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Background on San Justo Reservoir and the SBCWD Water System 
 
San Justo Reservoir is an off-stream reservoir, impounded by an earth-fill dam built by 
the U.S. Bureau of Reclamation (USBR) in 1987. It is used primarily to even out daily 
flow during the peak-demand period of June-September. During this time a maximum 
flow of 93 cfs is received from San Luis Reservoir via the San Felipe Unit of the USBR's 
Central Valley Project (CVP), and delivered into San Benito County Water District's 
(SBCWD's) distribution system. During the night, when demand is low, up to 30 cfs is 
delivered to San Justo Reservoir through the inlet/outlet structure; during the day, when 
this water is needed to meet demand, it is released through this same structure back 
into the distribution system. At the current water level (about 485' elevation), this raises 
and lowers the water surface by about two inches. San Justo Reservoir is also used for 
recreational boating and fishing, and can serve as a temporary source of water if the 
supply from San Luis Reservoir is shut down. 
 
SBCWD's customers are mainly farmers (accounting for 86% of total use in the 2005-
2007 water years), but it also supplies water to two golf courses (4% of total use), a 
fishing pond (0.3% of total use), a cement plant, a small number of fire hydrants, and 
two water treatment plants (9% of total use) — the 3 mgd Lessalt Water Treatment 
Plant (WTP) which provides part of the drinking water supply for the City of Hollister and 
the Sunnyslope County Water District (SSCWD), and the Stonegate WTP which serves 
a community of 74 homes. There are four percolation turnouts through which water can 
be released into Pacheco Creek, Tres Pinos Creek or the San Benito River for 
groundwater recharge (accounting for 0.7% of total use in the 2005-2007 water years). 
There is also an evacuation turnout through which water can be discharged into the San 
Benito River from the reservoir and the distribution system. Agricultural uses include a 
variety of vegetable crops (lettuce, peppers, chiles, melons, celery, onions, etc.), walnut 
orchards and stock watering. Most of the water appears to be delivered to crops through 
sprinkler systems. There are a number of organic farms that use SBCWD water. 
 
Except during the summer, taking San Justo Reservoir out of service for treatment 
would likely have no significant impact on water users, as agricultural and domestic use 
are both relatively low, and Hollister and SSCWD have groundwater sources that are 
sufficient to meet non-summer domestic demand. During the summer, however, when 
agricultural and domestic demand are both high, there are daytime periods when the 
deliveries of water from San Luis Reservoir are insufficient to meet both, and the loss of 
San Justo's regulating and supply functions would lead to some restrictions on the 
daytime use of water. All of SBCWD's water users are contractually required to maintain 
alternate sources of water that they can draw on, though in practice this is not true for 
all of them. 
 
San Justo Reservoir has a drainage area of 0.74 square miles. Its normal maximum 
water surface elevation is 500', with a volume of 10,350 acre feet and a surface area of 
about 200 acres. When zebra mussels were discovered in the reservoir in January 
2008, the water surface was at 485', where it had been for the better part of a year. 
Since then it has been maintained between around 480' and 487'. 
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Structures in the reservoir consist of the dam, a dike, the inlet/outlet structure which lies 
about 75' below the current water surface, a boat ramp with a small dock, and a fishing 
dock installed in 2002. There are a few ranches in the watershed but there are no 
houses directly on the reservoir. Part of the reservoir has a plastic liner (geomembrane) 
with crushed rock laid over it. In some locations natural clay mantling, most of which is 
several meters thick, overlays sand lenses and has been relied on to prevent seepage. 
The surface of this clay may have been compacted at construction. Some material with 
a high clay content that was excavated from the foundation or borrow area was placed 
and compacted in berms at the upstream toes of the embankments or in waste areas 
within the reservoir. 
 
Prior to 2008, the California Department of Fish and Game (CDFG) had regularly 
planted the reservoir with hatchery-bred rainbow trout. Other fish in the reservoir include 
largemouth bass, channel catfish, bluegill, crappie and carp, none of which are native to 
California. An exotic crayfish (Procambarus clarki) and an exotic clam (Corbicula 
fluminea) have also been observed in the reservoir. The maximum length boat allowed 
in the reservoir was 18 feet, and only electric motors were allowed to be used. Since the 
zebra mussels were discovered, the reservoir has been closed to boating and access is 
now controlled by a locked gate and concrete barriers. SBCWD does not know of any 
rare or endangered species in the reservoir (or indeed, of any other aquatic species 
other than those listed above). The endangered red-legged frog has been found in a 
very small pond immediately below the dam. Seepage into the dam is collected in 
drains and discharged into the pond (hereafter referred to as the "seepage pond.") 
 
 
Zebra Mussels in San Justo Reservoir 
 
In January 2008, zebra mussels were discovered in the reservoir by an angler. In 
February, CDFG divers inspected the two docks and two other locations in the reservoir 
at depths of 3-21 feet. Visibility at depth was poor, but mussels were found on every 
dive at densities ranging from <1 to 66 mussels per square meter (Table 1). The 
maximum reported length was 1.5 inches. From their size and distribution, they 
appeared to have been in the reservoir for at least a couple of years. 
 
The reservoir was drawn down from 485' to 481' in late May 2008, which exposed zebra 
mussels on rocks at the shore edge. Photographs taken at this time suggested 
maximum densities of hundreds or perhaps a few thousand per square meter, with two 
distinct size cohorts, possibly representing two year classes (Figure 1). 
 
Starting in May, 2008, staff from USBR, CDFG and the California Department of Water 
Resources (CDWR)1 have conducted some biological sampling in the reservoir on a 
roughly monthly basis. This has included various types of suspended settling 
substrates, surface and vertical plankton tows to check for larval mussels (known as  
                                                
1 Including David Robinson and Carl Dealy of USBR, Mark Watson of CDFG, and Jeff Janik and Tanya 
Veldhuizen of CDWR. 
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Table 1.  San Justo Reservoir Zebra Mussel Dive Survey. Based on CDFG Diver Survey Data Sheets, 
Feb. 14, 2008. 
 

Location Dive Time 
(min) 

Depth 
(ft) 

Visibility at 
Depth (ft) 

Sampling 
Method Mussels/m2 

Fishing dock 1 12 4-12 0.5 transect 3.1 
Boat ramp dock 1 ? 3-7 ? transect 12.4 

transect 4.1 
1 33 17-21 0.5 

quadrats 66.0 
2 30 6-8 0.5 transect 0.7 

West side rocky shore 

3 32 15 0.5 transect 7.8 
1 16 12 ? transect 3.2 
2 35 9-11 ? transect 12.7 East side near access 

road 
3 ? 8-15 ? transect 18.6 

 
 
 
 
Figure 1.  Exposed Zebra Mussels at San Justo Reservoir. Photos taken by Dave Meraz, SBCWD, on 
May 27, 2008. 
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veligers), and benthic grab samplers. These revealed high levels of reproduction and 
settlement during the summer of 2008, with most veligers settling at depths to 20' and 
very little settlement at 30'. Benthic grabs found mussels on the bottom at depths above 
30' but not below. A few mussels were found attached to cement anchor blocks 
deployed on the bottom at depths down to about 50'. From their size, these mussels all 
appeared to be juvenile or adult relocators, that is, mussels that had initially settled from 
the veliger stage someplace else, and then released their byssal threads, were 
transported somehow to the anchors, and then reattached. These mussels were 
reported to have thinner, more fragile shells than mussels that were collected above 30'. 
 
 
Zebra Mussel Habitat Quality in San Justo Reservoir  
 
Substrate 
 
Zebra mussel larvae generally need hard substrates to settle on, although on soft 
bottom they can sometimes initially attach to sticks, logs, shells, plants or even on sand 
grains, and later settle on each other, eventually forming large mats (Ramcharan et al. 
1992, Mellina & Rasmussen 1994; Nichols 1996; Berkman et al. 1998). Mellina and 
Rasmussen (1994) found that the availability of hard substrate accounted for much of 
the variation in zebra mussel densities in lakes and large rivers. In San Justo Reservoir, 
the concrete structures, the docks, the crushed rock, perhaps the compacted clay 
surfaces, and any submerged vegetation would provide good substrate for zebra 
mussels. 
 
Water Quality - Surface Measurements 
 
Several water quality parameters were measured in San Justo Reservoir in March, July 
September and December 2007. Some relevant ones are shown in Table 2, along with 
limiting factors for zebra mussels as discussed below. 
 
 
Table 2.  San Justo Reservoir Water Chemistry Compared to Limiting Values for Zebra Mussels. 
Water quality data from BSK Analytical Laboratories analyses conducted for San Benito County Water 
District. Zebra mussel limiting values from various sources, see text. 
 

 San Justo Reservoir  —     Zebra Mussels     — 
Parameter Average Range Lower Limits Upper Limits 

Turbidity (NTU) 3.9 2.0-6.3  80? 
pH 8.1 7.7-8.2 6.5-7.5 9.0-9.5 
Calcium (mg/l) 24 20-26 12-28 none 
Nitrate (mg/l)a nd nd 0.009  ? 
Potassium (mg/l) 3.4 3.3-3.6 0.4-4 30 
a Detection limit of 2 mg/l. 
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In an analysis of factors distinguishing 30 lakes with and without zebra mussels, Strayer 
(1991) found that water transparency was a minor factor, with mussels being 
uncommon in lakes with Secchi disk depths less than 1 meter. However, zebra mussels 
occur in parts of the Mississippi River with >80 NTU (Doll 1997). The turbidities reported 
in San Justo Reservoir appear unlikely to limit zebra mussels. 
 
Researchers have used or recommended pH limits between 6.5-7.5 and 9.0-9.5 to 
assess the suitability of waters for zebra mussels (Cohen 2005, 2008) and the pH levels 
reported from San Justo Reservoir fall within this range. 
 
Most researchers  have used or recommended minimum calcium concentrations 
between 12 mg/L and 28 mg/l to assess the suitability of waters for zebra mussels, 
though a few studies have used substantially lower threshold values (Cohen and 
Weinstein 2001; Cohen 2005, 2008). Sprung (1987) found that zebra mussel larvae 
developed more successfully as calcium concentrations increased between 12 and 40 
mg/l. The calcium levels of 20-26 mg/l reported in San Justo Reservoir are below the 
28.3 mg/l reported by Ramcharan et al. (1992) as a minimum threshold for long-term 
maintenance of populations in European lakes, about the same as the threshold value  
of 25.4 mg/l reported by Karatayev (1995) for Belarussan lakes, and above the 
thresholds reported by other studies (e.g. a 20 mg/l threshold reported by Strayer 
(1991) for European lakes, and thresholds of 8.5-15 mg/l reported by various studies of 
North American waters) (see Cohen  and Weinstein 2001, and Cohen 2008 for detailed 
discussions of this issue). It thus seems likely that calcium levels in the reservoir will 
provide only little or no constraint on the growth of zebra mussel populations. 
 
In general, zebra mussels do best in waters with moderate levels of nutrients, with 
mussels being absent, or present only at low densities, in eutrophic and oligotrophic 
waters (Cohen 2005 and references therein). High nutrient levels could result in impacts 
on zebra mussels by depleting oxygen or by promoting dense algal growth that clog 
their gills (Strayer 1991; Ramcharan et al. 1992). Doll also reported that zebra mussels 
are usually not found in waters with nitrate concentrations below 0.009 mg/L. Nitrate 
levels in San Justo Reservoir were below the detection limit of 2 mg/L. It's thus unclear 
how the reservoir's nitrate levels relate to the zebra mussel's reported environmental 
needs. 
 
Doll (1997) reported that zebra mussels are generally not found in waters with 
potassium concentrations greater than 30 mg/l. Vinogradov et al. (1993) reported that 
zebra mussels are adapted to waters with low potassium levels, and have equilibrium 
concentrations (where uptake = loss) determined in laboratory assays ranging from 
about 0.4-4 mg/l. These laboratory results suggest that the low potassium 
concentrations of 3.3-3.6 reported in San Justo Reservoir could be somewhat stressful 
to the mussels, although substantial zebra mussel populations have been reported from 
some waters with less than 3 mg/l of potassium. 
 
Apparently no agency or researcher measured temperatures in the reservoir prior to 
2008. Temperatures for 2006-07 were compiled from the fishing reports at 
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WesternBass.com, which are probably all near-surface measurements, along with the 
temperatures recorded by CDFG divers in February 2008 (Figure 2).  
 
 
Figure 2.  San Justo Reservoir Water Temperatures. Jan. 2006-Nov. 2007 temperatures were 
compiled from fishing reports at WesternBass.com; the most recent temperatures were taken by CDFG 
divers on Feb. 14, 2008. 

