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DESIGN OF AN UNDERGROUND STORAGE TANK INVOLVING
WATER COLLECTION FOR WATER REUSE TO IRRIGATE THE
CAMPUS GREEN AREA OF THE UAB CAMPUS

ZHUO LI
DEPARTMENT OF CIVIL, CONSTRUCTION, AND

ENVIRONMENTAL ENGINEERING

ABSTRACT

The water supply of the UAB Campus Recreation Center is based on a natural
underground water source, which is being using as swimming pool water. The
underground water is continuously pumped from its foundation in order to avoid flooding
the basement of the Recreation Center. As a result, in addition to the water usage of the
Recreation Center, the additional water pumped underground could be utilized to irrigate
the campus green area.

In this project, the methodology is specifically a case study for the UAB Campus
Green area, and research was performed to analyze the feasibility of whether the pumped
and drained underground water and roof runoff could irrigate the campus green area,
focusing on the irrigation requirements of grass. This project primarily focused on the
hydrological field, based on the fundamental equation of hydrology: P — R —E — T —
G = AS, where P is precipitation, R is runoff, E is evaporation, T is transpiration, G is
groundwater flux, and AS is the change in storage. The possibility of whether the
collected rainwater supplements the demand of grass land irrigation was determined.

To achieve this goal, a rainwater harvesting system was designed, and the use of
Underground Storage Tanks (USTs) was assessed for their ability to store the collected
rainfall water for further usage. This research performed a cost analysis, addressing the



payback period, to explore the feasibility of implementing rainwater harvesting system at
UAB. In addition, a sensitivity analysis addressing precipitation and evapotranspiration
was performed to detect the impact on payback period and tank size. The sensitivity
analysis indicated that there was little influence of changes to precipitation and
evapotranspiration on the payback period.

Overall, the payback period was estimated to be 9.4 years which is little long for a
project. Hence, several possible methods were recommended and discussed to reduce the
payback period. Based on cost alone, it is not worthwhile to implement rainwater
harvesting at UAB. However, as sustainability, environmental friendly option, it may be

good for this application.
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CHAPTER 1

INTRODUCTION

1.1 Water Conservation

Water conservation involves the reduction of water consumption and the
recycling of water and wastewater for other uses, such as cleaning, flushing toilets, or
irrigation. Water conservation is an important concept and aspect in sustainable design
and development. Although the earth has vast quantities of water, fresh water accounts
for only 2.5% of the total water resources (Shiklomanov and Gleick, 1993). The total
volume of renewable freshwater in the global hydrologic cycle is many times more than
is needed to sustain the current world population. However, only about 31% of the annual
renewable water is accessible for human use due to the geographical and seasonal
variation (Postel, 2000; Shiklomanov, 2000; Asano, et al., 2007).

On a global scale, annual water use for irrigation exceeds 65% of the total human
water use. Water usages for industry are approximately 20%, and those for municipal use
are about 10% (Cosgrove and Rijsberman, 2000; Asano, et al., 2007). Universally, the
water resources in different regions and countries are expected to face unprecedented
pressure in coming decades as a result of continuing population growth and uneven
distribution of water and population (WHO, 2000; Asano, et al., 2007). Due to the
limited water available for human consumption, using rainwater is important and a good

option to effectively achieve water conservation opportunities.



1.2 Significance of Water Conservation at the University of Alabama at Birmingham

The University of Alabama at Birmingham (UAB) has many facilities, including
teaching buildings, laboratories, and sporting facilities. Moreover, there is a large, grassy
area on the UAB campus (the campus green area) that needs a great amount of water for
irrigation to maintain the vegetation. The water consumption at UAB in 2008-2009 and
2009-2010 was 697,920 ccf (522,080,416 gallons) and 659,271ccf (493,168,956 gallons),
respectively (Winslett, 2011). With the amount of water usage, the corresponding water
and sewer costs at UAB were $7,025,011 and $6,907,892 in 2008-2009 and 2009-2010,
respectively (Winslett, 2011). With an increasing public awareness of dealing with
sustainability, water conservation and reuse of water are receiving more attention than
ever before. Water conservation can not only reduce the water cost at UAB but also
achieve environmental benefits in protecting the natural water resources.

The UAB Facilities Management Department has taken steps to reduce the energy
consumption in buildings. Through energy audits and conservation, the power
consumption has been reduced dramatically and cost effectively. Similarly, the Facilities
Management Department has taken steps in water conservation techniques. An
underground storage tank (UST) was installed at the University Boulevard Office
Building (UBOB) parking deck to collect the rainwater from the parking deck roof for the
landscape irrigation near the UBOB. The runoff water is collected and drained through
the pipe to the UST, as shown in Figure 1. Water exits into the UST through an inlet pipe
with a spiral water channel that helps to filter sand and mud, as shown in Figure 2.
Rainwater is pumped from the UST in order to water the shrubs next to the UBOB

parking deck. Figure 3 shows the shrub area near the UBOB parking deck receiving



irrigation. However, due to the pipe exposure in the open air, the system is closed in
order to avoid the risk of freezing because the temperature in Birmingham area can be

below 32°F during the winter season.

Figure 1. Pipe Line in the UBOB Parking Deck.



Figure 2. Rainwater Inlet.

037087205l

Figure 3. Shrubs near the UBOB Parking Deck.



1.3 Rainwater Collection Technology

The collection of rainwater runoff from building and household roofs is the most
common method of harvesting rainwater (Gould and Nissen-Petersen, 1999). The
rainwater harvesting has many advantages. First of all, rainwater harvesting can reduce
the runoff volume from precipitation. Second, collected rainwater is a good water source
for emergency use. Third, rainwater harvesting is sustainable and environmentally
friendly. Finally, rainwater harvesting can conserve natural water resources. Considering
climate conditions, collected rainwater can provide water supplements during drought
periods or emergency events. Although harvesting rainwater can be expensive, it can be
used from time to time. However, justification for installing such a system is usually

based upon financial considerations.



CHAPTER 2

STUDY BACKGROUND

2.1 Objective and Scope of the Study

The objective of this study was to analytically investigate each term involved in
the hydrologic cycle for the Campus Green area and the Campus Recreation Center at
UAB. Determining land area and type, and analyzing historical data, the quantity of
rainwater from roof runoff can be estimated as well as the amount of water required for
irrigating the grassy area (Campus Green). To harvest the roof rainwater, a rainwater
harvesting system (RHS) has been introduced for this project. Furthermore, a UST design
combined with rainfall collection and natured underground water sources were performed
to store the water for usage as irrigation based on the natural hydrology. Based on this
information and the actual topography of the UAB Campus Green, the size, number and
locations of USTs were identified. Finally, the economic issues of the project, including
construction costs, were estimated and compared with current costs paid to Birmingham
Water Works. The purpose of this study was to examine a way to reuse rainwater for

water conservation opportunities on the UAB campus benefiting the environment.

2.2 Rainwater Harvesting Investigation at Texas A&M University
Property urbanization increases the impervious area of land, which leads to an

increase of total runoff volume impacting the hydrologic cycle. It also influences the peak



flow volume and concentration time, which affects the generation of high rates of runoff
(Dietz, 2007). For the purpose of generating high runoff volume and using the collected
rainwater for irrigating the local landscape, Saour (2009) performed a feasibility study for
implementing a RHS on the west campus of Texas A&M University (TAMU). The study
focused on the efficiency of a RHS to reduce irrigation costs and total campus runoff
volume to White Creek.

A simple RHS was introduced, including an UST for a water collection facility at
TAMU for future irrigation use. One hundred and thirteen buildings, with 60.5 acres of
roof area, were selected for installation of a RHS to reduce runoff volume. Assuming 100%
rainwater collection efficiency over an entire year, 60,850,000 gallons rainwater could be
collected, thereby saving an estimated $406,000.00 per year at $2.44 per 1,000 gallons
(City of College Station, 2008).

For estimating water demands for landscape area and rainwater collection, the
estimate (Saour, 2009) was calculated using the following equations (Persyn, et al., 2008):
SUPPLY (gallons) =P(in) x Areap(ft?) x C X 0.623
DEMAND (gallons) = I(in) X Area;(ft?) x 0.623

where P = the amount of annual rainfall,
Areay = the catchment area,
Area; = irrigated area,
C = the runoff coefficient based on the rational method, which is based on
the roofing material
0.623 = the conversion factor allowing the supply to be calculated in gallons

with the listed units for each variable



| = the water amount needed for properly irrigating the landscape.

This estimation of water demand is not very accurate and only provides a rough
estimate for the water supply and demand. There was no detailed explanation of how the
water quantity for proper irrigation, parameter I, was determined. The water demand for
irrigation should consider weather conditions, soil type, etc. Therefore, the cost saving on
irrigation water cannot be estimated accurately due to insufficient details of exact water-
needs data.

In designing the UST system, two scenarios were developed to compare their
efficiency in conserving water. Both of the two scenarios studied by Saour (2009) were
designed to collect all the annual rainwater. However, scenario one considered the 2-year
peak flow, whereas scenario two was designed with a certain collection capacity for each
storm. Scenario one was likely to achieve maximum rainwater collection with an
obviously larger tank size and higher initial costs. The estimated payback periods for
scenarios one and two were 20 years and 14 years, respectively. The cost and saving data
for installing the rainwater harvesting system conducted by Saour (2009) are summarized

in Table 1.



Table 1. RHS Water Conservation Savings and Cost of Saour’s Study (2009).

Tnitial Coet (5)
RHS Area(d)  Supply(ea) Demand (eal) SupplyDemand Savingperyeawr () Seemarib]l  Scenarin?
1 53456 1233381 1583312 8% 5 ITTHS OIS0 § 12500400
1 152960 1,504 4545 587 % $ 1138556 | § 47654100 §  34B976.00
3 50089 2070458 4621018 45% $ 1138556 5 27635700 § 18974500
4 11545 2,665 891 4518460 5% § 1L10658 |5 35413800 §  136,08200
5 4218 973820 1531845 7% § 6503785 10700 5 99400
§ AR 1788500 3,120,005 0% H N00354[5  BEWIN 5 1T5ATBO0
) 30318 7134 3336717 0% H BIS307| 5 SIBO0 A0
7 7929 1,567852 3.546.400 4% § 5833485 LEAT0 5 1522100

