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Chapter 1  
Introduction 

 

This greenhouse gas (GHG) technical memorandum (TM) completed for the 

Secretarial Determination Overview Report (SDOR) evaluated the following 

three pollutants: carbon dioxide (CO2), methane (CH4), and nitrous oxide 

(N2O). The other three pollutants commonly evaluated in various mandatory 

and voluntary reporting protocols (hydrofluorocarbons, perfluorocarbons, and 

sulfur hexafluoride) are not expected to be emitted in large quantities and are 

not discussed further in this TM.  

A quantitative GHG emissions inventory was completed to estimate emissions 

that could occur in the future if the J.C. Boyle, Copco 1, Copco 2, and Iron Gate 

hydroelectric plants (“Four Facilities”) were removed.  GHG emissions would 

result from possible replacement power following the removal of the Four 

Facilities. The emissions from replacement power would be somewhat offset by 

CH4 emissions that currently occur from the reservoirs and this offset was 

factored into the overall emissions that would result from removal of the Four 

Facilities. This analysis provides a quantitative comparison between the 

estimated emissions that would result from removing the renewable energy 

generated by the Four Facilities and the estimated emissions from use of 

alternative power sources, such as fossil fuels, biomass, or other renewable 

energy sources.  

Fossil fuels are formed by natural processes like the decomposition of dead 

organisms and consist of common fuels like coal and natural gas. These fuels 

are non-renewable because they take millions of years to form and are being 

depleted faster than they can be formed. Biomass is a renewable energy source 

that results from living or recently living plant or animal matter. Examples 

include wood, yard clippings, and other such waste, as well as gas generated 

from decaying material from a wastewater treatment plant or a landfill. 

Renewable sources could include hydropower, wind, solar, geothermal, and 

others. 

The average amount of electricity currently generated at the Four Facilities and 

consequently needing replacement if the Four Facilities were removed was 

derived from the Bureau of Reclamation’s Hydropower Benefits Technical 

Report: For the Secretarial Determination on Whether to Remove Four Dams 

on the Klamath River in California and Oregon (August 2011). Monthly 

projected generation data was also provided electronically by the Bureau of 

Reclamation and was used to complete the calculations; 50 years of data (from 

2012 to 2061) was provided. It is important to understand that, due to different 



Klamath Settlement Process  
Greenhouse Gas Emissions from Power Replacement 

1-2  – January 2012 

projected operating conditions, the Hydropower Benefits Technical Report 

assumed there would be greater electricity generation under the status quo (i.e., 

“No Action”) compared to electricity generation following removal of the Four 

Facilities. 

To analyze potential emissions, the analysis in this TM used two scenarios of 

the replacement of lost hydropower. The two scenarios include: 

 Removal of the Four Facilities and no change to PacifiCorp’s resource 

generation mix; 

 Removal of the Four Facilities and PacifiCorp reaching the Renewable 

Portfolio Standard (RPS) goals; and,   

These scenarios are discussed in Sections 1.1- 1.3.  

1.1  No Change to PacifiCorp Resource Generation Mix 

Electricity originally produced from the Four Facilities, if removed, would 

likely be replaced by another source within the PacifiCorp PCA because the 

amount of electricity provided by the Four Facilities is approximately 2 percent 

of PacifiCorp’s total generation capacity (California Energy Commission [CEC] 

2006). Emission factors were developed using the Emissions & Generation 

Resource Integrated Database (eGRID) (USEPA 2010) for 2007.   

eGRID is maintained by the USEPA and consists of data for electric power 

generated in the United States. It includes data on air emissions, emissions rates, 

net generation, resource mix, and other attributes. eGRID integrates many 

different Federal data sources on power plants and parent companies from the 

USEPA, the Energy Information Administration, and the Federal Energy 

Regulatory Commission. Using eGRID data was consistent with inventory 

requirements of multiple voluntary and mandatory reporting protocols and 

provides a worst-case estimation of emissions. 

This scenario assumed that there would be no change in the current portfolio 

between now and when the facilities are removed in 2020 in the PacifiCorp 

Power Control Area (PCA),  a region of the power grid in which all power 

plants are centrally dispatched.  As shown in Figure 1, the 2007 electricity 

generation resource mix for the PacifiCorp PCA (estimated from eGRID) is 

dominated by coal (76 percent), natural gas (14 percent), and hydroelectricity 

(6 percent), with the remainder made up of smaller sources such as wind, 

biomass, and geothermal.  The data provided was the most recent data available 

from the United States Environmental Protection Agency (USEPA) (2010) and 

represented the resource mix that would be available if any replacement energy 

was obtained from PacifiCorp’s resource mix as of 2007.  
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Source: USEPA 2010 

Figure 1. PacifiCorp Power Control Area Generation Resource Mix (as of 2007) 

Alternative emission factors were developed for the scenario that would occur 

immediately after the Four Facilities are removed in 2020. According to 

eGRID, the Four Facilities generated approximately 614,143 megawatt-hours 

(MWh) of electricity in 2007, which was 0.9 percent of the total electricity 

generation in the PacifiCorp PCA (net generation in 2007 was 67,961,660 

MWh). While eGRID also contains archived data from 1996 and other years, 

the most recent data was used to estimate emissions, consistent with the 

requirements in various voluntary and mandatory reporting regulations.  

