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Building Load Analysis
A.

General Discussion
Affiliated Engineers, Inc. (AEI) evaluated the current and future load growth of
the campus through existing building data, flow data, UW Staff input, and
projected building growth defined by a separate consulting firm performing a long
range development plan (LRDP) for the UW. The LRDP growth numbers and
development area locations utilized for this evaluation are provided as Table IIIA-1 and shown in Figure III-A-2. Each of these items are also included as an
enlarged version in Appendix III-A along with a preliminary future building layout
plan Figure III-A-3 that was utilized for developing utility corridor configurations.

Table III-A-1 Development Opportunity Site Capacity
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Each highlighted area in Figure III-A-2 correlates to an area defined within the
LRDP that are projected for campus building expansion. Area locations with
respect to the existing campus utilities can be observed from defining the
highlighted areas on this map to maps located within Appendix III-B thru
Appendix III-I. Each of these maps was produced and includes existing utility
locations provided by the UW.
Figure III-A-2

The LRDP projections were identified through year 2050 which was recognized
to be inconsistent in terms of projected growth in the next 20 years of the Utility
Master Planning timeframe. Therefore the values were modified to represent
what the UW Physical Plant Staff had anticipated being a realistic load growth for
the UW campus through the year 2030 for the utilities and systems being
evaluated.
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The final approach of load growth is compared in Table III-A-4 below and
included in Appendix III-A. The left of the table indicates LRDP numbers and the
right indicates Utility Master Plan anticipated growth. Areas are summarized in
kind to the areas presented and the modified projections include anticipated year
ranges. Thermal utilities are included within each area and were determined from
distribution approaches in relation to existing as well as growth densities.
Overall, the projected growth recognized for the next twenty years is
approximately 500,000 sq ft per five year increment equaling approximately 2
million sq ft of projected building growth by the year 2030. Of that growth
approximately 85% of the projected areas are added to the chilled water system
and 100% to the remainder of the utilities. Areas added to the chilled water and
steam systems are highlighted in the purple cells at the end of the table.
Table III-A-4 (Also provided in Appendix III-A)

The adjusted data was then utilized by AEI, CES and ESC to perform an
evaluation of the existing utilities to determine if the utilities in each approximate
area are adequate to support the existing load as well as future growth. This
data enabled recommendations to be performed to potentially renovate, upgrade
or install new utilities to sustain the current and future load growth conditions.
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Heating System Profiles
1.

Current and Annual Load Growth and Consumption Profiles
The UW does not currently incorporate individual building metering to
determine steam consumption and peaks. There is however multiple
meters at the CEP to measure the total steam output of the plant and
individual boilers. The existing building loads were developed by
comparison to a database of similar building types and their historic peak
and diversified load values. The diversified loads were then adjusted to
reflect the peak steam output of the plant.
Peak loads were developed from existing building gross sq ft (GSF)
numbers provided by the UW and then applied to load density values per
building function (classroom, residence hall, research lab, etc.). The
loads were next diversified according to building function. For example,
based on how the buildings operate, research labs are not heavily
diversified (diversity of ± 90%) while libraries and museums are on the
other end of the spectrum (diversity of 60% to 70%). These diversity
factors were then applied across the campus facilities to develop the total
steam output of the CEP. Table III-B-1 indicates the load densities and
diversities selected for use on the campus based on building function.
These values were then applied to each campus building to develop the
values illustrated in Table III-B-2 and III-B-3.
The future projected loads were developed using the same methodology
and are shown in Table III-B-4 and III-B-5.
A summary of the load totals is illustrated in Table III-B-6. To further
represent the existing load in combination with the projected loads the
values defined above were included graphically in Figure III-B-1. The
figure also shows the development in relation to the firm, overall, and coal
capacities of the CEP. This enables further evaluation of system
upgrades and additions necessary to satisfy the campus projected heat
loads.
Tables III-B-2 through B-6 identifies a column number that are in relation
to the information below and where this information was generated from.
1.

Building Numbers: Provided by the UW.

2.

Building Name: Provided by the UW.

3.

Year Built: Provide by the UW.

4.

Building Gross Square Foot: Provided by the UW.

5.

Building Type: Assumed per Building Type and per UW input.

6.

Building Peak Loads: Based on building type in comparison to
Table III-B-1 historic load data.

7.

Building Diversified Loads: Based on building type in comparison
to Table III-B-1 historic load data, and adjusted to approximate
peak campus capacity.
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Table III-B-1
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Table III-B-2
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Table III-B-3
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Table III-B-4
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Table III-B-5

Table III-B-6
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Figure III-B-1

Current and future flow rates were also evaluated through the use of a
load duration curve. A load duration curve represents the existing
system capacity in relation to operational hours of the year that a
capacity occurs. By comparing this curve to equipment capacities it
allows the user to understand the timeframes and risk associated from
inadequate equipment capacities.
Flow metering data provided by the UW was used to develop a load
duration curve represented in Figure III-B-2. The curve indicates loads
vary from peak to minimum loads with no real base load on campus,
typically representing a consistent flat load at the end of the curve. A
base load typically consists of a constant heat or process loads seen on
campus. It is noted that the equipment firm and plant capacity is well
above the current campus loads.
A second load duration curve was created to closely match the existing
campus loads as shown in Figure III-B-3. This graph allows a second
curve to be added to define future load conditions in year 2030 that aid
in sizing equipment within the CEP for options later defined in Section
IV. Within this graph a base load was estimated at approximately
23,000 lb/hour. It is noted that the estimated 2030 loads appear to
exceed equipment firm capacity for approximately 60 hours of the year.
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Figure III-B-2

Figure III-B-3
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Distribution Evaluation
The steam and condensate distribution system was evaluated based on
its physical condition and flow capacity limitations. The physical condition
was evaluated by conducting a field survey of the UW utility tunnels. The
results of that survey are in Section II, Existing Conditions. The flow
capacity limitations were evaluated by using flow modeling software. The
results of the flow modeling with current building loads are located in
Section II, Existing Conditions. The results of the flow modeling with
future building loads are located below.
Fluid modeling of the steam system was performed for a 30 year
estimated build out of the campus. A campus steam distribution map,
developed in AFT, with pipe number designations is shown in Drawing IIIB-2-1a of Appendix III-B referencing specific pipe locations. A complete
output report including pipe flow and pressure data is included in Figure
III-B-2-1b of Appendix III-B. The following is a description of the
information obtained from the fluid modeling performed.
After analyzing the steam distribution system with the existing building
heating loads, it was determined the 70 psig and 12 psig steam services
on the west side of campus could not accommodate any additional
substantial heating loads without boosting the pressure. The 125 psig
main on the east side of the campus can accommodate additional loads
including the loads proposed by the 30 year build out located on the east
side of campus. Options were then developed to accommodate future
loads on the west side of campus, provide practical locations for utility
corridors, alleviate existing limitations on the existing system, and provide
redundancy. The following options were analyzed:
Option 1 – Replace the Following Existing Steam Mains:
•

Replace the 10" piping at P37, outside of the Law Building with a
larger pipe or installing a parallel line.

