0.00 4.04 10.49 4.04 0.00
36 0.00 0.00 26.95 26.95 37105.19 345.91 3.91 4.16 0.00 0.00 0.00 0.00 77.39 23.46 1.39 4.16 0.00 0.00 0.00 4.16 10.69 4.16 0.00
37 0.00 0.00 25.79 25.79 38472.78 346.02 4.02 4.27 0.00 0.00 0.00 0.00 82.94 24.01 1.42 4.27 0.00 0.00 0.00 4.27 10.87 4.27 0.00
38 0.00 0.00 24.66 24.66 39764.45 346.13 4.13 4.36 0.00 0.00 0.00 0.00 88.22 24.51 1.45 4.36 0.00 0.00 0.00 4.36 11.04 4.36 0.00
39 0.00 0.00 23.57 23.57 40981.93 346.22 4.22 4.45 0.00 0.00 0.00 0.00 93.25 24.97 1.48 4.45 0.00 0.00 0.00 4.45 11.19 4.45 0.00
40 0.00 0.00 22.53 22.53 42128.76 346.32 4.32 4.54 0.00 0.00 0.00 0.00 98.01 25.39 1.51 4.54 0.00 0.00 0.00 4.54 11.34 4.54 0.00
41 0.00 0.00 21.54 21.54 43208.29 346.40 4.40 4.61 0.00 0.00 0.00 0.00 102.53 25.77 1.54 4.61 0.00 0.00 0.00 4.61 11.47 4.61 0.00
42 0.00 0.00 20.59 20.59 44223.68 346.48 4.48 4.68 0.00 0.00 0.00 0.00 106.79 26.12 1.56 4.68 0.00 0.00 0.00 4.68 11.59 4.68 0.00
43 0.00 0.00 19.68 19.68 45177.94 346.56 4.56 5.87 0.00 0.00 0.00 0.00 110.81 26.45 1.58 4.74 0.71 18.36 0.71 5.46 11.70 5.46 0.41
44 0.00 0.00 18.81 18.81 46006.63 346.62 4.62 8.28 0.00 0.00 0.00 0.00 114.32 26.72 1.60 4.80 2.22 26.79 2.22 7.02 11.79 7.02 1.26
45 0.00 0.00 17.98 17.98 46638.31 346.67 4.67 10.62 0.00 0.00 0.00 0.00 117.00 26.93 1.61 4.84 3.69 31.72 3.69 8.52 11.86 8.52 2.09
46 0.00 0.00 17.19 17.19 47080.02 346.70 4.70 12.46 0.00 0.00 0.00 0.00 118.88 27.07 1.62 4.87 4.84 34.74 4.84 9.71 11.91 9.71 2.75
47 0.00 0.00 16.43 16.43 47363.77 346.72 4.72 13.72 0.00 0.00 0.00 0.00 120.08 27.16 1.63 4.88 5.63 36.54 5.63 10.52 11.95 10.52 3.20
48 0.00 0.00 15.70 15.70 47526.36 346.74 4.74 14.47 0.00 0.00 0.00 0.00 120.77 27.22 1.63 4.89 6.10 37.53 6.10 11.00 11.96 11.00 3.47
49 0.00 0.00 15.01 15.01 47600.54 346.74 4.74 14.81 0.00 0.00 0.00 0.00 121.09 27.24 1.63 4.90 6.32 37.97 6.32 11.22 11.97 11.22 3.59
50 0.00 0.00 14.35 14.35 47612.29 346.74 4.74 14.87 0.00 0.00 0.00 0.00 121.14 27.24 1.63 4.90 6.36 38.04 6.36 11.26 11.97 11.26 3.61
51 0.00 0.00 13.72 13.72 47580.98 346.74 4.74 14.72 0.00 0.00 0.00 0.00 121.01 27.23 1.63 4.90 6.27 37.86 6.27 11.16 11.97 11.16 3.56
52 0.00 0.00 13.11 13.11 47520.55 346.74 4.74 14.44 0.00 0.00 0.00 0.00 120.75 27.21 1.63 4.89 6.09 37.50 6.09 10.98 11.96 10.98 3.46
53 0.00 0.00 12.53 12.53 47440.78 346.73 4.73 14.07 0.00 0.00 0.00 0.00 120.41 27.19 1.63 4.89 5.85 37.01 5.85 10.74 11.95 10.74 3.33
54 0.00 0.00 11.98 11.98 47348.48 346.72 4.72 13.65 0.00 0.00 0.00 0.00 120.02 27.16 1.63 4.88 5.59 36.44 5.59 10.47 11.94 10.47 3.18
55 0.00 0.00 11.45 11.45 47248.32 346.72 4.72 13.20 0.00 0.00 0.00 0.00 119.59 27.13 1.63 4.88 5.31 35.82 5.31 10.18 11.93 10.18 3.01
56 0.00 0.00 10.95 10.95 47143.50 346.71 4.71 12.73 0.00 0.00 0.00 0.00 119.15 27.09 1.62 4.87 5.01 35.15 5.01 9.88 11.92 9.88 2.85
57 0.00 0.00 10.46 10.46 47036.21 346.70 4.70 12.27 0.00 0.00 0.00 0.00 118.69 27.06 1.62 4.86 4.72 34.45 4.72 9.59 11.91 9.59 2.68
58 0.00 0.00 10.00 10.00 46927.93 346.69 4.69 11.81 0.00 0.00 0.00 0.00 118.23 27.02 1.62 4.86 4.43 33.73 4.43 9.29 11.90 9.29 2.52
59 0.00 0.00 9.56 9.56 46819.65 346.68 4.68 11.35 0.00 0.00 0.00 0.00 117.77 26.99 1.62 4.85 4.15 32.99 4.15 9.00 11.88 9.00 2.36
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100-yr Routing

