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PEER REVIEW SUMMARY 


The methodology used in the analysis is consistent with normal practices for operational level analysis of 
air quality impacts from transportation. Both the Washington State Intersection Screening Tool (WASIST) 
and the CAL3QHC dispersion model were used. The CAL3QHC dispersion model is the most robust 
methodology available. 


There is no analysis of potential impacts of space heating and other stationary sources.  In rural areas, 
space heating with wood and resulting wood smoke is a concern.  A qualitative analysis could be easily 
provided. 


The analysis of greenhouse gases (GHG) uses the standard King County spreadsheet methodology, with 
some revisions for elements such as LEED Silver building standards. 


The analysis needs to be updated using current traffic and level of service projections.  It is most effective 
to do so for the single cumulative impact case.  The current transportation analysis covers a larger area 
and may warrant analysis of more than the three intersections currently performed. 
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Analysis by the consultant who prepared the original analysis would be the most straightforward method 
of updating the analysis.  Given the analysis tools, the results are predicated by the inputs.  Because of 
the background the current consultant has regarding local conditions and model setup, it would be more 
cost effective to have the existing consultant update the modeling analysis. 


PEER REVIEW COMMENTS 


Does documentation sufficiently address impacts such that mitigation can be identified? 


Existing Conditions: 


The document provides sufficient information to define existing conditions in both the region and the 
project vicinity  


Impacts:  


Methodology: Transportation Related Impacts:  


Separate methodologies were used for the Lawson Hills and Villages Master Plan Development (MPD) 
analysis. 


The Lawson Hills MPD analysis used the Washington State Intersection Screening Tool (WASIST) to 
estimate peakhour CO concentrations at a single intersection -  the most project-affected intersection at 
the North Connector/SR-169.  The purpose of WASIST is to quickly and conservatively estimate the 
highest CO concentrations that would occur at an intersection.  WASIST estimates worst-case 1-hour and 
8-hour CO concentrations at signalized intersections using "free-flow" and "queue" emissions.  This 
provides a generally reliable assessment of planning level impacts and comparison of alternatives. 


The Villages MPD analysis used CAL3QHC dispersion model used for operational analysis of three 
intersections. CAL3QHC is the standard methodology utilized to calculate air emissions from vehicles.  It 
is an operational methodology and is generally used for transportation projects where the details of 
traffic volumes, turning movements and Levels of Service (LOS) can be precisely projected.  For a 
planning level analysis, the precision of the methodology can be considered to be more reliable than the 
precision of estimates of traffic volumes and LOS.   


In planning level studies, simpler models such as emission burden models are often used.  These models 
are less accurate for hot-spot analysis than the dispersion model and largely provide a perspective of the 
difference between total volumes of emissions under various alternatives that vary substantially in total 
vehicle miles travelled (VMT). 


In this case, the dispersion model used can be considered to provide the most reliable “worst case” 
analysis if the “worst case” intersection are selected for analysis. 


Methodology Greenhouse Gasses (GHG):  The King County spreadsheet analysis methodology was 
utilized and can be considered to be a reasonable methodology.  Minor changes were made in the 
standard formulas used to calculate emissions to account for factors such as LEED certification.  A more 
detailed description of revisions to the model should be provided for peer review. 
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Methodology Construction Impacts:  The qualitative description of potential construction impacts is the 
standard approach and provides an appropriate level of detail for standard mitigation measures 
consisting of Best Management Practices (BMP). 


Alternatives: 


Three alternatives are proposed for both the Lawson Hills and the Villages MPD 


• No Action – future emissions without the proposal 


• Proposed action – this is modeled separately for Lawson Hills and the Villages MPDs 


• Cumulative  – this includes both the  Lawson Hills and the Villages MPDs 


This results in reporting a total of six cases. The intersections modeled, however differ between the two 
alternatives and therefore the results are not comparable. 


 For the purposes of estimating worst case impacts, only the cumulative impact case is relevant, unless 
one assumes there is a realistic potential for only one of the proposed MPDs being approved. 


No alternative land use scenarios are analyzed.  This is unnecessary if the “worst case” cumulative 
analysis indicates no impact.  


Specific Inputs and Results, Transportation Related Impacts: 


Model results depend on inputs.  For transportation related emission models, the inputs are traffic 
volumes and LOS calculations from the transportation analysis. 


The results reported in the air quality analysis are considered valid for the inputs used. 


However, the transportation analysis has been updated with 


• New assumptions for the No Action as well as different future analysis years 


• New projections of traffic generation of the proposed actions 


• A larger analysis area 


It is possible that the existing analysis still could be valid if the volumes used and the LOS is equal or 
greater than the current updated transportation analysis.  In this case, however, both the projected future 
volumes and the LOS indicate that worse conditions would result than analyzed. 


Tables 1 and 2 indicate the air quality results projected in the two studies. 


Table 1 – Excerpt from Lawson Hills Air Quality Analysis 
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Table 2 – Excerpt from Villages Air Quality Analysis 


 


Table 3 (attached at the end of this report) indicates that the preliminary results of revised transportation 
analysis results in: 


• Worse LOS conditions at the intersections analyzed in the Villages analysis. 


• Other intersections have worse LOS than the three analyzed. 


Although not included in Table 3, traffic volumes are also higher, which accounts for the worse LOS. 


The intersections analyzed may represent appropriate cases for analysis from the perspective of the worst 
case contribution of the projects in terms of the proportion of total volumes from the projects as 
compared to other sources of traffic.  An evaluation of this parameter should be included in determining 
whether additional analysis is required.  In addition, the  applicant’s has proposed alternative access to 
Green River Road, this should be analyzed to determine whether any intersections affected warrant 
analysis 


There is no analysis of potential impacts of space heating and other stationary sources.  In rural areas, 
space heating with wood and resulting wood smoke is a concern.  A qualitative analysis could be easily 
provided. 


Specific Inputs and Results, Greenhouse Gasses: 
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The results appear reasonable, however peer review of the specific adjustments made to the King County 
spreadsheet should be analyzed. 


Specific Inputs and Results, Construction Impacts: 


The qualitative analysis results are appropriate. 


Mitigation: 


Mitigation, Transportation Related Impacts: 


No mitigation was identified based on the lack of impacts.  This would need to be re-evaluated if changes 
in impacts resulted from updated impacts. 


Mitigation, Greenhouse Gasses: 


Qualitative mitigation is identified and is generally adequate.  Additional coordination on transportation 
and design options is desirable for the EIS but aren’t needed in the technical analysis 


Mitigation, Construction : 


Qualitative mitigation is identified and is generally adequate.  Additional coordination on transportation 
and design options is desirable for the EIS but aren’t needed in the technical analysis 


Is additional work needed? 


The analysis needs to be updated using current traffic and level of service projections.   


Revisions should to include: 


o Review of the larger area analyzed in the current transportation analysis to determine 
whether additional intersections should be analyzed 


o Review applicant’s proposal for alternative access to Green River Road and determine 
whether any intersections affected warrant analysis 


o Review of methodology to determine whether the WASIST or the CAL3QHC model is most 
appropriate, given the reliability of volume and LOS projections 


o  Recalculation of emissions based on the new volumes and LOS 


o Qualitative discussion of potential emissions from space heating 


o Review of assumptions in the Greenhouse Gas spreadsheet and potential revision to the 
analysis as well as potential analysis of land use alternatives. 


The results of reviews and decisions on locations to be analyzed should be reviewed and approved by 
Parametrix EIS technical staff prior to proceeding with analysis.  


Recommendations for additional scope items (include field work if needed) 
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None 


Estimated budget to complete additional scope 


If completed by Environ, the applicant’s consultant, considerable savings would be realized because of 
their familiarity with the area and the fact that they have already set the models up and done model runs.  
Because the results of the dispersion analysis are almost entirely driven by the transportation inputs, 
there is little risk of actual or perceived partiality on the part of the technical consultants. 


The estimated cost if additional analysis were performed by Environ would range from $8,000 to 
$12,000, depending on whether additional intersections are analyzed. Analysis needs are limited to 
technical analysis and explanation of technical inputs.  A revised report is not needed. 


The estimated cost if the analysis were performed by a new subconsultant who would need to become 
familiar with the area and set up the models would be $15,000 to $25,000, depending on the number of 
intersections analyzed.  
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Table 3 LOS Summary – PRELIMINARY RESULTS – INITIAL MODEL RUNS – TRANSPORTATION ANALYSIS  These are preliminary results NOT FOR PUBLIC RELEASE 
 


2007 Existing Villages No Action Villages Proposed Cumulative 2025 Environ Air Quality 
  


LOS Delay 
(sec/veh) 


v/c 
ratio LOS Delay 


(sec/veh) v/c ratio LOS Delay 
(sec/veh) v/c ratio LOS Delay 


(sec/veh) v/c ratio LOS Delay CO 


Study Intersection Standard          F >200 >2    
SE 288th St/216th Ave SE C C 26.1 0.30 F 151.9 1.11 F >200 >2 F >200 1.62    


SE 288th St/232nd Ave SE C B 10.0 0.08 C 16.8 0.38 E 36.8 0.70 F >200 >2    


SR 169/SE 288th St D C 20.9 0.37 B 10.6 0.78 D 47.3 1.54 F 138.0 1.38 D 29.4 5.8 
SE Covington-Sawyer 
Rd/216th Ave SE 


C B 19.3 0.47 E 65.3 1.13 F 104.3 1.28 B 12.9 0.69    


SE 296th St/219th Ave SE C B 17.6 0.26 B 11.6 0.57 B 12.9 0.69 F 85.6 0.86    
SE Auburn-Black Diamond 
Rd/218th Ave SE 


E B 12.7 0.13 D 27.9 0.47 E 42.6 0.63 F >200 >2    


SE Auburn-Black Diamond 
Rd/Lake Sawyer Rd SE 


C B 11.4 0.17 D 51.4 0.95 F >200 1.66 F >200 >2    


SE Auburn-Black Diamond 
Rd/Morgan St 


C B 10.9 0.14 F 60.7 0.83 F 144.3 1.13 NA NA NA    


SR 169/SE Black Diamond 
Ravensdale Rd2 


C D 26.9 0.40 C 31.8 0.89 D 49.2 0.96 NA NA NA D 39.9 7.7 


Baker St/Railroad Ave C F 94.5 0.99 A 9.9 0.22 B 10.1 0.25 F 143.0 1.37    
SR 169/Baker St C NA NA NA C 18.9 0.16 D 29.1 0.36 B 10.1 0.25    
SR 169/Lawson Rd C A 9.2 0.11 E 43.2 0.67 F 118.4 1.02 E 39.2 0.56    
SR 169/Old Lawson Rd C C 17.7 0.26 B 11.6 0.00 B 12.2 0.00 F >200 1.69    


SR 169/Jones Lake Rd C B 13.6 0.14 C 21.1 0.23 B 27.6 0.30 B 14.0 0.00    


Lawson Rd/Newcastle Dr C A 9.5 0.00 A 9.0 0.02 A 9.2 0.02 E 35.5 0.37    
SR 169/Maple Ridge Way SE D B 13.0 0.11 A 9.6 0.77 B 13.1 0.87 A 9.6 0.02    


SR 169/SR 516 D A 8.5 0.02 D 52.8 0.86 E 67.7 0.96 C 25.3 0.98    


SR 516/Witte Rd SE D A 5.3 0.43 C 33.0 0.90 C 33.8 0.89 F 82.9 1.03    
SR 169/SE 240th St D E 59.8 0.53 D 51.0 0.97 E 70.0 1.11 D 35.3 0.84    
SR 169/Witte Rd D C 31.2 0.62 F 199.4 1.39 F >200 1.44 F 100.1 1.23    
SR 169/SE Wax Rd D C 28.0 0.68 F 120.5 1.31 F 144.4 1.40 F >200 1.61    
SR 169/SE 231st St D D 49.9 0.95 E 78.2 1.01 F 83.2 1.05 F 173.8 1.48    
SR 169/SR 18 EB Ramps D D 35.8 0.88 C 27.9 0.70 C 28.6 0.72 F 101.3 1.12    
SR 169/SR 18 WB Ramps D D 50.7 0.65             C 28.1 0.74    
SR 516/216th Ave SE D C 22.6 0.63 D 46.1 0.99 D 50.2 1.04          
SR 516/SE Wax Rd E       E 73.1 0.99 F 82.7 1.08 F 86.7 1.15    
SR 516/172nd Ave SE E C 25.6 0.60 C 30.7 0.87 D 38.9 0.90 F 107.0 1.15    
SR 516/168th Pl SE E D 52.0 0.75 E 74.7 0.98 F 84.2 1.01 D 37.9 0.94    
SR 516/SR 18 EB Ramps E D 41.5 0.69 C 26.6 0.88 C 28.1 0.91 E 74.1 1.09    
SR 516/SR 18 WB Ramps E D 38.4 0.84 C 21.6 0.81 C 20.0 0.84 C 27.2 0.93    
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2007 Existing Villages No Action Villages Proposed Cumulative 2025 Environ Air Quality 
  


LOS Delay 
(sec/veh) 


v/c 
ratio LOS Delay 


(sec/veh) v/c ratio LOS Delay 
(sec/veh) v/c ratio LOS Delay 


(sec/veh) v/c ratio LOS Delay CO 


SR 516/164th Ave SE E C 29.6 0.70 C 33.4 0.80 D 36.1 0.83 C 23.0 0.85    
SR 516/Covington Way SE E C 31.2 0.60 D 48.7 0.96 D 52.2 0.99 D 43.9 0.84    


SE 272nd St/160th Ave SE E D 48.1 0.74 F 54.2 0.71 F 59.1 0.74 D 53.9 0.99    


Covington Way SE/165th Pl E D 44.2 0.81 B 10.2 0.57 B 10.3 0.58 F 71.0 0.80    
Covington Way SE/SE Wax Rd E D 29.3 0.47 C 28.6 0.92 C 30.0 0.93 B 10.5 0.59    
SR 516/Landsburg Rd SE E B 10.4 0.48 F >200 1.40 F >200 1.64 C 32.4 0.95    


SR 169/SE Green Valley Rd D C 22.3 0.76 F 175.9 1.01 F >200 1.99 F >200 1.98    


SE Green Valley Rd/218th Ave 
SE 


E C 23.7 0.60 C 21.8 0.58 D 29.1 0.68 F >200 >2    


SE Auburn-Black Diamond 
Rd/SE Green Valley Rd 


E C 17.2 0.09 F 116.1 0.97 F 50.9 0.66 E 44.0 0.80    


SR 169/North Connector C B 12.5 0.29 B 15.6 0.80 E 72.2 1.55 F 77.3 0.81 E 55.5 7.8 
SR 169/Railroad-Lawson 
Connector 


C D 25.9 0.39 A 6.1 0.66 A 8.5 0.75 F >200 >2 
   


Railroad-Lawson 
Connector/Lawson Rd 


C       A 9.2 0.08 A 9.7 0.09 F 127.3 1.57 
   


SR 169/Villages South Access C       F >200 >2 F >200 >2 C 21.6 0.45 
   


Lake Sawyer Rd/North 
Connector 


C       B 15.2 0.73 D 53.0 1.06 F >200 >2 
   


SE Auburn-Black Diamond 
Rd/North Connector 


C       F 141.1 1.07 F >200 >2 D 53.0 1.06 
   


           F >200 >2 
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AIR QUALITY 
 
This section describes the potential for air quality impact and mitigation review related to the 
construction and operation of the proposed project. It includes discussion of applicable air quality 
rules and regulations, review of existing conditions in the project vicinity, qualitative 
consideration of potential impacts of the alternatives, and discussion of potential mitigation 
measures. Potential climate change issues are addressed by estimating greenhouse gas emissions 
related to the construction and operation of the proposed developed parcels and comparing 
potential emissions associated with each project alternative.  
 
EXISTING CONDITIONS/AFFECTED ENVIRONMENT  
 
Air quality is generally assessed in terms of whether concentrations of air pollutants exceed or 
comply with ambient air quality standards set to protect human health and welfare. Three 
agencies have jurisdiction over the ambient air quality in the proposed project area: the EPA, the 
Washington Department of Ecology (Ecology), and the Puget Sound Clean Air Agency 
(PSCAA). These agencies establish regulations that govern both the concentrations of pollutants 
in the outdoor air and contaminant emissions from air pollution sources. Selected applicable 
local, state and federal ambient air quality standards are displayed in Table 1. 
 
To track air quality conditions, Ecology and PSCAA maintain a network of monitoring stations 
throughout the Puget Sound region. These stations are typically located where air quality 
problems may occur, and so they are usually in or near urban areas or close to specific large air 
pollution sources. Other stations in more remote areas indicate regional air pollution levels. Based 
on monitoring information collected over a period of years, the state (Ecology) and federal (EPA) 
agencies designate regions as being "attainment" or "nonattainment" areas for particular air 
pollutants. Attainment status is therefore a measure of whether air quality in an area complies 
with the National Ambient Air Quality Standard (NAAQS). Regions that were once designated 
nonattainment that have since attained the standard are considered "maintenance" areas. The 
project area is considered in "attainment" for all monitored air pollutants except ozone, for which 
the entire region is considered a maintenance area under the NAAQS. This suggests that air 
quality is generally good in the vicinity of Black Diamond. 
 
Typical air pollution sources in the Black Diamond area include automobile and truck traffic 
traveling on local roads, retail/commercial entities, some light industrial activities including 
limited mining and rock quarries, and residential wood-burning devices. While many types of 
pollutant sources are present, the single largest contributor to most criteria pollutant emissions is 
on-road mobile sources (CO emissions) and residential wood burning. Pollutant emissions from 
diesel sources (e.g., most heavy-duty truck engines) include fine particles and a variety of toxic 
air pollutants. Non-diesel vehicle emissions are comprised primarily of carbon monoxide (CO), 
but also include small amounts of sulfur dioxide (SO2), toxic air pollutants, and both 
hydrocarbons and nitrogen oxides, which can transform to become ground-level ozone. 
Residential wood burning produces a variety of air contaminants, including relatively large 
quantities of fine particulate matter (PM10 and PM2.5 – defined later). 
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Table 1 Ambient Air Quality Standards 
National (EPA)   Washington Local


Pollutant 
    Primary Secondary Ecology PSCAA


Inhalable Coarse Particulate Matter (PM10) 
 Annual Average (µg/m ) 3


 24-Hour Average (µg/m3)    


 
 


150 (a, b)


  
50 


150 (a)


 
54 (c) 


154 (d)
Fine Particulate Matter (PM2.5) 
 Annual Average (µg/m ) 3


 24-Hour Average (µg/m3)   


 
15 (e) 
35 (f)


 
15 (e) 


 


  
15 (c) 
35 (g)


Carbon Monoxide (CO) 
 8-Hour Average (ppm) (a) 
 1-Hour Average (ppm) (a)


 


 
9 


35 


 
 
 


 
9 


35 


 
9 


35 
Ozone (O3) 
 8-Hour Average (ppm) (h) 
 1-Hour Average (ppm) 


 
0.075 


(i) 


 
0.075 


(i) 


 
 


0.12 


 
0.075 


(i) 
 


Notes: 
µg/m3 = micrograms per cubic meter; ppm = parts per million; blank cells indicate no standard 


 All values not to be exceeded except as noted; all averages arithmetic except TSP annual geometric mean. 
(a) Not to be exceeded more than once per year 
(b) Particles <10 micrometers in size; federal annual PM10 standard revoked as of Sept. 21, 2006 (EPA 2006) 
(c) The 3-year annual average of the daily concentrations must not exceed level 
(d) The 3-year average of the 99th percentile (based on the number of samples taken) of the daily concentrations must not 


exceed level 
(e) Attainment based on the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple 


community-oriented monitors not exceeding level 
(f) Attainment based on the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented 


monitor within an area not exceeding level 
(g) The federal 24-hour standard for PM2.5 was revised as of Sept. 21, 2006. The current PSCAA standard of 65 ppm is 


based on the previous federal standard but has been superseded by the new federal limits. Although PSCAA has not yet 
adopted the new federal standard, it must do so soon. To avoid confusion, only the prevailing federal standard is reported 
to represent the maximum level that PSCAA can adopt. 


(h) Attainment based on 3-year average of the 4th highest daily maximum 8-hour ozone concentration at each monitoring 
location  


 (i) Federal 1-hour ozone standard was revoked in all areas except 14 remaining nonattainment areas. The federal and the 
PSCAA 1-hour standard lapsed on June 15, 2005. 


