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Development is proposed on Lot 3 in Block 2 of the Replat of lots 1 

'1hrough 5 I crossroads Colorado West, Mesa County I Colorado. (See Vicinity 

Map, Page 2.) 'lhe site is presently vacant, slopirg towards the 

southwest. Development will significantly reduce penneable surface area, 

which, without mitigation, would result in an increase of nmoff durirg 

stonn activity .. 

'!he purpose of this Report is to estimate predevelopment peak flow from the 

site, design adequate detention facilities which result in post development 

peak flow which does not exceed predevelopment peak flow in the design 

stonn, and design outlet and discharge facilities. 

'!he design stonn used in this Report is the 10-year stonn. '!he rational 

methc:x:l will be used in hydrology calculations, which is 

where 
Q = CIA. 
Q = Runoff in cubic feet per second (cfs) from a given 

area. 
C = Penneability coefficient representirg the ratio of 

nmoff to rainfall (See Appendix "A"). 
I = Intensity of precipitation in inches per hour (See 

Appendix "A") • 
A = Area in acres. 

'!he time of concentration (Tc) is the time required for peak flow to be 

reached at a given location. For this site, this is assmned to be the time 

required for water to travel from the most remote point on the site to the 

point of discharge from the site. 'Ihe Tc time is based on the scs 'IR-551 

and the NEH-42, with a minimum value of five (5) minutes. 

Many methc:x:ls exist for estilnatirg the detention voltnne required to prevent 

an increase in :runoff from a site due to development. Most are based on a 

triangular si.nplification of a :runoff hydrograph, which is a graphical 

representation of :runoff rate over time, startirg at zero (0), increasirg 

to a peak rate at the time of concentration, and decreasirg back to zero 

(0). Generally, 37.5% of the :runoff voltnne is assmned to occur between 

runoff start and the peak nmoff (or at the time of concentration) , and the 
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balance of . runoff volume occurrirq after the time of concentration2. 

Assuming a linear increase ani decrease in runoff, the total stonn :runoff 

volume can be calculated. Detention for the difference in pre ani post 

development volmnes is provided. But this does not ensure that the 

predevelopment peak runoff rate is not exceeded un:ier post development 

corx:litions. 

A 100re accurate way to size detention basins is to perfonn a time/flow 

analysis. Flows are calculated at intennittent times, with correspondi.ng 

accumulated volmnes calculated. Once flow rates have decreased to 

predevelopment peak flow or less, then no 100re detention volume is 

required. '!his will result in post development peak flow not exceeding 

pr00evelopment peak flow for the design stonn. 

Runoff from the site flows to the southwest. '!he site area is 1.22 acres. 

'Ihe Tc value is 8 .1 minutes (Appendix "B") , and the corresponding 

intensity is 2.85. A "C" value of 0.30 is assumed. '!he resultant 

estimated peak 10-year stonn runoff from the site is 

Qp = (0.30)(2.85)(1.22) = 1.0 cfs 

Post development flow cannot exceed this rate in the 10-year stonn. 

'lhe site remains the same at 1.22 acres. 'Ihe Tc value is 8.5 minutes 

(Appendix "B"), and the corresponding intensity is 2.80. A weighted or 

composite "C" value is detennined as follows, assuming future expansion is 

in place: 

0.38 Acres @ 0.35 = 0.13 
0.84 Acres @ 0.95 = 0.80 

Composite "C" = 0.93/1.22 = 0. 76 

'lhe peak runoff without detention would be 

Qp = (0.76) (2.80) (1.22) = 2.6 cfs 

As anticipated, detention is required because the predevelopment peak 10-

year runoff rate of 1. 0 cfs would be exceeded. 
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Detention is not the same as retention. Stored volmne is only t:enp:>rary, 

denotin} a means of bleedoff. Avoiding a bleedoff facility that requires 

human in'bftvention, such as opening a gate, means that bleedoff will be 

occurrin:J sinul.taneously with the detention buildup. '!he outlet design 

then becomes an integral part of the detention design. 

'!here are two (2) simple means of limitin:J outflOW'. '!he outlet opening can 

limit outflOW', such as a cu:rb openin:J or a grate openin:J sized to limit 

flOW'. Another means of limitin:J flOW' is to size and design the outlet pipe 

so that capacity limits outflOW'. 

outlet openings as a means of meterin:J outflOW' has two (2) drawbacks. 

capacity starts out lOW' and increases slOW'ly with depth. outflOW' over much 

of the porrling period is minllnal., resultin} in more required detention area 

to hold water before nmoff has decreased to predevelopment flows. Outlet 

openings are also subject to cloggin:J with debris. When this occurs, 

outflOW' is reduced or even stopped. 'lhis is particularly true for 

ho~izontal inlet grates, but would also be true for vertical openings such 

as in a cu:rb for flows as lOW' as 1 cfs. 

