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The psuposed investigation ts an analytical add-on to the CALFED-funded S~ Jotl~lnia River
Real-time Water Quality Management Prod’am (D252) (hereafter referred to as the "8JR l~altime
Monitoring"), eoordiuated by the california Dept of Water Resources in Fresno. Therefore, pmxs of
the project deseription~ such as geographic boundaries, agency coorditiatior~ and lethal]stakeholder
involvement me deferred to the appondLx which contains the CAL~’E])-approv~d and. fimaded work pla~
from DWR (intera~ency agreement #B81647).

~ckgrotmd~ The C~afed-Funded S JR R.eM-Time Monitodnl Prelect

As stated lr~ the SJR Reaitimo Monithfin~ work plan, a pdmsey San Joaquin ]~iver (SJ!~) water
quality issue is "operation off the USBR’s Grassland B~ss Cfz~mnel Project Iha~ regulars agricultural
dm#~ discharge rote M~ud Slough ue~ ifs confluence with the Sd]~ , This twOj~eg ffhieh began fL
September 19~6 and i.* scheduled to l~s’l up retire year~ h~v a compliance mOn~or~og ~rogram
vslabliahes monthly toad l#mts for salt and selenium." [underlines added].

The propo sM goes on to state tha~ "theproje~’t willO momtor aqua#, contammcmt~
and agricultural, chemicals) that may cause acute toMciO) and mortality or long-term tox,c~ty wad
associated detrimental physiolog~cal responsea. ~l he d~scharge into the ~IR of agrl¢~ulmral drainage
high in sdeniom is a serious contaImnam pfoblem ~n the lower
Moaccumulates ~n p~ant a~d animal tissue ~o levels that can be toxic to
[underlines added]:

Titus, the SIR Reaifime Monitoring features monitoring of rapi~i-th-analyze components of the
river mainstem and its tributaries in combination with ~aodelins, in an effort to provid~ timely feedback
for dischargers For suleni~m ($e). analysis of total water concentration is the only viable option.
Certainly, this suits the presem-day regulatory objectives of n~ximum lo~d limits imposed on tot~
inthe SJIL

~Ecotoxic Risk Indicators and P.e~ulations

Unfortunately, total waterborne Se - while readily analyzed - is widely considered to be an
unrei~able indicator of ecotoxic risk to upper ~rophic levels, precisely because Se bioaCcumulat~o as
stated above. This fact has been revealed by numerous scientific publications (please see discussion i~
the main proposal), and clearly spelled out in CALFED’s own document (CAL-V~D, !999).
Furthermore. this fact is behind the recent EPA Great Lakes ruling (EPA, 1996), and �onstitht~s
prmaary conclusion of the EPA Peer Consultation Workshop on Selenium Aquatic Toxicity mad
Bioaccumulatlon (EPA, 1998). This fact is also reflected in the Caiit’ornia Taxies Rule (EPA~ 1997)
suggestin~ site-specific Se criteria tbr the SIR. Thus, there are abundant s[t~S that the regulations may
align closer to the ecotone fects in the near fi~ture.

If not total waterborne Se, then what else should one measure? Efforts are currently underway to
test the expert-panel consensus hypothesis (EPA, 1998 and references cited ther,~in) that the
protomaceous Se in food items (e.g. water column and benthic invertebratea) may be a goo~ m~asure of
upper-trophic-level ecotoxle risk This is due to the high Se concentrations typically found in proteim
coupled with its high nutri’donal availability to the next trophic level One such inveStigation ~s aJready
being conduct ed in our laboratory ].t remains to be seen whether this type of sampling and analysis
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can develop into a rapid-response method, but Cul~ently the approach is relatively labor-in’~ensive and
lime-consuming.

Ecotoxie Risk Indicators and "Real-Time" Water Quality Management

Suppose - for argument’ s sake - that methods already existed wttere invertebrates are readily
sampled and quickly analyzed for proteinae~ous So. Would such eeotoxic risk analyses help in short-
term water quality management? There is disturbing evidence that the answer would be.. "NO".

All selenium monitoring - real and proposed, even advanced concepts such as protdmac~ous Se
- measures its accumulation into pools, not the rate at which Se is entering the foodehain. The well-
known ease of Belews Lake, NC, into which Se discharge was terminated in 1985~ still shows
significantly elevated Se leeds in foodehaln pools a decade later (L~mly, 1997)! This hysteresis is
probably due to recycling of So between the foodchain and detritaYsediment pools. Therefore,
measurement of Se pools CANNOT (in a short time) yield the rate of antxyfi-eent~ into the foodchain,
which is needed to provide the critical direction-of-change of So eeotoxic risk. In other words, the
answer to the question, "’Is the Se ecotoxic risk increased or decreased when I do this or that?" is
urgently needed to manage water quality on a realistic time scale.

Our Proposal -- A New Category of Se Measurement

We propose to test, at CALFED-funded S JR Realtime Monitoring sites, a potentially viable
yet forseeably practical way to obtain the rate at which Se is entering and re-entering the food~hain,
This consists of analysis of volatile, biog~nic Se eompotmds inthe water, using a method recently
developed by us: purge-eryotraping, solid-phase microextraetion gas chromatograph/mass
spectrometE¢ ("cryotrap-SPME-GC/MS"). The rationale behind this method is: (a) only the lowest
foodchaln orgarfisms (algae, microbes, plants) are ktmwn to produce appreciable volatile So; (b) these
btogemc Se compounds are a side-product of uptake and metabolism of Se from inorganic, living, and
detrital forms of So; (e) because the bioganic Se compounds are volatile and labile, they do not
accumulate, so that their concentration may indicate only recently-fined Se (it is a "rapid-response"
ecotoxie risk parameter); (d) because the analysis uses mgsfiy off-the-shelf, automatable instruments, it
has the potential for rapid analytical results (so the analysis m~thod is also "rapid-response").

Although the above rationale appear.~ to be straightforward, there are questions present at each
step that must be addressed (please see main proposal for details oftbe work plan). For example, does
higher Se volatlles correlate well with higher or lower Se levels in the itffauaal invertebrates7 Also, the
production ofbiogeaie volatile Se compounds is expected to be site-spenific, because the algal/microbial
communities are likewise site-specific This need not be a disadvantage, if~he desired information is
some measure of the direction-of-change (e.g., "Is the Se fixation rate going up or down in r~ponse to
my saline drainage?"). If so, each site might serve as its own historical control Thus, much research is
needed before Se volatile measurments can be interpreted reliably, which is the imp~tna for requesting
$115,029 in CALFED support for a two-year study.

In summary, the proposed analysis ofbingenic volatile Se compounds can be valuable to the S JR
Realtime Monitoring project because it could provide dkection-of-change (and possibly rate) of
foodchain Se entry, that is earrently not mcasureable. The ultimate objective is to measure a rapid-
response parameter that is linked to Se ecotoxic risk, and do so by utilizing a potentially rapid-
response ~nalytical method

2
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PROJECT DESCRIPTION

Prooosad Scope of Work

As outlined in the Executive Summary and discussed in Ecologinal/Biologica| Ben®lira, there
is a crucial need to determine° even if it" s just a direction-of-change, the rate of Se entering the aquatic
fuodchaln Tothebeatofourknowledge. thera is no praericai m~thod efdoing so in the field Here~
we pro0ose to measure volatile, biogenic Se compounds in the water. The background, rationale, and
work plan i~er measuring volatile biogenie Se is deseribed in this section. The work plan essentially
consists of measuring the volatile biogenic Se compounds, comparing it to concentrations in biota, and
challenging key assumptions in the rationale

Background ~J the Proposed Approach

This projont has its inunediata roots m a mini-project "co survey the biogaochemistry of Se
volatilization in agricultural drainage waters of the San toaquin Valley. We have been studying bio-
votatilization by algae in evaporation ponds (Fan et al.. 1997: Fan and Higashi.1998; Fan et al., 1998),
while others hasx shown a high corrchttion of chlorophyll with volatile Sem estuarlc~s re.g. Amouroux
mad Donnard. 1996). In Saptember, 1998 with funding from DWIL we joined forces with tha
Laboratory of Environmental and Bio-iorganic Chemistry (LCB1E) of the National Centers for
Seiantific P.esaarch ~CNRS) in France The LCBIE director. Dr. Olivier Dmmard and ~ senior s¢iantist.
Dr. David Amouroux. arc well-known for their work in measuring S~ volatilization from water bodies
around the world. Therefore, AmouroLtx brought his Se volatile monitoring aqmpmant here, and we
successfully measured various volatile Se compounds in the air and water.

Major findings were
¯ Dimethyl-selodide (DMSe) dominated most of the volatile biogenie Se in evaporation ponds and the

San Luis Dram.
But in at least one ease (one of the evaporation ponds in the Tulare basin), dimethyl-diselenide
IDNIDSE) and dlmothyl-selanenylsulfida (DMSeS) dominated. This differenea was orobabiy due

to differences in biogeochomistry between sites.
We aiso jointly developed a purge-cryotraping, solid-phase microaxtractiort gas
chromatograph/mass spectrometr’� ( cryorrap-SP!vlE-G-C!MS ) method of analyzing not just Se
compounds, but in fac~ most volatile compounds present in water, all at once.
Employing file technique, we discovered an excellent correlation b~wean toluene (likely a by-
product of algal/mierobi~l metabolismt and DMSe Since toinene is prezant at several million-fold
higher concemration than DMSe, and it is part of BTEX analysis that is routinely measured
industrially, it might serve as an easy-to-measure sun-agate for volatile biogenic Se.

