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The Unified Costing Model for Regional Planning (UCM) is not intended to be used in lieu of professional engineering design or cost estimation procedures for water supply facilities. Results of all applications of the UCM, including those for technical evaluation of water management strategies in the regional water planning process, should be carefully reviewed by professional engineers and other knowledgeable professionals prior to use and publication.  
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will be at 
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 sole risk and without liability or legal exposure to 
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[bookmark: _Toc341708415][bookmark: _Toc342033598]Introduction and General Overview
A large volume of regional planning work consists of studying alternatives for delivering water from new water sources to demand locations and evaluating ways to optimize management of existing water supplies.  Investigating these types of scenarios typically includes performing a preliminary engineering analysis of needed facilities and estimating costs to construct the required infrastructure.  Other tasks may involve updating construction costs of alternatives that have previously been examined.
The purpose of this user’s guide is to present the Unified Costing Model (UCM) for Regional Planning, which is to be used for study-level cost estimates.  Using these procedures and methods will provide reliable and consistent preliminary configurations and cost estimates; however, results should always be reviewed and refined with application of professional judgment and experience.  Unique situations and facilities not addressed in the procedures should be evaluated on an individual basis.
The UCM contains a series of modules to aid the user in developing a cost estimate for a water management strategy under consideration in regional water plan development.  Those modules, discussed in the following sections, include:
Project Information and Assumptions 
Simplified Hydraulics 
Advanced Hydraulics 
Conservation 
Drought Management Risk Factor 
Drought Management Cost 
Well Field 
Embankment Calculations 
Costing Form 
Cost Summary 
Each module has been designed to accommodate the most common types of water management strategies in regional water planning.  Certainly, there are projects or components of projects with unique characteristics beyond the scope of what these modules are designed to evaluate, and in such cases, the user should perform an external cost estimate to be incorporated into the UCM, where applicable.
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[bookmark: _Toc341708416][bookmark: _Toc342033599]Project Information and Assumptions 
The Project Information and Assumptions module (“Project Info & Assumptions” tab) of the UCM is where basic project data and the general assumptions used throughout the costing model are entered.  There are four sections in the Project Information and Assumptions module.  
The first portion (Basic Info) allows the user to enter the name of the project, the Water User Group (WUG) or Wholesale Water Provider (WWP) associated with the project, and the name of the person that is performing the cost estimate.  Additionally, the user enters the Producer Price Index[footnoteRef:1] (PPI - used for pipelines) and the Engineering News Record Construction Cost Index[footnoteRef:2] (CCI - used for all other facilities) values to establish the time basis for which the cost estimate is to be made.  Base cost data in the UCM are set to March 2012 dollars (a CCI of 9268 and a PPI of 184.4).  Finally, the user enters the project firm yield in acre-feet per year (acft/yr) and an associated peaking factor for upsizing of facilities (see Section 2.1). [1:  http://www.bls.gov/ppi/ ]  [2:  http://enr.construction.com/economics/ ] 

[image: ]The second section of the Project Information and Assumptions module allows users to enter the assumptions consistent with the TWDB guidance for regional water planning.  These values have been pre-populated with the assumptions used in the 2016 regional planning cycle.
The third section of the Project Information and Assumptions module is where the user can enter assumptions pertaining to power connections, pipeline right-of-way, and pipeline crossings.  Standard values for power connections and pipeline crossings have been pre-populated.
[bookmark: _Toc462479590][bookmark: _Toc341708417][bookmark: _Toc342033600]Water Volume and Rate of Delivery
The volume of water to be pumped and the rate at which it needs to be delivered are critical pieces of information because they are the driving components in determining pipe sizes and pump station requirements.  The volume of water that will be delivered (i.e., the amount of water to be delivered over an entire year) will be determined in a separate analysis and will vary from one water management strategy to another.  For example, in one strategy, the volume of water that can be delivered may depend on the yield of a reservoir, while another may depend on a predetermined amount of water to be purchased from a WWP.
After determining the volume of water for a strategy or alternative, the next piece of information needed is the desired rate of delivery.  Several terms of interest that apply to rate of delivery are low, average, and peak.  Water may be delivered at an average (uniform) rate over the entire year (i.e., the same volume of water would be pumped each day), or the rate may vary from month to month or day to day.  A typical scheme where water will be delivered at varying rates is one in which more is pumped in the summer to meet “peak” demands, and then significantly lower during the winter to meet “off-peak” demands.  An important point to remember is that FACILITIES ARE TO BE SIZED BASED ON PEAK RATES OF DELIVERY.  If a variable rate is used, the transmission system will need to be examined using the low, average, and peak rates to determine system adequacy and pumping costs at each flow.
Another aspect to remember about the delivery rate is that it should be adjusted to reflect pump station downtime for maintenance activities.  The UCM assumes a 5 percent pump station downtime with a uniform delivery of water.  If facilities are sized for a peaking factor greater than 1.0, then maintenance downtime is assumed to be completed during the “off-peak” period. 


[bookmark: _Toc342033601]Simplified Hydraulics Calculations
There are two methods of performing pipeline hydraulics calculations available in the UCM.  These methods are used to determine pipeline diameter(s), pump and booster sizes, and pumping energy required.  The first is a simplified method presented in this section, and the other is a detailed method in which the user defines a pipeline route and uses an elevation profile (presented in Section 4.0).  
[image: ]The simplified method in the Simplified Hydraulics module (“Simplified Hyd Calcs” tab) allows the user to quickly determine pipeline diameter(s), pump and booster sizes, and pumping energy given a few basic pieces of information.  The user inputs the beginning and ending elevations, pipeline length, water delivery amount and peaking factor, and other basic assumptions.  The Simplified Hydraulics module aids the user in choosing a pipeline diameter and generates the number of pump stations required, along with their sizes and required pumping energy.
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Advanced Hydraulics Calculations
The second method of performing pipeline hydraulics calculations available in the UCM, and used to determine pipeline diameter(s), pump and booster sizes, and pumping energy required, is through use of the Advanced Hydraulics module (“Pipe X - Adv Hyd Calcs” tab).  The user supplies a pipeline profile (based on externally-selected route), including station, elevation, soil type (rock or soil), and level of development (rural or urban) along the pipeline route.  The Advanced Hydraulic module allows the user to consider the pressure in the pipeline along the entire route to ensure that maximum and minimum pressure parameters are met throughout the pipeline route.  The user can also choose locations of booster stations and allocate a portion of the Total Dynamic Head (TDH) to each of the booster stations.  Additionally, the user may specify delivery amounts and points along the pipeline route, thereby facilitating adjustment of pipe diameter for smaller quantities in the pipeline.
The user may choose up to five delivery locations along the pipeline route to deliver portions of the total water to be conveyed by the transmission system.  Additionally, the user may specify up to five pump/booster stations to gain the necessary lift from the beginning of the pipeline to the end delivery point.  
Finally, because water management strategies often include more than one pipeline route (for example, there may be a high-capacity diversion from a river to an off-channel reservoir and a uniform delivery of firm yield from the off-channel reservoir to a WTP), the UCM has included three (3) Advanced Hydraulics modules to allow up to three separate pipelines (transmission sub-systems) to be evaluated for one water management strategy.
[bookmark: _Toc342033603][bookmark: _Toc462479591][bookmark: _Toc341708418]Hydraulics Assumptions
The “Hydraulics” section of the Advanced Hydraulics module allows the user to input basic hydraulics information, including roughness factor, target flow velocities, type of water being transported (raw or treated water), etc.  
The type of water to be transported is a consideration that may have an impact on the engineering analysis.  Raw water and treated water comprise the categories that are expected to be encountered in technical evaluation of water management strategies.  Treated water is water that has been treated for some purpose; generally this would be potable water from a water treatment plant.  Raw water is usually thought of as untreated, non-potable surface water that comes from a stream or reservoir.  Groundwater may potentially be categorized as potable (classified as treated in the UCM) or non-potable (classified as treated in the UCM) water depending on resident levels of certain substances found in the water.  It is important to be aware of the water type because minimum pipeline pressure requirements vary depending on the type and use.  In the UCM, the Advanced Hydraulics module assumes a 15-psi minimum pressure for raw water and a 25-psi minimum pressure for treated water.  
[bookmark: _Toc342033604]Water Delivery Locations
The user specifies the total water conveyance, peaking factor, delivery quantities, and locations in the “Deliveries” portion of the Advanced Hydraulics module.  Some amount of water must be delivered to the end of the pipeline.  The locations of the delivery points are needed in order to chart a pipeline route.  Possible delivery locations include rivers, reservoirs, water treatment plants, storage tanks, and municipal distribution systems.  
[image: ]

