Station 50+00 to $8+00
Cross Section for Trapezoidal Channsl

Frojact Descrintion

Frojest File ﬁf‘iﬁawﬁmwimmﬁmy dooumenisitschnical -g@?@gﬁg&ms%ﬁwsmﬁifmw‘gﬁm Qﬁﬁf'ﬂﬁ

Vikshest Pariinetar Channgl
Flow Elament Trapezoidal Channel
Method Manning's Forruis
Eolve For Channe! Bepth

""" Section Dats
Mannings Cosfficient 0013
Charnel Slopg o R
Despth 1.82 ft
Leht Side Slope OO0 H
Right Bide Slope LOMCOB0H . v
Bodtors Wadth 8.00 #
Discharge 2100 cis

SRR

ST X Fie 8. BBt s el i s e St K s B T NV B T T T

FlomMase w511



Station 73+50 to 88+50
Cross Section for Trapezoidal Channe

Erpipet Dearsiotion »

Peojoact File
Warksheat
Flow Elgmarg
#athod

@zﬁiﬁ@mgxw%mwﬁ%w@%&m@ﬁ%&%’éﬁmﬁ%ﬁai f&%@f%ﬁﬁ@%ﬁ%&ﬁ%ﬁm&%@w 200.5m2

Perimeter Channed
Traperoityl Channed

Marmning's Fomsuls

_Solve For

Lhenne! Dol

" Section Deta

g

ousia

Mannings Coafficlest G042
Gl B

Channel Sloge
{aft Sids Slops
ight Side Slope
Brattoen Width
Discharge

b
S SR AR
Sy

s

*

s

B00 R

Elowhoster .11



ATTACHMENT 2

POND DISCHARGE AND HYDROGRAPHS
COMPUTATION SPREADSHEETS
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DESIGN TECHNICAL MEMORANDUM % WII\TZLER&KELLY
Guam Municipal Solid Waste Landfill CONSULTING ENGINEERS
Project - Design Criteria; Hydrology & Hydraulic Analysis :

Reviewed by: .  Neal Carnam
Date: 7129/05

PREPARED FOR: TOR GUDMUNDSEN

PREPARED BY:  Rick Jorgensen, Winzler & Kelly
REVIEWED BY: - Neal Carnam, Winzler & Kelly
DATE: July 29, 2005

JOB #: 10-16405001

This technical memorandum summarizes the design criteria and assumptions used in developing
the existing and developed conditions hydrology analysis. The hydrology results and prehmlnary
sizing of hydraullc structures are summarized. _

_Hydrology Model:

* Haestads Quick TR 55 to develop runoff hydrographs (results are similar to SCS Unit

Hydrograph)

Haestad’s POND 2 for routing hydrographs through detention basms

SCS Type III rainfall distribution

CN curve number for runoff loss rate analysis

Hydrologic Soil Group C ' _

Use Figure 6 Wetlands and Surficial Cover —Dandan for existing conditions CN values

Assume Grassland/Savana for developed conditions CN values (71) Access area to site

assume a CN of 90

Antecedent Soil Moisture Condition II

e Lag(L)=("0.8* (§+1)"0.7)/1900*Y"0.5 where: 1= hydrauhc length; S = maximum
retention; Y = slope in percent.
Time of Concentration (Tc) = 5/3L

¢ Tc values not associated with Lag calculations used velocities from A Guide to
Hydrologic Analysis Using SCS Methods by Richard H. McCuen (Figure 8 Velocities
for upland method of estimating T¢).

o Design Storm: 25-year, 24-hour - use 20-inches in 24 hours from: CNM and Guam
Stormwater Management Criteria, Phase I Final Report, July 30,2004

Ex1st1ng Condmons Analysns

_ There are three major drainages:
e Fensol River in the north east (WS FE)
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¢ Fintasa River in the south (WS FI)

¢ Tinago River in the north west (WS T)

The project site is subdivided into watersheds that flow to these three major watersheds. Refer to
Figure 1. The peak 25-year flow and volume hydrograph from each subbasin will serve as the
existing conditions for sizing detention facilities. The peak calculated flow exiting the project

site from the detention basins should not be exceeded for the developed conditions.

WS FE

e Area= 69.1 ac (0.108 sq mi)

e CN=79

- o Lag:1=1650 feet; S = 1000/CN-10=2.66; Y = 75/1650 = 4.5%: L = 0.23 HRS (Tc =

0.38 HRS)

WS FI

e Area= 74.1 ac (0.116 sq mi)

e CN=8l

Lag: 1=2600 feet; S = 1000/CN-10 =2.35; Y = 100/2600 = 3.8%: L = 0.34 HRS (Tc 0.57

HRS)

WST .

e Area= 494 ac (0 077 sq mi)

e CN=79

Lag: 1= 1460 feet; S = 1000/CN-10 =2.66; Y = 65/1460 = 45% L=0.21 HRS (Tc 0.35

HRS)

Table | summarizes the peak flows and hydrograph volumes from the watersheds.

