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. - ‘ . Preface

This report reviews studies on both current and potential future cumulative
biological impacts that may result from development of the dry steam resource

at The Geysers—-Calistoga KGRA and identifies the CEC staff position on related

PR issues and their proposed solutions.
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ABSTRACT

The cumulative nature of current and potential future biological impacts from
full geothermal development in the steam~dominated portion of The Geysers-
Calistoga KGRA are 1identified by the California Enérgy .Commission staff.
Vegetation, wildlife, and aquétic resources information have been reviewed and
evaluated. Impacts and their significance are discussed and staff recommenda-

tions presented.

Development of 3,000 MW of electrical energy will result in direct vegetation
losses of 2,790 acres, baséd on an estimate of 11.5  percent loss per lease-
hold'or 0.93 acres/MW. If unmitigated, losses will be greater. Indirect
vegetation losses and damage occur from steam emissions which contain elements
(particularly boron) toxic to vegetation. Other potential impacts include
chronic ldw-levél boron exposure, ascid rain, local climate modification, and

mechanical damage.

A poteﬁtial exists for significant reduction and changes in wildlife from

direct habitat loss and development influences.

Highly erosive soils create the potential for significant reduction of aquatic

_resources, particularly game fish. Toxic spills have caused some temporary

losses of aquatic species. Staff recommends monitoring and implementation of

mitigation measures at all geothermal development stages.

vu/wu'
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INTRODUCTION

PURPOSE

This report documents thelcumulative biological resources impacts that have
occurred in The Geysers KGRA steam-dominated area and projects the impacts
that will occur if deve10pment proceeds- according to three projected energy
development scenariosg Rather than attempting an exhaustive ‘categorization
and discussionﬁ of every real and potential cumulative - biological resource
impact, this investigation identifies those impacts - on land, air, and water
which in turn affect flora and fanna (Figure 1). The discussion of biological
’resourceéimpacts focuses on the followingb areas: | (1) direct habitat loss
(1.e., vegetation) due lto construction; (2) indirect vegetation 1loss and
damage due to’cooling tower emissions; and (3) wildlife and aquatic resource
(particularly game fish) impacta due to construction and operation_activities.
The report summarizes relevant literature; identifies problem areas' that will
require additional—information tor,resolution, identifies issues which should
be addressedib; geotnermal Vpolicvfmakers; and_presents the Commission's bio-

logical resources staff position on these concerns.

This report is the first product.of“a.threeéphase,program to address the cumu-

_lative biological resource impacts in The Geysers steam resource area. - The.

-~

"Secondﬁpﬁasenis a series of biOIOgical constraints maps covering the geother-:
‘:mal 'area.;iThe'tnird’phase will involve :development of” regional mitigation,
: jcompensation, and management<plans; “Each othhe productS‘is likely to be used
:f’by developers to plan projects and by federal, state, and local permitting

, agencies to provide guidance in policy and siting decisions. = If implemented,:

these: plans will reduce the’ potential for cumulative biological

EE-19 CUM




CONSTRUCTION B OPERATION
SITE CLEARING COOLING TOWER
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L‘>,, - k|
[ |
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LOSS |-
s
DAMAGE
EROSION
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FLOW CHART DEPICTS IMPACTS TO BIOLOGICAL RESOURCES -
STEMMING FROM GEOTHERMAL DEVELOPMENT. CONSTRUCTION
AND OPERATION ACTIVITIES HAVE AN INCREASING EFFECT
MINOR INCREASE OR DEPRESSING EFFECT ON BIOLOGICAL RESOURCES: E.G.,
MAJOR DECREAST ex mm mm ez m CONSTRUCTION ACTIVITIES INCREASE VEGETATION LOSS
AND DAMAGE, WHICH IN TURN INCREASES EROSION.
QUESTION MARKS (?) INDICATE THAT THE EFFECT OF THE
ACTIVITY IS UNCERTAIN.

MAJOR INCREASE

MINOR DECREASE ssesesssuesene

FIGURE 1: FLOW CHART OF ENVIRONMENTAL DISRUPTION DUE TO GEOTHERMAL DEVELOPMENT
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impacts in The Geysers. At present, staff has concentrated on the geothermal

steam resource area, but the need 1is recognized for future study to include

" the hot water resource area, .

BACKGROUND

The Geysers-Calistoga KGRA (Figure 2) is located approximately 80 miles north
of San Francisco in the north central California Coast Ranges. The 586 square

mile KGRA has been characterized as a "scenic region of mountains, steep can-—

yons, hilly uplands, terraced valleys, ,And‘flat lake-basins terrain” (SRI,

-1978); The area is unique in that i;'contains subsurface geothermal fesources

that can be used  for electrical power generation and other energy

applicationé.

Geothermal electrical production is currently limited to a\small region in the
KGRA uhderlain by geothermal‘steam (figﬁre 3, 4);7 In 1960, thé Pacific Gas
and Electric Company bégagfgenerating_‘ll MW of power using this resource.
PGandE's current geothefmal electrical generating capacity is 908 MW from 15
generating’units. These units are supported by a network of steam wells,
steam pipelines, acéesé roads, and transmission lines. Nine additional power

plant proposéls made by several utility and geothermal development companies

" ‘have either been approved or are‘being,vreviéwed"in thejiEﬁérgy'Coﬁmiésion's
power plantflicensingjprbcess. If constructed, these facilities will:incfease

‘the electrical genetéting capacity of the area to 1,669 MW.

‘The current gebthermal‘steam resource devélopmenc. is occuring over a large

area and requires the véqqstrgction of num¢p64s fa§1lities‘dispetSed>'ovér the
entire area to obtain the maximum - energy production from the resource. This

development requires vegetation removal and disturbance of wildlife habitat

EE-19 CM




R Liams AEAK!
a0 aree

tAl

COLUSA

i
d
<

r
A
3
f

!
L

MENDOCINO

e

c\L
N
y

e

-

N
IR i\

" &

w Fa
!
R

COLUSA

®

\

Ve
)

COUNTY

O

N
N
\

Tl

'~

A\
N 4“,”“ \
W

\

N\

>

\

~

N
/,/////////M
N m
Ny

-,
.
S
nw
&)

&
<

n

&

N

v /

1123700,

KGRA AND SURROUNDING COUNTIES

<
S Iy
=5
- E
| s
T . 1
X . % S E, 2 )
_r_ o} Y 'M mwl
] o BRREESS -
g O Ammn -
: W H T
p =

hes

.
-

FIGURE 2



)

v

\p/

VAPOR DOMINATED AREA
© OF KGRA.

VAPOR DOMINATED FIELD 4
GEOTHERMAL POWER PLANTS = ®

COUNTY BOUNDARY ——
ROUTE MARKERS

. us. , , |
N -~ State :
o o ®,

FIGURE 3: DRY STEAM RESOURCEAAREA




AREA IN KGRA

EXISTING GEOTHERMAL PLANT

PROPOSED GEOTHERMAL PLANT
GEOTHERMAL PLANT UNDER CONSTRUCTION
STATE HIGHWAY

ACCESS R AD - '

COUNTY BOUNDARY

THE GEYSERS DEVELOPMENT

FIGUR(_ 4 THE GEYSERS DEVELOPMENT AREA




[ 3]

)

‘resulting from exploration and construction of the steam wells, steam pipe-

lines, roads, power plants, -electrical transmission systems, sumps, storage

' yards, and other facilities.

The biological impacts from initial geothermal developments were considered on

an individual project basis and not as impacts from regional geothermal

. resource deve10pment. The significance of each of these individual develop-

ments and their impact on biological resources was investigated and reported

in various environmental impact documents. Often the conclusion reached when

~ each- project was .considered by ‘itself was that the biological impacts were

insignificant. However, as geothermal development has expanded with an

- increasing . number of power = plants sited: in‘relatively undisturbed areas of

high wildlife value, cumulative impacts on biological resources in The Geysers
have become an issuef, The expanded development is perceived by agencies and
public groups rconcerned‘~withybiological"resources~management ‘as causing a
major wildlife habitat loss and ' associated disturbances in an area that, due
to the type of terrain and remoteness, was previously thought as unlikely to
be disturbed .by an industrial ”energv park” type of development. Prior to

geothermal development, limited logging and cattle grazing ‘were - the only

activities that had presented IpotentiallconflictS' with wildlife use of the

area. L e S .

Comments concerning ithe .cumulative effects4 torbiologicall;resOurces iin‘The,
Geysers area have been received from the California Department of Fish and
Game and the United States Fish and Wildlife Service.. According to the Cali-
fornia Environmental Quality Act (CEQA, State of California, 1978), "Cumula-~

tive impacts refer to two or more 1ndividual effects which, when considered

EE-19 CUM




together are considerable or which  compound or increase ' other environmental
impacts” (14 Cal. Admin. Code, Section 15023.5). Such impacts should be
".soviewed in connection with the effects of past projects, the effects of
other current projects, and the effects of probable future projects” (14 Cal.
Admin. deé, Secti&é 15082). Leftérsvofv comment regarding chéﬁges in the
érea's biological resources have also been received from varioué intervenor
groﬁpg and area residents. Thesé gro&ps are concerned ébbufrgeothermal devel-

N

opment which is changing their previously secluded lifestyles.

2> The flow cgartvin.Figure 1 illustrates the consequences of construction and
operation éf geothermal power plants and their associated support facilities
»(roads, pipelines, transmission lines, weli pads, mud sumps, etc.) on biologi-
cal resources. Due to the interrelationships.between components of a blologi-
cal community, impacts to one component may ramify throughout the community.

- Figure 1 reflects this characteristic and represents what are believed to be
the most serious cumulative Impacts of geothermal development, by virtue of
their potential magnitude- for environmental disruption. Both direct
vegetation removal for site clearing and indirect impacts from spills and
power plant emissions result in an increase in loss and damage to vegetaﬁion.
These éffects on vegetation iﬁ turn lead to decreases in wildlife populations
and increases in soil erosion and sedimentation. Increased sedimentation
reduces aquatic biological resources. Therefore, an apparent site-specific
impact can combine with other development impacts to result_ in significant

cunulative biological resource impacts.

"EE-19 CUM
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OVERVIEW OF GEOTHERMAL RESOURCE

Biological impacts in The Geysers #rea are assoéiated with the nature . of the
geothermal resource and the methods required'to:utilize this resource. This
section\provides an overview to the éreé's geolqu énd'develppment methods, so
thét theA naﬁure'of the‘\biologicai impaéts and potential miéigation can be

better understood.

The Geysers regibn isi underlain by inténsively deformed and  faulted sedimen-
tary, 1gneou§ and metamorphic rocks of the Franciscan Formation (GeothermEx,
1980) (Figure 5). Thg'geothermal reservoir rock is formed éf'fracthred, very
dense and impermeable Franciscén gfaywacke sandstone. Steam flow occurs only
when oﬁén fractures are 1ﬁtersected'by driil hole; '(Lipman‘et al., 1977).
Tﬁe:reéervqir{rogkiis capped by relatively impermeable Fraﬁciscén rock types
which 1nh1$it descénding cold gréuﬁdﬁéter_ from.enyering the reservolr rocks

rapidly enough to quench steam’ formation (CEC, 1979d). Thé ultimate heat

source for the: geothermal System is believed’to be a molten magma body, which

may cover as.mdch.as 100 square miles (240 kmz)'and lie only 13,000 to 16,000

vfeet (4=5 km) below the surface (GeothermEx,-1980) (Figure 6).

’

Size of the Steam Resérvoir——The- reséf?bir systéivfaﬁ Ihe: Geysers = has two
portioﬁs: ‘a shallow réservoir underlying~énrarea on.:the norfh side‘of Big
Sulphuf;Creek where surface hydrothermal:éctivityf(fﬁﬁafqles, hof -gsprings) is
apparent' and a:.much laréer‘aﬁdffdeeper régipﬁal’fesefvbirﬁéysiem as shown on
Figﬁ£éf3 (Crow, 1§78). Mostfof the stéam:préduqédiéﬁkThév‘Geysers comes from

wells tha; tap thé large reservoir: system, Which‘éxtends'atiléést' 2.8 miles

north and 5.3 miles:southeast‘of the,»driginal wells_in{thé Big ° Sulphur Creek

Cényoﬁ area (Crow, 1978). The known field is elongated northwest-southeast,

appears to be bounded by the Collayomi fault on the northeast and the

EE-19 CUM




122°45°

45’

T
S KHOMETRIS

CORRELATION OF MAP UNITS
UNCONFORMITY (T

[ 0]

Holocens
QUATERNARY 155046 NOR
Plsissocene
Phiocens
TERTIARY
e Upper Tertiary
oy
UNCONFORMITY
. cacy| Postiowsr oo creAceous
[+ - B
b lowes Tuthonen Jursesic J“RASSIC
3! Lower Tithonian
e 10 upper JURASSIC
558 - [ e
SOURCE: McLAUGHLIN @ STANLEY, 1975 ‘ 4 Baukey. 1946 Yaaes ana Hispert. 1948

EXPLANATION
Lmdulidodnposin(omnnvy)

D Alluvium (Qusternary)
ﬂ]:[']]] MlMlMﬂmhhMmiMS«nmoMM)
- Nonmarine grwd Mm Tortiary) -

FRANCISCAN ASSEMBLAGE (UPPER JURASSIC MD CIEYM:EOUS)
7] .

graywsche, shats, end places
containing tectonic blacks of besaltic volcanic rock, Mum unwm wodm
- Basaitic volcanic rocks, including pillow basalt. pilow braceia, disbase, snd basaltic tuft

Chert, red, greén, and white in color, locally containing sbundant radiolaris
Prominent tectonic blocks of biueschist, smphibokise, snd sclogite

ite X talc =

ite = chiorite minersl sssemblage) exposed slong Big Sulphuv Creek
GREAT VALLEY SEQUENCE {Upper Jursssic and Lower Cretsceous)

Knolvlllofom\n tion; mudsiane, siltstone, and fine-grainad beest mmmwmm
,b'm largety of volcanic dewitus locatly present at base

OPHIOUTE (Upper Jurassic)
- Gabbro and disbese, and minor feisic plutonic rocks

breccins, Mummmvmmu
Ummhemﬁl Mbmphwwmmud mmmm
of only where

i.an pitlows, wits, snd

tate Kimmeridgisn 1o Ear! Timomm age

uehits, chnopyroxenite, snd
with gabbro, disbase, and basait

MAP SYMBOLS
Contact, dotted whare concested

wecs Foult, dotted where concesled, arrows indicate diraction of lsteral movement

.—‘

-~

),

iy

AMENDED BY PGAE , OCT- 1977
CEC, 19794

_FIGURE 5:

C

GEOLOGICAL MAP OF THE GEYSERS - CLEAR LAKE REGION

122°47°30"




&

AXIS OF MAYACMAS

~ ANTIFORM
“>
o THE GEYSERS
oezzen | | MEgeTIERA
PEAK
MAACAMA ; —l—
FAULT MERCURY
ZONE ) VILLE Fumaroles

FAULT - Hot Springs
ZONE (/\)THE GEYSERS

'VAPOR DOMINATED —|¢— LARGELY HOT WATER <>

COLLAYOM!
FAULT
ZONE Recharge
S . MOUNT KONOCT!
Recharge -z 1 NE
WNEA — SEA LEVEL

o oA
00 mm:. n.o’o om u-
-'u'o'o'o‘o':u "mm . HOT WATER mn Tos
0000000 ) A
FOAYAN U | ) WARMAEEE Ll Sl e ) .
-m'umm fie wﬁ“ K e 6 Mifes
A Lo\ .
i

HOT|BRINE

Impermeable cap rocks
-{Serpetinite, greenstone,
melange, metagraywacke)

Fracture networks in graywacke
reservoir rocks :

Clear Lake Volcanics and associ-
ated vents providing recharge
to geothermal system

- Partially crystallized magma body
inferred to be at depth with
center below 6 miles

Water vapor in steam reservoir
above boiling water table

T Hot water

Structural model for the GeySers geothermal system. Cross-section through The
Geysers-Clear Lake region, from the Maacama fault zone on the southwest, to
Mount Knocti on the northeast, deplctmg structural elements of The Geysers-

.Clear Lake geothermal system.

Source: AAPG, 1979.

FIGURE 6: CROSS-SECTION THROUGH THE GEYSERS -- CLEAR LAKE REGION




Mercuryville fault on the southeast, and covers approxiﬁately 20 -'square miles
(50 kmz) (CEC, 19794, GeothermEx, 1980). The field boundaries on the east and
southeast have probably been estéblished‘through'Success and failuré of wild-
cats or step-out wells beyond ;known field boundaries (GéofhermEx, 1980).
Figure 3 shows the possible extgﬁt of the vapor dominated portion of the geo—-
thermal resource. The enclosed area covers about 100 square miles (160 kmz).
However, recent evaluation of ithe size of the stéém resérvoir, based on
existing infofmation about depth éfrwells at first steam entry, 1n&icates‘the
portion of thg;field avallable for practical electrical genération'is about,ZS

square miles (Dykstra, 1981).

- GENERATING CAPACITY SCENARIOS

As the previous discussion indicates, there is insufficient data regarding the
nature and size of the steam reservoir. Reservolir potential, as reflected in
MW-years (MWy) of extractable energy, and reservoir lifetime are also subject
t6 considerable debate and disagreement. Estimates of the steam resource in
Thé Geysers range from 1,200 to 5,600 MW.* For their 20-year planning period,
PGandE assumes approximately 2,000 MW from a 30 square mile area will be
avaiiable. United States Geological Survey Circular 790 (USGS, 1979) projects
a similar levél of development: 1,630 + 770 MW for 30 years based on

identified resources. The CEC has reached the following conclusions:

*Estimates are calculated as follows: Total steam reserve (MWy) ¥ power
plant amortization period (30 - 35 yrs), e.g., 70,000 Mdy + 35 yrs =
2,000 MW (See Ramey, 1973).

EE-19 CUM



Assume a range of 2,000 - 3,000 MW . o o« for total electric
generating ‘capacity at The Geysers using presently commercialized
- technology, 1.e., exploitation of the dry steam resource. Given the

conflicting testimony, the fact that much of the exploration data

are proprietary and the uncertainties surround eventual exploitation

of other resources (e.g., hot water), it is not possible to state at

this time the ultimate generating capacity which will be placed on

line at The Geysers or the time frame within which resources will be

developed (CEC, 1978b).

\\

For purposesvyof discussion, three alternative generating capacity scenarios
are proposed: High Development Scenario (4,000 MW), Middle Development
Scenario (3,000 MW), and Low Development Scenario (2,000 MW).* - In each case,
gedthermal development continues until the scenario generating capacity
ceiling is achieved. Ceiling capacity is maintained as long as‘steam'reserves
permit.
Because steam reserves are considered finite and are declining és geothermal
development proceeds, the lower ‘the final scenario ceiling, the longer that
level can be sustained.*#* Gehefating capacity is assumed to increase at the
rate of 200 MW/year, the average rate projected by utilities for the next 10
years (Table 1). If this occurs, the Low Scenario (2,000 MW), a 220 percent
increase over the current levei of 908 MW, would be reached in 1985, the Mid-

dle Scenario (3,000 MW) in 1991, and the High Scenario (4,000 MW) in 1997.

*The 4,000 MW figure is basesd ' on testimony by Ramey (1978), who suggested
that steam recovery in other portions of the steam field would be- on the

- same order of magnitude as the 2,000 MW presently assumed to exist. USGS
Circular 790 projects 1,630 + MW 770 and notes that the undiscovered
resource base may equal the discovered resource base (CEC, 1979b).  Capacity
estimates greater than 4,000 MW, e.g., 5,600 MW (SRI, 1978) appear too
speculative to consider at this time. S ”

**Under best case assumptions, natural and artificial recharge of the steam.
reservoir probably does not exceed one-third of steam production. (Geother- .
mEX, 1980). - Courts have held that the geothermal steam resource at The Gey-
sers is finite [454£.2d1157 (1972)]. - Other discussions of the exhaustible
nature of the steam resource include: GeothermEx, 1980, Isherwood, 1977;
Lipman, 1977; Ramey, 1978."
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TABLE 1
GEOTHERMAL POWER PLANT DEVELOPMENT IN THE GEYSERS AREA
1960-1990 - ,

v » Year Cumulative
Unit Name on Line Capacity (MW) Capacity (MW)
PGandE 1 1960 , 11 1
PGandE 2 1963 13 © 24
PGandE 3 1967 27 51
PGandE 4 1968 27 78
PGandE 5 1971 53 131
PGandE 6 1971 53 184 -
PGandE 7 1972 53 237

--PGandE 8 1972 53 S 290
PGandE 9 1973 53 343
PGandE- 100 1973 53 ST 396
PGandE 11 1974 106 502
PGandE 12 1979 106 608
PGandE 15 1979 55 _ 663
PGandE 13 _ . 1980 135 : 798
PGandE 14 . 1980 110 908
Wild Well Geothermal (PGandE) 1981 5 913
PGandE 17* 1982 110 ) 1,023
NCPA 2* o 1982 110 1,133
PGandE 18 * 1982 110 . 1,243
PGandE 6* 1983 110 1,353
SMUDGEQ #1* 1983 65 1,418
DWR Bottle Rock* 1984 . 55 1,473
Occidental* 1984 80 1,553
NCPA #3 1984 55 1,608
PGandE 20 1984 110 1,718
Modesto Irrigation District 1985 110 1,828
NCPA #1* 1985 66 1,894
DWR South Geysers* 1985 55 : 1,949
SMUD 2 1987 55 2,004
Occidental (PGandE) 1987 55 - 2,059
PGandE 19 . 1988 55 2,114
PGandE 22 1988 110 2,224
PGandE 21 1988 110 2,334
PGandE 23 1989 110 2,444
PGandE 24** ) 19907 110 . 2,544
PGandE 25** 19902 - 110 2,664
PGandE 26** 19907 110 . 2,774
PGandE 27** . © 19902 110 : 2,884
PGandE 28** _ 19907 110 2,994

Total number of units: PG&E 29 2,288 MW
SMUD 2 120 MW
NCPA 3 231 MW
DWR 2 110 MW
Occidental 2 135 MW
Modesto Irrigation District 1 110 MW

*Application for licensing these power plants have been submitted to the CEC.
**If steam supply available.