Source: ENVIRON International Corporation based on most recent local, state and federal rules. 
 


 
Particulate Matter – PM10 and PM2.5 
 
Particulate matter air pollution is generated primarily by industrial activities and operations, fuel 
combustion sources like residential wood burning, motor vehicle engines and tires, as well as 
other, more minor sources. Federal, state, and local regulations set limits for particle concentra-
tions in the air based on the size of the particles and the related potential threat to health. When 
first regulated, particle pollution was based on "total suspended particulate," which included all 
size fractions. As sampling technology improved and the importance of particle size and chemical 
composition became clearer, ambient standards were revised to focus on the size fractions 
thought to be most dangerous to human health.  
 
At present, there are standards for inhalable coarse particles less than about 10 micrometers 
(microns) in diameter (PM10) and inhalable fine particles less than about 2.5 microns in diameter 
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PM2.5. The latter is now thought to represent the most dangerous size fraction of airborne 
particulate matter because such small particles (e.g., a typical human hair is about 100 microns in 
diameter) can be breathed deeply into the lungs. In addition, such particles are often associated 
with toxic substances, deleterious in their own right. The toxic substances can adsorb to 
particulate matter and then be carried into the respiratory system. Based on the most recent 
studies, in 2006 the EPA set new, more stringent standards for PM2.5 (EPA 2006). 
 
There are currently no PM10 or PM2.5 monitoring stations in the City of Black Diamond. The 
closest monitors are located in the cities of Enumclaw and Kent. Black Diamond is not included 
in an existing PM10 nonattainment or maintenance area. Given the lack of major sources of PM10, 
and the fact that measured concentrations of both PM10 and PM2.5 at most monitoring stations in 
the Puget Sound area since 1997 have complied with the applicable ambient air quality standards 
(PSCAA 2008, EPA 2008a), it is likely that throughout most of the year, existing fine particulate 
concentrations are below the limits set by the standards. ( )1  During prolonged periods of stagnant 
meteorological conditions, however, it is possible that emissions from vehicles, residential solid-
fuel space heating, and other sources in the study area could elevate particulate matter concentra-
tions so that concentrations reach or exceed the health based standards. But the operation of the 
proposed alternatives would be a relatively minor source of particulate matter, so it is not 
necessary to analyze these emissions to conclude that the project would not result in impacts due 
to particulate matter. ( ) 2


 
Carbon Monoxide (CO) 
 
Carbon monoxide (CO) is a by-product of incomplete combustion. It is generated by vehicular 
traffic and other fuel-burning activities, such as residential space heating, especially heating units 
that use solid fuels such as coal or wood. There are two short-term air quality standards for CO: a 
1-hour average standard of 35 ppm and an 8-hour average standard of 9 ppm (see Table 1). 
Short-term standards are often the controlling, or most restrictive, air pollution standards. 
 
The impacts of CO are usually localized, with the highest ambient concentrations usually 
occurring near congested roadways and intersections during periods of cold temperatures (autumn 
and winter months), light winds, and stable atmospheric conditions. Such weather conditions 
reduce the mechanisms that disperse and dilute pollutants. 
 
In recent years, the Central Puget Sound region has not violated the NAAQS for CO and is 
considered a maintenance area for this pollutant. Black Diamond lies outside the Central Puget 
Sound region CO maintenance area and is considered in attainment for CO.  
 
There are no CO monitors in Black Diamond; the nearest monitor is in downtown Seattle along a 
heavily traveled and congested traffic corridor unlike the existing traffic routes in Black 
Diamond. This station and others in the Puget Sound region have not measured a violation of the 
1-hour or 8-hour CO standard in recent years. Because CO impacts typically occur close to the 
emissions source, it is not possible to extrapolate CO concentrations from regional data or distant 
monitors for this project. 
 
Ozone 


                                                      
(1)  The Tacoma area is expected to be designated nonattainment for the revised PM2.5 standard. 
(2) No wood-burning devices are proposed as part of the residential development in either the Proposed Action 


or Alternative 1. 
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Ozone is a highly reactive form of oxygen created by sunlight-activated chemical transformations 
of nitrogen oxides and volatile organic compounds (hydrocarbons) in the atmosphere. Ozone 
problems tend to be regional in nature because the atmospheric chemical reactions that produce 
ozone occur over a period of time, and because during the delay between emission and ozone 
formation, ozone precursors can be transported far from their sources. Transportation sources like 
automobiles and trucks are among the sources that produce ozone precursors. 
 
In the past, due to violations of the federal ozone standards, the Puget Sound region was 
designated as nonattainment for ozone. In 1997, EPA determined that the Puget Sound ozone 
nonattainment area had attained the health-based ozone standard in effect at that time. The EPA 
reclassified the Puget Sound region as attainment for ozone and approved the associated air 
quality maintenance plan. Black Diamond is, therefore, in an ozone air quality maintenance area. 
 
In March 2008, EPA revised the 8-hour ozone standard to set a new, more stringent limit. At this 
time, all jurisdictions in Washington State are projected to meet the new EPA ozone standards 
(EPA 2008b). Measured ozone concentrations at several regional stations have exceeded the new 
8-hour ozone standard, so the area could be on the brink of again becoming nonattainment for this 
air pollutant. Under the current air quality plans and policies, this status has no direct implications 
for the project under consideration. 
 
IMPACTS 
 
The following several sections describe the potential impacts common to all of the project 
alternatives including construction-related impacts, operational impacts related to increases in 
traffic, and greenhouse gas emissions estimates related to climate change. 
 
Impacts Related to Construction 
 
Development of land parcels with any of the project "build" alternatives would include the 
demolition of existing buildings and construction of residences, office, retail and commercial 
buildings, and creation of roads and other infrastructure improvements. Such activities could 
result in temporary, localized increases in particulate concentrations because of emissions from 
construction-related sources. For example, dust from short-term construction activities such as 
excavation, grading, sloping and filling would contribute to ambient concentrations of suspended 
particulate matter. Construction contractor(s) would be required to comply with PSCAA 
regulations requiring that reasonable precautions be taken to minimize fugitive dust emissions. 
 
In this event, demolition of existing structures would require the removal and disposal of building 
materials that could possibly contain asbestos. Demolition contractors would therefore be 
required to comply with EPA and PSCAA regulations related to the safe removal and disposal of 
any asbestos-containing materials. 
 
Construction would require use of heavy trucks, excavators, graders and a range of smaller 
equipment such as generators, pumps, and compressors. Emissions from existing traffic around 
the project area would outweigh any slight degradation of local air quality resulting from the 
emissions and the concentrations from air pollutants engines on construction equipment emit. 
Nonetheless, emissions from such sources, and especially from diesel-fueled engines, are coming 
under increasing scrutiny because of their suspected risk to human health. Specific dose/response 
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effects are unknown, but long-term exposure to excessive amounts of diesel emissions could 
represent a health risk, especially to sensitive individuals like the chronically ill, the old and the 
very young. Hence, although there is little or no danger of such emissions resulting in pollutant 
concentrations that would exceed an applicable ambient air quality standard, pollution control 
agencies are now urging that emissions from diesel equipment be minimized to the extent 
practicable in order to reduce potential health risks. With implementation of effective actions to 
minimize on-site diesel engine idling and to locate combustion-fueled equipment as far as 
possible from nearby residences, diesel emissions from on-site construction would be unlikely to 
substantially affect air quality in the project vicinity. 
 
Although some construction phases would cause odors, particularly during paving operations 
using tar and asphalt, any odors related to construction would be short-term and unlikely to 
significantly affect the nearest residences. Construction contractor(s) would have to comply with 
PSCAA regulations that prohibit the emission of any air contaminant in sufficient quantities and 
of such characteristics and duration as is, or is likely to be, injurious to human health, plant or 
animal life, or property, or which unreasonably interferes with enjoyment of life and property.  
 
Construction activities would also yield land clearing debris. Washington State is phasing out 
outdoor burning of land clearing debris in favor of alternative disposal methods (e.g., chipping 
and composting) to reduce risk to public health related to combustion emissions. For example, 
residential yard debris and land-clearing materials burning is now banned in all urban growth 
areas (UGAs). PSCAA has adopted the state outdoor burning restrictions. All portions of the 
project site are within the City of Black Diamond and the UGA, so the state and PSCAA 
prohibitions on land-clearing debris and all other outdoor waste burning applies. 
 
Construction equipment and material hauling can affect traffic flow in a project area if 
construction-related vehicles travel during peak periods or other heavy-traffic hours of the day 
and pass through congested areas. Although there is heavy traffic during the day in Black 
Diamond, especially on SR-169, there is little delay at intersections now or expected in the future, 
so project-related construction traffic would not likely substantially affect traffic through the area. 
 
There is a potential for dust and other emissions to affect on-site residences during construction 
of other residential and commercial facilities if the on-site residences are occupied before project 
construction is complete. Any impacts from construction or equipment emissions would be 
temporary and probably minor after implementation of reasonable methods and best management 
practices to minimize such emissions. However, even small increases in construction-related dust 
or equipment emissions could represent a health risk to sensitive individuals like the chronically 
ill, the old, and the very young if these populations occupy on-site residences and are exposed to 
such emissions. Communication with on-site residential and other sensitive users during 
construction and implementation of a construction management plan designed to control 
emissions and/or limit on-site residential exposure could prevent or minimize the potential for 
such on-site impacts. 
 
With implementation of the controls required for the various aspects of construction activities, 
and with attention to minimize exposure of any nearby people to prolonged exposure to emissions 
from diesel equipment, construction would not be expected to significantly affect air quality.  
 
 
Operational Impacts 
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Project-related traffic could affect operation of off-site transportation facilities and thereby 
increase pollutant concentrations beyond the project site. This potential is explored further below. 
 
Potential Impacts Related to Off-Site Traffic 
 
One air pollutant of concern for projects with transportation components is carbon monoxide 
(CO). Of the various vehicular emissions that are regulated, CO is the pollutant emitted in the 
largest quantity. Therefore, potential changes in emissions that could affect CO levels are the 
focus of this part of the air quality review. Because the project area is in an attainment area for 
CO, the federal transportation conformity rules do not apply to this review. (  )3  However, the 
project is still subject to an air quality review under SEPA requirements. 
 
A SEPA air quality review of transportation sources (i.e., vehicles) typically considers potential 
air quality impacts in accordance with EPA air quality "hot-spot" modeling guidelines. Based on 
these guidelines, signalized intersections that would be affected by traffic related to a proposed 
project are screened for possible quantitative analysis using dispersion modeling (i.e., compu-
terized analysis to estimate air pollutant concentrations due to sources of interest). Such screening 
is conducted by reviewing the predicted future signalized intersection peak-hour traffic levels of 
service (LOS – a measure of overall delay, from "A" - good to "F" - very congested, due to 
expected intersection operation). EPA guidance suggests modeling signalized intersections with 
an LOS that would deteriorate to "D" or worse due to a proposed project. By definition, intersec-
tions that do not warrant signalization, or signalized intersections that operate at LOS "C" or 
better, have little if any potential to cause air quality impacts at nearby locations.  
 
The traffic analysis for the proposed project was reviewed to assess the potential for off-site 
traffic-related air quality impacts due to each project alternative. The traffic study indicated most 
existing and future intersections within the study area are not currently and would not be 
signalized in the future. In addition, most of the existing or future signalized intersections would 
operate at LOS "C" or better with or without the project alternatives in 2015. (See EIS Section X, 
Traffic Data.) However, at one intersection that would be signalized in 2015, project-related 
traffic would decrease intersection performance to LOS D under the Proposed Action. Based on 
EPA guidance, this intersection should be considered for "hot spot" modeling, such a review was 
conducted using an approved screening tool to assess the potential for impacts near the North 
Connector/SR-169 intersection under the Proposed Action. This review is described below. 
 
WASIST Modeling and Results 
 
ENVIRON used the Washington State Intersection Screening Tool (WASIST) to estimate peak-
hour CO concentrations near the most project-affected intersection at the North Connector/ 
SR-169. WASIST estimates worst-case 1-hour and 8-hour CO concentrations at signalized 
intersections based on the latest version of the EPA emission factor model (MOBILE 6.2) and the 
CAL3QHC mobile source dispersion model. This tool considers "free-flow" and "queue" 
emissions together with intersection geometry, wind direction, and other worst-case 
meteorological factors. The purpose of WASIST is to quickly and conservatively estimate the 


                                                      
(3)  Transportation conformity is a program under the federal clean air act that requires special review for 


transportation projects and transportation components of development projects within nonattainment and 
maintenance areas when those projects would affect the regional transportation system. 
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highest CO concentrations that would occur at an intersection. Results of the analysis are 
provided in Table 2. 
 
The following assumptions and parameters were used in the WASIST to calculate the worst case 
CO concentrations: 


 The modeling assumed a "background" 1-hour CO concentration of 3 ppm to represent 
other nearby sources in the vicinity. This is probably a very conservative assumption. 


 Emission factors were based on the King County Puget Sound CO maintenance area 
emissions for 2015. 


 No Action, and Proposed future p.m. peak-hour traffic operating conditions provided by 
The Transpo Group. 


 Near-road receptors were placed at sidewalk locations 10 feet from each roadway, at 10 
and 80 feet from the cross street 


 Surface roughness factor and stability class were based on the "Deciduous/Fir Forest" 
option. 


 When possible, the most accurate or worst-case intersection configuration based on 
WSDOT guidance was used. 


 
Table 2. WASIST CO Screening Model Results (ppm) 


2015 Alternatives 
Intersection 


Averaging 
Period No Action Proposed Action Cumulative Growth 
1-hour 5.2 6.3 6.6 North Connector and SR-


169 8-hour 4.5 5.3 5.5 
 The North Connector and SR-169 intersection does not currently exist. Thus, worst case CO 


concentrations under existing conditions were not evaluated. 
 All CO concentrations include a background concentrations of 3.0 ppm 
 8-hour average CO concentrations are calculated by multiplying the 1-hour average concentrations 


(without background) by a persistence factor of 0.7 and then adding the background concentration. 
 1-hr CO NAAQS standard is 35 ppm; 8-hr CO standard is 9 ppm 


 
Although traffic related to the Proposed Action increases the maximum-predicted CO 
concentrations compared to No Action, CO concentrations near the most project-affected 
intersection would not reach or exceed the 1-hour or 8-hour NAAQS under the alternatives 
considered. Because there are no forecast problems at this most project-affected intersection, and 
because the performance of all other intersections is better than at this location and all have 
generally good LOS, it is unlikely that the project-related traffic would significantly impact air 
quality in the project study area. 
 
On-Site Operational Impacts 
 
The development under the Proposed Action or Alternative 1 would provide retail and business 
space on mixed land use parcels for site visitors as well as residences located primarily on the 
Main Property. Potential air quality impacts to off-site locations from these on-site activities 
would be limited by ambient air quality standards and air quality nuisance rules (e.g., odor). 
These rules are intended to protect sensitive individuals from unhealthy pollutant concentrations 
in ambient (outdoor) air. Therefore, any potential impact from a regulated source (such as a dry 
cleaner) would be subject to rules limiting pollutant emissions to minimize potentially unhealthy 
air quality concentrations to the nearest neighboring land uses. With that said, the potential for 
impacts perceived as annoying (as opposed to unhealthy) could still exist from some sources and 
activities despite meeting applicable air quality rules. For example, even small amounts of 
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fugitive dust from parking lots or odors from restaurant ventilation can be perceived as an 
annoyance. At most proposed mixed-use locations, the nearest existing neighbors would be either 
sufficiently distant from on-site sources, or else are non-residential uses that are less sensitive to 
potential project-related emissions. Distance from such activities and prudent building and site 
design could minimize effects such as these. 
 
With Alternative 1, additional retail/office use is proposed on the same parcels as under the 
Proposed Action. The potential for annoyance related to mixed land uses is therefore greater 
under Alternative 1 than for the Proposed Action. But again, with appropriate distance from off-
site locations and prudent building and site design, any potential for impacts could be minimized. 
 
With the No Action alternative, the project site parcels could be developed as outlined in the 
City's Comprehensive Plan. However, it is unlikely that the level of development would occur 
similar to either of the "build" alternatives by 2015. Nonetheless, potential off-site impacts are 
possible, but like the other alternatives, are unlikely with prudent building site and design. 
 
In general, the proposed alternatives are unlikely to cause any project-related significant air 
quality implications unless any regulated sources violate air pollution control standards and 
efforts are not made to minimize construction activities likely to impact nearby users using best 
management practices. 
 
Climate Change and Greenhouse Gases 
 
The phenomenon of natural and human-caused effects on the atmosphere due to global warming 
and other changes is generally referred to as "climate change." Due to the importance of the 
"greenhouse effect" and related atmospheric warming to climate change, the gases that affect 
such warming are called greenhouse gases or GHGs. The GHGs of primary importance are 
carbon dioxide (CO2), methane, ozone, and nitrous oxide. Because CO2 is the most abundant of 
these gases (but not necessarily the most damaging to the atmosphere on a volume basis because 
of varying residence time after emission), GHGs are now often quantified in terms of CO2 


equivalents, or CO2e. 
 
Vehicles are a significant source of GHG emissions primarily through the burning of gasoline and 
diesel fuels. National estimates indicate the transportation sector (including on-road, construction, 
airplanes and boats) accounts for 30 percent or more of total domestic CO2 emissions. Estimates 
for Washington State suggest transportation accounts for nearly half of GHG emissions because 
the state relies heavily on hydropower for electricity, unlike other states that rely more heavily on 
fossil fuels (coal, petroleum, and natural gas) to generate electricity. The next largest contributors 
to total gross GHG emissions in Washington are about 20% each in fossil fuel combustion in the 
residential, commercial, and industrial sectors; and in electricity consumption. Solid waste 
contributes about 2% (Ecology 2008).  
 
Compared to the "criteria" air pollutants like carbon monoxide and fine particulate matter, GHGs 
are only recently being recognized as an issue for consideration during the environmental review 
of proposed projects. CO2 is not considered an air "pollutant" based on direct health-related 
impacts, so it is not subject to ambient standards used to gauge pollutant concentrations in the air. 
Instead, approaches to managing CO2e emissions are based on controls aimed at first slowing 
down and then reducing overall atmospheric concentrations over time. On the local level, GHG 
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management is typically aimed at transportation and land use planning and energy conservation 
of proposed developments. 
 
In response to the issue of climate change on a global or regional scale, several states and many 
local jurisdictions are now taking steps to begin reducing GHG emissions. For example, the states 
of California, Massachusetts, and Washington have adopted GHG emission reduction goals 
similar to those included in the Kyoto Protocol, the widely-adopted international guideline 
intended to address this issue. In addition, numerous cities have adopted similar goals and have 
begun implementing programs to begin quantifying GHG emissions in order to eventually begin 
reducing them. Although recent legislation established GHG emission reduction targets in future 
years and set specific emission targets for some sources, there are as yet no specific emission 
reduction requirements or targets that apply to land use projects. Nor are there generally accepted 
emission level "impact" thresholds that provide effective means to assess potential localized 
impacts of GHG emissions. 
 
The GHG emissions assessment for this project was performed using tools that are still in the 
process of being developed and refined. Procedures for calculating, analyzing, and interpreting 
the implications of greenhouse gas emission generation from site-specific land use proposals are 
in the earliest stages at the time of this writing. There is no uniform guidance at the State level 
(i.e., from the Washington Department of Ecology), nor from local jurisdictions other than King 
County. Consequently, the GHG tabulation reported below is a preliminary indication of expected 
project-related GHG emissions based on a modified version of King County's emission tabulation 
tool. ( ) 4


 
Analysis Method 


 
The tabulation of GHG emissions was based on the spreadsheet tool issued by King County, 
Washington in December 2007. ENVIRON modified this tool to reflect project-specific data 
where possible. In accordance with findings regarding the primary sources of GHG emissions, 
this tabulation focused on three areas/sources of emissions as described below.  
  