Assuming that the facilities were removed instantaneously at midnight on 

January 1, 2020, this action would serve to decrease the total amount of 

renewable resources in PacifiCorp’s generation mix, thereby increasing its GHG 

emissions. 

Table 1 summarizes the differences in emission factors between the status quo 

(no change in resource generation mix between 2007 and 2020) and the scenario 

under which the Four Facilities are removed instantaneously in 2020. 
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Source: USEPA 2010 

Notes: 

1. Emission factors for “No Change to Fuel Mix” from eGRID using all power plants within the control of the 
PacifiCorp PCA, including plants other than the Four Facilities. 

2. Emission factors for “Four Facilities Removed” from eGRID using all power plants within the control of 
the PacifiCorp PCA minus the Four Facilities. The emission factors are slightly higher than the “No 
Change to Fuel Mix” emission factors because less hydropower   is available for electricity generation. 

Key: 

CH4 = methane 

CO2 = carbon dioxide 

eGRID = Emissions & Generation Resource Integrated Database 

lb/GWh = pounds per gigawatt hours 

lb/MWh = pounds per megawatt hour 

N2O = nitrous oxide 

PCA = power control area 

 

The emission factors labeled “No Change to Fuel Mix” reflect no change in the 

fuel mix between 2007 and all future years. These factors were used to estimate 

the difference in emissions between 2012 and 2019.  These emissions are 

discussed further in Section 2.1.  The second set of emission factors in Table 1, 

labeled “Four Facilities Removed,” reflects the reduction in hydroelectricity 

generation following removal of the Four Facilities. These emission factors 

were used to estimate GHG emissions from the average annual amount of 

power that would need to be replaced following the instantaneous removal of 

the hydroelectric plants in 2020.  These emissions are discussed further in 

Section 2.2. 

1.2  Renewable Portfolio Goals Met By PacifiCorp   

PacifiCorp is under obligation to meet the Renewable Portfolio Standard (RPS) 

goals in California and Oregon.  The RPS  goal for California is to have 33 

percent of an electricity seller’s load served with renewable power by 2020 

(Executive Order S-14-08; and SBX1 2), while Oregon’s RPS goal is for 25 

percent of a utility’s retail sales of electricity to be from renewable energy by 

2025 (Senate Bill 838). PacifiCorp is currently on track to meet its Oregon RPS 

target, but is expected to be under California’s RPS target (PacifiCorp 2011). 

PacifiCorp plans on using flexible compliance mechanisms (e.g., banking, 

earmarking, and tradable renewable energy credits) to meet California’s RPS 

standards.  

Table 1. Emission Factors Used for PacifiCorp PCA  
(2007 eGRID) 

Scenario 
Emission Factors 

CO2 (lb/MWh) CH4 (lb/GWh) N2O (lb/GWh) 

No Change to Fuel Mix
1
 

(continued operation of the 
Four Facilities) 

1,839.49 26.34 30.02 

Four Facilities 
Removed

2
 

1,856.27 26.59 30.30 
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Since PacifiCorp is on a trajectory to increase its use of renewable energy, any 

modifications to the Four Facilities, either by demolition or power generation 

reductions, would decrease the amount of renewable power that PacifiCorp has 

in its portfolio. Although short-term effects could occur from modifications to 

the hydroelectric facilities, these effects would be offset in the long-term 

because PacifiCorp would be required to continue increasing its renewable 

energy share to meet the RPS goals in the two states. 

The current resource generation mix for the PacifiCorp PCA contains 

approximately 8.8 percent renewable power (Figure 1).  A ratio was used to 

estimate emission factors that would result from the removal of the Four 

Facilities assuming the percentage of renewable power was increased to 33 

percent. It was assumed that the renewable energy percentage in PacifiCorp’s 

fuel mix would increase linearly between 2007 (the most recent eGRID data) 

and 2020.  Table 2 summarizes the estimated emissions and RPS percentage for 

each year of analysis.  Emissions are discussed further in Section 2.2. 