60 0.00 0.00 9.14 9.14 46712.04 346.68 4.68 10.91 0.00 0.00 0.00 0.00 117.31 26.95 1.61 4.84 3.87 32.24 3.87 8.71 11.87 8.71 2.20
61 0.00 0.00 8.74 8.74 46605.54 346.67 4.67 10.49 0.00 0.00 0.00 0.00 116.86 26.92 1.61 4.84 3.60 31.48 3.60 8.44 11.86 8.44 2.05
62 0.00 0.00 8.35 8.35 46500.42 346.66 4.66 10.08 0.00 0.00 0.00 0.00 116.41 26.89 1.61 4.83 3.35 30.71 3.35 8.18 11.85 8.18 1.90
63 0.00 0.00 7.98 7.98 46396.84 346.65 4.65 9.68 0.00 0.00 0.00 0.00 115.97 26.85 1.61 4.82 3.10 29.94 3.10 7.92 11.84 7.92 1.76
64 0.00 0.00 7.63 7.63 46294.89 346.64 4.64 9.30 0.00 0.00 0.00 0.00 115.54 26.82 1.61 4.82 2.86 29.15 2.86 7.68 11.83 7.68 1.62
65 0.00 0.00 7.29 7.29 46194.60 346.64 4.64 8.94 0.00 0.00 0.00 0.00 115.12 26.79 1.60 4.81 2.63 28.35 2.63 7.44 11.81 7.44 1.50
66 0.00 0.00 6.97 6.97 46095.96 346.63 4.63 8.59 0.00 0.00 0.00 0.00 114.70 26.75 1.60 4.80 2.41 27.54 2.41 7.22 11.80 7.22 1.37
67 0.00 0.00 6.66 6.66 45998.94 346.62 4.62 8.25 0.00 0.00 0.00 0.00 114.29 26.72 1.60 4.80 2.20 26.73 2.20 7.00 11.79 7.00 1.25
68 0.00 0.00 6.37 6.37 45903.47 346.61 4.61 7.94 0.00 0.00 0.00 0.00 113.88 26.69 1.60 4.79 2.01 25.90 2.01 6.80 11.78 6.80 1.14
69 0.00 0.00 6.09 6.09 45809.48 346.61 4.61 7.63 0.00 0.00 0.00 0.00 113.49 26.66 1.60 4.79 1.82 25.05 1.82 6.60 11.77 6.60 1.03
70 0.00 0.00 5.82 5.82 45716.87 346.60 4.60 7.34 0.00 0.00 0.00 0.00 113.09 26.63 1.59 4.78 1.63 24.19 1.63 6.41 11.76 6.41 0.93
71 0.00 0.00 5.56 5.56 45625.56 346.59 4.59 7.07 0.00 0.00 0.00 0.00 112.71 26.60 1.59 4.77 1.46 23.31 1.46 6.24 11.75 6.24 0.83
72 0.00 0.00 5.32 5.32 45535.42 346.58 4.58 6.80 0.00 0.00 0.00 0.00 112.33 26.57 1.59 4.77 1.30 22.40 1.30 6.07 11.74 6.07 0.74
73 0.00 0.00 5.08 5.08 45446.34 346.58 4.58 6.55 0.00 0.00 0.00 0.00 111.95 26.54 1.59 4.76 1.14 21.47 1.14 5.90 11.73 5.90 0.65
74 0.00 0.00 4.86 4.86 45358.17 346.57 4.57 6.32 0.00 0.00 0.00 0.00 111.58 26.51 1.59 4.76 0.99 20.50 0.99 5.75 11.72 5.75 0.57
75 0.00 0.00 4.64 4.64 45270.76 346.56 4.56 6.09 0.00 0.00 0.00 0.00 111.21 26.48 1.58 4.75 0.86 19.49 0.86 5.61 11.71 5.61 0.49
76 0.00 0.00 4.44 4.44 45183.97 346.56 4.56 5.88 0.00 0.00 0.00 0.00 110.84 26.45 1.58 4.74 0.72 18.44 0.72 5.47 11.70 5.47 0.41
77 0.00 0.00 4.24 4.24 45097.58 346.55 4.55 5.68 0.00 0.00 0.00 0.00 110.48 26.42 1.58 4.74 0.60 17.32 0.60 5.34 11.69 5.34 0.34
78 0.00 0.00 4.06 4.06 45011.40 346.54 4.54 5.49 0.00 0.00 0.00 0.00 110.11 26.39 1.58 4.73 0.49 16.14 0.49 5.22 11.68 5.22 0.28
79 0.00 0.00 3.88 3.88 44925.18 346.54 4.54 5.32 0.00 0.00 0.00 0.00 109.75 26.36 1.58 4.73 0.38 14.85 0.38 5.11 11.67 5.11 0.21
80 0.00 0.00 3.71 3.71 44838.63 346.53 4.53 5.16 0.00 0.00 0.00 0.00 109.38 26.33 1.57 4.72 0.28 13.43 0.28 5.00 11.66 5.00 0.16
81 0.00 0.00 3.54 3.54 44751.39 346.52 4.52 5.02 0.00 0.00 0.00 0.00 109.01 26.30 1.57 4.72 0.19 11.84 0.19 4.91 11.65 4.91 0.11
82 0.00 0.00 3.39 3.39 44663.00 346.52 4.52 4.89 0.00 0.00 0.00 0.00 108.64 26.27 1.57 4.71 0.11 9.96 0.11 4.82 11.64 4.82 0.06
83 0.00 0.00 3.24 3.24 44572.88 346.51 4.51 4.78 0.00 0.00 0.00 0.00 108.26 26.24 1.57 4.70 0.05 7.58 0.05 4.75 11.63 4.75 0.03
84 0.00 0.00 3.09 3.09 44480.16 346.50 4.50 4.71 0.00 0.00 0.00 0.00 107.87 26.21 1.57 4.70 0.01 3.80 0.01 4.70 11.62 4.70 0.00
85 0.00 0.00 2.96 2.96 44383.37 346.49 4.49 4.69 0.00 0.00 0.00 0.00 107.46 26.18 1.56 4.69 0.00 0.00 0.00 4.69 11.61 4.69 0.00
86 0.00 0.00 2.83 2.83 44279.38 346.49 4.49 4.68 0.00 0.00 0.00 0.00 107.03 26.14 1.56 4.68 0.00 0.00 0.00 4.68 11.59 4.68 0.00
87 0.00 0.00 2.70 2.70 44167.97 346.48 4.48 4.68 0.00 0.00 0.00 0.00 106.56 26.10 1.56 4.68 0.00 0.00 0.00 4.68 11.58 4.68 0.00
88 0.00 0.00 2.58 2.58 44049.53 346.47 4.47 4.67 0.00 0.00 0.00 0.00 106.06 26.06 1.56 4.67 0.00 0.00 0.00 4.67 11.57 4.67 0.00
89 0.00 0.00 2.47 2.47 43924.41 346.46 4.46 4.66 0.00 0.00 0.00 0.00 105.53 26.02 1.55 4.66 0.00 0.00 0.00 4.66 11.55 4.66 0.00
90 0.00 0.00 2.36 2.36 43792.96 346.45 4.45 4.65 0.00 0.00 0.00 0.00 104.98 25.97 1.55 4.65 0.00 0.00 0.00 4.65 11.54 4.65 0.00
91 0.00 0.00 2.26 2.26 43655.51 346.44 4.44 4.64 0.00 0.00 0.00 0.00 104.40 25.93 1.55 4.64 0.00 0.00 0.00 4.64 11.52 4.64 0.00
92 0.00 0.00 2.16 2.16 43512.37 346.43 4.43 4.63 0.00 0.00 0.00 0.00 103.80 25.88 1.54 4.63 0.00 0.00 0.00 4.63 11.50 4.63 0.00
93 0.00 0.00 2.06 2.06 43363.84 346.41 4.41 4.62 0.00 0.00 0.00 0.00 103.18 25.83 1.54 4.62 0.00 0.00 0.00 4.62 11.48 4.62 0.00
94 0.00 0.00 1.97 1.97 43210.21 346.40 4.40 4.61 0.00 0.00 0.00 0.00 102.53 25.77 1.54 4.61 0.00 0.00 0.00 4.61 11.47 4.61 0.00
95 0.00 0.00 1.88 1.88 43051.75 346.39 4.39 4.60 0.00 0.00 0.00 0.00 101.87 25.72 1.53 4.60 0.00 0.00 0.00 4.60 11.45 4.60 0.00
96 0.00 0.00 1.80 1.80 42888.73 346.38 4.38 4.59 0.00 0.00 0.00 0.00 101.19 25.66 1.53 4.59 0.00 0.00 0.00 4.59 11.43 4.59 0.00
97 0.00 0.00 1.72 1.72 42721.41 346.36 4.36 4.58 0.00 0.00 0.00 0.00 100.49 25.60 1.53 4.58 0.00 0.00 0.00 4.58 11.41 4.58 0.00
98 0.00 0.00 1.65 1.65 42550.01 346.35 4.35 4.57 0.00 0.00 0.00 0.00 99.77 25.54 1.52 4.57 0.00 0.00 0.00 4.57 11.39 4.57 0.00
99 0.00 0.00 1.57 1.57 42374.77 346.34 4.34 4.55 0.00 0.00 0.00 0.00 99.04 25.48 1.52 4.55 0.00 0.00 0.00 4.55 11.37 4.55 0.00
100 0.00 0.00 1.50 1.50 42195.92 346.32 4.32 4.54 0.00 0.00 0.00 0.00 98.29 25.41 1.51 4.54 0.00 0.00 0.00 4.54 11.34 4.54 0.00
101 0.00 0.00 1.44 1.44 42013.65 346.31 4.31 4.53 0.00 0.00 0.00 0.00 97.53 25.35 1.51 4.53 0.00 0.00 0.00 4.53 11.32 4.53 0.00
102 0.00 0.00 1.37 1.37 41828.18 346.29 4.29 4.52 0.00 0.00 0.00 0.00 96.76 25.28 1.51 4.52 0.00 0.00 0.00 4.52 11.30 4.52 0.00
103 0.00 0.00 1.31 1.31 41639.69 346.28 4.28 4.50 0.00 0.00 0.00 0.00 95.98 25.21 1.50 4.50 0.00 0.00 0.00 4.50 11.27 4.50 0.00
104 0.00 0.00 1.26 1.26 41448.37 346.26 4.26 4.49 0.00 0.00 0.00 0.00 95.18 25.14 1.50 4.49 0.00 0.00 0.00 4.49 11.25 4.49 0.00
105 0.00 0.00 1.20 1.20 41254.40 346.25 4.25 4.47 0.00 0.00 0.00 0.00 94.38 25.07 1.49 4.47 0.00 0.00 0.00 4.47 11.23 4.47 0.00
106 0.00 0.00 1.15 1.15 41057.94 346.23 4.23 4.46 0.00 0.00 0.00 0.00 93.56 25.00 1.49 4.46 0.00 0.00 0.00 4.46 11.20 4.46 0.00
107 0.00 0.00 1.10 1.10 40859.16 346.21 4.21 4.45 0.00 0.00 0.00 0.00 92.74 24.92 1.48 4.45 0.00 0.00 0.00 4.45 11.18 4.45 0.00
108 0.00 0.00 1.05 1.05 40658.21 346.20 4.20 4.43 0.00 0.00 0.00 0.00 91.91 24.85 1.48 4.43 0.00 0.00 0.00 4.43 11.15 4.43 0.00
109 0.00 0.00 1.00 1.00 40455.23 346.18 4.18 4.42 0.00 0.00 0.00 0.00 91.07 24.77 1.47 4.42 0.00 0.00 0.00 4.42 11.13 4.42 0.00
110 0.00 0.00 0.96 0.96 40250.38 346.17 4.17 4.40 0.00 0.00 0.00 0.00 90.22 24.70 1.47 4.40 0.00 0.00 0.00 4.40 11.10 4.40 0.00
111 0.00 0.00 0.92 0.92 40043.78 346.15 4.15 4.39 0.00 0.00 0.00 0.00 89.37 24.62 1.46 4.39 0.00 0.00 0.00 4.39 11.07 4.39 0.00
112 0.00 0.00 0.88 0.88 39835.57 346.13 4.13 4.37 0.00 0.00 0.00 0.00 88.52 24.54 1.46 4.37 0.00 0.00 0.00 4.37 11.05 4.37 0.00
113 0.00 0.00 0.84 0.84 39625.87 346.11 4.11 4.35 0.00 0.00 0.00 0.00 87.65 24.46 1.45 4.35 0.00 0.00 0.00 4.35 11.02 4.35 0.00
114 0.00 0.00 0.80 0.80 39414.79 346.10 4.10 4.34 0.00 0.00 0.00 0.00 86.79 24.38 1.45 4.34 0.00 0.00 0.00 4.34 10.99 4.34 0.00
115 0.00 0.00 0.76 0.76 39202.46 346.08 4.08 4.32 0.00 0.00 0.00 0.00 85.92 24.30 1.44 4.32 0.00 0.00 0.00 4.32 10.97 4.32 0.00

116 0.00 0.00 0.73 0.73 38988.98 346.06 4.06 4.31 0.00 0.00 0.00 0.00 85.04 24.21 1.44 4.31 0.00 0.00 0.00 4.31 10.94 4.31 0.00116 0.00 0.00 0.73 0.73 38988.98 346.06 4.06 4.31 0.00 0.00 0.00 0.00 85.04 24.21 1.44 4.31 0.00 0.00 0.00 4.31 10.94 4.31 0.00
117 0.00 0.00 0.70 0.70 38774.45 346.04 4.04 4.29 0.00 0.00 0.00 0.00 84.17 24.13 1.43 4.29 0.00 0.00 0.00 4.29 10.91 4.29 0.00
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139 0.00 0.00 0.26 0.26 33953.87 345.64 3.64 3.89 0.00 0.00 0.00 0.00 64.85 22.12 1.30 3.89 0.00 0.00 0.00 3.89 10.24 3.89 0.00
140 0.00 0.00 0.25 0.25 33735.90 345.62 3.62 3.87 0.00 0.00 0.00 0.00 64.00 22.02 1.29 3.87 0.00 0.00 0.00 3.87 10.21 3.87 0.00
141 0.00 0.00 0.24 0.24 33518.40 345.60 3.60 3.85 0.00 0.00 0.00 0.00 63.15 21.93 1.28 3.85 0.00 0.00 0.00 3.85 10.18 3.85 0.00
142 0.00 0.00 0.23 0.23 33301.42 345.58 3.58 3.83 0.00 0.00 0.00 0.00 62.31 21.83 1.28 3.83 0.00 0.00 0.00 3.83 10.15 3.83 0.00
143 0.00 0.00 0.22 0.22 33084.99 345.56 3.56 3.81 0.00 0.00 0.00 0.00 61.47 21.73 1.27 3.81 0.00 0.00 0.00 3.81 10.11 3.81 0.00
144 0.00 0.00 0.21 0.21 32869.14 345.54 3.54 3.79 0.00 0.00 0.00 0.00 60.63 21.63 1.26 3.79 0.00 0.00 0.00 3.79 10.08 3.79 0.00
145 0.00 0.00 0.20 0.20 32653.91 345.53 3.53 3.77 0.00 0.00 0.00 0.00 59.80 21.53 1.26 3.77 0.00 0.00 0.00 3.77 10.05 3.77 0.00
146 0.00 0.00 0.19 0.19 32439.33 345.51 3.51 3.75 0.00 0.00 0.00 0.00 58.97 21.43 1.25 3.75 0.00 0.00 0.00 3.75 10.02 3.75 0.00
147 0.00 0.00 0.18 0.18 32225.42 345.49 3.49 3.73 0.00 0.00 0.00 0.00 58.15 21.33 1.24 3.73 0.00 0.00 0.00 3.73 9.98 3.73 0.00
148 0.00 0.00 0.17 0.17 32012.21 345.47 3.47 3.71 0.00 0.00 0.00 0.00 57.33 21.23 1.24 3.71 0.00 0.00 0.00 3.71 9.95 3.71 0.00
149 0.00 0.00 0.16 0.16 31799.74 345.45 3.45 3.69 0.00 0.00 0.00 0.00 56.51 21.13 1.23 3.69 0.00 0.00 0.00 3.69 9.92 3.69 0.00
150 0.00 0.00 0.16 0.16 31588.02 345.43 3.43 3.67 0.00 0.00 0.00 0.00 55.71 21.03 1.22 3.67 0.00 0.00 0.00 3.67 9.89 3.67 0.00

Prepared 12/13/2021 Page 22

PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 36 of 110



100-yr Plot

20.00

25.00

30.00

35.00

Q
 (

c
fs

)

Pond Routing

Outflow

Total Inflow

Waterworks

100-yr

Prepared by Kevin Lindsay  12/13/2021 Page 23

0.00

5.00

10.00

15.00

0 20 40 60 80 100 120 140

Time (min)

PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 37 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 38 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 39 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 40 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 41 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 42 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 43 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 44 of 110



PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 45 of 110



  

 

 

April 11, 2018 

 

 

Josh Reinke, PE   

Ramey Kemp & Associates, Inc.   

5808 Faringdon Place, Suite 100 

Raleigh, NC 27609  

 

SUBJECT:   Driveway Permit— Access to NC 22 

   Waterworks Development   

 Permit # Preliminary 

 

Dear Mr. Reinke,  

 

Thank you for submitting the Traffic Impact Analysis for the subject development.  The 

preliminary site plan and traffic impact analysis have been reviewed by District Staff, 

Division Staff, and Congestion Management in accordance with the Policy on Street and 

Driveway Access to North Carolina Highways.  We have the following comments for the 

subject access permit.  