• Building materials and processes (Embodied emissions). This portion of the calculation 
considered both the "upstream" (i.e., mining, harvest, manufacturing, and transport) and 
the "downstream" (i.e., subsequent, "in place" use and maintenance) of building 
materials. The default values were modified to reflect values based on materials expected 
to be used in the buildings' construction (instead of applying averages based on all 
materials combined). Materials assumed include the average of all types of roofing, 
average of wood or composite exterior siding, average of all window types, and no steel 
or concrete interior walls or floors for residential buildings. The estimated amount of 
pavement for roads is also included. (There is no data for the amount of pavement for 
parking lots at mixed-use parcels.) The lifespan of the buildings is projected to be 62.5 
years for retail/office, and 58 or 80 years for single-family and multi-family residential 
respectively, based on the King County spreadsheet model.  


• Post-development energy usage (Energy). This element considered energy consumption 
such as heating and electrical usage. For this calculation, the energy values were adjusted 
to reflect the usage reported for the Pacific Northwest (as apposed to national averages). 
Also, because the residential buildings would likely be constructed to reflect a high level 


                                                      
(4) http://www.metrokc.gov/ddes/forms/SEPA-GHG-EmissionsWorksheet-Bulletin26.xls  
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of Built Green or Energy Star ratings, a 25% reduction was applied after the calculations 
which equates to a LEED-Silver® rating.  


• Transportation (Transport). This component considered GHG emissions related to vehicle 
travel of residences and employees. The King County default calculation was used 
because no other project-specific data were available. 


GHG Emissions 
 
The estimated CO2 equivalent (CO2e) emissions shown in Table 2 represent the lifecycle 
emissions of the Proposed Action and Alternative 1, respectively. The lifecycle emissions are the 
cumulative emissions over the useful life of the buildings included in the development 
alternatives. Based on the King County tool, the construction and operation of single family 
homes (including vehicle use) would generate the most GHG emissions associated with this 
project. 
 
Table 2. Project-Related Lifecycle GHG Emissions  


Proposed Action Alternative 1 


Type of Building/Use 
# of Units or 


Thousand sq. ft. 
Total Estimate 


(MTCO2e) 
# of Units or 


Thousand sq. ft. 
Total Estimate 


(MTCO2e) 
Single-Family Home 930 1,797,288 790 1,526,729 
Multi-Family Unit 
in Large Building  109 148,274 110 149,634 


Multi-Family Unit 
in Small Building  211 399,651 225 426,168 


Retail (other than Mall) 90 69,083 190 145,841 
Office 300 352,894 200 235,263 
Pavement 440 21,989 439,776 21,989 
Totals  2,789,179  2,505,624 


MT = metric tons = 1.1023 short tons; a short ton = 2,000 pounds 
Source: ENVIRON International Corp., adapted from King County calculation procedure; see Appendix x 
for spreadsheet calculations. 


 
Comparison of Alternatives 
 
Based on these results shown in Table 2, the Proposed Action would generate more GHG 
emissions than Alternative 1 due primarily to the greater number of single-family residential units 
associated with the Proposed Action. 
 
Although GHG emissions associated with the No Action Alternative were not calculated, the 
expected emissions would likely be similar or even more than shown above unless this sort of 
development represented many fewer homes and less paving for access roads. In addition, No 
Action development would likely occur more slowly, so that by 2015 (the expected build out of 
the proposed project) emissions would be less under the No Action Alternative because not all 
structures would yet be built. 
 
 


Air Quality Analysis  Draft 
Lawson Hills MPD 10 10/07/08 







Summary 
 
There are as yet no particular means to gauge whether GHG emissions constitute an "impact" in 
terms of their potential effects on climate. Current guidance in this area simply indicates the need 
to estimate CO2e emissions with the intent to compile data for use in later discussions of this 
issue. And although it would be useful to put these emissions into perspective based on 
comparisons with similar sorts of projects, no truly comparative data yet exist.  
 
To put the project-related CO2e emissions estimate in perspective with a large source of GHG 
emissions, consider that a new, natural gas-fired power plant (about 600 MW) generates about 
2 million tons of CO2e annually during each year it operates, or about 100 million tons over 50 
years. This compares with a maximum of about 2.8 million tons of CO2e over the entire life of 
the Proposed Action assumed for this project (up to 80 years for some buildings), or less than 3% 
of a clean power plant (over 50 years). Older power plants and any plant burning coal emit mu
more CO


ch 
2e. With this perspective, the proposed project would be a less significant contributor to 


overall emissions of CO2e. 
 
CUMULATIVE AND SECONDARY IMPACTS 
 
The traffic analysis that provided the basis for the air quality analysis also included the traffic 
conditions expected with cumulative growth in the project vicinity. Cumulative growth in the 
Black Diamond area in 2015 is expected to cause traffic conditions at signalized intersections to 
deteriorate below LOS "C." Similar to the Proposed Action, the WASIST screening tool was used 
to evaluate the potential for traffic-related air quality impacts due to cumulative growth. While 
more than one intersection is expected to deteriorate to LOS D or worse, the most affected 
intersection was again the North Connector at SR-169. Screening modeling results indicate that 
maximum-predicted CO concentrations would remain well below the respective 1-hour and 
8-hour standards (Table 2). Consequently, cumulative traffic growth would be unlikely to 
significantly impact CO concentrations and no significant air quality impacts would be expected. 
 
Similarly, the GHG emissions estimate considered the lifecycle emissions related to the proposed 
project, and no additional GHG emissions would be expected. 
 
MITIGATION 
 
Construction Impact Mitigation 
 
Although significant air quality impacts are not anticipated for construction of the developed 
parcels, construction contractors would be required to comply with all relevant federal, state and 
local air quality laws. Possible management practices for reducing the potential for air quality 
impacts during construction include measures for reducing both exhaust emissions and fugitive 
dust. The Washington Associated General Contractors brochure Guide to Handling Fugitive Dust 
from Construction Projects and the PSCAA suggest a number of methods for controlling dust and 
reducing the potential exposure of people to emissions from diesel equipment. A brief list of 
some of the possible control measures that could be implemented to reduce potential air quality 
impacts from construction activities follows: 
 


• Use only equipment and trucks that are maintained in optimal operational condition 
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• Require all off-road equipment to have emission reduction equipment (i.e., require 
participation in Puget Sound Region Diesel Solutions, a program designed to reduce air 
pollution from diesel sources [PSCAA 2007b], by project sponsors and contractors).  


• Use car-pooling or other trip-reduction strategies for construction workers. 
• Use biodiesel or other lower emission fuels for vehicles and equipment. 
• Implement restrictions on construction truck idling (e.g., limit idling to a maximum of 5 


minutes). 
• Spray exposed soil with water or other suppressant to reduce emissions of PM10 and 


deposition of particulate matter. 
• Pave or use gravel on staging areas and roads that would be exposed for long periods 
• Cover all trucks transporting materials, wetting materials in trucks, or providing adequate 


freeboard (space from the top of the material to the top of the truck bed), to reduce PM10 
emissions and deposition during transport. 


• Provide wheel washers to remove particulate matter that would otherwise be carried off 
site by vehicles to decrease deposition of particulate matter on area roadways.  


• Cover dirt, gravel, and debris piles as needed to reduce dust and wind blown debris. 
• Locate construction equipment away from sensitive receptors such as fresh air intakes to 


buildings, air conditioners, and sensitive populations. 
• Locate construction staging zones where diesel emissions will not be noticeable to the 


public or near sensitive populations such as the elderly and the young. 
• Stage construction to minimize overall transportation system congestion and delays to 


reduce regional emissions of pollutants during construction. 
 


Operation 
 


The air quality impact analysis indicates that the proposed project alternatives would not be 
anticipated to result in any significant adverse air quality impacts in the study area resulting 
from off-site traffic or on-site operations associated with mixed land use and development. 
Consequently, no operational impact mitigation measures are warranted or proposed. 
 


Mitigation Measures for Greenhouse Gas Emissions 
 
Although there are no specific requirements to do so, some of the elements of the proposed 
development would serve to reduce CO2e emissions over the life of the project, including Built 
Green and LEED®-certified/Energy Star homes and available transit options. Other measures that 
would reduce GHG emissions on the local level include any steps that would alter those aspects 
of the project that contribute to emissions due to construction of the development, energy use by 
the people who live there, or the need to drive. While the global impacts of GHG emissions 
cannot be solved on the local level by measures suggested in this study, reducing GHGs on the 
local level does contribute to the reduction goal of the WA state legislature to reduce GHG 
emissions in our state. Each of these measures is addressed further below. 
 
Construction-related GHG emission reduction measures include features that focus on use of 
renewable resources, composites, and/or materials made from recyclables (e.g., farmed wood and 
wood/plastic composites – from recycled plastic and wood), and de-emphasize use of non-
renewal resources (e.g., old-growth or exotic lumber, virgin metals, or more than essential 
quantities of concrete). Because renewable and recycled materials use less resources and require a 
fraction of the energy necessary to produce virgin materials, associated GHG emissions are 
substantially lower. The applicant's proposal to minimize use of concrete and maximize use of 
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wood and wood composites would reduce GHG emissions compared with more conventional 
development techniques. 
 
End-use energy consumption in residences is a primary contributor to overall GHG emissions. 
Such energy use is a function a multiple factors, many of which can be positively affected during 
development of the facility. Site layout/design that maximizes exposure to the sun in the winter 
and takes advantage of natural ventilation can reduce winter heating needs and the need for 
summertime forced-air ventilation. Using construction techniques and materials that exceed 
building code requirements can reduce long-term energy use. Employing innovative heating 
technologies such as heat pumps, hot-water radiant floors, and ultra-high efficiency furnaces also 
would reduce energy consumption compared with standard space-heating systems. Similarly, 
technologies to provide or supplement water-heating (e.g., on-demand and/or solar-assisted 
heating instead of continuously heated, large tank reservoirs) also would reduce the overall 
energy footprint of the development. And any steps that reduce energy use would reduce any 
related GHG emissions. Implementing a high LEED®, Built Green, or other low-impact/high-
efficiency building standard, help conserve resources and reduce GHG emissions compared with 
conventional development techniques.  
 
SIGNIFICANT UNAVOIDABLE ADVERSE IMPACTS 
 
No significant unavoidable adverse air quality impacts have been identified related to the 
proposed project alternatives, and none would be anticipated. 
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Washington State Intersection Screening Tool 1.0
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Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


Description:


Performed by:


 


Intersection Type:


Street Names:


North Connector and SR 169North Connector and SR 169North Connector and SR 169North Connector and SR 169


Kurt Richman  -  ENVIRONKurt Richman  -  ENVIRONKurt Richman  -  ENVIRONKurt Richman  -  ENVIRON


425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com


T-type Intersection, 3 x 4T-type Intersection, 3 x 4T-type Intersection, 3 x 4T-type Intersection, 3 x 4


A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169


1


23


4 Rec.1


Rec.2Rec.3


Rec.4 Rec.5


Rec.6


Rec.7


Rec.8


Rec.9


Rec.10


10 ft.RESULTS:RESULTS:RESULTS:RESULTS:


Distance Distance
from A-B from C-D      CO      CO
boundary roadway 1-hour avg. 8-hour avg.


Receptor# Quadrant   (feet)   (feet) Conc. (ppm) Conc. (ppm) Pass/Fail*


     1     1     1     1      1     1     1     1     10    10    10    10     10    10    10    10     4.2    4.2    4.2    4.2     3.8    3.8    3.8    3.8  Pass Pass Pass Pass


     2     2     2     2      2     2     2     2     10    10    10    10     10    10    10    10     5.2    5.2    5.2    5.2     4.5    4.5    4.5    4.5  Pass Pass Pass Pass


     3     3     3     3      3     3     3     3     10    10    10    10     10    10    10    10     4.8    4.8    4.8    4.8     4.3    4.3    4.3    4.3  Pass Pass Pass Pass


     4     4     4     4      4     4     4     4     10    10    10    10     10    10    10    10     4.2    4.2    4.2    4.2     3.8    3.8    3.8    3.8  Pass Pass Pass Pass


     5     5     5     5      1     1     1     1     80    80    80    80     10    10    10    10     4.2    4.2    4.2    4.2     3.8    3.8    3.8    3.8  Pass Pass Pass Pass


     6     6     6     6      2     2     2     2     10    10    10    10     80    80    80    80     3.7    3.7    3.7    3.7     3.5    3.5    3.5    3.5  Pass Pass Pass Pass


     7     7     7     7      2     2     2     2     80    80    80    80     10    10    10    10     4.7    4.7    4.7    4.7     4.2    4.2    4.2    4.2  Pass Pass Pass Pass


     8     8     8     8      3     3     3     3     10    10    10    10     80    80    80    80     3.7    3.7    3.7    3.7     3.5    3.5    3.5    3.5  Pass Pass Pass Pass


     9     9     9     9      3     3     3     3     80    80    80    80     10    10    10    10     4.7    4.7    4.7    4.7     4.2    4.2    4.2    4.2  Pass Pass Pass Pass


    10    10    10    10      4     4     4     4     80    80    80    80     10    10    10    10     4.2    4.2    4.2    4.2     3.8    3.8    3.8    3.8  Pass Pass Pass Pass


*Project PASSES  PASSES  PASSES  PASSES 1-hr and 8-hr NAAQS of 35 ppm and 9 ppm, respectively.


Largest modeled CO concentrations are at receptor 2receptor 2receptor 2receptor 2.
- All CO concentrations include a background concentration of 3.03.03.03.0 ppm.


- 8-hr average CO concentrations are calculated by multiplying the 1-hr average concentrations


  (without background) by a persistence factor of 0.7 and then adding the background concentration.
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Washington State Intersection Screening Tool 1.0


USER INPUTSUSER INPUTSUSER INPUTSUSER INPUTS


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


Intersection Data:


Predominant Surroundings: Deciduous TreesDeciduous TreesDeciduous TreesDeciduous Trees


Traffic Volumes:


Vol. Index Movement Volume (vph)


    1    1    1    1 A-B ThruA-B ThruA-B ThruA-B Thru      -----     -----     -----     -----


    2    2    2    2 A-D Left TurnA-D Left TurnA-D Left TurnA-D Left Turn      -----     -----     -----     -----


    3    3    3    3 A-C Right TurnA-C Right TurnA-C Right TurnA-C Right Turn      -----     -----     -----     -----


    4    4    4    4 B-A ThruB-A ThruB-A ThruB-A Thru      -----     -----     -----     -----


    5    5    5    5 B-C Left TurnB-C Left TurnB-C Left TurnB-C Left Turn      45     45     45     45


    6    6    6    6 B-D Right TurnB-D Right TurnB-D Right TurnB-D Right Turn      50     50     50     50


    7    7    7    7 C-D ThruC-D ThruC-D ThruC-D Thru      915     915     915     915


    8    8    8    8 C-A Left TurnC-A Left TurnC-A Left TurnC-A Left Turn      -----     -----     -----     -----


    9    9    9    9 C-B Right TurnC-B Right TurnC-B Right TurnC-B Right Turn      60     60     60     60


    10    10    10    10 D-C ThruD-C ThruD-C ThruD-C Thru      550     550     550     550


    11    11    11    11 D-B Left TurnD-B Left TurnD-B Left TurnD-B Left Turn      40     40     40     40


    12    12    12    12 D-A Right TurnD-A Right TurnD-A Right TurnD-A Right Turn      -----     -----     -----     -----
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Washington State Intersection Screening Tool 1.0


USER INPUTS continued...USER INPUTS continued...USER INPUTS continued...USER INPUTS continued...


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


CO Emission Factors Based On:


Location:


CO Maint. Area:


I/M Program:


Model Year:


Western Washington - KING CountyWestern Washington - KING CountyWestern Washington - KING CountyWestern Washington - KING County


Puget SoundPuget SoundPuget SoundPuget Sound


NoNoNoNo


2015201520152015


Gasoline sulfur content of 160 ppm for 2005-2006, 60 ppm for 2007, & 30 ppm for 2008-2050.


MOBILE6.2 CO Emission Factors:


Idle Emission Factor (g/hr): 100.54100.54100.54100.54


Approach Speed (mph) EF (g/mile)


   Leg A   Leg A   Leg A   Leg A      ---     ---     ---     ---   -----  -----  -----  -----


   Leg B   Leg B   Leg B   Leg B      25     25     25     25   15.57  15.57  15.57  15.57


   Leg C   Leg C   Leg C   Leg C      35     35     35     35   15.23  15.23  15.23  15.23


   Leg D   Leg D   Leg D   Leg D      35     35     35     35   15.23  15.23  15.23  15.23


*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.


Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.


Traffic Signal Timing:


Total Cycle Length (sec): 82828282


Red Times:


Type of Movement Red Times (sec)


Leg A Thru & RtLeg A Thru & RtLeg A Thru & RtLeg A Thru & Rt        ---       ---       ---       ---


Leg A Left TurnLeg A Left TurnLeg A Left TurnLeg A Left Turn        ---       ---       ---       ---


Leg B Thru & RtLeg B Thru & RtLeg B Thru & RtLeg B Thru & Rt        70       70       70       70


Leg B Left TurnLeg B Left TurnLeg B Left TurnLeg B Left Turn        72       72       72       72


Leg C Thru & RtLeg C Thru & RtLeg C Thru & RtLeg C Thru & Rt        16       16       16       16


Leg C Left TurnLeg C Left TurnLeg C Left TurnLeg C Left Turn        ---       ---       ---       ---


Leg D Thru & RtLeg D Thru & RtLeg D Thru & RtLeg D Thru & Rt        10       10       10       10


Leg D Left TurnLeg D Left TurnLeg D Left TurnLeg D Left Turn        10       10       10       10
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Washington State Intersection Screening Tool 1.0


USER COMMENTSUSER COMMENTSUSER COMMENTSUSER COMMENTS


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


User Comments:


1.1.1.1. < blank >< blank >< blank >< blank >
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Washington State Intersection Screening Tool 1.0
09-18-08


03:33 PM


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


Description:


Performed by:


 


Intersection Type:


Street Names:


North Connector and SR 169North Connector and SR 169North Connector and SR 169North Connector and SR 169


Kurt Richman  -  ENVIRONKurt Richman  -  ENVIRONKurt Richman  -  ENVIRONKurt Richman  -  ENVIRON


425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com


T-type Intersection, 3 x 4T-type Intersection, 3 x 4T-type Intersection, 3 x 4T-type Intersection, 3 x 4


A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169


1


23


4 Rec.1


Rec.2Rec.3


Rec.4 Rec.5


Rec.6


Rec.7


Rec.8


Rec.9


Rec.10


10 ft.RESULTS:RESULTS:RESULTS:RESULTS:


Distance Distance
from A-B from C-D      CO      CO
boundary roadway 1-hour avg. 8-hour avg.


Receptor# Quadrant   (feet)   (feet) Conc. (ppm) Conc. (ppm) Pass/Fail*


     1     1     1     1      1     1     1     1     10    10    10    10     10    10    10    10     5.6    5.6    5.6    5.6     4.8    4.8    4.8    4.8  Pass Pass Pass Pass


     2     2     2     2      2     2     2     2     10    10    10    10     10    10    10    10     6.3    6.3    6.3    6.3     5.3    5.3    5.3    5.3  Pass Pass Pass Pass


     3     3     3     3      3     3     3     3     10    10    10    10     10    10    10    10     5.7    5.7    5.7    5.7     4.9    4.9    4.9    4.9  Pass Pass Pass Pass


     4     4     4     4      4     4     4     4     10    10    10    10     10    10    10    10     5.4    5.4    5.4    5.4     4.7    4.7    4.7    4.7  Pass Pass Pass Pass


     5     5     5     5      1     1     1     1     80    80    80    80     10    10    10    10     5.2    5.2    5.2    5.2     4.5    4.5    4.5    4.5  Pass Pass Pass Pass


     6     6     6     6      2     2     2     2     10    10    10    10     80    80    80    80     5.6    5.6    5.6    5.6     4.8    4.8    4.8    4.8  Pass Pass Pass Pass


     7     7     7     7      2     2     2     2     80    80    80    80     10    10    10    10     5.6    5.6    5.6    5.6     4.8    4.8    4.8    4.8  Pass Pass Pass Pass


     8     8     8     8      3     3     3     3     10    10    10    10     80    80    80    80     5.1    5.1    5.1    5.1     4.5    4.5    4.5    4.5  Pass Pass Pass Pass


     9     9     9     9      3     3     3     3     80    80    80    80     10    10    10    10     5.7    5.7    5.7    5.7     4.9    4.9    4.9    4.9  Pass Pass Pass Pass


    10    10    10    10      4     4     4     4     80    80    80    80     10    10    10    10     5.1    5.1    5.1    5.1     4.5    4.5    4.5    4.5  Pass Pass Pass Pass


*Project PASSES  PASSES  PASSES  PASSES 1-hr and 8-hr NAAQS of 35 ppm and 9 ppm, respectively.


