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Brink Zone Reliability Improvements: MR2017006

Mandatory Referral associated with a request for WSSC
Facility Improvements including a new pump station,

locatedat 21701 Ridge Road, 15.31 acres, identified as
P585 and 639 on Tax Map FV-12, on the east side of Ridge
Road approximately 1,000 feet north of its intersection
with Brink road, AR Zone, 1994 Clarksburg Master Plan.

Staff Recommendation: Approval with Comments

Applicant: Washington Suburban Sanitary Commission
(WSSC)

Filing Date: November 2, 2016
Acceptance Date: February 2, 2017

Summary

| o

=  Staff recommends approval of the Mandatory Referral with comments to be transmitted to the

Washington Suburban Sanitary Commission.

= This project is located within the Clarksburg Special Protection Area (SPA). However, all regulatory
reviews for environmental regulations including Environmental Guidelines, Forest Conservation, and
Water Quality are being conducted by state agencies, pursuant to state law.
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RECOMMENDATIONS:

Staff recommends approval of the Mandatory Referral with the following comments to be transmitted
to the Washington Suburban Sanitary Commission (WSSC):

1.

The current Mandatory Referral Plan shows the vault chamber (valve vault A) within the Master
Plan right-of-way for Ridge Road. Therefore, Planning staff recommends WSSC move the vault
chamber outside of the 150-foot right-of-way planned along Ridge Road to ensure that future
conflicts between transportation infrastructure and WSSC facilities do not occur.

The Applicant should provide screening and/or landscaping between the proposed
improvements, especially the new building, and Ridge Road (MD 27) to help preserve the
Transition area and separating the onsite institutional use from future residential uses across
Ridge Road (MD 27).

If this project was a subdivision, dedication of 75 feet of right-of-way from the centerline of
Ridge Road and 50 feet of right-of-way from the centerline of Brink Road would be required for
future transportation needs. If or when WSSC plans to plat this property, Planning staff would
request these rights-of-way be dedicated along the frontage of the property.

Coordinate with Maryland State Highway Administration (SHA) District 3 Access Management
staff on the additional curb cut and any potential acceleration or deceleration lanes on Ridge
Road. Planning staff would prefer that the applicant use the existing curb cut for the new valve
vault to minimize access points on Ridge Road if possible.

Ensure adequate turning radii from Ridge Road and within the property for the diesel fuel
delivery trucks that will service the project site during extended power outages. Additionally,
ensure adequate pavement and substructure to accommodate the weight of such vehicles on
the property.

Previous Board Actions

None

Mandatory Referral Review

This proposal for the construction of a new water booster pumping station, valve

vaults and piping on the site of an existing pumping station and water tank site

owned by the Washington Suburban Sanitary Commission (WSSC) requires the Mandatory Referral
review process under the Montgomery County Planning Department’s Uniform Standards for
Mandatory Referral Review. State law requires all federal, state, and local governments and public
utilities to submit proposed projects for a Mandatory Referral review and approval by the Commission.
The law requires the Planning Board to review and approve the proposed location, character, grade and
extent of any road, park, public way or ground, public (including federal) building or structure, or public
utility (whether publicly or privately owned) prior to the project being located, constructed or
authorized.



INTRODUCTION

Site Description

The subject property is identified as Parcel 585 and Parcel 639 on Tax Map FV-122 and located at the
intersection of Brink Road and Maryland State Highway27 (Ridge Road) in Germantown, MD, within the
Clarksburg Special Protection Area (SPA).

The land use is generally suburban, with the site property surrounded by housing developments to the
south and west and farmland to the north and east. The housing development project to the west was
approved within the last year and included modifications to Maryland State Highway 27. The current
and proposed use of the site is municipal water distribution system operations.

Figure 1: 2015 Aerial Photograph of the Vicinity



Figure 2: 2015 Aerial of the Subject Property

Project Description

This project is designed to increase the reliability of water distribution infrastructure to provide potable
water to the citizens of Montgomery County. The project consists of the construction of a new Water
Booster Pumping Station, valve vaults and piping on the site of an existing pumping station and water
tank site owned by the Washington Suburban Sanitary Commission (WSSC). A preliminary meeting
between WSSC, Mott MacDonald (MM), which managed the project for WSSC, and Montgomery County
representatives was held in October of 2015.

Access to the pump station will be from the existing driveway on the eastern side of Maryland State
Highway 27. A new driveway to the south of the existing one will provide access to a new valve vault.
Traffic to and from the site by WSSC operations staff is projected to be minimal, as the site will not be
normally occupied, with a projected frequency of several times per week up to a once per day for
monitoring and maintenance purposes. During extended power outages, diesel fuel delivery trucks will
visit the site, but only one or two times a week at the most depending on water demand and
distribution system conditions at the time of the outage.



Figure 3: Site Layout

Master Plan Consistency

The project is located within the Brink Road Transition Area of the 1994 Clarksburg Master Plan. There
are no specific recommendations for the Subject Property in the Master Plan; the land use table on
page 77 shows this property as an institutional land use.

The Master Plan makes a general recommendation that this area should form an important transition
from Germantown to Clarksburg and lies directly above the Germantown greenbelt. The project is
substantially consistent with the 1994 Clarksburg Master Plan.

Neighborhood Compatibility

Building Scale and Facility Design

While most of the proposed improvements are at or below grade, the Water Booster Pumping Station is
a 60-foot by 120-foot above ground structure located immediately adjacent and perpendicular to Ridge
Road (MD 27). The proposed structure is approximately 7, 200 square feet and approximately 18 feet
high to the roof line. The side of the building facing Ridge Road, the west elevation, has been treated
architecturally with a false entrance and stone chimney to give it more of a residential character. The
building placement and architectural treatments helps reduce the visible massing from Ridge Road (MD
27).

No landscaping plan was provided by the applicant and none of the submitted plans show any new
plantings between the new proposed structure and Ridge Road (MD 27). Staff recommends that the
Applicant provide screening landscaping between the proposed improvements, especially the new
building, and Ridge Road (MD 27) to help preserve the Transition area and separating the onsite
institutional use from future residential uses across Ridge Road (MD 27)
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Master Plan of Highways and Bikeways

According to the Clarksburg Master Plan, Ridge Road (MD 27), on which the property has vehicular
access, is designated as a major highway (M-29) with a recommended right-of-way of 150 feet between
Brink Road and the proposed M-83. The Clarksburg Master Plan also designates Brink Road, on which
the property also adjoins, as an arterial highway (A-36) with a recommended right-of-way of 100 feet.
The Countywide Bikeways Functional Master Plan designates the sections of Ridge Road and Brink Road
on which the property abuts as signed shared roadways (SR-39 and SR-62).

The anticipated number of regular weekday peak-hour vehicular trips during the weekday peak periods
is one roundtrip (two total trips) per day for monitoring and maintenance purposes. The proposed
infrastructure improvements would generate fewer than 50 peak hour person trips within the weekday
peak periods; therefore, the project is exempt from the Local Area Transportation Review (LATR)
requirements to conduct a traffic study. Planning staff finds the project description included in the
Mandatory Referral Submission acceptable for the alternatively required transportation study
exemption statement, but requests that a transportation study exemption statement be provided in
future mandatory referrals that do not require a traffic study.



ENVIRONMENT

All regulatory reviews for environmental regulations including Environmental Guidelines, Forest
Conservation, and Water Quality are being conducted by state agencies. State law allows for state
environmental review of projects undertaken by state agencies, like WSSC.

Environmental Guidelines

The project area does not contain any environmental buffers, streams, other sensitive features. Itis
located in the Clarksburg Master Plan area and the Clarksburg Special Protection Area, and within the
Little Seneca Creek watershed and Upper Great Seneca Creek watershed, which this site contains waters
classified by the State of Maryland as Use Class I-P, llI-P, IV-P waters.

Forest Conservation

The proposed project is a governmental project reviewed for forest conservation purposes by the State
Department of Natural Resources under the Code of Maryland Regulations. A Forest Stand Delineation
and Forest Conservation Plan has been submitted to the Maryland Department of Natural Resources in
accordance with state requirements. WSSC intends to address afforestation requirements through an
on-site forest easement.

Special Protection Areas (SPA) Water Quality Plan
The proposed project was reviewed for Water Quality purposes by the State Department of
Environment under the Code of Maryland Regulations.

The site falls within the southeastern edge of the Clarksburg Special Protection Area (SPA). Under
Section 19-63 Exemptions under Article V Water Quality Review in Special Protection Areas, the site
does not meet the criteria for exemption as the cumulative land area is 15.31 acres. Under Section 19-
64 Water Quality Inventory Submittal, requirements for the Water Quality Inventory and Preliminary
Water Quality Plan submittals are described. It is noted that the Concept Plan to meet the state of
Maryland’s Stormwater Management and Erosion and Sediment Control requirements was submitted to
MDE in September of 2016, and this submittal meets all requirements of the Water Quality Inventory
and Preliminary Water Quality Plan submittals. Attachment C contains the completed Concept Plan
submittal.

Impacts to Parkland
The closet parkland to the Subject site is south across Brink Road and southwest across the intersection
of Brink Road and Ridge Road. The proposed plan shows no impacts to parkland.

COMMUNITY OUTREACH AND NOTIFICATION

No public meeting was held and no notice was sent by the Applicant. Staff responded by sending out a
postcard notice to all adjoining and confronting property owners and all HOA and Civic Associations
within one-mile. This notice was sent out on March 3, 2017, three weeks prior to the hearing. Staff felt
this notice provided adjacent residents and all interested parties in the project area with an opportunity
to review and comment on the plans.



CONCLUSION

Staff recommends that the Planning Board approves the Mandatory Referral and transmits
recommendations as specified on page two of this staff report.

Attachments
Attachment A — WSSC Mandatory Referral Package
Attachment B - Architectural Elevations



Attachment A

Montgomery County Planning Department
Maryland-National Capital Park and Planning Commission

Mandatory Referral Submission for:

Washington Suburban Sanitary Commission
Project BP5692A14
Brink Zone Reliability Improvements

October 28, 2016
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Written Narrative
Overall summary

The purpose of this project is to increase the reliability of water distribution
infrastructure to provide potable water to the citizens of Montgomery County. The
project consists of the construction of a new Water Booster Pumping Station, valve
vaults and piping on the site of an existing pumping station and water tank site
owned by the Washington Suburban Sanitary Commission (WSSC). A preliminary
meeting between WSSC, Mott MacDonald (MM) and Montgomery County
representatives was held in October of 2015, and the submission requirements for
this project were finalized and are reflected within this document. Those section
headings with N/A in lieu of content refer to exempted section as per the meeting.

The project location is at the intersection of Brink Road and Maryland State Highway
27 in Germantown, MD. Refer to the map in Figure 1. Access to the pump station
will be from the existing driveway on the eastern side of Maryland State Highway 27.
A new driveway to the south of the existing one will provide access to a new valve
vault. Traffic to and from the site by WSSC operations staff is projected to be minimal
as the site will not be normally occupied, with a projected frequency of a few times
per week up to a once per day for monitoring and maintenance purposes. During
extended power outages, diesel fuel delivery trucks will visit the site, but only one or
two times a week at the most depending on water demand and distribution system
conditions at the time of the outage.

The land use is predominantly suburban, with the site property surrounded by
housing developments to the south and west and farmland to the north and east.
The housing development project to the west was constructed within the last year
and included modification to Maryland State Highway 27. The current and proposed
use of the site is municipal water distribution system operations.

Refer to Table 1 below regarding the size of the existing and proposed structures.
Refer to Attachment 1 for civil drawings reflecting size and location of structures at
the 100% design stage of completion.

Page 2 of 10
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Table 1 - Location and Size of Structures on Project Site

Structure New/Existing | Dimensions (Ft.) Purpose
Brink Pumping Existing 30 x 50 (above Potable water
Station ground) conveyance-tank filling
Elevated Water Tank Existing - Water storage — 1MG
Ground Storage Existing 240’ Diameter Water storage— 10 MG
Tank (above ground)
Brink Zone Water New 60 x 125 (above Potable water
Pumping Station ground) conveyance-tank filling
Valve Vault A New 35x45 Distribution control
Vaults B-D New 9x9 Distribution control

a. Hours of Operation

N/A

b. Conformance with County’s General Plan

N/A

c. Pedestrian and Bicycle Safety Impact Statement

N/A

d. Typical Roadway Sections

N/A

e. Historic Work Permit

N/A

f.  Project Schedule

N/A

g. Common/Quasi-Public Use

N/A

h. Funding Source

N/A

i. Potential Impacts to Public Parkland

N/A

Page 3 of 10
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IV.

VI.

VII.

j. Green Building Council Leadership (LEED) Certification
This project will not be seeking LEED certification as directed by WSSC. However,
WSSC has its own design standards and guidelines for energy efficiency, and
Mott MacDonald has incorporated these standards into its design. Some of the
energy efficient design features include VFDs for pump control, LED lighting and
minimal HVAC as the main building will normally be unoccupied. Please note
that the source of the funding for the project is WSSC ratepayers.

General Location Map
Refer to Figure 1 and Attachment 1.

Site Plan
Refer to Attachment 1.

Utilities and Right-of-Way Map
N/A

Pedestrian and Vehicular Circulation Plan
N/A

Natural Resource Inventory/Forest Stand Delineation (NRI/FSD) Plan

A Forest Stand Delineation and Forest Conservation Plan has been submitted to the
Maryland Department of Natural Resources in accordance with state requirements.
The Commission intends to address afforestation requirements through an on-site
forest easement. Refer to Attachment 2 for a copy of the submission, which is
currently under review.

Special Protection Area Map/Water Quality Plan

The site falls within the southeastern edge of the Clarksburg Special Protection Area
(SPA). Refer to Figure 2 which shows the location of the site relative to the Clarksburg
SPA. Under Section 19-63 Exemptions under Article V Water Quality Review in Special
Protection Areas, the site does not meet the criteria for exemption as the cumulative
land area is 15.31 acres. Under Section 19-64 Water Quality Inventory Submittal,
requirements for the Water Quality Inventory and Preliminary Water Quality Plan
submittals are described. It is noted that the Concept Plan to meet the state of
Maryland’s Stormwater Management and Erosion and Sediment Control
requirements was submitted to MDE in September of 2016, and this submittal meets
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VIII.

IX.

Xl.

Xil.

Xlll.

XIV.

XV.

M
MOTT M
MACDONALD

all of the requirements of the Water Quality Inventory and Preliminary Water Quality
Plan submittals. Refer to Attachment C for the completed Concept Plan submittal.

Preliminary Forest Conservation Plan
Refer to the response under Paragraph VI and Attachment 2.

Topographic Map
N/A

Preliminary Stormwater Management Concept Plan
Refer to the response under Paragraph VIl and Attachment 3.

Landscaping and Lighting Plan
N/A

Overall Concept Development Plan
N/A

Statement of Compliance with Montgomery County Noise Ordinance
Within the referenced Montgomery County Noise Ordinance, there are maximum
allowable noise levels for normal operations of the site (Section 31B-5) and during
construction (Section 31B-6). The project Contract Documents shall require
compliance with this ordinance, and the Contractor will be obligated to comply and
submit a bid in accordance with meeting same. For normal operations, since the
majority of noise generating equipment is designed within enclosed structures, there
is no expectation that the ordinance will be violated.

Architectural Schematics
N/A

Traffic Impact Statement
N/A

Page 5 of 10
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Figure 1 — Project Location
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Figure 2 — WSSC Pumping Station Site Within Clarksburg SPA
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Attachment 1 - Civil Drawings
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GENERAL NOTES

1.

THE CONTRACTOR SHALL CONTACT MARYLAND STATE HIGHWAY ADMINISTRATION AT
410-545-0300 AT LEAST 48 HOURS IN ADVANCE OF STARTING CONSTRUCTION IN ROUTE
27.

WATER MAIN "A" CONNECTION NOTES

1.

WSSC WILL SHUT AND DRAIN BRINK RESERVOIR AND CLOSE TWO EXISTING VALVES
BETWEEN THE RESERVOIR AND TIE IN LOCATION.

LEGEND

({2}) * EXISTING TREE; DECIDUOUS, CONIFEROUS

2. WSSC WILL CLOSE TWO VALVES ON THE 48" MAIN SOUTH OF THE PROPOSED TIE IN
2. THE CONTRACTOR SHALL CONTACT "MISS UTILITY" AT 1-800-257-7777 FOR UTILITY LOCATION. 607 EXISTING UTILITY POLE
LOCATIONS AT LEAST 48 HOURS PRIOR TO CONSTRUCTION.
3. SHUT DOWN WILL NOT OCCUR UNTIL ALL 48" PIPE , 48" BALL VALVE, 30" BALL VALVES, < EXISTING GUY WIRE
3. THE CONTRACTOR SHALL MAINTAIN ROADS ON WSSC PROPERTY IN A BROOM SWEPT AND ALL VAULT PIPE AND FITTINGS ARE ON SITE.
CONDITION AT ALL TIMES.
4. DRAIN AND DEMOLISH 48" MAIN AND CONSTRUCT 48" MAIN AND VALVE VENT AND D EXISTING BOLLARD
4. LICENSED GEOTECHNICAL ENGINEER TO PERFORM COMPACTION TESTING ASSOCIATED PIPE AND FITTINGS.
FOLLOWING ASTM D1666, ASTM D2922, OR ASTM D2937 AT MINIMUM RATE OF ONE (1) Q EXISTING LIGHT POLE
TEST AT EVERY LATERAL TRENCH, VALVE VAULTS, STRUCTURE AND VALVE BOX. 5. PROVIDE 30" TEMPORARY BLIND FLANGES ON 30" BALL VALVE OUTLET SPOIL PIECES
AND TEST NEW PIPING,
5. EXISTING UTILITIES, STRUCTURES AND FEATURES ARE SHOWN IN ACCORDANCE WITH —o EXISTING SIGN
INFORMATION AVAILABLE AND ARE FOR THE CONVENIENCE OF THE CONTRACTOR 6. WSSC WILL RESTORE 48" MAIN AND RESERVOIR TO SERVICE.
ONLY. THE CONTRACTOR SHALL VERIFY ALL SUCH INFORMATION TO HIS A TRAVERSE POINT
SATISFACTION PRIOR TO BEGINNING THE WORK. THE CONTRACTOR SHALL TAKE ALL 7. MAXIMUM SHUT DOWN OF 48" MAIN WILL BE 90 DAYS.
NECESSARY PRECAUTIONS TO PROTECT EXISTING MAINS AND UTILITIES. ANY
DAMAGE INCURRED SHALL BE REPAIRED IMMEDIATELY AND AT NO ADDITIONAL COST 8. A SECOND SHUT DOWN OF 48 HOURS WILL BE PERFORMED FOR CONNECTION OF 30" OHE EXISTING OVERHEAD ELECTRIC LINE
TO WSSC. PIPE TO BALL VALVES.
6. ALL EXISTING VALVES AND HYDRANTS SHALL BE OPERATED BY WSSC. NOTIFY WSSC —— — — —— PROPERTYLINE
AT LEAST THREE (3) DAYS IN ADVANCE OF ANY NECESSARY VALVE OPERATIONS.
EEREEEEEN
7. THE CONTRACTOR IS RESPONSIBLE FOR ALL CONSTRUCTION STAKEOUT. SURVEY NOTES RIGHT OF WAY LINE
8. NOTIFY WSSC SEDIMENT CONTROL INSPECTOR 48 HOURS IN ADVANCE OF BEGINNING ! REFERTO TRAVERSE CONTROL POINTS THIS SHEET. — - - EXISTING EASEMENT
UTILITY CONSTRUCTION AT 301-206-8077 2 ALL HORIZONTAL AND VERTICAL SURVEY DATA CONTAINED HEREIN ARE REFERENCED
TO THE "NADS83 (1993) HORIZONTAL DATUM AND NAVD88 VERTICAL DATUM" % x—  EXISTING FENCE
SOIL CONSERVATION DISTRICT/COUNTY/MDE APPROVED SEDIMENT CONTROL PLAN# PLAN ENTITLED TOPOGRAPHIC SURVEY FOR WSSC DATED MAY 04. 2015 BY NAVARRO
22, APPROVAL DATE 2??, AND WITH ALL EROSION AND SEDIMENT CONTROL MEASURES & WRIGHT: W EXISTING WATER PIPE
CONTAINED WITHIN THIS PLAN. THE APPLICANT IS REQUIRED TO NOTIFY THE WSSC
SEDIMENT CONTROL INSPECTOR OF ANY CHANGES AND MODIFICATIONS TO THE POINT# NORTHING EASTING ELEVATION DESCRIPTION
SCD/COUNTY/MDE APPROVED SEDIMENT CONTROL PLAN V4419 563.063.73  1.244.922.60 NGS CLASSIC CAS EXISTING GAS PIPE
JV4420 563,111.74 1,244,839.43 HORIZONTAL CONTROL
10. CONTRACTOR SHALL NOTIFY PEPCO AND MISS UTILITY (1-800-757-7777) TEN (10) JV2279 BM 513.78 NGS VERTICAL CONTROL —sp ———  EXISTING STORM DRAIN
WORKING DAYS BEFORE STARTING CONSTRUCTION. CONTRACTOR SHALL
COORDINATE WITH WSSC PROJECT MANAGEMENT FOR UTILITY LOCATION OF ALL
WSSC UTILITIES IN ADDITION TO MISS UTILITY. E EXISTING UNDERGROUND ELECTRIC
11. THE CONTRACTOR SHALL COMPLY WITH ALL WSSC, LOCAL, STATE AND FEDERAL S
REQUIREMENTS APPLICABLE TO CONSTRUCTION OF THIS PROJECT. el R T EXISTING CONCRETE
12. THE CONTRACTOR SHALL LIMIT THEIR WORK AREA TO AREAS DESIGNATED HEREIN SJATION SN EXSTING ASPHALT ROAD
AND APPROVED BY WSSC AND ENGINEER. ON-SITE STORAGE AND STAGING AREA TRAV 11 R
SHALL BE DESIGNATED PRIOR TO CONSTRUCTION AND APPROVED BY WSSCANDTHE | /7 & N\ || i o N N |
ENGINEER. T e e e qrave 27 0 | e O~ |  ——— — EXISTING BUILDING
13. THE CONTRACTOR SHALL FIELD VERIFY EXISTING CONDITIONS ON ALL LOCATIONS \\ \\\ EXISTING WATER STRUCTURE
WHERE EXISTING UTILITIES ARE TO BE CROSSED OR ALTERED OR WHERE NEW RN
CONSTRUCTION TIES INTO EXISTING FACILITIES. THE CONTRACTOR SHALL PROVIDE
FITTINGS AND ADAPTERS AS REQUIRED TO AFFECT ALTERATIONS, IF ANY. Up &b PROPOSED BOLLARD
\VVZ2744
14. THE CONTRACTOR SHALL TAKE ALL NECESSARY PRECAUTIONS TO PROTECT
EXISTING STRUCTURES, UTILITIES AND EQUIPMENT, AND TO MAINTAIN SCALE NTs. SCALE NT.S. %D PROPOSED SHRUBBERY
UNINTERRUPTED SERVICE OF THE EXISTING DISTRIBUTION SYSTEM. THE TRAVERSE POINT #9 TRAVERSE POINT # 11
CONTRACTOR SHALL PROVIDE ALL TEMPORARY SUPPORTS, BRACES, SHEETING AND , , X X PROPOSED FENCE
SHORING AS NECESSARY. ANY DAMAGES TO EXISTING STRUCTURES, UTILITIES, OR (1152.5'TO CORNER OF BUILDING (D153.37TO UTILITY POLE
EQUIPMENT, EVEN THOSE NOT INDICATED ON THE CONTRACT DRAWINGS, RESULTING (2170.8'TO CORNER OF BUILDING (2138.3' TO CORNER OF BUILDING
FROM THE ACTIONS OR LACK OF ACTIONS BY THE CONTRACTOR SHALL BE REPAIRED (®79.7' TO UTILITY POLE (3)129.1' TO CORNER OF BUILDING LOD LIMIT OF DISTURBANCE
IMMEDIATELY BY THE CONTRACTOR AT HIS EXPENSE.
------- PROPOSED BUILDING
15. THE CONTRACTOR SHALL INCORPORATE ALL INFORMATION AND WORK REQUIRED _ = -
UNDER THESE GENERAL NOTES ON THE SHOP AND WORKING DRAWINGS. ALL SUCH UP 1 ..
INFORMATION AND WORK SHALL BE SO INCORPORATED PRIOR TO THE TIME WORKING + + + + +  PROPOSED BIORETENTION AREA
DRAWINGS ARE SUBMITTED. A
@D / . - /.. ’
16. THE CONTRACTOR SHALL PROVIDE WRITTEN NOTICE TO WSSC OF ANY WORK .0,/ PROPOSED ASPHALT PAVING
REQUIRING CHANGES IN OPERATING PROCEDURES A MINIMUM OF 14 DAYS IN - L
ADVANCE OF THE REQUIRED DATE. UP 2 ; "’-.'-b&__.' ': . PROPOSED CONCRETE
17. ALL COSTS ASSOCIATED WITH COMPLIANCE WITH THESE GENERAL NOTES OR ANY ra TRAV13 Q@
OTHER GENERAL NOTES INCLUDED ON OTHER DRAWINGS, SHALL BE INCLUDED IN
THE VARIOUS CONTRACT ITEMS AND NO SEPARATE PAYMENT WILL BE MADE
THEREFORE.
' SCALE: N.T.S.
20. EXCAVATIONS TO REMAIN OPEN OVERNIGHT SHALL BE SURROUNDED BY A 6
CHAINLINK FENCE. TRAVERSE POINT # 13
@ 210.9' TO UTILITY POLE DATE REVISIONS
21. CONTRACTOR SHALL ASSUME THAT ALL VAULT AND PIPING GASKETING MATERIALS (2) 28.4' TO UTILITY POLE 100% DESIGN
ARE ASBESTOS-CONTAINING MATERIALS (ACM). ANY DISTURBANCE OR REMOVAL OF (3 114.1' TO UTILITY POLE °
THESE MATERIALS SHALL BE IN ACCORDANCE WITH OSHA 29 CFR 1926.1101 FOR
CLASS Il WORK. TRAVERSE CONTROL DATA
PROFESSIONAL CERTIFICATION
24. UTILITY SEDIMENT CONTROL PERMIT IS REQUIRED. SEE ESC DRAWINGS. PT. NORTHING EASTING ELEVATION DESCRIPTION | MEREBY CERTIFY THAT THESE
9 562909.5890' 1244583.1640' 631.039' MAG SET DOCUMENTS WERE PREPARED
25. PROVIDE 48 HOUR ADVANCED NOTIFICATION TO WSSC ENVIRONMENTAL GROUP OR APPROVED BY ME, AND THAT |
INSPECTOR AT 301-206-8077 PRIOR TO UTILITY CONSTRUCTION. SEE ESC DRAWINGS. 11| 563204.3350' 1244747 6120 636.140" MAG SET AM A DULY  LICENSED
PROFESSIONAL ENGINEER UNDER
13 562306.6050' 1244649.0650' 609.620' MAG SET THE LAWS OF THE STATE OF
MARYLAND.
DESIGN: MF 10/2016
CHECKED: | BA jozots | X RATION DATE: ZDXEIEAZEN DATE CONTRACT: BP5692A14
\ PRVILEGED  AND  conFipeNTiAL | M NO 3
WASHINGTON SUBURBAN SANITARY COMMISSION (Q) | iromiion e ssii ot ee | °  m P PROVEMENTS PRoJter | NOTES, LEGEND, & ABBREVIATIONS C-01
REDISTRIBUTED WITHOUT PRIOR WSSC | MOTT IMPROVEMENTS PROJECT ’ ’ OF 117
APPROVAL MACDONALD
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100% DESIGN

DATE REVISIONS
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SCALE 1" =40'
DESIGN: MF 10/2016
DRAWN: MF 10/2016
CHECKED: BA 10/2016
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RELOCATE EX, ROAD SIGN: oo MARYLAND RTE. 27 (RIDGE ROAD)

GENERAL NOTES

1. REFER TO DRAWING C-01 FOR NOTES, LEGEND,
AND ABBREVIATIONS.

2. DEMOLITION SHALL BE IN ACCORDANCE WITH
SPECIFICATION SECTION 02220.

3. ACCESS TO THE EXISTING PUMPING STATION
AND ALL BUILDING ENTRANCES BY THE
COMMISSION STAFF WILL BE MAINTAINED AT
ALL TIMES.

4. NOTIFY THE COMMISSION AT LEAST 10
WORKING DAYS PRIOR TO START OF WORK.

CONTRACTOR SHALL SUBMIT DEMOLITION PLAN
AND OBTAIN APPROVAL PRIOR TO START OF

DEMOLITION NOTES

(1) REMOVE EXISTING TREE,

DATE REVISIONS

5 — L LOB COORDINATE W T M D S A e e Ny i
IE =g FE =1 ox OHE OHE OHE OH¥\ T P T2 REMOVE EX. 24"X16" S
“—T10ry OHE : HE . TEE AND PLUG — | |/
—— QOHF — X 4 Ay XL - N
REMOVE EX. 4" AIR RELEASE L o = O ) & 1k " e — 1 O ——cF——
] _ v = = X T X IR W=, T . .
VACUUM VALVE AND VAULT REMOVE EX. 48"X36" TEE AND 36" : —a e
Ly s p TH-1 BUTTERFLY VALVE AND PLUG
O REMOVE EX. PIPE AND FITTINGS. W
' CONTRACTOR TO TEST PIT EX. JOINTS
AND COORDINATE LIMITS OF REMOVAL L
WITH WSSC PRIOR TO DEMOLITION. @B-1 OD — 0D
= WORK.
s
/
o7
5 z
W, REMOVE EX. WOODEN <
BOLLARDS (TYP. OF 2).
>
o 5
S N ao -
P O) REMOVE
EX. 3/4" HOSE BIB
N
O -2
S < o
/ o REMOVE
O EX. FENCE
A
PROTECT EXISTING
CELL TOWER GUY WIRE
OQ
AV
OO Y \
OQ
AV
@/ AN
Qo
[]
*/\
/ *
+~
\_ \
%
+/>
*//* 100% DESIGN
@
GRAPHIC SCALE PROFESSIONAL CERTIFICATION
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h:—_ OR APPROVED BY ME, AND THAT |
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SCALE: 1" = 20'

DESIGN: MF 10/2016
DRAWN: MF 10/2016
CHECKED: BA 10/2016
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VALVE GENERAL NOTES
VAULT D
COS)TE:(:E-FN-(EE 1. REFER TO DRAWING C-01 FOR LEGEND AND
——— - RSN 0 ABBREVIATIONS.
— — . _VJ = = A2 %
A X X X X X
2. REFER TO DRAWING C-09 FOR STAKEOUT DATA.
MANHOLE AND VENT FOLLOW WSSC STANDARD DETAIL M/10.0 FOR
x BOX FOR 2" AIR VALVE CONTRACTOR'S CONSTRUCTION STAKE-OUT
aon RECORD.
x VALVE 3. ALL UNPAVED AREAS WITHIN THE LOD SHALL BE
LOD ELECTRICAL VAULT C RESTORED WITH GRASS SURFACE COVER IN
\_—— .
LOD  EQUIPMENT ACCORDANCE WITH SPECIFICATIONS
2 CONCRETE PAD — 23 4. REFER TO ESC DRAWINGS FOR ADDITIONAL
) ) ) ) ) . 50 RESTORATION REQUIREMENTS.
%) 7 G\ ¥ Eq, /‘ 2 PROTECT EX. 5. CONTRACTOR TO PROTECT EXISTING CELL TOWER
x : GUY WIRES.
\ V 68 GUY WIRE
— -l —1- [ — 1
x |1 - N 7 [ N O S DRAWING NOTES
< — S — ! — — TEXISTING — —
- S — __ BRINK | 1| MICRO-BIORETENTION BASIN, SEE SWM SHEETS
x — — ‘B — — "PUMPING — — —
— R v _ " STATION _ | 2| PAVEMENT, SEE DETAIL 2 ON C-10
x ROOF — —_ = = 3| BOLLARD, SEE DETAIL 3 ON C-10
OVERHANG S = —
N [~ _ BRINKZONE - 4] ACCESS GATE, SEE WSSC STANDARD DETAIL
x | WATER _ M/11.0
Q . PUMPING _ 5| CONCRETE SIDEWALK, SEE DETAIL 5 ON C-10
X —
\(,) | STATION 6| 16' DOUBLE SWING GATE, SEE DETAIL 6 ON C-11
U - — — .. = 7| SPLASH BLOCK FOR SUMP PUMP DISCHARGE, SEE
— DETAIL 2 ON M-18
CONSTRUCTION TRAILER .
X
~ -2 -
O - _
S < T
Q * —
\C/) — — VAULTB [0
T - — o
@/ o .:::::::::::‘
&3 (TYP. OF 10) L
N 32
O + + + + + PROTECT EX
G | \C%{L , GUY WIRE
R
1 A
+
260 o
X X X CONNECT TO
" 8' CHAIN LINK FENCE,
R SEE WSSC STANDARD
o DETAIL M/19.0
IC
y
N\
N Yo ®)
Qo
*/\
\, / +
\ \
%% \
D
1 /* DATE REVISIONS
@+ 100% DESIGN
@)
A% GRAPHIC SCALE PROFESSIONAL CERTIFICATION
| HEREBY CERTIFY THAT THESE
0 20 40 DOCUMENTS WERE PREPARED
h:—_ OR APPROVED BY ME, AND THAT |
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MARYLAND.
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MARYLAND RTE. 27 (RIDGE ROAD)

»VZ V:Hm——*:

VALVE
VAULT A

NATURAL GAS LINE
BY WASHINGTON GAS T

CUT EX. 24" WATER :
MAIN. CONSTRUCT

24"X24" MJ TEE

Ot L [IB -—1OoHE

~
G-
— 7\

): | I J).‘ 49

FD— | o &

SEE SWM DRAWINGS FOR DETAILS

REGARDING BIO RETENTION

GA3

— G

P

1 BRINK ZONE
WATER
t PUMPING
N STATION

24" W

8
/ /e o
Q/ o4
= 2
/ ) o \
m \ VALVE CUT EX. 16" WAT
%@ 24" W
| | I}

;\‘
LA
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VALVE /
VAULT D

EX. SEPTIC
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4 C%l 1 2"W|\2)

BRINK
PUMPING

EXISTING -
S STATION

|

W,
16°W

MAIN. CONSTRUS
16"X16" MJ TEE®

ﬁVAULTB
A
£

GENERAL NOTES

1.

REFER TO DRAWING C-01 FOR NOTES, LEGEND,
AND ABBREVIATIONS.

REFER TO DRAWINGS M-12 TO M-17 FOR VALVE
VAULT DRAWINGS AND PIPING DETAILS.

CONTRACTOR SHALL TEST PIT TO DETERMINE
COORDINATES AND ELEVATIONS OF TIE-IN
POINTS OF PROPOSED PIPING TO EXISTING
PIPING. CONTRACTOR SHALL SUBMIT LAYOUT
AND STAKEOUT PLAN FOR STRUCTURES AND
NEW PIPING FOR REVIEW AND APPROVAL PRIOR
TO CONSTRUCTION.

SEE DRAWINGS C-07 AND C-08 FOR PIPING
PROFILES.

SEE DRAWING C-09 FOR STAKEOUT DATA.
FOLLOW WSSC STANDARD DETAIL M/10.0 FOR
CONTRACTOR'S CONSTRUCTION STAKE-OUT
RECORD.

SEE DRAWING C-06 FOR SEPTIC SYSTEM DESIGN
AND PIPING LAYOUT.

FOLLOW WSSC STANDARD DETAILS M/8.1A,
M/8.1B, AND M/8.1C FOR PROPOSED PIPE TRENCH
REQUIREMENTS.

FOLLOW WSSC STANDARD DETAIL M/8.3 FOR ALL
PIPELINE CROSSING TRENCH DETAILS.

DRAWING NOTES

1

6" FOUNDATION DRAIN. SEE ARCHITECTURAL
DRAWINGS FOR DETAILS.

