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Executive Summary

Lake County, California is located on top of tectonic plate conjunctions and has had a long history of
volcanic activity, with the last eruption having occurred 10,000 years ago (1). The geologic makeup of
this region makes Lake County vulnerable to a variety of environment disasters and hazards such as
earthquakes, volcanic eruptions, and geothermal venting of harmful gases such as hydrogen sulfide

and methane. In addition, the area has also experienced frequent flooding and wild fires.

The California Department of Public Health (CDPH) and Lake County Public Health Division (LCPHD)
requested the assistance of the Centers for Disease Control and Prevention (CDC) in conducting a
Community Assessment for Public Health Emergency Response (CASPER) to assess disaster
preparedness of the community and outdoor air measurement to determine the level of geothermal
venting gases in the community. The Community Assessment for Public Health Emergency Response
(CASPER) tool is an effective method to assess public health needs in both disaster and non-disaster
settings. This information can then be used to initiate public health action during a disaster or for

disaster planning in a non-disaster scenario.

The objectives of this CASPER were to assess and determine 1) the degree of disaster preparedness of
the community, 2) the community experiences and perceptions associated with geothermal venting, 3)
if hydrogen sulfide and methane are diffusing from the subsurface to help identify areas of potential
concern for vapor intrusion and geothermal venting, and 4) the vulnerabilities of unregulated private

well water use for drinking and household water testing practices.
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On November 26-28, 2012, CDPH, LCPHD and CDC jointly conducted the CASPER and outdoor air
sampling in Lake County. For the fourteen two-person CASPER interview teams and three two-person
air sampling teams, this consisted of a half day just-in-time training for the field staff and two and half
days of data collection in the field. Team members consisted of CDPH, LCPHD and CDC public health
and environmental health staff. We conducted a total of 161 household interviews and collected a
total of 510 air measurements in the 30 selected clusters. The key findings were:
e Onein five households had experience with geothermal venting in or around their home, and
one third have some concern regarding potential effects of geothermal gases.
e Households’ preferred communication methods during a disaster were television, radio, cell
phone, and internet.
e One third of the households had at least one communication barrier; of these, two-thirds had
hearing problems.
e Half of the households have made a family disaster plan while 10% have participated in
neighborhood emergency planning.
e Majority of the households will take pets and livestock with them during an evacuation.
¢ One in three households drinking private well water never examined or last examined their
wells more than 1 year ago.
e No locations had elevated levels of high concern (230ppb of hydrogen sulfide or 250% LEL

(22.5% in air) of methane).

Recommendations:
e Provide information to the community regarding geothermal venting.

e Consider documenting community concerns regarding geothermal venting.
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e Utilize multiple means of communication to the community during a disaster or emergency to
address communication barriers.

e Consider ways to increase the number of households with family disaster plans.

e Consider having pet friendly shelters in the event of a disaster or emergency.

e Increase community awareness regarding testing and examining private wells to protect their
well water supply.

e Conduct long-term air monitoring to more thoroughly understand seasonal variation and

exposure risk to hydrogen sulfide and methane.

This CASPER provided valuable information for emergency planners in the state and county and
demonstrated the efficiency and usefulness of the methodology in a non-disaster setting. In this
report, we describe details of the methodologies used for this CASPER, additional findings, and

potential limitations of the data.
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BACKGROUND

Lake County, California, with a population of 64,323 people, is located on top of tectonic plate
conjunctions and has had a long history of volcanic activity, with the last eruption having occurred
10,000 years ago (1, 2). There are many small faults and old volcanoes in Lake County with one of the
most well-known being Mount Konocti. The geologic makeup of this region makes Lake County
vulnerable to a variety of environment disasters and hazards such as earthquakes, volcanic eruptions,
and geothermal venting of harmful gases such as hydrogen sulfide and methane. Some areas such as
Cobb Mountain experience daily small earthquakes and the United States Geological Survey (USGS) has
also stated that future volcanic eruptions are likely in the Clear Lake field (3). In addition, this area has
also experienced frequent flooding and wild fires. Despite these potential environmental threats, it is

unknown how well prepared the community will be in the event of a large scale disaster.