?Dates are not firm at present for these units.

SOURCE: CEC 1981 :



£4)

These three enefgy ‘development scenarios estabish the basic framework around
which/furﬁher discussion of cumulative impacts 1is &eveloped. Each scenario
entailsvdifferent ievels of environmental 1mpécts because.each requires dif-
fe;ent uses of three resources:‘ energy; time anﬂlspace. The energy repre-
sented by the steam fes0urce is reco?erable; but the rate aﬁd duration of
recovér& differ for each scenario, as does the surface area or spatiai extent
of the develophent ptoéeéé. Cumulative impacts in The Geysers are assessed
using thevthree scenario format. In this way, the potenfial rahges of such

impacts are bracketed between high and low estimates.

However, while examining these scenarios, it 1s noted that basic decisions

v'concerning the pattern of energy use for The Geysers geothermal resource have

not been established. Presently unanswered questions include: (1) Will the

geothefmal resource be used for maximum short-term (30 - 35 year) energy pro-
duction? © (2) Will it be managed for long~term (40 to 100 or more years) pro-

duction at a lower production rate?

3
Unless a regional plan of energy production is adoptéd, the possibility exists
that the High Scenario impacts from . steamfield devélopment will occur even
thdugh the High Scenario electric power production levels are not attained.

Economic and other advantages to the steamidevelopers_for early establishment

.of steam fields and rapid extracti?n of steam from the resource may lead to

the inability of the steam reservoir to sdpport all the electrical generating
facilities. This could occur due to uncertainty about the extent and lifetime
of the steam resource and the fact that steam resource development precedes by

several years the production of electrical power.

15
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CUMULATIVE VEGETATION IMPACTS

_ INTRODUCTION

The KGRA is a mix of forest, chaparral, and graséland; location and species

.. composition is determined by the interplay of climate, topography, soil type,

and other factors (Ornduff, 1976, SRI, 1977). ~ At least 12 vegetation

communities exist in the KGRA, each distinguished by the presence of

‘characteristic species (Appendix A). These communities include grassland, oak

o saVannah, oak woodland, chaparral, mixed eﬁergreen‘forest;'yéllow pine forest,

knobcone pinelforest,v DougiaS‘fir forest; cypress forest, riparian, aquatic

(vegetation growinglin or around springs and ponds), and weedy (ruderal).

. The development of geothermal power plants and related roads and well fields

in The Geysers may have significant cumulative impacts on unique vegetation

‘resources such as riparian, meadow, forest areas, and those occurring on ser-

pentine soils. The abundance, distribution, and mix of these unique vegeta-
tion resources, areas of critical concern, are an important aspect of The Gey-~

sers biologicai community. 'Maintainiﬁg the diversity of plgnf'coﬁmunify asso-

)ciations' in The Geysers area is necessary to preserve the integrity of the

area's:bioloéicai community as a whole.

~ RARE AND ENDANGERED PLANTS'

- Because of the complex arrangement of vegetation, éqiis; and ‘topography, The

Geysers reglon supports a relatively large number of endemic plént épecies

which are rare or endangered.

16
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SRI (1977) lists over 60 plant species in the XGRA as rare and endangered, the
majority of which are herbs found on serpentine outcrops. The SRI inventory
includes plant species found in the entire 586 square mile KGRA, not just
those found in the approximate 100 square mile vapor-dominated portion of the
steam field. The completeness of the list is uncertaln because field surveys
have been primarily restricted to leaseholds within the 20 square mile section

‘of the steam field undergoing geothermal developument.

CEC staff has reviewed the California Native Plant Society (CNPS) - listing of
rare and endangered plants (Smith et al., 1980) and prepared a summary which
lists the status of rare plants known or suspected to occur in The'Ggysers
KGRA, Appgndix B. This summary separates species which have been identified
as rare and endangered (CNPS List 2) from those which are recognized as rare
but not endangered (CNPS List 3). Rare and endangered speciés are those which
" require a high level of protection in most instances. Species which are rare
but not endangered may be indicators of special biological areas and may also

require preservation under specific circumstances.

Staff Position—-The potential impacts on rare and endangered plants have been

raised as a concern by CEC staff in all regulatory cases, both as site-
specific and cumulative impacts. Staff views impacts on rare plants as a
serious constraint to the development of geothermal facilities in ~some areas.
Rare plants designated as legally protected on étate and federal lists as well
as candidate species such as those designated by the California Native Plant

Society are given consideration in regulatory cases.

Proposed Solutions--CEC staff recommends that all areas which represent poten-—

tial habitat for rare plants be identified early in the regulatory process,

17
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preferably during - the planning stages. - Appropriate surveys should be con-
ducted at the project site and in the site vicinity for these species, parti-
cularly in areas subject to disturbance by the project. If rare plant species

exist Iin an area, the area, including an appropriate surrounding buffer area,

~should be avolded and/or excluded from development. The spééiés involved will
dictate the size of this area. It 1s essential that accurate and éomﬁlete

~ information VBé available for the species involved in order to make informed

A}

and appropriate decisionsg.v If fhis information 1s not available, it must be
developed through specific field research to provide adequate data on a case-

by-case basis. Staff recommendations for each case will be developed fol-

~lowing a thorough s:udy:of_thev‘species, the site, the potential impacts, and

.all alternatives.‘ Much mofe field wbrk is required in order to determine the

number and precise location of rare and endangered species found in the KGRA

(‘areas most likely to be developed.

DIRECT VEGETATION LOSS .

In the literatufe, ééfimates of nonsife-specific vegetation removal (“loss”™)

' range'from é - Zorﬁetéénﬁ (51.2 - 128 acres) for an "average"” 640 acre lease-

hold.* = Actual t;dtal vegetation loss experienced in The Geysers KGRA  1is
unknown, although site-specific estimates exist. A 1975 study of habitat loss

in the Big Sulphur Creek Watershed estimated 1,024 acres (4.0 percent) of a

- total 25,900 acres . had beenr;lost‘dué to the development . of 502 MW of geo-

éhérmal cépacity. This is the equivalent of 2.04 acres lost/Mw. A breakdown

 of acreage losses for each phase of a typical geothermal development 1is given

in Table 2.

*#8 percent: - Suter, 1978; 10-20 percent: . SRI, 1977; 20 percent: Reed and
Campbell, 1975, USFWS, 1978. S
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Table 2
" LAND USE REQUIREMENTS FOR A TYPICAL GEOTHERMAL DEVELOPMENT SITE

, Phase Surface Area

Exploration and Testing Phase

~ Road Construction ’ 3 to 4 miles (5.1-6.8 acres)
- Drill Pads 2.5 acres each, cleared and compactedl/
Mud Sump Each one requires an area 100' x 125'

x 10' deep to temporarily store up
to 1,000,000 gallons of effluent
and cutt1ngs (.29 .acres)

Full ?ie]d'Devélopment

Road Construction Acreage varies. Access roads may be
built to drilling pads, mud sumps,
building for housing*equipment and
storage. Average road width is a
function of s]ope and var1es from
15-36 feetd/ -

Pipelines Each pipeline is 10" to 30" in dia-
- meter, raised on supports rising no
more than 12 feet. The area
temporarily cleared for the pipeline
is 30 feet wide, but may be wider
depending on whether access roads
are constructed.2/

Power Generation Facilities Approximately 10.5 acres are required.gf
-turbine generators and
condensers ' Each is 150' x 65" x 60' high
-cooling towers Each is 360' x 65' x 60' high
-transformer ) Each is 100' x 100' x 55' high'
Transmission Lines Lines consist of towers or poles at a

height of 80 to 120 feet, with concrete
bases 40' apart. Approximately 0.2
acres must be cleared for each tower.
Access roads to each tower are required.
Existing roads are used where possible.

Notes:
1/ ECOVIEW, 1975a
2/ Eaton, 1980
3/ Average of loss estimates for PG&E Units 16-18; NCPA 1, 2; DWR
Bottle Rock, DWR South Geysers; SMUDGEO 1.

Other data from: EPA, 1977 SRI, 1977.



3]

Published site-specific loss data are available only for PGandE Units 1 - 6
and ‘11, unavailable for Units Z - 10, 12 - 15, and estimated for all other
units under construction orkin the liceunsing process (Table 3). Using avail-

able data, losses for these units are estimated to be 54 acres (6.3 percent)

‘ per averaget856 acre leasehold or 0 55 acres per megawatt of power genera-

tion. However, M K.; Eaton of PGandE (Eaton, 1981) has estimated vegetation

loss for PGandE Units 1 - 18 over the 30 year 1life of these power plants to be

11.5 percent (1,137 acres) of the total Unit 1 - 18 leasehold 'area (9,896

'acres), or 0.93 acres/MW.

Estimated cumulative vegetation losses in The Geysers range widely, from 1,100
~acres (Low .Scenario of 2,000 MW, 0.55 acres/MW) to as high as 7,040 acres

(High Scenario, of 4,000 Mi, 1.76 acres/MW) (Figure 7, Table 4). If the 11.5

percent estimate is assumed to accurately reflect existing and future vegeta-
tion loss, there would be a loss of 2,790 acres for the Middle Scenario of

3,000 MW; cumulative losses could range from 1 860 (Low Scenario) to 3 720

acres (High Scenario).

Several cautionaryvnotes are necessary with respect to acreage loss figures
i
(Table 3). Even if PGandE estimates are accepted as the best available, they

are probably low, due to the nature of the estimating process. Losses for

~Units 1 -6 and 11 were calculated by planimetry from aerial photographs, a

technique - which underestimates surface -area on slopes. Secondly, acreage

ﬂlosses}are given on _a per leasehold basis, which is somewhat misleading

because disturbances such as access roads, portions of steam pipelines, ‘trans-

mission line clearing and access roads, and construction and storage yards may

%occur outside of leasehold boundaries.
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77 Tab]e 3
ESTIMATED VEGETATION LOSS

Total Area of Percent Acres

' ~ Leasehold Vegetation - of Lost
Power Plant Megawatts Area (Acres) Lost (Acres) Leasehold Per Megawatt
PG&E UNITS

1-6/ 184 | 1679 131% 7.8 0.71
7-10 " Data not available , _
nvY 116 989 8g* 8.9  0.79
12-15 - Data not available
16V 10 750 51 6.8 0.47
172/ 110 720 80 1.1 0.73
18¥/ S 10 730 488 6.7 0.44
TOTAL PGSE 630 B 4868 398.8 8.2 0.63

CALIFORNIA DEPARTMENT OF WATER RESOURCESﬂj

Bottle Rock 55 - 370 30 8.1 0.54
South Geysers _55 408 30 7.4 0.54
110 778 60/ 7.7 0.54

NORTHERN CALIFORNIA POWER AGENCYY/

NCPA 1 66 1400 n 0.8 0.17
NCFA 2 110 1120 47 4.2 0.43
176 2520 58 2.3 0.33

SACRAMENTO MUNICIPAL UTILITY DISTRICTﬂf

SMUDGEQ 1 55 396 22 5.6 - 0.40
TOTAL (PG&E, CDWR, ‘
NCPA, SMUD) 971 8562 538.8
AVERAGE (PER :
LEASEHOLD) 97.1 856 54 6.3 0.55

*Actual losses (Weinberg, 1978) :
Source: 1/ Weinberg, 1978; 2/ CEC, 1979c; 3/ CEC 1979d; 4/CDWR, 1978, 19793
5/ NCPA, 1978, 1979; 6/ SMUD, 1980. .
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Table 4
CUMULATIVE VEGETATION LOSS ESTIMATES

lLoss Scenarios

Percent of Leasehold 6.3% 7.9% 11.5% 20%
Area per Megawatt 0.55 acre/MW 0.73 acre/MW 0.93 acre/MW 1.76 acre/Md
Energy Production Scenarios 2 2 2 2
acres mi’ acres mi~ acres mi acres mi
LOW — — -
2,000 MW 1,100 1.72 1,460 2.28 1,860 2.91 3,520 5.5
MIDDLE '
3,000 MW 1,650 2.58 2,190 3.42 2,790 4,36 5,280 ~ 8.25
HIGH :
4,000 MW 2,200 4,56 2,920 4.56 3,720 5.81 7,040 11.0




h Althoagh'it is technically correct to estimate pef leasehold vegetation loss,
in doing so one loses sight §f the truly Widesbfead nature of " development in
f“fhis'region. Vigétation’loss 'pe£ leasehold can be eéfimdted‘ without noting
fhat‘1éésehoids‘Varerincréésingly ‘inte:connecfed by‘ roads, pibelines (e.g-.,
Angwin-and Toy,Ai979, p. 5 —'11) and’tfansmissioh>11nes.A:VPercentage losses

can also be estimate&'without noting that leaseholds are of different sizes.

Staff Position--The amount and'type'of vegetatidh loss has been raised by CEC

staff, CDFG, and intervenmors as a potential 1issue in all Geysers regulatory
cases.  Concerns have been voiced  over both site-specific and cumulative
losses - of unique vegetation resources. Only the: vegetation 1osses AIrectly
associated with power plant sites haﬁe been prevented or mitigated, while los-
sesvassociated with well field and road develbfmént ﬁa#e not been dealt with.
'This potential cumulative 1055; which could be as high’és'S,ZSO acres (1.76
acrgs/HW), as well asr}the loss of';uniqué vegétatibh resources, would be

significant.

’ The CEC staff position has been to a#oidvdevelopment on areas of unique vege-
j tation and to reduce Qegetafion di§£urbahce an&'rémbvéiwfo\a minimum. At pre-
" sent, sufficient detaiied‘informatiOn about the location and abundance of uni-
vqué vegetation resources and the diéthrbanﬁe'ofidthérv vegetation communities
~ ‘within the geothermal resource area is mot available. Without this detatled
ihformation, an effective asééésmentb cannot be made of the cumulative impacts
from projected geothermal developméht'ér*'abbdt the ﬁeffectivenésé of site-

specific mitigation measures applied to date.

‘Proposed Solutions--In order to -pfevéﬁt'df:'mitigate‘”potentiéi"cumuiative

u impacté due to loss of unique vegetation in The Geysers and to evaluate and

improve present ﬁitigation'measufés, thevfollowing recommendations are made:
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1. Develop Geysers resource maps showing‘detailed plant associations and
- the location and distribution of unique vegetation resources. These
documents should be wused by the Commission, counties, other permitting
agencies, resourée developers, and the 'utilities in planning, pe;mitting,

and monitoring geothermal development in The Geysers steam area.

2. _A&oid or limit disturbance of uniqﬁe vegetation resource areas (ile.,
serpentine barrens, hot springs, fumaroles, meadows, seeps, ~forest, and

riparian associations, etc.).

3. Reqhire reestablishment of native vegetation on all nonuse areas which

“have been disturbed (i.e.; cut and f£ill slopes).

INDIRECT IMPACTS TO VEGETATION

Indirect effects to vegetation may result from several sources including expo-
sure to toxic materials contained in cooling tower drift, exposure to hydrogen
sulfide (Hg8), acid rain, climate modification, and mechanical damage. Each

of these potential impact sources is discussed below.

Cooling Tower Drift--Vegetation stress in the vicinity of power plants at The

Geysers was first noted in 1971 and first publicly reported for vegetation

near PGandE Units 1 - 6 in 1973. Since that time a considerable amount of

information has been developed to determine the cause and rates of vegetation

stress. The most complete information available is presented in Malloch et

al., 1979, from which much of the following discussion is drawn.

Early investigators were somewhat uncertain as to the causes of foliar stress,
but deposition of salts, particularly boron, carried in mists from the cooling
towers was suggested (ECOVIEW, 1975b). Qualitative observations during

August - December 1978 and in 1979 have verified earlier reports of marginal
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necrosis (tissue death along the leaf margin), interveinal necrosis, inter—-
veinal chlorosis (yellowing of tissue between leaf veins due to loss of
chlorphyll) and needle tip burn and banding (conifers) for 22 species of trees
and shrubs (Table 5). In general, moderate to severe vegetation damage over

*" varying acreages has occurred around PGandE power plant Units 1 - 11.%

Foliar stress symptoms suchyas necrosiskand chlorosis are indicative: of boron
tonicity. Leaf tissuevanalyses;show greatly elevated boron concentrations in
visibly damaged versus visibly undamaged samples. - Vegetation grown in soils
high in boron concentration near power plants develops boron toxicity
symptoms. Similarly, plants - exposed to cooling'tower drift develop toxic
symptoms. Additional support for the hypothesis that boron deposition causes
foliar stress comes fron4twoitanadianrstudies,on the phytotoxicity of airborne
boron (Temnle and Linzon, 1976, Temple:etkal.; l978). Deposition of boron on
”Vvegetation exposed to atmOSphericlboron,emissions from a fiberglass manufac-
turing plant produced injury symptons “onhsensitive species. As in The
: Geysers, the amount and severity of foliar injury decreased with increasing

distance from the source.'

Cumulativev stress and,vegetation damage from cooling tower drift has been
'study.** The 38 6 square mile study area lies within.the Big Sulphur Creek and
\Kelsey Creek watersheds and encompasses the developed ‘portion of The Geysers
KGRA. =~ The total extent of.stressed vegetation 1n this area as of 1979 covers

247 acres (6 percentjrof'thei totalfleasehold area of PGandE Units 1-11

*Data for Units 12 and 15 were unavailable for inclusion in Malloch's 1979
‘report.

**The drought Of"l975-1976,'1976-1977 could have contributed to observed
vegetation stress. :
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Table 5
VEGETATICN DAMAGED BY CQOLING TOWER DRIFT

Péwer Plant

Vegetation Damaged

Degree of Damage

PGLE 1,2

PGXE 3,4

PGLE 5,6

PG&E 7,8

Big leaf maple (Acer macroohvllum)
Brutia pine (Pinus brutia) |

~ California bay (Umbellularia californica)
Digger pine (Pinus sabinizna)

: Eucalyptus {Bucalyptus sp.)
Interior live osk (Quercus wislizenii):>
Valley oak (Quercus lobata)

Big leaf maple (Acer macronhvllum)
California bay (Umbellularia californmica)
Digger pine (Pinus sabinizna)

_ Elderberry (Sambucus mexicana)

Fig (Ficus carica)

Interior live oak (Quercus wislizenii)

Madrone (Arbutus menziesii)
Spicebush (Calycanthus occidentalis)
Valley oak (Quercus lobata)

Big leaf maplé (Acer macroohyllum)

California bay (Umbelliularia californica)

Digger pine (Pinus sabiniana)

Douglas fir (Pseudotsuga menziesii)

Interior live oak (Quercus Wislizenii)

Madrone (Arbutus menziesii)

Spicetush (Calycanthus occidentalis)
Valley Oak (Quercus lobata)

California bay (Umbellularia califeornica)

California nutmeg (Torreva californica)

Severe
Severe
Severe
Moderate
Moderate

| Moderate

Sevére

Severe
Severe -

Moderate .

Moderate
Moderate
Moderate
Moderate
Moderate
Severe

Severe
Severe
Moderate
Severe
Mcderate
Moderate
Moderate
Severe

Severe
Severe



Table 5 - Continued

'Power Plant " Vegetation Damaged = - . _ Degree of Damage

PGLE 7,8 " Canyon live oak (guefcﬁs éhrvsoienié)  Severe
| Chamise (Adenostoma fasciculatum) = Moderate
Interior live oak (Quercus wislizenii ~ Severe
« var, frutescens .
Iellow pine (P:Lm.ts nonderosa) - Moderate
_ Scrub oak (guerc dumosa) |  Severe
-PG&E 9,10 California bay (Umbellularia californica) = Severe
4 ‘ Hoary iné.nzanita (Arctbstaphyios canescens) Moderate
- Interior 1ive oak (Quercus wislizenii Moderate
A ‘ var. frutescens - » ’
i Knoocone-Monter°y p:.ne hybr:x.d \Pmus / | Moderate
. attenuata x radiata) : o
Poison oak (Bhus diversilcba) © Moderate
Scrub osk (Quercus dumosa) Sl Moderate
PGEE 11 Canyon live‘ oak (Quercus 'ch.z"vsdléx;is) ' Moderate
eomn ' Interior live osk (Quercus wislizenii .. = Moderate
var. frutescens
'Scr,ub oak (Quercus dumosa) o © ' Moderate
PGLE 17 . Suger pine (Pinus lesmbertiana) ~ Moderate

. SOURCE:: Malloch et al., 1979




(Table 6). Diagramé based on aerial photographs clearly show the incremental
nature of vegetation stress (Figure 8, 9). All units except 1 and 2 and 9vand
10 have shown increases in area of stressed vegetation over the six year sur-
vey period. Vegetatioﬁ stress at Units 1 ~ 6 has been detééted,éfra maximum
diétaﬁcé of 2,000 feet from ;qéiihg‘towers. .ﬁinety peréent» of all damage

“occurs less than 1,640 feet from the towers.

Units 3 - 6, which have the iargest s££essed areas (210 acres), glso have
highér cooling tower drift rates and‘émong ;hevﬁiéhest boron concentrations in
the circulating cooiing water. As Figure' 10 shows, there is a trend toward
increasing boron concentrations in circulating water over time. If this trend
coﬁtinues, the afeé of stressed vegetation and the severity of stress within
this area is likely to increase. However, because the variability of boron
ievels in the steaﬁ reservoir cannot be.predicted, it is impossible to predict

whether boron concentrations will increase or decrease in the future.

Although boron-induced vegetation stress appears to be restricted to the imme-
diate vicinity of operating power plants, transport of boron considerable
distances from development areas has been documented by J. Koranda (1980).

During preliminary studies, small but easily detectable levels of boron were

- recorded at three wmonitoring stations on Cobb Mountain: Cobb Mountain near

Geysers Rock, 2? ppm; Sawmill Flats Road (0.4 miles from Bottle Rock Road), 14
ppm; and Sawmill Flats Road (1.4 miles from Bottle Rock Road), 15 ppm. The
two measurements on Sawmill Flats Road on the north side of Cobb Mountain‘
suggest that some drift or well-site effluents are moving over Cobb Mountain
into the adjacent airshed to the east. These Boron concentrations observed by
Koranda are one and two orders .of magnitude smaller than those found in
damaged vegetation near power plants (cf. Malloch et al., 1979, Table 12, 13,
14). | -
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Table 6 3 

" ARNUAL EXTENT OF STRESSED VEGETATION AROUND PG&E UNITS 1-11

.