16) ‘7~"% y ?" S 2| CONCRETE THRUST BLOCK FOR THRUST
PONDS AND STORM DRAIN PIPIN I o '
ONDS STO G @/ ”/ @® \/‘”/‘\\J’? g n o RESTRAINT. SEE WSSC STANDARD DETAILS B/1.0
7 A9) kg/"n“ - ‘ o AND B/1.3 AND CIVIL DETAILS FOR ADDITIONAL
20) 22 @ 0008 l67, | INFORMATION.
| e “ W
1.000 GAL = 3| CONNECT TO EXISTING 48" WATER MAIN. SEE
% SEPTIC TANK [ 5 WSSC STANDARD DETAIL W/11.0.
i\ GROUNDING ROD \ 4] 2" AIR VALVE IN MANHOLE. SEE WSSC STANDARD
i (TYP. OF 8) DETAIL W/2.0.
Y% g? I r~ 5| CUT EX. 24" WATER MAIN. CONSTRUCT 24"X24" MJ
TEE. REPAIR DRIVEWAY PER WSSC STANDARD
DETAIL M/5.1.
V4
6 | REFER TO PROFILE A, SHEET C-07
Q /
CONVEYANCE SEWER \/O y A _ _ _ . 7| REFER TO PROFILE B, SHEET C-07
LINE 4" SDR-35 PVC o 8| REFER TO PROFILE C, SHEET C-08
Y Q
9| REFER TO PROFILE D, SHEET C-08
Y o
X 7
.OO CLEANOUT (TYP. OF 5). Q 4 UTILITY LEGEND
, SEE WSSC STANDARD @)
DETAIL S/5.0 AND S/5.1 N/ Y UNDERGROUND ELECTRIC LINE
@/ AN
O/\ O7 OO = P\/C STORM DRAIN PIPE
a LT T LT, BIO RETENTION POND
J
6 —— ELECTRICAL GROUNDING SYSTEM
GAS NATURAL GAS PIPE
DATE REVISIONS
100% DESIGN
GRAPHIC SCALE PROFESSIONAL CERTIFICATION
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\0
\0
\0
Y.  PERCTEST
SITE# D FROw, TBACK
, 259 St
\ §
\ 10,000 S.F. OPE ASSUMED INV.
\ RESERVE @ BUILDING 634.5%
\\ AREA
~\ Q INV. IN 633.5
\ DISTRIBUTION BOX \/O 1000' GALLON SEPTIC TANK
\ \/ INV. OUT 633.25
\
\
_— ¥ LOD DISTRIBUTION BOX
T — T INVERTS OUT : 589.2¢
\ _— -_— T ==
S 7 7 o O’\ - o SEE TYPICAL SECTION FOR ABSORPTION TRENCH \
9
3 547w — = o SACQOTPML PROPERTY LINE N
_ - _O‘ - QD'F__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__:__Z__Z__Z__Z__Z__Z__Z__Z__Z__Z__Z__Z_:
I — — \g\ B S
- — - o INVERT 589.0't j ABSORPTION PIPE TO BE PERFORATED (TYP.)
______________________________________________________________ .~ O 0 O O O
2" MOUND FOR S -
EXISTING GROUND
2" MOUND FOR DRAINAGE CONTROL j
DRAINAGE CONTROL INVERT 588.0't
EXISTING GROUND A ‘ 7 N S ITE PLAN +
\ / SCALE: 1" =20' T LX--{
L o o o - TOP OF PIPE —— Nl ey ~
/&\\\ \\ \\ \\ ~ /&\\\ " TO HAVE 2" — NATIVE BACKFILL _/'; -]
N \\ \\ \\ HEJ d STONE COVER Y N\ 4 FT. DEEP INVERT 587.0% - 84 FT. DRAIN FIELD TRENCH (TYP.) L
NATIVE BACKFILL —F3 N\ - (O™ <] S S . ®\¥ POROUS BUILDING PAPER ' '
MRS Ele 8 FT. DEEP TRENCH . OR APPROVED EQUAL DRAIN FIELD
N N N N gy . . 4" PERFORATED PIPE
HAND PLACED AND N \\ \\ \\ [a) . N INSTALLED WITH NO SLOPE SCHEMATIC DIAGRAM
HAND TAMPED BACKEFILL \%222222222222222‘ - UNIFORMLY GRADED NTS.
IIIIIIIIIIIIIIIII‘ CLEAN STONE FILL -
e % MIN. 3/4" STONE SEPTIC NOTES: DATE REVISIONS
AGGREGATE BACKFILL s e . 3.5 FT. DEPTH OF STONE
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Carroll Engineering, Inc,
215 Schilling Circle

Suite 102

Hunt Valley, MD 21031

Phone; 410-785-7423 Fax: 401-771-1313

TO Mr. Tod Ericson

LETTER OF TRANSMITTAL

DATE  40/7/2016 |JDB NO.

ATTENTION - Tod Ericson

RE Brink Zone Reliablity Improvements

FCP Application

MD DNR - MD Forest Service

2 South Bond Street

Bel Air, MD 21014

WE ARE SENDING YOU Attached [] Under separate cover via US Mail___ dessenger _ _ Overnight the following items

[ shop Dravings [ Prints Plans ] samptes [] Spedfications
] Copy of Letter (] change Order Applications,
COPIES DATE NO. DESCRIPTION
1 10/6/2016 Cover Letier
2 10/4/2016 Forest Conservation Application
2 10/4/2016 Forest Conservation Worksheet
2 10/6/2016 Simplified Forest Stand Delineation
2 10/6/2016 Faorest Conservation Plan
1 9/23/2016 Existing Conditions Plan and Proposed Site Plan (convenience only)
1 71172016 Letters from MDNR
1 711812016 Letters from MD Historical Trust

THESE ARE TRANSMITTED as checked below:

For approval
[ Foryour use
[ Asrequested

For review and comment

[0 roreips bue

[0 approved as Submitted
[ approved as Noted
[0 retumed for Corrections

0

[ resubmitted copies for approval
[ submit copies for distribution
[0 retumed corrected prints

20

REMARKS:

[] PRINT RETURNED AFTER LOAN TO US

COPY TO:

Brian Aylaian, MM

Abiola Akin-Ajayi, WSSC

SIGNED: Clnire Fishman

if enclosures are not as noted, kindly notify us at once,




CARROLL ENGINEERING, INC,

October 7, 2016

Maryland Department of Natural Resources
MD Forest Service

2 South Bond Street

Bel Air, MD 21014

Attn: Mr. Tod Ericson

Re: WSSC Brink Zone Reliability Improvements - FSD / FCP
CEl Job # 1501.08

Dear Mr. Ericson:

On behalf of the Washington Suburban Sanitary Commission, | am pleased to submit the
Forest Stand Delineation and Forest Conservation Calculations for the above referenced project.
Enclosed with this letter are the following:

Two (2) copies of the Simplified Forest Stand Delineation;

Two (2) copies of the Forest Conservation Plan;

Two (2) copies of the Forest Conservation Application;

Two (2) copies of the Forest Conservation Worksheet;

One (1) copy of the current Existing Conditions Plan and Proposed Site Plan for your
convenience during review;

6. Once (1) copy of each: Letter from DNR (Rare, Threatened and Endangered Species) &
Letter from MD Historical Trust

A e

This submittal is for the afforestation of 1.95 acres land located on the Brink Water Pumping
Station property located at 21701 Ridge Road. This retention is required due to site improvements
associated with the addition of a back-up water pumping station. This submittal represents the
Forest Stand Delineation and Forest Conservation submittal in the MDNR. Please note that prior to
sending in the 30-day public notice for publication, | would appreciate receiving the preliminary
approval of the Forest Conservation Plan,

At this time we would like to offer the opportunity to meet or discuss the project, if you
deem necessary. if you require additional information or documentation, or have any questions or
comments, please call us at anytime at 410-785-7423. At this time we respectfully request approval
of the enclosed Forest Conservation Plan.

Sincerely,
Carroll Engineering, Inc.

Cloire Fiston
Claire Fishman, P.L.A., LEED Green Assoc.
Project Landscape Architect

215 Schilling Circle e Suite 102 e Hunt Valley, Maryland 21031
410.785.7423  Fax: 410.771.1313




~+*+EFFECTIVE DECEMBER 1, 2011%*%
FOREST CONSERVATION APPLICATION

)

PROJECT# DFS  2Al4

Project Name Brink Zone Rel nts
Location GER
Description a new and Valve Chamber to
station as a
Watershed Name Washington Metropolitan C
County Montgomery County Municipality N/A
Maryland Grid Coordinate centroid 563,029 ft North 1,244,740  ft East
North American Datum Year: NAD 83/11 NAVD 88
ADC:Year 37th edition Page 13 (Map 9) Grid J9
Tax Map # FV12 Grid# - Parcel # 0639 Block# -
Lot# - District/Account# 02/02440111
Liber 6555 Folio 0900

By signing below, the applicant certifies that he or she has the legal right to implement proposed planting, maintenance and/or a long-
term protection agreement. The applicant futher certifies that the property subject to a long-term protection agreement is not
otherwise protected under federal, state or local programs.

Applicant's Signature Date ‘O - &" (7

Applicant Name Abiola Aki Owner: (circle one)
Firm Name n
Address 14501 Sweitzer Lane
City Laurel State MD Zip Code 20707
Phone # 301-206-8518
Indicate if applicant or to be the contact (Circle)
Agent Name an Avlaian
Firm Name Mott MacDonald
Address 11019 McCormick Rd Suite # 260
City Hunt Valley State MD 21031
Phone # (443) 541-5079

FOREST STAND DELINEATION INFORMATION

Total Tract Area 14.9 Ac.
Area within 100 year floodplain 0 Ac.
Area remaining in agriculture 0 Ac.
Other Ac. (includes critical area and impervious surfaces)
Net Tract Area 14.90 Ac.
Area of Existing Forest 0 Ac.
Area of Existing NTW forest 0 Ac.
Total Area in Sensitive Areas 0 Ac.
Forested Stream Buffers (50 ft. wide minimum) Y/N
Buffer Area Forested Ac
Steep Slopes Y/N 1.8 Ac.
Threatened and Endangered Species Y/N
Dominant and CoDominant Forest Species White Pine / Tree-of-Heaven

FSD Prepared by Claire Fishman (print) Forester, Qualified Prof. (circle)



FOREST CONSERVATION PLAN INFORMATION PROJECT # 5 P5 GO)QAM‘

In accordance with Maryland Annotated Code, Natural Resources Article Section 5-1607(c) and COMAR 08.19.04.03B, the
applicant must submit written justification for projects that disturb the priorities for retention and protection under Section 5-1607(c)
and COMAR 08.19.04.03E.

Per 5-1607(c)(2), a variance is required for disturbance to 1) rare, threatened and endangered tree, shrub
or plant species, 2) trees associated with historic structures or is designated a national state or local
Champion Tree, and 3) frees with 30 in dbh or 75% of the dbh of the MD State Champion Tree.

Existing Land Use Category (circle)
Residential/Commercial/lndustrial/Agricultural/Resource/Mixed Use/PUD/In
Proposed Land Use Elevated Water Tank / Back-up Pump

Afforestation Threshold 15% Conservation Threshold 20%
Proposed Area of Disturbance 13.00 Total Ac.  (Total Tract minus the linear Utility Installation)
% in Sensitive Areas 0.01 % Streams and buffer, floodplains, and steep slopes
Proposed Forest Clearing 0 Total Ac.
in Sensitive areas 0 Ac. Streams and buffer, floodplains, and steep slopes
in NTW 0 Ac.
Forest Retention Onsite 0 Ac. Offsite 0 Ac.
in Long Term Protection 0 Ac.
Forest Conservation Required 1.95 Ac.
Forest Conservation Provided 1.95 Ac.
Planting Onsite 1.95 Ac. Offsite 0 Ac.
Sensitive Area Planting 0.1 Ac. {Steep Slopes)
Stream Buffer Established: length 0 (ft) width 0 (ft)
Other:
Offsite Location
County
Tax Map Parcel
District/Account #
Maryland Grid: ft. N ft. E
North American Datum Year
ADC: Year Page Grid
Subwatershed

WSSC (WSSC does not yet know who will be performing and
maintaining the Forest Conservation area as it will be added to the work
roster and included in the bid package. When this information is
obtained, it will be forwarded to MDNR.)
Maintenance Responsibility: WSSC

Phone:

Planting Responsibility:

Total Long Term Protection Acreage 1.95 Ac.
% in Sensitive Areas 0.1 %

Long Term Protection Agreement Type:

Fee-in-lieu Amount $ Acres:

Bond Amount $ -

Bond Type -

FCP Prepared by Claire Fishman (print)ic. Forester, Qualified Professional (circle)

Mail to the appropriate office:

Eastern Region Central Region Southern Region Western Region

MD DNR Forest Service MD DNR Forest Service MD DNR Forest Service MD DNR Forest Service

201 Baptist Street 2 S. Bond Street 8023 Long Hill Rd 14110 Pleasant Valley Road
Salisbury, MD 21801 Bel Air, MD 21014 Pasadena, MD 21122 Flintstone, MD 21530

(410) 543-6745 (410)836-4551 (410)360-9774 (301) 777-5591



GENERAL NOTES g, N
s
oA ff &
10.  NO KNOWN HISTORIC STRUCTURES, HISTORIC CEMETERIES, OR OTHER HISTORIC RESOURCES ARE LOCATED ON SITE. A LETTER : 1
1. SITE ADDRESS: 21701 RIDGE ROAD, GERMANTOWN, 20876 4. THIS SITE IS ZONED AR (AGRICULTURAL RESERVE). DATED 06/30/2016 RECEIVED FROM THE MARYLAND HISTORICAL TRUST CONFIRMS THIS. ,,%30 !
R A . "
2 OWNER APPLICATION: WASHINGTON SUBURBAN SANITARY COMMISSION 5. A TOPOGRAPHIC / BOUNDARY SURVEY OF THE SITE WAS PERFORMED BY NAVARRO & WRIGHT CONSULTING ENGINEERS, INC., 1. THERE IS NO KNOWN PAST OR PRESENT MANAGEMENT OF FOREST ON SITE. R oo |
14501 SWEITZER LANE DATED MAY, 2015. 12. NO SPECIMEN TREES HAVE BEEN LOCATED ON THE PROPERTY. e
LAUREL. MD 20707 6.  SOILS INFORMATION FOR THIS SITE WAS OBTAINED FROM USDA NRCS WEB SOIL SURVEY IN A CUSTOM SOIL RESOURCES 13. SURROUNDING LAND USES ARE AGRICULTURAL TO THE NORTH AND EAST, AND RESIDENTIAL TO THE SOUTH, ACROSS BRINK
’ REPORT FOR AN AREA IN INTEREST (AOI) ESTABLISHED FOR THE SUBJECT SITE ONLY AND GENERATED ON SEPTEMBER 14, ROAD AND TO THE WEST, ACROSS RIDGE ROAD.
2015. 14.  DOMINANT TREE SPECIES WITHIN THE FORESTED AREA INCLUDE WHITE PINE AND THE TREE—OF—HEAVEN.
3. GROSS TRACT OF PROPERTY: 14.9 AC. 7. THIS SITE DOES NOT LIE WITHIN A 100-YEAR FLOOD PLAIN, AS SHOWN ON F.E.M.A. MAP NO. 24031C 0180 D. foegmn.
NET TRACT OF PROPERTY: 14.9 AC. 8.  NO WETLANDS OR REGULATED STREAMS WERE NOTED DURING THE SITE VISITS. THIS HAS BEEN VERIFIED BY MERLIN e _|
AREA OF LINEAR UTILITY INSTALLATION: 1.9 AC. (MARYLAND’S ENVIRONMENTAL RESOURCE AND LAND INFORMATION NETWORK) ONLINE MAPS.
AREA OF TO BE MITIGATED FOR VIA REFORESTATION 13.0 AC. 9. AS INDICATED BY MERLIN ONLINE MAPS AND US FISH AND WILDLIFE SERVICE'S IPaC (INFORMATION, PLANNING, AND
AREA OF PROPERTY IN FOREST: 0 AC. (ALL WOODLAND AREAS WITHIN THE PROPERTY BOUNDARY CONSERVATION SYSTEM), THERE ARE NO RARE, THREATENED OR ENDANGERED SPECIES ON—SITE. A LETTER DATED 06/11/2016
ARE LESS THAN THE 10,000 SF EACH AS REQUIRED TO BE RECEIVED FROM THE WILDLIFE AND HERITAGE DIVISION OF THE MARYLAND DEPARTMENT OF NATURAL RESOURCES (MDNR) H%EE
CONSIDERED "FOREST”) CONFIRMS THIS. Lo ’
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GENERAL NOTES

1. SITE ADDRESS: 21701 RIDGE ROAD, GERMANTOWN, 20876

2. OWNER APPLICATION: WASHINGTON SUBURBAN SANITARY COMMISSION

14501 SWEITZER LANE
LAUREL, MD 20707

3. GROSS TRACT OF PROPERTY: 14.9 AC.
NET TRACT OF PROPERTY: 14.9 AC.
AREA OF LINEAR UTILITY INSTALLATION: 1.9 AC.
AREA OF TO BE MITIGATED FOR VIA REFORESTATION 13.0 AC.
AREA OF PROPERTY IN FOREST: 0 AC. (ALL WOODLAND AREAS WITHIN THE PROPERTY BOUNDARY

ARE LESS THAN THE 10,000 SF EACH AS REQUIRED TO BE
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CONSIDERED "FOREST”)

9.

10.
1.
12.

THIS SITE IS ZONED AR (AGRICULTURAL RESERVE).

A TOPOGRAPHIC / BOUNDARY SURVEY OF THE SITE WAS PERFORMED BY NAVARRO & WRIGHT CONSULTING ENGINEERS, INC., 14. DOMINANT TREE SPECIES WITHIN THE FORESTED AREA INCLUDE WHITE PINE AND THE TREE-OF—HEAVEN.

DATED MAY, 2015.

13. SURROUNDING LAND USES ARE AGRICULTURAL TO THE NORTH AND EAST, AND RESIDENTIAL TO THE SOUTH, ACROSS BRINK

ROAD AND TO THE WEST, ACROSS RIDGE ROAD.

SOILS INFORMATION FOR THIS SITE WAS OBTAINED FROM USDA NRCS WEB SOIL SURVEY IN A CUSTOM SOIL RESOURCES
REPORT FOR AN AREA IN INTEREST (AOI) ESTABLISHED FOR THE SUBJECT SITE ONLY AND GENERATED ON SEPTEMBER 14,

2015.

THIS SITE DOES NOT LIE WITHIN A 100-YEAR FLOOD PLAIN, AS SHOWN ON F.E.M.A. MAP NO. 24031C 0180 D.

NO WETLANDS OR REGULATED STREAMS WERE NOTED DURING THE SITE VISITS. THIS HAS BEEN VERIFIED BY MERLIN
(MARYLAND’S ENVIRONMENTAL RESOURCE AND LAND INFORMATION NETWORK) ONLINE MAPS.

NO RARE, THREATENED OR ENDANGERED SPECIES EXIST ON-SITE.

NO KNOWN HISTORIC STRUCTURES, HISTORIC CEMETERIES, OR OTHER HISTORIC RESOURCES ARE LOCATED ON SITE.

THERE IS NO KNOWN PAST OR PRESENT MANAGEMENT OF FOREST ON SITE.
NO SPECIMEN TREES HAVE BEEN LOCATED ON THE PROPERTY.
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. EXISTING METAL POLE
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SEQUENTIAL TIMETABLE

FIELD LOCATION OF CONSERVATION BOUNDARY AS SHOWN ON FCP.

2. FIELD LOCATION OF PROPOSED L.0.D. AND CONSERVATION OF FCP PER ANY
DISAGREEMENT BETWEEN THE CONSERVATION BOUNDARY AND THE L.O.D.

3. FIELD ADJUSTMENT FOREST CONSERVATION AREA AND STAKE AND FLAG THE EDGES

OF THE FOREST CONSERVATION AREA.

—_

4. OBTAINMENT OF FINAL FCP APPROVAL FROM THE STATE.

5.  SEDIMENT CONTROL AND TREE PROTECTION DEVICES SHALL BE INSTALLED IN
ACCORDANCE WITH THE GENERAL CONSTRUCTION PLANS, EROSION AND SEDIMENT
CONTROL PLANS AND THE FOREST CONSERVATION PLAN. SEE SITE, ESC, AND FCP
PLANS.

6. NOTIFICATION TO STATE FOR INSPECTION OF INSTALLED DEVICES.

7. CONSTRUCTION BEGINS.

8. CONSTRUCTION ENDS.

9. NOTIFICATION TO STATE OF COMPLETION OF CONSTRUCTION FOR INSPECTION.

® o A O O O

O <> Q = 1. PLANT MATERIAL TO BE PLACED IN RANDOM
O N7 [ DISTRIBUTION PATTERN, TAKING CARE NOT TO PLANT
>|é MORE THAN 3 OF THE SAME SPECIES OR SIZE IN
0 O %K o O O SUCCESSION.
/\ 2. SEE PLANT SCHEDULE FOR PLANT SPECIES, SIZES
< © <> ® <> % AND QUANTITIES.
N
C O O O /A 3. THIS DETAIL PROVIDES A HYPOTHETICAL GRAPHIC
W DEPICTION OF A PROPOSED LAYOUT FOR APPROX.
0O © @) 10 TREE SPECIES. [T IS NOT MEANT TO BE
@ © 0O o FOLLOWED EXACTLY. THE PURPOSE IS TO ACHIEVE
THE APPEARANCE OF RANDOM SPACING.
o A ] O ¥ ®

RANDOM PLANTING LAYOUT

NOT TO SCALE

FOREST CONSERVATION AREA
MANAGEMENT NOTES

REMOVAL OF HAZARDOUS TREES OR HAZARDOUS LIMBS BY DEVELOPERS OR BUILDERS

THE DEVELOPER AND/OR BUILDER IS RESPONSIBLE FOR THE COMPLETE PRESERVATION
OF ALL FORESTED AREAS SHOWN ON THE APPROVED PLAN TO REMAIN UNDISTURBED.
ONLY TREES OR PARTS THEREOF NOT SHOWN ON THIS PLAN AND DESIGNATED BY THE
STATE OF MARYLAND AS DEAD, DYING OR HAZARDOUS MAY BE REMOVED. BRUSH /
SCRUB VEGETATION AREA OUTSIDE THE EXISTING WOODED AREA TO BE CLEARED PRIOR

TO REFORESTATION / AFFORESTATION PLANTINGS.

1. A TREE IS CONSIDERED HAZARDOUS IF A CONDITION IS PRESENT WHICH LEADS A
LICENSED ARBORIST OR A LICENSED TREE EXPERT TO BELIEVE THAT THE TREE OR
PORTION OF THE TREE HAD A POTENTIAL TO FALL AND STRIKE A STRUCTURE,
PARKING AREA, OR OTHER HIGH USE AREA AND RESULT IN INJURY OR PROPERTY
DAMAGE.

2. |F A HAZARDOUS CONDITION MAY BE ALLEVIATED BY CORRECTIVE PRUNING, THE
LICENSED ARBORIST OR A LICENSED TREE EXPERT MAY PROCEED WITHOUT FURTHER
AUTHORIZATION.  THE PRUNING MUST BE DONE IN ACCORDANCE WITH THE LATEST
EDITION OF THE ANSI A—300 PRUNING STANDARDS ("TREE, SHRUB AND OTHER
WOODY PLANT MAINTENANCE — STANDARD PRACTICES").

3. CORRECTIVE MEASURES REQUIRING THE REMOVAL OF HAZARDOUS TREES OR
PORTIONS THEREOF SHALL REQUIRE AUTHORIZATION BY THE BUILDING OR GRADING
INSPECTOR IF THERE IS A VALID GRADING OR BUILDING PERMIT FOR THE SUBJECT
LOTS OR PARCELS ON WHICH THE TREES ARE LOCATED. ONLY AFTER APPROVAL
OF THE APPROPRIATE INSPECTOR MAY THE TREE BE CUT BY CHAINSAW TO NEAR
THE EXISTING GROUND LEVEL. THE STUMP MAY NOT BE REMOVED OR COVERED
WITH SOIL, MULCH OR OTHER MATERIALS THAT WOULD INHIBIT SPROUTING.

4. DEBRIS FROM THE TREE REMOVAL OR PRUNING THAT OCCURS WITHIN 35 FEET OF
THE WOODLAND EDGE MAY BE REMOVED AND PROPERLY DISPOSED OF BY
RECYCLING, CHIPPING OR OTHER ACCEPTABLE METHODS. ALL DEBRIS THAT IS
MORE THAN 35 FEET FROM THE WOODLAND EDGE SHALL BE CUT-UP TO ALLOW
CONTACT WITH THE GROUND THUS ENCOURAGING DECOMPOSITION. THE SMALLER
MATERIALS SHALL BE PLACED INTO BRUSH PILES THAT WILL SERVE AS WILDLIFE
HABITAT.

PLANTING SPECIFICATIONS

— NO SOIL AMENDMENTS SHALL BE USED. BACKFILL WITH NATIVE SOIL

— ONLY PLANTING FIELDS 3-5 TIMES THE DIAMETER OF THE ROOT BALL
SHALL BE DISTURBED.

— MANUAL PLANTING METHODS SHALL BE EMPLOYED FOR ALL SPECIES (SEE
CONTAINER GROWN AND B&B PLANTING TECHNIQUES DETAIL)

— CONTAINERIZED TREES SHALL BE CHECKED FOR WRAPPED OR KINKED
ROOTS, AND SHALL BE REPLACED IF PRESENT.

— AN AREA 2”7 THICK AND COVERING THE ENTIRE PLANTING FIELD SHALL BE
MULCHED.

— PLANTING SEASON SCHEDULE SHALL BE IN ACCORDANCE WITH THE
"AMERICAN STANDARDS FOR NURSERY STOCK” AS PREPARED BY THE
AMERICAN ASSOCIATION OF NURSERYMEN.

— PLANTING SHOULD OCCUR WITHIN 24 HOURS OF DELIVERY OF PLANT
MATERIAL TO SITE. PLANT MATERIAL LEFT UNPLANTED FOR MORE THAN
24 HOURS SHOULD BE PROTECTED FROM DIRECT SUN AND WEATHER AND
KEPT MOIST UNTIL PLANTED.

— FULLY BIODEGRADABLE TREE SHELTERS (TUBES) AND ASSOCIATED WOODEN STAKES
SHALL BE INSTALLED AFTER EACH TREE IS PLANTED AND SHALL REMAIN IN PLACE FOR
A MINIMUM OF TWO YEARS. IF A TREE SHELTER IS DAMAGED OR REMOVED DURING
THE MAINTENANCE PERIOD, A REPLACEMENT TREE TUBE SHALL BE PROVIDED. ALL TREE
TUBES SHALL BE REMOVED AT THE END OF THE TWO-YEAR MAINTENANCE PERIOD.

PROTECTION OF REFORESTATION & AFFORESTATION
AREAS BY DEVELOPERS OR BUILDERS

IF PLANTING CANNOT OCCUR DUE TO PLANTING CONDITIONS, THE DEVELOPER
OR PROPERTY OWNER SHALL INSTALL FENCING AND/OR SIGNAGE IN
ACCORDANCE WITH THE APPROVED FOREST CONSERVATION PLAN.  PLANTING
SHALL THEN BE ACCOMPLISHED DURING THE NEXT PLANTING SEASON.

FOREST CONSERVATION CONSTRUCTION AND REFORESTATION FENCING AND
SIGNAGE SHALL REMAIN IN PLACE IN ACCORDANCE WITH THE FOREST
CONSERVATION PLAN OR UNTIL THE TREES HAVE GROWN SUFFICIENTLY TO
HAVE CROWN CLOSURE.

REFORESTATION AREAS SHALL NOT BE MOWED, HOWEVER THE MANAGEMENT OF
COMPETING VEGETATION AROUND INDIVIDUAL TREES IS ACCEPTABLE.

SITE STOCKING

THE MINIMUM STANDARDS FOR STOCKING ARE AS FOLLOWS:
— 200 CANOPY SPECIES PER ACRE WITH APPROXIMATE

SPACING OF 15" X 15’
— 350 UNDERSTORY SPECIES PER ACRE WITH

APPROXIMATE SPACING OF 12" X 12’

SURVIVABILITY REQUIREMENTS AFTER SECOND GROWING SEASON
ARE:

— 85% FOR CANOPY SPECIES (170 PER ACRE)
— 75% FOR UNDERSTORY SPECIES (260 PER ACRE)

PLANTING SHALL BE DONE IN A MIXED AND RANDOM PATTERN
USING METHODS SIMILAR TO THOSE SHOWN IN "RANDOM
PLANTING LAYOUT” DETAIL

EXPLANATION OF PRIORITY

THE FOREST CONSERVATION REQUIREMENT WILL BE MET
THROUGH ON-SITE REFORESTATION OF 1.95 ACRES.

LONG TERM PROTECTION

LONG TERM PROTECTION WILL BE PROVIDED FOR FOREST

CONSERVATION AREAS.

THIS WILL BE ACCOMPLISHED BY

PROVIDING COVENANTS, DEED RESTRICTIONS OR

CONSERVATION EASEMENTS ON THE RECORD PLAT.

THE

PLAT RESTRICTIONS ARE BINDING AND WILL BE RECORDED IN
THE LAND RECORDS FOR THE PROPERTY

NO DUMPING OF TRASH OR OTHER MATERIALS WITHIN THE
FOREST CONSERVATION AREA WILL BE PERMITTED.

POST—CONSTRUCTION MEASURES

POST CONSTRUCTION PHASE:

THE FOLLOWING MEASURES SHALL BE TAKEN:

1.

CORRECTIVE MEASURES IF DAMAGES OCCURRED DUE TO
NEGLIGENCE:

A.
B.

STRESS REDUCTION

REMOVAL OF DEAD OR DYING TREES. THIS MAY BE
DONE ONLY IF TREES POSE AN IMMEDIATE SAFETY
HAZARD.

REMOVAL OF TEMPORARY STRUCTURES:

A.

NO BURIAL OF DISCARDED MATERIALS WILL OCCUR
ON=SITE WITHIN THE CONSERVATION AREA.

B. NO OPEN BURNING WITHIN 100 FEET OF A WOODED AREA
C.

ALL TEMPORARY FOREST PROTECTION STRUCTURES WILL
BE REMOVED UPON FINAL INSPECTION APPROVAL.

PLANT SCHEDULE

Quantity Scientific/Common Name Size Root | Comments/Spacing
Canopy (Shade) Trees
70 Acer rubrum / Red Maple 7 Gal. Cont. | 15" offsets
70 Quercus palustris / Pin Oak 7 Gal. Cont. | 15" offsets
70 Robinia pseudoacacia / Black Locust 7 Gal. Cont. 15" offsets
Understory (Ornamental) Trees
85 Cercis canadensis / Eastern Redbud 3 Gal. Cont. | 12" offsets
85 Fagus grandifolia / American Beech 3 Gal. Cont. | 12" offsets
a5 llex opaca / American Holly (1 male 3 Gl Cont. | 127 offsets
per 8 female)
85 Magnolia virginiana / Sweetbay Magnolia 3 Gal. Cont. | 12" offsets

iZ? & AREA TO BE PLANTED (SEE FCP—01 FOR SPECIFIC LOCATION)

TWO—YEAR MAINTENANCE AND

MONITORING AGREEMENT

FIRST YEAR
WATERING:

o REFORESTATION AREAS SHALL BE WATERED FROM MAY
THROUGH SEPTEMBER, AT A RATE OF ONCE EVERY TWO
WEEKS, AND AT A VOLUME OF 1" OF WATER WITHIN
EACH INDIVIDUAL PLANTING FIELD.

e FROM OCTOBER THROUGH APRIL, REFORESTATION AREAS
SHALL BE WATER ONLY DURING TIMES OF SEVERE
DROUGHT.

FERTILIZING:

o REFORESTATION AREA SHALL NOT BE FERTILIZED DURING

THE FIRST GROWING SEASON.
COMPETING VEGETATION:

o COMPETING VEGETATION SHALL BE CONTROLLED BY
MANUAL OR MECHANICAL MEANS DURING THE FIRST
GROWING SEASON.

e MULCH SHOULD BE PRESENTED AT A 2"-4" HEIGHT
FROM INITIAL PLANTING.

PRUNING:

o ONLY DEAD AND DISEASED BRANCHES SHALL BE PRUNED

DURING THE FIRST GROWING SEASON.
INSPECTIONS:

o AT THE BEGINNING OF EACH GROWING SEASON
(BI-ANNUAL), LICENSED FORESTER OR LICENSED TREE
EXPERT SHALL CONDUCT A HEALTH AND MORTALITY
INSPECTION.

e AN INSPECTION REPORT ADDRESSING HEALTH ISSUES,
RECOMMENDED TREATMENTS AND ALSO INCLUDING A
MORTALITY AND REPLANTING TABLE SHALL BE PREPARED
BY THE INSPECTOR AND SENT TO THE STATE WITHIN 30
DAYS OF EACH INSPECTION.

e THE SECOND INSPECTION SHALL INCLUDE FERTILIZATION
SPECIFICATIONS FOR THE FOLLOWING YEAR.

REPLANTING:

o REPLANTING SPECIFICATIONS REQUIRE RESTOCKING IF
MORALITY FALLS BELOW THE SURVIVABILITY RATE OF THE
ORIGINAL PLANTED STOCK.

SECOND YEAR

WATERING:

o REFORESTATION AREAS SHALL BE WATERED FROM MAY
THROUGH SEPTEMBER, AT A RATE OF ONCE EVERY TWO
WEEKS, AND AT A VOLUME OF 17 OF WATER WITHIN
EACH INDIVIDUAL PLANTING FIELD.

e FROM OCTOBER THROUGH APRIL, REFORESTATION AREAS
SHALL BE WATER ONLY DURING TIMES OF SEVERE
DROUGHT.

FERTILIZING:

o THE ENTIRE PLANTING FIELD SHALL BE FERTILIZED AT A

RATE SPECIFIED BY THE INSPECTION REPORT.
COMPETING VEGETATION:

o COMPETING VEGETATION SHALL BE CONTROLLED BY
MANUAL OR MECHANICAL MEANS DURING THE SECOND
GROWING SEASON.

MULCH:

o EXISTING MULCH SHALL BE RACKED TO REMOVE MATTING.

o ADDITIONAL MULCH TO A 2"-4" HEIGHT SHALL BE ADDED
AS NECESSARY.

PRUNING:
o DEAD AND DISEASED BRANCHES SHALL BE PRUNED.
INSPECTIONS:

o AT THE BEGINNING OF EACH GROWING SEASON
(BI-ANNUAL), LICENSED FORESTER OR LICENSED TREE
EXPERT SHALL CONDUCT A HEALTH AND MORTALITY
INSPECTION.

e AN INSPECTION REPORT ADDRESSING HEALTH ISSUES,
RECOMMENDED TREATMENTS AND ALSO INCLUDING A
MORTALITY AND REPLANTING TABLE SHALL BE PREPARED
BY THE INSPECTOR AND SENT TO THE STATE WITHIN 30
DAYS OF EACH INSPECTION.

REPLANTING:

o BASED UPON THE FINAL MORTALITY REPORT, ANY
RESTOCKING OF THE REFORESTED / AFFORESTATION
AREA SHALL BY CONDUCTED FOLLOWING THE SECOND
GROWING SEASON.

o REPLANTING SPECIFICATIONS REQUIRE RESTOCKING IF
MORALITY FALLS BELOW THE SURVIVABILITY RATE OF THE
ORIGINAL PLANTED STOCK.

MDE REFERENCE #: 16-SF-0105

DATE REVISIONS
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Attachment 3 — Stormwater Management and Erosion &
Sediment Control Concept Plan Submittal



MARYLAND DEPARTMENT OF THE ENVIRONMENT
Water Management Administration e Sediment and Stormwater Plan Review Division
1800 Washington Boulevard @ Baltimore, MD 21230
(410) 537-3543 o 1-800-633-6101 e http://www.mde.state.md.us

STORMWATER MANAGEMENT WAIVER APPLICATION
OWNER: Washington Sanitary Suburban Commission  \pEg NO.: MDE Permit No.: 16-SF-0105

ADDRESS: 21701 Ridge Road, Gaithersburg, MD 20876 PROJECT NO.

Within the Seneca Creek Watershed. POl located to the southeast of the site, within the
LOCATION/POI: adioining property to the east of the subject property

CONSULTANT: Carroll Engineering, Inc. (215 Schilling Circle, Suite 102, Hunt Valley, MD 21031)
718 L.f. of linear utility installation not included in the drainage area study within the

DESCRIPTION broiect's SWM studyv.

I/We, the Owner/Owners hereby request a stormwater management waiver be granted for the above referenced
project in accordance with the following Section of the Stormwater Management Guidelines for State and Federal

Projects:

X 33A. Contract plans and provisions, stormwater management report.

3.3.B.l.a. Contract plans and provisions, stormwater management report.

3.3.B.1.b. Contract plans and provisions, stormwater management repott.*

3.3.B.1.c. Contract plans and provisions, stormwater management report.*

3.3.B.2.a. Contract plans and provisions, stormwater management report.

3.3.B.2.b. Contract plans and provisions, stormwater management report.*

33.B.2.c. Contract plans and provisions, stormwater management report.*

3.3.B.3.a. Contract plans and provisions, stormwater management report.*

3.3.B.3.b. Contract plans and provisions, stormwater management report.*

3.3.B4. Contract plans and provisions, stormwater management report.*

*Eyidence of stable outfall with adequate capacity (e.g., video, photos, statement)

Other evidence SWM-2 IART SWM-3 ESD & BMP Exhi  and SWM

ABlOLA AKIN-ATAN|

Name of Owner
or authorized representative

Approved Denied/Reason

By
Sediment and Stormwater Plan Review Engineer

Submit to:
Maryland Department of the Environment
Water Management Administration
Sediment and Stormwater Plan Review Division
1800 Washington Boulevard
Baltimore, MD 21230

MDE/WMA/PER.058
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Date

Date

If a project involves a waiver request for more
than one (1) drainage area, a Stormwater
Management Waiver Application is required for
each point of investigation (POI).