3238 47581 350,960 1% 5 BRLTL| S DOAMO0 5 60500
9 180,758 4172200 11920829 15% 5 12050(§ 5B § 3L
10 U311 572700 1,101,347 52% $ 2681615 B6AIZ00 § 00100
11 090 1584741 3543369 4% $ 350L77|§  2BIE200 § 15210800
12 kL) 825690 3058111 7% § TAR062[ S LIBM600 § 7605400
13 138 83760 1410768 35% § IS TEOM00 § 4071200
14 16187 33626 1524461 3% H 303506( 5 40TIZ00 § 3R01TON
15 401 47035 4,500,691 1% § L5275 B4IT500 5 994400
16 20566 612457 4014452 17% § 10050185 2535200 5 1538200
17 185533 4214816 7834344 54% 5 1935757| 5 4823800 § 3045300
18 31358 735350 1538307 40% $ 454221 11200000 § 7169000
19 052 012352 950,367 6% $ 2313815 11804600 § 8773000
0 0357 43074 1473554 8% $ I632(5 1IBME00 § 87700
1 355 THE10 352,045 1% § BETTR| S BNEN F TR0
1 15044 368017 1,143,002 1% § 1034 471200 5 3BT
3 0054 42804 2,180,682 % $ 530865 SO0BO0 § 4971200
H 81067 1871205 5195755 36% § 1677645 26618000 § 17708000
15 122785 15438 5212417 54% § 1I271830( 5 BLTIO0 5 26368100
% 5823 1344150 1521831 4% H 444551( 5 1706000 § 11804600
il 11212 258306 738,689 34% H 1851205 B0 TSRO0
1 017 134361 110,131 13% § 464725 OO0 5 2758900
» 1431 484580 575,741 B § L4MAL| S S0B00 5 4871200
0 6600 614185 145,360 5% 5 1550685 167600 § 1267600
1 53246 1821501 4977891 1% 5 1IL14605 |5 26368000 § 13609200
£ 0782 470034 775,78 2% $ 1802013 BOSH000 § SOT04.00
3 U3 3388 2,120,564 3% § SITA1B| S 108700 5 TA0400
L1 11788 M08 711,184 3% § 73285 BITN S 2SR
3 101438 2342573 7151600 1% $ 1744003 |5 12606000 § 15607300
1 55447 1270830 3.460,641 I $ BA306| 3 10684000 § 13347000
7 11788 7108 711,184 3% § 54055 ITSATROD § 11631800
Ef 55676 1285128 5085333 15% § 1235941 |5 18040000 § 9096800
» 101821 1332555 10.726.221 0% H WITLSE[ S BOTH0 5 BIKM
# 5233 L7771 3491948 3% § 85270 (5 1931300 § 11804600
4 00436 414233 14 668,418 33% § [0S 925300 5 HTAEN0
2 117004 2700704 6802351 40% § 16507745 36681400 § 24876800
Total 166114 60MTIS0 16344498 § 40600024 § 825628000 § 5787AM00

Adapted from “Implementing Rainwater Harvesting System on the Texas A&M Campus
for Irrigation Purpose: A Feasibility Study” by William H. Saour, 2009. Copyright 2009
by the Name of Copyright Holder. Adapted with Permission.
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With the simulated rainwater harvesting system, Saour (2009) developed a
hydraulic simulation using the Storm Water Management Model (SWMM) (U.S. EPA,
2004) with three precipitation events of 2-yr, 10-yr, and 100-yr 24-hr storms to compare
the storm flow control effect with two conditions: no RHS and scenario one. The results
showed that the rainwater harvesting system failed to achieve significant storm water
control goals.

The research conducted by Saour (2009) on the west campus of TAMU is similar
to the design for the underground storage tank involving rainwater collection on the UAB
Campus Green. However, Saour’s research was only a feasibility study and provided a
general estimation on water supply, demand, initial cost and payback. As a result, the
method used by Saour (2009) cannot be used as a referenced design procedure for the
research at UAB. The application of RHS in this project is focused on a single large city
block; the land type in the research area is pervious, so storm water control is not the
main purpose of this project. Rather, the opportunity for water conservation using RHS

for landscape irrigation is the desired goal.

2.3 The Peace College Study
Peace College performed a preliminary study of RHS implementation on
its campus, which was based on the rainwater harvesting model of the Department of
Biology and Agriculture Engineering (DBAE) at North Carolina State University. Due to
the challenge of record drought in the city of Raleigh, it raised the awareness and

willingness for rainwater harvesting implementation. This project primarily focused on
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the management of storm water runoff and water quality the improvement of the quality
of water discharged from the Peace College campus nearly to the Neuse River.

In their research report (Knight, 2009), a 300,000 gallon underground storage:
treatment facility would be utilized to collect rainwater from a RHS, and the captured
rainwater would be used to irrigate the local landscape. This RHS would replace the
domestic water supply of irrigation; in addition, the storage capacity would help achieve
significant peak volume runoff reduction, nutrient removal and water quality
enhancement. System controls and a monitoring system would be installed to manage
water usage and monitor water quality improvement. In the RHS, a series of gauges was
installed to monitor and record the rainwater captured and available water, and a flow
meter was installed to monitor the water used for irrigation. In addition, a monitoring
station was planned for installation upstream and downstream to monitor the performance

of concerned pollutants removal.

2.3.1 Water Quality Monitoring Objectives

The RHS project was expected to reduce the runoff volume by 50% from the
Peace College campus (Knight, 2009). By utilizing more than 50% of the rainwater of
annual precipitation, approximately 3,000,000 gallons of water were to be utilized for
irrigation and to help restore the natural hydrology in this area. Within the RHS, potential
pollutants loading would be reduced, with nitrogen being of primary interest. By
simulating the RHS model, potentially 60 pounds of nitrogen would be removed based on

the annual base flow (Knight, 2009).
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Rainwater harvesting system may also provide water-quality improvement for the
receiving water stream. It is different from conventional Best Management Practices
(BMPs), which are assigned a pollutant reduction percentage by directly measuring
results from the process. RHS improves the water quality results from the combination of
detention and further irrigation uses. Measuring influent and effluent pollutants loading is
a better way to understand the effect of water quality improvement with RHS. For the
future design, the measured goals and anticipated results for the Peace College Rainwater

Harvest System. They were as follows (Knight, 2009):

Project Goal Measurable Result For Proposed
Project

Develop a low-impact development Completed construction of a rainwater

demonstration site. harvesting system, permeable

pavement walkway, green roof, and
bioretention areas.

Improve water quality of runoff Obtain water quality samples prior to

leaving the campus. construction and compare to those
after construction to demonstrate
improvement.

Recreate pre-development hydrology =~ Measure the quantity of precipitation

by reducing the volume of runoff for each event, as well as the volume

leaving the campus and returning the  of storm water runoff captured for

captured water back to the landscape  each event within the cistern.

areas through irrigation.

Educate visitors at the demonstration ~ Observe visitors at the demonstration

site low-impact development. site and solicit feedback from those
visitors, and measure participation in
workshops and information sessions

Educate people throughout the Measure participation in workshops

community. and information sessions, as well as
website traffic.

Adapted from “Peace College Rain Harvesting System” by Everette H. Knight, 2009.
Copyright 2009 by the Name of Copyright Holder. Adapted with permission.
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The preliminary study of a rainwater harvesting system based on the DBAE in the
North Carolina State University is another RHS application study on a college campus.
However, besides using rainwater for irrigation, the main purpose of that project was to
control the runoff volume and improve the quality of the effluent water discharged to the
connected drainage stream. The preliminary report discussed the effect of water quality
improvement rather than focusing on the water conservation opportunity and water cost
savings (Knight, 2009). Therefore, this research achieved different goals from the

research being performed on the UAB Campus Green.

2.4 The Bangladesh Study

Although the groundwater in Bangladesh involves considerable quantities for
domestic water supply, the high concentration of arsenic in water threatens public health
in urban areas. The rainwater harvesting is a cost-effective technology to help solve this
problem. Therefore, a feasibility study of rainwater harvesting to supply domestic water
needs was performed for Sylhet city (Alam, et al., 2011) as a representative urban area in
Bangladesh.

A total of 44 years of local precipitation data was collected to determine the mean
amount of precipitation for each month. Analysis of the data determined that maximum
rainfall occurred during from April to October. To analyze the potential rainwater
collection from the precipitation, an experimental roof associated with a constructed
storage tank was set up. In this research, the collected rainwater was monitored every 15
days for the feasibility of using water during drought periods. Water characteristics, such

as suspended solids, dissolved solids, turbidity, hardness, biochemical oxygen demand
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(BOD), lead, iron, and e. coli that form microorganisms were identified as parameters
detrimental to water quality (Alam, et al., 2011). To estimate the available rainwater, the
equation (Ahmed and Rahman, 2000) Y= (f <A xR) /1,000 m* was used,

where Y = the amount of water yielded per month

f = the catchment’s efficiency or coefficient of available runoff

R = monthly rainfall (mm)

A = the catchment area in square meters.

By considering 25% of the rainwater loss by evaporation and washing the
catchment area to get quality rainwater, the minimum catchment area with a runoff
coefficient of 0.7 and 2.46 m annual rainfall depth was expressed in the following
equation (Ahmed and Rahman, 2000): A =0.212 g N, where N is the number of people
supplied with q liters per capita per day (Ipcd). A family consisting of five people
consuming 5 liters water capita/day was used as the basis in the study.

The research results indicated that the quantities of harvesting rainwater can fully
fill family water demand (Alam, et al., 2011). The monitoring of the water quality for a
three-month period showed water quality parameters slightly changed during the storage
period that the water quality met the domestic water supply standard. In addition, a brief
cost analysis was performed to compare the water cost of rainwater harvesting with
traditional and private water supply systems. Using the rainwater harvesting system for
daily water supply was significantly lower in cost than a private water supply
(approximately 1/3 the cost) (Alam, et al., 2011).

The feasibility study of rainwater harvesting implementation in Sylhet City,

Bangladesh, involved an application study of the RHS for domestic water supply.
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However, the research is different from the purpose of rainwater harvesting in UAB. The
study of Alam et al. (2011) involves collection of rainwater to replace the public water
supply for daily usage that was a high requirement for water quality. The rainwater
collection project at UAB focuses on the possible quantity of rainwater that can be
harvested, which does have requirements in water quantity. Therefore, the common
points between these two research projects are rainwater harvesting, so the Alam et al.’s

study (2011) can provide an idea for rainwater harvesting quantity estimation.
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CHAPTER 3

HYDROLOGIC ANALYSIS

The hydrologic cycle is a concept in hydrology. It is a global, sun-driven process

where water is transported from the ocean to the atmosphere to the land and goes back to

the sea. Water is evaporated by the sun, incorporated into clouds as water vapor, falls to

the land as precipitation, and finally finds its way to the atmosphere by a variety of

hydrologic processes (Viessman and Lewis, 2003). The hydrological cycle can be

expressed in terms of six major components: precipitation (P), runoff (R), transpiration

(T), evaporation (E), groundwater flux (G), and the storage changes (AS). Figure 4

illustrates the layout of the hydrologic cycle.
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The hydrologic budget equation is expressed as:
P—R—-E-T—-G=AS

This is the basis of hydrologic modeling, and various applications utilize this
equation.

In this study, the irrigation water source involves the groundwater (G) and rainfall
water (precipitation). The historical precipitation data was investigated to estimate the
quantity of rainwater that could be obtained through the precipitation events by using the
Natural Resource Conservation Service (NRCS) method to calculate the runoff (R)
quantities in different land type. To estimate evaporation and transpiration, the water
quantity lost from turf glass through this process can be determined as well as the amount
of irrigation water. The water pumped from the natural underground source under the
Campus Recreation Center involves the groundwater flow, and the change of the water
pumped for the swimming pool represents the storage changes (AS). Therefore, the entire
study is based on hydrologic cycle modeling to conduct research on the sustainable

design and reuse of water.

3.1 Birmingham Area Climatology
Birmingham is located in a hilly area of north-central Alabama in the foothills of
the Appalachian Mountains. There is a series of southwest to northeast valleys and ridges
in the area. Although summers are long and hot, they are not generally excessively hot.
On a typical mid-summer day, the temperature is nearly 70 degrees at dawn, approach
90° at mid-day, and goes down below 90° during the afternoon. July is normally the

hottest month, with no high humidity added to the atmosphere, but there is little
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difference from mid-June to mid-August. January is normally the coldest month, but
there is not much difference from mid-December to mid-February. Overall, winters are
relatively mild. Even on cold days, it is unusual for the temperature to remain below
freezing all day. Snowfall is erratic and usually melts quickly (Birmingham Weather
Forecast Office, National Weather Service, 2011).