[bookmark: _Toc462479595][bookmark: _Toc341708422][bookmark: _Toc342033605]Pipeline Route Selection and Profile
Generally, the first step in the Advanced Hydraulics module pipeline analysis is to determine a route.  The goal is to connect the source with the destination by the most direct and logical route possible.  Once a path has been selected, a two-dimensional pipeline profile can be generated from a set of points distributed along the route (Section 4.3.1).  Each point represents a station (horizontal dimension), and a corresponding ground elevation (vertical dimension).  The number of points and the distances between these locations needed to represent the profile adequately will vary depending on the topography along the route.  The goal is to capture the general topographic features or trends while showing points of significant elevation changes (i.e., minimum and maximum points along a route segment).  These data, along with the soil type (rock or soil), and level of development (rural or urban) along the pipeline route, are entered into the Pipeline Profile Data portion of the Advanced Hydraulics module.


[bookmark: _Toc462479597][bookmark: _Toc341708424]Route Selection and Profile Generation Guidelines and Tasks
Pipeline routes are identified and generated using external mapping resources available.  Selecting a route to be used in technical evaluation of a water management strategy is typically an exercise in professional judgment based on experience.  The following guidelines and tasks should, however, be considered in any strategy evaluation:
Route Selection Guidelines
· Select the most direct route paralleling existing right-of-ways to the extent possible.  Existing right-of-ways include roadways (preferred), pipelines, power transmission lines, and railways (least preferred).  
· Limit pipeline routing across open land to the extent possible.  Property division is less desirable than paralleling a boundary, except when following an existing right-of-way.  In the design phase, it may be more feasible to cross open land along selected sections of a route if, during the design evaluation, the benefits outweigh the costs.
· Bypass large water bodies.
· Bypass cemeteries and sites known to be culturally significant or environmentally sensitive.  An environmental and archaeological review may or may not be performed at the regional planning level, but readily available information should be used to help avoid known sensitive areas.
Bypass urban centers to the extent possible.  Though it may result in a longer route, traversing around a city will likely result in lower construction costs. 
Avoid rough terrain, if possible; especially bypass hills that could be higher than the hydraulic grade line of the pipeline.
Avoid heavily forested areas to the extent possible.
Avoid crossing a highway at a major interchange.
Avoid areas that require rock excavation if practical.  Since soil conditions are usually consistent within some range, moving the pipeline is generally not expected to significantly change the ground conditions encountered.  In the event that evidence shows the ground conditions would change significantly by shifting the pipeline route, the route that would result in lower constructions costs should be selected.  
Pipeline Route and Profile Generation Procedures
Using the pipeline route selection guidelines, a route can be defined, and then a corresponding profile generated.  These tasks have typically been accomplished by manual methods in the past.  The manual process entails drawing a route on a topographic map, setting points that define the ground profile, and measuring the stations and recording the corresponding ground elevations.  Performing these tasks, especially recording the profile data, can be very tedious and time consuming.  Advancements in computer technology and the growth of Geographic Information Systems (GIS) have resulted in mapping tools that can accelerate this process significantly.  The definition of GIS is as follows:
Geographic Information Systems (GIS) – an organized collection of computer hardware, software, geographic data, and personnel, designed to efficiently capture, store, update, manipulate, analyze, and display all forms of geographically referenced data.
For study planning purposes, the definition may be summarized as follows:
Geographic Information Systems (GIS) – a system for utilizing data that is linked spatially to a geographic reference.
GIS should be used to the greatest extent practical as the means for laying out a pipeline route and “capturing” the profile information because it offers increased efficiency and speed in performing these tasks.  An appropriate set of tools useful in determining pipeline routes and profiles consists of the following:
ArcGIS – This is a mapping and GIS software package created by ESRI[footnoteRef:3].  It has capabilities for creating maps, adding features (such as pipeline routes) to existing maps, and for readily integrating multiple geographically referenced databases.   [3:  http://www.esri.com/] 

Digital Elevation Model (DEM) – DEMs are files that have ground elevation data located at regularly spaced intervals in a geographic area.  These files provide elevation data only.
United States Geological Survey (USGS) Topographic Maps - USGS topographic maps are available in electronic format locally through the Texas Natural Resources Information System (TNRIS).
Topologically Integrated Geographic Encoding and Referencing (TIGER) Maps - These are mapping files prepared by the United States Census Bureau.  TIGER maps show many of the items that are shown on USGS topographic maps, such as rivers, lakes, roadways, railroads, and urban centers.  It does not, however, provide information on ground elevation data and vegetation conditions.  Data such as population counts and political boundaries may be spatially linked to the map.  Though void of ground elevation data, these maps can be very useful for determining a pipeline alignment.
Texas Department of Transportation (TxDOT) Highway Maps - County highway maps are available in electronic format.
Model Builder Profile Tool –This is a custom built tool within the ArcGIS software to extract the station and elevation data along a specified route and save it to an exportable data file.
Aerial Photography – Current aerial photography, that can be accessed online or via various agencies, that are useful to determine urban development along the specified route.
Because of the time reduction that GIS can offer in route selection and profile generation, using GIS is clearly the preferred method for technical evaluation of water management strategies considered in the regional water planning process.  If there is a reason that GIS can not be used, the manual approach previously summarized should be followed.  The steps for laying out a pipeline and profile generation using GIS are as follows:
Consult with a GIS specialist. 
Using the ArcGIS package, lay out a pipeline route on a topographic, current aerial photography, TIGER, or highway map that is overlaid on a corresponding DEM. Define and draw a route on the map following the route selection guidelines.  If a TIGER or TxDOT map is used to layout a route, it is a good idea to check the pipeline alignment on a USGS topographic map or current aerial photography to identify potentially undesirable land features along the pipeline.  For example, make sure that the route is not traversing extremely rough terrain or that it is not going over a high peak when there is relatively flat ground close by.  Additionally, USGS maps may provide more details regarding features that need to be accounted for such as stream crossings along the pipeline route.  Once created, the pipeline route can easily be placed on different types of map files, with the location on each being determined using latitude and longitude coordinates (i.e. geo-referenced).  
Extract profile data using the Profiler tool[footnoteRef:4]. The station interval distance can be specified with the software, and should be such that the general land features are recorded while capturing points of significant elevation changes.  Begin stationing at the water source for consistency.  Save the profile data to an electronic file. [4:  Profiler Tool is part of ESRI’s 3D Spatial Analyst Package ] 

Generate a plot of the ground profile using a spreadsheet. The data saved in step three will probably have to be “delimited” so that it can be read directly into columns of a spreadsheet.  The plot will have elevations on the vertical axis and stations on the horizontal axis (see Figure 1).  Treat the ground profile as if it were the pipeline profile for regional planning purposes, therefore, no adjustments to the elevation data will need to be made for pipe burial.  In an actual pipeline design project the ground profile would be plotted along with a profile of the pipeline beneath the ground surface by a specified amount of ground cover.  


[image: Figure 3-2]
[bookmark: _Toc341964356]Figure 1.  Typical Ground Profile Plot
In addition to generating a profile, there are several tasks that must be performed after the pipeline route is established.  These tasks include determining the number and length of pipeline crossings that are likely to require special installations utilizing trenchless technology construction techniques.  Such crossings may include streams, roads, railways, and major rivers.  In addition, the soil conditions along the route should be categorized utilizing available information.  This information is needed in order to prepare the construction cost estimate.
[bookmark: _Toc342033606][bookmark: _Toc462479600][bookmark: _Toc341708427]Pipeline Hydraulics Calculations
The user selects pipeline diameters for the transmission pipeline segments, along with pump/booster station locations and associated lift in the Advanced Pipeline Hydraulics Calculations portion of the Advanced Hydraulics module.  The followings sub-sections (4.4.1 through 4.4.4) briefly explain the theory behind the calculations used in the Advanced Pipeline Hydraulics Calculations portion of the UCM that guide the user in making these selections.

