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APPENDIX A 
SCOPING PROCESS 

The agencies and CEE and EWEB have conducted an extensive scoping process for this 
project. The Newberry Geothermal Project is unique because it is a "pilot" project, selected 
by the Bonneville Power Administration to participate in a regional geothermal demonstration 
program. The Newberry Geothermal Pilot Project seeks to achieve an unprecedented level 
of public involvement by both the agencies and the project proponent in order to fully inform 
the public about the first commercial geothermal power generation project in Oregon. 

The first step in the scoping process was to publish in the Federal Register a Notice of Intent 
(NOI) to prepare an EIS for the proposed project. The NOI announced the approximate time 
and place for the scoping meetings. Specific information packets on the scoping meetings 
for the Newberry Geothermal Pilot Project EIS were mailed to government agencies, Native 
American tribes, and interested groups and individuals which were known or expected to have 
an interest in the proposed project. A total of 76 0 information packets were initially mailed. 
The meetings were also announced in an update which was mailed the third week of January 
1993, to the same agencies, tribes, groups, and individuals as above. 

Paid advertisements announcing the scoping meetings were placed in the following 
newspapers: The Eugene Register Guard, The Oregonian, The Bend Bulletin, The Sisters 
Nugget, The Bend View, and Frontier Advertising in LaPine. Press releases and media 
packages were sent to radio and television stations throughout the project region. 

All scoping meetings were conducted in an "open house" format. Representatives from the 
U.S. Forest Service, BPA, BLM, CEE, EWEB, and the EIS consultant were on hand to 
discuss the proposed project and answer questions. Displays describing the proposed project 
and the EIS process were also available. Public scoping meetings were held from 5 :00 p.m. 
to 8:00p.m. on the 9th, lOth, 16th, 17th, and 18th of February 1993 in Eugene, Portland, 
Sunriver, LaPine, and Bend, respectively. Agency scoping meetings were held on the lOth 
and 18th of February in Portland and Bend. The meeting locations were selected to provide 
an opportunity for local residents and users from other areas to participate in the process. 

Court reporters were present at all five public scoping meetings, and provided verbatim 
transcripts. Detailed notes were taken by the EIS consultant during the agency scoping 
meetings. The transcripts, notes, and all · written comments were reviewed and categorized 
as to general subject (such as air quality, visual resources, water quality, etc.). Copies of all 
original comments for each general subject were provided to the technical experts responsible 
for preparation of that part of the scoping report. Each expert reviewed and prepared a 
concise description of each issue, which in some cases resulted in combinations of several 
identical or similar comments. 
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A sununary of each -comment was entered into a Paradox database and given an individual 
identification number. Issues and mitigation measures identified by the various technical experts 
beyond the public and agency 'COnunents were identified. This material was compiled into a 
document called a Seeping Report (WCC 1993). 

CEE and EWEB Public Involvement Eft'orts 

The project proponents, CEE and EWEB, recognize that the public most -concerned about the 
de\lelopment is the Central Oregon comnmnity. As part of their project, CEE and EWEB have 
been 'COnducting a public involvement program to bring early recognition of comnnmity concerns 
surrounding development of geothermal energy at the proposed Newberry location. CEE and 
EWEB invited a broad range of local constituencies t� nominate individuals to ·serve on a 
1 S-member Central Oregon Geothennal Citizens Working Group (COOWG). 

The purpose of this citiZen's group is to assist the project sponsors in planning for an 
environmentally responsible geothennal facility. The project sponsors expect to hear · their 
independent ideas and perspectives, to develop a beuer understanding of the local perspective in 
seeking solutions to any potential 'COntlicts. The concerns and issues from the COGWG gr�up 
have been incorporated into the agencies' 'Scoping efforts. Their oortGems are inoluded in the 
Scoping Report. 

The CEFJEWEB public involvement program is designed to be an aedition to agency-spoosored 
public forums associated with the NEPA review. The COGWG meets <>nee per month to discuss 
various topics. The first six meetings were -based on an informational format to describe what the 
geothennal industry is and how it works. Several workshop-type 'Sessions were subsequently held 
to explore specific subjects and issues of ooncern, such as ha.zareous waste, hydrology, 
development -of the resource, air quality, and 'Cultural resouroes. 

The group sponsored two tours to existing geothermal field at The Geysers in California and 
several visits to the proposed sites at Newbeny. 

Scoping Issues 

The issues raised during seeping are addr-essed in the project seeping report and the executive 
summary of the seeping report. The major issues raised are sununarized in Chapter 1. 

DEIS Review and Comment Process 

A significant part of the EIS public involvement process is the Draft EIS review and comment 
period. The DEIS was mailed on January 21 - 26 to 42'S agencies, libraries, -organizati-ons and 
individuals for a 4'5-day review and romment period which oommerl'Ced on February 4, 1994 
when the Aotioe -of av_ailabiiity to review the DEIS was published in the Federal Register. 
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During this review period, a series of four open houses were held in Sun River, LaPine, and 
Bend on FebruaJY 22, 23, and 24 to further acquaint the public with the project and the DEIS 
and to give them audience with the three agencies' representatives and the project proponents. 
Copies of the DEIS and Executive SummaJY were available at these meetings and written 
comments were accepted. 

The review period concluded on April 18, 1994 and a total of 59 letters were received by the 
USFS, the lead agency, in response. The responses were generally favorable towards the 
project. The letters have been analyzed and categorized by specific individual comments, of 
which there were 586. The original letters and a more complete analysis of the comments 
with specific responses and categorization is available in the Comment Report, a separate 
document. For copies of this report, contact the USFS. 
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APPENDIX B 
AGENCIES/ORGANIZATIONS AND PERSONS CONSUL TED 
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Bend. City of Fire Department 
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Bend Chamber of Commerce 
Jackie French, Director of Tourism 

Bend-La Pine Public School District 
John Rexford, Auxiliary Services Manager 
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David McClain, Project Manager 

Central Oregon Economic Development Council !COEDC) 

Deschutes County 
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Deschutes County Assessors Office 
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Oregon Deeartment of Fish and Wildlife 
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A. WILDLIFE SURVEY METHODS 

APPENDIXC 
BIOLOGICAL SURVEY METHODS 

Prior to the initiation of the wildlife field work, an information review was conducted which 
included site specific wildlife species observations, seasonal wildlife use information, habitat 
characteristics, and potential significant habitats. Protocols for nest and habitat surveys were 
reviewed with regulatory agency personnel and representatives of the EIS author to assure 
acceptable data collection methods that would determine potential effects to suitable habitat 
and wildlife utilization. 

All wildlife studies for this project, except the herpetofauna surveys, were conducted in the 
area encompassing the drill pads and plant site and the two alternative transmission line area. 
The transmission line area was defined as 1 /2 mile wide with the line as the center. Both 
proposed lines surveyed were located near the 973 S Road and their survey areas overlapped 
for the entire length of the corridor. 

The following methods were used to achieve the main objectives of this wildlife resources 
study. 

Winter Wildlife Surveys 

Winter wildlife surveys were conducted on snowmobiles and by foot by two observers 011 
April 1 2  and 1 8, 1993. Surveys were conducted using the regional ODFW snow track survey 
methodology as a guideline. The surveys performed for this study differed only in survey 
routes searched and the number of times the surveys were done. Observers during this study 
did reconnaissance-level surveys (one survey day on each route) along edges of clear-cut areas 
as well as the major snowmobile routes. No portion of the routes were sampled twice. 

All wildlife tracks encountered were identified, if possible, and recorded on ODFW snow 
track survey forms. To reduce recording of duplicate tracks, observers followed all 
intercepted tracks a short distance off of the snowmobile routes to confirm the animal's travel 
direction. 

Determining Habitat Types 

During the information review period, the 1 991 ortho-photos and -quads and the 
corresponding infrared photos, obtained from the U.S. Forest Service and CEE, were used for 
the preliminary habitat cover typing. The study area was cover typed on the ortho-photos and 
then digitized with AutoCAD to create a base map. The cover typing was done primarily by 
dominant over-story vegetative species and stand structure. The base map was used in the 
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field to verify and describe the designated polygons and to assist in de�nnining areas of 
suitable habitat for species of concern. 

40-Acre Drill Pad Block Sunreys 

The U.S. Forest Service and ODFW required that intensive field surveys be completed on 40 
acres surrounding all drill pad locations and the plant site. Forty-acre blocks, -centered on the 
latitude and longitude of each pad and plant site, were overlaid on the cover type base map 
to assist in the field surveys. 

Drill pad locations were located in the field with the assistance of a Global Positioning 
System (GPS, Magellan Model M-105), topographical maps, and existing survey flagging and 
stakes. Intensive surveys were completed using three biologist spaced evenly along one side 
of the 40-acre block and walking parallel through the block. The GPS was used to determine 
when the observers were 118 mile from the center of the pad site which marked the beginning 
of the block. The center observer carried the GPS and announced when the <:enter of the pad 
block had been reached (Note: In many instances the pad site's center survey stake was 
intercepted). The observers continued through the block until the GPS indicated the observers 
were 1/8 mile past the center. The distance was sometimes paced by one of the observers 
when the GPS accuracy was deficient due to satellite position, topography, or canopy closure. 
Each observer was responsible for 13.3 acres and recorded detailed notes on specific habitat 
conditions, using ocular estimates, on their portion of the block. The observers completed 
the first three pad blocks walking throughout the block in a group to standardize the 
methodology and discuss the ocular estimates of the variables being estimated. After the 
survey was completed the observers discussed the habitat components within their portion of 
the block and then jointly completed a single data sheet that typified the entire block. 

Data collected at each of the 40-acre drill pad blocks: 

• field verification of habitat cover types 
• suitability of habitat for species of concern 
• locations of all caves and look for evidence of bat use 
• snag densities and size classes by cover type 
• canopy closure by cover type 
• the # of canopy layers by -cov.er type 
• average dbh, by layer, by cover type 
• · - · - dead/down -logs and root -wads for po�ntial mane a habitat by cover type 
• areas within pad locations that should be avoided when the 5-acre pads or 

roads are constructed 

Transmission Line Area Sunreys 

AU .habitat cover type polygons delinea� on the base map within the kansmission line -llfea 
were fleld surveyed. The same data information gathefed for pad site blocks wer-e estimated 
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for each of the polygons within the transmission line. Polygons that were determined to be 
similar in their habitat components were grouped together and descdbed. 

Determining Suitability of the Habitat for the Species of Concern 

The U.S. Forest Service required that the extent of the suitable reproductive habitat for 
species of concern be determined by aerial photo interpretation with· 25 percent ground 
truthing. Habitat suitability criteria was given by the U.S. Forest Service - Fort Rock district 
wildlife biologist during the information review (Becker, pers., comm., June 6, 1993). The 
following is a list of criteria used for determining suitability. 

Flammulated owl: 
Mixed conifer with white fir and lodgepole. 

• must be at least pole-sized timber 
• not pure hemlock stands 
• snags must be present and be >12" dbh 
• canopy can be clumpy distribution 
• stands can be as small as 5 acres 
• Note: Look at stands where flammulated owls were located in the U.S. Forest 

Service 1989/1990 owl surveys 
• Note: Since the surveys were completed, new information indicates that 

flammulated owls will use ponderosa pine. Additional surveys would be 
required in 1994 to survey this cover type. 

N orthem GOshawk: 
Any tree species mix, including pure lodgepole. 

• at least some of the trees must be > 12" dbh and 40 ft tall to provide potential 
nest trees 

• canopy closure must be >50% 

Great gray owl: 
Mostly the same habitat as flammulated owl; pole-sized mixed conifer and/or lodgepole stands 
if >12" dbh. 

Three-toed woocmecker: 
Mainly lodgepole stands but some mixed conifer if a lodgepole component is present. 

• . no stand size-limit and includes clearcuts if.at least 2 snags per acre are present 

Pacific western big-eared bat: 
Concerned with the presence of caves. If caves are located, record: 

• location and size 
• if it has full-dark zones 
• if there is evidence of use (e.g., droppings or insect parts) 
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American marten: 
Mostly mature and old growth stands of mixed conifer. 

• At least SO% canopy closure 
• pr-esence of some large diameter snags 
• abundant downed log component, preferably lar.ger diameter and with root 

wads 

Herpetofauna Surveys 

A field reconnaissance was conducted on 1 7 June 1993 between 0900 and 1700 hours by two 
people under warm (daytime air temperature high of 23° Centigrade or 73° Fahrenheit), sunny 
conditions. Based on the heavy winter precipitation during 1992-93, the survey date and 
conditions were considered ideal for detecting amphibians and reptiles within the surv-ey area. 
This date fell within the anticipated reproductive interval for most of the amphibians and 
reptiles that occur in this elevational range. 

Survey routes were established at: ( 1) the area north of Paulina Creek just below the 1830 m 
(6000 feet) contour northward through the north half of Section 33, the west half of Section 
28, and the southwest quarter of Section 21 (T21S, R12E); (2) a 0.5 km (0.3 miles) reach of 
Paulina Creek from 1.5 km (0.9 miles) below Paulina Creek Falls in an upstream direction; 
(3) Paulina Creek from just above Paulina Creek Falls to the outflow of Paulina Lake;\ 4) the 
edge of Paulina Lake just north of its outflow into Paulina Creek northward to a point along 
the lakeshore 0.5 km north of Paulina Creek Campground; (5) the edge of Paulina Lake south 
and-east of its outflow in Paulina Creek to a point along the lakeshore 1.0 km (0.6 mile) east 
of Paulina Creek Campground; (6) Lost Lake; (7) Paulina Creek at its intersection with 
Paulina Creek Road (at Horse Camp Trailhead); and (8) Paulina Creek at its intersection with 
Newberry Road. 

All aquatic sites were sampled with the aid of a kick net. Stillwater areas having submergent 
or low emergent vegetation were examined for larval amphibians by systematically sweeping 
through the vegetated edge at intervals. In stream areas, the kick net was used as a Surber 
sample; one individual placed the net as flush to the bottom as possible, while the other 
person rubbed individual rocks together upstream. Drifting organisms were then caught in 
the net. 

The count, species, and life history stage were recorded for all observed amphibians and 
reptiles. Additional data, such as reproductiv-e condition. or food items (removed from -snakes 
by palpation), were also recorded where¥er these might assist interpretation of onsite 
conditions. Key structural and vegetative features of each site were also recorded. 
Miscellaneous observations of other organisms utilizing the same habitats as amphibians and 
t"-eptiles were also not-ed. 

Databases for museum collections with material from the region wer-e -examined for the most 
proximate records of various sensitiv-e amphibian and -reptile species. Databases -examined 
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were for collections at: California Academy of Sciences (CAS); Museum of Vertebrate 
Zoology at Berkeley (MVZ); Oregon State University (OSU); Portland State University 
(PSU); United States National Museum, Washington (USNM); University of Kansas (UK); 
and University of Michigan (UMMZ). Local Oregon Department of Fish and Wildlife 
(ODFW) biologists, Chris Carey and Walt Weber; an archeological volunteer in the Newberry 
National Monument work, June Tilman; Maurita Smyth, an environmental consultant; and 
wee biologists provided key details about sensitive species records for the region, fish 
plantings, and features of the Paulina Lake/Creek system. John Paul Leeming assisted with 
field surveys. 

Species of Concern Calling Surveys 

Wildlife calling stations were determined in the field during the third and fourth field visits 
(June 6 and 19, 1993) and were located in areas that contained at least some habitat 
components suitable for reproductive habitat for the three species being surveyed for •• 

northern goshawk, great gray owl and flammulated owl. All calling stations were located on 
U.S. Forest Service roads within the study area Calling techniques for the three species 
followed the general guidelines of the modified Region 6 Spotted Owl Inventory and 
Monitoring Handbook (1989 Barss). Calling was not done if it was raining or if the wind 
speed was greater than 1 5 mph. 

Surveys for goshawk were conducted on July 3-5, and 17, 1993 during the daylight between 
0800 - 1830 hrs. A goshawk tape (Sullivan Recordings, Ashland, OR) of "alarm" and 
"wailing" calls were broadcast alternately with a Johnny Steward Wildlife Caller. Calling was 
done at each station for 5 to 1 0 minutes and all responses were recorded. 

Owl surveys were conducted on July 2, 15-18, and 28, 1993 after dark between 2300 - 0300 
hrs. Due to surveying conditions, calling was only conducted at station 2 on July 2, 1993. 
Only flammulated owls were surveyed for on July 15 and 16, 1993. The National 
Geographic Birds of the Western United States calls of the flammulated and great gray owls 
were re-recorded repetitively. The tape was broadcasted on a Johnny Steward Wildlife Caller. 
Although it was likely to be too late for calling to locate great gray owl nest sites, calling was 
done anyway. Calling was done at each station for 5 to 1 0 minutes and all responses were 
recorded. 

· 

Wildlife Sigbtings 

A standardi:red survey for a wildlife species account was not conducted for this study. All 
wildlife or their recognizable sign was documented during field activities to gather a species 
account by cover type for the project site. Areas in the project study area where big game 
were frequently sighted or areas of high use were noted. Observations of any species of 
concern were recorded on the base map. 
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Two spotlight surveys were conducted while travelling between owl calling stations in July 
1993. All species observ� within the study area during the spotlighting were r-ecorded. 

B. SENSITIVE PLANTS SURVEY METHOD 

The field survey for Threatened, Endangered and Sensitive (TES) plant species was designed 
to confirm any previous sensitive plant sightings and to detect new occurreooes within the 
proposed project area The a��ea was surveyed for TES species on the current Regional 
Forester's sensitive species list (FSM 2670.44, R-egion 6, Interim Directive No. 90-1), March 
1991) which are documented or suspected to occur within the Deschutes National For-est. 

Prior to the field survey, a Pre-Field Review was prepar-ed by personnel at the Fort Rock 
Ranger District, Deschutes National Forest. The Review determined what TES species could 
potentially occur within the proposed project area 

Approximately 496 hectares (1,226 acres) within the proposed project ar-ea were survey-ed in 
addition to two 7.2-km (4.5-mile) linear corridors along proposed transmission lines. All 
survey routes were marked on USGS 7.5-minute quadrangle maps during the course of the 
survey and subsequently submitted to the U.S. Forest Service personnel for review. A 
Sensitive Plant Survey Record for Deschutes National For-est was completed for every area 
unit surveyed. The "random meander" technique was used within the proposed project area, 
whereby plant associations were noted and areas located in habitat more likely to support TES 
species were surveyed more intensely to the perimeters of the habitat type. For surveying the 
proposed transmission line areas, compass direction was used. 

Every plant encountered was identified in order to make a complete list of vascular plant 
species in the project area Sensitive plant sighting forms were completed for .each sensitive 
plant population encountered. Photographs were taken to document sensitive plant 
occurrences. 
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APPENDIX D 
ARCHAEOLOGICAL SURVEY METHODS 

As part of the initial information gathering process, the cultural resources records of the 
following agencies were reviewed by personnel from Far Western Anthropological Research 
Group (Far Western) for known cultural resources sites and surveys within the study area and 
for a one mile area surrounding the study area perimeter: 

• Fort Rock Ranger District, Deschutes National Forest 
• Prineville District Office, Bureau of Land Management 
• Oregon State Office of Historic Preservation 

The results of the records search revealed that several cultural resources surveys have been 
conducted entirely or partially within the study area. These surveys were performed as 
investigations for a variety of activities including timber sales, geothermal development and 

. natural gas pipeline construction. The nature and extent of these surveys with reference to 
the proposed project is discussed below. Based on guidance from cultural resources personnel 
with the Fort Rock Ranger District of the Deschutes National Forest, 492 hectares (1,215 
acres) were identified within the study area for an intensive (Class III) pedestrian cultural 
resources survey. The results of this inventory, performed by Far Western, are provided in 
a Cultural Resources Technical Report (Gilreath and Wohlgemuth 1993) on file with the 
Deschutes National Forest. 
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Air Quality Regulations 

APPENDIX E 
AIR QUALITY REGULATORY REVIEW 

Ambient air quality standards have been set by the U.S. EPA under the Federal Clean Air Act 
(1990) and by the state of Oregon DEQ. For sources that emit significant levels of pollutants 
into the air, a permit is required and all applicable emission and air quality standards must 
be met. The type of permit required for a new source depends on the amounts and types of 
pollutants emitted. 

The Federal Clean Air Act is designed to protect human health and welfare from air pollution. 
National Ambient Air Quality Standards (NAAQS) are defined in the Clean Air Act as levels 
of pollutants above which detrimental effects on human health or welfare may result. 
NAAQS have been. established for the following air pollutants: 

• Particulate matter (PM10) 
• Sulfur dioxide (S02) 
• Nitrogen dioxide (N02) 
• Ozone (03) 
• Carbon monoxide (CO) 
• Lead (Pb) 

Most of Oregon's ambient air standards are the same as the Federal ambient air standards, 
except for (1) total suspended particulates, which was dropped as a Federal criteria pollutant 
in 1987 but was retained by Oregon, and (2) sulfur dioxide, which has stricter standards for 
annual mean and 24-hour average in Oregon. 

The basic permit required for air emissions in Oregon is called an Air Contaminant Discharge 
Permit. Other permits and rules that may apply to this project include Notice of Construction 
and Approval of Plans (OAR340-20-202), Emission Standards for Hazardous Air 
Contaminants (OAR 340-20-450), Highest and Best Practicable Treatment and Control (OAR 
340-20-001), and Standards of Performance for New Stationary Sources (OAR 340-25-505). 
Applicability to this project would be determined by DEQ after an application has been 
submitted by CEE. 

Another provision of the Clean Air Act and Oregon regulations is Prevention of Significant 
Deterioration or PSD. The premise behind the PSD provisio� is to prevent areas that 
currently have clean air from being polluted to the maximum extent allowed by the NAAQS. 
Three air quality classes were established, Class I, Class II, and Class III. Class I areas are 
subject to the highest restrictions on how much additional pollution (usually called an 
"increment'') can be added to the air. All remaining areas of the U.S. are designated Class II 
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areas, where somewhat greater degradation is allowed, although never exceeding NAAQS. 
There are no Class III areas in the U.S. 

Emissions criteria m;ed to determine PSD permit applicability vary depending on the type of 
facility. Generally, a PSD review is not required for facilities that emit less than 250 tons 
per year of a regulated pollutant. The PSD criterion is 100 tons per year for a speci1ic list 
of source types that are not expected to be included in CEE's plans. Anticipated daily and 
annual emission values have been evaluated for the proposed project and are based upon data 
available for similar geothermal resources. These levels are below that which would require 
a PSD permit. This determination would be -confirmed by DEQ based on actual emissions 
data to be supplied by the applicant. Thus, the project is not expected to require a PSD 
permit (see Table 3.8.1-1). 

Hazardous air pollutants and criteria pollutants are regulated by EPA and DEQ according to 
the Clean Air Act and are summarized in Table 3.2.6-1. Hazardous air pollutants are one of 
any 189 listed air pollutants determined to be hazardous to human health by the EPA. Major 
sources which emit hazardous air pollutants are subject to certain emission and control 
standards and restrictions. Those hazardous air pollutants that could be relevant to this project 
include: antimony{Sb), arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt 
{Co), manganese (Mn), mercury (Hg), nickel (Ni), selenium (Se), lead (Pb), and radon-222 
(Rn222). If any of the hazardous air pollutants are emitted by the project in signifi-cant 
amounts, a permit under Title V of the Clean Air Act Amendments of 1990 would be 
applicable. Anticipated levels of hazardous air pollutant-emissions based upon data available 
for similar geothermal resources have been evaluated. These estimates are well below current 
levels which would trigger a Title V Permit or Title III compliance under the Clean Air Act. 
The actual amounts and types of air emissions cannot be fully determined until the wells have 
begun operating and specific data is available. Applicability of hazardous air pollutant 
requirements will be confirmed later by DEQ as the requirements develop and emissions data 
become available for the project. DEQ has the authority to require a source to demonstrate 
that "highest and best practicable" emission controls are being used, whether or not they are 
subject to toxic air pollutant controls. If Signifi-cant Emission Rates (SERs) are ex�eeded, 
DEQ would perform a control technology review and health -effect assessment. 
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APPENDIX F-1 
BACKGROUND CONCENTRATION OF AIR POLLUTANTS AND VISIBILITY 

AT THE NEWBERRY CRATER SITE 

Prepared by Science Applications International Corporation 
(SAIC) for CEE, October 1993 
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1. Background Concentration of Air Pollutants and Visibllity at 
the Newberry Crater Site 

The CE Exploration Company's Newberry Geothermal Pilot Project site is located in the Deschutes 
National Forest in Deschutes County approximately 32 km south of Bend. It is within 1700 meters of the 
Newberry Crater National Volcanic Monument at its nearest boundary, and is 43.5 km from the 1bree 
Sisters Wilderness (the nearest Oass I area). Deschutes County is located on the eastern slopes of the 
Cascade mountain range and extends into the high desert Much of the land is managed either by the 
Bureau of Land Management or the National Forest Service for forest product, rangeland, or recreational 
uses. The area is by all definitions rural, with the possible exceptions of Bend and Redmond 
(approximately 32 km and 60 km nonh of the site, respectively). The principal existing sources of 
baseline air pollution near the site are wind-blown or road dust and infrequent slash burning events. The 
Oregon Department of Environmental Quality has tabulated emission inventory data by county (reference 
1). Consistent with its rural setting, Deschutes County is responsible for only approximately 2 to 3% of 
Oregon's total traditional air pollutant emissions (Table 1). 
Mean background concentrations of (1) federal aiteria pollutants, (2) relevant hazardous air pollutants 
(HAP) as defined by title lli of the Clean Air Act Amendments of 1990, and (3) other miscellaneous 
pollutants which are associated with the geothermal industry were estimated. The federal aiteria 
pollutants are particles with aerodynamic diameters less than 10 microns (PM1o), sulfur dioxide (SO�. 
carbon monoxide (CO), ozone (03), nitrogen dioxide (NOJ, and lead (Pb). The relevant HAP are 
antimony (Sb), arsenic (As), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt (Co), manganese {Mn), 
mercury (Hg), nickel (Ni), selenium (Se),lead (Pb), and radon-222 f22Rn). The miscellaneous pollutants 
which were taken into consideration are boron (B), hydrogen sulfide (H,S), ammonia (NHJ, volatile 
organic compounds (VOC), and total suspended particles (TSP). Hydrogen sulfide is the principal air 
pollutant associated with the geothermal industry, in large part due to its low olfactory threshold (3.9 ppb 
or S.S j.ig/m

3
, reference 2). Boron, ammonia, and volatile organic compounds are associated to a lesser 

degree with the geothermal industry and were included for that reason. In addition, VOC is responsible 
in part for atmospheric ozone production and may as a category contain organic HAP. The State of 
Oregon maintains a TSP standard and the prevention of significant deterioration (PSD) ioaements for 
particles are in terms of TSP, hence an estimate of TSP background was made. 

Mean background levels of PM10o SO,, and Pb were estimated from Crater Lake monitoring data for the 
July 1991 to June 1992 time period (reference 3). Ozone estimates for the Three Sisters Wilderness area 

have been made by the National Forest Service (reference 4). Unpolluted background levels typical of 
the western United States were used for the CO, N�. H2S, NH3, and VOC values. Soil gas measurements 
have been made for Hg and 222Jtn as part of the geothermal exploration that has been conducted in the 
Newberry Crater area (references S and 6). It should be noted that neither the Hg or 222Jtn soil gas values 
were very high as compared to typical soil values. (Hg values averaged about 2.S times higher than the 
mean and 222Rn values were about 0.6 lower.) From the soil estimates, typical atmospberlc Hg and 222Jm 
(references 7 and 8) were scaled to provide an estimated atmospheric value for the Newberry Crater area. 
Except for Pb and Hg, -the aunospheric concentrations of the other HAP metals and boron will be 
primarily controlled by the amount of dust in the air. (Even in a rural airshed the primary source of Pb 
is vehicular exhaust from vehicles using leaded gasoline, and mercury vapor emanating from subsurface 
geothennal features will be more significant than mercury contained in son pa..-ticles). Since the 
predominant soil type in the project area is composed of 75ro.year-old Mazama ash (references 5 8Dd 9) 
with an estimated 2% organic fraction (references 9 and 10), dacitic volcanic ash compositional data 
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Table 1 Air Pollutant Emissions in Deschutes Countyl 

Area 

Deschutes County 

Oregon Total 

% Deschutes County of 
Total Oregon 

1 Tons per year 

PM to 

5443 

200,726 

2.7% 

SOx NOx co 
1340 48 15  45,283 

69,995 213, 1 89 1 ,537,526 

1 .9% 2.2% 2.9% 

F-2 

voc 
6089 

2 19,639 

2.8% 

I 

I 

I 

I 

I 

I 

i 1-F 
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(references 1 1- 13) combined with the soil fraction of PM10 that could be estimated from Crater Lake 

monitoring data allowed for the calculation of averaae Sb, As, Be, Cd. Cr, Co, Mn, Ni, Se, and B 
atmospheric levels. Average TSP levels were estimated from the Crater Lake PMlO monitoring data and 
the size distribution typical of soil (references 14 and 15). 

Estimated mean background levels for each pollutant, along with the relevant standards, acceptable 
ambient levels (AAL} and PSD incremental values are provided in Table 2. Standards and AAL are 
provided for comparison purpose with background and predicted impact values. AcceJUble ambient levels 
were calculated for those pollutants for which appropriate federal or state standards were not available. 
AAL values were calculated from occupational exposure levels by the method desaibed in reference 16 
and noted by footnote in Table 2. 

It has been observed that short-term impacts from slash burning have created fine particulate levels in the 
20 J,lg/m3 range in the region (reference 1 1) and particulate levels in excess of the 24-bour PM10 and TSP 
standards can be expected adjacent to dirt roads during the months of July through September throughout 
eastern Oregon. The particulate material from slash burning wlll contain about 90% organic compounds, 
10% elemental carbon, and traces of geological material. In regard to �. it has been noted that the odor 
of H2S is occasionally detectable near the fumaroles near the Big Obsidian Flow. The SO% olfactory 
threshold for H2S is S.S J,lg/m3 (3.9 ppb) (reference 2). 

