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I. General Location and Description

A. Site and Major Basin Location

The proposed Kokopelli Commercial Park is located within the Monument Park Subdivision
near the southeast corner of the intersection of Interstate I-70 and Colorado State Highway 340.
In more legal terms, the development is found within the Southwest % of Section 17, Township 1
North, Range 2 West of the 6™ Principal Meridian. The Mesa County Tax Identification Number
1s 2697-173-00-060.

B. Site and Major Basin Description

The commercial park development within the major basin accounts for approximately 85 percent
of the total basin area. The remaining land areas are developed including commercial properties
(the Jurassic Development) and the Colorado State Visitors Center. These areas include
landscaping and impervious roofs and asphalt surfaces. The undeveloped areas within the site are
covered with little to no vegetation.

According to the Soil Survey, Series 1940, No. 19, performed by the U.S. Department of
Agriculture’s Soil Conservation Service for the Grand Junction area (USDA), the soils present at
the site are predominantly Ravola clay loams (R,) and Billings silty clay loams (B¢). These
materials occur on the broad flood plains and gently sloping coalescing alluvial fans north of the
Colorado River. According to SCS TR-33, the hydrologic group for these soils is type B.

I1. Existing Drainage Conditions

A. Major Basin

The watershed boundaries for the major basin were delineated from topographic information
obtained from field explorations. The northern watershed boundary is formed by the northern
edge of the I-70 Frontage Road, the western watershed boundary is formed by the centerline of
Colorado Highway 340, the eastern watershed boundary is formed by curb and gutter along the
western edge of 17 ¥4 Road, and the southern watershed boundary is formed by an existing
irrigation ditch traversing the project site from east to west along the southern property line. The
entire basin is relatively flat, sloping gradually from the northeast corner to the southwest comer
at about 0.5 percent.

Surface drainage within the Jurassic Development sheet flows from parking lot surfaces to curb
and gutter in Jurassic Avenue and Cretaceous Avenue. There are a few detention structures for
surface runoff but they are small and compared to the size of the overall basin their affect on
peak flows are considered negligible. Storm water flow is conveyed by the street sections to
storm drain inlets. The inlets in Jurassic Avenue are located approximately 190 feet east of the
intersection of Jurassic Avenue and Highway 340. These inlets discharge into an 18 inch
diameter storm drain line that slopes westerly in Jurassic Avenue to a junction with a 24 inch
diameter pipe running north to south approximately 50 feet east of the centerline of Highway



340. This pipe runs southerly roughly 450 feet and discharges into a junction box. The inlet in
Cretaceous Avenue is located at the southern end of the existing cul-de-sac and discharges into
an 18” diameter line. From the inlet, the 18 inch diameter line flows southerly a distance of
approximately 110 feet from where it turns and flows west into the previously described junction
box next to Highway 340. The surface runoff from the Visitor’s Center at the northern end of the
basin flows overland across landscaped areas and asphalt surfaces to a low point in the far
southwest corner of the center, where an existing pipe passes water beneath the Visitor Center’s
access road and into a 265-foot long ditch adjacent to Highway 340. This ditch conveys runoff
southerly to a 70- foot long, 18” inch diameter pipe that combines it’s flow with the flow from a
detention basin in the Texaco parking lot. After another 60 feet these flows combine with the
flow from the 18” diameter pipe in Jurassic Avenue and flow southerly to the junction box. The
flows in the junction box are under a surcharged condition and when subjected to enough head
flow up through the grate in the junction box and then flow overland to a set of five 21 inch
diameter culverts in the southwest corner (or outlet point) of the major basin. Minor flows or
surface runoff that is left in the system after a rainfall event are bled from the junction box by a
12-inch diameter line that flows to a manhole approximately 60 feet to the south of the junction
box. A 6-inch diameter subsurface drainage line belonging to the Grand Junction Drainage
District (GJIDD) collects water from this manhole and continues flowing to the west.

B. Site
Storm water runoff from the undeveloped areas in the basin, i.e. the proposed area of the
Kokopelli Commercial Park, flows overland from northeast to southwest to a low point in the far

southwest corner of the basin where five 21-inch diameter pipes, recently constructed by the City
of Fruita. convey this collected runoff to the south.

III. Proposed Drainage Conditions

A. Changes in Drainage Patterns

The applicant proposes to develop an area that can be described approximately as the northeast,
southeast and southwest corners of the major drainage basin. A new commercial collector street
section, Kokopelli Boulevard, is proposed for traffic flow into the new development. This street
will run from west to east off of Highway 340 a distance of about 265 from the southern property
line. After roughly 650 feet, the street turns and runs northward ultimately intersecting the I-70
Frontage Road along the northern boundary of the project site. The main drainage scheme in the
northern portion of the project site is to utilize this new street section as principal conveyance for
runoff off of developed parking lots to the east and west of Kokopelli Boulevard. Once the street
section has reached it’s maximum capacity, inlets will intercept curb and gutter flow and
discharge collected runoff into an underground conduit system. These inlets will be located
approximately at the end point of the horizontal curve for Kokopelli Blvd (PT) and discharge
flow into a 24 inch diameter HDPE pipe sloped at roughly 0.5 percent. Past the PT, Kokopelli
Blvd. begins to collect runoff again and conveys flow to a low point, located approximately at
the beginning point of the horizontal curve. Again, several inlets intercept curb and gutter flows
and discharge runoff into the storm drain line that now increases to a 30 inch diameter pipe,
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flowing westward. The storm drain line will continue west until it reaches the beginning of
Kokopelli Blvd. where it collects some minor runoff and combines all collected flows with
runoff from the existing developments in the northwest corner of the major drainage basin at a
new junction box. This junction box will also be under a surcharged condition but will outlet
flows into a newly constructed channel that conveys storm water flows to the existing 21-inch
diameter pipes in the southwest corner of the basin. As with the existing junction box, the new
junction box will also have a bleed off line that will connect to the existing manhole where the 6”
diameter drainage line belonging to the GJDD collects water and flows west from the project
site.