Eationale for the Approach

As stated above, we propose to measure volatile, bmgenic Se compounds in the water as a
possible measure of the rate of So emry into the foodchain Figure 1 illustrates talbeit greatly
simplified) the concept that Se is continually entering and re-entering the foodchaim Beoause Se is
converted to biochemical forms by biota, there is Se llxaLion into biota and orgainc matter, ~rietly

3
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analogous to carbon aml nitrogan fixation, This detom into the organic matter might bo very significant
for Se, and is now a major focus and confounding faotor of ecotoxlc risk issues (EP~. 1998).

HIGHER
Figure L Biogeo~hemical "reflurdng" of            TROPHIC
Se as it moves up the food~hain.

LEVELS

This is a simplifieg scheme ~ n°t

l 1i[~,, "~
intended to be complete - of Se cycling in
aquatic systems that are devoid of va~ul~r ~ ..j
plants (e.g. not wetlands). In this system,
the detritus (rcocntly dead orgarde mawr)
is widely believed (EPA, 1998) to be a ItqVE~aTUIS~I~S

~~l’~" -- -- " I~1

significant P°°l of bi°avarlable Se’ whilehuraic materials O~anvily degraded organic
m~er) are [:~,orly tmdet~tood in this

~ompound~

regard. The bioavailabili~¢ of Se will
I_7. o~ [21ke~y depend on its chemical form in bo~

volatile biogenic Se ccanpounds as a
possible indicator of rtae of Se "fixation"
into organic forms. The indicator may bc

it’s own lfis~ri~l control.

The rafiotmle tbr measuring biogenic Se volatile compounds is:

(a) From Fig. 1 and field studies ~y, 1997), pools of Se might take years to reflect
inereasetdeerease in ecotoxic risk; this time scale is not useful for Se discharge management.

(b) Only the lowest foodohain organisms (algae, microbes, plants) are la~own to produce appreciable
volafile Se

(c) These bioge~c Se volatiles are a side-product of uptake and metabolism nf Se from feeding on
inorganic, living, detrital and other forms of Se;

(d) The biogenic Se compounds are volatile and labile, hence they do not acctmmlate. If so, it is
reasonable that their concentration indicates only recently-fixed Se (i~ is a "rapld-response" ecotoxic
risk parameter);

(e) Because of the complex recyling of Se (Fig. 1), which is at be~t very poorly understood, it is not
feasible to test the overall analyfictd approach in a contrived laboratory setting. The CALFED-
funded S JR Realtime Monitoring sit¢s present an outstmlding and relevant system to test our
approach.

Moreover, the rationale for how the data will be used/interpreted is:

(0 Due to (e), we expec~ that the ralationsbip of volatile hio~enic Se to fixation into the foodchain will
be site-specific;

(g) On this basis, we hypothosize that the method is most useful for Boolean, direction-of-change of Se
fixation rate measurements, with each site serving as its own historical control;

4
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(h) Therefore, we envision that its usage wlil be for zt preliminary assay of th~rease or decrease in
e~otuxic risk, which can then td!~ger a raore comprehensive analysis of the site (~.g. prote~naceous
Se in invertebrates) to coullrm the preliminary indication.

The rationale for cryotrap-SPME-GC/MS analysis method is:

1. GC/N[S can posit ively identify the biogenic So eompounds, at the tow detection limits required;
2. Since some non-bioganie forms of Se can also volatilize, the chemical stru~Xure

C-C/MS is required at this phase, instead of measuring total volatile
3. Because GC/MS can detect all other volatiles and also identify them, we will employ it 100% in

this study to search for a convenient surrogate for volatile Se, as we (appara~ly) found in
a~fienltural drainage water (see Background);

4 The "SPME" interface that we developed is compatible with commercial autosamplers, and
furthermore is adaptable to any standard GC for future ¢o~ reduotions;

5~ Because of #4, it has the potcmial for rapid-response of analytical results.

Work Plan

The wo~ plan essentially consists of measuring the volatile biogenie So eompramd~, comparing it
to concentrations in biota, and ohallenging certain key assumptions in the rationale chain.

Measurement of volatile biogonic Se - We will eenduet on-site purging era 1 L water sample for
with helium, splitting the gas flow in half and trapping the volatiles in two glass tubes inmaersed in
liquid argon (Amouroux and Donnard, 1996). Thetwo tubeswill be duplicates, whieh will be storedin
a liquid nitrogen vessel (-196°C) until u~. For analysis, each tube, while still esyoganie, will be fitted
with airtight septa, then heated to 50~C. An SPME fiber (Supelco Inc., Beltefonte, PA) will be inserted
thru one septum and most volatile compounds will adsorb/condense onto the fiber over the course of
25 rain. The SPME fiber will then be withdrawn and inserted into the hot (280°C) injector of the
GC/MS system. Volatile compounds will dasorb offthe fiber, separate in the GC, and be identified
and quantified by the MS.

Measurement of Se load in biota - Our results from evaporation ponds (see Linkages section) suggest
thax microphyte community plays an important role in Se volatilization, depletion from water, and
fixation into the sediment as well as in controlling benthic ulvertebrate population. However, measuring
Se load in invertebrates is not reqnim5 for the present goal of this project~ because it is resigned to site-
specific, Boolean results for rapid-response management putp~es. However, it would be desirable to
lcarn whether the approach harbors any actual ecotoxic risk infoianatioo. Therefore, if data on Se lo0xls
of invertebrates is not available ~m various S3R agencies, we will measure it at the backwater sampling
sites, using out, established methods (Fan et al., 1998).

Test volatile and labile assumntious in (d) above - Actual volatitily of biogenic Se, vel~uS how much
degrades back into non-volatile forms, is got known because it has not been investigated. Instead, the
literature calculates the flux of DMSe based on its Henry’s Law parameter; but in the presence of
pmaJcniates, high TDS, and/or sediment, Henry’s Law behavior may be masked, by other factors. We
will conduct, using S JR water and sediments, studies in the laboratory designed to detect d~ from
Henry’s Law" for DMSe. Samples will be sealed in glass boUles, spiked with an elevated amount of
DIV[Se (such that the added DMSe is the major Se Ibrm), and the water surface purged with a slow
stream of He. Experiments will be kept sho~ (a l~w hours) to avoid very large changes in the

5
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biophysical-chemiswy of b~ota and detritus. However. some c "hange~ ~u’e unavoidable, and perhaps even
desireabhi since tt presents a more ctmllengthg test of Henry’s Law. Analysis will be as dascnbed above.
and recovenes of the DMSc and total (non-DMSe~ Se will be compared with Henry’s Law predictions
under these controlled conditions.

Measurement of other volatile constitucnt~ - As stated in Rationale #3 above, we will search for a
convenient surrogate for volatile Se, as we (apparently) found in agricultural drainage water (~ee
Background) This will be a matter of simply compiling data for all other tnon-Se) peaks f~om the
GC/MS analysis, and plotting them against DMSe concearration If any aig~aificant correlations
appem, preliminary identifica~i0n thru mass spectrum library matching will be enndueted to ganera~e
~andidates: and attempts to ennfim the Chemical identity will consist of analyzing authentic standards
tif commercially available) of the candidates.

Location andlov Geographic Bounflal-ies

The geographic boundaries of the CALFED-fundcd S JR ReaItl~e Monitoring is reproduced on the
next page. from that project’s proposal. We plan to smnple at ~R @ Vemalis because ol tts stgnificance
to river management, but will also sample at two backwater sites in the hopes of obtainin~ a dearer
relationship of the volaUle biogenic Se to biota cot~centrations. Thee additional sites will be ~tetermined
thra careful disett~ion with SJR Ranltime Mouitoring and other persormellagencies familiar with de’tails
of the various stretches or- the S JR maingtem and tributaries.

6
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ECOLOGICAL/BIOLOGICAL BENi~FITS

Ecolo~caltBiolom c.,al Obi~twe.~

It ~s ~en ~own t~ the ~or risk of Se to~cosis to ~uatic mp pr~ators suo~ as shore~rds
o~ms th~ ~eir ~ and the~fore thin the ~odc~n (g8 S~mp~ 1998 ~d mf~en~s ~ited ~er~n).
Other ro~es of e~o~, e.g dire~ #xpos~ to Se~n~ted watt, ~ n~ ¢onsid~od to be
si~c~t. ~� ch~c~ the(s) else that moves t~ou~ ~e f~dc~n is n~ ~ but a r~em
~nsen~s (e.g EPA ~ce of Wamr. [998) propels that proton-bound
the mos~ av~able ~ to the nero trop~o levd- C~onfly, UC Sfli~fiw~age Pro~ pro~e~s
(thos~ of ~’~ ~d F~), as wall as oth~ agencies, ~o ~vestiggi~ ~ese aspS.