Birmingham has abundant rainfall that is fairly well distributed throughout the
year. However, some of the wetter winter months, plus March and July, have twice the
rainfall of October, the driest month. Summer rainfall is almost entirely from scattered
afternoon and early evening thunderstorms. Serious droughts are generally rare and not
severe. The stormiest time of the year with the greatest risk of severe thunderstorms and
tornadoes is in spring, especially in March and April (Birmingham Weather Forecast

Office, National Weather Service, 2011).

3.2 Site Description

The UAB Campus Green is a huge, open green space designed to be attractive,
safe and used by the university community. The Campus Green area boundary runs with
sidewalk near several facilities, including the Campus Recreation Center, Chemistry
Building, Camp Hall, Heritage Hall, University Boulevard and 10th Avenue South. The
Campus Green has been a part of UAB since 2008 as a part of the traditions in higher
education. The plane figure of the Campus Green is indicated in Appendix A, which
shows the layout of the green area and facilities (University of Alabama at Birmingham,
2011). The UAB Campus Green has over seven acres of green space and major sidewalks

with pedestrian lighting, architectural landscape elements, and a number of trees. The
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Campus Green is bordered by Blazer Hall, the Dining Commons, the Campus Recreation

Center, and Heritage Hall, as shown in Figure 5.

v
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Figure 5. Satellite View of UAB Campus Green.

The UAB campus green is located on a Birmingham city block, which boundary
runs along with University Blvd., 10th Avenue South, 14th Street South and 16th Street
South. The UAB Campus Green goes down with a general trend from the north to the
south in elevation, and the southeast and southwest sides of the block have the highest
elevation. The topography becomes slightly flat closest to University Blvd. The detailed

topography map is shown in Figure 6 highlighted in green. Through the plane map of the
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UAB Campus Green, almost the entire area is covered by grass or trees with the

exception of pathway sidewalks and buildings.
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Source www.mytopo.com/ (2011).

Figure 6. Topographic Map.

An investigation has been done on Web Soil Survey; a brief description of the
research area is listed in Table 2. From the table, the land type of this block is urban land

and, the landform position is side sloped in three-dimensions.
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Table 2. Map Unit Descriptions.

Map Unit Description

Printable Version

Report — Map Unit Description @

Jefferson County, Alabama
44—Urban land

Map Unit Setting

Mean annual precipitation: 48 to 56 inches
Mean annual air temperature: 57 to 64 degrees F
Frost-free period: 180 to 210 days

Map Unit Composition
Urban fand: 95 percent

Description of Urban Land
Setting

Landform: Hillslopes

Landform position {two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex

Across-siope shape: Linear

Interpretive groups
Land capability {(nonirrigated): 8s

Source: Web Soil Survey. NRCS, 2011.

3.2.1 Historical Precipitation Data

On the National Oceanic and Atmospheric Administration (NOAA) website,
three-year monthly historical precipitation data (from 2008 to 2010), for the Birmingham
area, was investigated and are listed in Table 3, along with the overall mean monthly
value. The precipitation data were analyzed to estimate the original amount of rainfall
water. Moreover, a precipitation distribution graph in each year is illustrated in Figure 7.
The precipitation quantity distribution in each month varies by each year and is not
constant (see Figure 7), therefore, it is not simple to determine which month or season is
dry within an individual year. However, it can be seen that September has the least
precipitation within a year with the exception of 2009. In September, the precipitation
quantity is extremely low (less than 0.5 inches in 2008 and 2010). It is the period in
which droughts as most likely in Birmingham. In order to obtain more information, a

graph is developed by using three year mean value and is presented in Figure 8.
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Table 3. Historical Monthly Precipitation (in) Data in Birmingham, Alabama.

Month Year
2008 2009 2010 Mean

January 4.47 6.28 4.01 4.92
February 4.66 5.07 3.14 4.29
March 4.59 6.82 6.91 6.11
April 5.24 2.12 5.3 4,22
May 7.98 6.26 8.82 7.69
June 3.97 3.03 3.29 3.43
July 5.05 7.59 1.13 4,59
August 7.9 4.49 4,79 5.73
September 0.4 10.69 0.43 3.84
October 1.94 7.88 3.7 451
November 2.49 5.33 4.82 4.21
December 6.4 6.1 1.37 4.62

Source: Birmingham Weather Forecast Office, 2011

Rainfall Amout Distribution Chart during Three Year
Period of 2008 to 2010

Precipitation, (inches)

Figure 7. Rainfall Amount Distributions during Three-Year Period.

Based on the graph (Figure 8), besides September, October is another month with

limited rainfall amounts, so the fall season in Birmingham is the most drought-prone
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period of the year. The summer has the hottest months with the most water evaporated so
that the precipitation in June was reduced, resulting in less water available for irrigation.

Based on the figure, it was shown that the precipitation is distributed unevenly during the
year. Therefore, in the following calculation, the average precipitation was used with the
research data because the mean value was most logical for a long estimation prospective,

and implementing the rainwater harvesting is also for long-period application.
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Figure 8. Average Precipitation Distributions in Each Month.

3.3 The Runoff Volume Calculation by NRCS Method
The calculation for estimating the depth of effective rainfall during a storm event
should estimate the maximum possible retention S, dependent on the soil type and land
use conditions in the area. The Natural Resource Conservation Service (NRCS) has

performed considerable research to approximate S for various soil types and land use and



24

has developed curve numbers as a function of soil type, land use, and hydrologic
conditions of the drainage basin. The relationship between S and the curve number is
expressed as Equation 3.1 (SCS, 1986):

_ 1000

=N " 10 (3.1)

Pe
P-I;’

With an assumption made in the development of NRCS method, g = the

effective depth of precipitation (runoff depth) is presented as Equation 3.2 (SCS, 1986).

_ (P— a)z
Pe_(P— D +S

(3.2)
where P,= depth of effective precipitation (in, mm)
P = total precipitation total rainfall depth in storm (in, mm)

1, = equivalent depth of initial abstraction (in, mm)

S = maximum possible retention (in, mm)

3.3.1 Soil Group

The NRCS has classified the soil in the United States into four major hydrologic
groups: A, B, C and D. Group A has the highest infiltration rate, even if it is highly
wetted. The typical soil A is well-drained sand and gravels. On the other hand, Group D
has the lowest infiltration rate, and the soil is clayey, shallow soil over a nearly imperious
area and soil with high water tables. Groups B and C is in the mid-range of the four
groups. In the United States, the soil group information can be obtained from the NRCS

soil survey within a projected area (SCS, 1986).
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3.3.2  Curve Number

Since the NRCS has designed a curve number function, they provide a curve
number table to engineers with coefficient range from 0 to 100. In order to achieve
reasonably accurate estimations of runoff volume, the NRCS allows the curve number to
depend on the antecedent moisture condition (AMC) with three conditions. The AMC-I,
I 'and 111 conditions correspond to drier, normal, and wetter conditions, respectively. The

AMC-I and 111 can be calculated from the AMC-I1; the equations are listed as follows

(SCS, 1986):
N, = 4.2CNy, 23
710 - 0.058CN;; (33)
23CNy
CNyy = (3.4)

10 + 0.13CNy;
Appendix B lists the curve numbers that account for both cover conditions and

soil type for normal antecedent moisture conditions (AMC-II).

3.3.3 Area Measurement with Various Land Uses

With the aforementioned information, the area of the UAB Campus Green
requires the curve number for various land types and an area measurement for the
estimation of the runoff. In chapter 1, the land type of the study area is urban land, and
the land type is classified into three categorical groups based on Appendix B. They are
commercial and business (roof area), streets and roads, and open space (grassy land).

In the area measurement procedure, the area was measured piece by piece. A tape
meter was used for accurate measurement of small, accessible areas. The length and

width were measured and then used to obtain the target area. For inaccessible areas, such
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as large grass lands and roofs, the Google map area calculator (Daft Logic, 2011) was
used as a measurement tool with a counter-clockwise order beginning from the southwest
to northwest. Some roof-area data were collected from the UAB Facilities Management
Department and are listed in Table 4. However, it only incudes few buildings in the study
area, so the other building roofs still needed to be measured, and area data of each
building roof are listed in Table 5. The value of area estimated by the Google map area
calculator depends on the order and locations of points selected for a certain area which
formed a polygon and showed the area value. Considering the error of operation of area
measurement, 5% sensitivity of measured area was performed in the measure results.
Moreover, considering the accuracy of area measurement, the results in Table 5 are
shown with three significant digits. After these steps, data for each area were added

together for different land-type classifications.

Table 4. Roof Area Data Provided by the Facilities Management Division at UAB.

Building Name Roof Area, (ft°)
Blazer Hall 31,000 (Estimated by Google Area
Calculator)

Blount Hall 28,000

Camp Hall 14,129

Denman Hall 6,194

Education Building 45,312

Hill University Center (HUC) 19,029

Hoehn Engineering Building 13,907

HUC Great Hall 7,006

Rast Hall 21,711

Ryals School of Public 18,738

Health
Smolian International House 4,909
Sterne Library 59,100

9th Avenue Parking Deck 46,670
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Table 5. Measured Roof Areas by Google Calculator around the UAB Campus Green.

Building Area, ft*
Camp Hall 14,0004700
Blazer Hall 31,00041,500

Dining Facility 22,000+1,100

Recreation Center 89,0004,500
(REC)

Heritage Hall 23,000,200

Chemistry Building 22,000,100
Chemistry Annex 6,000+300

The final results of the area measurements with various land use are summarized

in Table 6.

Table 6. Area Data for Various Land Use.

Area
Land Type Square Feet Acres
Street and Roads (Paved Area) 220,000+11,000 5.140.3
Open Space (Grass and Trees) 469,000424,000 10.840.5
Total 689,000435,000 15.940.8

3.3.4 Runoff Volume Calculation

Based on the above discussion, the estimation of effective runoff with the three-
year average precipitation data of January was performed for the estimation of effective
runoff volume from precipitation, the measured data was used without considering
measurement errors.

The hydrologic group of soil in Jefferson County is B (SCS, 1982). Because of
the soil moisture condition in Jefferson County, assuming soil wet condition is AMC

Condition 1, and the curve number can be directly obtained based on Appendix B.



28

Land Use Area, acres CN Product,

Area>CN
Street and Roads (paved Area) 51 98 494.9
Open Space (grass and trees) 10.8 61 657.2
Total 15.9 1152.1

Thus, the composite CN was computed as:
CN = 1152.1 +-159 =725
The maximum possible retention for this basin at AMC-II is:
S = (1000 + 72.5) — 10 = 3.8 inches

The initial abstractions were estimated to be:

I, = 0.25 = 0.2 X 3.8 inches = 0.76 inches

Because P > I, the depth of runoff (effective precipitation) was estimated as:

, _l492-0268)
© =492 +08(38)] s

The total volume of runoff during the month of January is therefore estimated to

be 2.17 inches. Similarly, the runoff depth of the other months is listed in Table 7.
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Table 7. Estimated Runoff VVolume for Each Month.

