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This report summarizes water quality monitoring dwaeted for the purpose of evaluating
operations of the Grace Hydroelectric Project anBlear River, Idaho from 2008 through 2010.
As a license condition, the hydroelectric projectequired to shut down the Grace Plant up to
sixteen times and divert water to the Black Canygren flows above 700 cfs are available
between April 1 and July 15 on weekends. Concemr® waised during the first flows in 2008
over the potential effects of these releases oremwguality, primarily the potential for
mobilization of sediments within Black Canyon. Adse effects on water quality have the
potential to impact the trout fishery.

The objectives of this study were to collect dethispatial and temporal data in Black Canyon of
the Bear River for temperature, dissolved oxyge®@),and turbidity and, based on those results,
to evaluate the potential risk of these releasesqoratic life.

" # $ % &

TR

According to the Idaho Surface Water Quality Staddaset forth by the Idaho Department of
Environmental Quality (IDEQ), temperature standavdsy by the designated beneficial use
classification (IDEQ 2008). The Bear River at Blacknyon has been designated COLD/SS,
meaning it is a cold body of water with salmoniéwsping. As stated in Section 250.02(b), the
standard for cold water is:

Water temperatures of twenty-two (22) degrees (&ss with a maximum daily average of
no greater than nineteen (19) degrees C.

However, during the spawning season the standarbiie restrictive, as indicated under Section
250.02(f)(ii):

Water temperatures of thirteen (13) degrees C ss lgith a maximum daily average of no
greater than nine (9) degrees C.

Spawning and incubation periods for rainbow havenbgenerally listed as March 15 to July 15
(Grafe et al. 2002). Spawning periods for Bonnewv@llutthroat vary depending on elevation and
temperature (May et al. 1978). But generally haserblisted as spawning from May to June.

Whitewater releases could alter water temperatugemanner that adversely affects developing
rainbow trout eggs.

)* o+

Under Section 250.02(f)(i)(2)(a), the dissolved gety (DO) criteria for salmonid spawning are:
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One (1) day minimum of not less than six point Zé6t0) mg/l or ninety percent (90%) of
saturation, whichever is greater.

Potential release of buried organic matter durihiiewater releases could produce a short-term,
localized increase in the biological oxygen demdrttie material remained in Black Canyon,
potentially resulting in a decrease in DO. Howeeis case is considered unlikely because high
flows through Black Canyon would likely transporbsh organic matter out of the reach.

n *

Turbidity standards are described by IDEQ (200&)eurSection 250.02(e) as follows:

Turbidity, below any applicable mixing zone set thg Department, shall not exceed
background turbidity by more than fifty (50) NTstantaneously or more than twenty-five
(25) NTU for more than ten (10) consecutive days.

Within Black Canyon, required minimum flow releadesm the Grace Forebay are set at a
minimum of 65 cfs or inflow if less. The Bear Rivierknown for elevated levels of suspended
solids arising from various sources; thus, accutiariaof sediments could occur over the long

term. Periodic flow spikes have the potential tobitibe sediment from stream banks and

quiescent areas of the river. This sediment coalkladverse effects on aguatic organisms. An
example of this would be re-deposition over maimsteut spawning redds.

-1 *
. - '

All hydrologic data for Grace Forebay flow release® Black Canyon were obtained from
PacifiCorp. Management of these flows was soletybitewater releases.

To determine compliance with IDEQ water qualitytexia during whitewater events, the two
sites described below were monitored for tempeeatDO and turbidity using YSI 6920 sondes.
Data were collected beginning 12 hours prior teasés and until flows returned to normal.

The “Grace Forebay” site was located above Blaaky@a to reflect background environmental
conditions. The “Black Canyon” site served as tbmpliance point during whitewater releases
and was located immediately downstream of the fish@'s bridge in the Black Canyon (Figure
1).

Steel cylinders were built to house, conceal amdegt probes. These casings were perforated
for water circulation with holes ranging from 12dnches in diameter. Values were recorded at
15-minute intervals throughout the study periodlil€ation of field equipment was done in
accordance with YSI® guidelines, immediately ptoeach use in the field.
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The intent of this analysis was to evaluate anfasding of sediments within the bypass reach.
Turbidity data were obtained from several sourdgsturbidity monitoring during whitewater
releases, 2008-2010; 2) turbidity and TSS monitprirom the Bear River TMDL; and 3)
turbidity monitoring from the Grace Hydroelectricofect, 2004-2007. Flow data acquired from
PacifiCorp was used to estimate loading rates. arradysis focused on sediment transport into
Black Canyon as measured at the lower monitoritg, $iut did not assess the fate of this
material.