Lake County is the home to the Geysers, the largest complex of geothermal power plants in the world
(4). In this region, water in the earth’s crust is continually heated by the mantle, and slowly leaks out
in the form of steam through vents in the earth’s crust. The steam from geothermal venting can
contain gases such as hydrogen sulfide and methane, and high levels of exposure to these gases can
have adverse health effects. Hydrogen sulfide is a toxic gas with a characteristic rotten egg odor, and
exposure can cause headache, dizziness, nausea, and at high levels, death (5, 6). Methane is an

odorless but highly flammable gas that can result in risk of explosion at 5-15% in air (7).

Localized venting of high levels of gaseous hydrogen sulfide and methane from geothermal venting has
been detected in a neighborhood in the City of Clearlake, potentially increasing risk of exposure to the

local community. California Department of Public Health (CDPH) first became aware of the problem in
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March 2010 when gases were detected from previously unidentified vents in the Burns Valley
neighborhood in the City of Clearlake. There are anecdotal accounts from the early 1990’s of teachers
and school children at the Burns Valley Elementary School experiencing possible health effects that
were attributed to harmful effects of these gases (8). In the early 1990’s, a home was demolished
because of persistent intrusion of hydrogen sulfide (8). More recently, Lake County Health Services
Department (LCHSD) recommended that a community-based organization vacate its building due to
intrusion of hydrogen sulfide and methane. A nearby mobile home was deemed unsafe for occupancy
due to accumulation of high levels of hydrogen sulfide and potentially explosive levels of methane in
the enclosed crawl space. The Burns Valley Elementary School has historically experienced the odor of
sulfur, leading to discontinued use of some classroom areas and engineering to prevent gas intrusion in
others. Public health investigators were told of an explosion that occurred during digging activities
when the new school library was built. Until now, levels of these harmful gases have been
predominantly measured in the Burns Valley neighborhood. It is unknown if there are unidentified

vents in other areas in Lake County that may also expose the local community to these harmful gases.

Other potential concerns in this community include the use of unregulated private wells for drinking
water, given public and private wells are common in this community. It is unknown whether residents
using unregulated private wells for drinking water are versed in water safety issues and
recommendations for maintaining and testing the wells according to the United States Environmental

Protection Agency guidelines (9).

To better understand the risks of these environmental hazards and the level of disaster preparedness

in the community, CDPH and Lake County Public Health Division (LCPHD) requested the assistance of
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the Centers for Disease Control and Prevention (CDC) in conducting a community survey combined

with an assessment of outdoor levels of geothermal gases in selected areas in Lake County.

On November 25, 2012, EIS officers Cindy Chiu, PhD, MPH, and Matthew Lozier, PhD, MPH, along with
CDC staff, Tesfaye Bayleyegn, MD, and Bryan Christensen, PhD, MEPC, departed for Clearlake,
California. They joined California State EIS officer Jason Wilken, PhD, MPH, CSTE fellow, Rebecca
Cohen, MPH, CDC/CDPH Public Health Associates, Olga Martinez, Alberto Aparicio, and Rebecca Lakew,
CDPH staff, Rick Kreutzer, MD, Rachel Roisman, MD, Lori Copan, RPh, MPH, Tracy Barreau, REHS,
Svetlana Smorodinsky, MPH, and LCPHD Health officer Karen Tait, MD in conducting a Community
Assessment for Public Health Emergency Response (CASPER) and outdoor air sampling on November

26— 28, 2012,

The CASPER tool is an effective method to assess public health needs in both disaster and non-disaster
settings (10). This information can then be used to initiate public health action during a disaster or for
disaster planning in a non-disaster scenario. The specific goals of this CASPER and assessment of
outdoor levels of geothermal gases were to assess and determine: 1) the degree of disaster
preparedness of the community, 2) community experiences and perceptions associated with
geothermal venting, 3) if hydrogen sulfide and methane are diffusing from the subsurface to help
identify areas of potential concern for vapor intrusion and geothermal venting, and 4) the
vulnerabilities of unregulated private well water use for drinking and household water testing
practices. This information will aid the CDPH and LCPHD health officials in preparedness planning and
determining whether follow up actions will be necessary if high levels of hydrogen sulfide and methane

are detected in the community.
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METHODS AND MATERIALS

To accomplish these goals, CDPH, LCPHD and CDC conducted a CASPER and assessment of outdoor
levels of geothermal gases in selected areas in Lake County on November 26 — 28, 2012. CASPER is an
epidemiologic technique designed to provide household-based information about an affected

community’s needs in a timely and representative manner (10).