•

Replace the 10” direct buried piping running west, north of the
fraternities with a larger pipe or installing a parallel line.

•

Replace the 70 psig piping in the tunnel running west to McWhinnie
Hall and College of Engineering Library with a larger pipe or
installing a parallel line.

Option 2 – Install a New Steam Main to West Campus:
•

Install a 10” diameter new high pressure steam main from the CEP
to the west side of campus.
The new piping main routes
underground to the west, north of the cemetery and Lewis St., and
ultimately connects to the existing system at the Lewis St. Alcove.
The new line also serves the “Section A” new development region.

The second option was chosen because of the ability to provide
redundancy, use practical utility corridors, and boost the existing steam
system pressure on the west campus with a connection to the existing
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steam system at the Lewis St. Alcove. This option also reduced the
amount of total piping installed, reducing the amount that needed to be
replaced or have a parallel line installed. The fluid model indicates the
new steam main would add capacity for the future build out on the west
side of campus and reduce the velocity of the steam in the existing
distribution piping that would allow further expansion on this piping.
Fluid modeling of the condensate system was performed for a 30 year
predicted build-out of the campus. A campus condensate distribution
map, developed in AFT, with pipe number designations is shown in
Drawing III-B-2-2a in Appendix III-B referencing specific pipe locations. A
complete output report including pipe flow and pressure data and pump
data is included in Appendix III-B in Figure III-B-2-2b.
After analyzing the condensate distribution system with the existing and
future building heating loads, it was determined the majority of the piping
could accommodate additional load. The model also indicated the pumps
at each building and pumping stations have adequate head to pump the
condensate through the pipes to the condensate receivers. The only
location found to be at or above capacity was the location found in the
existing model before the Willet Pit condensate receiver. The piping
ahead of the condensate receiver at Willet Pit has an increased flow of
317 gpm through it, resulting in an increased velocity of about 14 fps.
The following conclusions were made regarding the future expansion of
the existing steam distribution system to accommodate future loads.
The flow model of the steam system indicated the existing piping on the
west side of the main campus was at capacity and would not
accommodate any more significant building loads. The solution that was
developed was to install a second steam main from the CEP to serve the
future loads on the west side of campus and supplement the existing
installed system. The line would route west, north of the cemetery
towards the west side of the campus. The fluid model of the condensate
system indicated the piping is adequate except for the piping just north of
the fraternities terminating at Willet Pit and the piping just north of
Fieldhouse North. This conclusion is based on having 100% flow from all
of the condensate pumps and gravity lines simultaneously, which is not
really representative of the flow that is likely at one point in time. A
diversified flow would be more realistic. The piping in these areas would
be adequate for the future loads if only 40% of the load ever flowed
through the pipes simultaneously.
A campus map with future areas of build out and potential steam utility
corridors are shown on Drawing III-B-2-3 within Appendix III-B. The
drawing shows approximately where new steam tunnels or direct buried
piping would be located to serve future proposed loads. Table III-B-7 is
provided to illustrate cost for the expansion of the distribution system
through 2030 in current dollars. These corridors should also be
compared to and coordinated to replacement tunnels recommended in
Section II-B-2-c.
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Summary
The CEP boilers appear to accommodate the current loads and projected
growth until approximately year 2020 when the plant firm capacity is
exceeded. Considerations to add capacity through additional equipment,
revise equipment, or revise operations, will need to be evaluated prior to
this timeframe. Preliminary evaluations are included within Section IV,
Part B.
The existing steam distribution system accommodates the current loads,
but cannot accommodate any more significant loads at the West end of
campus in the near future.
An option for an additional utility route is recommended to accommodate
the distribution deficiencies and supplement the existing system on the
west side of campus. The route is proposed to be placed at the south
edge of area C border, directly north of the cemetery limits. The proposed
route accommodates projected growth, future and existing deficiencies,
and a redundant line source of steam that can be installed with minimal
utility upgrades and shutdowns. This recommended option along with
projected growth utility corridor locations are shown in Drawing III-B-2-3
within the Appendix.
Estimates for each option recommendation and utility corridor installation
is provided in Table III-B-7 as present value dollars. Each option and
estimate is preliminary and values are recommended to be evaluated in
detail at the time of installation.
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C.

Chilled Water System
1.

Current and Annual Load Growth and Consumption Profiles
The UW does not currently incorporate building metering to determine
individual building chilled water consumption and peaks. There is
however, a newly added meter (2008) at the CEP to measure the total
chilled water output of the plant. The existing building loads were
developed by comparison to a database of similar building types and their
historic peak and diversified load values. The diversified loads were then
adjusted to reflect the peak steam output of the plant.
The peak loads were developed from existing building gross sq ft (GSF)
numbers provided by the UW and were then applied to load density
values per building function (classroom, residence hall, research lab,
etc.). The loads were next diversified according to building function. For
example, based on how the buildings operate, research labs are not
heavily diversified (diversity of ± 90%) while libraries and museums are
on the other end of the spectrum (diversity of 60% to 70%). These
diversity factors were then applied across the campus facilities to develop
the total chilled water output of the CEP. Table III-C-1 indicates the load
densities and diversities selected for use on the campus based on
building function. These values were then applied to each campus
building to develop the values illustrated in Table III-C-2 and III-C-3.
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The future projected and potential loads were developed using the same
methodology and are shown in Table III-C-4, III-C-5 and III-C-6.
A summary of the load totals is illustrated in Table III-C-7. To further
represent the existing load in combination with the projected loads the
values defined above are included graphically in Figure III-C-1. The
figure also shows the development in relation to the firm and overall
chilled water capacities of the CEP. This enables further evaluation of
system upgrades and additions necessary to satisfy the campus
projected chilled water loads.
Table III-C-2 through C-6 identifies a column number that are in relation
to the information below and where this information was generated from.
1.

Building Numbers: Provided by the UW.

2.

Building Name: Provided by the UW.

3.

Year Built: Provided by the UW.

4.

Building Gross Square Foot: Provided by the UW.

4a. Building Area Cooled by the Chilled Water System: Provided by
the UW.
4b. Building Area Cooled by Local Chillers: Provided by the UW.
4c. Building Area Cooled by Evaporative Cooling Systems: Provided
by the UW.
5. Building Type: Assumed per Building Type and per UW input.
6. Building Peak Loads: Based on building type in comparison to
Table III-C-1 historic load data.
7. Building Diversified Loads: Based on building type in comparison

to Table III-C-1 historic load data and adjusted to approximate
peak campus capacity.
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Figure III-C-1

2.