 

NC 22 and Reservoir Park Drive/Site Driveway  

 We agree with the TIA recommendation to provide site access via a full movement 

intersection to align with Reservoir Park Drive and provide one ingress and two 

egress lanes. 

 We agree with the TIA recommendation to provide stop control for the site drive.   

 We agree with the TIA recommendation to construct an exclusive northbound right-

turn lane on NC 22 with 50 feet of storage and appropriate taper.   

 We agree with the TIA recommendation to construct an exclusive southbound left-

turn lane on NC 22 with 50 feet of storage and appropriate tapers.   

 Provide an internal protected stem with a minimum length of 100 feet for the site 

driveway.  

 

This was recently changed to 75
feet at DOT's request.  Also, a left
turn lane into Reservoir Park has

been added.  Kevin Lindsay
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NC 22 and Service Driveway   

 We agree with the TIA recommendation to provide site access via a full movement 

intersection and provide one ingress and one egress lane.   

 We agree with the TIA recommendation to provide stop control for the service 

driveway.   

 We agree with the TIA recommendation to provide restricted access signage for 

service vehicles only.   

 Provide an internal protected stem with a minimum length of 100 feet for the service 

driveway.   

 

NC 22 and Airport Road 

 Please provide potential roundabout mitigation for the reduction in level of service.   

 

 

Please incorporate the above comments into your planning.  When the above comments have 

been addressed please submit site plans along with a driveway permit and any necessary 

encroachment agreements to this office for review. Also, please be aware that future site 

expansion may result in further roadway improvements being required by the Department. If 

further information is needed, please advise. 

 

 

Sincerely, 

 

 

 

Travis L. Morgan, PE 

District Engineer 

 

 

TLM:mer  

 

CC: Brandon Jones, PE 

 David Willett  

Josh Brooks, EI 

Chris Kennedy 

Brent Lockamy, PE   

File 
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Traffic Impact Analysis
Waterworks Development

Southern Pines, NC
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TRAFFIC IMPACT ANALYSIS 

WATERWORKS DEVELOPMENT 

SOUTHERN PINES, NORTH CAROLINA 

 

1. INTRODUCTION 

The contents of this report present the findings of the Traffic Impact Analysis (TIA) conducted 

for the proposed Waterworks development to be located east of NC 22 and north of Aiken 

Road in Southern Pines, North Carolina. The purpose of this study is to determine the potential 

impacts to the surrounding transportation system created by traffic generated by the proposed 

development, as well as recommend improvements to mitigate the impacts.  

 

The proposed development, anticipated to be completed in 2019, is assumed to consist of the 

following uses: 

 5,000 sq. ft. of shopping center 

 14,812 sq. ft. of warehousing 

 5,920 sq. ft. high-turnover sit-down restaurant 

 13,500 sq. ft. of office 

 15 single-family homes 

 7 mid-rise residential units (apartments) 

 

The study analyzes traffic conditions during the weekday AM and PM peak hours for the 

following scenarios: 

 Existing (2018) Traffic Conditions 

 Background (2019) Traffic Conditions 

 Combined (2019) Traffic Conditions 

 Combined (2028) Traffic Conditions – Per Town’s UDO 

 Combined (2038) Traffic Conditions – Per Town’s UDO 
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1.1. Site Location and Study Area 

The development is proposed to be located east of NC 22 and north of Aiken Road in Southern 

Pines, North Carolina. Refer to Figure 1 for the site location map. 

 

The study area for the TIA was determined through coordination with the North Carolina 

Department of Transportation (NCDOT) and the Town of Southern Pines (Town) and consists 

of the following existing intersections: 

 NC 22 and Airport Road 

 NC 22 and Olivetree Lane 

 NC 22 and Mill Creek Road 

 Mill Creek Road and Poverty Hill Circle 

 NC 22 and Fen Court 

 NC 22 and Reservoir Park Drive 

 NC 22 and Aiken Road 

 NC 22 and Pee Dee Road 

 

1.2. Proposed Land Use and Site Access 

The proposed development, anticipated to be completed in 2019, is assumed to consist of the 

following uses: 

 5,000 sq. ft. of shopping center 

 14,812 sq. ft. of warehousing 

 5,920 sq. ft. high-turnover sit-down restaurant 

 13,500 sq. ft. of office 

 15 single-family homes 

 7 mid-rise residential units 

 

Site access is proposed via two full movement intersections on NC 22. It should be noted the 

northern site drive will be utilized as a service driveway and the southern site drive will align 

with the existing roadway of Reservoir Park Drive. Refer to Figure 2 for a copy of the 

preliminary site plan. 
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1.3. Adjacent Land Uses 

The proposed development is located in an area consisting primarily of undeveloped land and 

residential development. It should be noted the existing office building on-site will be 

renovated to be incorporated in the development.  

 

1.4. Existing Roadways 

Existing lane configurations (number of traffic lanes on each intersection approach), lane 

widths, storage capacities, and other intersection and roadway information was collected 

through field reconnaissance by Ramey Kemp & Associates, Inc. (RKA). Table 1 provides a 

summary of the field data collected. Refer to Figure 3 for an illustration of the existing lane 

configurations within the study area.  

 

Table 1: Existing Roadway Inventory 

Road Name 
Route 

Number 
Speed Limit 

Maintained 

By 

AADT 

(vpd) 

Central Drive NC 22 45 mph NCDOT 8,000 

Airport Road SR 1843 45 mph NCDOT 6,000 

Olivetree Lane N/A 
25 mph 

(assumed) 
Private Entity 900* 

Mill Creek Road N/A  20 mph Private Entity 1,500* 

Poverty Hill Circle SR 1953 
25 mph 

(assumed) 
NCDOT 100* 

Fen Court N/A 15 mph Private Entity 300* 

Reservoir Park 

Drive 
N/A 20 mph Private Entity 40* 

Aiken Road SR 1853 35 mph NCDOT 2,800 

Pee Dee Road SR 1848 35 mph NCDOT 4,000 

* ADT based on the traffic counts from 2018 and assuming the weekday PM peak hour 

volume is 10% of the average daily traffic.  
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2. EXISTING (2018) PEAK HOUR CONDITIONS 

2.1. Existing (2018) Peak Hour Traffic 

Existing peak hour traffic volumes were determined based on traffic counts conducted at the 

study intersections listed below, in January 2018 by RKA during a typical weekday AM (7:00 

AM – 9:00 AM) and PM (4:00 PM – 6:00 PM) peak periods: 

 NC 22 and Olivetree Lane 

 NC 22 and Mill Creek Road (PM Only) 

 NC 22 and Fen Court (PM Only) 

 NC 22 and Reservoir Park Drive (PM Only) 

 NC 22 and Pee Dee Road 

 

The following study intersection traffic counts were taken from the adjacent development TIA, 

Advanced Career Center. These counts were taken in September 2016 by RKA during a typical 

weekday AM (7:00 AM – 9:00 AM) peak period: 

 NC 22 and Mill Creek Road 

 NC 22 and Fen Court 

 NC 22 and Reservoir Park Drive 

 

The following study intersection traffic counts were taken from the adjacent development TIA, 

Knollwood School. These counts were taken in October 2016 by NDS during a typical 

weekday AM (7:00 AM – 9:00 AM) and PM (4:00 PM – 6:00 PM) peak periods: 

 NC 22 and Aiken Road 

 

The following study intersection traffic counts were taken from the adjacent development TIA, 

Ravensbrook Residential. These counts were taken in June 2017 by J.M. Teague Engineering 

and Planning during a typical weekday AM (7:00 AM – 9:00 AM) and PM (4:00 PM – 6:00 

PM) peak periods: 

 NC 22 and Airport Road 

 

Traffic volumes utilized from the year 2016 or 2017 were grown at an annual rate of 2% to 

generate projected (2018) weekday AM and PM peak hour traffic volumes. Additionally, 

traffic volumes were balanced between study intersections, where appropriate. It should be 
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noted that traffic counts were not conducted at the intersection of Mill Creek Road and Poverty 

Hill Circle and a conservative trip generation for four (4) single-family homes was utilized and 

distributed to the turning movements. Refer to Figure 4 for existing (2018) weekday AM and 

PM peak hour traffic volumes. A copy of the count data and trip generation calculations is 

located in Appendix A of this report.  

 

2.2. Analysis of Existing (2018) Peak Hour Traffic 

The existing (2018) weekday AM and PM peak hour traffic volumes were analyzed to 

determine the current levels of service at the study intersections under existing roadway 

conditions. The results of the analysis are presented in Section 7 of this report. 
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3. BACKGROUND (2019) PEAK HOUR CONDITIONS 

In order to account for growth of traffic and subsequent traffic conditions at a future year, 

background traffic projections are needed. Background traffic is the component of traffic due 

to the growth of the community and surrounding area that is anticipated to occur regardless of 

whether or not the proposed development is constructed. Background traffic is comprised of 

existing traffic growth within the study area and additional traffic created as a result of 

adjacent approved developments. 

 

3.1. Ambient Traffic Growth 

Through coordination with the Town and NCDOT, it was determined that an annual growth 

rate of 2% would be used to generate projected (2019) weekday AM and PM peak hour traffic 

volumes. Through coordination with the Town, it was determined that an annual growth rate of 

1% would be used to project the existing traffic volumes to the future years 2028 and 2038. 

Due to the unknown nature of the surrounding area in the next twenty years, a 1% growth rate 

would provide a conservative estimate of background traffic growth for the future years 2028 

and 2038. Refer to Figure 5 for projected (2019) peak hour traffic. 

 

3.2. Adjacent Development Traffic 

Through coordination with the Town, several developments were identified to be included as 

an adjacent development in this study. The traffic generated by these proposed adjacent 

developments is in addition to the growth rate discussed in Section 3.1. 

 

Knollwood is a proposed elementary school development that will have a maximum 

enrollment capacity of 800 student and serve grades K-5.  The development is proposed to be 

located on the south side of Camp Easter Road in Southern Pines, NC and is expected to be 

built out by 2019. It should be noted the site trips were distributed at the intersection of NC 22 

and Airport Road based on the approved site trip distribution for the Advanced Career Center 

adjacent development.  

 

Ravensbrook is a proposed residential development to consist of 100 single-family homes. The 

development is proposed to be located along Waynor Road in Southern Pines, NC and is 

expected to be built out by 2020.  
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Advanced Career Center is a proposed school development that will have approximately 400 

students attending one AM shift and one PM shift, for a total capacity of 800 students per day.  

The development is proposed to be located west of NC 22 and north of Reservoir Park Drive in 

Southern Pines, NC and is expected to be built out by 2019.  

 

Adjacent development trips are shown in Figure 6. Adjacent development information can be 

found in Appendix C. 

 

3.3. Future Roadway Improvements 

Based on coordination with the NCDOT and the Town, it was determined there were no future 

roadway improvements to consider with this study. 

 

3.4. Background (2019, 2028, 2038) Peak Hour Traffic Volumes 

The background (2019, 2028, and 2038) traffic volumes were determined by projecting the 

existing (2018) peak hour traffic to the future years. Refer to Figures 7-9 for an illustration of 

the background (2019, 2028, and 2038) peak hour traffic volumes at the study intersections. 

 

3.5. Analysis of Background (2019) Peak Hour Traffic Conditions 

The background (2019) AM and PM peak hour traffic volumes at the study intersections were 

analyzed with future geometric roadway conditions and traffic control. The analysis results are 

presented in Section 7 of this report. 
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4. SITE TRIP GENERATION AND DISTRIBUTION 

4.1. Trip Generation 

The proposed development is assumed to consist of approximately 15 single-family homes, 7 

mid-rise residential units (apartments), 14,812 s.f. of warehousing, 13,500 s.f. of office, 5,000 

s.f. of retail, and a 5,920 sq. ft. high-turnover sit-down restaurant. Average weekday daily, AM 

peak hour, and PM peak hour trips for the proposed development were estimated using 

methodology contained within the ITE Trip Generation Manual, 10th Edition. Table 2 

provides a summary of the trip generation potential for the site.  