MARYLAND DEPARTMENT OF THE ENVIRONMENT
Water Management Administration ® Sediment and Stormwater Plan Review Division
1800 Washington Boulevard e Baltimore, MD 21230
(410) 537-3543 @ 1-800-633-6101 e http://www.mde.state.md.us

STORMWATER MANAGEMENT WAIVER APPLICATION
OWNER: Washington Sanitary Suburban Commission  ypg NO MDE Permit No.: 16-SF-0105

ADDRESS: 21701 Rldge Road, Gaithersburg, MD 20876 PROJECT NO.:

Within the Seneca Creek Watershed. POI located to the southeast of the site, within the
LOCATION/POI: adjoining property to the east of the subject property.

CONSULTANT: Carroll Engineering, Inc. (215 Schilling Circle, Suite 102, Hunt Valley, MD 21031)

718 Lf. of linear utility installation not included in the drainage area study within the
DESCRIPTION: project's SWM study.

I/We, the Owner/Owners hereby request a stormwater management waiver be granted for the above referenced
project in accordance with the following Section of the Stormwater Management Guidelines for State and Federal
Projects:

X 33A. Contract plans and provisions, stormwater management report.

_ 33.B.l.a. Contract plans and provisions, stormwater management report.

__ 33B.1.b. Contract plans and provisions, stormwater management report.*

_ 3.3.B.l.c. Contract plans and provisions, stormwater management report.*

_____33.B.2.a. Contract plans and provisions, stormwater management report.
_ 3.3.B.2.b. Contract plans and provisions, stormwater management report.*
_____33.B.2.c. Contractplans and provisions, stormwater management report.*
_3.3.B3.a. Contract plans and provisions, stormwater management report.*

3.3.B.3.b. Contract plans and provisions, stormwater management report.*

3.3.B4. Contract plans and provisions, stormwater management report.*

*Evidence of stable outfall with adequate capacity (e.g., video, photos, statement):

Other evidence submitted: SWM-2 (IART Exhibit), SWM-3 (ESD & BMP Exhibit) and SWM Study
FORTHCOMING

Name of Owner Signature Date
or authorized representative

~ Approved  Denied/Reason
By
Sediment and Stormwater Plan Review Engineer Date

Submit to:
Maryland Department of the Environment If a project involves a waiver request for more
Water Management Administration than one (1) drainage area, a Stormwater
Sediment and Stormwater Plan Review Division Management Waiver Application is required for
1800 Washington Boulevard each point of investigation (POI).
Baltimore, MD 21230

MDE/WMA/PER.OS8

28



Brink Zone Reliability Improvements Project

CONCEPTUAL STORMWATER
MANAGEMENT REPORT

MDE Permit No.: 16-SF-0105

Prepared by:

Carroll Engineering, Inc.
215 Schilling Circle
Suite 102
Hunt Valley, Maryland 21031
(410) 785-7423

WSSC Contract No: BP5692A14
CEI Project No.: 1501.08

September 2016

“Prolessional Certification” T hereby certily that
these documents were prepared or approved
by me, and that I am a duly licensed professional
engineer under the laws ol the State of dMaryland
Maryland, License No, 14446
Expiration Date: 05-25-2017”
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BRINK ZONE RELIABILITY IMPROVEMENTS PROJECT
21701 Ridge Road,
Gaithersburg, MD 20876

STORMWATER MANAGEMENT DESIGN NARRATIVE
September 2016

PROJECT DESCRIPTION

This Washington Suburban Sanitary Commission {(WSSC) Brink Zone Reliability
Improvements Project includes the construction of a new 13 MGD booster Water Pump
Station (WPS) with associated infrastructure as well as new valve vault located on the
southern portion of the property. The construction consists of the booster Water Pumping
Station enclosure, a one story building with a basement level for booster pump location, a
paved access pad and parking area, utility piping and appurtenances, and two (2) SWM
micro-bioretention facilities.

The overall WSSC property is bound by agricultural farmland to the north and east, by Brink
Road to the south and by Ridge Road (MD Route 27) to the west. The overall WSSC
property contains approximately 14.93-acres of land that is located as shown on the
Montgomery County ADC Map 4929, Grids B6 and B7, located on the easterly side of Ridge
Road in Germantown, Maryland. The project site’s overall limit of disturbance consists of
approximately 2.34-acres. Of the 2.34-acres of disturbance, approximately 0.46 acres is
associated with linear utility installation and will therefore not be included in the SWM
calculations.

EXISTING CONDITIONS

The overall project area is currently consists of two (2) storage tanks, the existing Brink
Pumping Station, access drives and parking, and accessory utility buildings. One storage
tank, better known as the Brink Elevated Water Tank
(EWT), is an elevated water tower and is located northeast of the proposed project, while the
other storage tank is a reservoir tank at grade located closer to the northern boundary of the
site. The Brink EWT receives its water supply from the existing Neelsville WPS through a
7,000 foot, 24-inch water main. WSSC has determined that a new booster WPS on the
Brink facility site will ensure the effective delivery of water to the Brink EWS and other
dependent zones if ever there is a disruption to the service, while aiso allowing for regular
repair and maintenance to be performed.

The majority of the topography within the project area drains away from a high point centrally
located beneath the existing EWT. The topography drains away from the high point listed
above in all directions, with two low points of the property located on the western edge of the
site, in between the two water storage tanks, and at the southeast corner of the site. A
crescent shaped berm surrounds the northern portion of the reservoir tank. Currently,
stormwater draining to Ridge Road runs either to the north or south depending on where
along the roadway the stormwater leaves the site. A more significant portion of the runoff
from the site drains to the east and southeast into an open field used for agriculture. A small
portion of the site drains to the northern edge of the site, eventually directing the stormwater
into the swale lining Ridge Road. Itis assumed that the storm water runoff draining from the
interior of the crescent, toward the reservoir tank is intercepted by a storm drain inlet on the
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Brink Zone Reliability Improvements Project SWM Report

southeast side of the tank and then travels through an existing storm water conveyance pipe
which exits the site at the southeasterly corner of the property, where the majority of the
overiand flow eventually ends up.

The slopes ranges from relatively flat to steep, with slopes as shallow as 1.5% toward the
center of the site, to slopes with as steep as approximately 40% gradient on the side of the
herm discussed above. Within the project limits (Limit of Disturbance) the maximum slope is
approximately 38% and located adjacent to Ridge Road. The area within the project limits
contains no streams, springs, wetlands, buffers, or highly erodible soils. There are small
portions of wooded areas on the northern and eastern portion of the site, however no
woodland is within the overall drainage area being studied. The site is not located in a
floodplain nor is it in the Chesapeake Bay Critical Area.

Runoff from the project limits is conveyed to one (1} locations identified as a Study Point
(SP), as there is only a single overall drainage area. Study point #1 (SP-1) is located just
southeast of the site where the majority of site runoff from the southern portion of the
property drains to. This study point also receives runoff from an offsite area associated with
the neighboring agricultural field to the east of the property.

Soils within the study point drainage area are classified as Brinklow-Blocktown channery silt
loams (16B), 3 to 8 percent slopes, Brinklow-Blocktown channery silt loams (16C), 8to 15
percent slopes, and Occoquan loam (17B}, 3 to 8 percent slopes. The Brinklow-Blocktown
channery silt loams soils are classified as Hydrologic Soils Group C while and the Occoguan
loam is classified as Hydrologic Soils Group B. WSSC owns, operates and maintains the
water, and storm drain infrastructure on site.

PROPOSED CONSTRUCTION

The site improvements include the addition of a new 13 MGD booster Water Pump Station
(WPS) building and associated piping and appurtenances, a proposed control valve
chamber vault, associated piping and appurtenances, a proposed access drive and truck
turning area for access to the pump station, and a proposed septic drainage field. The
pump station shall include horizontal split case pumps, VFD, SCADA, electrical panels, a
generator, header piping, branch piping and valves, and a magnetic flow meter and air
valve. A water utility connection to the existing water lines on the western edge of the
property will be constructed and used for the emergency water intake during the time of
maintenance and repair to the existing EWT.

Three (3) proposed M-8 Micro-bioretention facilities are located so as to intercept runoff from
the existing reservoir tank, the proposed booster pump station and the proposed valve
chamber and surrounding drives and provide water quality treatment for the associated
impervious area. Site designs have minimized impacts to existing forested area. Existing
forest located on the project site both surrounds the northern portion of the existing water
reservoir and is sifuated on top of an existing berm as well as provides a buffer between the
southern portion of the site and Brink Road. This forest will be undisturbed. The majority of
the existing trees within the limit of disturbance will be demolished in order to allow for
construction of the booster pump and the associated utilities.
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Overflow from the bio-retention ponds discharges as overland flow downstream from each
pond location. Inverts and outfall elevations have been calculated and it has been
determined that the slope from invert out of the outfall located within each pond to the outfall
invert shall be between 0.9 and 5.0%.

In addition to the main area of disturbance, three areas of linear utility installation are
proposed. One shall encompass the connection of the proposed water lines to an existing
water main on the western side of the property which will be constructed and used for the
emergency water intake during the time of maintenance and repair to the existing EWT, one
shall encompass the connection of one of the micro-bioretention ponds to an outfall level
spreader located southeast of the major disturbance and one shall encompass both the
connection of remaining micro-bioretention ponds to the an outfall level spread as well as a
sanitary line which leave to a septic drainage field on the southeast corner of the overall
property. Being a linear utility installation isolated from the site, the limit of disturbance for
this work is not included in the SWM calculations, but is included in the Erosion and
Sediment Control design work.

V. METHODOLOGY

The stormwater management designs and review are being performed using the typically
three (3) step process as outlined by the current Maryland Department of Environment
regulations. This study represents the conceptual phase in that process.

This stormwater management study was conducted to evaluate the proposed condition for
stormwater quantity attenuation to each study point (SP) to existing condition runoff rates,
utilizing storm water quality treatment for new and reconstructed impervious areas. These
evaluations use methods outlined in the Stormwater Management Act of 2007. The project
area is evaluated for feasibly utilizing Environmental Site Design (ESD) techniques to the
Maximum Extent Practicable (MEP) to provide treatment forimpervious areas. The Impervious
Area Requiring Treatment (JART) is calculated for each drainage area and for the project area
as a whole. The existing condition impervious area coverage within the limits of disturbance is
less than 40%, therefore the IART is calculated as new development thus providing treatment
for 100% of the reconstructed and new impervious areas within the limits of disturbance. No
credit is applied for impervious areas removed. The impervious areas, both existing or
proposed, treated by an ESD-BMP practice (micro-bioretention facility) is tabulated as a credit
towards the IART treatment goal.

The required Environmental Site Design volumes (ESDv) and recharge volume for the overalli
limit of disturbance as well as the ESDv required for the ESD-BMP micro-bioretention drainage
areas have been calculated. The furnished ESDv for the ESD-BMP exceeds the required
ESDv for both the micro-bioretention drainage areas and for the LOD as a whole. In addition,
the furnished recharge volume, based on a minimum of 12-inches of #57 stone below the
lowest invert of the underdrain, has been calculated to demonstrate that the recharge volume
furnished exceeds the recharge volume required. The ESD-BMP micro-bioretention facilities,
as designed for their respective drainage subarea, have been sized using the Target Pe value,
therefore, channel protection volume (Cpv) requirements have been satisfied.
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Using methodology outlined by the Soil Conservation Service Publication on Hydrology for
Small Watersheds, Technical Release 55 (TR55), land use curve numbers and times of
concentration have been calculated for the existing condition (see Exhibit SWM-1 and
Appendix A) and for the proposed condition subareas (see Exhibit SWM-4 and the Appendix
C). The TR55 methodology was also used to determine the land use curve numbers for the
drainage subareas to the individual ESD-BMPs. A minimum time of concentration of six (6)
minutes was used for each of the ESD-BMP subareas.

The TR-55 output for the existing and proposed conditions have been hydraulically routed to
the Study Points to determine the peak discharge rates for the 1-year, 2-year, 10-year, and
100-year storm events. As shown by the calculations, the proposed condition runoff rates
(peak flow conditions) are less than the existing condition runoff rates for the 1-year, 2-year,
10-year, and 100-year storm events. The hydraulic routing through the micro-bioretention
facilities was performed utilizing TR-20 methodology with Hydraflow software.

The TR-55 calculated land use curve number for the M-6 Micro-bioretention ESD-BMP
drainage subareas are hydraulically routed through the micro-bioretention facilities to
determine the 10-year and 100-year water surface elevations within the micro-bioretention
facility. The hydraulic routing was performed utilizing TR-20 methodology with Hydraflow
software.

Erosion and sediment controt (ESC) and stormwater management (SWM) designs seek to
protect the existing natural features. Vegetative cover will be installed to protect slopes and
grades from erosion. Erosion control measure will be employed at all inlets receiving runoff
from disturbed areas. The intent of the design is to ensure that the implemented measures
meet the requirements for protection of the surrounding environment.

EROSION & SEDIMENT CONTROL

Erosion & Sediment Control Plans have been prepared per the “Maryland Standards and
Specifications for Soil Erosion and Sediment Control”. The intent of the design is to protect
downstream natural features from erosion, capture sediment on-site, and meet applicable
guidelines and requirements.

The designs include individual control devices such as Stabilized Construction Entrances,
Silt and Super Silt Fences, Inlet Protections, and other measures as needed. The area of
the linear utility installation on the site is performed using linear utility installation methods
and has been protected by Super Silt Fencing located as required to prevent sedimentation
from running outside of the LOD.

STORMWATER MANAGEMENT

The disturbed site is entirely in one drainage areas (DA-1). DA-1 contains just over half of
the property as well as a small portion of the adjoining agricultural land to the east. This
drainage area was analyzed to determine runoff patterns and drainage subareas for the
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proposed condition. The drainage areas were investigated for the feasibility of employing
ESD-BMP practices and non-structural practices for: IART credit, to provide groundwater
recharge, and provide water quality treatment for runoff. The ESD-BMP micro-bioretention
practices are designed to furnish treatment for the site improvements. The on-site soils are
classified as Hydrologic Soils Groups B and C. A site geotechnical investigation shall be
performed to determine that ground water elevations at the micro-bioretention facilities are
acceptable. The Summary Tables furnished summarize the proposed condition drainage
areas, the IART requirements, the ESD-BMP drainage subareas, the employed treatment
practices, impervious area being treated, ESDv requirements and ESDv furnished for the
respective ESD-BMP micro-bioretention facilities, recharge volume, and the existing and
proposed condition 1-year, 2-year, 10-yr, and 100-year storm peak discharge summaries to
Study Point #1 (SP-1).

The total area of disturbance associated with this project is approximately 2.34-acres,
although only 1.88 acres has been mitigated for. An NPDES application is required to be
submitted to MDE. Water quality treatment for stormwater runoff for new and reconstructed
impervious areas is furnished through three (3) M-6 Micro-bioretention facilities. The
following appendices include data summary tables and calculations for sizing the micro-
bioretention facilities in accordance to Chapter 5. As noted above, by furnishing ESD to the
MEP for the IART goal, Channel Protection Volume (Cpv) has been satisfied.

Water quantity attenuation is furnished so that the post-developed condition runoff rates are
less than or equal to the pre-developed condition runoff rates for the 1-year, 2-year,10-year,
and 100-year storm events to SP-1. Volume associated with the micro-bioretention areas
provides the required volume to achieve the attenuation. The following table summarizes
the peak runoff rates for the 1-year, 2-year, 10-year, and 100-year storm events:

Existing Condition Peak Discharge Summary

SP 1-year 2-year 10-year 100-year
1 14.37 22.04 49.85 115.02
Proposed Condition Peak Discharge Summary
SP 1-year 2-year 10-year 100-year
1 13.32 20.71 48.84 114.47
CONCLUSION

As demonstrated by the above narrative as well as the attached tables & calculations, the
site designs meet the stormwater management requirements for IART treatment, ESD to
the MEP for new and reconstructed impervious areas, peak discharge attenuation to existing
condition runoff rates for the 1-year, 2-year, 10-year, and 100-year storm events,
groundwater recharge volume requirements, and ESD volumes. Erosion and Sediment
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Control designs are provided in accordance with MDE requirements and regulations to
prevent the escape of sediment laden runoff.
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CARROLL ENGINEERING, INC.
JOB: Brink Zone Reliability Improvments
DATE:09/21/16

BY: C Fishman

New Development vs. Redevelopment Calculations

Limit of Disturbance Area

Total LOD Area = 82,106 s.f.

Existing Impervious Area In LOD = 0
Existing Percent Impervious = 0 %

Existing % impervious < 40% - New Development Gondition




CARROLL ENGINEERING, INC.
JOB: Brink Zone Reliability Improvments
DATE:09/21/16

BY: C Fishman

Impervious Area Requiring Treatment (IART) Summary Table

Drainage Area: 1 (DA-1)

Total DA Area= 666,186 s.f. LOD Area = 82,106 s.f.
{19628 s.f. of linear

utility installation)

New Impervious Area (Ain) = 18,297 s.f.

Reconstructed Existing Impervious Area (Air) = 0 s.f.
Existing Impervious Area Removed (Aire) = 0 s.f.
Existing Impervious Area (Ex Ai = Air + Aire) = 0 s.f.
Proposed Impervious Area (Prop Ai = Air + Ain) = 18,287 s.f.
A Impervious Area (A Ai = Prop Ai - Ex Ai) = 18,297 s.f.

IART= Existing Imp Area + A Imp Area= 18,297 s.f.

TOTAL IART (DA-1) = 18,297 s.f.




CARROLL ENGINEERING, INC.

JOB: Brink Zone Reliability Improvments
DATE:09/21/16

BY: C Fishman
Water Quality Treatment Summary

Total IART Required: 18,297 s.f.

{See IART Exhibit for Calculation)
Subarea Treatment | Impervious Total Treated ‘ Net Credit/

Method Area Treated (s.f.) | Impervious Area (s.f.) Deficit (-)
BRA-1A M-6 Micro Bioretention 8,043 8,043 10,254
BRA-1B M-6 Micro Bioretention 7,080 15,123 -3,174
BRA-1C M-6 Micro Bioretention 4,986 20,109 1,812
s

Total Treatment Credit = 1,812




CARROLL ENGINEERING, INC.

JOB: Brink Zone Reliability Improvments
DATE:09/21/16
BY: C Fishman

ESD BMP Summary

BRA Dim. (LxW) /

Ponding ESDv | Surface Ponding

Subarea DA T?stafi) Area Filter Media % Imp. Targ:.)t Pe Required {¢.f.} | Volume (c.f.}/
) Thickness (in) 75% Depth (in)
BRA-1A 15533 1,222 sf | 20" 51.8% 1.8" 909 987 cf/8.4"
BRA-1B 19321 1479 sf/ 20" 36.6% 1.7" 780 821 cf/ 5.4"
BRA-1C 14023 971 sf 20" 35.6% 1.6" 533 646 cf / 6.6"
Subaroa Area (Af) Area (Af) ESDv Furnished
Required (s.f.) | Furnished (s.f.) (c.f.)
BRA-1A 1031 1222 1212
BRA-1B 935 1479 1040
BRA-1C 625 971 710
b
Total ESDv Furnished = 2962
Total ESDv Required = 2073

{Based on LOD Calculations)




CARROLL ENGINEERING, INC.
JOB: Brink Zone Reliability Improvments
DATE:09/21/16

BY: C Fishman

Recharge Volume (Rev) Summary

Subarea | Treatment Method | Rev Furnished (c.f.)
BRA-1A M-8 Micro Bioretention 489
BRA-1B M-6 Micro Bioretention 592
BRA-1C M-6 Micro Bioretention 388
-
Total Rev Furnished = 1081
Total Rev Required = 226

(Based on LOD Calcutations)




Hydrograph Return Period Rec

Iowaygographs Extension for AutoCAD® Civil 3D& 2013 by Autodesk, inc, v10

Hyd. jHydrograph |inflow Peak Outflow (cfs) Hydrograph
No. type hyd(s) Description
(origin} 1-yr 29r 3yr 5-yr 10-yr  |25.yr  [BO-yr  [100-yr
1 |SCSRunoff | e 1437 | 2204 | ——m | e 49.85 | e | oo 115.02 | DA-{

Proj. file: Existing Conditions.gpw

L A

“1nThursday, 09 /22 /20168




Hyd rog ra p h Retu n Pe Fl Od Fyﬁ‘rﬁcﬁaggz)graphs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. |Hydrograph |Inflow Peak Qutflow (cfs) Hydrograph
No. type hyd(s) Description
{origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 |SCS Runoff | - 13.32 | 2043 | - | e 46.20 | e | memeees 106.59 | DA-1

2 |SCSRunoff | - 0.789 | 1.055 | ----m | ----m- 1918 | - | - 3.709 | DA1A

3 |SCSRunaff | - 0.827 | 1433 | seweers | reee- 2,168 | ----me- ---—- { 4363 | DA-1B

4 |SCSRunoff | - 0.602 | 0.824 | ——- | - 1.577 | ereee | oroees 3473 | DAIC

5 |Reservoir 2 0.032 | 0.130 mmmm | wmnees 0920 | - | seeeee- 1.479 | BRA-1A

6 |Reservoir 3 0.000 | 0.022 | =wces | - 0.631 [ - -—— | 3.631 | BRA-1B

7 |Reservoir 4 0049 | 0.283 | -—-ceses | - 1.444 | wveeee | omee- 3.051 | BRA-1C

8 |Combine 1, 57 B, 1332 | 2071 | —-em | ereee- 48.84 | - | eme- 11447 | SP-1

Proj. file: Prop Conditions.gpw v gk Thursday, 09/22 /2016 L
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Existing Condition TR55 Data and Report




CARROLL ENGINEERING, INC.
JOB: Brink Zone Reliability Improvments
DATE:09/21/16

BY: C Fishman

Ex. Conditions TR-55 Data

DA-1 {Drains to Study Point #1: SP-1)

Total Area = 666186 s5.f. {15.29 Ac.)
HSG-B {17B) = 8,795 s.f.
Landscape {Good}: 8,374 s.f.
impervious Area: 421 s.f.
HSG-C (16B / 16C) = 657,391 s.f,

Landscape (Good): 622,522 s.f.
Impervious Area: 34,869 s.f.

Tc¢ Data:

Sheet Flow: 100ft @ 4.68% - Grass
Shallow Concentrated Flow: 9%4ft @ 6.57% - Unpaved




CFishman Brink Zone
Reliability Improvements Project
Montgomery NOARR_C County, Maryland

Sub-Area Summary Table

Sub-Area Drainage Time of Curve Receiving Sub-Area

Identifier Area Concentration HNumber Reach Description
(ac) {hr)

DA-1 15.2% 0.183 15

Total Area: 15.29 (ac}

WinTR-55%, Version 1.00.10 Page 1 9/22/2016 Z:48:39 PM




CFishman Brink Zone
Reliability Improvements Project
Montgomery NOARA C County, Maryland

Sub-Area Time of Concentration Details

Sub-Area Flow Mannings's End Wetted Travel
Identifier/ Length Slope n Area Perimeter Velocity Time
{£ft) {Et/ft) {sg £t) {ft) (ft/sec) {hx)
DA-1
SHEET 100 0.0468 0.150 0.118
SHALLOW 964 0.0657 0.050 0.065
Time of Concentration .183

WinTR-55, Versicen 1.00.10 Page 1 9/22/2016 2:48:39 PM




CFishman Brink Zone
Reliability Improvements Project
Montgomery NOAA C County, Maryland

Sub~Area Land Use and Curve Number Details

Sub-Area
Area
{ac)

Curve
Number

Sub-Area Hydrologic
Identifier Land Use Soil
Group
DA-1 Open space; grass cover > 75% {good} B
Open space; grass cover > 715% {good} C
Paved parking lots, roocfs, driveways B
Paved parking lots, roofs, driveways C

Total Area / Weighted Curve Number

WinTR-55, Version 1.00.10 Page 1

9/22/2016

2:48:39 PM




APPENDIX - B

Existing Condition Hydroflow 1-year, 2-year, 10-year, and
100-year Peak Flow Calculations




Hydrograph Return Period Rec

ﬁyQographs Extension for AutoCAD® Civil 3D®& 2013 by Autodesk, Inc. v10

Hyd. |Hydrograph |Inflow Peak Qutflow (cfs) Hydrograph
No. type hyd(s) Description
(ortgin) 1-yr 2-yr 3yr 5yr 10-yr 25-yr  |50-yr 100-yr
1 |SCSRunoff | --—- 1437 | 2204 | - | - 49.85 | --eeee- weeees 1115.02 | DA

Proj. file: Existing Conditions.gpw S L Thursday, 09/22 /2016 e




H yd rog ra p h S umma ry Re pr ratlow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. [Hydrograph |Peak Time |Timeto [Hyd. Inflow Maximum Total Hydrograph
No. type flow interval |Peak volume hyd(s) elevation strge used Description
{origin} {cfs) {min) [{min) {cuft) {ft) {cuft) ’

1 |SCS Runoff 14.37 2 722 39,596 | - DA

Existing Conditions.gpw

Return Period: 1 Year

s

Thursday, 09 /22 /2016 ... =




Hydrograph Report

Hydraflow Hydrographs Extension for AutocCAD® Civil 30® 2013 by Autodesk, Inc. vi0

Hyd. No. 1
DA-1

Hydrograph type
Storm frequency
Time interval
Drainage area
Basin Slope

Tc method

Total precip.
Storm duration

SCS Runoff
1yrs

2 min
156.290 ac
0.0 %

User

2.57 in

24 hrs

Peak discharge
Time to peak

Hyd. volume
Curve number
Hydraulic length
Time of conc. (Tc)
Distribution
Shape factor

Thursday, 09722 /2018

14.37 cfs
722 min
39,596 cuft
75

0 ft

11.00 min
Type I
484

DA-1
Q (cfs) Hyd. No. 1-- 1 Year Q (cfs)
16.00 15.00
12.00 12.00
9.00 9.00
6.00 6.00
3.00 3.00
0.00 J 0.00
0 120 360 480 600 720 90 1080 1200 1320 1440 1560

wwmueee Hydl No. 1

Time (min)




Hyd rog ra p h S umma ry Re prJ:atlow Hydragraphs Extension for AutoCAD® Civii 3D® 2013 by Autodesk, Inc, vid

Hyd. |Hydrograph |Peak Time |Timeto [Hyd. Inflow Maximum Total Hydrograph
No. type flow interval |Peak volume hyd(s) elevation strge used Description
(origin) (cfs) {min}  [{min) (cuft) (ft) (cuft)
1 |SCS Runoff 22.04 2 722 58770 | -—— | = | e DA-1

Existing Conditions.gpw

Return Period: 2 Year

. Thursday, 09/ 22 /2016




Hydrograph Report

Hydraflow Hydrographs Extension for AutcCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 /2016

Hyd. No. 1

DA-1

Hydrograph type = SCS Runoff Peak discharge = 22.04 cfs

Storm frequency = 2yrs Time to peak = 722 min

Time interval = 2 min Hyd. volume = 58,770 cuft
Drainage area = 15.290 ac Curve number =75

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Te) = 11.00 min

Total precip. = 3.10in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1

Q (cfs) Hyd. No. 1 -- 2 Year Q {cfs)

24.00 24.00

20.00 20.00

16.00 16.00

i
12.00 12.00
8.00 8.00
4.00 4.00
0.00 J 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time (min)

s Hyd NO. 1




Hydrograph Summary Repgrt

ow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. |[Hydrograph [Peak Time |Timeto [Hyd. Inflow Maximum Total Hydrograph
No. type flow interval |Peak velume hyd(s) elevation strge used Description
{origin) {cfs) {min) [{min) {cuft} {ft) {cuft)
1 |SCS Runoff 49.85 2 720 129891 | e L e | e DA-1

Existing Conditions.gpw

Return Period: 10 Year

Thursday, 09 / 22:/ 2016

e




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. No. 1
DA-1

Hydrograph type
Storm frequency
Time interval
Drainage area
Basin Slope

Tc method

Total precip.
Storm duration

SCS Runoff
10 yrs

2 min
15.290 ac
0.0 %

User

4,77 in

24 hrs

Peak discharge
Time to peak
Hyd. volume
Curve number
Hydraulic length
Time of conc. (Tc)
Distribution
Shape factor

Thursday, 09/ 22 / 2016

49.85 cfs
720 min
129,591 cuft
75

0 ft

11.00 min
Type I

484

nmnunnnunnin

Q (cfs) Hyd. No. 1 - 10 Year Q(cfs)
50.00 50.00
40.00 40.00
30.00 30.00
20.00 20.00
10.00 10.00
0.00 0.00
0 120 360 480 600 960 1080 1200 1320 1440 1560

e Hyd NO. 1

Time (min)
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Hyd. |Hydrograph |Peak Time |[Timeto |Hyd. Inflow Maximum Total Hydrograph
No, type flow interval {Peak volume hyd(s) elevation strge used Description
{origin) (cfs) {min)  [(min) {cuft) {ft) {cuft)
1 |SCS Runoff 115.02 2 720 300477 | - | e | - DA-1

Existing Conditions.gpw

Return Period: 100.Year

Thursday, 09/22 /2016




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 / 2016

Hyd. No. 1

DA-1

Hydrograph type = SCS Runoff Peak discharge = 115.02 cfs

Storm frequency = 100 yrs Time to peak = 720 min

Time interval = 2min Hyd. volume = 300,477 cuft
Drainage area = 15.290 ac Curve number =75

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Te) = 11.00 min

Total precip. = 8.23in Distribution = Type i

Storm duration = 24 hrs Shape factor = 484

DA-1

Q (cfs) Hyd. No. 1 - 100 Year Q (cfs)
120.00 120.00
100.00 100.00
80.00 80.00
60.00 60.00
40.00 40.00
20.00 20.00

0.00 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time {min)

e Hyd No. 1
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CARROLL ENGINEERING, INC.
JOB: Brink Zone Reliability Improvments
DATE.09/21/16

BY: C Fishman

Prop. Conditions TR-55 Data

DA-1 {Drains to Study Point #1: SP-1)

Total Area = 666186 s.f. (15.29 Ac.)
HSG-B (17B) = 8,795 s.f.
Landscape {Good): 8,374 s.f.
Impervious Area: 421 s.f.
HSG-C (16B / 16C) = 652,391 s.f.
Landscape (Good): 599,093 s.f.
Impervious Area: 53,298 s.f,

Tc Data:

Sheet Flow: 100ft @
Shallow Concentrated Flow: 964 ft @

4.68% -
6.57% -

Grass
Unpaved

Sub-DA-1A (Drains to BRA-1A / Study Point #1 - SP-1)

Total Area = 15,533 s.f. (0.36 Ac.)

HSG-C (16B) = 15,533 s.f.
Landscape (Good): 7,450 s.f.
Impervious Area: 8,043 s.f.

Tc Data: 6 Minutes (assumed minimum)

Sub-DA-1B (Drains to BRA-1B / Study Point #1 - SP-1)

Total Area = 19321 s.f. (0.44 Ac.)

HSG-C (16B) = 19,321 s f.
Landscape (Good): 12,241 s.f.
Impervious Area: 7,080 s.f.

Tc Data: 6 Minutes (assumed minimum)

(Continued on following sheets)




Sub-DA-1c {Drains to BRA-1C / Study Point #1 - SP-1)

Total Area = 14023 s.f. {0.32 Ac.)
HSG-C (16B) = 14,023 s.f.
Landscape {Good): 9,037 s.f.
Impervious Area: 4,986 s.f.

Tc Data: 6 Minutes (assumed minimumy)




WinTR-55 Current Data Description

~--- Identification Data ---

User: CFishman Date: 9/21/2016
Project: Brink Zone Units: English
SubTitle: Reliability Improvements Project Areal Units: Acres
State: Maryland

County: Hontgomery NOAA C
Filename: P:;\2015\1501.08,00 W83C Brink Zone Reliability Improvements\Design\Civil\SWM\2016.09.02

-—-- Sub-Area Data —---

Name Description Reach Area(ac} RCN Tc

DA-1 Outlet 14.17 75 0.183
DR-1A Outlet 0.36 86 0.100
DA-1B Outlet 0,44 83 0.100
DA-1C Qutlet 0.32 83 0.100

Total area: 15.29 {ac)

~---~ 8torm Data --

Rainfall Depth by Rainfall Return Period

2-Yr 5-¥r 10-Yr 25-Yr 50~-¥r 100-Yr 1-Yr
(in) (in) (in) (in} (in} {in) (in)
3.1 3.99 4.77 5.97 T.03 8.23 2.57
Storm Data Source: tfontgomery NOARA C County, MD (NRCS)
Rainfall Distribution Type: Type 1T

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 9/22/2016 3:16:36 PM




CFishman Brink Zone
Reliability Improvements Project
Montgomery NOAA C County, Maryland
Storm Data

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-¥r 100-Yr

(in) (in) {in} {(in) {in) {in)

3.1 3.998 4.77 5.97 7.03 8.23
Storm Data Source: Montgomery NOAA C County, MD (NRCS)
Rainfall Distribution Type: Type IT

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 9/22/201¢

3:16:36 PM




CFishman

Sub-Area
Identifier

Brink Zone
Reliability Improvements Project
Montgomery NOAA C County, Maryland

Sub-Area Summary Table

Sub-Area
Description

Total Area:

Drainage Time of Curve Receiving
Area Concentration Number Reach
(ac) {hr)

14.17 0.183 75 Outlet

.36 0.100 B6 Outlet

.44 0.100 83 Qutlet

.32 0.100 B3 Outlet
15.29 (ac)

WinTR-55, Version 1.00.10 Page 1

9/22/2016

3:16:36 Pi1




CFishman

Brink Zone

Reliability Improvements Project
Montgomery NOAA C County, Maryland

Sub-Area Time of Concentration Details

Mannings's
n

P

Wetted
erimeter Velocity
(£t) {ft/sec)

Sub-Area Flow
Identifier/ Length Slope
(ft) {ft/ft)
DRA-1
SHEET 100 0.0470
SHALLOW 864 0.0657
DA~1A

User-provided

DA-~1B
User-provided

DA-1C
User—-provided

WinTR-55, Version 1.00.10

0.150
0.050

Page

1

Time

Time

Time

Time

of Concentration

of Concentration

of Concentration

of Concentration

9/22/2016

3:16:36 PM




CFishman Brink Zone
Reliability Improvements Project
Montgomery NWOAR C County, Maryland

Sub-Area Land Use and Curve Number Details

Sub-Area
Area
(ac)

Curve
Number

Sub-Area Hydrologic
Identifier Land Use Soil
Group
DA-1 Open space; grass cover > 75% {good) B
Open space; grass cover > 75% (good) C
Paved parking lots, roocfs, driveways B
Paved parking lots, roofs, driveways C

Total Area / Weighted Curve Number

DA~1A Open space; grass cover > 75% {good) C
Paved parking lots, roofs, driveways [od
Total Area / Weighted Curve Number

DA-1B Open space; grass cover > 75% {good) c
Paved parking lots, roofs, driveways C
Total Area / Weighted Curve Number

DA-1C Open space; grass cover > 75% {good} [od
Paved parking lots, roofs, driveways C

Total Area / Weighted Curve Number

WinTR-55, Versicn 1.00.10 Page 1

9/22/2016

83

74

83

3:16:36 PM




APPENDIX -D

Proposed Condition Hydroflow 1-year, 2-year, 10-year, and
100-year Peak Flow Calculations




Hydrograph Return Period Recap

graphs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. |Hydrograph [inflow Peak Cutflow (cfs) Hydrograph
No. type hyd(s) Description
{origin} 1-yr 2-yr 3-yr 5-yr 10-yr  {25yr [50-yr  [100-yr

1 |SCSRunoff | - 13.32 | 2043 | — e | 48,20} -m | e 106.59 | DA-1

2 |SCSRunoff | - 0,789 { 1.085 | —m | -oee- 1.918 | - - | 3.709 | DA-1A

3 |SCSRunoff | - 0.827 | 1.133 | =reevee | meemn 2168 | --m | e 4363 | DA-1B

4 [SCS Runoff | - 0.602 | 0.824 - -——- 1.577 | - — 1 3173 | DA-1C

5 |Reservoir 2 0.032 | 0130 | - | - 0,920 | ~reeees [ ooeeees 1479 | BRA-1A

6 |Reservoir 3 0.000 | 0.022 LR 0.631 | -—m |~ 3.631 | BRA-1B

7 |Reservoir 4 0.049 | 0.283 | =—ome | - | 1444 [ e —--— | 3.051 | BRA-1C

8 |Combine 1, g} 6, | 1332 | 2071 | v | - 48.84 | - e |414.47 | sPA

Proj. file: Prop Conditions.gpw ‘Thursday, 09 /22 / 20186




Pond Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Pond No.1 - BRA-1A
Pond Data

Thursday, 09 /22 /2016

Contours ‘User-defined contour areas. Average end area method used for volume calculation. Begining Elevation = 635.36 f

Stage / Storage Table
Stage (ft) Elevation {ft) Contour area (sqft)  Incr. Storage (cuft) Total storage {cuft)

0.00 635.36 1,222 0 0

0.64 636.00 1,554 888 888

1.00 636.36 1,763 595 1,484

2.04 637.40 2,358 2,138 3,621
Culvert / Orifice Structures Weir Structures

[A] [B} [C1 [PrfRsr] [A] [B] [C] [D]

Rise {in} = 8.00 0.00 0.00 0.00 CrestLen(ft) = 2.10 0.00 0.00 0.00
Span {in) = 8.00 0.00 0.00 0.00 Crest EI. (ft) = 636.06 0.00 0.00 0.00
No. Barrels =1 0 0 0 Weir Coeff. = 3.33 3.33 3.33 3.33
Invert EL (ft) = 631.66 0.00 0.00 0.00 Weir Type =1
Length {ft) = 38.00 0.00 0.00 0.00 Muiti-Stage = Yes No No No
Slope (%) = 4.89 0.00 0.00 n/a
N-Value = 013 .013 013 nfa
Orifice Coeff. = 060 0.60 0.60 0.60 Exfil.(infhr) = 0.000 (by Contour)
Multi-Stage = nfa No No No TW Elev. (ft) = 0,00

Note: Cutver/Orifice outliows are anatyzed under infat (ic) end ouliat (og) conlrol. Weir risers checked for orifice condilions {ic} and submergenca (s).