[bookmark: _Toc342033607]Pipe Size, Velocity, and Head Loss 
The Advanced Pipeline Hydraulics Calculations portion of the Advanced Hydraulics module is used to size pipes and generate the hydraulic grade line.  Using total water conveyance and the peaking factor, the peak delivery rate is established and the process of selecting the size, velocity and head loss is as follows:
1. Estimate a pipe diameter for a corresponding velocity. A target velocity is used at this stage to help establish an appropriate size range.  Equation 1 calculates the exact diameter in inches, as follows:
	

	 (1)


The user then picks a standard pipe diameter based on the diameter resulting from Equation 1.  Standard pipe sizes are set in a dropdown list.
With the standard diameter set, the pipe velocity corresponding to the chosen pipe diameter is calculated using Equation 2.  An important guideline to remember is to select pipeline diameter to maintain velocity within the 3.5-7 fps range. This range is a general guideline intended to prevent solids deposition in the pipe and to minimize energy requirements associated with friction losses experienced at high velocities.
	

	(2)

	
	


Using the Hazen-Williams equation (Equation 3), the head loss in the pipe is calculated (hydraulic grade line or HGL slope) with the diameter selected in step 2 and the velocity found in step 3.  The HGL will be plotted on the same graph in Advanced Hydraulic Chart (“Pipe X - Adv Hyd Chart” tab) as the ground profile using the calculated slope.  
	

	(3)


[bookmark: _Toc462479601]
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[bookmark: _Toc341708428]Pipe Pressure
When pumps impart energy to water, or “lift” it, a pressure will be generated within the pipe.  This pressure is one component of the total head.  Assuming that velocity head is negligible, the pressure head can be estimated using Equation 4. 
	Pressure Head = Hydraulic Grade Line Elevation - Profile Elevation.
	(4)


Pressure head can easily be converted to pressure by Equation 5.  This equation can also be used to find the pressure head for a given pressure.  Using a plot of the hydraulic grade line, it is possible to determine the pressure within the pipe at any point along the length.
	

	(5)


Pipes are manufactured by pressure class provide a factor of safety within certain pressure ranges.  A convenient tool for determining the pressure ranges in a pipeline is to plot pressure heads for various pipe pressure classes over the entire length of the pipeline profile, then inspect the grade line to see what lengths of pipe fall within a particular pressure head range.  
Another guideline to keep in mind is that the HGL must clear all high profile points along the route in order to prevent formation of a vacuum within the pipeline and reduce the potential for column separation and water hammer within the pipe.  It is desired to clear these points by a minimum water pressure at all times.  The minimum line pressures that should be met or exceeded are 15 psi for raw water and 25 psi for treated water.  This requirement should be met within all anticipated flow ranges.
[bookmark: _Toc462479604][bookmark: _Toc341708431][bookmark: _Toc342033608]Pump and Booster Station Locations and Total Dynamic Head
Pump/Booster station locations and sizes are dependent on the flow rate, pipe size, and corresponding head loss.  A change in flow rate resulting in a change of pipe size can dramatically impact the number and sizes of pumping stations needed to convey water to the destination.  Therefore the pipeline and pumping requirements must be evaluated together.  Several iterations involving different combinations of pipe sizes and pumping station arrangements may be required to obtain an appropriate selection. The combination of pumping stations and pipe size selected must conform to engineering principles, comply with guidelines, and make sense economically.  
Determining the size of a pump or booster station entails estimating the amount of energy, or head, needed to lift water to a sufficient level for driving water to a particular destination.  This amount of head developed by the pump is called the total dynamic head, or TDH, and is made up of the following:
Static Head – The total change in elevation of the liquid from the suction level to discharge level, plus the pressure difference between suction and discharge reservoirs if different from atmospheric.
Pipe Friction – The friction head loss in the suction and discharge line, elbows, and valves, and the suction pipe entrance loss.
Velocity Head – the head at the end of the discharge pipe.
For study purposes, the TDH will be calculated as the difference between the calculated elevations of the HGL at the pumps and the suction source plus station losses (Equation 6).
	TDH (ft) = Final HGL Elevation at Pumping Station (ft) – Water Surface
Elevation (ft) + Pumping Station Losses (ft)
	(6)


The simple approach used in the UCM for determining the TDH for sizing a pump station is one that involves starting at the destination at a predetermined elevation, creating a HGL based on the peak flow, and evaluating a number of factors back toward the source. Once a transmission system arrangement is selected for peak flows, the same factors will be evaluated to ensure that the system will function adequately for the lowest anticipated flows. 

[bookmark: _Toc462479605][bookmark: _Toc341708432][bookmark: _Toc342033609]Pump Station Horsepower (size) and Power Requirements
Pump station sizing and power requirements involve assessment of station power needs for different operating conditions.  Power is the time rate of energy transfer, with the TDH for a particular flow rate being the amount of energy to be transferred.  Horsepower is the unit of power that is used in the UCM and can be calculated with Equation 7.  The efficiency of the pumping station is represented by “e”.  It is actually a “combined efficiency” that accounts for the efficiencies of the pumps and pump motors.  For regional water planning purposes, assume a combined efficiency of 0.7.  The pump station size, which is based on the greatest amount of horsepower needed, is derived using the peak flow rate and its resulting TDH.
	

	(7)


Equation 7 is also used to determine power consumption for estimating pumping energy costs.  Electric energy is typically billed by the kilowatt-hour (kWh or KW-HR).  “Watt” is the International System (SI) unit for power and is related to horsepower by Equation 8.
	

	(8)

	

	

	

	


The estimated energy consumed in pumping is calculated by converting power back to energy for the pumping duration.  Equation 9 illustrates this calculation.
	

	(9)


The number of hours of pumping operation is the total number of hours out of the year needed to deliver the annual water volume at a flow rate which is to be expected the majority of the time when pumping.  Annual pumping energy cost is based on the annual energy consumed.
[bookmark: _Toc342033610][bookmark: _Toc341708433]

Water Conservation 
The Conservation module (“Conservation” tab) of the UCM provides the user a simplified method of calculating advanced municipal water conservation estimates and associated costs.  Advanced water conservation is conservation above and beyond that of plumbing code conservation estimates that are included in the TWDB water demand projections.  The user enters the population and water demand for a given WUG/WWP for each decade of the planning period, as well as the historical per capita water use associated with the previous census year.  
The user specifies a target per capita water use as the conservation goal.  There is also the ability to choose an advanced conservation rate in which the WUG/WWP can achieve the goal and another advanced conservation rate after the goal has been reached.  If no additional conservation is to be included after the goal is met, the “Rate Once Goal Is Achieved” can be set to zero.
Finally, the user specifies the unit cost of conservation based on the urban/suburban/rural setting of the WUG/WWP.  Default unit costs of municipal water conservation were obtained from the “Quantifying the Effectiveness of Various Water Conservation Techniques in Texas”[footnoteRef:5] study conducted for TWDB. [5:  GDS Associates, “Quantifying the Effectiveness of Various Water Conservation Techniques in Texas; Appendix VI, Region L,” Texas Water Development Board, Austin, Texas, July 2003.] 


[image: ]
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Drought Management 
[image: ]The Drought Management modules (there are two: “Dr Mgmt Risk Factors” and “Dr Mgmt Costs” tabs) are used to develop estimates of municipal drought management water savings (i.e. failure to meet projected water needs) and associated costs (i.e. economic impacts of failure to meet projected water needs) for WUGs/WWPs.  The calculations are rather complex, and are described in detail in the 2011 South Central Texas Regional Water Plan[footnoteRef:6].  For the UCM, an automated process has been included for quantifying drought management savings and estimating economic impacts which are converted to unit costs for direct comparison to other water management strategies.   [6:  South Central Texas Regional Water Planning Group, 2011 Regional Water Plan, Volume II, Technical Evaluations of Water Management Strategies, September 2010.] 