Runoff in the southern portion of land in the development will sheet flow from asphalt surfaces
to curb and gutter and ultimately be directed to a ditch running from east to west about 20 feet

from the southern property line. This ditch will be located north of the existing irrigation ditch

and flows in both channels must be separated for the assumptions in this report to be valid.

B. Maintenance Issues

The applicant and future owners/tenants of parcels developed will maintain drainage features
associated within private property while the City of Fruita will be responsible for drainage
features within public right of way and outside the limits of the proposed development.

IV. Design Criteria & Approach

A. General Considerations

The Rational Method was chosen to be the best method suitable to estimate total runoff values
and concentrated flow quantities for the project development. The 2-year and 100-year storm
events were chosen as the design storm events. The analysis and design procedures as outlined in
the Storm Water Management Manual for the City of Grand Junction and Mesa County
(SWMM) were used to estimate the maximum precipitation values for the design storm
intensities.

Four distinct design points were chosen within the entire drainage basin to calculate flow
quantities for the design of drainage elements. The first point, design point 1 (DP1) is located at
the lower southwest corner of the major drainage basin. The second point, design point 2 (DP2)
is located on the southeast corner of the intersection of Kokopelli Blvd. and Highway 340 where
flows from the northern portion of the proposed development confluence with flows from the
existing developed areas in the major basin. The third design point (DP3) is located near the
beginning point of the horizontal curve in Kokopelli Boulevard. The fourth and final design
point (DP4) is located near the end point of the horizontal curve in Kokopelli Boulevard. A
drainage map has been included in this report that displays the location of these points as well as
the other pertinent information necessary for the drainage study of the proposed development.

The method of analysis was to calculate maximum flows at each of the design points from
upstream tributary areas. Four sets of calculations were performed to determine these maximum



flows using the Rational Method. These flows were then in turn utilized to evaluate the
performance of the proposed storm drain system. For the underground storm drain line in
Kokopelli Blvd., the program StormCad (StormCad) was used to calculate the resulting
hydraulic grade lines using flows determined from the Rational Method equations.

B. Hydrology:

Stormwater runoff values for the 2-year and 100-year events were quantified using the Rational
Method as detailed in Section VI "Hydrology" of the Joint City of Grand Junction, Mesa County,
Stormwater Management Manual (SWMM) dated May 1996. The 2-year and the 100-year
design storms were considered when sizing all proposed drainage features. For excess flow
conveyed by street sections, the City of Fruita Design Standards (Fruita) were utilized to
calculate allowable street flow capacities for the 2-year and 100-year storm events.

According to the Soil Conservation Service soil survey for the Grand Junction Area, the
dominant soil types are Ravola clay loams (R4) and Billings silty clay loams (B¢). Composite
runoff coefficients used in the Rational equation were selected based on the hydrologic soil
group and ground cover and calculations were tabulated on spreadsheets. These spreadsheets
have been included in pages 2-5 of the appendix to this report titled, Composite Runoff
Coefficients.

The times of concentration for various basins were calculated and compiled on spreadsheets
containing formulas found in Appendix E of the SWMM. The maximum times of concentration
used by the Rational Method to determine flow quantities for individual sub-basins at given
concentration points are a cumulative result of overland, curb and gutter, asphalt sheeting and
concrete swale or earthen ditch flow times. The summations for the travel times for each basin
are shown along with the corresponding intensities for the storm events as taken from Appendix
A of the SWMM. These spreadsheets are included in pages 6-15 of the appendix.

The total area for each drainage basin was used in the calculation of runoff. The breakdown of
landscaped areas and impervious areas was derived from information supplied by the project
architect. These areas were added to the area of sidewalks and asphalt paving to yield overall
impervious surface area quantities. These breakdowns have been reproduced on page 1 of the
appendix.

Stormwater runoff quantities for the 2-year and 100-year events were calculated and displayed
on spreadsheets entitled “Runoff Rates”. These spreadsheets have been included in pages 16-24
of the appendix.

C. Hvdraulics:

In the upper, northern areas of the development, stormwater runoff from developed lots will
sheet flow to concrete curb and gutter in parking lots and then into curb and gutter in Kokopelli
Boulevard. The street section of the northern portion of Kokopelli Blvd. will convey
concentrated runoff via curb and gutter to the storm drain line inlets located at design point 4
(DP4).