DURING 1973-1978 (ACRES)

*Units Not Operational

**Unit began operation in May‘1975, f11m survey flown in August 1975,

SOURCE:

Malloch et al., 1979.

: : Uniﬁ " ; , Annusl
Year land2 = 3 andh; 5 and 6 - EdB ; 9 and 10 11 Total cr(%we
1973 10 . 133 B A * * 150
197 10 133 7 5 * 155 ,.3
1975 10 185 - 7 5 s o =7
1976 - V_ ‘ flo Photo vagragc ' 4 ' | _
1977 10 210 ‘10 | 5 10 25 T2
1978 10 210 | C12 " 5 10 » e

27




o ———m ‘\(1977-197'
//’ -
I 5
Vo o BN
// // >~ \
~ \
-7~ IR \
5~ S KeY
/ S \Q == AREA OF STRESSED VEGETATION
// \\\ \\ = ROADS
/ N vy COOLING TOWER
/ N\ :
\\ EREEN  POWER PLANT UNIT
\l ; so0 o 500 1000 FEET
‘\ 200 100 (] 200 METERS
PP on————
. == \
UNITS 34 ' \\ N
UNITS 66
N
)
1873 - 1974
p /
\\ \\ ,
\ ~ 7/ ’
AN ~ 7 N
~ 1976 - 1978 ~ P
< e
\\ ™
\§-_‘”
’("\ ~<:—um-ma
HEALDSBURC-OEYSens \\‘ - \\.
R040 A\ N\
J : \
\ \
Source:  Malloch et al., 1979, umrst-z)
—

FIGURE 8: THE AREA OF STRESSED VEGETATION AROUND GEYSERS UNITS 1-6 IN. 1973-1978




| 1973-1975
1977-1978

. ?UN|TS7§'(" . - )/ \\{JNlng-w
,.\‘\\\\ L-L|-1973-1975 : { ‘ ~— .
\"'."‘\IL1977 \\
N e M so74-1678
v

KEY |
emem = AREA OF STRESSED VEGETATION

OO0, COOLING TOWER
EEE  POWER PLANT UNIT

=L I

< UNIT 11
%ug 1975)' ey
‘ | U
\ S \
A /

f\\_',/' ~~1977-1978

500 9 500 1000 FEET -

e e ——
200 100 0 200 METERS

- Source: MalToch et al., 1979.

o FIGURE 9: THE AREA OF STRESSED VEGETATION AROUND GEYSERS UNITS 7-11 IN 1973-1978




BORO

N AS B, ppm

a0

420-
400+
380

40

UNITS
unNIT 8
UNIT 6

1&2
UNIT 11

unIT 7"
UNIT O

UNIT 4

<<
unitio 10

1964 1965 1068 . . 1067

SOURCE: Malloch et al., 1979

FIGURE 10. MEAN ANNUAL BORON CONCENTRATIONS IN CIRCULATING WATER FQR GEYSERS UNITS 1-11

1968

1969

1970 1971 1972 1973 1974 1976

1976 1977




i

Hydrogen Sulfide Emissions-~In 1light of the present data, and relative to

other biologicaleresouree concerns at The Geysers, the effects of HjS on veée-
tation cannot;tbe considered ‘important. ;oThompson (1978) 'etates that it is
.. unclear "whether the present-atmospherio,ievel of HS or its reaction products
ilis causing‘environmentelrihjuryrto locei‘vegetation."* He does state‘that the
.rate at;which.HZS,is,oxidized,to.solfur dioxide‘(soz), 2 mach ' more phytotoxic
gasfthan.st,‘is.67Lpercentv faster than_previouelyobelieved,(halfflife HZS =
_12,hrs).j.>Thie allows 1less Opportunity forvatmospheric dilution' and disper-

- sion, thereby increasing the risk of vegetation damage,

Long-term exposure (8 - 10 weeks) of native vegetation to HZS at concentra-

tions in the 0.1 - 3 0 ppm range has been reported by Thompson and Kats (1978)

;.to,have damaged yellow pine . (Pinus ponderosa), California ,buekeye‘(Aesculus :

californica), .and Douglas fir (Pseudotsuga menziesii). . The same range of HyS
N : Va .

- concentrations has ,heen;obeerved at  The Geysers, but for fohly very brief
intervals,‘,xMEasured‘ooncehtrations:vquHZS, at the fence line of;.a Geysers
power piant:withoot abatement.were,l.o.:ppmbmaximum and averaged 0.2 ppm over:
an 8-hoori period. . Ambient levels = during noctornal -inversions in .the Big
vSulphur;Creek Watershea under‘nOnahetement conditiOne, with 11 units operat—

ing, averagev0,17~ 0.2 ppm,(Malloch et al.; 1979).

The phytotoxic effects of chronic,rbvery low level exposure of"netive vegeta—
tion to HjyS orvSOZ are unknown.. . Low. levels of HyS,- such as’ those observed at
The Geysers, have been shown to stimulate' growth in ;-studies on cultivated
;plents,' such as grapes v(e.g.,ﬁThompson‘.and Kats, 1978). Bennett, et al.,

(1974) ergued that plants that areiadapted to low pollutaht1concentrations may

- *HoS may be responsible for = the reduction in diversity and abundance of
lichens within .62 miles of PGandE Units 1 - 6 (Malloch et al., 1979)
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be at a disadvantage when grown in the absence of pollutants (as -in the
control  in the Thompson and Kats study). Thus, the growth stimulation noted
by Thompsoh and Kats (1978) may indegd,be related tO'a‘fertilizing effect (as
. they suggest) or due to adapted tolerance (as suggested by Bennett,- et al.).
This disparity demonstrates a current lack of understénding about the effect

of air pollutants on vegetation. Even where growth stimulations are known to

occur as a result of pollutant - exposures, there are differing opinfons as to
the "benefit” of such a phenomenon. Some plant ecologists (e.g., Winner;

1981) view the potential stimulatory affect from air pollution to be a type of

"terrestrial eutrophication”, which may substantially alter the composition of

native ecosystems.

Acid Rain Formation-—-Hydrogen sulfide  emissions  in The Geysers area have

prompted speculation concerning the formation of acid‘ rain (e.g., Axtmann,
1975; ECOVIEW, 1976a; EPA, 1977; U.S. Fish and Wildlife Service, 1978). The
effects of acid rain on ecosystems are not completely understood, but can
include acidification of lakes. and rivers and modification of soil nutrient
leaching rates. If acid rain formation is to occur in The Geysers area,
hydrogen sulfide released into the atmosphere must be convérted to sulfur
oxides. These undergo further reactions to produce sulfuric acid, which even-

tually returns to Earth in rain (Ehrlich et al., 1977).

Only one acid rain survey has been conducted in The Geysers area (Ebbeson,
1978). Samples collected  from three stations after eight different rain
events did not show any statistically significant differences in acidity.
Transport of hydrogen sulfide and sulfur oxides in sufficient quantities to
cause acid rain formation 1in agricultural areas‘adjacent to The Geysers
appears highly unlikely, consideripg the effects of dilution'and the reduction
in hydrogen églfide emissions due to abatement effofﬁs.
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Climate Modification--Evidence for localized atmospheric changes due to steam

emissions is anecdotal. Incteased fog formation in cold weather is said to
occut within ’one mile of geothermal powerirplants (SRI, 1977). This 1is
believed to .be a consequence of the latge,increases in atmospheric water vapor
and chemical,and :particalate’nuclei that accompany stean‘_emissions'(ECOVIEW,
1976b). ECOVIEW (197$b) suggests‘that_ increased humidity may result in
increased disease‘incidence in vegetation.- At present,v a quantitative basis
for determining a relationship between power plant emissions and fog incidence
‘ does not exist.rr In the absence of this data, it is not possible to draw con-

clusions concerning disease incidence in vegetation.

Mechanical ﬁamaggf—Minot' sources of vegetation damage " have been associated

with 4steam well Vopetations. Vegetation adjacent to several well pads at
‘ various sites»has beenidamagedkby scalding and coating of leaf »snrfaces with
,condensate (Atlantis,’1976).";Fine‘sand blown out of a Shell Oil Company well
tenporarily damaged soma,vegetation witnin, a‘half‘,nile‘radius ot’ thevwell

(ECOVIEW, 1976b, 1978).

Staff Position--From the i data above, it appears that the  most significant

source of indirect vegetation impacts 1s exposure of vegetation to boron from
!ithe,cooling tower dtift. Inpacts of boton drift aroand individual power plant
, sites incladevboth damage»and‘some_actual_vegetation loss. Of additional con-
’cetn_is tneApotentialyfot cumalative impactspfrom full"geothetmal development
which.icould lead to chronic .lov,vlevelirexoosu;e ofravegetation ito _dtift

‘, containing boron over large areas. ,l»~,

The site-specific 1issue of the effects of boron on vegetation from cooling

tower drift has been raised by staff in all geothermal regulatory cases. The
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potential for cumulativé regional effects has been raised by staff in The Gey-

sers 16 and_l?rcasesQ

Monitoring has been required by tﬁércomﬁissioﬁ'on a site4spe¢ific' basis for
driftreffecté, particularly those caused by boron. PGandE isi conducting a
étudy of the extent of drift effectsvas a permit condition for Unit 17. This
stﬁdy inc;udes effects at four different power plants. Sufficient information
is not currently available for a determination of low levelrchronic cunulative
effects, if any, to be made. However, as moré information is gathered in
PGandE's'ongoing study and other power plant monitoring programs, stéff will
attempt to develop a position on the potentiél cumulative impacts due to

_cooling tower drift from the combined power plants in The Geysers. -

While not considered as a ﬁrimary concern at this time, other indirect vege-
tation impacts, inclu&ing acid rain, local climate modification, and low level
chronic exposure to hydrogen sulfide emissions, may cause adverse vegetation
effects and/or possible changes in species composition as the geothermal power

plant density and size of the development increases.

Proposed Solutions-—Site-specific monitoring should be used by staff to deter-

~mine the severity and acceptability of 1local boron drift effects and to pre-
dict tﬁe potential for significant cumulative effects resuiting from full
field geothermal development. Spot monitoring should be initiated to detect
cumulative chronic low level boron impacts and the other potential 'impacts if
they appear as full geothermal development occurs. These monitoring efforts
will require a continuing cooperative effort between the CEC 'staffv and

applicant utilities.
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CUMULATIVE WILDLIFE IMPACTS

WILDLIFE INTRODUCTION

The increased demand for geothermal energy has changed the originally per-
celved Geysers geothermal development level of few megawatts and a few power
plants to a large geothermal energy park. The expanded geothermal development
vchanges the impacts on wildlife resources from an area which previously had
limited logging and cattle grazing as potential conflicts with wildlife to an
area now being subject to an industrial type of development. These potentialf
impacts affect the area's abundant and 'diverse wildlife,b asiwell as a few
legally protected species (rare,‘endangered, fully protected) and species of
special concern. This’section identifies the known information about these
species, the potential cumulative impacts from full geothermal development,
and the CEC staff recommendations to effectively quantify and resolve poten-

tial development conflicts.

WILDLIFE SPECIES

Approximately 13 amphiblan species, 21 reptile’species;’YSI mammal>5pecies,
and 132 bird species have reportedly been found or are expected to be found 1in
the KGRA (Meneghin et al., 1978). | This diversity is a reflection of the
numerous types of plant\ communities present, each providing habitat for dif-
ferent numbers and species ofvanimals. A briefilisting of the fauna of each

habitat type is available-in Appendixic;“

A small number of wildlife species in the KGRA are.listed as endangered rare,
or fully protected (Table 7) The endangered southern bald eagle (Haliaeetus

leucocephalus leucocephalus) is known to oécur or have occurred recently in

the KGRA (SRI, 1977). From July 1974 to March 1978, 11 sightings of the en-

dangered American peregrine falcon (Falco peregrinus anatum) have been made
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Table 7

PRELIMINARY LIST OF RARE, ENDANGERED, AND PROTECTED

WILDLIFE SPECIES OF THE KGRA

Endangered Species

Southern bald eagle (Haliaeetus 1eucbcepha1us 1eucocepha1u$)

Peregrine Falcon (Falco peregrinus anatum)

Rare Species

| Yellow-billed cuckoo (Coccyzus americanus occidentalis)

Fully Protected

Ring-tail (Bassariscus astutus)

Golden eagle (Aqui]a chrysaetos)

Species of Special Concern*

Long-eared owl (Asio otus)

River otter (Lutra canadensis)

California red-legged frog (Rana aurora)

Federal Status Undetermined*

Burkowing owl (Speotyto cunicularia hypugaea)

Osprey (Pandion haliaetus carolinensis)

Red-shouldered hawk (Buteo lineatus)

*Lack legal status and protection as rare and endangered

SOURCE: C.D.F.G., 1977
Meneghin et al., 1978
PG&E, 1977b
S.R.I., 1977



within the KGRA (Meneghin et al., 1978). Peregrines nesting near Mt. St.
" Helena have ' successfully fledged young and are reported to be “doing well

(GRIPs; 1980)Lv ‘Therrare ‘yello§¥billéd cthab';(CoééyZuslameficanué'océiden-

“talis), the fully protected ringtail (Bassariscus astutus), and the golden

veagle (Aquiié éhtysaetbé) also occur iﬁ the'KdRA.'w”_

Other spepifs{of_special _concern that_'afe being  considered for protection

include the California red-legged frog (Rana aurora draytoni), the river otter

"(Lutra'céﬁadénsié);'long—earédAow1°(Asio otus), burrowing owl ({Speotyto cuni-

cularia hypdgéa); osprey (Pandion haliatus carolinensis), and red-shoulder

hawk (Buféoviineétus);‘

Thevful;y protected ringta;i'_is known té utilizg‘the vsteamfdominatéd portion
‘of the~ggothe;ma;Agrea, gq&'ig . appears there ;s,g viable{vbregding populatioﬂ
ptesent_(Kock ,and'Brody,:1981)- - The endanggrgg «peregpineyfalyon forages ih '
the .s;eam+agmiﬁatéd portion and mnests in the viciaity, althoﬁgh until the
steamfgominated fesourgg qundary is'be:;ef §efined,vi:gggpnpt»be stated with

certainty ;hgc,a breeding population exists within_theﬂstﬁam-dominated area.

Peregrine Falcon—-The peregrine falcon population's precipitous decline in

Noith‘America1over:tﬁe,lastv30;yea:s‘ has resulted in the elimination ‘ofrthis
speéﬁég_f;om most ofritsifofmerrrgngef‘.”In Califppnia,'a;ﬁosp éli of approxi-
o m;tely iOO historical negting” éitesxg;g;”gﬁrreﬁﬁ1y‘§no¢cupied,;'vitﬁA only a
ifemnént pqpulgtion éxis:igg';; thé‘,northérp pé:p qf‘the state. T:Thé KGRA is
"ong Qf :ﬁe few.afeaé_in Califorhia 1# _wh;gh thé pgregiine__is successfully
irep:oducing. ere pgten;;algthtgat tQ the continuedAsu;vivallof the peregrine
d@e to ggc;qaqh;ﬁg_geo;ﬁe:malkeﬁefgy‘dgvelépyent 1s‘theteforeian issue of con-

‘cern (Kirven, 1980).
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of the 11 peregrine sightings tepo;:ed between 1974 and'1978, at least four
may be of questionable‘validity. Survgys pf Cﬁbb Mountain, reported to have
rbeen the sité of‘a neéting eyrie?,have yielded no evidence of peregrine activ-
ify or presence (Stagér, 1976)é; The'gyries ‘ip the KG?A known to be active
nest;ng sites are located in the Mt. St. Helena and Palisédés ~ Table Rock

areas, officially designated Critical Habitat Zones (Figure 11).

Located 6 km from a geotherpal de&elopment site in the Briggsr Cpeek dfginage,
the Mt. St. Helena eyrie is closest to . geothermal deveiopmeﬁ; and has been
occupied from 1970 -~ 19737aﬁd i9?i té the preéent (Enderspn an& Kirven, 1980).
During a 5-year period, 14 young have fledged. This is aﬁ aferage of 2.8
§oun§ per yeér. The fledging success at this site 1is considered to be
exceptionally high in light of the widespread reproductivé failure of the
species elsewhere 1in North America (Kirven, 1980). A 1979 foraging behavior
study of the Mt. St. Helena peregrines concluded that the falcons were
relatively nonselective in their choice of foraging flight direction and
returned with prey from the direction of the geothermal area on 17 percent of
all such fligth. j

Because of the generally high abundance of prey around the eyrie, the loss of
foraging resource due to the developﬁent of a small geothermal site is not
* believed to be significant (Enderson an& Kirven, 1980). However, widespread
industrial, residential, or agricultural developmént of the area will likely
threaten the 1long-term survival of the species in ‘this location.
Extensive foraging habitat 1loss plus increased human access and disturﬁance

are significant threats to peregrine reproductive success (Kirven, 1980).
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Ringtail—-Ring;aiis are small raccoon-like mammals which have been designated
As:fully protected species.and ;re'known to cccur in The Geyse;s KGRA. The
presence of populations in the - steam dominated portion qf the reservolr is
noted 1in California Department of Fish and Game records{r AInrrecént power
ﬁlant sitings activities, signs of ringtails were observgd'nea: both Géysers

18 and SMUDGEO #1 power plant sites. In a study conducted for the California

Energy Commission (Koch and Brodﬁ, 1981), ringtails'were collected and popula- -

- tions monitored along Big Sulphur Creek near existing_pqwer pl&ﬁt sités. ‘This
study 1ndicates that iﬁ tﬁe steam—-dominated portion of the 7KGRA, ringtails
occur near riparian zones, often denning in rock outcfops, old stumps, large
snags, and living treés. .The ringtails each used several dens and/had a home
range of 400 to SOO_acres, a density lower‘than that of other studied.popuia—
tions. Individual ringtails monitored during this study appeared to tolerate
geothermal development and in some cases utilized areas near power plants and

steam well pads.

Staff Position--Potential impacts to populations of legally protected wildlife

specles and species of special concern have been raised by CEC staff, CDFG,
and USFWS as issues 1in all Geysers regulatory cases (also see following
material for other wildlife concerns). These concerns have been voiced over

both site-specific and cumulative losses for these species.

Staff's position is to avoid any direct loss of breeding or other critical
areas for these species. Estimates of impacts for all species except the
peregrine falcon and riﬁg:#il have been characterized as ﬁihof los;es of
foraging habitats. As more information on the peregrine falcon, golden eagle,
and ringtail is developed, it will be possible to quantify impacts 1in more
definite terms, hopefully resulting in satisfactory protection for these
species.
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Preséﬁt.geothérmal develépment has not been considere@ a significant threat to
peregrine falcon foraging areas because of Ehe disfance from knoﬁn active
eyries:. in the Mt. St. Helena " and Palisades - Table Rock Critical Habitat
Zones.  Any geothermai development expansion into the southeast portion of the
vapor-dominated geothermal field must be carefully evaluated ahd‘monitored for
. potential effe;ﬁs on peregrine foraging areas. Deveiopment of the Pacific
‘Coast Recovery Plan for the American peregrine falcon is nearing compietion.
The Geysers—-Calistoga KGRA 1lies :within a proposed bigh peregrine falcon
dénsity’managemeﬁti'area in the recovery plan: Compatibility between geo-
thermal resource ;development“and'the peregrine falcon - recovery plén will
require‘careful analysis ani coordination. Coiligions with t;ansmission lines
;isvcoﬁsidére& a c;mmon moffaiity‘faétor forlthis séecies, gnd as a result the
CEC staff is concefned ‘asout the locatioﬁ of futuré’ ;ransmission‘ line
?orfi&oré with fespeétito 'known pefegriné faicog eyriesrénd foraging areas.
At‘ presénf, thé sigﬁificaﬁce of these collisions for~ thgj lécal peregrine
faicon popuiatiﬁn has’ﬁoﬁ been aésessed,‘iﬁu; pians argynow under waybto eval-

uate this impact.

Because of concern for potential impacts to the ringtail, the CommissionVSpon-
sored a -Study to determine the occurrence, disffiﬁhtion, andv habitat
.preference’ of“:tﬁis speéies'iinv the dry steam resouce adrea. This study
confirmed the presence of the ringtail and has'idéntified‘ripérian ‘and mixed
’evergreen‘forest haﬁitaf*types as  important habitat fof-thisvspecies. Based
‘Onkthése results and other demonstrated wildlife values df .riparian‘hébitgts,
it 1s staff's pbsitionrthat geothermal developmgnt*éhould avbid disturbance to
riparian habitats. - If potential—impacts oﬁ riparién éreas are likely from a

géothermal broject, site-specific¢ studies should be conducted to determine the
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presence of ringtalls and their usage of the specific area so that appropriate

mitigation plans can be developed.

Proposed Solutions-~The CEC staff will take an active role in coordinating

with the state and federal Pacific Coast American Peregrine Falcon Recovery
Team. Maximum coordination,  including p;ssible participation in interagency .
contract studies, will assure early ana,adequaté planning for geothermal
_energy. development. Studies ﬁill’ consider potential ~eyrie and ecritical
foraging locations and allow coopérative development of mitigation measures

which can be incorporated into geothermal development plans. Similar efforts

will be undertaken to address concerns for the golden eagle.

‘To a;;id significant impacts to ringtail populationms, geotherﬁal development
should be avoided in riparign zones and other physical features used by
ringtails for denning, such as rockpiles, snags, and large mature trees,
unless the applicant can adequately demonstrate that the area 1s not being
used. The Commission should support additional studies to detérmine ringtail
activities, behavior, and habitat preference dufing other seasons and in other

areas of the KGRA.

WILDLIFE HABITAT LOSS

The primary wildlife impact is loss‘ of habitat, which results in an absolute
reduction in species abundance, and an overall reduction in an area's ability
to support wildlife. Because development occurs in a variety of habitats
(Table 8), and wildlife have diffefent habi&at requirements {Table 9), differ-
ential mortality and displacement of wildlife species occur. -Although habitat
- destruction adversely affects some species, those preferring "edge" created by
clearing activities aré thought to benefit. \plearings in dense stands of
brush will aid deer and other species by increasing browse edge,
§5
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PGSE 11

Table 8-

PREDOMINANT VEGETATION -HABITAT TYPES ADJACENT TO POWER
5 PLANTS IN THE GEYSERS KGRA ,

Vegetat1on Habitat Type.