The user starts with the Drought Management Risk Factor module and enters the historical per capita water use data and a reference year.  This module calculates the risk associated with making drought management reductions at various levels.  The results of this module feed the Drought Management Costs module.
The Drought Management Costs module takes results from the Drought Management Risk Factor module and calculates the amount of water saved for 5, 10, 15, and 20 percent reductions, and their associated costs.  The user enters the water demand for the municipal WUG/WWP and planning year for which drought management is being considered.  Additionally, the user enters the water use sector distribution (domestic/residential, commercial, and manufacturing) for the municipal WUG/WWP and the unit cost of reduction for the various sectors.  This information is available from the TWDB for each entity.  
[image: ]The Drought Management Costs module processes the inputs and the resulting risk factors from the Drought Management Risk Factor module to determine the amount of water saved due to drought management and the associated cost.
[bookmark: _Toc342033612]

Well Fields
Wells must be constructed to extract water from below the land surface and pump it into a water delivery system.  Each well can be considered an individual, or stand alone, pump station for sizing purposes and for pumping energy calculations.  Size/horsepower requirements, like pump stations, are based on the flow and the total dynamic head.  Total dynamic head for a well pump is the elevation difference between the hydraulic grade line and the estimated groundwater (i.e. piezometric) surface at the well during pumping conditions, plus station losses.  This water surface elevation is the static water elevation below the land surface less the amount of draw down due to pumping.
The Well Field module (“Well Field” tab) allows the user to “design” the well field and collection system to help layout the facilities in order to determine costs.  The user can enter basic pump and pipe information in the upper portion of the module.  There is a portion dedicated to well and pipe layout, including the ability to estimate horsepower and energy necessary to support the well field and collection system.  
[image: ]
Additionally, there is a portion at the bottom of the module designed to aid the user in selecting operational designs and capacities for reverse osmosis treatment of brackish groundwater.  


[bookmark: _Toc342033613] (
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Dam Embankment Estimates
[image: ]A basic dam embankment quantity calculator is included in the UCM in the Embankment Calculator module (“Embankment Calcs” tab).  The user enters information regarding the cross-section of the dam and the components of the dam, along with the unit prices of various cost elements associated with the construction of a dam, such as Embankment Fill and Cutoff Trench, Emergency Spillway, etc.  The embankment calculator uses this information to determine a cost estimate per linear foot for the dam, given the specifications supplied by the user.

[bookmark: _Toc342033614]
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Cost Estimating Form
[bookmark: _Toc341964359]A studies level cost estimate includes three major cost categories: construction costs, other project costs, and annual costs.  Construction costs are the direct costs, such as those for materials, labor, and equipment, incurred in constructing facilities.  These are the costs that are generally submitted by a contractor bidding on a project.  “Other project costs” include additional expenses not directly associated with construction activities such as costs for engineering, land acquisition, contingencies, environmental/archaeological/cultural resources studies, and interest during construction.  Capital costs and other project costs comprise the total project cost.  Operation and maintenance (O&M), energy costs, and debt service payments are examples of annual costs.  Major components that may be part of a preliminary cost estimate are listed in Table 1.
The Costing Form module (“Costing From” sheet) of the UCM is the primary module for creating the cost estimate.  The Costing Form module pulls information calculated in the other modules together, and allows the user to input additional data to step through the cost estimation, as summarized in Table 1.  The following sub-sections briefly describe each elements included in creating a cost estimate in the Costing Form module.



Table 1.  Major Project Cost Categories
	Cost Elements

	Capital Costs (Structural Costs)
	Other Project Costs (Non-Structural Costs)

	1. Pump Stations 
2. Pipelines
3. Water Treatment Plants
4. Dams and Reservoirs
5. Off-Channel Reservoirs
6. Water Storage Tanks
7. Well Fields
a.	Public
b.	Irrigation
c.	ASR Wells
8. Relocations
9. Water Distribution System Improvements
10. Other Items
	1. Engineering (Design, Bidding and Construction Phase Services, Geotechnical,  Legal, Financing, and Contingencies
2. Land and Easements
3. Environmental - Studies and Mitigation
4. Interest During Construction

	11. 
	

	12. 
	Annual Project Costs

	13. 
	1. Debt Service 
2. Operation and Maintenance (excluding pumping energy)
3. Pumping Energy Costs
4. Purchase Water Cost (if applicable)


[bookmark: _Toc341708434][bookmark: _Toc342033615]Capital Costs
Cost tables have been created for the UCM and are discussed in the technical memorandum in Appendix A.  The cost for a project element can be determined by applying a unit cost from the cost tables to a specific unit quantity.  For example, pipeline costs can be determined by pipe diameter and linear feet of line.  Cost estimates are approximate, therefore reporting costs to the dollar is not necessary.  Estimates reported to the thousands of dollars are acceptable.  
Throughout the Costing Form, the user has the option to override a calculated cost estimate for an element with an external cost estimate by simply filling in a value into the “External Cost Estimate” space on each line item.
The cost tables report “all-inclusive” costs to construct a particular facility.  For example, the pump station cost table values include building, pump, control equipment, materials, labor, and installation costs.  Interpolation between the table values is done automatically by the UCM in order to arrive at the appropriate cost estimate.  Each cost table has a reference time period for which the cost data is current.  The user can adjust the time period by adjusting the CCI and PPI values on the Project Information and Assumptions module.
[bookmark: _Toc341708436]Pumping Stations
Anticipated pump and booster station costs vary according to the discharge and pumping head requirements, and structural requirements for housing the equipment and providing proper flow conditions at the pump suction intake.  For studies level costing estimates the cost tables provided are based on the station size, or horsepower, for the peak flow rate.  The costs include those for pumps, housing, motors, electric control, site work, and all materials needed.  
[bookmark: _Toc341708437]The Costing Form has a section for each of the pipelines that use the Advanced Hydraulic Calculations module, each of which has a primary pump station (beginning pump station) and up to four booster stations.  The primary pump station is broken into pump station cost and intake cost.  The user may also wish to add a channel dam, if necessary, to this cost estimate.  If the primary pump station is associated with something other than a diversion that requires an intake structure, the user can set the intake cost to zero by setting the “External Cost Estimate” to zero, thereby overriding the cost estimate.  Additionally, the user enters the flow rate associated with each booster station to establish the cost estimate for the storage tanks associated with the booster stations.

Pipeline
Pipeline construction costs are influenced by pipe materials, bedding requirements, geologic conditions, urbanization, terrain, and special crossings.  For a studies level cost estimate, pipeline costs will be determined from unit costs based on the pipe diameter, soil type, and level of urban development.   The unit costs include installed cost of the pipeline and appurtenances, such as markers, valves, thrust restraint systems, corrosion monitoring and control equipment, air and vacuum valves, blow-off valves, erosion control, revegetation of rights-of-way, fencing and gates.  
The user chooses the pipe diameter, soil / urbanization condition, and enters the pipeline length.  The UCM calculates the cost associated with each pipeline segment.
Additionally, the user can input crossing information to account for various types of pipeline crossings along the route.  
5.1.5	Water Treatment Plants
Construction costs for water treatment facilities are based on plant capacity for six different levels of water treatment.  It is not the intent of the cost estimating methodology to establish an exact treatment process but rather to estimate the cost of a general process appropriate for bringing the source water quality to the required standard of the receiving system.  The process options presented include disinfection, advanced groundwater treatment, simple filtration, conventional treatment, advanced brackish water treatment, and advanced seawater desalination.  Table 2 gives a description of the processes involved in each treatment option.  The water treatment plant unit costs include costs for all processes required, site work, buildings, storage tanks, sludge handling and disposal, clearwell, pumps and equipment.  The costs assume pumping through and out of the plant as follows: Levels 2 through 5 treatment plants include raw water pumping into the plant for a total pumping head of 100 feet, and finished water pumping for 300 feet of total head.  Levels 0 and 1 treatment includes finished water pumping only at 300 feet of head.
Table2. Water Treatment Level Descriptions
	Level 0:
	Disinfection Only - This treatment process will be used for groundwater with no contaminants that exceed the regulatory limits.  Assumes groundwater does not require treatment for taste and odor reduction and groundwater is stable and requires no treatment for corrosion stabilization.  With this treatment, the ground water is suitable for public water system distribution, aquifer injection, and delivery to the recharge zone.