The maximum allowable ' street flow quantities for a collector street section were taken from
Section 04 of the City of Fruita Design Standards. For the 100-year storm event, these standards
specify that allowable flow occurs when flow reaches the top back of curb. For the 2-year storm
event, the center 24 feet of the street section must remain clear and free of water. Calculations to
determine allowable flow rates were performed with the engineering software FlowMaster
(FlowMaster) for the 100-year event and the modified Manning’s equation for the 2-year event.
The applicable street sections with allowable inundation limits are shown on pages 25 and 26 of
the appendix and the hydraulic calculations are displayed on pages 26 thru 28 of the appendix.

The Inlet Grate Capacities design standards produced by the Neenah Foundry Company
(Neenah) were utilized to determine the number of Type C, single grate inlets required to
intercept curb and gutter flow from Kokopelli Boulevard at design points 3 and 4. For the 2-year
storm event, a flow depth of 0.3 feet was used yielding an inlet capacity of 1.34 cfs for a single,
Type C inlet. For the100-year storm event, a flow depth of 0.5 feet was used yielding an inlet
capacity of 3.15 for a single, Type C inlet. Pages 29 and 30 of the appendix are copies of the
pages used out of the Neenah design standards for the inlet capacity calculations.

The computer program FlowMaster was used to estimate the required pipe sizes for the storm
drain line along Kokopelli Boulevard (pages 31 and 32 of the appendix). For the final analysis of
the system, the program StormCad was utilized to calculate the resulting hydraulic grade line
during the 100-year storm event. These calculations have been reproduced in pages 33 through
38 of the appendix.

The program FlowMaster was used to design the channel that conveys storm water flow from the
outlet junction box at design point 2 to the existing 21 inch diameter pipes at design point 1. The
culvert calculator in the AutoCAD program Land Development Desktop (LDD) was used to
design the culvert passing water beneath the bike path adjacent to Highway 340. These
calculations are reproduced on pages 39 and 40 of the appendix. Finally, the ditch that conveys
storm water runoff from east to west along the southern boundary of the project was also
designed with FlowMaster and these calculations are reproduced on page 41 of the appendix.

Pages 43 and 44 of the appendix display a summary of the storm drain line calculations from the
upper inlets in Kokopelli Blvd. to the existing 21 inch diameter pipes in the lower southwest

corner of the major basin.

D. Floodplain Impacts:

According to the Flood Insurance Rate Maps (FIRM) for the City of Fruita (Community Panel
Numbers 080194 0001-0004) the proposed site for the Kokopelli Commercial Park is outside of
the 100-year flood-plain limits.

w



V. CONCLUSIONS AND RECOMMENDATIONS

A. General Considerations and Overall Compliance

The crniteria for the design of the drainage system for Kokopelli Commercial Park was based
upon the anticipated 2-year and 100-year storm events within the Grand Valley. The Rational
Method was used to calculate maximum flow rates for the design storms and land surface uses
were assumed from current design information supplied by the project architect. All storm water
features were designed to pass the 2-year and 100-year design storm runoff rates using both the
City of Fruita and the City of Grand Junction design standards, whichever were deemed more
conservative or applicable based upon sound engineering judgment.

B. Runoff Rates for the 2 and 100 Year Storm Events

The runoff rates for the 2-year and 100-year storm events at the outlet of the major basin, design
point 1 (DP1) have been reproduced in Table I below.

Table I. 2-Year and 100-Year Runoff Rates for Desion Point 1

Design Storm Event Calculated Flow Rate
(cfs)
2-Year 7.96
100-Year 43.45

The runoff rates used to design the storm drain system have been reproduced in Table II below.

Table I, 2-Year and 100-Year Runoff Rates for all Design Points

| Design Storm Event Design Point Calculated Flow Rate

(cfs)
(Sub-Basin A) | 1.45
2 6.59

2-
2-Year 3 427
4 2.39
(Sub-Basin A) 7.72
2 36.46
100-Year 3 2337
4 13.17

C. Storm Drain System

Features of the overall storm drainage system were designed from flow rates calculated using the
Rational Method. Pages 43 and 44 in the appendix reproduce the calculations used to design the
storm drain system including; design point locations, design flow rates, street capacities, inlet



capacities, inlet flows, bypass flows and cumulative street and storm drain line flows. This table
demonstrates that at the outlet point for the entire major basin, design point 1 (DP1), the
cumulative flow rate for the 100-year storm is 43.5 cfs. The five existing 21 inch diameter
culverts at this location were analyzed for maximum capacity using the Manning’s equation in
FlowMaster (see page 45 of the appendix). At the project drawing specified slope of 0.258 % one
of these pipes can carry a maximum flow of 9.38 cfs. This equates to a total flow of 46.9 cfs
which is 3.4 cfs higher than the anticipated runoff rate for the 100-year storm event. Therefore
these pipes have adequate capacity to carry the anticipated storm event.
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KOKOPELLI COMMERCIAL PARK
Land Use Areas

Lot# Total Area Landscape impervious

1 79828 13571 66257

2 52392 7859 44533

3 49259 12315 36944

4 33173 4976 28197

5 32983 4947 28036

6 59702 8955 50747

7 42701 6405 36296

8 55172 8276 46896

9 55324 8299 47025

10 228741 34311 194430

11 63726 12745 50980

12 55511 11102 44409

13 54483 10897 43586

14 54642 10928 43714

15 34565 5185 29380

16 47855 7178 40676

17 43563 6534 37028

1043620 174483 869134

Basin K 706543 307024 399519

Basin Lots % Landscape % Impervious Area, A A Landscape A lmp.
(Acres)