Largest modeled CO concentrations are at receptor 2receptor 2receptor 2receptor 2.
- All CO concentrations include a background concentration of 3.03.03.03.0 ppm.


- 8-hr average CO concentrations are calculated by multiplying the 1-hr average concentrations


  (without background) by a persistence factor of 0.7 and then adding the background concentration.
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Washington State Intersection Screening Tool 1.0


USER INPUTSUSER INPUTSUSER INPUTSUSER INPUTS


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


Intersection Data:


Predominant Surroundings: Deciduous TreesDeciduous TreesDeciduous TreesDeciduous Trees


Traffic Volumes:


Vol. Index Movement Volume (vph)


    1    1    1    1 A-B ThruA-B ThruA-B ThruA-B Thru      -----     -----     -----     -----


    2    2    2    2 A-D Left TurnA-D Left TurnA-D Left TurnA-D Left Turn      -----     -----     -----     -----


    3    3    3    3 A-C Right TurnA-C Right TurnA-C Right TurnA-C Right Turn      -----     -----     -----     -----


    4    4    4    4 B-A ThruB-A ThruB-A ThruB-A Thru      -----     -----     -----     -----


    5    5    5    5 B-C Left TurnB-C Left TurnB-C Left TurnB-C Left Turn      276     276     276     276


    6    6    6    6 B-D Right TurnB-D Right TurnB-D Right TurnB-D Right Turn      337     337     337     337


    7    7    7    7 C-D ThruC-D ThruC-D ThruC-D Thru      1069     1069     1069     1069


    8    8    8    8 C-A Left TurnC-A Left TurnC-A Left TurnC-A Left Turn      -----     -----     -----     -----


    9    9    9    9 C-B Right TurnC-B Right TurnC-B Right TurnC-B Right Turn      198     198     198     198


    10    10    10    10 D-C ThruD-C ThruD-C ThruD-C Thru      669     669     669     669


    11    11    11    11 D-B Left TurnD-B Left TurnD-B Left TurnD-B Left Turn      243     243     243     243


    12    12    12    12 D-A Right TurnD-A Right TurnD-A Right TurnD-A Right Turn      -----     -----     -----     -----
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Washington State Intersection Screening Tool 1.0


USER INPUTS continued...USER INPUTS continued...USER INPUTS continued...USER INPUTS continued...


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


CO Emission Factors Based On:


Location:


CO Maint. Area:


I/M Program:


Model Year:


Western Washington - KING CountyWestern Washington - KING CountyWestern Washington - KING CountyWestern Washington - KING County


Puget SoundPuget SoundPuget SoundPuget Sound


NoNoNoNo


2015201520152015


Gasoline sulfur content of 160 ppm for 2005-2006, 60 ppm for 2007, & 30 ppm for 2008-2050.


MOBILE6.2 CO Emission Factors:


Idle Emission Factor (g/hr): 100.54100.54100.54100.54


Approach Speed (mph) EF (g/mile)


   Leg A   Leg A   Leg A   Leg A      ---     ---     ---     ---   -----  -----  -----  -----


   Leg B   Leg B   Leg B   Leg B      25     25     25     25   15.57  15.57  15.57  15.57


   Leg C   Leg C   Leg C   Leg C      35     35     35     35   15.23  15.23  15.23  15.23


   Leg D   Leg D   Leg D   Leg D      35     35     35     35   15.23  15.23  15.23  15.23


*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.


Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.


Traffic Signal Timing:


Total Cycle Length (sec): 110110110110


Red Times:


Type of Movement Red Times (sec)


Leg A Thru & RtLeg A Thru & RtLeg A Thru & RtLeg A Thru & Rt        ---       ---       ---       ---


Leg A Left TurnLeg A Left TurnLeg A Left TurnLeg A Left Turn        ---       ---       ---       ---


Leg B Thru & RtLeg B Thru & RtLeg B Thru & RtLeg B Thru & Rt        76       76       76       76


Leg B Left TurnLeg B Left TurnLeg B Left TurnLeg B Left Turn        88       88       88       88


Leg C Thru & RtLeg C Thru & RtLeg C Thru & RtLeg C Thru & Rt        38       38       38       38


Leg C Left TurnLeg C Left TurnLeg C Left TurnLeg C Left Turn        ---       ---       ---       ---


Leg D Thru & RtLeg D Thru & RtLeg D Thru & RtLeg D Thru & Rt        22       22       22       22


Leg D Left TurnLeg D Left TurnLeg D Left TurnLeg D Left Turn        22       22       22       22
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Washington State Intersection Screening Tool 1.0


USER COMMENTSUSER COMMENTSUSER COMMENTSUSER COMMENTS


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


User Comments:


1.1.1.1. < blank >< blank >< blank >< blank >
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Washington State Intersection Screening Tool 1.0
09-18-08


03:32 PM


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


Description:


Performed by:


 


Intersection Type:


Street Names:


North Connector and SR 169North Connector and SR 169North Connector and SR 169North Connector and SR 169


Kurt Richman  -  ENVIRONKurt Richman  -  ENVIRONKurt Richman  -  ENVIRONKurt Richman  -  ENVIRON


425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com425.672.1440  -  krichman@environcorp.com


T-type Intersection, 3 x 4T-type Intersection, 3 x 4T-type Intersection, 3 x 4T-type Intersection, 3 x 4


A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169A-B: North Connector C-D: SR 169


1


23


4 Rec.1


Rec.2Rec.3


Rec.4 Rec.5


Rec.6


Rec.7


Rec.8


Rec.9


Rec.10


10 ft.RESULTS:RESULTS:RESULTS:RESULTS:


Distance Distance
from A-B from C-D      CO      CO
boundary roadway 1-hour avg. 8-hour avg.


Receptor# Quadrant   (feet)   (feet) Conc. (ppm) Conc. (ppm) Pass/Fail*


     1     1     1     1      1     1     1     1     10    10    10    10     10    10    10    10     5.9    5.9    5.9    5.9     5.0    5.0    5.0    5.0  Pass Pass Pass Pass


     2     2     2     2      2     2     2     2     10    10    10    10     10    10    10    10     6.6    6.6    6.6    6.6     5.5    5.5    5.5    5.5  Pass Pass Pass Pass


     3     3     3     3      3     3     3     3     10    10    10    10     10    10    10    10     6.0    6.0    6.0    6.0     5.1    5.1    5.1    5.1  Pass Pass Pass Pass


     4     4     4     4      4     4     4     4     10    10    10    10     10    10    10    10     5.7    5.7    5.7    5.7     4.9    4.9    4.9    4.9  Pass Pass Pass Pass


     5     5     5     5      1     1     1     1     80    80    80    80     10    10    10    10     5.3    5.3    5.3    5.3     4.6    4.6    4.6    4.6  Pass Pass Pass Pass


     6     6     6     6      2     2     2     2     10    10    10    10     80    80    80    80     5.6    5.6    5.6    5.6     4.8    4.8    4.8    4.8  Pass Pass Pass Pass


     7     7     7     7      2     2     2     2     80    80    80    80     10    10    10    10     5.8    5.8    5.8    5.8     5.0    5.0    5.0    5.0  Pass Pass Pass Pass


     8     8     8     8      3     3     3     3     10    10    10    10     80    80    80    80     5.2    5.2    5.2    5.2     4.5    4.5    4.5    4.5  Pass Pass Pass Pass


     9     9     9     9      3     3     3     3     80    80    80    80     10    10    10    10     5.9    5.9    5.9    5.9     5.0    5.0    5.0    5.0  Pass Pass Pass Pass


    10    10    10    10      4     4     4     4     80    80    80    80     10    10    10    10     5.2    5.2    5.2    5.2     4.5    4.5    4.5    4.5  Pass Pass Pass Pass


*Project PASSES  PASSES  PASSES  PASSES 1-hr and 8-hr NAAQS of 35 ppm and 9 ppm, respectively.


Largest modeled CO concentrations are at receptor 2receptor 2receptor 2receptor 2.
- All CO concentrations include a background concentration of 3.03.03.03.0 ppm.


- 8-hr average CO concentrations are calculated by multiplying the 1-hr average concentrations


  (without background) by a persistence factor of 0.7 and then adding the background concentration.
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Washington State Intersection Screening Tool 1.0


USER INPUTSUSER INPUTSUSER INPUTSUSER INPUTS


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


Intersection Data:


Predominant Surroundings: Deciduous TreesDeciduous TreesDeciduous TreesDeciduous Trees


Traffic Volumes:


Vol. Index Movement Volume (vph)


    1    1    1    1 A-B ThruA-B ThruA-B ThruA-B Thru      -----     -----     -----     -----


    2    2    2    2 A-D Left TurnA-D Left TurnA-D Left TurnA-D Left Turn      -----     -----     -----     -----


    3    3    3    3 A-C Right TurnA-C Right TurnA-C Right TurnA-C Right Turn      -----     -----     -----     -----


    4    4    4    4 B-A ThruB-A ThruB-A ThruB-A Thru      -----     -----     -----     -----


    5    5    5    5 B-C Left TurnB-C Left TurnB-C Left TurnB-C Left Turn      276     276     276     276


    6    6    6    6 B-D Right TurnB-D Right TurnB-D Right TurnB-D Right Turn      337     337     337     337


    7    7    7    7 C-D ThruC-D ThruC-D ThruC-D Thru      1203     1203     1203     1203


    8    8    8    8 C-A Left TurnC-A Left TurnC-A Left TurnC-A Left Turn      -----     -----     -----     -----


    9    9    9    9 C-B Right TurnC-B Right TurnC-B Right TurnC-B Right Turn      198     198     198     198


    10    10    10    10 D-C ThruD-C ThruD-C ThruD-C Thru      796     796     796     796


    11    11    11    11 D-B Left TurnD-B Left TurnD-B Left TurnD-B Left Turn      243     243     243     243


    12    12    12    12 D-A Right TurnD-A Right TurnD-A Right TurnD-A Right Turn      -----     -----     -----     -----
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Washington State Intersection Screening Tool 1.0


USER INPUTS continued...USER INPUTS continued...USER INPUTS continued...USER INPUTS continued...


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


CO Emission Factors Based On:


Location:


CO Maint. Area:


I/M Program:


Model Year:


Western Washington - KING CountyWestern Washington - KING CountyWestern Washington - KING CountyWestern Washington - KING County


Puget SoundPuget SoundPuget SoundPuget Sound


NoNoNoNo


2015201520152015


Gasoline sulfur content of 160 ppm for 2005-2006, 60 ppm for 2007, & 30 ppm for 2008-2050.


MOBILE6.2 CO Emission Factors:


Idle Emission Factor (g/hr): 100.54100.54100.54100.54


Approach Speed (mph) EF (g/mile)


   Leg A   Leg A   Leg A   Leg A      ---     ---     ---     ---   -----  -----  -----  -----


   Leg B   Leg B   Leg B   Leg B      25     25     25     25   15.57  15.57  15.57  15.57


   Leg C   Leg C   Leg C   Leg C      35     35     35     35   15.23  15.23  15.23  15.23


   Leg D   Leg D   Leg D   Leg D      35     35     35     35   15.23  15.23  15.23  15.23


*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.*Note: Local roadways should be modeled using an approach speed of 15 mph or less.


Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.Highway ramps should be modeled using an approach speed of 5 mph.


Traffic Signal Timing:


Total Cycle Length (sec): 120120120120


Red Times:


Type of Movement Red Times (sec)


Leg A Thru & RtLeg A Thru & RtLeg A Thru & RtLeg A Thru & Rt        ---       ---       ---       ---


Leg A Left TurnLeg A Left TurnLeg A Left TurnLeg A Left Turn        ---       ---       ---       ---


Leg B Thru & RtLeg B Thru & RtLeg B Thru & RtLeg B Thru & Rt        86       86       86       86


Leg B Left TurnLeg B Left TurnLeg B Left TurnLeg B Left Turn        98       98       98       98


Leg C Thru & RtLeg C Thru & RtLeg C Thru & RtLeg C Thru & Rt        38       38       38       38


Leg C Left TurnLeg C Left TurnLeg C Left TurnLeg C Left Turn        ---       ---       ---       ---


Leg D Thru & RtLeg D Thru & RtLeg D Thru & RtLeg D Thru & Rt        22       22       22       22


Leg D Left TurnLeg D Left TurnLeg D Left TurnLeg D Left Turn        22       22       22       22
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Washington State Intersection Screening Tool 1.0


USER COMMENTSUSER COMMENTSUSER COMMENTSUSER COMMENTS


Lawson Hills MPDLawson Hills MPDLawson Hills MPDLawson Hills MPD


User Comments:


1.1.1.1. < blank >< blank >< blank >< blank >
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2015 Lawson Hills GHG Projections -Proposed MPD
Section I: Buildings


Set for residential units only Emissions Per Unit (MTCO2e)


Type (Residential) # Units


Square Feet (in 
thousands of 
square feet) Embodied Energy Transportation


Lifespan 
Emissions 
(MTCO2e)


Single-Family Home.............................. 930 58 812 792 1,797,288         
Multi-Family Unit in Large Building ....... 109 20 431 766 148,274            
Multi-Family Unit in Small Building ....... 211 32 822 766 399,651            


Section II: Pavement...........................


Pavement.............................................. 440 21,989              


Total Project Emissions: 2,367,202         


Adjustments Completed:
1) Using Athena Model specific GWP for residential units
2) Adjusted energy use to reflect Pacific region versus national consumption
3) Adjusted energy use to reflect LEED-Silver rating - 25% reduction
4) Pavement sq ft based on new roads for Main site/Lawson connector areas


Version 1.7 12/26/07







2015 Lawson Hills GHG Projections -Proposed MPD
Section I: Buildings


Set for Retail/Office units only Emissions Per Unit (MTCO2e)


Principal Activity (Commercial) # Units


Square Feet (in 
thousands of 
square feet) Embodied Energy Transportation


Lifespan 
Emissions 
(MTCO2e)


Retail (Other Than Mall)...................... 190 30 368 247 145,841        
Office ................................................... 200 30 419 588 235,263        


Section II: Pavement...........................


Pavement.............................................. 0 -                


Total Project Emissions: 381,104        


Adjustments Completed:
1) Using Athena Model specific GWP for residential units
2) Adjusted people per unit for project specific
3) Adjusted energy use to reflect Pacific region versus national consumption
4) no pavement emissions due to project can be calcuated at this time
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2015 Lawson Hills GHG Projections -Alternative Action
Section I: Buildings


Set for residential units only Emissions Per Unit (MTCO2e)


Type (Residential) # Units


Square Feet (in 
thousands of 
square feet) Embodied Energy Transportation


Lifespan 
Emissions 
(MTCO2e)


Single-Family Home.............................. 790 58 812 792 1,526,729         
Multi-Family Unit in Large Building ....... 110 20 431 766 149,634            
Multi-Family Unit in Small Building ....... 225 32 822 766 426,168            


Section II: Pavement...........................


Pavement.............................................. 440 21,989              


Total Project Emissions: 2,124,520         


Adjustments Completed:
1) Using Athena Model specific GWP for residential units
2) Adjusted energy use to reflect Pacific region versus national consumption
3) Adjusted energy use to reflect LEED-Silver rating - 25% reduction
4) Pavement sq ft based on new roads for Main site/Lawson connector areas


Version 1.7 12/26/07







2015 Lawson Hills GHG Projections -Proposed MPD
Section I: Buildings


Set for Retail/Office units only Emissions Per Unit (MTCO2e)


Type (Residential) or Principal Activity 
(Commercial) # Units


Square Feet (in 
thousands of 
square feet) Embodied Energy Transportation


Lifespan 
Emissions 
(MTCO2e)


Retail (Other Than Mall)...................... 90 30 368 247 69,083          
Office ................................................... 300 30 419 588 352,894        


Section II: Pavement...........................


Pavement.............................................. 0 -                


Total Project Emissions: 421,977        


Adjustments Completed:
1) Using Athena Model specific GWP for residential units
2) Adjusted people per unit for project specific
3) Adjusted energy use to reflect Pacific region versus national consumption
4) no pavement emissions due to project can be calcuated at this time
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November 20, 2009 


MEMORANDUM 


To: Susan Graham 
CC: David Sherrard 


ENVIRON Project No: 03-21287C 


From: Richard Steffel 
 Lisa Graham 


Project Name: Yarrow Bay Black Diamond Projects 
EIS Review 


Subject: Cumulative Environmental Air Impact Analysis – Summary 


At the request of Yarrow Bay and Parametrix, in the fall of 2008 ENVIRON conducted an analysis of the 
potential air quality implications of Yarrow Bay's proposed Lawson Hills and The Villages developments in 
Black Diamond, WA. We provided the results of the analysis to Parametrix in tabular form, and those data 
were included in the DEIS. Because the methods used in the analysis were essentially the same as those 
employed and documented in earlier stages of these projects, ENVIRON was not asked to provide any 
information or documentation other than the tabular results. Now, in order to clarify the context and purpose 
of the most recent air quality analysis, this memo summarizes the methods employed and comments briefly 
on the findings of that analysis. 


Background Regarding Methods 
Because traffic is the largest air emission source related to the project, the air quality analysis focused on the 
potential for vehicle emissions to affect air quality, specifically carbon monoxide (CO). ENVIRON used 
EPA-approved and/or WSDOT-approved air quality models to assess potential impacts due to cumulative 
traffic growth near intersections within the study area. Discussions of the CAL3QHC and WASIST models 
used in the analysis and other pertinent information regarding analytical methods were included in the draft 
EIS sections for the individual Lawson Hills and The Villages projects that were developed prior to the choice 
by the City of Black Diamond to prepare a more consolidated analysis. 


For the cumulative impact analysis requested by Parametrix, ENVIRON used provided traffic data that 
represented a future baseline condition and the cumulative traffic condition. These revised traffic data were 
based on different assumptions and traffic demand modeling and included a larger study area than were 
considered in the earlier analyses. Therefore, the traffic study that provided the basis of the Draft EISs for 
these projects included several new intersections not previously considered. Based on EPA guidance, 
ENVIRON selected three intersections to evaluate with air quality modeling based on traffic volumes and 
cumulative delays at all signalized intersections. This was accomplished by ranking the study intersections by 
cumulative delay. The two worst intersections based on delay were Witte Road at SR-169 and Roberts 
Drive/Lawson Connector at SR-169. ENVIRON employed the WSDOT WASIST modeling tool to assess 
whether this screening tool would indicate compliance with air quality standards. However, because the 
SR-169 intersection with Roberts Drive/Lawson connector is very near the intersection of SR-169 with 
Ravensdale Road, ENVIRON evaluated operation of these two intersections together using the more 
sophisticated EPA CAL3QHC dispersion model because WASIST cannot handle this level of analysis. 
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Modeling Results 
The cumulative traffic scenario considered represents the worst-case traffic condition because the traffic 
volumes were projected based on full buildout of both the Lawson Hills and The Villages developments, and 
the projections of future conditions included traffic growth within the project vicinity. The results of the air 
quality analysis indicate that projected maximum CO concentrations are less than the ambient air quality 
standards at the most affected intersections under the worst-case meteorological conditions considered. 
Because these worst case conditions do not result in projected air quality impacts, it follows that other less 
congested intersections also would not likely adversely affect air quality. Therefore, traffic related to the two 
Yarrow bay projects is unlikely to significantly affect air quality in the project vicinity. The results of the 
analysis are included in Table 1, which was previously submitted to Parametrix for inclusion in the draft EIS. 