Month Precipitation, Effective
(inches) Runoff, (inches)

January 4.92 2.17
February 4.29 1.70
March 6.11 3.13
April 4.22 1.65
May 7.69 4.47
June 3.43 1.10
July 4.59 1.92
August 5.73 2.81
September 3.84 1.38
October 451 1.86
November 4.21 1.64
December 4.62 1.95
Total 58.16 25.78

3.4 Evapotranspiration

In the case study, the total evaporation from the study area combined evaporation

and transpiration. Therefore, the calculation was performed on the evapotranspiration,

which is related to the determination of the need for irrigation water. In this chapter, the

water requirements of the grass and trees, grown on an irrigation scheme, can be

estimated. The influence of climate on grass water requirements is given by the reference

crop evapotranspiration (ET,). ET, is usually expressed in millimeters per unit of time,

e.g., mm/day, mm/month, or mm/season (Brouwer and Heibloem, 1986).
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3.4.1 Estimation of Evapotranspiration

Evapotranspiration is an important component in the hydrologic budget of a
vegetated area, but it is difficult to calculate because it depends on various phytological
variables. Basically, there are several methods to determine ET. they are either (Viessman
and Lewis, 2003):

1. “Theoretical, based on the physics of the process”;
2. “Analytical, based on the energy or water budget”;
3. Experimental, using evaporation pans.

There are no available measured data on pan evaporation or sufficient
meteorological data, so a theoretical method to calculate the reference crop
evapotranspiration had to be used. Many formulas had been developed for the estimation
of evapotranspiration, and some of the equations are listed in Table 8, with an associated

description of each provided.

Table 8. Potential Evapotranspiration Equations.

Equations Description

Blaney and Criddle, 1950 does not include humidity prarameter

Modified Blaney-Criddle formula modified From original Blaney-Criddle
formula (SCS, USDA,1970)

FAO Blaney-Criddle formula made compatible with crop coefficients
(Doorenbos and Pruitt, 1975) developed with the modified Penman
equation
Penman-Monteith equation (Allenet Penman’s equation was again modified in
al., 1998) Food and Agriculture Organization of

United Nations (FAO) 56 (Allen et al.,
1998) to be the Penman-Monteith equation
Penman-Monteith equation, standard  standard evapotranspiration equation of
equation of American Society of Civil ASCE (Allen et al., 2005)
Engineering (ASCE)

Source: Sammis, et al., 2011.
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Among these equations, the Penman-Monteith equation used as the standard
equation of ASCE is the most accurate to estimate evapotranspiration, and the Penman-
Monteith equation modified by FAO is the second most accurate. However, these two
equations need lots of parameters, such as net solar radiation, soil heat flux, actual vapor
pressure, etc., which cannot be obtained in this study, so these two equations are not used.
The FAO Blaney-Criddle formula is more accurate than the original and modified
Blaney-Criddle formula and is simple for calculation. However, relative humidity,
sunshine, and wind speed involved in this equation requires the minimum value that
cannot be found for the Birmingham area. Hence, the FAO Blaney-Criddle formula was
abandoned. Compared with the Blaney-Criddle formula (1950) and the one modified in
1970, it is simple to use and close in accuracy to estimate the reference
evapotranspiration. The Blaney-Criddle formula has been used in an irrigation training
manual of FAO as a simple and recommended equation, so it is selected as the method
for estimation in this project.

The Blaney-Criddle method (Blaney and Criddle, 1950) uses mean monthly
values, both for the temperature and the ET,. The temperature refers to the mean daily
temperature during the whole month. With the temperature, the Blaney-Criddle formula
(Blaney and Criddle, 1950) is:

ET, = p (046 Tpeqn + 8) (3.5)
where ET, = Reference crop evapotranspiration (mm/day) as an average for a period of
one month

Tmean = Mean daily temperature (<C)

p = mean daily percentage of annual daytime hours
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For the estimation of evapotranspiration, the mean daily temperature was replaced
by monthly temperature, shown in Table 9, as the temperature parameter due to lack of
daily temperature data. In this part, like usage of precipitation data, mean monthly
temperature of three years from 2008 to 2010 was selected for estimation. To determine
the value of p, Table 10 was used. To be able to determine the p value, it is essential to
know the approximate latitude of the area: the number of degrees north or south of the
equator. The search results show that the latitude of Birmingham is 33°31' 14" N,
rounded to 33°. In this calculation, the average monthly value for the three years was
used for estimation as the precipitation. First, the mean value of January was estimated.
Suppose the p value for the month January has to be determined for an area with latitude

of 33° north. From Table 10, the p value during January was estimated to be 0.234.

Table 9. Monthly Temperatures (°F) Data in Birmingham, Alabama.

Month Year
2008 2009 2010 Mean, °F Mean, °C
January 431 447 38.9 42.23 5.69
February 49.2 481 39.9 45.73 7.63

March 56 575 b1 54.83 12.69
April 63.5 623 65.2 63.67 17.59
May 703 711 734 71.6 22
June 79.1 793 817 80.03 26.69
July 816 785 846 81.57 27.54
August 79.7 78.6 847 81 27.22
September 753 747 78.1 76.03 24.46
October 63 61.8 65.2 63.33 17.41
November 51.2 53.6 55.7 53.5 11.94
December 49.1 442 40.1 44.47 6.93

Source: Birmingham Weather Forecast Office, 2011.
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Table 10. Mean Daily Percentage (p) of Annual Daytime Hours for Different Latitudes.

Latitude 60° 55° 50° 45° 40° 35° 30° 25° 20° 15° 10° 5° 0°

South North
Jul Jan 0.15 0.17 019 0.2 022 023 024 024 025 0.26 0.26 0.27 0.27

Aug  Feb 02 021 023 023 024 025 025 026 026 026 027 027 0.27
Sep Mar 026 0.26 027 027 027 027 027 027 027 027 027 027 0.27
Oct Apr 032 032 031 030 030 029 029 029 028 028 028 028 0.27
Nov May 038 036 034 034 032 031 031 030 029 029 028 028 0.27
Dec  Jun 041 039 036 035 034 032 032 031 030 029 029 0.28 0.27
Jan Jul 040 038 035 034 033 032 031 031 030 029 029 028 0.27
Feb Aug 034 033 032 032 031 030 030 029 029 028 028 028 0.27
Mar  Sep 0.28 028 028 0.28 028 028 028 028 028 0.28 028 0.28 0.27

Apr Oct 022 023 024 024 025 025 026 026 026 0.27 027 0.27 0.27
May Nov 017 018 02 021 022 023 024 025 025 026 0.26 027 0.27
Jun Dec 013 016 018 020 021 022 023 024 025 025 026 0.27 0.27

Source: Adapted from “Irrigation Water Management: Training Manual No. 3.” by C.
Brouwer and M. Heibloem, 1986, FAO. “Introduction to Hydrology” (5th Edition) by
Viessman, W., and Lewis, G. L., 2003, Pearson Education.
Based on Table 9, temperature of January is 5.69<C and p has been estimated to be 0.234.
Hence, ET, inJanuary is calculated as follows:

ET, = 0.234(0.46 x 5.69 + 8) = 0.234 (2.62 + 8) = 0.234 x 10.62

= 2.484 mm/day

For January, ET, = 2.484% x 31days = 77 mm = 3.03 iches

The grass type is warm-season turf, which is suitable for growing in a warm
climate. To calculate the ET value, the reference evapotranspiration needs to be
multiplied by the crop coefficient, which can be obtained from Figure 9.The appropriate
crop factor for warm season turf ranges from 0.6 to 0.8. “Use of a K. below 0.6 will
likely produce water stress; use of K.s above 0.8 will likely produce wet and/or muddy

conditions” (Arizona Cooperative Extension, 2000). For purpose of minimizing the
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irrigation requirement, the crop factor 0.6 was used for the estimation. Therefore, the ET

value was calculated as follows, and the estimated evapotranspiration results are listed in

Table 11.
ET = K. X ET, = 3.03inches X 0.6 = 1.82 inches
WARM SEASON TURF
1
08 -
S 0.6 |
0.4 |
STRESS  PROPER TOO WET
0.2 :

Adapted from “Turf Irrigation Management Series No.2: Converting Reference

Evapotranspiration” by Arizona Cooperative Extension, 2009. Copyright 2000 by the
Name of Copyright Holder. Adapted with Permission.

Figure 9. Warm Season Turf.
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Table 11. Estimated Evapotranspiration Data by Blaney-Criddle Method.

Month ET, inches/month
January 1.82
February 1.88
March 2.74
April 3.34
May 4.15
June 4.68
July 4.78
August 4.55
September 3.82

October 3.00
November 2.24
December 1.84

In addition to the evapotranspiration from land surface, the water will also have
evapotranspiration effects when the rainwater is stored in the underground storage tank.
However, the water will be evaporated as water vapor with little escape or penetration out

of tank. Hence, this part of evapotranspiration was not considered in the estimation.

3.5 Irrigation Water Needs

In this case study, the water requirements are supplied by rainfall and the
remaining part by irrigation. The irrigation water requirement is the difference between
the crop water requirements (ET) and that part of the rainfall that is effectively used by
the plants (Pe): IN = ET¢rop — Pe (Brouwer and Heibloem, 1986).

Hence, the water needs for January= ET — P, = 1.82 — 2.17 = —0.35 inches

Here, the negative value indicates that no additional water is needed to irrigate the
UAB Campus Green area during on the month of January. To estimate the total amount
of irrigation water needed, the irrigation efficiency has to be applied in the estimation.

The irrigation efficiency must be estimated because the total water applied can not be
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measured. The systems which are well-designed and operated can have efficiency ranges
from 80% to 90% (University of California Cooperative Extension and California
Department of Water Resources, 2000). For this project, the rainwater harvesting system
was assumed to be well designed with 90% efficiency. Hence, the total irrigation water

needed for the month of January is calculated as follows:

.. . —0.35 inch .
Total irrigation water needs for January= % = —0.39 inches
0

Using this same method, the results are listed in Table 12

Table 12. Irrigation Water Needs in Each Month with Solely Considering ET.

Month Irrigation Water Needs, Irrigation Water
(inches) Needs, (gallons)
January -0.39 -115,097
February 0.20 58,516
March 043 -125,276
April 1.88 549,695
May -0.36 -104,946
June 3.98 1,163,142
July 3.18 928,869
August 1.93 564,376
September 271 793,541
October 1.27 370,546
November 0.67 193,694
December -0.12 -34,987

Note: The negative value indicates no additional water needed for irrigation beside natural precipitation

This calculated water need assumed the grassy land included all grass around

sidewalks and lawns near buildings.
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3.6  Groundwater Flow

Since the meter device has been installed to track the groundwater flow quantity
involving the water pumped from the UAB Recreation Center to avoid flooding the
recreation center’s basement, this amount of water could be used as irrigation water. An
investigation was performed on this quantity of water, and Figure 10 shows the metering
device. This water metering was installed in the aquatic center.

The flow was approximately 2.87 million gallons, which was measured for a
nearly three-year period. Considering the time period, an assumption was made that the
groundwater flow is approximately 1.0 million gallons per year. There is a control
system detecting the groundwater level and that pumps out the groundwater
automatically. Due to the lack of pumped groundwater quantity and frequency, an
assumption was made that the same amount of groundwater was pumped each month

during the year, approximately 85,000 gallons per month.