Distribution Evaluation
The chilled distribution system was evaluated based on its physical
condition and flow capacity limitations. The physical condition was
evaluated by gathering information from the UW regarding the age of the
direct buried piping. The information regarding age of the pipe is located
in Section II, Existing Conditions. The flow capacity limitations were
evaluated by using flow modeling software. The results of the flow
modeling with current building loads are located in Section II, Existing
Conditions. The results of the flow modeling with future building loads are
located below.
Fluid modeling was performed for build-outs of the campus. The campus
was modeled for build-out through year 2015 and again through year
2030. One model was developed for the build-out through year 2015.
Two models were developed for the build-out through year 2030,
including a model with only the CEP serving the cooling loads and
another model with the CEP and a new chiller plant on the west side of
campus serving the cooling loads. The following is a discussion of the
development of the models.
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Initially, the future loads through Year 2015 were connected to the
existing chilled water mains and all of the pumping was provided by
pumps located in the CEP, sized for the future flow. This model is
illustrated in Drawing III-C-2-1a of Appendix III-C. The pump head was
input to match the existing loads to verify if the existing pump head was
adequate to reach the far west end of campus with the additional loads
and branch piping through Year 2015. The results indicated that the head
provided currently should be adequate to serve the system through Year
2015. The head rating on the existing pumps is slightly less than what
the model indicated would be needed, however our estimates for
pressure drop at each building is conservative. The model results also
indicated the pipe diameter of the chilled water mains would be adequate
for the flow. Chilled water pipes are typically sized to not exceed 10 feet
per second (fps) and the model indicated the velocity in some of the pipe
mains did not even reach 8 fps. The complete pipe data results are
provided in Figure III-C-2-1b in Appendix III-C.
The next model was developed to show the results of continuing to serve
the future chilled water loads through Year 2030 from the CEP with the
existing distribution piping and pumps. The model is illustrated in
Drawing III-C-2-1c of Appendix III-C. The results indicated the existing
distribution piping and pumps are not sufficient. The velocity in some of
the piping mains is in excess of 11.5 fps. The pump head required is in
excess of 200 ft while the existing CEP pumps are only rated for 160 ft.
The complete pipe data results are provided in Figure III-C-2-1d in
Appendix III-C.
Another model, which is illustrated in Drawing III-C-2-1e of Appendix III-C,
was developed to add a new chilled water plant on the west side of
campus to supplement the plant at the CEP for the loads added from year
2015 to year 2030. It consisted of 1,600 tons of cooling and associated
pumps capable of producing the same head as the pumps at the CEP.
This model indicated the pump head selected for the new plant would be
adequate and this plant would allow the velocity in the existing chilled
water to be maintained at 10 fps or less. The new plant would make it
possible to continue operating the existing pumps at the CEP. The
complete pipe data results are provided in Figure III-C-2-1f in Appendix
III-C.
The following conclusions were made regarding the future expansion of
the existing chilled water distribution system to accommodate future
loads.
The flow model indicated the existing piping did not have any limitations
with the existing loads and would accommodate additional building loads.
The distribution piping and pump head also should be adequate for the
additional loads through year 2015. However, after year 2015, expansion
of the current chilled water system will be necessary. One option would
be to add all the extra chiller capacity to the CEP, replace the pumps at
the CEP, and replace chilled water piping mains or install parallel mains
to boost capacity. A second option would be to construct a new 1,600 ton
chilled water plant on the west side of campus to serve the loads on that
side of the campus and only add the remainder of the needed chiller
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capacity to the CEP to continue using pumps with the same rated head
as provided now.
This would reduce the flow and velocity in the existing pipes. This solution
would require adding some distribution piping to the existing system
which is outlined in Drawing III-C-2-2 in Appendix III-C. The chilled water
production would also continue at the CEP to serve the loads on the east
side of the main campus. Table III-C-8 is also provided to illustrate cost
for the expansion of the distribution system through 2030 in current
dollars.

3.

Summary
The CEP chilled water system is currently below recommended firm
capacity. The plant can however accommodate campus loads in full if all
equipment is operating and in part if any portion of the system fails.
Plant full load capacity appears to exceed projected growth around year
2015 when the plant overall capacity is exceeded. Considerations will
need to be evaluated around this timeframe to add capacity through
additional equipment and or reduce capacity through revised operations.
Preliminary evaluations are included within Section IV, Part D.
The existing chilled water distribution system accommodates the current
loads, and can accommodate additional loads in the future. The system
does reach a point where its limits are exceeded during the 20 year
growth period which would require replacement of existing infrastructure
and potentially equipment that was installed new in year 2008. The
options evaluated in Section IV, Part D address capacity and distribution
deficiencies.
The recommended options along with projected growth utility corridor
locations are shown on Drawing III-C-2-2 of Appendix III-C.
Estimates for each utility corridor installation are provided in Table III-C-8
as present value dollars. Each option and estimate is preliminary and
values are recommended to be evaluated in detail at the time of
installation.
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Compressed Air System
1.

Current and Annual Load Growth and Consumption Profiles
The UW does not currently incorporate individual building metering to
determine compressed air consumption and peaks. The existing building
loads were developed by comparison to a database of similar building
types and their historic peak and diversified load values. The diversified
loads were then adjusted to reflect the peak compressed air output
generated by the compressors located at the Engineering Building and
the CEP.
The peak loads were developed from existing building gross sq ft (GSF)
numbers provided by the UW which were then applied to load density
values per building function (classroom, residence hall, research lab,
etc.). The loads were next diversified according to building function. For
example, based on how the buildings operate, research labs are not
heavily diversified (diversity of ± 90%) while libraries and museums are
on the other end of the spectrum (diversity of 60% to 70%). These
diversity factors were then applied across the campus facilities to develop
the total compressed air output at the Engineering Building. Table III-D-1
indicates the load densities and diversities selected for use on the
campus based on building function. These values were then applied to
each campus building to develop the values illustrated in Table III-D-2
and III-D-3.
The future projected and potential loads were developed using the same
methodology and are shown in Table III-D-4 and III-D-5.
A summary of the load totals is illustrated in Table III-D-6. To further
represent the existing load in combination with the projected loads the
values defined above were then included graphically in Figure III-D-1.
The figure also shows the development in relation to the firm and overall
compressed air capacity of the campus for non adjusted and adjusted
projections. The adjusted of the compressed air utilized on campus due
to Control upgrades and reductions of pneumatics on campus.
Table III-D-2 through DB-6 identifies a column number that are in relation
to the information below and where this information was generated from.
1. Building Numbers: Provided by the UW.
2. Building Name: Provided by the UW.
3. Year Built: Provide by the UW.
4. Building Gross Square Foot: Provided by the UW.
5. Building Type: Assumed per Building Type and per UW input.
6. Building Peak Loads: Based on building type in comparison to
Table III-D-1 historic load data.
7. Building Diversified Loads: Based on building type in comparison
to Table III-D-1 historic load data and adjusted to approximate
peak campus capacity.
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Table III-D-6
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Figure III-D-1

2.

Distribution Evaluation
The compressed air system was evaluated based on its physical
condition and flow capacity limitations. The physical condition was
evaluated by conducting a field survey of the UW utility tunnels and the
flow capacity limitations were evaluated by using flow modeling software.
The results of the physical condition and flow modeling are also located in
Section II, Existing Conditions.

3.

Summary
The flow model results with respect to current and future loads, indicate
the existing compressed air utility is adequate to sustain the load growth
of the campus as compressed air is typically comprised of pneumatic
control use which is rapidly declining with the installation of new DDC
control systems as well as renovation and revision of existing building
pneumatics to DDC. Existing control air is assumed to be approximately
60-100% of each buildings control air pending the building use and
potential process loads within the building.
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Where compressed air is required for process use, utility corridors at the
projects discretion will need to be evaluated to determine if appropriate
towards the project economics.