Mixed - Northern -
S Evergreen . Oak Mixed . Chamise
Power Plant Forest . ' Woodland Chaparral - Chaparral Meadow

Operating:
PGSE 1 & 2
PGAE 3 & 4
PG&E 5 & 6
PG&E 7 & 8
PGSE 9 & 10 -

> > >, >

PG&E 12 - :

PG&E 13 X

PG3E 14 X

PGRE15 X

>

Under Construction:

PGGE 17 . [T S X

"PGRE 18 X R S L X

NCPA 2 S P e

~ DWR Bott]e Rock - X o ) -X

SMUDGEO 1 X X

Proposed: g = : .

PGE 16 SR G R X
DWR So. Geysers. 8 X f . :
NCPA 1+ o i X X

>

SOURCE: CDWR, 1978, 1979; Malloch et a1 , 1979; NCPA, 1978, 1979;
" PGRE, 1979b SMUD, 1980. o RN




Table 9

FOOD AND HABITAT REQUIREMENTS OF GAME SPECIES

FOUND IN THE GEYSERS KGRA

Species

Description of Habitat

Food

‘Gamebirds:
Mountain Quail (Oreortyx

picta)

California Quail
(Lophortyx californica)

Mourning Dove (Zenaidura
macroura)

Band-tailed pigeon (Columba
fasciata)

Game Mammals:
Gray squirrel (Sciurus
griseus)

Black~tailed Jack Rabbit
(Lepus californicus)

Brush Rabbit(Sylvilagus
bachmani)

Hoofed Browsers:

Columbian Black-~tailed Deer
(0docoileus hemionus
columbianus)

Higher elevations; most abundant
in serpentine chaparral

Cover edges; don't reach high popu-
lation levels in large areas of thick-
brush ‘ ‘ _

Uses most habitat except deep forest,.
marshes or great expanses of open
territory. Often have large range
that includes forage, water and roost
areas at widely separated locations

Douglas fir, ponderosa pine forests

Open pine, oak woodland

Feeds in grassland., Takes cover during
day in chaparral, woodlsnd, forest habitats

Restricted entirely to mixed chaparral.
Most abundant along chaparral-grass edge

Carrying capacities fluctuate over a broad
range. LEncouraged by establishment of herbs
and sprouting shrubs as are present along
ecotones ,

(“' SOURCE: CDWR, 1978; Martin et al, 1951; VIN Consolidated Inc.,.1976

Seeds (e.g. lupine); ants,

beetles, grasshoppers
Feed primarily on forbs
and. grrass seeds |

Feed almost exclusively
on grass.and forb seeds

Seed eaters; prefer acorns,
pine seeds, fruit of dog-
wood or.madrone

Acorns, seeds of ponderosa
pine; other seeds, fungus

Filaree, other herbs-
Herbs

Ceonothus y oak, deervetch,
pine, manzanita, grasses

| .

e




.

”vimproving access, and producing larger quantities of palatable vegetative

growth. . Many animals, including brush rabbits, quail, and deer, will utilize
openingsbin the brush for feeding_areas,adjacent;to a8 cover habitat (Atlantis,
1975) - The amount andbbenefit ofvedge depends on where the edge 1s created.
For example, it is difficult to get an edge effect in the middle of a grass~

land or meadow, whereas in a chaparral community, edge benefits depend on theb
age of the‘surrounding chaparral species. . The assumed benefits of‘increased

edge have not been_documented by field work in The Geysers.

Betwaen April 1976 and  July 1976, a preliminary‘investigation of'geothermal

' development impacts in The Geysers KGRA on: wildlife population distribution
' and abundance was made by individuals from both the. public and private

"sectors. The product of this cooperative effort, The Geysers Wildlife Study

(PGandE, 1977b), was the most comprehensive wildlife census conducted in the
KGRA. The study evaluated census results from{lgeothermally developed and
‘undeveloped sites in six habitat types: . oak savannah, oak woodland, mixed

evergreen forest, chamise chaparral, mixed chaparral, and riparian. - Prelimi-

nary results, ‘which have yet to be statistically confirmed indicated that

. some wildlife population densities (e.g., songbird amphibian) were  lower in

geothermally developed areas as compared to geothermally undeveloped areas

(Table 10).

Because this study was conducted over only a brief interval it is uncertain

- if the observed differences will be borne out over ‘a long period of time. The,

long-term impacts on species diversity'and density due to continued habitat
destruction and resultant division of habitat into discontiguous patches is

unclear. Wildlife using habitat patches near developed areas are subjected to
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- Table 10

SUMMARY .OF THE GEYSERS WILDLIFE STUDY:
PRELIMINARY RESULTS

- Geothermal
Area of Higher Wildlife
Species Data : ' ’ Population Density -
Amphibians:
EeH-Bell1ed newt (Taricha r1vu1ar1s) Undeveloped
Rough-skinned newt (Taricha granulosa) Undeveloped
Foothill yellow-legged frog (Rana‘Ebz1e1) Undeveloped
Repti
—Sﬁéé%géh aquatic garter snake (Thamnophis couchi) Undeveloped
Western pond turtle (Clemmys marmorata) Undeveloped
Western fence lizard (Sceloporus occidentalis)
oak savannah; -chamise chaparral ' Developed
oak woodland; riparian Undeveloped
Other ]1zards, snakes “N/A
B1rd5'
" Raptors N/A
Owls N/A
Songbirds
Wrentit (Chamaea fasciata)
Mixed chaparral Undeveloped
Rufous-sided towhee (P1p1lo erythrophthalimus)
Mixed chaparral - Undeveloped
Black~headed grosbeak (Pheuct1cus melanocephalus)
R1par1an Undeveloped
Not species specific
Mixed chaparral Undeveloped
Mixed evergreen forest Undeveloped
Oak woodland Undeveloped

O0ak savannah
~Riparian

Mammals:

Bats

Small mammals

Western gray squirrel (Sc1urus griseus)
Mixed evergreen forest
Oak woodland

Carnivores

Deer, rabbit, cattle

Symbols: NA: Data unavailable or insufficient for analysis

SOURCE: PG&E, 1977b

No Difference
No Difference

N/A
"~ N/A

Undeveloped
Undeveloped
N/A
N/A



" potentially detrimental’ disturbance from noise and increased human activity.
"‘As in the case of edge effects, the consequences of increased habitat patchi-

‘ness are unknown.

Staff Position--The issue of wildlife loss associated with alteration and

removal of habitat has been raised by CEC staff, CDFG, and other intervenors
in 211 Geysers regulatory cases. Concerns havev been raised regarding both
: site-specific' and cumulative losses. -Only. the ‘wildlife losses directly
assoclated with power plant5facilities for -each geothermal development have
‘been presented or mitigated. Losses from well field Orrroad'deVelopment have

not been adequately dealt with.

VStaffihas indicatedﬁconcern‘for habitat loss and‘the associated loss of wild-
life invbothipastrand current'power plantiproposals.v" The final decisions and
the compliance monitoring programs for the power plants which have been certi-
fied by the Commission verify both the Commissioner 8 and the staff's commit-
ment and concern. for wildlife populations and their habitat. Staff concern is
for all wildlife species, but primary emphasis has been placed on legally pro-
tected species, recreational species, and Species of specilal concern. It is
staff's position to continue'emphasiring’ the importance of wildlife popula-

‘tions in planning'for geothermal‘development in'the Geysers KGRA.

’Proposed Solutions--Staff will continue to require mitigation efforts which

minimize the area of wildlife disturbance and enhance the habitat surrounding
the disturbed areas. The enhancement techniques reduce the effects of habitat
loss by 4improving the surrounding habitat for certain species, thereby

increasing the habitat's capacity to support greater numbers of wildlife.

50

‘EE-19 CUM




Staff believes that baseline and monitoring studies of mitigated -and enhanced
areas are important to provide valuable information identifying the effective-
ness of the implemented measures. .This provides staff with valuable feedback
on methods used to date, provides accurate information for decision making,
and leads to 'mitigation and enhancement progiams which benefifi'ét larger

portion of the biological resource.

In the past staff has emphasized site-specific mitigation, but off-site
: mitigatidn and compensation offers another acceptable alternative on a site-
specific basis. On a regional basis, on-site mitigation and enhancement does
not adequately correct for the cumulative loss of habitat and ~wildlife popu-
lations from full geothermal development. Off-site mitigation, eqhaﬁcement,
and compensation can, to a degree, offset cumulative wildlife losses in The
Geysers resﬁlting from full geoﬁhermal development resource. Staff éfoposes
to produce detailed vegetation maps of The Geysers KGRA so that the signifi-
cance of vegetation and wildlife habitat losses can be evaluated on a cumula-
tive basis. To adequately mitigate for losses, identification and preser-

vation of representative and unique habitats may also be necessary.

In summary, offsetting significant adverse wildlife impacts resulting from
full geothermal development will require the use of all available methods,
including on-site mitigation to minimize disturbance, utilization of proven
and promising enhancement techniques, careful monitoring to ensure maximum
effectiveness, and off-site mitigation and compensation to preserve-represen—

tative and unique habitats.
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OTHER WILDLIFE IMPACTS .

i Egiggj-ﬁildiife are eknosednto noise during all phases of ‘geothefmal develop-
‘ment; venting of steam is the loudest noise and‘can‘reach 100 - 125 dBA* at 20
to 100 feet. Most of the other noise sources fall below 100 dBA and are those
'usuallyvassocia;ed with.consttuction and}industcdel projects (Leitner, 1978a).
Preliminary results of noise s:udieslon various wildlife species indicate that
modetately increased ,sound,pressurevlevels charectetistic of develbped areas
at The Geysers are not accompanied by‘drastic.changes in'wildlife communities.
There 1is some‘evidence'that certain species me& be depleted in nqisy areas,

but there is no proof that noise is the causal factor (Leitmer, 1978b).

. Coolin g Tower Dtift--The damage to 247 acres of vegetation caused by cooling

tower drift ‘has reduced the quality of the forage and habitat for wildlife.
Oak species, chamise,rbuckeye, and poison oak have been moderntely to severely
damaged at Units 1 - 11 (Table 5). All of these plants are significant browse

species for deer (PGandE, 1978).

~ Trace Metals——Geothermal steam contains very small concentrations of arsenic

&(0f0}9 ppm)kand_mercury (QfOOSO‘ppm).: Arsenic 1s released from cooling'tqwers
,in‘the,form*of »suspended‘droplets_en;:ained in d:ift.{ Although‘some Qf the
.small amount pf,me:curvahichtis‘releasedjis in_theiform_ofvinsolub1e4me;curic
sulphide, 50_}:0 ﬁ?ypercens’of‘the. mercury‘feleasedrvfrqm;nowerbplants is in

gaseous elemental form. Annual arsenic deposition at the fence line at PGandE

*Sound pressure level weighted in accordance with the "A" scale. A-weighted
‘scale expresses the relative intensity of sounds, similar to the response of
the human ear. One dBA represents the faintest audible sound; 50 to 60 dBA
represents normal conversation at three to five feet (Keezer, 1976).
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Units 5 and 6 1is estimated to be 0.27 pounds/acre, a concentration four
_orders of magnitude less than that used for herbicidal purposes. . Mercury con-
centrations 1in cooling tower exhaust air have ranged from 0.02 to 0.2 ppb

(Malloch, et al., 1979).

" Because arsenic and mercury can have detrimental effects on végétation and
- wildlife, the possible accumulation of these metals in terrestrial and aquatic
food chains must be evaluated. Information on accumulation rates, concentra-
tions 1n vegetation and wildlife, and ‘the rates at which these metals are
transported to streams is unavailable. Without further research it {is

impossible to assess the present or future significance of this i1ssue.

Staff Position--The other wildlife impacts, including noise, drift, and trace

elements, have not been raised before the Commission as 1ssues 1in Geysers
regulatory cases. On a site-specific and cumulative iﬁpact basis, these
concerns have not been considered signifiéant when compared to other causes of

wildlife loss.

Noise impacts are closely associated with power plant and steam field
construction activities. Both of these activities are considered temporary
even though they may occur during several years of construction. Noise levels
"at operating power plants and well pads (when steam releases are muffled) do

not seem to significantly reduce wildlife use of adjacent habitats.

As discussed previously, wildlife habitat loss is a general concern of staff.
Present levels of vegetation loss and damage from cooling tower drift contri-
bute to this general coancern. However, the wildlife habitat loés resulting
from drift is hard to quantify and has not been isolated as a separate concern

from general habitat loss. PGandE is studying the extent of observed annual
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increases in vegetation damage. The results of this study will be used by
staff to further evaluate the the potential significance of wildlife habitat

loss from cooling tower drift.

At present levels, toxlic trace metals do not appear to be contributing to the
loss of wildlife or their habitat. Potential impacts caused by toxic trace
metal accumulations in the food chain need to be examined further and moni-

tored as geothermal development proceeds.

Proposed Solutions--The following recommendations are made by staff:

o Noise from muffled steam venting and current levels do not require addi-

tional.attention to reduce impacts on wildlife.

o Staff will review the.results of ongoing cdoling tower drift studies to
determine 1if potential wildlife habitat losses are significant and to

determine appropriate mitigation measures.

o ‘Staff recommends that the Commission support the development of a program
. \
to monitor toxic trace elements in wildlife food chains. Development of

this program will require a baseline study to establish existing levels

of toxic materials.
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CUMULATIVE AQUATIC BIOTA IMPACTS

EROSION AND SEDIMENTATION

The rock units underlying major portions of The Geysers KGRA (mainly in~the
Mayacamas Mountains) are assigned to the Franciscan assemblage (Eigure 5).
This assemblage is generally unstable under natural conditions because of
. chemical alteration, innumerable faults and shear zones in the rock and the
presence of complex matrices ‘of metamorphic rocks (melange).' Interference
:with the natural balance-between such factors as natural slope angle, ground-
water, vegetation, and surface loading can result in downhill soil and rock
creep, slope failure on rock of the Franciscan formation, and particularly on
the melange matrix (figure 12), and in undercutting roads and other
facilities.' Removalpor vegetation in The Geysersiarea destroys the network of
roots which bind the unstable,soil materials together and, more importantly,
destroys theivegetative canopy which retards?runoff and reducesferosion (Bacon

et al., 1976).

Consequenceslof Vegetation Removal—Fln this region characterized by a-heavy'

winter. rainfall highly erodible “soils and steep topography, vegetation
removal and construction activity are of particular importance (Leitner,
'1978b). ‘ For example,'at the Unit 17 site, soil losses are,l.O_ ton/acrei'on
north-facing slopes and 1. 3 tons/acre on south—facing slopes and are expected
to increase to 20 tons/acre (northrfacing slopes) and 25 tons/acre (SOuth—
facing slopes) during construction (PGandE 1979a). It is estimated that 30

percent of the soil lost during construction,\ or 6 to 8 tons/acre, finds its

way into streams. . Thisgis approximately‘six‘,times,greater than existing
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~SOILS IN KG.R.A. WITH
HIGH EROSION POTENTIAL

POTENTIAL HIGH EROSION 77,
. AREAS
COUNTY BOUNDARY S
ROUTE MARKERS

us.

State ®

- MILES ,
Source: Modified From SRI, 1977b.
FIGURE 12: MAP SHOWING SOILS WITH HIGH EROSION POTENTIAL




»

erosion and sedimentation rates. These figures are consistent with obser-

vations in the California North Coast Ranges, where rural construction

increased sedimentation rates six times the normal rate (California Division

of Forestry, 1972). .Although a three-month winter mpratorium on construction

in Tﬁe Geysers undoubtedly reduces soil = losses, 1osses from ~ soil sgrfaces
exposed during premoratorium construction conpinue during heavy rainfall

periods. »

With proper rgvegetatiop and engineering practices, soil erosion and sedimen—~

tation due to power plant site construction are short term; however, road
~ development creates long-term disturbances. Road construction in other small,

_steep watershed areas increased sedimentaton by an estimated 30 times over

rates from comparable undisturbed forested areas (California Division of

Forestry, 1972), Erosion increases :exponentially as road density (miles of

~ road per square milé) increases. . For example, estimates of erosion caused by

road development show a sixfold increase as road density doubles (CEC, 1979a).

Furthermore, the larger the cuts and fills, and the. steepér. the = terrain

-traversed, the greater the erosion and sedimeptation,résulting from road con~

struction. Steep crossroads result in higher cuts, longer £fill slopes, and

‘ gréater areas exposed to erosiqn’for\a given road width (California Department

of Conservation, 1971).

- Vegetation removal,'es?ecially‘due "to road cbnstruétibn,;in a 'region already

-erosion prone, exacerbates the existing condition; Without mitigation, con-

structiod:activi;ies could incfeése soil efosion'twentYEold ‘QVer,background

“rates (CEC,1979d). BecauSe_field"meaSurement’df natural erosion rates for

the KGRA exist only for a few sites, it is not possible to accurately estimate

cumulative soil losses. However, if =~ background losses are assumed to be 1
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ton of soil per acre per year,* then losses due to construction could be 20
tons bper acre per year. Based on the cumu;ative vegetation loss estimates
(Table &), dévelopment;induced soil losses for the KGRA could range from
22,000 tons/year to 70,400 tons/year under the Low Scenario, and from 44,000
tons/ year to 140,800 tons/year under the High Scenario. These estimates are
22£.E§§EE’ but they 1llustrate the potentially enormous iﬁcreases in erosion

that are possible if mitigation measures are not uniformly impleﬁented.**

In addition to the removal of protéctive vegetation, geothermal dévelopment
operations can alter runoff rateé " and activate landsliées (Leitner, 1978b).
Tables 11 and 12 document the number of geothermal facilities ‘(power plants
and steam wells) built on unstable terrain. Ninety-one of 168 wells listed in
tﬂe table (54 percent) are located on landslides. TUnits 1 and 2 and 3 and 4
are located on slides, while Units 5 and 6, 12, and 14 are located close to

slides.

IMPACTS ON AQUATIC BIOTA

The KGRA encompasses six major areas of significant value to fisheries (Figure
13): (1) the watersheds west of the Mayacamas Mountains, whose streams are
tributary to the R;ssian River by way of Big Sulphur Creekvand smaller drain-
age ways; (2) the Putah Creek Watershed; (3) the Kelsey Creek Watershed; (4)

the Cache Creek Watershed; (5) Thurston Lake and its watershed; and (6) Clear

*Losses at Unit 17 are 1 ton soil/acre/year (PGandE, 1978) and 3
tons/acre/year at Unit 18 (CEC, 1979d). Vegetation, soil types, and
topography of these sites are similar to those found at some of the other
power plant locationms.

**Discrepancies exist between mitigation measures required by local
authorities and those required by the state, e.g., the CEC.
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: Tahle 11 ,
TERRATN ANALYSIS OF GEOTHERMAL WELLS

Location  Total Wells  Wells

Of Well - . In Section i On Landslide
‘Sec. 6, T1IN, RSW 7 3
‘Sec. 7 1 9
~ Sec. 17 L 2
Sec. 18 14 L
Sec. 19 1 0
“. Sece 20 14 1
Sec. 26 é 1
Sec. 27 3 1
 Sec. 28 3 3
Sec. 29 1 0
Sec. 30 1 0
Sec. 33 2 2
~ Sec. 3 - 2 1
Sec. 35 1 0
. Sec. 1, T1IN, R9W 6 L
Sec. 10 1 1
© Sec. 11 9 7
Sec. 12 28 17
Sec. 13 - 30 2 -
Sec. 1 - 20 8
 Sec. 35, T12N, R9W 1 1
Totals %8 -9

SOURCE Bacor et al., 1976.




Table 12

TERRAIN ANALYSTS OF GEOTHERMAL POWER PLANTS

SOURCES:  *PG&E Units 1-6, 9-12 Irom Bacon, 1976
**PG&E Units 7,8, 13-18 rfrem Steckton, 1979

CDWR 1978,1979
NCPA 1978, 1979

SMUD 1980

Power Plant . Iocation Tyce of-Terrain
PG&E 1,2% Swd, Sec. 19, T11N, R8W Partly on a slide
PG&E 3,4 Nwk, Sec. 13, T11N, R9W  Entirely on a slide
FGEE 5,6 . NE3, Sec. 13, T11N, R9W On greenstone and altered
' ) ~ melange with a slide en-
- croaching
PG&E 7,8%* SW%, Sec. 7, T1IN, RSW Stable terrain
PGXE 9,10 N3, Sec. 13, T1l1N, RSW On Franciscan graywacke -
’ with minor shale and con-
glomerate
FGZE 11 °  NWk, Sec. 7, TLIN, RSW On melange and greenstone
PGEE 12 SEZ, Sec. 18, T11N, R8W On sedimentary breccia
very close to a slide
PGLE 13 SE%, Sec. 27, T1iN, RSW Stable terrain
PGEE 14 SE%, Sec. 19, T1IN, R8W 1 slide below cooling
: tower; 2 siides sbove site
PG&E 15 " SE}, Sec. 14, T1IN, R9W Stable terrain
PGEE 16 SWk, Sec. 35, TiiN, RSW . Built on two different rock
types; possibility of differ-
ential compaction
PGEE 17 NEL, Sec. 7, T1IN, R&W Stable terrain
PG&E 18 NEL, Sec. 33, T1IN, BSW Stable terrain
DWR Bottlerock SW}, Sec. 5, TLiN, RSYW Stable terrain
DWR So. Geysers Sk':k', Sec_. 13, TllN, R9w Stable terrain
NCPA 1 W, Sec. 29, T1ZN, RSW °©  Stable terrain
NCPA 2 SWk, Sec. 2, TION, ESW Stable terrain; local land-
, slides existing near the site
should not effect the power
’ : ' plant
SMUDGEO 1 SWE, Sec. 21, TIIN, RSW  Stable terrain



- RUSSIAN

RIVER

SURFACE HYDROLOGY OF
T KGRA.

COUNTY BOUNDARY -~
PERENNIAL STREAM
INTERMITTENT STREAM
DIRECTION OF STREAM FLOW
MAJOR DRAINAGE DIVIDE
SUB-BASIN BOUNDARY

MILES .