Considerable visibility monitoring has been conducted in the Cascade wilderness areas and at Crater Lake 
National Park (references 1, 17, and 18). Most relevant to the Newberry Crater area is data for the lbree 
Sisters Wilderness (Huckleberry Mountain). Table 3 illustrates the historic visual range data for the 1bree 
Sisters Wilderness site. As can be seen from the data in Table 3, the 90th percentile value for the time 
period 1986 through 1990 averaged 254 km. The 90th percentile value is used both in the visibility 
modeling and the quantitative determination as to if there is "any humanly perceptible impairment of 
visibility" as specified in section 169A of the Oean Air Act. 
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PoUuaant 

Particles less lhan 
10 ... 

Sulfur dioxide 

Carbon monoxide 

Ozone 
Nitrogen dioxide 

Lead 
Andmooy 
Atsenic 

BetyUium 
Cadl'nium 

Chromium 

Cobalt 

Manganese 

Mercuty 
Nickel 

Selenium 
. 

Table 2. Background Air Pollutant Levels, Standards, Acceptable Ambient Levels, and PSD Increments 

Chemical 
SymbOl or Category 

Abbreviation 

PM,o Criteria 

sol Criteria 

co Criteria 

0, Criteria 

N0
2 

Criteria 

Pb Criteria and HAP 

Sb HAP 

As HAP 

8e HAP 

Cd HAP 

Cr HAP 

Co HAP 

Mn HAP 

Hg HAP 

Ni HAP 
Se HAP 

-------�-----

Estimated Mean 
Background Coaoenttalion 

9.45 fJI/m' 

0.457 JJglm' 
(1.75 )( to-' ppm) 

0.1 ppm 

0.025-0.030 pptft10 
0.001 ppm 
1.2 x 1 O"' fl&/m' 

<9 x l<t7 fl&lm' 
6 x I 04 fJI!m.' 
6 x I 04 fJtlrn' 
<4 )( l<t7 fJI/tn' 
2 x 104 fJI/m' 
7 )( 10"' Jllfm' 

2 x I 0"' IJ!/rfl' 
0.01 Jllfm' 

2 )( l O"' fJI/ftl' 
<4 x 104 fl&lm' 

. 

SIMdards or AAL and PSD Increments 

50 Jlg!m' annual' 
150 IJg/m' 24-llourl 

0.03 ppm annual' 
0.14 ppm 24-bour' 
0.5 ppm 3-bour1 
2 JJg�m' Class I, annual incremenr 
5 JJg�m' Class I, 24-bour mu..l 
25 IJg/m' Class I, 3-bour mu..l 
20 1J81m' Class II, annual inc.r.2 
91 IJg/m' Class II, 24-bour max.2 
5121J81m' Class II, 3-bour max.2 

9 ppm 8-bour1 
35 ppm 1-hour' 

0.12 ppm l-bour1 

0.053 ppm annual' 

1.5 �Jg/rn' oaJendar Qtaarter I 
1.7 J.llhn' AAL' 
0.7 Nlm' AAL' 
0.007 fAg/m' AAI} 
0.033 fAg/m' AAL' 
1.7 Nlm' AAL' 
0.17 J.llhn' AAL' 
17 JAglm' AAL' 
0.17 f.lghn' AAL,. 
3.3 Nfm' AAL' 
4 ...,..., i.AL' 

References Used 
in Background 

Estimarcs 

3 

3 

19 

4 

19 

3 

9, 10, II 

9, 10, II 

9, 10, II 

9, 10, II 

9, 10, II 

9, 10, 13 

9, 10, II 

5, 7 

9, 10, 12 

9, 10, II 

�-�---�-�---�-�-�--
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Table 2. Background Air Pollutant Levels, Standards, Acceptable Ambient Levels, and PSD Increments (continued) 

Chemical 
PoUutant Symbol or 

Abbreviation 

Radon-222 222Jbt. 

B()r()ft B 

Hydrogen sulfide �s 

Ammonia NH, 
Volatile organic voc 
oompounds 

Total suspended TSP 
pawticles 

1. Federal standard. 

Estimated Mean Category Background Concenttation 

HAP 0.13 pCi/1 

Geotbennal pollu&ant 7 X 1()"5 J.lg/m3 

Geotbennal polluaant 0.2 ppb (0.28 J.lg/m3) 

Geotbennal pollulallt 0.01 ppin 
�y HAPSarc 200ppb 
VOC- &: 03-
producing 

Oregon Slilte air 13.1 J.l3/m3 
pollutant and PSD 
iDcremcObil panllleta" 

2. OAR 340-31-110, annual TSP is geometric mean, annual S0
2 

in arithmetic mean. 

References Used 
SlaO<Iards or AAL and PSD Increments in Background 

Estimates 

4 pCi/15 6. 8 
33 J.lg/m3 AAL3" 9, 10, 13 

30 ppb' 20 
(41.7 J.l3/m3) 

3.1 ppm1 19 

NA 19 

60 J.lg/m3 .-nual geometric mean9 3 
150 J.lg/m3 24-bour' 
5 pg/m3 Class I, annual ina-emetar 
10 J.lg/m3 Class I, 24-bo..- max.2 
19 J.lg/m3, Class n, •nual incremenr 
37 JJg�m' Class n. 24-bour ow..2 

3. Aa:eptable ambient le�ls (AAL ) • Oa:upational lbresbold Limit Values (1L V) for time-weighted averages (IW A) for an 8-bour workday and a 
4()..bour wort weet divided by 300, i.e., AAL = nvTWi300 

4. Mercury vapor Slalldanl. 
5. Federal indoor air standanl. 
6. 8()r()ft oxide. 
7. California 1-bour standarcl. 
8. Alaska 1-bour standa'd. 
9. Oregon stanciR. 
10. M ay through October, hourly avera&e, Tbree Sistas. 



Table 3. Standard Visual Range, Three Sisters Wilderness Area1 

Year 
Number of 

1Oth Percentile '50th Percentile 90th Percentile 
Obs. 

1986 785 90 163 295 

1987 287 97 157 254 

1988 276 95 176 247 

1989 214 78 137 228 

1990 269 82 142 248 

1 .  Huckleberry Mountain; values are in kilometers; summer and fall months only. 
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EVALUATION OF ATMOSPHERIC CONCENTRATIONS OF POLLUTANTS 

ORIGINATING FROM THE PROPOSED GEOTHERMAL DEVELOPMENT 
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The Evaluation�of Atmospheric Concentrations 
of Pollutants Originating from 

the Proposed Geothermal Developmen� 

The impacts of air pollutants were assessed by estimating emission factors from geothermal activities in 
areas with similar resources as Newberry Crater and conducting dispersion modeling with EPA guideline 
models; Meteorological data collected at the proposed CE Exploration Newberry Crater geothermal site 
were used for the modeling. Baseline concentrations of pollutants were estimated from l iterature reports 
of monitoring at Crater Lake National Park, from typical western atmospheric background levels or from 
geological related reports on soil mercury, radon emanation and regional soil chemistry. (Baseline 
concentrations of air pollutants and a detailed discussion on the methods used to estimate their levels have 
been provided in a companion document.) Total atmospheric concentrations were estimated by adding 
the worst-case impact values to typical baseline concentrations. In all cases the sum of the worst-case 
impact values and the typical baseline values were well below applicable standards or threshold levels. 
Two plant operational scenarios were modeled and it was found that the worst-case upset condition (with 
unabated emissions) had the highest impacts for all pollutants, at the two nearest class I and class II 
receptor points considered in this study. 

A complete description of the dispersion modeling approach used along with a discussion on the 
meteorological data base and geothermal exploration, development and power plant operation scenarios 
have been provided in another companion document for hydrogen sulfide (H2S) impact assessment. (The 
hydrogen sulfide impact analysis was done separately due to the fact that hydrogen sulfide has historically 
been the single major air quality issue associated with the geothermal industry.) 

The impact of pollutants other than hydrogen sulfide were determined either by using the results of the 
previous HzS modeling in the case of S� or by running two new sets of models. The COMPLEX- 1 
model was used to predict impacts in each case. The use of a complex terrain model was required since 
the nearest class II receptor (the nearest Newberry Crater National Volcanic Monument boundary) and 
the nearest class I receptor (the nearest Three S isters Wilderness boundary) are located at elevations 
higher than the project site. A map provided in this report shows the location of all sensitive receptors 
used in the previous and present modeling including the nearest Newberry National Volcanic Monument 
boundary (receptor No. 1 8) and the nearest Three Sisters Wilderness Class I boundary (receptor No. 16) .  
Note that these two receptor points are labelled MONUMENT {rank 9) and CLASS 1 N  (rank 8), 
respectively, in the model output printouts given in the appendices. The reference on the map to Table 
4 corresponds to the companion report describing hydrogen sulfide impacts from the proposed geothermal 
plant. 

The new modeling was conducted for two classes of pollutants: those that are predominately in the 
particulate phase and those that are predominately in the gas phase and are unaffected by the HzS control 
equipment. Appendix A gives the modeling computer printout for the former class (as illustrated by TSP 
modeling) and Appendix B gives the modeling computer printout for the latter class (as illustrated by 
NH3). The previous modeling results for H2S were used, with adjustment for the change in molecular 
weight, for S02 impacts as it was assumed for worst-case scenario that all of the H2S emitted was 
instantaneously converted to S02 in the atmosphere after it left the stacks or silencers. S ince the 
distribution of all other pollutants between the various point sources (wellhead silencer, cooling tower, 
sulferox vessel and plant silencer) is similar to either NH3 or TSP, their impact at receptor points was 
directly calculated by using the ratio of their emission rate to that of one of these two pollutants . 
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The modeling was performed for both the normal operation (plant normal operation including�missions 
from a cooling tower, a sulferox vessel and two wells being fully vented through wellhead silencers), and 
the worst-case upset .condition (including emissions from six wells being fully vented through the plant 
silencer and two wells being fully vented through wetlhead silencers). Pot both classes of pollutants, 
discussed above, it was found that the worst-case upset scenario had the highest impact at receptor points. 
In this study, we retained impacts from the worst-case upset condition (referred to as case 4 at 0-hour 
in the pr-eviously prepared documents). It should be emphasized that this is a rare event. Records form 
a similar CE Exploration geothermal facility in California shows that unabated upset conditions occurred 
for an hour or less only 12 times over a six month period. In addition well venting will not be conducted 
during periods of inclement weather and deep snow cover. 

The results of the calculation of emission factors for all criteria pollutants, hazardous air pollutants (HAP) 
that are reasonably associated with geothermal emissions as well as miscellaneous pollutants often 
identified with geothermal emissions are provided in Table 1 .  The emissions of carbon monoxide, ozone 
and nitrogen dioxide at geothermal facil ities are negligible as compared to standards and deleterious 
environmental levels and due to that fact no estimates of emission factors associated with the geothermal 
industry -could be found in the literature for them and hence their impacts were not mod.eU.ed. As 
previously noted the S02 emission factor was based on the emission of H� . It was simply assumed for 
the worst-case scenario that all H2S was instantaneously converted to S02 at the point of entry into the 
atmosphere. In actuality, the typical lifetime of H2S in the atmosphere before it is -convert� to S� is 
4 days. To provide worst-case conservative values when the emissions factors for PM10 and TSP were 
estimated it was assumed that all particulate emissions were either in the PM10 or TSP size -categories, 
respectively, for use when the modeling was done for either pollutant. The emission factors for the 
remaining pollutants were either estimated from Medicine Lake or COSO geothermal chemical data or 
actual air pollutant measurements in a geothermal cooling tower plume (reference 1) .  

The predicted impacts, baseline concentrations and total atmospheric concentrations (the sum of impacts 
plus baseline) are contrasted to relevant standards or acceptable ambient levels (AAL) in Table 2) and 
to class I and class II prevention of significant deterioration (PSD) incr-ements Table 3. In all cases the 
predicted ambient concentrations are well below standards ,  AAL or PSD increments. As previously 
noted, the nearest sensitive receptor (also class II receptor) was -considered to be the nearest monument 
boundary to the proposed plant site ( 1 .  7 km from site) and the near-est <:lass I receptor was the near�t 
Three Sisters Wilderness boundary (43.5 km from the site). 
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Pollutant 

Particles < t () p. 

Sulfur dioxide 

Carbon monoxide 

Ozone 

Nitrogen dioxide 

Lead 

Antimony 

Arsenic 

Beryll ium 

Cadmium 

Chromium 

Cobalt 

Manganese 

Mercury 

Nickel 

Selenium 

Radon-222 

Boron 

Ammonia 

Volati le Organic 
Compounds 

Total Suspended 
Part icles 

_. . I • 

-
.. .. 

-

Chemical Symbol 
or Abbreviation 

PM10 

S02 

co 
0

3 

N02 

Pb 

Sb 

As 

Be 

Cd 

Cr 

Co 

Mn 

Hg 

Ni 

Se 

222kn 

B 

NH
3 

voc 

TSP 

. .  

Table t .  Air Pollutant Emission Factors 

Well through 
Silencer (g/sec) 

3.9 X 10·2 

6.64 X tQ·I 

trace 

trace 

trace 

9.35 X 10·7 

1 .52 X t()-6 

7. t4 X tQ-7 

8.56 X tQ-7 

9.35 X lQ·l 
< 9.0 X lQ·I 

< 9.0 X lQ·I 

< 9.0 X lQ·I 

t .7 X 1()·5 

< 9.(} X l()·l 

1 .3 X t0-6 

2.7 X lQ·IO 
Ci/sec* 

1 .4 X t0-4 

2.7 t X tQ-3 

4.44 X t()-7 

3.9 X 1()·2 

Sulferox Cooling Tower 
(g/sec) (g/sec) 

5 X tQ-4 5 X J0·3 

9.49 X 10"3 3.09 X 10"2 

trace trace 

trace trace 

trace trace 

l . t9 x tO·• l . t9 X JO·l 

1 .95 X t0"1 1 .95 X 10·7 

9. t5 X 10·9 9. t5  X tQ-1 

1 .09 X tQ-1 1 .09 X 10·7 

t . t9 x w·• l . t9 X 10"7 

< l . t  X J0·9 < l . t x tO·• 

< l . t x l0·9 < l . t  X tO·I 

< l . t x t()-9 < l . t x tO·• 

9 X t0"5 t X J0·5 

< l . t  X tQ-9 < l . t x tO·• 

1 .7 X l()·l 1 .7 X l()·l 
1 .4 X 10·9 t .6 X t0_to 
Ci/sec* Ci/sec* 

1 .9 X t()-6 1 .9 X J0·5 

1 .4 X 1()·2 1 .6 X tQ-3 

2.46 X t()-6 2.67 X JO·l 

5 X t()-4 5 X 1()·3 

- - - - 6 .. ... - - -

Comments 

Assumes al l particulate emissions are PM10 

Assumes all H� converted to S02 

Insignificant CO emissions 

Insignificant 03 emissions 

Insignificant NOll: emissions 

Medicine Lake data & reference t 

COSO data 

Medicine Lake data 

Medicine Lake data and crustal ratios (reference 2) 

Medicine Lake data and reference t 

Medicine Lake data and reference t 

Medicine Lake data and reference t 

Medicine Lake data and reference t 

COSO data (reference 3) 

Medicine Lake data and reference t 

COSO data 

Medicine Lake data 

Medicine Lake data 

COSO data 

Medicine Lake data 

Assumes all particulate emission are TSP 

1-- - ... - ·-' I - -
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Table 2 .  Highest model predicted hourly impacts and total concentrations at the Newberry Crater Monument boundary for worst-case scenario 
(Case-4, unabated emissions) 

Chemical Highest 
Estimated Total Hourly 

Pollutant Symbol or Hourly 
Mean Concentration 

Standards or AAL 
Baseline (unless otherwise 

Abbreviatiotl Impact 
Concentration noted) 

Particles less than PM 10 6. 19 p.g/m3 9.45 p.g/m3 1 - hr: 15.64 p.g/m' 
10 p. 24-hr: 10.09 p.g/m' 150 p.g/m3 24-hour' 

Annual 9.52 p.g/m3 50 p.g/� annual' 

Sulfur dioxide so1 130.0 p.g/m3 0.457 p.g/m3 1-hr: 130.46 p.g/� 
(0.05 ppm)

1 ( 1 .75 X IQ-4 (0.05 ppm) 
ppm) 3-hr: 87 p.g/� 

(0.03 ppm) 0.5 ppm 3-hour1 
24-hr: 14 p.g/m' 
(.005 ppm) 0. 14 ppm 24-hour1 

Annual: 1 .4 p.g/m3 
(.0005 ppm) 0.03 ppm annual' 

Carbon monoxide co Trace 0. 1 ppm 0. 1 ppm 35 ppm 1 -hour 
9 ppm 8-hour1 

Ozone 0, Trace 0.025-0.030 0.03 ppm 0. 12 ppm 1-hour1 

ppm•• 

Nitrogen dioxide N01 Trace 0.001 ppm 0.001 ppm 0.053 ppm annual' 

Lead Pb < 0.01 p.g/� 1 .2 x to·' < o.ot p.g/rrr 1 .5 p.g/m3 calendar quarter 1 

p.g/m3 
. 

Antimony Sb < 0.01  p.g/m' <9 x to·, < o.ot p.glrrr I. 7 p.g/m3 AAL3 
p.g/m' 

Arsenic As < 0.01 p.g/m3 6 X 10-6 < 0.01 p.g/m' 0. 7 p.g/m3 AAL3 
p.g/m3 
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Pollutant 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Manganese 

Mercury 

Nickel 

Selenium 

Radon-222 

Boron 

- -

Chemical 
Symbol or 

Abbreviation 

Be 

Cd 

Cr 

Co 

Mn 

Hg 

Ni 

Se 

ZilRn 
B 

- -

Table 2. (continued) 

Highest 
Estimated Total Hourly 

Mean Concentration 
Hourly 

Baseline (unless otherwise 
Standards or AAL 

Impact 
Concentration noted) 

< 0.01 p.g/rfiJ 6 X J(}-6 < 0.01 p.g/rfiJ 0.007 �tglf'l'iJ AAL3 
�tglm3 

< 0.01 llglf'l'iJ <4 X 10"7 < 0.01 p.g/m3 0.033 �tglm3 AAL' 
�tglm3 

< 0.01 p.g/rfiJ 2 X JQ-4 < 0.01 p.g/� I .  7 �tg/� AAL3 
�tglm' 

<0.01 llglf'l'iJ 7 X JO•S < 0.01 p.g/rOJ 0. 17  llg/m3 AAL' 
'�tgltn3 

< 0.01 /lg/m.3 2 X 10'3 < O.OI �tgl� 17 �tglm3 AAL3 
/lg/tn3 

< 0.01 p.g/� 0.0 1  /lg/m.3 0.02 �tg/� 1 0. 17  �tg/m3 AAL3•4 

< 0.01 �tglm3 2 X JO·S <0.01 p.g/m3 3.3 �tg/m3 AAL3 
llg/m3 

< 0.01 �tglf'l'iJ < 4  X 10-6 < 0.01 �tg/m3 4 �tglm3 AAL3 
llglttJ.' 

< 0.01 pCi/1 0. 13  pCi/1 0. 13  pCi/1 4 pCi/15 

0.02 �tglm3 7 X 10"5 0.02 �tglm3 33 �tglm3 AAL3•6 
�tg/m3 -----

.. _ ._  - - - IJ.  - ... -
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Chemical Highest 
Pollutant Symbol or Hourly 

Abbreviation Impact 

Ammonia NH3 0.43 p.g/m3 

(6 X }()-4 
ppm) 

Volatile organic voc < 0.0 1 p.g/rrl 
compounds ( < 2  ppb) 

Total suspended TSP 6. 19 p.g/m3 
particles 

I .  Federal standard. 

Table 2.  (continued) 

Estimated 
Mean 

Baseline 
Concentration 

0.01 ppm 

200 ppb 

13. 1 p.g/m3 

Total Hourly 
Concentration 

(unless otheiWise 
noted) 

0.01 ppm 

202 ppb II  

1 -hr: 19.3 p.g/m3 
24-hr: 13.7 p.g/m3 
Annual·: 13.2 p.g/m' 

2. Assumed all H� converted to S02 at exit from stacks and silencers. 

Standards or AAL 

3 . 1  ppm1 

NA 

150 p.g/m3 24-hour9 
60 p.g/m3 annual geometric mean' 

3. Acceptable ambient levels (AAL) = Occupational Threshold Limit Values (TLV) for time-weighted averages (TWA) for an 8-
hour workday and a 40-hour work week divided by 300, i.e. , AAL = TLVTWA/300 

4. 
5. 
6. 
7. 
8. 
9. 
tO. 
I I . 

Mercury vapor standard. 
Federal indoor air standard. 
Boron oxide. 
Assumed hourly impact is at maximum, i.e. = 0.01 p.g/rrl 
Alaska 1-hour standard. 
Oregon standard. 
May through October, hourly average, Three Sisters. 
Assumed hourly impact is at maximum, i.e. = 2 ppb 
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Table 3 .  Highest model predicted impacts at class I (Three Sisters) and class II (Newberry Crater Monument) boundaries (Case-4, unabated emissions) 

Chemical Highest Highest 
Pollutant Symbol or hourly impact Standards for Class I Increments hourly impact 

Standards for Class II 
Abbreviation Class-I Class-II 

Increments 
., 

Total TSP 1-hr: 0.03 llg/ml l -hr:6. 19 1lg/� 
suspended 24-hr: < 0.01 llg/m3 10 llg/m3 Class I, 24-hour 24-hr:0.64 llg/m3 37 llg/m3 Class II, 24-hour 
particles Annual: < 0.01 1lg/m3 5 llg/m3 Class I, annual Annuai:0.07 llg/rftl 19 llg/rn3, Class II, annual 

Sulfur dioxide1 so2 1-hr: 0.60 llg/ml 1-hr: 130 llg/ml 
3-hr: 0.32 llg/ml 25 llg/m3 Class I, 3-hour 3-hr: 87 llg/l'd . S 12 llg/m3 Class II, 3-hour 
24-hr:O.OS llg/m3 5 llg/m3 Class 1, 24-hour 24-hr: 14 llg/m3 9 1  llg/m3 Class II, 24-hour 
Annual: < 0.0l llg/m3 2 llg/m3 Class I, annual Annual: 1 .4 llg/m3 20 llg/m3 Class II, annual 

Assumed all H2S converted to S02 at exit from stacks and wellhead silencers. 
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Introduction 

Evaluation of Potential Plume Visibility Impacts 
at the Three Sisters Wilderness 

Newberry Geothermal Pilot Project 

This is a summary report of the results of our level 2 visibility screening modeling of the Newberry Pilot 
Project air emission plumes. The nearest class 1 area to the project site is the Three Sisters Wilderness 
located at approximately 45 lcm to the west of the site (Figure 1).  Visibility in the central Cascade 
wilderness areas and the Crater Lake National Park have been monitored by the Oregon Department of 
Environmental Quality (ODEQ) (reference 1 and 2), and regulations have been promulgated for vi�ibility 
protection of Class 1 areas (OAR 340-20-{)47 Section 5.2) (reference 3). 

Model Description 

The VI SCREEN model has been designed to predict if the emissions from a given source, under worst­
case meteorological dispersion conditions, will be perceivable by an observer stationed at the nearest point 
on the boundary of a class 1 area. Emissions considered by VISCREEN are particles, nitrogen oxides 
(NOJ, primary nitrogen dioxide (NOJ, soot and primary sulfate (SO�).  The model considers two 
criteria for the plume to be visible. The first is the color difference (delta E parameter) between the 
plume and the background (sky or terrain) . The second is the contrast (green, red and blue contrast 
parameters) between the plume and the background (sky or terrain). The VISCREEN numeric values 
for these two criteria are 2.0 for delta-E and 0.05 for the green contrast. It is assumed that if  any of 
these criteria are exceeded, the plume will be perceivable. 

The model assumes a specific plume geometry considered to cause the worst-case visibility impact. The 
plume is assumed to cover, horizontally, a 22.5 o sector centered at the source with its edge being 
adjacent to the observer. The plume centerline offset angle from the source-observer line will then be 
1 1 .25° (see Figure 1) .  Calculations are performed for up to 37 observer lines of sight at a so increment, 
covering an azimuth of oo  to 160° starting from the source. Two different sun angles for both sky and 
terrain background are considered in the calculations. The sun angles used are 10°  (sun located in front 
of observer behind the plume) and 140° (sun located behind the observer). The model output results for 
these two angles are labelled "forward" and "backward" ,  respectively. 

The model allows for two levels of screening. In level 1 screening the default worst--case dispersion 
conditions (stability class F=6 and wind speed 1 mls) are used. The level 2 screening involves the 
frequency analysis of real meteorological data that can result in the choice of a less conservative 
dispersion condition.  The model assumes (in both screening levels) that the worst-case dispersion 
condition will persist up to 12 hours. 

The model provides tabulated results and determines model criteria exceedances. The tabulated results 
are automatically converted into graphs by using a spreadsheet software. 
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Level 2 Screening 

Our level 1 visibil ity screening analysis showed that under VISCREEN level 1 assumptions, the plume 
may be perceivable. Tberefore a more refined approach (VISCREEN level 2 screening) was used. We 
summarize herein the r-esults of our level 2 analysis. 

Model Input Data 

Four plant operational scenarios are considered: 

Case 1 .  

Case 2 .  

Case 3 .  

Case 4. 

Plant normal operation, including .emissions from cooling tow.er and sulferox 
vessel (2 sources). 

Normal operation plus two wells venting into the atmosphere (4 souroes). The 
two wells closest to the plant were sel-ected. 

Drill ing phase: two wells venting into the atmosphere (2 sources). 

Plant upset condition with six wells venting through the plant silencer and two 
wells venting directly into the atmosphere (3 sources) . This case also has thr.ee 
sub-scenarios: 

Full emission rate starting at time 0 hr (1-hr duration) 
50% emission rate starting at time 1 hr (5-hr duration) 
25% emission rate starting at time 6 hr 

The model input data for the project four operational scenarios are shown in Table 1 .  
The particulate values in Table 1 were calculated from the total dissolved solids contained in the water 
droplets escaping from the -cooling tower, sulferox v-essel ,  plant and wellhead silencers. 

The model only considers primary sulfate because. as explained in the VISCREEN manual {r.efer.ence 4), 
"over shon distances ( < 200 km) and stable plume transport conditions typical of plume visual impact 
screening, secondary sulfate (S04) is not formed to a significant degree in plumes" .  In the pr-esent 
analysis, however, we decided to be conservative and we input the secondary sulfate data into the model, 
since, if H� is convened to S02 which is in turn conv.erted to "SS4, the secondary sulfate thus formed 
would be the major .contributor to visibility degradation.  

As Table 1 shows, two emission rates are calculat-ed for secondary S04 based on 100% and 1 1 .8 %  H� 
conversion rates. VISCREEN assumes that the worst-case dispersion condition persists no Jong.er than 
12 hours. As described later in this report, based on conservative assumptions, a maximum of 1 1 .8% 
of the initial H2S emissions will theor-etically .conv.en to sulfates within 12  hours . Ther.efor.e, in our first 
modeling attempt we will use the secondary sulfat-e emission rates calcubted with the assumption that 
1 1 .8%  of the H2S emissions will convert t<> sulfate (Table 1 last column). 

From the ODEQ report .entitled "Visibil ity in Oregon's Wilderness and National Park Lands- 1990 
Program Report" {ref.er.ence 2) it was found that the Three Sisters Wilderness area visibility range in 1990 
was from 82 km (l.oth percentile), to 248 km {90th percentile). The 90th percentile value of 248 km was 
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selected as the background visibility range for the modeling. A VISCREEN manual chart gives a value 
of 1 10 km for the project area background visibil ity range (reference 4). 

All model default values other than stability class and wind speed were retained for our Level 2 modeling. 
These two parameters were found by the meteorological data frequency analysis described below. 

Frequency Analysis of the Meteorological Data 

Based on the procedures described in the VISCREEN user manual, the approximately one year 
meteorological data, which was collected at the Newberry Crater site, was analyzed for the frequencies 
of dispersion conditions. Frequencies were found for four daily 6-hour periods, as specified by the model 
level 2 procedures. A Fortran program was specifically written for this analysis. The appendix includes 
output tables of this program. The wind directions ranging from 78.7° to 168.8°  which encompass the 
entire Three Sister Wilderness area were selected. A summary table was prepared l isting the frequencies 
(in percent) of occurrences of wind speeds and stability classes (Appendix A). 

Based on the results of the analysis, the worst dispersion condition corresponding to 1 percent total 
frequency is the combination E,2 (stability class E, wind speed 2 m/s). Therefore, our level 2 analysis 
will be based on the stability class E and the wind speed of 2 m/s. 

VISCREEN Model Results 

The VISCREEN model graphic results of our first modeling attempt are shown in Figure 2 through 7. 
These results are based on the assumption that 1 1 . 8 %  of the initial H2S emissions are converted to SO� 
within 12 hours of worst-case dispersion condition persistence and based on an H� half-life of 4 days. 
For each operational scenario there are two plots showing the delta E (perceptibil ity) and the green 
contrast values at observer lines of sight ranging from oo  to 160° azimuth . Larger azimuth values 
correspond to plume greater distances from the source. Each plot shows four curves : plume against sky 
(forward and backward sun angles), plume against terrain (forward and backward). The letters F and 
B in the plot legends stand for forward and backward. 

Discussion 

The level 1 modeling effort has shown that the emission of particles and the primary sulfates will not 
cause the VISCREEN model visibility criteria to be exceeded. The following d iscussion is therefore 
l imited to the secondary sulfates theoretically generated by H�. 