On the oth~ h~d, tittle att~fion has be~ p~d to the non4i~ng forms of $~ w~ch ¢atgr the
tbodch~n in the first place: that is, the bi~i~ of Se to lower a-op~c levels Or~c fo~s
appear to be impo~am, as labormo~ ~di~s have shown t~. dire~ly ~om water, orgamc So as
sd~om~hiofine { Se-M~) is much more av~labl~ to gga¢ ~d ~w~ebrates t~n the t~ic~ ~org~e
fo~s, sele~to (see3) and sel~ate (g~4) (Ros~a ~d K~gh~. 1~5~ M~ ~d ~gh~, 1994 ~d
ref¢r~c~ ~t~ therein). Ro~ever. ~erci~y-avfil~lo orga~c fo~s
v~s~ngly low conc~tions in the wat~ (Fan ~d Higas~, unpublish~ d~), so Sey ~y not be
rel~t modal compounds. Luo~ ~ g. (1992) have ~o~ t~t m~e ~mpI~ but u~o~ o~c
form(s) such as So-l~ded diatoms ~d sediments ~vg@bioavailabilityto cl~ ~e sediment xs
ofivn the largest p~l of Se ~d ~nsider~ to be ~ ~po~t sour~ of fo~c~n Se (e.g., EPA Office

am~ 1998~ In ~o ~diment So is fikoly to be resid~ in ~ pa~cle ~�~ ~ng ~om ~al matsof W , " ,, "~ .... " --~lecule ~es" but o~v ~e laR~ ~s b~ ~v~i~tvd. Thus,
what is n~ied ~e studies of bioav~ity of the v~ous o~afic ferns ~d fiz~ of
Food items, ~d p~i~ly the sed~ent - to gm ~ ~d~st~dm8 of how Se o~ers the fo~chmn

U~o~tdy, such ~dies ~e no~ feagble at the present ~age of ~owl~ge,
rdevam fo~s of S~ ~ the ~ ~e ~ply nm ~o~ T~s i~ nm a ~ ~ to ¢omp~, ~ we
consider briery ~e biogeoch~c~ ~dos of S~. Fi~� 1 i~us~at~ a so~ ofbioge~he~l
¯ ’reflmxin~" of S~ d~i~it~g the relatively fimple ~stem of m ~aporafion bas~ w~ch is devoid of
v~l~ pl~ ~d ~m venobr~es. Wat~ome ~d s~t So ~ S~ ~ S~ ~e i~ti~y
.... rote ~ ~c fo~s mo~ly by ~gae ~d ~obes, some ofw~¢h
turn into org~ m~ed~ flint is relatively umlter~ - to~ed de~ifus - p       ¯
~efi~ c~ r~enter the foodc~n ~¢di~ely ~a ~obes or ~nv~ebr~es ~t
~hysic~ly or t~ inge~on) ~ th~ d~s. Oth~ p~s ~e for Se to re-~t~ the
~crobos or ~ve~e~es ~ ~n~der~le eh~eal ~or~tion ~s oo~ff~ ~ the d~t~
~ted~ - for ~e 9utposes of br~ty~ t~s ag~ ~t~al is lumped ~

In ~y of the steps ~ ~ig 1, multiple ehe~e~ fo~s of Se ~e ~volved, ~d tbr the most p~
the~ fo~s ~e u~own ~ mo~ e~es, ~ ~e physi¢~ ~nte (ga~ous, ~oluble, ~soluble) is
u~ow~ w~ch is ~lso ~po~ to bioav~ab~, ~u~he~ore, the s~ dis~bvfion of ornate Se as
it converts ~om d~filus to humi¢ mated~ is ~e~se u~o~. Siz~ i~ of gross impo~¢e as it
dete~es the t~get or~ ex~s~e route, md chendst~ of Se upt~, r~ ~om ~re~
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sorption or membrane trensport for molecular-sizes, to insestion and digestion for mac~oscup~c
panicles and debris.

.M%r decades of research efforts on Se contamination issue, it is clear that complex So
biogeochemistry holds the key to Se ecotoxioiw in aquatic ecosystems. Consequently, simple water
quality parameters such as watethome Se concentration and even Se body burden of aquatic organisms
are not ulways reliable predicators of Se toxicity to wildlife (EPA_ 1998). The picture that is emergin8
is that Se biogenchcmis~ry, particularly in the sediment, plays a pivotal role in So fate in the
environment_ which in turn determines its long-terra ecotoxin risk (EPA, 1998). These complexities
associated with Se contamination makes it extremely difficult to both assess and remedi*tte Se impact
on ecosystems. For example, after a d~cade of restoration effbrt at Belews Lake (a power plum try ash
receiving reservoir), NC, Se hazard to fish population remained significant, despite the dramatic
decrease tn wmerbome Se concentrations to well below the EPA recommended 5 lag/L limit (Lemly,
1997). Sediment-detrital food pathway for Se was attributed as the main fnetnr for such a slow

We recently learned that the Tulare La~e Drainage D strict s (TLDD) e~ aporat~on basin exhibit
year-round decreasing trend in waterborne Se concentrations despite the salt-concentrating effect
water evaporation (Fan et al., 19cYSa&b). This result is ennsistent ~ith the spot sampling reaults
obtained a decade earlier (Moore et al., 1989), so this phenomenon has persisted for at least the last
ycers (Figure 2). In fact. these basins have been in full-scale operation tapprox. 12,000 acre-ft/yr) for
over 20 years and yct ~vaterborne Se load is not tncreasmg.

Therefore_ we have been conducting both field and laboralory studies of TLDD basin water and
bottom sediment samples since Slmng . We found that this natural attenuauon or-waterborne Se may
be mediated via mierophyte volatilization and accumulation of Se ~Fan et al., 1997; Fan et "al., 1998a&b).
Laboratory smdiea on microphytes isolated from TLDD basin water show that they volatilized and
bioeoncentrated Se from wateL which caused water Se to deptete (Fan et al., 1998~: Fan and [-hgashi.
1998), Thus. rhe vointilization of Se comoounds is a bv-vroduet of Se fixation into the biota.

We also obtained both laboratory, and field evidence that the Se vdatilizalaon rate varied with
micropyr~ community and that the annual average wate~ Se concentration of one basin cell ~I-IEB C2] thal
exhibited higher volatiliTauon rates remained lower than another comparable cell (HEB A2) (Fan and
HighashL 1999a). Notsuror~vin~lv. thisindicatesthatvola~ilizafionofbio~enicSecomooundsare
probably site-soeci~c.

We also obtained results that sediments Se c~oncentrations did not increase with increasing salimty
resulting from evaporation (Fan and Higashi, 19993. which is agaza consistent with the previous report
(Moore et aL, 1989) (Figure 2). One striking observation was that the HEB C2 cell also exhibited louver
sediment Se concenlrations than the HEB A2 cell. In addition, the Se body burden and abundance of the
benthic invertebrate population were consistently lower in the HEB C2 than A2 cells. Moreover, this
trend also extended to the evaporation portals at Lost Hills Water District, where the waterborne Se
concenwation was at least two orders of magnitude higher than the TLDD cells (Fan and Highashi,
1999b). These results sue~est that microt~hvte community plays an iml~ortant role in Se volatilization,
depletion from water, and fixation into the sediment as well as in controllin~ benthic invertebrate
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The proposal approaoh integrates the knowledge that we ginned from the above. The ERP strategic
objective that this ptx3posal addre~sses is °’contaminant" rednot]on kp.421, vol. 1 of ERP). The lhnkage to
future ERP action and goals include (see the Proposal Solicitation Package, Feb., 1999): 1) to improve
Water Quality (Goal 6, p. 16) of the Bay/Delta by reducing and regulating Se load dischargedinto the
San Joaqum river (3rd & 5th ERP aeaons, p. 23, 24); 2) to ~ssis’t in Rehabihtation and Protection ol
Natural Processes ~Goal 2, p. 14) by remedialmg Se risk in the Grassland Bypass area (2nd ERP acttolX
p. 19; 3) to hdp protect Recreational and Commercial species (Goal 3. p. 15) by reducing Se impact on
fish stock (e.g. splitmL sturgeon, salmon, steelhead) (lst ERP action, p. 28) and waterfowl species (e.g.
tho~e in the (Jmssl0-qd ~eaL Since Se discharge from the Grassland Bypass area may represent a major
s~urce of Se to the Bay/Delta watershed,, the source control raeusure proposed should contribute towards
CALFED’s overaU objectives on Ecosystera Quality and Water Quality, As the ~mssland Bypass area m
currently regulated on EPA’s total mmxium daily load (TIVIDL) for Se. if successful, the prol~sed
approach should cx~ntribute towards adaptwe mm~agemem plan for mconng this regulatory demand,

System-wide Ect~svstem Benefits

The plx~posed project should help mlptement water quMity management in. the San Jc~qura River
corlidor by providing - if successful - a measure of ec.toxic risk in the SIR

CompatibdltV with Non-Ecosystem Oblecuves

This project does not conflict with any CALFED objec0.ves, and is comparable with water qtmlity
conaiderattons.

TECHNICAL FEASIBILITY & TIMING

Rdatwn to Other Alternolives

For measunng rotes of fixation, the onl~ other viable method is the use of radio-labeled ~Se. which
is not feasible for use in the enwronment due to it’s radioactivity and cost. In addition, the label will
eventually mix into mutaple fractious ovex t~me. In contr0st, due to it’s short half-life in the aquatic
environment, the volatile biogethc Se compounds do riot"mix"_ and therefore may be clccer to reflecting
the rates of fixation of Se, as already discus~d above.

We do not expect that CEQA, NEPA or other environmental compliance doetmaer~ts m-e required for
suet print-scale trial, s~-e envxronmental impact is expected be negligible.

MONITORING & DATA COLLECTION

Biolo ~ical/E~olo ~ical Obie~aivcs

The biologicul/eeologioal objecuves, rationale, and hypotheses is described under Project
Description secuon.
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.Monit~rin~t Param¢’i.er~ and Da~ Co~on AD~ab

Sin~ ~is is es~n~flly a me~ development ~s~, ~e mo~ting ~e~m ~d da~
~ll~fion a~r~eh is ~ under P~jett Oestfiption/Work Plan a~ve.

Ev~ ion ~

Since ~s is ~nfiflly a m¢~ devel~ment ~o~fl, ~e d~ evfluafion appr~h is descried
und~ Project Description/Work Plan ~ve.

I} Bio[ogi "cal/Ecological Objectives
HypothesislQuestion to be Monitoring Parameter(s) and ")ata Evaluarion Appr~ch Comments/

Evaluated Data Collection Approach Data Priority

1) What are the seasonM 1 Measurement of volatile biogeni~ 2ompile data to compar~ with
site differences in volatileSe quarterly, &s described in

xe data below.
biogenie Se? Project Description/Work Plan

above
2) Does the volalale       Measurement of Se load in biota Sc a~mlysis of biota samples
biogcnic Se compare with qxmrterly.
Se load in biota?

