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Appendix D 
Zebra Mussel Monitoring Plan for San Justo Reservoir 
and the Hollister Conduit and Distribution System 
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D R A F T  T E C H N I C A L  M E M O R A N D U M    

 

Zebra Mussel Monitoring Plan for San Justo Reservoir 
and the Hollister Conduit and Distribution System 
PREPARED FOR: San Benito County Water District 

PREPARED BY: CH2M HILL 

DATE: January 31, 2011 

 

Introduction 
Zebra mussels were first observed in San  
subsequently in the Hollister Conduit (H bra 
mussel infestation levels have increased uctive 
mollusk is also presumed to be present i  is 
connected to the HC via ten turno (CVP) water to 
agricultural and urban customers d States Bureau of 
Reclamation (USBR) and the San D) operates and 
maintains both these systems. SBC SBR on a plan to 
eradicate zebra

The rationale a a mussels from the SJR, HC 
and DS are bein Mitigated Negative 
Declaration for ze, this eradication plan is 
t using ‘muriate of potash’ 
( ment of the Hollister Conduit in 
c conveyances (pipeline system) using 
p ented concurrently, as eradicating zebra 
m m in the HC and DS, and vice versa, would 
a uctures.  

F preliminary plans are to draw down SJR to a water surface 
e 70 feet, (personal communication with SBCWD staff), close 
t  HC and DS, and treat the water in SJR, HC and DS with 
p November, when there is no water demand by agricultural 
customers) to achieve a potassium “kill” target concentration of 100 parts per million (ppm). 
Treatment of the HC and DS will require either treating SJR with potash and then opening 
the valve to charge the HC and DS, or treating HC and DS concurrently, but independently, 
using chemical feed stations. The reservoir drawdown has two purposes: (1) it exposes 
zebra mussels near the surface elevations to the air and causes desiccation-related mortality, 
and (2) it reduces the pool of water that needs to be treated with potash to kill the remaining 
mussels in the reservoir. Based on the results of a previous pilot study on desiccation of 
zebra mussels conducted at SJR by USBR (Chapman and Greunhagen 2010) and additional 
information provided by SBCWD, the length of drawdown-related desiccation and contact 
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time with the kill concentration of potash in the reservoir, HC and DS is assumed to be 
between 2-3 months (Treatment Period). 

The purpose of this technical memorandum is to develop an implementable monitoring 
plan for confirming the eradication of zebra mussels from SJR, HC and DS during, and 
following the Treatment Period. Specifically, the purpose of the monitoring plan is to 
provide the monitoring methods needed to: 

1. Confirm that eradication of mussels is occurr od and 
that mussels have been eradicated immediat riod, and,  

2. Verify the continued non-presence of zebra m  the 
Treatment Period.  

Monitoring Plan for San Just
A multi-pronged monitoring and testing itoring 
plans for mussels in SJR, and that targets g 
veligers, newly-settled mussels an nsive 
assessment of the efficacy of the er g will be conducted 
for: 

 Evaluation of mussel mor  the reservoir 
drawdown (desiccation-re

 Muss oir (mortality caused by 
potas

The monitor s for the potash treatment to 
milar treatment conditions. 

iccation Treatment  
 portion of the SJR shoreline. Zebra 

s portion of the shoreline will be exposed to the air, and over 
ation. The shoreline surveys will monitor for dead mussels in 
exposed SJR shoreline, including those areas where the pilot 
ioassay) was conducted by USBR in 2010 (Figure 1, 
0).   

The purpose of the USBR desiccation bioassay study was to assess the length of time the 
reservoir needed to be kept low during the cool and wet winter months (conditions that 
favor mussel survival) to ensure that the aerially-exposed populations of mussels were fully 
desiccated. Tests were conducted by exposing three size classes of zebra mussels (< 5 mm, 5-
15 mm, > 15 mm) to a range of conditions (sheltered, unsheltered – to simulate shading and 
wind protection) at various locations along the SJR shoreline that typified various substrate 
habitats (Figure 1). Observations for mussel mortality were conducted at 1, 10, 20 and 40 
day intervals and results indicated that some mussels appeared to be alive at 20 days, but 
following desiccation for 40 days, most mussels were dead. However, a small fraction of the 
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mussels (especially small mussels) observed at 40 days had flesh inside a tightly closed shell 
and it was uncertain whether these mussels would have revived if re-submerged. Based on 
these observations, it was recommended that the reservoir should be kept low for a period 
between at least 2-3 months, if possible, to maximize mussel eradication via desiccation. 