CASPER sample selection and data collection

We used a two-stage cluster sampling methodology (30 clusters, seven households design) modified
from the World Health Organization’s Expanded Program on Immunization to select a representative
sample of -households to be approached for interviews (10-12). The sampling frame included all
census blocks within or adjacent to the following cities and towns in Lake County: Clearlake Oaks,
Spring Valley, City of Clearlake, Hidden Valley Lake, Cobb, Kelseyville, Lakeport, Middletown, Lower
Lake, Lucerne, Nice, and Upper Lake (Figure 1). This sampling frame contained 26,730 housing units
according to the 2010 Census. For the first stage of sampling, we selected 30 clusters (census blocks)
within this sampling frame using the Geographic Information Systems CASPER tool, with a probability

proportional to number of housing units within the clusters.

The goal of the sampling process was to obtain seven completed interviews from each of the 30
clusters (210 completed interviews). In the first round of the second stage of sampling, interview
teams systematically selected seven households from each of the 30 clusters to approach for
interviews. The interview teams were provided with street level and Google Earth maps of each

selected cluster, and were instructed to select a random housing unit as the starting point, then
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approach every nt housing unit (n = total number of housing units in the cluster/7) to systematically
select the first seven housing units to approach for interviews. It is very unlikely that the household
approached in the first round resulted in an interview, additional rounds of each cluster were required

to complete the required number of interview (11).

CDPH, LCPHD and CDC collaborated to develop a four-page data collection instrument (see Appendix |
for the full questionnaire). The survey instrument included questions on the following: 1) household
demographics; 2) household experiences with geothermal activities; 3) household disaster

preparedness; and 4) unregulated drinking water from private wells.

We provided the two-person interview teams with a three-hour training session on the overall purpose
of the CASPER, household selection, questionnaire, interview techniques, safety and logistics. There
were a total of 14 teams on day 1, 13 teams on day 2, and 13 teams on day 3. The teams primarily
consisted of CDPH, LCPHD and CDC public health staff. Teams conducted interviews between 8:30 am
and 5 pm PST. Each team attempted to conduct seven interviews in each of the 30 clusters selected
for the sample, with a goal of 210 total interviews over two and half days on November 26 — 28, 2012.

One cluster was selected twice; therefore, 14 interviews were attempted in this cluster.

Interview teams also recorded observational data on evidence of geothermal venting outside the
homes interviewed (Q32-34 in the questionnaire in Appendix ). All potential respondents approached
were given an information sheet with contact telephone numbers for LCPHD, as well as public health
educational material regarding emergency preparedness and other public health topics (e.g., well

water information for homeowners, mercury in fish, quagga mussel information, radon, cyanobacteria,
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indoor air quality, and flu vaccine clinic schedule). Eligible respondents were at least 18 years of age or
older and resided in the selected household. Additionally, the interviewers were instructed to
complete confidential referral forms whenever they encountered urgent physical or mental health

needs, including those relating to possible effects of geothermal gases.
Outdoor air sampling

In addition to the CASPER interview, we also conducted an assessment of outdoor levels of geothermal
gases in the same 30 selected clusters where we conducted the interviews. One cluster was selected
twice so only one set of measurements was collected for this cluster. We measured levels of gaseous
hydrogen sulfide and methane in water vaults and other public right-of-way areas in the community to

identify areas of potential concern for vapor intrusion impacts and geothermal venting.