3) Test key assumptions Laboratory experiment* as Evaluate departure l~om
that volatile biogenic Se fl.escribed in P~ject Hen~"s Law, as described in
s’olafilizes readily and/or is Deseriptioa/Work Plan abeve.Project Description/Work Plan
labile above

4) Does the volatile Se    Measurement of other volatileCompile data for all other
’elate to any other volalile compounds in ~e cryotrap, as(non-So) peaks from the

compounds that can be    lesefibed in Project GC/MS analysis to compare.
u~ed as surrogates? Description/Work Plan above.

Local Involvement

The proposed project will be in pmtaership with the CA LFEI~ funded S JR Realtlme Momtoring
ccordinated by DWR, Fre.sno. Their support and eollaberation letter is enelcxscd, and their CALFED
proposal is also included for reference. Since that p~ogram spar~ several cotmt~es, copies of notification
lettters sent to ~ach county’s Board is enclosed.

Schedule

Water and biota samples will be ~ken and analyzed quarterly, at three locations. The project ~n
commence immediately upon funding.                                            ~

11
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COSTS

BUDGET JUSTIFICATION

Funds are requested for both years of the project, for 10% time for each of the PIs, plus a 50% time
postdoctoral associate. Equipment requested are cryogenic air sampling equipment, whieh is an air
pump/flow controller ($4000) and a pressurized liq Ar tank ($1500).

QUARTERLY BUDGET
Year t

Task Oct-Dec 99    Jan-Mar 00    Apr-Jun 00 3uI-Sep 00

(includes any
Equipment)

#1 Se 18,91~ 13,411 13,411 13,41!

Volatilization
Project 0 0 0 0

Ma~aagernent

TOTALS 18,911 13,4ll 13,411 13,41I

Year 2
Task Oct-Dec O0 Jan-Mar O1 Apr-Jun O1 JuI-Sep Ol TOTAL

(includes any
equipment)

#1 Se 13,971 13,971 13,97] 13,971 1 t5,029

Volatilization 0
Project 0 0 0 0

Management

TOTALS 13,971 13,971 13,971 13,97I 115,029
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Principal Investigator: Teresa Fan

Indirect
Costs Total

Direct Salary Supplies State 10% Cost
Labor & & & (Federal State &

Task Hours Benefits Expenses Travel Equipment 46%) Federal

Se 2.688 83.573 12.000 4.000 5.500 9956 115.029

VOlatilization 45 804l (150,877)

TOTAL 2.688 83,573 t2,000 4,000 5,500 9.956 1t=5.029
145~604) (150,877)



COST- SHARING

The following cost for ~ae project will be defrayed by resource~ ob~ned elsewhere:
- GC-MS inslrumentation for volatile Se form analysis,
- Fluorescence s?cctrophotometer for total Se analysis, $26,000
- Ultyacold frcczgr ( -708C~ dedicated for Se rcsearch, $1
- Additional 20% effort (:$45,000) from Fan and 10% effort ($21,000) from l-lig~hi as supported

through the Department of Water Resources and UC Salinity/Drainage Program.

APPLICANT QUALIFICATIONS

Dr. Teresa W-M. Fan is an associate research professor in the Department of LaarL, ALI" and W~aer
Resources. University el Califomia. Davis. Her research intet-cst has been m the broad area of
environmenlal bioche~nistry ra~ing from plant stress biochemistry and Se biogeochemistry in relation
to m sire bioremediafior~ to mechanisms of aquatic eeotoxicity of agncultttral and industrial discharges.
Along CalFed’s interest, she has been working on salinity and toxic metals stress on the Asian dam.
Potamocorbula amurensts, tn the Delta!San Pablo Bay, as well as the tradeoffs bev¢veen algal
phytoremediation and ecotoxic risk of selenium in San J0aquin Valley’s evaporation ponds. She has
served on the 9-member EPA Peer Consultation Workshop on Selenium Aquatic Toxicity end
Bioaectnnulation (March 1998) which concluded that selenium orgarac forms and foodctmin
biochara~stry - t~o~ total Se - should be the target of eco~oxic investigations and bioremediation goal
Most recently, she was one of the authors of the Central Valley DrY’rage larplementatiou Program’s
comprehensive report on Discharge to the San Joaquin River

Kelevant Publications
"Biotransformations of Sale~um Oxyenion by Filamentous Cyat~phyte-Dominated Mat Cultured from

Agricultta~al D~-aniage Waters". T.W.-M.Fan, R,M. Higa.shi, mad A.N. Lane, Environmental Science
and Technology 32. 3185-3193 (1998).

"Biochemical Fate of Selenium in Mierophytes: Natural B~oremediation by Volal~ilzailon and
Sedimenla~on in Aquauc Environments", T.W.-M. Fan and R.M. Higashi. In: Environmental
Chemistry of Selenium, W.T. Faaakenberger and R.A. Engharg, eds., M~eal Dekker. Inc.. New
York, pp. 545-563 (1998).

"Synthesis and stru~tare characterization of selenium met~bolitex". T.W.-M.Falz. A.N. Lane, D.
Martens. R.M. HJgazhi, Analyst 123(51, 875-884 (1998).

"Characterization of Two Humic Acid FracV_ons from a Calcaseoas Vera~cuIitic Soil: Implications l~3r the
bIumifieation Process" D.C. elk, K.G. Cassmen. and T.W.-M. Fan. Geoderma. 65, 195-208
(~995).

Dr. Richard M Higashi is an assistant research professor in the C~’ocker Nuclear Laboratory,
University of California, Davis. He has worked in broad areas of enviroumenial chemistry, ranging
from toxicity identification in complex effluents such as pulpmill and oil production dizcharges, ~o
DOE waste contamination remediation, to agricultaral water, soil, and sediment problems of the Central
Valley ancl SanFrancisco Bay/Delta, as well as air pollution (PM10 ~d ozone research in the Central
Valley and SiarraNevadaRange The chemistry ofhumics and other organic maker pl~ys a central role
in ALL of these research areas, and he is cunentiy eaagaged m organic matter chemistry investagntions in
relation to sdeniuar ecntoxic remediation in evaporation ponds of the SJV.

Relevant PubLications
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SGhnltz, L.F., T.M. Young, and R.M. I-Fasashl. Sorptiort-dosorpfion behavior of phenanthrene
elucidated by pyrolysis-GCMS studies of soil organic matter. Environmental Toxicology and
Chemistry, in press.

"’A~oc6ation of desferrioxamme with humie substances and their interaction with cadnlium(II) as studied
by pyrolysis gas chromatography mass spectrometry and nuclear magnetic resonance spectroscopy",
ILIA. Higashi, T.W.-M. Fan, A.N. Lan, Analyst 123(5), 911-918 (1998).

"Selenium Biot~ansformatiom by a Euryhaline Microalga Isolated from a Saline Evaporation Pond",
T.W.-M. Fan, A.N.Lane, and R.M. Higashi, Environmental Science and Technology, 31, 569-576
0 9’~7).

"Microphytes-Me~ialcd Selenium Biogeochemistry and Its Role in In Situ Selenium Bioremediation",
T.W.-M. Fan and R.M. Higashi, In: Phytoremed~ation, N. Terry, ed.~ Ann Arbor Press, in press.
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a~d Bioaccumulation, EPA-822-R-98-007, September 199K

Fan, T.W-M., A.N. Lane, and R.M. HigashL Seler~ium biotransfi~rmatioas by a euryhaline microalga
isolated from a saline evaporation pond. Environ. Sci. T~hnoL 31:~69 ~76 (19cf7).

Fan, T.W-M. and ILM. Hig~shi. 1~ situ selenium bic~.emc&ation utilizing biochemical transformation by
assernbleges of aquatic photoautetrophs. UC Salinity/Draiang~ 19~5-7 Annual R~port, Division of
Agrietllture and Natural Resouces, University of Califorr~a (1997).

]Fan, T.W.-M. and R.M. Higashi. Biochemical fate of s~lenium in mi~roph~e~: N~tural bior~mediation
by volatilization and sedimenla~on in aquatic environmants. In: Environmental C~mistrv of
Sele~iun~, W.T. Fra.akenberger and ILA. Engberg, eds., ~V~arcel Dckker, Inc., lqcw York, pp. :545-
563 (199~a).
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S~qence and Technology 32, 3185-3193 (1998b).
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selenium metabolites". Antuys~ 123(5), 875-884 (1998c).
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bioremediation of Se ecotoxie consequences". Report to the Department of Water Resources (1999b).
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Good[el|ow, D. Jones, F.G. Priest_ eds.. Academic Press, London, pp. 369-40t.

Hayes. M.H.B. C 1991) Concepts of the ofiglna, eompesitaon, and structures of humie substances. In:
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Wilson. ed.. The Royal Society of Chemistry, Cambridge, pp. 3-22.
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Lemly, A.D. Teratoge~fi.c effects of sdenium in natural popdalions of freshwater fish. Eeotoxicol.
Environ. Saf. 26_ 181-204, 1993.

Lemly, A D. Eeasystem recovery following selenium contamination in a freshwater reservoir.
Ecotoxicology and Environmental Safety, 36(3), 275-281 (1997).

Ohlandorf, H.M., Skorupa, J.P.. Saiki, M.K.. and Barnum, D.A. Food-chain transfer of trace elements
to wildlife. In: NLanagement of Irrigation and Drainage Systems: hategrat0d laerspoctiv~, R.G. Allen
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. DEPARTMENT OF WATER RESOURCES

FRESNO, CA 93726-69!3

April13,1999

Dr. Richard Higashi
University of California-Davis
Department of Land, Air and

Water Resources
1 Shields Avenue
Davis, California 95616-8627

Dear Dr. Higashi:

Th=s ~s a letter to assure you of our intent to collaborate and express our supper[
for your proposal to CALFED eqtitled "Rapid-Response Assessment of Selenium
"Fixation" Rate into the Foodchain b~’ Analysis of Volatile Siogenic Selenium
Compounds." We believe that the proposed project directly addressee a major gap of
information needed to manage water quality in the San Joaquin River.