 

Figure 1. Aerial image of the shoreline of San Justo Reservoir and locations (red numbered markers) where USBR 
conducted the desiccation bioassay study in 2010. The locations represent various habitat characteristics: (1) Dike Face 
with Large Boulders, (2) Geo-membrane Underlain Area with Small Rocks, (3) Point Area with Mid-Sized Rocks, (4) Muddy 
Area, (5) Reed Area, (6) Dam Face with Large Boulders. Adapted from: Chapman and Greunhagen (2010).  

 

Shoreline Monitoring Protocol 

 Shoreline surveys are conducted by walking as much of the exposed SJR shoreline as 
possible, close to the treatment water elevation, and will also include areas where the 
2010 USBR desiccation bioassay study was conducted (Figure 1). 

 Initial shoreline monitoring will commence one week after start of the potash 
treatment in the reservoir, following which monitoring will occur every two weeks.  

 During these surveys, the exposed reservoir perimeter will be checked for any 
visibly-exposed mussels and for the presence of mussels on a variety of substrates 
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and “micro-habitats” including exposed crevices, pools of water, under exposed 
overhanging rock ledges, on and under loose rocks, attached to exposed vegetation 
on exposed mud surfaces, and any other exposed substrates that are encountered.  

 When pools of water are encountered, their locations will be marked and recorded 
by GPS for closer examination in subsequent surveys. Small pools will be monitored 
for drying in subsequent surveys. Larger pools may be targeted for additional 
treatment (e.g., treated with kill concentration of 100 ppm potash, drained or 
pumped dry). 

 Mussels detected during these surveys will fi or 
obvious signs of stress and/or mortality such ess to 
prodding of the exposed mantle wi d tissue.  

 At a particular location, when the n y small 
(approximately < 100 mussels), all m
containing untreated reservoir wate ther 
recover (responsive to prodding) or

 When the number of detect 00 mussels), the GPS 
location is noted and up to mussel sizes (if 
possible) are collected, plac either recovery or 
unmistakable mortality, as 

 Continu  until two 
consecu e when water level in the 
reservo

Bioassay (for
 2010; allows a more controlled 

of aerial exposure conditions.   

Potash Treatment 
r surveys is the use of various monitoring and sampling 
fe stages of the zebra mussel (veligers, newly-settled, and 

used concurrently with a potash treatment bioassay in the 
reservoir, will allow for a robust assessment of whether, and how well the potash treatment 
is working to eradicate mussels from the reservoir.  

Reservoir Monitoring Using Substrate Samplers 
This monitoring method relies on deploying clean substrate samplers, or settling plates 
(Figure 2) to periodically check for newly settled mussels in the reservoir. If a new 
settlement of mussels is detected, it indicates the presence of viable mussels in the reservoir, 
and in particular, the presence of pre-settlement stages of veligers in the water column. 
Settlement of zebra mussels in San Justo Reservoir occurs mostly between June and October, 
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with little settlement occurring between November and May (Veldhuizen and Janik 2010; 
based on 2009-2010 data). During monitoring, caution therefore needs to be exercised in the 
interpretation of no new settlement detections during November to May as representative of 
eradication effectiveness. Long term monitoring, that includes the summer period when 
mussel settlement is known to peak, will be essential.  

hoto Source: CDFG and CA DWR 

ons for the substrate sampler, including an 
mation, are provided by the California 

ate Samplers 

eatment 
 potash treatment in the reservoir, deploy the substrate 

samplers at various locations in the reservoir (Figure 3), following which monitoring 
will occur once every two weeks. 