Table 1. Cumulative Case Intersection Modeling Results (ppm) 
2025 Alternatives 


Intersection 
Averaging 


Period 
2007 


Existing Baseline 
Cumulative 
Condition 


1-hour 9.3 7.3 7.9 Witte Rd. SE & 
SR-169 (a) 8-hour 7.7 6.3 6.7 


1-hour -- -- 12.0 Pipeline (Ravensdale 
Rd) & SR-169 (b) 8-hour -- -- 8.4 


1-hour -- -- 9.1 Roberts Dr./Lawson 
Connector & SR-169 (b)  8-hour -- -- 6.8 
Notes: 
(a)  Approved WSDOT screening methods including WASIST modeling were used to 


determine compliance with ambient standards at this intersection within the CO 
Maintenance area. Background concentration = 4.0 ppm 


(b)  CAL3QHC was used to determine compliance at the dual intersection of Ravensdale Rd. 
and Roberts Dr. at SR-169 because screening methods did not show compliance with 
standards. Also, these intersections are not signalized in 2007 or 2025 baseline 
conditions so modeling was not performed. Background concentration = 3.0 ppm  


• 1-hr CO standard is 35 ppm; 8-hr CO standard is 9 ppm  
• Modeling based on Synchro traffic data provided by Parametrix 


Source: ENVIRON International Corporation 2009 


Analytical Differences with Previous Analyses 
The previous air quality analyses of the Lawson Hills and The Villages projects and the documentation that 
summarized those analyses are in many respects useful for both background information pertaining to existing 
conditions in the project area and details of the methods employed. However, the overall project-related 
conditions considered in these previous analyses bear little resemblance to the "cumulative conditions" 
assumed for the DEIS air quality analysis. For example, the traffic conditions and modeling efforts were not 
the same, nor were the greenhouse gas calculations. Finally, the DEISs omit discussion of the projects 
proponent's commitment to prohibit residential wood-burning devices from both developments in order to 
avoid a major source of air pollution that would need to be considered in detail were this commitment not in 
place. ENVIRON suggests this commitment either be recognized and memorialized for purposes of the SEPA 
review, or else the issue of residential wood burning evaluated for potential air quality impacts. 
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Introduction 
The Washington State Environmental Policy Act (SEPA) requires environmental 
review of development proposals that may have a significant adverse impact on 
the environment.  If a proposed development is subject to SEPA, the project 
proponent is required to complete the SEPA Checklist.  The Checklist includes 
questions relating to the development's air emissions.  The emissions that have 
traditionally been considered cover smoke, dust, and industrial and automobile 
emissions.  With our understanding of the climate change impacts of GHG 
emissions, King County requires the applicant to also estimate these emissions. 
 
Emissions created by Development 
GHG emissions associated with development come from multiple sources: 


 The extraction, processing, transportation, construction and disposal of 
materials and landscape disturbance (Embodied Emissions) 


 Energy demands created by the development after it is completed (Energy 
Emissions) 


 Transportation demands created by the development after it is completed 
(Transportation Emissions) 


 
GHG Emissions Worksheet 
King County has developed a GHG Emissions Worksheet that can assist 
applicants in answering the SEPA Checklist question relating to GHG emissions. 
 
The SEPA GHG Emissions worksheet estimates all GHG emissions that will be 
created over the life span of a project. This includes emissions associated with 
obtaining construction materials, fuel used during construction, energy consumed 
during a buildings operation, and transportation by building occupants. 
 
Using the Worksheet 
1. Descriptions of the different residential and commercial building types can be 


found on the second tabbed worksheet ("Definition of Building Types").  If a 
development proposal consists of multiple projects, e.g. both single family and 
multi-family residential structures or a commercial development that consists 
of more than on type of commercial activity, the appropriate information 
should be estimated for each type of building or activity. 







 
2. For paving, estimate the total amount of paving (in thousands of square feet) 


of the project. 
 
3. The Worksheet will calculate the amount of GHG emissions associated with 


the project and display the amount in the "Total Emissions" column on the 
worksheet. The applicant should use this information when completing the 
SEPA checklist. 


 
4. The last three worksheets in the Excel file provide the background information 


that is used to calculate the total GHG emissions. 
 


5. The methodology of creating the estimates is transparent; if there is reason to 
believe that a better estimate can be obtained by changing specific values, this 
can and should be done.  Changes to the values should be documented with 
an explanation of why and the sources relied upon. 


 
6. Print out the “Total Emissions” worksheet and attach it to the SEPA checklist. 


If the applicant has made changes to the calculations or the values, the 
documentation supporting those changes should also be attached to the 
SEPA checklist. 


 
 







Section I: Buildings


Type (Residential) or Principal Activity 
(Commercial) # Units


Square Feet (in 
thousands of 
square feet) Embodied Energy Transportation


Lifespan 
Emissions 
(MTCO2e)


Single-Family Home............................. 1330 98 672 792 2077246
Multi-Family Unit in Large Building ....... 0 33 357 766 0
Multi-Family Unit in Small Building ....... 0 54 681 766 0
Mobile Home........................................ 0 41 475 709 0
Education ............................................ 0.0 39 646 361 0
Food Sales .......................................... 0.0 39 1,541 282 0
Food Service ....................................... 0.0 39 1,994 561 0
Health Care Inpatient ........................... 0.0 39 1,938 582 0
Health Care Outpatient ........................ 0.0 39 737 571 0
Lodging ................................................ 0.0 39 777 117 0
Retail (Other Than Mall)....................... 0.0 39 577 247 0
Office ................................................... 0.0 39 723 588 0
Public Assembly .................................. 0.0 39 733 150 0
Public Order and Safety ....................... 0.0 39 899 374 0
Religious Worship ............................... 0.0 39 339 129 0
Service ................................................ 0.0 39 599 266 0
Warehouse and Storage ...................... 0.0 39 352 181 0
Other ................................................... 0.0 39 1,278 257 0
Vacant ................................................. 0.0 39 162 47 0


Section II: Pavement..........................


Pavement............................................. 2,352.24 117612


Total Project Emissions: 2194858


Emissions Per Unit or Per Thousand Square Feet 
(MTCO2e)
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Definition of Building Types
Type (Residential) or Principal Activity 
(Commercial) Description


Single-Family Home................................... Unless otherwise specified, this includes both attached and detached buildings
Multi-Family Unit in Large Building ............ Apartments in buildings with more than 5 units
Multi-Family Unit in Small Building ............ Apartments in building with 2-4 units
Mobile Home..............................................


Education ..................................................


Buildings used for academic or technical classroom instruction, such as 
elementary, middle, or high schools, and classroom buildings on college or 
university campuses. Buildings on education campuses for which the main use 
is not classroom are included in the category relating to their use. For 
example, administration buildings are part of "Office," dormitories are 
"Lodging," and libraries are "Public Assembly."


Food Sales ................................................ Buildings used for retail or wholesale of food.


Food Service .............................................
Buildings used for preparation and sale of food and beverages for 
consumption.


Health Care Inpatient ................................ Buildings used as diagnostic and treatment facilities for inpatient care.


Health Care Outpatient ..............................


Buildings used as diagnostic and treatment facilities for outpatient care. 
Doctor's or dentist's office are included here if they use any type of diagnostic 
medical equipment (if they do not, they are categorized as an office building).


Lodging ......................................................
Buildings used to offer multiple accommodations for short-term or long-term 
residents, including skilled nursing and other residential care buildings.


Retail (Other Than Mall)............................. Buildings used for the sale and display of goods other than food.


Office .........................................................


Buildings used for general office space, professional office, or administrative 
offices. Doctor's or dentist's office are included here if they do not use any type 
of diagnostic medical equipment (if they do, they are categorized as an 
outpatient health care building).


Public Assembly ........................................
Buildings in which people gather for social or recreational activities, whether in 
private or non-private meeting halls.


Public Order and Safety ............................ Buildings used for the preservation of law and order or public safety.


Religious Worship .....................................
Buildings in which people gather for religious activities, (such as chapels, 
churches, mosques, synagogues, and temples).


Service ......................................................
Buildings in which some type of service is provided, other than food service or 
retail sales of goods 


Warehouse and Storage ...........................
Buildings used to store goods, manufactured products, merchandise, raw 
materials, or personal belongings (such as self-storage).


Other .........................................................


Buildings that are industrial or agricultural with some retail space; buildings 
having several different commercial activities that, together, comprise 50 
percent or more of the floorspace, but whose largest single activity is 
agricultural, industrial/ manufacturing, or residential; and all other 
miscellaneous buildings that do not fit into any other category.


Vacant .......................................................


Buildings in which more floorspace was vacant than was used for any single 
commercial activity at the time of interview. Therefore, a vacant building may 
have some occupied floorspace.


Sources: ........
Residential 2001 Residential Energy Consumption Survey


Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


Commercial Commercial Buildings Energy Consumption Survey (CBECS), 
Description of CBECS Building Types 
http://www.eia.doe.gov/emeu/cbecs/pba99/bldgtypes.html







Embodied Emissions Worksheet
Section I: Buildings


Type (Residential) or Principal Activity 
(Commercial)


# thousand 
sq feet/ unit 


or building


Life span related 
embodied GHG 


missions (MTCO2e/ 
unit)


Life span related embodied 
GHG missions (MTCO2e/ 


thousand square feet) - See 
calculations in table below


Single-Family Home.................................. 2.53 98 39
Multi-Family Unit in Large Building ........... 0.85 33 39
Multi-Family Unit in Small Building ........... 1.39 54 39
Mobile Home............................................. 1.06 41 39
Education ................................................. 25.6            991 39
Food Sales ............................................... 5.6              217 39
Food Service ............................................ 5.6              217 39
Health Care Inpatient ............................... 241.4          9,346 39
Health Care Outpatient ............................ 10.4            403 39
Lodging .................................................... 35.8            1,386 39
Retail (Other Than Mall)............................ 9.7              376 39
Office ........................................................ 14.8            573 39
Public Assembly ....................................... 14.2            550 39
Public Order and Safety ........................... 15.5            600 39
Religious Worship .................................... 10.1            391 39
Service ..................................................... 6.5              252 39
Warehouse and Storage .......................... 16.9            654 39
Other ........................................................ 21.9            848 39
Vacant ...................................................... 14.1            546 39


Section II: Pavement...............................
All Types of Pavement.............................. 50


Columns and Beams
Intermediate 


Floors Exterior Walls Windows
Interior 


Walls Roofs
Average GWP  (lbs CO2e/sq ft): Vancouver, 


Low Rise Building 5.3 7.8 19.1 51.2 5.7 21.3


Average Materials in a 2,272-square foot 
single family home 0.0 2269.0 3206.0 285.0 6050.0 3103.0


Total 
Embodied 
Emissions 
(MTCO2e)


Total Embodied 
Emissions 
(MTCO2e/ 


thousand sq feet)
MTCO2e 0.0 8.0 27.8 6.6 15.6 30.0 88.0 38.7


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


Floorspace per building EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls


Average GWP  (lbs CO2e/sq ft): Vancouver, 
Low Rise Building Athena EcoCalculator


Athena Assembly Evaluation Tool v2.3- Vancouver Low Rise Building
Assembly  Average GWP (kg) per square meter
http://www.athenasmi.ca/tools/ecoCalculator/index.html
Lbs per kg 2.20
Square feet per square meter 10.76


Average Materials in a 2,272-square foot 
single family home Buildings Energy Data Book:  7.3 Typical/Average Household


Materials Used in the Construction of a 2,272-Square-Foot Single-Family Home, 2000
http://buildingsdatabook.eren.doe.gov/?id=view_book_table&TableID=2036&t=xls
See also: NAHB, 2004 Housing Facts, Figures and Trends, Feb. 2004, p. 7.


Average window size Energy Information Administration/Housing Characteristics 1993
Appendix B, Quality of the Data. Pg. 5.
ftp://ftp.eia.doe.gov/pub/consumption/residential/rx93hcf.pdf







Pavement Emissions Factors
MTCO2e/thousand square feet of asphalt 
or concrete pavement 50  (see below)


 
Special Section: Estimating the Embodied Emissions for Pavement 


 
Four recent life cycle assessments of the environmental impacts of roads form the basis for the per unit embodied 
emissions of pavement. Each study is constructed in slightly different ways; however, the aggregate results of the 
reports represent a reasonable estimate of the GHG emissions that are created from the manufacture of paving 
materials, construction related emissions, and maintenance of the pavement over its expected life cycle. 
 
The results of the studies are presented in different units and measures; considerable effort was undertaken to be 
able to compare the results of the studies in a reasonable way. For more details about the below methodology, 
contact matt.kuharic@kingcounty.gov. 
 
The four studies, Meil (2001), Park (2003), Stripple (2001) and Treolar (2001) produced total GHG emissions of 4-34 
MTCO2e per thousand square feet of finished paving (for similar asphalt and concrete based pavements). This 
estimate does not including downstream maintenance and repair of the highway. The average (for all concrete and 
asphalt pavements in the studies, assuming each study gets one data point) is ~17 MTCO2e/thousand square feet. 
 
Three of the studies attempted to thoroughly account for the emissions associated with long term maintenance (40 
years) of the roads. Stripple (2001), Park et al. (2003) and Treolar (2001) report 17, 81, and 68 MTCO2e/thousand 
square feet, respectively, after accounting for maintenance of the roads.  
 
Based on the above discussion, King County makes the conservative estimate that 50 MTCO2e/thousand square 
feet of pavement (over the development’s life cycle) will be used as the embodied emission factor for pavement until 
better estimates can be obtained. This is roughly equivalent to 3,500 MTCO2e per lane mile of road (assuming the 
lane is 13 feet wide). 
 
It is important to note that these studies estimate the embodied emissions for roads. Paving that does not need to 
stand up to the rigors of heavy use (such as parking lots or driveways) would likely use less materials and hence 
have lower embodied emissions. 
 
Sources:  
Meil, J. A Life Cycle Perspective on Concrete and Asphalt Roadways: Embodied Primary Energy and  


Global Warming Potential. 2006. Available: 
http://www.cement.ca/cement.nsf/eee9ec7bbd630126852566c40052107b/6ec79dc8ae03a782852572b90061b9
14/$FILE/ATTK0WE3/athena%20report%20Feb.%202%202007.pdf 


 
Park, K, Hwang, Y., Seo, S., M.ASCE, and Seo, H. , “Quantitative Assessment of Environmental  


Impacts on Life Cycle of Highways,” Journal of Construction Engineering and Management , Vol 129, 
January/February 2003, pp 25-31, (DOI: 10.1061/(ASCE)0733-9364(2003)129:1(25)). 


 
Stripple, H. Life Cycle Assessment of Road. A Pilot Study for Inventory Analysis. Second Revised  


Edition. IVL Swedish Environmental Research Institute Ltd. 2001. Available: 
http://www.ivl.se/rapporter/pdf/B1210E.pdf 


 
Treloar, G., Love, P.E.D., and Crawford, R.H. Hybrid Life-Cycle Inventory for Road Construction and  


Use. Journal of Construction Engineering and Management. P. 43-49. January/February 2004.  


 
Embodied GHG Emissions…………………….Worksheet Background Information 
 
Buildings 
Embodied GHG emissions are emissions that are created through the extraction, 
processing, transportation, construction and disposal of building materials as well as 
emissions created through landscape disturbance (by both soil disturbance and 
changes in above ground biomass). 
 
Estimating embodied GHG emissions is new field of analysis; the estimates are rapidly 
improving and becoming more inclusive of all elements of construction and 
development.  
 
The estimate included in this worksheet is calculated using average values for the main 
construction materials that are used to create a typical family home. In 2004, the 
National Association of Home Builders calculated the average materials that are used 
in a typical 2,272 square foot single-family household. The quantity of materials used is 
then multiplied by the average GHG emissions associated with the life-cycle GHG 
emissions for each material. 
 
This estimate is a rough and conservative estimate; the actual embodied emissions for 
a project are likely to be higher. For example, at this stage, due to a lack of 
comprehensive data, the estimate does not include important factors such as 
landscape disturbance or the emissions associated with the interior components of a 
building (such as furniture). 
 
King County realizes that the calculations for embodied emissions in this worksheet are 
rough. For example, the emissions associated with building 1,000 square feet of a 
residential building will not be the same as 1,000 square feet of a commercial building. 
However, discussions with the construction community indicate that while there are 
significant differences between the different types of structures, this method of 
estimation is reasonable; it will be improved as more data become available. 
 
Additionally, if more specific information about the project is known, King County 
recommends two online embodied emissions calculators that can be used to obtain a 
more tailored estimate for embodied emissions: www.buildcarbonneutral.org and 
www.athenasmi.ca/tools/ecoCalculator/. 
 
Pavement 
Four recent life cycle assessments of the environmental impacts of roads form the 
basis for the per unit embodied emissions of pavement. Each study is constructed in 
slightly different ways; however, the aggregate results of the reports represent a 
reasonable estimate of the GHG emissions that are created from the manufacture of 
paving materials, construction related emissions, and maintenance of the pavement 
over its expected life cycle. For specifics, see the worksheet. 
 







Energy Emissions Worksheet


Type (Residential) or Principal Activity 
(Commercial)


Energy 
consumption per 
building per year 


(million Btu)


Carbon 
Coefficient for 


Buildings
MTCO2e per 


building per year


Floorspace
per Building 


(thousand 
square feet)


MTCE per 
thousand 


square feet per 
year


MTCO2e per 
thousand square 


feet per year


Average 
Building Life 


Span


Lifespan Energy 
Related MTCO2e 


emissions per unit


Lifespan Energy 
Related MTCO2e 


emissions per 
thousand square feet


Single-Family Home.............................. 107.3                 0.108                 11.61                  2.53 4.6                    16.8                       57.9 672                       266                            
Multi-Family Unit in Large Building ....... 41.0                   0.108                 4.44                    0.85 5.2                    19.2                       80.5 357                       422                            
Multi-Family Unit in Small Building ....... 78.1                   0.108                 8.45                    1.39 6.1                    22.2                       80.5 681                       489                            
Mobile Home.......................................... 75.9                   0.108                 8.21                    1.06 7.7                    28.4                       57.9 475                       448                            
Education .............................................. 2,125.0              0.124                 264.2                  25.6                   10.3                  37.8                       62.5 16,526                  646                            
Food Sales ............................................ 1,110.0              0.124                 138.0                  5.6                     24.6                  90.4                       62.5 8,632                    1,541                         
Food Service ......................................... 1,436.0              0.124                 178.5                  5.6                     31.9                  116.9                     62.5 11,168                  1,994                         
Health Care Inpatient ............................ 60,152.0            0.124                 7,479.1               241.4                 31.0                  113.6                     62.5 467,794                1,938                         
Health Care Outpatient ......................... 985.0                 0.124                 122.5                  10.4                   11.8                  43.2                       62.5 7,660                    737                            
Lodging ................................................. 3,578.0              0.124                 444.9                  35.8                   12.4                  45.6                       62.5 27,826                  777                            
Retail (Other Than Mall)........................ 720.0                 0.124                 89.5                    9.7                     9.2                    33.8                       62.5 5,599                    577                            
Office .................................................... 1,376.0              0.124                 171.1                  14.8                   11.6                  42.4                       62.5 10,701                  723                            
Public Assembly ................................... 1,338.0              0.124                 166.4                  14.2                   11.7                  43.0                       62.5 10,405                  733                            
Public Order and Safety ........................ 1,791.0              0.124                 222.7                  15.5                   14.4                  52.7                       62.5 13,928                  899                            
Religious Worship ................................. 440.0                 0.124                 54.7                    10.1                   5.4                    19.9                       62.5 3,422                    339                            
Service .................................................. 501.0                 0.124                 62.3                    6.5                     9.6                    35.1                       62.5 3,896                    599                            
Warehouse and Storage ....................... 764.0                 0.124                 95.0                    16.9                   5.6                    20.6                       62.5 5,942                    352                            
Other ..................................................... 3,600.0              0.124                 447.6                  21.9                   20.4                  74.9                       62.5 27,997                  1,278                         
Vacant ................................................... 294.0                 0.124                 36.6                    14.1                   2.6                    9.5                         62.5 2,286                    162                            


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


Energy consumption for residential 
buildings 2007 Buildings Energy Data Book:  6.1 Quad Definitions and Comparisons (National Average, 2001)


Table 6.1.4: Average Annual Carbon Dioxide Emissions for Various Functions
http://buildingsdatabook.eren.doe.gov/
Data also at: http://www.eia.doe.gov/emeu/recs/recs2001_ce/ce1-4c_housingunits2001.html


Energy consumption for commercial 
buildings EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
and Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
Floorspace per building http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls


Note: Data in plum color is found in both of the above sources (buildings energy data book and commercial buildings energy consumption survey).


Carbon Coefficient for Buildings Buildings Energy Data Book (National average, 2005)
Table 3.1.7. 2005 Carbon Dioxide Emission Coefficients for Buildings (MMTCE per Quadrillion Btu)
http://buildingsdatabook.eere.energy.gov/?id=view_book_table&TableID=2057
Note: Carbon coefficient in the Energy Data book is in MTCE per Quadrillion Btu.
 To convert to MTCO2e per million Btu, this factor was divided by 1000 and multiplied by 44/12.