 
 
Various studies report the minimum temperatures required for adult growth of zebra 
mussels at 10-12°C, and report that spawning normally starts when the water warms up 
to about 12°C, with some limited spawning at 10°C and peak spawning at 12-18°C  
(Sprung 1993; Ram et al. 1996; Cohen 2005, 2008); however Nichols (1996) reports 
that spawning starts in some areas when the water reaches higher temperatures of 16-
22°C. Larval development is said to be possible at 12-24°C and optimal at around 17-
18°C (Baker et al. 1993). Upper temperature limits (short-term lethal temperatures for 
adults or larvae) have been reported between 26 and 33°C, with most workers 
concluding that upper limits for establishing and maintaining a population are around 
30-32°C (Cohen 2005, 2008). 
 
In San Justo Reservoir the temperatures barely dipped below 12° C, the usual minimum 
temperature for significant zebra mussel spawning, in late January to early February of 
2006. In the winter of 2006/07 temperatures remained below the normal spawning 
threshold of 12°C from mid-December to around the end of February. Temperatures in 
winter 2007/08 appear to resemble those of the previous winter, so the surface 
temperature probably reached 12°C around March 1. In the two previous years waters 
remained optimal for spawning (based on literature reports) at least through May or 
June. Summer water temperatures appear to be good for adult growth, and never 
approach lethal temperatures.  
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Overall, the environmental variables measured prior to 2008 suggest that San Justo 
Reservoir offers good habitat for zebra mussels, although calcium or potassium may be 
slightly suboptimal. 
 
Water Quality - Depth Measurements and Stratification 
 
Since June 2008, CDWR and CDFG have occasionally measured temperature and 
dissolved oxygen down through the water column to a depth of around 42'. CDWR also 
measured pH, specific conductance and turbidity. These measurements have shown 
strong thermal stratification, with warm water close to the surface  and cold water below 
(≈22-23°C at the surface and ≈12-14°C near the bottom in June and July). The sharpest 
drop in temperature occurred between about 15-30', a transition zone known as the 
thermocline. Dissolved oxygen also dropped dramatically below the thermocline. In 
CDWR's June 11 measurements, oxygen concentrations dropped from 10 mg/l above 
15', to 0.1-0.3 mg/l below 30'. In CDFG's July 2 measurements, oxygen dropped from 
9.5 mg/l above 15', to about 2.5 mg/l below 30'. Studies report that zebra mussels die in 
3-6 days in anoxic conditions (Baker et al. 1993), and that they require at least 1.5-3.0 
mg/l, or possibly a bit more, to support populations (Cohen 2008). Recent 
measurements in the reservoir thus suggest that oxygen concentrations below the 
thermocline are marginal or lethal for zebra mussels. CDWR's June 11 measurements 
also showed pH dropping from around 9 at the surface to 7.5 at 42'. Some researchers 
have reported that a pH of at least 7.5 is needed to support the growth of adult zebra 
mussels (Baker et al. 1993), but others have reported that lower pH limits for zebra 
mussels lie between 6.5 and 7.5 (reviewed in Cohen 2005, 2008). As described above, 
the sampling conducted to date has found zebra mussels to be absent below 30' except 
for a small number of relocated, thin-shelled mussels attached to anchor blocks. All-in-
all, these data suggest limited survival and probably no effective reproduction below the 
thermocline. 
 
Water operations, however, complicate the picture of reservoir stratification, since at 
San Justo water is put into the reservoir and withdrawn through an inlet-outlet structure 
near the bottom of the deepest part of the reservoir. During the peak use period of 
June-Sept, water is let in at night and is withdrawn during the day at a rate of up to 30 
cfs. The water going in may have a higher oxygen concentration than the levels that the 
agencies measured below the thermocline, and may be at a different temperature than 
the surrounding water at the inlet/outlet structure. If it's warmer than the surrounding 
water, it'll tend to rise until it reaches water of the same temperature. This could pump 
oxygen into the lower portion of the reservoir — oxygenated, warmer water coming in at 
night and rising to form a higher-oxygen-concentration lens at some elevation, while 
colder anoxic water settles to the level of the outlet to be withdrawn from the reservoir 
during the day. If, for example, 30 cfs of water was let in for 12 hours one night and rose 
to an elevation of around 435' (i.e. ≈15' above the inlet-outlet structure and ≈50' below 
the current surface), it would initially form a lens about 5" thick. Over a period of weeks 
to months, depending on the oxygen concentration of the incoming water, that rate of 
nightly water input could inject a considerable amount of oxygen into the lower depths of 
the reservoir.  
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In any event, at some point during the fall or winter the surface water will cool down to 
the point where the water destratifies. CDWR's June 11 depth profile shows a 
temperature of 16.4°C at 30' (the apparent bottom of the thermocline), and data for 
2006 and 2007 compiled from fishing reports show the surface water reaching that 
temperature in 2006 around the beginning of November, when there was a sudden drop 
from 17.8°C on Oct. 29 to 14.4°C on Nov. 4 that might indicate turnover. The 2007 data 
are too sparse to reveal a sudden drop in temperature, but the temperature didn't reach 
16.4°C until sometime after Nov. 18. Once the reservoir destratifies, temperature and 
relatively high oxygen levels should be roughly consistent throughout the water column. 
Minimum surface temperatures of ≈12°C were reached between mid-January and early 
February in 2006, and reached ≈9°C around Feb. 1 in 2007. During the spring, the 
surface water warms and the reservoir stratifies again. At first, oxygen concentrations at 
depths below the thermocline should be fine for zebra mussels. At some point, however, 
the surface waters may warm sufficiently to produce a large phytoplankton bloom, the 
phytoplankton die and sink to the bottom, their decomposition uses up oxygen, and the 
bottom waters become hypoxic. Since zebra mussels can spawn at temperatures above 
10-12°C, it appears that live veligers could be present at the inlet-outlet structure at 
least from destratification (which in some years may occur at least as early as the 
beginning of November) through most or all of the winter, through stratification (which in 
some years may occur at least some time after mid-February) and afterward until algal 
blooms and decomposition reduce the oxygen concentrations below the thermocline to 
a level that inhibits spawning or kills mussels. 
 
 
Main Eradication Approach 
 
A variety of approaches for eradicating zebra mussels from San Justo Reservoir were 
considered (below and Appendix B). The most attractive approach in terms of 
effectiveness involves some combination of drawing down the water level in the 
reservoir and treating the water in the reservoir with potassium at a concentration of 100 
mg/l, applied as a solution of muriate of potash. (Muriate of potash is the name used, for 
historic reasons, for mined potash, and will hereafter be referred to simply as "potash". 
It consists almost entirely of potassium chloride, which typically accounts for 99.8% of 
the potash by weight, with the rest being primarily sodium chloride. Potash is routinely 
used as a fertilizer.) Drawing down the reservoir reduces the volume of water to be 
treated, reduces the quantity of potash to be transported to and injected into the water, 
reduces the number or size of the storage tanks and the amount of equipment needed 
to inject the potash into the water, and reduces the overall cost. On the other hand, 
drawing down the reservoir increases the risk of slumping or other geotechnical 
problems occurring, increases the potential for undesirable reductions or loss of water 
pressure or supply for some water users, and probably increases the impact on non-
bivalve aquatic organisms in the reservoir (since the evidence indicates that only 
bivalves will be affected by potassium applied at the planned dosage, any impacts to 
other aquatic organisms will result from drawing down the reservoir). Both these 
benefits and these impacts increase with further lowering of the reservoir. The preferred 
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project alternative is to draw the reservoir down to an elevation between 420' and 450' 
and treat the remaining water volume with potash. We describe three alternatives here: 
(1) the preferred alternative: draw down and treat the reservoir with potash at an 
elevation between 420' and 450'; (2) treat the reservoir with potash at its current 
elevation of about 485'; and (3) drain and pump the reservoir dry. We discuss other 
approaches including the use of other biocides in Appendix B. 
 
 
Background on Potassium Treatment  
 
Fisher et al. (1991) and Fisher (1991) recounted how the toxicity of potassium to zebra 
mussels was accidentally discovered during an effort to devise standard protocols for 
testing molluscicides on zebra mussels. Pilot tests were conducted in standard 
reference water prescribed by USEPA (1975), but were aborted when all of the mussels 
in standard reference water died within 6-24 hours, even though the mussels survived in 
tap and distilled water. A systematic search first ruled out contaminated reagents and 
errors in mixing, and then proceeded by sequentially adding the individual ingredients of 
the standard reference water formulation to distilled water and monitoring mussel 
survival. No mortality was observed until the addition of the final ingredient, a 
monobasic potassium phosphate buffer (KH2PO4), which again killed all the mussels 
within 6-14 hours. Subsequent tests showed that potassium was the active ingredient. 
Studies since then have found potassium administered as potassium chloride to be an 
effective biocide for zebra mussels, with little impact on nontarget organisms (except for 
some other clam species) at concentrations that killed zebra mussels (e.g. Fisher et al. 
1991; Waller et al. 1993; Aquatic Sciences 1996, 1997). Waller et al. (1993) found 
potassium chloride to have the most selective effect on zebra mussels relative to other 
organisms out of 18 biocides they tested. 
 
The treatment approach discussed here — the application of potash to produce a 
potassium concentration of 100 mg/l — was used in the only known effort to eradicate 
either zebra or quagga mussels from open waters.2 This was at Millbrook Quarry, a 12-
acre quarry pond in Virginia, in 2006. It was deemed to be completely successful, with 
the elimination of zebra mussels, no observed impact to other organisms in the quarry, 
and no contamination of or impact on nearby surface waters or groundwater. The quarry 
pond was subsequently re-opened to its normal recreational uses of scuba diving and 
scuba diving instruction (Brian Watson, Virginia Department of Game and Inland 
Fisheries, pers. comm.). We used the Millbrook Quarry eradication as the model for 
developing the methods and estimating the costs of treatment at San Justo Reservoir. 
 
At the time of its treatment, Millbrook Quarry was 95 feet deep and contained an 
estimated 614 acre-feet (AF) (200 million gallons) of water (Aquatic Sciences 2006). 
Animal life in the quarry included largemouth bass and other sunfish, catfish, turtles and 
crayfish (USFWS 2005), many of the same types of organisms that occur in San Justo 
reservoir. The Virginia Department of Game and Inland Fisheries (Virginia DGIF) issued 
                                                
2 It is possible that some small ponds have been either drained or treated with biocides to kill zebra or 
quagga mussels, but we have not found any reference to this in any literature. 
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an RFP for eradication in November 2004, and received three proposals: for treatment 
with potash, for treatment with the molluscicide Clamtrol (Spectrus CT-1300), and for 
treatment with carbon dioxide. The proposal for treatment with potash, submitted by 
Aquatic Sciences Inc., was selected in July 2005 and a contract was signed in August 
2005 (USFWS 2005).  
 
The treatment was conducted in January to May 2006 (Table 3). It took 6 days to 
mobilize and stage the equipment, which included two 23,250-liter (6,140-gallon) 
storage tanks set up within a spill containment dike, chemical dosing equipment, a 
gasoline-powered portable generator, fuel, and personnel and office facilities. From the 
storage tanks, potash solution was gravity-fed and booster-pumped through a 3.2-cm-
diameter PVC sectional supply line, up to 365 meters long, supported by flotation from 
the shore out to a boat outfitted with a diffuser assembly. This assembly consisted of a 
3-meter-long horizontal tube with 3-meter-long perforated flexible hoses suspended 
from it with capped and weighted ends. Sampling showed that there was no thermocline 
and that was occurring throughout the water column, so all applications were made at 
the surface (initial plans had included injecting the potash solution at various depths by 
lowering the diffuser assembly). Areas too shallow for the boat were treated by spraying 
them with solution through a fire-hose nozzle.  
 
It took 18 days to add 144 tons3 of potash, delivered to the site in 174,000 gallons of 
solution (two tank truck loads per day), which resulted in an average potassium 
concentration in the quarry of 104 mg/L (range of 98-115 mg/L). Bioassays (consisting 
of 81 bags of 100 zebra mussels each hung at different locations and depths) were 
initiated 42 days later. An ROV inspection 53 days after the potash addition had been 
completed (77 days after the start of the eradication) found only empty shells of mussels 
in the quarry, with no soft tissues; but reported a "thriving" population of largemouth 
bass and bluegill. Thirty-two days after the bioassays were initiated (74 days after the 
potash was added and 98 days after the start of the eradication), all the mussels in the 
bioassay bags were dead (Aquatic Sciences 2006).4 Virginia DGIF conducted its own 
examination of over a thousand mussels scraped from rocks around the shore and 
scuba surveys and found no live mussels; but reported that fish, turtles, aquatic insects 
and pulmonate snails in the quarry appeared unharmed 
(http://www.dgif.state.va.us/zebramussels; Brian Watson, Virginia DGIF, pers. comm.). 
The quarry was re-opened to recreational diving 102 days after the start of the 
eradication.  
 