/

o

From April 1, through July 15 of each of three stugkars, scheduled and flow dependent
releases were passed from the Grace ForebayhiatBlack Canyon (bypassing the Grace Flow
Line and Plant). In each of the three years scleduéleases were run to conduct a fish
stranding study that evaluated the effects of dhfie down ramp rates in each of the three years.
Flow dependent releases happened when calculdled ito the Grace Forebay exceeded 700
cfs. Both scheduled and flow dependent releasepemagl on weekends exclusive of holiday
weekends. This study measured water quality ferfitst five events each year regardless of
type (scheduled or flow dependent). Average datjtewater releases from 2008 to 2010 were
plotted in relation to monitoring trip dates in &ig 2. Releases during the study were similar
from year to year. Average flows for 2008, 2009 20d0 were recorded at 1069, 907 and 1020
cfs, respectively. A total of 17 whitewater relemasecurred over the study period. Four of the 17
events occurred within 24 hours of the previousnevand 3 events were not measured.
Minimum flow conditions through the Grace bypass.(iBlack Canyon) are 65 cfs or inflow to
the Grace Forebay if less, as specified underthjeg license conditions.

A

Temporal patterns in water temperature at the twdyssites are depicted in Figures 3 and 4.
Temperatures were fairly similar between sites whih coldest temperatures occurring in April,
typically from 5 to 10°C, and July temperaturescheag 19 to 22°C. Temperatures at the Grace
Forebay exhibited much less of a diurnal patterhjlevBlack Canyon generally had more
pronounced daily fluctuations and tracked ambientgeratures more closely. The greatest daily
fluctuation in temperatures occurred during July.

Temperatures were higher at the Black Canyon lsée in the Grace Forebay during whitewater
releases (Figures 3 and 4). Figure 4 shows tempemfluctuate <1°C on average during the
initial surge, with the exception of July whitewatvents. Temperatures increased in Black
Canyon 2.6°C following the July 2008 whitewateessde from the forebay.

/- *
Continuous monitoring in Black Canyon indicatedtthabidity ranged between 1 and 7 NTU

prior to whitewater events throughout the studyiqueFigures 5, 6 and 7). Higher pre-event
turbidity values were observed typically during #pging.
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Turbidity ranged from 5 to 40 during continuous rtaring in the Grace Forebay. Values at the
forebay were lower in the spring and increasedutjinout each study season (Figures 8, 9 and
10). Increasing turbidity values could be causedjyng runoff, irrigation return or irrigation
water deliveries from Bear Lake that increase ril@ws during the irrigation season. Effects of
whitewater releases on turbidity are illustratedrigures 8, 9 and 10. For graphical presentation,
events were offset to exemplify the turbidity spikessociated with each release. The highest
turbidity value measured during each whitewateeasé occurred during the initial surge of
water. Maximum turbidity spikes ranged from 1131tt89 NTU, with the lowest occurring in
April 2009 and the highest in April 2010. Duringetfirst whitewater release in 2008, turbidity
measurements spiked to 604 NTU with the secondselspiking to 514 NTU (Figure 8). No
grab samples were taken to compare field turbidigasurements to lab certified measurements
throughout the study. In comparing the 2008 relgase 100 NTU would be considered a
considerable drop in measurements. A more notabkergation is the duration at which
turbidity remained above the IDEQ standard. Durid@08 the first whitewater release
maintained turbidity readings above the standand Sohours, while the second release
maintained turbidity reading for 4 hours above dtads.

In 2009, five whitewater releases were conducteduih the Black Canyon. Turbidity spikes
were similar to those observed in 2008 with thgdat spike occurring during the initial surge.
However, the magnitude of turbidity was at subssdigtiower levels than 2008 (Figure 9). The
highest recorded turbidity in 2009 occurred ingddne 2009 (450 NTU), while the lowest was
recorded in April 2009 (124 NTU).

Turbidity increased throughout the year and dedliteenear April 2009 levels in late June 2009
during the last release. Average flows during ezictne five events were similar, ranging from
845 to 954 cfs. It is interesting to note the imsiag turbidity with each event. Possibilities for
this occurrence are bank erosion and saturatesl aloihg the banks. As water recedes from each
event, banks have the potential to mobilize frotursdion and fall into the channel. With loo
deposition, later events can mobilize the mateaiadl pass it through the lower monitoring
station. With each event, duration of turbidity eeding Water Quality Standards increased.
During the first release, exceedance occurred 26 hours, increasing to 4 hours during the
May event and returning to 2 hours in late JuneerAge exceedance for 2009 was 2.45 hours
compared to 4.75 hours in 2008.