Stage / Storage / Discharge Table

Stage Storage  Elevation
cuft ft
0.00 0 635.36
0.64 888 636.00
1.00 1,484 636.36

2.04 3621  637.40

Clv A
cfs

0.00

3.08ic
3.08ic
3.081c

CivB

cfs

CivC PrARsr WrA

cfs cfs

e 0.00
- 0.00
--- 0.81ic
--- 1.72ic

WrB WrcC
cfs cfs

wrD

cfs

Exfil
cfs

User
cfs

Total
cfs

0.000
0.000
0.812
1.716




Pond Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autedesk, Inc. v10

Pond No, 2 - BRA-1B
Pond Data

Thursday, 09 /22 /2016

Contours -User-defined contour areas. Average end area method used for volume calculation. Begining Elevation = 636.00 ft

Stage / Storage Table

Stage {ft) Elevation {ft) Contour area (sqff) Incr. Storage (cuft) Total storage {cuft)

0.00 636.00 1,479 0 0

1.00 637.00 2,170 1,825 1,825

2.00 638.00 3,624 2,897 4,722
Culvert / Orifice Structures Weir Structures

[A] [B] [C]1 [PrfRsr] [A] [B} €] [D]

Rise (in) = 12.00 0.00 0.00 0.00 Crestlen(fty = 3.93 0.00 0.00 0.00
Span (in} = 12.00 0.00 0.00 0.00 Crest El. (ft} = §37.00 0.00 0.00 0.00
No. Barrels =1 ’ 0 0 0 Weir Coeff. =333 3.33 3.33 3.33
Invert El. {ft} = 632.20 0.00 0.00 0.00 Weir Type =
Length (ft) = 95,00 0.00 0.00 0.00 Muiti-Stage = Yes No No No
Slope {%}) = 4.87 0.00 0.00 a
N-Value = 013 .013 .013 nja
Orifice Coeff, = 0.60 0.60 0.60 0.60 Exfil.{In/hr) = 0.000 {by Contour}
Multi-Stage = nfa No No No TW Elev. {ft) = 0.00

Note: Culvert/Orifice oulftows are analyzed under inlet (ic) and oullet {(oc) control. Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharg
Stage Storage  Elevation
ft

cuft ft
0.00 0 636.00
1.00 1,825 637.00

2.00 4,722 638.00

e Table

CivA
cfs

0.00

6.87ic
6.87 ic

ClvB
cfs

ClvC PriRsr WrA
cfs cfs cfs

- -— 0.00
- e 0.00
--- -— 5.19ic

WwrB
cfs

WwrcC
cfs

WrD
cfs

Exfil
cfs

User Total
cfs cfs

0.000
0.000
5.180




Pond Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D& 2013 by Autodesk, Inc. v10

Pond No. 3 - BRA-1C

Thursday, 09 /22 /2016

Pond Data
Contours -User-defined contour areas. Average end area method used for volume calculation. Begining Elevation = 629.00 ft
Stage / Storage Table
Stage (ft} Elevation {ft} Contour area (sqft}  Incr, Storage {cuft) Total storage (cuft)

0.00 629.00 971 0

1.00 630.00 1,377 1,474 1,174
Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrRst] [A] [B] [C] [P]

Rise {in) = 12,00 0.00 0.00 0.00 CrestLen (ft} = 3.93 0.00 0.00 0.00
Span (in) = 12.00 0.00  0.00 0.00 CrestEL {ff) = 62055  0.00 0.00 0.00
No. Barrels =1 0 0 0 Weir Coeff. = 3.33 333 3.33 3.33
Invert El. (ft) = 614,15 0.00 0.00 0.00 Weir Type = 1 -
Length {ft} = 245.00 0.00 0.00 0.00 Muiti-Stage = Yes No No No
Slope (%) = 0.90 0.00 0.00 n/a
N-Value = 013 013 013 nfa
Crifice Coeff. = 0.60 0.60 0.60 0.60 ExfiL.{in/hr) = 0.000 (by Wet area)
Multl-Stage = pla No No No TW Elev. (ft} = 0.00

Note: Culvert/Orifice outfiows are analyzed under Inlet (ic) and outlet (oc} conlrel. Weir risers checked for orifice conditions (Ic) and submergence {s}.

Stage / Storage / Discharge Table

Stage Storage Elevalion ClvA
ft cuft ft cfs

0.00 0 629.00 0.00

1.00 1,174 630.00 8.38 oc

ClvB
cfs

CivC
cfs

PriRst WrA
cfs cfs

- 0.00
- 3.95

WwrB
cfs

WwrcC

cfs

WwrD

cfs

Exfil
cfs

User Total
cfs cfs

-~ 0.000
-— 3.951




Hydrograph Summary Repgrt

ow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. [Hydrograph |Peak Time Time to |Hyd. Inflow Maximum Total Hydrograph
No. type flow interva!l |Peak volume hyd(s) elevation strge used Description
{origin) {cfs) {min} {min} {cuft) (ft) (cuft)

1 |SCSRunoff | 13.32 2 722 36,695 | eeee | e | e DA-1

2 [SCS Runoff | 0.789 2 716 L1N1=7: S [ U — DA-1A

3 |SCS Runoff 0.827 2 718 1661 | —— | - | e DA-iB

4 |SCS Runoff 0.602 2 718 1,208 | ceeee | e | e DA-1C

5 |Reservoir 0.032 2 812 630 2 636.08 1,029 BRA-1A

6 |Reservoir 0.000 2 nfa 0 3 636.91 1,661 BRA-1B

7 {Reservoir 0.049 2 752 620 4 629.53 627 BRA-1C

8 jCombine 13.32 2 722 37,955 1, ? 6, | - | - SP-1

Prop‘Conditions.gpw

: ‘.Return Period: 1 Year

Thursday, 09/22 /2016 "+ -




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 30® 2013 by Autodesk, Inc. v10

Thursday, 09722 /2016

Hyd. No. 1

DA-1

Hydrograph type = SCS Runoff Peak discharge = 13.32 cfs

Storm frequency = 1yrs Time to peak = 722 min

Time interval = 2 min Hyd. volume = 36,695 cuft
Drainage area = 14.170 ac Curve number =75

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (T¢) = 11.00 min

Total precip. = 2.57in Distribution = Type li

Storm duration = 24 hrs Shape factor = 484

DA-1

Q (cfs) Hyd. No. 1 -- 1 Year Q (cfe)

14.00 14.00
12.00 12.00

10.00 10.00
8.00 §, 8.00
6.00 6.00
4.00 4.00
2.00 \\ 2.00
0.00 J 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time (min)

em=ses Hyd NoO. 1




Hydrograph Report

Hydraflow Hydrographs Extension for AutaCAD® Civil 30® 2013 by Autodesk, Inc. v10

Thursday, 09 /2272016

Hyd. No. 2

DA-1A

Hydrograph type = SCS Runoff Peak discharge = 0.789 cfs

Storm frequency = 1yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 1,594 cuft
Drainage area = 0.360 ac Curve number = 86

Basin Slope = 00% Hydraulic length = 0 ft

Tc method = User Time of conc. (T¢) = 6.00 min

Total precip. = 257 in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1A

Q (cfs) Hyd. No. 2 — 1 Year Q (cfs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 0.20
0.10 t\\ 0.10
0.00 0.00

0 120 240 360 480 600 720 8B40 960 1080 1200 1320 1440 1560
Time (min)

e Hyd No. 2




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, inc. vi0

Hyd. No. 3
DA-1B

Hydrograph type
Storm frequency
Time interval
Drainage area
Basin Slope

Tc method

Total precip.
Storm duration

nwnwanan

SCS Runoff
1yrs

2 min

0.440 ac
0.0%

User

2.57 in

24 hrs

Peak discharge
Time to peak

Hyd. volume
Curve number
Hydraulic length
Time of conc. (T¢)
Distribution
Shape factor

Thursday, 09 /22 /2016

0.827 cfs
718 min
1,661 cuft
83

0 ft

6.00 min
Type ll
484

niu N nunwnnn

Q (cfs) Hyd. No. 3 1 Year Q (efs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 0.20
0.10 0.10
0.00 0.00

0 120 360 480 600 960 1080 1200 1320 1440 1560

=== Hyd No. 3

Time (min)




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. No. 4
DA-1C

Hydrograph type
Storm frequency
Time interval
Drainage area
Basin Slope

Tc method

Total precip.
Storm duration

B nmunnnnu

SCS Runoff
1yrs

2 min

0.320 ac
0.0%

User
2.57in

24 hrs

Peak discharge
Time to peak
Hyd. volume
Curve number
Hydraulic length
Time of conc. (Tc)
Distribution
Shape factor

munuwmnmngnu

Thursday, 09 /22 / 2016

0.602 cfs
718 min
1,208 cuft
83

0 ft

6.00 min
Type li
484

@ (cfs) Hyd. No. 4 — 1 Year Q (cfs)
1.00 1.00
0.90 0.90
080 +—froorg—+H —+ 4 L L L L 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 0.20
0.10 0.10
0.00 0.00

0 120 360 480 600 960 1080 1200 1320 1440 1560

=mmenn Hyd NO. 4

Time {min)




Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09 /22 /2018

Hyd. No. §
BRA-1A

Hydrograph type = Reservoir Peak discharge = 0.032 cfs
Storm frequency 1yrs Time to peak 812 min
Time interval 2 min Hyd. volume 639 cuft
Inflow hyd. No. 2 - DA-1A Max. Elevation 636.08 ft
Reservoir name BRA-1A Max. Storage 1,029 cuft

I u

mun

Storage Indication method used.

BRA-1A
Q (cfs) Hyd. No. 5 -- 1 Year

Q (cfs)

00— T o0

050 +——— — T — 050

040 +— — T 1 | 040

e

0.10 +— — A — 0.10

0.00 = = ‘ — > 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560 1680

Time (min)
e=eee Hyd No. 5 ez Hyd No, 2 [[TTTTT] Total storage used = 1,029 cuft




Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Aulodesk, Inc. v10 Thursday, 09 /22 / 2016

Hyd. No. 6
BRA-1B

Hydrograph type
Storm frequency

0.000 cfs
n/a

Reservoir Peak discharge
1 yrs Time to peak

I n

Time interval = 2min Hyd. volume 0 cuft
inflow hyd. No. = 3-DA-1B Max. Elevation = 636.91 ft
Reservoir name = BRA-1B Max. Storage = 1,661 cuft

Storage Indication method used.

BRA-1B
Hyd. No. 6 -- 1 Year

Q (cfs) Q (cfs)

0.90 0.90

0.80 0.80

040 +————— | T — 040

0.20 +—— —+—+ ! 1 —1 020

010 +————+—— ——AN—1T T - 0.10

0.00 = : = = ' . 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Time (min)
= Hyd NoO. 6 = Hyd No, 3 f(TiT11 Total storage used = 1,661 cuft




Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by'Autodesk, Inc. v10 Thursday, 09/22 /2016

Hyd. No. 7
BRA-1C

0.049 cfs
752 min
620 cuft
629.53 ft
627 cuft

Reservoir Peak discharge
1 yrs ' Time to peak

2 min Hyd. volume

4 - DA-1C Max. Elevation
BRA-1C Max. Storage

Hydrograph type
Storm frequency
Time interval
Inflow hyd. No.
Reservoir name

n .y munu
I wnwin

Storage Indication method used.

BRA-1C
Hyd. No. 7 - 1 Year

Q (cfs) Q (cfs)

0.90 ———F——T————— [ — T %%

080 T 8%

0.10 — T — T o10

0.00 - . e e 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time {min)

=== Hyd No. 7 === Hyd No. 4 [TITTT] Total storage used = 627 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Aulodesk, Inc, v10 Thursday, 09 /22 /2016
Hyd. No. 8
SP-1
Hydrograph type = Combine Peak discharge = 13.32 ¢fs
Storm frequency = 1yrs Time to peak = 722 min
Time interval = 2 min Hyd. volume = 37,955 cuft
Inflow hyds. =1,56,7 Contrib. drain. area = 14.170 ac
SP-1
Q (cfs) Hyd. No. 8 -- 1 Year Q (cfs)
14.00 14.00
12.00 12.00
10.00 10.00
8.00 8.00
6.00 6.00
|
4,00 4,00
2.00 \\\ 2.00
0.00 J 0.00
0 120 240 360 480 600 720 840 9680 1080 1200 1320 1440 1580
Time (min)
=z Hyd NO. 8 e Hyd No. 1 e Hyd No, 5 —— Hyd No. 6

==== Hyd No. 7




Hydrograph Summary Repgrt,

ow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. |[Hydrograph |Peak Time [Timeto |Hyd. Inflow Maxjmum Total Hydrograph
No. type flow interval [Peak volume hyd(s) elevation strge used Description
{origin) {cfs) {min) (min) {cuft) {ft) (cuft)

1 |SCS Runoff 20.43 2 722 54465 | - | e DA-1

2 |8CS Runoff 1,055 2 716 2,142 R e DA-1A

3 |8CS Runoff 1.133 2 716 2,287 | e | e ] e DA-1B

4 {SCS Runoff 0.824 2 716 1,663 | see | e | e DA-1C

5 |Reservoir 0.130 2 734 1,188 2 636.13 1,102 BRA-1A

6 |Reservoir 0.022 2 996 462 3 637.01 1,840 BRA-1B

7 |Reservoir 0.283 2 724 1,076 4 629.62 731 BRA-1C

8 |Combine 20.71 2 722 57,191 1, 57, 6, e I SP-1

Prop Conditions.gpw

Return Period:.2 Year

Thursday, 09/ 22./.2016




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Thursday, 09 /22 /2016

Hyd. No. 1

DA-1

Hydrograph type = SCS Runoff Peak discharge = 20.43 cfs

Storm frequency = 2yrs Time to peak = 722 min

Time interval = 2 min Hyd. volume = 54,465 cuft
Drainage area = 14.170 ac Curve number =75

Basin Slope = 00% Hydraulic length = 0 ft

Tc method = User Time of conc. (Tc) = 11.00 min

Total precip. = 3.10in Distribution = Type Hi

Storm duration = 24 hrs Shape factor = 484

DA-1

Q {cfs) Hyd. No. 1 -- 2 Year Q (cfs)

21.00 21.00

18.00 18.00

15.00 15.00
12.00 12.00
9.00 9.00
8.00 6.00
3.00 \\ 3.00
0.00 ‘) 0.00

0 120 240 380 480 600 720 840 980 1080 1200 1320 1440 1560
Time {min)

e Hyrd NO. 1




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3SD® 2013 by Autodesk, Inc. v10

Thursday, 09 /22 /2016

Hyd. No. 2

DA-1A

Hydrograph type = SCS Runoff Peak discharge = 1.055 cfs

Storm frequency = 2yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 2,142 cuft
Drainage area = 0.360 ac Curve number = 86

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Te) = 6.00 min

Total precip. = 3.101in Distribution = Typell

Storm duration = 24 hrs Shape factor = 484

DA-1A

Q (cfs) Hyd. No. 2 -- 2 Year Q@ (cfs)
2.00 2.00
1.00 1.00
0.00 —— 0.00

0 120 240 360 480 600 720 840 860 1080 1200 1320 1440
Time (min)

==meem Hyd No. 2




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autedesk, Inc. v10

Thursday, 09 f 22 f 2016

Hyd. No. 3

DA-1B

Hydrograph type = SCS Runoff Peak discharge = 1.133 cfs

Storm frequency = 2yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 2,287 cuft
Drainage area = 0.440 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length = Qft

Tc method = User Time of conc. (T¢) = 6.00 min

Total precip. = 3.10in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1B

Q (cfs) Hyd. No. 3 -- 2 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 *”J 0.00

0 120 240 360 480 600 720 840 9680 1080 1200 1320 1440 1560
Time {min)

ammmen Hyd NO. 3




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 / 2016

Hyd. No. 4

DA-1C

Hydrograph type = SCS Runoff Peak discharge = 0.824 cfs

Storm frequency = 2yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 1,663 cuft
Drainage area = 0.320 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length = Qft

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 3.10in Distribution = Typell

Storm duration = 24 hrs Shape factor = 484

DA-1C

Q (cfs) Hyd. No. 4 - 2 Year Q {cfs)
10—V 11— —— 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 0.20
0.10 \ 0.10
0.00 ' 0.00

0 120 240 360 480 600 720 840 - 960 1080 1200 1320 1440 1560
Time (min)

e Hyd No. 4




Hydrograph Report

Hydraflow Hydrographs Extension for AuteCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09/ 22 / 2016
Hyd. No. 5
BRA-1A
Hydrograph type = Reservoir Peak discharge = 0.130 cfs
Storm frequency = 2 yrs Time to peak = 734 min
Time interval = 2 min Hyd. volume = 1,188 cuft
Inflow hyd. No. = 2 -DA-1A Max. Elevation = 636.13 ft
Reservoir name = BRA-1A Max. Storage = 1,102 cuft
Storage Indication methed used.
BRA-1A
Q (cfs) Hyd. No. 5 - 2 Year Q (cfs)
2.00 2.00
1.00 1.00
jgf:
0.00 i 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560 1680
Time (min)

e Hyd NG. 5 w=es Hyd NoO. 2 [LITTT] Total storage used = 1,102 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autedesk, Inc. v10 Thursday, 08 / 22 / 2016
Hyd. No. 6

BRA-1B

Hydrograph type = Reservoir Peak discharge = 0.022 cfs

Storm frequency = 2yrs Time to peak = 996 min

Time interval = 2 min Hyd. volume = 462 cuft

Inflow hyd. No. = 3-DA-1B Max. Elevation = 637.01 ft
Reservoir name = BRA-1B Max. Storage = 1,840 cuft

Storage Indicaticn method used.

BRA-1B

Q (cfs) Hyd. No. 6 - 2 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 e s 0.00

0 120 240 360 480 600 720 B840 960 1080 1200 1320 1440 1560
Time (min}

=== Hyd NO. 6 wmmmn Hyd NO. 3 [TTT1{] Total storage used = 1,840 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc, v10 Thursday, 09 /22 /2016
Hyd. No. 7

BRA-1C

Hydrograph type = Reservoir Peak discharge = (0.283 cfs

Storm frequency = 2yrs Time to peak = 724 min

Time interval = 2 min Hyd. volume = 1,076 cuft
[nflow hyd. No. = 4 -DA-1C Max. Elevation = 629.62 ft
Reservoir name = BRA-1C Max. Storage = 731 cuft

Storage Indication method used.

BRA-1C

Q {cfs) Hyd. No. 7 -- 2 Year Q{cfs)
1.00 T—/—— R T T - 1T 1 T T 100
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.10 =1 \ _ 0.10
0.00 - ™ 0.00

840 960 1080 1200 1320 1440 1560
Time (min)

[[LITTT] Total storage used = 731 cuft




Hydrograph Report

Hydrafiow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Aufodesk, Inc. v10 Thursday, 09722/ 2016
Hyd. No. 8
SP-1
Hydrograph type = Combine Peak discharge = 20.71 cfs
Storm frequency = 2yrs Time to peak = 722 min
Time interval = 2 min Hyd. volume = 57,191 cuft
Inflow hyds. =1,586,7 Contrib. drain. area = 14.170 ac
SP-1
Q (cfs) Hyd. No. 8 — 2 Year Q (cfs)
21.00 21.00
18.00 18.00
15.00 15.00
12.00 12.00
9.00 9.00
6.00 : 6.00
3.00 \ 3.00
0.00 gﬁ% 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Time (min)
=== Hyd No. 8 e Hyd NO. 1 = Hyd NO. 5 = Hyd No. 6

ez Hyd NO, 7




Hydrograph Summary Report

ow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Hyd. |Hydrograph [Peak Time (Timeto |Hyd. Inflow Maximum Total Hydrograph
No. type flow interval |Peak volume hyd(s) elevation strge used Description
{origin}) (cfs) {min} |(min) {cuft) {ft) {cuft)

1 |SCS Runoff 46.20 2 720 120,098 | - | - | e DA-1

2 |8CS Runoff 1.918 2 716 3,985 | e | e DA-1A

3 [SCS Runoff 2.i68 2 716 4442 [ - | e e DA-1B

4 |SCS Runoff 1.577 2 716 3231 e | e DA-1C

5 |Reservoir 0.920 2 730 3,031 2 636.44 1,658 BRA-TA

6 [Reservoir 0.631 2 724 2,617 3 637.13 2,197 BRA-1B

7 |Reservoir 1.444 2 718 2,643 4 629.78 914 BRA-1C

& |Combine 48.84 2 720 128,389 1, 5; B, _— | = SP-1

Prop Conditions.gpw

Return Pericd: 10 Year

Thursday, 09/22/2016

PP




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. No. 1
DA-1

Hydrograph type
Storm frequency
Time interval
Drainage area
Basin Slope
Tcmethod

Total precip.
Storm duration

SCS Runoff
10 yrs

2 min
14.170 ac
0.0%

User

477 in

24 hrs

Peak discharge
Time to peak
Hyd. volume
Curve number
Hydraulic length
Time of conc. (Tc)
Distribution
Shape factor

Thursday, 09 /22 /2016

46.20 cfs
720 min
120,098 cuft
75

0 ft

11.00 min
Type ll

484

nun s mnmunnu

Q (cfs) Hyd. No. 1 -- 10 Year Q (cfs)
50.00 50.00
40.00 40.00
30.00 30.00
20.00 20.00
10.00 10.00
0.00 0.00
0 120 360 480 600 960 1080 1200 1320 1440 1560

e Hyd NO. 1

Time {min)




Hydrograph Report

Hydraflow Hydrographs Extension for AutcCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Thursday, 09 /22 /2016

Hyd. No. 2

DA-1A

Hydrograph type = SCS Runoff Peak discharge = 1.918 cfs

Storm frequency = 10yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 3,985 cuft
Drainage area = (0.360 ac Curve number = 86

Basin Slope = 0.0% Hydraulic length = Qft

Te method = User Time of conc. (Tc) = 6.00 min

Total precip. = 477 in Distribution = Type Il

Storm duration = 24 hrs Shape factor = 484

DA-1A

Q (cfs) Hyd. No. 2 - 10 Year Q {cfs)
2.00 2.00
1.00 1.00
0.00 ”) 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320
Time (min)

==z Hyd NO. 2




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 /2016

Hyd. No. 3

DA-1B

Hydrograph type = SCS Runoff Peak discharge = 2.168 cfs

Storm frequency = 10 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 4,442 cuft

Drainage area = 0.440 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length =0ft

T¢ method = User Time of conc. (Te) = 6.00 min

Total precip. = 4.77in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1B

Q (cfs) Hyd. No. 3 - 10 Year Q (cfs)
3.00 3.00
2.00 2.00
1.00 1.00
0.00 —ﬂ”") 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320
Time {min)

====e= Hyd No. 3




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. viQ

Thursday, 09 /22 f 2016

Hyd. No. 4
DA-1C
Hydrograph type = SCS Runoff Peak discharge = 1.577 cfs
Storm frequency = 10 yrs Time to peak = 716 min
Time interval = 2 min Hyd. volume = 3,231 cuft
Drainage area = 0.320 ac Curve number = 83
Basin Slope = 0.0% Hydraulic length = 0ft
Tc method = User Time of conc. (Tc) = 6.00 min
Total precip. = 477 in Distribution = Type ll
Storm duration = 24 hrs Shape factor = 484
DA-1C
Q (cfs) Hyd. No. 4 —- 10 Year Q (cfs)
2.00 2.00
1.00 1.00
i
0.00 —“—"“""’J 0.00
0 120 240 360 480 800 720 840 960 1080 1200 1320
Time (min)

===== Hyd No. 4




Hydrograph Report

Hydraflow Hydrographs Extension for AutcCAD® Civil 3D® 2013 by Autodesk, Inc. vi0 Thursday, 09722 /2016
Hyd. No. 5
BRA-1A
Hydrograph type = Reservoir Peak discharge = 0.920 cfs
Storm frequency = 10 yrs Time to peak = 730 min
Time interval = 2 min Hyd. volume = 3,031 cuft
Inflow hyd. No. = 2 - DA-1A ‘ Max. Elevation = 636.44 ft
Reservoir name = BRA-1A Max. Storage = 1,658 cuft
Storage Indication method used.
BRA-1A
Q (cfs) Hyd. No. 5 -- 10 Year Q(cfs)
2.00 2.00
1.00 1.00
IO.OO : 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time (min)

e==mman Hyd NO. 5 e Hyd NoO. 2 [TTTTT] Total storage used = 1,658 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autedesk, Inc. v10 Thursday, 08 /22 /2016

Hyd. No. 6

BRA-1B

Hydrograph type = Reservoir Peak discharge = 0.631cfs

Storm frequency = 10 yrs Time to peak = 724 min

Time interval = 2 min Hyd. volume = 2,617 cuft

Inflow hyd. No. = 3-DA-1B Max. Elevation = 63713 ft

Reservoir name = BRA-1B Max. Storage = 2,197 cuft

Storage Indication method used,

BRA-1B

Q {cfs) Hyd. No. 6 -- 10 Year Q (cfs)
3.00 3.00
2.00 2.00
1.00 1.00
0.00 =i 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time (min)

smen Hyd NO. 6 emmene Hyd No. 3 11171 Total storage used = 2,197 cuft




Hydrograph Report

Hydrafiow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, inc. v10 Thursday, 09/22 /2016

Hyd. No. 7

BRA-1C

Hydrograph type = Reservoir Peak discharge = 1.444 cfs

Storm frequency = 10 yrs Time to peak = 718 min

Time interval = 2min Hyd. volume = 2 643 cuft

Inflow hyd. No. = 4 -DA-1C Max. Elevation = 629.78 ft

Reservoir name = BRA-1C Max. Storage = 914 cuft

Storage Indication method used,

BRA-1C

Q{cfs) Hyd. No. 7 -- 10 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 = i 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440
Time {min)

e Hyd No. 7 e Hyd NO. 4 [TTITT] Total storage used = 914 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0 Thursday, 09/22 /2016
Hyd. No. 8
SP-1
Hydrograph type = Combine Peak discharge = 48.84 cfs
Storm frequency = 10yrs Time to peak = 720 min
Time interval = 2 min Hyd. volume = 128,389 cuft
Inflow hyds. =1,56,7 Contrib. drain. area = 14.170 ac
SP-1

Q (cfs) Hyd. No. 8 -- 10 Year Q (cfs)
50.00 50.00
40.00 40.00
30.00 30.00
20.00 20.00
10.00 10.00

0.00 ‘%’) /LS. 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Time (min)
=== Hyd No. 8 = Hyd NO. 1 == Hyd No. 5 = Hyd No. 6

e Hyd N, 7




Hydrograph Summary Repgyt,

ow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. |Hydrograph |Peak Time [Timeto |Hyd. Inflow Maximum Total Hydrograph
No. type fiow interval |Peak volume hyd(s) elevation strge used Description
{origin) {cfs}) {min)  [(min} {cuft) (ft} (cuft)

1 |scSRunoff | 10659 | 2 720 | 278467 | oo | e | DA1

2 |SCS Runoff 3.709 2 716 8030 | —— | e | e DA-1A

3 |SCS Runoff 4,363 2 716 9280 | --— | - | e DA-1B

4 |SCS Runoff 3173 2 716 6749 | - e e DA-1C

5 |Reservoir 1.479 2 722 | 7,076 2 637.07 2,916 BRA-TA

6 |Reservoir 3.631 2 720 7,454 3 637.43 3,054 BRA-1B

7 |Reservoir 3.051 2 718 6,161 4 629.93 1,089 BRA-1C

8 iCombine 114.47 2 720 299,158 1, g 6, | - . 5P-1

Prop Conditions.gpw Returim Period: 100 Year Thursday, 09 /22 /2016




Hydrograph Report

Hydraftow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Thursday, 09 /22 /2016

Hyd. No. 1

DA-1

Hydrograph type = SCS Runoff Peak discharge = 106.59 cfs

Storm frequency = 100 yrs Time to peak = 720 min

Time interval = 2 min Hyd. volume = 278,467 cuft

Drainage area = 14.170 ac Curve number = 75

Basin Slope = 0.0 % Hydraulic length = 0ft

Tc method = User Time of conc. (Tc) = 11.00 min

Total precip. = 8.23in Distribution = Type H

Storm duration = 24 hrs Shape factor = 484

DA-1

Q (cfs) Hyd. No. 1 - 100 Year Q{cfs)
120.00 120.00
100.00 100.00

80.00 80.00

60.00 60.00
40.00 40.00
20.00 20.00

0.00 "’) 0.00

0 120 240 360 480 600 720 840 980 1080 1200 1320 1440 1560
Time (min)

e Hyd No. 1




Hydrograph Report

Hydraflow Hydrographs Extension for AutocCAD® Civil 3D® 2013 by Autedesk, Inc. v10

Thursday, 09 /22 f 2016

== Hyd NO. 2

Hyd. No. 2

DA-1A

Hydrograph type = SCS Runoff Peak discharge = 3.709 cfs

Storm frequency = 100 yrs Time to peak = 716 min

Time interval = 2min Hyd. volume = 8,030 cuft
Drainage area = 0.360 ac Curve number = 86

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 8.23in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1A

Q (cfs) Hyd. No. 2 - 100 Year Q (cfs)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00

0 120 240 360 480 600 720 B40 960 1080 1200
Time (min)




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 0972272016

Hyd. No. 3

DA-1B

Hydrograph type = SCS Runoff Peak discharge = 4.363 cfs

Storm frequency = 100 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 9,280 cuft
Drainage area = 0.440 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length = (ft

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 8.23in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

Q {cfs) Hyd. No. 3 -- 100 Year Q (cis)
5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00

0 120 240 360 480 720 840 960 1080 1200
Time {min)

e Hyd No. 3




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09/22 /2016

Hyd. No. 4

DA-1C

Hydrograph type = SCS Runoff Peak discharge = 3.173 cfs

Storm frequency = 100 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 6,749 cuft
Drainage area = 0.320 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 8.23in Distribution = Typell

Storm duration = 24 hrs Shape factor = 484

DA-1C

Q2 (cfs) Hyd. No. 4 -- 100 Year Q(cfs)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 ”’) 0.00

0 120 240 360 480 600 720 840 960 1080 1200
Time (min)

e=m=a Hyd NO. 4




Hydrograph Report

Hydraflow Hydrographs Extension for AutcCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09 / 22 f 2016

Hyd. No. 5

BRA-1A

Hydrograph type = Reservoir Peak discharge = 1.479 cfs

Storm frequency = 100 yrs Time to peak = 722 min

Time interval = 2 min Hyd. volume = 7,076 cuft

Inflow hyd. No. = 2 -DA-1A Max. Elevation = 637.07 ft

Reservoir name = BRA-1A Max. Storage = 2,916 cuft

Storage Indication method used.

BRA-1A

Q (cfs) Hyd. No. 5 — 100 Year Q (cfs)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 | 1.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time (min)

emmmn Hyd NO. 5 s Hyd NO. 2 [TTTTT] Total storage used = 2,916 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09 /22 /2016

Hyd. No. 6

BRA-1B

Hydrograph type = Reservoir Peak discharge = 3.631 cfs

Storm frequency = 100 yrs Time to peak = 720 min

Time interval = 2 min Hyd. volume = 7,454 cuft

Inflow hyd. No. = 3-DA-1B Max. Elevation = 637.43 ft

Reservoir name = BRA-1B Max. Storage = 3,054 cuft

Storage Indication method used.

BRA-1B

Q (cfs) Hyd. No. 6 -- 100 Year Q (cfs)
5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1,00 1.00
0.00 e . 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

: Time (min)
=== Hyd No. 6 = Hyd No. 3 [TTT11] Total storage used = 3,054 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vid Thursday, 09 /22 /2016

Hyd. No. 7

BRA-1C

Hydrograph type = Reservoir Peak discharge = 3.051 cfs

Storm frequency = 100 yrs Time to peak = 718 min

Time interval = 2 min Hyd. volume = 6,161 cuft

Inflow hyd. No. = 4 -DA-1C Max. Elevation = 629.93 ft

Reservoir name = BRA-1C Max. Storage = 1,089 cuft

Storage Indication method used.

BRA-1C

Q (cfs) Hyd. No. 7 - 100 Year Q(cfs)
4.00 4.00
3.00 3.00
2.00 ' 2.00
1.00 1.00
0.00 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320

Time {min)
e Hyd NoO. 7 e==mmn Hyd NO. 4 [TITTT] Total storage used = 1,089 cuff




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09/ 22 /2016

Hyd. No. 8

SP-1

Hydrograph type = Combine Peak discharge = 114.47 cfs

Storm frequency = 100 yrs Time to peak = 720 min

Time interval = 2 min Hyd. volume = 299,158 cuft

Inflow hyds. =1,5,6,7 Contrib. drain. area = 14.170 ac

SP-1

Q {cfs) Hyd. No. 8 -- 100 Year Q (cfs)
120.00 120.00
100.00 100.00

80.00 80.00

60.00 60.00

‘000 % IR PR . w . Ny 1000

- I . o . . 2000

0.00 )*&% =N 0.00

0 1200 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Time {min)
===== Hyd No. 8 e Hyd NoO. 1 — Hyd No. 5 e Hyd No. 6
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BNP Sizing Calculations
(Includes IART Data, P, , ESD,,and R,y Calculations)




CARROLL ENGINEERING, INC,
JOB: Brink Zone Reliability Improvments
DATE.09/21/16

BY: C Fishman

Impervious Area Requiring Treatment (IART) Summary Table

Drainage Area: 1 (DA-1)

Total DA Area= 666,186 s.f. LOD Area = 82,106 s.f.
(19628 s.f. of linear

utility installation}

New Impervious Area {Ain) = 18,297 s.f.

Reconstructed Existing Impervious Area (Air) = 0 s.f
Existing Impervious Area Removed {Aire) = 0 s.f.
Existing Impervious Area (Ex Ai = Air + Aire) = 0 s.f.
Proposed Impervious Area (Prop Ai = Air + Ain) = 18,297 s.f.
A lmpervious Area (A Ai = Prop Ai - Ex Ai} = 18,297 s.f.
IART= Existing Imp Area + A Imp Area= 18,297 s.f.

TOTAL IART (DA-1) = 18,297 s.f.




Chapter 5. Environmental Site Design

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

Sizing Criteria

Table 5.3 Rainfall Targets/Runoff Curve Number Reductions used for ESD

Hydrologic Soil Group A

%ol RCN* Pe = 1" 1.2" 1.4" 1.6" 1.8" 20" 2.2 24" 2.6"
0% 40
5% 43
10% 46
15% 48 38
20% 51 40 38 38
25% 54 41 40 39
30% 57 42 41 39 as
35% 60 44 42 40 39
40% 61 44 42 40 39
45% 66 48 46 41 40
50% 69 51 48 42 41 38
55% 72 54 50 42 41 39
B0% 74 57 52 44 42 40 KL
B65% 77 61 b5 47 44 42 40
70% 80 66 81 55 50 45 40
75% 84 71 87 652 56 48 40 38
80% 86 73 70 65 60 52 44 40
85% 89 77 74 70 65 58 49 42 a8
90% g2 81 78 74 70 &5 58 48 42 38
95% 95 85 82 78 75 70 65 57 50 39
100% a8 89 86 83 80 76 72 66 59 40
Hydrologic Soll Group B
%l RCN* Pe=1" 1.2" 1.4" 1.6" 1.8" 2.0" 2.2" 2.4" 2.6"
0% 61 . '
5% 63
10% 65
15% 67 55 .
20% 68 60 55 55
25% 70 B4 61 58
30% 72 65 62 59 55
35% 74 86 63 60 56
40% 75 66 63 60 56
45% 78 68 313] 62 58
50% 80 70 67 64 60
55% 81 71 68 65 61 55
60% 83 73 70 67 63 58
65% 85 75 72 69 85 60 55
70% 87 77 74 71 87 62 57
75% 89 79 76 73 89 65 59
80% 91 81 78 75 71 66 61
85% 92 82 79 76 72 67 62 55
90% 94 84 81 78 74 70 65 59 55
95% 96 87 84 81 77 73 69 63 57
100% a8 88 86 a3 80 76 72 86 59 55

[:Iva Addressed (RCN = Woods in Good Condition)

[_—____—IRCN Applied to Cp, Calculations

5.21

Supp.1




Chapter 5. Environmental Site Design

......................................................................