 
 
 
 
 
 
                                                
3 Quantities of potassium, potash and potash solution are given in short tons (=2,000 pounds), as these 
are the units normally used in price quotes. 1 short ton equals 0.9072 metric tons. 
4 Some delays in these procedures resulted from personnel leaving the area for weeks at a time. 
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Table 3.  Millbrook Quarry Eradication, January 25-May 6, 2006. From Aquatic Sciences 2006. 
 

Date Activity 

Jan 25 Mobilization and staging of equipment initiated. 
Jan 27 Water temperatures averaged 6°C throughout the water column. 
Jan 30 Potassium concentrations ranged 2.3-2.6 mg/L (natural levels). 
Jan 31 Staging of equipment completed. Addition of potash initiated. 
Feb 5 Potassium concentrations averaged 31 mg/L, ranged 21-41 mg/L. 
Feb 7 Potassium concentrations averaged 44 mg/L, ranged 38-59 mg/L. 
Feb 11 Potassium concentrations averaged 69 mg/L, ranged 59-116 mg/L. 
Feb 17 Addition of potash completed. 
Feb 18 Potassium concentrations averaged 104 mg/L, ranged 98-115 mg/L. 
Feb 22 Personnel departed the site. 
Mar 30 Personnel returned to the site. 
Apr 1 Bioassay bags deployed. Potassium concentrations averaged 112 mg/L, ranged 99-121 

mg/L. Water temperatures averaged 8.5°C. 
Apr 4-10 ≤30% mortality in bioassay pulls (10 mussels/bag), with many showing no mortality. 
Apr 11 Inspection by ROV found no live resident zebra mussels. 
Apr 17 100% mortality in 26 of 81 bioassay pulls, >50% mortality in 24, but no mortality in some. 
Apr 20 Potassium concentrations ranged 92-120 mg/L. Water temperatures averaged 10.6°C. 

Bioassay control abandoned. Personnel departed the site. 
May 2-4 Personnel returned to the site. Potassium concentrations averaged 101 mg/L, ranged 93-112 

mg/L. Water temperatures averaged 13.5°C. 100% mortality of zebra mussels observed in all 
bioassays. 

May 5 Personnel departed the site. 
May 6 Quarry re-opened to recreational diving and diving instruction. 
 
 
Most of the available laboratory data on the toxicity of potassium chloride to zebra 
mussels are based on short term studies (Table 4). Most involved exposures of less 
than 48 hours; the longest were conducted with exposures of up to 7 days, with 
responses extrapolated up to 12 days. Despite the short exposures, a few things are 
clear from these data:  

• Within any one study at a given concentration, toxicity increases with temperature.5 
• Within any one study at a given temperature, the concentration needed to produce 

a particular response (e.g. 50% or 100% mortality) declines as the exposure time 
increases. 

• Within any one study at a given temperature and concentration, the response is 
smaller for later life stages or larger mussels, though the effect is generally small. 

 
 

                                                
5 Fisher et al. (1991) note that zebra mussels are generally more sensitive to molluscicides at higher 
temperatures. 
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Table 4.  Laboratory Data on Potassium Chloride Toxicity in Zebra Mussels. 
 

Temper-
ature (°C) 

[K+] 
(mg/L) 

Time 
(hrs) 

Life Stage 
or Size 

Recovery 
Time (hrs) Mortality Source 

? 124 ? D-shell veligers  50% Fisher et al. 1993 
? 198 ? plantigrade  50% Fisher et al. 1993 
? 72 24   50% Snyder et al. 1992 
? 50 48   100% McMahon et al. 1994 

0-5 100 228  48 50% Van Benschoten et al. 1992 
0-5 100 335  48 95% Van Benschoten et al. 1992 
2-4 100 193   23% Van Benschoten et al. 1994 
10 336 24  24 100% O’Donnell et al. 1996 

10-12 100 170   46% Van Benschoten et al. 1994 
10-12 100 283   95% Van Benschoten et al. 1994 
10-15 100 165  48 95% Van Benschoten et al. 1992 

12 9,210 3  96 50% Wildridge et al. 1998 
12 8,130 6  96 50% Wildridge et al. 1998 
12 5,520 12  96 50% Wildridge et al. 1998 
12 3,460 24  96 50% Wildridge et al. 1998 

12-14 100 165   95% Van Benschoten et al. 1994 
13-17 100 113   95% Van Benschoten et al. 1994 

15 100 146   100% Van Benschoten et al. 1994 
17 5,244 6 juveniles  97.0% Waller and Fisher 1998 
17 1,311 24 veligers  100% Waller and Fisher 1998 
17 1,311 24 juveniles  95.9% Waller and Fisher 1998 
17 77 48 5-8 mm 48 50% Waller et al. 1993 
17 79 48 20-25 mm 48 50% Waller et al. 1993 

18-22 393 3 young veligers  100% Edwards et al. 2000 
18-22 3146 3 old veligers  60% Edwards et al. 2000 

20 72 24  24 50% Fisher et al. 1991 
20-21 100 56   95% Van Benschoten et al. 1994 
20-23 100 48  48 92% Van Benschoten et al. 1992 
20-23 75 48  48 53% Van Benschoten et al. 1992 
20-23 50 48  48 20% Van Benschoten et al. 1992 
20-25 100 42  48 95% Van Benschoten et al. 1992 
20-25 20 52 ≤15 mm  73% Aquatic Sciences 1996 
20-25 30 52 ≤15 mm  91% Aquatic Sciences 1996 
20-25 40 25 ≤15 mm  100% Aquatic Sciences 1996 
≈21? 84 24 15-20 mm  50% Ram et al. 1993 

22 3,800 3  96 50% Wildridge et al. 1998 
22 2,800 6  96 50% Wildridge et al. 1998 
22 157 12   little/no Aldridge et al. 2006 
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Temper-
ature (°C) 

[K+] 
(mg/L) 

Time 
(hrs) 

Life Stage 
or Size 

Recovery 
Time (hrs) Mortality Source 

22 1,045 12  96 50% Wildridge et al. 1998 
22 400 24  96 50% Wildridge et al. 1998 

22-24 100 33   95% Van Benschoten et al. 1994 
22-25 157-314 24 7-23 mm 120 <10% Khalanski 1993 
22-25 157 24 7-23 mm 0 100% Khalanski 1993 
22-25 210 48 7-23 mm 0 50-80% Khalanski 1993 
22-25 314 48 7-23 mm 120 100% Khalanski 1993 
24-26 100 22   95% Van Benschoten et al. 1994 

25 100 18   84% Van Benschoten et al. 1994 
 
 
The results, however, can vary widely between studies. One important factor is the 
length of the recovery period, that is, the amount of time the mussel is left in clean water 
after exposure to potassium chloride and before it is tested for mortality, which is 
generally done by poking its mantle (soft tissue) with a blunt probe and seeing if it 
responds. Wildridge et al. (1998) tested mussels for mortality after 24, 48, 72 and 96 
hours of recovery, and found that at each lengthening of the recovery period, a 
significant fraction of the mussels scored as dead after a shorter period were scored as 
alive after a longer period. This is consistent with Van Benschoten et al.'s (1992) 
observations that "KCl appear to 'paralyze' the mussels at concentrations above about 
100 mg/L (as K+). The mussel's siphons remain extended even when probed and 
surprisingly many mussels in this condition were able to recover when they are placed 
in fresh water." Since most studies were done with no recovery time, 24 hours recovery 
time, or an unstated recovery time, and a few with 48 or 96 hours of recovery time, this 
could account for some of the large differences in results between studies. However, it 
also suggests that none of the specific results from these laboratory studies are valid, 
since recovery was still occurring at up to 96 hours, nearly the longest recovery period 
reported in any of the studies. 
 
 
Operating Assumptions 
 
We made the following assumptions to estimate the draw-down and treatment schedule 
for the three alternatives discussed here: 
 
(1) Draw-down will be achieved entirely by supplying water to customers or for 
percolation use. No water will be lost or wasted. During the draw-down period, water 
that SBCWD would normally have received from San Luis Reservoir to supply its 
customers will instead be held in that reservoir or elsewhere in the CVP system, while 
SBCWD customers are supplied from San Justo Reservoir; then, during the refilling 
period, the water that  SBCWD did not receive earlier will be transferred from the CVP 
to San Justo Reservoir. 
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(2) To minimize geotechnical risks, the draw-down rate will not exceed 1 foot per day. 
 
(3) Monthly water use is assumed to equal the mean monthly use for the corresponding 
month during the 2005-2007 water years (March 1, 2005 to Feb. 29, 2008, with each 
water year running from March to February) for each of the three reaches in SBCWD's 
distribution system; except that we assume that when San Justo Reservoir water is 
supplied to Reach 2 during draw-down, the Lessalt WTP will stop taking SBCWD water. 
Percolation is limited to a maximum of 20 acre-feet/day and a total of 2,500 acre-feet 
during the 2009 water year. 
 
(4) The reservoir will be kept at or above 450' through Sept. 30, the end of the peak 
demand period. 
 
(5) Injection of potash will not start until October 1. This is after the peak demand 
period, so potash injection occurs during a period when the reservoir is not needed for 
daily flow regulation and it can be isolated from the SBCWD distribution system. 
 
(6) Treatment will be at a target dose of 100 mg/l of potassium, administered as 
potassium chloride in the form of potash, delivered to the site in solution. This dose is 
expected to be lethal to zebra mussels and other clam species but to have no impact on 
other organisms.6 
 
(7) To minimize geotechnical risks, the refill rate will not exceed 1 foot per day. 
 
(8) Refilling will be completed before March 1, 2010. This means that the entire 
eradication will be completed within the 2009 water year with the reservoir returned to 
its current water level, and thus will not require any modification or adjustment of the 
SBCWD-CVP contract. 
 
The treatment schedule is described here for the 2009 water year (March 1, 2009 to 
February 30, 2010). If drought restrictions or other factors make it impossible to conduct 
or complete the treatment in that year, the same annual schedule could be applied in 
2010 or a later water year. 
 
For all three alternatives, the following four activities will take place before, during or 
after the project. The project will coordinate with these activities but are not themselves 
part of the project. 
 
(1) Prior to the project, SBCWD will draw down the reservoir to a level that may be as 
low as the minimum level to which it has historically operated the reservoir, 435'. Draw-
down from a presumed initial level of 485' down to a level as low as 435' is included in 
the estimated draw-down schedule, but only draw-down that takes the reservoir below 
435' is actually part of the project. 
                                                
6 As noted above, the only other clam known to occur in San Justo Reservoir, or that is likely to occur 
based on habitat requirements, is another exotic species, the Asian clam Corbicula fluminea, which is 
generally considered to be a pest species. 
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(2) After to the project, SBCWD will refill the reservoir from a level that may be as low as 
435' up to its current level of around 485'. This refilling is included in the analysis of the 
refill schedule, but only refill that occurs up to a reservoir level of 435' is actually part of 
the project. 
 
(3) During the period when San Justo Reservoir is being treated with potash or is 
emptied for drying, and the inlet/outlet valve is closed to isolate the reservoir from the 
SBCWD distribution system, SBCWD will treat its distribution system to kill or remove 
any zebra mussels that may have settled there, before the valve between the reservoir 
and the distribution system is opened. The distribution system components that will be 
treated consist of a network of pipes, valves and associated structures, and do not 
include any surface waters. The independent, simultaneous treatment of the reservoir 
and the SBCWD distribution system will eliminate the possibility of the distribution 
system re-contaminating the reservoir or vice versa. SBCWD will consult with other 
water supply systems in the U.S., including the Metropolitan Water District of Southern 
California, that have substantial experience in treating distribution systems to kill and 
remove dreissenid mussels, to develop an appropriate treatment plan.  
 
(4) San Benito County and SBCWD will determine whether and under what conditions 
to reopen the reservoir to recreational use after the eradication effort is completed, 
along with any measures to be taken to prevent future introductions of zebra or quagga 
mussels. Any post-eradication fish re-stocking in the reservoir will depend upon this 
determination. 
 
 
Alternative 1. Draw Down and Treat with Potash (the Preferred Alternative) 
 
Overview 
 
In the preferred project alternative, San Justo Reservoir will be drawn down to a surface 
elevation between 420 and 450 feet.7 The inlet/outlet valve connecting the reservoir to 
the SBCWD distribution system will then be closed, and the reservoir's entire water 
column infused with potassium by injecting 120-600 metric tons (depending on the 
treatment elevation) of potash solution. The solution will be purchased from an 
agricultural supply company, delivered in tank trucks and pumped into storage tanks set 
up on the shore of the reservoir. The solution will be gravity-fed and pumped through 
floating supply lines to work boats outfitted with diffuser assemblies. Injection will occur 
within zones and at depths determined by the need to fully mix the solution throughout 
the reservoir to achieve a concentration of approximately 100 mg/l of potassium. 
Potassium concentrations will be monitored at various sites and depths during the 
"charging" of the reservoir. 
 