»
_\\n.\

03/08/2011

Figure 10. Meter Device in the UAB Campus Recreation Center.
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3.7 Water Storage

There are no existing water retention facilities on the UAB Campus Green, such
as retention pond or crest weirs. However, the aquatic center of the Recreation Center
could be considered as a storage facility, so the water quantity change in it involves
changes in water storage. An investigation performed for the aquatic center of the
Recreation Center showed that the pool contains 153,264 gallons of water and the spa
contains 8,934 gallons (Winslett, 2011). However, there is no information regarding the
frequency of the pool water of being refilled and recharged. The pool has automatic
leveling systems that add water to both the pool and spa if they drop below set levels.
Although the water quantity of pool and spa is large, it cannot be an irrigation water
source due to the content of chlorine, which harms the grass. Therefore, only

groundwater ties into this project as a potential irrigation water source.
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CHAPTER 4
RAINWATER HARVESTING SYSTEM DESIGN
Development of a rainwater harvesting system is an integral part of this study.
Rainwater harvesting is a term that describes the small-scale collection, storage and use
of rainwater runoff for both domestic and agricultural purposes. If the rainwater
collection can be fully developed, it will provide both environmental and sustainable

benefits as a water supplement in wide and various applications.

4.1 Design of the USTs

With irrigation water requirement, a large amount of water is needed for irrigation
during the summer, so large roof areas are required to capture rainwater. Considering the
buildings near the UAB Campus Green, all building are suitable for rainwater collection
because they are flat and are generally in good condition. These buildings can have RHS
systems installed, and the usage of groundwater and captured rainwater can be stored in
USTs, for further irrigation usage. With the selected buildings, the water collected from
the rainfall was estimated as follows:

Rianfall (inches)
12

gallon colleted = X catchment surface( square feet)

X 7.48 X percentage collection ef fiency

where the 7.48 is a conversion factor for water quantity from cubic feet to gal
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Rainwater harvesting depends on the material used, its design and construction. In
practice, some rainwater losses are associated with first-flush, evaporation, splash-out
overshoot from the gutters in hard rains and possibly leaks. Therefore, these factors are
considered in the water supply estimation. Most installers usually assume an efficiency of
75% to 90% (Texas Water Development Board, 2005). With this assumption that the
RHS is well designed, the collection efficiency can be assumed to be 90%. If the
efficiency is assumed to be 75%, the quantity of harvested rainwater will likely not
achieve the irrigation purpose.

The roof area of all buildings round the Campus Green is 207,398 ft* based on the
area measurements. Table 13 presents the potential captured rainwater and water demand

in each month.

Table 13. Potential Rainwater Collection Quantity and Irrigation Water Needs in each
Month.

Month Rain, Collectable

(inches) Rainwater,
(gallons)
January 4.92 569,382
February 4.29 496,473
March 6.11 706,713
April 4.22 488,373
May 7.69 889,563
June 3.43 396,947
July 4.59 531,192
August 5.73 662,736
September 3.84 444,396
October 451 521,548
November 4.21 487,601

December 4.62 535,050
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4.2 lrrigation Scheme

In addition to rainwater, groundwater is also a landscape-irrigation water source.
The water pumped from groundwater is approximately 85,000 gallons per month from
the previous chapter. With the aforementioned description, based on this data, the months
of October to March and May require no additional or very little water for irrigation, but
water is still needed to irrigate green areas for maintenance due to uneven precipitation
distribution. For those months, irrigation water requirements are assumed to be at least
approximately 30,000 gallons for turf maintenance and replacing the aforementioned
negative value. Detailed irrigation water needs for each month and quantity shown in
Table 14. The groundwater can provide this quantity. The RHS system can be used to
collect water for extreme weather condition or be closed during that period. For the
reminding months, the irrigation water will be provided by combining all the water

sources.
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Table 14. Irrigation Water Requirement and Water Sources.

Month Rain, Irrigation Water Collectable Maximum
(inches)  need, (gallons) Rainwater,  Groundwater,

(gallons) (gallons)
January 4.92 30,000 569,382 85,000
February 4.29 58,516 496,473 85,000
March 6.11 30,000 706,713 85,000
April 4.22 549,695 488,373 85,000
May 7.69 30,000 889,563 85,000
June 3.43 1,163,142 396,947 85,000
July 4.59 928,869 531,192 85,000
August 5.73 564,376 662,736 85,000
September 3.84 793,541 444,396 85,000
October 4.51 370,546 521,548 85,000
November 4.21 193,694 487,601 85,000
December 4.62 30,000 535,050 85,000

The underground storage tank size is a very important component in a RHS. To
decide the tank size, the water balance method was used. The water needs to be stored in
tank for a month can be determined that the collected water quantity subtracts irrigation
water needs. In next month, the water quantity is calculated by the same method, and plus
the water stored in previous month. Based on this method, the value of water stored in
tank can be negative, so proper tank size will be the largest absolute value remaining in
the tank. According to the method, most months can achieve the irrigation goal with a
small tank size except the months of June, July and September. For June and July, the
irrigation water needs are approximately 2,100,000 gallons, whereas water sources can
only provide about 53% of the amount, approximately 1,100,000 gallons. In order to
supply this quantity, based on the water balance method, the tank should store about
1,000,000 gallons before the month of June and July, and this number will be the proper

tank size. However, installing such large tank will not be cost-effective, because the cost
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will be much larger for the tank than the saving water costs, resulting in a bad payback.
Therefore, the tank size will be determined by how much more water can be supplied to
fit irrigation during the month of June and July, because water supply and demand of the
other months can be satisfied by the water sources. Based on this method, the more water
stored before June, the greater the percent the water sources that can satisfy the irrigation
target. Since irrigation water needs cannot be achieved during the summer, the tank can
be smaller in order to be cost-effective. Although the use of a small tank can achieve a
better payback period, it cannot be too small to be functional for water storage, because
the water balance method cannot reflect water-quantity changes during the month.

In order to design a proper tank size, the information of the UST system at UBOB
is considered. The roof area at UBOB is only one quarter of the area involved in this
project, so appropriate tank size will be quadrupled, to 40,000 gallons. Moreover, the
UST in this project will store groundwater that needs to be enlarged by 20% considering
the percentage of the total groundwater quantity. For practical applications, the tank size
was assumed to increase another 20% due to holding capacity considerations. With these
assumptions, the harvesting system is designed to collect 0.5 inch of precipitation from
the entire building roofs within the city block; approximately a 60,000 gallon tank is
necessary to store the water for irrigation purposes or further use. With this tank size,
irrigation water needs for the months of June, July and September would to be reduced.
The water quantity for the month of June will be decreased to the amount equal to the
maximum the water source can supply. Therefore, additional water needs to be supplied

to handle the demand for water, and the additional needs could be supplied by the
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Birmingham Water Works Board. Therefore, this amount of water was subtracted from

the month of June, as shown in Table 15.

Table 15. Water from Rainwater, Groundwater and Water Used for Irrigation.

Month Rain,  Water from Water for Water from Balance,
inches Rain, Irrigation, Groundwater, gallons
gallons gallons gallons
January 4.92 0 30,000 30,000 0
February  4.29 0 58,512 58,512 0
March 6.11 0 30,000 30,000 0
April 4.22 488,373 549,363 70,990 10,000
May 7.69 0 30,000 80,000 60,000
June 3.43 396,947 541,947 85,000 0
July 4.59 531,192 616,192 85,000 0
August 5.73 565,617 565,617 60,000 60,000
September  3.84 444,396 589,396 85,000 0
October 451 340,576 370,576 30,000 0
November 4.21 165,040 195,040 30,000 0
December  4.62 0 30,000 30,000 0
Total 2,932,141 3,606,643 674,502

As shown in Table 15, the water supply amount that subtracts the irrigation water
needs is the amount that needs to be stored in tanks. From the results shown in Table 15,
the highest balance value is 60,000 gallons for the designed storage tank size. The shown
data employ pumped groundwater, water balance in storage tanks, and rainwater
harvesting. However, the total amount of water that can be saved by the rain water
harvesting system will be the same. Based on this design, the rainwater harvesting system
can satisfy approximately 77.6% of total irrigation water needs. To make a more
economic design, smaller tanks will be better than larger tanks, because the smaller tanks
sizes are more cost-effective and easier to install. Based on the condition of the UAB

Campus Green, smaller tanks are easier to install at the study site due to space limitations.
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In this part, two scenarios, a centralized and a decentralized system, are possible in
designing a rainwater harvesting system on the UAB Campus Green. For a decentralized
system, a few larger tanks are used and located in the lower altitude area, the Campus
Recreation Center and Heritage Hall. In contrast, the centralized system collects
rainwater with many small tanks that are located in each building.

For the decentralized system, two 30,000-gallon tanks can be used for water
storage. The two tanks can be installed at the UAB Recreation Center and Heritage Hall.
From the plane map of UAB (see Appendix A), the buildings are divided into two sites
by the green area based on the aforementioned information. The rainwater harvesting
system at UAB Campus Green will include roof catchment conveyance, first flushing,
filtration, pump, irrigation system, etc. The RHS with the USTs on the UAB Campus

Green is shown in Figure 11.

The UAB Ca . Rnof Catchraent Heri i Hall
Recreation Center —f—— ——
: Sprinklers
3 Filter 1
Cornveyance /1
—— System — —
4 ) l
[ - TR
. Imigation Syster First Flushing Systera
Groundwater Inflow )
Conwvetance
Systera
Underground Storage Tank -—_—
Rgi.t}water _ﬁpm Blazer Hall, 2 ?
Dining Facility . Rainwater frora
and Carmp Hall [ Cheraistry Building
Purap and &nnex

Figure 11. RHS with Underground Storage Tanks at the UAB Campus Recreation Center
and Heritage Hall on UAB Campus Green.
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In this RHS, the two tanks have separate rainwater collection, storage and
distribution systems. However, the roof area of the UAB Campus Recreation Center is
significantly larger than that of Heritage Hall, which means more water will be collected
from the REC Center roof. Hence, rainwater overflow from the tank at the Recreation
Center will be transmitted as overflow to the other storage tank at Heritage Hall to be
stored. In addition, the two tanks contain groundwater and pool-water discharge for
irrigation. In this way, the water sources are used fully by the RHS. The rainwater
harvesting system for other buildings will use the same collection, conveyance, and
filtration systems as shown in the figure. The rainwater harvested from the Dining
Facility, Blazer Hall and Camp Hall will be transmitted in one pipeline, finally exiting
into the two tanks. Similarly, rainwater harvested from the Chemistry Building and
Chemistry Annex will be transmitted in one pipeline, finally exiting into the two tanks.

For the centralized system, many smaller tanks will be installed in the UAB
Campus Green area closest to each building. The components of a RHS are the same as
those designed in the decentralized system. The diagram of the rainwater harvesting
system is also similar, with scenario one being that every two opposite storage tanks in a
row are grouped together. Considering the difference in roof area, the rainwater from
large roof area is also transmitted to other closer tanks by off-loading pipelines.

Comparing the two scenarios, scenario one is relatively simple, the rainwater can
be transmitted to the tank by gravity and then distributed for irrigation by a high-power
pump. Scenario two is a little complicated for design, and rainwater can also be
transmitted by gravity if the buried depth is sufficient, so that a large pump or several

pumps have to be used for transmission. However, dividing a large tank into several



small tanks for water storage will cost more than using this large tank. Similarly, a few
larger pumps also are more cost-effective than many smaller pumps. Based on the
condition of the UAB Campus Green, scenario one is better for installation of

underground tanks because of the large open area.
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In this chapter, the cost analysis of installing USTs is performed to explore the

financial feasibility. Due to the precipitation quantities, sensitivity analyses were also

CHAPTER 5

RESULTS AND DISCUSSION
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performed to explore the impact on the tank size, payback period, and percentage of the

irrigation requirement that can be achieved.