Based on reviewed literature, the average l ifetime of H� before it is converted to S02 is conservatively 
estimated as 18 hours (reference 5), and 2 days (reference 6) . On the other hand, the average l ifetime 
of S02 before it is converted to SO� is estimated as four days (reference 6). Based on these numbers and 
the fact that the conversion of H2S to SO� is a consecutive reaction i .e. H� to S02 followed by S02 to 
SO� , the average l ifetime of H� before it is converted to SO� is greater than four days. The half-l ife 
(t110 is related to average l ife (t) by the following formula: 

t,/2 = 0.693 t 

Based on this equation and a 4-day average l ife, the half-l ife of H2S to be converted to SO; can be 
conservatively caJ.culated as {0.693)(24 hours/day)(4 days) = 66.5 hours. 
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Table 1 .  Input data for the VISCREEN model Level-2 analysis. 

Emission Source Particulate Matter Primary Primary Secondary Sulfate (g/s) 
Name (g/s) Sulfate NOx 

(g/s) (g/s) 100% conversion 1 1 .8% conversion 

Case I : Normal Operation 

Cooling Tower 0.005 Trace Trace 0.045 
Sulferox Vessei Trace Trace Trace 0.013  

Total 0.005 0.058 0.007 

Case 2: Normal Operation & Two Wells Venting 

Cool ing Tower 0.005 Trace Trace 0.045 
Sulferox Vessel Trace Trace Trace 0.0 1 3  
2 Wellhead Silencers 0.078 Trace Trace 1 .982 

Total 0.083 2 .040 0.241  

Case 3 :  Two Wells Venting 

2 Wellhead Silencers 0.078 Trace Trace 1 .982 0.234 

Case 4: Plant Upset Condition (8 Wells Venting) 

0-hr 1-hr 6-hr 0-hr 1 -hr 6-hr 0-hr 1 -hr 6-hr 

Plant Silencer 
(6 wells) 0.234 0. 1 17 0.059 Trace Trace 7.940 3.970 1 .985 

2 Wellhead Silencers 0.078 0.039 0.020 Trace Trace 1 .982 0.991 0.495 

Total 0.3 12 0. 1 56 0.079 9.922 4.961  2.480 1 . 17 1  0.585 0.293 

illll - - - .. - .&. - ' - ·- * � .1. - :.r. I 
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Based on the t112=66.5 hours, and an exponential half-life trend, we can calculate the rate of H2S 
conversion to sulfate as follows: 

Hours % converted Hours % converted 

0 0.0 
1 1 .0 7 7.0 
2 2. 1 8 8.0 
3 3 . 1  9 9.0 
4 4. 1 10 9.9 
5 5 . 1  1 1  10.8 
6 6. 1 12 1 1 .8  

Note that the model assumes the worst-case dispersion condition will persist no longer than 12 ·hours. 
In the following discussion and wherever necessary, based on the above conversion percentages, we will 
rerun the model iteratively to obtain more and more realistic predictions . 

The modeling results are discussed below for each operational scenario. 

Case 1: Normal Operation. 

As Figure 2 shows, for case 1 there are no exceedances of the model criteria (delta E=2.0, g reen 
contrast=0.05 absolute value) for all backgrounds (sky, terrain) and sun angles (backward, forward) . 

Case 2: Normal Operation and Two Wells Venting. 

As shown in Figure 3, the model visibility criteria are only exceeded at viewing angles (azimuth) less 
than 4.0° which corresponds to a distan�e of 10.8 km. Note that at this distance the plume is outside the 
Class 1 area. 

Under the selected worst-case dispersion condition (stability class =E, wind speed =2 rnls) the wind speed 
actually varies between 1 m/s and 2 m/s with an average of 1 .5 m/s {see tables in Appendix A). It takes 
the plume 2.0 hours to travel the distance of 10.8 km. Based on the above conversion percentages, 
within 2.0 hours a maximum of 2 . 1 %  of H2S is expected to be converted to S O; .  Rerunning the model 
for a 2. 1 %  smaller emission rate of (2.04 g/s)(2. 1 %/100) = 0.043 g/s will show no model criteria 
exceedance beyond 1 km from the source. The iterative modeling results are shown below. 

Modeling 
Attempt 

1 
2 

Emission 
Rate {g/s) 

0.241 
0.043 

Exceedance 
up to (km) 
10.8 
< 1 .0 

5 

Travel 
Time (hrs) 

2.0 

F-2 2 

2. 1 

New Emission 
Rate (g/s) 

0.043 



Case 3: Two Wells Venting. 

The overall emission rate in this scenario is smaller than for the previous case. 
criteria exceedance can be expected. 

Therefore no model 

Case 4: Plant Upset Condition. 

The model was run for the three following sub-scenarios. 

0-hr: Within the first hour of the start of upset condition when wells are venting at full 
unabated rates. 

As Figure 5 shows, based on 1 1 .8% H� conversion, the model criteria are exceeded within azimuth 
angles smaller than 80.0° which corresponds to a distance of 42.8 km (outside the Class 1 area). By 
using the iterative modeling as per Case 2, we gradually approach a smaller and more realistic value for 
the distance at which model criteria are exceeded. The iterative modeling results are summarized below: 

Modeling Emission Exceedance Travel % H� New Emission 
Attempt Rate (g/s) up to (km) Time (hrs) Converted Rate (g/s) 

1 1 . 17 1  42.8 8.0 8.0 0.794 
2 0.794 32.2 6.0 6. 1 0.605 
3 0.605 25.5 4.7 4.8 0.476 
4 0.476 19.5 3.6 3 .7 0.367 
5 0.367 14.0 2.6 2.7 0.268 
6 0.268 12.6 2.3 2.4 0.238 
7 0.238 12.3 2.3 2.4 

It is found that the exceedance of model criteria occurs within a distance of 12.3 km. 

1-hr: Between the first hour and the 6th hour after the start of upset .condition when emissions 
are reduced to 50% of the initial unabated rates. 

As Figure 6 shows, based on 1 1 .8% H2S conversion, the model criteria are exceeded within an azimuth 
of 10.8 o which corresponds to a distance of 2 1 .5 km. Iterative modeling will show the foJ.lowing results. 

Modeling Emission Exceedance Travel % H2S New Emission 
Attempt Rate (g/s) · up to (lcm) Time (hrs) Converted Rate (F./s) 

1 0.585 2.1 .S 4.0 4. 1 0.202 
2 0.202 10.6 2 .0 2. 1 0. 102 
3 0. 102 6.9 1 .3 1 .3 0.064 
4 0.064 3.9 0.7 0.7 0.036 
5 0.036 < 1 .0 

It is found that the exceedance of model criteria will only occur within a distance of 1 km from the 
'SOurce. 
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6-hr: After 6-hours of the start of the upset condition when the wells are vented at only 25 % 
of the original unabated rate. 

The emission rates in this scenario are 50% smaller than in the previous �cenario, therefore the real 
exceedance distance will be smaller than 1 km. 

Conclusion 

It is concluded that no visibility impact would occur within the Three Sisters Class 1 area. 

The worst-case scenario of case 4 (plant upset condition with unabated emission rates) would, however, 
cause visibility impact outside the Three Sisters Class 1 area, within a distance of 12.3 km from the 
source. Based on the following observations such exceedance is highly infrequent. 

The probability of the occurrence of the upset condition is estimated to be approximately 24 events in one 
year based on actual observation in similar plants . The probability of a 1-hr emission (assumed to cause 
a visibility impact) at each plant upset event is ((24 x 1 hrs)/(365 days x 24 hrs)) x 100% = 0.27 % .  The 
probability of occurrence of the worst-case dispersion condition for leve1 2 screening (as discussed above) 
is 1 % .  The probability of the 1-hr upset condition occurring at the same time as the worst-case 
dispersion condition is simply the product of the two previous probabilities: 0.27 % x 1 %  = 0.003 % 
which is extremely low. 
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Meteorological data frequency analysis summary table 

Stability Cl& u Transport Frequency (%) for Time of Day {hr) 
/Wind (m2/s) Time 
Speed (hrs) 

-- 0-6 6-12 12-18 1 8-24 

F, 1 76 24* .0 .0 .0 .o 
E, l 150 24* .0 .0 .0 .0 

F,2 152 8 .0 .0 .0 .0  

F,3 228 s . 1  .0 .0 . 1  

E,2 300 8 .9 .2 .0 .9 

F,4 304 3 .0 .0 .0 .o 
0 , 1  3 1 0  24* .0 .0 .0 .0 

F,S 380 3 .0 .0 .0 .0 

E,3 450 s 1 .4 .4 .0 .9 

(*) Transport time longer than 12 hours (frequency not to be considered) 
a1 = Pasquill�Gifford vertical diffusion coefficient (m) 
u = average class wind velocity in m/s (0.5 for class 0-1 ,  etc.) 
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Hydrogen Sulftde Impact Due to the Proposed Geothermal Development 
Hydrogen sulfide (�S) impact has historically been the single major air quality issue associated with the 
geothermal industry. This is due, in a large part. to the low olfactory threshold of �S. There is no 
federal air quality standard (nor Oregon standard) for �S. The California state hourly standard of 30 ppb 
or 41.7 J,.llm3 has been used for impact evaluation in situations when there is no applicable state or local 
standard and has been used in that context for the Newberry Crater site. Hourly �S levels were predicted 
for the proposed facility using two U.S. Environmental Protection Agency (EPA) guideline dispersion 
models. COMPLEX-I and ISCST-2. 

Prior to conducting the modeling exercise an estimate of resource chemistry (namely � concentration) 
was required since no production wells have yet been drilled at the site. An eval�on of western 
geothermal wells that are considered to represent the range of �S emissions that would reasonably be 
encountered at Newberry Crater are shown in Table 1. The data for Medicine Lake California is in the 
mickDe of the �S emission range. Medicine Lake is also in a similar geological setting as Newberry 
Crater. Due to these two reasons the data for Medicine Lake was used in the modeling to represent future 
Newberry Crater wells. 

Four activity scenarios were modeled (Tables 2 and 3). These were (1) the normal operation of a 30 MW 

plant. (2) the normal operation of a 30 MW plant while two wells are venting (this would occur only 
during the summer and during the development phase of the well field), (3) two wells venting prior to 
plant construction again only during the summer, and (4) plant upset conditions while two wells are 
venting. The last scenario represents the absolute worst conditions with six wells to the plant venting 
unabated while two wells in the well field were being vented. CE Exploration developed an air quality 
response plan for upset conditions for another similar geothermal facility in California and an analogous 
plan would be submitted for the Newberry facility. The fundamentals of the response plan would include 
the following: (1) after one hour the wells would be shut back SO%, (2) after 6 hours they would be shut 
back another 50%, and (3) if after the second reduction air quality standards were being violated. the wells 
would be shut back to the point that air quality standards were met To simulate the various stages of the 
upset control conditions. modeling was conducted at full emission rates (0 hr), at SO% of full emission 
rates (1 hr), and at 25% of full emission rates (6 hrs). 

Meteorological data was collected from September 26, 1992 to August 13, 1993 near the proposed plant 
site for use with the dispersion models. Wind speed, wind direction. and sigma-theta (a measure of 
atmospheric stability) data were collected with sensors on a ten- meter tower. Temperature and relative 
humidity were also measured at the site. Wind roses for the data are contained in Appendix A 
Interestingly, the wind data revealed a diurnal pattern in wind direction (Figure 1-4) with east and 
southeast wind occurring most frequently at night and winds from the west most frequently occuning 
during the day. 

Sensitive receptors in the Newberry Crater airshed were selected (fable 4) and the impacts at the r�ptors 
were modeled under each scenario of emissions. The highest hourly �S values at each receptor under 

each emission scenario are shown in Tables S and 6. Standard computer output data for the COMPLEX-I 
and ISCST-2 model are provided in Appendices B and  C, respectively. The COMPLEX-I model is used 

for receptors at higher elevations than the emission points and the ISCST-2 is used for receptors at lower 
elevations. Zero values in the table are in reality values less than 0. 1 J,.llm3• As can be seen in reviewing 
the modeling results in Tables S and 6, only under upset conditions with no abatement and at the closest 

Scieoce Applic:atioos Iotematioaal Corporation (OSB-2127.009) 1 

F - 3 4  



sensitive receptor is the California standard exceeded. It needs to be emphasized that the data in the tables 
are for highest hourly values which occur under infrequent meteorological conditions. For example, an 
analysis of the frequency of meteorological conditions that would cause the California staDdard to be 
exceeded at the nearest sensitive receptor under unabated upset conditions shows that these conditions will 
occur about 5% of the time. If the probability of a plant upset occurring is viewed as being independent 
of the occurrence of meteorological conditions that would produce a violation of the air quality stamard, 
the combined probability of the two events occurring simultaneously is simply a product of their 
independent probability of occurrences. The operational records for a CE Exploration facility located in 
California that is similar to the facility planned for Newberry Crater showed that there were 12 upset 
events in a six-month period. Since only the first unabated hour of the upset would cause the California 
standard to be exceeded at the nearest receptor, the probability of occurrence of the unabated upset 
condition is (12 hrs/(182 days x 24 hrs)) x 100% = 0.27%. The probability of the unabated upset 
condition occurring during the same time as the meteorological conditions which would cause the 
California standard to be exceeded at the nearest sensitive receptor is 0.05 x 0.0027 x 1()()% = 0.014%. 
lbis value is a conservative estimate, because a number of the upset events in the California records were 
less than one hour in duration (those that were longer than one hour still only have 1 hour if unabued 
upset conditions because the stepwise reduction in emissions as specified in the control plan starts at <me 
hour). Also, the occurrence of an upset is not strictly statistically independent of meteorological 
conditions. Severe meteorological conditions such as wind -storms, ice storms, thunderstorms, and 
wintertime storms causing high snowfall could cause the plant to shut down, producing an "upset" 
Generally, severe meteorological events such as these produce .good atmospheric dispersion conditions. 
Modeling under the most frequent daytime and nighttime sets of wind speed, wind direction, and stability 
class showed that under the most probable sets of conditions, the H2S concentration at all receptors during 
the unabated upset condition is less than 0.1 .,Um3 (Table 7). 
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Table 1. Example Unabated �S Emissions of Typical Western Geothermal Wells During Testing1 

Location H2S �s 
(lblhr) (kglhr) 

Desert Peak. NV 1 .30 0.59 

Medicine Lake, CA 2.79 1 .27 

Coso, CA 3.46 1 .57 

1. 15% of maximum well capacity, assuming 400,000 Iblhr well 
production. 

Science Applications Intematiooal Corporation (058-2127.009) 
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Table 2. Input data Used for r-efined modeling. 

Emission Stack Stack Gas Exit Gas 

Source Height Diameter Velocity 
Exit HlS Emission Rate 

Temp. Obinr) 
Name (ft.) (ft.) (ftls) (Of) 

Case 1 :  Normal Operation 

Cooling 
Tower so S8.20 S1.0 80 0. 13  

Sulferox 
Vessel 60 1 . 17 37.0 1 10 0.04 

Case 2: Normal Operation & Two Wells Venting 

Cooling 
Tower so S8.20 S1.0 80 0. 13 

Sulferox 
Vessel 60 1 . 17 37.0 1 10 0.04 

Wellhead 
Silencer 1 24 12.00 30.0 297 2.79 

Wellhead 
Silencer 2 24 12.00 30.0 297 2.79 

Case 3: Two Wells Venting (Drilling Phase) 

Wellhead 
Silencer 1 24 12.00 30.0 297 2.79 

Wellhead 
Silencer 2 24 12.00 30.0 297 2.79 

Case 4: Plant Upset Condition 

O br  l br  6 br  

Plant 
Silencer 28 12.00 30.0 297 22.32 1 1. 16 S :S8 

Wellhead 
Silencer 1 24 12.00 30.0 297 2.79 1 .40 0.70 

Wellhead 
Silencer 2 24 12.00 30.0 297 2.79 1 .40 0.70 
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Table 3. Operation and drilling phase scenarios used in refined modeling. 

Scenario Description Sub-Scenarios 

ease-l Plant normal operation, including emissions from 
cooling tower and sulferox vessel (2 sources) 

Case-2 Normal operation plus two wells venting into the 
atmosphere (4 sources). The two wells closest to 
the plant were selected. 

Case-3 Drilling phase; two wells venting into the 
atmosphere (2 sources). 1be two wells closest to 
the plant were selected. 

Case-4 Plant upset condition with six wells venting Three emission rates: 
through the plant silencer and two wells venting 1.  Full rate at 0 hr. 
directly into the atmosphere (3 sources). 2. 50% rate at 1 hr. 

3. 25% rate at 6 hr. 

Science Applicatioos International Corporation (OSB-2127.009) 5 
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Table 4. Usting of sensitive receptors used in refined modeling. 

No. 
Receptor 

Description Distaoce Township/ 
Name (m) Ranse 

I CAMPI North Cove Campground, north of Paulina 3,000 2IS/I2E 
Lake 

2 CAMP2 Warm Springs Campground, northeast of 4,200 2IS/12E 
Paulina Lake 

3 CAMP3 Uttle Crater Campground. southeast of 5,200 2IS/I2E 
Paulina Lake 

4 HOUSES Summer houses, southeast of Paulina Lake 5,300 2IS/I2E 

5 CAMP4 Camp/houses at south end of Paulina Lake 4,800 2IS/I2E 

6 LODGE .Paulina·Lodge, west end of Paulina Lake 3,IOO ·  · · 21Sil2E 

7 BE-NEST Bald Eagle nesting area, north of East Lake 7,000 2IS/I3E 

8 MCKAY- McKay Crossing Campground, 5 miles west 6,800 2IS/1 IE 
CROSS of Paulina Lake 

9 RESIDENCE Residential area at intersection of 97 and 2I I2,600 2 1S/1 1E 

10 LAPINE LaPine, Highways 97 and 22 I8,000 22S/IOE 

1 1  SUNRIVER Sunriver residential area, l i  miles north of IS,OOO 20S/I IE 
LaPine 

I2 LAVA-VISIT Lava Lands Visitors Center, I3 miles north I9,SOO I9S/1 IE 
of Paulina Lake 

I3 HD- High Desert Museum, 6 miles south of Bend 25,500 I8S/12E 
MUSEUM 

I4 BEND-I Nearest Bend subdivision, 3.5 miles south of 30,000 I8S/12E 
Bend 

IS BEND-DT Downtown Bend, Highways 97 and 20 36,000 I7S/I2E 

I6 CLASS I-N Nearest Three Sisters Wilderness Area 43,500 I7S/09E 
boundary, IS miles west of Bend 

I7 CLASS I-S Second-nearest Three Sisters Wilderness 44,500 20S/08E 
Area boundary, 2I miles northwest of 
LaPine 

I8 MONUMENT Nearest Newberry Crater National Volcanic I ,700 2IS/I2E 
Monument boundary, west of Paulina Lake 

. ,-
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Table 5. Complex and simple terrain refined modeling predicted highest hourly H2S concentrations (Jiglm'}, for cases 1 ,  2 aoo 3. 

No. Receptor Receptor Re�or Case 1. Normal Case 2. N.O. Case 3. 2 Wells 
natne Oist. (m) Elev. (ft) Operation (N.O.) plus 2 Wells venti�ormng 

Ventin2 

Comole� Terrain (COMPLEX-I MODEL): 

1 CAMPI 3 000 6.380 0. 1 3.5 3.4 

2 CAMP2 4.200 6.340 0.0 2.9 2.9 

3 CAMP3 5 200 6.300 0.0 1.9 1 .9 

4 HOUSES 5.300 6.300 0.0 2.0 2.0 

5 CAMP4 4.800 6.360 0.1 3.0 3.0 

6 LODGE 3 100 6 340 0. 1 3.9 3.9 

7 BE-NEST 7,000 6,600 0.0 0.4 0.4 

16 CLASS I-N 43.500 6.400 0.0 0.1 0. 1 

18  MONUMENT 1 ,700 6,500 0.1 8.6 8.6 

Simole Terrain (ISCST2 MODEL): 

8 MCKAY -CROSS 6.800 4,700 0.0 0.5 0.5 

9 RESIDENCE 12.600 4.200 0.0 0.4 0.4 

10 LAPINE 18 000 4.200 0.0 0.2 0.2 

1 1 SUNRIVER 15 000 4.200 0.0 0.2 0.2 

12 LAVA-VISIT 19,500 4,500 0.0 0.2 0.2 

13  HD-MUSEUM 25.500 4.040 0.0 0. 1 0. 1 

14 BEND-I 30000 3 800 0.0 0.1 0. 1 

15 BEND-DT 36 000 3 600 0.0 0.1 0. 1 

17 CLASS I-S 44,500 4,800 0.0 0. 1 0. 1 

Science Applicati0111 International Cotporatioo (OSB-2127 JJ09) 7 
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Table 6. Complex and simple terrain refined modeling predicted highest hourly H2S concentrations (tJ&Imi, for case-4. 

No. 

1 

2 

3 

4 

5 

6 

1 
16 

18  

8 

9 
10 

1 1  

12 

13 
14 

Receptor taame Receptor 
Dist. (m) 

Complex Terrain (COMPLEX-I MODEL): 

CAMPI I 3.000 

CAMP2 I 4,200 

CAMP3 I 5,200 

HOUSES I �300 

CAMP4 I 4.800 

LODGE _I 3.100 

BE-NEST I 7,tiYJ 

CLASS1-N I 43,500 

MONUMENT I 1 ,700 

Simple Terrain OSCST2 MODEL): 

MCKAY -CROSS I 6,800 

RESIDENCE I 12,600 

LAPINE I 1 �.000 

SUNRIVER J 15.000 

LAVA-VISIT I 19,500 

HD-MUSEUM l 25�00 

BEND:-1_ _ _ _____ . 1 - -�3<1_000 

Receptor 
Elev. (ft) 

6,380 

6,34() 

6,300 

�300 

6,360 

6.340 

6,600 

6,400 

6,500 

4,700 

4,200 

4.200 

4.200 

4,500 

t_040 
3.800 

Case 4. Plant U�t �9.ooitlon 

0-hr I 1-Hr I 6-hr 

29.4 14.7 7.3 

19.2 9.6 4.8 

12.2 6. 1 3.0 

12.6 6.3 3. 1 

18.7 9.4 4.7 

28.7 14.4 7.2 

1 .9 0.9 0.5 

0.3 0.2 0. 1 

69.0 34.5 17.2 

2.5 1 .2 0.6 

2.0 1 .0 0.5 

0.9 0.4 0.2 

1 .2 0.6 0.3 
1.0 0.5 0.2 

0.6 0.3 0.2 

0.7 0.4 0.2 
15 I BEND-DT 3�000 J 3.600 R 0.6 I 0.3 I 0. 1 
17 I CLAsSl-S 44,500 . I  4,800 0 0.5 I 0.3 I 0. 1 

lJ-hr: Unabate4 eoussions-rrom IS wells. 1-nr: hmissions reduced to)O%lifter-1 hOur�- t-hr: hmissions reaucecll<f25% aner 6 flours. 
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Table 7. Daytime and nighttime H� hOuri] impacts during the most probable 
wind speed. wind direction, and atmosphenc stability conditions during plant upset condition•. 

-
No. Receptor Name 

Receptor Re�r Case 4. Plant Upset Condition 
Distance Elev. 

(m) (ft) 0-Hr 1-Hr 6-Hr 

Daytime2 
I CAMPI 3,000 6,380 0 0 0 
2 CAMP2 4,200 6,340 0 0 0 
3 CAMP3 5,200 6,300 0 0 0 
4 HOUSES 5,300 6,300 0 0 0 
5 CAMP4 4,800 6,360 0 0 0 
6 LODGE 3,100 6,340 0 0 0 
7 BE-NEST 7,000 6,600 0 0 0 

16 CLASSI-N 43,500 6,400 0 0 0 

18 MONUMENT 1 ,700 6,500 0 0 0 

Nighttime3 
I CAMPI 3,000 6,380 0 0 0 

2 CAMP2 4,200 6,340 0 0 0 

3 CAMP3 5,200 6,300 0 0 o · 
4 HOUSES 5,300 6,300 0 0 0 

5 CAMP4 4,800 6,360 0 0 0 

6 LODGE 3,100 6,340 0 0 0 

7 BE-NEST 7,CXX1 6,600 0 0 0 

16 CLASS I-N 43,500 6,400 0 0 0 
18 MONUMENT 1,700 6,500 0 0 0 

These conditions represent the most probable wind direction, wind �. and stability class dwing the 
daytime and nighttime over the course of the September 26, 1992 to August 13, 1993 time period and 
av�e temperature during the conditions. TheSe are not the same as the most (requent wind speed or 
wind itirection alone, but are the most probable (frequent) combination of conditions. 
Wind direction = 180°; Wind speed =  5.5 m�; Statiility class = I ;  Temperature = 5.25 OC. 
Wind direction = 135°; Wind speed = 4.5 mph; Stability class = 5, Temperature - 2.83 °C. 
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Appendix A 

Wind Roses for Meteorological Data Collection from 
September 26, 1992 through July 13, 1993 
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Frequency Distribution of Wind Velocity 

Calm Winds 3.26% 

Drawn from 1 992 Newberry 
Pilot Project site Data 

N 

<4 
mph 

<8 
mph 

<1 2 
mph 

<1 6 
mph 

<20 
mph 

>•20 
mph 

Fall 1992 (October, November & December) windrose of meteorological data gathered by SAIC at the 
Newberry Pilot Project site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 4.81 % 

Drawn from 1 993 Newberry 
Pilot Project site Data 

N 

<4 
mph 

<8 
mph 

<1 2 
mph 

< 1 6  
mph 

<20 
mph 

>=20 
mph 

Winter 1993 (January, F.ebruary & March) windrose of met.eorologi<:al data gathered by SAIC at the 
Newberry Pilot Project site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 1 . 1 4% 

Drawn from 1 993 Newberry 
Pilot Project site Data 

N 

<4 
mph 

<8 
mph 

<1 2 
mph 

<1 6 
mph 

<20 
mph 

>•20 
mph 

Spring 1993 (April, May & June) windrose of meteorological data gathered by SAIC at the Newberry 
Pilot Project site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 2.42% 

Drawn from 1 993 Newberry 
Pilot Project site Data 

N 

<4 <8 
mph mph 

<1 2 
mph 

<1 6 
mph 

<20 
mph 

>=20 
mph 

Summer 1993 (July 1 through July 23, 1993) windrose of meteorological data gathered by SAIC at the 

Newberry Pilot Project site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 3.36% 

Drawn from 1 992 Newberry 
Pilot Project site DAY Data 

N 

<4 
mph 

<8 
mph 

<1 2 
mph 

<1 6 
mph 

<20 
mph 

>=20 
mph 

Fall 1992 (October, November & December) windrose of "day" (8:00 - 19:00) meteorological data 
gathered by SAIC at the Newberry Pilot Project site. 
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R'.equency Distribution of Wind Velocity 

Calm Winds 4.1 7% 

Drawn from 1 993 Newberry 
Pilot Project site DAY Data 

N 

<4 
mph 

<8 
mph 

<1 2 
mph 

<1 6 
mph 

<20 
mph 

>•20 
mph 

WiMer 1993 (January, February and March) windrose of "day" (8:00 - 19 :00) meteorological data 
gather� by SAIC at the Newberry Pilot Project sit�. 
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Frequency Distribution of Wind Velocity 

Calm Winds 0.1 8% 

Drawn from 1 993 Newberry 
Pilot Project site DAY Data 

N 

<4 <8 
mph mph 

<1 2 <1 6 <20 >=20 
mph mph mph mph 

Spring 1993 (April , May & June) windrose of .. day" (8:00 - 19 :00) meteorological data gathered by 
SAIC at the Newberry Pilot Project site. 
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Frequency £?istribution of Wind Vefocity 

w 

Cafm Winds 0.38% 

Drawn ffom 1 993 Newberry 
Pifot Project site DAY Data 

N 

<4 <8 <12 < 1 6  <20 >•20 
mph mph mph mph mph mph 

E 

Summer 1993 -{July 1 th£ough July 13 ,  1993) windrose of "day" (8:00 - 19:00) meteorological data 
gathered by SAIC at the Newberry Pilot P£oject site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 2.90% 

Drawn from 1 992 Newberry 
Pilot Project site NIG HT Data 

N 

<4 <8 <1 2 <1 6 <20 >=20 
mph mph mph mph mph mph 

Fall 1992 (October, November & December) windrose of "night" (20:00 - 7:00) meteorological data 
gathered by SAIC at the Newberry Pilot Project site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 5.46% 

Drawn from 1 993 Newber.-y 
Pilot Project site NIG HT Data 

N 

<4 <8 <1 2 <1 6 <20 >=20 
mph mph mph mph mph mph 

Winter 1993 {January, February and Marth) windrose of "night" {W:OO - 7:00) meteorologtcal data 
gathered by SAlC at the Newberry Pilot Project site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 2.1 1 %  

Drawn from 1 993 Newberry 
Pilot Project site NIGHT Data 

N 

<4 
mph 

<8 
mph 

<1 2 
mph 

<16  
mph 

<20 
mph 

>•20 
mph 

Spring 1993 (April, May & June) windrose of .. night" (20:00 - 7:00) meteorological data gathered by 
SAIC at the Newberry Pilot Project site. 
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Frequency Distribution of Wind Velocity 

Calm Winds 4.43% 

Drawn from 1 993 Newberry 
Pilot Project site N IG HT Data 

N 

<4 
mph 

<8 
mph 

<1 2 
mph 

<1 6 
mph 

<20 
mph 

>•20 
mph 

Summer 1993 (July 1 thr.ough July 13, 1993). windrose of "night" (20:00 - 7 :00) met�rological data 
gather.ed by SAJC at the Newberry Pilot Pr.oject site. 
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Analysis of Deposition Impacts from Emissions of Newberry 
Geothermal Project on Newberry Crater Lakes and from 

Cooling Tower Plume Drift 

Introduction 
This report is written to quantify the potential impacts on the Newberry Crater Lakes from the deposition 
of material estimated to be emitted from the Newberry Geothermal power plant project. The pollutants 
of concern are mainly hydrogen sulfide which converts into acid, and other elements associated with the 
geothermal industry such as various heavy metals, arsenic, boron, selenium and beryllium. With the 
exception of H2S and mercury unmitigated (uncontrolled) emission rates were estimated for use with the 
modeling and deposition calculation. 