                                                
7 As noted above, draw-down as far as 435' would be conducted as part of normal water operations prior 
to the start of the project. 
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The exact mode of action by potassium on mussels is unknown, but evidence suggests 
that potassium kills mussels by interfering with the mussels’ ability to transfer oxygen 
across gill tissue, resulting in asphyxia. At the range of temperatures expected in the 
reservoir, 7-43 days exposure to a concentration of 100 mg/l of potassium should be 
sufficient to kill all of the zebra mussels in the reservoir. Mortality will be confirmed by a 
bioassay of zebra mussels placed in the reservoir for this purpose, and by sampling 
and/or observation of resident zebra mussels by benthic samplers, scuba divers or 
ROV. 
 
At the maximum treatment concentrations, potassium would pose no human health 
risks from ingestion or contact, nor will it harm any non-bivalve aquatic wildlife, 
vegetation, or terrestrial wildlife inhabiting or using the reservoir; the reservoir water will 
meet EPA primary and secondary drinking water standards for both potassium and 
chloride; and a liter of the water will contain a fraction of the National Academy of 
Sciences recommended daily intake of potassium and chloride (≈2% of recommended 
minimum adult daily intake of potassium and <9% of recommended minimum adult daily 
intake of chloride) (NAS 2005). Potash is classified as a natural (nonsynthetic) 
substance by the federal National Organic Program Act (Code of Federal Regulations 
Title 7, Part 205), and use of the water on crops would be fully consistent with the 
National Organic Program. 
 
During the period when the inlet/outlet valve is closed and the reservoir is being treated 
with potash, SBCWD will treat its distribution system to kill or remove any zebra 
mussels that may have settled there. The distribution system components that will be 
treated consist of a network of pipes, valves and associated structures, and do not 
include any surface waters. The independent, simultaneous treatment of the reservoir 
and the SBCWD distribution system will eliminate the possibility of the distribution 
system re-contaminating the reservoir or vice versa. 
 
After the exposure period is completed and 100% zebra mussel mortality is confirmed, 
and the distribution system has been treated, the inlet/outlet valve will be opened and 
the reservoir will be refilled to a surface elevation of 485' before water is supplied from 
the reservoir to any agricultural, industrial or domestic users. This will significantly dilute 
the potassium and chloride concentrations in the reservoir, and subsequent normal use 
of the reservoir will gradually reduce concentrations to background levels. 
 
Endangered red-legged frogs have been observed in a pond at the base of the dam that 
receives seepage water from the dam via a system of drains and an outlet pipe. Other 
than the seepage water, the pond has no direct connection to the reservoir. During the 
period of reservoir draw-down, treatment, and reservoir refilling, the seepage water 
received by the pond via the outlet pipe will be replaced by an alternate supply of clean 
water delivered at the same average rate of flow. 
 
Little land disturbance will be required, as the staging area and setup can occur within 
the historically and currently disturbed uplands immediately surrounding the reservoir. 
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Of the above-described actions, drawing down the reservoir below the lowest level to 
which it has historically operated (435' surface elevation), providing an alternate supply 
of clean water to the seepage pond, infusing the reservoir with potash to achieve the 
target treatment concentration, monitoring for zebra mussel mortality during the infusion 
and treatment period, and refilling the reservoir up to the historic minimum operating 
level are considered to be elements of the proposed project for NEPA and CEQA 
analysis. Drawing down or refilling the reservoir at levels at or above the historic 
minimum operating level, and treating the distribution system to control an infestation by 
a noxious organism are normal activities of a water agency, and are not considered 
elements of the proposed project, though the project will coordinate with these activities. 
 
Treatment at 450' 
 
Appendix C shows schedules for reservoir draw-down to 450' and 420', based on the 
assumptions listed above. SBCWD monthly water use in water years 2005-2007 
(Appendix D) was used to estimate use in the 2009 water year. Historically, whenever 
San Justo Reservoir water was supplied to Reach 2 the Lessalt WTP shut down due to 
water quality concerns, and Hollister and SSCWD relied on other water sources. This 
assumption is incorporated in the schedules in Appendix C.  
 
With these assumptions, to reach a target surface elevation of 450', reservoir draw-
down would start on August 14 and reach 450' on September 30, in 48 days. The 
Lessalt WTP would remain off-line during this period, and no water would be discharged 
through the percolation turnouts. In this scenario, draw-down would be achieved by 
closing the valve at the bifurcation structure (where SBCWD receives its CVP allotment 
from San Luis Reservoir) and supplying all SBCWD customer demand from San Justo 
Reservoir. This would draw down the reservoir at a rate between 0.6 and 0.9 feet/day, 
depending on the reservoir elevation and variation in projected demand. 
 
At the end of draw-down on Sept. 30, an estimated 2,638 acre-feet of water would 
remain in the reservoir (Table 5). Current potassium concentrations are about 3 mg/L 
(Table 2). To raise concentrations to the target dose of 100 mg/L would require 347 tons 
of potassium, or 661 thousand gallons of potash solution, to raise the potassium 
concentration to 100 mg/L (Table 5). At 10 truckloads per day this would take about 13 
days to deliver if weekend deliveries can be accommodated, and about 17 days if not. 
With appropriate equipment and staff, potash delivered each morning can be injected 
into the reservoir the same day, so that no potash is stored on site overnight or over 
weekends.8 With 10 truckloads per day this would require 5 sets of storage tanks 
comparable to those used in the Millbrook Quarry eradication, supplying potash solution 
to 5 boats outfitted with diffuser assemblies. If the staging of the storage tanks and 
equipment is completed prior to Oct. 1 and potash delivery and injection is started 
immediately, potash application and mixing through the water column could be 
completed by around mid-October.  
 

                                                
8 This was the procedure at Millbrook Quarry. 
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Table 5.  San Justo Reservoir and Millbrook Quarry: Physical Characteristics and Treatment 
Quantities. Based on target dose of 100 mg/l. One truckload = 5,000 gallons. 
 

 Physical Characteristics —     —     —   Treatment   —     —     — 
—     —   Potash   —     — Water 

Body 
Surface 

Elevation Depth Area Volume  Potassium 
Dry Solution 

 (ft) (ft) (ac) (AF) (tons) (tons) (tons) (gallons) 
Truck 
loads 

485 96 175 7,443 978 1,868 9,654 1,866,000 374 
450 61 99 2,638 347 662 3,422 661,000 133 San Justo 

Reservoir 
420 21 43 525 69 132 681 132,000 27 

Millbrook Quarry 95 12 614 – 144 – 174,000 35 
 
 
At Millbrook Quarry, at water temperatures ranging from 6 to 13.5°C, 100% of the 
bioassay mussels were killed after 16-31 days of exposure. 100% mortality was 
observed in resident mussels 53 days after the potash addition was completed, but 
apparently occurred sometime earlier, as all soft tissue was gone by the time of 
observation. Both the 31-day and 53-day periods are probably overestimates of the time 
needed to achieve 100% mortality, because of the lack of regular observations in the 
weeks before. Surface water temperatures in San Justo Reservoir ranged from around 
19°C to 14°C in October and November of 2006 and 2007 (Fig. 1), about 5-8°C warmer 
than at Millbrook Quarry. In laboratory studies, a 3-5°C increase in temperature reduced 
the exposure time needed for 100 mg/l of potassium to kill zebra mussels by 60% 
(Aquatic Sciences 1996). If the same reduction holds in the field, then 100% mortality 
would be achieved at San Justo in about 6-12 days (based on the Millbrook bioassays) 
or in 21 days (based on observations of dead resident mussels) after potash addition.9 
The entire treatment phase could thus be completed within 19-38 days from Oct. 1 (13-
17 days for potash delivery and application, and 6-21 days of exposure to kill the 
mussels).  
 
Refilling would start once it had been determined that all the zebra mussels have been 
killed. To minimize the risk of geotechnical problems, refilling will be limited to 1 foot of 
rise in surface elevation per day. The surface elevation will reach 485' in 36 days10 and 
thus could be completed by 55-74 days after Oct. 1, or sometime between Nov. 24, and 
Dec. 13, 2009. Since the goal is to complete refilling by the end of the water year on 
Feb. 28, 2010, this schedule leaves a margin of over 2-3 months for dealing with any 
unforeseen circumstances. The reservoir is not expected to be used for flow regulation 
or water supply until refilling is completed and after the start of the new water year.  
                                                
9 Note that laboratory tests conducted at a potassium concentration of 100 mg/l and temperatures of 14-
19°C report 95-100% zebra mussel mortality in 5-8 days (Table 4). 
10 During the final days of refilling, when the surface elevation is between 482' and 485', the rate will be 
further constrained by the maximum rate of flow through the reservoir's inlet/outlet valve of 85 cfs. This 
will reduce the rate of refill to about 0.9 foot/day and add less than a day to the time needed for refill. If 
refill were to occur during summer months, the rate would be even further constrained by the maximum 
flow into the SBCWD system at the bifurcation valve of 93 cfs, less customer demand. However, between 
November and March mean monthly demand is below 8 cfs, and the maximum flow through the 
inlet/outlet valve will be the governing constraint during the last period of refilling. 
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Zebra mussels between the 485' and 450' elevations would be killed primarily by 
desiccation after the reservoir is drawn down starting in mid-August and before it is 
refilled. The time needed to accomplish this will depend on the temperature and 
humidity (Table 6). Based on mean monthly air temperatures at Hollister (Table 7), 
zebra mussels that are exposed to the air in August-September can be expected to die 
within about 7 days, and those exposed in September-October within about 15 days, 
even if humidity is high.11 Even with the shortest treatment period, the exposed mussels 
at the lowest elevations (i.e. mussels just above the water surface at 450') will be 
exposed for at least 29 days (Table 8). In the summer of 2008, with the reservoir 
thermally stratified, most zebra mussels were found between the surface and the 20' 
depth (i.e. at 465' elevation and above), and hardly any were found at or below the 30' 
depth (455' elevation). Mussels at 465' and above will be exposed for around 2-4 
months, and mussels at 455-465' will be exposed for about 1-2.5 months (Table 8). Any 
pools of water above 450' elevation will have to be drained or treated with potash, and 
it's conceivable that mussels buried in wet mud might survive for longer periods than 
indicated in Table 6. Sampling will be conducted to ensure that all mussels above the 
450' elevation are dead before the reservoir is refilled. 
 
 
Table 6.  Zebra Mussel Maximum Survival Times, in Days, at Different Temperatures and 
Humidities. A = 10-18 mm long mussels (Ricciardi et al. 1995), B = 21-28 mm long mussels (Ricciardi et 
al. 1995), C = 11-30 mm long mussels (McMahon et al. 1993). 
 

Relative Humidity Temperature <5 10 33 50 75 ≥95 

5°C C: 13 – C: 9 C: 13 C: 18 C: 48 
10°C – A: 3-5, B: 5-10 – A: 5-10, B: 5-10 – A: 5-10, B: 5-10 
15°C C: 6 – C: 6) C: 8 C: 8 C: 15 
20°C – A: 3-5, B: 3-5 – A: 3-5, B: 5-7 – A: 5-6, B: 5-7 
25°C C: 3 – C: 3 C: 3 C: 4 C: 4 
30°C – A: 1, B: 1-3 – A: 1, B: 1-3 – A: 1-3, B: 3-5 
35°C C: 1.25 – C: 1.25 C: 1 C: 1 C: 0.6 

 
 
The USBR Technical Service Center has considered the geotechnical issues that may 
arise from drawing down the reservoir, exposing it for a period of time, and drying out 
the sides and bottom, and has recommended a set of precautionary or mitigating 
actions. These include: drawing down the reservoir at no more than 1 foot per day to 
minimize land-sliding around the rim; inspecting the rim before refilling for any exposed 
sand lenses, and covering them with compacted impervious material; and inspecting the 
exposed clay mantling (which covers about 70 acres within the reservoir perimeter) and 
                                                
11 These periods are comparable to the time periods estimated for areas near San Justo Reservoir by the 
"Quarantine Estimator for Zebra-Mussel Contaminated Boats" at 
http://www.100thmeridian.org/Emersion.asp: 3-7 days during August, 5-7 days during September and 5-
11 days during October. 
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the emplaced, compacted clay in berms and waste areas (another 37 acres) for surface 
cracking, and disking and compacting any cracked areas before refilling (Memorandum 
from E. Ouellette, Geotechnical Engineer, USBR, attached as Appendix E; E. Ouellette, 
USBR Technical Service Center, pers. comm.). USBR estimates that if a problem 
developed with the liner membrane or the clay liner it could take 2-8 weeks to repair, 
assuming that there were no contracting delays (C. Dealy, USBR Tracy Office, 7/23/08 
email). 
 