5.1 Cost Analysis of the UST

The tank used in this research is constructed of fiberglass produced by Draco, Inc.

A tank price quote was obtained from the website of Draco, Inc. With this quotation, the

shipping price of different size tanks is listed in Table 16 (Eisenman, 2011).

Table 16. Draco, Inc. Underground Water Tanks.

Draco, Inc. Underground Water Tanks with Purpose of Landscape

Irrigation
Size of Tanks (gal) Diameters of Shipping Price of Tank
Tank (ft) to Montgomery, AL ,
$)
10,000 10 15,750
20,000 10 26,537.50
30,000 12 37,908.20
40,000 12 53,004.80
50,000 12 62,079.80

Source: www.darcoinc.com/ (Darco Inc., 2011).
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The accessories included in the preliminary quote for a 30,000 gallons tank

include:
)

30,000 gallon fiberglass underground water storage tank;
12’ diameter x 48°5” long;

24” diameter manway collar;

Commercial rainwater capture system package;

Anchor straps, SS cable kits and lugs for tank package; and

Pipe stub with flexible pipeline coupler-8 inches.

Beside the cost of the tank, $8,000 is assumed for the accessories (Eisenman,

2011). Beside the accessories, the cost of installing a RHS depends on several

components (Eisenman, 2011):

Inspection, acceptance and offloading;

Installation material and labor;

Unspecified pipe, vale, and fittings;

Unspecified pump, control, and level sensors;

Concrete deadman anchors or concrete slab anchor—to prevent the tank
floating up during flooding;

Unspecified anchor straps and cable; and

Site specific engineering.

In addition to these costs, maintenance is another small cost of this project. For a

design rainwater harvesting system, the operation can be done automatically, and

maintenance comes from the catchment, underground storage tank, filters, etc. For

appropriately designed rainwater harvesting systems, the maintenance requirements are
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very small (LaBranche, et al., 2007). In the hydrologic analysis chapter, the rainwater
harvesting system has been assumed to be well-designed, so the cost of maintenance in
this project is small and ignored in the total cost estimations.

It is difficult to determine the exact cost of each component due to a lack of data.
However, the UAB Facilities Management Division has previously installed a RHS at the
UBOB facility; the cost of that project can be considered as a reference. The total cost of
that project was approximately $100,000 with a 10,000 gallon tank (Winslett, 2011).
Based on tank prices introduced by Darco, Inc., an assumption was made, by subtracting
the tank and accessories costs that the cost would be approximately $80,000. Within this
design, costs of some components can be counted once, such as site specific engineering.
In this project, two 30,000 gallon tanks were used due to less cost than a 60,000 gallon
tank. Therefore, the total cost of the USTs on the UAB Campus green is estimated as
follows:

Total cost of RHS = ($37,908.20 x 2) + $80,000 = $155,816

5.1.1 Water Charge

With the required calculated water quantity, water costs can be estimated. The
cost for irrigation is broken up into two stages of consumption: 15 CCF cost $2.28/CCF,
while any usage over 15 CCF costs $3.48/CCF (Birmingham Water Works Board, 2011).

Hence, the water cost for each month is estimated in Table 17.
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Table 17. Water Charge of Irrigation on Each Month.

Month Water Needs, (gallons)  Water Cost, ($)

January 30,000 121.6
February 58,512 254.2
March 30,000 121.6
April 549,363 2,537.9
May 30,000 121.6
June 541,947 2,503.4
July 616,192 2,848.8
August 565,617 2,613.5
September 589,396 2,724.1
October 370,576 1,706.1
November 195,040 889.4
December 30,000 121.6
Total 3,606,643 16,563.6

5.1.2 Payback Period
With the USTs cost data and annual water charge, the payback period is estimated
as follows:

UST Cost _ $155816
Water charge per year  $16,563.6

The Payback Period = 9.4 years

From the financial aspect, this project has a somewhat long payback period,
which means it is not worthwhile to build a rainwater harvesting system. However,
payback period results involved in the study at Texas A&M University shows 14 and 20
years in two different scenarios (Saour, 2009). Results performed briefly by the UAB
Facilities Management Department shows three different payback periods, 9.9, 26.2 and
35.6 years in three different scenarios, respectively. Compared with these two results, the
estimated payback period is consistent with the results, 9.9 years, performed by UAB
Facilities Management Department. The possible reason the payback period in this

project is relatively less than other payback periods values is due to the costs estimation,
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which might be less the actual project costs. If the increase cost estimation, the payback
period in this study would still be consistent with these two researches. Hence, the result
in this report is still reasonable and consistent with their research, and shows an even

better plan for installation of rainwater harvesting system.

5.2 Sensitivity Analysis

From the historical precipitation data, it shows that precipitation quantity changes
from month to month and year to year. The rainfall quantity in September was commonly
low but it increased significantly in 2009. Moreover, the runoff quantity will be
influenced by the precipitation, so it was necessary to conduct a sensitivity analysis study
concerning the runoff. Evapotranspiration also changes year by year so another
sensitivity analysis study was performed based on the ET values. Therefore, due to the
variables, a sensitivity analysis study was performed to study the impact of these factors
on the tanking size and related payback years. In this chapter, variations of 5%, 10% and
25% were determined as the variables for the sensitivity analysis studies addressing
precipitation and evapotranspiration. Within this study, first, the ET value was held
constant, and the impact with changes of precipitation was explored. Then, the
precipitation was held constant while the ET value was varied to determine the influence
of changes in ET. Moreover, the interaction of ET and precipitation were performed with
variations of 5%, 10%, and 25%. In the interactions study, these elements increased or
decreased at the same time so the results could be analyzed. For the irrigation water needs,
if it remains negative, it will be still indicated by 30,000 gallons of water for grass

maintenance. Moreover, using the water balance method, with the change of rainfall and
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evapotranspiration, the irrigation water needs can be satisfied for every month by a

smaller tank size, the tank size can be decreased, and the payback period will be

calculated by estimated cost of the modified tank size. Otherwise, the tank size will

remain the same equal to the tank size determined using the average values.

5.2.1 Sensitivity Study of Precipitation

Since the tank size is determined by the quantity of irrigation water needs, the

same procedure was used to calculate irrigation water needs and develop irrigation

schemes. The detailed results of 5% sensitivity are listed in Tables 18 and 19.

Table 18. Sensitivity Study with 5% Decrease in Precipitation.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 540,913 85,000
February 108,939 471,650 85,000
March 30,000 671,377 85,000
April 598,930 463,954 85,000
May 30,000 845,085 85,000
June 1,199,137 377,100 85,000
July 984,394 504,632 85,000
August 639,375 629,599 85,000
September 836,368 422,176 85,000
October 424,651 495,471 85,000
November 242,816 463,221 85,000
December 30,000 508,297 85,000

Total 5,154,610 6,393,475 1,020,000

Note: Here the 30,000 gallons used for turf maintenance replaces the negative value mentioned in previous

chapter
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Table 19. Sensitivity Study with 5% Increase in Precipitation.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater ,

(gallons) (gallons) (gallons)
January 30,000 598,314 85,000
February 30,000 520,776 85,000
March 30,000 741,817 85,000
April 499,607 512,675 85,000
May 30,000 933,926 85,000
June 1,126,455 416,621 85,000
July 872,106 557,809 85,000
August 489,037 695,526 85,000
September 750,114 466,384 85,000
October 315,825 547,394 85,000
November 144,441 511,518 85,000
December 30,000 561,281 85,000

Total 4,347,585 7,402,971 1,020,000

With the decrease and increase of precipitation, the effective runoff decreased and

increased, influencing the irrigation water quantity. For 5% changes in precipitation,

irrigation water needs still exceed the irrigation target during the summer for the month

of June, July, and September. Tank size could be enlarged but the payback period will be

longer. Since the tank size stays the same, the payback period will increase and decrease

with increases and decreases in precipitation. The relationship between precipitation and

payback period is an inverse ratio.

Similarly, the detailed results of 10% sensitivity analysis are listed in Tables 20

and 21.



Table 20. Sensitivity Study with 10% Decrease in Precipitation.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater ,
(gallons) (gallons) (gallons)
January 30,000 512,444 85,000
February 158,161 446,826 85,000
March 36,518 636,042 85,000
April 646,972 439,535 85,000
May 111,144 800,607 85,000
June 1,234,025 357,253 85,000
July 1,038,697 478,073 85,000
August 713,111 596,463 85,000
September 878,036 399,956 85,000
October 477,540 469,393 85,000
November 290,745 438,841 85,000
December 75,976 481,545 85,000
Total 5,690,925 6,056,978 1,020,000

Table 21. Sensitivity Study with 10% Increase in Precipitation.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater ,
(gallons) (gallons) (gallons)
January 30,000 626,320 85,000
February 30,000 546,121 85,000
March 30,000 777,384 85,000
April 448,034 537,210 85,000
May 30,000 978,520 85,000
June 1,088,169 436,642 85,000
July 814,572 584,311 85,000
August 411,053 729,010 85,000
September 704,782 488,835 85,000
October 259,099 573,703 85,000
November 92,260 536,361 85,000
December 30,000 588,554 85,000

Total 3,967,969 7,402,971 85,000
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Based on Table 21, similar to the 5% change in precipitation, the water supply
cannot satisfy water demand during the summer even with a 10% increase in
precipitation. With an increased percentage of precipitation, the difference between the
water supply and demand during summer are far less but still not balanced, so the tank
size remains the same. The payback period changed following the relationship with
precipitation. Hence, there is an impact on tank size but with an increased payback

period. Detailed results of the 25% sensitivity analysis are listed in Tables 22 and 23.

Table 22. Sensitivity Study with 25 % Decrease in Precipitation.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater ,
(gallons) (gallons) (gallons)
January 176,961 427,037 85,000
February 297,394 372,355 85,000
March 268,176 530,035 85,000
April 782,711 366,279 85,000
May 424,220 667,172 85,000
June 1,331,042 297,710 85,000
July 1,192,984 398,394 85,000
August 925,256 497,052 85,000
September 994,969 333,297 85,000
October 627,632 391,161 85,000
November 426,152 365,701 85,000
December 231,942 401,287 85,000

Total 7,679,439 5,047,480 1,020,000
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Table 23. Sensitivity Study with 25% Increase in Precipitation.

Month Irrigation Collectable Maximum
water need, Rainwater, groundwater ,

(gallons) (gallons) (gallons)
January 30,000 711,728 85,000
February 30,000 620,592 85,000
March 30,000 883,391 85,000
April 288,783 610,466 85,000
May 30,000 1,111,954 85,000
June 969,298 496,184 85,000
July 636,281 663,990 85,000
August 174,154 828,420 85,000
September 565,019 555,495 85,000
October 85,100 651,935 85,000
November 30,000 609,501 85,000
December 30,000 668,812 85,000

Total 2,898,635 8,412,468 1,020,000

Based on the data of 25% increase of precipitation, the irrigation requirements can
be achieved, with exception of the month of June. Therefore, tank size will remain at

60,000 gallons, but the payback period will increase due to a smaller amount of water.

5.2.2 Sensitivity study of Evapotranspiration

Unlike the change in precipitation, the payback period and ET have a relationship
involving a direct ratio. The greater the ET, the less the pay payback period will be.
Since the sensitivity study of ET is pretty much the same situations, with precipitation in
each percentage, it was necessary to examine the impact on tank size and payback period
for each particular ET percentage. The analysis was performed by considering the entire
sensitivity study of evapotranspiration. Tables 24 to 29 list detailed changes in irrigation

supply and demand using 5%, 10 % and 25% changes of ET.