A 7.8,9,10 15.00% 85.00% 6.81 1.02 5.79
B 7,8 15.00% 85.00% 0.50 0.08 0.42
C 8,9 15.00% 85.00% 0.52 0.08 0.44
D 9,10 15.00% 85.00% 0.59 0.09 0.50
E 10,11 16.09% 83.91% 2.75 0.44 2.31
F 6 15.00% 85.00% 0.18 0.03 0.15
G 5 15.00% 85.00% 0.17 0.03 0.14
H 4,5 9.76% 90.24% 2.77 0.27 2.50
| 2,3 19.85% 80.15% 2.80 0.56 2.24
J Street 0.00% 100.00% 0.58 0.00 0.58
K Visitor Center + 43.45% 56.55% 16.22 7.05 9.17
L 12,13,14,15 19.13% 80.87% 5.33 1.02 4.31
M 1,16,17 15.93% 84.07% 3.58 0.57 3.01
N Open space 100.00% 0.00% 0.46 0.46 0.00
O Street+Swale 68.00% 32.00% 0.52 0.35 0.17
P Street+Swale 68.00% 32.00% 0.44 0.30 0.14

44.22
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Kokopelli Blvd. 100 Yr Street Capacity
Worksheet for Irregular Channel

Project Description

Project File c:\fmw-old\koko.fm2

Worksheet 1/2 Street Flows 1l

Flow Element Irregular Channel

Method Manning's Formula

Solve For Discharge

Input Data

Channel Siope 0.005300 ft/ft

Water Surface Elevation 100.52 ft

Elevation range: 100.00 ft to 100.52 ft.

Station (ft) Elevation (ft) Start Station End Station Roughness
5.50 100.52 5.50 7.51 0.016
6.00 100.50 7.51 25.51 0.018
6.08 100.00
7.50 100.12
7.51 100.16
25.51 100.52

Results

Witd. Mannings Coefficient 0.017

Discharge 8.17 ft*ls

Flow Area 3.92 ft?

Wetted Perimeter 20.48 ft

Top Width 20.01 ft

Depth 0.52 ft

Critical Water Elev. 100.49 ft

Critical Slope 0.007440 ft/ft

Velocity 2.08 ft/s

Velocity Head 0.07 ft

Specific Energy 100.59 ft

Froude Number 0.83

Full Flow Capacity 8.17 ft¥ls

Flow is subcritical.

Mar 17, 2000 None FlowMaster v4.1c
08:16:24 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 10of 1



Kokopelli Bivd. 100 Yr Street Capacity
Cross Section for Irregular Channel

28

Project Description

Project File c:\fmw-old\koko.fm2

Worksheet 1/2 Street Flows Il
Flow Element Irreguiar Channel
Method Manning's Formula
Solve For Discharge

Section Data

Witd. Mannings Coefficient
Channel Slope

Water Surface Elevation
Discharge

0.017

0.005300 fu/ft
100.52 ft

8.17 ft3/s

Mar 17, 2000

08:17:15

100.55

100.5--0\

100.45¢--

100.4} - -

100.35} - -

(ft)

100.3}

100.25} - -1

Elevation

100.2} - -1

100.15¢--

100.1}--

100.05¢--

100.0

[
[
[
[
[
[
[
[
[
[
'
'
[

PR e T SR
'
'
t
[l
1
[
[l
[
[
[
[
[
[
'
[l

e el i T
[
|
1
'
:
1
[
[
[
[
[
[
'
'
1

IR R
1
[
‘
1
[l
[l
1
[
v
1
[
[
¢
¥
L

R i
|
4
'
1
1
[l
[
[
t
[l
[
[
§
|
L

5.0 15.0

Haestad Methods, Inc.

Station  (ft)

None
37 Brookside Road Waterbury, CT 06708

o

20.0 2

FiowMaster v4.1c

(203) 755-1666 Page 1 of 1



THEORY:

The velocity of water in a natural or man-made chan-
nel is governed principally by the slope along the axis
of the channel, the shape of the channel cross-section,
and the roughness of the surface in contact with the
water. also known as the wetted perimeter.

The most generally used formula or equation is one
developed by an early hvdraulic investigator by the
name of Manning. This expression is familiar to all hy-
draulic designers and is shown in the following form:

) 1.486 " _
V= R % S 1# where
n
V = Velocity of flow in ft. second
n = Roughness coefficient
R = Hyvdranlic radius—defined as the area ‘wetted

perimeter

S = Slope of the longitudinal axis of channel in
foft
i, .

Where the width of the channel cross-section is rela-
tivelv areat in respect to the depth of flow. the depth
can be used as the value of R. The depth is considered
to be the depth at the curh,

The discharge. QQ in cubic feet per second. is obtained
by multipiving the arcea which, for rectangulur chan-
nels. is width v depthe x the velocity of flow. Thus the

cquation of discharge becomes Q = AV = WDV
where:
1.456
V= D =+S:*then
n
1.486
Q="— WD §::

VWhen the flow in the gutter takes the shape of a tri-
anaular channel the Manning equation has been modi-
fied by Izzard® to include the transverse slope and has
the following form:

o562

Q= == D ** S "= where Z is the reciprocal of

the cross-siope and D is the depth or head (h) in feet.