Currently, all selenium monitoring measures only its pools, not the rate at which
selenium is entering the foodchain. The well-known case of Belews Lake. into which
selenium discharge was terminated in 1985, still shows elevated selenium levels in the
foodchain cools a decade later. Therefore, measurement of selenium pools cannot
provide the critical direction-of-change of selenium ecotoxic risk that is needed to
menage water quality. Unfortunately, tl~ere I~as been no such method available.

But now, the UC-Davis group proposes to test a potentially viable, while
reasonably practical, means to obtain such a measurement, While not"real-time," the
proposed analysis of biogenic volatile selenium can be an invaluable "rapid-response"
approach because it provides a parameter that is critical, vet currently not measurable.
Possibly, the results of this work could establish correlations that would lead to an
inexpensive method for real-time monitoring of selenium concentrations in drainage

On behalf of the entity reseonsible for managing the Department of Water
Resources Agricultura~ Drainage Program and the CALFED funded Real-time
Monitoring Program for the San Joaquin River, I would like to express the District’s
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Dr. Richard Higaehi
April 13, 1999
Page Two

support for this proposal. We believe that this investigation opens the possibility for
greatly enhancing the value and utility of the GALFED-funded "San Joaquin River Real-
time Water Quality Management Program." t also has potential to enhance many other
~hases of selenium research and monitoring throughout the ,San Joaquin Valley, the
San Joaquin River and the Delta.

Sincerely         ,-,

~ Louis ,&. Beck, Chief
San Joasuin District
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UNWERSITY OF CALIFORNLA, DAVIS

Fresno County Board-Supervisor
2281 Tulare St # 301
Fresno, CA 93721-2105
Phone: 559-488-3529

13 April, 1999

This letter is to notify your county of our inten~ to submit a proposal to the
CALFED Bay-Delta Program, due on April 16, which will be peri’ormed in part in your
county. The information is listed below. If funded, CALFED will notkey you of the
project after dose of their confidentiality period,

If you have any questions, please feel flee to coronet me at file number below

Sincerely,

Teresa W-M. Fan

Rapid-Response Assessment of Selenium "Fixation" Rate into the Foodchain by
Analysis of Volatile Biogenic Selenium Compounds

Primary Contacts:
Pdehard M. Higlmhi, Croekex Nuclear Laboratory, One Shields Ave, University of
CalJl’ornia, Davis, Davis, CA 95616
Phone: 530-752-1450; Fax: 530-752-0952
Terersa W.-M. FmL Department of Land, Air and Water Reanurees, University of
Califomla, Davis, One Shields Ave., Davis, CA 95616
Phone: 530-752-1450; F~x: 530-752-1552

Participants and Collaborators:
Jack Erickson, California Department of Water Resources, Fresno
Leslie Grober, Central valley Kegional Water Quality Control Board, Sacramento

Type of Organization and Tax Status:                             ~
University, non-profit
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UNIVERSITY OF CALIFORNIA. DAVIS

Merced County Board Administrative Offices
2222 M $1
Merced. CA 95340-3729
Phone: 209-385-7637

13 April, 1999

This letter is to notify your coumy of our intern to submit a proposal to the
C)kLFED Bay-Delta Program, due on April 16, which will be performed in part in your
eoumy. The information is listed below. If fund0d. CALFED will notify you of the
projecx after close of’thelr confidentiality period.

If you have ~ny que~tioo$, please feel free to contact me at the mtmber below.

Sincerely,

Teresa W-M. Fma

Rapid-Response Assessment of Selenium "Fixation" Rate into the Foodehain by
Analysis of Volatile Biogenie Selenium Compounds

Primary Contacts:
Richard M. Itigashi, Crocker Nuclear Laboratory, One Shields Ave, University of
California, Davis, Davis, CA 95616
Phone: 530-752-1450; Fax: 530-752-0952
Terersa W.-M. Fan, Department of Land. Air and Water Resources, Universily of
California_ Davis, Otto Shields Ave., Davis, CA 95616
Phone: 530-752-1450; Fax: 530-752-1552

Participants and Collaborators:
Jack Eriekson, California Departmen~ of Water Resources. Fresno
Leslie Grober, Central Valley Regional Water Quality Control Board. Sacramento

Type of Organization and Tax S~atus:                               ~.
University, non-profit
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UNIVERSITY OF CALIFORNIA, DAVIS

Stanislaus County Board Administrative Offices
1100 H St
Mode~to, CA 95354-2338
Phone: 209-525-6333

13 April, 1999

This letter is to nofi~ your county of our intent to submit a proposal to the
CALFED Bay-Delta Program, due on April 16, whioh will be performed in par in your
county. The information is listed below. If funded0 CALFED will notify you of the
project after close of their confidentiality period.

If you have any questions, please feel free to contact me at the number below.

Sincerely,

Teresa W-M. Fan

Rapid-Response Assessment of Selenium "Fixation" Rate into the Foodchain by
Analysis of Volatile Biogenic Selenium Compounds

Primary Contacts:
Pdohard M. Higa~hi, Crocker Nuclear Laboratory, One Shields Ave, University of
California, Davis, Davis, CA 95616
Phone: 530-752-1450; Fox: 530-752-0952
Terersa W.-M. Fan, Department of Land, Air and Water Resources, University of
California, Davis, One Shields Ave., Davis, CA 95616
Phone: 530-752-1450i Fax: 530-752-1552

Participants and Collaborators:
lack Erickson, Csiffomia Department of Water Resources, Fresno
Leslie Crrober, Central Valley Kegional Water Quality Control Board, Saortwaemo

Type of Organization and Tax Status:                            )
University, non-profit
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L’NIVERSITY OF CALIFORNIA, DAVIS

San Joaquin County Board
7330 West Ln
Stoekto~ CA 95210-3310
Phone: 209-478-6091

13 April, 1999

This letter is to notify your eoumy of our intent to submit a proposal to the
CALFED Bay-Delta Program. due on April 16, which will be peri~omled in part in your
county. The Mformation is listed below. Iffi~nded, CALFED will notify you of the
projeer ~fter close of their confidentiality period.

l.fyou have any questions, please fee[ free to comact me at the number below

Sincerely,

Teresa W-M. Fan

Rapid-Response Assessment of Selenium "Fixation" Rate into the Foodehain by
Analysis of Volatile Biogenic Selenium Compounds

Primar~ Contacts:
Richard M. Higashi, Crocker Nuclear Laboratory, One Shields Ave, University of
California, Davis. Davis, CA 95616
Phone: 530-752-1450. Fax: 530-752-0952
Terer~ W.-M. Fan, Department of Land, Air and Water Resources, Olfiyarsity of
California. Davis, One Shields Ave., Davis, CA 95616
Phone: 530-759-1450, Fax: 530-752-1552

Participants and Collaborators:
Jack Erickson. California Department of Water Resources, Fresno
Leslie Grober, Central Valley Regional Water Quality Control Board, Saeramemo

Type of Organization and Tax Status:                            ~
University, non-profit
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San Joaquin River Real-time
Water Quality Management Program

(Other Service water quality monitor~_g and modeling)

Proposed by

California Department of Water Resources
San Joaquin District

3374 East Sliields Avenue
Fresno, CA 93726

In collaboration with

San Joaquin River Management Program (SJP, A, IP)
California Regional Water Qualily Control Board, Central Valley Kegien (CKWQCB-CVI~)

California State Water Resources Control Board (SWRCB)
California Department of Fisli and (~me (DFG)

United Stales Bureau of Reclamation, San Jnaquin Valle~ Drainage Office (USBR-SJVD)
United States Bureau of Reclanlation, Central Valley Operations (USBR-CVO)

United States Geological Survey (USGS)
Lawrence Berkeley National Laboratory

Local SYR bas’m stakeholderrs (reservoir operators, water and drainage districts)

Program Co-Investigators
San ~oaq~n P,,ive~ Ma-~agement Program

Water Quality Subcommittee

Earle W. Cummings ! DWR Wetlands Coordinator ! Subcommittee Cliairman
(916) 227-7519, (916)227-7554 FAX, earlce@cd-eso water.ca gov

Ernest D. Taylor, P.E. / DWK Associate Engineer, Water Resotu-ces
(technical and i~ancial contact person)
(209) 445-5630, (209) 445-5370 FAX, etaylor@water ca.gov

Leslie Grober / CRWQCB-CVR Associate Land and Water Use Analyst
(916) 255-3105, (916) 255-3015 FAX, lgrober(~davis.com

Nigel Quinn, p E, Ph D / Lawrence Berkeley National L~boratory Staff Scientist
(510) 486-7056, (510) 486-7152 FAX, nwquinn@lbl.gov

Michael Delamore, Chief, San Joaquin Drah~age Division, IJSBR-SJVD
(209) 487-5039, (209) 487-5130 FAX, 2FROIOO.MI3ELAMORE@IBRSGWBO.USBR.GOV

!
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October 1998
SAN JOAQUIN RIVER REAL~TI~vlE WATER

QUALITY NLkNAGE~MENT PROGRAM
proposed by

California Department of Water Re~ource~
San Joaquin District

Scope of Services

Background
The San Joaquin River Real-time Water Quality M~magement Progr~m~ (SJRR.WQMP) uses
telemetered stream stage and salirtlty data and computer m~ntels to simulate and forecast water
quality conditions along the lower S JR. Its prinuwy goal is to increase the frequency of meeting
S.1R water quality objectives for salinity, thereby reducing the number and/or magnitude of high
quality releases made specifically for meeting SJR salinity objectives. The SJR water quality
issues that are directly addressed by the Program include:

Califonfia Regional Water Quality Control Board, Central Valley Region (CRWQCB-
CVR) water quality objectives for SYR salinity near Vernalis, just upstream from the
SJR’s entrance into the South Delta. Current S JR salinity management involves releasing
water stored in New Meloues Reservoir when EC objectives are exceeded to lower the
Ven~alis EC and maintain compliance
Operation of wetlands that discharge brackish water intl3 Mud and Salt ~loughs ti-om the
periodic drawdown of specially-managed ponds.
Operation of the USBR’s Grassland Bypass Chanaael Project that regulates aglq_cultural
drainage discharge into Mud Slough nero its confluence with the SJR. This project, whial~
began in Sel~tember 1996 and is scheduled to last up to five years, has a compliance
monitoring program that establishes montltly load limits for salt and selenium.
Release of Spring and Fall pulse flows resulting from Anadromous Fish Restoration
Pregram (AFRP) implementation. These seasonal pulse flows temporarily enhance the
SJR’s assimilative capacity for salt, thereby increasing the amount of brackish wetland
and/or agricultural drainage that can be discltarged into SJ’R tributaries without exceeding
Vernalis salinity objectives

The potential application of real-tinge water quality management techniques to address water
quality problems in the San Joaquin River (SIR) was demonstrated by the SJRMP Water Quality
Subcommattee and described in a June 1997 final report fulfilling the Committee’s obligations
undo a $250,000 USBR Challenge Grant The project showed Ihe feasibility of monitoring and
modeling the salinity of the lower SIR on a dairy basis A series of workshops were held and
technical papers were written to describe the results of 18 months of flow and water quality
forecasting on the San Joaqaln River The demonstration project ancomplislted the following:

!

I I01 8444
1-018444



Expanded the number of monitoring sites temporarily providing telemetered stage and
water quality data, and reinstated full operation of gaging stations: (a) along the Marced
River near Stevinson (the USGS discontinued this station in 1995); (b) at Mud Slough, (c)
Salt Slough and (d) Crows Landing. Developed protocols for polling these stations twice
weekly and rapidly updating flow ratings to allow real-time operation, flow and EC
forecasting.
Developed analytical tools to collect, process and display daily streamflow and salinity
data (and by extension, S.1R assimilative capacity).
Executed a $50,000 service contract with Systech Engineering, Inc. to develop a
Window-s" -based graphical user interface (GUI) computer program to display forecast
model input and results (discharge, salinity, and remaining assimilative capacity) along a
60-mile reach of the lower SJK. The GUI has lntemet upload and download capabilities
that expedite the collection of model inputs and the dissemination o£water quality
forecasts. The demonstration project established an lntemet Fqt’ (file transger protocol)
site on the DWR San Joaquin District local area network used exclusively for GUI
operation.
Developed weekly water quality forecasts of dally Vernalis discharge and salinity since
February 1996, and posted forecasts in arrears on an electronic bulletin board operated
and maintained by the USBR (sjrwqop@sacto.mp uabr.gov)
Established a memorandum of understanding (MOU) (Attachment 4) to express a
commitment to the operation, mainlenanee and expansion of the Program’s Network.

The demonstration project successfully provided a forum for information exchange among
entitles with an interest in managing SJK water quality. The demonstration project also
established a trained interagency staff and an operational system featuring a custom GUI with
Internet upload and download capabilities. Funding for continued water quality modeling and
management activities ended in July 1997 with the termination of the demonstration project’s
USBR Challenge Grant.

Funding from the current CALFED grant will be used to restart the flow and water quality
forecasting program on the San Joaquin River, upgrade the existing monitoring network, install
and maintain sensors at key monitoring sites (including new west-side tributary locations and the
San Luis Drain) and increase utilization of the results of these activities by CALFED
organizations and beneficiaries.

Scope of Project
The work will be completed in two years. During the firsl year of the project, the surface water
moaltoring station network will be upgraded and expanded. Operation of the water quality model
will be reinitiated while antwork expansion is in progress and will continue through the second
year. An existing agreement with the USGS for station operation and maintenance of
DWP.dUSGS stations will be amended to include upgrading and O & M costs fog Tuolumne River
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near Modestu monitoring station A subcontract with the CRWQCB-CVR for water quality
analysis and model operation will also be executed Another subcontract will be executed with
Lawrence Berkdey National Laboratory for c~3nducting tt avd-rime studies, model operation,
conducting workshops and training sessions for stakeholders. A third subcontract will be
executed with Systech Engineering lnc., for upgrading the graphical user interface to display
information on the expanded monitoring network. Annual progress reports will be submitted to
CALLED and MOU signatories

Objectives and Benefits of Project
The primary stressor addressed by the Program is contaminants entering the lower SJR. The
main objective of the project is to fa~itate the control and timing of ~.etland end agricultural
drainage to coincide with periods when dilution flow is sufficient to meet Vernalis salinity
objectives By ncreasing the fi-equency of meeting Ve~nalis EC objectives, the project may reduce
the number and/ur magnitude of high quality relcase~ (e.g, releases of Stenislans P,2ver flows from
New Malones Reservoir) made spec fieally for meet ng X~ ernahs EC objectives. The water saved
can be used later to increase SIR basin streamflow during critical periods for anadromons fish
restoration efforts. Besides chinook salmon and steelhead trout, species and species groups
benefitting from inca-eased SIR streamflow include delta smelt, longfm smelt, splittall, white end
green sturgeon striped bass, estoarine fishes, large invertebrates, and Bay-Delta aquatic foodweb
organisms

Other specific objectives and benefits include:
1.     Reduction in contlicts between reservoir operators, wetlands managers, and agricultural

drainers in meeting Venaafis salinity objectives.
2. Improved SIR and Bay-Delta water quality for agricultural, drinking water, industrial, and

recreational beneficial uses. Under its authority, the project will be managed to dovetail
with CALFED’s Water Quality Program, the geographic scope of which is limited to the
legally defined Delta

3 Expanded and improved monitoring stations with telemetered streamflow, temperature
and EC sensors capable of delivering real-time information. Streamflow temperature data
from these stations wifi be instrumental in the development of river temperature models.
Species benefitting from such adaptive stream temperature menagement as possible
modifications to re~rvoir facilities and stream channels, include white and green sturgeon,
chinook salmon, stealhead trout, end Americen shad Additionally, EC data may be
employed in monitoring adaptive managen~ent strategies that deal with use of the lower

SJK by splittail.
4. Increased understanding and management of activities that all’eel SIR water quality. The

model may qualiQ as a tool to assess the impact of other menagerecnt practices that
attempt to reduce the pollutant load into the lower SJR end Bay-Delta The project will
enhance existing water quality programs to monitor aquatic contaminants (e.g., selenium
and agricultural chemicals) that may cause acute toxicity and mortality o[ long-term
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toxicity and associated detrimental physiological responses. The discharge into the SJR of
agricultural drainage high in selenium is a serious contanlinant problem in the lower S.IR
basin and Bay-Delta Selenium has caused reproductive failure in sensitive fish species
and developmental deformities in waterfowl and shorebirds because it bionceumulates in
phaat and animal tissue to levels that can be toxic to higher trophic organisms. The
project plans to enhance existing sampling for selenium and boron at key location,s
through the purchase of portable water sampling and quality monitoring traits that will be
used in short-term investigations of lower S JR basin water quality by SIRMP
participants (e g., Assessment of the Stanislaus River Corridor Below Goodwin Darn.)

5 Facilitate the dissemination of shift and rating table data fbr Network stalions
Telemetered stage data are adjusted according to shi~s in the relationship between stage
and discharge established at each gaging locale to generate preliminary estimates ef stremn
discharge Preliminary’ discharge data~ such as that posted on CDEC’s Iuternet sile, are
often significentiy affected by the subsequent delermination of such shills The
preliminary estimates of S.IR discharge at Network sites along the lower S JR generated by
the project will help veri~ the acenraey of preliminary real-time data posted on CDEC

Cooperating Agencies
DWR - San Joaqdin District: The San Joaquin Distr~ct operates and maintains several surface
water monitoring stations in the San Joaquin Valley. The SJK Real-time Demonstration project
utilized flow data from six DWR stations. With the proposed network expansion, tlfis number
will increase to 8 stations, and would include flow, electrical conductivity and temperature data.
Installation and equipment costs attributed to these 8 stations will be funded by Ca!Fed grant
Monthly operation and maintenance costs will be funded out of District funding sources.

USBR- SJVD: Since the 1996 Challenge Grant, Reclamation has coutinued to make aignLficant
commitments tt~rough staff-time and funding to support the SJR Real-time program The SJR
Real-time program compliments directly Reclamation’s Grasslands Bypass Channel Project, the
Refuge Water Supply Acquisition Program, the Cooperative Strearnflow Probwam, and CVP
operations in the Ddta.

For the two-year SIR Real-time program, Reclamation has committed the following:
funding and expertise to operate, maintain, and upgrade two important water quality
monitoring stations at Ripon and Vernaiis.
funding LBNL to design, instal!, and calibrate an new station on Mud Slough to monitor
water flowing tl-om wetlands.
funding USGS to operate and maintain five water quality monitoring stations as~ciated
with the Grasslands Bypass Channel Project.
fimding staff-time to support the collection, review, and presentation ofwa~er quality
data by the SIR Real-time program.
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During year one, Reclamation has committed more than $200,000 to support the S JR Real-time
program.

Grasslands Water District: As an interested party, Caasslands has con~mitted to partially fund
the installation of a control structure and concrete pad at the new Mud Slough station.