Control efficiency for H2S removal by the Sulferox system was taken into consideration in estimating H2S 
emission rates. Since 90% of the incoming mercury is removed by the Sulferox system and is contained 
in the sulfur "cake" product and the mercury content makes the sulfur cake unmarketable, a charcoal filter 
system will be placed before the Sulferox system to remove the mercury. The measured mercury removal 
efficiency of the charcoal filter system at CE Explorations COSO geothermal facility is 97.7%. 

A similar system would be used at the proposed Newberry geothermal and the 97.7% central efficiency 
was taken into consideration when the plant emission rates for mercury were estimated. It should be noted 
that the mercury content of the newberry Center resources is thought to be very low (lower than the COSO 
mercury data used for estimating emission rates here) and that the charcoal filter system may not be 
needed for either economic or environmental reasons at the Newberry Plant. 

The source of pollutants for this evaluation is the Newberry Geothermal power plant (and associated wells) 
which is proposed for the Newberry Crater, Deschutes County. Oregon. The receptor for this analysis is 
the Newberry Crater Lakes watershed, which is located approximately 1 .25 miles southeast of the proposed 
plant. The Newberry Crater Lakes watershed is approximately 1 7.4 square miles in area. Within the 
watershed are located the two Newberry Crater Lakes, Paulina Lake and East Lake. The majority of the 
watershed area is made up of forested area (approximately 67%); 1 2% of the watershed is considered open 
land (lava flows, deforested land, grassland, etc.), and 2 1 %  is actual water surface. 

Because of the proximity of the watershed and the potentially different impact on the two lakes, the 
deposition impacts are evaluated for each lake separately. The Paulina Lake watershed is larger ( 1 0.2 
sq.mi) and has an exit point, where the Paulina Creek starts. The East Lake watershed is smaller (7 .3 
sq .mi) and does not have a surface exit. 

The soil types and climates of the Deschutes National Forest including the Newberry Crater, are described 
in reference 1 .  Other than areas covered with lava flows where soil is lacking, the soils consist of well 
drained coarse pumice and volcanic ash. Surface soils are typically pumiceous loamy sands with a high 
permeability over undifferentiated materials. The pH of soil samples collected from soil units that form 
the Newberry Crater lands vary from 5.5 to 7 .0. mostly in the range of 6 to 6.5 which indicates low 
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acidity. The types of soil become important in the sensitivity associated with acid precipitation and the 
ability of the wil to r-espond to the' sulfuric acid deposition. 

The average annual pr-ecipitation within the Newberry crater is approximately 30 inches. The mean annual 
lak-e evaporation is estimated to be 28-34 inches. 

2 Emission and Atmospheric Impact Assessment 
2.1 Modeling Procedures 

To evaluate the potential impacts of the project plant on the Newberry Crater Lakes, the COMPLEX- I 
model was used to determine the annual H2S average impacts at ten r-eceptors located within the watershed 
at various locations representative of the type of land coverage (water, open land, for-est). The average 
annual impact of other pollutants were calculated based on the ratios of their annual emission rates to that 
of hydrogen sulfide. 

The COMPLEX- I model was used because the land elevations within the watershed are generally higher 
than the project site, and complex terrain model ing must be performed. Figure 1 shows the watershed 
map, the various land coverage and the locations of receptor points. One year of meteorological data 
collected at the project site ( 1 992- 1 993) were used for this modeling. 

2.2 Average Annual Emission Rate Calculation 
The H:S average annual emissions were calculated for each source based on the assumption that the 
normal plant operation will go on throughout the year. The emissions due to well venting and testing and 
due to plant upset conditions were also accounted for as discussed below. The actual observed data at 
other similar plants were used for the calculations (see our previous report on the Newberry project H2S 
emission impacts, for source emission rates). 

Cooling tower: Based on continuous plant normal operation, the annual average H2S emission rate is 
0.1 270 lblhr or 0.0 1 60  g/s. 

Sulferox vessel: The H2S average annual emission rate for the sulferox vessel is 0.0365 lblhr or 0.0046 
g!s, based on continuous operation. 

Wellhead Silencer: Based on 6 wells being vented 4 times/year and 24 hours each time, and one well 
being tested for an average of 30 days/year, the mean annual H2S emission rate t:an be calcula&ed. The 
H2S emission rate from one well being fully vented is 2.79 lb/hr or 0.35 1 gls. 

(0.35 1 gls) ((6 wells x 4 days) + (1 well x 30 days)) I (365 days/yr) 
= (0.351 g/s) (54/365) = 0.0520 gls 

Plant Silencer: Based on observed data at a similar plant, the number of plant upset and shut-down events 
is 1 2  during a 6-month period, totalling 105.05 hours. The average upset/shut-down event duration is  

1 05.05/1 2  = 8.75 or 9 hours. Conservatively assuming that all events relate to plant upset condition, and 
assuming full emission rate during the first hour, 'SO% emission rate during the following 5 hours and 25% 
emission rate during the remaining 3 hours, the average emission rate -can be calculated as follows. The 
H2S full emission rate from the plant silencer is 22.32 lblhr or 2.8 1 20 g/s. 

2 
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Average emission rate at each upset event: 

(2.8 1 20 g/s) ((1 hr x 1 .0)+(5 hr x 0.5)+(3 hr x 0.25))/(9 hr)) 
= 2.8 1 20 g/s x 0.472 = 1 .328 g/s 

Average annual emission rate: 

1 .328 g/s x ((24 eventslyr x 9 hr) I (365 days/yr x 24 hrslday)} 
= 1 .328 g/s x 0.0247 = 0.0328 gls 

The overall average annual H2S emission rate is the sum of emissions from each source: 

0.01 60 + 0.0046 + 0.0520 + 0.0328 = 0. 1 054 gls 

Note that the sources data were individually input in the COMPLEX-1 model. For simplification, 
however, wellhead emissions were represented by a single source located closest to the plant. 

The emission rates for H2S and other pollutants were estimated from typical western geothermal wells 
during testing at similar size plants as described in our hydrogen sulfide and other pollutant impact studies. 

A summary of all the emission rates is shown in Table 1 .  These emission rates were used to evaluate the 
yearly impact on the Newberry Crater Lakes watershed. 

2.3 Modeling Results 
Table 2 lists the model predicted average annual impacts for H2S at all the ten receptor points. The 
COMPLEX-I model output printout is presented in Appendix A. 

As discussed, the impact of other pollutants are calculated based on the ratio of their annual emission rates 
(see Table 1 )  to that of H2S. 

3 Deposition of Material 

The potential for deposition of a pollutant depends on the concentration of the pollutant in the atmosphere, 

and for dry deposition, the deposition velocity. Material is deposited either by wet deposition, where 
water "scrubs .. the pollutants out of the air, or by dry deposition, where sorption of pollutants occurs onto 
and into plants, soil, and surface waters, as well as into inert materials such as asphalt and concrete. It 
is recognized that dry deposition equals or exceeds wet deposition rates (reference 2). In this study we 
will calculate the potential annual dry deposition rates within the watershed. The wet deposition rates are 
conservatively assumed to be of the same magnitude and to obtain the total deposition rates the calculated 
dry deposition rates are doubled. 

Considerable research has been conducted on pollutant deposition processes and their impact on 
watersheds (references 3-16). In dry deposition, the flux of the pollutants into the surface is most simply 
stated as the product of the depositional velocity (v1) and the predicted concentration (mass/volume). 
Determining the precise depositional velocities is a complex task and is beyond the scope of this report. 
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Table 1 .  Pollutant average annual emission rates. 

Pol lutant Pollutant 
Mean Annual 

Name Symbol 
Emission Rate 

(glsec) 

Hydrogen Sulfide H2S 0. 1 054 

Lead Pb 3.59-07 

Antimony Sb 5 .85E-07 

Arsenic As 2.79E-07 

Beryllium Be 3.29E-07 

Cadmium Cd 3.59E-07 

Chromium Cr 3 .4 1E-08 

Cobalt Co 3.4 1 E-08 

Manganese Mn 3.4 1 E-08 

Mercury Ho c 6.3E-06 

Nickel Ni 3.4 1 E-08 

Selenium Se 5 .04E-07 

Boron B 5.5 1 E-05 
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Table 2. A ver�e annual H2S model predicted impacts at recept'Ors within the Newberry 
Lake water-shed. 

Receptor Receptor Mean Annual Impact 
Number Label (JJg/m)) 

1 LAKE 1 0.0 1 5  

2 LAKE2 0.002 

3 OPEN I 0.005 

4 OPEN2 0.007 

5 FOREST1 0.002 

6 FOREST2 0.004 

7 FOREST3 0.001 

8 FOREST4 O.D l 3  
9 FORESTS 0.010 

1 0  FOREST6 0.003 
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However, values for deposition of various gases and small particles have been esti mated in studies done 
by various researchers. Some factors tend to enhance deposition in a forest and grassland when compared 
to a flat surface; among them are relatively large foliage area, greater turbulent mixing, and the direct 
exposure of the leaves to high wind speeds. Vertical turbulent transfer tends to decrease rapidly 
downward in a forest, preventing foliage at lower levels from reaching its potential as a sink. A study 
by the Meteorological Assessment Division, Environmental Sciences Research Laboratory, Research 
Triangle Park (reference 1 4), indicated that deposition velocity, v,, is relatively insensitive to canopy 
height, shape, roughness, length, and extinction coefficients, but is relatively sensitive to atmospheric 
stability, zero-plane displacement, surface resistance, leaf area index, and friction velocity. Using 
reasonable parameter choices, predictions by the methods described in the previous study agree well with 
empirical observations, yielding in the neighborhood of 1 em/sec over grass for 502 and other gases and 
a value of two to three times that in forested areas. We have chosen to be conservative and to use rates 
for depositions of 1 em/sec in water, 2 em/sec in open lands, and 3 cmfsec in the forested areas . for all 
particles and gas. 

The deposition calculations for gases and particles were carried out separately for each of the two lake 
watersheds. For each surface type within the watersheds, the concentration corresponding to the receptor 
with highest impact was chosen for calculation. The concentration values (J.lg/m3) retained for each 
surface area, along with the receptor name, are given below for the two watersheds. 

Water 
Open Land 
Forest Land 

Paulina Lake 

LAK£1 =0.01 5  
OPEN2=0.007 
FOREST4=0.01 3  

East Lake 

LAK£2=0.002 
OPEN 1 =0.005 

FOREST4=0.0 1 3  

The results of deposition calculations are presented in Tables 3 and 4. These numbers are found by 
multiplying the ambient concentration for each surface type (above) by the deposition velocity 
corresponding to the surface type to obtain the mass per area deposited in a year. 

The surface area types for each Jake watershed is shown in Table 5. 

3.1 Hydrogen Sulfide 
A detrimental impact of the hydrogen sulfide emission can be caused by its conversion into sulfuric acid.  
Acidic deposition is of particular concern in areas where, due to the chemical composition  of the 
watershed, acid cannot be effectively neutralized and the pH of the ecosystem is changed to a level that 
has detrimental effects on the plant and animal life. For instance, it is well documented that reduction of 
the pH in the aquatic ecosystems c:an kill the fish in lakes and streams and the decrease in pH in the 
terrestrial environment plays a signifiCant role in reduction of the system' s  productivity. 

Many studies have been done on the effects of acid precipitation on lowerin g  the pH of lalces and 
subsequent kil ling of aquatic life sensitive to pH changes. 

In the atmosphere, hydrogen sulfide is partly converted to sulfur dioxide which in tum is converted to 
sulfur trioxide by catalytic processes. Sulfur trioxide is immediately convened to sulfuric acid in the 
presence of moisture . The degree of oxidation of hydrogen sulfide and sulfur dioxide in the atmosphere 
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Table 3. Annual deposition of pollutants from .geothermal development on the Paulina Lake 
watershed. 

Deposition on Deposition on Open 
Deposition 1:>n 

Pol lutant Forest Lands 
Water (lb/acr-e/yr) Lands (lb/acre/yr) 

(1 b/ acre/yr) 

H2S 0.0422 0.0394 0. 1 098 

Pb 1 .4E-07 1 .3E-07 3.7E-07 

Sb 2.4E-07 2.2E-07 6.1 E-07 

As l . l E-07 l .OE-07 2.9E-07 

Be 1 .3E-07 1 .2E-07 3.4E-07 

Cd 1 .4E-07 1 .3E-07 3 .7£-07 

Cr 1 .4E-08 1 .3E-08 3 .6E-08 

Co 1 .4E-08 1 .3E-08 3.6E�8 

Mn 1 .4E-08 1 .3E-08 3 .6E-08 

Hg 2 .6E-06 2.4E-06 6.7E-06 

Ni 1 .4E-08 1 .3E-08 3.6E-08 

Se 2.0E-07 1 .9E-07 5.3E-07 

B 2.2E-05 2. 1£-05 5 .7E-05 

a. Deposition (lb/acre/yr) = {Ambient Concentration (tJg/m3)] x [Deposition 
Velocity (crnl:sec)] x .Dl m/cm x 4,046.87 m2/acre x 3 1 ,536,000 sec/yr x 
2.205E-9 lb/�g. 
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Table 4. Annual deposition of pollutants from geothermal development on the East Lake 
watershed. 

Deposition on Open Deposition on 
Deposition on 

Pollutant Lands Forest Lands 
Water (lb/acre/yr) 

H2S 

Pb 

Sb 

As 

Be 

Cd 

Cr 

Co 

Mn 

Hg 

Ni 

Se 

B 

a. 

(Jb/acrelyr) (lb/acre/yr) 

0.0056 0.0281 0 . 1 098 

1 .9E-08 9.6E-08 3.7E-07 

3 . 1 E-08 1 .6E-07 6. 1 E-07 

1 .5E-08 7 .4E-08 2.9E-07 

l .SE-08 8.8E-08 3 .4E-07 

1 .9E-08 . 9.6E-08 3 .7E-07 

1 .8E-09 9. 1 E-09 3.6E-08 

l .SE-09 9. 1 E-09 3.6E-08 

1 .8E-09 9 . 1 E-09 3.6E-08 

3 .4E-07 1 .7E-06 6 .7E-06 

l .SE-09 9 . 1 E-09 3 .6E-08 

2 .7E-08 l .3E-07 5 . 3E-07 

2.9E-06 l .SE-05 5 .7E-05 

Deposition (lb/acre/yr) = [Ambient Concentration (1Jg/m3)] x [Deposition 
Velocity (cm/.sec)J x .0 1 m/cm x 4,046.87 m1/acre x 3 1 ,536,000 sec/yr x 

2.205E-9 lb/J.lg. 
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Table 5 .  Surface area types for Paul ina Lake and East Lake watersheds. �-- I -

II Watershed Surface type Surface area (acres) -
I Water 1 ,384 

. 
Paulina Lake 

Open Land 1 ,0 1 9  

-j Forest 4,094 

Total 6,497 

I Water 983 

East Lake 
Open Land 303 

' Forest 3,35 1 

Total 4,637 
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is primarily dependent on resident time, moisture, and intensity and duration of sunlight. The Newberry 
Crater watershed is approximately 10 km from the project site at its fanhest point. Even at a very low 
wind speed of 1 rnls (2.25 mph), H2S would be in the air only 2.8 hours, consequently conversion from 
H2S to 502 and then to 503 and H2S04 would be limited. We will assume for purposes of this analysis 
that all the H2S will be converted to H2SO� in the airshed and will be directed to the water so that an 
absolute maximum concentration would be calculated. 

The conclusion from a comparison of the results of many other studies (Figure 2) is that annual sulfate 
loading of 1 3  to 1 5 lb/acre/yr would be unlikely to degrade lakes that are considered less sensitive (based 
on the availability of buffering components) to acid precipitation. More sensitive lakes would not be 
affected at an annual loading rate of 8 to 10 lblacrelyr. If all the H2S deposited on the water and land 
were converted to SQ;

2 
the resultant loading on each lake would be the following (see calculations in 

Appendix B): 

Paulina Lake 1 . 12  lb/acre/yr 

East Lake 1 . 10 lb/acre/yr 

These loadings are too small to degrade even the most sensitive lake. 

3.2 Elemental Deposition 
The toxicity of various metals and other elements is determined by the forms . that they take in the 
environment, and those forms are detennined by chemical, physical, and biological factors as well as the 
rate of deposition from the atmosphere into the soil and water. Metals and other elements tend to 
accumulate in soils and do so primarily by exchange reactions with organic matter or clays. Organic 
materials in soil absorb many metals and elements, forming stable complexes. In the aquatic environment, 
factors affecting the solubility of metals and other elements include pH, water hardness, alkalinity, organic 
matter content, nutrient content, and oxidation-reduction potential. 

Table 6 represents the predicted concentrations of selected elements in the top one-foot layer of lake water 
assuming that all the elemental emissions from the geothermal development were solubilized or .contained 
in a suspension {see Appendix B for sample calculations). This of course does not happen, due to the 
formation of insoluble compounds and complexes which do not reach the lakes. Also since the mixing 
layer of the two lakes is greater than one foot, the one-foot assumption produces very conservative values .  
However as can be seen in Table 6, based on worst-case assumptions, the highest levels attained for all 
elements except mercury are a fraction of a percent of the Maximum Contaminant Level (MCL) for 
drinking water and of surface water quality criteria. 

The calculated mercury concentration in lake water was well below MCL; however, it was conincidentally 
identical to the mercury surface water quality chronic criteria value of 1 .2E-5 mg/1. It must be emphasized 
that the concentration values calculated from the air quality model and deposition theory were very 
conservative. For example, it was assumed that the mixing depth at East and Paulina Lakes was a 
constant 1 foot throughout thge entire year. In actuality, both East and Paulina Lakes are dimitic, i.e., the 
deep mixing occurs twice a year, once in the fall when the air temperatures cool and once in the spring 
after the ice breaks up. In addition, a well-defined thermocline forms by early summer which stabilizes 
at a depth of 35 to 40' feet '(references 24 and 25). Based on these data, . near surface water mercury 
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Su lfate Loading to Lake Water (lbs/acre-yr) 

F"JgUre 2. Effects of various sulfate loading rates on lake pH for lakes in very sensitive (1) and 
somewhat less sensitive (2) surroundings (reference 12). 
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Table 6. Elemental concentrations in a one-foot thick surface layer of lake water if all metals 
solubilized. 

a. 

b. 

c. 

d. 

e. 

f. 

Federal Surface Water 

Metal Concentration Drinking Water Quality -
(mg/1) Standards Fresh Chronic 

(mg/1) Criteria (mg/1) 

Paulina Lake East Lake 

Pb 6.5E-07 6.5-07 0.05 0.0032 

Sb 1.1E-06 1.1E-06 0.005 1.6 

As 5.0E-07 5.0E-07 0.05 0.1gc 

Be 5.9E-07 6.0E-07 0.001 0.0053-

Cd 6.5E-07 6.5E-07 0.005 0.00114 

Cr 6.1E-08 6.2E-08 0.10 0.21• 

Co 6.1E-08 6.2E-08 NA NA 

Mn 6.1E-08 6.2E-08 0.05 NA 

Hgr 1.2E-05 1.2E-05 0.002 1.2E-05 

Ni 6.1E-08 6.2E-08 0.10 0.16• 

Se 9.1E-07 9.1E-07 0.05 0.035 

B 9.9E-05 1.0E-04 NA NA" 

Trivalent Cr. 

Mean value 0.1 mg/J., maximum value 0.5 mg/1 for samples of river and lake waters in 
the U.S. 

4-day avg. concentration of inorganic As, not to be exceeded more than once every 3 
years on average. 

Insufficient data to develop criteria. 
Value presented is LOEL - Lowest Observed Effect Level 

Hardness dependent criteria (100 mg/1 used) 

See Section 3.2 of text 
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content would be one to two orders of magnitude lower than the water quality chronic criteria value 
depending on the time of the year. 

4 Power Plant Cooling Tower and Wellhead Silencers 
Particulate Drift 

The particulate emissions originating from the dissolved solid content of the geothermal s&eam and the 
-cooling tower circulating water have been estimated to be o:ooso g/s for the cooling tower, 0.0005 g/s for 
the sulferox vessel, and 0.039 gls for each well being tested (see our reports on the visibility impacts, and 
on the impacts of non-H2S pollutants). Based on the mean annual scenario assumptions discussed -earlier 
in this report (considering the emissions during plant normal operation and plant upset conditions) the 
mean annual total emission rate for particulate matter is 0.01 50 .g/s. This emission rate corresponds to a 
total annual particulate emission of (0.0150 g/s) x (3 1 ,536,000 s/yr) I (453.5 gllb) = 1 ,043 lb/y.eaf. 
It is estimated that 84% of the cooling tower drifting particles have a diameter below 200 microns. These 
particles are small enough to have insignificant settling rates. The remaining percentage ( 1 6%) will be 
particles of the size that may fall out in the areas surrounding the plant. The corresponding estimated 
mass of particulates greater than 200 microns for the project plant will be 1 6  percent of 1 ,043 lbl)iear or 
1 67 lb/year. 

Boron deposition has been associated with vegetative stress and it is estimated that a boron deposition rate 
of 60 lb/acre in irrigation water will cause such vegetation stress. If we make a conservative a'Ssumption 
that the vegetation stress from aerial deposition starts at one-tenth of this number, the foliar toxicity may 
be produced at a deposition rate 6 lb/acre. 

Depending on the evaporation rate, the wind speed and other meteorological conditions, the plume height 
and speed may vary and cause the fall out to impact a smaller or larger area around the plant. Analysis 
of plume drift for proposed geothermal development in the Vale, Oregon area found that the plume drift 
impact would be insignificant at distances greater than 500 m (reference 17). A maximum fallout rate of 
1 67 lb/year over the corresponding 0.785 km2 area [7t x (0.5 kmil or 196 acres is equivalent to 0.85 
lb/acre of total particulate mass. 1berefore, it is not expected that the particulate drift will -cause 
significant damage to plants surrounding the project area. 

S Conclusions 

In this analysis we have assumed that all the hydrogen sulfide was converted to sulfuric acid, and then 
analyzed the sulfate loading on the lake and compared that with lcnown data on sulfate loading versus pH 
change, and found it would have no significant effect on even the most sensitive of lakes. The analysis 
was performed for the two Newberry crater lakes {Paulina Lake and East Lake) separately . 

We analyzed the emissions of metals and other elements associated with geothermal fluids from the 
proposed geothermal development which are deposited on the watersheds of East and Paulina Lakes. 
Assuming that all the metals and other elements were solubilized or in suspension and restricted to the 
top one-foot layer of lake water, the results showed that increased concentrations (except for mercury) 
�re significantly below federal drinking water standards and water quality chronic criteria. 
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Values for mercury were below MCL, but coincidentally identical to the water quality chronic water 
values. Since both East and Paulina Lakes are subject to deep mixing twice per year and a deep 
thermocline forms. it is estimated that the near surface values of mercury are one to two orders of 
magnitude lower than the very conservative values provided by the modeling. 

It is therefore concluded that, the emissions from the Newberry Geothermal plant will not significantly 
impact the water quality of East or Paulina Lakes. 

Our plume drift study showed that no significant damage to plants surrounding the project area is 
expected. 
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APPENDIX F-6 
ESTIMATION OF TOTAL ANNUAL MASS EMISSIONS 

OF AIR POLLUTANTS FROM THE PROPOSED 
NEWBERRY G E OTHERMAL PROJECT 
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(SAIC) for CEE, October 1993 
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Estimation of Total Annual Mass Emissions of Air Pollutants 
from the Proposed Newberry Geothermal Project 

The calculation of the annual masses of pollutants originating from the proposed power plant is based on 
an average plant operation scenario. Actual operation data collected at a similar size plant in California 
(COSO) have been used for this analysis. Emission data were estimated from similar geothermal resources 
such as Medicine Lake, COSO, etc. Please refer to our previous repons describing the emission sources, 
emission rates, plant operating scenarios, and the impacts of H2S and other pollutants. The average 
scenario used for this analysis is described below. 

Power Plant 

Based on COSO plant operation records during 1992, the plant is expected to be in normal operation 
97.3% of the time. During normal operation, the plant emissions originate only from the cooling tower 
and the sulferox vessel. A quarter of the remaining 2.7% of the year (0.675%) corresponds to the plant 
upset condition and three quarters (2.025%) relate to plant shut-down for maintenance. 

During 0.675% of the year, when the plant is in an upset condition, the emission control system is not i n  
use and steam i s  venting through the plant silencer. During this time, only the plant silencer i s  operating. 
This operation corresponds to approximately 60 hours/year. Assuming 30 plant upset events per year, 
each event will last approximately 2 hours. Based on the proposed control procedures, which call for a 
50% reduction within the first two hours and an additional 50% reduction within the first six hours, it is  
conservatively assumed that from 60 hours/year upset venting, 30 hours will be at full emission rate and 
30 hours at SOCk emission rate. This scenario is equivalent to 45 hours of venting at full rate. 

Well Field 

Well Bleeding During Plant Maintenance 

During 2.025o/c of the year when the plant is shut down for maintenance, wells are kept at minimal bleed 
which corresponds to less than 1 13 of a well normal venting rate. The emissions wil l  be originating from 
6 wellhead silencers. This operation corresponds to approximately 1 7 7  hours/year at 1 /3 full rate or 
1 77/3= 59 hours at full rate for 6 wells or 59 x 6 = 354 hours for one well. 

Well Venting and Testing 

Based on the observed data, it is assumed that 6 wells will be venting 4 times per year for 24 hours or 
one well for 6 x 4 x 24 = 576 hours. Also, it is assumed that one replacement well per year will be tested 
in average for 30 days, corresponding to 30 x 24 = 720 hours. The total will be 576 + 720 = I ,296 hours. 

Average Annual Emission Rate Calculation 

Based on the above data, an emission factor r.an be calculated for each of the four emission sources to 
conven the source ful l  emission rate to average annual emission rate , as described below. 
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Cooling Tower 

The emission fa�tor is simply the 97.3 percentage rate, or 0.973.  

Sulferox Vessel 

The emission factor is the same as for the cooling tower, or 0.973. 

Plant Silence� 

The emi-ssion factor is: 

(45 hrs/yr) I (365 days/yr x 24 hrs/day) = 0.005 1 

Wellhead Silencers 

The emission factor is: 

( I  ,296 hrslyr well venting/testing + 354 hrs/yr well bleeding)/ 
(365 days/yr x 24 hrs/day) = 1 650/8760 = 0. 1 885 

The mean annual total emission rate for each pollutant is the sum of .emission rates for each source after 
being redU<:ed by their respective factors. For example, the mean annual emission rate for H2S is: 

Cooling tower 
Sulferox vessel 
Plant silencer 
Wellhead silencer 

(0.0 1 60  g/s x 0.9730) + 

(0.0046 g/s x 0.9730) + 
(2.8 1 00  g/s x 0.005 1 )  + 

{0.35 1 0  gls x 0. 1 885) 
= 0. 1 006  g/s 

Total Annual Emission Masses 
The total annual emission mass of each pollutant is calculated by simply multiplying the average annual 
emission rate in gls by the number of seconds in a year and -conven the result to ton/year. 

Table I shows the total annual emission masses of all pollutants including hydrogen sulfide. The results 
ar.e presented both in metric and engl ish tons. It must be noted that the calculations for Radon are 
performed using emission rates both in g/s and in Curies. The SQ2 emission rates are based on the 
emission rates of H2S, assuming that all H2S is -converted to S02 at the point of entry into the atmosphere . 

In actuality, the typical lifetime of H2S in the atmosphere before it is conv.erted to S02 is 4 days.  
Emissions rates for PM10 and TSP are estimated based on the mumption that all  paniculate emissions are 
either in the PM10 or TSP size categories. 

Table 1 also presents the full emission rates for thr.ee sources, namely a wellhead silencer, the sulferox 
vessel and the cooling tower. Note that the emission rate for the plant sikncer which is active during 
plant upset condition is equivalent of 8 times that of a weHhead silencer ({).35 1 x 8 = 2.8 1 0  .g/s for H,S, . -
for example) .  
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Pollutant 

Hydrogen Sulfide 

Particles < I  0 � 
Sulfur dioxide 

Carbon monoxide 

Ozone 

Ni trogen dioxide 

Lead 

Anti mony 

Arsenic 

Beryl l ium 

Cadmium 

Chromium 

Cobalt 

Man ganese 

Mercu ry 

Nickel 

Selenium 

Chemical Symbol 
or Abbreviation 

H2S 

PM 10 I 

so 2 2 

co 
o ,  
N02 

Pb 

Sb 

. As 

Be 

Cd 

Cr 

Co 

Mn 

Hg 

Ni 

Se 

Table I .  A ir Pollutant Emission Rates and Mean Annual Total Masses 

Source Full Emission Rate (g/sec) 3 
,. 