Source: Modified From SRI, 1977b.
| FIGURE 13: SURFACE HYDROLOGY MAP



Lake. The fisheries of these water regions range from the warm water (bass-
eatfish-builhead) fisheries of Clear Lake and Thurston Leke to the high-
quality trout fisheries of Cole and Kelsey Creeks'tSRI,;1977). Price (1975,
1977a), Price and Griffin (1975);‘ and Price and Kubicek (1975, 1976a,b) have
conducted_extensive fisﬁery” investigations of the Big Sulphur Creek, Upper
Putah Creek, Cole Creek and Keisey Creek drainages and assessed game ~and non-
game fish populations. 1In generai, these aquatic ecosystems are cﬁeracterized

asbﬁproductive and diverse."

- In The Geysers KGRA, streams and tributaries to the Russian River support a
steelhead reianw’trout poéulation (Price, 1977b). These anadromous fish
‘migrate as adults from the Pacific Ocean to spawn in the headwaters of freshF
‘water streams, including Little Sulphur, Big Sulphur, and Squaw Creeks. These
creeks also support rainbow trout that live eut their entire life cycle in the
streams and do not migrate. Rainbow trout are also present in the - Putah
Creek, Kelsey Creek, and Cole Creek drainages. The Upper Putah Creek Drainage
is an important spawning area for the rainbow trout population in Lake
Berryessa (SRI, 1977). Adult trout from the lake migrate annually up Putah
Creek and spawn in suitable gravels in Putah Creek and its tributary streams,

such as Anderson Creek and Bear Canyon Creek (Price and Geary, 1980).

Impacts of Sedimentation--Steam resource development is expanding from the

original locations within Big Sulphur Creek watershed to those in Putah and

Kelsey'Creekr(Table 13).
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Table 13

GEOTHERMAL DEVELOPMENT IN KGRA WATERSHEDS

Big Sulphur Creek 7 Putah Creek o Kelsey Creek

Power Plant PGandE 1-12, 14,15,17,18 PGandE 13, 16, ~ NCPA 1, DWR

S : NCPA 2, SMUDGEO 1, DWR OXY 1 b . Bottle Rock
South Geysers

" Steam Field PGandE 1-12, 14,15,17,18 PGandE 13, 16, © NCPA 1, DWR

NCPA 2, SMUDGEO 1, DWR . OXY 1, NCPA 2 -  Bottle Rock,

South Geysers PGandE 17

As the development process expands, - the attendant surface = disturbances are
increasing erosion and sedimentation into'KGRA.streams,(Figureﬂl). Increased

sedimentation 1s of concern because . of the well documented effects : this pro—.

“cess has on aquatic life.  Streambed sedimentation  can damage trout spawning

areas, decrease dissolved oxygen concentrations, block the emergence of fry,
and destroy cover needed by trout (Price, 1977b). Sedimentation can also des-
troy favorable breeding sites for amphibians or prevent successful transforma-

tion of gilled aquatic larvae to terrestrial adults. Reduction in insect prey

populations may in turn contribute to reduced survivorship of salmonid fry and

Camphibian larvae.

Results of several studies link geothermalldeVelopment to increased erosion
and sedimentation in vKGRAAstreamsf receiving runoff - from .disturbed - areas.

Fishery studies - in the. Big  Sulphur Creek and Alder Creek - drainages found

'significantly higher sediment 1levels in - areas adjacent .to  geothermal opera-

tions, as compared. to undeveloped  areas (Steele, 1977a,b). = Sediment levels
were not yet high enough to. inhibit salmonid spawning in Big Sulphur Creek,
but - the levels did adversely affect trout populations in Alder Creek. This
trout population was both smaller and in poorer condition than populations in

undeveloped areas of Alder Creek.
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Price and Griffin (1975) congludé that flow, color, turbidity and settleable
solids in Big Suiphur Creek and Squaw.Creek increased éver an 85-month period
and that‘increases in these sediméntation indicators are linked to erosion due
to expaﬁ&ing geothermal develoﬁmént. Iﬁ a subéeqﬁent analysis using an addi-
tional year of data to that used by Price and Griffin (1975), Price (1977a)
concludes that no link exists between geothermal developmen; (as measured in
MW) and stream condition parameters., However, an analysis by Pimentel
(Pimentel, 1978; letter from Pimentel to L.A. Enriquez at PGandE, November 1%,
1978) of water quality data in the two reports (Price and Griffin, 1975; Price
1977a) has led to the same conclusions originally reached in the 1975 report:
that there.is convincing evidence supporting a link between geothermal devel-

opment and increased sedimentation.

When highly erosive soils, such as those in The Geysers region, are disturbed
due to development of geothermal facilities, harmful effects can result from
the subsequent soil erosion. Obvious signs of erosion are silt deposits and
turbidity. Siltation and/or turbidity can alter stream bed characteristics,
which will increase water velocities and force directional flow changes,
leading to additional erosion and flooding. Changes in water quality consti-
tuents, increased temperatures, and algae/bacteria growth can result in less
desirable biological preductivity. Large amounts of sediment transported in
streams can injure fish by physically damaging gill tissue and interfering
with respiration, If eroded soil sediment settles in the stream beds,
incubating fish and amphibian éggs as well as bottom dwelling aquatic insects

can be smothered.

Iwmpacts of Chemical Discharges——Additional threats to stream quality and aqua-

tic fauna result from condensate spills and the discharge of drilling muds,
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‘waste materials, and detergent to streams (Appendix D). The 71 reported pol-
lution incidents between 1965 and 1980 are as follows: 33 condensate spills,
13 landslides and"sedimentationlincidents,"11 drilling-mud sump failures, 4
spills of fuel oil or other petroleum products, and 10 cases involving well
blowouts, Spills of abatement chemicals, and other miscellaneous pollutants.
>Of these reported incidents, only four fish kills have been documented since
71965. In addition,rDepartment of Fish and Game reports that the elimination
.of the young of the year, detected in their 1978 trout population survey in

affected creeks, was due to the 250 000 gallon condensate spill on June 2,

1977 (Pimentel, 1978)

‘Toxic materials can enter streams as a’ consequence of delivery truck acci-
“dents, such as the one which occurred on January 21, 1978 (Appendix D).
Transport'of‘fsludge from cooling tower wastes and the delivery of hydrogen
peroxide to abatement systems is expected to require 3, 340 trips per year (9.1
trips/day) for Units 1 - 18 (CEC, 1979d). Although it is not possible to pre-
‘dict how many accidents will occur, it is sufficient to note that accidents

become more likely as truck traffic increases. e

Release of toxic ‘substancesi through spills 'uhich‘reach streams c¢an cause
"{either:imnediate death -or chronic physiological stress to aquatic organisms.
Water quality conditions in an affected stream can often take weeks, months,
or even years to return to normal. Toxicants can adhere to stream bed depo—.
(”sits or can remain suspended within”the water column. Absorbed spills flushed
. from the soil during spring runoff periods can also add toxicants to streams

over a long period.

Staff Position--The issue of adverse impacts on aquatic biological resources,

particularly on steelhead and other trout spawning areas, has been raised by
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CEC staff, CDFG, USFWS, and other intervenors in all Geysers regulatory cases.
Mitigatidn to reduce erosion and the éontainment of spills - to = protect the
fishery resources has been evaluated for both the poﬁer plant sites ' and the

supporting geothermal development.

It is the CEC staff position that there should Be fullrimplementationrof;miti-
gation measures on a site-specific basis to contrbl erasioﬁ and ‘épilis and
that there be monitofing ofrthese measures to assure tﬁeir effecfi;eﬁeSS.
Power plaﬁt applicants have deVélopéd revegetatibn and éroéion control planms,
as well as plans and mitigétion meaéures to re&uée the poteﬁtial;rfbr toxic
spills. Within the CEC regulatory siting process, the CEC has ieﬁuired‘con-
taimment of chemical substances and wastes at/power plant sites. In addition,
CEC staff recommends that a long-term regional aquatic monitoring progfam be

established to evaluate cumulative impacts on the affected watersheds.

Proposed Solutions—--The staff should do the following:

1. Maintain present function of working with the utilities to more effec-
tively control site-specific erosion and to contain spills of toxic

substances.

2. TIdentify most sensitive areas so that development can avoid highly ero-~

dible soils.

3. Continue preleasehold development environmental review, comment on
measures to reduce unnecessary ground disturbaﬁce, and encourage imple-

mentation of erosion control measures.
4. Continue working with developers and agencies concerning toxic substance

transport, storage, and disposal to minimize potential hazards.
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5. The FCEC should continﬁe té require regional aquatic resource monitoring
| (presently knowﬁ as The Geysers KGRA-ARM lPiogram’ as a condifion of
bééoﬁhermal powér plant’ certification. These  monitoring requirements
shéuld be cdordinated with local and féderal regulatory agehcies so that
’regionél cﬁﬁﬁl&tiQe imbacté and the success of proposed mitigation

measures can be determined in the most cost-effective manner.

INJECTION

Artificial recharge‘of the étea@ reservoir in the fofm’ofvcondensate injection
has been practiced since 1969, with no observable decrease in the capacity of
- the reservoir to receive condensate.* Injeéted condensate is believed to move
. 8lowly through, the fractured = reservoir rock, increésing in temperature,
’-eventuallyrvaporizing and ultimately reextracted. If injection continues at
present rates, an additional 5 to 8 percent of the rock heat content may be

extracted for power generation (GeothermEx, 1980).

Alternate methods of increasing ' the amount of water available for injection
include. the use of dry cooling towers and diversion>of surface water from KGRA
~streams. If a method were developed - to substitute dry cooling towers -for the
:;presentrevaporativé type, it might be possible to reinject the entire conden-
~sate produced from the steam wells. . The dual considerations of extra cost for

dry cooling towers and uncertainty as - to the optimum rate for injection have

forestalled,this,development (GeothermEx, 1980).

*Approximately 20 percént of the steam éupplied to power plants 1s condensed
~and reinjected via injection wells.. One 'injection well is capable of
handling condensate from five to eight production wells (GeothermEx, 1980).

68

EE-19 CuM




Diversion of surface stream water for purposes of inje;tion has. been started
Ey the Unién 0il1 Company of California, one of the principalr steam suppliers
in Tﬁe Geysers., Unién has ;onsffuéted a water collection system in the.bed of
Big Sulphur Creek upstream fro@ ‘PGandE Units 1 and 2. The system has a
pumping capacity of 2,000 gﬁm and will operaﬁe about 6 monthé of the year, or
the period during which stream flow exceeds 15 cfs. Annual water removal is
approximately 1,600 acre-feet, of 518 million gallons (Califorﬁié‘Department
of Fish and Game, 1978). Continued efforts by sfeam suppliers to expand their
'injgction capacity by diverting or impounding stream water can be expected in

the future,

Staff Position—--The issue of the use of surface waters for injection into the

steam reservoir, if it becomes a common practice, will cause potential pro—-
blems when combined with existing water diversions in maintenance of in—stream
flows for aquatic biological resources, particularly flows adequate to main-

tain trout spawning areas.

This issue has not been raised in any geothermal power plant regulatory cases
to date, since it 1is not a part of powérrplant operation but is confined to
steam production, However, use of surface water for injection is being con-
sidered by steam developers in the KGRA along with the current practice of the
reinjection of excess condensate to prolong the life of The Geysers KGRA steam
resourée.l The water resources in the developed Geysers area are adequate to
allow a reasonable level of development for this type of water use.: However,
restrictions on stream flow withdrawals and water storage are essential t6

protect aquatic biological resources and other beneficial uses.

Proposed Solutions——Staff should initiate a study to determine. (1) how wide-

spread the need to inject will be in the future and (2) the potential of the

69

EE-19 CUM



streams 1in The Geysers KGRA to provide water and water storage sites for
injection purposes. Information on the existing and proposed placement, size,
and use restrictions of such facilities should be made available to USGS, the
Commission, U.S. Geological Survey, State Water Resources  Control Board,
Regional'Wafer Quality Control Board, California Department of Fish and Game,
and county representatives for review and comment. Thisiinformation should be
used to develop an acceptéble regiénal plan for the long-term use of surface

waters from streams within the developing portion of the geothermal resource

area.
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' SUMMARY AND CONCLUSIONS -

SUMMARY

" Geothermal génerating capacity is projecfea to expaﬁd‘at'thg rate of 200 MW
per"yeér‘for at least another 10 years. If utiiity forecasts are éccdfate,
caﬁacity will*’rgéch 2,994 MW by 1990. The vapor-dominated resource at The
Geysers will cover at least 25 sqﬁare'miies"and‘may'iihvolve as much as 100
square miles. The most likely generating capacity ffom‘this field is assumed

to be about 3,000 MW.

The témpor#1 and spatial‘fscaie of géothétméi:energy develoﬁmeﬂt dictates the
magnitude of cﬁﬁﬁlativelbiOIOgicai impacts. - Thefefofe,_adequéte ‘information
‘as to thé‘spé:iél'extent, operational lifetime, and megawatt potential of the
steam resource is of'central importance.  Without accurate estimates of these
.factors or policy concerning management of short- or long-term energy produc-
tion, 1t 1s difficult to predict the :maghitude of cﬁmﬁlétive impacts except
‘within ver&'wide bounds. “Thérefore; three deGelopment scenarios of 2,000 MW,
3,000 MW, and 4,000 MW have been gselected to demonstrate the range of impacts

‘which may occur."

Vegététion-—Thg fdgalnpoiqt of pr%éeﬁt agd futu#éubiolqgicgl digrﬁption in The
Gejsgfs ;s thg loss pf_gnd:damagg;tQAnative veget§tion. j The'ﬁajor_impacts on
; vggétaéioﬁ arel~(i) dir;ctb.lossrldué to clearing for construction gnd (2)
1ﬁdirecfrlo§s;and da@age dﬁé tqv release\of éhgﬁicgls in thé égeam, includingv.
the depoéition of boron.ub | 7 |

{Direct,vegetation losses range from 6.3 percent (0.55 actes/MW) to 20 percent

¥

(1.77 acres/MW) of the 1leasehold. . The best documented estimate 1is 11.5

72

EE-19 CUM




percent (0.93 acres/MW) which amounts to an estimation of 1,137 acres for
PGandE Units 1 - 18. Using the 0.93 acres/MW as a conservative estimate,
there would be a loss of 2,790 acres associated with the development of 3,000
MW, or a potential loss of 5,280 acres if the 1.77 acres/MW loss occurred.
The, CEC staff‘positiop is to avoid development on areas of rare or unique
vegetation and to keep vegetatioﬁ disturbance and loss to a mninimum. If
cumulative impacts from direct vegetation loss of full geothermal.develoﬁment

are not mitigated, the potential impacts could be significant.

Indirect vegetation impacts include toxic elements from the steam emissionms,

_acid rain, local climate modifications, and mechanical damage. Steam emis-

sions contain elements which are toxic to vegetation in high concentrations.

Stress and damage to vegetation from boron in cooling tower drift has been
observed over 247 acres (6 percent) of the total leasehold area of PGandE
Unité 1 - 11. PGandE is currently conducting studies to quantify effects of
airborne boron deposition. Changes in the design of new cooling towers may
reduce this impact, although some effects from deposition near power plants
are expected to continue. There is also concern about cumulative effects on
vegetation from chronic 1low-level boron and hydrogen sulfide exposure.
Concerns about impacts associated with acid rain formation and localized cli-
mate modification have been expressed but are not well documented and are hard
to quantify in The Geysers area. Mechanical damage, from steamvscalding and
from coating of leaf surfaces Qith condensate, has been restricted to very

small areas and are considered minor sources of vegetation damage.

Of these indirect impacts CEC staff considers the boron damage to be an impor-
tant site-specific effect and have required monitoring of new power plant

designs to determine if impacts are being reduced. While not Vconsidered by
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staff as a primary concern at this time the other potential indirect impacts
should be monitored for adverse vegetation effects and/orrpossible changes in

species composition as geothermal development increases.

The CEC staff recommends the following ﬁeasures to reduce potentially
significant direct impacts and to aid 1in determining the significance of

indifect,impacts:

1. Development of Geysers resource maps showing detailed plant associations
and the location and distribution of unique vegetation resources for use

by permitting agencies. -

2. Appropriate surveys of potential rare plant habitat proposed for
disturbance in order to avoid disturbance to rare plants or other unique

vegetation.

3. Revegetatioﬁ of all disturbed areas with native plant species of

benefit to wildlife.

4. Site-gpecific monitoring at each power plant for the effects of boron on

‘vegetation.

5. Occasional spot monitoring to detect potential cumulative = vegetation
effects from chronic low-level boron exposure  and to determine 1if acid

rain impacts are occurring.

Wildlifé-—There is a potentiél for significant cumulative impacts to wildlife
> in ‘The KGRA. Habitatglosé of 2,790 acres or greater 1is expected and the
:remaining habitat will be  scattered through the developed area. ' Wildlife in

these areas will be subjected to the surrounding secondary disturbances. All
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habitat losses reduce the wildlife carrying capacity of an area, but the point
at which such declines can be called "significant” is arbitrary, especially

considering the lack of existing baseline data.

Basic information such as population densities and species diversities are

unknown for most of the potential 100 squére mile vapor-dominated field.

AWithout the field data needed to evaluate the effects of suchrfactors as in-

creased access, patchiness, and edge, it is not possible t6 deci&e how det-
rimeﬁtal expanded geothermal development will be. Long-term = effects :are
likely to include.increases in disturbance-tolerant wildlife 'populationé, de-
creéses in disturbance-intolerant wildlife populations, and shifts 1in overall
species diversity and distribution. Development which destroys critical hab-
itﬁt, such as meadows, springs, seeps, and riparian areas, will undoubtedly
have adverse impacts on wildlife. Losses of breeding and foraging areas for
protected wildlife species will pose a threat to the continued siccess of

those species in the geothermal area.

The accumulation of mercury and arsenic in terrestrial and aquatic food chains
has not been assessed to date because of insufficient baseline data. Because
background levels of arsenic and mercury in The Geysers are likely to be ele-
vated' due to mnatural geo-hydrothermal activity, it may be difficult to

meaningfully assess the significance of very low levels of trace metal

emissions.

The CEC staff recommends the following to reduce adverse impacts to wildlife:

1. Coordinate with various agencies and the Federal Pacific Coast American
Peregrine Falcon Recovery Team to identify and monitor potential eyries

and critical foraging 1locations and to identify mitigation measures and
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) 2.

3.

4,

: support their efforts to determine transmission line impacts on’peregrine

- mortality.

Participate -in - interagency studies to identify eyries and foraging

habitat critical'to the golden eagle population in The Geysers areas and

to identify mitigation measures adequate to reduce geothermal development

impacts on this species to acceptable levels.

Baseline studies and monitoring be conducted to determine habitats used

by the fully protected ringtail. Avoid development in riparian zones,

particularly riparian areas kiown to support ringtail populations.

Minimize the = area of wildlife disturbance and enhance habitat

sUrrounding_disturbed'areas to help offset wildlife losses.’

Monitor the effectiveness of implemented wildlife mitigation programs in
“order to determine those which benefit the greatest number of wildlife

species.

‘Utilize off-site mitigation, enhancément, and compensation as necessary
“to‘preserve uniqne~andvrepresentative habitats.

'DeVelop monitoring programs'to assess the potential accumulation of toxic

““trace elements 1in wildlife food chains.

Aquatic Biota—--A direct consequence of vegetation destruction in the KGRA is

/

" accelerated 'soil'*erosion"and subsequent sediment loading of" some streams

located in- watersheds ‘undergoing” geothermal development. ° This is a

Hpotentially significant problem, which will rapidly escalateras ‘road density

increases and power plant construction continues., Given the topographic,
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hydrologic, and geologic features of the‘-KGRA,-any further development will
incrementally increase naturally high erosion rates. Existing construction
has triggered landslides and slumping in many areas which further disrupts

vegetation and accelerates erosion.

'

Detrimental impacts to game fish populations caused by increased sedimentaton

have been documented only in the case of Alder Creek. However, sediment

loading of streams in Putéh, Kelsey, and Big Sulphur  Creek drainages will
increase as geothermal development intensifies. If full geothermal develop-
- ment 1s unmitigated, it is highly 1likely that game fish populations 1in these

drainages will be adversely impacted.

Other impacts of uncertain long-term significance 1qc1ude accidental dumping
or spilling of toxic chemicals and increased water diversion for purposes of
injection into the steam reservoir. Spills are mére likely to‘bevshort term
in nature; however, they are unpredictable, will continue to occur in the
future, and can have significant effects. The significance of biological
impacts caused by water diversion projects or creation of smali impoundments
can have potentially significant effects on game fish populations, but quan-

titative iﬁpacts cannot be determined at this time.

In order to reduce potential significant adverse impacts on aquatic resources,

staff recommends:

1. Development of effective controls for site-specific erosion and the

design of facilities to contain spills of toxic substances.

2. Avoidance of development on the most sensitive areas of highly erodable

soils.
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" CONCLUSIONS *

3. Early review of all geothermal-related development to reduce unnecessary
gfoﬁhd disturbance and to encourage implementatioﬁ of erosion control

measures.

- 4. Continue working _with developers to minimize potential hazards from

transport, storage, and disposal of toxic substances.

5. Dévélopment'of “and CEC participation* in a regioﬁal aquatice resources

bmonitoring program.

Development and use of the geothermal steam resource in The Geysers KGRA is

characterized by the incremental division and conversion of a rural area with

cpnsider§b1e3b;ological resource values into a reglonal  industrial develop-

.ment. Constrained by the nature of the steam resource, power plants average

only 97 MW in capacity and must be located within approximately 1 mile of

_ their sgpﬁly;rwells,:,ﬂpevelopment of the resource thus takes on a land-

intensive nature, with ~power plants and support facilities covering hundreds

' and potentially .thousands of acres, 1leaving none of the remaining area far

from devglopment,r

iVegétation ioss;ideSéruCtion of wildlife habitat; and accelerated stream sedi-

" mentation are the most significant existing and long-term impacts associated

with{géothérﬁal de#élopmént.,' Diséﬁésibn/of theseriﬁbacts ﬂas beén’limited to
a ZO—yeér period and to an area which ﬁoteﬁtially covérs 100 square miles.
Geothermal development and 1its aSSOCiated impacts could conceivably last much
longer than the 30—§eaf_econo@ic‘iifetime of power plants.  Howev¢r, the life-

time of the steam resource under different exploitation scenarfos is unknown,
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gffectively -precluding long-range resource planning and impact forecasting.
And yet, the long-term consequences of geothermal developmgn; . for biological
resoufces must be considered now, rather than after the reéource has been
exhausted and power plants decommissioned. Accurate steam reservolr assess-
'ument (e.g., using computer models*) coupled with régionai bioibgiéal resource
planning and assessment can proﬁidb a useful framework by‘ﬁhich future geo-
thermal development can be expanded in an economically-andiVbiologichlly‘sound

manner.