 

Table 2: Trip Generation Summary 

Land Use 

(ITE Code) 
Intensity 

Daily 

Traffic 

(vpd) 

AM Peak 

Hour Trips 

(vph) 

PM Peak 

Hour Trips 

(vph) 

Enter Exit Enter Exit 

Warehousing (150) 14,812 s.f. 30 2 1 2 1 

Single Family Detached (210) 15 units 150 3 8 9 6 

Mid-Rise Residential (221) 7 units 60 1 2 3 1 

Office (710) 13,500 s.f. 160 34 5 3 14 

Shopping Center (820) 5,000 s.f. 790 31 21 28 31 

High-Turnover Sit-Down 

Restaurant (932)  
5,920 s.f. 670 47 36 54 49 

Total Trips (Before Internal Capture) 1,860 90 54 99 102 

Internal Capture (10% PM) -- -- -9 -10 

Total External Trips 90 54 90 92 

Shopping Center Pass-By Trips (34% PM) -- -- -9 -9 

High-Turnover Sit-Down Restaurant (43% PM) -- -- -20 -20 

Total Primary Trips 90 54 61 63 

1 Rates were utilized instead of equations to accurately depict the anticipated trip generation. Due to 

the size of the shopping center, utilizing the equation overestimates the anticipated trip generation by 

approximately 150 site trips. 
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It is estimated that the proposed development will generate approximately 1,860 total site trips 

on the roadway network during a typical 24-hour weekday period. Of the daily traffic volume, 

it is anticipated that 144 trips (90 entering and 54 exiting) will occur during the AM peak hour 

and 201 trips (99 entering and 102 exiting) will occur during the PM peak hour.  

 

Internal capture of trips between the office, residential, and retail uses was considered in this 

study. Internal capture is the consideration for trips that will be made within the site between 

different land uses, so the vehicle technically never leaves the internal site but can still be 

considered as a trip to that specific land use. Internal capture typically only considers trips 

between residential, office, and retail/restaurant land uses. Based on ITE 9th Edition 

methodology, a PM peak hour internal capture rate of 11% was calculated. To be conservative, 

a PM peak hour internal capture rate of 10% was utilized. The internal capture reductions are 

expected to account for approximately 19 trips (9 entering and 10 exiting) during the PM peak 

hour. 

 

Pass-by trips were also taken into consideration in this study. Pass-by trips are made by the 

traffic already using the adjacent roadway, entering the site as an intermediate stop on their 

way to another destination. Pass-by percentages are applied to site trips after adjustments for 

internal capture. Pass-by trips are expected to account for approximately 58 trips (29 entering 

and 29 exiting) during the weekday PM peak hour. It should be noted that the pass-by trips 

were balanced, as it is likely that these trips would enter and exit in the same hour. The 

reduction due to pass-by trips was calculated after the reduction due to internal capture was 

considered. 

 

The total primary site trips are the calculated site trips after the reduction for internal capture 

and pass-by trips. Primary site trips are expected to generate approximately 144 trips (90 

entering and 54 exiting) during the AM peak hour and 124 trips (61 entering and 63 exiting) 

will occur during the PM peak hour.  
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4.2. Site Trip Distribution and Assignment 

Trip distribution percentages used in assigning site traffic for this development were estimated 

based on a combination of existing traffic patterns, population centers adjacent to the study 

area, and engineering judgment. It is estimated that trips will be distributed as follows: 

 

Residential Site Trip Distribution: 

 25% to/from the south via NC 22 

 20% to/from the north via NC 22 

 15% to/from the east via Airport Road 

 15% to/from the west via Airport Road 

 15% to/from the west via Pee Dee Road 

 10% to/from the east via Aiken Road 

 

Retail / Office Site Trip Distribution: 

 20% to/from the north via NC 22 

 20% to/from the south via NC 22 

 20% to/from the west via Airport Road 

 15% to/from the east via Airport Road 

 10% to/from the west via Pee Dee Road 

 10% to/from the east via Aiken Road 

 5% to/from the west via Fen Court and Olivetree Lane 

 

The site trip distribution is shown in Figure 10. Refer to Figure 11a for the residential site trip 

assignment, Figure 11b for the retail site trip assignment, and Figure 11c for the office site trip 

assignment.  

 

The pass-by site trips were distributed based on existing traffic patterns with consideration 

given to the proposed driveway access and site layout. Refer to Figure 12 for the PM pass-by 

site trip distribution. Pass-by site trips are shown in Figure 13.  

 

The total site trips were determined by adding the primary site trips and the pass-by site trips. 

Refer to Figure 14 for the total peak hour site trips at the study intersections. 
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Figure 11c
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5. COMBINED (2019) TRAFFIC CONDITIONS 

5.1. Combined (2019) Peak Hour Traffic Volumes 

To estimate traffic conditions with the site fully built-out, the total site trips were added to the 

background (2019) traffic volumes to determine the combined (2019) traffic volumes. Refer to 

Figure 15 for an illustration of the combined (2019) peak hour traffic volumes with the 

proposed site fully developed. 

 

5.2. Analysis of Combined (2019) Peak Hour Traffic 

Study intersections were analyzed with the combined (2019) traffic volumes using the same 

methodology previously discussed for existing and background traffic conditions. Intersections 

were analyzed with improvements necessary to accommodate future traffic volumes. The 

results of the capacity analysis for each intersection are presented in Section 7 of this report. 

PD-12-21 Waterworks Ph. 1 PDP January 2022 Planning Board 81 of 110



Scale: Not to Scale

Waterworks Development
Southern Pines, NC

SITE
Site 

Drive

Service
Drive

N

Airport
Road

Olivetree 
Lane

Fen
Court

Resevoir Park
Drive

Aiken
Road

Pee Dee
Road

Mill Creek
Road

P
ov

er
ty

 H
il

l
C

ir
cl

e

N
C

 2
2

Figure 15
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6. FUTURE (2028 and 2038) TRAFFIC CONDITIONS 

6.1. Future (2028 and 2038) Peak Hour Traffic Volumes 

To estimate traffic conditions with the site fully built-out in future years, the total site trips 

were added to the background (2028 and 2038) traffic volumes to determine the future (2028 

and 2038) traffic volumes. Refer to Figures 16 and 17 for an illustration of the future (2028 

and 2038) peak hour traffic volumes with the proposed site fully developed. 

 

6.2. Analysis of Future (2028 and 2038) Peak Hour Traffic 

Study intersections were analyzed with the future (2028 and 2038) traffic volumes using the 

same methodology previously discussed for existing and background traffic conditions. The 

results of the capacity analysis for each intersection are presented in Section 7 of this report. 
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Figure 16
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Figure 17
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7. TRAFFIC ANALYSIS PROCEDURE 

Study intersections were analyzed using the methodology outlined in the 2010 Highway 

Capacity Manual (HCM) published by the Transportation Research Board. Capacity and level 

of service are the design criteria for this traffic study. A computer software package, Synchro 

(Version 9.2), was used to complete the analyses for most of the study area intersections. 

Please note that the unsignalized capacity analysis does not provide an overall level of service 

for an intersection; only delay for an approach with a conflicting movement.  

 

The HCM defines capacity as “the maximum hourly rate at which persons or vehicles can 

reasonably be expected to traverse a point or uniform section of a lane or roadway during a 

given time period under prevailing roadway, traffic, and control conditions.” Level of service 

(LOS) is a term used to represent different driving conditions, and is defined as a “qualitative 

measure describing operational conditions within a traffic stream, and their perception by 

motorists and/or passengers.” Level of service varies from Level “A” representing free flow, to 

Level “F” where breakdown conditions are evident. Refer to Table 3 for HCM levels of service 

and related average control delay per vehicle for both signalized and unsignalized 

intersections. Control delay as defined by the HCM includes “initial deceleration delay, queue 

move-up time, stopped delay, and final acceleration delay”. An average control delay of 50 

seconds at a signalized intersection results in LOS “D” operation at the intersection. 

 

Table 3: Highway Capacity Manual – Levels-of-Service and Delay 

UNSIGNALIZED INTERSECTION SIGNALIZED INTERSECTION 

LEVEL OF 

SERVICE 

AVERAGE CONTROL 

DELAY PER VEHICLE 

(SECONDS) 

LEVEL OF 

SERVICE 

AVERAGE CONTROL 

DELAY PER VEHICLE 

(SECONDS) 

A 

B 

C 

D 

E 

F 

0-10 

10-15 

15-25 

25-35 

35-50 

>50 

A 

B 

C 

D 

E 

F 

0-10 

10-20 

20-35 

35-55 

55-80 

>80 

 

Round-a-bout intersections were analyzed utilizing a computer software package, Sidra 

Intersections (Version 6.1), which is an NCDOT approved analysis software. Sidra 

Intersections provides a level of service for each approach and the overall intersection.  
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7.1. Adjustments to Analysis Guidelines 

Capacity analysis at all study intersections was completed according to the Town’s UDO and 

NCDOT Congestions Management Guidelines. 
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8. CAPACITY ANALYSIS 

8.1. NC 22 and Airport Road 

The existing round-a-bout at NC 22 and Airport Road was analyzed under existing (2018), 

background (2019), combined (2019), future (2028), and future (2038) traffic conditions with 

existing lane configurations and traffic control. Refer to Table 4 for a summary of the analysis 

results. Copies of the SIDRA analysis output reports are provided in Appendix D. 

 

Table 4: Analysis Summary of NC 22 and Airport Road 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH, 1 RT 

B 

B 

B 

B 

B 

(12) 

B 

B 

B 

A 

B 

(12) 

Background (2019) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH, 1 RT 

D 

D 

B 

C 

C 

(28) 

B 

C 

E 

A 

C 

(30) 

Combined (2019) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH, 1 RT 

E 

D 

B 

C 

D 

(36) 

B 

C 

E 

A 

D 

(36) 

Future (2028) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH, 1 RT 

F 

F 

B 

D 

D 

(54) 

C 

C 

F 

A 

D 

(52) 

Future (2038) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH-RT 

1 LT-TH, 1 RT 

F 

F 

C 

D 

F 

(83) 

C 

C 

F 

A 

F 

(81) 

Future (2038) 

Conditions - Improved 

EB 

WB 

NB 

SB 

1 LT-TH, 1 RT 

1 LT-TH-RT 

1 LT-TH, 1 RT 

1 LT-TH, 1 RT 

C 

F 

B 

D 

D 

(53) 

B 

E 

C 

A 

C 

(28) 
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Capacity analysis indicates that the round-a-bout at the intersection of NC 22 and Airport Road 

is expected to operate at an overall LOS D or better under all analysis scenarios during the 

weekday AM and PM peak hours, except under future (2038) traffic conditions which is 

expected to operate at an overall LOS F during both AM and PM peak hours. To improve the 

round-a-bout level-of-service, additional laneage was considered in the form of an exclusive 

eastbound right-turn slip lane and an exclusive northbound right-turn slip lane. Under future 

(2038) improved traffic conditions, the round-a-bout is expected to operate at an overall LOS 

D during the weekday AM peak hour and an overall LOS C during the weekday PM peak hour.  

 

It should be noted that this improvement is triggered due to the background traffic growth (not 

proposed site traffic) in the surrounding area. Traffic counts should be conducted in the future 

to determine if the turn lanes will be necessary to improve overall traffic conditions at the 

round-a-bout. 
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8.2. NC 22 and Olivetree Lane 

The existing unsignalized intersection of NC 22 and Olivetree Lane was analyzed under 

existing (2018), background (2019), combined (2019), future (2028), and future (2038) traffic 

conditions with existing lane configurations and traffic control. Refer to Table 5 for a summary 

of the analysis results. Refer to Appendix E for the Synchro capacity analysis reports. 