We provided the 3 two-person air sampling teams with a two-hour training session on the overall
purpose of the air sampling, household selection, operation of the air sampling and GPS instruments,
safety and logistics. Air sampling teams primarily consisted of CDPH, LCPHD and CDC environmental
health staff. Each team was equipped with the following hand-held instruments: 1) a Jerome 631
Hydrogen Sulfide (H,S) Analyzer with a detection limit of 1-50,000ppbv; 2) an EAGLE Combustible Gas
Monitor (% LEL) for methane (CH,); and 3) a handheld GPS instrument. Each team attempted to
conduct spot air samples in at least five locations in each of the 30 selected clusters once during the

three days of data collection on November 26 — 28, 2012.

In an effort to conduct systematic air sampling and best represent potential exposures to methane and
hydrogen sulfide, we randomly selected one location for every 10 house in each cluster (range = 4-

168; median = 32) or a minimum of 5 sampling location if there were <50 housing units in the cluster.
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in addition the following factors were considered in designing the air sampling protocol: the number of

teams, available equipment, geography of the area, and location of water vaults.

The air sampling teams were also provided with detailed maps of each selected cluster, and were
instructed to select a random housing unit as the starting point and to go to every 10" home if 250
housing units; and every kth home if <50 housing units (k=total number of housing units in the
cluster/5) to systematically sample the household in the cluster where air measurement would be

made.

For each selected household, the air sampling team took point measurements of hydrogen sulfide
fevels in the water vault (where available), 6 and 30 inches above ground level readings, and methane
levels in the water vault only. Where water vaults were not available, methane was not measured, and
hydrogen sulfide was measured at two different heights on public property in front of the selected

household, above dirt surfaces free of pavement or other barriers.

In addition to measurements taken at the selected households, the air sampling teams also took
measurements at areas with evidence of geothermal venting (i.e., areas with excessive corrosion,
bubbling puddles, or smell of strong rotten egg odor). Duplicate measurements were taken at the first
location in each cluster for quality assurance/control. The interview team also recorded observational
data of evidence of geothermal venting in the immediate vicinity (see data collection form in Appendix
I1) as well as geocoded the location where the air sampling measurement was made using a handheld

GPS device.

Data analysis
For the analysis of the CASPER interview data, we conducted a weighted cluster analysis to report the
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estimated percent and projected number of households with a particular response in the assessment
area. Calculation of weights were based on the total number of housing units in the sampling frame,
the number of clusters selected, and the number of housing units interviewed within each cluster.
Analysis was performed in SAS 9.3 (SAS Institute, Cary, NC) to calculate the unweighted frequencies
and percentages, and weighted frequencies {(projected number of households), percentages, and 95%

confidence intervals.

Given that the completion rate is lower than 80%, the general cut-off level we use to consider the
estimates to be reliable, the sample size may not be large enough to reliably project population
estimates. Therefore, unless otherwise stated, throughout the text the percentages represent the

unweighted percentages.

For the analysis of the air sampling data, for each cluster we calculated the maximum, minimum and
median levels for the water vault; at 6 and 30 inches above ground; and overall above ground levels

excluding the water vault readings using SAS 9.3 (SAS Institute, Cary, NC).

RESULTS

The 14 interview teams approached 514 houses, and 261 (50.7%) of the houses approached answered
the door. The teams completed 161 interviews with a completion rate of 76.7% of the goal (Table 1).
Of the household approached, there were 100 refusals or ineligible houses and 253 houses either were
vacant, vacation home, inaccessible or no-one at home at the time of interview. The 3 air sampling
teams took a total of 427 hydrogen sulfide measurements at 173 locations, and 83 methane
measurements at 83 locations in 25 of the 30 selected clusters. The 3 air sampling teams took a total
of 427 hydrogen sulfide measurements at 173 locations, and 83 methane measurements at 83
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locations in 25 of the 30 selected clusters.