The 8 3 power of the depth arises from the flow area
being a function of D* This form of the equation
describes the How in a triangular section very accu-
rately and computations of discharge for the test lows
in the approach channel agree very closely with the
actual values.

When the test data are plotted logarithmically for

given longitudinal and transverse slopes a relationshj
between Q and D is observed which closely follows
the manning equation.

If the term ——-—1';1]86 WS is combined to become K’ thig
relation simplifies to Q = K'D** Further consider-
ation of the interception process indicates that the
quantity that can be removed is limited to the water
flowing in that portion of the gutter equal to the grate
width. Minor additions to the grate flow will occur
due to inflow from the side of the grate. No attempt
was made to include a factor measuring side flow
since this would unnecessarily complicate the equation.

The discharge through the gutter section equal to the
grate width similarly has a discharge-depth relation
which can be expressed by Q = KD™ where K is
unique to the geometry of each grate. Analvsis of the
test data revealed that the discharge did not follow
the slope term (S% closely. therefore a general equa-
tion for each trunsverse slope could not be used. Con-
sequentlv. K values for cach tested combination of
longitudinal and transverse slope for a specific grate
installation were eviduated.

The zeometry of the inlet grate also governs the
capacity of the svstem. Long narrow bars parallel to
the direction of flow ure. with one exception. the most
efficient urrangement. As cross-bars are added to re-
duce size of openings or for strength reasons the
potential capacity of the grate is reduced. Cross-bars
form barriers to the smooth flow of water through the
arate and will often deflect the jet upward. further
interfering with flow through the grate. For a theo-
retical analysis of this action see Guillou®. Fig. 3. page
17. Thick wide bars permit a portion of the flow to
reach the far end of the grate. A grate made up en-
tirelv of cross-bars whose shape is patterned after an
air foil and positioned to turn the flow at an angle with
the vertical is the most efficient geometry available.

Tests were run on all grates using a standard pro-
cedure. Six rates of gutter flow were run for each of
four longitudinal and four different cross-slopes with
a total of 96 separate test points for each complete
grate test. Values of the grate constant “K” were
obtained for each combination of longitudinal and
cross-slope. Each test point was computed and com-
pared with the observed value. Comparison of these
values indicates that an average accuracy of individual
points is about 3% with the maximum deviation being
about =10%. Considering the number of variables
involved and the accuracy with which each could be
observed, the correlation is quite acceptable.



CAT. NO.- R-32464 CAT. NO.-R-3246-4 . 30
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24" Diam. Pipe from DP4 to DP3
Worksheet for Circular Channel

Project Description

Project File c:\fmw-old\koko.fm2

Worksheet Storm Drain Pipe from DP4 to DP3
Flow Element Circular Channel

Method Manning's Formula

Solve For Discharge

input Data

Mannings Coefficient

Channel Slope

0.012

0.005000 ft/ft

Depth 2.00 ft

Diameter 2.00 ft

Results

Discharge 17.33 ft3/s

Flow Area 3.14 ft?

Wetted Perimeter 6.28 ft

Top Width 0.00 ft

Critical Depth 1.50 ft

Percent Full 100.00 %

Critical Slope 0.006009 ft/ft

Velocity 5.52 ft/s

Velocity Head 0.47 ft

Specific Energy FULL ft

Froude Number FULL

Maximum Discharge 18.64 ft¥/s

Full Flow Capacity 17.33 ft*/s

Full Flow Slope 0.005000 fi/ft
Mar 17, 2000 None
08:19:55 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708

(203) 755-1666

3]

FlowMaster v4.1¢
Page 1 of 1



30" Diameter HDPE Pipe from DP3 to DP2
Worksheet for Circular Channel

Project Description

Project File c:\fmw-old\koko.fm2

Worksheet Storm Drain Pipe from DP3 to DP2
Flow Element Circular Channel

Method Manning's Formuia

Solve For Discharge

Input Data

Mannings Coefficient

Channel Slope

0.012

0.005000 ft/ft

Depth 2.50 ft
Diameter 2.50 ft
Results
Discharge 31.42 ft¥/s
Flow Area 4.91 ft2
Wetted Perimeter 7.85 ft
Top Width 0.00 ft
Critical Depth 1.91 ft
Percent Full 100.00 %
Critical Slope 0.005766 ft/ft
Velocity 6.40 ft/s
Veiocity Head 0.64 ft
Specific Energy FULL ft
Froude Number FULL
Maximum Discharge 33.80 ft¥/s
Full Flow Capacity 31.42 ft¥/s
Full Flow Slope 0.005000 ft/ft
Mar 17, 2000 None

08:21:22

Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708

(203) 755-1666

32

FlowMaster v4.1c
Page 1 of 1
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Combined Pipe/Node Report

34

Pipe | Upstream | Downstream | Length inlet Section | Capacity | Average | Upstream | Downstream | Constructed | Description
Node Node (ft) Discharge | Size (cfs) Velocity Invert Invert Slope
(cfs) (ft/s) | Elevation | Elevation (ft/ft)
{ft) (ft)
P-5 |I-5 Outlet 103.00 0.00124 inch 12.55 3.27| 4,483.75 4,483.27 0.004660
P-1 11 -2 174.00 0.00| 24 inch 17.43 4.19] 4,486.05 4,48517 0.005057
P-2 |I-2 -3 183.00 0.00{24 inch 17.47 4.19| 4,485.17 4,484 .24 0.005082
P-3 [I1-3 -4 605.00 0.00] 30 inch 31.44 4.76| 4,483.74 4,480.71 0.005008
P-4 |1-4 Outlet 65.00 0.00§ 30 inch 30.19 5.10] 4,480.71 4,480.41 0.004615

Project Title: Kokopelli Commercial Park
clhaestadistmcikoko.stm
03/20/00 02:43:20 PM

Haestad Methods, Inc.