Average TonsNear Tons/Year 
Annual 

Wel lhead Sulferox Cooling Tower Emission Rate (Metric) (Engl ish) 
Silencer (glsec) 

' 

0.35 1 0  0.0046 0.0 1 60 0. 1 006 3. 1 7  3.50 

0.0390 ().()005 0.0050 0.0 143 0.45 0.50 

0.664 0.()()95 0.0309 0. 1 9 1 8 6 .05 6.67 

trace trace trace trace -- --

trace trace trace trace -- - -

trace trace trace trace -- --

9.35 X 10·7 1 . 1 9  X I O"R 1 . 1 9 X 1 0"7 3 .42 X 10"7 1 .08 x w-� 1 . 1 9  X 1 0"� 

1 .52 X 10-6 1 .95 X l O R  1 .95 X 1 0'7 5 .58 X 1 0'7 1 .76 X 1 0·� I .94 X I () -� 
7. 1 4 X 10'7 9. 1 5  X 1 0'9 9. 1 5  x · w·• 2.62 X 10"7 8 .26 X 1 0'6 9. 1 1 X 1 0·" 

8 .56 X 10"7 ) .{)9 X 1 0"8 1 .09 x 1 0·7 3 . 1 3  x 1 0·7 9.88 X 1 0-6 1 .09 X 1 0·� 

9.35 x 1 0·7 1 . 1 9  X J O·R 1 . 1 9  x 1 0·7 3 .42 x 1 0·7 1 .08 x 1 0·5 1 . 1 9  x 1 o·� 

<9.0 X 10·R < 1 . 1  X 1 0"9 < 1 . 1  x w·• <3.24 x to·• < 1 .02 X 1 0-' <1 . 1 3  x w·" 

<9.0 x w·• <1 . 1  x 1 0·9 < 1 . 1  x 1 0·• <3.24 x t o·• < 1 .02 X t O-' < 1 . 1 3  X 1 0"6 

<9.0 X 1 0"1 < 1 . 1  X J 0·9 < 1 . 1  x w·• <3.24 X 1 0·R < 1 .02 X 1 0-' < 1 . 1 3  X 1 0'6 

1 .7 X I 0 5  9 X 1 0 � I X 10'� 1 .0 1  X 1 0-t 3 . 1 9 X IO'J 3.5 2 X JO'·' 

<9.0 X J0'1 < 1 . 1  X 1 0"9 < 1 . 1  x w·• <3.24 x w·• < 1 .02 X J 0·6 < 1 . 1 3  X 1 0·" 

I J  X J O·fl 1 .7 X J O·I 1 .1 x 1 0·7 4.so x 1 0·7 1 .52 x 1 o·� 1 .67 X 1 0 �  I 
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Pollutant 

Radon-222 

Radon-222 

Borotl 

Amtnottia 

Volatile Organic 
Compounds 

i6ta1 Suspended 
Particles 

Chemical Symbol 
or Abbreviation 

222Rn (Curies) 

222Rn (g/sec) 

8 
NH� 
voc 

TSP 1 

Table I .  (cont inued) 

Source Full Emission Rate (g/sec) 3 

Well head Sulferox Cool ing Tower 
Si lencer 

2.1 x t o·w Ci 1 .4 X 1 0 9  Ci 1 .6 x to·•o Ci 

1 .8 x t o·" 9.1 ll. 1 0" 1 5  J .Q X J O_I� 

1 .4 " 10 ... t .9 x ' o·" 1 .9 X J0"5 

2.1 1 x w-) 1 .4 ll. 1 0"2 1 .6 X 10"3 

4.44 X J 0·7 2 .46 ll. 10.() 2.67 ll. 1 0"7 

0.0390 0.0005 0.0050 

I .  

2. 
3. 
4. 

Assumed al l particles are either in the PM10 or TSP size categories. 
Assumed al l H2S converted to S02 at exit from stacks and silencers. 
The emission rates froll'l the Plant silencer are 8 times those from a wellhead silencer. 
Expressed as the total number of Curies per year. 

4 

Average Tons/Year Tons/Year 
Annual 

Emission Rate (Metric) (Engl i sh)  
(g/sec) 

I 

4.98 X 10"2 4 1 .58 x w·' ci --

t .03 x w-•• 3.24 X JO•Il 3 .57 x w·t.' 
5 .25 X 1 0"5 1 .66 X 10"3 1 .82 x w··' 
0.0 1 58 0.50 0.55 

2.76 X J 0·6 8.69 X J 0"5 9.58 x 10·5 

O.D1 43 0.45 0.50 

- - - - - - A 11111111 :W. - ..1. • - • - ..1. · - W. '- -
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Analysis of Potential Deposition and Plume Drift Im pacts on 
Near-Plant Vegetation - Newberry Geothermal Proj ect 

This Sllmmary report is prepared to quantify the potential impacts on the vegetation near the proposed 
plant site from the deposition of material from air emissions. Effects of both d irect plum contact and 
particulate fallout (plume drift) deposition are taken into account. The pollutants studied are: hydrogen 
sulfide (H,S), boron (B), arsenic (As), and mercury (Hg). 

Detailed description of emission sources, plant operation scenarios, and impacts of H2S and other air 
pollutants can be found in SAIC's previous reports. 

Average Annual Emission Rates 

The emission rate calculation is based on an average annual plant operation scenario which includes 
emissions from the cooling tower and the sulferox vessel which operate during p ant normal operation, 
and from the plant silencer which operates only during plant upset events. The average annual emission 
rates from the cooling tower and sulferox vessel are calculated based on plant normal operation during 
97 . 3 %  of a year. The plant silencer average annual emission rate is based on being operational during 
0.675 % of the year or approximately 60 hours/year (the remaining 2.025 % of the year corresponds to 
plant shutdown for maintenance). Conservatively assuming 30 hours of venting at full emission rat e  and 
30 hours at 50% emission rate, leads to an equivalent of 45 hours of venting at full rate. These data are 
the result of one year observation at the CE Exploration Coso plant in California. Table 1 summarizes 
the pollutant average annual emission rates for each source. The table also includes TSP (fotal 
Suspended Particles) which will be used for plume drift estimations . Note that the emission rates in Table 
I are calculated by multiplying the full emission rate for each source by the source frequency of operation 
at full  rate. For example, the average annual emission rate of H2S for the pl ant silencer is (2 . 8 1 0  g/s) 
x ((45 hr/yr)/(8,760 hr/yr)) = 2 . 8 1 0  g/s x 0.005 1 = 0.0143 g/s . 

Table 1 .  Average Annual Source Emission Rates 

Pollutant Chemical Symbol Source Average Annual Emission Rate (g/sec) 
or Abbreviation 

Cooling Sulferox Plant 
Tower Vessel S ilencer 

Hydrogen Sulfide H,S 1 .56 X l Q•Z 4.48 X 10"3 1 .43 X 1Q·l 

Arsenic As 8 .90 X 1 0"1 8.90 X 1()·9 2 .9 1  x w·• 
Mercury Hg 9.73 X l Q-6 8.76 X 1()·� 6.94 X } ()"7 
Boron B 1 . 85 X 1 0·5 1 .85 X 1 0-6 5 .7 1 X 1 0"6 

Total Suspended TSP 4 .87 X J O·� 4 . 87 X t Q·"' 1 .59 X 1 0"3 
Part icles . 
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Average Annual Concentrations at Selected Receptors 

To estimate the deposition impacts, a total of nine receptor points along three dominant wind directions 
were considered . The three dominant wind directions, based on one year meteorological data coll.ect.ed 
at the project site, are from South, West and Southeast (toward North, East and Northwest). Along each 
dominant wind direction, were considered three receptor points located at 500 rn, 1000 m and 1500 m 
from the project site. The receptors are labelled N500, N lOOO, N l'SOO, ESOO, E l OOO, E l'SOO, NWSOO, 
NW lOOO and NW 1500. R-efer to SAIC's report on H� emission impacts titled: "Hydrogen Sulfide 
Impact Due to Proposed Geothermal Development" ,  which includes project site windroses . 

Six of the receptors (NlOOO, N 1 500, ESOO, ElOOO, and E 1 500) are located at elevations above the highest 
stack top elevation, for which a complex terrain model must be used. COMPLEX-I model was

.
used to 

estimate the mean annual concentrations at these points. The remaining receptor points, NSOO, NW'SOO, 
NW lOOO and NW 1 500, are located at elevations equal to or below the project site elevation, for which 
a simple terrain model must be used. ISCST2 model was used to estimate the average pollutant impacts 
at these four points. One year of real meteorological data collected at the site was used for model ing . 

S ince the emission distribution among the three sources were not similar for all pollutants, three mod.el 
runs were performed for H2S , mercury and boron. The impacts of arsenic and TSP, which had a similar 
distribution to that of boron, were calculated by multiplying the results for boron by the ratio of their 
respective emission rates . 

The average annual pollutant concentrations at receptor points, predicted by o ne of the two models 
(COMPLEX- I and ISCST2) are given in Table 2. Appendix A, presents the model output printouts . 

Annual Dry and Wet Deposition at the Receptors 

Based on a conservative dry deposition rate of 3 em/sec, the average annual concentrations, predicted by 
modeling, were used to calculate the annual dry deposition at each receptor point. The wet deposit ion 
was conservatively assumed to be equal to the calculated dry deposition and thus ,  the d ry deposition was 
doubled to give the total wet and dry deposition. Calculations are based on the following formula :  

Total Annual Deposition (lb/acres/yr) = 

Annual Plume Drift Deposition 

2 x [Ambient Concentration {J..lg/m3)] x [Deposition 
Velocity (em/sec)] x .01 m/cm x 4,046.87 m2/acre x 
3 1 ,536,000 sec/yr x 2.205E-9 lb/ J.Lg) 

The average annual emission rate of suspended particles (TSP) originating from the total d issolved sol id 
content of geothermal steam and {:Ooling tower circulating water (as shown in Table 2) ,  is the sum of 
emi'Ssions from the three sources or 0.00487 + 0.00049 + 0 . 00 1 59 = 0 .00695 or "0.007 g/s . Thi�  
emission rate corresponds to a total annual particulate emission of (0.007 g/s)  x (3 1 .536.000 s/yr)  .' 
{453 . 5  g/lb) = 487 lb/year. 
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If we conservatively assume that 50 percent of the drifting droplets have a diameter greater than 200 
microns which would fal l  out in the plant surrounding area, then the mass of settl ing particles wil l be 487 
x 0.5 = 244 lb/year. Analysis of plume drift for a similar proposed geothermal development in the Vale, 
Oregon area indicated that the impact would be insignificant beyond a distance of 500 m from the plant 
site (Cooper, J .A.  et al . ,  1980). The nearest receptors considered in the present study which are at a 
distance of 500 m from the plant site are, therefore, not expected to be impacted by the plume drift 
deposition. However, if we assume a uniform fallout over the corresponding surface area (1r x (0.5 km)' 
= 0.785 km2 or 1 96 acres) the impact of drift deposition on the nearest receptors would be (487 lb/yr)/ 
(196 acres) = 2.48 lb/acre/year. 

According to an estimate of geothermal fluid and cool ing tower circulating water chemical constituents 
for the Coso plants in California (Goddard & Goddard, 1988) the approximate percentage of boron, 
arsenic and mercury in the total dissolved solid content of the cooling tower circulating water is 9. 8 % ,  
0.02 % and 0.02 % ,  respectively. Based on these numbers, the drift deposition corresponding to these 
elements can be estimated, as follows: 

Boron 
Arsenic 
Mercury 

2 .48 lb/acre/yr x 0.098 = 0.24 lb/acre/yr 
2.48 lb/acre/yr x 0.0002 = 0.0005 lb/acre/yr 
2 .48 lb/acre/yr x 0.0002 = 0.0005 lb/acre/yr 

These numbers, representing the annual drift deposition of B, As and Hg, will be added to the 
corresponding total wet and dry deposition values, calculated for the three nearest receptors (N500 , E500 
and NWSOO). 

Table 2 summarizes the results of calculations . The average annual concentrations and total annual 
depositions are given at each receptor point. 

Discussion and Conclusion 

As can be seen in Table 2, average annual concentrations and total annual depositions of hyd rogen 
sul fide, boron, arsenic and mercury, are very small values. It should be noted that the very conservative 
estimates of particulate fallout contribution (plume drift) dominate the deposition values for boron and 
arsenic, and a significant fraction of mercury values, at the 500 m receptor points. Based on a cursory 
review of vegetat ive damage thresholds (Leitner, 1 984), it appears that vegetative impact from the 
proposed plant emissions will be insignificant at the 500 m receptor sites and beyond. 
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00 .t:. 

�eccptor 

NSOO 

N I OOO 

N I SOO 

ESOO 

E I OOO 

t l 500 
NW 500 

NW J OOO 

NW I SOO 

H2S 

Average 
Annual 

Concentration 

(�-tg/rn3) 

1 .66 X 1 0'3 

6. 30 X J 0·4 

3.60 x 1 0·• 

5 . 42 X I Q·l 

1 . 85 x t o·� 

1 . 09 X JO·l 
3 . 1 1  X t O·) 
1 . 34 X t O·' 

7 . 70 X J O·• 
-

Table 2. Air Pollutant Emission Rates and Mean Annual Total Masses 

! ·' 

Boron Arsenic Mercury 

Total Average Total Average Total Average Total 
Annual Annual Annual Annual Annual Annual Annual 

Deposition Concentration Deposition Concentration Deposition Concentration Deposition 
(lb/acre) (J.tg/m3) (lb/acre) (J.tg/m') (lb/acre) (J.tg/m') (lb/acre) 

2.80 X J 0·2 6.80 X 1 0"7 2.40 X JO·I 3 .32 X 10'9 5.00 X J {)-4  3 .00 X 1 0"' t .o t x w·' 

1 .06 X 1 0"2 3 .30 X 1 0"1 5 .57 x t o� 1 .6 1  X 1 0'9 2.72 X 10"1 5 .43 X 1� 9. 1 7  x w·� 

6.08 X Ht3 1 . 80 X 1 ()·7 3 .04 x to� 8 .78 X J O·IO 1 .48 X Ht1 2.48 x t o� 4. 1 9  X J O·� 

9 . 1 5 X J0·2 2.29 X I� 2 .40 x 1 0·• 1 . 1 2 x 1 0·• 5.00 X J Q-4  9.95 X 1 0"5 2 . t 8  x t o·' 

3 . 1 2 X 1 0"2 7.90 x 1 0·7 1 . 33 x t o·' 3. 85 X 10'9 6. 5 1  X 1 0"1 2.77 X J(t' 4.68 x 1 0·• 

I . M X t 0"2 4.60 X t (t7 1 .11 x t o� 2.24 X 1 0'9 3.79 X 10"1 I .42 X 1 0"' 2 .40 X 1 0·• 

5.25 X 1 0'2 1 .28 X I ()-t' 2.40 X J O·I 6.24 X 1 0'9 5 .00 X t �  6.04 X t O"' 1 .52 X 1 0'3 

2.26 X J Q-2 6.00 X 1 0'1 1 .0 1  X 1 0'5 2.93 X 1 0'9 4.94 X 1 0"1 1 .67 X 1 0'5 2.s2 x 1 0·• 

1 .30 X 1 0'2 3 .60 X J(t' 6.08 X J 0·6 1 . 76 X 1 0'9 2.97 X 1 0'1 1 .12 x t o� 1 . 30 X J O·• 
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Prediction of Cooling Tower Plume Dimensions Using 
the EPRI Cooling Tower Plum e  Prediction Mod el (SACTD 

Newberry Geothermal Pilot Project 

Introduction 

This report summarizes th e  results o f  our modeling o f  the Newberry Pilot Project cooling tower plume. 

The EPRI model "Cooling Tower Plume Prediction Code" , also known as SACTI (Seasonal and Annual 
Cooling Tower Impacts), was used to predict the probable dimensions of visible cooling tower plume. 
The model was developed by Argonne National Laboratory in the early 1 9 80s on behalf of EPRI. The 
IBM personal computer version of the model was used. 

The model consists of four �omponents or sub-models which run individual ly .  The first component 
(PREPROCESSOR) reads and analyses the meteorological data and prepares the input met data file for 
the next component. The main program (PLUME or MULT) reads the user input data and the processed 
meteorological data and generates output files . A third component (TABLES) converts the output data 
into frequency tables and, finally, the fourth program prepares contour plots of the tabulated d ata. 

Meteorological Data 

The model SACTI requires at least one year of meteorological data, but can al so run with fewer days of 
data. The hourly meteorological data collected at  the Newberry project site from 9-26-92 to 8-1 3-93 were 
used (approximately 320 days) . 

The model requires the ambient temperature, the wind speed and direction , the relative humidity, and the 
mixing heights . The Newberry site meteorological data file included these data except for mixing heights . 
The daily mixing height data was generated by using published monthly values . The meteorological data 
needed to be prepared in two specifically formatted files. 

1\tiodel In put Data 

All input data used for this modeling were provided by CE Exploration project documentation and from 
CE Exploration personnel . Some model input parameters were calculated from these data. 

The main input parameters required by the model and their corresponding data are listed below. 

Land data : 
S ite latitude and longitude 
The land roughness height 

Insolation data: 
1 2  monthly clearness index 
12 daily insolation for each month 
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44, 1 2 1  
283 (for trees) 

(data from model manual) 
(data from model manual) 



Cooiing Tower Data: 
Type of cool ing tower 
Tower .effective height 
Tower effective exit d iameter 
Tower effective heat rejection 
Tow-er effectiw air flow 
Number of cooling tower Cells 
Length/width of cool ing tower Housing 

Linear Mechanical Draft 
15.2  m 
1 7 .73 m 
198 MW 
4963 kg/s 
7 
1 06.7 m I 1 5.2 m 

A coordinate system was considered with its origin located at the center of the s ite. The X and Y 
coordinates of the �nter of the -cooling tower and each cell were input into the model . Also three 
representative wind directions at 0, 45, and 90 degrees from north, relative to the cooling tower housing 
orientation, were considered .  A distance of 1 0,000 m was input as the maximum d istance for 
calculations. 

The input data for clearness and insolation are provided in the model manual for a number of cities in 
the Un ited States. The data for the city of Boise (Idaho) were judged to be most representative of the 
project s ite area. 

The model was set up to predict the plume dimensions for the entire length of the meteorological data. 
Due to missing relative humid ity data for a number of days, it was not possible to run the model for 
specific seasons of the year. However, for comparison purposes, the model was also run separately for 
two months of July and January representing summer and winter. 

Modeling Results 
From analyzing the meteorological data, SACTI recognizes a number of meteorological categories which 
wil l generate a given plume with specific dimensions. From the Newberry meteorological data, 28 such 
categories were found. 

The first model tabulated output is th ree tables giving the predkted plume dimensions for the three 
repr-esentative wind d irections {at 0, 45, and 90 degrees).  The model also outputs the frequency of the 
categories by wind directions, and other tables summarizing the meteorological cond itions. 

The model output also consists of a number of tables providing the frequencies of the plume being greater 
than a certain length , height, or radius. The plume length is measured horizontally; the height is 
measured vertically fro� the top of the cooling tower and the plume radius represents half of its vertkal 
thickness. The tables give the frequency as a function of wind d irection and d istance from the cooling 
tower or height from the tower. 

The frequency tables along with some other tables giving the hours of shadowing, etc. are induded 
following this document. 

The following frequency tables are also presented in contour graphic form : 
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Plume length fr.equency: the probabil ity that the visible plume will be longer than a g i ven 
distance 

Hours of plume shadowing: the number of hours of plume shadowing at a given distance 

Total solar energy loss: total solar energy lost on a horizontal surface (in MJ/m2) at a 
g iven distance 

Discussion 
From the model output tables, the fol lowing plots have also been generated : 

Figure 1 .  

Figures 2,  3 ,  4. 

Th e  plume height exceedance frequency for the entire observation period {annual) 
and for a winter (January) and a summer (July) month . 

Same data plotted as plume height frequency for 1 0  m ,  100 m, and 1 5  0 m 
(histograms) height categories. 

As Figures 1 through 4 show, the frequency of the plume to exc.eed a given height is above the an nual 
curve in winter and below the annual curve in summer. It must be noted that the data for J uly 
corresponds to an exceptionally wet summer.  Thus, the plume height frequency in an average summer 
may be expected to be general ly lower. 

From Figure 1 it can be estimated that ther.e is a 90 % chance that the plume h eight will be below 2 1  0 rn. 
The median value of the series is approximately 45 m (corresponding to 50 % frequency). 
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APPENDIX G 
METHODS FOR HYDROLOGIC BASELINE DATA COLLECTION 

NEWBERRY HYDROLOGY BASELINE STUDY METHODOLOGY 
Dames & Moore, Portland, Oregon 

Task 1 :  Data Collection and Data Report 

Available hydrogeologic data for the area was compiled and collated to provide a summary 
data report of findings, including a map illustrating the location of any known domestic, 
agricultural, public, and geothermal wells; a series of tables describing hydrologic and 
geothermal data based on well logs; a bibliography of pertinent publications on the project 
area; ·and a listing of information sources and contacts. Data on groundwater levels and 
groundwater quality in addition to well depth and screened interyals were recorded. A field 
reconnaissance was performed to gain a better understanding of the locations of geothermal 
features, USGS monitoring points, groundwater wells, and general hydrogeologic and geologic 
conditions. 

Task 2: Data and Impacts Evaluation 

Based on the data collected in Task 1 ,  additional data tables and geologic and hydrologic 
maps of the area were generated. These tables and maps display the spatial extent and 
variations in characteristics such as water levels, water quality, and other distinguishing 
physical parameters for identifiable water-bearing zones within the study area. 

The tables, maps and other available data and interpretations were used to evaluate the 
potential interaction between the cold meteoric water system(s) and the geothermal system 
present within the study area. The evaluation focused on the characteristics which distinguish 
these systems such as temperature and water chemistry; characteristics which provide potential 
paths for communication or separation, such as faulting, vertical permeability and mineraliz-ed 
zones; and evidence for existing interaction such as the presence of chemically mixed waters 
or system hydraulics. 

In addition, an evaluation was performed for the potential for interaction between the cold 
groundwater systems and the geothermal system as a result of exploitation of the geothermal 
system to supply a power plant. The evaluation included the impact of this interaction on the 
water quality and hydraulics of the cold groundwater system, as well as on the surface 
manifestations of the geothermal systems. The impact on key environmental issues identified 
in Task 1 was evaluated to the extent that data was available. In particular, the potential 
impacts which could affect the recreational, domestic or agricultural use of the cold 
groundwater system were identified. 

91 C0006M\DEISIMAS1ER\APPENDIX.003 01/13/94 G- 1 



Task 3: Preparation of Hydrology Baseline Report 

The Hydrology Baseline Report was prepared, including: 
• A compilation of existing data 
• Collation of pertinent publicly available data interpretations 
• Results of field review and ground truthing of existing data 
• Identification of key environmental issues 
• Tables and maps of reviewed geological and hydrological information 
• Data analysis and interpretation including both existing and potential for 

interaction between the cold groundwater and geothermal systems resulting 
from geothermal development and the potential impact of interaction on 
environmental issues 
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APPENDIX H 
HUMAN HEALTH AND SAFETY 

Note: Material Safety Data Sheets (MSDSs) are not included here but are available for 
viewing in the project file. 

9 1 C0006M\DEISIMASTIOR1APPENDIX 003 0111 3/94 





I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 

TABLE H-6 

APPENDIX H 
HUMAN HEALTH AND SAFETY 

Potential Materials and Waste Class 
Sulfero:s-type Hydrogen Sulfide Abatement System 

Material/Chemical Name California Waste Class Oregon Waste Class 

Dow JC- 1 1 0/chelate w/Scyo iron Non-hazardous Non-hazardous 

Dow JC-2 1 Of chelate solution Non-hazardous Non-hazardous 

Dow CA· I OOtdegradation Hazardous Hazardous 

inhibitor/surfactant 

Dow CA-2 1 0 1  /flocculent Non-hazardous Non-hazardous 

Dow CS-299/surfactant Hazardous Non-hazardous 

Caustic soda solution Hazardous Hazardous 

Activated carbon Non-hazardous Non-hazardous 

91C0006M'IDEIS\MA S'!D.'.APPENDIX.003 01113194 
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01 -Jw.-94 
CII£MICALS USED & UASTE GEIIERATED BY A 33 MW GEOTtfERMAl PLAIT 

OR I LL I IG CHEMICALS (per 4000·foot·deep wl l ,  60 days on locat ion per wel l )  

MATERIAl/CttEMICAl IAMEIPACkAGIIG UIITS VOLUME FREGUEICY TIMX 
DEL I VERY 
SCIIEOULE 

M· l Gel /Bentonite ( 100f sects) lbs 169000 bl ·.anthly 2 trucks/.,. 
TIIMIIth ln!Lignl te,leonerdlte (501 secb) lbs 2350 • 1 truck/6 •· 
Caust ic Soda (501 seeks) lbs 450 • 1 truck/yoeer 
L IMe (501 seeks ) lbs 1450 • 1 truck/year 
Selt ,leCI . f lne evaporated ( 1001 seeks) lbs 116500 • 1 truck/•. 
Sodl\11 Bi carbonate (1001 seeks) lbs 600 • 1 truck/year 
Sulfotex PAI/�I\11 Al cohol SUI fete(�) gel 220 • 1 truck/6 •· 
Sl 1000/0rgenlc Phosphate Blend (dM.IIIS) gel 110 • 1 truck/6 •· 
Diesel fuel ( tanker w/trel ler: 1500gel ) gel 6000 weekly 1 truck/week 
lO·wt Engine Oi l (dr\115) gel 675 bi ·IIIOI"'thly 1 truck/6 •· 
90·Nt Gear Oi l (dr\115) gel 120 • 1 truck/6 .,_ 

Turbine Hydreul lc Of I (em-) gel 1 10 • 1 truck/6 .,_ 

Dextron-2 cOMpressor oi l (�) gel 55 • 1 truck/6 .,_ 

Kopr·Kote Thread Dope (5•gel buckets) gel 60 • 1 truck/6 .,_ 

l f thfUM·Bese EP Grease ( 14-oz tubes) tube 120 • 1 t ruclc/'reer 
Ant i - F reeze/Ethylene Glyeol (�) gel 55 • 1 truck/6 •· 

STORAGE OF CIIBtiCALS & UASTES 

Al l storage wi l l  be contained on dril l ing s i te. Dr\115 end dry pel letted chalcels wi l l  
be set Inside earth berws. lerws wi l l  also contain l iquid rlM'IOff fr0111 r i g  generator end 
efr cu.pressor skids end wi l l  channel el l to the cley· l l ned  dri l l ing su.p. 
DrUMS• refers to 55-gel size steel or plastic containers unless otherwise noted. 
For chal cels that ere used In ._I t er vol� (eg. 1 ·500 pounds per wel l ), • del ivery 
nor.el ly contains sewrel types of chal cels to avoid excess ive truck travel . 

UASTE STREAM 

CUtt ings W/USed drf I I  fng IIJd cu-ft 
( I f  disposed of on·sf te � re·veteteted, 

no truck i ng  would be necessary) 
Used Engl ne/Geer/Hydreul lc Ot l (by tank truct)gel 
Munlcipei · Type dry Neste ( rol l -off bins) cu·yd 
Empty drums (55 gel si ze) each 

11100 bi ·IIIOI"'thl y 

4110 bi·IIIOI"'thly 
53 IIIOI"'thly 
12 bi ·IIIOI"'thly 

1 truck/lllo. 
1 . 5 trucks/•. 

1 truck/3 •· 

TOTAL 

169000 
2350 

450 
1450 

116500 
600 
220 
1 10 

48000 
615 
120 
1 10 
55 
60 

120 
55 

11100 

4110 
1 10 

12 

table H- l 

UASTE CLASS 
IIAZAROOOS(II) OR 
NON·HAZAIDOUS(I) 

OlEO 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

• 
• 
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L . . -- - - - -... -� - IPI IIL P CHEMI CAlS USED & WASTE GEIIERATED BY A 33 MW GEOTIIERMAl PlANT (MEDIC AKE ER 
-

PlANT MAIMTEIAIICE , I NClUDI NG TURB I IIES ,  COMPRESSORS, TRUCKS, CRANES & ROAD MAI NTENANCE EQUIPMENT 
TRUCK 

MATERIAl/CIEMICAl lAME/PACKAGI NG UN I TS VOLUME FREOUEIICT DELl VERT 
SCIIEOUlE 

t)\leeded Gnol tne (bullt 4000 gal tri) gel 900 IIIOI"'thly 4000gel/ '-o. 
Diesel Fuel (bulk 4000 gel tank) gel 2000 • 4000gel/ 21110. 
Shel l Turbo 32 O i l  (2000gel In 275 gat totes) gel 100 • 1 truck/6 1110 • 

Shel l Turbo 68 Oi l (5 gel pal ls) gel 1 • • 

Shel l Turbo 100 Oi l (ctn..) gel 12  • • 

Shel l Turbo 150 Blower ot l(275gat totes) gel 12 • • 

Shel l Tel lua 68 Oi l (5 gel pal ls) gel 1 • • 

Shel l Rotel la 15w40 otl  (275 gel totes) gel 10 • • 

30wt Engine on (ctn..) gel 50 • • 

She l l  ICerosene Solvent (drul) gel 5 • • 

Shel l Oonex TO HydrMJl tc Ot t (drul) gel 10 .. • 

AV-46 HydrMJl tc ott  (�) gel 5 • • 

Chevron 1 50•46 ltydrMJl tC on (drul) gel 5 • • 

Ant i ·Freeze/Ethylene Glycol (�) gel 7 • • 

Mobi l t�eevy Medh.111 on (5 gel pal ls) gel 1 • • 

Mobl l 632 Geer Oi l for Tower Geerbolles(ctn..) gel 20 • • 

Su.t t SH·46 A i r  COIIpreSaor Oi l (5 gel pal ls) gel 2 .. • 

lPS Cleener/Oegreeser Oi l (20-oz cans) each 20 • • 

l iquid Gasket Re.over (20-oz cans) each 1 • • 

Start ing F luid/Ether (20-oz cans) each 1 .. • 

Chevron EP Grease ( 1 4·oz t\bes) each 5 .. • 

Shel l Uheel Bear ing Grease (5·gel bucltet ) gel 0.4 • • 

Brake F luid (5 gel can) gel 0 . 1  • • 

Petrol� D i st i l late Oegreeser ( 15-oz can) each 1 • • 

Cleaning Solvent/petrol� dist i l late (drul) gel 5 • • 

AutOMati c  Tr�i sst on  Fluid/Oi l (drul) gel 1 • • 

Battery Ac id/Sul furic Acid (5gal plastic pat) gel 0 . 1  • • 

Sodlua B icarbonate (50 lb beg) lb 50 • • 

Acetylene Gas, Veldlng (240cu·ft bott les) cu- ft 240 • • 

Ollygen Gas, Velding (240cu· ft bottles) cu· ft 240 • • 

Argon Gas, Veldlng (240cu· ft bottles) cu· ft 240 • • 

N i trogen Gas, Veldlng (240cu· ft bot t les) cu·f t  240 .. • 

Go·Jo Hend Cleaner (4.5 lb container) lb 4 • .. 
Furni ture Pol i sh (20 oz. cans) each 1 .. .. 
Floor Cleaner/F inish ( 1  gel Jugs) gel 1 • • 

Spray & Vlpe Cl eaner ( 1  gel jugs) gel 0.5 .. • 

Pine Odor D i sinfectant ( 1  gel jugs) gel 0.5 • • 

Blue �le Glass Cleaner ( 1  gel jugs) gel 1 • • 

lMOn l iquid D l shYeShtng Detergent (32 oz bottles)eech 0.5 • • 

Toi let Bowl Cleaner ( 1  gel jugs) gel 1 • • 

l iquid Bleach ( 1  gel Jugs) gel 0.5 • • 

Floor Veil Stri pper ( 1  gel jugs) gel 0.5 • • 

Pink l iquid lend Soep ( 1  gal jugs) gel 1 • • 

STORAGE OF CIIEMICAlS AID �STES 
Fuels ere to be stored In above-ground 4000 gel steel tents stored In • concrete f i rewal l/ 
contel l"'lll!!''t peel heYing 1 .5 t llleS the storage cepec i ty of the largest tent. The 275·gel totes 
ere to be stored ei ther next to the blowers or Inside the Mlntenence bui lding neer the door. 
c�essed ges bot tles ere to be chained upright to e reck· fastened to the outs ide of • bui lding. 