	Level 1:
	Ground Water Treatment - This treatment process will be used for groundwater to lower the iron and manganese content and to disinfect.  The process includes application of an oxidant and addition of phosphate to sequester iron and manganese.  Chlorine disinfection as the final treatment.  With this treatment, the ground water is suitable for public water system distribution, aquifer injection, and delivery to the recharge zone.


	Level 2:
	Direct Filtration Treatment - This treatment process will be used for treating ground water from sources where iron, manganese, or other constituent concentrations exceed the regulatory limit and require filtration for solids removal.  Assumes turbidity and taste and odor levels are low.  In the direct filtration process, low doses of coagulant and polymer are used and settling basins are not required as all suspended solids are removed by filters.  The process includes alum and polymer addition, rapid mix, flocculation, filtration, and disinfection.  Water treatment with this process is suitable for aquifer injection or for delivery to the recharge zone.


	Level 3:
	Surface Water Treatment - This treatment process will be used for treating all surface water sources to be delivered to a potable water distribution system.  The process includes coagulant and polymer addition, rapid mix, flocculation, settling, filtration, and disinfection with chlorine.  This treatment process also applies for difficult to treat groundwater containing high concentrations of iron (greater than 3 mg/l) and manganese requiring settling before filtration.


	Level 4:
	Brackish Groundwater Desalination - Note: This treatment cost does not include pretreatment for solids removal prior to RO membranes.  For desalination of a surface water or groundwater containing high solids concentrations, additional solids removal treatment should be included in addition to desalination.  (Example: add level 3 treatment costs for a turbid surface water source).  This treatment process will be used for treatment of groundwater with total dissolved solids (TDS) exceeding the regulatory limit of 1,000 mg/l.  Costs are based on reverse osmosis (RO) membrane desalination of a groundwater with 3,000 mg/l of TDS to lower the treated water TDS below the regulatory limit.  The desalination concept includes minimal pretreatment (cartridge filtration, antiscalent addition, acid addition), reverse osmosis membrane system, and disinfection with chlorine. Costs assume desalination concentrate will be discharged to surface water adjacent to treatment plant.  With this treatment, the ground water is suitable for public water system distribution, aquifer injection, and delivery to the recharge zone.


	Level 5:
	Seawater Desalination - Note: This treatment cost does not include pretreatment for solids removal prior to RO membranes.  For desalination of a surface water or groundwater containing high solids concentrations, additional solids removal treatment should be included in addition to desalination. (Example - For desalination of seawater with an intake located on the coast drawing turbid water, cost estimate should include Level 3 treatment plus Level 6).  This treatment process will be used for treatment of seawater with total dissolved solids (TDS) exceeding the regulatory limit of 1,000 mg/l.  Costs are based on reverse osmosis (RO) membrane desalination of a water with 32,000 mg/l of TDS to lower the treated water TDS below the regulatory limit.    The desalination concept includes minimal pretreatment (cartridge filtration, antiscalent addition, acid addition), reverse osmosis membrane system, and disinfection with chlorine. Costs assume desalination concentrate will be discharged to surface water adjacent to treatment plant.  With this treatment, the ground water is suitable for public water system distribution, aquifer injection, and delivery to the recharge zone.




[bookmark: _Toc341708440][bookmark: _Toc341708439]Reservoirs, Off-Channel Reservoirs, and Terminal Storage
Standard cost tables for construction costs for reservoirs, off-channel reservoirs, and terminal storage are based on reservoir capacity.  The user enters the reservoir’s conservation capacity and the UCM generates a cost estimate using cost curves based on bid data and engineering estimates.  Alternatively, the user may use the Embankment Calculations module to develop a more detailed cost estimate.

[bookmark: _Toc341708445]Stilling Basins 
If an alternative involves discharging into a water body or perhaps into a recharge structure, it may require that excess energy in the water be dissipated so that scouring and erosion do not become a problem.  Energy will be dissipated with the use of stilling basins.   The user enters the discharge flow in cfs, and the UCM calculates a stilling basin cost based on a cost of $3,025 per unit flow (cfs).
Storage Tanks
Ground storage tanks may be used for stand-alone storage, as part of a distribution system, or as part of a pumping station.  The costs for storage tanks are based on cost per million gallons of capacity.  The user specifies the type of ground storage tank to be used and the capacity of the storage tank.
Elevated storage tanks are rarely used in water transmission systems and are typically utilized in distribution systems within a water service area.  However, the UCM includes the option to include an elevated storage tank, if necessary.
[bookmark: _Toc341708441]Well Fields
The UCM contains four types of wells: public supply, irrigation, aquifer storage and recovery (ASR), and injection wells.  Public supply wells are wells used by municipalities and other water suppliers to supply groundwater for consumption.  Irrigation wells provide water for irrigation purposes but may also be used in scenarios involving surface and groundwater exchange.  ASR is the concept of using wells to inject water into an aquifer for temporary storage and then extracting the water later when needed.  ASR wells include injection wells, recovery wells, and wells that can be used for both injection and recovery.  Additionally, there are injection wells for injecting reject water from various types of projects.
Well costs have been generated for the different types of wells for pumping water from various static water level ranges and pumpage rates. The costs include complete installation of the well and pump to include drilling services, materials, pump and control equipment, valves, testing, security fencing, and a small access road.  The costs do not include those for a building, surface piping connecting to a transmission/collector pipeline, or power connection costs.  

[bookmark: _Toc341708443]Relocations 
Large-scale projects, such as reservoirs, may require the use of lands that contain existing improvements or facilities such as homes, businesses, utilities, and roads.  If the benefits outweigh the costs, the new project element may be constructed, but with the requirement that selected affected improvements or facilities be relocated.  An example of a relocation is the rerouting of a highway out of the inundation area of a new reservoir.  Because the type of improvements and facilities that may be candidates for relocation can vary significantly, estimating the costs for other relocation items should be handled on an individual basis.
Integration
The introduction of treated water to a city, or other entity, may require improvements to connect to the entity’s water distribution system.  A detailed analysis of a distribution system is needed to determine the system improvements required to handle the introduction of additional water supplies.  The analysis would incorporate the development of a model of the entity’s distribution system using a program, such as KYPIPE or EPANET, to determine what improvements are needed.  This level of work is usually beyond the scope of a studies level analysis.
Cost estimates for distribution system improvements should be handled on an individual basis because the magnitude of improvements will vary significantly with each system.  Some systems may actually require very little improvements, while others may require large-scale advancements.
[bookmark: _Toc341708446]Other Capital Cost Items 
Alternatives may involve elements that are not adequately addressed by the cost tables and guidelines within this section.  These additional items will require research on an individual basis to obtain appropriate cost estimates.
[bookmark: _Toc341708447][bookmark: _Toc342033616]Other Project Costs
As previously mentioned, “other project costs” are costs incurred in a project that are not directly associated with construction activities.  These include costs for engineering, legal, financing, contingencies, land, easements, environmental services, and interest during construction.
[bookmark: _Toc341708448]Engineering, Legal, Financing, and Contingencies
Some “other project” costs can be estimated by applying a percentage to the total capital cost.  For studies level cost estimates we will use a percentage to calculate a combined cost that accounts for engineering, financial, and legal services, and contingencies.  The contingency allowance accounts for unforeseen circumstances and for variances in design elements.  The percentages to be used are 30 percent of the total construction costs for pipelines and 35 percent for all other facilities. 
[bookmark: _Toc341708449]Land Acquisition
Land related costs for a project can typically be divided into two categories, land purchase costs and easement costs.  Land purchase costs are those costs incurred for direct purchase of land areas not currently in the project owner’s possession.  Generally, all facilities that will be part of a project, except for pipelines, will be built on land owned by the project owner.  Survey and legal service costs for land transactions will be added to land and easement costs to get the total land acquisition costs.  One possible exception to this is land leasing that may be used for well fields. Suggested land areas for various facility types are listed in Table 3.  