E.

Electrical System
1.

Current and Annual Load Growth and Consumption Profiles
The UW does not currently incorporate extensive building metering to
determine individual building electrical consumption and peaks. While
some of the buildings on campus are equipped with electric revenue
metering, the current building loads were developed using a database of
load data from similar sized campuses for buildings of similar age and
function.
The peak loads were developed from existing building gross sq ft (GSF)
numbers provided by the UW which were then applied to load density
values per building function (classroom, residence hall, research lab,
etc.). The loads were next diversified according to building function. For
example, based on how the buildings operate, research labs are not
heavily diversified (diversity of ± 90%) while libraries and museums are
on the other end of the spectrum (diversity of 60% to 70%). These
diversity factors were then applied across the campus facilities to develop
the total electric KW use. Table III-E-1 indicates the load densities and
diversities selected for use on the campus based on building function.
These values were applied to each campus building to develop the values
illustrated in Table III-E-2 and III-E-3. These demands are estimated peak
building demands which are not diversified from a campus perspective.
Thus the estimated building and campus consumption values when are
typically higher than that actually experienced on campus
The future projected and potential loads were developed using the same
methodology and are shown in Table III-E-4, III-E-5. A summary of the
load totals is illustrated in Table III-E-6.
Table III-E-2 through E-6 identifies a column number that are in relation to
the information below and where this information was generated from.
1. Building Numbers: Provided by the UW.
2. Building Name: Provided by the UW.
3. Campus Feed: Provided by the UW
4. Year Built: Provide by the UW.
5. Building Gross Square Foot: Provided by the UW.
6. Building Type: Assumed per Building Type and per UW input.
7. Building Peak Loads: Based on building type in comparison to
Table III-E-1 historic load data.
8. Building Diversified Loads: Based on building type in comparison
to Table III-E-1 historic load data and adjusted to approximate
peak campus capacity.

III- 35

University of Wyoming
Utility Master Plan

October 30, 2009

Table III-E-1

III- 36

University of Wyoming
Utility Master Plan

October 30, 2009

Table III-E-2

III- 37

University of Wyoming
Utility Master Plan

October 30, 2009

Table III-E-3

III- 38

University of Wyoming
Utility Master Plan

October 30, 2009

Table III-E-4

III- 39

University of Wyoming
Utility Master Plan

October 30, 2009

Table III-E-5

Table III-E-6

2.

General Overview
The loads served by the campus underground primary distribution system
will continue to grow with the addition of facilities as the UW campus
expands. The increase in load can be generalized as a linear relationship
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consistent with previous load growth and building expansion. Growth
rates can be considered in this manner due to the offset between
increased electrical requirements and application of energy conserving
technologies. Increases in load density in new buildings can be attributed
to expansion of technical systems and increased HVAC loads to meet
current building code requirements. For this reason, new buildings that
replace existing facilities one-for-one need not be considered in providing
for load growth in the distribution systems.
Using load densities (expressed in watts per sq ft values) and applying sq
ft expansion values to programmed space expansion requirements,
impact of load increase to the distribution systems can be predicted.
While energy-saving practices and equipment help to reduce demand and
usage for the newer and modified older facilities, the code-driven changes
in building environmental systems (such building exhaust or air handling
equipment) have resulted in a net increase in building load densities. It
should be noted that different load density values should be applied to
housing space as compared to academic and administrative facilities.

3.

Load Analysis
After review of the “Building Electrical Load Estimate” for existing
facilities, loads have been analyzed for specific loop feeds and services
(East and West) by application information reflected on the respective
Campus One-Line Diagrams prepared by ESC as part of the modeling
study in 2004. The values stated and summarized by feeder in the
“Building Diversified Peak Load” column reasonably compare to the
demand loads shown on the One-Line Diagrams for the East and West
service points. Using this data, it can be stated that utilization of both
major systems leave some amount of room for additional loads, but only
with careful application of only those loads in the development plan that
will be completed in the next three to four years. The West service is
more closely loaded to optimum capacity than is the East service.
The two main systems will both require additional interconnected service
points to accommodate new or increased loads. This approach can allow
for new feeder geometry to reduce existing feeder loads and provide new
feeder paths to serve new projects. It is suggested that the practice of
inclusion of the new distribution equipment with feeder loops tying to the
existing service systems be continued into future phases.
In order to direct and control load growth to the primary distribution
system, application of accurate load data is critical. Variations in load
densities will vary greatly for the type of facility being considered. A
laboratory space requires a substantially higher load density than does a
dedicated classroom facility. The individual load densities start with
higher values at the facility and decreases as consideration is given
throughout the distribution system due to diversity between the various
occupancies on a typical college campus application.
The UW might be well-served in considering a modification to their
distribution equipment involving more effective metering to provide more
accurate load data. Installing a power meter on each distribution feeder
would permit the acquisition of more effective load data. Meters with
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communications capability would allow a centralized system residing on a
computer to collect load data, as well as consumption data on a regular
basis and store such data for a predetermined period of time. The stored
historical data could be recalled in the form of a trend chart for load profile
analysis or tabular data for reporting review. Such historical data could
be utilized for more accurate system planning and determination of
required system improvements based on actual system performance and
loads. This is especially helpful in reviewing aggregate load versus noncoincidental load. In addition, power quality (PQ) grade meters could be
used to provide additional data such as harmonics, voltage sag/swell, or
other sub-cycle events or disturbances.

4.

Summary
Application of data collected with regard to loading of feeders and
equipment indicates a margin of expansion that may expected to occur
without major modification. New services to areas within the boundaries
of the existing West and East service areas can serve to expand capacity
and meet the requirements for added building expansion. Drawing III-E4-1 within the Appendix indicates Development Opportunity Sites,
coupled with programmed Diversified Peak Loads, demonstrates the
movement of campus expansion efforts from the west side to the east
side. Some programmed loads in the immediate future can be served
from existing infrastructure if carefully developed and designed to
minimize any chance for system over load.
As development continues to the east and north, expansion into
additional distribution regions may dictate added electrical service points
in those areas. By integrating all of the distribution grids through
interconnection tie feeders and devices, the reliability and load
characteristics can be tailored to meet campus development. Application
of the load flow model, following changes since the initial report of 2004,
will serve to supply more accurate design data in expansion of the
primary service infrastructure.
Estimates for each utility corridor installation is can be determined by
applying approximately $46.50 per linear ft for 15 KV ductbank which
includes two 4” PVC conduits, one circuit with #4/0 three-phase
conductors, concrete encased, and with excavation. This is an estimate
for installed cost without overhead or inflation. Each option and estimate
is preliminary and values are recommended to be evaluated in detail at
the time of installation.

F.

Domestic Water System
1.