 At each location (Figure 3), deploy two sets of substrate samplers, one at 5 ft. below 
the water level and the other adjacent to it, at 15 ft. below the water level. These 
depths are based on recent data from SJR indicating that mussel settlement in the 
reservoir peaks between 5 ft. and 15 ft. (Veldhuizen and Janik 2010). If the bottom of 
the reservoir at a certain location is at less than 15 ft depth, then deploy the sampler 
1-2 ft. above the bottom, and record the actual sampling depth. 
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 After initial deployment of the samplers, monitor the samplers for mussel 
attachment once every two weeks. To check for newly settled mussels, carefully lift 
the sampler out of the water, taking precaution to not dislodge or crush any attached 
mussels.  Carefully perform a visual inspection of each plate (top, bottom, and sides), 
the spacers, the cable and the weight. Note and record any attached zebra mussels if 
they are clearly visible (a field magnifying glass may prove to be helpful as newly 
attached mussels are very small).  

 Along with the visual examination, perform a mpling 
substrate, taking care not to press down too h  when 
mussels first attach, they are very small, pract crushed. 
A single mussel may feel like a grain of sand. ce, the 
surface feels gritty like sandpaper. ons of 
the substrate sampler, it may be ne f the 
samplers into a bag or vial for close cope to 
positively confirm the presence of n presence 
(or suspected presence) of any mus  the 
cleaned sampler at the appropriate

 If no mussels are detected, er and check again 
during the next monitoring ely to attach to a 
substrate that has some alg becomes too heavily 
coated with algae, it may b As necessary, gently 
remove e conditions for settlement. 

 Monito ind no live mussels, and the 
reservo

Long-Term Pos
egins after the 2-3 month treatment period 
and the potash is applied.  

gets the warm summer period (June – 
abundant in SJR (Veldhuizen and Janik 

ate samplers will occur at the same depths and general 
 protocol for short-term monitoring, recognizing that 
ave to be moved to deploy the samplers at 5 ft and 15 ft 

when the reservoir levels are raised. 

 Monitoring will occur once every month, during June to October (5 separate 
sampling periods) in the same year as the eradication treatment is completed, and 
once every month during June to October (5 separate sampling periods) the 
following year. For example, if the 3 month treatment period ends in February 2012, 
the long term monitoring period for newly settled mussels will span a period of 
approximately 20 months, during which monitoring will occur on 10 separate 
occasions over 2 consecutive summers. 
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 Eradication measures are considered to be successful if no new settlements of 
mussels are detected after post-eradication monitoring over 2 consecutive summers. 

 

Figure 3. Proposed approximate locations for deployment of the substrate samplers for monitoring newly settled mussels in 
SJR. Red dots indicate obvious general locations such as the dike, dam, boat ramp and jetty areas from where substrate 
samplers can be easily deployed. Yellow dots depict other proposed locations that can be explored for sampler deployment. 
The two locations in the middle of the reservoir will require a float and anchor line to which the substrate samplers can be 
tethered at the required depths. If any of the proposed locations turn out to unsuitable for deployment, other locations can 
be explored. 

 

Reservoir Monitoring Using Veliger Tows (Plankton Tows) 
Plankton tows will be conducted to detect the presence of veligers in the SJR water column, 
which in turn is an indicator of the presence of viable and reproducing mussels in the 
reservoir. Based on data collected by the California Department of Water Resources (DWR) 
during June 2008- July 2010, veliger abundance peaks in May and June in SJR, drops of in 
July/August, with very few to no veligers present in the water column from September to 
April (Veldhuizen and Janik 2010).  During monitoring, caution therefore needs to be 
exercised in the interpretation of no veliger detections during September to April as being 
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representative of eradication effectiveness, and in the longer term, veliger monitoring must 
incorporate the warmer peak summer period to adequately test for eradication. 

This monitoring method uses a 63-µm plankton net (maximum mesh size) attached to a 
length of rope (that can be towed from a boat either vertically or horizontally through the 
water column (Figure 4). 

Figure 4. Plankton 
 

H he water surface, while vertical tows 
p  may be present in the water column at a 
ce ndance during the peak months of May 
a rface) tow samples than in the vertical 
to Janik 2010), but the depths that veligers may be found may 
v ore, vertical tows are recommended for monitoring veligers in 
S  

D d procedures for conducting the vertical tows, and 
p alysis, are provided by the Mussel Monitoring Program of the 
100th Meridian Intiative (2009). 