 

Table 5: Analysis Summary of NC 22 and Olivetree Lane 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

C2 

A1 

-- 

N/A 
C2 

A1 

-- 
N/A 

Background (2019) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

E2 

B1 

-- 

N/A 
D2 

A1 

-- 
N/A 

Combined (2019) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

F2 

B1 

-- 

N/A 
D2 

A1 

-- 
N/A 

Combined (2019) 

Conditions - Signalized 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

C 

A 

A 

A 

(6) 

B 

A 

A 

A 

(6) 

Future (2028) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

F2 

B1 

-- 

N/A 
D2 

A1 

-- 
N/A 

Future (2028) 

Conditions - Signalized 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

C 

A 

A 

A 

(6) 

B 

A 

A 

A 

(6) 

Future (2038) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

F2 

B1 

-- 

N/A 
E2 

A1 

-- 
N/A 

Future (2038) 

Conditions - Signalized 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT, 1 TH 

1 TH, 1 RT 

C 

A 

A 

A 

(7) 

B 

A 

A 

A 

(7) 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

 

Capacity analysis of all analysis scenarios indicates all major-street left-turn movements are 

expected to operate at LOS B or better during both weekday AM and PM peak hours. Under 

existing (2018) traffic conditions, the eastbound approach is expected to operate at LOS C 
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during both weekday AM and PM peak hours. Under background (2019) traffic conditions, the 

eastbound approach is expected to operate at LOS E during the weekday AM peak hour and 

LOS D during the weekday PM peak hour. Under combined (2019) traffic conditions, the 

eastbound approach is expected to operate at LOS F during the weekday AM peak hour and 

LOS D during the weekday PM peak hour.  

 

It should be noted the poor level-of-service experienced at this intersection is not uncommon 

for unsignalized minor-street approaches at a mainline with heavy volumes. The westbound 

approach was observed to operate with minimal delay and queuing in the SimTraffic 

simulation. During both weekday peak hours, the eastbound approach is expected to have a 

queue of approximately three (3) vehicles. Under future (2028) traffic conditions, the 

eastbound approach is expected to operate at LOS F during the weekday AM peak hour and 

LOS D during the weekday PM peak hour. Under future (2038) traffic conditions, the 

eastbound approach is expected to operate at LOS F during the weekday AM peak hour and 

LOS E during the weekday PM peak hour.  

 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approach. Therefore, to meet the Town UDO guidelines of achieving an LOS D or better, 

a traffic signal was considered at this intersection. With signalization, the intersection is 

expected to operate at an overall LOS A during both weekday AM and PM peak hours, under 

combined (2019) and future (2028/2038) traffic conditions.  

 

Additionally, the combined (2019) and future (2028)/2038) traffic volumes were analyzed 

utilizing the criteria contained in the Manual on Uniform Traffic Control Devices (MUTCD). 

It should be noted that a traffic signal was not warranted during any of the weekday peak hours 

under combined (2019) and future (2028/2038) traffic conditions, and it is unlikely that a 4-

hour or 8-hour signal warrant would be met due to the nature of the development on Olivetree 

Lane, which are preferred by the NCDOT for installation of signals. This improvement is the 

only improvement that would provide gaps in the mainline traffic to allow minor-street traffic 

to turn since separate turn lanes are already provided for the minor-street approach. 
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8.3. NC 22 and Mill Creek Road 

The existing unsignalized intersection of NC 22 and Mill Creek Road was analyzed under 

existing (2018), background (2019), combined (2019), future (2028), and future (2038) traffic 

conditions with existing lane configurations and traffic control. Refer to Table 6 for a summary 

of the analysis results. Refer to Appendix F for the Synchro capacity analysis reports. 

 

Table 6: Analysis Summary of NC 22 and Mill Creek Road 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

C2 

-- 

A1 

N/A 
C2 

-- 

A1 
N/A 

Background (2019) 

Conditions 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

E2 

-- 

A1 

N/A 
D2 

-- 

A1 
N/A 

Combined (2019) 

Conditions 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

E2 

-- 

A1 

N/A 
D2 

-- 

A1 
N/A 

Combined (2019) 

Conditions - Signalized 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

B 

A 

A 

A 

(6) 

B 

A 

A 

A 

(7) 

Future (2028) 

Conditions 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

F2 

-- 

A1 

N/A 
D2 

-- 

A1 
N/A 

Future (2028) 

Conditions - Signalized 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

C 

A 

A 

A 

(6) 

B 

A 

A 

A 

(7) 

Future (2038) 

Conditions 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

F2 

-- 

A1 

N/A 
E2 

-- 

A1 
N/A 

Future (2038) 

Conditions - Signalized 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH, 1 RT 

1 LT, 1 TH 

C 

A 

B 

A 

(9) 

B 

A 

A 

A 

(8) 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

 

Capacity analysis of all analysis scenarios indicates all major-street left-turn movements are 

expected to operate at LOS A during both weekday AM and PM peak hours. Under existing 
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(2018) traffic conditions, the westbound approach is expected to operate at LOS C during both 

weekday AM and PM peak hours. Under background (2019) and combined (2019) traffic 

conditions, the westbound approach is expected to operate at LOS E during the weekday AM 

peak hour and LOS D during the weekday PM peak hour.  

 

It should be noted the poor level-of-service experienced at this intersection is not uncommon 

for unsignalized minor-street approaches at a mainline with heavy volumes. The westbound 

approach was observed to operate with minimal delay and queuing in the SimTraffic 

simulation. During both weekday peak hours, the westbound approach is expected to have a 

queue of approximately three (3) vehicles. Under future (2028/2038) traffic conditions, the 

westbound approach is expected to operate at LOS F during the weekday AM peak hour and 

LOS E or better during the weekday PM peak hour. 

 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approach. Therefore, to meet the Town UDO guidelines of achieving an LOS D or better, 

a traffic signal was considered at this intersection. With signalization, the intersection is 

expected to operate at an overall LOS A during both weekday AM and PM peak hours, under 

combined (2019) and future (2028/2038) traffic conditions.  

 

Additionally, the combined (2019) and future (2028)/2038) traffic volumes were analyzed 

utilizing the criteria contained in the Manual on Uniform Traffic Control Devices (MUTCD). 

It should be noted that a traffic signal was not warranted during any of the weekday peak hours 

under combined (2019) and future (2028/2038) traffic conditions, and it is unlikely that a 4-

hour or 8-hour signal warrant would be met, which are preferred by the NCDOT for 

installation of signals.  This improvement is the only improvement that would provide gaps in 

the mainline traffic to allow minor-street traffic to turn since separate turn lanes are already 

provided for the minor-street approach. 
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8.4. Mill Creek Road and Poverty Hill Circle 

The existing unsignalized intersection of Mill Creek Road and Poverty Hill Circle was 

analyzed under existing (2018), background (2019), combined (2019), future (2028), and 

future (2038) traffic conditions with proposed lane configurations and traffic control. Refer to 

Table 7 for a summary of the analysis results. Refer to Appendix G for the Synchro capacity 

analysis reports. 

 

Table 7: Analysis Summary of Mill Creek Road and Poverty Hill Circle 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

EB 

WB 

SB 

1 LT-TH 

1 TH-RT 

1 LT-RT 

A1 

-- 

A2 

N/A 
A1 

-- 

A2 

N/A 

Background (2019) 

Conditions 

EB 

WB 

SB 

1 LT-TH 

1 TH-RT 

1 LT-RT 

A1 

-- 

A2 

N/A 
A1 

-- 

A2 

N/A 

Combined (2019) 

Conditions 

EB 

WB 

SB 

1 LT-TH 

1 TH-RT 

1 LT-RT 

A1 

-- 

A2 

N/A 
A1 

-- 

A2 

N/A 

Future (2028) 

Conditions 

EB 

WB 

SB 

1 LT-TH 

1 TH-RT 

1 LT-RT 

A1 

-- 

A2 

N/A 
A1 

-- 

A2 

N/A 

Future (2038) 

Conditions 

EB 

WB 

SB 

1 LT-TH 

1 TH-RT 

1 LT-RT 

A1 

-- 

A2 

N/A 
A1 

-- 

A2 

N/A 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

 

Capacity analysis under all analysis scenarios indicates all minor-street approaches and major-

street left-turn movements at the intersection of Mill Creek Road and Poverty Hill Circle are 

expected to operate at LOS A during the weekday AM and PM peak hours.  
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8.5. NC 22 and Fen Court 

The existing unsignalized intersection of NC 22 and Fen Court was analyzed under existing 

(2018), background (2019), combined (2019), future (2028), and future (2038) traffic 

conditions with proposed lane configurations and traffic control. Refer to Table 8 for a 

summary of the analysis results. Refer to Appendix H for the Synchro capacity analysis 

reports. 

 

Table 8: Analysis Summary of NC 22 and Fen Court 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

EB 

NB 

SB 

1 RT 

1 TH 

1 TH, 1 RT 

B2 

-- 

-- 

N/A 
B2 

-- 

-- 
N/A 

Background (2019) 

Conditions 

EB 

NB 

SB 

1 RT 

1 TH 

1 TH, 1 RT 

C2 

-- 

-- 

N/A 
B2 

-- 

-- 
N/A 

Combined (2019) 

Conditions 

EB 

NB 

SB 

1 RT 

1 TH 

1 TH, 1 RT 

C2 

-- 

-- 

N/A 
B2 

-- 

-- 
N/A 

Future (2028) 

Conditions 

EB 

NB 

SB 

1 RT 

1 TH 

1 TH, 1 RT 

C2 

-- 

-- 

N/A 
B2 

-- 

-- 
N/A 

Future (2038) 

Conditions 

EB 

NB 

SB 

1 RT 

1 TH 

1 TH, 1 RT 

C2 

-- 

-- 

N/A 
B2 

-- 

-- 
N/A 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

 

Capacity analysis under all analysis scenarios indicates all minor-street approaches at the 

intersection of NC 22 and Fen Court are expected to operate at LOS C or better during the 

weekday AM and PM peak hours.  
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8.6. NC 22 and Reservoir Park Drive / Site Driveway 

The existing unsignalized intersection of NC 22 and Reservoir Park Drive was analyzed under 

existing (2018) and background (2019) traffic conditions with existing lane configurations and 

traffic control. It should be noted the proposed site driveway will align with Reservoir Park 

Drive. The proposed unsignalized intersection of NC 22 and Reservoir Park Drive / Site 

Driveway was analyzed under combined (2019), future (2028), and future (2038) traffic 

conditions with proposed lane configuration and traffic control. Refer to Table 9 for a 

summary of the analysis results. Refer to Appendix I for the Synchro capacity analysis reports. 