Current and Annual Load Growth and Consumption Profiles
The UW does not currently incorporate building metering in all UW
campus buildings. Determination of individual building domestic water
consumption is therefore not possible for some buildings. The current
building loads were developed using a database of water demand data
from similar sized campuses for buildings of similar age and function.
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The peak estimated demand values were developed from existing
building gross sq ft (GSF) numbers provided by UW, which were then
applied to load density values based on building functions (classroom,
residence hall, research lab, etc.). Demands were next diversified
according to building function. For example, based on how the buildings
operate, research labs are not heavily diversified (diversity of ± 90%)
while libraries and museums are on the other end of the spectrum
(diversity of 60% to 70%). These diversity factors were applied across
the campus facilities to develop estimated total peak diversified campus
domestic water demand.
Table III-F-1 indicates the demand densities and diversities selected for
use on the campus based on building function. These values were
applied to each campus building to develop the values illustrated in Table
III-F-2 and III-F-3. The future projected and potential demands were
developed using the same methodology and are shown in Table III-F-4,
III-F-5. A summary of the demand totals is illustrated in Table III-F-6.
These demands are estimated peak building demands which are not
diversified from a campus perspective. Thus the estimated building and
campus consumption values when applied to hours of use are typically
higher than that actually experienced on campus.
Table III-F-2 through F-6 identifies a column number that are in relation to
the information below and where this information was generated from.
1. Building Numbers: Provided by the UW.
2. Building Name: Provided by the UW.
3. Year Built: Provide by the UW.
4. Building Gross Square Foot: Provided by the UW.
5. Building Type: Assumed per Building Type and per UW input.
6. Building Diversified Peak Loads: Based on building type in
comparison to Table III-F-1 historic load data.
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Table III-F-1
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Table III-F-2
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Table III-F-3
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Table III-F-4
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Table III-F-5

Table III-F-6

2.

Distribution Evaluation
The UW campus lies within the boundary of City of Laramie potable water
distribution system Pressure Zone 2. As a result, potable water on
campus is provided by gravity from the Zone 2 above-ground water tanks
located on a ridge immediately east of campus. A boundary between city
Pressure Zone 1 and Pressure Zone 2 is located along a portion of the
west and north campus boundary. Future campus development may
therefore take place in areas that are currently within City Pressure Zone
1. Current City policy typically requires that development within an
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existing pressure zone must utilize the available water supply and water
pressure in that pressure zone. Since Pressure Zone 1 provides lower
water pressure than does Pressure Zone 2, UW may consider
approaching the City regarding future campus expansion into current
Pressure Zone 1. Supplying potable water to all future UW campus
expansion from Pressure Zone 2 would be preferable to supplying
potable water to any future expansion from Pressure Zone 1. A map
showing City of Laramie potable water distribution system pressure zones
is included in Appendix II-F-3.
Maintenance and expansion of the existing campus master water
metering system will be important during future campus expansion. This
metering system provides information regarding campus water
consumption and a basis for UW payment to the City of Laramie for water
that is used on campus. Since master meters simplify the City meter
reading and billing process but do not provide water demand data for
individual buildings, and since individual building water meters are not
expensive, installation of a water meter on each future or remodeled
building is advisable.
In order to assess potential future campus growth and accompanying
potable water distribution system expansion, theoretical new water line
loops were schematically added to the campus WaterCAD® model in the
following areas:
• Flint St. from 9th St. to 15th St.;
• Gibbons St. extension from 15th St. to 19th St.;
• 22nd St. from Grand Ave to Willett Drive;
• 22nd St. from Willet Drive to 19th St.; and
• Ivinson Ave from 9th St. to 15th St.
Fire-flow demand nodes were placed every 400 ft along these anticipated
future water line loops based on typical 400 ft fire hydrant spacing, and a
minimum required fire-flow of 2,000 gpm was again assessed at each
future fire flow node during each modeling scenario. Future additional
average and peak campus daily increases in demand were not included
in future conditions modeling since these demand rates are typically
insignificant in relation to fire flow demand.
The WaterCAD® V8i campus potable water distribution system model
was used to assess both quantities and locations of potential future
campus water demand. Future condition WaterCAD® model output,
including a tabulated scenario summary, a system map, and a tabulated
system fire flow report, is included in Appendix III-F-1. On WaterCAD®
mapping, pipes are color coded by diameter. Fire flow was assessed at
selected nodes in the expanded future water distribution system. Green
nodes on these maps indicate locations at which the model shows that
the expanded future distribution system is capable of delivering adequate
fire flow and pressure. Red nodes on the maps indicate locations where
the model shows that the expanded future distribution system will not be
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capable of delivering adequate fire flow. The future conditions analysis
was completed on the basis of six modeling scenarios, including:
•

Scenario DF-1 – This scenario considered current average
estimated daily campus demand of 500 gpm plus fire flow demand
in existing and anticipated future expansion areas.

•

Scenario DF-2 – This scenario reviewed current peak estimated
daily campus demand calculated on the basis of a 2.72 peaking
factor plus fire flow demand in existing and anticipated future
expansion areas.

•

Scenario DF-3 – This scenario included current peak estimated
daily demand with the addition of a 1,000 gpm demand in the east
portion of campus plus fire flow demand in existing and
anticipated future expansion areas.

•

Scenario DF-4 – This scenario assessed current peak estimated
daily campus demand plus irrigation demand plus fire flow
demand in existing and anticipated future expansion areas, with
all existing 6” diameter campus water lines changed to
hypothetical eight 8” diameter water lines.

•

Scenario DF-5 – This scenario reviewed current peak estimated
daily campus demand plus irrigation demand plus fire flow
demand in existing and anticipated future expansion areas and
with all existing 6 “ diameter water lines changed to hypothetical
10” diameter water lines.

As was the case with existing condition WaterCAD® model runs, fire flow
demand was developed and evaluated concurrently with average and
peak daily campus water demand. In several locations, fire flow demand
was applied to a node that is located in close proximity to an actual
hydrant location due to the inability to include more than a specified
number of nodes in the model.
WaterCAD® modeling of campus water demand under future conditions
indicated that:
•

Future 10” diameter water mains should provide adequate fire flows
and pressures in areas of anticipated future expansion under
average daily, peak daily, and peak daily plus irrigation flow
analyses;

•

Theoretical replacement of existing 6” diameter campus water lines
with 8” diameter water lines eliminated six out of 17 of the fire flow
demand nodes that were shown under existing condition modeling to
be incapable of meeting fire flow requirements; and

• Theoretical replacement of existing 6” diameter campus water lines
with 10” diameter water lines eliminated all 17 of the fire demand
nodes that were shown under existing condition modeling to be
incapable of meeting fire flow requirements.
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Summary
Future expansion of the UW campus will likely result in increased demand
from an existing potable water distribution system that currently fails to
meet theoretical fire flow demand criteria on much of the campus. Future
water demand could result in increased flow rates and inadequate
pressures in areas of campus that are currently served by undersized
water mains, such as the east campus student housing area, as well as
areas where existing water service lines do not exist. Enlargement of
existing campus water mains and design and construction of new water
lines will be should meet campus requirements and conform to City of
Laramie requirements and specifications. The WaterCAD® modeling
analyses that are described above could serve as a basis for future water
line routing and sizing.
.

G.

Irrigation Water System
1.

Current and Annual Load Growth and Consumption Profile
The current and future load growth of the campus was evaluated through
existing campus data and UW staff input based on irrigation zone nozzle
flow densities and known flow rates of each campus well that supplies
water to each zone. These values were utilized within the flow models
described below.