Protocol for Monitoring Veligers 

Short-Term – During Eradication Treatment 
 One week after start of the potash treatment in the reservoir, conduct vertical tows 

for sampling veligers at various locations in the reservoir (Figure 5), following which 
monitoring will occur once every two weeks. 
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Figure 5. Proposed general locations of vertical plankton tows for monitoring veligers in SJR 
 

 At each location (Figure 5), note the GPS coordinate, and conduct a vertical tow by 
lowering the plankton net to a depth of 20 m below the water surface, or to 1 m 
above the reservoir bottom, (whichever is deeper), and then slowly and steadily 
retrieving the net at a rate of 0.5 m/sec. Rinse the net, collect and preserve the veliger 
sample as per the referenced protocol (100th Meridian Intiative , 2009). Veligers in the 
samples are later detected using a Cross-Polarized Light Microscope (CPLM). With a 
CPLM, zebra mussels veligers can be easily distinguished from other plankton by 
the cross-hatch pattern they exhibit (Figure 6). 

 Monitoring will continue until two consecutive surveys find no veligers, and the 
reservoir bioassay records 100% mortality. 
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Figure 6. Zebra mussel veligers with the char
Microscope 
 
Long-Term - Post-Eradication Treat

 The post-eradication moni r the presumed 2-3 
month s lowered and the potash is 
applie

 The lo summer period (May – 
Augu n SJR (Veldhuizen and Janik 

PS-marked locations, and as per the 

onth, during May to August (4 separate 
 same year as the eradication treatment, and once every 
ugust (4 separate sampling periods) the following year. For 
reatment period ends in February 2012, the long term 
ligers will span a period of approximately 18 months, 

g will occur on 8 separate occasions over 2 consecutive 
summers. 

 Eradication measures are considered to be successful if no veligers are detected after 
post-eradication monitoring over 2 consecutive summers. 

Reservoir Bioassay (for Potash Treatment) 
A bioassay that allows for an assessment of post-treatment mortality of juvenile and adult 
zebra mussels placed at various depths and locations in the reservoir will be conducted. As 
such, this bioassay will allow for a more controlled tracking of the effectiveness of the 
potash treatment in the reservoir. The bioassay will compare mortality of bagged mussels 
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immersed in the reservoir immediately after potash application is completed (desired 
potash concentration is achieved), to mortality of mussels in control aquaria (at on-site 
facilities) with no potash treatment.  

Reservoir Bioassay Protocol 

 Just prior to reservoir drawdown and subsequent potash treatment, collect at least 
20,000 – 25,000 zebra mussels (stock set of mussels) from San Justo Reservoir and 
place these mussels in aquaria (300 gallon aquaria) maintained in on-site facilities.  
Out of this stock set of mussels, a total of 9,90 es will be 
needed for the reservoir bioassay test (9,000 m 00 
mussels), and an additional 3,600 viable muss est.  
Sufficient mussels should be left over in the st ortality 
and other contingencies (e.g., dispr ize class). 

 During potash application to the re ium 
concentration at various locations otassium 
in the reservoir reaches the target c  (as 
described below) that were collecte ngth 
measured with calipers); < h. While sorting into 
size-classes, check for the gaping mussels that 
do not close when the man ssels will be sorted 
into 2 testing groups, one he other group for the 
Control 

 Reservo  of each size class into mesh 
bags (1- enote which mussel sizes 
and gro ags; 30 bags for each size 

ble mussels). 

els of each size class into mesh bags that 
and group (control) they contain. Prepare a 
class (9 bags x 100 mussels per bag = a 

est bags will be deployed at 3 different depths (below 
column; just above reservoir bottom) at 10 different 
re 7), some in close proximity to the shoreline or structures 

ms, ramps, and others towards the middle of the reservoir 
(hung from buoys). Bags will be tethered to an appropriate length of rope which will 
be tied to a shoreline structure (e.g., dock), or to a buoy, depending on location. At 
each location and at each depth, 3 bags will be deployed, each containing a different 
mussel size class (3 bags near the surface, 3 bags in the middle, and 3 bags near the 
bottom = 9 bags total at each location). Location will be marked (with a GPS if 
necessary) for repeated monitoring and retrieval of the bags.   