Sizing Criteria

Table 5.3 Runoff Curve Number Reductions used for Environmental Site Design (continued)

Hydrologic Soll Group C

%l RCN* Peg=1" 1.2" 1.4" 1.6" 1.8" 20" § 22" 2.4" 2.6"
0% 74
5% 735
10% 76
16% 78
20% 79 70
25% 80 72 70 70
30% 81 73 72 IA!
35% 82 74 i3 72 70
40% 84 77 75 73 71
45% 85 78 76 74 71
50% 86 78 76 74 4|
55% 86 78 76 74 m 70
60% 88 80 78 76 73 71
85% 80 82 80 77 75 72
70% 91 82 80 78 75 72
75% 92 83 81 79 75 72
80% 93 84 82 79 76 72
85% 84 85 82 79 76 72 |- :
90% 85 86 83 80 77 73 70
85% g7 88 85 82 79 75 71 -
100% o8 89 86 83 80 76 72 70
Hydrologic Soil Group D
%l RCN* Pe = 1" 1.2" 1.4" 1.6" 1.8" 2.0" 22" | 24" 2.6"
0% 80 = - S L : I
5% 81
10% 82
15% 83 T
20% 84 77
25% 85 78 :
30% 85 78 17 77
35% 86 79 78 78 :
40% 87 82 81 79 77
45% 88 82 81 79 78
50% 83 83 82 80 78
55% 90 84 82 80 78
60% 9N 85 83 81 78
65% 92 85 83 81 78
70% 93 86 84 81 78
75% 94 86 84 81 78
80% 84 86 84 82 79
85% 95 86 84 82 79
90% 96 87 84 82 79 77
95% 97 88 85 82 80 78
100% 98 89 86 83 80 78 77

[:va Addressed (RCN = Woods in Good Condition)

[:'RCN Applied to Cp, Calculations

Supp. 1

522




ESDv / Rev Caleulations - Overall

Environmental Site Design Volume Calculations {ESDv) (2007 Regulations)

DA-1{Drains to the East}

Prop. DA: 666,186 s.f. IART: 18,297 s.f.
Total LOD: 82,106 s.f.
Total Prop. Imp.: 18,297 s.f. (Existing Ai = Air + Aire=0

Proposed Ai = Air + Ain = 18297
A AT = Prop Ai - Ex Ai= 18297- 0 = 18297
IART = 100% Existing Ai + 100% A Ai =0 + 18297 = 18297}

ESDv Calculations - LOD

Overall LOD:
LOD Area: 82,106 s.f.
Imperv: 18,297 s.f.

# Soil Type HSG-B (5=0.26}

LOD Area: 2,843 s.f.
Imperv: 0 sf.
% Imp.= Imp Area(within LOD)/ LOD Area = Pe=1.0" (New Development}
% Imp.= 0.0% (New Development) Soil: HSG-B (S = 0.26)

Rv= 0.05+{0.009 x imp.)
Rv= 0.05+(0.009x 000 )

Rv = 0.05
ESDv (HSG-C) = (Pe)(Rv){A)
12
Target ESDv (HSG-C) = {1.0) (0.05) (2843) - 12 of
12 o
Rev = {(SHRv)(A)
12
Required Rev (HSG-C)= {0.26) {0.05) (2843) = 3 cf
12

{Continued on following sheets)




® Soil Type HSG-C ($=0.13)

LOD Area: 79,263 s.f.
Imperv: 18,429 s.f.
% Imp.= Imp Area{within LOD)/ LOD Area = Pe=1.2" (New Development)
% Imp.= 23.3% {New Development) Soil: HSG-C (5=0.13)

Rv = 0.05+{0.009 x Imp.}
Rv= 0.05+{0.009x 23.25 )

Rv = 0.26
ESDv (HSG-C) = {Pe){Rv}{A)
12
Target ESDv (HSG-C) = _ (1.2) (0.26) (79263) 2,061 c.f.
12
Rev = (SHRV)(A)
12
Required Rev {HSG-C)= {0.13) (0.26) (79263) = 223 cf.
12

Total Target ESDv for LOD = 2073 c.f.
Total Required Rev for for LOD = 226 c.f.




ESDv / Rev Calculations - Drainage Areas

BRA-1A:
Sub-DA: 15,533 s.f.
Imperv: 8,043 s.f.
% Imp.= Imp Area{within LOD)/ LOD Area = Pe=1.8" (New Development)
% Imp.= 51.8% {New Development) Soil: HSG-C {S=0.13)
Rv= 0.05+(0.009 x Imp.)
Rv= 0.05+(0.009x 51.78 )
Rv = 0.52
ESDv (HSG-C) = {Pe)(RV){A)
12
Target ESDv (HSG-C} =  (1.8) (0.52) (15533) 1912 o
12 ! o
Rev= (S){Rv)(A)
12
Required Rev (HSG-C)= {0.13) (0.52) {15533) = 88 «cf.
12

{Continued on following sheets}




BRA-1B:

Sub-DA: 19,321 s.f.

Imperv: 7,080 s.f.

% Imp.= Imp Area(within LOD)/ LOD Area = Pe= 17" (New Development)
% Imp.= 36.6% {New Development) Sail: HSG-C (S =0.13)

Rv= 0.05+{0.009 x Imp.)
Rv= 0.05+{0.009x 36.64 )

Rv= 0.38
ESDv (HSG-D) = (Pe)(Rv){A)
12
Target ESDv (HSG-D) = {1.7) (0.38) {19321) } 1040 cf.
12
Rev = (SHRV)(A)
12
Required Rev (H5G-C)= (0.13) (0.38) (19321) = 80 c.f.
12

{Continued on following sheets)




BRA-1C:

Sub-DA: 14,023 s.f.

Imperv: 4,986 s.f.

% Imp.= Imp Area{within LOD}/ LOD Area = Pe=16" (New Development)
% Imp.= 35.6% (New Development) Soil: HSG-C ($=10.13)

Rv= 0,05+{0.009 x imp.)
Rv= 0.05+0.009x 35.56 )

Rv = 0.38
ESDv (HSG-D) = (Pe}{Rv)(A)
12
Target ESDv (HSG-D) = (1.6) (0.38) (14023) 710 cf.
12
Rev = {SHRv){A)
12
Required Rev (HSG-C)= {0.13) (0.38) (14023) = 58 cf.
12

Total Target ESDv for DAs = 2962 c.f.
Total Required Rev for for DAs = 226 c.f.




CFishman Brink Zcone
Reliability Improvements Project
Montgomery NOAA C County, Maryland

Sub~Area Land Use and Curve Number Details

Sub-Area
Area
(ac)

Curve
Number

Sub-Area Hydrologic
Identifier Land Use Soil
: Group
DA-1 Open space; grass cover > 75% {good) B
Open space; grass cover > 75% {goed) C
Paved parking lots, roofs, driveways B
Paved parking lots, roofs, driveways C

Total Area / Welghted Curve Number

DA-~-1A Open space; grass cover > 75% {good) C
Paved parking lots, roofs, driveways C
Total Area / Weighted Curve Number

pA—-1B Open space; grass cover > 75% {good) c
Paved parking lots, roofs, driveways C
Total Area / Weighted Curve Number

DA-1C Open space; grass cover > 75h% {good) C
Paved parking lots, roofs, driveways C

Total Area / Weighted Curve Number

WinTR-55, Version 1.00.10 Page 1

9/22/201¢6

3:42:28 PH




BMP Calculations
Sub DA: BRA -1A

Treatment Method: M-6 Micro-Bioretention Soils: C
~ Total Sub-Drainage Area: 15,533 s.f.
Total Impervious Area: 8,043 s.f.
Total Landscape Area: 7,490 s.f.
% Impervious:  51.8% Rv = 0.05+{0.009 x % Imp.)
0.05+{0.009x 51,78 )
Target Pe= 1.8 0.52
Target ESDv = [{Pe){Rv)(Total Drainage Area)] / 12
Target ESDv = 1.8 X 0.52 X 15,533 - 1212 ok
12 -
Required Ponding Volume = 0.75 x 1212 = 909 cf
At (min} = ESDv (df) / [k(ht +d#){t)] k= 0.5 in/hr
Af(min) = 1031 s.f. di=2 ft.
ht= 0.350
Af (furnished) = 1222 s f, t= 2 days

ESDv= 1212 c.f.

S ) PondmgVqume' Stage-StorageData
S Hewe o Areafs) oo 'Volume (cf) Tdtade!Ume:'”f
1222 T

637.40 2358

Lowest Adjacent Elev, = 637.40

Outlet Rim: Take Required ESDv volume (above) and divide by highest total Ponding volume.

Outlet Rim Height = 903 / 3621 = 0.25
Outlet Rim Efevation=  636.06 (0.70" will be used in
ESDv Ponding Volume order to ensure that
provided @ 636.06 = 987 c.f. adequate ponding is

ESDv Credit = 1212 provided)




BMP Calculations

Sub-DA BRA -1A - Layout Data

Layout Data:

Top of Mulch: 635.36

Top of Media: 635.11

Bottom of Media: 633.44

Bottom of Sand: 633.11

Bottom of Pea Gravel: 632.61

Max Inv. Of Underdrain: 632.03

Inv. Of Underdrain @ Cutlet: 631.76

Bottom of Recharge Bed: 630.76

Groundwater Elev.: 623.70
Separation (4’ Minimum}; 7.06

{3" Mulch)

{20" Filter Media)
{4" Sand)

(6" Pea Gravel)
{Length of 4" Perf,
PVC @ 0.50% slope)

{Max depth of boring: 623.7)

Outlet; 8" PVC Riser w/ Beehive Grate
Rim: 636.06
Inv. In.: 631.76 (4" underdrain)
ny. Out: 631.66
Outlet Pipe: 38' of 8" PVC Piping @ 4.89%
fnv, Up: 631.66 8" PVC
Iny. Dn: 629.80
10-yr Pool = 636.44 Freeboard= 0.96 ft
100-yr Pool = 637.07 Freeboard= Q.33 ft

Rev{Required) = [(S}{Rv}{A)1/12
Rev (Required) = 88 cf

Rev {Furnished) = (0.40) (1.00)

* Total ESDv has been met, therefore, no Cpv is required

Cpv (Required)* =
Cpv (Required)* = 0 cf

(1222.00)

1
Y
22}
(e}

|

cf




Pond Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 30® 2013 by Autedesk, Inc. v10

Pond No. 1 - BRA-1A
Pond Data

Thursday, 09 /22 / 2016

Contours -User-defined contour areas. Average end area method used for volume calculation. Begining Elevation = 635.36 ft

Stage / Storage Table
Stage (ft) Elevation {ft} Contour area (sqft}  Incr, Storage (cuft)  Total storage {cuft)

0.00 635.36 1,222 0 0

0.64 636.00 1,554 888 888

1.00 636.36 1,753 595 1,484

2.04 637.40 2,358 2,138 3,621
Culvert / Orifice Structures Welir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise {in) = 8.00 0.00 0.00 0.00 GrestLen (ff} = 2.10 0.00 0.00 0.00
Span {in) = B.00 000  0.00 0.0 CrestEL{ff) = 63606 000 000  0.00
No. Barrels =1 0 0 0 Weir Coeff. = 3.33 3.33 3.33 3.33
Invert EI (f) = 631.66 0.00 0.00 0.00 Weir Type = 1
Length {ft) = 38.00 0.00 0.00 0.00 Muiti-Stage = Yes No Ne No
Slope (%) = 4.89 0,00 0.00 nfa
N-Value = 013 .013 .013 nfa
Orifice Coeff. = 0.60 0.60 0.60 0.60 Exfil.(in/hr) = 0.000 (by Gontour)
Multi-Stage = nfa No No No TW Elev. (ft) = (.00

Note: CulverUOrifice outllows are anatyzed under inlet (fc) and culiat (oc) control. Weir risers checked for ofifica condilions (ic) and submergence (s),

Stage / Storage / Discharge Table

Stage Storage  Elevation
ft cuft ft
0.00 0 635.36
0.64 B8B 636.00
1.00 1,484 636.36

2.04 3,621 637.40

ClvA
cfs

0.00

3.081ic
3.08ic
3.08ic

CivB

cfs

CivC
cfs

PriRsr
cfs

Wr A
cfs

0.00
0.00
0.81ic
1.72ic

WwrB
cfs

WrC
cfs

WrD

cfs

Exfil
cfs

User
cfs

Total
cfs

0.000
0.000
0.812
1.716




Hydrograph Report

Hydraflow Hydrographs Extension for AutcCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Thursday, 09 /22 /2016

Hyd. No. 2

DA-1A

Hydrograph type = SCS Runoff Peak discharge = 0.789 cfs

Storm frequency = 1yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 1,594 cuft
Drainage area = 0.360 ac Curve number = 86

Basin Slope = 0.0 % Hydraulic length = 0 ft

Tc method = User Time of conc. (T¢) = 6.00 min

Total precip. = 2.57in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

Q {cfs) Hyd. No. 2 -- 1 Year Q (cfs)
1.00 1.00
0.90 0.90
0.80 +— 0.80
0.70 0.70
0.60 0.60
0.50 0.50
O AN e DS | SR E— D— 0.40
0.30 0.30
0.20 0.20
0.10 0.10
0.00 — 0.00

0 120 360 480 600 960 1080 1200 1320 1440 1560
Time (min)

=== Hyd No. 2




Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0 Thursday, 09/ 22 / 2016

Hyd. No. 5
BRA-1A

Hydrograph type = Reservoir Peak discharge = 0.032 cfs
Storm frequency 1 yrs Time to peak 812 min
Time interval 2 min Hyd. volume = 639 cuft
Inflow hyd. No. = 2-DA-1A Max. Elevation 636.08 ft
Reservoir name = BRA-1A Max. Storage 1,029 cuft

n

Storage Indication method used.

BRA-1A
Hyd. No. 5 -- 1 Year

Q (cfs) Q (cfs)

0.90 +———+————1- At —F+———F—F———+ 0.90

050 ———— T 1 B R S e e L

0.40

0.40

0.30

0.30

0.20 0.20

0.10 0.10

0.00 e 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440

1560 1680

Time {(min)
emmmm Hyd No. 5 === Hyd No. 2 [TTTTT] Total storage used = 1,029 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc, v10

Thursday, 09/22 /2016

Hyd. No. 2
DA-1A
Hydrograph type = 8CS Runoff Peak discharge = 1.055 cfs
Storm frequency = 2yrs Time to peak = 716 min
Time interval = 2 min Hyd. volume = 2,142 cuft
Drainage area = 0.360 ac Curve number = 86
Basin Slope = 0.0% Hydraulic length = Qft
Tc method = User Time of conc. (Tc) = 6.00 min
Total precip. = 3.10in Distribution = Typell
Storm duration = 24 hrs Shape factor = 484
DA-1A
Q (cfs) Hyd. No. 2 -- 2 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440
Time (min)

wemsen Hyd NO, 2




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0 Thursday, 09 /22 /2016

Hyd. No. 5

BRA-1A

Hydrograph type = Reservoir Peak discharge = 0.130 cfs

Storm frequency = 2yrs Time to peak = 734 min

Time interval = 2 min Hyd. volume = 1,188 cuft

Inflow hyd. No. = 2-DA-1A Max. Elevation = 636.13 ft

Reservoir name = BRA-1A Max. Storage = 1,102 cuft

Storage Indication method used.

BRA-1A

Q (cfs) Hyd. No. & — 2 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 : e T 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560 1680
Time (min)

Hyd No. 5 e Hyd NO. 2 [T1111] Total storage used = 1,102 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 /2016

Hyd. No. 2

DA-1A

Hydrograph type = SCS Runoff Peak discharge = 1.918 cfs

Storm frequency = 10 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 3,985 cuft
Drainage area = (.360 ac Curve number = 86

Basin Slope = 0.0% Hydraulic length = Qft

Tc method = User Time of conc. (T¢) = 6.00 min

Total precip. = 4,77 in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1A
Q (cfs) Hyd. No. 2 - 10 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 "/J 0.00
0 120 240 360 480 800 720 840 960 1080 1200 1320
Time (min)

e Hyd NO. 2




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09/ 22 /2016
Hyd. No. 5

BRA-1A

Hydrograph type = Reservoir Peak discharge = 0.920 cfs

Storm frequency = 10 yrs Time to peak = 730 min

Time interval = Z2min Hyd. volume = 3,031 cuft

Inflow hyd. No. = 2-DA-1A Max. Elevation = 636.44 f
Reservoir name = BRA-1A Max. Storage = 1,658 cuft

Storage Indication method used.

BRA-1A

Q (cfs) Hyd. No. 5 -- 10 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 - () 00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440

e Hyd NO. 5 s Hyd NO. 2 [TITT1] Total storage used = 1,658 cuft

1560
Time {min)




Hydrograph Report

Hydraflow Hydrographs Extensien for AutoCAD® Civil 3D® 2013 by Aulodesk, Inc. vi0

Thuesday, 09 /22 / 2016

Hyd. No. 2

DA-1A

Hydrograph type = SCS Runoff Peak discharge = 3.709 cfs

Storm frequency = 100 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 8,030 cuft
Drainage area = 0.360 ac Curve number = 86

Basin Slope = 0.0 % Hydraulic length = 0ft

T¢ method = User Time of conc. (Tc) = 6.00 min

Total precip. = 8.231in Distribution = Type [l

Storm duration = 24 hrs Shape factor = 484

Q (cfs) Hyd. No. 2 -- 100 Year Q (cfs)
4.00 ' 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 i 0.00

0 120 240 360 720 840 960 1080 1200
Time (min)

= Hyd No. 2




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civit 3D® 2013 by Autodesk, Inc. v10 Thursday, 09/ 22 / 2016

Hyd. No. 5

BRA-1A

Hydrograph type = Reservoir Peak discharge = 1.479 cfs

Storm frequency = 100 yrs Time to peak = 722 min

Time interval = 2 min Hyd. volume = 7,076 cuft

Inflow hyd. No. = 2 - DA-1A Max. Elevation = 637.07 ft

Reserveoir name = BRA-1A Max. Storage = 2,916 cuft

Storage Indication method used.

BRA-1A

Q(cfe) | Hyd. No. 5 -- 100 Year Q(cfs)
4.00 4.00
3.00 3.00
2.00 | 2.00
1.00 1.00
0.00 = J u L 0.00

0 120 240 380 480 600 720 840 950 1080 1200 1320 1440 1560
Time (min)

wmecenn Hyd No. B emeeene Hyd NO. 2 [TTTTH Total storage used = 2,916 cuft




BMP Calculations
Sub DA: BRA -1B

Treatment Method: M-6 Micro-Bioretention Soils: C
Total Sub-Drainage Area: 19,321 s.f.
Total Impervious Area: 7,080 s.f.
Total Landscape Area: 12,241 s.f,
% Impervious:  36.6% Rv = 0.05+(0.009 x % Imp.)
0.05+(0.009x  36.64 )
Target Pe= 1.8 0.38
Target ESDv = [{Pe}{RvH{Total Drainage Area)] f 12
Target ESDv = 1.8 X 0.38 X 19,321 - 1101 cf*
12
Required Ponding Volume = 0.75 x 1101 = 826 f
Af(min) = ESDv {df) / [k(hs +d){t)) k= 0.5 in/hr
Af{min) = 881 s.f. dr= 2 ft.
hf= 0.500
Ar (furnished) = 1479 s.f. =2 days
WQv/ESDv= 1101 c.f.

638.00
Lowest Adjacent Elev. =

CiAreafsf)

Ponding Volume: Stage-Storage Data

1479

3624
638.00

QOutlet Rim: Take Required ESDv volume {above) and divide by highest total Ponding volume.

Outlet Rim Height =
Outlet Rim Elevation =
ESDv Pending Volume

provided @
ESDy Credit =

826 / 4722
637.00
637.00 = 1825
1101

0.17
order

(1.0 will be used in

to ensure that

adequate ponding is

c.f.

provided)




BMP Calculations
Sub-DA BRA -1B - Layout Data

Layout Data:

Top of Mulch: 636.00
Top of Media: 635.75 (3" Mulch)
Bottom of Media: 634.08 (20" Filter Media)
Bottom of Sand: 633.75 (4" Sand)
Bottom of Pea Gravel: 633.25 {6" Pea Gravel)
Max Inv. Of Underdrain: 632.67 {Length of 4" Perf.
Inv. Of Underdrain @ Outiet: 632.30 PVC @ 0.50% slope)
Bottom of Recharge Bed: 631.30
Groundwater Elev.: 626.00 {Max depth of boring: 626.0}
Separation (4' Minimum): 5.29
Qutlet: 15" PVC Riser w/ Beehive Grate
Rim: 637.00
fnv. In.: 632.30 (4" underdrain)
fnv. Out: 632.20

Outlet Pipe: 95'.0of 12" PVC Piping @ 4.87%

Inv. Up: 632,20 12" PVC
Inv. Dn: 627.57
10-yr Pool = 637.13 Freeboard= 0.87 ft
100-yr Pool = 637.43 Freeboard= 0.57 ft
Rev({Required)= [(S)(Rv}{A}}/12 Cpv (Required)* =
Rev (Required) = 80 cf Cpv (Required)* = O cf
Rev (Furnished} = (0.40) (1.00) (1479.00) = cf

* Total ESDv has been met, therefore, no Cpv is required




Pond Report

Hydraflow Hydrographs Extension for AuloCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 08 /22 /2016
Pond No. 2 - BRA-1B
Pond Data
Contours -User-defined contour areas. Average end area method used for volume calculation. Begining Elevation = 636.00 ft
Stage / Storage Table
Stage (ft} Elevation (ft) Contour area (sqft)  Incr. Storage {cuft)  Total storage (cuft)

0.00 636.00 1,479 0 0

1.00 637.00 2,170 1,825 1,825

2.00 638.00 3,624 2,897 4,722
Culvert / Crifice Structures Weir Structures

[A] [Bl [C] [PrfRsr] [Al (Bl [¢] [P]

Rise (in} = 12.00 0.00 0.00 0.00 Crestlen(ft) = 3.93 0.00 0.00 0.00
Span (in) = 12.00 0.00 0.00 0.00 Crest EL. (ft} = 637.00 0.00 0.00 0.00
No. Barrels =1 ' 0 0 0 Woeir Coeff. = 3.33 3.33 3.33 3.33
Invert EI. (ft) = 632.20 0.00 0.00 0.00 Weir Type =1
Length (ft} = 95.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 4.87 0.00 0.00 nfa
N-Value .= .013 .013 013 nfa
QOrifice Coeff. = 0.60 0.60 0.60 0.60 Exfil.(infbr) = 0.000 {by Contour}
Multi-Stage = nfa No No No TW Elev. (ft) = 0.00

Note: Culver/Orifice outflows are anatyzed under infst (ic) and cullet (oc) control. Weair risers checked Tor orifice conditions (i) 2nd submergence (s).
Stage / Storage / Discharge Table
Stage Storage  Elevation CIvA ClvB CivC PrRsr WrA WrB WrC WrD Exfil User Total

ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs
0.00 0 636.00 0.00 - - 0.00 — - 0.000
1.00 1,825 637.00 6.87 ic -~ - - 0.00 - - - - -— 0.000

2.00 4,722 638.00 6.87 ic - - - 519ic - - “— - - 5.190




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 /2016

Hyd. No. 3

DA-1B

Hydrograph type = SCS Runoff Peak discharge = (.827 cfs

Storm frequency = 1yrs Time to peak = 718 min

Time interval = 2 min Hyd. volume = 1,661 cuft
Drainage area = 0.440 ac Curve number = 83

Basin Slope =0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 2.571in Distribution = Type I

Storm duration = 24 hrs Shape factor = 484

DA-1B
Q (cfs) Hyd. No. 3 -- 1 Year Q (cfs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 —H— 0.20
Ti-
0.10 : \ 0.10
0.00 ‘) 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time {min)

e Hyd NO. 3




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09/ 22 f 2016

Hyd. No. 6
BRA-1B

Hydrograph type
Storm frequency
Time interval
Inflow hyd. No.
Reservoir name

0.000 cfs
n/a

0 cuft
636.91 ft
1,661 cuft

Reservoir Peak discharge
1 yrs Time to peak

2 min Hyd. volume
3-DA-1B Max. Elevation
BRA-1B Max. Storage

I nnu
I

]
1l

Storage Indication method used.

BRA-1B
Q (cfs) Hyd. No. 6 -- 1 Year

Q (cfs)

00 +—————— 1+ %%

030 f——————— , — " 00

0.10 4 —\ —— 7 010

- — s - 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Time (min)

0.00

e Hyd No. 6 e Hyd NO. 3 IITT1T] Total storage used = 1,661 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Thursday, 09 /22 /2016

Hyd. No. 3
DA-1B
Hydrograph type = SCS Runoff Peak discharge = 1.133 cfs
Storm frequency = 2yrs Time to peak = 716 min
Time interval = 2 min Hyd. volume = 2,287 cuft
Drainage area = 0.440 ac Curve number = 83
Basin Slope = 0.0% Hydraulic length = 0ft
Tc method = User Time of conc, (Tc) = 6.00 min
Total precip. = 3.101in Distribution = Type Il
Storm duration = 24 hrs Shape factor = 484
DA-1B
Q (cfs) Hyd. No. 3 - 2 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 = 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time {min)

w=mees Hyd No. 3




Hydrograph Report

Hydraflow Hydrographs Extension for AuteCAD® Civii 3D® 2013 by Autodesk, Inc. vi0 Thursday, 09/ 22/ 2016
Hyd. No. 6
BRA-1B
Hydrograph type = Reservoir Peak discharge = 0.022 cfs
Storm frequency = 2yrs Time to peak = 996 min
Time interval = 2 min Hyd. volume = 462 cuft
[Inflow hyd. No. = 3-DA-1B Max. Elevation = 637.01 ft
Reservoir name = BRA-1B Max. Storage = 1,840 cuft
Storage Indication method used.
BRA-1B
Q (cfs) Hyd. No. 6 -- 2 Year Q (cfs)
2.00 2.00
1.00 1.00
%
0.00 : —— . 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time (min)

e Hyd NoO. 6 e Hyd NoO. 3 [EE11 1] Total storage used = 1,840 cuft




Hydrograph Report

Hydraflow Hydrographs Extensicn for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 /2016

Hyd. No. 3

DA-1B

Hydrograph type = SCS Runoff Peak discharge = 2.168 cfs

Storm frequency = 10 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 4,442 cuft
Drainage area = 0.440 ac Curve number = 83

Basin Slope =00% Hydraulic length = 0ft

Tc methed = User Time of conc. (T¢) = 6.00 min

Total precip. = 4.77in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1B

Q (cfs) Hyd. No. 3 - 10 Year Q (cfs)
3.00 3.00
2.00 2,00
1.00 1.00
0.00 H”) 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320
Time {min)

s Hyd NO. 3




Hydrograph Report

Hydraftow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autedesk, Inc. v10 Thursday, 09 /22 /2016

Hyd. No. 6

BRA-1B

Hydrograph type = Reservoir Peak discharge = 0.631 cfs

Storm frequency = 10yrs Time to peak = 724 min

Time interval = 2 min Hyd. volume = 2,617 cuft

inflow hyd. No. = 3-DA-1B Max. Elevation = 637.13 ft

Reservoir name = BRA-1B Max. Storage = 2,197 cuft

Storage Indication method used.

BRA-1B

Q (cfs) Hyd. No. 6 - 10 Year Q@ (cfs)
3.00 3.00
2.00 2.00
1.00 1.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time {min)

wmmmenm Hyd NoO. 6 ==m Hyd No. 3 [TITTT] Total storage used = 2,197 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutcCAD® Civil 3D® 2013 by Autodesk, inc. vi0

Thursday, 09 /22 [ 2016

Hyd. No. 3

DA-1B

Hydrograph type = SCS Runoff Peak discharge = 4,363 cfs

Storm frequency = 100 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 9,280 cuft
Drainage area = 0.440 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length = Qft

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 8.23in Distribution = Typel il

Storm duration = 24 hrs Shape factor = 484

DA-1B

Q (cfs) Hyd. No. 3 -- 100 Year Q{cfs)
5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 1"""""") 0.00

0 120 240 360 480 600 720 840 960 1080 1200
Time {min)

e Hyd No. 3




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civif 3D® 2013 by Autodesk, Inc. vi0

Hyd. No. 6

BRA-1B

Hydrograph type = Reservoir
Storm frequency = 100 yrs
Time interval = 2min
[Inflow hyd. No. = 3-DA-1B
Reservoir name = BRA-1B

Peak discharge
Time to peak
Hyd. volume
Max. Elevation
Max. Storage

Thursday, 09 /22 /2016

3.631 cfs
720 min
7,454 cuft
637.43 ft
3,054 cuft

numnau

Storage Indication method used.

BRA-1B
Q (cfs) Hyd. No. 6 -- 100 Year Q (cfs)
5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 = 0.00

0 120 240 360 480

=w===s Hyd No. § e Hydd NO. 3

600 720 840 960 1080 1200

1320 1440 1560
Time (min)

[TTTTT] Total storage used = 3,054 cuft




BMP Calculations
Sub DA: BRA -1C

Treatment Method:; M-6 Micro-Bioretention Soils: C
Total Sub-Drainage Area: 14,023 s.f.
Total Impervious Area: 4,986 s.f.
Total Landscape Area: 9,037 s.f.
% Impervious:  35.6% Rv = 0.05+(0.009 x % Imp.)
0.05+(0,009x 35,56 )
Target Pe= 1.8 0.38
Target ESDv = [(Pe){Rv)(Total Drainage Area)] / 12
Target ESDv = 1.8 X 0.38 X 14,023 _ 799 of
12 -
Required Ponding Volume = 0.75 x 799 = 599 cf
As(min) = ESDv (df} / [k{hf +dr){t)] k= 0.5 in/hr
A (min) = 703 s.f. df= 2 ft.
hi= 0.275
Af {furnished) = 971 s.f. t= 2 days

WQv/ESDv= 799  c.f.

o Eew U prealsh -
629.00 971

Ponding Volume: Stage-Storage Data

163000 1377
Lowest Adjacent Elev. = 630.00

Outlet Rim: Take Required ESDv volume {above} and divide by highest total Ponding volume.
Outlet Rim Height = 599 / 1174 = 0.51 {0.55 will be used in
Qutlet Rim Elevation= 629.55 order to ensure that
ESDv Ponding Volume adequate ponding is

provided @ 629.55 = 646 c.f. provided)
ESDv Credit = 799




BMP Calculations

Sub-DA BRA -1C - Layout Data

Layout Data:

Top of Mulch: 629.00

Top of Media: 628.75

Bottom of Media: 627.08

Bottom of Sand: 626.75

Bottom of Pea Gravel: 626.25

Max Inv. Of Underdrain: 625,67

inv. Of Underdrain @ Qutlet: 625.50

Bottom of Recharge Bed: 624.50

Groundwater Elev.: 617.90
Separation {4' Minimum): 6.60

(3" Mulch)

(20" Filter Media)
(4" Sand)

(6" Pea Gravel)
(Length of 4" Perf.
PVC @ 0.50% slope)

{Max depth of boring: 617.9)

Qutlet: 15" PVC Riser w/ Beehive Grate
Rim: 629.55
Inv. In.: 625.50 (4" underdrain)
Inv. In.: 614.25 (6" PVC)
Inv, Out: 614.15
Qutlet Pipe: 244" of 12" PVC Piping @ 0.9%
Inv. Up: 614.15 12" PVC
Inv. Dn: 612.00
10-yr Pool = 629.78 Freeboard= 0.22 ft
100-yr Pool = 629.93 Freeboard= 0.07 ft

Rev (Required}= [(SYRVHA)}]/12
Rev (Required) = 58 cf

. Rev (Furnished) = {0.40) (1.00)

* Total ESDv has been met, therefore, no Cpv is required

- Cpv {(Required)* =
Cpv (Required)* = 0 cf

[3%)
[]
[2]

(971.00) =

|

cf




Pond Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Pond No. 3 - BRA-1C

Thursday, 09 /22 /2016

Pond Data
Contours -User-defined contour areas. Average end area method used for valume calculation. Begining Elevation = £29.00 ft
Stage / Storage Table
Stage (ft) Elevation (ft) Contour area {sqft)  [ncr. Storage (cuft)  Total storage {cuft)

0.00 629.00 971 0

1.00 630.00 1,377 1,174 1,174
Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PriRsr] [Al [B] [C] [P]

Rise (in) = 12.00 0.00 0.00 0.00 CrestlLen (fty = 3.93 0.00 0.00 0.00
Span {in} = 12.00 0.00 0.00 0.00 Crest ELl. {ft) = 629.55 0.00 0.00 0.00
No. Barrels =1 0 0 0 Woeir Coeff. = 3.33 3.33 3.33 3.33
Invert El. (ft} = 614.15 0.00 0.00 0.00 Weir Type =1 -
Length (ft) = 245.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 0.80 0.00 0.00 n/a
N-Value = ,013 013 013 nfa
Orifice Coeff, = 0.60 0.60 0.60 0.60 Exfil.(infhr) = 0.000 (by Wet area)
Multi-Stage = nfa No No No TW Elev. (ft) = 0.00

Note: Culvert/Orifice outflows are analyzed under inlet {ic) and outlst (oc) control, Weir risers checked for orifica conditions {ic) and submergence (s).

Stage / Storage / Discharge Table

Stage Storage  Elevation Clv A
ft cuft ft cfs

0.00 0 629.00 0.00

1.00 1,174 630.00 8.38ac

ClvB
cfs

Cive
cfs

PrfRsr WrA
cfs cfs

- 0.00
.- 3.95

WrB
cfs

WrC

cfs

WrD

cfs

Exfil User Total
cfs cfs cfs

0.000
3.951




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Hyd. No. 4
DA-1C

Hydrograph type
Storm frequency
Time interval
Drainage area
Basin Slope

Tc method

Total precip.
Storm duration

SCS Runoff
1yrs

2 min

0.320 ac
0.0 %

User

2.57 in

24 hrs

nmmwnmwuwaunimwn

Peak discharge
Time to peak
Hyd. volume
Curve number
Hydraulic length
Time of conc. (Tc)
Distribution
Shape factor

I nnmwiuninu

Thursday, 09 /22 / 2016

0.602 cfs
718 min
1,208 cuft
83

01t

6.00 min
Type ll
484

DA-1C
Q (cfs) Hyd. No. 4 -- 1 Year Q (cfs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.10 —— \\ 0.10
0 120 240 360 480 600 720 B840 960 1080 1200 1320 1440 1560
Time (min)

e=== Hyd No. 4




Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 08 /22 /2016

Hyd. No. 7
BRA-1C

Hydrograph type
Storm frequency
Time interval
Inflow hyd. No.
Reservoir name

Reservoir Peak discharge = 0.049 cfs
1yrs Time to peak 752 min
2 min Hyd. volume 620 cuft
4 - DA-1C Max. Elevation 629.53 ft
BRA-1C Max. Storage 627 cuft

Storage Indication method used.

BRA-1C
Hyd. No. 7 -- 1 Year

Q (cfs) Q (cfs)

030 +————t—F——+—f—— "+ ™%

0.20 0.20

e

o

0.10 e 0.10

0.00 Lo : = = ' 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Time {min}
eceeee Hyd NO. 7 e Hyd NO. 4 111717 Total storage used = 627 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0

Thursday, 09 /22 / 2016

Hyd. No. 4

DA-1C

Hydrograph type = SCS Runoff Peak discharge = 0.824 cfs

Storm frequency = 2yrs Time to peak = 716 min

Time interval = 2min Hyd. volume = 1,663 cuft
Drainage area = 0.320 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 3.10in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1C

Q@ (cfs) Hyd. No. 4 -- 2 Year Q (cfs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 —H——— 0.20
0.10 A 0.10
0.00 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560
Time (min)

= Hyd NO. 4




Hydrograph Report
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 08/22 /20186

Hyd. No. 7
BRA-1C

Hydrograph type
Storm frequency
Time interval
Inflow hyd. No.
Reservoir name

0.283 cfs
724 min
1,076 cuft
629.62 ft
731 cuft

Reservoir Peak discharge
2 yrs Time to peak

2 min Hyd. volume

4 -DA-1C Max. Elevation
BRA-1C Max. Storage

i mun
Wn

Storage Indication method used.