2.

Distribution Evaluation
The existing core campus irrigation water distribution system consists of
approximately 44,450 lineal ft of pipe of varying diameters and materials
that receive water primarily from one campus water well. The distribution
system is complex, contains a variety of types of components, is operated
largely on the basis of past experience, and is not fully documented or
understood by UW staff. As noted previously, the current campus
irrigation system source of supply consists of a single campus water well.
This well produces from 400 gpm to 500 gpm, which is distributed by
campus staff to a number of irrigation zone during various time
increments. Lack of at least one additional, comparable, and redundant
source of supply for the irrigation water system presents a major risk in
that, should the existing water supply well fail or become inoperable for a
significant period of time, campus irrigation operations would be
significantly impacted. Lack of redundancy in the campus irrigation water
supply system is a serious issue. Without at least one additional reliable
irrigation water source of supply, it is likely only a matter of time before a
crisis occurs in campus irrigation operations due to lack of an adequate
quantity of irrigation water.
Evaluation of future irrigation system expansion focused on addition of
new or rehabilitated UW-owned water well sources of supply and
expansion of the irrigation water distribution system into areas of potential
future campus growth. Future condition analysis was completed by
modifying and running the existing condition campus irrigation system
WaterCAD® V8i model. Output from each future conditions modeling
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scenario included a WaterCAD®-generated tabulated modeling scenario
summary, a color-coded modeling map, and a tabulated system pipe and
node summary. On these WaterCAD® maps, red nodes indicate
locations at which the model shows that 60 psig design water pressure
was determined by the model to be unavailable. Dark blue lines on these
maps indicate existing irrigation water mains, and light blue lines
represent future irrigation water mains. These future condition output
documents are included in Appendix III-G-1. The six future condition
WaterCAD® irrigation system modeling scenarios included:
•

Scenario IF-1 – This scenario assessed current peak hour core
campus irrigation water demand plus estimated future west
campus irrigation demand of 10 gpm at each future demand node
with the existing Fine Arts Building water well, the rehabilitated
west campus water well, and one new east campus water well as
the sources of supply.

•

Scenario IF-2 – This scenario included current peak hour core
campus irrigation water demand plus estimated future west
campus irrigation demand of 20 gpm at each future demand node
with the existing Fine Arts Building water well, the rehabilitated
west campus water well, and one new east campus water well as
the sources of supply.

•

Scenario IF-3 – This scenario considered current peak hour core
campus irrigation water demand plus estimated future west
campus irrigation demand of 30 gpm at each future demand node
with the existing Fine Arts Building water well, the rehabilitated
west campus water well, and one new east campus water well as
the sources of supply.

•

Scenario IF-4 – This scenario was based on current peak hour
core campus irrigation water demand plus estimated future east
campus demand of 5 gpm at each future demand node with one
new east campus water well as the source of supply.

•

Scenario IF-5 – This scenario assessed current peak hour core
campus irrigation water demand plus estimated future east
campus demand of 10 gpm at each future demand node with one
new east campus water well as the source of supply.

•

Scenario IF-6 – This scenario reviewed current peak hour core
campus irrigation water demand plus estimated future east
campus demand of 15 gpm at each future demand node with one
new east campus water well as the source of supply.

As was the case during existing condition irrigation modeling, future
condition modeling scenarios as described above were intended to
quantify the available discharge rates at future demand nodes. Minimum
acceptable discharge pressure at each discharge node was 60 psig.
These future condition models included estimated current peak day
campus irrigation water demand and considered the future campus on the
basis of two major zones. The western zone received water from the
existing Fine Arts well, the existing west campus well, the existing well
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located near the engineering building, and a new east well. The eastern
zone received water from a new east well only. The new east well was
modeled to produce required discharge rates at an 80 psig discharge
pressure as does the existing Fine Arts well. Preliminary expanded
system pipe sizing and future condition modeling described above
indicated that:
•

The first of three west campus analyses, Scenario IF-1, assessing
demand of 10 gpm at each of 13 future demand nodes indicated that
the existing Fine Arts water well and the rehabilitated west well
should discharge at 364 gpm and 194 gpm, respectively, the existing
water well that is located near the engineering building will not
discharge, and that each of the 13 future demand nodes should be
capable of discharging at varying rates of flow and at a minimum 60
psig pressure;

•

The second of three west campus analyses, Scenario IF-2,
assessing demand of 20 gpm at each of 13 future demand nodes
indicated that the existing Fine Arts water well and the rehabilitated
central well should discharge at 394 gpm and 250 gpm, respectively,
the existing water well that is located near the engineering building
will not discharge, and that each of the 13 future demand nodes
should be capable of discharging at a minimum 60 psig pressure;

•

The third of three west campus analyses, Scenario IF-3, assessing
demand of 30 gpm at each of 13 future demand nodes indicated that
the existing Fine Arts water well and the rehabilitated west campus
well should discharge at 418 gpm and 277 gpm, respectively, with an
additional 32 gpm discharge from the existing well that is located
near the engineering building, and that each of the 13 future demand
nodes should be capable of discharging at a minimum 60 psig
pressure;

•

The first of three east campus analyses, Scenario IF-4 assessing
demand of 5 gpm at each of 23 future demand nodes, indicated that
required future east water well discharge will be 413 gpm and that
each of the 23 future demand nodes should be capable of
discharging at a minimum 60 psig pressure;

•

The second of three east campus analyses, Scenario IF-5 assessing
demand of 10 gpm at each of 23 future demand nodes, indicated that
required future east water well will discharge at a rate of 448 gpm
and that each of the 23 future demand nodes should be capable of
discharging at a minimum 60 psig pressure; and

•

The third of three east campus analyses, Scenario IF-6, assessing
demand of 15 gpm at each of 23 future demand nodes, indicated that
required future east water well discharge will be 563 gpm, and that
six of the 23 future demand nodes, which are located at the
northeast end of campus where current irrigation utilizes City water,
will not be capable of discharging at a minimum 60 psig pressure.

The apparent successful operation of the future condition campus
irrigation system will likely depend upon adequate and redundant source
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water production as well as proper design of extended irrigation water
mains.

3.

Summary
The existing UW campus irrigation system will presumably be expanded
concurrently with future campus facility expansion. Future condition
modeling completed during this project indicated that, with proper pipe
sizing and the construction and/or rehabilitation of additional irrigation
water wells, expanded areas of the campus can be irrigated efficiently
and without reliance on use of potable City of Laramie water.
Continuation of current irrigation system operating procedures, including
operation of three separate campus irrigation systems by three separate
groups of UW staff and lack of accurate understanding of or standard
operating procedures for the campus irrigation system, will not be
resolved by expansion of the irrigation distribution water well and pipeline
system.

H.

Sanitary Sewer System
1.