Thompson Langford Corp

37 Brookside Road Waterbury, CT 06708

(203) 755-1666

Project Engineer: GJM

StormCAD v1.0
Page 1 of 1



Node Report
Node | Known | Ground Rim HGL in | HGL Out
Fiow | Elevation | Elevation (ft) (ft)
{cfs) (ft) (ft)
1-5 10.27| 4,489.35| 4,489.35| 4,488.07| 4,488.07
1-1 13.17] 4,491.98| 4,491.98| 4,491.28| 4,491.28
-2 13.17| 4,491.04| 4,491.04| 4,490.78] 4,490.61
-3 23.37| 4,490.19] 4,490.19! 4,490.08| 4,489.87
-4 25.02| 4,490.43| 4,490.43] 4,488.20] 4,487.96
Outlet N/A| 4,487.75| 4,487.75| 4,487.75| 4,487.75

Project Title: Kokopelli Commercial Park
c:\haestad\stmcikoko.stm
03/20/00 02:45:50 PM

Thompson Langford Corp

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708

(203) 755-16686

35

Project Engineer: GJM
StormCAD v1 0
Page 1 of 1



36

Pipe Report

Pipe | Discharge | Length | Constructed | Section | Roughness | Capacity | Upstream | Downstream | Upstream | Downstream [ Upstream | Downstream

(cfs) (ft) Slope Size (cfs) Invert Invert Ground Ground HGL HGL

(fUft) Elevation | Elevation | Elevation| Elevation (ft) (ft)

(ft) {ft) (ft) ()

P-5 10.27{ 103.00 0.004660 | 24 inch 0.016 12.55| 4,483.75 4,483.27| 4,489.35 4,487.75| 4,488.07 4,487.75
P-1 13.17| 174.00 0.005057 | 24 inch 0.012 17.43| 4,486.05 4,485.17| 4,491.98 4,491.04| 4,491.28 4,490.78
P-2 13.17| 183.00 0.005082 | 24 inch 0.012 17.47| 4,485.17 4,484.24| 4,491.04 4,490.19| 4,490.61 4,480.08
P-3 23.37) 605.00 0.005008 | 30 inch 0.012 31.44| 4,483.74 4,480.71| 4,490.19 4,490.43| 4,489.87 4,488.20
P-4 25.02] 65.00 0.004615|30 inch 0.012 30.19| 4,480.71 4,480.41| 4,490.43 4,487.75| 4,487.96 4,487.75

Project Title: Kokopelli Commerciai Park
cihaestad\stmci\koko.stm
03/20/00 02:41:37 PM

Haestad Methods, Inc.

Thompson Langford Corp

37 Brookside Road Waterbury, CT 06708

(203) 755-1666

Project Engineer: GJM
StormCAD v1.0

Page 1 of 1




Beginning Calculation Cycle

37

Discharge: 13.17 cfs at node I-1
Discharge: 13.17 cfs at node I-2
Discharge: 23.37 cfs at node 1I-3
Discharge: 25.02 cfs at node I-4
Discharge: 10.27 cfs at node I-5
Discharge: 35.29 cfs at node outlet
Beginning iteration 1

Discharge: 13.17 cfs at node I-1
Discharge: 13.17 cfs at node I-2
Discharge: 23.37 cfs at node I-3
Discharge: 25.02 cfs at node I-4
Discharge: 10.27 cfs at node I-5
Discharge: 35.29 cfs at node Outlet

Discharge Convergence Achieved in 1 iterations: relative error: 0.0
** warning: Design constraints not met.

warning: No Duration data exists in IDF Table

Information: Outlet Known flow propogated from upstream junctions.
Information: P-4 Surcharged condition
violation: P-4 does not meet minimum slope
Information: P-5 Surcharged condition
violation: P-5 does not meet minimum cover
Information: P-3 Surcharged condition
violation: P-3 does not meet minimum cover
Information: P-2 Surcharged condition
violation: P-2 does not meet minimum cover
Information: P-1 Surcharged condition
violation: P-1 does not meet minimum cover

————————————————————— Calculations Complete

constraint.

constraint at downstream end.
constraint at upstream end.
constraint at downstream end.

constraint at downstream end.