Household demographics and home characteristics of the surveyed households

The majority of the households interviewed had a household size of 2 to 4 people (64.0%), with 8.1%
having at least one household member <2 years old, and 35.4% having at least one household member
>65 years old (Table 2). The majority of the households lived in single family homes (70.8%), followed
by mobile homes (25.5%). Forty-two percent (41.6%) of the homes were built before 1980. Many of

the homes had a crawl space (42.9%) or were built on slab-on-grade (34.2%).
Community perceptions and experiences with geothermal venting

Sixty-eight percent (67.7%) of the households interviewed were aware of geothermal gases, and 36.0%
had some concern about potential effects (Table 3). Thirty-four percent (34.2%) were concerned about
potential health effects on their family, 23.6% were concerned about potential health effects on their
pets and/or livestock, and 20.5% were concerned about potential effects on their property. Fifty-three
percent (52.8%) of the households were aware of the health effects of radon, and 9.9% had been
tested for radon. Twenty-one percent (20.5%) of the households had some experience with
geothermal venting in or around their home. Fourteen percent (14.3%) noticed a rotten egg smell,
6.8% had seen unusual corrosion on metal surfaces, 3.1% had seen bubbling in puddles, and 0.6%
encountered unexpected flames. The interview teams noted that 2.5% of the household interviewed
had some evidence of geothermal venting outside home (i.e., signs of corrosion on metal surfaces,
“rotten egg” smell outside home, or bubbling in puddles) (Table 4). Of the three confidential referral

forms completed, two were related to potential geothermal venting activity in or around their homes.

Emergency and disaster preparedness of the community surveyed
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Sixty-four percent (64.0%) of the households reported wildfires as one of their top three greatest
emergency or disaster threats to their household (Table 5). This was followed by earthquakes (62.7%),
floods (41.6%), and winter storms (40.4%). Sixty-one percent (60.9%) of the households had
experienced earthquakes or tremors while living in their current neighborhood, and 22.4% had been
affected by earthquakes in the past (Table 6). The most common effect was on their peace of mind
(16.8%), followed by effects on their property (6.8%). The most common preferred method of
receiving information during an emergency or disaster was television (34.2%), followed by AM/FM
radio (17.4%), cell phone (14.3%), and internet (10.6%). Twenty-nine percent (29.2%) of the
households had one or more household members with conditions that may create barriers to effective
communication during an emergency or disaster (Table 7). The most common communication barrier

reported was hearing problems (19.3%), followed by vision problems (10.6%).

Ninety-nine percent (98.8%) of households reported they had taken at least one action to prepare their
household for an emergency or disaster and 87.0% reported having taken five or more actions (Table
8). The most common actions were “learned how to be safe during an earthquake” (91.3%) and

“learned what supplies to have on hand” (85.7%).

The majority of the households had 10 days or more of supplies currently in their home (49.7%) (Table
9). Eighty-eight percent (87.6%) of the household had set at least five items aside for an emergency or
disaster. The most common supplies to set aside were flashlights with batteries (85.1%), 3-day supply
of non-perishable food (84.5%), and a first-aid kit (80.7%). When asked about possible reasons why
the household may not have taken disaster or emergency preparedness steps, the top reason was that
they thought that emergency responders would help them (37.3%) (Table 10).
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When asked how confident the households were in their County’s public health system to respond to
an emergency or disaster to protect the health of their community, 56.5% were very confident or
somewhat confident (Table 11). Fourteen percent (13.7%) were not at all confident. In the first 72
hours following a disaster, 85.1% of the household expected to rely on their household members for
assistance, 84.5% expected to rely on fire, police, or emergency personnel, 81.4% expected to rely on
their neighbors, 67.7% expected to rely on non-profit organizations, 62.1% expected to rely on the

county, state, or Federal government, and 50.3% expected to rely on their faith community (Table 12).

When asked whether the households will evacuate in response to a mandatory evacuation due to a
large-scale emergency or disaster, 85.1% reported they will evacuate, 9.9% reported they will not
evacuate, and 4.3% reported being undecided (Table 13). When asked about possible reasons that
may prevent evacuation, the most common reason was lack of transportation (18.6%), followed by
concern about leaving property (17.4%). Twenty-two percent (22.4%) reported having 3 or more
reasons that may prevent evacuation. Sixty-five percent (65.2%) of the households reported that they
will go stay with family and friends, 11.8% reported that they will go to an American Red Cross or other
community shelters, and 9.9% reported that they will go stay in a hotel or motel. Eighty-one percent
(80.7%) reported owning pets and/or livestock (Table 14). When asked what they would do with their
pets or livestock during an evacuation, 85.4% reported they would take the pets/livestock with them.