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html







average lief span of buildings, 
estimated by replacement time method


Single Family 
Homes


Multi-Family Units 
in Large and 


Small Buildings 


All Residential 
Buildings


New Housing 
Construction, 


2001 1,273,000 329,000 1,602,000


Existing Housing 
Stock, 2001 73,700,000 26,500,000 100,200,000


Replacement 
time: 57.9 80.5 62.5


(national 
average, 2001)


Note: Single family homes calculation is used for mobile homes as a best estimate life span.
Note: At this time, KC staff could find no reliable data for the average life span of commercial buildings. 
Therefore, the average life span of residential buildings is being used until a better approximation can be ascertained.


Sources:


New Housing 
Construction, 


2001 Quarterly Starts and Completions by Purpose and Design - US and Regions (Excel)
http://www.census.gov/const/quarterly_starts_completions_cust.xls
See also: http://www.census.gov/const/www/newresconstindex.html


Existing 
Housing Stock, 


2001 Residential Energy Consumption Survey (RECS) 2001
Tables HC1:Housing Unit Characteristics, Million U.S. Households 2001 
Table HC1-4a. Housing Unit Characteristics by Type of Housing Unit, Million U.S. Households, 2001
Million U.S. Households, 2001
http://www.eia.doe.gov/emeu/recs/recs2001/hc_pdf/housunits/hc1-4a_housingunits2001.pdf







Transportation Emissions Worksheet


Type (Residential) or Principal Activity
(Commercial)


# people/ unit or 
building


# thousand 
sq feet/ unit 


or building


# people or 
employees/ 


thousand 
square feet


vehicle related 
GHG 


emissions 
(metric tonnes 


CO2e per 
person per 


year)
MTCO2e/ 
year/ unit


MTCO2e/ 
year/ 


thousand 
square 


feet


Average 
Building 


Life Span


Life span 
transportation 
related GHG 


emissions 
(MTCO2e/ per 


unit)


Life span 
transportation 
related GHG 


emissions 
(MTCO2e/ 


thousand sq 
feet)


Single-Family Home.................................... 2.8 2.53 1.1 4.9 13.7 5.4 57.9 792 313
Multi-Family Unit in Large Building ............. 1.9 0.85 2.3 4.9 9.5 11.2 80.5 766 904
Multi-Family Unit in Small Building ............. 1.9 1.39 1.4 4.9 9.5 6.8 80.5 766 550
Mobile Home............................................... 2.5 1.06 2.3 4.9 12.2 11.5 57.9 709 668
Education ................................................... 30.0 25.6            1.2 4.9 147.8 5.8 62.5 9247 361
Food Sales ................................................. 5.1 5.6              0.9 4.9 25.2 4.5 62.5 1579 282
Food Service .............................................. 10.2 5.6              1.8 4.9 50.2 9.0 62.5 3141 561
Health Care Inpatient ................................. 455.5 241.4          1.9 4.9 2246.4 9.3 62.5 140506 582
Health Care Outpatient .............................. 19.3 10.4            1.9 4.9 95.0 9.1 62.5 5941 571
Lodging ...................................................... 13.6 35.8            0.4 4.9 67.1 1.9 62.5 4194 117
Retail (Other Than Mall).............................. 7.8 9.7              0.8 4.9 38.3 3.9 62.5 2394 247
Office .......................................................... 28.2 14.8            1.9 4.9 139.0 9.4 62.5 8696 588
Public Assembly ......................................... 6.9 14.2            0.5 4.9 34.2 2.4 62.5 2137 150
Public Order and Safety ............................. 18.8 15.5            1.2 4.9 92.7 6.0 62.5 5796 374
Religious Worship ...................................... 4.2 10.1            0.4 4.9 20.8 2.1 62.5 1298 129
Service ....................................................... 5.6 6.5              0.9 4.9 27.6 4.3 62.5 1729 266
Warehouse and Storage ............................ 9.9 16.9            0.6 4.9 49.0 2.9 62.5 3067 181
Other .......................................................... 18.3 21.9            0.8 4.9 90.0 4.1 62.5 5630 257
Vacant ........................................................ 2.1 14.1            0.2 4.9 10.5 0.7 62.5 657 47


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


# people/ unit Estimating Household Size for Use in Population Estimates (WA state, 2000 average)
Washington State Office of Financial Management
Kimpel, T. and Lowe, T. Research Brief No. 47. August 2007
http://www.ofm.wa.gov/researchbriefs/brief047.pdf
Note: This analysis combines Multi Unit Structures in both large and small units into one category;
the average is used in this case although there is likely a difference


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


# employees/thousand square feet Commercial Buildings Energy Consumption Survey commercial energy uses and costs (National Median, 2003)
Table B2  Totals and Medians of Floorspace, Number of Workers, and Hours of Operation for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set1/2003excel/b2.xls


Note: Data for # employees/thousand square feet is presented by CBECS as square feet/employee. 
   In this analysis employees/thousand square feet is calculated by taking the inverse of the CBECS number and multiplying by 1000.







vehicle related GHG emissions


Estimate calculated as follows (Washington state, 2006)_
56,531,930,000 2006 Annual WA State Vehicle Miles Traveled


Data was daily VMT. Annual VMT was 365*daily VMT.
http://www.wsdot.wa.gov/mapsdata/tdo/annualmileage.htm


6,395,798 2006 WA state population
http://quickfacts.census.gov/qfd/states/53000.html


8839 vehicle miles per person per year
0.0506 gallon gasoline/mile


This is the weighted national average fuel efficiency for all cars and 2 axle, 4 wheel light trucks in 2005. This
includes pickup trucks, vans and SUVs. The 0.051 gallons/mile used here is the inverse of the more commonly
known term “miles/per gallon” (which is 19.75 for these cars and light trucks).
Transportation Energy Data Book. 26th Edition. 2006. Chapter 4: Light Vehicles and Characteristics. Calculations
based on weighted average MPG efficiency of cars and light trucks.
http://cta.ornl.gov/data/tedb26/Edition26_Chapter04.pdf
Note: This report states that in 2005, 92.3% of all highway VMT were driven by the above described vehicles.
http://cta.ornl.gov/data/tedb26/Spreadsheets/Table3_04.xls


24.3 lbs CO2e/gallon gasoline
The CO2 emissions estimates for gasoline and diesel include the extraction, transport, and refinement of petroleum
as well as their combustion.
Life-Cycle CO2 Emissions for Various New Vehicles. RENew Northfield.
Available: http://renewnorthfield.org/wpcontent/uploads/2006/04/CO2%20emissions.pdf
Note: This is a conservative estimate of emissions by fuel consumption because diesel fuel,


2205 with a emissions factor of 26.55 lbs CO2e/gallon was not estimated.
4.93 lbs/metric tonne


vehicle related GHG emissions (metric tonnes CO2e per person per year)
average lief span of buildings, estimated 
by replacement time method See Energy Emissions Worksheet for Calculations


Commercial floorspace per unit EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls


 
 
Transportation…………..…………………….Worksheet Background Information 
 
This section helps estimate the emissions associated with transportation of building 
occupants. At this time, it is based on average vehicle miles traveled by the average 
Washington State citizen. 
 







 
 


King County Department of Development and Environmental Services 
SEPA GHG Emissions Worksheet 


Version 1.7 12/26/07 
 
Introduction 
The Washington State Environmental Policy Act (SEPA) requires environmental 
review of development proposals that may have a significant adverse impact on 
the environment.  If a proposed development is subject to SEPA, the project 
proponent is required to complete the SEPA Checklist.  The Checklist includes 
questions relating to the development's air emissions.  The emissions that have 
traditionally been considered cover smoke, dust, and industrial and automobile 
emissions.  With our understanding of the climate change impacts of GHG 
emissions, King County requires the applicant to also estimate these emissions. 
 
Emissions created by Development 
GHG emissions associated with development come from multiple sources: 


 The extraction, processing, transportation, construction and disposal of 
materials and landscape disturbance (Embodied Emissions) 


 Energy demands created by the development after it is completed (Energy 
Emissions) 


 Transportation demands created by the development after it is completed 
(Transportation Emissions) 


 
GHG Emissions Worksheet 
King County has developed a GHG Emissions Worksheet that can assist 
applicants in answering the SEPA Checklist question relating to GHG emissions. 
 
The SEPA GHG Emissions worksheet estimates all GHG emissions that will be 
created over the life span of a project. This includes emissions associated with 
obtaining construction materials, fuel used during construction, energy consumed 
during a buildings operation, and transportation by building occupants. 
 
Using the Worksheet 
1. Descriptions of the different residential and commercial building types can be 


found on the second tabbed worksheet ("Definition of Building Types").  If a 
development proposal consists of multiple projects, e.g. both single family and 
multi-family residential structures or a commercial development that consists 
of more than on type of commercial activity, the appropriate information 
should be estimated for each type of building or activity. 







 
2. For paving, estimate the total amount of paving (in thousands of square feet) 


of the project. 
 
3. The Worksheet will calculate the amount of GHG emissions associated with 


the project and display the amount in the "Total Emissions" column on the 
worksheet. The applicant should use this information when completing the 
SEPA checklist. 


 
4. The last three worksheets in the Excel file provide the background information 


that is used to calculate the total GHG emissions. 
 


5. The methodology of creating the estimates is transparent; if there is reason to 
believe that a better estimate can be obtained by changing specific values, this 
can and should be done.  Changes to the values should be documented with 
an explanation of why and the sources relied upon. 


 
6. Print out the “Total Emissions” worksheet and attach it to the SEPA checklist. 


If the applicant has made changes to the calculations or the values, the 
documentation supporting those changes should also be attached to the 
SEPA checklist. 


 
 







Section I: Buildings


Type (Residential) or Principal Activity 
(Commercial) # Units


Square Feet (in 
thousands of 
square feet) Embodied Energy Transportation


Lifespan 
Emissions 
(MTCO2e)


Single-Family Home............................. 930 98 672 792 1452510
Multi-Family Unit in Large Building ....... 0 33 357 766 0
Multi-Family Unit in Small Building ....... 320 54 681 766 480057
Mobile Home........................................ 0 41 475 709 0
Education ............................................ 72.0 39 646 361 75275
Food Sales .......................................... 0.0 39 1,541 282 0
Food Service ....................................... 0.0 39 1,994 561 0
Health Care Inpatient ........................... 0.0 39 1,938 582 0
Health Care Outpatient ........................ 0.0 39 737 571 0
Lodging ................................................ 0.0 39 777 117 0
Retail (Other Than Mall)....................... 190.0 39 577 247 163924
Office ................................................... 200.0 39 723 588 269869
Public Assembly .................................. 0.0 39 733 150 0
Public Order and Safety ....................... 0.0 39 899 374 0
Religious Worship ............................... 0.0 39 339 129 0
Service ................................................ 0.0 39 599 266 0
Warehouse and Storage ...................... 0.0 39 352 181 0
Other ................................................... 0.0 39 1,278 257 0
Vacant ................................................. 0.0 39 162 47 0


Section II: Pavement..........................


Pavement............................................. 1,001.88 50094


Total Project Emissions: 2491728


Emissions Per Unit or Per Thousand Square Feet 
(MTCO2e)


Version 1.7 12/26/07







Definition of Building Types
Type (Residential) or Principal Activity 
(Commercial) Description


Single-Family Home................................... Unless otherwise specified, this includes both attached and detached buildings
Multi-Family Unit in Large Building ............ Apartments in buildings with more than 5 units
Multi-Family Unit in Small Building ............ Apartments in building with 2-4 units
Mobile Home..............................................


Education ..................................................


Buildings used for academic or technical classroom instruction, such as 
elementary, middle, or high schools, and classroom buildings on college or 
university campuses. Buildings on education campuses for which the main use 
is not classroom are included in the category relating to their use. For 
example, administration buildings are part of "Office," dormitories are 
"Lodging," and libraries are "Public Assembly."


Food Sales ................................................ Buildings used for retail or wholesale of food.


Food Service .............................................
Buildings used for preparation and sale of food and beverages for 
consumption.


Health Care Inpatient ................................ Buildings used as diagnostic and treatment facilities for inpatient care.


Health Care Outpatient ..............................


Buildings used as diagnostic and treatment facilities for outpatient care. 
Doctor's or dentist's office are included here if they use any type of diagnostic 
medical equipment (if they do not, they are categorized as an office building).


Lodging ......................................................
Buildings used to offer multiple accommodations for short-term or long-term 
residents, including skilled nursing and other residential care buildings.


Retail (Other Than Mall)............................. Buildings used for the sale and display of goods other than food.


Office .........................................................


Buildings used for general office space, professional office, or administrative 
offices. Doctor's or dentist's office are included here if they do not use any type 
of diagnostic medical equipment (if they do, they are categorized as an 
outpatient health care building).


Public Assembly ........................................
Buildings in which people gather for social or recreational activities, whether in 
private or non-private meeting halls.


Public Order and Safety ............................ Buildings used for the preservation of law and order or public safety.


Religious Worship .....................................
Buildings in which people gather for religious activities, (such as chapels, 
churches, mosques, synagogues, and temples).


Service ......................................................
Buildings in which some type of service is provided, other than food service or 
retail sales of goods 


Warehouse and Storage ...........................
Buildings used to store goods, manufactured products, merchandise, raw 
materials, or personal belongings (such as self-storage).


Other .........................................................


Buildings that are industrial or agricultural with some retail space; buildings 
having several different commercial activities that, together, comprise 50 
percent or more of the floorspace, but whose largest single activity is 
agricultural, industrial/ manufacturing, or residential; and all other 
miscellaneous buildings that do not fit into any other category.


Vacant .......................................................


Buildings in which more floorspace was vacant than was used for any single 
commercial activity at the time of interview. Therefore, a vacant building may 
have some occupied floorspace.


Sources: ........
Residential 2001 Residential Energy Consumption Survey


Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


Commercial Commercial Buildings Energy Consumption Survey (CBECS), 
Description of CBECS Building Types 
http://www.eia.doe.gov/emeu/cbecs/pba99/bldgtypes.html







Embodied Emissions Worksheet
Section I: Buildings


Type (Residential) or Principal Activity 
(Commercial)


# thousand 
sq feet/ unit 


or building


Life span related 
embodied GHG 


missions (MTCO2e/ 
unit)


Life span related embodied 
GHG missions (MTCO2e/ 


thousand square feet) - See 
calculations in table below


Single-Family Home.................................. 2.53 98 39
Multi-Family Unit in Large Building ........... 0.85 33 39
Multi-Family Unit in Small Building ........... 1.39 54 39
Mobile Home............................................. 1.06 41 39
Education ................................................. 25.6            991 39
Food Sales ............................................... 5.6              217 39
Food Service ............................................ 5.6              217 39
Health Care Inpatient ............................... 241.4          9,346 39
Health Care Outpatient ............................ 10.4            403 39
Lodging .................................................... 35.8            1,386 39
Retail (Other Than Mall)............................ 9.7              376 39
Office ........................................................ 14.8            573 39
Public Assembly ....................................... 14.2            550 39
Public Order and Safety ........................... 15.5            600 39
Religious Worship .................................... 10.1            391 39
Service ..................................................... 6.5              252 39
Warehouse and Storage .......................... 16.9            654 39
Other ........................................................ 21.9            848 39
Vacant ...................................................... 14.1            546 39


Section II: Pavement...............................
All Types of Pavement.............................. 50


Columns and Beams
Intermediate 


Floors Exterior Walls Windows
Interior 


Walls Roofs
Average GWP  (lbs CO2e/sq ft): Vancouver, 


Low Rise Building 5.3 7.8 19.1 51.2 5.7 21.3


Average Materials in a 2,272-square foot 
single family home 0.0 2269.0 3206.0 285.0 6050.0 3103.0


Total 
Embodied 
Emissions 
(MTCO2e)


Total Embodied 
Emissions 
(MTCO2e/ 


thousand sq feet)
MTCO2e 0.0 8.0 27.8 6.6 15.6 30.0 88.0 38.7


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


Floorspace per building EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls


Average GWP  (lbs CO2e/sq ft): Vancouver, 
Low Rise Building Athena EcoCalculator


Athena Assembly Evaluation Tool v2.3- Vancouver Low Rise Building
Assembly  Average GWP (kg) per square meter
http://www.athenasmi.ca/tools/ecoCalculator/index.html
Lbs per kg 2.20
Square feet per square meter 10.76


Average Materials in a 2,272-square foot 
single family home Buildings Energy Data Book:  7.3 Typical/Average Household


Materials Used in the Construction of a 2,272-Square-Foot Single-Family Home, 2000
http://buildingsdatabook.eren.doe.gov/?id=view_book_table&TableID=2036&t=xls
See also: NAHB, 2004 Housing Facts, Figures and Trends, Feb. 2004, p. 7.


Average window size Energy Information Administration/Housing Characteristics 1993
Appendix B, Quality of the Data. Pg. 5.
ftp://ftp.eia.doe.gov/pub/consumption/residential/rx93hcf.pdf







Pavement Emissions Factors
MTCO2e/thousand square feet of asphalt 
or concrete pavement 50  (see below)


 
Special Section: Estimating the Embodied Emissions for Pavement 


 
Four recent life cycle assessments of the environmental impacts of roads form the basis for the per unit embodied 
emissions of pavement. Each study is constructed in slightly different ways; however, the aggregate results of the 
reports represent a reasonable estimate of the GHG emissions that are created from the manufacture of paving 
materials, construction related emissions, and maintenance of the pavement over its expected life cycle. 
 
The results of the studies are presented in different units and measures; considerable effort was undertaken to be 
able to compare the results of the studies in a reasonable way. For more details about the below methodology, 
contact matt.kuharic@kingcounty.gov. 
 
The four studies, Meil (2001), Park (2003), Stripple (2001) and Treolar (2001) produced total GHG emissions of 4-34 
MTCO2e per thousand square feet of finished paving (for similar asphalt and concrete based pavements). This 
estimate does not including downstream maintenance and repair of the highway. The average (for all concrete and 
asphalt pavements in the studies, assuming each study gets one data point) is ~17 MTCO2e/thousand square feet. 
 
Three of the studies attempted to thoroughly account for the emissions associated with long term maintenance (40 
years) of the roads. Stripple (2001), Park et al. (2003) and Treolar (2001) report 17, 81, and 68 MTCO2e/thousand 
square feet, respectively, after accounting for maintenance of the roads.  
 
Based on the above discussion, King County makes the conservative estimate that 50 MTCO2e/thousand square 
feet of pavement (over the development’s life cycle) will be used as the embodied emission factor for pavement until 
better estimates can be obtained. This is roughly equivalent to 3,500 MTCO2e per lane mile of road (assuming the 
lane is 13 feet wide). 
 
It is important to note that these studies estimate the embodied emissions for roads. Paving that does not need to 
stand up to the rigors of heavy use (such as parking lots or driveways) would likely use less materials and hence 
have lower embodied emissions. 
 
Sources:  
Meil, J. A Life Cycle Perspective on Concrete and Asphalt Roadways: Embodied Primary Energy and  


Global Warming Potential. 2006. Available: 
http://www.cement.ca/cement.nsf/eee9ec7bbd630126852566c40052107b/6ec79dc8ae03a782852572b90061b9
14/$FILE/ATTK0WE3/athena%20report%20Feb.%202%202007.pdf 


 
Park, K, Hwang, Y., Seo, S., M.ASCE, and Seo, H. , “Quantitative Assessment of Environmental  


Impacts on Life Cycle of Highways,” Journal of Construction Engineering and Management , Vol 129, 
January/February 2003, pp 25-31, (DOI: 10.1061/(ASCE)0733-9364(2003)129:1(25)). 


 
Stripple, H. Life Cycle Assessment of Road. A Pilot Study for Inventory Analysis. Second Revised  


Edition. IVL Swedish Environmental Research Institute Ltd. 2001. Available: 
http://www.ivl.se/rapporter/pdf/B1210E.pdf 


 
Treloar, G., Love, P.E.D., and Crawford, R.H. Hybrid Life-Cycle Inventory for Road Construction and  


Use. Journal of Construction Engineering and Management. P. 43-49. January/February 2004.  