BRA-1C
Q (cfs) Hyd. No. 7 -- 2 Year

Q (cfs)

0.80 +—————— — 11— —— T 0.8

0.70 0.70

0.60 0.60

0.50 0.50

0.40 0.40

0.30 0.30

0.20

0.20

0.10 0.10

0.00 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 - 1440 1560

Time (min)
e Hyd No. 7 e Hyd NO. 4 [T 1T] Total storage used = 731 cuft




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, inc. vi0

Thursday, 08 /22 /2016

Hyd. No. 4

DA-1C

Hydrograph type = SCS Runoff Peak discharge = 1.577 cfs

Storm frequency = 10 yrs Time to peak = 716 min

Time interval = 2min Hyd. volume = 3,231 cuft
Drainage area = 0.320 ac Curve number = 83

Basin Slope = 00% Hydraulic length = 0t

Tc method = User Time of conc. (Tc) = 6.00 min

Total precip. = 4.77in Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1C

Q (cfs) Hyd. No. 4 -- 10 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 “"’) 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320
Time {min)

=== Hyd NO. 4




Hydrograph Report

Hydraflow Hydregraphs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. vi0 Thursday, 09 /22 / 2016

Hyd. No. 7

BRA-1C

Hydrograph type = Reservoir Peak discharge = 1.444 cfs

Storm frequency = 10 yrs Time 1o peak = 718 min

Time interval = 2 min Hyd. volume = 2,643 cuft
Inflow hyd. No. = 4 - DA-1C Max. Elevation = 629.78 ft
Reservoir name = BRA-1C Max. Storage = 914 cuft

Storage Indication method used.

BRA-1C

Q (cfs) Hyd. No. 7 -- 10 Year Q (cfs)
2.00 2.00
1.00 1.00
0.00 m— 0.00

0 120 240 360 480 600 720 840 960 1080 1200

e Hyd NO. 7 e Hyd No. 4 [TITT1] Total storage used = 914 cuft

1320 1440
Time (min)




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10

Thursday, 09 f22/ 2016

Hyd. No. 4

DA-1C

Hydrograph type = 3C3 Runoff Peak discharge = 3.173 cfs

Storm frequency = 100 yrs Time to peak = 716 min

Time interval = 2 min Hyd. volume = 6,749 cuft
Drainage area = 0.320 ac Curve number = 83

Basin Slope = 0.0% Hydraulic length = 0ft

Tec method = User Time of conc. (T¢) = 6.00 min

Total precip. = 8.231n Distribution = Type ll

Storm duration = 24 hrs Shape factor = 484

DA-1C

Q(cfs) Hyd. No. 4 - 100 Year Q (cfs)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 ”/J 0.00

0 120 240 360 480 600 720 840 960 1080 1200
Time {min)

===z Hyd No. 4




Hydrograph Report

Hydraflow Hydrographs Exiension for AutoCAD® Civil 3D® 2013 by Autodesk, Inc. v10 Thursday, 09 /22 /2016

Hyd. No. 7

BRA-1C

Hydrograph type = Reservoir Peak discharge = 3.051 cfs

Storm frequency = 100 yrs Time to peak = 718 min

Time interval = 2 min Hyd. voiume = 6,161 cuft

Inflow hyd. No. = 4 -DA-1C Max. Elevation = 629.93 ft

Reservoir name = BRA-1C Max. Storage = 1,089 cuft

Storage Indication method used.

BRA-1C

Q (cfs) Hyd. No. 7 -- 100 Year Q {cfs)
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00

0 120 240 360 480 600 720 840 960 1080 1200 1320
Time (min)

e Hyd No. 7 e Hyd No. 4 [TI111] Total storage used = 1,089 cuft




APPENDIX - F

Hydroflow Storm Sewer Hydraulic Computations
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EXECUTIVE SUMMARY

Washington Suburban Sanitary Commission (WSSC) Contract No. BP5692A 14 is identified as
the “Brink Zone Reliability Improvement Project”. The project site is located along State Route
27 (Ridge Road) in Montgomery County, Maryland. The Geotechnical Engineering Report
(GER) herewith was prepared by Navarro & Wright Consulting Engineers, Inc. (N&W) for
WSSC through Hatch Mott MacDonald, LLC (HMM). The purpose of this report is to
effectively characterize the site subsurface conditions in order to provide guidance for the
structural and site civil engineering designs of the proposed 13 MGD Water Pumping Station and
ancillary facilitics that will service the City of Gaithersburg and surrounding areas.

Test Borings B-2, B-3 were preformed within the proposed pump house footprint area, and
Boring B-1 was performed adjacent to the proposed vault. These structure borings sampled both
soil and rock and ranged in depth from 15.0 to 32,1 feet. Borings I-1, I-2 and I-3 were advanced
to depths ranging from 4.1 to 12.3 feet below the existing ground surface prior to reaching
refusal on very dense materials. Infiltration testing was performed at test locations I-1 and I-2 to
provide data for the development of stormwater designs. Infiltration testing was not performed
at Boring [-3 where limiting zones were encountered.

According to the U.S. Geological Survey, the project site is underlain by the undivided
Jjamsville and Marburg Schist formations of late Precambrian age. These formations consist
primarily of phyllite, slate and schist. Based on the results of the test borings, the depth to the
apparent rock surface is somewhat erratic; however, rock should be consistently encountered
along the base of the proposed pump house. It should be possible for large and heavy duty
excavation equipment to remove the upper portions of the rock; however, such excavation is
anticipated to be difficult. The majority of the site soils encountered by the borings are
considered to be residual soils formed by the in-place weathering of the site bedrock. Some fill -
materials are present as the result of previous construction phases. Soil samples were classified
in the laboratory as silts, sands and gravels. Laboratory moisture and compaction testing results
suggest that the site soils could be successfully recompacted if strict quality control requirements
are enforced.

The project site is suitable to support conventional spread footing or mat foundations typically
used for water treatment and conveyance systems. The depth of the proposed exterior wall
footings for the pump house relative to the depth of the pump room mat foundation will dictate
the foundation configurations and the amount of structural capacity necessary for the proposed
retaining walls. Processed aggregates should be used for retaining wall backfill, and AASHTO
No. 57 Coarse Aggregate should be used where free-draining materials are necessary.
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1.0 INTRODUCTION
1.1  Purpose and Scope

1.2

1.3

The Geotechnical Evaluation Report (GER) herewith was prepared by Navarro &
Wright Consulting Engineers, Inc. (N&W) for WSSC through Hatch Mott
MacDonald, LLC (HMM) and summarizes the results of the test borings,
laboratory tests and geotechnical engineering analyses associated with the
proposed Brink Zone Reliability Improvement Project for WSSC. The GER is
based upon currently available design concepts along with the field and laboratory
data obtained from the test boring and laboratory testing programs.

Available Information

The Design Team and WSSC assisted N&W with the preparation of this report by

providing the following information:

¢ Test Pit and Boring Location Plan by Hatch Mott MacDonald, LLC, (undated),
2014,

e A hardcopy of a preliminary conceptual floor plan illustrating the pump station
layout received by N&W from Hatch Mott MacDonald during a design
progress meeting on June 2, 2015. Proposed floor elevations were discussed
during this meeting.

o Construction Plan Set, 10 MG Brink Water Storage Reservoir, by Burns &
McDonnell, dated November 23, 1983.

¢ Various construction plans for Brink and Cedar Heights Pumping Station, by
Matz, Childs and Associates, dated March 22, 1966.

Site Location and Description

The existing pumping station and elevated water storage reservoir are situated
directly northeast of the intersection of Ridge and Brink Roads in Montgomery

- County, Maryland. The original pumping station was constructed circa 1966 and

the elevated water storage tank circa 1984, The proposed construction includes a
new pumping station, a new vault and ancillary facilities. The majority of the
proposed construction is situated to the south of the existing facilitics outside of
the existing fenced-in enclosure.

Cwirent site grades across the proposed facility expansion area typically fall
gently from north to south, or from approximate elevation 642 to 630,
respectively. The existing Brink Zone pump facilities are positioned within a
topographic high area, and the surrounding grades fall to all sides of this elevated
zone. The agricultural fields to the east of the site drain to a channel that forms a
small surface stream under Wildcat Road to the east of the site. At the project
site, groundcover consists of short to long grass, dependent upon seasonal
mowing. The grass areas are interspersed with some trees,
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1.4  Proposed Construction

The proposed improvements include a new 13 MGD pumping station and a new
vault. New water lines, electric lines and other facilities will support the new
construction. The upgraded capacity will be used to serve the City of
Gaithersburg and surrounding areas. The proposed pump station will involve two
(2) floor levels. Four {4) pumps will bear on machine foundations or a floor at
elevation 615 feet, while the control room, a truck bay, a generator room and
ancillary floor spaces will be positioned on a floor at elevation 640 feet. Plans for
the proposed vault were not available; however, we understand that the vault
facility will include a subsurface structure with cast-in-place reinforced concrete
walls and floor.

GEOLOGIC SETTING

According to the Maryland Geologic Survey, the project site lies within the Mt. Airy
Upland District of the Piedmont Plateau Province. The Piedmont physiographic province
is positioned between the Coastal Plain Province to the southeast and the Blue Ridge
Province to the northwest and extends through several Maryland counties. Fact Sheet 19
by the Maryland Department of Natural Resources describes the Piedmont as follows:

The Piedmont is underlain primarily by metamorphic and igneous
crystalline rocks. Over time the rocks have been folded, faulted, and
fractured to varying degrees, and the region is commonly referred to as
fractured-rock terrane (Nutter and Otton, 1969). The boundary between
the Piedmont and Coastal Plain provinces is known as the Fall Line, and
it separates the hard, fractured rocks of the Piedmont from the
unconsolidated sediments of the Coastal Plain.

Generally, bedrock in the Piedmont Plateau Province has undergone varying degrees of
metamorphic processes; therefore, transitions and distinctions between one rock unit and
another are typically subtle. Bedrock in the eastern part of the Piedmont consists of
schist, gneiss, gabbro, and other highly metamorphosed sedimentary and igneous rocks of
probable volcanic origin. Tn several places these rocks have been intruded by granitic
plutons and pegmatites. Deep drilling has revealed that similar metamorphic and igneous
rocks underlie the sedimentary rocks of the Coastal Plain. Several domal uplifis of
Precambrian gneiss mantled with quartzite, marble, and schist are present in Baltimore
County and in parts of adjacent counties in the eastern Piedmont. Differential erosion of
these contrasting rock types has produced a distinctive topography in this part of the
Piedmont, The rocks of the western part of the Piedmont are diverse and include phyilite,
slate, marble, and moderately to slightly metamorphosed volcanic rocks. The Piedmont
Plateau Province contains a variety of mineral resources. Formerly, building stone, slate,
and small deposits of nonmetallic minerals, base-metal sulfides, gold, chromite, and iron
ore were mined in the Piedmont. Currently, crushed stone is important for aggregate,
concrete, and lime.
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According to the Physiographic Map of Maryland by the Maryland Geologic Survey, the
project site falls within the Mt. Airy Upland District of the Piedmont Plateau Province
and is described as follows:

Rolling upland; herringbone texture due to interaction of thin siltstones
and quartzites with stream reaches controlled by joints oblique to bedrock
strike; streams often incised (e.g. Benneft, Little Bennett, Bush, Linganore,
and Israel Creeks).

Based on the Geologic Map of Maryland (1968) by the Maryland Geologic Survey, the
WSSC Brink Zone facility is situated within the undivided Tjamsville and Marburg Schist
formations of the late Precambrian Era. These formations are described as follows:

Ijamsvifle Formation - Blue, green, or purple phyllite and phyllitic slate,
with interbedded metasiltstone and metagraywacke; flattened pumiceous
blebs occur locally;, and Marburg Schist - Bluish-gray to silvery-green,
fine-grained, muscovite-chlorite-albite-quartz schist; intensely cleaved
and closely folded; contains interbedded quartzites.

The 1968 mapping is not considered to meet cartographic standards; consequently, the
geologic conditions must be confirmed by other means. The site-specific bedrock was
explored via core borings, and the recovered cores were visually reviewed by geologists
of N&W.

SUBSURFACE EXPLORATIONS AND INFILTRATION TESTING

Soil and rock explorations were performed in general accordance with WSSC Common
Design Guidelines, Appendix E. Six (6) test borings were drilled by a subcontractor to
N&W between July 23 and 27, 2015 and were logged by an onsite representative of
N&W. Dirilling was conducted in general compliance with methodologies specified by
the American Society for Testing and Materials (ASTM) including the Standard Test
Method for Penetration Test and Split-Barrel Sampling of Soils, Designation D1586, and
the Standard Practice for Rock Core Drilling and Sampling of Rock for Site
Investigation, Designation D2113. Structure area Borings B-1 through B-3, along with
stormwater management area mfiltration Borings I-1 through 1-3, were conducted to
characterize soils within the area of the proposed construction. Boring B-1 was
performed adjacent to the proposed vault. Boring Nos, B-2 and B-3 were drilled within
the footprint area of the proposed pump station. Borings I-1 through 1-3 were drilled at
the preliminary design locations for the proposed stormwater facilities. Borings I-1, I-2
and -3 were originally designated as Borings B-4, B-5 and B-6, respectively; however,
the numbering convention was altered in order to distinguish the structure borings from
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the borings associated with infiltration testing. Infiltration tests were conducted directly
adjacent to Borings I-1 and I-2 in order to determine infiltration rates that can be used to
support the stormwater management designs. No infiltration testing was performed in
Boring I-3 as a limiting zone was encountered at 4.1 feet when refusal of the augers
occurred on the apparent rock surface.

The initial boring locations were programmed by Hatch Mott MacDonald. All initially
proposed boring points were staked by a survey crew from N&W, and their respective
ground surface clevations were recorded. Hatch Mott MacDonald abandoned the
originally proposed position of Boring I-3 (B-6) in order to avoid a conflict with an existing
septic field. The as-drilled positions of cach of the borings relative to the proposed
construction are illustrated on the Boring Location Plan, Figure 3. The scheduled boring
depths were programmed by Hatch Mott MacDonald at 45 feet deep for Borings B-2 and
B-3 and at 15 feet for the remainder of the borings. In most cases, borings were
terminated above their respective scheduled depths within rock or very dense materials.
Boring B-2 was terminated at 32.1 feet after sampling seven (7.0) lineal feet of rock, and
Boring B-3 was terminated at 30.0 feet after sampling 4.9 lineal feet of rock. Boring B-1
was advanced to the scheduled depth of 15.0 feet. Borings I-1, I-2, and I-3 encountered
auger refusals on the apparent bedrock surface at depths of 11.4, 12.3 and 4.1 feet,
respectively.

At each infiltration test boring/characterization boring except Boring I-3, an independent
companion auger boring was performed adjacent to the Standard Penetration Test (SPT)
boring. Borehole infiliration tests were performed within each of these companion auger
borings in general accordance with the procedures for “Testing Requirements for
Infiltration Bioretention and Sand Filter Subsoils” published in Appendix D.1 of the
Maryland Stormwater Design Manual, Volume 1 (2009). The results of the calculated
infiltration rates are presented in this report. Typed Engineers Field Boring Logs and
photographs of the rock cores recovered from the test borings are presented in Appendix
A. The results of the infiltration tests are summarized below.

INFILTRATION TESTING RESULTS SUMMARY

7 GroundSurface | Flevationof | ' Stabilized
~ Boring Number | - Elevation - | Infiltration Test - Infiltration Rate
o L (feet) |0 (feef) - f - (inches/hour)
1-1 (B-4) 637.9 627.9 -0.57
1-2 (B-5) 640.5 630.5 0.48
1-3 (B-0) 637.3 633.2* Limiting Zone*

* Boring [-3 encountered split spoon refusal on very dense saprolite at 4.1 feet below the
existing ground. This dense zone is regardcd as a “limiting zone”,
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A common soil stratum in both Borings I-1 and I-2 was tested at ten feet below the
ground surface; therefore, designs may account for one generalized soil zone near
Borings I-1 and [-2 with an average infiltration rate of 0.53 inches/hour. The design of
infiltration facilities in the general area of Boring I-3 is not recommended inasmuch as
limiting zones in the form of rock or obstructions within possible fill materials were
encountered within the test borings.

LABORATORY TESTING

Upon completion of the subsurface explorations, N&W completed laboratory analysis of
selected soil samples. All soil testing was performed in N&W’s in-house, AASHTO-
accredited laboratory. Testing included ten (10) natural moisture content tests (ASTM
D2216) conducted on sealed jar samples and three (3) USCS classifications (ASTM
D2487) with sieve (ASTM DA422), hydrometer (ASTM D422) and Atterberg Limits
(D4318). Hydrometer testing was performed to determine the distribution of clay-size
partticles. The potential behavior of the onsite soils when reused as compacted fill
materials was reviewed by completing a Standard Proctor test (ASTM D698) on a bag
sample recovered from the site soils.

Detailed laboratory testing results are included in Appendix B. The table to follow
summarizes the results of the soil classification and compaction testing.

LABORATORY SOIL TESTING RESULTS SUMMARY

B-1 S-4 4.5-6.0 - - - - -

B-1 S-7 9.0-105 - - - - -

B-2 S-4 45-60 - - - - -

B-2 3-9 15.0-15.9 - - - - -

B-3 S-2 1.5-3.0 - - - - -

B-3 5-3 3.0-4.5 GC 36 13 - -

B-3 5-10 20.0-204 - - - - -

B-3 Cuttings | 0.0-25.0 - - - 121.0 13.5 -
1-1 3-2 1.5-3.0 - - - - - 16.9
1-2 S-4 45-6.0 SM 34 5 - - 14.8
I-3 S-2 1.5-3.0 ML 28 4 - - 13.5
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SUBSURFACE CONDITIONS

The results of the test borings and laboratory testing programs will be reviewed in order
to characterize the subsurface soil, bedrock and groundwater conditions,

5.1

Soil

The site soils generally consist of fill materials and residual soils. Fill materials
are assumed to be present as a result of site grading activities for previous
construction phases and from past agricultural activities. The apparent fill
materials were distinguished from the site residual soils and ranged in thickness
from 1.5 to 4.5 feet. Residual soils are formed by the complete in-place
weathering of the native site bedrock. Portions of the site residual soils could best
be characterized as saprolites. Saprolites are comprised of bedrock that has
weathered in-place, but has maintained the original volume of the parent rock
material while demonstrating a lower overall in-place density relative to the
parent rock. Visually, this soil maintains the fabric and structure of the original
rock but can be easily excavated as a soil material.

Per the Unified Soil Classification System (USCS) convention, the fill materials
and residual site soils (including saprolites) characteristically consist of silty
sands, silts and clayey gravels. A typical subsurface strata profile, illustrating the
generalized soil and rock conditions revealed by the test borings, is presented via
the following table:

O Ground Surface

Sandy SI1LT with organics, brown, moist, loose
) (Topsoil)

Sandy SILT with a little gravel, (ML), brown to orangish
3 brown, moist, medium dense (£7l{)

Silty SAND, (SM) with some rock fragments and clay,
orangish brown to brown, moist, medium dense to dense
11 (Residual with Saprolites)

Clayey GRAVEL with SAND, (GC), orangish brown to
reddish brown, moist, medium dense to very dense (Residual
25 — Saprolite)
Below 25 GNEISS, gray to reddish brown, highly to moderately
weathered, narrowly spaced fractures, soft to medium hard
(Bedrock)
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The typical subsurface strata profile shown above is conceptual and does not
represent the subsurface conditions at any specific point on the project site.
Detailed descriptions of the soils encountered at each test boring point are
presented on the typed Engineers Field Boring Logs in Appendix A.

Bedrock

For classification purposes, the materials on the Engineers Test Boring Logs in
Appendix A are either described as soil or rock. In a more practical sense, there is
a gradual transition of soil to rock. For purposes of geotechnical engineering
evaluations, the bedrock surface is typically considered to be positioned at the
depth where auger refusals occur, or at the depth were diamond-bit core sampling
is initiated. Based upon this geotechnical engineering convention, we have
compiled the depth to bedrock table below considering the test boring data, and
our interpretations and extrapolations from the test boring data as follows:

DEPTH TO BEDROCK TABLE

B-2 639.3 25.1 614.2
B-3 641.9 25.0 616.9
I-1 637.9 >11.4% <626.5*
I-2 640.5 >12.3* <628.2*
1-3 637.3 - > 4.1F <633.2*

* Note: The level of split-spoon refusal is noted.

Geotechnical engineering conventions have established the top-of-bedrock level
in Borings B-2 and B-3 at the depths and elevations as shown in the table above.
Nonetheless, highly weathered rock, or very dense residual materials including
saprolites, were encountered above these “top-of-bedrock” levels in Borings 1-1,
-2 and I-3 where refusal to further advancement of the split-spoon sampler
occurred,  When paired with a drill rig with sufficient torque, the augers are
typically capable of advancing through very dense materials which possess visible
rock structure. Consequently, the Engineers Logs for Borings I-1, I-2 and 1-3
presented in Appendix A, associate the “apparent top-of-rock” surface with the

-depth to split-spoon refusal. We have defined split-spoon refusal as failure to

advance the spoon more than six inches with 50 or more blows of the 140-pound
haminer.
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As discussed in the Geologic Setting section above, the site bedrock is mapped as
phyllite and phyliitic slate. Subtle differences involving the extent of the
metamorphic processes are used to distinguish between phyllite, slate, schist and
gneiss. We have described the site bedrock as “gneiss”; however, all of these
descriptions represent a transitional geologic process; therefore, various geologists
may have different ways to describe this rock. The precise mineralogical
identification of these strata are not as significant as the potential impact of the
presence of rock will have upon the proposed construction. Where split-spoon
refusals are encountered within dense saprolites, potential infiltration rates in such
zones are typically very slow. However, these dense saprolites can typically be
removed by heavy duty excavation equipment, such as a Caterpillar E325
Excavator, without difficulty and without the assistance of pneumatic hammers or
blasting. Finally, at levels where auger refusal occurs in the test borings, difficult
excavation with heavy duty excavation equipment typically begins. Difficult
excavation may require constant prizing of rock beds with an excavator bucket,
ripping with the ripper of a large bulldozer such as a Caterpillar D-8, or the use of
pneumatic hammers in order to efficiently advance excavations through these
rock materials. However, blasting is not recommended due to the potential
damage to the existing infrastructure.

Rock quality is reflected by the percent recovery as well as the Rock Quality
Designation (RQD) values recorded on the boring logs in Appendix A. RQD is
defined as the cumulative length of solid core pieces greater than 4.0 inches in
length expressed as a percentage of the particular core run length. Therefore, the
condition of the site bedrock, including its potential resistance to excavation, is
reflected by the condition of the recovered rock samples in terms of core recovery
and Rock Quality Designation (RQD). Core recoveries of 16 and 30 percent were
recorded in Boring B-2, while a core recovery of 73 percent was recorded in the
only core run Boring B-3. In addition to poor to fair core recoveries, very poor
rock “quality” was disclosed by RQD values of zero (0) percent within each core
run in Boring B-2 and 20 percent within the only core run in Bering B-3.
Consequently, the uppermost portions of the bedrock contain a significant number
of open joints and soil seams that were washed away by the drilling fluids during
the core recovery process. Consequently, difficult excavation of rock is not
anticipated for the proposed vault and should also not occut until approximate
elevations of 614 to 617 are reached when excavating to create the lower levels of
the proposed pump house.

Groundwater

The level of the free water surface is likely positioned below the bedrock surface,
but perched groundwater will play a role in the design of the proposed facilities.
Secpage of surface water along natural site gradients originating to the north near
the existing Brink Zone facilities will promote the formation of a perched
groundwater table on top of rock and dense soil zones. Another potential source

9 o
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of subsurface water could be the existing septic drainage field, which we
understand is positioned a short distance to the north of the proposed pump house.
Both of these potential water sources could contribute to the build-up of
hydrostatic pressure around the proposed pump house foundation walls.
Subsurface water was observed in Borings B-2 and B-3 at depths of 21.5 feet and
23.4 feet below the existing ground surface, equating to elevations 617.8 and
618.5 feet, respectively, or several feet above the finish floor elevation for the
lowest level of the proposed pump station at 615 feet.

Contractors should be prepared to temporarily control groundwater in deep
foundation or utility trenches as the top-of-rock level is approached, Otherwise,
typical design and construction practices should prevail. Foundation drains
installed along the exterior and interior sides of the foundation walls and routed to
a sunp pit will be necessary to prevent water infiltration onto the pump house and
vault floors. Retaining walls should be backfilled with well-compacted free
draining coarse aggregates. The extensive use of water stops and waterproofing
materials are considered necessary if the proposed pump station and vault must
remain dry.

6.0 ENGINEERING ANALYSES AND CONCLUSIONS

6.1

Trenching and Earthwork

Based on the results of the test borings, conflicts with the site bedrock are
anticipated at the base of the excavation for the proposed pump house as well as
within any accompanying pipe trenches ancillary to the pump house involving
water lines with inverts near or below elevation 617 feet. Although it may meet
criteria to be classified as “rock excavation”, it may still be possible to remove the
upper portions of the rock with aggressive excavation by a large trackhoe
excavator such as a Caterpillar E325. Temporary shoring or extensive benching
will likely be necessary when performing trenching to establish the proposed floor
level of elevation 615 feet. Shoring, bracing, benching or sloped excavation sides
must comply with OSHA requirements, including 29 CFR, Part 1926. The
precise soil type must be assigned during construction and must include factors
such as vibrations and weather conditions.  Based strictly upon the
characterization and condition of the recovered soil samples, the site soils are
consistent with Type B soils. Sidewalls of temporary excavations in Type B soils
are typically sloped at a ratio of 1:1 (horizontal: vertical),

Some excavation spoils generated from the installation of the pump house and
vault foundations may be reused as fill and backfill materials at select locations
under strict controls and limitations. At the time of the test boring program, the
majority of the site soils possessed natural moisture contents appropriate for
compaction and reuse within fill sections. Nevertheless, the site soils will be
moisture sensitive and difficult to compact efficiently due to the significant
presence of fine sands and silts. Saprolites in particular are very difficult to

10 ‘ o
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compact when their natural moisture contents are outside of the workable range
relative to their respective optimum moisture contents.  Therefore, the
construction team must understand that the reuse of onsite soils could potentially
involve an extended earthwork or trenching schedules when significant moisture-
conditioning of the saprolitic soils is required.

Foundation Designs and Installations

The project site is considered suitable for conventional foundations such as spread
footings or mat foundations. Conventional foundations are generally the most
cost-effective systems that can be installed in an efficient manner. The significant
difference in elevation between adjacent floor levels within the proposed pump
house will present challenges for the design and construction of this building. We
understand that design concepts assign the pump room floor level at elevation 615
feet, while the control room, the generator room and truck bay areas are slab-on-
grade construction with a finish floor elevation of 640 feet. Consequently, if the
perimeter wall footings are founded at frost depth, perimeter foundations, or
intermediate interior foundations, will likely bear upon wall backfill zone
materials and transmit surcharge loading to the retaining walls that envelope the
pump rooi.

When backfilled with dense well-graded gravel, the top of the pump room
retaining walls will need to tilt a lateral distance of approximately 0.005H (where
H is the height of the wall) in order to establish an “active” pressure state. Such
movement will result in a corresponding vertical displacement of the backfill zone
materials. If such a displacement is unacceptable, the Structural Engineer should
consider designing the retaining walls for “at-rest” conditions.

The mat foundation for the pump room will have a finish floor level of 615 feet
and an associated mat subgrade level related to the mat thickness. The bottom-of-
footing (BOF) level for exterior wall footings enveloping the entire pump house,
along with the BOF level for any intermediate footings adjacent to the truck bay
or other rooms, could be established and designed in a number of potentially
feasible ways. The precise foundation bearing levels should be assigned by the
project Structural Engineer in consideration of the analyses, conclusions and
recommendations presented in this Report.

Intermediate partition walls, which support only their respective dead weight and
do not support structural roof loading, could be positioned upon conventional
footings or upon thickened or “turned-down” slab sections. In such cases, modest
surcharge loading associated with the intermediate walls should be considered
when designing the structural capacity of the pump room retaining walls, Of
course, live loads such as trucks will also generate surcharges. The exterior wall
footings will also generate surcharge loading on the pump room walls if the
exterior BOF level is held at frost depth. Foundation stress influence zones for

t




Navarro & Wright Consulting Engineers, Inc. Brink Zone Reliability Improvement Project
936 Ridgebrook Road, Suite B1, Sparks, MD 21152 WSSC Contract No. BP5692A14
Montgomery County, MD

N&W # 1502MDO017

August 25, 2015

the perimeter wall footings, which support roof loading, will overlap with the
backfill zones behind the pump room retaining walls. Placement of adjacent wall
and/or retaining wall footings at diametrically opposed bearing levels in this
manner is not ideal, but would be serviceable if high quality backfill materials are
properly compacted. The use of select granular materials, such as well-graded
gravels meeting the gradational requirements for CR6, should be required to
backfill bulk excavation zones. Where hydrostatic pressure relief is. desired, free-
draining gravel, such as AASHTO No. 57 Coarse Aggregate should be specified.

In order to eliminate surcharges generated by higher-level footings, all footings
could be positioned at the same bearing level of the lower level mat foundation.
The disadvantage of this alternative would be an increase in excavation and
backfill quantities. In order to decrease excavation and backfill quantities, the
design team could consider altering the floor plan to incorporate the use of a
mezzanine for the control room or other similar reconfigurations. Such
alternative configurations are beyond the scope of the Geotechnical Engineering
Report; therefore, comments and recommendations are confined to the
preliminary building design concepts.

Assuming earthwork contractors will slope the pump room temporary excavation
sides at an approximate slope rate of 1:1, perimeter exterior wall pump house
footings could be lowered below conventional frost depth to bear within existing
undisturbed soils. Based on the existing site soil propertics, a maximum slope
ratio of 1.75 horizontal to 1.0 vertical should be inaintained between adjacent
foundation bearing levels in order to eliininate the contribution of surcharge
loading on the pump room walls from the structural design. Accounting for some
minor overexcavation in a lateral direction during construction of the lower mat,
the BOF level for the exterior eastern wall line footings would ultimately be
positioned near elevation 634 feet, or about six (6) feet below the exterior grade.
The northern wall footing and any intermediate footings would be positioned
much lower when maintaining the 1.75:1 adjacent foundation bearing strata ratio,
or a slope rate that is not as steep. At the discretion of the Structural Engineer,
grade beams may be substituted for select portions of foundation walls where the
goal is to reduce the overall height of foundation walls that have earth on both
sides.

Evidence of uncontrolled fills from prior construction was found by examining
samples at shallow depths within Borings B-1, B~2, B-3 and 1-2. These fill
materials will be automatically removed as the proposed foundations are installed
adjacent to floor level 615 fect; however, any proposed footings that may be
situated at frost depth might not penctrate existing shallow fill materials, nor
would they necessarily penetrate new backfill materials around the pump room.
For example, shallow-depth wall foundations under the south building wall in the
truck bay arca could hypothetically bear upon 25 feet of freshly placed backfill
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materials. The proposed backfill materials have the potential to subside under
building foundation loading in a proportionate manner to the quality of the
backfill materials and the degree of compaction the backfill has received.
Consequently, cracks in foundation walls associated with differential settlements
of various bearing zone materials should be most noticeable at this or similar
transition zones between opposing floor slabs situated at elevations 615 and 640
fect. As previously discussed, footings at frost depth, which would hypothetically
abut the foundation walls for the pump room, will place surcharge loading on the
retaining wall that separates the two distinct floor levels.

Matt footings and spread footings positioned on undisturbed existing site soils and
subject to relatively light structural loading are anticipated to experience
settlements not exceeding Y%-inch. Consequently, differential settlements between
adjacent foundation sections should be tolerable when the existing soil strata are
utilized for support. Potential cracks in architectural features can be managed
through the generous incorporation of control joints and construction joints.

A potential source of foundation distress and floor slab seitlement at the proposed
pump house is the thick backfill section adjacent to the pump house walls. Even
well-compacted backfill of this significant thickness will experience some
settlement when subject to the loading of the proposed building including roof
loading and live loading associated with the truck(s) parked inside the building.
Consequently, high quality backfill materials and extensive quality control
procedures must be incorporated into the design and construction of the proposed
structures. Appropriate maximum allowable design bearing pressures and design
material properties are recommended below.

7.0  DESIGN RECOMMENDATIONS

7.1

Foundations

Spread Footings on Natural Site Soils
Shallow-depth spread footings, including continuously loaded wall footings or

column footings, bearing upon existing undisturbed site soils may be designed on
a maximum allowable design ground contact pressure of 4,000 p.s.f. Minimum
footing widths should be 24 inches.

Spread Footings on Backfill Zone Materials .

Shallow-depth spread footings, including continuously loaded wall footings or
column footings, bearing upon structural backfill zones, may be designed on a
maximum allowable design ground contact pressure of 2,000 p.s.f. Minimum
footing widths should be 24 inches. High quality processed aggregate materials
including “CR6” or “Graded Aggregate Base” as specified by Maryland
Department of Transportation State Highway Administration Standard
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Specifications for Construction and Materials, Section 901 must be used for
structural backfill inside of structure areas.

Pump House Mat Foundation

When bearing at, or below, elevation 615 feet, the pump house mat foundation
may be designed on a maximum allowable design ground contact pressure of
8,000 p.s.f. A shallow stone subbase section may be incorporated under the mat
for relief of hydrostatic pressure where drains are used.

Vault Mat Foundation

When bearing on existing site soils at or below 12 feet from the preconstruction
ground levels, the vault mat foundation may be designed on a maximum
allowable design ground contact pressure of 4,000 p.s.f. A shallow stone subbase
section may be incorporated under the mat for relief of hydrostatic pressure where
drains are used.

Lirost Cover

All foundation bases that could be exposed to potential freeze-thaw conditions
should be positioned at least 30 inches below exterior grade levels. Incidental
non-load-bearing interior partition walls intended to meet architectural criteria that
do not carry framing loads may be positioned on “turned-down” or “thickened” slabs
or soil-bearing footings.

Bearing Zone Conflicts

No foundation should be positioned to bear upon any existing or proposed utility or
sewer line. Wall penetrations with sleeves that can accommodate foundation
settlement are preferable to routing pipes below proposed foundations.

Floor Slabs
Materials
All proposed slab-on-grade floor slabs and subbase sections should be constructed in

accordance with the latest standards established by the American Concrete Institute
(ACI) as well as the Portland Cement Association (PCA).

Vapor Barrier

A polyethylene vapor batrier of at least five (5) mils in thickness may be
incorporated into the interior floor slab/subbase section design. Plans should
include notes requiring periodic pumping of rainwater from the top of the vapor
barrier as necessary beforc pouring the floor slab.

Subbase

Stone subbase should consist of Graded Aggregate Base as specified by Maryland
Department of Transportation State Highway Administration Standard
Specifications for Construction and Materials, Section 901. A minimum six (6)-
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inch layer of subbase should be provided. Subbase should be compacted in
accordance with the project specification for structural fill.

Seismic Site Parameters

Based on the subsurface conditions documented in this report, the subsurface
strata profile coincides with Site Class C of the International Building Code
(IBC). This site class assumes foundation-bearing zones are prepared in accordance -
with the design parameters and procedures documented in this report and further
assumes the position and level of the proposed structures are as indicated in this
report.

Soil Properties for Foundation Design

N&W has reviewed the test boring and laboratory testing results and has assigned
soil parameters that can be used for the design of retaining walls, basement walls,
floor slabs and pavements. The parameters may be used to calculate Rankine
earth pressures, equivalent fluid pressures, uplift resistance, subgrade reactions
and subgrade strength. Based on the available data, coupled with published data,
we recommend the use of the following soil parameters for foundation design:

o, 57 Coarse
3ate Base ggregate -
Range of Total Unit Weight, 1, _ . R
(ahove the water table) 115-135 p.e.f. 125145 p.cf. 85-115 pe.f.
Range of Total Buoyant Unit
Weight, ¥, 58-78p.cf 68 -88pcf 28-58pef
{below the water table)
Angle of Internal Friction, ¢ (for 340 40 g0
lateral pressure coefTicients)
K, (Active Lateral Pressiure
CoefMicient) 0.28 0.22 0.24
K, (Passive Lateral Pressure
Caefficient) 339 4.60 420
K, (At-Rest Lateral Pressure
CoefTicient) 0.44 036 0.38
Interface Friction Angle, 8 240 24 310
{with mass concrete)
Friction Factor with mass
concrete, i (0.8%tan §) 0.36 048 048
Interface Friction Angle, & o " -
(with formed concrete) 17 26 22
Friction Factor with formed
. .3 .
concrete, p {0.8%tan 8) 0.4 0.39 0.32
Subgrade Modulus, k 100 p.c.i. 300 p.ci. 250 p.c.i
£ p
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TABLE NOTES:
¢ Adequate drainage includes (but is not limited to) flow zones along walls backfilled with
AASHTO No. 57 Coarse Aggregate and/or drainage boards as well a perimeter drain on the
active pressure side of the wall.
*  Adhesion (C,), for the interface of fonmed concrete and onsite soil should be neglected.
* In order to develop active or passive pressure the following wall movements are
necessary {where “H” is the height of the wall):

o Onsite soils: 0.002H for active and 0.01H for passive
o Graded Aggregate Base: 0.0005H for active and 0.005H for passive
o  AASHTO No. 57: 0.0005H for active and 0.005H for passive

Drainage

Perimeter Foundation Drains

To prevent the accumulation of water and saturation of soil within the foundation
bearing zones for the pump room and vault, perimeter retaining wall footings
should include an exterior perforated perimeter drain that discharges via a six-inch
diameter perforated polyethylene pipe bedded in AASHTO No. 57 Coarse
Aggregate. (Note: Subdrains will not prevent moisture vapor that can cause mold
growth.)