Table 24. Sensitivity Study with 5% Decrease in ET.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater ,

(gallons) (gallons) (gallons)
January 30,000 569,382 85,000
February 30,000 496,473 85,000
March 30,000 706,713 85,000
April 495,077 488,373 85,000
May 30,000 889,563 85,000
June 1,087,674 396,947 85,000
July 852,001 531,192 85,000
August 491,664 662,736 85,000
September 731,076 444,396 85,000
October 321,816 521,548 85,000
November 158,633 487,601 85,000
December 30,000 535,050 85,000

Total 4,287,941 6,729,974 1,020,000

Table 25. Sensitivity Study with 5% Increase in ET.
Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater ,

(gallons) (gallons) (gallons)
January 30,000 569,382 85,000
February 89,068 496,473 85,000
March 30,000 706,713 85,000
April 603,649 488,373 85,000
May 30,000 889563 85,000
June 1,239,805 396,947 85,000
July 1,007,383 531,192 85,000
August 639,569 662,736 85,000
September 855,251 444,396 85,000
October 419,336 521,548 85,000
November 231,448 487,601 85,000
December 30,000 535,050 85,000

Total 5,205,509 6,729,974 1,020,000




Table 26. Sensitivity Study with 10% Decrease in ET.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 569,382 85,000
February 30,000 496,473 85,000
March 30,000 706,713 85,000
April 440,791 488,373 85,000
May 30,000 889,563 85,000
June 1,011,608 396,947 85,000
July 774,310 531,192 85,000
August 417,711 662,736 85,000
September 668,988 444,396 85,000
October 273,056 521,548 85,000
November 122,225 487,601 85,000
December 30,000 535,050 85,000

Total 3,858,689 6,729,974 1,020,000

Table 27. Sensitivity Study with 10% Increase in ET.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 569,382 85,000
February 119,625 496,473 85,000
March 30,000 706,713 85,000
April 657,936 488,373 85,000
May 30,881 889,563 85,000
June 1,315,871 396,947 85,000
July 1,085,074 531,192 85,000
August 713,522 662,736 85,000
September 917,339 444,396 85,000
October 468,096 521,548 85,000
November 267,855 487,601 85,000
December 30,000 535,050 85,000

Total 5,666,199 6,729,974 1,020,000




Table 28. Sensitivity Study with 25% Decrease in ET.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 569,382 85,000
February 30,000 496,473 85,000
March 30,000 706,713 85,000
April 277,932 488,373 85,000
May 30,000 889,563 85,000
June 783,411 396,947 85,000
July 541,237 531,192 85,000
August 195,853 662,736 85,000
September 482,724 444,396 85,000
October 126,776 521,548 85,000
November 30,000 487,601 85,000
December 30,000 535,050 85,000

Total 2,587,933 6,729,974 1,020,000

Table 29. Sensitivity Study with 25% Increase in ET.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 34,132 569,382 85,000
February 211,294 496,473 85,000
March 95,895 706,713 85,000
April 820,794 488,373 85,000
May 233,236 889,563 85,000
June 1,544,068 396,947 85,000
July 1,318,147 531192 85,000
August 935,380 662,736 85,000
September 1,103,602 444,396 85,000
October 614,377 521,548 85,000
November 377,078 487,601 85,000
December 113,773 535,050 85,000

Total 7,401,776 6,729,974 1,020,000
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Based on the irrigation water needs and potential water sources with changes of
ET, the tank size can be reduced with a 25% decrease in evapotranspiration like the 25%
increase of precipitation based on the water balance method. June and July are still the
months that need the most water for irrigation. Like the 25% decrease in precipitation,
with a 25% increase of ET, the irrigation water demand on the month of August and
September exceeds the water supply quantity, so that water demand quantity needs to be
reduced in order to satisfy the designed irrigation capacity. The payback period increases

or decreases with the increase or decrease of evapotranspiration.

5.2.3 Sensitivity Study of Interaction of Precipitation and Evapotranspiration

After analyzing the impact using the change in precipitation or evapotranspiration
separately, researchers should explore the impact the interaction of ET and precipitation
needs. In this analysis, these two factors increase or decrease at the same time. The exact
data of irrigation water needs and collected rainwater from roof are listed in Tables 30 to

35.



Table 30. Sensitivity Study with 5% Decrease in Precipitation and Evapotranspiration.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 540,913 85,000
February 78,383 471,650 85,000
March 30,000 671,377 85,000
April 544,644 463,954 85,000
May 30,000 845,085 85,000
June 1,123,071 377,100 85,000
July 906,703 504,632 85,000
August 565,423 629,599 85,000
September 774,280 422,176 85,000
October 375,891 495,471 85,000
November 206,409 463,221 85,000
December 30,000 508,297 85,000

Total 4,694,804 6,393,475 1,020,000

Table 31. Sensitivity Study with 5% Increase in Precipitation and Evapotranspiration.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 597,851 85,000
February 37,553 521,297 85,000
March 30,000 742,048 85,000
April 553,652 512,791 85,000
May 30,000 934,041 85,000
June 1,202,193 416,795 85,000
July 949,921 557,752 85,000
August 562,187 695,873 85,000
September 811,739 466,616 85,000
October 364,091 547,625 85,000
November 179,886 511,981 85,000
December 30,000 561,802 85,000

Total 4,781,222 7,066,472 1,020,000




Table 32. Sensitivity Study with 10% Decrease in Precipitation and Evapotranspiration.

Month Irrigation Rainwater Maximum
Water Need, Collection, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 512,444 85,000
February 97,049 446,826 85,000
March 30,000 636,042 85,000
April 538,399 439,535 85,000
May 30,000 800,607 85,000
June 1,081,894 357,253 85,000
July 883,315 478073 85,000
August 565,205 596,463 85,000
September 753,861 399,956 85,000
October 380,020 469,393 85,000
November 217,930 438,841 85,000
December 30,000 481,545 85,000

Total 4,637,673 6,056,978 1,020,000

Table 33. Sensitivity Study with 10% Increase in Precipitation and Evapotranspiration.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 626,320 85,000
February 30,000 546,121 85,000
March 30,000 777,384 85,000
April 556,606 537,210 85,000
May 30,000 978,520 85,000
June 1,240,300 436,642 85,000
July 969,954 584,311 85,000
August 558,958 729,010 85,000
September 828,958 488,835 85,000
October 356,620 573,703 85,000
November 165,075 536,361 85,000
December 30,000 588,554 85,000

Total 4,826,471 7,402,971 1,020,000




Table 34. Sensitivity Study with 25% Decrease in Precipitation and Evapotranspiration.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 427,037 85,000
February 144,612 372,355 85,000
March 45,505 530,035 85,000
April 511,280 366,279 85,000
May 86,963 667,172 85,000
June 950,714 297,710 85,000
July 804,529 398,394 85,000
August 555,493 497,052 85,000
September 684,530 333,297 85,000
October 383,832 391,161 85,000
November 244,115 365,701 85,000
December 82,412 401,287 85,000

Total 4,523,985 5,047,480 1,020,000

Table 35. Sensitivity Study with 25% Increase in Precipitation and Evapotranspiration.

Month Irrigation Collectable Maximum
Water Need, Rainwater, Groundwater,

(gallons) (gallons) (gallons)
January 30,000 711,728 85,000
February 30,000 620,592 85,000
March 30,000 883,391 85,000
April 560,214 610,466 85,000
May 30,000 1,111,954 85,000
June 1,349,627 496,184 85,000
July 1,024,736 663,990 85,000
August 543,918 828,420 85,000
September 875,458 555,495 85,000
October 328,901 651,935 85,000
November 115,389 609,501 85,000
December 30,000 668,812 85,000

Total 4,948,243 8,412,468 1,020,000
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Actually, the sensitivity study with the interaction of precipitation and
evapotranspiration indicates a similar situation and results with the sensitivity analysis of
precipitation. With the above sensitivity analysis results, the tank size cannot be either
increased to fully meet the quantity requirements of irrigation or decreased due to the
decline of irrigation water quantity. Therefore, the tank will remain as the design value.

The payback period, however, changes slightly with a variation in water quantity.

5.2.4 Sensitivity Analysis Results
Summarizing the sensitivity results using the water balance method on the
calculation of average value, Table 36 summarizes the results impacting on tank size.

Table 36. Sensitivity Study Results of Impact on Tank Size.

Sensitivity Impact on Size
5 % decrease in precipitation NO
5 % increase in precipitation NO
10 % decrease in precipitation NO
10 % increase in precipitation NO
25 % decrease in precipitation NO
25 % increase in precipitation NO
5 % decrease in evapotranspiration NO
5 % increase in evapotranspiration NO
10 % decrease in evapotranspiration NO
10 % increase in evapotranspiration NO
25 % decrease in evapotranspiration NO
25 % increase in evapotranspiration NO
45 % change in precipitation and evapotranspiration NO
#10 % change in precipitation and evapotranspiration NO
+25 9% change in precipitation and evapotranspiration NO

Similarly, Tables 37, 38 and 39 show the impact on the payback period with the
change of precipitation, evapotranspiration, and interaction of precipitation and

evapotranspiration, respectively.
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Table 37. Results of Precipitation Impact in Payback Year Percentage of Irrigation.

Annual Saved Payback, yr Change in Percentage of
Water Cost, payback year,  Achievement Total
%) (%) Irrigation Needs,

(%)

5% Decrease 17,485.1 8.9 -5.2 74
5% Increase 15,670.7 9.9 +5.8 78.5

10% Decrease 18,748.9 8.3 -11.6 71.6
10% Increase 14,882.1 10.5 +11.4 81.8
25% Decrease 21,830.5 7.1 -24.1 61.7
25% Increase 11,743.1 13.3 +41.2 88.7

Note: the + indicates the percentage of increase of payback period and - indicates the percentage of increase of payback
period

Table 38. Results of ET Impact in Payback Year and Percentage of Irrigation.

Saved Payback Change in Percentage of
Water Period,(yr) Payback Achievement Total

Cost,($) year, (%) Irrigation Needs,
(%)
5% Decrease 15,438.1 10.1 +7.4 78.5
5% Increase 17,698.6 8.8 -6.3 74.0
10% Decrease 14,445.2 10.8 +14.8 79.4
10% Increase 18,723.4 8.3 -11.5 71.8
25% Decrease 10,700.7 14.6 +54.9 90.7
25% Increase 21,839.2 7.1 -24.1 64.0

Table 39. Results of ET and Precipitation in Payback Year Percentage of Irrigation.

Saved Payback Change in Percentage of
Water Cost,  Period, Payback year,  Achievement Total
$) (yr) (%) Irrigation Needs,

(%)

5% Decrease 16391.5 9.5 +1.1 76
5% Increase 16688.6 9.3 -0.7 76
10% Decrease 16201.8 9.6 +2.3 76.1
10% Increase 16867.8 9.2 -1.7 76.1

25% Decrease 15858.9 9.8 +4.5 76.4

25% Increase 17412.4 8.9 -4.8 76.6
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5.3 Discussion

From the results, the tank size does not change with the sensitivity study except
for a 25 % decrease in evapotranspiration and a 25% increase in precipitation. Comparing
the precipitation and evapotranspiration impacts of percentage change on payback period
for each corresponding sensitivity changes, the evapotranspiration has more influence on
both tank size and payback period than does precipitation. The reason is that the changes
in ET directly affect irrigation water needs, whereas the precipitation influence needs to
be calculated that affects irrigation water needs. The relationship between precipitation
and runoff is another ratio, so ET has more of an impact on tank size and payback period.