In 2010, three whitewater releases were conductdslack Canyon. Turbidity spikes were at
much higher levels than previous years (Figure ttOApril 2010, turbidity was higher than the
previous eight releases. Turbidity levels reachedazimum of 1,189 NTU, following releases
in 2010 were observed at 600 and 743 NTU in May aumtke respectively. The duration of
turbidity exceeding the standard was also muchdrighith the maximum occurring in April at
10 hours, while May and June were observed at Ad %25 hours, respectively. Average
exceedance of the turbidity standard in 2010 waa@urs.

This increase in turbidity in 2010 was likely due work conducted in Alexander Reservoir
during 2009. Reservoir elevation was lowered tdgser maintenance on dam gate structures,
providing opportunity to pass fine sediments dowe®n into Black Canyon. Considering the 65
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cfs discharge into Black Canyon potentially largeawgities could have been deposited. These
loose fines could then be mobilized and transpotte@ugh the system during the first
whitewater release in 2010.

/1 )* +,

Monitoring during 2008, 2009 and 2010 indicate tb&@ levels measured in Bear River sites
were above the compliance standard of 6 mg/L througthe study (Figures 11 and 12). Peak
DO was reached typically during the spring andltveest levels occurred during the summer.
DO levels tend to be higher in Black Canyon thathinforebay. This may reflect accrual of DO
from primary production in the clearer waters @& ttanyon.

Some diel patterns were revealed during the mangat both sites, primarily in Black Canyon

prior to whitewater releases, with levels increggiom morning to the afternoon (Figure 11).
Amplitudes of these fluctuations were similar dgriall events. This pattern reflects rates of
photosynthesis in relation to the intensity of gyl DO in the forebay showed little or no diel

pattern (Figure 12). This is likely due to incredserbidity and depth which reduce the potential
for photosynthesis.

During whitewater releases, DO in the Black Canghows a rapid decrease (Figure 11). DO
concentrations decreased over a one-hour periodjng from 0.5 mg/L in April 2009 to 3.0
mg/L in May 2010. This rapid decrease in DO occassthe initial surge of water from the
forebay arrives at the Black Canyon site. Multifzletors may be responsible, such as: 1) higher
turbidity suppressing photosynthesis; 2) organi¢emia consuming oxygen; and 3) increased
turbulence that releases excess gases held innsispeAccordingly, percent saturation of DO
in Black Canyon would be expected to be lower atterinitial surge of water and this is what
was observed (Figure 13).

Some minor sensor problems occurred during theygiedod and are noteworthy. In 2010, only
a partial set could be qualified in July as seriaibure occurred midway through the monitoring.
DO levels become erratic and may have been thdtresa failing electrolyte or perforated
membrane. Generally, however, the vast majorithefmonitoring efforts were successful.

/ *

The Black Canyon reach of the Bear River receivdsstantially more water under the current
FERC License Article 408 than it did historicallycense conditions require 63 cfs of minimum
flow plus two cfs leakage for a total of 65 cfsMhimum Stream Flow or inflow if less. Prior to
the issuance of the 2003 license there was no nemgant for minimum flow in the Black
Canyon. Prior to 2003 all inflows into the Gracedhmy were used for generation unless inflows
exceed the plant capacity of approximately 1000 8fenthly average flows for 2008, 2009 and
2010 can be seen in Figure 14. Average daily rekeagre 92, 95 and 104 cfs during the three
study years.

Historical turbidity and total suspended solids §)3lata were used to build a relationship
between these two parameters (Figure 15). In additurbidity data collected during the Bear
River TMDL and Grace Cove was used to predict therage turbidity value expected at the
Grace Forebay site. Average turbidity recordedrduthe whitewater study averaged 14 NTU,
while the average turbidity recorded near the GrRoeebay during the Grace Cove study
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averaged 33 NTU (ERI 2007). Historical observatisnggest winter flows in the Bear River
have a lower turbidity value, while summer timeaftohave higher NTU values (ERI 2004). The
Grace Cove study was conducted in the summer moswhaverages from our study should be
consistent with annual average recorded turbidéjues suspected at the forebay. Given the
relationship between turbidity and TSS, averaghbidity at the Grace Forebay can be converted
to TSS with some statistical accuracy. Using ammaye turbidity, TSS on average would be
expected to be 7.18 mg/L. Using the average anftmat for the above study period annual
loading would be 650, 672 and 677 tons of sedindepbsited into Black Canyon. This simple
analysis would suggest over a period of years figmt deposition would occur within Black
Canyon. However, estimations for 2010 using histdriaverage are underestimating the
potential loading which occurred in summer and &inbf 2009/2010. Given the high
measurements in the turbidity readings in 2010diflg would probably be significantly higher
than estimated.