 
Table 7.  Monthly Mean Air Temperatures in Hollister, 1935-1974. Compiled from 
http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?caholl+sca. 
 

Month Temperature 
(°C) 

Precipitation 
(inches) 

 Month Temperature 
(°C) 

Precipitation 
(inches) 

Jan 9.1 2.7  Jul 19.2 0.0 
Feb 11.0 2.4  Aug 19.2 0.0 
Mar 12.1 2.0  Sep 19.3 0.2 
Apr 13.9 1.2  Oct 16.6 0.5 
May 15.7 0.3  Nov 12.3 1.6 
Jun 17.9 0.1  Dec 9.6 2.6 
 
 
Table 8. Aerial Exposure Periods for Treatment at 450'. 
 

Elevation Band Initial Exposure 20-day Treatment Period 
(days of exposure) 

44-day Treatment Period 
(days of exposure) 

475-485' Aug. 14-26 79-103 98-122 
465-475' Aug. 26 - Sept. 10 54-79 73-98 
455-465' Sept. 10-24 30-54 49-73 
450-455' Sept. 24-30 19-30 38-49 
 
 
Treatment at 420' 
 
In this alternative, the reservoir would be lowered to 420' elevation treated with potash, 
and then refilled. The estimated schedule for lowering the reservoir to 450' elevation by 
Oct. 1 is as described above. After Oct. 1, draining would be augmented by releasing 20 
AF/day through the percolation turnouts. This water would be released into dry river and 
creek beds, and the rate of release would be limited so that surface water does not 
reach any permanent water courses. The target elevation of 420' would be reached on 
Nov. 8, after 87 days of draw-down (Appendix C). The Lessalt WTP would remain off-
line during this period, and a total of  766 AF will be released through the percolation 
turnouts. Draw-down would occur at rates between 0.6 and 1.0 feet/day, depending on 
the reservoir elevation and variation in projected demand and percolation release. 
 
At the end of draw-down on Nov. 8, an estimated 525 acre-feet of water would remain in 
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the reservoir, requiring 69 tons of potassium, or 132,000 gallons of potash solution, to 
raise the potassium concentration to 100 mg/L (Table 5).  At 2 truckloads per day this 
would take about 14 days to deliver if weekend deliveries can be accommodated, and 
about 18 days if not. As noted above, with appropriate equipment and staff, potash 
delivered each morning can be injected into the reservoir the same day, so that no 
potash is stored on site overnight or over weekends. With 2 truckloads per day this 
would require a set of storage tanks comparable to those used in the Millbrook Quarry 
eradication, supplying potash solution to a single work boat outfitted with a diffuser 
assembly. If the staging of the storage tanks and equipment is completed prior to Nov. 8 
and potash delivery and injection is started immediately, potash application and mixing 
through the water column could be completed by Nov. 22-26. 
 
At Millbrook Quarry, all of the bioassay mussels were killed after 16-31 days of 
exposure, and 53 days after the potash addition was completed all the resident mussels 
observed were dead, though they probably died some time earlier. Surface water 
temperatures in San Justo Reservoir ranged from around 14°C to 11°C in late 
November and December of 2006 and 2007 (Fig. 1), about 1-5°C warmer than during 
the Millbrook Quarry treatment. In laboratory studies, a 2°C increase in temperature 
reduced the exposure time needed for 100 mg/l of potassium to kill zebra mussels by 
42% (Aquatic Sciences 1996). Assuming a similar reduction in the necessary exposure 
time, 100% mortality would be achieved at San Justo Reservoir in 9-18 days (based on 
the Millbrook bioassays) or in 31 days (based on observations of dead resident 
mussels) after potash addition.12 The entire treatment phase could thus be completed 
within 23-49 days after Nov. 8 (14-18 days for potash delivery and application, and 9-31 
days of exposure to kill the mussels).  
 
Once it had been determined that all the zebra mussels had been killed, refilling would 
start at a rate limited to 1 foot of surface elevation rise per day,13 reaching 485' after 66 
days. Refilling could thus be completed by 89-115 days after Nov. 8, or sometime 
between Feb. 5 and Mar. 3, 2010. Since a main objective is to complete refilling by the 
end of the water year on Feb. 28, 2010, this schedule at best would leave a margin of 
over 3 weeks for dealing with any unforeseen circumstances, and at worst would miss 
the goal by a few days.14 
 
Zebra mussels between the 485' and 420' elevations would be killed primarily by 
desiccation after the reservoir is drawn down starting in mid-August and before it is 
refilled. Based on laboratory studies of desiccation resistance (Table 6) and mean 
monthly air temperatures at Hollister (Table 7), we expect zebra mussels at San Justo 

                                                
12 Note that laboratory tests conducted at a potassium concentration of 100 mg/l and temperatures of 11-
14°C report 95% zebra mussel mortality in 7-12 days (Table 4) 
13 As noted earlier, the maximum rate of flow through the reservoir's inlet/outlet valve will limit refill to 
about 0.9 foot/day during the final days of refilling, adding an additional period of less than a day to the 
time needed for refill. 
14 There is reportedly an option in SBCWD's contract with USBR that would allow it, at some cost, to 
extend by up to one month (i.e. to March 31) the period during which it can take delivery of its annual 
allotment. Thus a March 3 completion date would be feasible if this option were exercised. 
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Reservoir to die within about 7 days if exposed to the air in Aug.-Sept., and within about 
15-20 days if exposed in Sept.-Nov., even if humidity is high.15 Even with the shortest 
treatment period, the exposed mussels at the lowest elevations (just above 420') will be 
exposed for at least 23 days (Table 9). In the summer of 2008, with the reservoir 
thermally stratified, most zebra mussels were found between the surface and the 20' 
depth (i.e. at 465' elevation and above), and hardly any were found at or below the 30' 
depth (455' elevation). Mussels at 465' and above will be exposed to the air for around 
4-7 months, and mussels at 455-465' will be exposed for about 3.5-5 months (Table 9). 
Any pools of water above the 420' elevation will be drained or treated with potash, and 
sampling will be done to ensure that all mussels above the 420' elevation are dead 
before the reservoir is refilled. 
 
 
Table 9. Aerial Exposure Periods for Treatment at 420'. 
 

Elevation Band Initial Exposure 24-day Treatment Period 
(days of exposure) 

61-day Treatment Period 
(days of exposure) 

475-485' Aug. 14-26 152-176 178-202 
465-475' Aug. 26 - Sept. 10 127-152 153-178 
455-465' Sept. 10-24 103-127 129-153 
445-455' Sept. 24 - Oct. 8 79-103 105-129 
435-445' Oct. 8-20 57-79 83-105 
425-435' Oct. 20-31 36-57 62-83 
420-425' Oct. 31 - Nov. 8 23-36 49-62 
 
 
As noted above, the USBR Technical Service Center has recommended inspecting the 
rim, the clay mantling and the compacted clay in berms and waste areas, and covering 
any exposed sand lenses and disking and compacting any cracks in the clay mantling 
before refilling the reservoir (Appendix E; E. Ouellette, USBR Technical Service Center, 
pers. comm.). If a problem develops with the liner membrane or the clay liner, USBR 
estimates that it could take 2-8 weeks to repair, assuming no contracting delays (C. 
Dealy, USBR Tracy Office, 7/23/08 email). 
 
Alternative 2. Treat at the Current Reservoir Level 
 
This alternative would treat the reservoir with potash at its current surface elevation of 
485' and volume of 7,443 acre-feet of water (Table 5). This would require 978 tons of 
potassium, delivered to the site in nearly 1.9 million gallons of potash solution (Table 5). 
At 10 truckloads per day this would take about 37 days if weekend deliveries can be 
accommodated, and about 51 days if not. With appropriate equipment and sufficient 
personnel, the solution could be injected into the reservoir at the same rate as it is 
                                                
15 These periods are comparable to the time periods estimated for areas near San Justo Reservoir by the 
"Quarantine Estimator for Zebra-Mussel Contaminated Boats" at 
http://www.100thmeridian.org/Emersion.asp: 3-7 days during August, 5-7 days during September, 5-11 
days during October and 8-11 days during November. 
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delivered. This would require 5 sets of storage tanks comparable to those used in the 
Millbrook Quarry eradication, supplying potash solution to 5 boats outfitted with diffuser 
assemblies. If the staging of the storage tanks and equipment is completed prior to Oct. 
1 and potash delivery and injection is started immediately, potash application and 
mixing through the water column could be completed by Nov. 6-20, 2009.  
 
As discussed above under the alternative of treating at 420', at the expected November-
December surface temperatures in San Justo Reservoir all zebra mussels should be 
killed by 9-31 days of exposure to 100 mg/l of potassium. Thus, the entire treatment 
could be completed in 46-82 days after Oct. 1 (37-51 days for potash delivery and 
application, and 9-31 days of potassium exposure). Allowing a week for destaging and 
cleanup, the entire project could be completed by sometime between Nov. 22 and Dec 
28, 2009. 
 
Alternative 3. Empty the Reservoir 
 
In this alternative, the reservoir would be lowered to the top of dead storage at around 
420' elevation, the remaining water would be pumped out, the reservoir would be 
allowed to dry and the mussels killed by desiccation, and the reservoir would then be 
refilled. As discussed above and shown in Appendix C, draw-down would start on 
August 14 and, assisted by percolation releases, reach 420' on Nov. 8, leaving 525 AF 
of water to be pumped out. Staging the pumps and other equipment and pumping out 
the water would probably take several weeks to over a month; here we use an estimate 
of 3-6 weeks. It's unclear where the water would be pumped to. 
 
If the pumping took 3-6 weeks, the reservoir would be empty by sometime between 
Nov. 29 and Dec. 20. At expected air temperatures of 9-10°C at this time of year (Table 
7), an estimated 20-30 days of aerial exposure would be needed to kill all zebra 
mussels based on laboratory results (Table 6). An additional margin of at least 10 days 
is prudent to ensure 100% mortality under field conditions.  Since the lowest point in the 
reservoir is estimated to be at 389', given the constraints discussed earlier it would take 
97 days to refill the reservoir. Thus, the project could be completed sometime between 
April 5 and May 6, 2010. A main objective is to complete refilling by the end of the water 
year on Feb. 28, 2010, but this alternative is unlikely to meet or come close to meeting 
that objective. 
 
As mentioned, any zebra mussels in the lowest part of the reservoir would be exposed 
to the air for at least 30-40 days. In the summer of 2008, most zebra mussels were 
found at 0-20' depth (i.e. at 465' elevation and above), with hardly any below 30' depth 
(455' elevation). Mussels at 465' and above would be exposed to the air for around 7-9 
months, and mussels at 455-465' will be exposed for about 6-7 months (Table 10). Any 
pools of water left after the reservoir is drained and dead storage is pumped out will also 
need to be pumped out or treated in some way. Rain becomes more likely during 
November-April (typically ≈1-3 inches/month, see Table 7) and may complicate this 
work. Sampling will need to be done to ensure that all mussels are dead, especially in 
the lowest portions of the reservoir, before it is refilled. 
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Table 10. Aerial Exposure Periods for Treatment at 420'. 
 

Elevation Band Initial Exposure 30-day "Treatment" 
(days of exposure) 

40-day "Treatment" 
(days of exposure) 

475-485' Aug. 14-26 232-256 242-266 
465-475' Aug. 26 - Sept. 10 207-232 217-242 
455-465' Sept. 10-24 183-207 193-217 
445-455' Sept. 24 - Oct. 8 159-183 169-193 
435-445' Oct. 8-20 137-159 147-169 
425-435' Oct. 20-31 116-137 126-147 
420-425' Oct. 31 - Nov. 8 103-116 113-126 
389-420 Nov. 8 - Dec. 20 30-103 40-113 
 
 
As discussed, the USBR Technical Service Center recommends inspecting the rim, clay 
mantling and compacted clay, and covering exposed sand lenses and disking and 
compacting any cracks before refilling the reservoir (Appendix E; E. Ouellette, USBR 
Technical Service Center, pers. comm.). If a problem develops with the liner membrane 
or the clay liner, USBR estimates that it could take 2-8 weeks to repair, assuming no 
contracting delays (C. Dealy, USBR Tracy Office, 7/23/08 email). 
 
 
Estimated Costs 
 
There are significant planning and management costs associated with the overall 
eradication effort, developing the environmental documentation, dealing with permits, 
etc. These costs are not assessed here. Rather, we discuss the costs of the two actions 
that form the basis for the above alternatives: draining and refilling the reservoir, and 
treating some volume of water with potash. 
 