Miscellaneous Design Considerations

Control Joints

Control joints should be liberally provided at regular intervals in masonry walls, at
transitions between load-bearing columns or walls and non-load-bearing walls as
well as at regular intervals in the floor slabs in general accordance with ACI
requitements.  Special attention should be given to transition zones between
foundations with different ground/rock contact pressures, varying bearing levels or
dissimilar foundation types.

Utility Routing

Existing utilities that conflict with proposed foundations should be rerouted.
Proposed sanitary or storm drains (or utilities), which are scheduled for invert
levels below the bearing levels of nearby foundations, should be routed as far
away as reasonably possible from the proposed foundations. Whenever practically
possible, no utilities should be positioned below foundations. Wall penetrations
should be specified on the foundation plans instead of allowing routing of pipes
below proposed foundations.

8.0 CONSTRUCTION RECOMMENDATIONS

8.1

Repair of Soft Subgrades under Slabs and Footings

If soft, excessively wet, organic, or otherwise unstable material is disclosed by
proofrolling, all undesirable material should be removed until a stable base is
reached. The unstable material should bc wasted offsite or at onsite nonstructural
locations approved by the Project Engineer and the Owner. Consideration should be
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given to air-drying and reuse of materials that are “unsuitable” strctly due to
excessive natural moisture.

The excavation resulting from removal of the unsuitable materials should be
backfilled with aggregate that meets the gradations for AASHTO No. 1 Coarse
Aggregate and Graded Aggregate Base or CR-6 as specified in Section 901 of
Maryland State Highway Administration Standard Specifications for Construction
and Materials. Graded Aggregate Base should be compacted in accordance with the
recommendations for fill compaction below. If soft subgrades are encountered on a
persistent basis, the project Geotechnical Engineer should be contacted to provide
additional recommendations, which may involve the use of geogrids or geotextiles
as necessary to provide appropriate stability.

Suitable and Unsuitable Onsite Fill Materials

Onsite materials should not be used as backfill in the interior of the proposed
structures. Onsite soils reused for trench backfill or backfill along the exterior sides
of the proposed structures should consist of inorganic materials that do not contain
rock fragments which are retained on an eight (8)-inch mesh screen and are of
suitable moisture content to achieve the compaction requirements. Onsite soils
categorized as Unified Soil Classification System Group (ASTM D2487) Symbols
GC, GM, SC, SM, CL and ML may be considered suitable onsite fill materials.

Onsite fill materials that do not classify as one of the USCS groups defined above
should be considered unsuitable.

Suitable Offsite Borrow Materials

Maryland Department of Transportation Graded Aggregate Base or CR-6 is
considered ideal for use as structural backfill material and shouid be required
under floor slabs and behind retaining walls where drainage is not necessaty.
Where drainage is required, AASHTO No. 57 Coarse Aggregate, or AASHTO
No. 8 Coarse Aggregate must be used.

Till Zone Definitions

The zone definitions below are recommendations of this office. The contract
documents, plans and specifications should be consulted to determine the contract
requirements.

Structural Fill Zone — Any area scheduled for a proposed building, mechanical pad,
retaining wall or roadway plus a perimeter buffer zone of at least 10 feet.

Nonstructural Fill Zone — Any area that is not within a Structural Fill Zone.
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Compaction Requirements

Structural Fill Zone materials, including slope areas below buildings and roadways,
should be compacted to at least 100 percent of the Standard Compaction Test
maximum dry density, ASTM Designation D698. Al fill materials should be placed
in eight-inch (maximum uncompacted thickness) lifts at a moisture content which is
no more than 3.0 percentage points above or 3.0 percentage points below the
optimum moisture content established for the material by ASTM Designation D698,
AlI fill and backfill placement should be closely observed and tested by a qualified
geotechnical engineering technician, No fill or backfill should be placed on frozen
ground or during exceptionally wet periods of inclement weather.

Blasting and Rock Removal

Blasting shall not be permitted. Otherwise, the means and methods of rock
removal will be determined by the Contractor and in accordance with local and
state regulations, but must be satisfactory to the Owner.

Trench Stability

All utility and foundation excavation should be performed in accordance with
OSHA guidelines, including Part 1926, Typically, the predominately
cohesionless soils that are not subjected to vibration or saturation can be
characterized as Type B soils. Soil types should be confirmed on a case-by-case
basis. Should it be required, all temporary sheeting and shoring should be
designed by a qualified engineer registered in the State of Maryland.

Quality Control

Qualified geotechnical engineering observations and tests should be conducted on a
full-time basis during all phases of the site preparation, foundation construction and
roadway construction work to ensure its proper execution. Prooftolling of all
subgrades should be witnessed and approved, all foundation subgrades should be
approved before pouring foundations, and each lift of fill and backfill should be
observed and tested on a layer-by-layer basis to ensure that the recommended degree
of compaction is obtained and that the material is placed within the proper moisture
content range. Overexcavation and backfill of localized soft material zones should
be as recommended by the Owner’s Representative.
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LIMITATIONS

This report has been prepared for the exclusive use of WSSC and their Design Team, for
specific application to the site grading and foundation designs at the Brinks Zone Reliability
Improvements project in Montgomery County, MD. The recommendations presented in
this report are based upon the available geotechnical information. The test borings depict
the soil and rock conditions at the specific point locations and at specific times at which
they were conducted. The soil and bedrock conditions at other locations and times may
differ significantly from those encountered by the borings for this evaluation. The
presence of hazardous waste was not apparent during the test boring program; however,
this report does not address environmental conditions,

Any revisions to the plans for the proposed structures or for site design, made after the
date of this report, should be brought to the attention of the Geotechnical Engineer, so
that subsequent changes in foundation recommendations can be prepared as deemed
appropriate by the Geotechnical Engineer. If deviations from the noted subsurface and
foundation conditions are encountered during construction, they should also be brought to
the immediate attention of the Geotechnical Engineer. The cost of additional design
review or construction review services is not part of our current Professional Services
Agreement, Additional services can be provided upon specific written notice to proceed
with such evaluations.

This report addresses foundation installation and site grading conditions but does not
evaluate the balance of earthwork quantities. Any revisions to the site grading plans or
proposed foundations made after the date of this report should be brought to the attention
of N&W, so that subsequent changes in our analyses and recommendations can be
prepared as deemed appropriate. If deviations from the noted subsurface conditions are
encountered during construction, they should be brought to the immediate attention of
N&W.

Our professional services have been performed and our recommendations prepared in
accordance with generally accepted geotechnical engineering principles and practice.
N&W is not responsible for the conclusions made by others based upon the data
contained herein.
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lgavarro.& Wright
onsulting Engineers  eNGINEERS FIELD BORING LOG BORING NGB

SHEET_1__oF__1
DATE: START _7/23/15

PROJECT NAME _Brinks Zone Reliability Improvemeants Project COUNTY _Montgomery, MD END . 7/23115
STATE RT. NO. SECT. SEGMENT ___ OFFSET | o.G. ELEY._ 6329
STATION _per Boring Location Plan OFFSET FROM CENTERLINE GWL ELEV. . Drvi0 HR)
INSPECTOR (SIGNED) _Colln Gardner DRILLERS NAME/COMPANY _A. Eichelherger/Allied

EQUIPMENT USED _Track Rig w/Autohammer
DRILLING METHODS _Continuous SPT

CASING: SIZE: 3.25"18  ; DEPTH: 135" WATER: DEPTH: DRY  TiME: O0HR  DATE: 7/2315
CHECKED By: _DCG ; DATE: 8M0M53  DEPTH: ______ TIME: ___ DATE:
NOT ENCOUNTERED {]
2 £ N.o
R = T I B > Ek|on =
z |48|532|3ER/ 2| /8 3 DESCRIPTION REMARKS
o |Eolza o~ |ju/ & xS z ©
W lZa |5z W lef T|0g Q
O s | 2 5 o ol o o g =
Ik g|ee
9 12— _TOPSOIL __B32-7| Boring drillled as staked
- 10 qw- U5\ GRAVEL B3Z3] 0.2-0.5" Gravel Fi 7
151 51 15 | 100 am D {(ow-gm, a-1-a), GRAVEL, some Sand, little -
. - 9 - - r Silt, orange brown to brown, medium S-2: No recovery; reason  —
o) dense unknown
— ] 4 (Filt) |
30| 82 12 00| 0 - - S-3: Large chunks of gravel—
[ ] 7 ]
45(83] 10 | 03 | 20 - Vai4a D las 628.4 N
12 sm (sm, a-2-4), Fine SAND and SILT, orangish
— 7 red to orangish brown, medium dense lo ]
] dense, some rock fragments |
60| sS4 | 10 § 0.2 ] 13 - Dp {Residual) S-5: Saprolilic n
— — 9 —
75|85t 9 |12 ] 80 - Dp B
— — 9 —
90| s6| 8 | 10 | 67 - M S-7: Silt increase —
4
f — p— 6 —
105] S-7 8 1.2 | 80 - M ]
— — 5 —
12.0| S-8 17 1.0 | 67 - M n
135 S9 | 16 | 1.5 | 100 - M |
16.0/5-10) 17 [ 15 }100 | - |ap4] M l150 : . 617.9] Backfilted upon completion —
| End of boring at 15.0 because hole was dry at 0 _|
HR

Job Number: _1502MDB017




Navarro & Wright
Consulting Engineers  ENGINEERS FIELD BORING LOG BORING No._ BZ

SHEET__ 1 __OF_ 2
DATE: START _7/27115 _

PROJECT NAME _Brinks Zone Reliability Improvements Project COUNTY _Monigomery, MD END._T7/2715
STATE RT. NO, SECT. SEGMENT ____ _ OFFSET 0.G. ELEV. 639.3
STATION _per Boring Location Plan OFFSET FROM CENTERLINE GWLELEV.___ 617.8
INSPEGTOR (SIGNEM) _Colin Gardner DRILLERS NAME/COMPANY _A. Eichelberger/Allied

EQUIPMENT USED _Track Rig w/Autshammer
DRILLING METHODS _Continuous SPT - 5 Interval SPT - NQ Rock Core

CASING: SIZE: _3.25" 1D ; DEPTH: 28.00 _ ; WATER: DEPTH: _21.5' TIME: _O0HR DATE: 712115
CHECKED BY: _DCG ; DATE: _8M0M5  DEPTH: TIME: DATE:
NOT ENCOUNTERED [7]
z = .
“5 1 e > Bk | g £
E|Se|sdiz [£/(62|8/| &
T 4851521328/ 2| 7/8| 3 DESGRIPTION REMARKS
b lEo |23 o>~ R/ gl Il ©
=0 @ Wy &) X > )
a |28 19z (8 |9 gj8«% gz Q
2] i m9 g Y E T
0 7 mi (ml, a-4), SILT, some Gravel, lle Sand, Moved boring 6.0 East of
— 9 arangish brown to brown, very stiff staked location, <0.5' changg]
S ‘ {Filly in elevation —
1.5 81| 11 | 1.0 | 87 - Dp ]
| ] 11 n
b — ? —
3.0 | S-2 9 1.0 | 67 - a4l Pp |30 636.3 |
5 sm (sm, a-4), SAND, some Grave!, little SILT,
— 8 dark reddish brown to light erange to white, =
N very stiff to hard —
45153 | 8 {11 |73 | 18 br {Restdual) |
7
o 12 _
60| S4 | 14 | 1.2 | 80 - M B
] 21 N
] 20 n
75{5856 | 35 | 1.2 | 80 - M |
] 31 ]
] 36 n
90|86 | 32 | 15 |100 | - br ]
20
101, ]
105{ 87 | 19 | 1.2 | 80 - Dr B
— — 9 —
120 S8 16 | 1.2 | 80 - a4| Or (120 6827.3 . -
: =3 gy ferval SPT .|
pe (sm, @24}, SAND, some Gravel, Tl &1t wiched lo 5'interva
= dark orangish brown to light brown, very ]
R dense _
| {Residual} |
15.0] ADV S - N
13 48
[15.9] 89 |5010.4] 0.9 [ 100 - Dr ]
20.0| ADV N N Y |
20 424

e ) Job Number: .ﬁm
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Navarro & Wright
Consulting Engineers  ENGINEERS FIELD BORING LOG BORINGNO. B2 —

SHEET_2 OF_2
DATE: START _7/27/15

PROJECT NAME _Brinks Zone Reliability Improvements Project COUNTY . Montgomery, MD END 712715
STATE RT. NO. SECT. SEGMENT ___ OFFSET | 0.G. ELEV.__ 6383
STATION _per Boring Location Plan OFFSET FROM CENTERLINE GWL ELEv, ___617.8
INSPECTOR (SIGNED) _Colin Gardner DRILLERS NAME/COMPANY _A. Eichelberger/Allied

EQUIPMENT USED _Track Rig w/Autohammer
DRILLING METHODS _ Continuous SPT - § Inferval SPT - NQ Rock Core

CASING: SIZE: _3.25"ID _ ; DEPTH: .25.0° WATER: DEPTH: 24.8°  TIME: OHR  DATE: 7/27M5
CHECKED BY: _DCG ; DATE: .8M0HMS  DEPTH: _____ TIME: . DATE:
NOT ENCOUNTERED []
z g .-

—~ | 2= ‘o > EWw 1w E

AEHEC R Al AR:

(45| §2 S/ _1c¥i7/e z ' DESCRIPTION REMARKS

o |0 l2H (o~ |lnf 8| x2 6l ©

W=z |8z |8 | 518z[/ % 2

2] i E:] C g 8 IQ T

20 25 o Tom, a-24), SAND, some Gravel, e ST,

-20.81 5-10 50/0.3 0.8 | 100 - Dr ggmgrangish brown to light brown, very Spoon refusal 7
] (Residual) ]
25 _gg? LAEZV 0 =18 " _{a24 ., 1051 614.2| S-11: Spoon Saturated ~ —
TR0 e [187 b GNEISS, dark reddish brown to dark 26.1" Spoon refusal/Auger _|
7 orangish brown, highly weathered bedrock, refusal/ TOR

— sample material was very broken and very 25.1-29.0": Completely -
. ] soft weathered rock and cored _|
dense soif N
— 20.0-32.1" Brokenrock  —

| ] {partly disintegrated)
301 R-1 0.8 ol - - _

0 5 .

3 | ] 30 ]
32.1] R-2 0.6 of - o A 607.2| Boring grouted u —
) End of boring at 32.1 compegon

0.0"4.5'6.0-10.57,10.5-20.8; |

7 Small bag samples taken for
R corrosion lesting —]
IS5 .
40 - Job Namber: _150ZMD017_|
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Navarro & Wright
Consulting Engineers

ENGINEERS FIELD BORING LOG BORINGNO. B3
SHEET_1_oF_2
: T24/15
PROJECT NAME _Brinks Zone Reliability Improvements Project COUNTY _Montgomery, MD DATE: 2:;%RT 72415
STATE RT. NO. SECT. SEGMENT ____ OFFSET 0.G. ELEV, 641.9
STATION _per Boring | ocation Plan OFFSET FROM CENTERLINE GWLELEY. 6185
INSPECTOR (SIGNED) . Colin Gardner DRILLERS NAME/COMPANY _A. Eichelberger/Aliied
EQUIPMENT USED _Track Rig w/Autohammer
DRILLING METHODS _Continuous SPT - 5 Interval SPT - NQ Rock Core
CASING: SIzE: _3.25"ID  ; DEPTH: _25.0¢0 WATER: DEPTH: 180°  TiME: OHR  pATE: 7/24115
CHECKED BY: _DCG :  DATE: 8MOMS _ DEPTH: 234  TIME: 72HR  DATE: 712715
NOT ENCOUNTERED [
z S
P ] L > ELlm E
ACHP N WA ALV
~— 3 — =}
T usigz|aER/ |k 2| 2 DESCRIPTION REMARKS
o |2 |zh 0 M/ &2 5l ©
B1z¥l5z|¥ [ s|8z|/ % 2
%] F|o (o] gl e T
9 gm (gm, a-1-a}, GRAVEL, some Sitt, lignt
=~ brown, medium dense ]
| 13 {Fill) _
1551 14 [ 13 | 87 - a-1-al Dr |is 640.4 ]
13 GC (GC, A-B(2)), GRAVEL, some Clay and
[~ Silt, light oranglsh brown to dark reddish ]
] 17 brown, medium dense to very dense |
30182112 [ 14| 73 - Dr {Residual) |
13 Lab Tesling {3.0' to 4.5'): LL=36%,
ol PL=23%, Pl=13%, w=15.0%, USDA Class 7
L 17 = Clay Loam —]
45 ) 83 15 15 | 100 - Dp S-4: Platy structure and rock]
] 12 fragments |
60| 54| 18 | 1.5 | 100 | - Dr S-5: Saprofite B
7.5 55 22 1.0 67 - Dr N
90| 86 19 1.2 | 80 - Dr ]
102] s7 [ 4% | 12 |100 | - Dr |
[10.5TADV 350/0.2~ - - [AB(2) - 1105 6314 |
10.9] S-8 |s0ip.4] 04 [ 100 - [sm Dr (sm, a-2-4), SAND, some Grave!, littte Silf, 10.9" Spoon refusal/Switch _|
= dark orangish brown to light brown, very fo 5' inferval SPT
— dense —
| {Residual} ]
15.0 [ ADV - - |- - B
F15.195-%F §0/O-g —0.0 i |
[20.0| ADV S - - | aoal - B

Job Number: _1502MD017




Navarr?_& Wright
Consulting Engineers  ENGINEERS FIELD BORING LOG BORING o, _ B3 —

SHEET__2 OF_2 |
DATE: START _7/24/15

PROJECT NAME _Brinks Zone Reliability Improvements Project COUNTY _Montgomery, MD END 7124115
STATE RT. NO. SECT. SEGMENT _ . OFFSET 0.G. ELEV. 641.9
STATION _per Boring Location Plan OFFSET FROM CENTERLINE GWLELEY. 61835
INSPECTOR (SIGNED) _Colin Gardner DRILLERS NAME/COMPANY _A. Eichelberger/Allied

EQUIPMENT USED _Track Rig w/Autchammer
DRILLING METHODS _Continuocus SPT - 5 Interval SPT - NQ Rock Core

CASING: SIZE: _3.26"ID  ; DEPTH: 250° WATER; DEPTH: _18.0°  TIME: .OHR ~ DATE: 7/24115
CHECKED BY: _DCG ; DATE: _8M0/15  DEPTH: 234" _ TIME: .72HR  DATE: 727118
NOT ENCOUNTERED [
z = N~
~2 S > EiL|w E
ElSE|5b|g [E/|88|8/| &
= |4S|82 38R/ 1621 /8 3 DESCRIPTION REMARKS
g [Eo|2H |0~ m/ 81 xS & ©
mlZalg2lo [ =8 I
a} % TR ] g 14 ol o % é o
t: o g i I
20 ——
120.4 ] S-10 150/0.4] 0.4_| 100 . |sm Dr (sm, a-2-4), SAND, somo Gravel, little Silt, .
= dark orangish brown to light brown, very 20.4 Spoon refusal 7
R dense —
| {Residual) ]
25.0] ADV -1 - |- Vaodl - |250 616.9) 55 - B
3 o y oy : - . = 250 5 fus r —
2525 15 0i0.0f 0077 GNEISS, greenish gray to reddish brown, refusat/?%og refusaliAuge
] medium hard, moderately weathered, R-1: Confains vertical
L narrow to moderate spaced fractures, soft fractures _
] e i 36 1 20f - ~130.0 : : 611.9¢ 9 ¢'25.0" Bulk sample |
[ End of boring at 30.0 collected from auger cuttings |
- for corrosion testing
38 - =
40 : : Job Number: _1502MD017 |
- -.\VNL' '--—.A - L; e S E— i
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Navarro & Wright
Consulting Engineers £\ GINEERS FIELD BORING LOG BORWGNO T

SHEET_1 _oF_ 1__
DATE: START _7/23115

PROJECT NAME _Brinks Zone Reliability improvements Projact COUNTY _Montgomery, MD END __ 7/2315
STATE RT. NO, SECT. SEGMENT ____ OFFSET ____ . |o..ELEV,_ 637.9
STATION _per Boring Location Plan OFFSET FROM CENTERLINE GWL ELEV.. Dry(0 HR)
INSPECTOR (SIGNED) _Colin Gardner DRILLERS NAME/COMPANY _A. Eichelberger/Alliad

EQUIPMENT USED _Track Rig w/Autohammer
DRILLING METHODS _Continuous SPT

CASING: SIzE: _3.25"ID _ ; DEPTH: _10.8* WATER: DEPTH: DRY _ TiMe: OHR  paTE: 7423115
CHECKED BY: _DCG :  DATE: 8MOMS  DEPTH: ______ TIME: _______ DATE:
NOT ENCOUNTERED [ ]
z Y
-~ S > =L =
E|gilshig [ /|28|8/) ¢
E 18 531528/ 52| 7/% 3 DESCRIPTION REMARKS
=
8|39 (5z|8 P/ 5sg]/4 2
5] ﬁ m O g & E T
0 4 ml (ml, a-4), SILT, some Sand, dark reddish Boring drilfed as staked
— 7 brown to reddish brown, very stiff ]
] 8 (Residual) o]
15| s+ 2 10 | 67 - Dr S-2: Trace clay —
[ 10 _
30|s2| 7 | 10| 67 | 30 Dp B
45153 10 12 | 80 3.0 ad| Dp las 633.4 _
14 sm (sm, a-2-4), SAND, some Silt, little Gravel,
5 12 dark reddish brown to light orange brown, ~
. medium dense to very dense _
601 54| 12 { 1.2 ] 80 - M {Residual} _
— -— g —
75(865| 6 | 08 |53 | - Dp B
— — 8 —
90156118 10167 | - b S-7: Saprofite/Rock .
| 15 fragments |
31
10 105 87| 36 | 1.2 | 80 - bp N
- - 23 —
1141 S8 |5p/p.4] 05 | 56 - la-24 Dp |14 626.5
— ] End of boring at 11.4' ]
15F -

“ - : Job Number: _1502MD017
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Navarro & Wright
Consulting Engineers  ENGINEERS FIELD BORING LOG BORING No.__12__

SHEET_.1 _OoF _1
DATE: START _7/23/15

PROJECT NAME _Brinks Zone Reliability Improvements Project COUNTY _Montgomery, MD END 7123115
STATE RT. NO. SECT. SEGMENT ____ OFFSET . |o.G ELEV.__ 640.5
STATION _per Boring Locatlon Plan OFFSET FROM CENTERLINE GWL ELEY. _Dry{0 HR) _
INSPECTCR (SIGNED} _Colin Gardner DRILLERS NAME/COMPANY _A. Eichelberger/Alliod

EQUIPMENT USED _Track Rig w/Autohammer
DRILLING METHODS _Continuous SPT

CASING: SIZE: _3.25" 1D ; DEPTH: 120° WATER: DEPTH: _DRY TIME: OHR _  DATE: 7123115
CHECKED BY: _DCG ; DATE: 8M0M5  DEPTH: _______ TIME: __ DATE:
NOT ENCOUNTERED []
z £ Mo
: i =
= ol TR [
T 1us|85(320R8/ 2|/ 3 DESCRIPTION REMARKS
i |0 |2G |07/ Bl el Sl ©
o |&a 9z | & al 8 x Il Q9
= I Q E a P T
8 gm {gm, a-2-4), GRAVEL, some Sand, some Boring drifled as staked
™ 7] Silt, brown to orange brown, medium
I 9 dense to dense —
151 81 9 0.8 | 53 - Dp {Fill) A
— —e 4 —
— — 8 —
3.0) 82 ] 27 [ 08|53 - Dp §-3: Grave! decrease, iron —|
| 4 oxide staining |
45| 83| 17 | 08 | 53 - a2-4| Dr |45 636.0] 5_4- Saprolitic n
= SM (SM, A-4), SAND, some Gravel, some SI, i
— Little Clay, dark reddish brown to brown, =
S 14 medium dense to dense, rock fragments ]
60| 84| 14 | 1.0 | 67 - Dr and platy structure S-6: Low recovery; Reasorn —
5 (Residual) Unknown
— Lab testing (4.5 to 6.0'): LL=34%, —
| & PL=29%, P1=29%, w=14.8%, USDA Class _
75| S-5 6 0.1 7 - Dr = Loam ]
] 24 ]
9.0 | S8 21 1.2 | 80 - Dp _|
105 87| 20 | 05 | 33 - Dp §-8: Silt increase/pocket  —
120| s-8| 18 | 1.0 | &7 - Dp ]
123759 03100 ] A4 OF 123 62g.2| Backfiled upon completion
50/0.3 End of bori EVES and hofe + 2.0" North fo
- nd ot baring at 1z unsampled depth of 10.0'

' Job Number: _1502MD017
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Navarro & Wright
Consulting Engineers g\ GINEERS FIELD BORING LOG BORWGNG. 18

SHEET__1__oF_ 1
DATE: START _7/23115

PROJECT NAME _Brinks Zone Reliability Improvements Project COUNTY _Montgomery, MD END . 7/23/15
STATE RT. NO. SECT. SEGMENT .. OFFSET . 0.G. ELEV.
STATION _per Boring Location Plan OFFSET FROM CENTERLINE GWL ELEV. _Dry{0 HR

INSPECTOR (SIGNED) _Colin Gardner DRILLERS NAME/COMPANY _A. EichelbergeriAllied
EQUIPMENT USED _Track Rig w/Autochammer

DRILLING METHODS _Continuous SPT

CASING: SIZE: _3.25" 1D ; DEPTH: 3.0° WATER: DEPTH: DRY  TIME: OHR _ DATE; _7/2315 _
CHECKED BY: _DCG ; DATE: 8MOM5  DEPTH: _. _ TIME: ____ ___ DATE:
NGT ENCOUNTERED [ ]
z £ .~
[ =2 Y > El | E
AR VAR
85183 |8ER/ 62| /8 3 DESCRIPTION - REMARKS
Bz |22(8 282/ 9 S
o |Fa|d8|x alod b F
a Z|*F
4 ML (ML, A-4(1), SILT, some Sand, little Proposed boring moved from
— 6 Gravel, reddish brown to reddish orange, originally proposed position ]
. medium dense to very dense, rock by Hatch Mott MacDonald or-
15| 81 8 14 ] 73 - Dr fragments 7/23/15
8 {Residual) -]
- ] 8 Lab Testing (1.5" to 3.07: LL=28%, N
s ] PL=24%, P1=4%, w=13.5% .
3082 8 | 12| 80 - Dp Rock in spoon shoe -
R 24 -
41| -3 11 1100 A4(t) DP |41 - n 4.1 Spoon refusal on —
] h50/0. 1 End of boring at 4.1 apparent top of rock .

Limiting zone disclosed af
top of rock; therefore, no

— infiltration test was —
conducted

‘ - Job Number: _1502MD017




Boring B-2




Boring B-3

Borings 1-1 and I-3
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WSSC CONTRACT NO. BP5692A14
BRINK ZONE RELIABILITY IMPROVEMENTS PROJECT
MONTGOMERY COUNTY, MARYLAND
APPENDIX B

LABORATORY TESTING RESULTS
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GRAIN SIZE DISTRIBUTION CURVE
¢ e e v g = B & £ E £
It 1
| t i [
0 T T
" 111 [
|
{ 1
"1 Ik |NLIN
™
60 -~l{ \K ! E ! w
Sy N N . " s &
- n
28 §R LI
0 ED
¥ T N
a E g 40 g & N ' s *L
L BLEREIILRNRS
1| NI \
a0 1 H—— i
'l [ 1 F) '3 '} \
| LR '8
20
I | e
i 1 [] [ 1 ']
10 1‘ N NLER
0 1) L
100 10 1 0.1 0.01 0.001
GRAIN SIZE (mm)
GRAVEL SAND FINES
COARSE | FINE COARSE ] MEDIUM | FINE SILT | crLay
34.2% 22.8% 43.1%
24.2% [ 9.9% 6.6% [ 65% | 9.6% 20.8% [ 223%
GRAVEL SAND FINES
COARSE IMEDIUM FINE COARSE FINE SILT | CLAY
: 40.8% 16.2% 43.1%
242% | 1.2% | 15.3% 6.6% | 9.6% 25.2% | 17.9%
SAND SILT CLAY
27.3% 41.3% 31.4%
Project: WSSC Contract BP5692A14 Soil Type: clayey GRAVEL with sand
Boring No.,: B-3
Station: N/A USCS Classification: GC
Offset: N/A AASHTO Classification: A-6 (2)
Sample No.: S-3 USDA Classification: clay loam
Depth: 3.0-4.51t LL = 36 % PL=23%
Spec. Grav.: 2.7 {assumed) Pl=13 % w=15.0%
T C:3
\I I NAVARRO & WRIGH'E Am Classification Testing Results
¥Y| CONSULTING] ) .Y
8/24/2015 USCS & AASHTO
By: BBB Ckd: JDP

AT

R O B L TSR P )




GRAIN SIZE DISTRIBUTION CURVE
I £ € & = g g € g £ E E
“ TR Tt
| \l 01111 |
% R Y NIl
o LT W]
| AR e A
¥ | LB I
W 1Nl
i | |
60 X t 1 it
:5, ):l 1N \\Iii’:'
595 50
S£g W |
D g é [ L] ¥ L§ * ¥
l m 40 Iy i\ 1 & ]
* Il TS
30 - (MEREEI S
i L [y | E
2 i NI
Yy
8 {1
10 4 J 1 N'Q_.__Q
{ I INERL
T il
100 10 1 0.4 0.01 0.001
GRAIN SIZE (mm)
GRAVEL SAND FINES
COARSE | FINE COARSE | mEDIUM ] FINE SILT | CLAY
28.6% 35.4% 36.0%
0.0% | 286% 9.3% 13.1% | 13.1% 22.0% | 13.9%
GRAVEL SAND FINES
COARSE |MEDIUM] _ FINE COARSE | FINE SILT | cLAay
37.9% 26.1% 36.0%
0.0% | 19.1% | 18.8% 13.1% | 13.1% 254% | 10.6%
SAND SlI;T CLAY
42.1% 39.7% 18.2%
Project: WSSC Contract BP5692A14 Soli '-I'ype: silty SAND with gravel
Boring No.: I-2
Station: N/A USCS Classification: SM
Offset: N/A AASHTO Classification: A-4 (0}
Sample No.: S-4 USDA Classification: loam
Depth: 4.5-6.01t LL=34% PL=29%
Spec. Grav.: 2.7 (assumed) Pl=5% w=14.8%
- 0.3
- NAVARRO & WRIGHT Am Classification Testing Results
YY1 CONSULTIN( R #aenra 24e
8/24/2015 USCS & AASHTO
By: BBB Ckd: JDP




L I N
GRAIN SIZE DISTRIBUTION CURVE
£ e £ E - e g =2 8 § E E E
SEafseg 3 ¢ s 5 2 3 g I
e N 171 m
N
] [ T I lhig |
%0 H-H NS LI
R [N NN
Py
ﬂ HH L e
* WO NI
N
. ! !N HAN
>' 3 & " 3 & ¥
g8 N R EILN
c£3 I} L N
502
mg ¥ L) 1 1 L] L ‘
5% 0 b el \
L 1L
10 - IR
1 LR
20 Il
o |- .
i i [ (] 1
10 HH LI
0 1y 1
100 10 1 0.1 0.01 0.001
GRAIN SI1ZE (mm)
GRAVEL SAND FINES
COARSE | FINE COARSE | MEDIUM | FINE SILT | ciay
11.6% 30.9% 57.5%
0.0% | 11.6% 3.0% I 96% | 18.3% 39.1% | 18.4%
GRAVEL SAND FINES
COARSE [MEDIUM FINE COARSE | FiNE SILT |  cLay
14.6% 27.9% 57.5% :
0.0% | 48% | 9.8% 9.6% | 18.3% 44.0% | 13.4%
SAI_QD SILT C_L_AY
32.7% 50.1% 17.2%
Project: WSSC Contract BP5692A14 Soil Type: sandy SILT
Boring No.: -3
Station: N/A USCS Classification: ML
Offset: N/A AASHTO Classification: A-4 (1)
Sample No.: 82 USDA Classification: loam
Depth: 1.5-3.0 ft LL=28% PL=24%
Spec. Grav.: 2.7 {assumed) Pl=4% w=13.5%
3 -f
\I NAVARRO & WRIGHT Am Classification Testing Results
— : 8/24/2015 USCS & AASHTO

By: BBE Ckd: JDP
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IRl NAVARRO & WRIGHT
YY| cCONSULTING ENGINEE G

L1

ARSHTO Ri3

MOISTURE CONTENT OF SOIL

ASTM 2216

Project: WSSC Contract BP5692A14 - Brink Zone Reliability Improvements Project

Project #: 1502MD017

Date: 7/31/2015

weight of weight weight MOISTURE
BORING NO. | SAMPLE NO. fare wet soil + tare | dry soil + tare | CONTENT (%)
-1 52 320.07 575.23 538.28 16.9
B-1 5-4 9.03 170.41 168.52 8.0
B-1 S-7 9.08 297.61 253.63 18.0
B-2 S-4 9.23 3056.91 276.84 0.9
B-2 S-9 9.13 238.21 22516 6.5
B-3 S5-2 8.70 273.04 247.93 10.5
B-3 5-10 8.81 242.65 221.33 10.0
B-3 S-3 * * * 15.0
I-2 S-4 * * * 14.8
1-3 S-2 * * * 13.5
* Data accompanies classification testing
By: BBB Ck'd: JDP
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Preface

Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposat,
and pellution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses, The landowner or user Is responsible for identifying and complying
with existing laws and regutations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments {hitp://www.nrcs.usda.goviwps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (hitp://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cld=nrcs142p2_053951).

Great differences in soll properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable fo be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Sofl
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not ali prohibited
bases apply to all programs.} Persons with disabilities who require allernative means




for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-8410 or call (800) 795-3272

(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made

Soil survays are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Scil sclentists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the seguence of natural layers, or horizens, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land rescurce areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biclogical resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an crderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the scils and miscellaneous
areas in the survey area and relating their position to specific segments of the
tandform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellanecus area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, sofl
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes {units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the socils in the survey area, they compared the
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individual soils with simitar scils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research,

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor compenents in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-tandscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tesls as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about scil behavior are based not only on seil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.




Soil Map

The soil map section includes the soll map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Alsc presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Map Unit Legend

Montgomery County, Maryland {MD031}

Map Unit Symbot Map Unit Name Acres in AOI Percent of AQI

5A Glenville silt loam, 0 to 3 percent 0.2
slopes

16B Brinklow-Blocktown channery 10.2
silt loams, 3 to 8 percent
slopes

16C Brinklow-Blocktown channery 9.1
silt loams, 8 to 15 percent
slopes

17B Occoquan loam, 3 to 8 percent 10.8
slopes

Totals for Area of Interest 30.3

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit,

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the sails. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variabifity
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor companents are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.
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The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soif series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soif phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt toam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of twa or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellansous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the scils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include misceflaneous areas. Such areas have little or no soil material
and support litte or no vegetation. Rock outcrop is an example.

11
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Montgomery County, Maryland

5A—Glenville silt loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: Kx9v
Elevation: 250 to 1,050 feet
Mean annual precipitation: 35 to 50 inches
Mean annual air temperature: 48 to 57 degrees F
Frost-free perfod: 120 to 220 days
Farmiand classification: Not prime farmland

Map Unit Composition
Glenvifle and similar soils: 85 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Glenville

Setting
Landform: Drainageways, swales
Landform position (three-dimensional): Base slope, head slope
Down-sfope shape: Concave
Across-slope shape: Linear
Parent material: Loamy colluvium derived from phyllite and/or loamy cofluvium
derived from schist

Typical profile
Ap - 0 to 8 inches: silt loam
Bt1, BtZ - 8 to 30 inches: siltloam
Btx - 30 to 40 inches: loam
C1, C2 - 40 to 70 inches: loam

Properties and gualities
Slope: 01to 3 percent
Depth to restrictive feature: 24 to 39 inches to fragipan
Natural drainage class: Moderately well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.57 in/hr)
Depth to water fable: About 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low {about 4.5 inches)

Interpretive groups
Land capability classification (irrigated). None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soif Group: C

Minor Components

Baile
Percent of map unif: 10 percent
Landform: Depressions, drainageways, hillslopes, swales
Landform position (three-dimensional): Head slope, base slope

12
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Down-slope shape: Concave
Across-slope shape: Concave, linear

16B—Brinklow-Blocktown channery silt loams, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: kx77
Elevation: 330 to 2,000 fest
Mean annual precipitation: 7 to 50 inches
Mean annual air temperature: A5 to 57 degrees F
Frost-free period: 120 to 240 days
Farmiand classification: Farmland of statewide importance

Map Unit Composition
Brinklow and similar soifs: 50 percent
Blocktown and simifar soils: 30 percent
Minor components: 5 percent
Estimates are based on cbservations, descriptions, and transects of the mapunit.