Sewage is to be handled by 1 burled sept ic tri syste��. 
YASTE STREAM 
Used Engl ne/Geer/llydreul tc Of t (br tent truek) gel 60 monthly 1 truck/3 ..,. 
Munlclpal · Type dry waste (40 cu-yd rol l ·off bins) cu·yd 24 " 1 truck/1110. 
Empty Oi l DrUMS (55 gel s i ze dru.s) each 3 .. 1 truck/6 1110. 

- Tao1e 
�sTills - - - -

HAZARD<lJS( H) dt 
ION·IIAZARD<lJS(M) 

TEARlT 
TOTAl dtEGOI 

10800 
24000 

1200 
12 

144 
144 

12 
120 
600 

60 
120 
60 
60 
84 

6 
240 

24 
240 

12 
12 
60 

5 
1 

12 
60 
12 

1 
600 

2880 
2880 
2880 
2880 

48 
12 
12 

6 
6 

12 
6 • 

12 • 
6 • 
6 • 

12 • 

720 • 
288 •• 

36 • 
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01 ·Jun-94 
CHEMICALS USED & UASTE GENERATED BY A 33 MW GEOTHERMAL PLANT 

PRODUCT ION/FI ELD GATHERING SYSTEM CHEMI CALS 

MATERIAL/CHEMI CAL NAME/PACKAGING UNITS 

Seaco 3530C/PolyMBletc Actd (550gel totes) gal 
Seaco 3531/Dt lute PolyMalelc Acid (bulk tank) gal 
Seaco 3550 St l l ca lnhlbt tor/Acrylate{275gal tote) gal 
Seaco 2451/Corroston lnhtbl tor/l•tdlazol lne & gal 

I sopropanol (275 gal totes) 
Drew Btosperse 250/Dt thlocarbaRate {275 gal totes)gal 
Caust tc F l ake (50 lb begs) lbs 

STOIIAGE OF CHEMICALS & UASTE 

VOLUME FREO. 

62 weekly 
1944 11100thly 

69 .. 
28 .. 

DEL IV'ERY 
SCHEDULE 

truck/4 110. 
**** see note 
1 truck/4 110 . 

1 truck/9 110 . 

80 • 1 truck/3 110 . 

50 bt·MOnthly 1 truck/year 

Table H-3 

UASTE CLASS 
IIAZARDWS(H) 011 

YEARLY NON·HAZARDOUS(N) 
TOTAL 

3224 
23328 

828 
336 

960 
300 

OilED 

R 
II 
II 
II 

• 
II 

Polv-alelc ac id solut t on  t s  to be stored tn tnsulated 6000 gal lon tanks housed tn a central ly 
located but ldtng In the f i eld gathering syste.. Che.lcals fro. the tanks wi l l  be Injected Into the wells 
through Insulated capi l l ary tlblng on the pipe supports that convey the well  procb:t lon flows to the plant . 

*** Del t very of the 3531 ts not appl icable, as I t  can be di luted on s i te with water. Only the 
concentrate, Seaco 3530C, t s  brought In by truck. The totes are to be stored In heated bui ldings 
and are re-usable. 

UASTE STREAM 

Al l proclJct l on  che.l cals are eventua l ly di sposed of In the Inject i on  wel ls as water 
Is c i rculated through the gather ing and plant piping. Paper waste Is disposed of In the Plant 
Maintenance waste di sposal bins. Ulth the high wel liJOre t�rature In the zone of Inject ion and di l ut i on  
wi th water, the Injected che.lcals break doNn t o  the fol lowing non-hazardous ca.ponents: 

Seaco 3531 : goes to • •leate (car!JOxylete) CCIIIIpOUnd 
Seaco 3550: goes to an acryl ic lllotiOIRr 
Seaco 2451 : goes to a very low concentrat ton _,.,Ia c� 
Drew Blosperse 250: 
Caust ic Soda: goes to dtssoclated lla and 011 Ions In water 

- - - - _ : .. ... ..... - - ,_ - , _ .I. � - w. 1 - -
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01 •JW1·94 
CIIEitiCALS USED & VASTE GEIIEitATtD IT A 33 1111 GEOTHERMAL PLANT 

SULFEROX TYPE IITDROGEI SULFIDE AIIATEMEIT SYSTEM 
(Based on 30,000 lb/hr of non-condens ible ges, hydrogen sul fide content of 11,000 f1P11 by weight 
end 1 • 5 tons/dey of el e.entel eulfur.) 

MATERIAL/CHEMICAL NAME/PACKAGING UIII TS �IME FREQUENCY TllQ DEL IVERY 
SCHEDULE 

VASTE CLASS 
T£AILT IIAZARO<lJS(H) OR 
TOTAL MON·HAZAROOU$(1) 

Dow IC- 1 10/Chelete w/51 Iron (4000 get . tri) gel 
Dow IC·210/Chel ete SOlut ion (2500 pl . tri) gel 
DOMCA- 100/0egredet l on  lnhlb./surfectent(1000 tri)gel 
Dow CA·2101/F locculent (500 gel tank) gel Dow CS·299/Surfectent (500 get . tent) get 
Caust ic Soda Solut i on  (500 gel tenter) gel 
Act lveted Cerbon( I F  NECESSART) (druB) lb 

STORAGE OF CIIEMICALS & VASTE 

140 dally 
75 • 

19 • 

2 • 

2 • 
45 weekly 6000 per 111 •· 

truck/•. 
• 

1 truck/3 •· 
1 truck/6 110. 

1 truck/6 110. 

1 truck/3 110. 

1 truck/18110. 

Al l Che��lcels ere to be stored In f iberglas bulk tents Inside e coated, concrete besln ne11t to the 
sut fero11 f i l ter sk id. The bulk storage tenks wi t t  be ei ther enclosed in e bui lding or heet ·treced. 

J: The raw sulfur produced Is non·hezerdous end wi l l  pass fr0111 the f i l ter sk id di rect ly Into steel 
U. rol l -off bi ns (25,000 lb gross weight) end then hauled off e'ftry 2 weeks for sat e  to fen�ers. 

Act l veted carbon Is needed only ff •rcury Is encountered In the produced ges end Is shipped end 
stored In 30 re-usable 55 tel *'- e'ftry 111 11111ths. 

VASTE STREM 

5 1 100 
27375 

6935 
730 
730 

2340 
4000 

Al l che��lcels ere reacted In the process to forw elell!!fttel sul fur end weter. The sulfur wf l l  be sold 
to agri cul tural users es e sof t .-.dwettt end the weter wf l l be pertly recycled In the process end 
pert ly rei njected I nto disposal wel ls wi th the produced brine. 

I f  ���ercury I s  encountered (end so fer there Is  no evidence of ���ercury In the ste.,ges/weter product i on  
stre-), then the used ect fveted carbon wf l l  be hazardous In Cet i fornle (end probably In or egon  es wel l ) . 

OREGOI 
• 
• 
I 
• 
• 
I 
• 

- - - - -



Acet.ic acia 
Acet.ic ananydride 
Acetone 
Aluminum potassium sulfate 
Aminonaphathcsultonic aci� 
Ammonium cnloride 
Ammonium hydroxide 
Ammonium molybdate 
Br-ompheno l Dlue 
Buffer tor hardness 1 

Buf f-er tor hardness 2 

Buf�er so lution pH4 
Buffer so lution pH7 
Buff er solution pHl O  
calcium indicator 
call:laqite (hardness indicat-or ) 
ca�ine ( a lum lake) 
ct.l-criae standard , various cones . 
Citric acid 
EDTA 
E�vl alcchol 
Hyaroehloric ac id , reaqen�

.
qra�e 

Hydroqen peroxide , 3 0 % 

Iodine so lut ion , N/ 1 0  
Isopropyl alcohol 
Mer��ic nitrate 
Metilyl oranqe indicator 
Nitric a c i4 ,  3 0 . 3 % 

Nitric acid ,  reaqent qrade 
oxalic acid 
Pheno lphthalein indicat-cr so lution 
Potass ium cnlor iae 
Pot.as s ium chromate indiea�or , 5 %  

Pot.as s ium dichromate 
Potass ium hydroxide 
Potass ium hydroxide ,  O . �l 
Potas s ium iodide 
Pot.assium nitrate 
Potassium permanqanate , � %  
S ilver nitrate 
S i lver nitrate 
S i lver n itrate sol . , 10N 

Sodium bisulfite 
Sodium chlor ide 
Sodium chloride standar: 
Sodium hydroxide s o l .  
Sodium hydroxide 

H - 6  

Table H - S  

ognr.n 
1 . 0  l 
1 . 0  1 
3 . 5  1 

5 0 0 . 0  q 
o . s  1 
0 . 5  l. 
3 . 0  1 

3 0 0 . 0  q 
1 0 . 0  q 

1 . 0  1 
0 . 2 5  1 
3 . 0 1 
1 � S  1 
o . a  1 

4 0 0 . 0  q 
2 5 . 0  q 
2"5 . 0  q 

. 5  1 
2 0 0 . 0  q 
2 0 0 . 0  q 

4 . 0  1 
s . o  1 

. 1 .  6 1 
o . s  1 
2 . 0  1 
4 . 0  1 
0 . 5  l 
0 . 2  l 
s . o  1 

4"00 . 0  q 
0 . 3  1 

2 0 0 0 . 0  q 
0 . 4  1 

500 . 0  q 
5 0 0 . 0  q 

5 . 0 1 
650 . 0  q 

o . os l 
o . s l ·  

170 . 0  q 
1 . 0  l 
1 . 0  l 

10()0 . 0  q 
4 00 . 0  q 

1 . 0  l 
3 . 0  l 

100() . 0 q 

I 
I 

:1 
1 
1 
I 

' 
I -

1 
I 
J 
·J 
4 
I 
I 
I 
I 
I 
I 
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. I  
· I  
I 

� I  
- I  
I 
I 
I 

- I  
I 

- I  
I 
I 
I 
I 
I 

gmqru 10JII 
Sociium nitrate 
Soc!ium oxalate 
Soc!ium s ilicate 
Sodium thiosulfate , o . 25N 
Starch indicator sol . , 1' 

Sulfuric acid, 4 6 . 3t 
sulfuric acid , lON 
Sym-diphenylcarbazone 
Tricalcium phosphat• 
Xylene cyanol 
Yttrium nitrate 
Z inc 

Tab le H- 6 

ggmn 
0 . 5  1 

125 . 0  c; 
' 2 00 . 0  c; 

9 . 5  l 
1 . 0  1 
3 . 0 1 
6 . 0  1 

10 . 0  c; 
200 . 0  c; 
100 . 0  c; 

20 . 0  c; 
4 00 . 0  c; 

Note : Chemicals are dilu�eci with approximately 6 0  c;allons o� 
water per c!ay ( 15 , 000 c;allons of watar per year) and 
inj ected with brL�e into wells . 
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REVIEW OF BIOLOGICAL AND EPIDEMIOLOGICAL 
STUDIES RELATING TO EMF 

Much attention at present is focused on several recent reports suggesting that workers in cenain 
electrical occupations and people living close to power lines have a small increased risk of leukemia 
and other cancers (Sagan, 1991 ). The evidence, however, does not conclusively prove that a 
cause-and-effect relationship between electtic or magnetic fields and cancer exists. 

A study in Denver, Colorado, (Wertheimer and Leeper, 1979) and one in Sweden (Tomenius, 
1986) fJist reported that some cancer risks were about 2-3 times greater for children living near 
certain types of power lines assumed to be carrying high current. Those researchers suggested that 
the finding may be related to the magnetic f�elds of 2-3 mG produced in homes by such lines; The 
possibility could not be ruled out, however, that other factors, or chance, may be involved. If 
certain power lines actually do influence cancer rates, this would mean that 2 or 3 children out of 
10,000 children exposed to such lines would develop cancer each year, compared to the normal 
rate of 1 in 10,000 per year (Ahlborn et al., 1987). 

Another study from Denver (Savitz et al., 1988) indicated results that were generally "Consistent 
with the earlier work on childhood -cancer by Wenheimer and Leeper (1979). However, the relative 
risk 1 in the new study (1 .5) was smaller than that reponed earlier (2-3).  it was also on the 
borderline of statistical significance. Results of another study, from the Seattle area, found no 
association between power lines and leukemia in adults (Severson et al., 1988) .  An earlier power 
line study in Denver by Wertheimer and Leeper (1982) also found no increase in adult leukemia. 
However, the earlier Denver study did find an increased risk for some other types of adult cancers. 

A study done in Los Angeles County, California, provided additional suppon for an association 
between childhood leukemia risk and high current power lines (London et al., 199 1  ). The odds 
ratio for very high current lines compared to very low current and underground was 2. 1 5 .  
Associations with actual measured electric an d  magnetic fields, however, were weaker and not 
statistically signiflcant. 

A new study done in Sweden found that the relative risk for leukemia in children living near 
transmission lines was 3.8 where magnetic fields were greater than 3 mG (Feychting and Ahlborn, 
1992). Preliminary information on a larger study done in Denmark indicates no increased risk of 
leukemia for children living near transmission lines in that country (Olsen, 1992). However, there 
was an elevated risk of lymphoma reponed in the Danish study. 

Studies in Rhode Island (Fulton et al. ,  1 980), in Taiwan (Lin and Lu, 1989) and in England 
(Myers et al., 1985) found no significant association between childhood cancer and power lines. 
Other community studies in England found no consistent evidence to support a power line-cancer 
association (Coleman et al., 1985; McDowall, 1 986). 

A study in Washington State first reponed that men in various "electrical occupations" had died 
more frequently from leukemia than men in other occupations (Milham, 1 982). Other studies 
reported similar findings, suggesting an increased risk of around 20 to SO percent (Savitz and 
Calle, 1987; Coleman and Beral, 1988).  However, the studies were primarily based on 

1 Resulu of case-control studies are given in terms of r�lative risk (or odds ratio). A relati"e risk of 1 .0 means that 
exposure to some factor (assumed tO be EMf in lhis case) is lhe same for people wilh a disease {cases) as for people 
wilhout lhe disease (conuols). A value of 2 means cues were exposed to the factor twice as often as lhe concrols. This 
establishes a .. statistical association .. between the disease and the factor. This may or may not represent a cause-and­
effect usociation, however. 
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I infonnation only from death cenificates (i.e., job title and cause of death). It, therefore, was not 

possible to determine whether the preliminary findings were related to electric and magnetic fields, 
or to other exposures such as those from chemicals. 

I Research on electric and magnetic fields and cancer was reviewed in a draft repon by the U.S. 
Environmental Protection Agency (EPA, 1 990). The EPA concluded that magnetic fields are a 
possible but unproven cause of cancer in humans and more research is needed. The EPA's Science 

I Advisory Board (SAB) also reviewed the issue and reached a similar conclusion. The SAB , 
however, recommended that the EPA repon should be rewritten to correct inconsistencies in ·the 
repon (SAB, 1991  ). 

I In addition to research on humans and laboratory animals, several studies have investigated 
possible effects of transmission line electric and magnetic fields on plants, wildlife, and domestic 
animals (BPA, Lee et al., 1989). Crop growth is not noticeably affected by even the largest 

I transmission lines. Trees that are allowed to grow too close to transmission line conductors can be 
damaged by the strong electric fields near the conductors. Nonnally, ttees are not allowed close to 
conductors to prevent electrical flashover, i.e. , spontaneous arcing of electrical current from lines 

I to trees. 

Studies have shown that honey bees in commercial hives can be adversely affected by strong 

I transmission line electric fields. Shocks received by bees while in the hive cause decreased honey 
production and increased mortality. As a precaution, BPA recommends that bee hives not be placed 
directly on the transmission line right-of-way. 

I Wildlife do respond to effects (e.g., changes in food supply), of cleared rights-of-way. However, 
there is no evidence that their behavior is noticeably affected by the presence of electric and 
magnetic fields. Few studies have attempted to detennine whether wildlife may be affected by 

I Jong-tenn exposure to these fields. As noted above, some effects of electric and magnetic fields 
have been found in laboratory animal studies. It is not known whether such effects occur in 
wildlife similarly exposed to these fields. 

I 
I I  
· I  
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Several studies have looked at the behavior and production of livestock raised near transmission 
lines. These studies found no indication that electric or magnetic fields have any major effects on 
livestock. Most of the studies were not designed to detect any subtle field effects, however •. more 
detailed infonnation on the potential health effects of electric and magnetic fields can be found in a 
BPA publication (incorporated here by reference) :  "Electrical and B iological Effects of 
Transmission Lines: A Review." 1993. 
References for Appendix H 
Ahlborn, A. et al. 1 987. Biological Effects of Power Line Fields. New York State Powerlines 

Project Scientific Advisory Panel Final Repon. New York State Depanment of Health, 
Power Lines Project. Albany, New York. 

Coleman, M. et al. 1985. Leukaemia and Electromagnetic Fields: A Case-Control Study. Pages 
122-125, in, International Conference on Electric and magnetic Fields in Medicine and 
Biology. Institution ofElectrical Engineers. London and New York. 

Coleman, M. and V. Beral. 1988. A Review of Epidemiological Studies of the Health Effects of 
Living Near or Working with Electricity Generation and Transmission Equipment. 
International Journal of Epidemiology 17 ( 1 ): 1 - 1 3. 
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APPENDIX I 
MEMORANDUM OF UNDERSTANDING BETWEEN CE NEWBERRY, INC., 

THE BONNEVILLE POWER ADMINISTRATION, AND THE EUGENE WATER 
& ELECTRIC BOARD FOR NEWBERRY GEOTHERMAL PD..OT PROJECT 
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1\m.MORANDUM OF UNDERSTANDING 

Between 

CE NEWBERRY, INC., 

and 

the UNITED STATES OF AMERICA 
Department of Energy 

BONNEVILLE POWER ADMINISTRATION 

and 

the CITY OF EUGENE, OREGON 
acting by and through the 

EUGENE WATER & ELECTRIC BOARD 

for 

NEWBERRY GEOTIIERMAL PILOT PROJECT 
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I. The Parties 
The parties to this Memorandum of Understanding are CE NEWBERRY, INC. ("CE"), 

the United States of America, Department of Energy, BONNEVILLE POWER 

ADMINISTRATION ("BPA") and the City of Eugene, acting by and through the E�GENE 

WATER & ELECTRIC BOARD ("-EWEB"), a municipal utility of the state of Oregon. 

n. Introduction and Pumose 
In July of 1991 ,  BPA, as part of a geothermal pilot program, issued a Request for 

Proposals to supply electric power from geothermal generation projects. In response to that 

Request, CE and EWEB submitted a proposal to BPA for the dev.elopment, construction and 

operation of a geothermal generating facility located approximately 30 miles south of Bend 

an� 8 miles east of LaPine, Oregon. 

BPA has approved the Project for inclusion in its Resource A�quisition Program under 

the Regional Power Act, P. L. 98-501 ,  subject to the development of adequate definitive 

agreements and the approval of those agreements by the BPA Administrator. 

The Parties have agreed that to further explore and analyze the feasibility and 

advisability of developing the Project, various matters must be definitively agreed upon between 

the Parties and certain actions should be taken to determine whether the Project can be 

developed in an environmentally acceptable and cost-effective manner. 

The purpose of this Memorandum Of Understanding is to set forth proposed terms for 

the development of the Project and to provide definition for the respective roles and 

responsibilities of the Parties during the Project development period. 

m. The Project 
The Project will be a 33 megawatt (MW) gross geothermal power plant and supporting 

facilities at a centrally located site on Lease OR 45505 and Lease OR 455'06 within the 

Deschutes Unit Area and the Newberry KGRA, Deschutes County, Oregon. The power plant 

will require up to 10  commercial production wells and 3 injection wells located on well pads 

within 3 miles of the plant site. The proposed plant is planned to be a "flash technology" 

modular plant with a condensing steam turbine and wet cooling tower. The turbine 
generator/condenser and supporting pumps and valves will be housed in a steel building with 

the cooling tower and H2S control systems being separate structures on the site. A 1 15 KV 

transmission line will be required to connect the proposed plant with the existing Midstate 

Electric/BP A substation in LaPine, Oregon. 

The Project is more particularly described in Exhibits A and B.  
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IV. Owner/Operator 

CE Newberry, Inc. 

V. Total Amount Flnanced 

Approximately 80% project debt issuance 

Approximately 20% CE equity 

VI. Proposed Financine Structure 

As the proposed transaction is presently contemplated, the respective Parties will assume 

the following obligations subject to execution of definitive contracts, Exhibits A - C, 

upon approval of their governing boards or the Bonneville Power Administrator as 

appropriate. 

A. CE agrees to finance and develop all Project facilities with a combination of 

project debt and CE equity. 

B. BP A will execute a 20 megawatt (MW) 50-year output contract with CE prior 

to Project financing. The contract price structure and essential terms will be as 

described in Exhibit A (BPA-CE Power Purchase Agreement) . 

C.  EWEB will execute a 10 MW 50-year output contract with CE prior to Project 

financing. The contract price structure and essential terms will be as described 

in Exhibit B (EWEB-CE Power Purchase Agreement) . 

D.  

E. 

F. 

G. 

Under both contracts, CE will receive a fixed and indexed payment as shown in 

Exhibits A and B. 

EWEB and BP A will execute a Billing Credits Generation Agreement ·covering 

EWEB's share of the Project output as described in Exhibit C (BPA-EWEB 

Billing Credits Generation Agreement). 

BPA will agree that ifEWEB is unable to execute the EWEB-CE Power Purchase 

Agreement and the BPA-EWEB Billing Credits Generation Agreement, then BPA 

will purchase EWEB's share of project output under the terms of the BPA-CE 

Power Purchase Agreement, or will negotiate with CE in good faith to reach 

agreement on another structure. 

EWEB will agree that all obligations incurred under the Billing Credits 

Generation Agreement and the Power Purchase Agreement shall be made binding 

to all successors and assigns to EWEB. 

I - 3 



vn. 

H. It is intended by the Parties that the pricing structure under the Power Purchase 

Agreements will allow CE to finance the Project on terms that will provide CE 

the financial return previously communicated to the other Parties in writing. In 

the event CE is unable to finance the Project in accordance with such 

contemplated financia.I returns and the pricing structures described in the Power 

Purchase agreements (Exhibits A and B), the Parties agree to enter into good faith 

negotiations to make changes to Exhibits A and B as may be required to 

accomplish financing. No party shall be bound to make any changes in Exhibits 

A or B without the express approval and eonsent of its governing Board or the 

administrator, as appropriate. 

I. CE will make good faith efforts to seek Project financing for the longest term and 

lowest interest rate feasible. 

Clean Air Act Credits 

CE and EWEB shall share in the economic benefits derived from the tradable credits 

produced by sale or resale of the Project's production to EWEB in accordance with the 

terms of the EWEB-CE Power Purchase agreement. 
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vm. Option Rights I If CE or EWEB propose to develop further geothermal facilities within the Deschutes 

Unit Area, the entity proposing further developments will grant to the other entity the 

first right to participate on an equ·ity or other joint action basis. This opportunity shall 

be offered under terms described in the EWEB-CE Power Purchase Agreement (Exhibit 

B). If the CE and EWEB choose to jointly proceed, CE shall be entitled t� be the 

project developer. As project developer, CE shall exercise the same degree of control 

over project decisions as it exercises under the agreement applicable to the development 

of the Project. 

IX. Joint Development Activities 

A. During the development and construction period, CE and EWEB shall act in 

accordance with the EWEB-CE Joint Development Agreement (Exhibit D). 
B. BPA will perform activities required by the National Environmental Policy Act 

(NEPA) including negotiating Memoranda of Understanding with the Bureau of 

Land Management, the United States Forest Service and other agencies which 
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X. 

c. 

D. 

E. 

Project. BPA will coordinate environmental compliance activities with other 

entities and will use its best efforts to obtain prompt favorable resolution to siting, 

technical and environmental issues related to the Project. BPA will take an active 

supporting role in any public involvement program relating to the .Project 
development and environmental permitting requirements. BPA will perform any 

transmission studies and assist in preparing any Plans of Interconnection necessary 

to connect the Project to the transmission grid. 

BPA, CE and EWEB will take active roles in public involvement programs 

relating to Project development and environmental permitting requirements. 

EWEB will take the lead in public relations efforts. 

When undertaking actions in connection with its supervisory responsibilities, CE 

shall not represent that it is the agent of EWEB or BP A and shall not enter into 

financial obligations in the name of EWEB or BPA. The incurrence of financial 

obligations shall be accomplished only through the express, written approval of 

EWEB or BPA. 

The Development Agreement attached hereto as Exhibit D reflects a project 

structure whereby the financing for the Project will be accomplished by CE. If 

another financing alternative such as EWEB tax-exempt financing should prove 

both legally feasible and necessary to pursue the Project, then EWEB and BPA 

will consider such different financing alternatives. EWEB shall not be obligated 

to undertake such financing but shall be required only to discuss the alternatives 

with CE and BPA. 

Alternative Locations 

A. The planned location of the Project is the Deschutes Unit Area, Deschutes 

County, Oregon. 

B. If the geothermal resources within the Deschutes Unit area are not capable of 

producing power on a cost-effective basis, CE will be entitled, subject to the 

deadlines in section 6 of the BPA-CE Power Purchase Agreement, to use an 

alternate location for the Power Purchase Agreements and other Project 

agreements without being subject to a BPA or EWEB competitive resource 

acquisition process. 

c. Such alternate lease location must present the same advantages and economics to 

the Parties as does the Project. Movement of the location shall not economically 

disadvantage BPA or EWEB without approval of BPA and/or EWEB. 
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XI. 

XII. 

D. The Parties acknowledge that additional NEPA review may be required for the 

alternate location. 
E. BPA and EWEB acknowledge that any definitive contracts may have to be 

amended to reflect CE's costs of developing such an alternative site and otherwise 

reflect changes in the contractual terms. 

F. Such amendments shall be accomplished only upon the express written agreement 

of EWEB and/or BPA and neither EWEB nor BPA shall be obligated hereby to 
execute the same. 

Teonination Events Prior to financine 

EWEB, BPA and CE agree to use their best efforts to proceed with the development of 

the Project, in the absence of the following events: 

A.  Failure to obtain required environmental approvals at Newberry and,  if 

applicable, the alternate site. 

B. Determination by CE of inadequate resource availability at Newberry and, if 

applicable, the alternate site. 

C. Determination by CE to abandon the Project at its option if the expected financial 

returns become unacceptably low. 

D. A determination following completion of the EIS process by any of the Parties 

not to execute the agreements attached hereto as Exhibits A - C, provided that 

such termination shall be effective as to the terminating Party only and the 

remaining Parties shall proceed to negotiate amendments in good faith to take 

account of such change in circumstances. 

Confidentiality 

A. EWEB and BPA agree to keep strictly confidential the proprietary .geological 

data, exploration techniques and other proprietary information developed by CE 
in its exploration and development activities and not to disclose such information 

to any third party or otherwise use or disclose such information without CE's 

written consent, unless otherwise required by law. 

B. EWEB and BPA further acknowledge that CE is a publicly traded company 

subject to Securities and Exchange Commission disclosure regulations and 

accordingly agree that any press releases by such parties relating to the Project 

which can be reasonably anticipated to impact the public market for CE shares 
will be provided in advance to CE for review and comment. 
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The Exhibits listed below and attached hereto are part of this Memorandum of 

Understanding: 

Exhibit A: 

Exhibit B: 

Exhibit C: 

Exhibit D: 
Exhibit E: 

Exhibit F: 

BPA-CE Power Purchase Agreement 

EWEB-CE Power Purchase Agreement 

BPA-EWEB Billing Credits Generation Agreement 

CE-EWEB Joint Development Agreement 

EWEB Board Resolution, dated August 10, 1992 
Provisions Required by Law 

XIV. Qualification and Authority 

A. EWEB shall not be bound to any agreement until its Board has formally 

considered an agreement and specifically authorized its General Manager to 

execute an agreement and such agreement is executed by the General Manager. 

The EWEB Board has passed a Resolution (Exhibit E) authorizing its General 

Manager to sign this MOU and the CE-EWEB Development Agreement. EWEB 

does not represent that its Board will execute any other agreements, including any 

B. 

other Exhibit hereto, and any Party relying on such shall do so at its own risk. 