If drawing down the reservoir is done by supplying the water to customers or to 
percolation and refilling is completed within the same water year, so that no additional 
water would need to be purchased or amendments made to the USBR-SBCWD 
contract, then there should be little direct cost to drawing down and refilling the 
reservoir. There would be some planning and modest operational costs to conduct the 
draw-down and refill. Reductions in water pressure in the SBCWD distribution system or 
at the turnouts may require some additional pumping by SBCWD or its customers, but 
the cost is expected to be modest (Dave Meraz, SBCWD, pers. comm.). There would 
an unknown cost to implement the precautionary measures recommended by the USBR 
Technical Services Center in conjunction with reservoir draw-down (Appendix E). 
Providing an alternate clean water supply to the seepage pond would also have some 
modest cost. Emptying the reservoir entirely entails an unknown but possibly significant 
cost for pumping out dead storage. 
 
 



 

Zebra Mussel Eradication Plan  25 

The main project cost is for potash treatment, and this decreases substantially as the 
reservoir is drawn down. A rough estimate ("Potash plus Scaled and Inflated Costs" in 
Table 11) is provided for three treatment elevations. This takes estimates of the 
purchase cost and trucking charges for potash solution in September 2008 (S. Gillette, 
Potash Corporation of Saskatchewan, pers. comm.; K. Johnson, Tremont Services Inc., 
pers. comm.), and adds the potash injection and bioassay costs incurred at Millbrook 
Quarry, scaled to the water volume to be treated at San Justo and increased by 10% to 
account for 2006-2008 inflation. This does not include economies of scale, which would 
tend to make the potash injection and bioassay costs for the lowest treatment elevation 
somewhat higher and for the higher treatment elevations somewhat lower. It also does 
not include inflation of potash and operations costs from 2008 to 2009. 
 
Table 11.  Estimated Treatment Costs for San Justo Reservoir, Fall 2008. Based on Millbrook Quarry 
costs, adjusted for water volume and cost inflation. 
 

Water 
Body 

Treatment 
Elevation 

Water Volume 
(AF) 

Cost of Delivered 
Potash Solution ($K) 

Potash plus Scaled 
and Inflated Costs ($K) 

485' 7,443 2,220 5,611 
450' 2,638 787 1,989 San Justo 

Reservoir 
420' 525 157 396 

Millbrook Quarry 614 90 344 
 
 
Impact of Potash Treatment on Drinking Water Quality 
 
During potash treatment, the concentrations of potassium and chloride will be raised 
from background levels to approximately 100 mg/l and 173 mg/l respectively (Table 12). 
For the alternative of treating the reservoir at its current elevation of 485', this water 
would be gradually released into the SBCWD distribution system by normal reservoir 
operations after completion of the project, and after dilution with incoming water from 
San Luis Reservoir would reach water users through the system's turnouts. For the 
alternative of drawing down the reservoir, treating at an elevation between 420' and 
450', and then refilling to 485', the refilling would dilute the concentrations of potassium 
and chloride in the reservoir to approximately 10-38 mg/l and 91-116 mg/l respectively 
(Table 12). Normal reservoir operations would then gradually release this water into the 
SBCWD distribution system, where it reach water users after further dilution with 
incoming water from San Luis Reservoir.  
 
Two treatment plants that provide drinking water to residents in the area receive water 
from the SBCWD system. The Lessalt WTP provides part of the drinking water supply 
for the City of Hollister and SSCWD, and the Stonegate WTP serves a community of 74 
homes. Historically, whenever San Justo Reservoir water was supplied to the reach 
containing the Lessalt WTP turnout, the plant  shut down due to existing water quality 
concerns and Hollister and SSCWD relied on other water sources. If, as expected, this 
operational protocol continues to apply in the future, no detectable amount of San Justo 
Reservoir and thus no detectable amount of elevated potassium or chloride 
concentrations from the treatment process will reach Lessalt WTP or its customers. 
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Table 12.  Potassium and Chloride Concentrations in San Justo Reservoir under Different 
Conditions. 
 

 Potassium (mg/l)  Chloride (mg/l) 

Background concentration 3 85 
At the target treatment concentration 100 173 
After treating at 485' 100 173 
After treating at 450' and refilling 38 116 
After treating at 420' and refilling 10 91 
 
 
As stated earlier, at maximum treatment concentrations, the water in the reservoir will 
meet EPA primary and secondary drinking water standards for both potassium and 
chloride.16 In fact, a liter of water at maximum treatment concentrations will contain only 
a fraction of the National Academy of Sciences recommended daily intake of potassium 
and chloride (≈2% of recommended minimum adult daily intake of potassium and <9% 
of recommended minimum adult daily intake of chloride) (NAS 2005), and less than 
one-quarter of the potassium than is contained in a medium-sized banana or in human 
breast milk (Table 13). Treatment of San Justo Reservoir with potash is expected to 
have no impact on drinking water quality. 
 
 
Table 13.  Some Potassium Intake Standards and Concentrations. From National Academy of 
Sciences (2004) Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate. 
 

 Potassium 

Adequate daily intake for infants 400-700 mg/day 
Adequate daily intake for children 3,000-4,500 mg/day 
Median intake for adult US men 2,800-3,300 mg/day 
Median intake for adult US women 2,200-2,400 mg/day 
Adequate daily intake for adults 4,700 mg/day 
Adequate daily intake for lactating women 5,100 mg/day 
Adequate daily intake for the elderly 1,800 mg/day 
Tolerable upper intake limit none 
Concentration in:  
   a medium-sized banana 470 mg 
   a skinned potato 600 mg 
   a cup of spinach 840 mg 
   human breast milk 410-590 mg/l 
 

                                                
16 There are no limits on potassium or chloride concentrations in the EPA's primary (health-based) 
drinking water standards. There is a limit of 250 mg/l of chloride in the EPA's secondary (aesthetic) 
drinking water standards, but no limit on potassium concentration. 
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Impact of Potash Treatment on Organic Certification 
 
Certified organic farm products must comply with the provisions of the National Organic 
Program (Federal Code of Regulations, Title 7, Part 205, §§205.1 et seq.; see Appendix 
F). The regulations define "nonsynthetic" or "natural" substances as substances that are 
"extracted from naturally occurring plant, animal, or mineral sources" and which are not 
chemically changed after extraction (FCR §205.2). Potash, a mined product, thus 
qualifies as a nonsynthetic (that is, natural) substance, and potassium chloride is 
specifically listed as a nonsynthetic substance at FCR §205.602(e) and §205.605(a). In 
general, nonsynthetic substances, except for those specifically prohibited, may be used 
in the production and handling of farm products "sold or labeled as '100 percent 
organic,' 'organic,' or 'made with organic' ingredients” (FCR §205.105). Potassium 
chloride is explicitly allowed to be used on organic crops if it is "derived from a mined 
source and applied in a manner that minimizes chloride accumulation in the soil" (FCR 
§205.602). 
 
In addition, the National Organic Program does not regulate the presence of 
contaminants or trace synthetic substances in water that is applied to organic crops if it 
is not placed there by the grower and if the water is generally suitable for application to 
crops (R. Green, California Department of Food and Agriculture, 4/7/08 email). Thus the 
use of post-treatment water from SBCWD would have no affect on the certification of 
organic crops. 
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Appendix A.  Abbreviations Used in this Report 
 
CDFG California Department of Fish and Game 
CDWR California Department of Water Resources 
cfs cubic feet per second 
CVP Central Valley Project 
mgd million gallons per day 
mg/l milligrams per liter 
SBCWD San Benito County Water District 
SSCWD Sunnyslope County Water District 
USBR U.S. Bureau of Reclamation 
WTP Water Treatment Plant 
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Appendix B.  Eradication Alternatives Considered 
 
 
Treat reservoir with Pseudomonas-derived toxin 
 
The New York State Museum and Marrone Organic Innovations, Inc. have been 
developing a zebra mussel-specific biocide that is a compound produced by a strain of 
the Pseudomonas fluorescens bacteria. Treatment consists of applying dead P. 
fluorescens. The effort has received substantial government funding, and the 
developers state that they hope to have a product on the market by early 2010. Tests 
conducted by the developers have achieved zebra mussel mortalities ranging from 70-
99%, with the highest mortalities resulting from tests at high concentrations and long 
exposures in very hard water (pH ≈8.4-8.5) at the relatively high temperature of 23°C, 
usually on smaller mussels (≈10 mm in length). In some tests with higher levels of 
mortality, degraded water quality resulting from test conditions may have been the 
cause rather than exposure to the biotoxin. 
 
In San Justo Reservoir, pH ranged from 7.7-8.2 in 2007, and surface temperatures in 
the fall to early winter when treatment is likely to occur ranged from 11-18°C in 2006-
2007. At these lower temperatures and pH, it will be harder to achieve the higher 
mortality rates reported by the developers. 
 
We have not been able to find any papers published in the peer-reviewed scientific 
literature on this novel biotoxin, nor any reports from any tests conducted independently 
of the developers on the toxicity of this biocide to zebra mussels or to non-target 
organisms. 
 
Treatment with the Pseudomonas-derived biotoxin is considered to be less attractive 
than the preferred treatment with potash because the Psedomonas biotoxin is not yet 
commercially available and it is uncertain when it will become available; it's 
effectiveness is not clear, and it may not be able to meet the goal of eradication; 
information on toxicity to nontarget organisms is very limited; and costs are unknown. 
 
 
Treat reservoir bottom with copper sulphate 
 
Copper sulphate has been used to eradicate a mussel related to zebra mussels from 
some boat basins in Australia, and is being considered for a proposed eradication of 
zebra mussels from a quarry pond in Nebraska. Two drawbacks to the use of  copper 
sulphate are that it is toxic to a wide variety of organisms; and that it binds to sediments 
and organic matter where it can remain for long periods, becoming biologically active if 
the sediments are oxidated by bioturbation or physical stirring.  
 
Copper sulphate was used successfully (along with some application of chlorine, which 
was less effective) to eradicate the black-striped mussel, Mytilopsis sallei, a 
brackish/marine mussel related to zebra mussels, from three boat basins in northern 
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Australia in 1999. Dissolved copper concentrations of 0.5 mg/L and 0.8 mg/L were 
achieved and maintained for about 2 days before declining.  All test mussels died within 
7 days of exposure; and the eradication was deemed complete 24 days after the initial 
addition of biocides. The treatment was expected to, and apparently did, kill all the 
mussels as well as all other organisms within the boat basins, though no specific effort 
was made to evaluate the impacts on nontarget organisms. In the largest boat basin, 
dissolved copper concentrations declined from an initial maximum of 0.77 mg/L to 
around 0.01 mg/L two years later; this was still roughly 25-35 times background levels, 
however. Concentrations in the sediment also remained about 20 times background 
levels. 
 
Copper sulphate is also being considered for the eradication of zebra mussels from a 
former gravel quarry in Nebraska. The proposal is to scatter copper sulphate crystals on 
the surface, which would fall to the bottom and dissolve, resulting in temporary high 
concentrations of dissolved copper near the bottom. Dispersal would result in 
substantially lower concentrations throughout the water column within a few days or 
less. 
 
An attempt to eradicate zebra mussels from San Justo by treating only the bottom 
water, such as is being considered in Nebraska, seems unlikely to work. At San Justo 
Reservoir the bottom slopes steeply in some locations and there are steep slopes on 
the sides of the dam, dike and berms; there is a large inlet/outlet structure with vertical 
sides that stands well above the bottom; there may be large rocks or debris in the 
reservoir; and there are currently two floating docks in the reservoir. All this suggests 
that in a bottom treatment many adult mussels in the reservoir would likely be above the 
zone of high concentration, and would survive. For some of these situations fixes cold 
be devised (e.g. the docks could be pulled from the water so the mussels on them 
would be killed by desiccation), but for others it's unclear what could be done. In 
addition, there may be substantial numbers of veligers in the water column, and these 
also would not be killed. We know of no prior eradications or field trials conducted with 
this approach, with any biocide, on any benthic invertebrate with planktonic larvae, and 
thus no way to ascertain its likely effectiveness.  
 
In addition, in contrast the preferred project approach of drawing down the reservoir and 
then treating the whole water column of the drawn-down reservoir with a stable biocide 
allows for lengthening the planned exposure time by delaying refilling of the reservoir if 
the monitoring results show that the mussels are not yet completely killed. No such 
adjustment is possible in a bottom treatment mode. Once the biocide has dispersed 
through the water column, and biocide concentrations have fallen well below the target 
treatment concentration, even lengthy increases in the exposure time are unlikely to 
substantially increase mortality. 
 