 Control test bags will be suspended in an aquarium on site (3 bags, each of a 
different size class, near the surface, 3 bags in the middle, and 3 bags near the 
bottom) that contains untreated reservoir water, or water with 4 mg/l of potassium 
or less (approximately the background levels in San Justo Reservoir).  
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 On the day of the deployment of the bags in the reservoir and control aquaria, 100% 
of the mussels are assumed to be viable, based on the viability checks.  After 
deployment, all bags (reservoir bioassay test and control test) will be inspected every 
other day (i.e., day 0 = deployment, then monitor on day 2, 4, 6, etc.) until all 
reservoir test bags indicate 100% mussel mortality. Also note the water temperature 
and potassium concentration, every time the mussels are monitored. During the 
monitoring, all gaping and unresponsive mussels will be immersed in recovery 
aquaria containing untreated water and checked for continued non-responsiveness 
(by prodding the mantle with a probe) after a 48-h period. Non-responsive mussels 
after 48-h will be marked as dead, and mortality counts will be noted. 

 

Figure 7. Proposed approximate locations for deployment of the Reservoir Bioassay Test Bags. 
 

Divers/ROVs 
Large areas of the reservoir bottom and underwater structures can be surveyed for mussel 
mortality with the use of divers and/or underwater Remotely Operated Vehicles (ROVs) 
(USGS 2010). Groups of mussels potentially representing many size classes in a variety of 
locations and conditions in the reservoir can be checked in this manner for gaping and/or 
unresponsiveness, which are indicators of potential mortality. The use of divers has an 



Monitoring
System (D

Treatment Plan Summary f
Chemical eradication of zebra 
system (Figure 8) will be imple
Justo Reservoir. The eradicatio

 Plan for t
S) 

) may be required i
d, or if some musse

ring will continue u
rvoir bioassay recor

he Hollister C

f a good propor
ls are active an

ntil two consec
ds 100% mortal

ples of m

 mussels
tion of the m

d responsive.

utive survey
ity. 

ussels for viability 

 have closed shells,

ded musse
. 

s are condu
nd if not, e
, in genera
ed, check for unresponsive

testing i

 note it.

ls along the shor

cted. Note if 10
stimate roughly 
l, if the majority 

 ROV can be conducted one 
 the reservoir. 

sses of mussels are known to 
rveys of the reservoir, and/o

eline expose

0% of the mu
what propor
of gaping sh

ZEBRA MUSSEL MONITORING PLAN FOR SAN JUSTO RESERVOIR AND THE HOLLISTER CONDUIT AND DISTRIBUTION SYSTEM 

DRAFT_SJR AND HOLLISTER ZM MONITORING PLAN_V2  13 
COPYRIGHT 2011 BY CH2M HILL • COMPANY CONFIDENTIAL 

advantage over ROVs because divers can perform both visual (gaping) and tactile 
(unresponsiveness to prodding) checks, and bring back groups of unresponsive gaping 
mussels to on-site aquaria containing untreated water to check for continued 
unresponsiveness.  In contrast, ROVs can only offer a visual depiction of potential mortality 
(gaping mussels), but can also cover areas that may not necessarily to accessible to divers. 

Protocol for Divers/ROV 

 Inspections of the reservoir with divers and/or month 
following the completion of potash addition to

 Inspections can focus on areas where large ma exist, 
such as indicated by previous sampling and su r by 
observations of populations of stran d by 
lowering of the reservoir water level

 Note the locations where the survey ssels 
observed show a gaping response, a tion are 
showing gaping response. Also note ells 
contain tissue or not. If divers are us ness (by poking 
them?) and bring back sam n aquaria containing 
untreated water. 

 During the surveys, if some  Subsequent surveys 
(weekly ussel shells are observed to 
be close  

  Monito s find no live mussels, and 
the rese

onduit (HC) & Distribution 

or HC and DS 
mussels in the Hollister Conduit and pipeline distribution 
mented simultaneously with eradication measures in San 
n will involve dosing the Hollister Conduit and Distribution 

System with potash. Potash feed system(s) may be established at the Pacheco Bifurcation, 
and at various points in the distribution pipeline as appropriate, in the event that there is 
not enough hydraulic grade-line from San Justo Reservoir through the pipeline DS to move 
potash laden waters from SJR into the outer reaches of the DS. In such a case, said chemical 
feed system would likely consist of potash solution storage tanks and chemical feed pumps 
placed within temporary spill containment. Similar to treatment in the reservoir, the 
objective of the potash treatment will be to deliver and maintain a potassium concentration 
of 100 ppm (by volume) throughout the entire pipeline system.  
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Figure 8. Schematic of the Hollister Conduit he 4 bioboxes (1-4) being 
used to monitor for ze Sectionalizing Valve Structure, (3) 
Turnout 9L, and (4) T
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asonal (summer-fall) hypoxia treatments (after the reservoir 
c water that is low in dissolved oxygen from the SJR) – 
 one that currently contains zebra mussels.  