This report has identified the potential cumulative biological _resource
impgcts which may result from full development of the steam—dominated portion
of The Geysers—Calistoga KGRA. It also has described actions prbpbsed by
staff to avoid or mitigate such impacts. Staff recognizes the need to deveiop
biological resource protection policies and mitigation measures which can be
used cooperatively by all planning and regulatory bodies (utilities,
developers; counties, state, and federal) involved in The Geysers geothermal
resource development. As a precursor to establishiné such policies and
mitigation measures, CEC staff will hold technical workshops to review the
biological resource mitigation programs. The California Energy Commission
will be holding hearings during 1981-82 to receive publicvcomménts on these
staff-proposed policies and programs. The ‘goal of the hearings is to adopt
resource protection policies and ﬁitigation programs that will adequately pro-
. tect biological resources and facilitate geothermal energy development ,;n The

Geysers.

*A computer model of the vapor dominated Larderello, Italy, gebthérmal system
is considered feasible and is now being developed in Pisa, -Larderello, and
Berkeley (Weres, 1978). ‘
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 Appendix A

PLANT COMMUNITIES OF THE KGRA
AND THEIR CHARACTERISTIC SPECIES
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PLANT COMMUNITIES OF THE KGRA

AND THEIR CHARACTERISTIC SPECIES

GRASSLAND

;Intx"odr.u.ced Species:

- Soft chess
-Ripgut

" Red brome

Western cheatgi'ass

Wild osts - -

.. Slender wildoats
‘Hairgrass :

" .. Foxtail fescue-

‘ 1ittle quakinggrass
Dog-tail = .
.Golden top
‘Filaree

Bull thistle
Napa thistle
Vernal Whitlow grass

/ _Nawti{re Spég;eé: '
Popcorn flower.

-+ Tricolored gilia

. Blue-field gilia
Valparaiso clover
: Indian clover
- Sour clover.
Common linenths
- Yellow owl's clover
- Napa cryptantha

“ Fringe pod

-+ ~Dwarf athysanus
_Clerkia .
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~ Bromus mollis

Bromus diandrus
Bromus rubens

Bromus tectorum

Avena barbata
Aira caryophyllea
Festuca megalura

"Cynosurus echinatus

Lamarckis aurea
Erodium botrys, E. e¢icutarium,

Medicago polymorphs

Cirsium vulgare

Centaurea melitensis

Draba verna

Plagiobothrys nothofulvus

Gilia tricolor
Gilia capitsata
Trifolium microdon

-Trifolium dichotomum

Trifolium fucatum
Linanthus androsaceus
Orthocerpus’ attenuatus
Cryptantha hispidula
Thysanocarpus laciniatus

Athysanus pusillus
Clarkia gracilis




OAK SAVANNAH

Big leaf maple
Blue osk

Oregon oak
California black osk
Valley o2k

Digger pine

. Elderberry

: Héir grass

Whitlow grass

Wild oats
Small quaking grass
Brome grasses

Dogtail grass
Foxteils
Fescue grasses

Tell stephanomeria

OAK WOODLAND

Valley osgk
Interior live oak
Garry oak

Canyon oak
Buckeye

Yellow pine
Digger pine
Douglas Fir
Madrone

Big-leaf maple
California bay
Yerba santa
California coffeeberry
Poison oak

Gum plant

Bird's foot fern
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- Acer macrophyllum

Quercus douglasii

Quercus garryana

Quercus kelloggii

- Quercus lobata

- . 1dshoensis

Pinus sabiniana

Sambucus mexicana

Aira caryophyllea
Athysanus pusillus

Avena barbata, A. fatua

Briza minor

Bromus diandrus, B. inermis,

B. mollis
Cynosurus echinatus

Festuca dertonensis, F

erecta

Stephanomeria virgata

Quercus lobata
Quercus wislizenii
Quercus garryana
Quercus ¢ olepis

Aesculus californica

Pinus ponderosa
Pinus sagbinigna

Pseudotsuga menziesii
Arbutus menziesii

- Acer macrophyllum

Umbellularia’califofnica

Eriodictyon californicum

Rhamnus californica
Rhus diversiloba
Grindelisz hirsutula

Pellaea mucronata




B Brabken'fernf '

CHAPARRAL

Mixed Chaparral
Chamise
Manzanltas

Ceanothus :

Mountain mahogany
-Yerba_santak
- California fescue
Silk_ﬁassel -
Small willow herb
Toyon - - :
-Gold wire

Lomatium
Mountaih monardella

' Chaparral pea
Scrub oak
" Dwarf interior live oak
'_Coffeeberry
" Poison osk
 Squew bush :
. Cenyon. gooseberry
\j,Gooseberry
California bay

. Ster 1ily

Serpentine Chaparral
 Chemise |
j,Wh;teleaf manzanita
AJépsohs'ceanbthus
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Pteridium squilinum

Adenostoma fasciculatum

. Arctostaphylos-A. canescens,
. A. glandulosa, A. manzanita,

A. stanfordiana, A. viscida

Ceanothus cuneastus, C. foliosus:

Cercocarpus betuloides

- Eriodictygn californicum

Festuca'californica

Garrys elliptica
Gayophytum nuttalli

" Heteromeles arbutifolia

Hypericum concinnum
Lomatium marginatum

x'Monardellg odoratissima

ssp. pinetorum

 Pickeringia montana

Quercus dumosa-
Quercus wislizinii var. frustescens

Rhémmus caiifornica

. Rhus (Toxicodendron) diversilobum

Rhus trilobata

Ribes menziesii var. leptosmum

7

Ribes quercetorum
Umbellularia californica
Zigasdenus fremontii

. Adenostoma fasciculatum
- Arctostaphylos viscida

Ceanothus jepsonii




Sargent cypress
Willow herb
Cliffrake

Bird's foot fern
Digger pine

f - Leather oak

Chemise Chaparral
Chamise

. Buckbrush
Wavyleaf ceanothus
Mountain mahogany
" Horehound

Green monaradella
Virgate phacelia
Star 1lily

MIXED EVERGREEN FOREST

Bigleaf maple
Buckeye

Madrone ,
Hoary manzanita,
Deer bush
California fescue
Bluegrass

Douglas fir
Bracken fern

Canyon oak

Scrub oak

Oregon oak

California black oak
California coffeeberry
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Cupressus sargentii
Epilobium minutum

Onychium densum
Pellaea mucronata

Pinus sabiniana
Quercus durata

Adenostoma fasciculatum

- Ceanothus cuneatus
. Caanothus foliosus

Cercocarpus betuloides
Marrubium vulgare

Monardella viridis

Phacelia heterophylla

Zigadenus fremontii

Acer macrophyllum
Aesculus californica

Arbutus menziesii
Arctostaphylos canescens

Ceanothus integerrimus '

Festuca californica

Poa sp.
Pseudotsuga menziesii

Pteridium aguilinum var.
lanuginosum

Quercus chrysolepis

Quercus dumosa

Quercus garryana
Quercus kelloggii
Rhamnus californica




"Poison osk
~ California rose

" California nﬁtmeg
. California bay

YELLOW PINE FOREST |
Chemise .
Manzanita -
Deer brush .
Mountain h:ahogany
Dogwood :

Moux;téip ash
‘Bedstraw
Sugar pine -
Ponderosa pine
Douglas fir .
‘Canyon oak

© Black osk -
Canyon live oak
Coffeeberry

KNOBCONE PINE FOREST
~Chamise - -
' California lilac
 Silk-tassel bush
~ Knobcone pine -
Teather ogk
Interior live oak"

DOUGLAS FIR FOREST
Douglas’ fir
Black oak
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Rhus _(=Toxicodendron) diversilobum
Rosa californica

Torreya ~alifornica

Umbellularia californica

Adenostoma fasciculatum

Arctostaphylos spp.
Ceanothus integerrimus

"Cercocarpus betuloides

Cornus sp.
Fraxinus dipetals
Galium californicum
Pinus lambertiana

Pinus ﬁonderosa

‘Pseudotsuga menziesii

Quercus thrysolepis

Quétcds kelloggii

" Quercus wislizenii

Rhamnus californica

Adenostoma fasciculatum

Arctostaphylos 'spp.

Ceanothus spp.
Garrya elliptica

“Pinus étténi;é;tg_

Quercus durata (on serpentine soils)

Quercus wislizenii

'Pseudotsuga menziesii

Quercus kelloggii




Canyon oak Quercus chrysolepis
Madrone Arbutus menziesii
Dogwood - Cornus nuttallii
Big leaf maple Acer macrophyllum
California bay Umbellularia californica
Gient chinquapin Castanopsis chrysophylla
Snowberry Symphoricarpos albus -
Deer brush Ceanothus integerrimus
Coffeeberry Rhamnus califorpica
Shrub interior live oak . Quercus wislizenii var. frutescens
Gooseberry - Ribes spp. o
Bracken fern Pteridium aquilinum var lanuginosum
Lupines Lupinue latifolius,

L. andersonii
Leafless wintergreen Pyrola aphylla
Sugarstick saprophyte Allotropa virgata
Yellow—-flowered gfoundsel _  Senecio aronicoides
White—flowered hawkweed Hieracium albiflorum

CYPRESS FOREST
Chamise Adenostoma fasciculatum
Hoary manzanita Arctostaphylos canescens
Pai‘ry manzanita Arctostaphylos manzanita
Macnab cypress Cupressus macnabiana
Yerba santa Eriodictyon californicum
Bedstraw' Galium andrewsii
Interior live oak : Quercus wislizenii
Knobcone pine - Pimus attenuata
RIPARTAN

White alder , ; Alnus rhombifolia
Mugwort T Artemisia vulgaris
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Sedge\

Perennial rye grass
‘Horsetail

Rush

- Wood rush

. Pellitory

| rCaliforriia polypody
. Rébbi{;sfoot grass

. California fern
- Western sword fern
Fremont cottonwood
. Willows \

" Squirreltail

' Western verbena

Grape

AQUATIC VBGETATION
Cattails =~
‘Gommen, emariweed
Duckweed -
 Mersh pennywort
- Curly -dock

Wood rush -~
Blue eyed grass
Slender_rugh

: i'Sedge S
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|

Cyperus aristatus, C. eragrostis

- Elymus glaucus, E. triticoides

Equisetum arvense.

. Juncus . tenuis, var. congestus

Lazula subsessilis

- Parietaria pensylvanica

Polypodium californicum
Polypogon monspeliensis

~-Polystichum californicum

Polystichum munitum

Populus fremontii

~ Salix laéﬁ. ata, S. lasisndra

Sitanion hystrix
Verbena lasidétachys var.

septentrionalis

Vitis californica

Typha latifolia
Polygonum hydropiper

Lemna minima

Hydrocotyle ranunculoides
N

Rumex erispus

. Luzula parviflora

Sisyrinchium bellum

“-Juncus tenius
- Carex dudlevi




Springs -

- Yellow willow
Horseteails
Pinnate-leaved hosskia
Yellow monkey—~flower:
Panicled willow herb

. Redtops

. Junegrass
Sweet vernal grass
_Bracken fern

Hot_Springs
Yellow sedge bluestem

Centaury
Penicum grass

WEEDY VEGETATION

Athysanus

Foxtail chess
Centaury
Hairgrass

Rye grass

Rye grass

Turkey mullein
Filaree
Cranesbill

Dwarf flax
Bird's foot trefoil
Tell stephanomeris
Turpentine weed
Vetch

Egquisetum arvense
Iotus pinnatus:
Mimulus guttatus
Epilobium paniculatum
Agrostis -ampla

Koelerie cristata
Anthoxanthum: odoratunm -

Pteridium aquilinum var. lanuginosum

Andropogon virginicus '

Centarium umbellatum

Panicum thermale

Athysanus pusillus -
Bromus rubens
Centaurium muehlenbergii
Deschampsia caespitosa
Elymus caput-medusae

- Elymus glaucus

Eremocarpus setigerus

Erodium spp.
Geranium spp.
Hesperolinon sp.

Lotus spp.
Stephanomeria virgata

Trichostema laxum

Vicia spp.

SOURCE: S.R.I. 1977, Meneghin, et al.1978, P.G&E. 1978
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TABLE 1

KNOWN OCCURRENCE OF VERY RARE,
RARE AND ENDANGERED PLANT SPECIES

Habitat/Species

SPECIES ON WET SITES

Bl ennosperma bakeri
Heiser

Carex albida Bailey

*Dicanthelium acuminatum
(SW) Gould & Clark
var. acuminatum

Gratiola heterosepala
Mason and Bacig.

Lasthenia burkei
(Greene) Greene

Lasthenia conjugens
Greene

Legenere limosa (Greene)
McVaugh

Navarretis pauciflora
Mason

Navarretia plieantha
Mason '

Orcuttia tenuis Hitchc.

Parvisedum 1e10carpuﬁ
(H.K. Sharsm.)
Clausen -

Perideridia gairdneri
) (H-&Ao ) ‘Math. SEP.

gairdneri

- l County Khown'Ogcufrence
Lake Napa Sonoma Mendocino  Within the KGRA

X ’)NQ
X X . S | Yes
X e Yes
Xi JX o - ?es
X ‘ 7X N | Yes
X X X L YesA
X . o Yes
x x S Yes
X : : I Yes
| ;Yeéa

*=Panicum thermale Bolander sp. emend. Schmoll. Taxonomic changes are
acknowledged; species remains listed pending -confirmation of its rarity

- status.

EE-23 RPS
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' County Known Occurrence Q.J

Habitat/Species Lake Napa Sonoma Mendocino  Within the KGRA
Plagiobothrys strictus | v
(Greene) Jtn. X X Yes
Poa napensis Béetle X : Yes

Pogogyne douglasii Benth

ssp. parviflora (Benth.) 7
J.T. Howell - X X X : Yes

Sidalcea oregana (Nutt.)

Gray ssp. hydrophila
(Heller) Hitchc. X X X ‘ Yes

SPECIES ON DRY OR MOIST SITES
(nonserpentine) :

Astragalus clarianus
Jeps. X X X Yes

Brodiaea coronaria (Salisb.)
Engler ssp. rosea (Greene)
Niehaus X . No

Ceanothus confusus
Howell X X X Yes

Ceanothus divergens
Parry X X X Yes

Eriastrum brandegeae
Mason X . Yes

Eryngium constancei
Sheikh, ined. X Yes

Hesperolinon drymarioides
(Curran) Small X . No

Parvisedum leiocarpum o
(H.K. Sharsm.) Clausen X Yes

Tracyina rostrata Blake X No

SPECIES ON SERPENTINE SITES

Antirrhinum subcordatum 7
Gray ‘ X X Yes
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County Known Occurrence

Habitat/Spécies Lake Napa Sonoma Mendocino Within the KGRA
Cordylanthus tenuis Gray \

ssp. capillaris

(Pennell) Chuang and '

Heckard : X Yes
Eriogonum nervulosuﬁ , .

(Stokes) Reveal X X v Yes
Helianthus exilis

Gray , X X ' Yes
Hesperolinon adenophyllum

(Gray) Small L X ’ Yes
Hesperolinon breweri

(Gray) Small X ~ Yes
Hesperolinon didymocarpum

H.K. Sharsm. X - Yes
Streptanthus brachiatus .

Hoffm. , " X _ Yes
Streptanthus morrisonii

complex Hoffm. X X X f , Yes
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~ TABLE 2

‘KNOWN OCCURRENCE OF L
RARE BUT NOT ENDANGERED PLANTS* -

. , County Known Occurreﬁce
Habitat/Species Lake Napa Sonoma Mendocino- . - Within the KGRA
SPECIES ON WET SITES ' '
Cuscuta'howelliana
Rubtzoff . : X : _ . Yes
Delphinium uliginosum 7
Curran , X x‘ Yes
Lepidium latipes Hook . X ‘ 7 Yes .
‘Ranunculus lobbii (Hiern.) : SRR :
Gray - X X X 7 Yes
SPECIES ON DRY OR MOIST SITES _
(nonserpentine)
Amsinckia lunaris Macbr. X ‘ X
Antifrhinum virga Eastw. - X . X . X B . Yes
Arabis modesta Roll. ‘ X X .- No
Astragalus breweri Gray X X X Yes
. Astragalus clevelandii ,
Gtay X X - Yes
Calochorfué pulchellus :
Dougl ex. Benth X X X X -~ - Yes
Calyptridium quadripetalum
Wats ‘ X X
Ceanothus purpureus Jeps. X : v Yes
Collinsia greenei Gray R ¢ X X : U Yes
Eriogeron petrophilus , Py :
(Greene) - ' X X X : X ST Yes
Eriogonum caninum (Greene) O T SRR
Munz . ‘ X X X ' " Yes
110
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County Known Occurrence

Habitat/Species Lake Napa Sonoma Mendocino Within the KGRA g’
Euphorbia ocellata Dur. & :

Hilg. var. rattanii- -

(Wats.) Wheeler X Yes
Fritillaria pluriflora

Torrey ex Bentham X X No
Lilium rubescens Wats. X X X 7 ’ Yes
Lomatium ciliolatum Jeps.

var. hooveri Math &

Const. X X
Lomatium repostum (Jeps.) _

Math. - X X X - Yes
Lupinus sericatus Kel. X X X  Yes
Mimulus nudatus Curran

exX. Greene X X A Yes
Monardella viridis Jeps.

ssp. viridis X X Yes
Pityopus californicus

(Eastw.) Copel. X X X
Ribes victoris Greene X X Yes
SPECIES ON SERPENTINE SITES
Asclepias solanoana )

Woodson X X X Yes
Calamagrostis ophitidis -

(Howell) Nygren X X Yes
Collomia diversifolia

Greene X X Yes
Cryptantha hispidula

Greene ex. Brand X X Yes
Fritillaria purdyi

Eastw. X X Yes
Hesperolinon adenophyllum

(Gray) Small X X Yes

11
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< Habitat/Species

Hesperolinon
bicarpellatum
(H.K. Sharsm.) H.K. -
< Sharms.

Navarettia jepsonii
Bailey ex. Jeps.

Nemacladus montanus Greene

‘Senecio clevelandii Greene

EE-23 RPS

Couhty
‘Lake Napa Sonoma Mendocino

X X
X X X
X - X
112/1/3

Known Occurrence
Within the KGRA

Yes

Yes
Yes

Yes







TABLE 3

KNOWN OCCURRENCE OF PLANTS RARE
IN CALIFORNIA BUT COMMON ELSEWHERE

County : Known Occurrence
Habitat/Species Lake Napa Sonoma Mendocino Within the KGRA
SPECIES ON WET SITES
Calochortus uniflorus X X
na [115”
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TABLE 4

OFFICIAL STATUS OF VERY RARE, RARE
'AND ENDANGERED PLANT SPECIES (CNPS LIST 2)

Rare Plant Status

Habitat/Species cNps! R-E-V-D  USFWS2 State3

SPECIES ON WET SITES

Blennosperma bakeri 3-2-2-3 o E I

" Heiser
Carex albida Bailey , ©3=3-2-2 R |
*Dicanthelihm acuminatum 3-2-1-3 ‘ 1 - B

(SW) Gould & Clark
var. acuminatum

Gratiola heterosepala 3-3-2-3 N ’ Ii.r ‘ . E
Mason and Bacig. ~ : :
Lasthenia burkei B 3-3-2-3 1 E
(Greene) Greene
Lasthenia conjugens ' 3~2-2-3 R R |
.Greene: ‘ -
Legenere limosa (Greene) 13-3-3-3 ‘ 1
McVaugh : -
Navarretia pauciflora i 2=2=~1=3 - : 1
Mason _ '
Navarretia plieantha . 3-2-1~3 _ S0 S { E
Mason ' o : . )
Orcuttia ﬁenuis Hitchc. - 3-3-2-3 _ 1 .. - E
Parvisedum leiocarpum | , 2-2-2-3 1
(HcKo Sharsm.) ' el e : L SN
-Clausen :
- Perideridia gairdneri - 2=2=2-3 1
(H.&A.) Math. 88PDe . . o

gairdneri

*=Panicum thermale Bolander  sp. emend. Schmoll. Taxonomic changes are:
acknowledged; species remains listed pending confirmation of its rarity
status. :
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‘Habitat/Species

Plagiobothrys strictus
, (Greene) Jtn.

Poa napensis Beetle

Pogogyne douglasii Benth

ssp. parviflora (Benth.)
JoTo Howell

Sidalcea oregana (Nuytt.)

- Gray ssp. hydrophila
(Heller) Hitchc.

SPECIES ON DRY OR MOIST SITES

Rare Plant Status

CNPS! R-E-V-D .

(nonserpentine)

Astragalus Clarianus
Jeps.

Brodiaea coronaria (Salisb.)
Engler ssp. rosea (Greene)
Niehaus ‘

Ceanothus confusus
Howell

Ceanothus divergens
Parry

Eriastrum brandegeae
Mason

Eryngium constancei
Sheikh, ined.

Hesperolinon drymarioides
(Curran) Small

Parvisedum leiocarpum
(H.K. Sharsm.) Clausen

Tracyina rostrata Blake

EE-23 RPS

3-2-2-3

3-3-2-3

2-1-1-3

2-1-1-3

3-2-3-3

3-3-2-3

3-2-1-3

2-1-1-3

3-2-2-3

3-1-1-3

2-1-1-3

2-2~2-3

3-1-1-3
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Rare Plant Status

Habitat/Species CNPS! R-E-V-D USFws?2 State3

SPECIES ON SERPENTINE SITES

Antirrhinum subcordatum 2-2-2-3 _ 1
Gray , .
Ce ' Cordylanthus tenuis Gray 2-2-1-3 1 R

ssp. capillaris
(Pennell) Chuang and
Heckard, comb. nov. ined.