Table 1 EXISTING CONDITIONS RUNOFF ANALYSIS RESULTS

Wéltershed AREA (Ac) CN. LAG Peak Q (cfs) | Volume (Ac-
_ (Tc)(hrs) _Ft)
FensolRiver WS |  69.1 79 0.23 (0.38) 830 94.8
Fintasa River 74.1 81 0.34 (0.57) 830 103.5
WS
Tinago River 49.4 79 0.21 (0.35) 594 67.9
WS :

Final Grading Conditions Ahalysis i

The final graded site has a perimeter road around the site with 4 detention/sedimentation ponds
located at the perimeter limits of the project site. Refer to Figure 2. We have made preliminary
assumptions as to the grading of the site based on the information supplied by A—MEHR INC.

Assumptions include the following:
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¢ A roadside ditch will extend the length of the road on the outside edge draining to
culverts that drain to the individual ponds.

¢ The perimeter road will have low swales that will allow concentrated flows from the
graded site to cross the road at these locations to the roadside ditch.

¢ Benches will be constructed at 50 foot elevation intervals starting at contour 450 at the
top of slope. These will be routed to down drains that flow to the roadside ditch and
culverts.

The final graded site hasbeen divided into 11 sub-watersheds that flow to one of the 4 ponds that
flow to one of the major watersheds:

¢ Pond 1 flows to the Tinago River’

¢ Ponds 2 and 3 flow to the Fintasa River

¢ Pond 4 flows to the Fensol River

Refer to Table 2 for the sub-watershed routings.

Table 2 SUB-WATERSHED ROUTINGS

Drainage - Sub-watersheds
Tinago River WS A6+AT+AS
Fintasa River WS Al+A9+A10+Al11

" Fensol River WS A2+A3+A4+AS
Pond 1 A6+AT+AS
Pond 2 A9
Pond 3 Al+A10+A11
Pond 4 A2+A3+A4+AS

The sub-watersheds under final grading conditions are assumed to be revegetated (except fora
small portion of areas 8 and 9 where the entrance area is located), resulting in a lower CN curve
number than the existing sub-watersheds. The time of concentrations for these watersheds were
calculated by estimating the length of the various channel reaches and slopes (overland flow on
cap top, bench drains and down-drains) and assigning velocities to each. Velocities were obtained
from Figure 8 in A Guide to Hydrologic Analysis Using SCS Methods referenced above. They
were converted to lag by the referenced formula of Tc = 5/3L. This method was used rather than
the Lag formula due to the extreme variance in slopes for various reaches.

When combining sub-watersheds, the overall composite peak flow and hydrograph is determined
by adding the flow values of each sub-watershed based on their individual Tc to create a
composite hydrograph. That is, the combination picks the highest overall peak and the time to
peak. When two or more sub-watersheds are added together the resultant peak for the composite
may not equal the sum of the individual values. This is apparent in Table 3.

Table 3 summarizes the peak flows and hydrograph volumes from the sub-watersheds.
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Table 3 FINAL GRADING CONDITIONS RUNOFF ANALYSIS RESULTS

Watershed AREA (Ac¢) CN LAG Peak Q (cfs) | Volume (Ac-
(Tc)(hrs) Ft)
Al 6.3 71 0.22 (0.36) 70 - 8.0
A2 7.2 71 10.20 (0.33) 89 9.1
A3 144 71 0.26 (0.44) 159 18.3
Ad 16.6 71 -0.27 (0.45) 169 21.1
A5 18.5 71 0.35 (0.58) 188 23.5
Ab 11.6 71 0.29 (0.49) 117 14.6
A7 33.0 71 0.51 (0.85) 280 41.8
A8 19.5 77 0.37 (0.61) 210 26.4
A9 26.0 74 0.36 (0.60) 273 34.1
Al0 19.3 71 0.40(0.67) 164 25.6
All 20.2 71 0.37 (0.61) 205 25.3
POND 1 58.4 73 " na 578 82.8°
(A6+AT+AB) '
TINAGO RIVER . :
POND 2 (A9) 26.0 74 0.36 (0.60) 273 34.1
POND 3 45.8 71 ' na 404 57.8
(A1+A10+A11) , ,
POND 2+Pond 3 71.8 72 na 677 91.9
(A9+A1+A10+AT]) ‘
FINTASA RIVER »
POND 4 56.7 71 na 584 71.9
(A2+A3+A4+A5) :
FENSOL RIVER

Table 4 summarizes the peak flows and hydrograph volumes flowing to the three main
watersheds under existing and final grading conditions.