Task Order

Seven primary sub-tasks will be accomplished through the cooperative effort of the collaborating
agencies. These sub-tasks are as follows:

1 Program Management
2. Preparation of Subcontracts and Agvcements

1. Lawrence Berkeley National LaboratoU," contract
2 CRWQCB-CVR contract
3. USGS ag~ement
4 Systecll Engineering, Inc. contract

1. Water Quality Monitoring Plan - Quality Assurance Project Plan

2. Expand Real-time Water Quality Monitoring Network
3. Operate and Maintal~ New and Existin~ Real-time Monitoring Stations

4. Water Quality Sampling and Analysis
5. Modeling and Management Activities

A descriplion, actions involved, schedule of deliverables, the responsible staff and agency for
each sub-task is indicated below

Sub-Task No. 1
Program Management

Act as program manager to San Jnaquin River Real-Time Program. Oversee and facililate the
development of subcontracts, and the completion of program goals and objeoives
Responsibilities will include assigning resources, scheduling tasks, reviewing results, and
developing quarterly and annual reports (DWR Senior Engineer).

Schedule: Task is ongoing and terminates v4th the completion of the program Reports will be
issued on a quarterly and annual basis.
.Delive~ables: Satisfactory completion of the goals and objectives of the program Quarterly and
annual reports.

6
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Sub-Task No. 2
Preparation of Subcontracts and Agreements

Sub-task 2 involves the preparation of subcontracts and agreements directly related to Program
activities (DWR Senior Engr.). These subcontracts include the following:

California Regional Water Quality Control Board - Central Valley Region Contract
For QAQC purposes, the Program includes periodic collection and analysis of total dissolved
solids (TDS), selenium and boron. CRWQCB-CVR responsibilities will include monitorin~g
water quality at critical San Joaquin River basin sites to serve as a check on data collected at real-
time monitoring stations. CRWQCB-CVR responsibilities will also include model operation,
report writing, developing monitoring plans, and conducting workshops and demortstrations.
Schedule: Contract preparation is underway and will be completed by the end of January 1999.
Deliverables: Contract describing CRWQCB-CVR duties and responsibilities as they relate to the
real-time monitoring program. Drnfl and final contract to be delivered upon completion.
Lawrence Berkeley National Laboratory Contract
Travel-time dye studies will help establish the "~iming influence of tributaries to the San Joaqnin
River. LBNL will serve as backup to DWR staff for such duties as station troubleshooting and
data preprocessing LBNL will also work with Systech E~ineering, Inc. to modify the graphical
user interface (GUI) computer program to include the expanded monitoring network In addition
these duties, LBNL responsibilities will also include model operation, report writing developing
monitoring plans, and conducting workshops and demonstrations
Schedule: Contract preparation is underway and will be completed by the end of January 1999
Deliverables: Contract describing LBNL duties and responsibilities as they relate to the real-time
monitoring program. Draft and final contract to be delivered upon completion.

Systech Engineering, Inc. Contract
A Windows~’M-based graphical user interface (GUI) computer program to display forecast model
input and results was developed for the deraonstration project by Systeeh Engianefin~, Inc. With
the expansion of the monitoring network~ this program will require modification to display model
inputs and results for several additional monitoring stations.
Schedule: Contract preparation is underway and will be completed by the end of January 1999.
Deliverables: Contract to upgrade GUI sottware. Draft and final contract to be delivered upon
completion

USGS Agreement
DWR has an existing agreement with the USGS to cooperatively operate and maintain certain
surface water monitoring stations in the San Joaquin Valley. An amendment to this agreement to
include the upgrade of their Tuolunme River near Modesto ststion ~o include real time EC and
temperature monitoring will be prepared. The agreement will also include regular operation and
maintenance of discharge and EC/tempernture sensors at this monitoring station
Schedule: The agreement will be prepared by the end of January 1999.

I --01 8449
1-018449



Deliverables: Cooperative agreement to operate this station for real-time monitoring uses. Draft

and final contract to be delivered upon completion.

Sub-Task No. 3
Water Quality Monitoring Plan
Quality Assurance Projecl Plan

A Quality Assurance Project Plan (QAPP) will be prepared to document the procedures used by
the interagency project team lbr activities related to the collection, processhag, storage, and
publication of surface-water flow and water quality data (LBNL and CRWQCB-CVR staff).

Schedule: A draft document has already been prepared. The final QAPP will be completed by
January 1, 1999
Delivcrahles: Final Quality Assuraane Project Plan report.

Sub-Task No. 4
Expand Real-time Water Quality Monitoring Network.

Sub-task No. 4 will expand the monitoring network by installing conductivity and temperature
sensors at six existing telemetered gaging stations and installing telemetry and sensors at two
untelemetered stations in the lower SJI( basin
Actions:
6. Plan~ coordinate, prepare final equipment and manpower requirements, and schedule work

to be performed (WK Engineer Associate DWK, 48 hours, first year only).

7. Acquisition of equipment (telemetry, dataloggers, EC/temperature sensors, spare
equipment, and associated peripherai equipment) for expanding and upgrading monitoring
station network (Associate Engineer DWP,, 24 hours, first year only).

8. Equipment for network expansion:
5. 2 - Telemetry conm~unlcations ($2,100 each)
6 2 - Data collection platforms ($2.400 each)
7. 2 - Stage height gauges and peripherals ($1,400 each)
8. 8 - EC/ternperature sensors and peripherals ($1,700 each)
9. g - Miscellanenus matetials and supplies ($500 per statton)

1. Repair and upgrade station for new equipment. Install telemetry and ~nsors for real-time
discharge and EC/temperature sensors at (W.R. Tech I[, DWI~ 160 hours):
10. San Joaqu n Kiver ~. Maze Road Bridge
11. Tuolumne River @ l~fickman Bridge.

2. Repair and upgrade station for new equipment. Install EC/temperature sensors at the

following sites (W.R Tech II, DWR, 324 hours, first year only):
1.     San Joaquin Ki~’er near Stevinson                          ~

8
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2. Merced River near Stevinson
3 Merced River near Cressey
4 Me*ced River near Shelling
5 San Joaxluin River @ Patterson
6 Stanislaus River @ Orange Blossom Bridge

6. Upgrade existing telemetered monitonng station to include real-time EC and temperature
at Tuolumne River near Modesto (:$2,300 as per USGS agreement ).

3. Equipment for USGS station (Tuolttmne River near Modesto):
1. 1 - Data collection platforms ($2,400 each)
2 1 - Stage height gauge and peripheral ($1,400)
3. 1 - EC/temperature sensor and peripheral ($1,700)
4 1 - Miscellaneous materials mad supplies ($500)

4 Equipment for Grasslands WD station (Mud Slough below Gun Club Rd.):
1. 1 - "l’elemetr~ communications ($2,100 each
2. 1 - Data collection platform ($2,400 each)
3. 1 - Stage height gauge and peripheral ($1,400)
4. 1 - EC/temperature sensor and peripheral ($1,700)
5 ] - Miscellaneous materials and supplies ($500)

5. Setup and cafibration off datalogger, telemetry, discharge gauge and EC/temperature
sensors at following sites (Engineer DWR. 72 hours, first year only):
1. San Joaquin River @ Maze Road Bridge
1.
2. Tuokmme River @ Hickman Bridge.
3. San Joaquin River near Stevinson
4 Mereed River near Stevinson
5 Mereed River near Cressey
6 Mereod Rive~ near Snelling
7. San Joaquin River @ Patterson
8. Stanislaus River @ Orange Blossom Bridge

6. Spare equipment for Program when required (one full set of equipment per year)
1 1 - Data collection platforms ($2,400 each)
2. 1 - Stage height gauge and peripheral ($1,400)
3. 1 - EC/temperature sensor and peripheral ($1,700)
4. 1 - Miscellaneous materials and supplies ($500)

Schedule: Expansion of the monitoring network will begin when CALFED funding is secured
Installation ot" equipment will be dependant of several factors: availability of technical staff,
weather, condition of stations, and availability of equipment. Installation of equipment to
upgrade and expand monitoring net~-ork will conunence as soon as possible during the first year
of program operation and should be completed by the and of calendar year 1999.
Deiiverables:

9
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7 Permanent upgrade to real-time EC/temperature capability for 7-stations (6-DVCR, 1-
USGS and 1-Caasslands WD). EC and temperature data available on DWR’s California
Data Exchange Center (CDEC) website.

8. The addition to real-time status of two previously untelemetered DVfR stations
measuring flow, EC and temperaturc

9. Telemetry, data collection, sensors and miscellaneous equipment and materials for
upgrade of 1-USGS, 1-Grasslands and 8-DWR stations

10. Spare equipment fu~ repair and maintenance of DWK stations.

Sub-Task No. 5
Operate and Maintain Ne,v and Existing Real-time Monitoring Stations

Real-time stage and conductivity data are downloaded and processed to yield preliminm3’
estimates of current discharge. Accurate lbrecasta of real-time SJK assimilative capacity require
aceurate estilBates of real-time discl~arge and EC, which in turn, require the periodic measurement
of discharge and regular maintenance and cleaning of sensors at Network stations. Regular
monthly ~raaintenance of DWR operated stations will be funded by Distfiet flood management
and basic data program sources. Regular monthly maintenance of all but one (Tuoluman River (~
Modesto) of the USGS opet ~ted stations in the Real-time Program will be funded by ~e USBR.
Regular monthly maintenance of Grasslands Mud Slough station will also be funded by the
USBR during the two year program Regular monthly maintenance or’the USGS Tulounme River
@ Modegto station will be funded through the Rea!-time program~

Since the Real-time program requires an accurate and rellable data source on a daily basis, t?om
time to time it will be necessary to troubleshoot and repair equipmenl problems that occur
between the regular scheduled maintenance The Real-time prograna will fund DWR staff to be
responsible for troublesbooting these problems. Under the;~r contract, LBNL staff will serve as
backup when DV~rR staffis not available

Actions:
I 1.    Operate and maintain ECltemperature sensors at the following telemetered monitoring

station (USGS agreement):
1.     Tuolumne giver near Modesto ($10,200 per year)

12. Troubleshooting and repair of 19-stations:
1 Engineer DWR, 152 hours per year
2. LBNL staff, 40 hours per year (backup)

Schedule: Operation and m~intenanee of one USGS station (Tuolunme River near Modeato) will
begin when station equipment is upgraded to include ECitemperalm~e mtmitoring and will
continue to the completion of the lwo-year program Troubleshooting and repair of network
station equipment will be initiated as required throughout the tema ~f the progra~n.