Table3. Suggested Land Area for Various Facilities
	
Facility
	Suggested Land Area
(acres)

	Pump Station
	5

	Water Treatment Plant
	0.5/MGD

	Water Storage Tanks
	2

	Reservoirs
	Inundation Area

	Well Fields1
	0.5 per well minimum

	1 Larger land areas may be required in order to obtain a certain quantity of water rights. 


Pipelines may be built on lands that are, or are not, possessed by the project owner.  Typically, a pipeline will start on land in the possession of the project owner that was purchased and/or dedicated for use with a specific facility, such as a pump station or water treatment plant, and then traverse cross-country.  Rather than purchase land along the pipeline route, easements are usually acquired.  The general definition of an easement is a right granted by the owner of a parcel of land to another party.  The rights are for use of the land for a specified purpose.  There are a number of easement types and methods in which they can be created.  For pipelines, the process is usually similar to land purchase, with a price being paid for construction of the pipeline on the landowner’s property and for future entry rights for maintenance activities.  Payment for easements may be less than land purchase price since the original owner maintains title, and the land is usually restored after construction by the contractor, and used by the landowner.
Two types of easements are usually acquired for pipeline construction, temporary and permanent.  Permanent easements are those, in which the pipeline will reside once constructed, and provide room for future maintenance and protect the line from other parallel underground utilities.  Temporary easements provide extra working space during construction for equipment movement, material storage, and related construction activities.  Once the pipeline has been installed, the grounds are restored to pre-construction conditions, and the temporary easement ceases to exist.  The owner of the property may resume activities over the easements, with the right granted to the project owner allowing entry to the permanent easement for inspection, maintenance, and repair activities.  The total construction easement width shown is the sum of the permanent and temporary easements.
Land costs vary significantly with location and economic factors.  Land costs in Texas can be estimated using Rural Land Values in the Southwest published biannually by the Real Estate Center at Texas A&M University.  Land values are estimated by county and land type.  The user should use the Nominal Median Price per Acre when using the Real Estate Center’s land values.  Other sources of land values, such as county appraisal district records, may be available for use.  Some judgment in the use of suggested land costs is required.  For example, the land cost estimate developed from a resource may be appropriate for general land prices but may not be appropriate for prime locations in the same area.  In such a situation, the prime land value could be significantly higher than that of the surrounding lands.  
[bookmark: _Toc341708450]Surveying and Legal Fees
Surveying and legal services are required with most land transactions.  For our purposes, we will estimate the fees for these services and add them to land and easement costs to get a total land acquisition cost.  
Ten percent (10 percent) should be added to the total land and easement costs to account for surveying and legal fees associated with land acquisition, except for reservoirs. The surveying cost for reservoirs is estimated as $50 per acre of inundation.
[bookmark: _Toc341708451]Environmental and Archaeology Studies, Permitting, and Mitigation 
In general, most construction projects will require some type of approval by governmental agencies.  Environmental permits may be required by local, state, and/or the federal agencies for projects that affect land and water resources, or generate air pollution.  Of particular importance, studies for projects will be performed to determine if environmentally sensitive areas, wetlands, threatened or endangered species, and valuable archaeological/cultural resources exist on or near properties where project facilities are proposed for construction.  In addition to potentially requiring permits by regulating agencies, such conditions may result in restrictions or modifications in construction, may require mitigation, and in some cases could prevent construction altogether.  The definition of mitigation is to alleviate or make milder.  As related to construction projects, mitigation refers to actions taken to achieve equitable compensation given for environmental impacts relative to construction and/or operation of the project.  This could include purchase of land, enhancement of wildlife habitat and/or money compensation.
Environmental and archaeological studies are usually performed during the design phase of a project, though some investigations may occur during the preliminary engineering phase.  In the studies level analysis of a project, it is difficult at best to determine what permits may be required and the costs for environmental studies.  There will be some base fee for the initial environmental studies that will be performed on a project.  More detailed environmental analysis may be required if any environmental issues are discovered, which could result in increased environmental studies and permitting costs, and perhaps mitigation.   Mitigation, if required, can vary significantly, as would the related value/cost.  Costs for environmental studies, permitting, and mitigation are project dependent and should be estimated on an individual basis using information available and the judgment of qualified professionals.  For all project components except pipelines, the UCM assumes the Environmental/Mitigation Costs are 100 percent of land costs. The environmental studies and mitigation costs for pipelines should be estimated as $25,000/mile of pipeline. 
[bookmark: _Toc341708452]Interest During Construction
An entity generally funds construction projects by securing loans or selling bonds of some type.  Typically, the entity receives the funds at the start of the construction project and pays the contractor from the funds over the duration of the construction period.  Interest on the borrowed funds will be charged during the construction period as well.  It is desired by the entity not to make payments on the borrowed funds or the interest until the project is complete and is generating revenue.  As such, the interest during construction (IDC) is determined and treated as a cost item to be included as part of the total project cost and made part of the loan.  In addition, the entity may invest part of the borrowed funds during the construction period and any gains made on the investments can be used to offset interest payments (i.e. reduce the net interest during construction).  
IDC is calculated as the cost of interest on the borrowed amount less the return on the proportion of borrowed money invested.
IDC is calculated by applying the net interest rate over the construction period of the project to the average project cost (Equation 10).  The net interest rate is the interest rate on borrowed funds less the return interest rate from the investment on unspent borrowed funds.  The average project cost is equal to the sum of the capital costs, and all other project costs, excluding IDC, divided by two.
	IDC = [Amount Borrowed x Annual Rate of Loan x Construction Period (years)] – [One-Half Amount Borrowed x Annual Rate of Return x Construction Period (years)]
	(10)


The final total project cost is equal to all costs plus the interest during construction.
[bookmark: _Toc341708453][bookmark: _Toc342033617]Annual Costs
The annual costs in a cost estimate are the estimated annual costs that the project owner can expect if the project is implemented.  These costs include the costs for repayment of borrowed funds (debt service), operation and maintenance costs of the project facilities, pumping power costs, and possibly water purchase costs.
[bookmark: _Toc341708454]Debt Service
Debt service is the estimated annual payment that can be expected for repayment of borrowed funds based on the total project cost (present worth), the project finance rate, and the finance period in years.  The UCM contains the necessary calculations to estimate annual payments based on financing period and interest rates.  The financing period and interest rates are entered on the Project Information and Assumptions module.
[bookmark: _Toc341708455]Operation and Maintenance 
Operation and maintenance costs for dams, pump stations, pipelines and well fields (excluding pumping power costs) include labor and materials required to maintain the project, regular repair and/or replacement of equipment.  Operation and maintenance costs (O&M) are calculated as a percent of the total estimated construction for various types of facilities.  These percentage rates are entered on the Project Information and Assumptions module by the user.
[bookmark: _Toc341708456]Pumping Energy Costs
Power costs are calculated on an annual basis using the appropriate calculated power load and a power rate.  The power rate is entered on the Project Information and Assumptions module by the user.
[bookmark: _Toc341708457]Purchase of Water
The purchase cost, if applicable, should be shown if the alternative involves purchase of raw or treated water from an entity.  This cost will vary by source.  