" Eriogonum nervulosum 2-1-1-3 2
(Stokes) Reveal

Helianthus exilis : 2-2-2-3 2
Gray
Hesperolinon breweri 2=1-2-3 1

(Gray) Small

'Hésperolinon didymocarpum 3-2-2-3 1 E
H.K. Sharsm.

Streptanthus brachiatus 3-2-1-3 : 1
Hoffm.

Streptanthus morrisonii 2-2-1-3 1

complex. Hoffm.
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EE-23 RPS







TABLE 5
¥
~ OFFICIAL STATUS OF RARE BUT NOT

~ ENDANGERED PLANTS (CNPS LIST 3)

Habitat/Species

SPECIES ON WET SITES

Cuscuta Howelliana
Rubtzoff

. Delphinium uliginosum
Curran

Lepidium latipes Hook

Ranunculus lobbii
‘- (Hiern.) Gray

SPECIES ON DRY OR MOIST SITES

cNps! R-E-V-D

Rare Plant Status

USFWs2

(nonserpentine)

Amsinckia lunaris Macbr.,

Antirrhinum virga Eastw.

Arabis modesta Roll.

Astragalus breweri- Gray

Astragalus clevelandii
Gray

Calzptridium quadripetalum
Wats. -

Calochortus pulchellus
Dougl ex Benth

_ Ceénothus,purpureusteps.

Collinsia greenei Gray

“Eriogonum caninum (Greene)
Munz

Etigeron‘petrophilﬁs
(Greene)

Euphorbia ocellata Dur. &
Hilg. var. Rattanii
(Wats.) Wheeler -

Fritillaria pluriflora
Torrey ex Bentham

EE-23 RPS
|

1-1-1-3
1-1-1-3

1-1-1-2

1-1-1-2

1-1-1-3
1-1-1-3
2-1-1-2
1-1=1-3

1-1-1-3

1-1-1-3 -

1-1-~1-3

1-1=-1-3
1-1-1-3
1-2-1-3
1-1-1-2

1-1-1-3

1-2-1-3
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Rare Plant Status

Habitat/Species | cNps! R-E-v-D USFWs?2 State3
Lilium rubescens 1-1-1-2 -
Wats. '
Lomatium ciliolatum Jeps. 1-1-1-3 -
var. hooveri Math & ,
Const.
Lomatium repostum (Jeps.) 1-1-1-3 -
Math- . -
Lupinus sericatus Kel, 1-1-1-3 -
Mimulus nudatus Curran 1-1-1-3 -

ex. Greene

Monardella viridis Jeps. 1-1-1-3 -
ssp. viridis

Pityopus californicus 1-2-1-2 -
. (Eastw.) Copel.

Ribes victoris Greene -

SPECIES ON SERPENTINE SITES

Asclepias solanoana 1-1-1-3 -
Woodson
Calamagrostis ophitidis 1-1-1-3 -

(Howell) Nygren

Collomia diversifolia (Greene) 1-1-1-3 -

Cryptantha hispidula 1-1-1-3 -
Greene ex. Brand

.Fritillaria purdyi 1-1-1-3 4 -
Eastwe.

Hesperolinon adenophyllum 1-1-1-3 2
(Gray) Small

Hesperolinon bicarpellatum 1-1-1-3 2
(H.K. Sharsm.) H.K, Sharsms. :

Navarettia jepsonii 1-1-1-3 -
Bailey ex. Jeps.

Nemacladus montanus Greene 1-1-1-3 -

Senecio clevelandii Greene 1-1-1-3 -
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TABLE 6

OFFICIAL STATUS OF PLANTS RARE
IN CALIFORNIA BUT COMMON ELSEWHERE

Rare Plant Status

Habitat/Species cNPS! R-E-v-D USFWS2 State3

SPECIES ON WET SITES

Calochortus uniflorus 1_1_1;1,
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SYMBOLS FOR TABLES 4,5, AND 6.
lcalifornia Native Plant Society, Rarity--Endangerment--Vigor--Distribution

Code

R (Rarity)
1 - rare, but danger’of extinction low
2_- several populations or one large population
3 -~ one or a few highly restricted populétions
E (Endangermént)
1 - not endangered
2 - epdangered in a portion of its range
'3 - endangered throughout its range
vV (Vigor)
1 - increasing or stable
2 - declining
3 - approaching extinction
D (Distribution)
1 - widespread outside California
2 - rare outside California

3 - California endemic

2ynited States Fish and Wildlife Service—-Federal Register. The species noted

are currently under review as Endangered or Threatened.

1 - Taxa for which the service has sufficient information to support

listing as Endangered or Threatened Species.

2 - Taxa for which information indicates probable appropriateness of

listing as Endangered or Threatened Species.
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3State of California - Native Plant Protection Act

E - Endangered

R - Rare, but not endangered

T - Threatened
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TABLE 7. BLOOMING TIMES OF RARE PLANTS IN THE KGRA*

Jan Feb Mar

Apr

May

Jun

Jul

Aug  Sept  Oct

Nov

Ceanothusydivergens

"' Ceanothus confusus

*Ceanothus purpureus

#Fritillaria pluriflora

’ﬂf*Ranunculus‘lobbii:

*Ribes victoris

" *Lepidium latipes

- Plagiobothrys strictus

"’ Blennosperma bakeri

#Fritillaria purdyi

' Lasthenia burkei

*Astragalus breweri

*Lomatium repostum

*Arabis modesta

Parvisedum leiocarpum

‘Astragalus clarianus

" Gratiola heterosepala

*Lupinus sericatus

*Cryptantha hispidula

*AmSinckia‘lunaris

- *Calochortus pulchellus

Legenere limosa’
‘Navarretia plieantha
Orcuttia tenuis

. Poa’ napensis.

EE-23 RPS




L2

Jan

Feb

Mar

Apr

May

“Jun

Jul

Aug

Sept

Oct

Nov

*Lomatium ciliolatum var.
hooveri

Pogogyne douglasii ssp.
parviflora

Lasthenia conjugens

Tracylna rostrata

*Hesperolinon bicarpellatum

*Calyptridium quadripetalum

Hesperolinon didymocarpon
*Delphinium uliginosum
*Collomia diversifolia
*Mimulus nudatus
*Navarretia jepsonii

Carex albida

Brodiaea coronaria ssp.
rosea ‘ :

*Calamagrostis ophiditis

Hesperolinon breweri -

*Collinsia greenei

_*Nemacladus montanus

*Pityopus californicus
Eriastrum brandegeae
Hesperolinon drymarioides

*Ascleplas soloanoa

Streptanthus brachiatus
Streptanthus morrisonii
complex

Navarretia pauciflora
Perideridia gairdneri ssp.
gairdneri -
Antirrhinum subcordatum

£ 33 res
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Jan Feb Mar Apr May Jun. Jul Aug Sept Oct Nov

*Antirrhinom virga
Cordylanthus tenuis ssp.
capillaris

*Lilium rubescens

*Senecio clevelandii

Ipjcanthelium acuminatum
var. acuminatum

*Hesperolinon adenophyllum
Eriogonum nervulosum
*#Cuscuta Howelliana
*Astragalus clevelandii
Sidalcea oregana
ssp. hydrophila

*Eriogeron peterophilus

*Monardella viridis ssp.
virdis '

Helianthus exili

All plants are CNPS List 2 (Rare and Endangered) unless noted with (*). These plants are CNPS List 3
(Rare, but not Endangered).

1. Panicum  thermale-—-Taxonomic changes acknowledged, species remains listed pending determination of its
rarity status. - ' ’
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Appendix C

VERTEBRATE ANIMAIS
OF THE GEYSERS KGRA
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MAMMALS:

Opossum :
Vagrant® shrew
Ornate shrew

Water shrew -
Trowbridge shren
Western mole :
Shrew mole
Little brown myotis
Fringed myotis
California myotis

‘Hairy-winged myotis
Long-eared myotis .

Yuma myotis.
Silvery-haired bat
Hoary bat . :
Red bat

Big brown bat

- Pallid bat
" Townsend's big-

eared bat
Braziliam free- -

tailed bat
Black-tafled hare
Audubon cottontail
Brush rabbit
Beechey ground

‘squirrel

“Sonoma chipmunk
Western gray squirrel

Botta pocket gopher

Heermann kangaroo rat’
Western harvest mouse

Brush mouse

Pinyon mouse

Deer mouse

Dusky-footed woodrat

California meadow.
mouse

Porcupine

Didelphis marsupialfs“
Sorex vagrans .

Sorex ornatus

Sorex palustris
Sorex trowbridgii
Scapanus ‘latimanus
Neurotrichus gibbsii
Myotis Tucifugus
Myot{s thysanodes
Myotis californicus
Myotis volans - .
Myotis evotis . .
Myotis yumanensis

Lasionycteris noctivagans

Lasiurus cinereus
Lasiurus borealis -
Eptesicus fuscus
Antrozous pallidus
Plecotus townsendi{

Tadafida brastliensis

tepus californicus
Sylvilagus ‘audubonti

‘Sylvilagus bachmani

Otospermophilus beecheyi

Eutamias sonomae -
Sciurus griseus

" Thomomys bottae

Dipodomys heermanni -
Reithradontomys megalotis
Peromyscus boylii
Peromyscus truef
Peromyscus maniculatus
Neotoma fuscipes -
Microtus californicus

Erithizon dorsatum

3

B
L]

Serpen-
Mixed 0ak Oak Chamise Mixed Montane tinge Knob- Mixed
Ever- Wood- Savan- Chap- Chap- Chap-  Chap- cone Cypress Yellow Coni- Ripar-
green land  nah arral arral arral arral Pine_ Forest ' Pine ferous ian Meadow
PO PO _ - : o PO PO PO
B | ; , PO PO PO PO PO
PO PO PO (1] PO PO PO X PO PO . PO go PO
PO X X g PO PO PO PO X -PO
PO PO PO PO PO PO PO PO PO PO PO X PO
. PO PO PO PO
A ) PO : K PO PO PO PO
PO PO v ‘ ‘ o ’ PO PO PO PO
PO PO PO PO PO PO PO PO PO PO PO PO PO
PO PO : g PO PO - PO PO
..PO. PO PO PO PO PO
PO PO PO PO PO PO
PO PO PO PO PO PO
PO PO PO PO PO PO
PO PO PO PO PO PO
PO PO : PO PO PO PO
PO PO PO PO PO PO
PO PO PO . PO PO
PO PO PO PO PO PO 3 PO
/ X X: PO X —P0 X X X X X X X
; - X PO ' - ’ ~ : o
PO X X X X PO X PO PO PO PO PO
PO X X X : X X PO
X : ' X X X X PO X X X X
X. X X & ‘ X ot X X X S
- PO PO PO PO PO PO PO . PO PO X ' PO X
, PO PO X X PO PO N
X: £0 X X X PO. PO PO PO PO X PO
X X X ) ¢ X PO PO X PO PO X X
X PO PO X X PO PO X PO PO X’ X PO
X X X X X PO PO X PO PO X X X
X X X X PO PO X PO X X PO
X X X X X PO PO X X X
PO PO ..
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‘MAMMALS: - contd.

Gray fox

Black bear

Coyote

Raccoon

Ringtail cat

Mink

Long-tailed weasel
Badger

Striped skunk
Spotted skunk
River otter
Mountain lion
Feral domestic cat
Bobcat

Wild boar
Black-tailed deer

BIRDS:

Pied-billed grebe
Great blue heron
Mallard
Turkey vulture
White-tailed kite
Sharp-shinned hawk
Cooper's hawk
Red-tailed hawk
Red-shouldered hawk
(red bellied)
Rough~legged hawk
Golden eagle

- Paregrine falcon

Prairie falcon
American kestrel
California quail
Mountain quail
American coot
Killdeer

Urocyon cinereoargenteus
Ursus americamus -
Canis latrans
Procyonlotor _
Bassariscus astutus
Mustela vison:
Mustela frenata
Taxidea taxus
Mephitis mephitis
Spilogale putorius
Lutra canadensis
Felis concolor
Felis domestica
Lynx rufus

Sus scrofa
Odocoileus hemionus

Podilymbus podiceps
Ardea herodias

Anas platyrhynchos
Cathartes aura
Elanus leucurus
Accipiter striatus
Accipiter cooperii
Buteo jamaicensis
Buteo lineatus

Buteo lagopus

Aquila chrysaetos
Falco peregrinus
Falco mexicanus

Falco sparverius
Lophortyx californicus
Oreortyx pictus

Fulica americana
Charadrius vociferus

Serpen-

Mixed Oak Oak Chamise Mixed Montane tine Knob- Mixed .
Ever- Wood- Savan- Chap- Chap- Chap- Chap- cone Cypress Yellow Coni- Ripar-
green land nah arral arral arral arral Pine  Forest Pine ferous jan Meadow
PO PO PO PO PO PO PO PO PO PO PO ;0
» X ‘ X 0
PO PO PO PO X PO PO PO PO X PO PO PO
PO PO : PO .PO X X
PO PO PO PO PO PO X
PO PO
PO PO PO PO PO ] PO PO PO 1] PO PO PO
PO PO PO PO PO PO PO PO PO PO PO PO PO
PO X X : . PO PO X PO
PO PO PO PO PO PO
: X
PO PO PO - PO PO PO o PO PO PO
X PO X PO X PO PO PO PO X PO PO
PO PO PO PO X Po X X ‘ PO PO X
X X X X PO PO PO PO
X X X X X X X: X X X X X X
PO
! PO
X X X X X X X X PO X X X X
PO PO PO PO
PO PO PO X PO PO X X X X PO
X PO X PO X PO PO PO C PO X PO X
X X X X X X X X X X X X X
PO X X X PO X X PO
PO PO PO PO PO
X X X X X PO PO PO PO PO PO X
X X X PO
X X ‘ X : X
X X X PO X X X X
X X X X X X X X PO X X X X
X PO 1) PO X X X X PO X X ; PO
X X X X




BIRDS: - contd,

Band-tailed pigeon
Mourning dove
Barn owl o

‘Screech owl

Great-horned ow!l
Pygmy owl

Long-eared owl
San-whet owl
Poor-will

Black swift

Vaux's swift i’
Anna‘s hummingbird
Rufous hummingbird
Allen's hummingbird

.Calliope hummingbird

Belted kingfisher
Common flicker:
Pileated woodpecker
Acorn woodpecker

- ‘Lewis® woodpecker

gel

"Yellow-bellied

sapsucker )
Hatry woodpecker:
Downy. woodpecker
Nuttal)'s woodpecker
Western kingbird
Ash-throated
flycatcher
Black phoebe
Dusky flycatcher

.Willow flycatcher

Western flycatcher
Western wood pewee

" 0live-sided flycatcher

Horned lark

Purple martin
Violet-green swallow
Tree swallow
Rough-winged swallow
Barn swallow

: Cquﬁba fasciata

Zenatda macroura
Tyto alba :
Otus asfo’-

Bubo virginianus .
Glaucidivm gnoma‘ ‘
Asfo otus’ :
Aegolius acadicus

Phalaenoptilus nuttallii

Cypseloides niger
Chaetura vaux{
Calynte anna
Selasphorus rufus <
Selasphorus sasin
Stellula calliope -
Megaceryle alcyon =
Colaptes auratus -
Dryocopus pileatus

. Melanerpes formicivorus

Melanerpes lewis -
Sphyrapicus varius

Picpides villosus =
Picpides pubescens
Picpides nutallii '~

- Tyrannus verticalis

Myiarchus cinerascens

Saynrn1s nlbricans a
Empidonax: oberholsert:

" Empidonax traflli{

Empidonax difficilis
Contopus sordidulus
NuttalTornis borealis
Eremophila alpestris
Progne subis :
Tachycineta thalassina
Iridoprocne bicolor

Stelgidopteryx ruficollis

Hirundo rustica

Serpe
Chamise Mixed Montane tine

PO

© Mixed 0ak 0ak Knob- ' , Mixed
Ever- Wood- Savan- Chap- Chap- Chap- Chap- cone Cypress Yellow Coni- Ripar-
green - land_  nah arral arral arral arral Pine  Forest Pine ferous ian Meadow
X PO X PO X X PO X 1] PO PO
X X X X X X X X X X X: X X
I PO PO .
X - X . X X X X PO
X X X X X, PO X X X X X X
PO PO X ‘ , X X X ‘
: PO X . - PO PO X
X o . PO PO X
‘ PO PO X X Loy : i PO
X . ~ : IS : PO PO
PO PO PO PO ‘ PO PO &g :
PO PO PO - PO PO X X X X X X : X
PO : ; X PO PO PO X PO - PO
X PO X, X PO X = PO X
: _ y PO PO PO L
oo - : oo e ) S
X X X PO X X . X X X X X X X
X : ’ X X X X .
X X X - ) ¥ X X X
PO PO PO : , e
) S PO X: X: X
X X . X X X X X X
PO ‘ X X X X X
PO X ] PO PO PO X X (1)
X PO X PO. PO . o i X
X PO PO PO X X ) X X X X X X
X X X . X X X X
X ‘ , “
, PO PO )
X ] X - X 3 ] X
X PO X X X ) S
X ‘ X X X ) X PO X -
- PO § . PO
PO PO PO PO PO X PO X - PO - PO PO
) & X X X X X X X X X X X X
PO X X PO PO PO PO
X X X
X X PO X PO X X X




Serpen-

oL

Mixed Oak Oak Chamise Mixed Montane tine Knob- Mixed
Ever- Wood- Savan- Chap- Chap- Chap- Chap- cone Cypress Yellow Coni- Ripar-
green land_ nah arral arral  arral arral _ Pine  Forest Pine  ferous jan Meadow
BIRDS: - contd. '
Cliff swallow Petrochelidon pyrrhonota PO ‘ X X
Stellar's: Jay Cyanocitta stellerd X X X X X X X X X X
Scrub jay Aphelocoma coerulescens X X X X X X X X X X X X :
Common raven Corvus corax PO PO X X X X X PO X X X X
Common crow Corvus brachyrhynchos PO X X PO X X PO PO
Chesnut-backed Parus rufescens X X PO X X X X X PO
- chickadee
Plain titmouse Parus inornatus X X X X X X X PO X X . X
Bushtit Psaltriparus minimus X X X PO X X X X X X © X X
White-breasted Sitta carolinensis X PO X PO PO X X X PO X
nuthatch :
Red-breasted nuthatch Sitta canadensis PO X PO X X PO
Pygmy nuthatch Sitta pygmaea X PO X X X X PO
Brown creeper Certhia familiaris PO X ¢ . 4 X X
Hrentit Chamaea fasciata X X X X X X o X . PO DX
Dipper (water ouzel) Cinclus mexicanus , : X
House wren Troglodytes aedon X PO PO PO PO PO PO X X
Winter wren Troglodytes troglodytes PO X 50 (1] PO
Bewick's wren Thryomanes bewickif{ PO PO X X X X X PO X
Rock wren Salpinctes obsoletus . ' PO
Mockingbird Mimus polyglottos PO PO PO PO PO PO PO
California thrasher Toxostoma redivivum 1] X X X X PO PO
* American robin - Turdus migratorius X X X X X X X X X X
Varied thrush Ixoreus naevius X PO X - PO
Hermit thrush Catharus gquttatus . PO X X X X - X - X X
Swainson's thrush Catharus ustulatus ) X PO PO - PO PO
Western bluebird Sfalia mexicana X X X X X : X - X PO X
8lue-gray gnatcatcher Polioptila caerulea PO PO PO X X - X PO ‘ X
.Golden-crowned kinglet Regulus satrapa PO X : PO X X PO
Ruby-crowned kinglet Regulus calendula PO X X X X X PO
Water pipit . Anthus spinoletta PO X : PO PO
- Cedar- waxwing .Bombyc11la cedrorum X PO X X - PO PO
Loggerhead shrike Lanius ludovicianus PO 1] PO
Starling Sturnus ‘vulgaris X X X X
Hutton's vireo Vireo huttoni X PO X X X X X
Solitary vireo Vireo solitarius X PO X X X X
Warbling vireo Vireo gilvus X X ' X X X
Orange-crowned warbler Vermivora celata X X PO PO X X X PO X
Nashville warbler Vermivora ruficapilla X PO X X X PO
Yellow warbler Dendroica petechia PO X X
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Serpen-
’ Mixed 0ak 0ak Chamise Mixed Montane tine Knob- Mixed
Ever- Wood- Savan- Chap- Chap- Chap- Chap- cone Cypress Yellow Coni- Ripar-
green land _ nah arral arral arral arral Pine_ Forest Pine ferous 1ian Meadow
BIRDS: - contd. ‘
Yellow-rumped warbler - Dendroica coronata X PO X - X PO X X X X
Black-’\;.hroated gray Dendroica nigrescens X PO PO PO PO X X X X X X X X
warbler .