 

Table 9: Analysis Summary of NC 22 and Reservoir Park Drive / Site Driveway 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

EB 

NB 

SB 

1 LT-RT 

1 LT-TH 

1 TH-RT 

C2 

A1 

-- 

N/A 
C2 

A1 

-- 
N/A 

Background (2019) 

Conditions 

EB 

NB 

SB 

1 LT-RT 

1 LT-TH 

1 TH-RT 

D2 

A1 

-- 

N/A 
C2 

A1 

-- 
N/A 

Combined (2019) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH, 1 RT 

1 LT-TH, 1 RT 

1 LT, 1 TH-RT 

F2 

E2 

A1 

A1 

N/A 

E2 

E2 

A1 

A1 

N/A 

Combined (2019) 

Conditions - Signalized 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH, 1 RT 

1 LT-TH, 1 RT 

1 LT, 1 TH-RT 

C 

C 

B 

B 

B 

(13) 

B 

B 

B 

A 

B 

(11) 

Future (2028) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH, 1 RT 

1 LT-TH, 1 RT 

1 LT, 1 TH-RT 

F2 

F2 

A1 

A1 

N/A 

E2 

E2 

A1 

A1 

N/A 

Future (2028) 

Conditions - Signalized 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH, 1 RT 

1 LT-TH, 1 RT 

1 LT, 1 TH-RT 

C 

C 

B 

B 

B 

(14) 

B 

B 

B 

A 

B 

(11) 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

Recommended improvements by the developer are shown in BOLD. 
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Table 9: Analysis Summary of NC 22 and Reservoir Park Drive / Site Driveway [cont.] 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Future (2038) 

Conditions 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH, 1 RT 

1 LT-TH, 1 RT 

1 LT, 1 TH-RT 

F2 

F2 

A1 

A1 

N/A 

F2 

F2 

A1 

B1 

N/A 

Future (2038) 

Conditions - Signalized 

EB 

WB 

NB 

SB 

1 LT-TH-RT 

1 LT-TH, 1 RT 

1 LT-TH, 1 RT 

1 LT, 1 TH-RT 

C 

C 

B 

B 

B 

(16) 

C 

C 

B 

B 

B 

(15) 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

Recommended improvements by the developer are shown in BOLD. 

 

Capacity analysis of existing (2018) and background (2019) traffic conditions indicates all 

major-street left-turn movements are expected to operate at LOS A and all minor-street 

approaches are expected to operate at LOS D or better during both weekday AM and PM peak 

hours.  

 

To determine whether additional turn lanes should be considered at this intersection, the 

methodology outlined in the Policy on Street and Driveway Access to North Carolina 

Highways (published by the NCDOT) was utilized. Based on the findings from the turn lane 

warrant analysis, the intersection of NC 22 and Reservoir Park Drive / Site Driveway meets the 

criteria to warrant an exclusive southbound left-turn lane and northbound right-turn lane into 

the proposed site.  Under combined (2019) traffic conditions, all major-street left-turn 

movements are expected to operate at LOS A and all minor-street approaches are expected to 

operate at LOS E during the weekday AM and PM peak hours, except for the eastbound minor-

street approach which is expected to operate at LOS F during the weekday AM peak hour.  

 

It should be noted the poor level-of-service experienced at this intersection is not uncommon 

for unsignalized minor-street approaches at a mainline with heavy volumes. The westbound 

approach was observed to operate with minimal delay and queuing in the SimTraffic 

simulation. During both weekday peak hours, the minor-street approaches are expected to have 
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a queue of approximately three (3) vehicles or less. Under future (2028/2038) traffic 

conditions, the minor-street approaches are expected to operate at LOS F during the weekday 

AM peak hour and LOS F or better during the weekday PM peak hour. 

 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approach. Therefore, to meet the Town UDO guidelines of achieving an LOS D or better, 

a traffic signal was considered at this intersection. With signalization, the intersection is 

expected to operate at an overall LOS B during both weekday AM and PM peak hours, under 

combined (2019) and future (2028/2038) traffic conditions.  

 

Additionally, the combined (2019) and future (2028)/2038) traffic volumes were analyzed 

utilizing the criteria contained in the Manual on Uniform Traffic Control Devices (MUTCD). 

It should be noted that a traffic signal was not warranted during any of the weekday peak hours 

under combined (2019) and future (2028/2038) traffic conditions.  A full signal warrant 

analysis may be necessary upon full-build out to determine if this intersection will satisfy the 

MUTCD 8-hour and 4-hour warrants, which NCDOT favors for installation of a traffic signal; 

however, these longer period warrants are not expected to be met based on the trip generation 

for the proposed site. 
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8.7. NC 22 and Aiken Road 

The existing unsignalized intersection of NC 22 and Aiken Road was analyzed under existing 

(2018), background (2019), combined (2019), future (2028), and future (2038) traffic 

conditions with existing lane configurations and traffic control. Refer to Table 10 for a 

summary of the analysis results. Refer to Appendix J for the Synchro capacity analysis reports. 

 

Table 10: Analysis Summary of NC 22 and Aiken Road 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

WB 

NB 

SB 

1 LT-RT 

1 TH-RT 

1 LT-TH 

C2 

-- 

A1 

N/A 
C2 

-- 

A1 

N/A 

Background (2019) 

Conditions 

WB 

NB 

SB 

1 LT-RT 

1 TH-RT 

1 LT-TH 

D2 

-- 

A1 

N/A 
C2 

-- 

A1 

N/A 

Combined (2019) 

Conditions 

WB 

NB 

SB 

1 LT-RT 

1 TH-RT 

1 LT-TH 

D2 

-- 

A1 

N/A 
C2 

-- 

A1 

N/A 

Future (2028) 

Conditions 

WB 

NB 

SB 

1 LT-RT 

1 TH-RT 

1 LT-TH 

E2 

-- 

A1 

N/A 
C2 

-- 

A1 

N/A 

Future (2028) 

Conditions - Improved 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH-RT 

1 LT-TH 

D2 

-- 

A1 

N/A 
C2 

-- 

A1 

N/A 

Future (2038) 

Conditions 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH-RT 

1 LT-TH 

E2 

-- 

B1 

N/A 
C2 

-- 

A1 

N/A 

Future (2028) 

Conditions - Signalized 

WB 

NB 

SB 

1 LT, 1 RT 

1 TH-RT 

1 LT-TH 

C 

A 

B 

B 

(13) 

B 

A 

A 

A 

(8) 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

Recommended improvements to maintain LOS D or better shown in BOLD. 

 

Capacity analysis of existing (2018), background (2019), and combined (2020) traffic 

conditions indicates the major-street left-turn movement is expected to operate at LOS A and 

the minor-street approach is expected to operate at LOS D or better during both weekday AM 

and PM peak hours. Under future (2028) traffic conditions, the major-street left-turn 
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movement is expected to operate at LOS A and the minor-street approach is expected to 

operate at LOS E during the weekday AM peak hour and LOS C during the PM peak hour.  

 

It should be noted the poor level-of-service experienced at this intersection is not uncommon 

for unsignalized minor-street approaches at a mainline with heavy volumes. To improve the 

minor-street approach level-of-service, additional laneage was considered in the form of an 

exclusive westbound right-turn lane. This improvement is triggered due to the background 

traffic growth in the surrounding area and new traffic counts should be conducted in the future 

to determine if the turn lane would be necessary to improve traffic conditions at the 

intersection. Under future (2028) improved traffic conditions, the minor-street approach is 

expected to operate at LOS D or better during both weekday AM and PM peak hours. 

 

Under future (2038) traffic conditions, the minor-street approach is expected to operate at LOS 

E during the weekday AM peak hour and LOS C during the weekday PM peak hour. 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approach. Therefore, to meet the Town UDO guidelines of achieving an LOS D or better, 

a traffic signal was considered at this intersection. With signalization, the intersection is 

expected to operate at an overall LOS B or better during both weekday AM and PM peak 

hours, under future (2038) traffic conditions.  

 

Additionally, the future (2038) peak hour traffic volumes were analyzed utilizing the criteria 

contained in the Manual on Uniform Traffic Control Devices (MUTCD). This intersection met 

only the weekday AM peak hour warrant for signalization. A full signal warrant analysis may 

be necessary in the future to determine if this intersection will satisfy the MUTCD 8-hour and 

4-hour warrants, which NCDOT favors for installation of a traffic signal; however, these 

longer period warrants are not typically met for residential areas due to the distinct peak traffic 

periods for residential developments.  
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8.8. NC 22 and Pee Dee Road 

The existing unsignalized intersection of NC 22 and Pee Dee Road was analyzed under 

existing (2018), background (2019), combined (2019), future (2028), and future (2038) traffic 

conditions with existing lane configurations and traffic control. Refer to Table 11 for a 

summary of the analysis results. Refer to Appendix K for the Synchro capacity analysis 

reports. 

 

Table 11: Analysis Summary of NC 22 and Pee Dee Road 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Existing (2018) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT-TH 

1 TH, 1 RT 

C2  

A1 

-- 
N/A 

C2  

A1 

-- 

N/A 

Background (2019) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT-TH 

1 TH, 1 RT 

D2  

A1 

-- 
N/A 

D2  

A1 

-- 

N/A 

Combined (2019) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT-TH 

1 TH, 1 RT 

D2  

A1 

-- 
N/A 

D2  

A1 

-- 

N/A 

Future (2028) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT-TH 

1 TH, 1 RT 

F2  

A1 

-- 
N/A 

E2  

A1 

-- 

N/A 

Future (2028) 

Conditions - Signalized 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT-TH 

1 TH, 1 RT 

B 

B 

A 

B 

(11) 

B 

B 

A 

A 

(10) 

Future (2038) 

Conditions 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT-TH 

1 TH, 1 RT 

F2  

A1 

-- 
N/A 

F2  

A1 

-- 

N/A 

Future (2038) 

Conditions - Signalized 

EB 

NB 

SB 

1 LT, 1 RT 

1 LT-TH 

1 TH, 1 RT 

B 

B 

A 

B 

(12) 

B 

B 

A 

B 

(11) 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

 

Capacity analysis of existing (2018), background (2019), combined (2019) traffic conditions 

indicates all minor-street approaches are expected to operate at LOS D or better during both 

weekday AM and PM peak hours. Under all analysis scenarios, the major-street left-turn 

movement is expected to operate at LOS A during both the weekday AM and PM peak hours. 
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Under future (2028) traffic conditions, the minor-street approach is expected to operate at LOS 

E during both weekday AM and PM peak hours. Under future (2038) traffic conditions, the 

minor-street approach is expected to operate at LOS F during both the weekday AM and PM 

peak hours. It should be noted the poor level-of-service experienced at this intersection is not 

uncommon for unsignalized minor-street approaches at a mainline with heavy volumes. 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approach. Therefore, to meet the Town UDO guidelines of achieving an LOS D or better, 

a traffic signal was considered at this intersection. With signalization, the intersection is 

expected to operate at an overall LOS B or better during both weekday AM and PM peak 

hours, under future (2028/2038) traffic conditions.  

 

Additionally, the combined (2019) and future (2028/2038) peak hour traffic volumes were 

analyzed utilizing the criteria contained in the Manual on Uniform Traffic Control Devices 

(MUTCD). This intersection met both the weekday AM and PM peak hour warrants for 

signalization. A full signal warrant analysis may be necessary in the future to determine if this 

intersection will satisfy the MUTCD 8-hour and 4-hour warrants, which NCDOT favors for 

installation of a traffic signal; however, these longer period warrants are not typically met for 

residential areas due to the distinct peak traffic periods for residential developments. 
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8.9. NC 22 and Service Driveway 

The existing unsignalized intersection of NC 22 and Service Driveway was analyzed under 

combined (2019), future (2028), and future (2038) traffic conditions with existing lane 

configurations and traffic control. Refer to Table 12 for a summary of the analysis results. 

Refer to Appendix L for the Synchro capacity analysis reports. 