CE and EWEB acknowledge that BPA must comply with NEPA, which requires 

that BPA evaluate the environmental impact, if any, of a major Federal action 

prior to making a final decision on such action, and that agreement regarding 

contract principles is not a commitment by BPA to make billing credit transfers 

to EWEB or otherwise to purchase power or facilitate the purchase of power from 

the Project. That obligation will arise, if at all ,  only upon the execution of 

formal written agreements. 

XV. Duration of MOU and Tennination 

This Memorandum of Understanding shall continue until the various agreements detailed 

herein are signed, unless the Parties agree to suspend or terminate this agreement at an 

earlier date. 

XVD. Modification 

This Memorandum of Understanding may be modified only by written amendment 

executed by all of the Parties. 
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This Memorandum of Understanding will be effective as of the date when it is fully executed. 

UNITED STATES OF AMERICA · 
Department of Energy 
Bonneville Power Administration 

By __ ��--�����#-------�-­

Assistant Administrator r 
Energy Resources 

Date _.,;.:;I ?--�of..:...l +..;....,f�q..:;.;;.l�--

:rn� 
Vice President for ProJect 

Development 

Date 1 \  /1..'3hL r ' 

The CITY OF EUGENE 
acting by and through 
the EUGENE WATER & ELECTRIC BOARD 
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APPENDIX J 
FUGITIVE DUST MODELING FOR CONSTRUCTION/OPERATION 

SCENARIOS NEWBERRY GEOTHERMAL PU...OT PROJECT 

Prepared by AGI Technologies, May 11, 1994 
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1. Introduction 

Newberry Geothermal Pilot Project 
Fugitive Dust Modeling 

Roger Bighouse 
James Houck 

AGI Technologies 
541 NE 20th Avenue, Suite 103 

Portland, OR 97232 

May 1 1 ,  1994 

The fugitive dust impact was modeled using the U.S. EPA fugitive dust model (FDM 93070). 
The primary source of fugitive dust from the geothermal power plant project will be from 
vehicular traffic and construction activities. Existing background particulate levels were 

estimated from Crater Lake National Park monitoring data. Future impacts were estimated using 
construction/operation schedules provided by C.E. Exploration Company (CEE). 

For short-term modeling purposes (24-hour maximum impact), the geothermal power plant 
project was divided into six different phases, each modeled independently. The modeling was 

done to predict the highest and second highest daily impact (the ambient standard is based on 
the second highest value per year). Daily emission rates were based on worst case 

construction/operation and meteorological conditions. 

For long-term modeling (annual average impact), four representative years were used throughout 
the 50-year lifetime of the project. Emission rates were calculated based on the total emissions 
created per year by project activities. The modeling was conducted to estimate the annual 
impact of fugitive dust during each of the representative years. 

2. Receptors 

Receptors used in this modeling correspond to receptors used for modeling point source 
emissions at the site. A rectangular coordinate system was used with the origin being at the 
future plant site. Table 1 lists the receptors, their coordinates used for modeling, and their 

distance from the plant site. 
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Table 1. Receptor Coordinates and Di.a.Dce from Plant Site 

Coordinates (meters) Distance from 
Receptor Name Receptor Plant Site 

number x - y -
coordinate coordinate (meters) 

North Cove Campground 1 3025 -949 3170 

Wann Springs Campground 2 4409 -1 142 4554 

Little Crater Campground 3 4666 -3073 5587 

Campground 4 4183 -3765 5628 

Summer Houses 5 3475 -3829 5171 

Paulina Lake Lodge 6 1899 -2848 3423 

Bald Eagle Nest Site 7 n89 -467 7304 
McKay Crossing Campground 8 -5985 -2671 6554 

Intersection of Hwy 97 & Hwy 21 9 -12792 1271 12855 

LaPine 10 -15977 -7353 17588 · 

Monument Boundary 1 1  1014 -145 1024 

3. Meteorological Data 

One year of meteorological data were obtained for the time period of October 1 ,  1992 -

·
October 

1 ,  1993 from the SAIC operated 10-meter meteorological station at the approximate plant site. 
The station recorded hourly values of temperature, relative humidity, wind speed, wind 
direction, and sigma theta (wind stability). Precipitation data were obtained from the U.S. 
Forest Service meteorological monitoring station located at Paulina Lodge. Snow cover was 
assumed throughout the months of December,. January, and February. 
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4. Emissions Associated with Construction and Operation or the 
Geothermal Power Plant I 

Short-Tenn Emissions 
For short-term (daily impact) modeling purposes, the geothermal power plant project was 
divided into six different phases, each modeled independently. Each phase includes all activities 
which can be -conducted concurrently. Worst case daily emissions (due to the highest level of 
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activity that could conceivably occur) were used throughout the modeled year to find the worst 
case combination of project emissions and meteorological conditions. Emissions were all 
assumed to generated during the day (approximately 8:00 a.m. to 8:00 p.m.) since there will 
be no construction activities and little traffic during the night-time hours. The modeled estimates 
are conservative s'nce the probability is low that the worst case emissions will occur on the day 
with worst case meteorological conditions. 

Emissions from each of these phases were estimated using the U.S. EPA AP-42 guideline 
document and are based on construction time-lines, vehicle movements, and soil characteristics. 
Road watering procedures to control emissions which will be used by CEE were incorporated 
into the emission calculations. Emissions calculations for maximum daily impact did not take 
into account natural emission controls such as snow cover, precipitation, frozen soil, etc. 
Hence, the values that are calculated are conservative estimates of maximum daily impacts. 

Phase 1: I>rilliD& 
The drilling phase includes activities associated with construction of exploration well pads and 
roads, and exploration well drilling. Worst case daily emissions assumed that two exploration 
wells were being cleared and two compliments of construction and well drilling equipment were 
delivered to the site in one day. Since this phase has the highest potential for fugitive dust 
emissions, a watering program will be used on the roads used by the project. Roads will be 
watered 3-4 times per day during dry, dusty periods. The control efficiency of fugitive dust 
emissions from vehicular traffic from this watering program will be at least 60 % .  Further 
control of dust will be achieved by watering exposed working areas during excavation. 
However, the control efficiency achieved by watering exposed areas of excavation were not 
taken into account for modeling estimates. 

Phase l: Site Excavation 
Site excavation phase includes emissions due to transportation of construction equipment to the 
site and excavation of the plant site. Worst case daily emissions include emission from 
transportation of equipment to the plant site and daily excavation of the entire 1 8.5 acre plant 
site. The road watering program will be continued (3-4 times per day) and will achieve a 
control efficiency of at least 60 % .  

Phase 3 :  Plant Erection & Transmission Line ConstnJction 
This phase includes emissions from material deliveries and construction of the new road 
(between roads 500 and 600) and transmission lines. Worst case daily emissions included 
simultaneous delivery and construction of road/transmission line. Since much less fugitive 
emissions are expected during this phase, a less aggressive watering program will be used which 
will achieve a control efficiency of at least 40%.  

Phase 4: Plant Start-up 
Plant start-up includes emissions from crew busses and supervisor vehicles during plant start-up. 
Due to limited vehicular traffic, the road watering program will be discontinued during this 
phase of the project. 

Phase 5: Plant Operation 
Plant operation phase includes emissions from crew vehicles, vendor cars, delivery of materials, 
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well/well pad maintenance activities, and road maintenance (grading). Worst case daily 
emissions assumed all crews, material deliveries, and road maintenance occurred during one day. 
No road watering will be done during this phase. 

Pbase 6: Decommissionin& 
Th.: decommissioning phase includes emissions from crew vehicles, equipment delivery, matqial 
removal, and site/well pad restoration. The watering progtam (2-3 times per day) will be 
continued for this phase and will achieve at least 40% control efficiency for road travel. 

l.on£-Term Emissions 

Calculation of long term (annual impact) emissions was done to model annual impact at each 
receptor. Total emissions from each phase were calculated and divided by the length of the 
phase to get an average daily emission rate for each phase. Natural emission controls (rainfall 
and snow-cover) were incorporated into the emission calculations. To model annual impact, the 
phases were then grouped into four representative years based on a projected 
construction/operation schedule as follows: 

Year 1 
The first representative year contains average emissions from phase 1 only. Phase 1 is expected 
to begin in September 1994 and last until December 1995 with a three month break during the 
winter months. 

Year l 
The second representative year incorporates emissions from phase 2, phase 3 ,  and phase 4. 

Year 3 
The third representative year incorporates average emissions from only the operation phase 
(phase 5). 

Year 4 
The fourth representative yeM incorporates emissions from both phase 5 and phase 6. 

5. Modeling Results 

Modeling was perfonned for both total suspended particles (TSP) and particulate matter less than 
10 microns in aerodynamic diameter (PMuJ for the six short-tenn phases and the four long-term 
representative years. Tables 2-7 1ists the highest and second highest modeled TSP/PM10 2-4-hour 
impact at each receptor for phases 1-6 respectively. Tables 8-1 1  list the modeled annual 
TSP/PM10 impact for each receptor for each representative year respectively. 

Table 12 lists the applicable standards for ambient TSP/PM10 and the �timated background 
particulate levels. 
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Table 1. Jli&best and Second Hi&hest Dally Impacts for Phase 1 

. TSP ( t.t2/m3) PM,n fue/m3) 
Receptor Name R= 

num highest second highest second 
hiehest highest 

North Cove Camo210und 1 63.0 49.3 45. 1  35.2  
Warm Sorine;s Camp�und 2 45.5 35.2 32.8 25 .0 
Little Crater Camp�und 3 20.5 17.8 14.2 12.7 
Campground 4 28.4 24.8  20.4 17.8 
Summer Houses 5 19.6 18.6 14. 1 13 .3 
Paulina Lake Lod2e 6 25. 1 23.6 1 8.0 16.4 
Bald Ea.2le Nest Site 7 22.2 21 . 1  15 .8  15 .3 
McKav Crossin2 Campe;round 8 12.7 9.7 9 . 1  7. 1 
Intersection of HWY 97 & Hwv 21 9 1 1 .0 8. 1 7.7 5 .9 
laPine 10 3.9 2.6 2.9 1 .9 
Monument Boundary 1 1  109.3 108 . 1  76.8 72. 8  

Table 3. Bi&hest and Second Hi&best Dally Impacts for Phase 1 

R:r TSP _W___g/m!}_ PMjn (�ot�m'l 
Receptor Name num r highest second highest second 

highest highest 
North Cove Camp2round 1 4 1 .6 30. 1 34.0 24.3 
Warm Sprin2s Cam_p_ground 2 28.8 21 .5 23.2 17 .3  
Little Crater Campe;round 3 1 1 .4 9.4 8.8 7.9 
CamP2TOUnd 4 10.5 9.0 8.3 6.9 
Summer Houses s 6.8 6.4 4.8 4.8 
Paulina Lake Lod2e 6 14.7 8 .8 14. 1 7.2 
Bald Ea.2le Nest Site 7 12.6 10.6 9 .8  8 .3  
McKav Crossin2 Campgt'_ound 8 6.9 4.5 4.9 3 . 4  
Intersection of Hwv 97 & H\\1' 21  9 9.7 8.7 7. 1 6. 3 
LaPine 10 1 .5 1 .5 1 . 1  1 . 1  
Monument Boundary 1 1  106.4 103.7 89. 1  86.3 
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Table 4. Hi&hest aod Secood Hiehest DaUy Impacts for Phase 3 

TSP (JL21m') PM In rJL�tlm') 
Receptor Name = m highe� second highest second 

highest highest 

North Cove Camo2I'Ound 1 44.9 32.9 32.5 23.5 
Wann Smin2s Camp�und 2 33.3 24.3 24. 1  17.4 
Little Crater Camo2I'Ound 3 14.2 13.4 9.9 9.6 
Camo2I'Ound 4 14.7 13.8 10.6 9 .9  
Summer Houses 5 1 1 . 1  1 1 .0 8.0 7.7 
Paulina Lake Lod2e 6 14.9 12. 1 10.4 8 .8 
Bald Ea2le Nest Site 7 15.9 14.8 1 1 .4 10.5 
McKav Crossing Camp�ound 8 10.3 6.3 7.4 4.5 
Intersection of H""Y 97 & Hwy 21 9 12.8 12.7 9.2 9.2 
LaPine 10 2.3 2.2 1 .7 1 .6 
Monument Boundary 1 1  65 . 1  60.4 47. 1 4 1 .9 

Table 5. Bi&hest and Secood Hi&hest DaDy Impacts for Phase 4 

R=r TSP (.u.J!.Im'} PM_LO_ Ag/m',) 
Receptor Name num r highest second highest second 

hi_g_hest highest 
North Cove Campground 1 2.9 2.4 2 . 1  1 .7 
Wann Springs Campground 2 2.2 1 .9 1 . 6  1 .3 
Little Crater Camp2J'Ound 3 1.3 1. 1 0.9 0.7 
Camo2TOund 4 1 . 1  1 . 1  0.8 0.8 
Summer Houses 5 1 .0 1 .0 0.8 0.7 
Paulina Lake Lod�te 6 2.0 1 .8 1 .4 1 . 3  
Bald Eagle Nest Site 7 1 .2 1 . 1  0.8 0.8 
McKav Crossin2 Cam�ound 8 0.6 0.4 0.4 0.3 
Intersection of H_WY_ 97 & Hwv 21 9 0.6 0.6 0.4 0.4 
LaPine 10 0.2 0. 1 0. 1 0. 1 
Monument Boundary 1 1  5 .8 4.5 4 . 1  3. 1 
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Table 6. Hi&hest and Second Bl&hest Dally Impacts for Phase 5 

TSP (j.t21m') PMrn [u2/m1) 
Receptor Name = m highest second highest second 

highest highest 

North Cove Camp£rOund 1 9.6 7.8 8.0 6.3 
Warm Sprln_RS CamJ>R:round 2 6.9 5.4 5 .7 4.5 
Little Crater Campground 3 4.2 3.4 3 .4 2.7 
Campground 4 3.5 2.4 2.8 1 .9 
Summer Houses 5 3.5 3.4 2.8 2.8 
Paulina Lake Lod_ge 6 5.9 5.6 4.7 4.3 
Bald Eagle Nest Site 7 3.8 3. 1 3 . 1  2.5 
McKay Crossing Campground 8 2. 1 1 .9 1 .7 1 . 7  
Intersection of Hwv 97 & Hwv 21 9 3.0 2.4 2.5 2.0 
LaPine 10 0.6 0.4 0.5 0.3 
Monument Bound_ID_ 1 1  15.9 14. 1 12.4 10. 8 

Table 7. Hi&hest and Second Bi&hest DaUy Impacts for Phase_ 6 

R= TSP (l.t21m') PM_lll �_g/m1_) 
Receptor Name num highest second highest second 

highest highest 

North Cove CamP£rOUnd 1 20.5 16. 1 15.5 12 .2 
Warm Sprln�s Campground 2 14. 1 1 1 .4 10.7 8 .3 
Little Crater CamJ>_gr'Qund 3 6.5 6.3 4.7 4.6 
CamJ>_m:)und 4 "  5.8 3.8 4. 1 2.7 
Summer Houses 5 5.7 5.2 4.0 3 . 8  
Paulina Lake Lod_ge 6 7.7 7.5 5.4 5.4 
Bald Ea21e Nest Site 7 7.5 6.2 5.6 4 . 8 
McKav Crossin2 Campground 8 4.7 3.7 3.4 2 .7  
Intersection of Hwv 97 & HWY_21 9 6.9 5.6 4.9 4.0 
LaPine 10 1 .2 1 .0 0.9 0 .7 
Monument Boundary 1 1  42.4 35.9 3 1 .9 27 .2  
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Table 8. Annual Impacts for Year 1 

Receptor Name R= 
num TSP (p.gl�) 

North Cove CampETOund 1 2.8 
Wann Sorin2s Camo2round - 2 1 .8 
Little Crater Camp2J'Ound 3 1 .0 
CampgrQ_und 4 0.8 
Summer Houses 5 0.8 
Paulina Lake Lodge 6 1 .7 
Bald Eagle Nest Site 7 1 .0 
McKav Crossing Cam�und 8 0.2 
Intersection of Hwv 97 &. Hwv 21 9 0.2 
LaPine 10 0.04 
Monument Boundary 1 1  9.2 

Table 9. Annual Impacts for Year 2 

Receptor Name R:tor 
num er TSP (p.g/�) 

North Cove CampETOund 1 1 .0 
Wann Snrines CamPETOund 2 0.7 
Little Crater Camp£round 3 0.4 
Campground 4 0.3 
Summer Houses 5 0.3 
Paulina Lake Lodge 6 0.6 
Bald Eagle Nest Site 7 0.4 
McKav Crossing Campground 8 0.2 
Intersection of Hwv 97 &. Hwv 21 9 0.2 
LaPine 10 0.03 
Monument Boundary_ 1 1  3.2 
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PM10 {#.iglm') 

1 .7 
1 . 1  
0.6 
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Table 10. Annual Impacts for Year 3 

Receptor Name R= 
num TSP (p.gl�) 

North Cove Ca.mD2t'Ound 1 0.4 
Warm Sorines Camo2t'Ound 2 0.3 
Little Crater Ca.m02t'Ound 3 0.2 
Camt>2r0und 4 0 . 1  
Summer Houses s 0. 1 
Paulina Lake Lodee 6 0.3 
Bald Ea_g_le Nest Site 7 0.2 
McKay Crossing Camp2f0und 8 0.04 
Intersection of H_wy 97 & Hwy 21 9 0.04 
LaPine 10 0.007 
Monument Boundary 1 1  1 .2 

Table 11. Annual Impacts for Year 4 

Receptor Name =: TSP (p.gl�) 

North Cove Camp�und 1 0.6 
Warm Sprines Camt>2Tound 2 0.4 
Little Crater Campground 3 0.3 
Ca.mp�ound 4 0.2 
Summer Houses s 0.2 
Paulina Lake Lodee 6 0.4 
Bald Eaele Nest Site 7 0.3 
McKav Crossine Campground 8 0. 1 
Intersection of Hwv 97 & HWY 21 9 0. 1 
LaPine 10 0.02 
Monument Boundary 1 1  1 .9 
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PM1o (p.glm') 

0.2 
0.2 
0. 1 
0. 1 
0. 1 
0.2 
0. 1 

0.03 
0.03 
0.004 

0.8 

PM1o (p.g/m') 

0.4 
0.3 
0.2 
0.2 
0.2 
0.3 
0.2 
0. 1 
0. 1 

0.01 
1 .3 



Table 12. Particulate Standards and Fstimated Backcround Le•ek at Newberry Crater 

Second �best 
Particulate 2�hour alue 
Category {p.g/ml} 

Standard Back210und' 
TSP ISO 31  

PM to ISO 22 
a. estimated from Crater Lake data. 
b. geome� mean. 
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6. Conclusions 

As can be seen by comparing the estimated daily and annual impacts to the applicable standards, 
these standards are not expected to be exceeded even when the fugitive dust impact is added to 
the existing background levels. 

This emission modeling exercise (as with all modeling) cannot take into account all scenarios, 
both man-made and natural, which may cause increased emissions. However, the modeling has 
demonstrated, excluding extraordinary events such as wildfires, dust storms, and intensive 
adjacent logging, that the construction and operation of the Newberry geothermal power plant 
will not contribute to a violation of ambient standards for particulate matter. 
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APPENDIX K 
SOIL AND LAND TYPE INFORMATION FOR PROJECT AREA 

SELECTED INFORMATION FROM: LARSEN D.M., 1976, SOIL AND 
_RESEARCH INVENTORY DESCHUTES NATIONAL FOREST, PACIFIC 

NORTHWEST REGION, NATIONAL FOREST SERVICE, 381 PP. 
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MAPPING UNIT 73 

Mapping Unit 73 consists of 70 percent or more of Land type 73 and may 
have inclusions of Landtypes 1 7 ,  1 9 ,  6H, and 15.  

Landtype 73 occurs on smooth to slightly uneven lava p 1a ins . Slope 
gradients are typically less than 15 percent . Elevation ranges from 
4 , 800 to 5 , 800 feet,  and the annual precipitation i s  about 25 to 40 
inches . 

Vegetation includes lodgepole pine, currant, sedges , 1up ine, and needle­
gras s . White fir is sometimes present in the unders to ry ,  and some 
mountain hemlock occurs at the upper elevation range of this landtype . 
Productivity is estimated at  cubic foot Site Class 5 and Site Index 40 
to 50 for lodgepole pine. 

This landtype has well �o excessively drained soils formed f�om a moder­
a tely thick layer of pumiceous volcanic ash over an o1der soil on basal�s 
and andesites . Surface soils are typically loamy sands , and buried 
s oils are cobbly sandy loams . Permeability is very rapid in the surface 
soils and rapid in the buried soil . Dep th to bedrock �s 24 �o SO inches . 

Bedrock consists of black to gray , highly to moderate1y f ractured , 
blocky basalts and andesites . It is hard and competent . 

Land type 73 is similar to Landtype 19 excep� it is underlain by bedrock 
instead of glacial till . It is similar to Landtype 7E except for ground 
vegetation. Landtype 6H is similar except it supports more white fir 
than Landtype 73 and generally is more sloping . 

Litter : 

Surface 
Layers : 

Sub­
s urface 
Layers : 

Buried 
Soil:  

Range of Soil Characteristics of Landtype 73 

Needles , leaves , twigs , cones , and decompos ing organic mat�er ; 
0 . 25 to 2 . 0  inches thick. 

Very dark grayish brown to dark brown sandy 1oam to loamy s and ; 
weak, fine , crumb structure; 2 to 20 percent pumice coarse frag­
ments ;  nonsticky ,  nonplastic; pH 6 . 0  to 6 . 5 ;  2 to 6 inches thick. 

Brown to yellowish brown pumiceous loamy s and to sand ; massive 
to single grain; 2 to 30 percent pumice coarse fragments and 
blocky gravels and cobbles by volume; nonsticky , nonplas tic ; 
pH 6 . 0  to 7 . 0 ; 18 to 30 inches thick . 

Dark brown to brown loamy fine sand to loam ; mass ive; 20 to 
70 percent blocky cobbles , stones , and grave1s by volume ; 
nons ticky to slightly sticky , nonplastic to slightly plastic ; 
pH 6 . 2 to 6 . 8 ; 6 to 24 inches thick. 
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MAPPING UNIT 4A 

Mapping Unit 4A consists of 70 percent or more of Landtype 4A and may 
have inclusions of Landtypes 19 , 42,  and 7F. 

Landtype 4A occurs on gently sloping plateaus and glacial outwash plains . 
Slope gradients are generally less than 10 percent but may range up to 
30 percent . Elevation ranges from 5 , 500 to 6, 200 feet,  and the annual 
p recipitation is about 25 to 30 inches . 

V egetation is composed dominantly of lodgepole pine and lupine . Pro­
duc tivity is estimated at cubic foot Site Class 5 to 6 and Site Index 30 
to 40 for ponderosa pine. 

This landtype has excessively drained soils formed from a moderately 
thick layer of pumiceous volcanic ash over an older soil on sands and 
gravels . Surface soils are typically pumiceous loamy sands , and bur ied 
soils are sandy loams and sandy gravels . Permeability is very rap �d in 
the surface soils and rapid to very rapid in the buried soils . 

Landtype 4A is similar to Landtypes 19 and 73 excep t for underlying 
ma terial. It  is s imilar to Landtype 42 except for vegetation. 

Lit ter:  

Surface 
Layers : 

Sub­
surface 
Layers : 

Buried 
Soil:  

Range of  Soil Characteristics of  Landtype 4A 

Needles , leaves , twigs , cones , and decomposing organic ma t ter ; 
0 . 5  to 1 inch thick. 

Very dark grayish brown to dark brown sandy loam to loamy 
sand; weak, fine , crumb structure; 0 to 1 5  percent pumice 
fragments and g ravel ; nonsticky ,  nonplas tic ; pH 6 .0  to 6 . 8 ;  
2 to 6 inches thick. 

Brown to yellowish brown pumiceous loamy sand to sand ; 
massive or s ingle grain; 5 to 10 percent pumice coarse ·f rag­
ments and rounded gravels by volume; nons ticky ,  nonplast�c ; 
pH 6 . 0  to 7 . 8 ;  20 to 36 inches thick • 

Brown to dark brown sandy loam to loamy sand; massive; 
10 to 30 percent rounded gravels by volume; nonsticky to 
s lightly sticky , nonplastic to slightly p lastic;  pH 6 . 2  to 
6 . 8 ; 6 to  24  inches thick. 

Dark grayish b rown gravelly loamy sand to sandy gravel ; 
mas sive to s ingle grain; 40 to 70 percent rounded and sub­
rounded gravels by volume; nonsticky,  nonplastic; pH 6 . 4  to 
6 . 8; greater than 36 inches thick. 
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MAPPING UNIT 7F 

Mapp ing Unit 7F consis ts of 70 percent or mo�e of Landtype 7F and may 
have inclusions of Landtypes 17, 7E, and 85.  

Landtype 7F occurs on lava plains and side slopes o f  s hield volcanoes . 
Slopes are smooth to uneven with a g�adient of 0 to 30 percent . Gen­
erally, the slopes are less than 20 percent . Elevation ranges from 
6 , 200 to 6, 800 feet , and the annual precipitation may range from about 
30 to 60 inches . 

Vegetation is composed dominantly of lodgepole p ine wi�h some mount a in 
hemlock over sedg�s , needlegrass , and grouse huckleberry . This land�ype 
has low potential for timber production. 

This landtype has well to excessively drained soils formed from a moder­
ately thick layer of pumice and volcanic ash over an older soil on 
basalts and andesi�s . Surface soils are typically pumiceous loamy 
s ands , and buried soils are sandy loams . Permeability is very rapid in 
the surface soils and rapid to very rapid in the buried soils . Dep th to 
b edrock is 24 to 50 inches . 

Bedrock consis ts of black to dark gray, highly to moderately fractured , 
blocky basalts and andesites . It  is hard and competent . 

Landtype 7F is similar to Landtype 7E but occurs a t  higher elevations 
and has different vegeta�ion. Landtype 85 is similar but support s  a 
dominance of mountain hemlock over lodgepole pine and the siopes tend to 
b e  slightly steeper than on Landtype 7F . The soils of Landtype 7F a re 
not a s  stony as Landtype 7A, and surfaee materials a't'e diffe�ent than in 
Landtype 7B . 

Litter:  

Surface 
Layers : 

Sub­
surface 
Layers : 

Buried 
Soil : 

Range of Soil Characteristics of Landtype 7F 

Needles , leaves , twigs , cones, and decomposing or�anic ma�ter ;  
0 . 25 to 1 inch thick. 

Dark grayish brown �o dark brown sandy loam to loamy sand ; 
weak, f ine, crumb s tructu�e; 0 to 15  percent pumice fragmen�s 
and gravel ; nonsticky , nonplastic; pH 5 . 8  to 6 . 5 ;  2 �o 6 inches 
thick. 

Brown to brownish yellow pumiceous loamy sand to sand ; s ingle 
grain to massive; 5 to �0 percent pumice coarse fragments and 
blocky gravels and cobbles ; nonsti�ky , nonplastic;  pH 6 . 0  
to 6 . 8 ; 1 8  to 36 inches thick. 

Dark yellowish brown to brown loamy sand to sandy loam; 
20 to 80 percent blocky cobbl�s and s tones by volume; 
nonsticky ,  nonplastic; pH 6. 2 to 6 . 8 ;  6 to 2{) inches thick . 
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3. ENGINEERING 

Interpretations for engineering include characteristics for roads , 
foundations , bedrock, and some miscellaneous interpretations . These are 
presented in two tables : One table, "Characteristics Pertinent to Roads 
and Airfields , "  is a standard engineering table for road construction 
based on the Unified Soil Classification System. The other table,  
"General Engineering Interpretation, " gives other engineering interpre­
tations which will be useful to engineers and other resource managers . 
These interpretations are explained and defined in this section. Gen­
erally , the following interpretations and ratings are based on the 
entire landtype unit including soil , bedrock, and landform. Some inter­
pretations are based only on the soil material or bedrock material . 
These are s tated in the description for each interpretation. The 
interpretations pertaining to roads are based on standard Forest Service 
regulations and construction methods presently used . 

Unified Classification 

Each soil is classified as to its Unified Classification . Those  soils 
with significant layers of different soil materials will have a classi­
fication for each layer designated . The classification will b e  made for 
some representative soils by laboratory testing . Those soils not tested 
will be classified by comparing their properties to those tes t ed . 

Suitability for Use as Topsoil Source 

This rating evaluates each soil as to its suitability for use a s  topsoil . 
It does not specify any particular use of the topsoil.  Ratings are 
based on soil characteristics . 

Suited - Soil texture ranges from sandy loam to clay loam . Gravel 
content is less than 35 percent and soil layer is at least  3 feet 
thick. 

Unsuited - This ra ting indicates the soils do not satisfy the 
requirements specified under "Suited . "  However , soils rat ed 
"Unsuited" may still satisfy a particular requirement . See the 
"Table of Soil Characteristics" for soil texture,  thickness ,  and 
gravel content . 

Sui tability of Soil as Sand and/or Gravel Source 

This interpretation indica tes the suitability of each soil as a possible 
source of sand and/or gravel . It  does not indicate the kind or quality 
of sand or gravel , or refer to any specific use of the sand and/ or 
gravel . 

Suited - This rating indicates that sand and/or gravel is p resent 
and the following conditions are satisfied . There is a layer 
present which is composed of 80 percent , by volume, of sand and/or 
gravel . This layer is at least 4 feet.  
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Unsuited - This rating indicates that sand and/or gravel is generally 
no t present in amounts which satisfy the requirements under "Sui-ted . " 
However , soils rated "Unsuited" may still satisfy a particular require­
ment . See the Table of Soil Characteristics for soil dep-th and gravel 
content . 