Analysis Options *¥

Friction method: Manning's Formula
HGL Convergence Test: 0.001000
Maximum Network Traversals: 5

Number of Pipe Profile Steps: 5
Discharge Convergence Test: 0.001000
Maximum Design Passes: 3

Network Quick View

| Hydraulic Grade I

Label | Length | Size | Discharge | Upstream | Downstream |
P-1 174.00 24 inch 13.17 4,491.28 4,490.78
P-2 183.00 24 1inch 13.17 4,490.61 4,490.08
P-3 605.00 30 inch 23.37 4,489.87 4,488.20
P-4 65.00 30 inch 25.02 4,487.96 4,487.75
P-5 103.00 24 1inch 10.27 4,488.07 4,487.75

——————————— Elevations  ------=-=-----u |

Label | Discharge | Ground | Upstream HGL | Downstream HGL |
I-1 13.17 4,491, 4,491.28 4,491.28
I-2 13.17 4,491.04 4,490.78 4,490.61
I-3 23.37 4,490.19 4,490.08 4,489.87
I-4 25.02 4,490.43 4,488.20 4,487.96
outlet 10.27 4,487.75 4,487 .75 4,487.75
I-5 10.27 4,489.35 4,488.07 4,488.07

Elapsed: 0 minute(s) 1 second(s)

Project Title: Kokopelli Commercial Park
c:'haestad\stmc\koko.stm

23/16/00 05:01:31 PM Haestad Methods, Inc.

Thompson Langford Corp
37 Brookside Road Waterbury, CT 06708 (203) 755-1666

Project Engineer: GJM
StormCAD v1.0
Page 1 of 1
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New Channel from DP 2 to DP1
Worksheet for Trapezoidal Channel

Project Description

Project File c:\fmw-old\koko.fm2
Worksheet New Channel from DP2 to DP1
Flow Element Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient

Channel Slope

0.030

0.005000 ft/ft

Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 2.50 ft
Discharge 36.50 ft¥/s
Resuits

Depth 1.56 ft

Flow Area 11.15 ft2
Wetted Perimeter 12.34 ft

Top Width 11.83 ft
Critical Depth 1.21 ft
Critical Slope 0.015157 ft/ft
Velocity 3.27 ft/s
Velocity Head 0.17 ft
Specific Energy 1.72 ft
Froude Number 0.59

Flow is subcritical.

Mar 17, 2000

09:31:39

Haestad Methods, Inc.

None
37 Brookside Road Waterbury, CT 06708

(203) 755-1666

37

FlowMaster v4.1¢c
Page 1 of 1



Culvert Calculator
Entered Data:

Shape . ...ttt e e e Circular

Number of Barrels ............... 2

Solving for ............. ... ..., Headwater

Chart Number .................... 1

Scale Number .................... 3

Chart Description ............... CONCRETE PIPE CULVERT; NO BEVELED RING ENTRANCE
Scale Decsription ............... GROOVE END ENTRANCE, PIPE PROJECTING FROM FILL
Flowrate ............civiiuuuennn. 36.5000 cfs

Manning's M .....oet i 0.0150

Roadway Elevation ............... 4490.9500 ft

Inlet Elevation ................. 4486 .9500 ft

Qutlet Elevation ................ 4486.7500 ft

Diameter ............c.iiiniiinn... 36.0000 in

LeNngth .ot 40.0000 ft

Entrance LOSS ........vivvennnnn. 0.0000

Tailwater .............c.iiuunon.. 1.1314 ft

Computed Results:

Headwater ....................... 4488.7000 £t From Outlet
SlOPE .. e 0.0050 fc/fc
Velocity ..... ... ... .. .. ... ... 5.8136 fops
DIS- HEAD- INLET OUTLET
CHARGE WATER CCNTROL CONTRCL FLOW NORMAL CRITICAL QUTLET TAILWATER
Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH
cfs £t £t ft in in fps £t fps fc
0.00 4490.10 Q.41 3.15 NAa 0.00 0.00 0.00 0.00 0.00 0.00
1.00 4490.12 0.58 3.17 2 3.88 17.22 2.860 0.32 .21 3.25
2.00 4490.15 0.72 3.20 M2 5.42 17.22 3.12 0.45 1.49 0.37
2.00 4490.18 0.84 3.23 M2 6.60 17.22 3.47 0.55 1.87 0.46
4.00 4490.21 0.94 3.26 M2 7.60 17.22 3.7S 0.63 1.82 0.54
5.00 4490.23 .04 3.28 M2 8.50 17.22 3.99 0.71 1.93 0.50
6.00 4490.2 1.13 3.30 M2 9.32 17.22 4.19 0.78 2.02 0.56
7.00 1490.28 1.21 3.33 M2 10.08 17.22 4.38 0.84 2.12 2.71
8.00 4490.30 1.29 3.35 M2 10.79 17.22 4.54 0.%0 2.20 0.76
9.00 4490.32 1.37 3.37 M2 11.47 17.22 4.70 0.9%6 2.27 0.81
20.00 4490.34 i.44 3.39 M2 12.12 17.22 4,85 1.01 2.34 0.85
1.00 4490.36 1.51 3.41 M2 12.75 17.22 4.98 1.06 2.4 0.89
12.00 4490.39 1.58 3.44 M2 13.36 17.22 5.11 1.22 2.45 0.93
13.00 44590.4 1.65 3.46 M2 13.85 17.22 5.23 1.16 2.50 0.96
14.00 4450.43 1.71 3.48 M2 14.52 17.22 5.35 1.21 2.55 1.00
15.00 4488.75 1.78 1.80 M2 15.09 17.22 5.47 1.26 2.60 1.03
15.00 4490.47 1.84 3.52 M2 15.64 17.22 5.53 1.30 2.64 1.06
17.00 4490.4° 1.20 3.54 M2 16.18 17.22 S.68 1.35 2.65 1.09
18.00 4490.51 1.96 3.56 M2 16.71 17.22 S.7¢ .38 2.73 1.12
19.00 4489.01 2.02 2.06 M2 17.24 17.22 5.89 1.44 2.77 1.15