Less maintenance problems can be achieved by over sizing inlets and letting 

pipe capacity limit flOW'. Greater bleedoff rates can be obtained over the 

detention build-up period, which will allOW' use of less detention vohnne. 

Pipe hydraulics are based on the Manning equation3, or 

Q = 0.463 d 2 •67 s .s 

where 
n 

Q = flOW' in cfs. 
d = pipe diameter in feet. 
s = pipe slope if pipe is not flOW'ing full or just full. 
s = hydraulic gradient if pipe is flOW'ing full, surcharged, 

or above nonnal depth. 
n = Manning friction coefficient. 

Since the pipe is to be designed at capacity, the latter corrlition of "s" 

will apply. For PVC pipe, an "n" value of 0.011 is usec14 • 
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An eight (8). inch pipe will allCM too much outflCM unier corxtitions 'Which 

exist arxl will be designed into the site. However, a six ( 6) inch pipe is 

small enough that it would be too restrictive to be used for the full 

outlet length. A distance must be chosen which is lon;J enough that outlet 

capacity ·does not vary too significantly as detention porrlin;J head 

increases, arxl yet not so lon;J that more hydraulic head is required to 

force flCM through the pipe than is available. 

It was detennined that a six ( 6) inch pipe could probably be used from the 

detention outlet to the manhole, or about 170 feet. At this distance, a 

hydraulic gradient of 2. 27% is required to push 1 cfs through a six ( 6) 

inch PVC pipe, or surface water 3. 86 feet above the top of pipe at the 

downstream e.rrl. 

Table 1 provides outlet capacity data, assmning that the outlet is 

horizontal, 2.86 feet above the hydraulic grade line in the manhole, that 

the outlet opening is 12" x 12", with 0.34 feet2 open area, that the 

clogging factor reduces capacity by 50%, but that two (2) outlets are 

provided. 
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~1 

wair1 Orifice2 
Pipe Inlet Inlet 

Depth of Water 
above inlet (ft) 

Hydraulic Gradient 
Available (%) 

capacity capacity capacity Design 
(cfs) (cfs) (cfs) Rate (cfs) 

1. 

0.2 1.72 0.87 1.07 0.87 

0.4 1.86 0.90 3.04 0 .. 90 

0.6 1.99 0.94 5.58 1.42 0.94 

0.8 2.13 0.97 8.59 1.64 0.97 

1.0 2.27 1.00 12.00 1.83 1.00 

Weir flow based on the following equation applicable from 0.0 to 0.4 
foot porrling depth, partially applicable from 0.4 foot to 1.4 foot 
porrling depth: 

Where 
Q = 3pd1.5 
Q = Inlet capacity in cfs. 
p = Perimeter of inlet without subtraction for bars (feet). 
d = depth of porrling over grate (feet). 

2. Orifice flow based on the following equation, applicable above 1. 4 
depth, partially applicable between 0.4 foot and 1.4 foot ponding 
depth. 

Where 
Q = 0.67 A(2gd) 0 •5 

Q = Inlet capacity in cfs. 
A = Open area of grate, feet2. 
g = 32.2 
d = Depth of porrling over grate, feet. 

Results of above equations (taken from HEC-125) indicate that pipe capacity 

governs, not inlet capacity. 

'lhe five (5) flow depths in Table 1 above will be assmned to apply to the 

five (5) incremental time steps in the Time/Flow Analysis provided in Table 

2. 
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Time 
(min) 

0.0 

8.5 

20.0 

30.0 

40.0 

50.0 

Intensity Q 
(in/hr) (cfs) 

0.0 

2.80 2.6 

1.80 1.7 

1.50 1.4 

1.25 1.2 

1.05 1.0 

'12\BIE 2 

TlMF/FUK ANALYSIS 

Qin 
Excess of Time Volmne to 

Avg Q Bleedoff Bleedoff Pericxl Be Detained 
(cfs) (cfs) (cfs) (sec) (ft3) 

1.30 0.87 0.43 510 219 

2.15 0.90 1.25 690 863 

1.55 0.94 0.61 600 366 

1.30 0.97 0.33 600 198 

1.10 1.00 0.10 600 60 

Total Volmne To Be Detained 1, 706 ft3 

I Dring sto:nns of greater magnitude than the 10-year stonn, flow will 

overtop the benning ani follow its historic flow pattern. 
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'!he City of Grard Junction has provided an outfall facility to receive 

runoff from the site. '!he primary facility is an existirq drain which is 

approximately 600 feet west of the site. Another facility is a :pipe and 

catch basin system which collects sheet runoff. (See Figure 1.) 