Suitability of Soil as a Possible Clay Source 

This rating indicates the suitability of each soil as a possible s�urce 
o f  clay. It  does not indicate the kind or quality of clay or refer to 
any specific use of the clay. 

Suited - This rating indicates that the soil is a possible source 
of clay .  Soils with this rating have the following : Texture 
ranges from clay loam to clay. Gravel content is less than 35 
percent . This layer is at least 2 feet thick. 

Unsuited - Soils with this rating generally are not possible 
sources for clay . 

Suitability of Bedrock for Road Rock 

This interpretation indi�ates the general suitability of rock when used 
as road rock for base course or wearing surface. These ratings are 
based on rock hardness ,  density , and susceptibility to weathering and 
breakdown. Soils are no t rated when depth to bedrock is greater than 1 2  
feet.  (Cautionary note : This information is for broad planning purposes 
only. Specific onsite characterization data are required to accurately 
determine rock suitability . ) 

Unsuited - Rock is soft and breaks down rapidly under logging 
traffic.  

Poor - Rock is only moderately hard and breaks down easily under 
logging traffic ; usually in one or two years ' time . 

Fair - Rock is hard and dense, but �ends to b reak down under log­
ging traffic after about two to four years ' use . 

Good - Rock is hard , dense, and resists breakdown under logging 
traffic .  

Limitations o f  Bedrock for Road Rock 

This column indicates the maj or limi-tation of the b edrock for road r�ck 
use.  

Consideration for Road Location and Construction 

This column indicates the maj or considerations for road location and 
construction �hrough each soil . the rating evaluates the impact of road 
construction on other resources and/�r road construc tion problems likely 
to be encountered . 
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Method of Excavation 

This interpretation refers to excavation methods most commonly used and 
required for each soil . This inclodes soil , bedrock, and cemented· 
and/or compacted layers in the soil . Methods are blading , ripping , 
and/or blasting . (Cautionary note : These appraisals are subj ect to 
change as machinery capabilities change. ) 

Cutbank and Ditch Erosion Potential 

This interpretation indicates the potential for subsoil erosion by 
running water on each soil . Subsoil refers to that material from 
approximately the 2-foo t dep th extending to bedrock. It includes 
erosion which takes place along road ditches and on cutslopes . Rating 
is of soil material only and does not apply when cutbank or ditch is in 
bedrock. Factors considered in making ratings are field observations , 
texture and struc ture of subsoil materials , permeability, compac tion, 
and climate. 

Low - Factors indicate that little or no sub soil erosion is likely 
to occur . 

Moderate - Factors indicate that the subsoils have moderate erosion 
po tential . 

High - Factors indicate that the subsoils are likely to erode 
severely. 

Susceptibility to Cutbank Sloughing and Raveling 

This rating evaluates each unit for its suscep tibility to sloughing or 
raveling after excavation. Ratings are based on cutbanks at least 10 
feet high. Factors include field observations , soil and bedrock charac­
terist ics , backslope ratio , frost action, climate and potential for 
revegetation. 

Low - Sloughing and/or raveling is a minor problem requiring oc­
�ional road maintenance .  

Moderate - Sloughing and/or raveling causes some damage .  Annual 
road maintenance is usually adequate. 

High - Sloughing and raveling occur at a rate that often plugs 
culverts and fills inside ditches . Frequent road maintenance with 
heavy equipment such as front-end loader is r equired . 

Probability of Cutbank Failures 

This interpretation indicates the probability of failures in cutbanks 
following road construction or excavation for building s .  Failures are 
considered to be at least 5 cubic yards of ma terial in volume . Ratings 
are based on cutbanks of at  least 5 feet in height and refer to more 
than a 50-percent chance for failures .  These ratings are the same as in 
the Mantle Stabili ty Surveys . 

K - 1 9  



I .  

II . 

Very Stable - Practically no probability of chance of cutbank 
failures . 

Stable - Probability of no more than . 3  failures per mile of 
road cutbank. 

III . Moderately Stable - Probability of 4 to 8 failures p er mile of 
road cutbank. 

IV . Unstable - Probability of 9 to 1 5  failures p er mile of road 
cutbank. 

V .  Very Uns table - Probability of more than 1 5  failures per mile 
of road cutbank. 

Suggestions for Cutbank Stability Problems 

This rating g ives suggestions , when applicable ,  to increase s tability of 
cutbanks or reduce damage from raveling and sloughing . 

Failure Po tential on Road Waste and Fills 

This  interpretation rates the soil units as to the susceptibility of 
failure occurring on fill and sidecast was te material and related damage 
to resources .  Failures are defined as a loss or partial loss of road 
fill or sidecast material on the fill slope. 

Considered are initial and subsequent failures cased by construction, 
erosion and additional sidecast during maintenance . Failures result in 
damage to various resources . Stream sedimentation levels are increased, 
resulting in an adverse effect  on both water quali ty and f isheries . 
Ttmber growth potential is affected as fill slope areas no longer 
contribute to production. Occasionally , the failures do damage to the 
road itself . The ratings are based on current road construction practices 
and procedures and on type of soil materials , natural drainage of the 
site , landform, slope of the fill, and field observa tion . 

Low - Failure on road waste and fills is sufficiently low �o result 
�only minor damage to resource values . 

Moderate - Failures on road waste and fills occur with �ufficient 
frequency to cause moderate damage to resource values . 

High - Failures on road waste and fills occur a t  a rate and magni­
tude sufficient to cause major damage to resource values . 

Erosion Potential on Road Waste and Fills 

This interpretation rates the soil units as to the susceptibili�y of 
erosion occurring on fill and sidecast waste material and related damage 
to resources . Erosion is a loss of surface soil from f ill or sidecas t .  
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This erosion contributes sedimentation to streams . Timber growth potential 
is affec ted as fill slope areas no longer contribute to production. The 
ratings are based on current road construction practices and procedures 
and on type of soil �terials , natural drainage of the site , landform, 
s lope of the fill , and field observation. 

Low - Erosion on road waste and fills is sufficiently low to result 
�only minor damage to resource values . 

Moderate - Erosion on road waste and fills occurs with sufficient 
magnitude to cause moderate damage to resource values . 

High - Erosion on road waste and fills occurs at a magnitude suffi­
cient to cause maj or damage to resource values . 

Suitability of Road Waste and Fill Slopes to Seeding 

This interpretation indicates the probable success of fill s lope seed­
ing . Factors considered in making ratings are soil characteristics , 
elevation, slope, climate , snowpack, and frost hazard . Ratings are 
based on current methods and practices of seeding , grass species , 
fertilizer application and time of seeding . 

Poor - Probability of success is low. Seeding generally is not 
�essful and requires three or more reseedings and special 
treatments .  

Fair - Success i s  likely o n  about 5 0  percent of area treated . 
Requires one or two followup treatments . Seeding usually becomes 
well established within two years . Little followup seeding necessary . 

Good - Probability of high success . Seeding usually becomes well 
�blished within two years .  Little followup seeding is necessary . 

Limitations to Cutbank Seeding 

This indicates the maj or limitations to success of cutbank s eeding . 

Suggestions for Cutbank Seeding 

This indicates special treatment to be given, when applicable ,  to in­
crease the chance of success of cutbank seeding . 
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Analysis of Arsenic. Boron. and Mercury Deposition from Emissions 

of Newberry Geothennal Project on Newberry Crater Lakes 

1 Introduction 

Robert C. Palmquist 
James Houck 

AGI-Technologies 
Portland, Oregon 

May 1 1 , 1 994 

This report is written to quantify the potential impacts on the Newberry Crater Lakes from 
deposition of arsenic, boron, and mercury estimated to be emitted from the Newberry Geothermal 
power plant project. A previous study (Analysis of Depositional Impacts from Emissions of 
Newberry Geothermal Project on Newberry Crater Lakes and from Cooling Tower Plume Drift) 
estimated the annual deposition rate for these materials on the watershed to range between 1 . 5 x 
1 0-41 and 2.9 x 1 0'7 pounds per acre/year Ubs/ac/yr) for arsenic, 2.9 x 1 o-4• and 5. 7 x 1 o-o• 
lbs/ac/yr for boron, and 3.4 x 1 0'7 and 6.7 x 1 0  .. 1bs/ac/yr for mercury. The potential impact of 
this deposition on the lakes was estimated for a worse case scenario which assumed: 

.. The elements were deposited over the entire watershed at the highest estimated rate 
(depositional rate in forests) 

.. The entire watershed drained into the lakes 

.. All deposited material was solubilized and transported to the lakes 

.. Within the lakes, the elements uniformly mixed with the upper one foot of water. 

The resulting concentrations of arsenic and boron were below the fresh water chronic criteria, 
but the mercury concentration, approximately 1 .2 x 1 0-6 milligrams per liter (mg!l), was identical 
to the chronic criteria for fresh water (chronic criteria). 

This investigation incorporates the estimated depositional rates (Table 1 )  and the assumption of 
completely solubilized elements into appropriate mixing models to more realistically assess the 
potential their concentrations in the lakes. The concentrations were calculated for the proposed 
project life of 50 years and equilibrium conditions. The most appropriate models estimate the 
concentrations to be to between 1 0% and 20% of the chronic criteria at the end of the project 
period for mercury and to be less than 1 % of the chronic criteria for arsenic. No chronic level 
has been established for boron. 

2 Physical Characteristics 

The Newberry Crater Lakes watershed, which is located approximately 1 .25 miles southeast of 
the proposed plant, contains two lakes - Paulina Lake and East Lake. It is approximately 1 7 . 4  

l 



square miles in area and has a cover consisting of forests, the two lakes, and open lands 
consisting of lava flows, grassland, and deforested land as described in Table 1 .  

The physical and chemical .characteristics of the lakes are described in Reference 1 • Paulina Lake 
is larger in area and volume than East lake (Table 1 )  and is drained by Paulina Creek. Outflow 
from East Lake is by ground water seepage to Paulina lake. Both lakes are dimictic and 
holomictic; that is, they have a distinct thermal stratification with fall and spring turnovers that 
affects the entire water column. Recent depth profiling by the US Geological Survey (USGS}, as 
described in reference 2, indicates the upper layer (epilimnion) may reach thicknesses of 40 to 60 
feet. Water levels vary seasonally a few feet being highest in the spring and lowest in late fall. 

Their chemistry is unusual for lakes not in an evaporative basin. They have very high concentra­
tions of major ions that are attributed to discharge of mineralized water from hot springs. The 
concentrations in the lakes differs with Paulina Lake generally having higher concentrations than 
East Lake. The lakes are fresh water and thus must have attained a baJance between inflow and 
outflow. 

The lakes receive water from direct precipitation, snow-melt runoff, ground water seepage, and 
hot springs. Not all of the topographic basin of East Lake may contribute runoff and ground 
water flow to it; rather a portion may drain outward to the flanks of the volcano. 

Outflow from Paulina lake is through Paulina Creek. Measurements by the USGS during the 
1 992 water year (ref. 2) indicates it has a mean discharge of 1 3  cubic feet per sec (cfs) with a 
maximum of 24 cfs in April and June and a minimum of 5.2 cfs in February. The total discharge 
was 9520 acre-feet. No data are available for ground wat-er outflow from East Lake. 

The soils and climate are described in reference 3. The soils are typically well drained loamy 
sand to sandy loam pumice with a Ph that varies between 5.5  to 7 .0. The average annual 
precipitation is approximately 30 inches with a mean annual lake evaporation estimated to be 2 8  
- 34 inches. 

3 Background Concentrations 

Background concentrations of arsenic, boron, and mercury for the lakes are presented in Table 1 
for East lake and lake Paulina. Mercury is a prospecting tool for geothermal reservoirs and 
extensive background data are available for it. 

Elevated mercury concentrations are characteristic of soils, water, and rocks overlying active 
high-temperature hydrothermal systems as described in reference 4. However, mercury 
concentrations in the ground and surface waters of Newberry Crater, are below detection limits 
(0.000 1 mg/11 which indicates the contribution of soluble mercury from rocks, soils, and thermal 
springs to surface water is small. 

Mercury concentrations in soils of Newberry Crater are higher than those in surrounding areas. 
They were used to locate anomalies that may indicate actively circulating geothermal waters. 
Two of these anomalies with mercury concentrations in excess of 0.09 parts per million (ppm) 
underlie the north slopes of the caldera and extend to the shores of Paulina and East lakes. 
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Most of the caldera is underlain with soils with mercury concentrations between 0.03 and 0.05 
ppm. 

Mercury concentrations in ground water and hot springs vary greatly. Concentrations of 0 . 0003 
mg/1 were measured in East Lake Hot Springs in 1 973 as described in reference 5. In 1 99 1  and 
1 992, the USGS sampled water wells in the crater (ref. 2) . Most samples ( 1 5  of 21 ) had 
mercury concentrations below detection level (0.0001 mg/1, or 0.0001 ppm) and the remaining 
six samples had concentrations below 0.0004 mg/1 with a modal concentration of 0.0002 mg/1. 

Mercury concentrations in surface water are generally below detection limits. The USGS sampled 
water at two locations each in East Lake and in Paulina Lake, and in Paulina Creek near its 
outflow from Paulina Lake. Only one of the eight samples had a mercury concentration exceed­
ing detection; it was 0.0002 mg/1 in Paulina Creek. 

The non-detectable mercury concentrations in surface water and most ground water indicate that 
background mercury levels are very low and do not need to be considered in the following 
calculations. These very low levels indicate an insignificant mercury contribution from the 
leaching of rocks and soils and from mineralized hot springs. 

4 Modeling 

4.1 Modeling Procedures 

The potential concentrations within the lakes can be assessed by an appropriate mixing model.  
As described in reference 6, a wide spectrum of models exist that range from the simplest o ne­
box to the three-dimensional continuous model each of which provides a different spatial 
resolution. The choice of a model should be based on an analysis of the relative magnitud e  of 
the mixing and reaction rates. A simple model is appropriate if the reaction rate is significantly 
lower than the mixing rate, in which case, the system is •completely mixed• with respect to any 
spatial subdivision. 

The assumption of completely solubilized elements makes them non-reactive and conservative 
substances. For conservative substances, the simplest approach, the completely mixed model is 
appropriate. The Newberry Crater Lakes are physically suited to simple modeling because their 

.. fall and spring turnovers mix shallow and deep waters, 

.. nearly .constant water levels indicate water outflow and inflow are in balance and the lakes 
have a constant volume, and 

.. fresh water indicates that a chemical balance has been achieved between the input of 
chemical substances and their outflow in either subsurface or surface water. 

The variation of the concentration (C) in a well-mixed box of constant water volume (V) can be 
derived from a simple mass balance equation (ref. 61 as described by equation 1 ,  below. The 
terms on the are total input (J) ,  loss through outlet (flow rate 0), and loss by reactions (R). 

Equation 1 :  
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The reaction term (R) drops out of the equation because of the solubilized assumption. Solving 
for the change in concentration simplifies it to equation 2 below. equation 2 is appropriaJe to 
assess the cumulative effects of a constant input on lake concentrations as influenced by stream 
or ground water outflow. 

Equation 2: 

de .. J�oc 
de v 

The simplest approach is to determine the concentration at the end of the first year without 
outflow, which produces equation 3 below. This approach is an expansion of the one-foot 
mixing layer used in the initial investigation. 

Equation 3: 

C= J 
v 

The arsenic, boron, and mercury concentrations in Paulina and East Lakes were estimated using 
equations 2 and 3 in three uniform mixing models assuming completely solubilized elements. The 
models and their results are presented in Appendices A through C. 

� Model 1 uses equation 3 to assess the effect of different loading rates on the mercury 
concentration at the end of the first year. This analysis was performed only for mercury. 

� Model 2 uses equation 2 to investigate the cumulative impacts of arsenic, boron, and 
mercury deposition and was run for 500 years to determine the equilibrium concentrations 
for each lake in isolation. It uses the discharge data for Paulina Creek during the 1 99 1 -92 
water year to calculate the mercury concentration in Paulina Lake ( Model 2a). For East 
Lake, the impacts of three different three ground water discharge rates were investigated 
(Model 2b) . Ground water discharge from £ast Lake contributes to the Paulina Creek 
discharge and its contribution was assumed to be proportional to the ratios of either 
watershed areas or lake volumes as described by the following three eases. 

Case 1 :  

Case 2:  

Case 3 :  

No ground water discharge, a worse .case scenario. 

Ground water discharge assumed to be proportional  to the watershed areas or 
43 % of Paulina Creek discharge. 

Ground water discharge assumed to be proportional to lake volumes or 2 2 % 
of Paulina Creek discharge. 
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• Model 3 considers the impact of ground water discharge from East Lake on the mercu ry 
concentrations in Paulina Lake. It uses equation 2 and the arsenic, boron, or mercury 
concentrations in ground water as described in case 2, Model 2b. 

4.2 Modeling Results 

4.2. 1 Arsenic 

The modeling results for arsenic are summarized in Table 2A and the results of each mixing 
model are presented in Appendix A. The results indicate that estimated arsenic concentrations in 
the lakes are significantly lower than the chronic criteria of 2.48x 1 O"" mg/1 at both the end of the 
50-year contract period and at equilibrium. 

In model 2, which considers each lake separately, the highest arsenic concentration occurs in 
East Lake with no discharge and it is less than 0.000 1 % of the chronic level at the end of 'the 
project life. 

In model 3, which joins both lakes, the arsenic concentration in Lake Paulina reach 0.00006 %  of 
the chronic level and that in East Lake reaches 0.00005% of the chronic level. 

4.2.2 Boron 

The modeling results for boron are summarized in Table 28 and the results of each mixing model 
are presented in Appendix B. Chronic levels have not been established for boron and the 
estimated boron concentrations are compared to mean and maximum values from water samples 
collected in the United States. 

The results indicate that estimated boron concentrations in the lakes are significantly lower than 
the mean value of 0. 1 x 1 o·1 mg/1 at both the end of the 50-year contract period and at equ il ibri· 
um. 

In model 2, which considers each lake separately, the highest boron concentration occurs in East 
Lake with no discharge and it is only 0.05% of the national mean at the end of the project life. 

In model 3, which joins both lakes, the boron concentration in Lake Paulina reaches 0.0 1 % of the 
chronic level and that in East Lake reaches 0.02 % of the national mean. 

The modeling results for boron are summarized in Table 2B and the results of each mixing model 
are presented in Appendix B. The results indicate that estimated 

4.2.3 Mercury 

The modeling results for mercury are summarized in Table 2C and the results of each mixing 
model are presented in Appendix C.  The results indicate that estimated mercury concentrations 
in the lakes are significantly lower than the chronic criteria of 1 .2 x 1 O"" mg/1 at both the end of 
the 50-year contract period and at equilibrium. 
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According to Model 1 ,  at the end of the first year, mercury concentrations in both Jakes will 
range between 1 .64 x 1 0'7 mg/1 and 4.93 x 1 o·• mg/1. These values are less than 2% of the 
chronic level. Their magnitude is not significantly affected by different loading rates. Of note, 
the mercury concentration in East Lake ( 1 .64 x 1 o·' mg/ll is 256% of that in Paulina Lake (6.41 x 
1 0 .. mg/ll as a result of its smaller lake volume and similar mercury loading. 

Model 2a indicates th� .cumulative effect o� continued mercury deposition is to slowly increase 
the mercury concentrations until an equilibrium is attained between 1 00 and 200 years. I n  
Paulina Lake equilibrium is achieved at approximately 1 45 years at a concentration of approxi­
mately 1 .3 x 1 0 .. mg/1, which is 1 1 %  of the chronic level. At the end of the project, the 
cumulative mercury concentration in Paulina Lake is approximately 1 . 1 x 1 0 .. mg/1, or 9 %  of the 
chronic level. 

Model 2b indicates the cumulative impact of mercury in East Lake is strongly dependent on the 
quantity of ground water outflow. In the unrealistic worse case which has no outflow from East 
lake (case 1 ),  the mercury concentration increases indefinitely but at the end of the 50-yea r  
project period, jt js only 6.03 x 1 o-e mg/1 o r  5 0  % o f  the chronic level. A ground water dischar-ge 
(cases 2 and 3), produces equilibrium concentrations of 2. 1 7  x 1 o-e mg/1 to 4. 1 1 x 1 o-e mg/1 
within 1 00 to 200 years which are less than 35 % of the chronic level and project .concentrations 
between 2 .04 x 1 o-e mg/1 and 3.1 9 x 1 o-emg/1 which are less than 2 7 %  of the chronic level. 

Model 3 indicates that an additional mercury load in the ground water recharge from East Lake 
does not substantially change the mercury concentrations in Paulina Lake. Equilibrium is 
achieved within 1 73 years at a concentration of 2. 1 9  x 1 o-e mg/1, which is 1 9% of the chronic 
level. 

4.3 Discussion 

The mixing models do not estimate total concentrations of arsenic, boron, or mercury in the lakes 
which are the sum of the existing background concentrations and the model estimates. To do 
so, the existing background concentrations in the lakes must be known. The only water quality 
study (ref. 2) analyzed for boron in most samples but only a few samples in each lake for arsenic 
and mercury. The mercury concentrations in the lakes were below the detection level, 1 .0 x 1 o• 
mg/1, of their analytical procedures. 

The total concentration of arsenic in the lakes does not reach chronic levels. The background 
concentration of arsenic in the lakes is low (less than 3.0 x 1 0�3 mg/1 in East lake) and when 
combined with the highest estimated concentration at the end of 50 years (1 . 1 3  x 1 o�• mg/1 for 
lake Paulina, model 3)  it remains at less than 1 .5 x 1 0�3mg/l, which is only 0.9% of the chronic 
level. 

Boron concentrations in the lakes (8.9 x 1 0�1 mg/ll exceed the national mean of 1 .0 x 1 o-o' mg/1. 
The addition of the greatest estimated boron concentration from the m odels (5.03 x 10�1 mg/1 for 
East Lake, Model 2, case 1 ), increases this amount by only 0.00006 % .  

The mercury concentrations estimated by the models are unlikely to significantly increase 
background concentrations because they are only about 2% of the detection limit. 
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The arsenic, boron, and mercury concentrations estimated herein should be considered maximal 
values because: 

1 .  

2. 

3. 

4 .  

The depositional rates were based on wet depositional rate for each surface type 
which is greater than dry depositional rates. 

The assumption of complete sqlubilization does not allow for the absorption of the 
elements onto organic and mineral matter in soils, suspended in the lakes, or in the 
lake sediments. Such absorption will reduce their dissolved concentrations. 

The timing of hydraulic events in the Paulina Lake watershed are ignored in the mixing 
models. In particular, these are: 

a. 

b. 

Particles deposited on snow are likely to be flushed from the watershed during 
the spring snow melt and not be solubilized. 

Summer and fall input to Paulina Lake will be to the epilimnon which discharges 
through Paulina Creek. The epilimnon is about 40 feet thick and completely 
mixed; concentration will become progressively higher than that of the deeper 
hypolimnon as the summer stagnation progresses. The higher concentration 
waters will be discharged from the lake prior to the fall overturn and reduce the 
rate of elemental increase in the lake. 

The entire East Lake topographic watershed is considered to contribute elements to 
the lake. However, as noted in reference 1 ,  portions of it are likely to contribute 
ground water that discharges externally. If so, the estimated loads to East Lake are 
excessive. 

5 Conclusions 

In this analysis we have assumed that arsenic, boron, and mercury are completely solubilized and 
deposited in the watershed as estimated in previous studies and described in the introduction. 
The background concentrations of arsenic are very low, whereas, those of boron are at the 
national average. Mercury concentrations in ground and surface water are generally below the 
detection limit of 0.0001 mg/1 which indicates that it is being <:ontributed to these waters in 
insignificant Quantities by the leaching of rocks and soils and by thermal mineral springs. 

Arsenic, boron, and mercury concentrations in Paulina and East Lakes were estimated based on a 
completely mixed lake model. This model is appropriate because the elements are assumed to be 
completely s.olubilized and the lakes undergo seasonal overturning. The modeling considered 
different mercury depositional and water discharge rates, as well as, different degrees of 
connection between Paulina and. East Lakes. The models indicate that deposition of arsenic, 
boron, and mer�urv do not $ig(lifleantfy iocrease l)ackground concentrations. 

• - • - • ·>: v, ·=.;:·:�.<��,-:·; '�'":�· :::.·7·."::"�.�, '� .' ---,:. 
: �·_..,.. . . � ·" - .· , : .. _ . ; �--T-� ,. 
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Table 1 :  Physical characteristics of the Newberry Crater Lakes, Deschutes County, Oregon. -12!1111'£ 2�z··::'··i:·:;,.\': ·::�·:·j·:.,::� 
Surface Areas 

Water 1 ,384 acres 983 acres 

Open Land 1 ,Oi 9 acres 303 acres 

Forest 4,094 acres 3,351 acres 

Total Water Shed Area 6,497 acres 4,637 acres 

Lake 

Volume 249,800 acre-feet 69,600 acre-feet 

Area 1 531 acres 1 ,044 acres 

M ean Depth 1 63 feet 67 feet 

Maximum Depth 250 feet 1 80 feet 

Lake Discharge 

Paulina Creek 9, 520 acre-feet no data 

Arsenic Depositional Rates 

Water 1 • 5 X 1 O-<ll Jbs/ac/yr 1 .5 X 1 0-<ll Jbs/ac/yr 

Open Land 7.4 X 1 O-<ll lbs/ac/yr 7.4 X 1 0-<11 lbs/ac/yr 

Forest 2.9 x 10-<17 lbs/ac/yr 2.9 x 1 0-<17 lbs/ac/yr 

Boron Depositional Rates 

Water 1 .5 X 1 0-<18 lbs/ac/yr 2.9 x 1 0-<�• lbs/ac/yr 

Open Land 1 • 5 x 1 o-<�• lbs/ac/yr 1 .5 x 1 o-<�& lbs/ac/yr 

Forest 1 • 5 X 1 0-<18 lbs/ac/yr 5, 7 X 1 Q-<1& lbs/ac/yr 

Mercury Depositional Rates 

Water 2.6 x 1 o.a lbs/ac/yr 3.4 X 1 0'7 lbs/ac/yr 

Open Land 2.4 x 1 o.a lbs/ac/yr 1 • 7 x 1 o.a lbs/ac/yr 

Forest 6.7 x 1 0"  lbs/ac/yr 6. 7 x 1 o.a lbs/ac/yr 

Background Concentrations 

Arsenic 1 .5 x 1 o-<�3 rngll 3.0 X 1 0-<13 mg/1 

Boron 8.9 X 1 0-<11 mg/1 9.5 x 1 0-<�1 mg/1 

Mercury < 1 .0 X 1 0� mg/1 < 1 .o x 1 o� mg/1 

a 

I 
I -

� 
I 

I -
J 
I 

1 
I 

j 
1 
-
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 2A. '  Summary of arsenic concentrations in Newberry Crater lakes using uniform 
mixing models with different arsenic inflow and outflow rates as described in Appendix A .  

Model 1 a: 
No discharge Paulina NA 
with estimated 
depositional East NA 

rates Not Applicable 

Model 1 b: Paulina NA 
(NA) 

No discharge 
with maximum East NA 

Model 2: Paulina 4.70 x 1 o·7 5.57 x 1 o·• 200 
Discharge with 
estimated depo- East: 
sitional rates Case 1 2.ss x 1 o·7 NA 

Case 2: NA 8.82 X 1 0-8 9.39 x 1 0 .. 200 

Case 3: 1 .37 x 1 o·7 1 .78 x 1 o·7 200 

Model 3: 
Discharge with Paulina NA 1 . 1 3  X 1 0-e 1 .33 X 1 0-a 200 
ground water 
recharge 

• Fresh water chronic level for arsenic • 1 .9 x 1 0'1 mg/1 
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Table 28. Summary of boron .concentrations in Newberry Crater lakes using uniform mixing 
models with different boron inflow and outflow rates as described in Appendix B. 

Model 1 a: 
No discharge Paulina NA 
with estimated 
depositional East NA 

rates Not Applicable 

Model 1 b: Paulina NA 
(NA) 

No discharge 
with maximum East NA 

Model 2: Paulina 6.52 X 1 0-e 7.66 X 1 0-e 200 
Discharge with 

East: NA estimated depo-
Case 1 5.03 X 1 0"' sitional rates NA 

Case 2: 1 .73 X 1 0"' 1 .85 X 1 0-6 1 50 

Case 3: 2.69 X 1 0"' 3.50 X 1 0-6 250 

Model 3: 
Discharge with Paulina NA 1 . 1 6  X 1 0"' 1 .53 x 1 0-e 200 
ground water 
recharge 

• Fresh water chronic level for boron has not been established: mean concentration in 
surface waters of US is 1 .0 x 1 0"1 mg/1; maximum value is 5.0 x 1 o·'mg/1. 
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Table 2C. Summary of mercury concentrations in Newberry Crater lakes using uniform 
mixing models with different mercury inflow and outflow rates as described in Appendix C. 

Model 1 a: 
No discharge Paulina 4.93 X 1 0  .. 
with estimated 
depositional East 1 .23 X 1 0"7 

rates Not Applicable 

Model 1b:  Paulina 6.41 X 1 0  .. 
No discharge 
with maximum East 1 .64 X 1 0"7 

Model 2: Paulina 1 . 1 0  X 1 0  .. 1 .29 X 1 0 .. 1 45 
Discharge with 

East: Not estimated depo- Not 
sitional rates Case 1 Applicable 6.03 X 1 0  .. Applicable 

Case 2: 2.04 x 1 0 .. 2. 1 7  X 1 0  .. 1 1 4 

Case 3 :  3 . 1 9 X 1 0  .. 4. 1 1  X 1 0 .. 200 

Model 3: Not 
Discharge with Paulina Applicable 1 .72 X 1 0  .. 2. 1 9  X 1 0  .. 1 73 
ground water 
recharge 

• Fresh water chronic level for mercury • 1 .2 x 1 o� mg/1 
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