Two percent (2.3%) reported that they will not evacuate because of pets.
Private well characteristics and testing practices in the community

The majority (75.2%) of households reported a town, city, or county water system as their main source
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of home water supply, followed by a private well (11.2%), and a small water system (8.7%) (Table 15).
11.2% reported private well water as one of their drinking water sources at home, and 6.2% reported
drinking exclusively private well water at home (Table 16). Of those that drink private well water at
least some of the time, 61.1% of the households had wells 20 years or older, 22.2% had wells <50 feet
deep, 16.7% examined their wells for possible problems more than one year ago, and 11.1% never
examined their wells for possible problems. Seventy-eight percent (77.8%) of the households with

private wells reported having tested the well water in the past.

Of the wells tested, 41.2% tested their water more than 1 year ago (Table 17). The primary reason
reported for testing well water was that it was required by law (41.2%), followed by the household
wanting to find out more about the water quality (23.5%). The most common test performed was the
homeowner’s package which included testing of coliform, as well as alkalinity and hardness (70.6%).
Of the wells tested, only one household (5.9%) received a positive result indicating their well water was

unsafe to consume.

Levels of hydrogen sulfide and methane in the community

A total of 427 readings of hydrogen sulfide were taken in 173 locations. We calculated the median
reading of hydrogen sulfide at the water vault, 6” and 30” for each cluster. The median hydrogen
sulfide reading in water vaults from all regions ranged from 0 to 0.5 ppb, the minimum reading was 0
ppb, and the maximum reading was 1 ppb (Table 18). The median hydrogen sulfide reading at either
6” or 30” height above ground from all regions ranged from 0 to 4 ppb, the minimum reading was 0

ppb, and the maximum reading was 5 ppb.
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In city of Clearlake, the median hydrogen sulfide reading seen in either water vaults or above ground in
the selected clusters ranged from 0 to 4 ppb, the minimum reading was O ppb, and the maximum
reading was 5 ppb. In Clearlake Oaks, the median hydrogen sulfide reading seen in either water vaults
or above ground ranged from 0 to 4 ppb, the minimum reading was 0 ppb, and the maximum reading
was 4 ppb. In Nice and Lakeport, the median hydrogen sulfide reading seen in either water vaults or
above ground ranged from 0 to 2 ppb, the minimum reading was 0 ppb, and the maximum reading was
2 ppb. In Cobb, Hidden Valley Lake, Middletown and Kelseyville, the median hydrogen sulfide reading
seen in either water vaults or above ground ranged from 0 to 3 ppb, the minimum reading was 0 ppb,

and the maximum reading was 4 ppb. No hydrogen sulfide measurements were 230 ppb.

A total of 83 methane readings were taken in 83 of the 173 sampling locations. Methane
measurements were only taken in water vaults. Eighty-one of the methane readings were O%LEL, and

two readings were 1% LEL.

DISCUSSION

Disasters usually strike when people least expect with minimal warning. Being prepared at the
governmental, community, and individual household levels are critical to minimize the risk of impact
on their health and well-being. This community recently experienced wild fires and received a flood
warning on day 3 of the CASPER survey. Therefore, this CASPER was extremely timely and relevant.
We assessed the disaster preparedness in residents of selected cities and towns in Lake County, an
area prone to various types of disaster and environmental hazards. Four topic areas formed the basis

of this assessment: 1) community experiences with geothermal activities; 2) disaster and emergency
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preparedness of the community; 3) levels of hydrogen sulfide and methane in the community; and 4)

private well vulnerabilities and household well testing practices.
Knowledge of geothermal venting/Recommendations

We found that many people were aware of the geothermal venting phenomenon, 20% of households
had experience with geothermal venting in or around their home, and a third of the households had
some concern about potential effects. We recommend providing information to the community

regarding geothermal venting, as well as documenting community concerns.
Knowledge of blue-green algae/Recommendations