Current and Annual Load Growth and Consumption Profiles
UW does not currently own or operate sanitary sewer flow metering
systems to quantify individual building sanitary sewer discharges. Current
estimated building sanitary sewer discharges were developed using a
database of load data from similar sized campuses and for buildings of
similar age and function.
The peak discharges were developed from existing building gross sq ft
(GSF) numbers provided by UW, which were then applied to discharge
density values based on building function (classroom, residence hall,
research lab, etc.). Discharges were next diversified according to building
function. For example, based on how the buildings operate, research
labs are not heavily diversified (diversity of ± 90%) while libraries and
museums are on the other end of the spectrum (diversity of 60% to 70%).
These diversity factors were then applied across the campus facilities to
develop the total peak diversified campus sanitary sewer discharge rates.
Table III-H-1 indicates the discharge densities and diversities selected for
use on the campus based on building function. These values were
applied to each campus building to develop the values illustrated in Table
III-H-2 and III-H-3. The future projected and potential loads were
developed using the same methodology and are shown in Table III-H-4,
III-H-5. A summary of the estimated total discharges is illustrated in
Table III-H-6. These flows are peak building discharges which are not
diversified from a campus perspective. Thus the building and campus
discharge values when applied to calculated hourly discharge values are
typically higher than those actually experienced on campus.
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Table III-H-2 through H-6 identifies a column number that are in relation
to the information below and where this information was generated from.
1. Building Numbers: Provided by the UW.
2. Building Name: Provided by the UW.
3. Year Built: Provide by the UW.
4. Building Gross Square Foot: Provided by the UW.
5. Building Type: Assumed Per Building Type and per UW input.
6. Building Diversified Peak Loads: Based on building type in
comparison to Table III-H-1 historic load data.
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Table III-H-1
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Table III-H-2
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Table III-H-3
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Table III-H-4
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Table III-H-5

Table III-H-6

2.

Distribution Evaluation
The existing UW campus sanitary sewer collection system comprises a
portion of the City of Laramie sanitary sewer collection system. The
campus sanitary sewer collection system discharges by gravity into the
City collection system at several points. Future campus expansion is
anticipated to occur adjacent to or near existing areas of the campus and
within the corporate limits of the City of Laramie. Existing or expanded
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sanitary sewer collection system facilities will therefore serve future
campus expansion.
Specific future anticipated campus expansion areas have been defined by
AEI and are summarized in Table II-H-1 in Appendix III-H-1. Table II-H-1
also includes AEI-generated estimated future domestic sanitary sewerage
discharges from each area of anticipated campus expansion. Evaluation
of the impacts of this estimated future campus expansion was completed
using the open channel flow analysis tool in the “Look Up” tab of the
sanitary and storm sewer facility spreadsheet that is printed in Appendix
II-H-2. A map showing the locations of modeled sanitary sewer lines in
relation to anticipated future development areas is also included in
Appendix III-H-1.
Open channel flow analysis using the campus sanitary sewer system
spreadsheet model was completed for one critical reach of existing
sanitary sewer line that is located immediately downstream of each of the
areas within which future additional estimated sanitary sewerage
discharges have been estimated. The portion of calculated full-flow pipe
conveyance capacity that each additional estimated future discharge
represents was then calculated. If the ratio of estimated future discharge
to full-flow pipe capacity was low - say, less than 0.10 or 10% of full-flow
pipe capacity - it was assumed that the existing sanitary sewer collection
system will suffice during future development with no changes. If the ratio
of estimated future discharge to full-flow pipe capacity exceeded 0.10 or
10%, it was assumed that future development may require expansion or
other modification of the existing sanitary sewer collection system. The
higher the ratio of estimated future discharge to full-flow pipe capacity, the
higher the level of risk regarding the adequacy of the existing sanitary
sewer collection system was assumed to be.
As shown in Table II-H-1, the following future development may
significantly impact existing sanitary sewer conveyance facilities:
•

For long term development in future development Area A, the area
immediately north of Lewis St., the ratio of future discharge to fullpipe flow capacity is 0.60 in the existing 8” sanitary sewer that is
located north of campus under 11th St.;

•

For service and maintenance future development in Area C, the ratio
of future discharge to full-pipe flow capacity is 0.14 in the existing
north-flowing 8” sanitary sewer that is located just north of 15th St.;
and

•

Based on combined estimated discharges in future development
Area G, the East Campus academic area, the ratio of future
discharges to full-pipe flow capacities is 0.58 in the existing
southeast-flowing 8” sanitary sewer line that is located near this area

Modeled reaches of sanitary sewer line are shown on Map 1 in Appendix
III-H-1. Future sanitary sewer collection system improvements should be
determined based on specific new or remodeled building designs and
could consist of replacing and enlarging selected existing sanitary sewer
lines or constructing new lines. In all cases, reliance on gravity flow and
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avoidance of pumping sanitary sewage should be primary design and
analysis criteria.

3.

Summary
The campus sanitary sewer collection system is a component of the City
of Laramie sanitary sewer collection system. Project analysis of the
potential impacts of estimated future campus development on the existing
sanitary sewer collection system indicates that these impacts should be
relatively few in number. Future enlargement or expansion of the existing
sanitary sewage collection system should be based upon specific building
designs combined with actual campus sanitary sewage flow data.

I.

Storm Sewer System
1.

Current and Annual Load Growth and Consumption Profiles
Current and Annual load growth was performed through evaluating
existing data from UW staff and projected building growth defined by a
separate consulting firm performing a long range development plan
(LRDP) for UW. The existing data consisted of current UW maps that
included information on existing buildings and both impermeable and
permeable surfaces. Projected growth areas were supplied by the LRDP
on a map that included projected growth areas, including approximate
building areas and impermeable and permeable surfaces. Discussions
with the UW Physical Plant Staff have also provided insight regarding
problem areas on campus.

2.

Distribution Evaluation
Storm water hydrologic analyses and related hydraulic calculations were
completed for selected basins within and near campus to assess potential
impacts of future campus development on storm water runoff. Modeled
basins were those specified by UW staff as the likely locations of nearterm campus expansion and development. Campus drainage basins that
are currently developed and are not anticipated to be the sites of future
development or expansion were not modeled under future conditions.
Map SW9 in Appendix II-I-1 shows the locations of these basins, which
are listed and discussed below and which include:
i.

The area between Bradley St. and Flint St. and between 9th
St. and 15th St.;

ii.

The area between Ivinson Avenue and Grand Avenue and
between 9th St. and 15th St.;

iii.

The old student housing area at the east end of the campus;

iv.

Basin B21, the power plant – west basin;

v.

Basin B22, the Harney St. – east basin;

vi.

Basin B24, the Animal Sciences – north basin;

vii. Basin B27, the Animal Sciences – southwest basin;
viii. Basin 32, the Art Museum – east basin; and
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ix.