 

Table 2. Emission Factors Assuming that PacifiCorp Meets 2020 RPS Goal 

Year 
RPS CO2 CH4 N2O 

(%) (lb/MWh) (lb/GWh) (lb/GWh) 

2007 8.8% 1,839.49 26.34 30.02 

2008 10.7% 1,801.94 25.81 29.41 

2009 12.5% 1,764.39 25.27 28.80 

2010 14.4% 1,726.84 24.73 28.18 

2011 16.2% 1,689.30 24.19 27.57 

2012 18.1% 1,651.75 23.66 26.96 

2013 20.0% 1,614.20 23.12 26.35 

2014 21.8% 1,576.65 22.58 25.73 

2015 23.7% 1,539.10 22.04 25.12 

2016 25.6% 1,501.55 21.51 24.51 

2017 27.4% 1,464.00 20.97 23.89 

2018 29.3% 1,426.45 20.43 23.28 

2019 31.1% 1,388.90 19.89 22.67 

2020 33.0% 1,351.35 19.35 22.06 

Key: 

CH4 = methane 

CO2 = carbon dioxide 

lb/GWh = pounds per gigawatt-hour 

lb/MWh = pounds per megawatt-hour 

N2O = nitrous oxide 

RPS = renewable portfolio standard 
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Chapter 2  
Greenhouse Gas Emissions Quantification 

As described above, the analysis in this TM provides a quantitative comparison 

between the removal of a renewable energy source (hydropower generated by 

the Four Facilities) and the estimated emissions that could result from 

replacement power generated by an alternative power source.  

Emissions of carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O), 

typical byproducts of combustion, were estimated for this analysis.  Each GHG 

contributes to climate change differently, as expressed by its global warming 

potential (GWP).  GHG emissions are discussed in terms of carbon dioxide 

equivalent (CO2e) emissions, which express, for a given mixture of GHG, the 

amount of CO2 that would have the same GWP over a specific timescale.  CO2e 

is determined by multiplying the mass of each GHG by its GWP
1
.  This analysis 

used the GWP from the Intergovernmental Panel on Climate Change (IPCC) 

Second Assessment Report (IPCC 1996) for a 100-year time period to estimate 

CO2e.  Although subsequent assessment reports have been published by the 

IPCC, the international standard, as reflected in various federal, state, and 

voluntary reporting programs, is to use GWPs from the Second Assessment 

Report.  

Figure 2 shows the mean annual amount of electricity produced by the Four 

Facilities for 50 years (2012 to 2061), as provided by Reclamation (2011a). The 

red area shows the amount of electricity that would be generated annually if the 

Four Facilities were to remain in place; the blue portion shows the amount of 

electricity that would be generated annually if the Four Facilities were removed 

in 2020.  As a result of the proposed removal of the Four Facilities, the 

electricity production drops to zero in 2020 for the “dam removal” alternative 

(blue area), as shown in Figure 2.  

 

                                                 
 
1
  As an example, CH4 has a GWP of 21, as specified in the Intergovernmental Panel on Climate Change’s Second 
Assessment Report (1996).  One metric ton of CH4 is equal to 21 metric tons of CO2e (1 metric ton x 21). 
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Source: Reclamation 2011a 

Figure 2. Mean Annual Klamath Generation by Alternative 

2.1  Estimated Emissions Before Removal of Four Facilities 

Although using the 2007 data provides emissions results that would be higher 

than the current (2011) resource mix, using eGRID data is consistent with 

inventory requirements of multiple voluntary and mandatory reporting 

protocols; therefore, the 2007 eGRID data was used for the analysis.  The 

analysis was adjusted so that the base load was assumed to be served by the 

resources mix provided by the 2007 eGRID data, while peaking power would 

be supplied by natural gas. Approximately 64 percent of the annual average 

electricity would be on-peak and the remaining 36 percent of the generated 

power would be off-peak (PacifiCorp 2006). 

Emissions were also calculated assuming that PacifiCorp met its RPS 

obligations (i.e., 33 percent renewable power in California). As a result, the 

off-peak emissions were calculated assuming that 33 percent of the power 

would be served by renewable power (an increase from the existing portfolio 

assumption of approximately nine percent renewable power).  
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Emissions were estimated using the following equation: 

               
           

    
 

                   
   

    
                   

  

   
 

             
          

  
  

For example, emissions in 2012 were estimated as following: 

CO2 Emissions in 2012 (metric tons per year) = 90,266 MWh 

(difference between operating scenarios) x 1,839.49 lb/MWh (CO2 

emission factor from Table 1) x 0.0004536 metric tons per pound = 

75,318 metric tons per year. 