 
Embodied GHG Emissions…………………….Worksheet Background Information 
 
Buildings 
Embodied GHG emissions are emissions that are created through the extraction, 
processing, transportation, construction and disposal of building materials as well as 
emissions created through landscape disturbance (by both soil disturbance and 
changes in above ground biomass). 
 
Estimating embodied GHG emissions is new field of analysis; the estimates are rapidly 
improving and becoming more inclusive of all elements of construction and 
development.  
 
The estimate included in this worksheet is calculated using average values for the main 
construction materials that are used to create a typical family home. In 2004, the 
National Association of Home Builders calculated the average materials that are used 
in a typical 2,272 square foot single-family household. The quantity of materials used is 
then multiplied by the average GHG emissions associated with the life-cycle GHG 
emissions for each material. 
 
This estimate is a rough and conservative estimate; the actual embodied emissions for 
a project are likely to be higher. For example, at this stage, due to a lack of 
comprehensive data, the estimate does not include important factors such as 
landscape disturbance or the emissions associated with the interior components of a 
building (such as furniture). 
 
King County realizes that the calculations for embodied emissions in this worksheet are 
rough. For example, the emissions associated with building 1,000 square feet of a 
residential building will not be the same as 1,000 square feet of a commercial building. 
However, discussions with the construction community indicate that while there are 
significant differences between the different types of structures, this method of 
estimation is reasonable; it will be improved as more data become available. 
 
Additionally, if more specific information about the project is known, King County 
recommends two online embodied emissions calculators that can be used to obtain a 
more tailored estimate for embodied emissions: www.buildcarbonneutral.org and 
www.athenasmi.ca/tools/ecoCalculator/. 
 
Pavement 
Four recent life cycle assessments of the environmental impacts of roads form the 
basis for the per unit embodied emissions of pavement. Each study is constructed in 
slightly different ways; however, the aggregate results of the reports represent a 
reasonable estimate of the GHG emissions that are created from the manufacture of 
paving materials, construction related emissions, and maintenance of the pavement 
over its expected life cycle. For specifics, see the worksheet. 
 







Energy Emissions Worksheet


Type (Residential) or Principal Activity 
(Commercial)


Energy 
consumption per 
building per year 


(million Btu)


Carbon 
Coefficient for 


Buildings
MTCO2e per 


building per year


Floorspace
per Building 


(thousand 
square feet)


MTCE per 
thousand 


square feet per 
year


MTCO2e per 
thousand square 


feet per year


Average 
Building Life 


Span


Lifespan Energy 
Related MTCO2e 


emissions per unit


Lifespan Energy 
Related MTCO2e 


emissions per 
thousand square feet


Single-Family Home.............................. 107.3                 0.108                 11.61                  2.53 4.6                    16.8                       57.9 672                       266                            
Multi-Family Unit in Large Building ....... 41.0                   0.108                 4.44                    0.85 5.2                    19.2                       80.5 357                       422                            
Multi-Family Unit in Small Building ....... 78.1                   0.108                 8.45                    1.39 6.1                    22.2                       80.5 681                       489                            
Mobile Home.......................................... 75.9                   0.108                 8.21                    1.06 7.7                    28.4                       57.9 475                       448                            
Education .............................................. 2,125.0              0.124                 264.2                  25.6                   10.3                  37.8                       62.5 16,526                  646                            
Food Sales ............................................ 1,110.0              0.124                 138.0                  5.6                     24.6                  90.4                       62.5 8,632                    1,541                         
Food Service ......................................... 1,436.0              0.124                 178.5                  5.6                     31.9                  116.9                     62.5 11,168                  1,994                         
Health Care Inpatient ............................ 60,152.0            0.124                 7,479.1               241.4                 31.0                  113.6                     62.5 467,794                1,938                         
Health Care Outpatient ......................... 985.0                 0.124                 122.5                  10.4                   11.8                  43.2                       62.5 7,660                    737                            
Lodging ................................................. 3,578.0              0.124                 444.9                  35.8                   12.4                  45.6                       62.5 27,826                  777                            
Retail (Other Than Mall)........................ 720.0                 0.124                 89.5                    9.7                     9.2                    33.8                       62.5 5,599                    577                            
Office .................................................... 1,376.0              0.124                 171.1                  14.8                   11.6                  42.4                       62.5 10,701                  723                            
Public Assembly ................................... 1,338.0              0.124                 166.4                  14.2                   11.7                  43.0                       62.5 10,405                  733                            
Public Order and Safety ........................ 1,791.0              0.124                 222.7                  15.5                   14.4                  52.7                       62.5 13,928                  899                            
Religious Worship ................................. 440.0                 0.124                 54.7                    10.1                   5.4                    19.9                       62.5 3,422                    339                            
Service .................................................. 501.0                 0.124                 62.3                    6.5                     9.6                    35.1                       62.5 3,896                    599                            
Warehouse and Storage ....................... 764.0                 0.124                 95.0                    16.9                   5.6                    20.6                       62.5 5,942                    352                            
Other ..................................................... 3,600.0              0.124                 447.6                  21.9                   20.4                  74.9                       62.5 27,997                  1,278                         
Vacant ................................................... 294.0                 0.124                 36.6                    14.1                   2.6                    9.5                         62.5 2,286                    162                            


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


Energy consumption for residential 
buildings 2007 Buildings Energy Data Book:  6.1 Quad Definitions and Comparisons (National Average, 2001)


Table 6.1.4: Average Annual Carbon Dioxide Emissions for Various Functions
http://buildingsdatabook.eren.doe.gov/
Data also at: http://www.eia.doe.gov/emeu/recs/recs2001_ce/ce1-4c_housingunits2001.html


Energy consumption for commercial 
buildings EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
and Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
Floorspace per building http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls


Note: Data in plum color is found in both of the above sources (buildings energy data book and commercial buildings energy consumption survey).


Carbon Coefficient for Buildings Buildings Energy Data Book (National average, 2005)
Table 3.1.7. 2005 Carbon Dioxide Emission Coefficients for Buildings (MMTCE per Quadrillion Btu)
http://buildingsdatabook.eere.energy.gov/?id=view_book_table&TableID=2057
Note: Carbon coefficient in the Energy Data book is in MTCE per Quadrillion Btu.
 To convert to MTCO2e per million Btu, this factor was divided by 1000 and multiplied by 44/12.


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html







average lief span of buildings, 
estimated by replacement time method


Single Family 
Homes


Multi-Family Units 
in Large and 


Small Buildings 


All Residential 
Buildings


New Housing 
Construction, 


2001 1,273,000 329,000 1,602,000


Existing Housing 
Stock, 2001 73,700,000 26,500,000 100,200,000


Replacement 
time: 57.9 80.5 62.5


(national 
average, 2001)


Note: Single family homes calculation is used for mobile homes as a best estimate life span.
Note: At this time, KC staff could find no reliable data for the average life span of commercial buildings. 
Therefore, the average life span of residential buildings is being used until a better approximation can be ascertained.


Sources:


New Housing 
Construction, 


2001 Quarterly Starts and Completions by Purpose and Design - US and Regions (Excel)
http://www.census.gov/const/quarterly_starts_completions_cust.xls
See also: http://www.census.gov/const/www/newresconstindex.html


Existing 
Housing Stock, 


2001 Residential Energy Consumption Survey (RECS) 2001
Tables HC1:Housing Unit Characteristics, Million U.S. Households 2001 
Table HC1-4a. Housing Unit Characteristics by Type of Housing Unit, Million U.S. Households, 2001
Million U.S. Households, 2001
http://www.eia.doe.gov/emeu/recs/recs2001/hc_pdf/housunits/hc1-4a_housingunits2001.pdf







Transportation Emissions Worksheet


Type (Residential) or Principal Activity
(Commercial)


# people/ unit or 
building


# thousand 
sq feet/ unit 


or building


# people or 
employees/ 


thousand 
square feet


vehicle related 
GHG 


emissions 
(metric tonnes 


CO2e per 
person per 


year)
MTCO2e/ 
year/ unit


MTCO2e/ 
year/ 


thousand 
square 


feet


Average 
Building 


Life Span


Life span 
transportation 
related GHG 


emissions 
(MTCO2e/ per 


unit)


Life span 
transportation 
related GHG 


emissions 
(MTCO2e/ 


thousand sq 
feet)


Single-Family Home.................................... 2.8 2.53 1.1 4.9 13.7 5.4 57.9 792 313
Multi-Family Unit in Large Building ............. 1.9 0.85 2.3 4.9 9.5 11.2 80.5 766 904
Multi-Family Unit in Small Building ............. 1.9 1.39 1.4 4.9 9.5 6.8 80.5 766 550
Mobile Home............................................... 2.5 1.06 2.3 4.9 12.2 11.5 57.9 709 668
Education ................................................... 30.0 25.6            1.2 4.9 147.8 5.8 62.5 9247 361
Food Sales ................................................. 5.1 5.6              0.9 4.9 25.2 4.5 62.5 1579 282
Food Service .............................................. 10.2 5.6              1.8 4.9 50.2 9.0 62.5 3141 561
Health Care Inpatient ................................. 455.5 241.4          1.9 4.9 2246.4 9.3 62.5 140506 582
Health Care Outpatient .............................. 19.3 10.4            1.9 4.9 95.0 9.1 62.5 5941 571
Lodging ...................................................... 13.6 35.8            0.4 4.9 67.1 1.9 62.5 4194 117
Retail (Other Than Mall).............................. 7.8 9.7              0.8 4.9 38.3 3.9 62.5 2394 247
Office .......................................................... 28.2 14.8            1.9 4.9 139.0 9.4 62.5 8696 588
Public Assembly ......................................... 6.9 14.2            0.5 4.9 34.2 2.4 62.5 2137 150
Public Order and Safety ............................. 18.8 15.5            1.2 4.9 92.7 6.0 62.5 5796 374
Religious Worship ...................................... 4.2 10.1            0.4 4.9 20.8 2.1 62.5 1298 129
Service ....................................................... 5.6 6.5              0.9 4.9 27.6 4.3 62.5 1729 266
Warehouse and Storage ............................ 9.9 16.9            0.6 4.9 49.0 2.9 62.5 3067 181
Other .......................................................... 18.3 21.9            0.8 4.9 90.0 4.1 62.5 5630 257
Vacant ........................................................ 2.1 14.1            0.2 4.9 10.5 0.7 62.5 657 47


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


# people/ unit Estimating Household Size for Use in Population Estimates (WA state, 2000 average)
Washington State Office of Financial Management
Kimpel, T. and Lowe, T. Research Brief No. 47. August 2007
http://www.ofm.wa.gov/researchbriefs/brief047.pdf
Note: This analysis combines Multi Unit Structures in both large and small units into one category;
the average is used in this case although there is likely a difference


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


# employees/thousand square feet Commercial Buildings Energy Consumption Survey commercial energy uses and costs (National Median, 2003)
Table B2  Totals and Medians of Floorspace, Number of Workers, and Hours of Operation for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set1/2003excel/b2.xls


Note: Data for # employees/thousand square feet is presented by CBECS as square feet/employee. 
   In this analysis employees/thousand square feet is calculated by taking the inverse of the CBECS number and multiplying by 1000.







vehicle related GHG emissions


Estimate calculated as follows (Washington state, 2006)_
56,531,930,000 2006 Annual WA State Vehicle Miles Traveled


Data was daily VMT. Annual VMT was 365*daily VMT.
http://www.wsdot.wa.gov/mapsdata/tdo/annualmileage.htm


6,395,798 2006 WA state population
http://quickfacts.census.gov/qfd/states/53000.html


8839 vehicle miles per person per year
0.0506 gallon gasoline/mile


This is the weighted national average fuel efficiency for all cars and 2 axle, 4 wheel light trucks in 2005. This
includes pickup trucks, vans and SUVs. The 0.051 gallons/mile used here is the inverse of the more commonly
known term “miles/per gallon” (which is 19.75 for these cars and light trucks).
Transportation Energy Data Book. 26th Edition. 2006. Chapter 4: Light Vehicles and Characteristics. Calculations
based on weighted average MPG efficiency of cars and light trucks.
http://cta.ornl.gov/data/tedb26/Edition26_Chapter04.pdf
Note: This report states that in 2005, 92.3% of all highway VMT were driven by the above described vehicles.
http://cta.ornl.gov/data/tedb26/Spreadsheets/Table3_04.xls


24.3 lbs CO2e/gallon gasoline
The CO2 emissions estimates for gasoline and diesel include the extraction, transport, and refinement of petroleum
as well as their combustion.
Life-Cycle CO2 Emissions for Various New Vehicles. RENew Northfield.
Available: http://renewnorthfield.org/wpcontent/uploads/2006/04/CO2%20emissions.pdf
Note: This is a conservative estimate of emissions by fuel consumption because diesel fuel,


2205 with a emissions factor of 26.55 lbs CO2e/gallon was not estimated.
4.93 lbs/metric tonne


vehicle related GHG emissions (metric tonnes CO2e per person per year)
average lief span of buildings, estimated 
by replacement time method See Energy Emissions Worksheet for Calculations


Commercial floorspace per unit EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls







 
 


King County Department of Development and Environmental Services 
SEPA GHG Emissions Worksheet 


Version 1.7 12/26/07 
 
Introduction 
The Washington State Environmental Policy Act (SEPA) requires environmental 
review of development proposals that may have a significant adverse impact on 
the environment.  If a proposed development is subject to SEPA, the project 
proponent is required to complete the SEPA Checklist.  The Checklist includes 
questions relating to the development's air emissions.  The emissions that have 
traditionally been considered cover smoke, dust, and industrial and automobile 
emissions.  With our understanding of the climate change impacts of GHG 
emissions, King County requires the applicant to also estimate these emissions. 
 
Emissions created by Development 
GHG emissions associated with development come from multiple sources: 


 The extraction, processing, transportation, construction and disposal of 
materials and landscape disturbance (Embodied Emissions) 


 Energy demands created by the development after it is completed (Energy 
Emissions) 


 Transportation demands created by the development after it is completed 
(Transportation Emissions) 


 
GHG Emissions Worksheet 
King County has developed a GHG Emissions Worksheet that can assist 
applicants in answering the SEPA Checklist question relating to GHG emissions. 
 
The SEPA GHG Emissions worksheet estimates all GHG emissions that will be 
created over the life span of a project. This includes emissions associated with 
obtaining construction materials, fuel used during construction, energy consumed 
during a buildings operation, and transportation by building occupants. 
 
Using the Worksheet 
1. Descriptions of the different residential and commercial building types can be 


found on the second tabbed worksheet ("Definition of Building Types").  If a 
development proposal consists of multiple projects, e.g. both single family and 
multi-family residential structures or a commercial development that consists 
of more than on type of commercial activity, the appropriate information 
should be estimated for each type of building or activity. 







 
2. For paving, estimate the total amount of paving (in thousands of square feet) 


of the project. 
 
3. The Worksheet will calculate the amount of GHG emissions associated with 


the project and display the amount in the "Total Emissions" column on the 
worksheet. The applicant should use this information when completing the 
SEPA checklist. 


 
4. The last three worksheets in the Excel file provide the background information 


that is used to calculate the total GHG emissions. 
 


5. The methodology of creating the estimates is transparent; if there is reason to 
believe that a better estimate can be obtained by changing specific values, this 
can and should be done.  Changes to the values should be documented with 
an explanation of why and the sources relied upon. 


 
6. Print out the “Total Emissions” worksheet and attach it to the SEPA checklist. 


If the applicant has made changes to the calculations or the values, the 
documentation supporting those changes should also be attached to the 
SEPA checklist. 


 
 







Section I: Buildings


Type (Residential) or Principal Activity 
(Commercial) # Units


Square Feet (in 
thousands of 
square feet) Embodied Energy Transportation


Lifespan 
Emissions 
(MTCO2e)


Single-Family Home............................. 698 98 672 792 1090164
Multi-Family Unit in Large Building ....... 0 33 357 766 0
Multi-Family Unit in Small Building ....... 240 54 681 766 360042
Mobile Home........................................ 0 41 475 709 0
Education ............................................ 72.0 39 646 361 75275
Food Sales .......................................... 0.0 39 1,541 282 0
Food Service ....................................... 0.0 39 1,994 561 0
Health Care Inpatient ........................... 0.0 39 1,938 582 0
Health Care Outpatient ........................ 0.0 39 737 571 0
Lodging ................................................ 0.0 39 777 117 0
Retail (Other Than Mall)....................... 150.0 39 577 247 129413
Office ................................................... 75.0 39 723 588 101201
Public Assembly .................................. 0.0 39 733 150 0
Public Order and Safety ....................... 0.0 39 899 374 0
Religious Worship ............................... 0.0 39 339 129 0
Service ................................................ 0.0 39 599 266 0
Warehouse and Storage ...................... 0.0 39 352 181 0
Other ................................................... 0.0 39 1,278 257 0
Vacant ................................................. 0.0 39 162 47 0


Section II: Pavement..........................


Pavement............................................. 1,001.88 50094


Total Project Emissions: 1806189


Emissions Per Unit or Per Thousand Square Feet 
(MTCO2e)


Version 1.7 12/26/07







Definition of Building Types
Type (Residential) or Principal Activity 
(Commercial) Description


Single-Family Home................................... Unless otherwise specified, this includes both attached and detached buildings
Multi-Family Unit in Large Building ............ Apartments in buildings with more than 5 units
Multi-Family Unit in Small Building ............ Apartments in building with 2-4 units
Mobile Home..............................................


Education ..................................................


Buildings used for academic or technical classroom instruction, such as 
elementary, middle, or high schools, and classroom buildings on college or 
university campuses. Buildings on education campuses for which the main use 
is not classroom are included in the category relating to their use. For 
example, administration buildings are part of "Office," dormitories are 
"Lodging," and libraries are "Public Assembly."


Food Sales ................................................ Buildings used for retail or wholesale of food.


Food Service .............................................
Buildings used for preparation and sale of food and beverages for 
consumption.


Health Care Inpatient ................................ Buildings used as diagnostic and treatment facilities for inpatient care.


Health Care Outpatient ..............................


Buildings used as diagnostic and treatment facilities for outpatient care. 
Doctor's or dentist's office are included here if they use any type of diagnostic 
medical equipment (if they do not, they are categorized as an office building).


Lodging ......................................................
Buildings used to offer multiple accommodations for short-term or long-term 
residents, including skilled nursing and other residential care buildings.


Retail (Other Than Mall)............................. Buildings used for the sale and display of goods other than food.


Office .........................................................


Buildings used for general office space, professional office, or administrative 
offices. Doctor's or dentist's office are included here if they do not use any type 
of diagnostic medical equipment (if they do, they are categorized as an 
outpatient health care building).


Public Assembly ........................................
Buildings in which people gather for social or recreational activities, whether in 
private or non-private meeting halls.


Public Order and Safety ............................ Buildings used for the preservation of law and order or public safety.


Religious Worship .....................................
Buildings in which people gather for religious activities, (such as chapels, 
churches, mosques, synagogues, and temples).


Service ......................................................
Buildings in which some type of service is provided, other than food service or 
retail sales of goods 


Warehouse and Storage ...........................
Buildings used to store goods, manufactured products, merchandise, raw 
materials, or personal belongings (such as self-storage).


Other .........................................................


Buildings that are industrial or agricultural with some retail space; buildings 
having several different commercial activities that, together, comprise 50 
percent or more of the floorspace, but whose largest single activity is 
agricultural, industrial/ manufacturing, or residential; and all other 
miscellaneous buildings that do not fit into any other category.


Vacant .......................................................


Buildings in which more floorspace was vacant than was used for any single 
commercial activity at the time of interview. Therefore, a vacant building may 
have some occupied floorspace.