'!he drain is accessible to the site through 10' or 15' wide utility 

easements which are provided along lot lines. Access to the street drain 

system is through the street. 

Discharge of onsite runoff can be harrll.ed several ways, four (4) of which 

are analyzed in this Report. '!hey are: 

1. Bleedoff from the southwest co:mer of the site through a pipe 

sized to harrll.e only on site bleedoff. 

2. Same. as above, but pipe enlarged as required at applicable 

locations to accammodate inflow from surrounling lots; 

3. Pump water from the southwest corner of the site to Crossroads 

Boulevanl and discharge into the street; and 

4. Import fill to the site and provide for gravity drainage to 

crossroads Boulevard. 

Each of the four ( 4) options are discussed in more detail below. 

'!he Grading and Drainage Plan (Exhibit "A") is applicable to Options 

1, 2, and 3. Option 4, if chosen, will require a separate plan. 

Opticn 1 

'!his option proposes the installation of a 6" and 811 PVC pipeline 

within the lot line easements between lots 4 and 5, I.Dt 4 and Holiday 

Inn, and IDt 7 and Holiday Inn. 'Ihe pipe would only serve I.Dt 3. 

(Refer to Figure 2.) 

'!his option provides for the needs of IDt 3, but ignores the potential 

to resolve drainages problems of sites along the route of the drain 

pipe. 
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Opticn 2 

OWners of IDt 4 arrl 5 also have access to the existi.rg drain for 

disposal of stonn runoff. However, urrler current conditions, IDt 5 

disposes of its water onto the surface of the parki.rg area, of IDt 4 

arrl into a swale which is not entirely within the 15 1 utility 

easement. '!his has resulted in flooding on IDt 4 that has damaged 

pavement arrl resulted in legal action. IDt 5 runoff combined with IDt 

4 :runoff surface drains through IDt 7 (which also spreads out beyond 

the limits of the 15' utility easement) am toward the existing dram. 

Same of the runoff overflows the swale between IDts 4 arrl 7 arrl flows 

through a wall opening into the Holiday Inn parki.rg lot. 

It would seem advantageous to owners of Lots 4 arrl 5 to participate 

in a drain pipe project. IDt 5 drainage could be metered into the 

drain pipe (with a corresponding pipe size increase) at the southeast 

corner of IDt 4. Runoff from IDt 4 could be added to the drain pipe 

at the west side of the lot with a corresponding pipe increase. The 

pipeline would then serve arrl provide proper means of drainage for 

Lots 3, 4, arrl 5, and also mitigate current flooding problems. 

IDt 5 comprises 1. 61 acres. About half of the runoff from Lots 1 and 

2, which were developed prior to drainage ordinances, also flaws onto 

IDt 5, adding another 1.23 acres of contributing area. Assuming a 10 

minute time of concentration, ~e precipitation intensity would be 2.6 

inches per hour for the 10-year stonn. With a "C" value of 0.30 for 

the predeveloped condition, the 10-year predeveloped peak flow is 

estilnated to be 

Q = CIA = (0.30) (2.6) (2.84) = 2.2 cfs 

If the owner of IDt 5 chooses to use the drain pipe, the inlet device 

allowing inflow to it must be designed so that for the 10-year stonn, 

a maxinrum of 2. 2 cfs may enter the pipe. 

IDt 4 comprises 1.93 acres. Assuming a 10 minute time of 

concentration, the precipitation intensity would be 2.6 inches per 

hour for the 10-year stonn. With a "C" value of 0.30 for the 
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predeveloped corxlitipn, ~ 10-year predeveloped peak flow is 

estimated to be 

~(0.30{2.6)1.93) = 1.5 cfs 

If IDt 4 chooses to use the drain pipe, the inlet ( s) to it llUlSt be 

designed so that for the 10-year stonn, a maxinn.nn of 1. 5 cfs may enter 

the pipe. 

'!his option meets the drainage needs of Lot 3 and allows for a single 

solution of a nnll.tiple problem, providing a low-maintenance gravitY 

outlet for several lots currently experiencing drainage problems. 