Based on an analysis of the interaction of precipitation and evapotranspiration, the
tank size cannot be significantly reduced or increased to meet irrigation-water needs.
Therefore, the tank size based on the average value is suitable with a 25% variation of
precipitation and evapotranspiration. Considering changes in payback period data, the
average payback year is still approximately 9.4 years. Hence, the sensitivity studies
demonstrate that there is little impact on the design tank size and little impact on payback
period with the changes of precipitation and evapotranspiration.

Although the collected water source cannot fully meet the irrigation water
requirement, the design rainwater harvesting system can generally satisfy approximately
78% of total irrigation needs. When precipitation increases or evapotranspiration
decreases significantly, the irrigation water needs can be approximately 90% supplied by
the designed rainwater harvesting system. The actual irrigation needs may differ from the

estimation; e.g., the month of May probably needs much more water for irrigation.
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However, this project provides a general feasibility analysis of installing a rainwater
harvesting system.

Since the irrigation cannot be fully satisfied and payback period is little long,
more analysis should be done to explore a better plan and payback period to implement a
rainwater harvesting system. To achieve a better payback period, the irrigation water
needs may be reduced to 60% or 50% of the total by designing smaller tanks as assuming
the tank size can meet requirement of water storage. With this assumption, the estimated
payback period is listed in Table 40. According to the table, only when the tank sizes are
20,000 and 30,000 gallons for 60% of total irrigation water needs, the payback period is
better than the sample design. The problem with this scenario is that the tank size

probably cannot be fully functional for water storage.

Table 40. Payback Period with Different Tank Size and Percent of Irrigation Requirement.

Tank size, 50% of Total Irrigation  60% of Total Irrigation

(gallons) Water Needs Water Needs
20,000 9.7 years 8.1 years
30,000 10.8 years 9.0 years
40,000 12.2 years 10.1 years

Based on the water balance method, the tank size can be fairly small but the tank
should be at least 40,000 gallons in order to be functional for water storage. Moreover,
the estimation showed that lower irrigation requirements and smaller tank will have a
worse or the same for the payback period. The reason is that the tank cost is a small part
of the total costs and the percentage of water savings has more influence on the payback
period. Hence, a better option is to reduce the design tank size and have the maximum

irrigation requirement by the design tank size. Instead of a 60,000 gallon tank, the cost of
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designing three other tank sizes, 40,000, 50,000 and 70,000 gallons, is estimated, and the

results are shown in Table 41, based on the same estimation method.

Table 41. Payback Period and Achievable Irrigation Percentage of Various Tank Size.

Tank Size, gallons Payback Period, yr Percentage of Achievement
Total Irrigation Needs, (%)

40,000 8.1 75.4
50,000 8.6 75.6
70,000 10.0 76.4

Results show that employing a 40,000 gallon tank will achieve the best payback
period, and these tanks can achieve almost the same percentage of irrigation requirements.
However, there is no big difference on payback periods between 40,000, 50,000 and
60,000 gallon tanks. Although the smaller tanks are good for the payback period, they
might not be functional for water storage, and the payback period will be more than the
theoretical estimation. Hence, regarding water storage, a 60,000 gallon tank may be still a
good choice.

Since the payback period is under 10 years, another way to reduce the payback
period is to find a local manufacturer to make steel or concrete tanks to replace fiberglass
tanks from other states. However, due to a low percent of tank costs in the total costs, this
method improves the payback period. Because of a lack of cost information of these
types of tanks, an assumption is made that these tanks can save 50% more than fiberglass
tanks. With this assumption, the payback period is about 7.2 years.

Beside irrigation, the rainwater has potential use for toilet flushing and cleaning
water in the month when the irrigation water requirement can be easily satisfied. This

possible use of toilet water was not performed due to the unstable water supply, whereas
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the rainwater is a good, possible source for cleaning water. If the collected rainwater and
groundwater can be used fully, the payback period can be reduced to less than 5 years.

In chapter 3, swimming pool water was not used for irrigation due to its high
density of chlorine and the unknown frequency of water discharging. In order to improve
the payback period, the pool water could be treated by an alternative method, such as
ultraviolet radiation and ozonation. The concern of using an alternative method is the cost
and health impact on humans. The ozone involved in the ozonation method is possible
toxic, so it is not a good option for disinfection. In contrast, ultraviolet disinfection is
applicable and relatively cost-effective, but some cost will be spent on the replacement of
the disinfection system. If the pool water is discharged twice a year and fully utilized, the
payback period can be reduced by 0.5 years.

These above options of reduction of payback period were summarized in Table 42.

Table 42. Options of Reduction of Payback Period.

Options to reduce Assumption Reduction of
payback period Payback Period
Using concrete or steel 50% cost of fiberglass tank reduced to 7.2
tanks for storage years
Rainwater usage for all rainwater can be used less than 5 years

toilet flushing and
cleaning water
The pool and spa water treated by alternative reduced 0.5 years
from REC center method and good for
irrigation usage

Moreover, a fountain could potentially be built on Campus Green for aesthetic
purposes by using rainwater stored in tanks. Although the fountain also has an

evapotranspiration effect, the water loss depends on the fountain area which will not
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much influence the irrigation function. With an aesthetic function, the RHS will not only
be considered an investment project but it might be a landmark on the UAB campus.
Besides the cost, the concern of bacteria and algae in the system would need to be
addressed. This concern is not a big issue for irrigation purposes but in the operation and
maintenance of the system. If the storage facility is not maintained well, the bacteria and
algae cause filter problems and a problem in monitoring the system. To solve this
problem, an ultraviolet disinfection device can be utilized to control the growth of
bacteria. Another option is chlorination with automatic self-dosing systems, and
appropriate contact time is critical to kill bacteria (Texas Water Development Board,
2005). In addition, the storage facility should be carefully monitored and maintained.
Aside from the financial problem, the rainwater harvesting system benefits the
environment. The system will reduce the precipitation runoff volume, which means a
reduction of the volume of water running to the river. It will relieve the erosion of river
banks, as well as the river water quality that will benefit the ecosystem in and along the
river. Because of water conservation for irrigation, the amount of water used for
irrigation may be treated for potable water. Since rainwater is reused, the energy used for
wastewater treatment and water supply will also potentially reduced, which may lead to a

reduction in air pollutant emissions.
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CHAPTER 6
CONCLUSION

The UAB Facilities Management Department has successfully installed USTs at
the University Boulevard Office Building (UBOB) and is considering extending the
application of RHS on the UAB Campus Green as a part of their GO GREEN sustainable
project. The design of underground water storage tanks involving rainwater harvesting
on the UAB campus is a further study on water conservation at UAB and enables water to
be saved for irrigation on the Green.

The data collected and investigated is relevant for the irrigation water needs
estimation. In the project, each term involved in the hydrological cycle has been
explained and calculated appropriately. The investigation at the UAB Campus Green,
along with data from the Facilities Management Department aids in this research
providing more accurate estimates. Even though the cost estimation of the RHS is
relatively simple, the total cost is acceptable. According to the estimated three-year
average value, the designed tank size is 60,000 gallons. By considering the financial
aspects and the function of storing water, the payback period is about 9.4 years. In order
to explore the impact on tank size and the payback period, and the changes of
precipitation and evapotranspiration, a sensitivity analysis study was performed. With the
sensitivity study, changes of 25% for precipitation and evapotranspiration have little

effect on tank size and payback period. In general, the tank size and payback period
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remain nearly the same. The study demonstrated that the design of a RHS for the UAB
Campus Green is reasonable.

Though the payback period is relatively long for projects, the fiberglass tank has a
long lifespan that will be economic even for a long period application. After exploring
possible method to improve payback period, the results showed more acceptable result,
which is almost acceptable for installation on economic aspect. Moreover, the RHS not
only benefits the environment by saving water resources but can achieve an aesthetic
function with a fountain, as well as relief from impact on rainwater-receiving streams. In
this project, a general concept and estimation were performed to examine the feasibility
of such a system. If the system is planned, more specific, exhausting work should be
performed. From the ecological angle and trend of water conservation, it is worthwhile to
implement a RHS on the UAB Campus Green, and more RHS systems could be
implemented on campus.

Although this research is specifically a case study on regarding the UAB Campus
Green, the methods and principals are general and applicable to big or small

implementation, such as another campus project or household, respectively.
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APPENDIX A. PLANE FIGURE OF THE UAB CAMPUS GREEN.
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APPENDIX B. RUNOFF CURVE NUMBER FOR URBAN AREAS.
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Open space (lawns, parks, golf couraea, cemeterbes, ete )&

Poor condilion {grass cover < B9, G5 i A6 i
Fair condition (grass cover B to TE%} A48 ] T8 S
G condition (e cover = TR} .. S ot Bl T4 ]
Impervions aress:
Paved parking lots, roofs, drl\lewa:.a_v., et
{oxehading right o f-wayk... b hL] 1] kL]
Streets and roads:
Paved; enrbs and store sewers {exe hnding
right-of-way] . S L] L] a8 L]
Paved; open ditchies fmh:d.‘lrug ﬂght-nf-waq.r) . =] it Lt B
Gravel Cinelhidimg right-of-weayd .. i Bh ot o1
IHrt (inehadimg rkgtlﬂf-!.rag"}....._.. R T2 &2 ar 20
Western desert urban arvas
Madural desert banddscaping (pervions aress onby) & o 4] il Al ]
Artifickal desert badsceaging (mmperyions weed barrier,
desert. shoub: with 1- to Z-inch sand or gravel malch
an hasin borders) IS S B B8 1] BE
Urbrany districts
Comrmercial and business e et e e st n b et b e a5 =t B2 og BE
72 &1 B& o1 b5
¥ age lot =
I-E.amor]&a{mwnhm] [ 45 ki 1] o0 o2
L4 acre . e a8 i1 B a3 &7
LB acre _ a0 5T T2 a1 56
| E T R a6 B T 0 BE
1 mere .. 20 Ll i ki) =5
Emeres ... e 12 A (43 v 2]
Daveloping wrian areas
Newly graded sress
(perviens areas only, no vegetation) & 7 1] a1 3

Tdle lands (CWN's are deterrabned osing over types
smilar to those intabhle 2-2e0,

Vo Average nanoll condithon, and 1, = 025

2 The: avermge pereend innpervions area shown was usod 1 develop the composite CN's. Other assumplions are as follows: imperviouns arcas are:
direculy connecied 1o the desinage system, innpervios aeas fave a TN of 98, and pervious arese sre oonsidered equivalent i open space in
good hpdrologic condidon. CN's for ol her combinations of conditions may be comrguied using Agure 22 or 24,

S NS showy are eqpilvalent 1o those of pasture, Conngosite CRs may be corapused Tor sther comidnations of opssn space
cover ype

& Gomposite CN's for nedurml desort Inndscaging should e computed asing fgares 2-5 or 24 based on the imperdons ares, peroenage
N = 980 arel e pervios ares CN. The pervious s CNs are sesomesd equivalent o desen shoulr in poor hidioologie condition

B Conposite O b use Bor the desi gn of leraporary measures: during grading amed corstruction should be comaputed using figure 2.2 ar 24
s o Kl diegres of devel oprend Jpervious apea percentage) sl te W8 for the new]y graded  pervious ansss.

Source: SCS, 1986
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