Biobox Monitoring Protocol – Short-term, During Treatment 

 Prior to treating the HC and DS with potash, the bioboxes should be taken offline 
and thoroughly cleaned.  

 Immediately following the treatment of the HC and DS with potash, the bioboxes are 
brought on line. 

 Monitor the bioboxes at each location once every week for new mussel settlements.  
KCl concentrations and water temperature should also be recorded each time the 
biobox is monitored.   
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 Note any new mussels that are positively identified and that have settled and 
attached to the plates/sides of the biobox.  

 After recording the findings, remove all mussels from the biobox, clean the 
plates/sides, replace plates in the biobox for subsequent monitoring the following 
week.  

 Monitor on a weekly basis throughout the entire period that the HC and DC is 
treated with kill concentrations of potash. 

Biobox Monitoring Protocol – Long-Term 

 Veliger densities and new mussel settlement  
summer months (Veldhuizen and Janik 2010) ng 
should target the summer period (M ents are 
most likely to be detected in the bio

 Monitor for new mussel settlement ing the 
first summer period (May to Octob
established for short term biobox m eatment), and again 
during the second summe treatment occurs in 
November 2011, then biob ers of 2012 and 2013).  

 Bioboxes can also be kept needed) and 
monitor gh new mussel 
settleme

 No mus reatment will indicate 
that erad

pipeline system reaches the target 
om the bioassay stock set (see reservoir 
n mussel length measured with calipers); 

15 mm length. While sorting into size-classes, check for the 
 reject any gaping mussels that do not close when the 
dull probe. These mussels will be used for the pipeline 

ussels: Sort 100 viable mussels of each size class into mesh 
bags that are marked to denote which mussel sizes they contain. Prepare a total of 36 
test bags; 12 bags for each size class (12 bags x 3 mussel size classes x 100 mussels per 
bag = a total of 3,600 viable mussels). 

 Control Test Mussels: The control test described in the Reservoir Bioassay section 
above will apply to both the reservoir bioassay and the pipeline bioassay.  

 The Pipeline Bioassay Test bags will be deployed at 3 different depths (below 
surface; middle of water column; just above the pipeline bottom) at 4 different 
locations in the pipeline system. Bags will be tethered to an appropriate length of 
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rope which will be tied to an appropriate structure at the access point of the pipeline. 
At each location and at each depth, 3 bags will be deployed, each containing a 
different mussel size class (3 bags near the surface, 3 bags in the middle, and 3 bags 
near the bottom = 9 bags total at each location). Location will be marked for repeated 
monitoring and retrieval of the bags.   

 The results of the control test for the reservoir bioassay will also apply to the pipeline 
bioassay. There, the pipeline bioassay should be set up and occur concurrently with 
the reservoir (and control) bioassay. 

 On the day of the deployment of the bags in s are 
assumed to be viable, based on the viability c ere 
bagged.  After deployment, all ba will be 
inspected every other day (i.e., da 4, 6, etc.) 
until all pipeline test bags indicat er 
temperature and potassium conc ored. 
During the monitoring, all gaping ed in 
recovery aquaria containing untr -
responsiveness (by prodding the -h period. Non-
responsive mussels after 48 ality counts will be 
noted. 

Monitoring with ROV 
 Inspect d with a ROV one month after 

comple

 Inspect n to exist in the pipeline 
system  and information available 

ternatively, an ROV 
ns would also point to areas with 
ould be focused.   

e mussels observed show a gaping 
ity of gaping shells contain tissue or not.  

e mussels have closed shells, note it. Subsequent surveys 
y be required if a good proportion of the mussel shells are 
 some mussels are active and responsive.  

 Monitoring will continue until two consecutive surveys find no live mussels, and the 
pipeline bioassay records 100% mortality. 
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