The purpose of this study was to document watelitguzonditions during whitewater releases
through Black Canyon, thereby determining potentiaks associated with such releases.
Whitewater releases during 2008, 2009 and 201Cctaffewater quality in Black Canyon in
several noteworthy ways. Of principal interest wie following:

1) Temperature levels in Black Canyon can increas&eolly as water is released from the
forebay during summer;

2) Turbidity levels spike quickly above the standdrat, return to acceptable levels rapidly;
3) The magnitude of turbidity spikes do not appedradlow dependent;
4) DO levels at both sites remained above the starafa@dng/L throughout all events; and

5) Annual sediment loading into Black Canyon may excé60 tons, but the degree of
retention in the canyon is unknown.

Although whitewater releases affected temperatar@lack Canyon, at times decreasing or
increasing, such changes were relatively briefuration (i.e., hours), before resuming a typical
diel pattern. The greatest effect occurred durimgreer releases when temperatures increased
by several Celsius degrees, but appeared to benwiith acceptable standards.

Dissolved oxygen measured during the study remaividdn acceptable standards (>6.0 mg/L),
although DO showed substantial decreases during metsases. A maximum of 3.0 mg/L
decline was observed in May 2010. Because dedlemaained within acceptable levels and were
very brief, we conclude that it is unlikely theyngadetrimental to aquatic life.

In 2009 turbidity was recorded at much lower levdilsing all events than in 2008, suggesting
that some scouring and removal of fines from thetesy may have taken place during 2008. In
addition to the reduced magnitude of turbidity sgikthe duration during which turbidity
exceeded water quality standards was substantediyced. These whitewater releases can also
be viewed as flushing flows for sediments that hes@umulated over time in the river.

Turbidity peaked during the initial water surge edich whitewater release, with the greatest
spike occurring in April of 2010. However, uniquenditions were present in Black Canyon
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prior to the 2010 releases. Sediments from AlexaR#servoir appear to have been mobilized
when reservoir elevation was dropped for mainteeamark on the dam outlet, creating a higher
than normal loading within Black Canyon during guenmer of 2009.

Based on the preliminary findings of this study, eveommend that whitewater releases continue
as opportunities arise. However, we also recomnm@ndinued monitoring of the system by
agencies and stakeholders to document long-terectsff Lastly, although field monitoring
provides an acceptable manner in which to measem@drature and DO, turbidity is less
accurate. We recommend that water samples fordityland TSS be collected during the initial
surge to determine the turbidity maximum for eaehné with greater accuracy.
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Figure 1. Locations of the monitoring sites for the whiteéerareleases.
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Whitewater Releases
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Figure 2. Average flows for each of the white water evéat2008, 2009 and 2010.
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Figure 3. Temperatures during each whitewater event in ttee€&Forebay, 2008-2010.
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Bear River Boater Flows
Temperature Black Canyon

26

24

22
~ 20 O\ ~
O 18 V‘—\\\ N\
@/ 16 i‘\\ \\‘ //f :
E > [ %\ \/’l
© /
o 12 \ N %// "\
% 10
~ 8 — 7

A e

4

2

12:00 0:00 12:00 0:00 12:00 0:00 12:00

Time
s §/1/08 = 7/12/08 = 4/10/09 === 4/25/09 e====5/31/09

—6/13/09 6/20/09 4/18/10 ===5/23/10 ====7/10/10|

Figure 4. Temperatures during each whitewater event in B@akyon, 2008-2010.
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Figure 5. Turbidity in Black Canyon, 2008.
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Bear River Boater Flows
2009 Turbidity in Black Canyon
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Figure 6. Turbidity in Black Canyon, 2009.
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Figure 7. Turbidity in Black Canyon, 2010.
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Bear River Boater Flows
2008 Grace Forebay Turbidity
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Figure 8. Turbidity in the Grace Forebay, 2008.
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Figure 9. Turbidity in the Grace Forebay, 2009.
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Figure 10. Turbidity in the Grace Forebay, 2010.
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Figure 11.Dissolved oxygen in the Grace Forebay, 2008-2010.
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Bear River Boater Flows
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Figure 12. Dissolved oxygen in Black Canyon, 2008-2010.
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Figure 13.Dissolved oxygen saturation during whitewaterasés in Black Canyon.
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Figure 14. Average monthly flows recorded at the Grace Foreba
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Figure 15. Turbidity vs. TSS relationship in the Bear Rivardy area.
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