Figure 3a and 3b show a schematic of the possible joint facility 

drain pipe. 

q,tlat 3 

Rather than drain runoff south and west, water could be ptlllped north 

to Crossroads Boulevard. SUrface water would drain into a sump (a 

manhole with a grated lid) and be ptlllped through a four {4) inch 

pressure line and outlet into the face of the curb. '!he sump would be 

designed with a dissipation pit unierneath it (a hole backfilled with 

3/4" washed rock) so that water left in the lines and pit could drain 

off into the grounj. 

Observing bleedoff rates in Table 2, it is fourrl that if a bleedoff 

rate of 1. 0 cfs is provided by pumps, then the detention volume 

calculated previously would still be sufficient. 

'lbi.s option meets the drainage needs of IDt 3, but results in a system 

that could be problematic, requires ItDre maintenance than gravity 

systems, is subject to power outages, and is nonfunctionable when 

electrical set:Vices are off. Also, solutions . to current drainage 

problems on surrounding lots cannot be incorporated into this option. 

Figure 4 is a sketch of facilities proposed with this option. 
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Opt:ial 4 

'!he Graclin;J ani D:ra.i.nage Plan (Exhibit "A") does not apply to this 

option. 'Ihis option requires the importation of fill ani raising the 

site such than runoff could be bled off to Crossroads Boulevard. 

'!he site could be designed so that a peak of 1.0 cfs drains directly 

to the road in the 10-year stonn. With a 5 minute Tc time, 

precipitation intensity is 3.3 inches per hour, ani "C" = o. 76 

(previously detennined). The area that could drain toward the road 

can then be detennined as follows: 

Q = CIA 
1 = (0.76)(3.3)A 
0.4 acres= A 

'!he balance of the site would need to be designed so that runoff 

flowed through detention and metering facilities. 

Although this option meets the needs of IDt 3, solutions to current 

dra.i.nage problems on surrourxling lots cannot be incorporated into this 

option. Figure 5 depicts the concepts involved in Option 4. 

A maximum of 1.0 cfs in the 10-year stonn may be allowed to exit the site. 

However, in the predevelopment condition, little of the flow goes towards 

Crossroads Boulevard. Permission from the City of Grlm::l Junction would be 

required to allow runoff to be drained towards the road per Options 3 and 

4. 

Rough estimates of IDt 3 share of costs for the various options are 

provided in Table 3. 
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Opticn 1 

425 L.F. 6" Pipe @ $7 /L.F. 
385 L.F. 8" Pipe @ $9/L.F. 
350 L.F. Pavement Replacement @ $3/L.F. 

1 FA Manhole 
Detention ~et Facility 

Opticn 2 (I.ots 3 ani 5 & 1 & 2) 

640 L.F. 1011 Pipe @ $10.50/L.F. X (1/2 share) 
170 L.F. 6" Pipe @ $7 /L.F. 

'10rAL = 

350 L.F. Pavement Replacement @ $3/L.F. X (1/2 share) 
1 FA Manhole 

Detention OUtlet Facility 

Option 2 (I.ots 3, 5 & 1 & 2, ani 4) 

170 L.F. 6" Pipe @ $7/L.F. 
255 L.F. 1011 Pipe @ $10.50/L.F. X (1/2 share) 
385 L.F. 1211 Pipe @ $12/L.F. x (1/3 share) 
350 L.F. Pavement Replacement @ $3/L.F. X (1/3 share) 

1 FA Manhole 
Detention OUtlet Facility 

Opticn 3 

200 L.F. 4" Pipe @ $4/L.F. 
SUmp (Manhole) with Dissipation Pit 
Lead and Iag purrps and meters, 
hardware, and electrical supply 

Discharge through cum 

Opticn 4 

2,500 CY (rough figure) @ $4/C.Y. 
200 L.F. 4 11 Pipe @ $4/L.F. 
Detention outlet Facility 

- 18-

'10rAL = 

'10rAL = 

'10rAL = 

$ 2,975.00 
3,465.00 
1,050.00 
1,200.00 

500.00 

$ 9,190.00 

$ 3,360.00 
1,190.00 

525.00 
1,200.00 

500.00 

$ 6,775.00 

$ 1,190.00 
1,339.00 
1,540.00 

350.00 
1,200.00 

500.00 

$ 6,119.00 

$ 800.00 
2,500.00 

3,500.00 
500.00 

$ 7,300.00 

$ 10,000.00 
800.00 
500.00 

$ 11,300.00 
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1. Runoff coefficient 

The values for the coefficient of runoff for use in 
the Rational Method within Mesa County are as shown 
in Table 2-2, RECOMMENDED RUNOFF COEFFICIENTS (C). 
The design engineers judgment must be used to select 
the runoff coefficient that will best represent the 
end result of the development. 