 

Table 12: Analysis Summary of NC 22 and Service Driveway 

ANALYSIS 

SCENARIO 

A 

P 

P 

R 

O 

A 

C 

H 

LANE 

CONFIGURATIONS 

WEEKDAY AM 

PEAK HOUR 

LEVEL OF SERVICE 

WEEKDAY PM 

PEAK HOUR 

LEVEL OF SERVICE 

Approach 
Overall 

(seconds) 
Approach 

Overall 

(seconds) 

Combined (2019) 

Conditions 

WB 

NB 

SB 

1 LT-RT 

1 TH-RT 

1 LT-TH 

C2  

A1 

-- 
N/A 

C2  

A1 

-- 

N/A 

Future (2028) 

Conditions 

WB 

NB 

SB 

1 LT-RT 

1 TH-RT 

1 LT-TH 

D2  

A1 

-- 
N/A 

C2  

A1 

-- 

N/A 

Future (2038) 

Conditions 

WB 

NB 

SB 

1 LT-RT 

1 TH-RT 

1 LT-TH 

D2  

A1 

-- 
N/A 

D2  

A1 

-- 

N/A 

1. Level of service for major-street left-turn movement. 

2. Level of service for minor-street approach. 

 

Capacity analysis of combined (2019) traffic conditions indicates all minor-street approaches 

and major-street left-turn movements at the intersection of NC 22 and Service Driveway are 

expected to operate at acceptable levels-of-service during the weekday AM and PM peak 

hours.  
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9. CONCLUSIONS 

This Traffic Impact Analysis was conducted to determine the potential traffic impacts of the 

proposed Waterworks Development, located east of NC 22 and north of Aiken Road in 

Southern Pines, North Carolina. The proposed development is expected to be a mixed-use 

development and be built out in 2019. Site access is proposed via two full movement 

intersections on NC 22. The southern site driveway will align with the existing roadway of 

Reservoir Park Drive.  

 

The study analyzes traffic conditions during the weekday AM and PM peak hours for the 

following scenarios: 

 Existing (2018) Traffic Conditions 

 Background (2019) Traffic Conditions 

 Combined (2019) Traffic Conditions 

 Future (2028) Traffic Conditions – Per Town’s UDO 

 Future (2038) Traffic Conditions – Per Town’s UDO 

 

Trip Generation 

The total primary site trips are the calculated site trips after the reduction for internal capture 

and pass-by trips. Primary site trips are expected to generate approximately 151 trips (94 

entering and 57 exiting) during the AM peak hour and 135 trips (66 entering and 69 exiting) 

will occur during the PM peak hour. Pass-by and internal capture information can be found in 

Section 4.1. 

 

Adjustments to Analysis Guidelines 

Capacity analysis at all study intersections was completed according to the Town’s UDO and 

NCDOT Congestion Management Guidelines.  

 

Intersection Capacity Analysis Summary 

All the study area intersections (including the proposed site driveways) are expected to operate 

at acceptable levels-of-service under existing and future year conditions with the exception of 

the following intersections. A summary of the study area intersections that are expected to 

need improvements are as follows: 
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NC 22 and Airport Road 

Capacity analysis indicates the round-a-bout at NC 22 and Airport Road is expected to operate 

at LOS F during the weekday AM and PM peak hours under future (2038) traffic conditions. 

To improve the round-a-bout level-of-service to meet the Town’s UDO requirements, 

additional laneage was considered in the form of an exclusive eastbound right-turn slip lane 

and an exclusive northbound right-turn slip lane. It should be noted that this improvement is 

triggered due to the background traffic growth in the surrounding area (not the proposed site 

traffic). New traffic counts should be conducted in the future to determine if the turn lanes will 

be necessary to improve overall traffic conditions at the round-a-bout. 

 

NC 22 and Olivetree Lane 

Capacity analysis indicates the minor-street approach is expected to operate at LOS E during 

the weekday AM peak hour under background (2019) traffic conditions. Under combined 

(2019) traffic conditions, the minor-street approach is expected to operate at LOS F during the 

weekday AM peak hour. Under future (2028/2038) traffic conditions, the minor-street 

approach is expected to operate at LOS F during the weekday AM peak hour and LOS E 

during the weekday PM peak hour. It should be noted the eastbound approach was observed to 

operate with minimal delay and queuing in the SimTraffic simulation. Because turn lanes 

already exist at this intersection, a traffic signal was considered to meet the Town’s UDO 

requirements of achieving LOS D or better. The traffic volumes at this intersection do not meet 

peak hour warrants and it is unlikely the 8-hour and 4-hour warrants will be met, which are 

preferred by the NCDOT for installation of signals. No improvements are recommended. 

 

NC 22 and Mill Creek Road 

Capacity analysis indicates the minor-street approach is expected to operate at LOS E during 

the weekday AM peak hour under background (2019) and combined (2019) traffic conditions. 

Under future (2028) traffic conditions, the minor-street approach is expected to operate at LOS 

F during the weekday AM peak hour. Under future (2038) traffic conditions, the minor-street 

approach is expected to operate at LOS F during the weekday AM peak hour and LOS E 

during the weekday PM peak hour. It should be noted the westbound approach was observed to 

operate with minimal delay and queuing in the SimTraffic simulation. Because turn lanes 
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already exist at this intersection, a traffic signal was considered to meet the Town’s UDO 

requirements of achieving LOS D or better. The traffic volumes at this intersection do not meet 

peak hour warrants and it is unlikely the 8-hour and 4-hour warrants will be met, which are 

preferred by the NCDOT for installation of signals. No improvements are recommended. 

 

NC 22 and Reservoir Park Drive / Site Driveway 

Capacity analysis indicates the minor-street approaches are expected to operate at LOS F or 

better during the weekday AM peak hour and LOS E during the weekday PM peak hour under 

combined (2019) traffic conditions. Under future (2028) traffic conditions, the minor-street 

approach is expected to operate at LOS F during the weekday AM peak hour and LOS E 

during the weekday PM peak hour. Under future (2038) traffic conditions, the minor-street 

approach is expected to operate at LOS F during the weekday AM and PM peak hours. It 

should be noted the eastbound approach was observed to operate with minimal delay and 

queuing in the SimTraffic simulation.  

 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approaches. To meet the Town’s UDO requirements of achieving LOS D or better, a 

traffic signal was considered at this intersection. The traffic volumes at this intersection do not 

meet peak hour warrants. A full signal warrant analysis may be necessary upon full-build out 

to determine if this intersection will satisfy the MUTCD 8-hour and 4-hour warrants, which 

NCDOT favors for installation of a traffic signal; however, these longer period warrants are 

not expected to be met based on the trip generation for the proposed site. 

 

NC 22 and Aiken Road 

Capacity analysis indicates the minor-street approach is expected to operate at LOS E during 

the weekday AM peak hour under future (2028) traffic conditions. It should be noted the 

westbound approach was observed to operate with minimal delay and queuing in the 

SimTraffic simulation. To improve the minor-street approach level-of-service to meet the 

Town’s UDO requirement of achieving LOS D or better, additional laneage was considered in 

the form of an exclusive westbound right-turn lane. It should be noted this improvement is 
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triggered due to background traffic growth in the surrounding area (not proposed site traffic). 

New traffic counts should be conducted in the future to determine if the turn lane would be 

necessary to improve traffic conditions at the intersection.  

 

With the addition of the westbound right-turn lane, the minor-street approach is expected to 

operate at LOS E during the weekday AM peak hour under future (2038) traffic conditions. 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approach. To meet the Town’s UDO requirements of achieving LOS D or better, a traffic 

signal was considered at this intersection. This intersection met only the weekday AM peak 

hour warrant for signalization. A full signal warrant analysis may be necessary in the future to 

determine if this intersection will satisfy the MUTCD 8-hour and 4-hour warrants, which 

NCDOT favors for installation of a traffic signal. No improvements are recommended. 

 

NC 22 and Pee Dee Road 

Capacity analysis indicates the minor-street approach is expected to operate at LOS F during 

the weekday AM peak hour and LOS E during the weekday PM peak hour under future (2028) 

traffic conditions. Under future (2038) traffic conditions, the minor-street approach is expected 

to operate at LOS F during the weekday AM and PM peak hour.  

 

Additional laneage was considered at this intersection under future analysis scenarios; 

however, these improvements are not expected to mitigate the increase in delay for the minor-

street approaches. To meet the Town’s UDO requirements of achieving LOS D or better, a 

traffic signal was considered at this intersection. This intersection met both the weekday AM 

and PM peak hour warrants for signalization. A full signal warrant analysis may be necessary 

in the future to determine if this intersection will satisfy the MUTCD 8-hour and 4-hour 

warrants, which NCDOT favors for installation of a traffic signal. It should be noted this 

improvement is triggered due to the background traffic growth in the surrounding area (not 

proposed site traffic). New traffic counts should be conducted in the future to determine if the 

signal would be necessary to improve traffic conditions at the intersection.  
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10. RECOMMENDATIONS 

Based on the findings of this study, specific geometric improvements have been identified and 

are recommended to accommodate future traffic conditions. See a more detailed description of 

the recommended improvements below. Refer to Figure 15 for an illustration of the 

recommended lane configuration for the proposed development. 

 

Recommended Improvements by Developer 

NC 22 and Reservoir Park Drive / Site Driveway 

 Provide site access via a full movement intersection to align with Reservoir Park 

Drive and provide one ingress and two egress lanes. 

 Provide stop control for Site Driveway. 

 Provide an exclusive northbound right-turn lane on NC 22 with 50 feet of storage 

and appropriate taper. 

 Provide an exclusive southbound left-turn lane on NC 22 with 50 feet of storage 

and appropriate taper. 

 

NC 22 and Service Driveway 

 Provide site access via a full movement intersection and provide one ingress and 

one egress lane. 

 Provide stop control for Service Driveway. 

 Provide restricted access signage for service vehicles only. 
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1

BJ Grieve

From: Cindy Williams
Sent: Wednesday, December 29, 2021 11:55 AM
To: BJ Grieve; Suzy Russell
Subject: RLUAC response re: PD-12-21 & PD-13-21

 
 
Sincerely, 
 
Cindy Williams, CZO 
Planning Department 
Town of Southern Pines 
(910) 692-4003 
 

From: RLUAC Executive Director <director@rluac.com>  
Sent: Wednesday, December 29, 2021 11:45 AM 
To: Cindy Williams <CWilliams@southernpines.net> 
Subject: RLUAC Land Use Reviews 
 
Cindy, 
 
RLUAC does not have any comments on PD-12-21 or PD-13-21.  
 
Thanks, 
 
Vagn 
 
Vagn K. Hansen II, AICP, Executive Director 
Regional Land Use Advisory Commission 
6205 Raeford Road 
Fayetteville, NC 28304 
(910) 398-3743 
director@rluac.com 
www.rluac.com 
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Agenda Item 

To: 

From: 

Subject: 

Date: 

Planning Board 

Suzy Russell, Planner II 

PD-13-21: Planned Development - Preliminary 
Development Plan for the new development of a retail 
building; Applicant: Ubuntu Developer LLC, Sanjeev 
Bhunta; Authorized Agent: Kevin Lindsay of Crawford 
Design Company 

January 20, 2022 

I. SUMMARY OF APPLICATION REQUEST:

The applicant has applied for a preliminary development plan for the purpose of developing
a retail building.  The proposed Old Morganton Road Lot 1 development will be located in
the planned development known as Morganton Park South.  The retail building is a 7,000
square foot building located on 1.12 acres that are currently located in the Town of
Southern Pines limits.  The subject property is located on the corner of West Morganton
Road and Brucewood Road with Old Morganton Road on its southwest corner, lies within
the Morganton Road Overlay and is designated as traditional mixed use on the future land
use map in the comprehensive long-range plan.  The GIS mapping shows sewer and water
availability. The subject property is identified as PIN: 857100484800 (PARID: 20200422)
and per the Moore County tax records, the property owners are listed as Ubuntu Developer
LLC.
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II. STAFF REVIEW:

A. Criteria for Review:
The criteria for review and approval of the second step in the process, Preliminary
Development Plan, are as follows:

Preliminary Development Plan - UDO § 2.18.5(H):
1. The application demonstrates that it will achieve the purposes of the PDD and this

section;
2. The Preliminary Development Plan is consistent with the Conceptual Development

Plan and conforms to all applicable provisions of this UDO;
3. The proposed Development is located in an area of the Town that is appropriate;

and
4. The proposed Development will not cause the need for inefficient extensions and

expansions of public facilities, utilities and services.

