June 4, 2014
City of Bend
575 N.E. 15th Street
Bend, OR 97701
Attention:

Tom Hickmann, P.E.
EIPD Director

RE: Carbon Footprint of Water Supply Alternatives
Dear Mr. Hickmann,
The City of Bend has two water sources: gravity flowing surface water and pumped groundwater.
This letter estimates the potential power consumption and operating greenhouse gas (carbon
footprint) equivalencies if the City were to replace its existing gravity flow surface water supply with
water pumped out of the ground.
Methods. The governing equations for pumping power and energy are:
P = Q * H / n / C where: P = power in kilowatts; Q = flow (gallons per minute); H = Head in feet; n =
efficiency; C is a conversion constant 5310.4
E = P * t where E = energy in kW-hr, and t is pumping time in hours
Water Use. Average monthly water use was calculated from year 2013 daily City records
and used to represent present conditions. Maximum flow conditions were also evaluated assumed
to be uniform at 18.2 cfs or 11.76 mgd, the anticipated capacity limit by federal permit.
Groundwater. Potential depth to groundwater was estimated as the average of existing
groundwater wells (static water level 482-feet below ground), documented in Optimatics reference
Table 3.7. The following assumptions were made that cause an underestimate of power
consumption and carbon footprint: there is no drawdown of water level with pump operation and the
need to boost water to higher elevation pressure zones is neglected. It is assumed that the
groundwater wells would need to discharge to pressurized piping at 80 psi (185 feet), yielding a
total pumping head of 667 feet. Combined motor and pump efficiency is assumed to be 80%.
Power and energy consumption estimates for pumped groundwater production are presented in
Table 1.
Surface Water. With installation of membrane filters, surface water will also need to be
pumped in the future. Assumed water use is the same as groundwater, as described above, to
facilitate the power and energy comparison. The pumping head is lower for surface water and
varies with flow rate. Receiving reservoirs are assumed to be half full.
Surface water enters the distribution piping system much higher than most City
groundwater wells, but the energy benefit of not having to pump surface water within the distribution
system is neglected. Power and energy consumption estimates for surface water production are
presented in Table 2.
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Results. Estimates of power and energy consumption for present, future, and maximum flow
conditions are shown in Table 1 for groundwater and Table 2 for surface water. A summary of
results follows:
Summary energy use estimates (megawatt hours per year) (see Tables 1 and 2 for details)
Condition
Present
Maximum Flow

Groundwater
6,241
11,260

Surface Water
492
1,378

Net Difference
5,749
9,882

These estimates indicate that it is more energy intensive to obtain the water from deep groundwater
wells rather than the existing elevated surface water source. The remainder of this letter addresses
the greenhouse gas equivalencies associated with switching to the more energy intensive deep well
water source.
The greenhouse gas equivalencies, expressed in Metric Ton Carbon Dioxide equivalent (MTCO2e)
of the additional energy that would be expended to obtain the water from pumped groundwater
sources are estimated below:



Present conditions additional carbon dioxide: 2,147 MTCO2e / year
Maximum flow conditions additional carbon dioxide: 3,691 MTCO2e / year

Greenhouse gas emissions are expressed in MTCO2e. The conversion of megawatt hours to
MTCO2e was based on the standard emissions calculation methodology for electricity from the
GHG Protocol, and covers the three main greenhouse gases associated with electricity
consumption used in standard greenhouse gas accounting practices: carbon dioxide (CO2),
methane (CH4) and nitrous oxide (N2O). Electricity emissions data comes from the EPA's eGRID
(US EPA Emissions & Generation Resource Integrated Database) program. Emissions factors for
electricity varies by area due to regional differences in fuel sources for power plants. The emissions
factors for CO2, CH4 and N2O (for the WECC Northwest subregion) were obtained from the eGRID
version 1.0, Year 2010 Summary Tables.
Emissions Factors
Greenhouse Gas
Emissions Factor (lbs/MWh)

CO2
842.58

CH4
16.05

The formula for calculating greenhouse gas emissions is:
Activity data x emission factor = emissions

N20
13.07

Annual Emissions in MTCO2e / year
Greenhouse Gas
Present Conditions (5,749 MWh/year)
Maximum Flow Conditions (9,882 MWh/year)

CO2
2,136.3
3,672.0

CH4
0.8
1.4

N20
10.1
17.4

Total MTCO2e
2,147.2
3,690.8

To put this in perspective, 3,691 MTCO2e is equivalent to the following:
 Annual GHG emissions from 777 average-sized passenger vehicles.
 Annual GHG emissions from 1,323 tons of waste sent to the landfill.
 GHG emissions from 415,303 gallons of gasoline consumed.
 GHG emissions from the electricity use of 508 homes for one year.
 GHG emissions from 153,783 propane cylinders used for home barbeques.

We appreciate the opportunity to evaluate this on behalf of the City. Please call if there are any
questions regarding this matter.
Sincerely,
HDR Engineering, Inc.

Bryan Black, P.E.
Professional Associate, Vice President

Jeannie Renné-Malone, LEED AP BD+C, ENV SP, GGP
Director, Greenhouse Gas Management Services
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Table 1. Power and Energy Consumption Estimates for
Additional Groundwater Production
1a) Present Conditions (2013)

1b) Maximum Flow Conditions

Table 2. Power and Energy Consumption Estimates for
Surface Water Production
2a) Present Conditions (2013)

2b) Maximum Flow Conditions