Drainage Swale at South Property Line

Worksheet for Trapezoidal Channel

Project Description

Project File c:\fmw-old\koko.fm2

Worksheet Drainage Swale at South Property Line
Flow Element Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coefficient

Channel Slope

0.030

0.005000 ft/ft

Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 1.50 ft
Discharge 14.13 ft*/s
Results

Depth 1.12 ft

Flow Area 5.46 ft2
Wetted Perimeter 8.60 ft

Top Width 8.23 ft

Critical Depth 0.85 ft

Critical Slope 0.017202 ft/ft
Velocity 2.59 ft/s
Velocity Head 0.10 ft
Specific Energy 1.23 ft

Froude Number
Flow is subcritical.

0.56

Mar 17, 2000

12.51:04

Haestad Methods, Inc.

None
37 Brookside Road Waterbury, CT 06708

(203) 755-1666

41

FlowMaster v4.1¢
Page 1 of 1



Existing 24" Diameter Pipe along 340
Worksheet for Circular Channel

Project Description

Project File c:\fmw-old\koko.fm2

Worksheet Existing 24" Diameter Pipe Along 340
Flow Element Circular Channel

Method Manning's Formula

Solve For Discharge

Input Data

Mannings Coefficient 0.016

Channel Slope

0.005000 fuft

Depth 2.00 ft

Diameter 2.00 ft

Resuits

Discharge 13.00 ft3/s

Flow Area 3.14 ft

Wetted Perimeter 6.28 ft

Top Width 0.00 ft

Critical Depth 1.30 ft

Percent Full 100.00 %

Critical Slope 0.008794 ft/ft

Velocity 414 ft/s

Velocity Head 0.27 ft

Specific Energy FULL ft

Froude Number FULL

Maximum Discharge 13.98 ft3/s

Full Flow Capacity 13.00 ft¥/s

Full Flow Slope 0.005000 ft/ft
Mar 16, 2000 None
1037 14 Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708

(203) 755-1668

FlowMaster va.1¢
Page 1 of 1
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One Existing 21 Inch Diameter Pipe
Worksheet for Circular Channel

Project Description

Project File c:\fmw-old\koko.fm2

Worksheet 1- 21 inch diameter pipe at 0.258%
Flow Element Circular Channel

Method Manning's Formula

Solve For Discharge

Input Data

Mannings Coefficien
Channel Slope

t 0.012

0.002580 ft/ft

Depth 1.75 ft
Diameter 1.75 ft
Resuits

Discharge 8.72 ft*/s
Flow Area 2.41 ft?
Wetted Perimeter 5.580 ft
Top Width 0.00 ft
Critical Depth 1.10 ft
Percent Full 100.00 %
Critical Slope 0.005008 ft/ft
Velocity 3.62 ft/s
Velocity Head 0.20 ft
Specific Energy FULL ft
Froude Number FULL

Maximum Discharge 9.38 ft*/s
Full Flow Capacity 8.72 ft*s
Full Flow Slope 0.002580 fu/ft

NMar 20, 2000
11:38:57

Haestad Methods, Inc.

None
37 Brookside Road Waterbury, CT 06708

(203) 755-1666

FlowMaster v4.1c
Page 1 of 1
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Exhibit A-

8ELMONT
BELMORE
8ELPRE
BELSAC
B8ELTED
8ELTON
BELTRAMI
BELTSVILLE
BELUGA
BELUGA,
SLOPING
BELVOIR
9ELZAR
8EMIDJI
3EN LOMONO
BENCHLEY
BENCLARE
3ENCO
BENDER
BEND I RE
BENEVOLA
BENEVAR
BENFIELD
FENGAL
SENGE
BENMHAM
BENIN
BENITQ
BENJAMIN
BENKL IN
BENMAN
SENNDALE
BENNINGTON
BENR IDGE
SENSLEY
BENSON
BENTEEN
BENVY
BENZ
S£JR
BEOSKA
BEQTIA
SEQVAVE
BEQAUINN
BERCUMS
9€ROA
SEREA
BERENICETON
BEAGHOLZ
3ERGLAND
3ERGAVIST
2ERGS TROM
9ERGSY IXK
SERING
BERLIT
9ERKS
BERKSHIRE
BERLAXRE
BERLIN
FEAME SA
BERMUOI AN
agANAL
BEANALDO
SERNARD
BEANARD INO
SEANARDS TON
SEANN ILL
9EANICE
BEANING
SERNOY
BERRYLANO
BERAYMAN
BERSON
8EATAG
3ERTELSON
AERTHOUO
agRrlE
BERTQ
BERTCLOTT!
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1, continued: Hydrologic soil groups for United States soils
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Exhibit A-1, continued: ﬁydrologic soil groups for United States soils
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