[bookmark: _Toc342033618]Cost Summary
[image: ]The Cost Summary module (“Cost Summary” sheet) pulls together common costing elements from the Costing Form module and summarizes them and their costs in a simple tabular format capable of being placed directly into a water management strategy write-up.  All the fields within the module are populated automatically.  The user may “condense” the summary table to eliminate elements that are not part of the current cost estimate by clicking the “Create Cost Estimate Summary for Report” button.  Clicking this button will produce a summary table that only contains line items for elements that contain a cost for the cost estimate.  To reset the table, the user can click the “Reset Summary” button.
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1
2 Drought Management - Step 1: Determination of Risk Factors
3
4 WUG / WWP: Lockhart
5 Reference Year: 2000
6 Year| 1964} 1965 1966] 1967 1968 1969] 1970 1971 1972 1973] 1974] 1975 1976] 1977 1978] 1979] 1980] 1981 1982 1983] 1984 1935 1986] 1937
7 Hist. Ann. Use (gpcd) 101 105 100} 114] 102] 105 112] 130} 122] 111 130} 113] 112] 141 153] 132] 160} 114] 157 134] 139] 126 128 127
8 5-Yr Moving Avg Use (gpcd) 104 105 107 113 114 116 121 121 118 121 130 130 140 140 143 139 141 134 137 131
9 % Above (+) or Below () 5-year Mov. Avg. 23 02 51 155 68 43 74 68 48 161 179 14 146 186 96 39 13 60 64 29
10 Rank 17 20 26 34 27 12 28 6 1" 35 36 22 33 1 30 14 18 9 8 15
1 Percentile 459% 541% 703% 919% 730% 324% 757% 162% 297% 946% 973% 595% 892% 27% 811% 378% 486% 243% 216% 405% 51
12 % Above (+) or Below (-) Year 2000 from 5-year Mov. Avg. 92 115 174 290 194 69 201 42 64 298 317 133 281 90 205 74 103 51 46 85
13
14 Ranked Deviation from 5-Year Moving Average -
15 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 2 22
16 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 2 22
7 270 541 811 1081 1351 1622 1892 2162 2432 2703 2973 3243 3514 3784 4054 4324 4595 4865 5135 5405 5676 5946 6
18 -9012 0000 0622 1581 1767 4179 4452 4551 5068 6125 6418 6923 7136 7411 8493 8635 9170 10311 11050 11527 12191 13284 13
19 f; 00 00 08 30 45 8.0 "7 122 13.0 151 17.0 18.0 19.0 197 215 231 241 263 289 305 321 344 368
20 £ -05 00 22 43 59 94 13.0 135 144 16.5 183 194 204 210 228 245 254 g 302 319 334 358 381
21 E -1.0 01 35 57 72 107 144 149 157 178 197 207 27 224 242 258 2638 290 316 332 3438 371 395
22 Note: The table to the right is used to calculate the e -15 03 49 70 86 121 157 162 171 192 210 221 231 237 255 272 281 304 329 346 361 385 408
23 incremental risk factor between each ranked deviation from 5- 2 20 06 62 84 99 134 171 176 184 205 224 234 244 251 269 286 295 n7 343 359 375 398 422
24 year moving average for each potential drought management E_E 25 09 76 97 113 1438 184 189 198 219 237 2438 258 264 282 299 308 331 356 373 388 412 435
25 reductions, via trapazoidal integration. On the far right of the ) -3.0 13 89 11 126 16.1 198 203 211 232 251 261 271 278 296 313 322 344 370 386 402 425 49
26 table (Column AZ) sums the incremental risk factors to a total e -35 18 103 124 14.0 175 211 216 25 246 264 275 285 291 310 326 335 358 383 400 415 439 462
27 risk factor for each potential drought management reductions. 2 40 24 "7 138 153 188 25 230 238 259 278 288 298 305 323 340 349 371 397 #13 429 452 476
28 g 45 30 13.0 151 16.7 202 238 243 252 273 291 302 32 318 337 353 362 385 410 427 442 466 489
29 S -5.0 37 144 16.5 18.0 215 252 257 265 286 305 35 325 332 350 367 376 398 424 440 456 479 503
30 4 55 45 157 178 194 229 265 270 279 300 318 329 339 345 364 38.0 389 412 437 454 469 493 516
kil L3 -6.0 54 171 192 207 243 279 284 292 313 332 342 352 359 3T 394 403 425 451 467 483 506 53.0
32 E 65 63 184 205 221 256 292 297 306 327 345 356 366 372 391 407 416 439 464 481 496 52.0 543
33 E 7.0 73 198 219 234 270 306 311 319 340 359 369 379 386 404 421 430 452 478 494 510 533 557
34 S 15 84 211 232 2438 283 319 324 333 354 372 383 393 399 418 434 443 466 491 508 523 547 57.0
35 £ -8.0 96 25 246 261 297 333 338 346 367 386 397 406 413 431 438 457 479 505 521 537 56.0 584
36 g -85 108 238 259 275 310 346 351 36.0 381 399 410 420 426 445 461 470 493 518 535 55.0 574 597
7 = -9.0 121 252 273 288 324 36.0 365 373 394 #13 424 433 40 458 475 484 507 532 548 564 587 611
38 = -95 135 265 287 302 337 373 378 387 408 426 437 447 453 472 488 497 52.0 545 56.2 577 60.1 624
39 3 -10.0 1438 279 300 316 351 387 392 400 422 440 451 460 467 485 502 511 534 559 575 59.1 615 638
40 [=} -105 162 292 314 329 364 400 405 414 435 453 464 474 480 499 515 524 547 572 58.9 604 628 65.1
41 = -11.0 176 306 327 343 378 414 419 427 449 467 478 487 494 512 529 538 56.1 58.6 60.2 618 642 66.5
42 £ 115 189 319 341 356 391 427 432 441 462 480 491 501 507 526 542 551 574 59.9 616 631 655 678
43 % -12.0 203 333 354 370 405 441 446 454 476 494 505 514 521 539 556 56.5 58.8 613 629 645 66.9 69.2
44 a -125 216 346 368 383 4138 454 460 468 489 507 518 528 534 553 56.9 578 60.1 627 643 658 68.2 705
45 -13.0 230 36.0 381 397 432 468 473 481 503 521 532 541 548 56.6 583 592 615 64.0 656 672 69.6 79