We also asked questions about blue-green algae, since there was a concern that their smell could be
mistaken for hydrogen sulfide from geothermal venting. Although this concern was alleviated once in
the field, we found that many households reported having seen blue-green algae in a nearby lake.
Therefore, we recommend continuing to provide public health education on the problem of blue-green

algae in this community.
Preferred method of communication/Recommendations

We found that there is not one single universal communication method which all households
preferred. Instead, the households’ preferred communication media during a disaster included
television, radio, cell phone, and internet. We also found that one third of the households had at least
one communication barrier, with two thirds being hearing problems. We recommend using multiple
means of communication to warn the community during a disaster or emergency to address

communication barriers.
Household disaster plan/Recommendations
Half of the household had made a family disaster plan and 10% had participated in a neighborhood
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emergency planning. We recommend LCPHD to encourage households to develop a family disaster
plan. Nearly 90% of households had taken five or more actions to prepare for an emergency or
disaster with half of the households having supplies currently in home that can sustain them for 10
days or more, indicating many households were prepared in this aspect. However, more households
seemed to have a 3-day food supply than water supply. It is important to emphasize to the community

the importance of having a 3-day water supply stored in the event of an emergency.
Knowledge on how to protect pets during a disaster/Recommendations

We found that most of the households in this community owned pets and/or livestock, and the
majority of the households reported that they will take pets and livestock with them during an

evacuation. Therefore, we recommend advanced planning for shelters that can accommodate pets.
Knowledge on how to protect private wells/Recommendations

We found that 1 in 10 households used private well as their main source of home water supply in this
community. However, many households do not annually examine their well for problems or conduct
annual testing of well water. We recommend increasing well owner’s awareness for how to protect

their well water supply.

Air Sampling

Finally, hydrogen sulfide and methane air sampling results from this assessment provided a snapshot
of geothermal venting in Lake County. However, these results were only representative of the
immediate areas that were sampled, and only during the times that the samples were taken. The
median hydrogen sulfide level at 6 and 30 inches above ground was 2 ppb, with a mean of 1.9 and 2.0
ppb, respectively. In comparison, concentrations of hydrogen sulfide in urban areas were generally
less than 1 ppb (5). All hydrogen sulfide levels were below the ambient California air quality standard
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of 30 ppb (13). Lastly, the median hydrogen sulfide and methane levels in the water vaults were zero.

LIMITATIONS

The findings are subject to at least three limitations. First, logistically, door-to-door surveys were
difficult to conduct. Despite the extensive outreach activities conducted and pre-arrangements made
with gated communities to grant access for interview teams, interview teams still noted many homes
(11.7%; 60 of 514 homes approached) that were inaccessible due to locked gates or unsafe to
approach due to potentially dangerous dogs. Additionally, 33.3% (171 of 514 homes approached) of
the homes either had nobody home after several visits or were likely vacation homes. We conducted
interviews only during daylight hours until 5pm since this area had many unpaved roads in poor
condition and with no street lamps. Therefore, we may have missed the optimal period to conduct

interviews when people returned home from work.

Second, It is important to note that levels of geothermal gases measured can vary based on
underground geothermal activities, temperature, humidity, and wind conditions, and can fluctuate
from day to day even at the same location. Therefore, these results were only representative of the

times that the samples were taken.

Third, based on our sampling methodology, we caution against generalizing these air sampling results
to the entire county. To better understand the risk for exposure to hydrogen sulfide and methane,
further air monitoring would be necessary. Longer monitoring periods throughout the year would

provide a more thorough understanding of exposure risk and seasonal variations. Due to the nature of
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geothermal venting and seismic activity in the region, new “hot spots” could form; thus, it is important

that LCPHD be responsive to complaints of reports of “rotten egg” smell.
CONCLUSIONS

Conducting a CASPER in non-disaster environment may identify the needs and health concerns of the
community related to major hazards of the area. Information obtained through these household level
assessments will help the decision- makers to gauge the disaster preparedness level of the community
and provide assistance or direct resources for planning for future disaster relief services. This was a
successful joint exercise conducted by LCPHD, CDPH and CDC. CDPH and LCPHD demonstrated high
level of expertise and resource capacity to conduct a CASPER to identify the public health needs of the

local community in the event of a future emergency or disaster.
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