In an analysis of the selectivity of different biocides for zebra mussels, Waller et al. 
(1993) found copper sulphate to be highly unselective. The 48-hour LC50 for zebra 
mussels was calculated to be between 2 and >40 mg/l, depending on the size of the 
mussel and the recovery period used; in comparison, the 48-hour LC50 for channel 
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catfish was 0.733 mg/l and for rainbow trout was 0.042 mg/l. Thus copper sulphate is 
roughly 3 to >50 times more toxic to channel catfish, and roughly 50 to >1,000 times 
more toxic to rainbow trout, than it is to zebra mussels. Overall, Waller et al. (1993) 
found copper sulphate (one of the least selective of the 11 biocides they tested) to be 
>280 times less selective for zebra mussels than potassium chloride (the most selective 
biocide they tested). 
 
Whether applied in a bottom treatment mode or in a whole water column treatment 
mode, copper sulphate is considered to be less attractive than the preferred treatment 
with potassium chloride primarily because of its poor selectivity for zebra mussels and 
high level of toxicity to a variety of other organisms. Its ability to bind to sediment and 
remain available for bioactivition for long periods is also a drawback. Applied in a 
bottom treatment mode, copper sulphate seems unlikely to be effective for the reasons 
discussed above, and there appear to be no relevant uses or field trials to indicate that it 
would work. Cost issues were not investigated, but are expected to be considerably 
higher for a whole water column treatment approach than for a bottom treatment 
approach. 
 
 
Treat reservoir bottom with polyquaternary ammonium and potassium chloride 
BioBullets 
 
BioBullets are a recently-developed delivery system for the biocide treatment of filter-
feeding organisms, which involve encapsulating a biocide in an edible material in 
consumable-sized particles. BioBullets, Ltd., the developer of this system, submitted a 
proposal to treat San Justo Reservoir with polyquaternary ammonium compound (QAC) 
BioBullets, followed by treatment with potassium chloride BioBullets if needed, in a 
bottom treatment mode. 
 
Bottom treatment is believed to be unlikely to work in San Justo Reservoir, or at best 
there are large uncertainties about whether it would work, for the reasons described 
above for copper sulphate. As with copper sulphate bottom treatment, if monitoring 
results show some mussel survival, lengthening the exposure time is unlikely to 
significantly increase mussel mortality, both because of the dispersal and lowered 
concentration of the BioBullets and their contained biocide, and because BioBullets 
break down in a few hours, lowering the effectiveness of the biocide delivery. 
 
To the extent that zebra mussel veligers feed on a different range of particle sizes than 
adult zebra mussels, BioBullets that work on adults may be less effective or ineffective 
on veligers. We have not found any papers published in the peer-reviewed scientific 
literature or in gray literature on the effectiveness of BioBullets in killing veligers, and the 
proponents provided no information on this.  
 
It's also unclear or doubtful whether the treatment concentrations proposed for the 
bottom water would be adequate to meet the goal of eliminating all zebra mussels even 
on the bottom. The proposal did not identify the specific polyquaternary ammonium 
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compound that would be used, and provided no test data indicating its toxicity. We have 
not found any published studies on the effectiveness of QAC BioBullets. The 
concentration of potassium chloride BioBullets proposed for use in San Justo Reservoir 
is one-twelfth of the concentration reported in one study as producing 60% mortality in 
zebra mussels with 12-hour exposures in laboratory conditions (Aldridge et al. 2006), 
and thus appears inadequate to meet the goal of eradication. 
 
The quoted cost for the proposed approach, covering only the cost of the BioBullets, 
some initial consulting, and a performance bonus for the proponent, and corrected for 
the current reservoir area, is $2.3-$2.6 million for a successful treatment. If the 
proposed BioBullet concentrations are inadequate, then the costs could rise 
significantly; for example, if 12 times as many KCl BioBullets were needed, this would 
raise the cost to about $6 million. In contrast, the rough estimate for treating the entire 
water column with potash is about $400,000 at a reservoir elevation of 420', which 
covers the cost of the potash, potash injection, and the bioassay of mussel mortality; 
and about $2 million at a reservoir elevation of 450'. 
 
Overall, the proposed treatment with BioBullets was considered less attractive than the 
preferred treatment with potash primarily because of the uncertainities about the 
effectiveness of bottom treatment and about the effectiveness of the proposed 
treatment concentrations, and secondarily because of the higher cost. 
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Appendix C.  Schedules for Reservoir Draw-down 
 
 
The draw-down schedules shown below are based on the following assumptions: 
 
(1) Draw-down is achieved entirely by supplying water to customers or to percolation. 
 
(2) The draw-down rate is no more than 1 foot of elevation per day. 
 
(3) Water use is equal to the mean monthly use for the corresponding month during the 
2005-2007 water years for each of the three reaches; except that when San Justo 
Reservoir water is supplied to Reach 2, Lessalt WTP does not take SBCWD water. 
 
(4) The reservoir is kept at or above 450' through Sept. 30. 
 
(5) The target elevation (450' or 420') is reached as early as possible, given the above 
constraints. 
 
 
 
1. Draw-down to 450' 
 

Date 

End of 
Day 

Elevation 

End of 
Day 

Volume 

End of 
Day 

Area 
With- 

drawal 
Draw-
down 

Total 
Water 
Usage 

San 
Justo 

Usage 

San 
Luis 

Usage 
Perco-

lation 

Reach 
3 

Usage 
Lessalt 

WTP 
    ft AF ac AF ft AF AF AF AF AF status 
Aug 13 485.0 7443 175 0 0.0 136 0 136 0 43 on-line 
Aug 14 484.8 7417 175 26 0.2 132 26 105 0 43 off-line 
Aug 15 484.0 7285 173 132 0.8 132 132 0 0 43 off-line 
Aug 16 483.3 7153 171 132 0.7 132 132 0 0 43 off-line 
Aug 17 482.5 7022 170 132 0.8 132 132 0 0 43 off-line 
Aug 18 481.7 6890 168 132 0.8 132 132 0 0 43 off-line 
Aug 19 480.9 6759 166 132 0.8 132 132 0 0 43 off-line 
Aug 20 480.1 6627 165 132 0.8 132 132 0 0 43 off-line 
Aug 21 479.3 6495 163 132 0.8 132 132 0 0 43 off-line 
Aug 22 478.5 6364 161 132 0.8 132 132 0 0 43 off-line 
Aug 23 477.7 6232 159 132 0.8 132 132 0 0 43 off-line 
Aug 24 476.9 6101 158 132 0.8 132 132 0 0 43 off-line 
Aug 25 476.0 5969 156 132 0.9 132 132 0 0 43 off-line 
Aug 26 475.2 5837 154 132 0.8 132 132 0 0 43 off-line 
Aug 27 474.3 5706 152 132 0.9 132 132 0 0 43 off-line 
Aug 28 473.5 5574 150 132 0.8 132 132 0 0 43 off-line 
Aug 29 472.6 5443 148 132 0.9 132 132 0 0 43 off-line 
Aug 30 471.7 5311 146 132 0.9 132 132 0 0 43 off-line 
Aug 31 470.8 5179 145 132 0.9 132 132 0 0 43 off-line 
Sep 1 470.2 5095 143 85 0.6 85 85 0 0 29 off-line 
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Sep 2 469.6 5010 142 85 0.6 85 85 0 0 29 off-line 
Sep 3 469.0 4925 141 85 0.6 85 85 0 0 29 off-line 
Sep 4 468.4 4841 139 85 0.6 85 85 0 0 29 off-line 
Sep 5 467.8 4756 138 85 0.6 85 85 0 0 29 off-line 
Sep 6 467.2 4671 137 85 0.6 85 85 0 0 29 off-line 
Sep 7 466.6 4586 135 85 0.6 85 85 0 0 29 off-line 
Sep 8 465.9 4502 134 85 0.7 85 85 0 0 29 off-line 
Sep 9 465.3 4417 133 85 0.6 85 85 0 0 29 off-line 
Sep 10 464.6 4332 131 85 0.7 85 85 0 0 29 off-line 
Sep 11 464.0 4248 130 85 0.6 85 85 0 0 29 off-line 
Sep 12 463.3 4163 128 85 0.7 85 85 0 0 29 off-line 
Sep 13 462.7 4078 127 85 0.6 85 85 0 0 29 off-line 
Sep 14 462.0 3993 126 85 0.7 85 85 0 0 29 off-line 
Sep 15 461.3 3909 124 85 0.7 85 85 0 0 29 off-line 
Sep 16 460.6 3824 123 85 0.7 85 85 0 0 29 off-line 
Sep 17 460.0 3739 121 85 0.6 85 85 0 0 29 off-line 
Sep 18 459.2 3655 120 85 0.8 85 85 0 0 29 off-line 
Sep 19 458.5 3570 118 85 0.7 85 85 0 0 29 off-line 
Sep 20 457.8 3485 116 85 0.7 85 85 0 0 29 off-line 
Sep 21 457.1 3400 115 85 0.7 85 85 0 0 29 off-line 
Sep 22 456.3 3316 113 85 0.8 85 85 0 0 29 off-line 
Sep 23 455.6 3231 111 85 0.7 85 85 0 0 29 off-line 
Sep 24 454.8 3146 110 85 0.8 85 85 0 0 29 off-line 
Sep 25 454.0 3062 108 85 0.8 85 85 0 0 29 off-line 
Sep 26 453.2 2977 107 85 0.8 85 85 0 0 29 off-line 
Sep 27 452.4 2892 105 85 0.8 85 85 0 0 29 off-line 
Sep 28 451.6 2807 103 85 0.8 85 85 0 0 29 off-line 
Sep 29 450.8 2723 101 85 0.8 85 85 0 0 29 off-line 
Sep 30 450.0 2638 99 85 0.8 85 85 0 0 29 off-line 

 
 
 
2. Draw-down to 420' 
 

Date 

End of 
Day 

Elevation 

End of 
Day 

Volume 

End of 
Day 

Area 
With- 

drawal 
Draw-
down 

Total 
Water 
Usage 

San 
Justo 

Usage 

San 
Luis 

Usage 
Perco-

lation 

Reach 
3 

Usage 
Lessalt 

WTP 
    ft AF ac AF ft AF AF AF AF AF status 
Aug 13 485.0 7443 175 0 0.0 136 0 136 0 43 on-line 
Aug 14 484.8 7417 175 26 0.2 132 26 105 0 43 off-line 
Aug 15 484.0 7285 173 132 0.8 132 132 0 0 43 off-line 
Aug 16 483.3 7153 171 132 0.7 132 132 0 0 43 off-line 
Aug 17 482.5 7022 170 132 0.8 132 132 0 0 43 off-line 
Aug 18 481.7 6890 168 132 0.8 132 132 0 0 43 off-line 
Aug 19 480.9 6759 166 132 0.8 132 132 0 0 43 off-line 
Aug 20 480.1 6627 165 132 0.8 132 132 0 0 43 off-line 
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Aug 21 479.3 6495 163 132 0.8 132 132 0 0 43 off-line 
Aug 22 478.5 6364 161 132 0.8 132 132 0 0 43 off-line 
Aug 23 477.7 6232 159 132 0.8 132 132 0 0 43 off-line 
Aug 24 476.9 6101 158 132 0.8 132 132 0 0 43 off-line 
Aug 25 476.0 5969 156 132 0.9 132 132 0 0 43 off-line 
Aug 26 475.2 5837 154 132 0.8 132 132 0 0 43 off-line 
Aug 27 474.3 5706 152 132 0.9 132 132 0 0 43 off-line 
Aug 28 473.5 5574 150 132 0.8 132 132 0 0 43 off-line 
Aug 29 472.6 5443 148 132 0.9 132 132 0 0 43 off-line 
Aug 30 471.7 5311 146 132 0.9 132 132 0 0 43 off-line 
Aug 31 470.8 5179 145 132 0.9 132 132 0 0 43 off-line 
Sep 1 470.2 5095 143 85 0.6 85 85 0 0 29 off-line 
Sep 2 469.6 5010 142 85 0.6 85 85 0 0 29 off-line 
Sep 3 469.0 4925 141 85 0.6 85 85 0 0 29 off-line 
Sep 4 468.4 4841 139 85 0.6 85 85 0 0 29 off-line 
Sep 5 467.8 4756 138 85 0.6 85 85 0 0 29 off-line 
Sep 6 467.2 4671 137 85 0.6 85 85 0 0 29 off-line 
Sep 7 466.6 4586 135 85 0.6 85 85 0 0 29 off-line 
Sep 8 465.9 4502 134 85 0.7 85 85 0 0 29 off-line 
Sep 9 465.3 4417 133 85 0.6 85 85 0 0 29 off-line 
Sep 10 464.6 4332 131 85 0.7 85 85 0 0 29 off-line 
Sep 11 464.0 4248 130 85 0.6 85 85 0 0 29 off-line 
Sep 12 463.3 4163 128 85 0.7 85 85 0 0 29 off-line 
Sep 13 462.7 4078 127 85 0.6 85 85 0 0 29 off-line 
Sep 14 462.0 3993 126 85 0.7 85 85 0 0 29 off-line 
Sep 15 461.3 3909 124 85 0.7 85 85 0 0 29 off-line 
Sep 16 460.6 3824 123 85 0.7 85 85 0 0 29 off-line 
Sep 17 460.0 3739 121 85 0.6 85 85 0 0 29 off-line 
Sep 18 459.2 3655 120 85 0.8 85 85 0 0 29 off-line 
Sep 19 458.5 3570 118 85 0.7 85 85 0 0 29 off-line 
Sep 20 457.8 3485 116 85 0.7 85 85 0 0 29 off-line 
Sep 21 457.1 3400 115 85 0.7 85 85 0 0 29 off-line 
Sep 22 456.3 3316 113 85 0.8 85 85 0 0 29 off-line 
Sep 23 455.6 3231 111 85 0.7 85 85 0 0 29 off-line 
Sep 24 454.8 3146 110 85 0.8 85 85 0 0 29 off-line 
Sep 25 454.0 3062 108 85 0.8 85 85 0 0 29 off-line 
Sep 26 453.2 2977 107 85 0.8 85 85 0 0 29 off-line 
Sep 27 452.4 2892 105 85 0.8 85 85 0 0 29 off-line 
Sep 28 451.6 2807 103 85 0.8 85 85 0 0 29 off-line 
Sep 29 450.8 2723 101 85 0.8 85 85 0 0 29 off-line 
Sep 30 450.0 2638 99 85 0.8 85 85 0 0 29 off-line 
Oct 1 449.3 2576 97 62 0.7 62 62 0 20 17 off-line 
Oct 2 448.7 2515 96 62 0.6 62 62 0 20 17 off-line 
Oct 3 448.0 2453 94 62 0.7 62 62 0 20 17 off-line 
Oct 4 447.4 2392 93 62 0.6 62 62 0 20 17 off-line 
Oct 5 446.8 2330 92 62 0.6 62 62 0 20 17 off-line 