35 243 373 395 410 445 482 487 495 516 534 645 555 661 580 596 605 628 654 670 685 709 732
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2 Drought Management - Step 2: Cost Calculation
3
4 Water User Group: Lockhart
5 Water Demand (acfilyr): 2451
6 Planning Year: 2020
7
Domestic/ Total/ Marginal Unit | Average Unit |  Amount
8 Residential | Commercial | Manufacturing [ Combined ($) | Cost ($/acttiyr) | Cost ($/acttiyr) | _(acfiiyr)
9 | [Share of WUG's Need Applied to Factor (%) 0% 20% 0%
10| [Proportional demand (ach) 961 90 [
11 [% DM WS Risk Factor 01920] _ #WA A
12 [6% Reduction Economic Impact Factor (S/ach) S 953(5  35230]5 z
13 [6% DM WMS Total Economic impact (5) s 125 s JE 30712
14 [5% DM WS Unit Cost (S/ach) 53659 S0 __eovio s 287[5 2a7[5 2927 7
15 [10% DV WMS Risk Factor 02507 #WA A
46 | [10% Reduction Economic Impact Factor (s/act) | 5 109]5  3230(s z
17 | [10% DV WMS Total Economic Impact (5) H 537,301 |5 s s 537,301
18 | [10% DVIWMS Unit Cost (S/ach) 52.740 50| _#ovo s 4385 1357[5 2192 245
19 [15% DV WMS Risk Factor 03135] _ #WA A
20 [16% Reduction Economic Impact Factor (s/act) |5 12645 3230[5 z
21 [15% DM WIS Total Economic Impact (5] s 769725 s JE 776,972
22 [16% DM WNIS Unit Cost (S/ach) 525647 S0 v [ 63405 19565 2113 368
23| [20% DM WWIS Risk Factor 03719 0.1293] 0.129%]
24| [20% Reduction Economic Impact Factor (s/act) | 5 i7i0]5  3230(s z
25| [20% DM WIS Total Economic Impact (5] H 1296866 |5 22423715 |5 3497
25| [20% DV WNIS Unit Cost (S/ach) 53,179 s2872] VO[S 28472[s 21325 7118 390
27
2 |
2 Demand Reduction
30 5% 5
3 0% 5
32 o 20% 5
3 2 30% S
3% z 40% 5
3% 2 50% 5
36 & 60% B
37 = 70% 5
38 80% 5
39 >90% s
40 Commercial | &
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42
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2 WellField Calculations: Pipes and Pump Sizing WUGMWWP: Lockhart
3
4 Avy. Static Water EI (f): 150 Avg Flow Per Well (gpi 600
5 Drawdown: [ 50 Peak Flow Per Well (gpm): 900
6 Avg Daily Demand (acfyr): | 100 000 Avg Flow Per Well (cfs): 138 cfs
7 Avg Well Field Yield (mg Peak Flow Per Well (cfs):  2.07 cfs
8 Peaking Factor: Active Wells: 104
9 Well Station Losses: Contingency Wells (15%): 16
10 Elevation of Defivery Point (ftms| % Operating Time: 0662
11 C Factor:
12
13
< ~
Computed
Diameter | Selected Elevation HGL Slope
Peak Flow | for5fps | Diameter | Velocity | Length Dswell| DS Elevation (f100f) | Segment Pipe
14 Well  Pipe Number Flow (gom)| _(cfs) (in) (fps) () Pipe Node[WelliPipe () _Delta TOH (f) HP Kwhr | (c=120) | Head Loss
15 T 900 207 571 593 7.000]_ 66000 A 500.00 5000 0 0 0 7872 1872
16 2 900 207 571 593 7.000]_600.00 A 50000 0.00 19 6 73805 | 1872 1872
7 3 900 207 571 593 7.000] 649,00 B 514.00 36,00 0 0 0 1872 1872
18 4 900 207 571 593 7.000]_61000 B 514.00 400 23 7 %897 | 1872 1872
19 = 5 900 207 571 593 7.000]_ 68000 c 57600 54.00 0 0 0 1872 1872
20 2 6 900 207 571 593 7.000]_600.00 c 52600 26.00 5 13 56871 | 1872 1872
21 = 7 900 207 571 593 7.000]_66000 D 558,00 5.00 27 5 33979 | 1872 1872 u
22 E E 900 207 571 593 7.000]_63000 D 558,00 28.00 a7 14 59414 | 1872 1872
23 9 900 207 571 593 7.000]_ 62000 E 591.00 71.00 90 % 114100 | 1872 1872
2 70 900 207 571 593 7.000]_61000 E 591.00 51.00 700 29 26817 | 1872 1872
2% ] 900 207 671 593 700066000 F 541.00 500 10 3 2360 | 1872 1872
2 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0.00 0.00
27 A 7800 414 232 12 527 230 600.00 B 514.00 14.00 9% 55 249541 | 937 1945
28 o B 3600 828 17.42 18 593 280/ §14.00 c 526.00 12.00 91 107 | 460751 | 832 4392
29 £ c 5400 1242 2134 20 569 280 626.00 D 558,00 3200 9% 73 | 747945 | 594 3137
30 z D 7.200 16.56 2464 2 527 280 668.00 E 591.00 33.00 90 211 | 911904 | 416 2198
3 Z E 9,000 2070 2755 30 422 5280 691.00 F 541.00 50.00 3 102 | 40661 | 212 11.20
32 F 9.900 2277 28.90 30 464 5280 541.00 G 550,00 9.00 57 184 | 797590 | 253 13.36
3 G 9.900 2277 28.90 30 464 4000 650,00 600.00 50.00 9% 307 [135825| 263 10.12
3 [ToTALS 6680 1245 15.390.455
E5 Tlow check (wells x gpm) 93600
Average
Pumping |Well Head % Time
2 Depth to GW |Drawdown)| Elevation Operating
3 S Flow (gom)| _Level () () | (fems) | TOH(R) | HP Kwhr | (Normal)
37 [Typical 900 37 50 487 109 21 92.767 0662
38 [All (Wel L Oniy) 231 | 9641173 v
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1 Reservoir Embankment Cost Calculator Total Estimated Construction Cost (w/o appurtenant structures) = $ 28,777,765
2
5 Concepwal Embankment Desian: LF of Embankmen 20,000
3
5 Crest Width (FT) =
[ Crest Gravel Thickness (FT) 0.5
\Water Depth (FT) =| 25 Normal Freeboard (FT) =| Embankment Height (FT)
‘Slope Protection Depth (FT)
9 Soil Cement Lane Width (FT) Topsoil & Seed Outside Slope + 50 FT Beyond Toe
10
i Inside Slope (x#:1v) <% ] — - Outside Slope (x#:1V)
12 34
o Iliiliesngemee L
14
15 Strip Depth (FT) =
18
17 Cutoff Trench Length of Chimney Drain Outiet Pip
18 Bottom Width (FT) =| Number of Outlet Pipes per 1,000 LF 4
19 Cutoff Depth (FT)
20 Cutoff Excav Slopes (xH:1V) ‘Spillway: Number of 3' x 10' box section:
21
22| Cross Sectional Areas: ‘Quaniiies Per 1,000 LF of Embankment Lengi
23 Stipping 5420 SQFTLF Stipping 20074 cY
2 CutoffTrench Excavation 1125 SQFTIF CutoffTrench Excavation 4157 oY
% Chimney FiterDrain 1020 SQFTLF Chimney FiterDrain 378 v
2 Inside Stair-Stepped Soil Cement Siope Protection 1750 SQFTIF Inside Stair-Stepped Soil Cement Siope Protection 6481 CY
27 Embankment Fill and Cutaff Trench 44115 SQFTLF Embankment Fill and Cutaff Trench 163389 CY
2 Gravel Crest Road 75 SQFTLF Gravel Crest Road 278 oy
2 Topsoil & Seed Outside Siope 737 FTAF Topsoil & Seed Outside Slope 173693 SF
3 Ghimney Drain Outiet Pipe Length 520 LF
31 Chimney Drain Oulet Stuciures 4 EA
2
32 Quantiies and Costs for an Embankment Lengih (LE) of: 20000 Uit Total
3 Wultplier 200 unit Cost Cost
38 Stipping 401481 T Y TE0[S 602222
3 CutoffTrench Excavation 83333 cY s 20833
37 Embankment Fill and Gutoff Trench (Bormow Excav & Placement)  3267.778  CY 5 15,338,889
38 Chimney FiterDrain 7558 Y 5 1888889
39 Chimney Drain Ouet Pipe Lengih 1040 LF 5 312000
) Chimney Drain Oulet Siuciures 80 EA 5 40000
3] Inside Stair-Stepped Soil Cement Siope Protection 120830 oY 5 492592 o
2 Topsoll & Seed Outside Siope 0 AC 5 31899
) Gravel Crest Road 555 o 5 138889
44 Emergency Spillway 3'x 10" Box Sections. 5" EA 0.000|§ 250,000
45 ‘Subtotal $ 25,024,144
46 Unlisted tems (Fencing, Gates, Security, Instrumentation, Eic) @ 10% 5 2502414
4 Wobilization, Demobilizaiion, Bonds & Insurance, SWPPP @ 5% 1251207
48 Total Estimated Construction Cost (without appurtenant structures) = $ 28,777,765
49 L4
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Cost Estimate Summary
Water Supply Project Option e —
1 March 2012 Prices ]
2 Lockhart - Example Pipeline Project For Report
‘Estimated Gosts
3 tem for Facilitiss
4 [capTAL cosT Reset
B ‘Dam and Reservor (Conservaton Pool act, acres) B Summary
s Of-Channel StoragelRing Di (Conservation Fool acf, acres) B
7 TerminalStorage (Conservation Pool act, acres) s
B Intake Pump Statons (20.7UGD) stor2000
B Transmssion Ppeine (30 n da, 20 mies) s11.273000
10 Transmssion Purp Staton(s) 59544,000
1 Viel Fieds (el Pumps, and Pping) B
2 Storage Tanks s
13 Viater Treatment Plant (13 1GD) 554,085,000
14 Intgraten, Refocations, & Other Bl
[ ToTaL cosT oF FaciLTES s22445,000
16
7] Engneering, Legal Costs ana Contngencies 23774000
s Envionmental & Archaeclogy Studies and Htgaton s50.000
19 Land Acquistion and Surveying (544 acres) s¢.956.000
£ Inerest During Constructon (1 years) s4679000
21 ToaL cost oF PRosECT 5126050000
2
= [annuar cost
2 Debt Servic (5.5 percent, 20 years) stg77.000
2= Reservor Debt Servce (55 percent, 0 years) B
% Operaton and Haintenance
2 Inake, Fipeine, Pump Station se31000
= Dam and Reservor Bl
) Viater Treatment Plant 52405000
0 Pumping Energy Coss (£4898028 KIV-hr @ 0.08 SKIW-Ar) 54061,000
Bl Purchase o Water (acfiyr @ Siact) 50
2 ToTaL annuaL cost $21,955,000
=
3 [Avaitable project viela (acttyr) 10000
= [annual Cost of Water ( per actt) 2188
% [ Annual Cost o water (s per 1,000 galions) sare
o FEran Ferens TR
=
5
)
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