Basin B42, the 15th St./22nd St. – northwest basin.

i. Bradley St./Flint St. area
The Bradley St./Flint St. area is shown on Map SW9 in Appendix II-I-1.
This area is currently full developed either with UW buildings or
residential houses. It is reasonable to assume that, when this area is
owned and fully developed by UW in the future, the impermeable
portion of the area will not be significantly different than is currently the
case. The average impermeable portion of campus drainage basins
that were assessed under current conditions and that are summarized
in Table II-I-1 is about 55%. During this and other analyses of future
campus development, the percent impermeable following full
development was assumed to be 55%. This adjustment typically
resulted in post-development runoff CN values that were higher than
pre-development values and post-development times of concentration
that were lower than pre-development values. As a result, modeled
peak post-development discharge rates for the basins under
consideration were higher than modeled pre-development discharge
rates.
The City of Laramie requires that storm water management during
development results in calculation of a post-development peak storm
water runoff rate during the 100 year storm that is equal to or less than
the pre-development peak storm water runoff rate during the same
storm. Since the Bradley St./Flint St. area is currently developed, the
14.9 cfs current calculated peak runoff rate at the drainage outlet of this
area during the 100 year, 6 hour storm should not change significantly
as a result of future campus development. This fact could be used as
the basis for requesting City of Laramie waiver of required new
detention pond design and construction in this area.
A C3D-generated runoff hydrograph for the 100 year, 6 hour storm over
this area is included in Appendix III-I-1. Calculations are shown in the
Appendix II-I-2 work spreadsheet. Hydrologic data and C3D output
data are summarized in Table III-I-1 below.
ii. Ivinson Avenue/Grand Avenue area
This area is also shown on Map SW9 in Appendix II-I-1. The Ivinson
Avenue/Grand Avenue area is currently full developed with UW
buildings, other buildings, and houses. Like the Bradley St./Flint St.
assessment described above, analysis of this area was based on the
assumption that, when this area is owned and fully developed by UW,
the impermeable portion of the area should not be significantly different
from current conditions and should cover about 55% of the area. The
calculated Ivinson Avenue/Grand Avenue peak discharge of 7.0 cfs
should not change significantly as a result of future campus
development in this area. As with the Bradley/Flint area, this fact could
be used as the basis for requesting City of Laramie waiver of required
new detention pond design and construction in this area during and as
a result of future campus development.
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A C3D-generated runoff hydrograph for this area and the 100 year, 6
hour storm is included in Appendix III-I-1. Calculations are shown in the
Appendix II-I-2 work spreadsheet. Hydrologic data and C3D output
data are summarized in Table III-I-1 below.
iii. Old student housing area
The old student housing area covers approximately 29 acres in the
eastern portion of the campus as shown on Map SW9 in Appendix II-I1. This area is currently fully developed with student residential
structures, which will be demolished and replaced with other UW
facilities in the future. Like the two analyses described above, analysis
of this area was based on the assumption that the impermeable portion
of the area does and will continue to cover about 55% of the area. The
calculated current old student housing peak discharge rate of 9.8 cfs
should not change significantly as a result of future campus
development in this area. Again, this fact may reduce required future
detention pond design and construction in this area.
A C3D-generated runoff hydrograph for this area and the 100 year, 6
hour storm is included in Appendix III-I-1. Calculations are shown in the
Appendix II-I-2 work spreadsheet. Hydrologic data and C3D output
data are summarized in Table III-I-1 below.
iv. , iv., v., and vi. Basins B21, 22, and 24
As shown on Map SW9 in Appendix II-I-1, Basin B21, the power plant –
west basin, discharges into an existing detention pond that is located at
the intersection of 15th St. and Harney St. As is also shown on this
map, nearby basins B20, B20A, B22, and B24 discharge into basin B21
and into the detention pond. These five basins were therefore
assessed together under both existing conditions and projected postdevelopment conditions during the 100 year, 6 hour storm. During this
assessment, flow times were calculated through existing storm sewer
pipes discharging from upstream basins B20A, B22, and B24 into
downstream basins B20 and B21. Since calculated pipe flow times
were short – typically less than two minutes – the five individual basin
hydrographs were combined directly without routing between
hydrographs. The combined hydrograph for each design storm was
then routed through existing Pond B21.
Based on available information and site topography, the predevelopment analysis indicated that Pond B21 should attenuate about
9.0 cfs of combined pond inflow from the 100 year, 6 hour storm to a
peak pond discharge rate of 7.4 cfs with a maximum water depth of
about 1.4 ft. The estimated depth of this pond based on one foot
contours is approximately 2.0 ft. This post-development analysis also
indicated that current pond storage capacity is inadequate to route the
100 year, 6 hour storm through the pond without the pond overtopping.
A site survey of the detention pond area, from which a topographic map
having a 0.2 ft or 0.5 ft contour interval could be prepared, would allow
refinement of both the pre-development and the post-development pond
routing models. Based on this analysis, the pond should be capable of
routing inflow from the pre-development 100 year, 6 hour storm, but the
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calculated amount of peak flow rate attenuation that is provided by the
pond is not significant.
C3D-generated pre-development and post-development runoff
hydrographs for each basin under consideration and combined pre- and
post-development hydrographs for the 100 year, 6 hour storm are
included in Appendix III-I-1. This appendix also contains pond routing
output data. Calculations are shown in the Appendix II-I-2 work
spreadsheet. Hydrologic data and C3D output data are summarized in
Table III-I-1 below.
v. Basin 27
Pre-development and post-development hydrologic analysis of Basin
27, the Animal Sciences – southeast basin, during the 100 year, 6 hour
storm indicated that 1.1 cfs pre-development peak storm water runoff
discharge could increase to about 2.7 cfs post-development peak
discharge. During future development of this basin, storm water
management facilities will likely be required to attenuate the peak postdevelopment discharge rate to a level equal to or less than the predevelopment peak discharge rate.
A pre-development and a post-development C3D-generated runoff
hydrograph for Basin 27 during the 100 year, 6 hour storm are included
in Appendix III-I-1. Calculations are shown in the Appendix II-I-2 work
spreadsheet. Hydrologic data and C3D output data are summarized in
Table III-I-1 below.
vi. Basin 32
Pre-development and post-development hydrologic analysis of Basin
32, the Art Museum – east basin, during the 100 year, 6 hour storm
indicated that 1.4 cfs pre-development peak storm water runoff
discharge could increase to about 4.5 cfs post-development peak
discharge. Storm water management facilities will likely be required
during development of this basin to attenuate the peak postdevelopment discharge rate to a level equal to or less than the predevelopment peak discharge rate.
Pre-development and a post-development C3D-generated runoff
hydrographs for Basin 32 during the 100 year, 6 hour storm are
included in Appendix III-I-1. Calculations are shown in the Appendix III-2 work spreadsheet. Hydrologic data and C3D output data are
summarized in Table III-I-1 below.
vii. Basin 42
Pre-development and post-development hydrologic analysis of Basin
42, the Animal Sciences – southeast basin, during the 100 year, 6 hour
storm indicated that 0.7 cfs pre-development peak storm water runoff
discharge could increase to about 3.3 cfs post-development peak
discharge. As with Basin 27, the Cemetery/Willett St. basin, and Basin
32, the Art Museum – east basin, storm water management facilities will
likely be required during development of this basin to attenuate the
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peak post-development discharge rate to a level equal to or less than
the pre-development peak discharge rate.
Pre-development and a post-development C3D-generated runoff
hydrographs for Basin 42 during the 100 year, 6 hour storm are
included in Appendix III-I-1. Calculations are shown in the Appendix III-2 work spreadsheet. Hydrologic data and C3D output data are
summarized in Table III-I-1 below.
Table III-I-1
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