Methane and N2O emissions were estimated by following the same method, but 

with the respective GWP used to estimate emissions. In other words, multipliers 

of 21 and 310, respectively, were used to estimate CH4 and N2O emissions. 

Table 3 estimates emissions that could occur in the period immediately before 

the Four Facilities would be removed in 2020 (2012 to 2019). Differences in 

operating conditions between the two alternatives causes a difference in the 

amount of electricity generated. If the Four Facilities were removed, then the 

amount of electricity that could be generated per year would be less for this time 

period; the difference in emissions would then need to be obtained from other 

sources within PacifiCorp’s PCA. 

As is shown on Table 3, power generation is expected to trend upwards if the 

Four Facilities remain, but would trend downwards if they were removed. It is 

important to understand that some of the existing capital equipment at these 

plants would reach the end of its engineering life during the 50-year analysis 

period. Replacement and refurbishment of aged equipment would be required to 

maintain continuing operations at these plants. The replacement of this 

equipment would increase the efficiency and the amount of generation capacity 

at these plants. As a result, generation would improve if the plants remain.  

Table 3 estimates emissions assuming that there would be no change in the 

resource generation mix between now and 2020 and represents a worst-case 

scenario, as it is expected that PacifiCorp would decrease its reliance on coal 

and would increase dependence on natural gas.  Emissions were also estimated 

assuming that PacifiCorp met California’s 2020 RPS target. Table 4 

summarizes estimated emissions assuming the 33 percent RPS target was met. 
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Table 3. Annual Average Electricity Generation GHG Emissions from Replacement 
Sources (2012 to 2019): Assumes Default eGRID Data 

Year 
Power Generation (MWh)

1
 Emissions (MTCO2e/year)

2
 

Dams Remain  Dam  Removal Difference CO2 CH4
3
 N2O

4
 Total 

2012 765,108 674,842 (90,266) 51,737  19  153  51,909  

2013 762,670 661,196 (101,474) 58,161  21  172  58,354  

2014 760,781 660,450 (100,331) 57,506  21  170  57,697  

2015 772,447 661,298 (111,150) 63,707  23  188  63,918  

2016 880,638 662,364 (218,274) 125,107  45  369  125,521  

2017 877,743 662,002 (215,741) 123,655  45  365  124,065  

2018 884,686 660,890 (223,796) 128,271  46  379  128,697  

2019 875,197 660,605 (214,592) 122,996  45  363  123,404  

Total 6,579,270 5,303,646 (1,275,624) 731,140  265  2,159  733,564  

Source: Reclamation 2011a 

Note: 

1. Emissions only reflect power generated from the Four Facilities and not from other sources within the PacifiCorp PCA. 

2. Emission factors from Table 1 for “No Change to Fuel Mix” were used to estimate emissions. Emissions reflect the difference in 
emissions as they demonstrate emissions that could occur if operational parameters change before the Four Facilities are 
removed in 2020. 

3. Methane emissions multiplied by a GWP of 21. 

4. Nitrous oxide emissions multiplied by a GWP of 310. 

Key: 

MWh = megawatt hours 

MTCO2e/year = metric tons carbon dioxide equivalent per year 

 

 

Table 4. Annual Average Electricity Generation GHG Emissions from Replacement 
Sources (2012 to 2019): Assumes 33 Percent RPS Target Met 

Year 
Power Generation (MWh)

1
 Emissions (MTCO2e/year)

2
 

Dams Remain  Dam  Removal Difference CO2 CH4
3
 N2O

4
 Total 

2012 765,108 674,842 (90,266) 48,992  18  139  49,149  

2013 762,670 661,196 (101,474) 54,457  20  153  54,630  

2014 760,781 660,450 (100,331) 53,234  20  148  53,402  

2015 772,447 661,298 (111,150) 58,298  21  161  58,480  

2016 880,638 662,364 (218,274) 113,157  42  309  113,508  

2017 877,743 662,002 (215,741) 110,531  41  299  110,871  

2018 884,686 660,890 (223,796) 113,297  42  303  113,642  

2019 875,197 660,605 (214,592) 107,332  40  284  107,656  

Total 6,579,270 5,303,646 (1,275,624) 659,298  243  1,796  661,337  

Source: Reclamation 2011a 

Note: 

1. Emissions only reflect power generated from the Four Facilities and not from other sources within the PacifiCorp PCA. 

2. Emission factors from Table 2 were  used to estimate emissions. Emissions reflect the difference in emissions as they 
demonstrate emissions that could occur if operational parameters change before the Four Facilities are removed in 2020. 