Sources: ........
Residential 2001 Residential Energy Consumption Survey


Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


Commercial Commercial Buildings Energy Consumption Survey (CBECS), 
Description of CBECS Building Types 
http://www.eia.doe.gov/emeu/cbecs/pba99/bldgtypes.html







Embodied Emissions Worksheet
Section I: Buildings


Type (Residential) or Principal Activity 
(Commercial)


# thousand 
sq feet/ unit 


or building


Life span related 
embodied GHG 


missions (MTCO2e/ 
unit)


Life span related embodied 
GHG missions (MTCO2e/ 


thousand square feet) - See 
calculations in table below


Single-Family Home.................................. 2.53 98 39
Multi-Family Unit in Large Building ........... 0.85 33 39
Multi-Family Unit in Small Building ........... 1.39 54 39
Mobile Home............................................. 1.06 41 39
Education ................................................. 25.6            991 39
Food Sales ............................................... 5.6              217 39
Food Service ............................................ 5.6              217 39
Health Care Inpatient ............................... 241.4          9,346 39
Health Care Outpatient ............................ 10.4            403 39
Lodging .................................................... 35.8            1,386 39
Retail (Other Than Mall)............................ 9.7              376 39
Office ........................................................ 14.8            573 39
Public Assembly ....................................... 14.2            550 39
Public Order and Safety ........................... 15.5            600 39
Religious Worship .................................... 10.1            391 39
Service ..................................................... 6.5              252 39
Warehouse and Storage .......................... 16.9            654 39
Other ........................................................ 21.9            848 39
Vacant ...................................................... 14.1            546 39


Section II: Pavement...............................
All Types of Pavement.............................. 50


Columns and Beams
Intermediate 


Floors Exterior Walls Windows
Interior 


Walls Roofs
Average GWP  (lbs CO2e/sq ft): Vancouver, 


Low Rise Building 5.3 7.8 19.1 51.2 5.7 21.3


Average Materials in a 2,272-square foot 
single family home 0.0 2269.0 3206.0 285.0 6050.0 3103.0


Total 
Embodied 
Emissions 
(MTCO2e)


Total Embodied 
Emissions 
(MTCO2e/ 


thousand sq feet)
MTCO2e 0.0 8.0 27.8 6.6 15.6 30.0 88.0 38.7


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


Floorspace per building EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls


Average GWP  (lbs CO2e/sq ft): Vancouver, 
Low Rise Building Athena EcoCalculator


Athena Assembly Evaluation Tool v2.3- Vancouver Low Rise Building
Assembly  Average GWP (kg) per square meter
http://www.athenasmi.ca/tools/ecoCalculator/index.html
Lbs per kg 2.20
Square feet per square meter 10.76


Average Materials in a 2,272-square foot 
single family home Buildings Energy Data Book:  7.3 Typical/Average Household


Materials Used in the Construction of a 2,272-Square-Foot Single-Family Home, 2000
http://buildingsdatabook.eren.doe.gov/?id=view_book_table&TableID=2036&t=xls
See also: NAHB, 2004 Housing Facts, Figures and Trends, Feb. 2004, p. 7.


Average window size Energy Information Administration/Housing Characteristics 1993
Appendix B, Quality of the Data. Pg. 5.
ftp://ftp.eia.doe.gov/pub/consumption/residential/rx93hcf.pdf







Pavement Emissions Factors
MTCO2e/thousand square feet of asphalt 
or concrete pavement 50  (see below)


 
Special Section: Estimating the Embodied Emissions for Pavement 


 
Four recent life cycle assessments of the environmental impacts of roads form the basis for the per unit embodied 
emissions of pavement. Each study is constructed in slightly different ways; however, the aggregate results of the 
reports represent a reasonable estimate of the GHG emissions that are created from the manufacture of paving 
materials, construction related emissions, and maintenance of the pavement over its expected life cycle. 
 
The results of the studies are presented in different units and measures; considerable effort was undertaken to be 
able to compare the results of the studies in a reasonable way. For more details about the below methodology, 
contact matt.kuharic@kingcounty.gov. 
 
The four studies, Meil (2001), Park (2003), Stripple (2001) and Treolar (2001) produced total GHG emissions of 4-34 
MTCO2e per thousand square feet of finished paving (for similar asphalt and concrete based pavements). This 
estimate does not including downstream maintenance and repair of the highway. The average (for all concrete and 
asphalt pavements in the studies, assuming each study gets one data point) is ~17 MTCO2e/thousand square feet. 
 
Three of the studies attempted to thoroughly account for the emissions associated with long term maintenance (40 
years) of the roads. Stripple (2001), Park et al. (2003) and Treolar (2001) report 17, 81, and 68 MTCO2e/thousand 
square feet, respectively, after accounting for maintenance of the roads.  
 
Based on the above discussion, King County makes the conservative estimate that 50 MTCO2e/thousand square 
feet of pavement (over the development’s life cycle) will be used as the embodied emission factor for pavement until 
better estimates can be obtained. This is roughly equivalent to 3,500 MTCO2e per lane mile of road (assuming the 
lane is 13 feet wide). 
 
It is important to note that these studies estimate the embodied emissions for roads. Paving that does not need to 
stand up to the rigors of heavy use (such as parking lots or driveways) would likely use less materials and hence 
have lower embodied emissions. 
 
Sources:  
Meil, J. A Life Cycle Perspective on Concrete and Asphalt Roadways: Embodied Primary Energy and  


Global Warming Potential. 2006. Available: 
http://www.cement.ca/cement.nsf/eee9ec7bbd630126852566c40052107b/6ec79dc8ae03a782852572b90061b9
14/$FILE/ATTK0WE3/athena%20report%20Feb.%202%202007.pdf 


 
Park, K, Hwang, Y., Seo, S., M.ASCE, and Seo, H. , “Quantitative Assessment of Environmental  


Impacts on Life Cycle of Highways,” Journal of Construction Engineering and Management , Vol 129, 
January/February 2003, pp 25-31, (DOI: 10.1061/(ASCE)0733-9364(2003)129:1(25)). 


 
Stripple, H. Life Cycle Assessment of Road. A Pilot Study for Inventory Analysis. Second Revised  


Edition. IVL Swedish Environmental Research Institute Ltd. 2001. Available: 
http://www.ivl.se/rapporter/pdf/B1210E.pdf 


 
Treloar, G., Love, P.E.D., and Crawford, R.H. Hybrid Life-Cycle Inventory for Road Construction and  


Use. Journal of Construction Engineering and Management. P. 43-49. January/February 2004.  


 
Embodied GHG Emissions…………………….Worksheet Background Information 
 
Buildings 
Embodied GHG emissions are emissions that are created through the extraction, 
processing, transportation, construction and disposal of building materials as well as 
emissions created through landscape disturbance (by both soil disturbance and 
changes in above ground biomass). 
 
Estimating embodied GHG emissions is new field of analysis; the estimates are rapidly 
improving and becoming more inclusive of all elements of construction and 
development.  
 
The estimate included in this worksheet is calculated using average values for the main 
construction materials that are used to create a typical family home. In 2004, the 
National Association of Home Builders calculated the average materials that are used 
in a typical 2,272 square foot single-family household. The quantity of materials used is 
then multiplied by the average GHG emissions associated with the life-cycle GHG 
emissions for each material. 
 
This estimate is a rough and conservative estimate; the actual embodied emissions for 
a project are likely to be higher. For example, at this stage, due to a lack of 
comprehensive data, the estimate does not include important factors such as 
landscape disturbance or the emissions associated with the interior components of a 
building (such as furniture). 
 
King County realizes that the calculations for embodied emissions in this worksheet are 
rough. For example, the emissions associated with building 1,000 square feet of a 
residential building will not be the same as 1,000 square feet of a commercial building. 
However, discussions with the construction community indicate that while there are 
significant differences between the different types of structures, this method of 
estimation is reasonable; it will be improved as more data become available. 
 
Additionally, if more specific information about the project is known, King County 
recommends two online embodied emissions calculators that can be used to obtain a 
more tailored estimate for embodied emissions: www.buildcarbonneutral.org and 
www.athenasmi.ca/tools/ecoCalculator/. 
 
Pavement 
Four recent life cycle assessments of the environmental impacts of roads form the 
basis for the per unit embodied emissions of pavement. Each study is constructed in 
slightly different ways; however, the aggregate results of the reports represent a 
reasonable estimate of the GHG emissions that are created from the manufacture of 
paving materials, construction related emissions, and maintenance of the pavement 
over its expected life cycle. For specifics, see the worksheet. 
 







Energy Emissions Worksheet


Type (Residential) or Principal Activity 
(Commercial)


Energy 
consumption per 
building per year 


(million Btu)


Carbon 
Coefficient for 


Buildings
MTCO2e per 


building per year


Floorspace
per Building 


(thousand 
square feet)


MTCE per 
thousand 


square feet per 
year


MTCO2e per 
thousand square 


feet per year


Average 
Building Life 


Span


Lifespan Energy 
Related MTCO2e 


emissions per unit


Lifespan Energy 
Related MTCO2e 


emissions per 
thousand square feet


Single-Family Home.............................. 107.3                 0.108                 11.61                  2.53 4.6                    16.8                       57.9 672                       266                            
Multi-Family Unit in Large Building ....... 41.0                   0.108                 4.44                    0.85 5.2                    19.2                       80.5 357                       422                            
Multi-Family Unit in Small Building ....... 78.1                   0.108                 8.45                    1.39 6.1                    22.2                       80.5 681                       489                            
Mobile Home.......................................... 75.9                   0.108                 8.21                    1.06 7.7                    28.4                       57.9 475                       448                            
Education .............................................. 2,125.0              0.124                 264.2                  25.6                   10.3                  37.8                       62.5 16,526                  646                            
Food Sales ............................................ 1,110.0              0.124                 138.0                  5.6                     24.6                  90.4                       62.5 8,632                    1,541                         
Food Service ......................................... 1,436.0              0.124                 178.5                  5.6                     31.9                  116.9                     62.5 11,168                  1,994                         
Health Care Inpatient ............................ 60,152.0            0.124                 7,479.1               241.4                 31.0                  113.6                     62.5 467,794                1,938                         
Health Care Outpatient ......................... 985.0                 0.124                 122.5                  10.4                   11.8                  43.2                       62.5 7,660                    737                            
Lodging ................................................. 3,578.0              0.124                 444.9                  35.8                   12.4                  45.6                       62.5 27,826                  777                            
Retail (Other Than Mall)........................ 720.0                 0.124                 89.5                    9.7                     9.2                    33.8                       62.5 5,599                    577                            
Office .................................................... 1,376.0              0.124                 171.1                  14.8                   11.6                  42.4                       62.5 10,701                  723                            
Public Assembly ................................... 1,338.0              0.124                 166.4                  14.2                   11.7                  43.0                       62.5 10,405                  733                            
Public Order and Safety ........................ 1,791.0              0.124                 222.7                  15.5                   14.4                  52.7                       62.5 13,928                  899                            
Religious Worship ................................. 440.0                 0.124                 54.7                    10.1                   5.4                    19.9                       62.5 3,422                    339                            
Service .................................................. 501.0                 0.124                 62.3                    6.5                     9.6                    35.1                       62.5 3,896                    599                            
Warehouse and Storage ....................... 764.0                 0.124                 95.0                    16.9                   5.6                    20.6                       62.5 5,942                    352                            
Other ..................................................... 3,600.0              0.124                 447.6                  21.9                   20.4                  74.9                       62.5 27,997                  1,278                         
Vacant ................................................... 294.0                 0.124                 36.6                    14.1                   2.6                    9.5                         62.5 2,286                    162                            


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


Energy consumption for residential 
buildings 2007 Buildings Energy Data Book:  6.1 Quad Definitions and Comparisons (National Average, 2001)


Table 6.1.4: Average Annual Carbon Dioxide Emissions for Various Functions
http://buildingsdatabook.eren.doe.gov/
Data also at: http://www.eia.doe.gov/emeu/recs/recs2001_ce/ce1-4c_housingunits2001.html


Energy consumption for commercial 
buildings EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
and Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
Floorspace per building http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls


Note: Data in plum color is found in both of the above sources (buildings energy data book and commercial buildings energy consumption survey).


Carbon Coefficient for Buildings Buildings Energy Data Book (National average, 2005)
Table 3.1.7. 2005 Carbon Dioxide Emission Coefficients for Buildings (MMTCE per Quadrillion Btu)
http://buildingsdatabook.eere.energy.gov/?id=view_book_table&TableID=2057
Note: Carbon coefficient in the Energy Data book is in MTCE per Quadrillion Btu.
 To convert to MTCO2e per million Btu, this factor was divided by 1000 and multiplied by 44/12.


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html







average lief span of buildings, 
estimated by replacement time method


Single Family 
Homes


Multi-Family Units 
in Large and 


Small Buildings 


All Residential 
Buildings


New Housing 
Construction, 


2001 1,273,000 329,000 1,602,000


Existing Housing 
Stock, 2001 73,700,000 26,500,000 100,200,000


Replacement 
time: 57.9 80.5 62.5


(national 
average, 2001)


Note: Single family homes calculation is used for mobile homes as a best estimate life span.
Note: At this time, KC staff could find no reliable data for the average life span of commercial buildings. 
Therefore, the average life span of residential buildings is being used until a better approximation can be ascertained.


Sources:


New Housing 
Construction, 


2001 Quarterly Starts and Completions by Purpose and Design - US and Regions (Excel)
http://www.census.gov/const/quarterly_starts_completions_cust.xls
See also: http://www.census.gov/const/www/newresconstindex.html


Existing 
Housing Stock, 


2001 Residential Energy Consumption Survey (RECS) 2001
Tables HC1:Housing Unit Characteristics, Million U.S. Households 2001 
Table HC1-4a. Housing Unit Characteristics by Type of Housing Unit, Million U.S. Households, 2001
Million U.S. Households, 2001
http://www.eia.doe.gov/emeu/recs/recs2001/hc_pdf/housunits/hc1-4a_housingunits2001.pdf







Transportation Emissions Worksheet


Type (Residential) or Principal Activity
(Commercial)


# people/ unit or 
building


# thousand 
sq feet/ unit 


or building


# people or 
employees/ 


thousand 
square feet


vehicle related 
GHG 


emissions 
(metric tonnes 


CO2e per 
person per 


year)
MTCO2e/ 
year/ unit


MTCO2e/ 
year/ 


thousand 
square 


feet


Average 
Building 


Life Span


Life span 
transportation 
related GHG 


emissions 
(MTCO2e/ per 


unit)


Life span 
transportation 
related GHG 


emissions 
(MTCO2e/ 


thousand sq 
feet)


Single-Family Home.................................... 2.8 2.53 1.1 4.9 13.7 5.4 57.9 792 313
Multi-Family Unit in Large Building ............. 1.9 0.85 2.3 4.9 9.5 11.2 80.5 766 904
Multi-Family Unit in Small Building ............. 1.9 1.39 1.4 4.9 9.5 6.8 80.5 766 550
Mobile Home............................................... 2.5 1.06 2.3 4.9 12.2 11.5 57.9 709 668
Education ................................................... 30.0 25.6            1.2 4.9 147.8 5.8 62.5 9247 361
Food Sales ................................................. 5.1 5.6              0.9 4.9 25.2 4.5 62.5 1579 282
Food Service .............................................. 10.2 5.6              1.8 4.9 50.2 9.0 62.5 3141 561
Health Care Inpatient ................................. 455.5 241.4          1.9 4.9 2246.4 9.3 62.5 140506 582
Health Care Outpatient .............................. 19.3 10.4            1.9 4.9 95.0 9.1 62.5 5941 571
Lodging ...................................................... 13.6 35.8            0.4 4.9 67.1 1.9 62.5 4194 117
Retail (Other Than Mall).............................. 7.8 9.7              0.8 4.9 38.3 3.9 62.5 2394 247
Office .......................................................... 28.2 14.8            1.9 4.9 139.0 9.4 62.5 8696 588
Public Assembly ......................................... 6.9 14.2            0.5 4.9 34.2 2.4 62.5 2137 150
Public Order and Safety ............................. 18.8 15.5            1.2 4.9 92.7 6.0 62.5 5796 374
Religious Worship ...................................... 4.2 10.1            0.4 4.9 20.8 2.1 62.5 1298 129
Service ....................................................... 5.6 6.5              0.9 4.9 27.6 4.3 62.5 1729 266
Warehouse and Storage ............................ 9.9 16.9            0.6 4.9 49.0 2.9 62.5 3067 181
Other .......................................................... 18.3 21.9            0.8 4.9 90.0 4.1 62.5 5630 257
Vacant ........................................................ 2.1 14.1            0.2 4.9 10.5 0.7 62.5 657 47


Sources
All data in black text King County, DNRP. Contact: Matt Kuharic, matt.kuharic@kingcounty.gov


# people/ unit Estimating Household Size for Use in Population Estimates (WA state, 2000 average)
Washington State Office of Financial Management
Kimpel, T. and Lowe, T. Research Brief No. 47. August 2007
http://www.ofm.wa.gov/researchbriefs/brief047.pdf
Note: This analysis combines Multi Unit Structures in both large and small units into one category;
the average is used in this case although there is likely a difference


Residential floorspace per unit 2001 Residential Energy Consumption Survey (National Average, 2001)
Square footage measurements and comparisons
http://www.eia.doe.gov/emeu/recs/sqft-measure.html


# employees/thousand square feet Commercial Buildings Energy Consumption Survey commercial energy uses and costs (National Median, 2003)
Table B2  Totals and Medians of Floorspace, Number of Workers, and Hours of Operation for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set1/2003excel/b2.xls


Note: Data for # employees/thousand square feet is presented by CBECS as square feet/employee. 
   In this analysis employees/thousand square feet is calculated by taking the inverse of the CBECS number and multiplying by 1000.







vehicle related GHG emissions


Estimate calculated as follows (Washington state, 2006)_
56,531,930,000 2006 Annual WA State Vehicle Miles Traveled


Data was daily VMT. Annual VMT was 365*daily VMT.
http://www.wsdot.wa.gov/mapsdata/tdo/annualmileage.htm


6,395,798 2006 WA state population
http://quickfacts.census.gov/qfd/states/53000.html


8839 vehicle miles per person per year
0.0506 gallon gasoline/mile


This is the weighted national average fuel efficiency for all cars and 2 axle, 4 wheel light trucks in 2005. This
includes pickup trucks, vans and SUVs. The 0.051 gallons/mile used here is the inverse of the more commonly
known term “miles/per gallon” (which is 19.75 for these cars and light trucks).
Transportation Energy Data Book. 26th Edition. 2006. Chapter 4: Light Vehicles and Characteristics. Calculations
based on weighted average MPG efficiency of cars and light trucks.
http://cta.ornl.gov/data/tedb26/Edition26_Chapter04.pdf
Note: This report states that in 2005, 92.3% of all highway VMT were driven by the above described vehicles.
http://cta.ornl.gov/data/tedb26/Spreadsheets/Table3_04.xls


24.3 lbs CO2e/gallon gasoline
The CO2 emissions estimates for gasoline and diesel include the extraction, transport, and refinement of petroleum
as well as their combustion.
Life-Cycle CO2 Emissions for Various New Vehicles. RENew Northfield.
Available: http://renewnorthfield.org/wpcontent/uploads/2006/04/CO2%20emissions.pdf
Note: This is a conservative estimate of emissions by fuel consumption because diesel fuel,


2205 with a emissions factor of 26.55 lbs CO2e/gallon was not estimated.
4.93 lbs/metric tonne


vehicle related GHG emissions (metric tonnes CO2e per person per year)
average lief span of buildings, estimated 
by replacement time method See Energy Emissions Worksheet for Calculations


Commercial floorspace per unit EIA, 2003 Commercial Buildings Energy Consumption Survey (National Average, 2003)
Table C3.  Consumption and Gross Energy Intensity for Sum of Major Fuels for Non-Mall Buildings, 2003
http://www.eia.doe.gov/emeu/cbecs/cbecs2003/detailed_tables_2003/2003set9/2003excel/c3.xls
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Date: November 16, 2009 
 


To: City of Black Diamond 
 


From: Susan Graham 
 


Subject: Black Diamond EIS 
Lawson Hills MPD 
Technical Peer Review 
EIS Element: ___________Air Quality 


 


cc: Project File 
 
 


Project Number: 217-3043-003 
 


Project Name: Lawson Hills and The Villages MPD EIS 
 


EIS ELEMENT:  Natural Environment - Air 


Original Documentation Prepared by:  ENVIRON      on:  11/20/2009 


PMX Peer Review Author: Susan Graham 


 


PEER REVIEW COMMENT SUMMARY 


This is to confirm receipt of additional technical materials regarding the Lawson Hills and Villages MPD 
EIS documents. 


The November 20th memo does not contain new information – it merely clarifies the earlier submissions 
of tabular data regarding cumulative air quality impacts, and points out a level of detail that was omitted 
from the EIS, due to its “reader friendly” style that summarized the technical data. 


Parametrix is adding this new memorandum to the project files for clarification purposes and for use in 
response to comments. 