Hermit warbler. Dendroica.occidentalis X X X X §
Townsend's warbler Dendroica townsendi PO PO X X X ro
MacGillivray's warbler Oporonis tolmiei Po PO PO Po PO PO X X
Common yelisw throat Geothylpis trichas . X X X
Yellow-breasted chat Icteria virens PO X
Wilson's warbler Wilsonia pusiila - X . X - X X X
House sparrow - Passer domesticus , . . o : iy T , ) O : :
Western meadowlark Sturnella neglecta X X X X
Red-winged blackbird - Agelafus phoeniceus X X PO X
Tri-colored blackbird  Agelaius tricolor PO PO
Northern oriole Icterus galbula X’ PO X X X X ;
Brewer's blackbird Euphagus cyanocephalus X X X X X - X X X:
Brown-headed cowbird  Molothrus ater X « PO X X X X
Western tanager Piranga ludoviciana X . X ‘ X X X X PO X
Black-headed grosbeak Pheucticus melanocepha‘lus X X X X X X X X
Lazuli bunting Passerina amoena . . PO PO X PO PO X X
Purple finch Carpodacus purpureus.. D S PO X - X X - X X X X X
House finch Carpodacus ‘mexicanus . PO X PO PO PO X . X
Pine 'siskin Cardyelis pinus . po PO L : X : X X X PO
American goldfinch = Cardyelis tristis - ' PO . , X X PO X
Lesser goldfinch Cardyelis psaltria. .o PO X PO X PO X X - X X X X X
Red crossbill =~ Loxia curvirostra PO ' e = ‘ . ; PO PO ‘ :
Rufous-sided towhee Pipilo erythrophthalmus X _ PO X X X X X - X X X X
Brown towhee Pipilo fuscus X PO X X X PO X X X X
Savannah sparrow = Passerculus sandwichensis. , PO : PO
Lark "sparrow -Chondestes grammacus X PO X PO PO X
Rufous-crowned sparrow Aimophila ruficeps . PO X PO PO
Sage sparrow Amphispiza bellf - PO X PO . X
Dark-eyed junco ° Junco hyemalis . X X X PO X X X . X X X X X X

- Chipping-sparrow . - Spizella passerina X. PO PO : PO X. X X
White-crowned sparrow Zonotrichia leucophrys X PO PO PO X PO PO PO X X PO PO
Golden-crowned sparrow Zonotrichia atricapilla X PO - PO PO X PO PO PO X X PO PO
White-throated sparrow Zonotrichia albicollis PO PO PO PO
Fox sparrow Passerella ilfaca PO - PO PO X PO PO PO
Lincoln's sparrow Melospiza lincolnii PO PO PO
Song sparrow " Melospiza melodia X X X

PO X




Serpen-
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Mixed Oak  Oak Chamise Mixed Montane tine Knob- Mixed
Ever- Wood- Savan- Chap- Chap- Chap- Chap- cone Cypress Yellow Coni- Ripar-
; green land  nah arral arral arral _ arral Pine ' Forest Pine  ferous ian Meadow
REPTILES:
Sagebrush lizard Sceloporus graciosus X PO X X PO PO X X X X
Western fence lizard Sceloporus occidentalis X X X PO PO PO PO X
Western skink Eumeces skiltonianus PO PO X PO
* Western whiptail Cnemidophorus tigris X PO PO PO PO PO PO
Northern alligator Gerrhonotus coeruleus PO PO PO PO PO
lizard
Southern alligator Gerrhonotus multicarinatus X X X PO PO PO X X X
lizard
Rubber boa Charina bottae PO X X PO
Racer Coluber constrictor X X PO PO PO PO X X X X
Sharp-tailed snake Contia tenuis PO PO PO
Ringneck snake Diadophis punctatus X X PO PO PO PO ‘ PO
Coachwhip Masticophis flagellum i PO PO PO PO PO .
Common kingsnake Lampropeltis getulus X X PO PO PO PO PO PO X PO
Long-nosed snake Rhinocheilus lecontei PO Po PO PO
California mountain Lampropeltis zonata PO PO : PO PO X
kingsnake ‘
Striped racer Masticophis lateralis PO PO PO PO PO
“Gopher snake Pituophis melanoleucus X X X X PO PO X X PO X
Common  gopher snake Thamnophis sirtalis . ‘PO
Western terrestrial Thamnophis elegans X X Po PO PO X X X X
garter snake ) -
Western aquatic Thamnophis couchi X X
garter snake .
Western rattlesnake Crotalus viridis X X X X PO X PO PO X X
Western pond turtle Clemmys marmorata :
AMPHIBIANS:
Pacific giant Dicamptodon ensatus X X X X
salamander S
Rouht-skinned newt Taricha granulosa X X X
California newt Taricha torosa X X X
Red-bellied newt Taricha rivularis X X X
Ensatina Ensatina eschscholtzi PO P PO
California slender Batrachoseps attenuatus PO X X PO PO PO
salamander P




o ‘ Serpen-

Mixed 0Oak 0ak Chamise Mixed Montane tine Knob- Mixed

Ever- MWood- Savan- Chap- Chap- Chap- Chap- cone Cypress Yellow Coni~  Ripar-

green land - nah arral arral arral arral Pine_ Forest Pine ferous 1ian Meadow
AMPHIBIANS:
Arboreal salamander Aneides lugubris - PO PO
Black salamander Aneides flavipunctatus PO PO : o PO PO
Western toad Bufo boreas _ PO ' ' X )
Pacific tree frog _Hyla regilla ~ PO PO PO PO PO X X
Bullfrog : Rana catesbeiana’ : X
Red-legged frog - Rana aurora X
Foothill yellow- Rana boylet X

legged frog

X - Known Occurrence {Sightings) ’
PO - Probable Occurrence (From-Other Reports)

Source: .Meneghin, et al., 1978.
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Appendix D

LISTING OF POLLUTION INCIDENTS
AT THE GEYSERS GEOTHERMAL FIELD
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11/3/65.

11/28/67

1/1,/68

1/5-6/68

1/11/68 .

10/2/68

10/31/68

. 11/13/68 .
o : _.reduced to %4 that of J uly 16, 1968 levels.

9/10/71 -
B 7/6/72‘3 |

l-|-/1"’)/773 o
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LISTING OF POLLUTION INCIDENTS
' - AT THE - .
GEYSERS GEOTHERMAL FIELD

: Discherge of power generation westewater into Big Sulphur Creek.

Siltation into Big Sulphur Creek from road building activ:.ties. ,

. Unusual milky/soapy substance caus:n.ng turbidity in Big Sulphur
. Creek from confluence with Squaw Creek to w1thin 4+ mile of Rus-
: sian River.

Drilling muds' from‘Geothemal Resources Rorabaugh #2 found spill-
ing into Big Sulphur Creek. Samples of "Magcogel" and Magcobar
Foam #4L» obtained. Bioassays indicated Magcobar L toxic to

. trout at concentration of 10 ppm. .
JSumps for GRI wells Rorabaugh #2 and #3 filled, earthen dams Soft.

Investigators felt they presented a threat to Big Sulphur if rains

. continued.

\

Reduction of fish food orgenisms and spawmng gravels in area of
Union Oil roed construction (PGXE Units 3 & A) (possible v1o1a-

" tion of Fish and Game Code Section 5650)

Silt and rock mtroducted to Big Sulphur as.a result of road

: building.

Steelhead trout populetion downstream from Union Oil Company road

20,000 gallons of cooling tower wastewater and debris discharged

- ~.to Big Sulphur Creek.after pipeline faulure in Union 0il waste-
- water disposal syst.em. I.ow-flow conditiOn present. in Big Sulphur
: Lreek. : RN A '

._Drilling mads end weste materiels discharged to Big Sulphur Creek

when an earthen sump at & Union Oil drill site (Hoover Rig E2)

- broke. Test conducted with drilling mud samples (bantonite clay,

tannithin and ligm.te) indicated these materials can be toxic to

‘fishlife.

Drilling muds .and waste materials discharged to Squaw Creek as a
result of a leaking sump at Union 0il drill site (ottoboni #10).

Seeps of drilling waste materials continued until 23 of April.

Discharge of cooling tower condensate reported and verified by DFG
w:.ldlii‘e protection personnel. . . .
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10/73

10/75

12/11/73

1272073

2/5/h

2/ 5/ Th

5/Th

5/15/7h

RWQCB. cleanup on Abatement Order No. 73-101 for Geothermal -/
Kinetics, Inc. Rorabaugh #1 Well. Discharge of sump wastes in
tributary to Big Sulphur Creek.

RWQCB and Abatement Order No. 73-102 for Pacific Energy Corp.

Well No. 47. Discharge of drilling wastes to surface of dirt

roads will probably result in discharge to Big Sulphur Creek.

Letter from RWQCB informing PGXE power plant supervisor of (1) )
sandblasting materials being discharged at power plants #1 and

#2. = These materials could pass into the waters of Big Sulphur

Creek. (2) Trash and garbage dump located at power plants 9 and .
10 which had not been approved by the RWQCE. - (ref: 12,11,1973

letter to W. Pearce, PG&E plant super:mtendent from D. Snets:.nger

RWQCB. RWQCB files).

‘Recommendations from State WRCE regarding soil erosion and waste

disposal at The Geysers state that: "The commonly expedient
methods used in pit or sump construction disallows for proper de-—
sign considerations against potential slope failure and/or the
prevention of fluid infiltration into subsurface materials. Per—
colation of fluids through bedrock fractures could affect the
quality of local waters and promote instability of natural or man—

" made slopes." (ref: 12,21, 1973 Memorandum to Bob Tancreto, Cali-

fornia Regional WQCB, Sa.nta Rosa from State WRCB Geologist Gil
Torres. RWQCB flles)

Division of Oil and Gas notice of violation regarding unstable and
overflowing sump for Union 0jil Co. Well No. GDC 20-29.

Division of 0il and Gas notice of violation regarding unstable,
washed out and eroded sump, natural springs draining at base for
Union 0il Co. Well No. LF State A4597.

Approximately 2,000 gallons of water from the cooling tower basin

and 50,000 to 70,000 gallons from the sediment basin emergency

overflow drainage system of power plant Unit 5 & 6 discharged to

the ground. Inspection of the plants also found oily discharges

from stand pipes as a result of numercus spills from a waste oil -
and oil storage area. (ref: memorandum 5/28/7L to Tancreto, PC&E

from D. Salisbury; 6/3/7L4 letter to BenKor CRWGCB, Santa Rosa from

W. Pearce, PGXE. RWQCB files).

Condensate line from Unit 7 & 8 pond to Unit 11 broke at the drill
rig water tie-in point. The tie~in weld broke, releasing conden-
sate at the rate of 465 gpm. The total discharge was estimated at
28,000 gallons. There was a noticeable increase in turbidity in
Squaw Creek noted. Parametrix personnel reported electroshocking
data show fish to be healthy and active (?) (ref: Union 76 letter
5/22/7L to CRWQCB, Santa Rosa, attn: John Hannum).
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6/3/Th

e

8/20/7h .

 normel constituents found in the condensate. The high iron con-
99/
9/16/7

1/6/75

sy,

WY
| o .- phur Creek and tributary (reportedly a continuing problem).

50,000 to 75,000 gallons of steam condensate spilled from a rup-
tured pipe at PG&E plant #7. Water from this spill reached
Squaw Creek. .The spill was reported approximately two months
after it happened. (ref' Letter 6/3/74 to CRWQCB from W.

vPearce. CRWQCB ﬁ_'!.es)

Spill of detergents into Squaw Creek from Union oi1 Co. drilling
rig wash water. Tests ind:.cated _that the materlal was toxic to

'flsh.w,_ o

_ A d:.scharge of condensate water occurred at cooling tower #2. The

water contained spproximately 14 mg/l1 of iron in addition to the

centration was the result of an exper:unent by PG&E. The discharge

~ reached Big Sulphur Creek. and resulted in a red discoloration that
persisted for approximately one hour ( 10 ppm). (ref: memo (in-

teroffice) to Bob Tancreto and Ben Kor from D. Snetsn.nger 8/21/7L.
(CRWQCB files). : T ,

Mechanical failure of the fiberglass disposal line from Unit 5 &
6 settling pond discharged 4,500 gallons of condensate into Big
Sulphur Creek. A fish kill end excessive siltation was noted.

(ref: Union 76 letter 9/19/7L to CRWQCB. .CRWQCB files).
A unit 5 & 6 settling pond overflow on 9/15/7L discharged 45,000

gallons of condensate to Big Sulphur Creek. Improper procedures
in water transfer blamed. No fish kill noted, however, parametrix

. noted a higher than average ammonia and suli‘ate level present in

Big Sulphur Creek. (ref- ~same as above)

| Appro:d.mately 50 gallons of No. 2 diesel oil wes spilled during

routine fueling operations st the Ottoboni state well no. 20.

'The diesel was contained within a berm built for that purpose.

Heavy rains overflowed the berm and released the diesel to Squaw
Creek. = (ref: Union 76 letter explaining the delay in reporting

. ‘the spill to CRWQCB 1/15/75. CRWQEB files).
2/25/75

A water spill @ Horner state well #1 in Lake Co. released approxi-

'mately 8,000 gallons ccndensed steam which had been used for

drilling water was pumped onto the ground by accident. The water

B percolated into the ground and there was no.vissble signs of con~

taminstion noted immediately after the accident. Mr, Pardini noted

- suds in High Valley Creek. (ref: Union 76 letter 3/17/75 to CRWQCB,

attn: J. Robertson, RWQCE f:zles)

~ Blow-out of Union Oil Co. Well No. fene 65-28. Hillsides near well
" ‘covered with greenish dust which washed -into stream tributary to

Big Sulphu.r Creek.

Construction efforts to control blow—out of Union 0il Co. Well No.
GDC 65~28 result in high turbidity and sedimentation of Big Svl~
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5/9/75

‘ 6/1»/ 75

| -6/6/75

8/6/75

9/5/175

12/75

3/16/76

5/26/76

3/28/71

| , - ~ | &
Discharge of -cooling tower water from PG&E Unit #11 into Squaw

A flange broke at Unit 11 spilling an estimated 20,000 gallons of
condensate to the ground. Of the amcunt spilled, most was con-—
tained in a basin but 10% was reported to have reached Squaw

Creek. The flange is of the same type as installed at other units.
(ref: PG&E letter 6/4/75 to CRWQCB, attn: Mr. Snetsinger; Inter-
office memo 6/5/75 to B. Tancreto, B. Kor, and D. Snetsinger from
D. Salisbury. CRWQCB files). -

|J

A spill of 10,000 gallons from Unit 3 consisted of steam conden-
sate and water from a tributary of Big Sulphur Creek. A vitrified
clay pipe broke, and drained the water % mile down the hill carry-
ing mud into the creek. Duration of the spill was approximately
4 hours. The clay pipe is being replaced with glass lined carbon
steel pipe. (ref: PG&E letter 6/10/75 to CRWQCB, attn. Mr.

~ Snetsinger. CRWQCB files).

Discharge of material from Shell 0il Company Well U.S. Geothermal
One-1 on Federal lease, Lake County, Sec. 1, T1ON, R8W, MDB&M.
Grey material discharged from well covered approximately 3-4 acres,

coating ground surface; shrubs, and trees. Portion entered inter-

mittent tributary to Dry Creek.

Water was discharged from a Unit 10 cooling tower header pipe
flange to the ground. The flange broke during a Unit 10 shutdown
releasing 148,50C gallons of steam condensate in 4 minutes. The
spill ran down 4 mile of hillside to Cobb Creek and eventually to
Big Sulphur Creek. There was no visible damage to fishlife or
excess siltation in Big Sulphur Creek noted. (ref. PG&E letter
9/10/75 to CRWQCB, attn: Mr. Snetsinger. CRWQCB files).

Spill of drilling mud from PEC well near Eagle Rock Mine. Mud re-
turn line broke and discharged to tributary to Big Sulphur Creek.

Condensate pipeline failure at Unit 2 power plant, resulting in
discharge of 4,260 gallons. The pipeline was of rebar reinforced .

“concrete and had been badly corroded by the condensate. No exten—

sive fish kill was observed in the stream below the discharge site.

[}

Spill of 4,000 gallons of steam condensate at Unit 11, with a dis-
charge to Squaw Creek. Spill caused by failure of a check valve
in the condensate return line to an injection well. A total of

54 dead steelhead trout were found in a stream section of 200 yards
below the discharge.

Single vehicle accident involving Shell Oil Company truck delivering
fuel oil to McCulloch Oil Company Geothermal rig near Glenbrook,

‘Lake County. About 2,000 gallons of fuel oil was discharged with

approximately 50 gallons entering Alder Creek. Four dead fish ob- o
served in lower Alder Creek. -
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,;;ih/18/77 |

LT

s5/6/77

5/16/77‘
' - . densate line ‘between the cooling tower basin and the sedimentation
‘basin. The spill was probably related to recently—installed fine

6/2/T1

¢/ 23/77

oy

Sp:.ll of 2, 500 gallo‘ns of steam'condens'aterat PGE Geysers Unit

8. Excessive pumping of sediment pond caused low water levels,

- - activated sutomatic valve which prevented usual discharge. The

high water level alarm of the cooling tower basin was inoperative,
which resulted in an overflow of the basin of about 250 gal/min
for 10 minutes. The condensate discharged into Upper Geyser Can-

-~ yon Creek, but gpparently did not reach Big Sulphur Creek. The
: condensate .soaked into ground which: was dry as a result of drought
" conditions.

,"Fa'ilure: of cut slope during Union Oil :lCo. road construction re—

sulted in slide of soil, rocks, and debris entering Big Sulphur

~ Creek above Unit 1 & 2. Road was being improved for access to

Unit 14. Substation pool area filled, and siltation of stream.

~Stream was highly turbid when :Lnspected on May 2, due to runoff
from recent storm. -

) Spill of 25,500 gallons of. condensate'at Geysers Power Plant Unit

1l. Water was discharged from the cooling tower into Squaw Creek.
The cooling tower basin was being filled unattended during the night
and the overflow slarm did not provide sufficient warning. Dura-

. 'tion of the Splll was approximately 45 minutes.

Large landslide at site of construction of Geysers Power Plant
Unit 14. Slide occurred in cut slope for cooling tower basin.
Site was not as stable as had been believed. A portion of the

.slide entered an adjacent tributary to Big Sulphur Creek, deposit-

ing soil, rocks, debris, and trees and shrubs filled by the slide.

- Spill of 3,750 gallons of condensate from Geysers Unit 1 & 2 into

Big Sulphur Creek. - Discharge resulted from a blockage in the con-

mesh screen strainers. -

Discharge of 250 000 gallons of condensate from Unit 8 to Big Sul-
phur and Squaw Creeks, streams turbid ‘and heavily sedimented below
discharge sites. No fish kill observed, however, population sampling
revezled a lack of young-of-the-year resident rainbow trout in

: \;Squaw Creek below discharge site. Young fish were found here in the
_previous year's survey and in the area above the discharge point.

Spi_’Llrof 850 gallons: condensate at Unit 9. Rupture in fire water

. -system, did not reach Cobb Greek below the site.

Lendslide at Unit 1} site into tributary of Big Sulphur Creek. Land-

slide at Geyser Canyon, tributery of Big Sulphur Creek. Landslide

- at Unit 14 supply well, entered B:Lg Sulphur Creek. Sedimentation

and turbidity. .

147




1/18/78

1/21/78

2/28/78

" 3/10/78

4/11/78

5/1/78 .
5/28/78

6/1/78

6/25/78
7/11/78

1/3/79

2/1/79

Improvement of road from Unit 14 site, through Little Geysers

-Area, to Unit 9

and 10. Replacement of culvert crossing at

Little Geysers Creek. Repair of numerous failures of cut
slopes along roadways.  Big Sulphur Creek h:.ghly turbid below
Little Geyser Creek, clear above.

Spill of 500 gallons acid ferrous sulfate into Lee Creek, Lake

County. Result !
in HZS abatement process. Salamanders killed in lee Creek.

Spill of 50,000

of tanker vehicle accident. Substance is used

gallons condensate at Unit 8. Tekite pipe con-

taining condensate from cooling tower basin ruptured. Dis-
charged to Geyser Canyon, thence Big Sulphur Creek. Turbidi-

ties increased,

no fish kill observed.

Overflow pipe observed discharging petroleum/water mixture to

tributary, Lake

County. Aminoil Co. drilling site rear PG&E's

Unit 13. Reported by J. Henno, Central Valley Regional Water

Quality Control

Board, Sacramento. Foreman on site requested

to discontinue dn.scharge.

spill of 2/ 28.

Discharge 2,000

: Spn.ll of 100,000 gellon condensate at Unit 8. Same cause as

No fish kill reported.

gallon condensate at Unit 1 for 5 minute period.

1,000 gallons entered Big Sulphur Creek.

Spill of 200 gallon condensate to Big Sulphur Creek from Unit 1

over a 6 minute

period, no assessment of stream.

- At 0640 spray jets at Unit 5 and 6 cooling tower plugged, and the

condensate discharged into the area around the tower in a heavy
rain. The discharge continued for one hour and an estimated 10
gal/min (600 gal) collected as runoff and entered Big Sulphur

Creek. Stream inspected on 6/2 by Steve Miller, PG&E no fish

kill noted.

At 0700 discharge 3,000 gallon condensate to Big Sulphur Creek.
No dead fish. Water samples taken by PG&E.

Spill of 14,000

gallon condensate from pipe rupture at Unit 7

and 8. Spill contained on site or soaked into ground near site.

Spill of 130,000 gallon condensate from Unit 7 into Squaw Creek,
little rain to date, stream at low flow conditions. High tur-
bidity and heavy siltation occurred; just prior to steelhead

spawning period.

Spill of 15 gallon caustic soda to Big Sulphur Creek. Raised pH

from 7.7 to 8.2.
sonnel.

No damage to aquatic 1life noted by PG&E per-
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5/8/79

6/19/79

7/16/79

7/16/79
7/16/79

10/79

11/28/79
1/9/80

6/80

12/11/80

SOURCE:

Spill at PG&E Unit 12. Steam condensate discharged into Cobb
Creek at 0800 for 20 min. Union 0il closed off too many valves
on sediment pond’ system causing backup and overflow. Alarms at

plant site and Unit 5, 6 failed to sound, but will be corrected.

Water samples were being taken in Cobb Creek and a report will be
sent to NCRWQCB. Phone call from Glen Horton, PG&E.

Discharge of 400 gallons condensate at Unit 4. Stream examined
2 hours after spill; no evidence of loss of aquatic life.

Unit 3 discharged 60,000 gallons condensate to Big Sulphur Creek
at 1:55 a.m.

Spill of condensate from pipeline from Units 5, 6, to Thermal 8 at
7:00 a.m.

Overflow of 1,000 gallons non-sulfide sludge from sump below Unit
11 at 9:30 p.m. No sludge reached stream.

Extensive fish kill in Big Sulphur Creek. Cause undetermined.

Dischafge from sump by Aminoil, Anderson Creek, Lake County.
Memorandum of 12/11/79 by J.L. Pearson, CVRWQCB.

Discharge by sump Neashon No. 1, Republic Geothermal, Lake County.
Memo of 1/23/80 by E.E. Crawford, CVRWQCB.

Tributary from PGandE Unit 13 found to be contributing silt and
turbidity to Anderson Creek, Lake County. Revegetation and
restoration of sedimentation basin planned by PGandE and Aminoil.
Memo of 7/18/80 by E.E. Crawford, CVRWQCB.

Discharge of drilling mud from Thermogenics, Inc. sump RA-13 in
Sonoma County to roads and drillpads in violation of waste dis-
charge requirements. Memo dated 12-12-80 by B.D. Kor, NCRWQCB.

California Department of Fish and Game, Region III, Yountville, CA.
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