TABLE 2-2 
RECOMMENDED RUNOFF COEFFICIENTS 

(C) 

Description of Area 
or Surface Areas 

Business 

Residential 

Downtown 
Neighborhood 

Single-family 
Multi-units, detached 
Multi-units, attached 

Residential (suburban) 

Apartment 

Industrial 
Light 
Heavy 

Parks, cemeteries 

Playgrounds 

Railroad yard 

Unimproved 

Surfaces 

Pavement 

Roofs 

Asphalt and Concrete · 
Brick 

Lawns, sandy soil 
Flat, 2 percent 
Average 2 to 7 percent 
Steep, 7 percent 

2-3 

Runoff Coefficients 

0. 70 to 0.95 
0.50 to 0.70 

0.30 to 0.50 
0 . 4 0 ,t 0 0 . 6 0 
0.60 to 0.75 
0.25 to 0.4J 

0.50 to 0.70 

0.50 to 0.80 
0.60 to 0.90 
0.10 to 0.25 

"0.20 to 0.35 

0.20 to 0.35 

0.10 to 0.30 

0. 70 to 0.95 
0. 70 to 0.85 
0.75 to 0.95 

0.13 to 0.17 
0.18 to 0.22 
0.25 to 0.35 
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Worksheet 3: Time of concentration (T c> or travel time (T t> 

Prajec: --------------------------------------
By_ Dace----

Locacion __________________________________ __. Checked Dace-----

Circle one: Presenc Developed 

Circle one: 'I'c Tc through subarea 

NOTES: Space for as many as two segments per flow cype can be used for each 
workaheet. 

Iqclude a map, schematic, or description of flow segments. 

Sheet flow (Applicable to Tc only) Segmenc ID 

Surface description (table J-1) 1. . .......... . 
fr~-\ Qt..,~lcn-J 
13 ... .-<-

( .,.-ri'IN"e.A ( :r"-,.,.,J'<'<'" ~' 

2. Manning's roughness coeff., n (table J-1) •• o.o"L o,o3 

3. Flow length, t. (total L ..S. 300 ft) • • • • • • • • • • ft tOO c;:>,l) 

4. 'I'wo-yr 24-h.r rainfall, P2 •••••••••••••••••• in I.O:Jr' LO~ 

s. Land slope, s •••••••••••••••••••••••••••••• ft/f-t 

o.oo7 (nL> 0"8 
1' • .;.;.~~:.;;.;;;.:-,.-

t p 0.5 0.4 6. Compute Tt •••••• hr 

,GI~ .010 

o. o 11 I + I . a 9, ·D 
2 s 

Shallow concentr~ted flow Segmen: ID 

7.. Surf~c; -description (paved or unpaved) ••••• 

a. 
. . . . 
Flow length, L ••••••••••••••••••••••••••••• ft 

9. Watercourse slope, s ••••••••••••••••••••••• ft/ft 

10. Average velocity, V (figure 3-1) ••••••••••• ft/s 

. Coaapute Tt •••••• 

Channel flow Segmenc ID 

- 12; ·cross sectional ftow area, a............... te2
· 

13. Wett.itd -periuter~ Pw • • • • • • • • • • • • • • • • • • • • • • • ft 

.. --- --·-·-·14. Hyd-raulic -radius: r _...~ Co111pute r •• • • • • • ft 
Pw 

15. Channel slope, s ••••••••••••••••••••••••••• ft/ft 

·--16. 

.. 17 ;-

18. 

19. 

Manning's roughness coeff., n •••••••••••••• 
1 49 2/3 1/2 v • • r s Coaapute V ••••••• 

n 
ft/s 

Flow length, L ~··•••••••••••••••••••••••••• fc 

T • L C T t 3600 v oaapute t hr 

I 

I 
I I 

·- ~ 1 I 
I I 
I I 
I I 
I I 
I 'X_ I +'1 

20. Wacershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) ••••••• 

N0/\1\. f'rTL/'6S IT 
lc;....-::.. 

(210-VI-TR-55, Second Ed., June 1986) 
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I Figure 15.2.--Velocities for upland method of estimating Tc 
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