Description of Brinklow

Typical profile
H1 -0 to 10 inches: channery silt loam

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: Very high
Capacity of the most limiting layer to transmit water (Ksat): Very low (0.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Avaijlable water storage in profile: Very low {about 1.5 inches)

Interpretive groups
Land capabiiity classification {irrigated). None specified
Land capability classification (nonirrigated). 2e
Hydrologic Soil Group: C

Description of Blocktown

Typical profile
H1 - 0 to 6 inches: channery silt loam

Properties and qualities
Stope: 3 to 8 percent
Depth to restrictive feature: 10 to 20 inches to paralithic bedrock
Natural drainage class: Well drained
Runoff cfass: Very high
Capacity of the most limiting layer to transmit water (Ksal): Very low (0.00 in/hr)
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Depth fo water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water sforage in profile: Very low (about 0.8 inches)

Interpretive groups
L and capabifity classification (irrigated): None specified
Land capability classification (nonirrigated): 3s
Hydrologic Soif Group: D

Minor Components

Baile
Percent of map unit: 5 percent
Landform: Flats

16C—Brinklow-Blocktown channery silt loams, 8 to 15 percent slopes

Map Unit Setting
National map unijt symbol: kx78
Elevation: 330 to 2,000 feet
Mean annual precipitation: 7 to 50 inches
Mean annual air temperature: 45 to 57 degrees F
Frost-free period: 120 to 240 days
Farmfand classification: Farmiand of statewide importance

Map Unit Composition
Brinkiow and similar soils: 50 percent
Blocktown and similar soils: 30 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Brinklow

Typical profile
H1 -0 fo 10 inches: channery silt loam

Properties and qualities
Slope: 81to 15 percent
Depth fo restrictive feature: 20 to 40 inches to lithic bedrock
Natural drainage class: Well drained
Runoff class: Very high
Capacity of the most limiting layer to transmif water (Ksat): Very low (0.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very low (about 1.5 inches)

interpretive groups
Land capability classification (irrigated): None specified
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Land capability classification {nonirrigated): 3e
Hydrologic Soif Group: C

Description of Blocktown

Typical profile
H1 - 0 to 6 inches: channery silt loam

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: 10 to 20 inches to paralithic bedrock
Natural drainage class: Well drained
Runoff class: Very high
Capacity of the mostlimiting fayer to transmif water (Ksat): Very low (0.00 infhr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available waler storage in profile: Very low (about 0.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capabifity classification (nonirrigated): 3e
Hydrologic Soif Group: D

Minor Components

Baile
Percent of map unit: 5 percent
Landform: Flats

17B—0ccoquan loam, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: kx7¢
Elevation: 330 to 2,000 feet
Mean annual precipitation: 35 to 50 inches
Mean annual air temperature: 45 to 57 degrees F
Frost-free period: 120 to 220 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Occoquan and similar soifs: 80 percent
Minor components: 5 percent
Estimates are based on obsetvations, descriptions, and transects of the mapunit.

Description of Occoquan

Typical profile
H1T - 0 to 8 inches: loam
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Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: 40 to 60 inches to paralithic bedrock
Natural drainage class: Well drained
Runoff class: Medium
Capacify of the most limiting fayer to transmit water (Ksat): Very low (0.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Avallable water storage in profife: Very low (about 1.6 Inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B

Minor Components

Baile
Percent of map unit: 5 percent
Landform: Flats
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Table—Nonirrigated Capability Class

Nonirrigated Capability Class— Summary by Map Unit — Montgomery County, Maryland (MD031)

Map unit symbol Map unit name Rating Acres in AQ] ' . Percent of AQ]

S5A Glenville silt loam, 0to 3 |2 0.2 0.7%
percent slopes

168 Brinklow-Blocktown 2 10.2 33.8%
channery silt loams, 3
to 8 percent slopes

16C Brinklow-Blocktown 3 9.1 29.9%
channery silt loams, 8
to 15 percent slopes

17B Occoquan loam, 3to8 (3 10.8 35.6%
percent slopes

Totals for Area of Interest 303 100.0%

Rating Options—Nonirrigated Capability Class

Aggregation Method: Dominant Condition
Component Percent Culoff: None Specified
Tie-break Rule: Higher

Hydric Rating by Map Unit

This rating indicates the percentage of map units that meets the criteria for hydric soils.
Map units are composed of one or more map unit components or soll types, each of
which is rated as hydric scil or not hydric. Map units that are made up dominantly of
hydric soils may have small areas of minor nonhydric components in the higher
positions on the landform, and map units that are made up dominantly of nenhydric
soils may have small areas of minor hydric components in the lower positions on the
landform. Each map unit is rated based on its respective components and the
percentage of each component within the map unit.

The thematic map is color coded based on the composition of hydric components. The
five color classes are separated as 100 percent hydric components, 66 to 99 percent
hydric components, 33 to 65 percent hydric components, 1 to 32 percent hydric
components, and less than one percent hydric components.

in Web Soil Survey, the Summary by Map Unit table that is displayed below the map
pane contains a column named 'Rating'. In this column the percentage of each map
unit that is classified as hydric is displayed.

Hydric soils are defined by the National Technical Committee for Hydric Soils

{NTCHS) as soils that formed under conditions of saturation, flooding, or ponding long
enough during the growing season to develop anaerobic conditions in the upper part
{Federal Register, 1994). Under natural conditions, these soils are either saturated or
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inundated long enough during the growing season to support the growth and
reproduction of hydrophytic vegetation.

The NTCHS definition identifies general soil properties that are associated with
wetness, In order to determine whether a specific soil is a hydric soil or nonhydric soil,
however, more specific information, such as information about the depth and duration
of the water table, is needed. Thus, criteria that identify those estimated soil properties
unique to hydric soils have been established (Federal Register, 2002). These criteria
are used to identify map unit components that normally are associated with wetlands.
The criteria used are selected estimated soil properties that are described in "Soil
Taxonomy" (Soil Survey Staff, 1999) and "Keys to Soil Taxonomy" {Scil Survey Staff,
2006} and in the "Seil Survey Manual" (Soil Survey Division Staff, 1993),

If soils are wet enough for a tong enough period of time to be considered hydric, they
should exhibit certain properties that can be easily observed in the field. These visible
properties are indicators of hydric soils. The indicators used to make onsite
determinations of hydric soils are specified in "Field Indicators of Hydric Scils in the
United States” (Hurt and Vasilas, 2006).

References:

Federal Register. July 13, 1994. Changes in hydric soils of the United States.
Federal Register. September 18, 2002. Hydric soils of the United States.

Hurt, G.W., and L.M, Vasilas, editors. Version 6.0, 20086. Field indicators of hydric soils
in the United States.

Soil Survey Division Staff. 1993. Soil survey manual. Soil Conservation Service, U.S.
Department of Agriculture Handbook 18.

Soil Survey Staff. 1999. Soil taxonomy: A basic system of scil classification for making
and interpreting soil surveys. 2nd edition, Natural Resources Conservation Service.
U.S. Department of Agriculture Handbook 436.

Soil Survey Staff. 2006. Keys to scoll taxonomy. 10th edition. U.S. Department of
Agriculture, Natural Resources Conservation Service.
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MAP LEGEND

Area of Interest (AOI)

Area of Interest (AO!)
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Hydric (1 to 32%}
Not Hydric {0%)

Not rated or not available

Soil Rating Lines
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Not rated or not available

YWater Features

Streams and Canals

MAP INFORMATION

‘The soil surveys that comprise your AOl were mapped at 1:1

Transportation
— Raiis
el interstate Highways
Fhed US Routes
Major Roads
Local Roads
Background

Aerial Photography

Warning: Soil Map may not be valid at this scale.

Entargement of maps beyond the scale of mapping can cau
misunderstanding of the detail of mapping and accuracy of s
placement. The maps do not show the small areas of contra
soils that could have been shown at a more detailed scale.

Please rely on the bar scate on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http:/iwebsoilsurvey.nres.usda.gov
Coordinate System: Web Mercator (EP5G:3857)

Maps from the Web Soil Survey are based on the Web Merc
projection, which preserves direction and shape but disforts
distance and area. A projection that preserves area, such as
Albers equal-area conic projection, should be used if more ac
calcutations of distance or area are required.

This product is generated from the USDA-NRCS cerlified dat
the version date(s) listed below.

Soil Survey Area:
Survey Area Data:

Montgomery County, Maryland
Version 9, Sep 30, 2014

Soil map units are labefed (as space allows} for map scales 1:
or larger.

Date(s) aerial images were photographed: Data not availe

The orthophoto or other base map on which the soil lines we
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
of map unit boundaries may be evident.
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Table—Hydric Rating by Map Unit

Hydric Rating by Map Unit— Summary by Map Unit — Montgomery County, Maryland {MD031})

Map unit symbo! Map unit name Rating Acres in AOI Percent of AOI
S5A Glenville silt loam,0to 3 |10 0.2 0.7%
percent slopes i
16B Brinkiow-Blocktown 5 10.2 33.8%

channery siit loams, 3
to 8 percent slopes

16C Brinklow-Blocktown 5 9.1 29.9%
channery silt loams, 8
to 15 percent slopes

17B Occoquan loam, 3to8 |5 10.8 35.6%
percent slopes

Totals for Area of Interest 30.3 100.0%

Rating Options—Hydric Rating by Map Unit

Aggregation Method: Percent Present
Component Percent Cutoff: None Specified

Tie-break Rule: Lower

Water Management

Water Management interpretations are tools for evaluating the potential of the soil in
the application of various water management practices. Example interpretations
include pond reservoir area, embankments, dikes, levees, and excavated ponds.

Irrigation, General

This interpretation evaluates a soil's limitation(s) for installation and use of irrigation
systems. This interpretation is for non-specific irrigation methods and is intended to
provide initial planning information. If the type of irrigation system has heen
determined, additional interpretations provide more specific information, This
interpretation does not apply if the crop planned for irrigation is rice or other crops
(such as cranberries} with unique plant physiological characteristics. The ratings are
for soils in their natural condition and do not consider present land use.

Irrigation systems are used to provide supplemental water to crops, orchards,
vineyards, and vegetables in areas where natura! precipitation will not support desired
production of crops being grown.

The soil properties and qualities important in design and management of irrigation
systems are sodium adsorption ratio, depth to high water table, available water holding
capacity, saturated hydraulic conductivity (Ksat), slope, calcium carbonate content,
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Soil Properties and Qualities

The Soil Properties and Qualities section includes various soil properties and qualities
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process
is defined for each property or quality.

Soil Erosion Factors

Soil Erosion Factors are soil properties and interpretations used in evaluating the soil
for potential erosion. Example soil erosion factors can include K factor for the whole
soil or on a rock free basis, T factor, wind erodibility group and wind erodibility index.

K Factor, Rock Free

Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by water.
Factor K is one of six factors used in the Universal Soil Loss Equation (USLE) and the
Revised Universal Soil Loss Equation (RUSLE) to predict the average annual rate of
soil loss by sheet and rill erosion in tons per acre per year. The estimates are based
primarily on percentage of silt, sand, and organic matter and on soil structure and
saturated hydraulic conductivity (Ksat}. Values of K range from 0.02 to 0.69. Other
factors being equal, the higher the value, the more susceptible the solit is to sheet and
rill erosion by water.

"Erosion factor Kf (rock free)" indicates the erodibility of the fine-earth fraction, or the
material less than 2 millimeters in size.
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Water Features

MAP INFORMATION

The soil surveys that comprise your AOl were mapped at
1:15,800.

Warning: Soil Map may not be valid at this scale.

Enlargemant of maps beyond the scale of mapping can cau
misunderstanding of the detail of mapping and accuracy of ¢
line placement. The maps do not show the small areas of
conlrasting soils that could have been shown at a more detz
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  hitp:/iwebsoilsurvey.nres.usda.gov
Coordinate System: Weh Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Merc
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certiffled da
of the version date(s) listed below.

Soil Survey Area:  Montgomery County, Maryland
Survey Area Data:  Version 9, Sep 30, 2014

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed:  Data not availe

The orthophoto or other base map on which the soil lines we
compiled and digitized probably differs from the background
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Table—K Factor, Rock Free

K Factor, Rock Free— Summary by Map Unit — Montgomery County, Maryland (MDD31)

Map unit symbol ' 'Map unit name Rating - Acres in AOI Percent of AOI

5A Glenville silt loam, 0 to 3 |.37 0.2 0.7%
percent slopes

16B Brinklow-Blockiown A3 10.2 33.8%
channery silt loams, 3
to 8 percent slopes

16C Brinklow-Blocktown 43 9.1 29.9%
channery silt loams, 8
to 15 percent slopes

17B Occoquan loam, 3to 8 37 10.8 35.6%
percent slopes

Totals for Area of Interest 303 100.0%

Rating Options—K Factor, Rock Free

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rufe: Higher

Layer Options {Horizon Aggregation Method): Surface Layer {(Not applicable)

K Factor, Whole Soil

Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by water.
Factor K is one of six factors used in the Universal Soil Loss Equation {USLE) and the
Revised Universal Soil Loss Equation {RUSLE) to predict the average annual rate of
soil loss by sheet and rill erosion in tons per acre per year. The estimates are based
primarily on percentage of silt, sand, and organic matter and on soll structure and
saturated hydraulic conductivity (Ksat). Values of K range from 0.02 to 0.69. Other
factors being equal, the higher the value, the more susceptible the soil is to sheet and
rill erosion by water.

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The
estimates are modified by the presence of rock fragments.
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Yater Features

MAP INFORMATION

The soil surveys that comprise your AO| were mapped at
1:15,800.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cau
misunderstanding of the detail of mapping and accuracy of ¢
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more dete
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soit Survey URL:  hitp:/Avebsoilsurvey.nres.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mert
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such at
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certifled da
of the version date(s) listed below.

Soill Survey Area:  Montgomery County, Marytand
Survey Area Data:  Verslon 9, Sep 30, 2014

Soil map units are labeled (as space allows} for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Data not availe

The orthophoto or other base map on which the soil lines wt
compiled and digitized probably differs from the background
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Table—K Factor, Whole Soil

K Factor, Whole Soil— Summary by Map Unit — Montgomery County, Maryland {MD031)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
5A Glenville silt loam, 0 to 3 |.37 0.2 0.7%
percent slopes
16B Brinklow-Blocklovmn 20 10.2 33.8%

channery silt loams, 3
to 8 percent slopes

16C Brinkfow-Blocktown 20 9.1 29.9%
channery silt loams, 8
to 15 percent slopes

17B Occoquan loam, 3 to 8 37 10.8 35.6%
percent slopes

Totals for Area of Interest 30.3 100.0%

Rating Options—K Factor, Wholie Soil

Aggregation Method: Dominant Condition

Component Percent Culoff: None Specified

Tie-break Rule: Higher

Laysr Options (Horizon Aggregation Method): Surface Layer (Not applicable)

Wind Erodibility Group

A wind erodibility group (WEG) consists of soils that have similar properties affecting
their susceptibility to wind erosion in cultivated areas. The soils assigned to group 1
are the most susceptible to wind erosion, and those assigned to group 8 are the least
susceptible.
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Table—Wind Erodibility Group

Wind Ercdibility Group— Summary by Map Unit — Montgomery County, Maryland (MD031)

Map unit symbol Map unit name Rating Acres in AO] Percent of AOI
5A Glenville sift loam, 0te 3 |6 . 0.2 0.7%
percent slopes
16B Brinkiow-Blackiown 6 10,2 33.8%

channery silt loams, 3
io 8 percent slopes

16C Brinklow-Blocktown 6 9.1 29.9%
channery silt loams, 8
to 15 percent slopes

17B Occoquan loam, 3to 8 |5 10.8 35.6%
percent slopes

Totals for Area of Interest 30.3 100.0%

Rating Options—Wind Erodibility Group

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified

Tie-break Rule: Lower

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly measured,
but are inferred from observations of dynamic conditions and from soil properties.
Example soil qualities include natural drainage, and frost action. Soil features are
attributes that are not directly part of the scil. Example soit features include slope and
depth to restrictive layer. These features can greatly impact the use and management
of the soil.

Drainage Class

"Drainage class (naturat)" refers to the frequency and duration of wet periods under
conditions simitar to those under which the soil formed. Alterations of the water regime
by human activities, either through drainage or irrigation, are not a consideration
unless they have significantly changed the morphology of the soil. Seven classes of
natural soil drainage are recognized-excessively drained, somewhat excessively
drained, well drained, moderately well drained, scrmewhat poorly drained, poorly
drained, and very poorly drained. These classes are defined in the "Soll Survey
Manual."
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Sofls drained Warning: Soil Map may not be valid at this scale.
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Excessively drained [0 Moderately well drained Enlargement of maps beyond the scale of mapping can cau
. misunderstanding of the detail of mapping and accuracy of
3°r_”e‘;hat excessively [0 Somewhat poory drained placement. The maps do not show the smail areas of contra
famne: - .
N soils that could have been shown at a more detailed scale.
Well drained [0  Poorly drained
Very poorly drained
Moderately well drained @ i Please rely on the bar scale on each map sheet for map
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In] Not rated or not available

Source of Map:  Natura! Resources Conservation Service
Web Soil Survey URL:  hitpi/Awebsoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps fram the Web Soil Survey are based on the Web Mert
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such a:
Albers equal-area conic projection, should be used if mare a¢

Semewhat excessively US Routes calculations of distance or area are required.
drained Major Roads
2 #  Well drained Local Roads This product is generated from the USDA-NRCS cerlified dal
the version date(s) listed below.
2 #  Modesately well drained Background
a #  Somewhat poorly drained Aenal Photography Soll Survey Area:  Montgomery County, Maryland
aw#  Poorly drained Survey Area Data:  Version 9, Sep 30, 2014
wa  Very poorly drained Soil map units are labeled (as space allows} for map scales 1:
g Subaqueous or larger.

» »  Notraled or not available Date(s) aerial images were photographed:  Data not availe

Soft Rating Points
The orthophoto or other base map on which the soil lines we
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, same minor ¢
of map unit boundaries may be evident.
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Table—Drainage Class

Dralnage Class— Summary by Map Unit — Montgomery County, Maryland (MD031}

Map unit symbol Map unit name Rating Acres in AQI Percent of AQI -

5A Glenville silt loam, 0 to 3 | Moderately welf drained 0.2
percent slopes

168 Brinklow-Blocktown Well drained 10.2
channery silt loams, 3
to 8 percent slopes

16C Brinklow-Blocktown Well drained 9.1
channery silt loams, 8
to 15 percent slopes

178 Qccoquan loam, 3to 8 | Well drained 10.8
percent slopes

Totals for Area of Interest 30.3

Rating Options—Drainage Class

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned
to one of four groups according to the rate of water infiltration when the soils are not
protected by vegetation, are thoroughly wet, and receive precipitation from long-
duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D} and three
dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runcff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infillration rate when thoroughly wet. These consist
chiefly of moderately deep or deep, moderately well drained or well drained soils that
have moderately fine texture to moderately coarse texture. These soils have a
moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or soils
of moderately fine texture or fine texture. These solls have a slow rate of water
transmission.
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Group D. Soils having a very siow infiltration rate (high runoff potential} when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell potential,
soils that have a high water table, soils that have a claypan or clay layer at or near the
surface, and soils that are shallow over nearly impervious material. These soils have
a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for
drained areas and the second is for undrained areas. Only the soils that in their natural
condition are in group D are assigned to dual classes.
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MAP INFORMATION

The soil surveys that comprise your AOl were mapped at 1:1

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cau
misunderstanding of the detail of mapping and accuracy of <
placement. The maps do not show the small areas of contra
soils that could have been shown at a more detailed scale.

Please rety on the bar scale on each map sheet for map
measurements,

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  hitp/Avebsoilsurvey.nres.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mer¢
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such at
Albers equal-area conic projection, should be used if more a¢
caloulations of distance or area are required.

This productis generated from the USDA-NRCS certified dat
the version date(s) listed below.

Soil Survey Area:  Monigomery County, Maryland
Survey Area Data: Version 9, Sep 30, 2014

Soil map unils are labeled (as space allows) for map scales 1:
or larger.

Date(s) aerial images were photographed:  Data not avail

The orthophoto or other base map on which the soil lines we
compiled and digitized probabty differs from the background
imagery displayed on these maps. As a result, some minor ¢
of map unit boundaries may be evident.
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Table—Hydrologic Seil Group

Hydrologic Soil Group— Summary by Map Unit-— Montgomery County, Maryland (MD031} .

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

5A Glenvillo siltioam, 0to 3 |C 0.2 0.7%
percent slopes

16B Brinklow-Blocktown C 10.2 33.8%
channery silt loams, 3
to 8 percent slopes

16C Brinklow-Blockiown C 9.1 29.9%
channery siit loams, 8
to 15 percent slopes

178 Occoquan loam, 3 to 8 B 10.8 35.6%
percent slopes

Totals for Area of Interest 30.3 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rufe: Higher

Map Unit Name

A soil map unit is a collection of soil areas or nonsoil areas (miscellaneous areas)
delineated in a soil survey. Each map unit is given a name that uniquely identifies the

unit in a particular soil survey area.
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Table—Map Unit Name

Map Unit Name— Summary by Map Unit -— Montgomery Gounty, Maryland (MD031}

Map unit symbol ‘Map unit name Rating Acres in AO! Percent of AQ)

5A Glenville silt loam, 0to 3 | Glenville silt loam, 0 to 3 0.2 0.7%
percent slopas percent slopes

16B Brinklow-Blocktown Brinklow-Blocklown 10.2 33.8%
channery silt loams, 3 channery siit loams, 3
to 8 percent slopes to 8 percent slopes

16C Brinklow-Blocktown Brinklow-Blocktown 9.1 29.9%
channery silt loams, 8 channery silt loams, 8
to 15 percent slopes to 15 percent slopes

17B Occoquan foam, 30 8 [ Occoquan loam, 3to 8 10.8 35.6%
percent slopes percent slopes

Totals for Area of Interest 303 100.0%

Rating Options—Map Unit Name

Aggregation Method: No Aggregation Necessary

Tie-break Rule: Lower

Water Features

Water Features include ponding frequency, flooding frequency, and depth to water
table.

Depth to Water Table

"Water table" refers to a saturated zone in the soil. It occurs during specified months.
Estimates of the upper limit are based mainly on observations of the water table at
selected sites and on evidence of a saturated zone, namely grayish colors
{redoximorphic features) in the soil. A saturated zone that lasts for less than a month
is not considered a water table.

This attribute is actually recorded as three separate values in the database. A low
value and a high value indicate the range of this attribute for the soit component. A
"representative” value indicates the expected value of this attribute for the component.
For this soil property, only the representative value is used.
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£ Map—Depth to Water Table z
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MAP LEGEND

Area of [nterest (AQ]}

L]

Soils

Area of Interest (AOI}

Soil Rating Polygons

[
[
1
]

Soil Rating Lines

o
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Soill Rating Points

mEpBooo

0-25
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50 - 100
100 - 160
150 - 200
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[} Not rated or not available

Water Features
Y
Slreams and Canals

Transportation

++ Rakis
o Interstate Highways
ez US Routes

Major Roads

Local Roads

Background
i Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AQ! were mapped at 1:1

Waming: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cau
misunderstanding of the detail of mapping and accuracy of ¢
placement. The maps do not show the small areas of contra
soils that could have been shown at a more detailed scals.

Please rely on the bar scale on each map sheet for map
measurements,

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  hilp:/iwebsoilsurvey.nres.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Sail Survey are based on the Web Merc
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as
Albers equal-area conic projection, should be used if more ac
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified dat
the version date(s) listed below.

Soil Survey Area:
Survey Area Data:

Montgomery County, Maryland
Version 9, Sep 30, 2014

Soll map unils are labeled (as space allows) formap scales 1:
or larger.

Date(s) aerial images were pholographed: Data not availe

The orthophoto or other base map on which the soil lines we
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor ¢
of map unit boundaries may be evident.
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Table—Depth to Water Table

Depth to Water Table— Summary by Map Unit — Montgomery County, Maryland (MD031)

Map unit symbol Map unit name Rating {centimeters) Acres in AQI Percent of AC!

5A Glenville silt loam, 0to 3 |76 0.2 0.7%
percent slopes

16B Brinklow-Blocktown >200 10.2 33.8%
channery silt loams, 3
to 8 percent slopes

16C Brinklow-Blocklown >200 9.1 29.9%
channery silt loams, 8
to 15 percent slopes

i78 Occoquan foam, 3to 8 {>200 10.8 35.6%
percent slopes

Totals for Area of Interest 30.3 100.0%
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Rating Options—Depth to Water Table

Units of Measure: centimeters

Aggregation Method: Dominant Component
Component Percent Culoff: None Specified
Tie-break Rule: Lower

Inferpret Nulfls as Zero: No

Beginning Month: January

Ending Month: December

Flooding Frequency Class

Flooding is the temporary inundation of an area caused by overflowing streams, by
runoff from adjacent slopes, or by tides. Water standing for short periods after rainfall
or snowmelt is not considered flooding, and water standing in swamps and marshes
is considered ponding rather than flooding.

Frequency is expressed as none, very rare, rare, occasional, frequent, and very
frequent.

"None" means that flooding is not probable. The chance of flooding Is nearly O percent
in any year. Flooding occurs less than cnce in 500 years.

"Very rare" means that flooding is very unlikely but possible under extremely unusual
weather conditions. The chance of flooding is less than 1 percent in any year.

"Rare" means that flooding is unlikely but possible under unusual weather conditions.
The chance of flocding is 1 to 5 percent in any year.

"QOccasional" means that flooding occurs infrequently under normal weather
conditions, The chance of flooding is 5 to 5@ percent in any year,

"Frequent" means that flooding is likely to occur often under normal weather
conditions. The chance of flooding is more than 50 percentin any year butis less than
50 percent in alt months in any year.

"Wery frequent” means that flooding is likely to occur very often under normal weather
conditions. The chance of flocding is more than 50 percent in all months of any year.
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MAP INFORMATION

The soil surveys that comprise your AO| were mapped at 1:1
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Waming: Soil Map may not be valid at this scale.
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Please rely on the bar scale on each map sheet for map
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Source of Map:  Natural Resources Conservation Service
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Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Weh Soil Survey are based on the Web Mert
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such at
Albers equal-area conic projection, should be used if more ac
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified dal
the version date(s) listed below.

Solt Survey Area:
Survey Area Data:

Montgomery County, Maryland
Version 9, Sep 30, 2014

Soll map units are labeled (as space allows) for map scales 1:
or farger.

Date(s) aerial images were pholographed: Data not avail:

The orthophoto or other base map on which the soil lines we
compiled and digitized probably differs from the background
imagery displayed on these maps. As a resull, some minor ¢
of map unit boundaries may be evident.
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Table—Flooding Frequency Class

Flooding Frequency Class— Summary by Map Unit — Montgomery County, Maryland (MD031)

.Map unit symhol Map unit name Rating Acres in AO] Percent of AOI

5A Glenville silt loam, ¢ o 3 |None 0.2 0.7%
percent slopes

16B Brinklow-Blocktown None 10.2 33.8%
channery silt ioams, 3
to 8 percent siopes

16C Brinklow-Blocktown None 9.1 79.9%
channery silt loams, 8
fo 15 percent slopes

17B Qccoquan loam, 3to 8 MNone 10.8 35.6%
percent slopes

Totals for Area of Interest 30.3 100.0%

Rating Options—Flooding Frequency Class

Aggregation Method: Dominant Condition
Component Percent Culoff. None Specified
Tie-break Rule; More Frequent

Beginning Month: January

Ending Month: December

Ponding Frequency Class

Ponding is standing water in a closed depression. The water is removed only by deep
percolation, transpiration, or evaporation or by a combination of these processes.
Ponding frequency classes are based on the number of times that ponding occurs
over a given period. Frequency is expressed as none, rare, occasional, and frequent.

"None" means that ponding is not probable. The chance of ponding is nearly 0 percent
in any year.

"Rarg" means that ponding is unlikely but possible under unusual weather conditions.
The chance of ponding is nearly 0 percent to 5 percent in any year.

"Occasional" means that ponding occurs, on the average, once or less in 2 years. The
chance of ponding is 5 to 50 percent in any year.

"Frequent” means that ponding occurs, on the average, more than once in 2 years.
The chance of ponding is meore than 50 percent in any year.
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Hydrologic Methods

Hydraflow Hydrographs Extension uses the HEC-22, Soil Conservation Service, SCS {now
called Natural Resources Conservation Service, NRCS), and the Rational methods for most
hydrologic calculations. These methods have become the industry standard among practicing
engineers and state agencies, This section provides a summary of the concepts used by
Hydraflow Hydrographs Extension.

The following publications have been consulted when implementing the various hydrologic
calculation methods:

« NEH-4: Hydrology; Section 4, National Engineering Handbook

¢ TR-20: Computer Program Manual, 1992

¢ TR-55: Urban Hydrology For Small Watersheds

¢ A Guide To Hydrologic Analysis Using SCS Methods, Richard McCuen

¢ HEC No. 12: FHA, Drainage of Highway Pavements

s HEC No. 22: FHA, Urban Drainage Design Manual

» Hydrology for Engineers; Linsley, Kohler & Paulhus

» Urban Storm Drainage Management; Sheaffer, Wright, Taggart & Wright

» Handbook of Hydraulics; Brater, King, Lindell, Wei

e e e m hm a4 abwar PR




Computing SCS Unit Hydrograph ‘ Page 1 of 2

Computing SCS Unit Hydrograph

Hydraflow Hydrographs Extension uses the unit hydrograph method for calculating runoff
hydrographs. It uses the triangular D-hout unit hydrograph approach as used in TR-20. The
unit hydrograph represents a 1-inch rainfall over one time interval.

The peak flow for the unit hydrograph is computed using the following equation:

48440

e,
op=—7

Where:

Qp = peak flow (cfs)

484 = shape factor

A = area (sq. miles)

Q == total excess precipitation (1 inch)

Tp = time to peak {hrs)

The shape factor Is a user defined variable. The default value is 484 and reflects a unit
hydrograph that has 3/8 of its area under the rising limb. This factor is higher (for example,

600) in mountainous watersheds, and lower (approximately 300) in flat and swampy
watersheds,

Tip If you don't know the exact value of the shape factor, leave the default.
The time to peak (Tp) and the time base (Tb) values determine the characteristics of the unit

hydrograph. Hydraflow Hydrographs Extension computes these values using the following
equations:

Te+ D
T =——
=17

Where:

Tp

I

time to peak (his)
Tc = time of concentration (hrs)

D = unit duration or time interval {hrs)
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Te = 1.67 x L {lag time)

(s 1)
L= o
19001

Where:

L = lag time (hrs)

| = hydraulic length (ft)
S = (1000 / CN) - 10

Y = basin slope (%)

CN = 5CS curve number

Th =2.67Tp

Where!:
Th = time base (hrs)
Tp = time to peak (hrs)

After the unit hydrograph ordinates have been computed, Hydraflow Hydrographs Extension
Jets you change the unit duration or time interval (D). This feature is useful when the [nput
time interval (D) is too large related to the time to peak (Tp). Normally, the time interval (D)
value should not exceed the time to peak (Tp) value by more than 0.5 times, When you
change time interval (D), Hydraflow Hydrographs Extension recomputes time to peak (Tp) so
that it falls on an even increment of the new time Interval.

In the following example of a unit hydragraph (which represents one inch of rainfall over ane
time interval), peak flow (Qp) = 75, time to peak (Tp) = 24 min, time base (Tb) = 2.64 (24)
= 64 mirn.

Q {cfs}
80

] / \\
10 // N
20 ™

0 W
0 12 24 36 48 B0 7Z2min
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Culverts/Orifices

The equation used for culvert/orifice structures is:

2ol

&
Q=C,A X ND

k
Where:
Under inlet control Under outlet control
Q = Discharge (cfs) @ = Discharge (cfs)
A = Culvert area (sqft) A = Culvert area (sqft)
h = Distance between the water surface h = Distance between the upstream and

and the centrold of the culvert barrel (1/2 downstream water surface
flow depth during partial flow) (ft) '

Nb = Number of barrels Nb = Number of barrels

Co = Orifice coefficient Co=1

k=1 | k= 1.5 + [(29n2L)/R1.33]
Where:

n = Manning's n-value
L = Culvert length (ft)
R = Area/wetted perimeter (ft)

Note When a non-zero tailwater (TW) elevation is entered, Hydraflow Hydrographs Extension
compares the pond stage with TW and computes a tailwater head, hTW. If this head is less
than the head computed as h, then h = hTW,

The following illustration shows a profile of a typical culvert, where h(i) is the head under inlet
control and h(0) is the head under outlet control,

v /
b

l®

(o) 1

®

(1) Embankrnent {3) Pipe length h(o) - Head under outlet
control

(2) Rise h(i) - Head under inlet contro}

During the calculation process, both inlet and outlet control are evaluated. Inlet control means
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that the injet of the cuivert controls the amount of flow the culvert can handle. Under inlet
control, the discharge depends on the barrel shape, cross-sectional area and inlet edge. Outlet
control means that flow can enter the structure at a faster rate than it can exit. Under outlet
control, the discharge depends on the slope, length and roughness of the barrel.

Hydraflow Hydrographs Extension computes the discharge at each stage, including
intermediate stage points that il generates, using both inlet and outlet control equation
parameters, The smallest value is used as the discharge at that elevation. This is reflected on
the screen tabulation as "ic", inlet contro! and "oc”, cutlet controi.

Note Hydraflow Hydrographs Extension does not assume full flow when the depth is actually
partial.
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Weirs

The basic equations used to calculate weir flow are:

e Rectangular, Cipoletti, broad crested, and riser

Q=CyLH"

Where:

Q = Discharge over weir (cfs)

L = Length of the weir crest (ft)

H = Distance between water surface and the crest (ft)

Cw = Welr coefficient, typically 3.33

Note Hydraflow Hydrographs Extension uses the same weir equation for rectangular
(sharp-crested weir with end contractions) and the Cipoletti weir (with no end
contractions). Currently, there is not enough valid data available to support a unique
equation for the weir with end contractions.

The following equation, supplied in HEC-22, attempts to adjust the weir length by
subtracting 20% of H. However, by closer inspection, one can see that Q will eventually
decrease to zero with increasing H.

O =Cy (L ”O°2H)H15

e V-notch

Q =2.54Tan % e

Where:

Q = discharge over weir (cfs)

8 = angle of v-notch (deq)
= head on apex of v-notch (ft)

Rectangular, V-notch, and Cipoletti weirs are affected by submergence when the tailwater
rises above the crest as follows.
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This often occurs in multi-stage structures when the water surface in the riser (Riser HG)
rises above the riser crest, due to the head produced by culvert A. As a result, the
discharge over the weir is reduced. The equation for the reduction in flow is:

QsiQi' 1- 72

1

Where;

Qs = submerged flow (cfs)

Qr = unsubmerged flow from standard weir equations
H1 = upstream head ahove crest (ft)

H2 = downstream head above crest (ft)

Note Numbers that are adjusted for submergence have the suffix 's' In the stage-discharge
table.

See Also

¢ Weir Structures,
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Exfiltration

Hydraﬂow Hydregraphs Extension computes exfiltration outflows using the following equation:

ERXSA
Qex=| ———
12 %3600

Where:
Qex = outflow (cfs)
ER = exfiltration rate (in/hr)

SA = surface area, wetted or contour (sqgft)
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Computing Detention Pond Routing

Detention pond routing is the process of passing a flood hydrograph through a storage
reservoir or detention pond. This process changes the pattern of flow with respect to time but
conserves volume. The purpose of detention pond routing is usually to reduce the peak flow to
a predetermined level, or to delay the peak. The routing procedure used by Hydraflow
Hydrographs Extension is known as the Storage Indication method and begins with a stage-
storage-discharge relationship, an inflow hydrograph, and the following equation:

I—0=—
dt

Where:

I = inflow

O = outflow

ds/dt = change in storage

Hydraflow Hydrographs Extension first uses the specified stage-storage-discharge table to
internally plot a curve of 2s/dt + Q. It then computes the outflow hydrograph using a

procedure similar to the following example.

The following table contains values for sample detention pond calculations.

Rn":'lf) i (cfs) Ij (cfs) 25/dt-0i (sz’; ;‘HOj ‘(3 c‘g‘;"’w
(1) (2) (3) (4) (5) (6)
0 0 24 0 - 0

4 24 95 4 24 10
8 95 206 33 123 45
12 206 + 345 + 174 = 725 334 : 80
16 345 500 439 725 143
20 500 655 884 1284 200
24 655 794 1509 2039 265
28 794 905 2292 2958 333
32 905 976 3239 3991 376

36 976 1000 4310 5120 404
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40 1000 976 5426 6286 430
44 976 905 6502 7402 450
48 905 848 7453 8383 465
52 848 736 8252 9206 477
56 736 638 8866 9836 485
60 638 554 9260 10240 490
64 554 480 9468 10452 492
68 480 417 9514 10502 494<
72 417 0 10411 491

Routing procedure.
e Cotumn 1 and colurmn 2 are read from the inflow hydrograph.
¢« Column 3 is the inflow af time j.
e Column 4 is column 5 - 2 X column 6.

Column 5 for i is [column 2 -+ column 3 + column 41j.

Column 6 is computed by straight-line interpolation from the plot of 25/dt + O vs. O.
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