10
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Deliverables: With the more intense operation and malntenaoce schedule that the project will
provide, there will be an increase in lhe accuracy of stage, flow, EC and temperature data
collected at network stations to the benefit all data users. Maintenance summary will be included
in qua~.erly reports.

Sub-Task No. 6
Water Quality Sampling and Analysis

Periodic collection and analysis of water samples for total dissolved solids (TDS), selenium and
boron is the focus of the project’s two-year water quality sampling plan Periodic collection and
analysis of waler samples for total dissolved solids (TDS) help maintain reliable site-specific
correlations of TDS and EC Although boron and selenium cannot be measured in real-time,
concentralion data from sampling sites ~511 be used for retrospective model runs. Sampling will
be conducted on a weekly basis for key sites and more intensive daily monitoring will be
conducted pefiodically at specific locations. Sampfing program will follow the methods ~nd
procedures established in the QAPP report.
Actions:
13 Weekly sample collection, processing, and analysis for boron and selenium at ten sites

and daily san~ple collection, processing, and analyses tbr boron and selenium at select
sites (CRWQCB-CVR student, 2,860 hours per year).

l 4. Sample processing and analyses for TDS for select samples (CRWQCB-CVR lab, 250

samples at $16 per ~mple per year).
15 Weekly sample processing end analyses for B and Se (CRWQCB-CVR lab, 520 samples

at $35 per sample per year).
16 Daily sample processing and analyses for B and Se (CRWQCBA2VR lab, 513 samples at

$35 per sample per year)
17. Time-of-travel dye studies (LBNL slafl" plus 100 samples at $1 per sample per yea0
18 Prepare summaries of the results of water quality sampling program to be included in the

quarterly and annual reports.
1
Schedule: Water quality sampling will begin when fimding is secured and will continue through
the course of the 2-year program Summaries of water quality sampling will be completed on a
quarterly aIad annual basis.
Dellverables: Provides a check on the accuracy mad reliability of real-time EC data through
correlation to TDS monitoring. Analysis orb and Se monitoring will help to idem;Yy where
contarvJnams are being introduced into the fiver system and the loads entering the Delta.
Quarterly and annual summaries included in program reports (see sub-task 1).

11
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Sub-Task No. 7
Modeling and Management Activities

Staffwill assemble and process real-time monitoring data, poll stakeholders on upcoming river
management activities, ran the forecasting model a~d post results on the Internet on a weekly
basis. Stakeholders will be consulted on a quarterly basis on opportunities to improve SJK water
quality. Workshops will be conducted periodically to solicit interes~ and participation by new
stakeholders in Program ac~tivities. Stakeholders will be instructed ou how to use the Program’s
GUI software, and Program information will be disseminated on the SJRMP home page. Annual
progress reports will be submitted to CALFED and MOU signatories.
Actions:
19. Assemble and pro-process raw stage and EC data for San Joaquin and tributary sites;

weekly (DWK Engineer 624 hems, LBNL staff 24 hours).
20. Input and maintain pl ocessed data; weekly (DWK Assoc. Engineer 104 hours).
21 Poll stakeholders on current rive~ management activities; weekly (DWR Assoc. Engineer

208 hours, LBNL staff" 104 hours).
22 Kun forecasting model; weekly (DWR Assoc. Engineer 520 hours, LBNL staff295 hours,

CRWQCB-CVR staff 312 hours, CRWQCB-CVK studem 1040 hours).

23 Maintain and post model results ou GU1 (DWR Assoc Engineer 416 hours )
24. Maintain and post mode! results to USBR SJRWQOP Bulletin Board and Web Page;

weekly (LBNL staff 104 hours)
25. Conduct workshops, training sessions, and demonstrations with water agencies, water

districts, and the public to promote use of foreeasftng model interface and fbrecasts
(DWR Assoc. En~neer 96 hours, LBNL stafP96 hours plus travel, CRWQCB-CVR stMF
96 hours).

26. Atlend SJRMP meetings to provide monthly updates (DWR Assoc. Engineer 96 hours,
LBNL staff96 hours plus travel, CRWQCB-CVR staff 48 hours).

27. Write quarterly and annual reports (DWR Assoc. Engineer 168 hours, LBNL staff 72

hours, CRWQCB-CVR staff 72 hours).
28. Training DWR staff’in model operation (DWR Assoc. Engineer 60 hours, DWR Engineer

60 hours, LBNL staff36 hours plus travel, CRWQCB-CVR staff 24 hours).

29. Upgrade and maintenance of GUI software (LBNL staff24 hours pins travel, Systech
Engineering Inc. contrac~t)

30. Miscellaneous uvfo~en needs (salary rases, equipment failures, additional work to
upgrade stations, additional travel and perdiem costs, etc.)

1.
Schedule: Quarterly reports of progress and an annual report summarizing the results of weekly
forecasts of flow and EC on the San Joaquin River. The annual report will be written in a style
for publication by California Agriculture or similar journal. Web site and DWK PC will be kept
currant ~ith forecast data tbr the period of the C~LFED g~ant.
Deliverables:
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31 Weekly water quality forecasts (posted to SJRWQOP Bulletin Board, USBR web page,
and available to stakeholders on Real-timc GUI)

32. Stakeholder workshop presentatinn materials and a schedule of workshops will be

provided
33. Quarterly and annual progress reports (see sub-task 1) Summary of workshop minutes

will be included in quarterly reports
34. Upgrade GUI software.
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Task Order Schedule of Deliverables:

~ubtask ~o. Task fl~Iiverable Description Start Date Due Date
(motyr) (mo/yr)

Program Management                            1/99         12 fli0

1 Quarterly fiscal reports. 4/99, 7/99,
10/99, 1t00,

I Dla~ Subcolllm~s 12/98 1/99

3 Water Quality Monitoring Plan QAPP 7/98 1D9

L Draft QAPP rcpolt completed

2 FinM QAPP report 1/99

1. Permanent installation of telemetry, slage, mid 1/99 12/99

and upgrade to real-time E[Vtemp for one USGS and six

2. Equipment purchased for nelwork exqmnmon. 1/99 12/99
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7 Modeling and Management Ar t~ties 1/99 12/00

L Wge.kly water quality fi~recasts (posted to 1/99 weekly
S3’RWQOP Bulletin Board, USBR ,~b page, and
availablc to stakeholders on Re~l -time GUI)

2. Stakeholder Workshop Presentado~t materials. 1/99 3/99

3. Modeling progress reporl~ inelndod in quarterly mad(s~ subqask (see mabq
annual repot~ (see sub-task 1) 11
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Task Order Budgel - Two Year Program
Year Number 1

~ pn~am Management (DWR 260 $10,720 $4,481 $15,201
Semor

2 Subcontract preparation (D~W. 60 $2,474 $1,034 $3,508
Senior Eng~ )

3 Prepare Qualily Assurance
Project Plan.

LBNL staff $3,164 $3,164

CRWQCE-CVR st~" $1477 $1,477

1 Acquisition of equipmem

talemetry, stage, EC/tamp cqllip

upgrade to real-lime E(Vtamp for
one USGS and six DWR statiom

DWR Engr Associate 48.4 $1,603 $670 $126 $2,399

DWR Assoc. Engilte.~r 24 $834 $349 $126 $1,309

DWRTech Ii 484 $13,305 $5,562 $1,008 $19,875

USGS agreemem $2,3 IXI $2,300

expansion (8-DWR statio1~).

Telemetry colmlt.(2) $4,526 $4,526

D ata collend on plaObtnn $5,172[ $5,172

(~)

EC/lemp sensoi (8) $14,654 $14,654

¢S)

3 EquipmentforUSGS giafiOlL
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Misccll~xlct~us llmterials $539 $539

4 Equipment for Grasslands Mud
Sleugh near G~m Club Rd.

Telemetry cormn.(I) $2,263 $2,263

(1)

0)
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DWR Engineer 144 $3,054 $1,277 4,331

LBNL ~nff (backup) $3,51 fi $3,516

6 \rater quality sampling.

1. Weekly & daily sample $42,500 $42,500

collecOon, precessing and anal3~is
tbr 13 and Sc (CRWQCB~VR

Engineer)

18
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CRWQCB-CVR slall" $19.204 $19.204

CRWQCB-CVR student $15,454 $15,454

5. Maintain and archive .~mta. Post    416 14,~0 $6,0~ $20,505

DWR Assoc. Engiaeer 96 $3,337 $1,395 S504 $5236
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& per diem. etc.)

Senior I ~nginccr $4123 $17.23 $58,46

Asso¢, Engtnecr $3476 $14.53 $49.29

Enghlccr $21.21 $8.87 $30.08

WR Assoc. Engineer $33.12 $1384 $4696

%’%q~ Teeh II $2749 $11.49 $38.98

.Bill $88.882 $79,327 $168.20~

CRWQCB-CVR $133.562 $130,607 $264,16t~

USG$ $t2,500 $10,200 $22,70(

Systech Engineering, Inc.
$5.000 $0 $5.00~

Equipment costs $ 53,120 $8,727 $61

I)WI~ wages (direct ~lmT, benef~ls, $184,558 $151.800 $336.3~

Total Annual Costs                               $515,165              S416,693                  $931,8~

FISCAL YEAR BUDGEq
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