 

Zebra Mussel Eradication Plan  38 

Oct 6 446.0 2268 90 62 0.8 62 62 0 20 17 off-line 
Oct 7 445.3 2207 89 62 0.7 62 62 0 20 17 off-line 
Oct 8 444.7 2145 87 62 0.6 62 62 0 20 17 off-line 
Oct 9 443.9 2083 86 62 0.8 62 62 0 20 17 off-line 
Oct 10 443.2 2022 85 62 0.7 62 62 0 20 17 off-line 
Oct 11 442.5 1960 83 62 0.7 62 62 0 20 17 off-line 
Oct 12 441.7 1899 82 62 0.8 62 62 0 20 17 off-line 
Oct 13 441.0 1837 81 62 0.7 62 62 0 20 17 off-line 
Oct 14 440.2 1775 79 62 0.8 62 62 0 20 17 off-line 
Oct 15 439.4 1714 78 62 0.8 62 62 0 20 17 off-line 
Oct 16 438.6 1652 76 62 0.8 62 62 0 20 17 off-line 
Oct 17 437.8 1590 75 62 0.8 62 62 0 20 17 off-line 
Oct 18 437.0 1529 73 62 0.8 62 62 0 20 17 off-line 
Oct 19 436.1 1467 72 62 0.9 62 62 0 20 17 off-line 
Oct 20 435.3 1406 70 62 0.8 62 62 0 20 17 off-line 
Oct 21 434.4 1344 69 62 0.9 62 62 0 20 17 off-line 
Oct 22 433.5 1282 67 62 0.9 62 62 0 20 17 off-line 
Oct 23 432.6 1221 66 62 0.9 62 62 0 20 17 off-line 
Oct 24 431.6 1159 64 62 1.0 62 62 0 20 17 off-line 
Oct 25 430.6 1097 63 62 1.0 62 62 0 20 17 off-line 
Oct 26 429.6 1036 61 62 1.0 62 62 0 20 17 off-line 
Oct 27 428.6 975 59 61 1.0 62 61 1 20 17 off-line 
Oct 28 427.6 916 58 59 1.0 62 59 3 20 17 off-line 
Oct 29 426.6 858 56 58 1.0 62 58 4 20 17 off-line 
Oct 30 425.6 802 54 56 1.0 62 56 6 20 17 off-line 
Oct 31 424.6 748 52 54 1.0 62 54 8 20 17 off-line 
Nov 1 424.0 717 51 31 0.6 31 31 0 20 8 off-line 
Nov 2 423.4 686 50 31 0.6 31 31 0 20 8 off-line 
Nov 3 422.8 655 49 31 0.6 31 31 0 20 8 off-line 
Nov 4 422.1 624 48 31 0.7 31 31 0 20 8 off-line 
Nov 5 421.5 593 46 31 0.6 31 31 0 20 8 off-line 
Nov 6 420.8 562 45 31 0.7 31 31 0 20 8 off-line 
Nov 7 420.1 531 43 31 0.7 31 31 0 20 8 off-line 
Nov 8 420.0 525 43 6 0.1 17 6 11 6 5 off-line 
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Appendix D.  San Benito County Water District: Monthly Water Use 
 
 

Period Reach 1 Reach 2 Reach 3 All Reaches  
  AF AF AF AF 
Mar 2005 67 111 82 261 
Apr 2005 398 367 337 1,102 
May 2005 615 493 657 1,765 
Jun 2005 1,300 837 1,090 3,227 
Jul 2005 1,476 998 1,319 3,793 
Aug 2005 1,814 1,007 1,442 4,264 
Sep 2005 1,232 810 1,006 3,048 
Oct 2005 737 628 627 1,993 
Nov 2005 143 262 157 562 
Dec 2005 79 173 27 279 
Jan 2006 28 179 28 234 
Feb 2006 189 346 155 690 
Mar 2006 26 90 35 151 
Apr 2006 108 268 109 485 
May 2006 640 580 772 1,992 
Jun 2006 1,724 1,248 1,478 4,450 
Jul 2006 1,424 1,184 1,464 4,072 
Aug 2006 1,864 1,276 1,592 4,731 
Sep 2006 1,050 938 1,263 3,251 
Oct 2006 623 576 433 1,632 
Nov 2006 107 255 126 488 
Dec 2006 66 182 18 266 
Jan 2007 95 245 139 479 
Feb 2007 107 262 65 434 
Mar 2007 288 286 313 887 
Apr 2007 834 573 607 2,014 
May 2007 1,059 781 969 2,808 
Jun 2007 1,745 1,099 1,515 4,359 
Jul 2007 1,134 860 1,061 3,056 
Aug 2007 1,553 1,127 965 3,644 
Sep 2007 802 678 338 1,818 
Oct 2007 199 353 95 646 
Nov 2007 55 179 29 263 
Dec 2007 53 77 33 163 
Jan 2008 11 77 18 107 
Feb 2008 49 224 11 283 
Mar WY 2005-07 avg 127 162 144 433 
Apr WY 2005-07 avg 447 403 351 1,200 
May WY 2005-07 avg 771 618 799 2,188 
Jun WY 2005-07 avg 1,589 1,062 1,361 4,012 
Jul WY 2005-07 avg 1,345 1,014 1,281 3,640 
Aug WY 2005-07 avg 1,744 1,137 1,333 4,213 
Sep WY 2005-07 avg 1,028 809 869 2,705 
Oct WY 2005-07 avg 519 519 385 1,423 
Nov WY 2005-07 avg 101 232 104 438 
Dec WY 2005-07 avg 66 144 26 236 
Jan WY 2005-07 avg 45 167 62 273 
Feb WY 2005-07 avg 115 277 77 469 
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Appendix E.  USBR Geotechnical Memorandum 
 
 
 
86-68361 
PRJ-13.00 
 
 

MEMORANDUM 
 

To: Regional Director, Sacramento CA 
 Attention:  Dam Safety Program Manager, MP-200 (Egan) 
 
 Area Manager, South-Central California Area Office 
 Attention:  SCC-100 
 
 Chief, Dam Safety Office 
 Attention:  84-44000 (Snorteland) 
 
From: Elizabeth M. Ouellette, Geotechnical Engineer 
 Technical Service Center 
 
Subject: Proposed Drawdown of San Justo Reservoir – Mid-Pacific Region, Central 

Valley Project, California 
 
The Tracy Office informed the Technical Service Center (TSC) that the San Benito 
County Water District (SBCWD) plans to draw down San Justo Reservoir in 2008 to 
eradicate zebra mussels that have been found in the reservoir.  At the request of the 
Tracy Office, the TSC offers the following comments and recommendations. 
 

• The embankments have been tested for full reservoir loading and through 
numerous cycles of drawdown and refilling since construction was completed in 
1987, and have performed satisfactorily.  We expect the embankments to 
perform satisfactorily during the upcoming drawdown and refilling as well. 

 
• The reservoir rim is prone to landslides.  Any draw down of the reservoir may 

result in new landslides and/or worsening of existing landslides along the 
reservoir rim.  Prior to refilling the reservoir, the reservoir rim should be 
inspected.  If any exposed sand lenses are observed below the top of active 
conservation elevation of 152.4 meters, these areas should be covered with 
compacted impervious material. 

 
• There are locations in the reservoir where existing clay mantling was relied upon 

to cover sand lenses and thus provide a seepage barrier.  If exposed for long 
periods of time, this clay material is likely to desiccate and experience cracking.  
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Given that most of these areas are at least 3 meters thick, it is anticipated that 
the cracks will not extend deep enough to allow increased seepage through the 
reservoir.  It is recommended that the clay blanketing areas be inspected prior to 
refilling the reservoir.  As a precautionary measure, cracked areas should be 
disked to a depth of 0.3 meters and compacted. 

 
• An increased level of surveillance and monitoring is warranted for the landslide 

located in the left abutment of the dam.  As such, outstanding Safety of Dams 
(SOD) Recommendation 2001-SOD-A should be completed prior to the 
drawdown.  The recommendation is to install additional instrumentation to obtain 
water pressure data within the left abutment slide mass, and to monitor 
movement of the left abutment and dam embankment in the vicinity of the left 
abutment.  Once the new instrumentation is installed, the Schedule for Periodic 
Monitoring (L-23) should be revised to account for the new instrumentation and 
the recommended changes to the monitoring frequency of the left abutment. 

 
If you have any questions regarding this memorandum, please contact me at 303-445-
3036. 
 
cc:  MP-200 (Parrott) 
  MP-221 (Sherer) 

TO-431(Partridge) 
  TO-438 (Feng) 
 
bc: 84-21300 (Judd, Archives) 
 86-68130 (Heyder) 
 86-68320 (Crutchfield) 

86-68311 (Cyganiewicz, Dewey) 
86-68360 (Rosenfield) 

 86-68361 (Ouellette) 
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Appendix F.  Excerpts from the National Organic Program Regulations 
 
Note: these regulations are available in full at:  http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?c=ecfr;sid=11fd57b422b6314d866dc4b02f1a101d;rgn=div5;view=text;node=7:3.1.1.9.30;idno=7;cc=ecfr. 
 
 
Code of Federal Regulations 
Title 7: Agriculture 
PART 205—NATIONAL ORGANIC PROGRAM 
 
• from §205.2   Terms defined. 
 
Nonsynthetic (natural). A substance that is derived from mineral, plant, or animal matter 
and does not undergo a synthetic process as defined in section 6502(21) of the Act (7 
U.S.C. 6502(21)). For the purposes of this part, nonsynthetic is used as a synonym for 
natural as the term is used in the Act. 
 
Synthetic. A substance that is formulated or manufactured by a chemical process or by 
a process that chemically changes a substance extracted from naturally occurring plant, 
animal, or mineral sources, except that such term shall not apply to substances created 
by naturally occurring biological processes. 
 
• from §205.105   Allowed and prohibited substances, methods, and ingredients in 
organic production and handling. 
 
To be sold or labeled as “100 percent organic,” “organic,” or “made with organic 
(specified ingredients or food group(s)),” the product must be produced and handled 
without the use of: 

(a) Synthetic substances and ingredients, except as provided in §205.601 or 
§205.603; 
(b) Nonsynthetic substances prohibited in §205.602 or §205.604; 

 
• from §205.602   Nonsynthetic substances prohibited for use in organic crop 
production. 
 
 The following nonsynthetic substances may not be used in organic crop production: 

 (e) Potassium chloride—unless derived from a mined source and applied in a 
manner that minimizes chloride accumulation in the soil. 

 
• from §205.605   Nonagricultural (nonorganic) substances allowed as ingredients 
in or on processed products labeled as “organic” or “made with organic 
(specified ingredients or food group(s)).” 
 
The following nonagricultural substances may be used as ingredients in or on 
processed products labeled as “organic” or “made with organic (specified ingredients or 
food group(s))” only in accordance with any restrictions specified in this section. 

 (a) Nonsynthetics allowed:   
 Potassium chloride. 