B. Staff Comments:

i. Consistency evaluation with the Unified Development Ordinance (UDO)
and the Morganton Park North Conceptual Development Plan (CDP),
MRD-01-13:
• The applicant has stated that public water and sewer stubouts have been

installed for this site.

• The Southern pines Town Engineer has waived the requirement for a
TIA/TDA.

• The applicant is compliant with the UVHCO district development standards
found in Exhibit 3-13 of the UDO but deviates from the parking requirement
and is requesting a parking waiver.

• The applicant is compliant with the MRO district standards found  in UDO
§3.6.6 but deviates from the parking requirement and is requesting a parking
waiver.

• The applicant is requesting a modification to allow up to 46 parking spaces,
which is in excess of the maximum number of parking spaces allowed
within the Urban Village Road Highway Corridor Overlay District
(UVHCO).  The UVHCO requires that the number of parking spaces shall
be a maximum of one space per 200 square feet of gross floor area. This
equates to a maximum of 35 parking spaces for a7,000 square foot retail
building.  The proposed development plan proposes parking for 46 vehicles,
or one space per 150 square feet of gross floor area. The applicant has
provided a parking waiver request and it is included in the attachment
portion of the staff report.
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The UDO in §4.5.4 states the Town Council recognizes that, due to the 
particularities of any given Development, the inflexible application of the 
parking standards set forth in Exhibit 4-6 may result in a Development 
either with inadequate or excess parking space. The former situation may 
lead to traffic congestion or parking violations in adjacent streets as well 
as unauthorized parking in nearby private Lots. The latter situation results 
in a waste of money as well as a waste of space that could more desirably 
be used for Development or environmentally useful open space. Therefore, 
the Planning Director may permit reductions in the number of spaces or 
require more parking if the Planning Director finds in writing and notes on 
the building permit or zoning permit approval that such deviations are more 
likely to satisfy actual parking needs in accordance with this section.      

 
• Any proposed signage will be required to be compliant with the Sign Code 

in UDO §4.6. 
 

• Final Development Plans pursuant to UDO §2.18.7 will be required to 
demonstrate compliance with the Preliminary Development Plan.  
 

• The subject property is part of the Morganton Park South Conceptual 
Development Plan (CDP) that was approved by the Town of Southern Pines 
on May 14, 2013 (MRD-01-13). The applicant is compliant with the 
standards of the approved CDP. 

 
ii. General Comments: 

• The public hearing for this request will be evidentiary in format and will 
follow the procedures set forth in UDO §2.14.  

 
C. Outside Agency Comments: 

• A request for comments was emailed to agencies on November 22, 2021. 
Agencies notified include Town of Southern Pines Streets, Utilities, Fire, 
Recreation and Parks, and Engineering departments, the Regional Land Use 
Advisory Commission (RLUAC) and the North Carolina Department of 
Transportation (NCDOT). 
 

• On December 29, 2021 RLUAC provided comment: RLUAC does not have 
any comments. 

 
• At this time the Town Engineer is not requiring a TIA/TDA. 

 
III. ATTACHMENTS: 
 

The following materials are provided as attachments to this staff memorandum: 
 

1. Preliminary Development Plan Application 
2. Deed 
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3. Preliminary Development Plan Narrative/Justification 
4. Parking Request 
5. Conceptual Development Plan  
6. Preliminary Development Site Plan 
7. Elevation Drawings 
8. Impervious Information from CDP 

 
Additional documents related to this application including (but not limited to) property 
deeds, Authorization of Agent forms, email correspondence, meeting minutes and adjacent 
property notification records are on file in the Town of Southern Pines Planning Office and 
available for public inspections during normal business hours. 
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IV. PLANNING BOARD ACTION: 
Pursuant to North Carolina General Statute §160D-301(b)(6) and Unified Development 
Ordinance §2.5.2, the Planning Board may hold a Preliminary Forum on a matter requiring 
a quasi-judicial decision by the Town Council. However, no part of the forum or any 
recommendation may be used as a basis for the deciding board. 
 
Therefore, the Planning Board may wish to use the following motion to identify issues to 
bring to the attention of the Town Council at the evidentiary hearing. 
 
I move to adopt the following for transmission to the Town Council as a result of the 
January 20, 2022 Preliminary Forum on application PD-13-21, Lot 1 Old Morganton Road: 
 

The information presented at the forum indicated that the following issues be 
considered in applying the criteria for a PDP to application PD-13-21: 

 
1.   

 
In addition, the following concerns were raised during the forum, but do not seem to 
apply in determining whether the PDP criteria are satisfied: 

 
1.  
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See Morganton Park South Phase 1 drainage plan.

See TIA for Morganton Park South Phase 1.

Due to small size of project 11x17 at 1"=20' used

Deed, select pages from CDP, blow up of PH 1 Drainage plan
 and Architect's preliminary elevations provided
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Old Morganton Road Lot 1

Lot 1, Old Morganton Road (corner of Brucewood Rd and Old Morganton Rd)

857100484800 20200422

1.12 acres PDD

Kevin Lindsay, PD

kevinlindsay@crawforddsn.com 910-920-7661

230 West Pennsylvania Ave., Suite C, Southern Pines, NC 28387

Ubuntu Developer LLC, a North Carolina LLC

PO Box 249, Southern Pines, NC 2838
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Attachment A (To Exhibit 1 PDP Application):  Narrative to Show PDP Meets Required Criteria

2.18.5 (H) Preliminary Development Plan (PDP) Criteria:

(1) The application demonstrates that it will achieve the purposes of the PDD and this section: 
The proposed PDP is for a 1.12 out-parcel that was planned for in the Morganton Park South CDP 
and Phase 1 plans.  It has water, sewer, and storm stubouts on the property and will use the existing 
entrance.

(2)  The Preliminary Development Plan is consistent with the Conceptual Development Plan and
conforms to all applicable provisions of this UDO:
The proposed PDP is very similar to that shown in the approved CDP.  It is what was envisioned for 
this area.  The finishes will match that of the existing buildings.  

(3)  The proposed Development is located in an area of the Town that is appropriate:
This area has excellent access to the four land divided highway Morganton Road and from there to US
15/501 and US 1.  The proposed use is in line with the zoning and approved CDP and the completed
Phase 1 development of Morganton Park South.

(4)   The proposed Development will not cause the need for inefficient extensions and expansions of
public facilities, utilities and services.
There are existing 2" water, 6" sanitary sewer, and 15" storm stubouts on the property that where
placed there in anticipation of this project.  No public water or sewer main extensions will be required.

Additional Comments:
1.  Architectural:  Please see attached preliminary elevations.  The building will match the existing
structures as much as possible and is being designed by the same architect.
2.  Signage:  No additional signage is planned at this time.
3. Parking:  By the UDO, 51 spaces would be required based on expected tenant types.  48 spaces
are currently planned.  This 6% reduction is reasonable based on the location, types of businesses
expected, and availability of public parking surrounding the site. 
4.  Pedestrian Connectivity:  The existing asphalt walking trail provides excellent connectivity to the
site.
5.  Streets:  No internal streets are planned.  VUAs will meet TOSP UDO requirements.
6.  Open Space:  Open space has been accounted for in the larger development--no open spaces was
planned for this site in the approved CDP.
7.  Stormwater Control:  This site was planned for as part of Morganton Road South Phase 1 (including
.67 acres of impervious area).  An existing catch basin will connect this site to the downstream
Stormwater Control Measures.
8.  Utilities:  Public water and sewer stubouts have been installed for this site.
9.  Other:  All TOSP Landscaping, lighting, buffers and setbacks will be followed.
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January 6, 2022 

 

 

  

Town of Southern Pines 

Planning Department 

180 SW Broad Street 

Southern Pines, NC 28387 

   

Re: Additional Parking Waiver Request 

 Lot 1 Old Morganton Road  

 

To Whom It May Concern: 

 

This letter is requesting a waiver for additional parking spaces for Lot 1 on Old Morganton Road.  The lot 

is part of a Planned Development District (PDD) and is in the Highway Corridor Overlay (HCO) and 

Morganton Road Overlay (MRO).  As such, the maximum allowable parking is 1 space per 200 sf of 

building (HCO) and 1 space per 250 sf of building (MRO).  It is assumed that the one space per 200 sf 

would govern here.  Based on a planned building of 7,000 sf and 400 sf of outdoor eating, we could only 

provide a maximum of 37 spaces.  Since approximately 3,200 sf of the 7,000 sf will be restaurant, we 

don’t feel 37 spaces is adequate.  If we used the general off street parking requirements in the UDO, we 

estimate that 51 spaces would be required for the anticipated mix of restaurant, office, and retail—

please see table in Preliminary Development Plan (PDP) submittal.  Our current design includes 45 

spaces and meets all other requirements of the approved CDP, proposed PDP, HCO, and MRO.  We 

would therefore like to request and waiver to place up to 45 parking spaces (two of which will be ADA 

spaces) on the property. 

 

Please contact me at 910-920-7661 if you have any questions.  

 

Sincerely, 

Crawford Design Company 

 

 

 

Kevin Lindsay, PE 

Vice President 

 

 

230 West Pennsylvania Ave, Suite C, Southern Pines, NC 28387, 910-725-1107 

LANDSCAPE 

ARCHITECTURE 

ENGINEERING 

PLANNING 
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OLD MORGANTON ROAD

SIGN

BERNIE SQUARE, LLC
 PC: 17  SL:712
DB 5370, PG 74

BERNIE SQUARE, LLC

30 WEST PERSHING, LLC
DB 4098, PG 519

BERNIE SQUARE, LLC
 PC: 17  SL:712
DB 5370, PG 74

PARCEL #1
 1.12 Acres

OLD MORGANTON ROAD

DE
LIV

ER
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230C W. Pennsylvania Ave. - Southern Pines, NC 28387
910.725.1107

w w w . c r a w f o r d d s n . c o m

LOT 1 OLD MORGANTON ROAD
MORGANTON PARK OUTPARCEL

NOTES

1. Drainage: Parcel include in Morganton Park
South Phase 1 stormwater design and shown as
having a maximum 0f .67 acres impervious
(29,185 SF).

2. Impervious area as shown = 29,185 SF (60%).
3. TIA: See Morganton Park South Phase 1 TIA.
4. Site has existing 2" waterline stub-out.
5. Site has existing 6" sewer stub-out.
6. Site has existing storm sewer stub-out.
7. Site has 13,484 SF Open Space.

(27% > 20% required).
8. Planned building height 24' < 35' max. allowed.
9. Building 70,000 SF, 14% < 30% allowed.
10. Built Upon Area (BUA) 29,185 SF.

60% < 70% allowed.
11. Parking:  Per HCO, 37 spaces allowed.

Requesting waiver to place 46 spaces (includes
2 ADA ) on property. Please see waiver request.

A

CRAWFORD DESIGN COMPANY
© COPYRIGHT 2022

All drawings, specifications and designs
prepared by Crawford  Design Company
are   instruments   of   service  and  shall
remain the property of  Crawford Design
Company.    The   Owner  or   any   other
parties shall not use  the  work on this or
any project except by a proper agreement
and appropriate compensation.PR
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January, 2022

PARKING SPACES - 46

PARCEL #1
1.12 Acres

7,000 SF Retail

9
8

4

8

1

10

6

Dumpster W/ Brick Screen

All Existing Trees to remain.

Property Boundary

6" Sanitary Sewer Stub-out
2" Waterline Stub-out
Storm Sewer Stub-out

30' Landscape and
Parking Setback

3,672 SF Open  Space

50' Building Setback

5' Parking and
Building Setback

Outdoor Dining
±430 SF

40' Landscape and
Parking Setback

9,812 SF Open Space

Bicycle Rack

7,000

35
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