T#ble 4 Watershed Comparisons under Existing and Final Grading Conditions

Existing Conditions Final Grading Peak Flow | Volume
: Conditions Change Change
Watershed | Peak Flow | Volume | Peak Flow | Volume | Peak Flow | Volume
' (cis) (Ac-Ft) . {cfs) (Ac-Ft) (cfs) (Ac-Ft)
Fensol River . 830 948 = 584 71.9 -246 229
FintasaRiver | 830 103.5 677 91.9 . -153 -11.6
Tinago River 594 67.9 578 82.8 -16 14.6
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Pond Routing

This analysis reviews routing only through Pond 1 Wthh discharges to the Tinago River. The
peak inflow and hydrograph volume from Table 4 above are: '
e 578cfs
‘e 82.5ac-ft

Pond 1 ranges from approximately elevation 310 at the invert to elevation 320 at the top. The
approximate pond area and volume are:

e Elevation 310; area = 104,234 square feet

¢ Elevation 320; area = 186,467 square feet -

e Volume: 1,453,505 cubic feet (33.3 acre feet)

We want to size the pond outlet structure to allow maximum storage within Pond 1 as the inflow
hydrograph is routed through it. A suggested outlet structure could consist of the following.
Refer to Figure 3:
e 42-inch RCP with inlet set at elevation 310.5. This would allow a weir 0.5 feet above the
pond invert for sediment storage. »
-® 36-inch standpipe with the invert set at elevation 316

This structure would allow result in the following storage and outflow:
e 33.25 acre feet
e Maximum elevation of 319.98
o peak outflow of 197 cfs

Sedimentation Analysis

From the EROSION & SEDIMENT CONTROL HANDBOOK BY Goldman, Jackson and
Bursztynsky the settling formula for an ideal sediment basin is:
WL = Q/Vs where:
e WL = sediment basin area
e Q= peak inflow
e Vs =settling velocity (assumed to be 9.6 x 10'4 for a medium size silt particle of
- 0.02 mm)

From the routing analysis above, the existing area (WL) for Pond 1 is 186,467 square feet. The
25-year, 2-year and 1-year storm discharging to Pond 1 and the Tinago River watershed were
analyzed. The resulting peak flows (Q) for each event are:

e Q25=578 cfs

e Q2. =139cfs

e QI =38cfs
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Using the formula above to calculate the necessary area to allow settling results in the following:
* 25-year pond area = 602,083 square feet > 186,467 square feet Pond 1 will not work
properly for the 25-year event
¢ . 2-year pond area = 144,791 square feet < 186,467 square feet Pond 1 should work for a
2-year event
e l-year pond area = 39,583 square feet <186, 467 square feet Pond 1 w1ll easily work for
a l-year event.

It is recommended that intermittent berms be placed across Pond 1 to serve as individual trapping
basins under low flow conditions. These could be K-rails that are easily removable to allow for
ease in sediment removal. :

Hydraulic Analysis

The perimeter roadside ditch will be located on the outside edge of the perimeter road. The
allowable width is estimated to be 15 feet. This roadside ditch will be constructed of concrete
with a bottom width of 8 feet to allow mechanical equipment cleaning. Side slopes of 1:1 are
used to minimize the top width. The ditch slope is assumed to be approximately 1%. Area A7
has the largest area and runoff with a peak flow of 280 cfs. Assuming no backwater conditions
and a mannings “n” of 0.015 for concrete, the peak flow would flow under supercritical
conditions at a depth of 2.1 feet and a velocity of 13.1 feet per second. Critical depth is 2.95 feet.
It is recommended that the channel have approx1mately 1 foot of freeboard so the typical
maximum ditch section would be:

e Bottom Width = 8 feet

o Side slopes =1:1.

e Depth = 4 feet

Conclusions

Hydrology Analysis

The hydrology analysis indicates that the runoff peak flows and hydrograph volumes are reduced
under final grading conditions to the Fensol River watershed and the Fintasa River watershed.
While peak flows to the Tinago River watershed are lower under final grading conditions, there
is a minor increase in runoff volume of 14.6 acre-feet

These lower flow conditions are expected as under final grading conditions, the runoff curve
numbers CN are lower than under existing conditions due to revegetation of the site. In addition,
the contributing watersheds to both the Fensol River and Fintasa River under final grading
conditions are less than under existing conditions (56. 7 acres vs. 69.1 acres for the Fensol
watershed and 71.8 acres vs. 74.1 acres for the Fintasa watershed). Although the CN number is
lower for the Tinago River.under final grading conditions, the contributing watershed area is
larger (58.4 acres vs. 49.4 acres). Thus though the peak flow is lower, the larger watershed will
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contribute a higher volume during a 24-hour storm event

Routing Analysis
A preliminary analysis of available storage in Pond 1 that drains to the Tinago River indicates
that it can contain approximately 33.3 acre-feet. Routing the watershed that contributes to Pond 1
and the Tinago River watershed (areas A6+A7+A8) results in the following:

o Inflow =578 cfs; 82.8 ac-ft

e Outflow = 197 cfs; storage of 33.3 ac-ft

Sedimentation Analysis -
Pond 1 is capable of effectively serving as a sediment control structure for particle sizes.
approximating 0.02 mm (medium size silt) for storms up to a 2-year, 24-hour event.

Hydraulic Analysis
The typical maximum perimeter roadside ditch configuration is:
¢ Concrete ditch with a bottom width of 8 feet, 1:1 side slopes and a depth of 4 feet.
¢ This ditch will normally flow under supercritical conditions. The 4 feet depth allows
approximately 1 foot of freeboard above critical depth.

The detailed hydrology calculations are mcluded as Attachment A. The Hydraulic calculatlon for
the perlmeter roadside ditch i is included in Attachment B.
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