3. Methane emissions multiplied by a GWP of 21. 

4. Nitrous oxide emissions multiplied by a GWP of 310. 

Key: 

MWh = megawatt hours 

MTCO2e/year = metric tons carbon dioxide equivalent per year 
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2.2  Estimated Emissions  After Removal of Four Facilities 

The previous analysis estimated GHG emissions that would occur during the 

period before the Four Facilities would be removed (2012 through 2019). On 

average, the Four Facilities would likely generate 909,835 MWh
2
 annually over 

the 42-year period analyzed by Reclamation after dam removal (2020 through 

2061). This generation number is higher than has been reported in the past for 

these Four Facilities because it assumes efficiency upgrades (e.g., turbines and 

generators) that PacifiCorp is currently making and would continue to make in 

the future if the facilities were to remain in place until 2061 (Reclamation 

2011b).  When the Four Facilities are removed, approximately 525,698 

MTCO2e per year would be emitted from replacement power; this value 

assumes that the resource generation mix does not change between 2007 and 

2020 with the exception of the loss of hydropower from the Four Facilities (see 

Table 1 – Emission Factors for “Four Facilities Removed.”). If PacifiCorp is 

able to meet California’s RPS goal, then approximately 450,878 MTCO2e per 

year would be emitted from replacement power sources. See Appendix A for 

detailed calculations. 

The reservoirs are also a source of methane GHG emission.  The Karuk Tribe 

(2006) estimated the total amount of CH4 released from Keno, J.C. Boyle, 

Copco, and Iron Gate reservoirs,  by multiplying the reservoirs' area by areal 

emissions rates from reservoirs around the world with similar characteristics 

(poor water quality). The resulting estimate ranged from approximately 8,000 to 

29,000 MTCO2e per year
3
.  Not including the Keno Impoundment in the 

assessment, CH4 emissions would be approximately 4,000 to 14,000 MTCO2e 

per year (less than one percent) for Iron Gate, Copco, and J.C. Boyle reservoirs 

based on reduction of CH4 gas emitted from reservoir bottom sediments.  

Methane emissions from the reservoirs would cease to exist once the facilities 

are removed. As a result, the methane generation estimate would offset some of 

the GHG emissions generated from replacement power. 

  

                                                 
2
 The annual average power generation (909,835 MWh) is not summarized in Tables 3 and 4. Rather, it is the 
average electricity produced between 2020 and 2061, while Tables 3 and 4 demonstrate emissions between 2012 
and 2019. Detailed emission calculations for this section are provided in Appendix A. 

3
  The emission estimation ranges provided in this section are based on a GWP of 21 for CH4; the original Karuk Tribe 
calculation assumed a GWP of 23, but the calculation was changed to be consistent with the rest of this analysis. 
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Chapter 3  
Conclusions  

To provide context for the emissions expected to be generated from replacement 

power, it is necessary to consider the fact that several air districts in California, 

including the Bay Area Air Quality Management District and the South Coast 

Air Quality Management District, established significance thresholds for GHG 

emissions of 10,000 MTCO2e emissions per year. Although not finalized, the 

Council on Environmental Quality recommended that climate change be 

discussed in any National Environmental Policy Act analyses if GHG emissions 

exceed 25,000 MTCO2e per year; however, the CEQ Draft Guidelines do not 

preclude analyses when emissions are expected to be less than this limit. 

The California Air Resources Board (CARB) developed some metrics to 

convert one million metric tons of carbon dioxide to familiar equivalents. 

CARB estimated that one million metric tons of CO2 would be equivalent to the 

following (CARB 2007): 

 Annual emissions from 1.5 state-of-the-art 500 MW combined-cycle gas-

fired power plants. 

 114 million gallons of gasoline per year 

 2.3 million barrels of oil per year 

 216,000 passenger cars not driven for one year 

 Removing the Four Facilities would result in a substantial increase in GHG 

emissions from replacement power sources. In the period from 2012 to 2020 

before the dams are removed, a total of 661,337 MTCO2e would be emitted 

because of differences in modeled power generation differences between the 

two alternatives.  On average the Four Facilities would generate 909,835 MWh 

annually over the 42-year period analyzed by Reclamation after dam removal 

(2020 through 2061). When the Four Facilities are removed, approximately 

525,698 MTCO2e per year would be emitted from replacement power assuming 

PacifiCorp’s current resource generation mix. This number would decrease to 

approximately 450,878 MTCO2e per year under the scenario where PacifiCorp 

is able to meet California’s RPS goal.   Removal of the reservoirs would reduce 

these emissions by approximately 4,000 to 14,000 MTCO2e per year. 
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