CONCLUSIONS

The permit for the relicensing of the Rapidan Dam of Blue Earth County, Minnesota, required a
study of the impacts of the conversion of run of the river to fluctuating flow (peaks) on water quality,
sediments, synthetic chemicals and aquatic macroinvertebrates. The study was for the Blue Earth County
Board of Commissioners and was conducted in 1983 (pre-operation) run of the river through 1985
(peaking).

Water Quality

Introduction

The water quality component has addressed three questions pertaining to the Rapidan Reservoir
and the peaking operation of the Rapidan Hydroelectric Dam.

1. Did the Rapidan Reservoir impact the concentrations of the water quality and
Particulate Organic Matter transport parameters, during the run-of-the-river baseline
sampling periods in 1984 and 19857

2. Did the peak power generations (peak-events) of the hydroelectric facility impact the
concentrations of the same water quality and OM transport parameters independent
of the reservoir’s impacts?

3. Were the water quality and OM transport parameters impacted differently by
different types of peak-events, i.e. a peak-event preceded by many consecutive non-
generation days as compared to a peak-event preceded by a run-of-the-river
operating mode and antecedent storm events?

To try to determine the answers to these questions, the concentrations of eleven water quality
parameters and four size classifications of OM were determined during samplings in 1984 and 1985 at
eight sites along a 51.8 river km (32.2 river mi) stretch of the Blue Earth River, and three peak power
generations (peak-events) in 1985. The samplings in 1984 and the non peak-event samplings in 1985 were
used, along with historic data from MPCA records, to establish a baseline for each parameter, which the
peak-event data were compared to. The impact on the water quality parameters and OM transport by a
peak-event, preceded by many consecutive non-generation days, was compared to impacts caused by two
peak-events preceded by run-of-the-river operating conditions; differences in the number of turbines
operating and antecedent storm events (Tables VI, IX).

1. Impact of the Rapidan Reservoir
Water Quality Parameters

The Rapidan Reservoir showed evidence of directly impacting the mainstem concentrations of five
of the eleven water quality parameters in question, during the baseline sampling periods in 1984 and 1985.
The reservoir appeared to act as a trap sometimes, and thereby decreased the downstream concentrations of
the parameters Total Phosphorus, Filterable Phosphorus, TNFR, and TVNFR. The reservoir appeared to
increase the downstream concentration of the fifth parameter, Nitrite-Nitrogen, within the reservoir and a
portion of its tailwaters, which may be due to the oxidation of ammonia to Nitrite-Nitrogen.

OM Transport Parameters

The reservoir appeared to act as a trap for CPOM, thereby decreasing its downstream
concentrations during the baseline sampling periods in 1984 and 1985, but did not act as a trap for the
FPOM, VPOM and DOC.

2. Impact of Peak Events
Water Quality Parameters

The questions addressed here are whether significantly higher levels for the water quality
parameters, above baseline, were reached as a consequence of the peaking and whether the peaking event
results in an acute increase in the water quality parameters. Keep in mind that Site 3 is above the reservoir
and represents draw down whereas Sites 5, 6 and 8 are below the dam and represent progressive
downstream flow from the reservoir. During the 8/9 event we established multiple sampling sites at Site 5
across the river and the data revealed total mixing with similar water quality at all sites. As a result, of this
mixing, we were able to move downstream and added Site 6 on 8/20 and Site 8 on 8/26. As a consequence
of increasing sites, the peak-event data described represents three events at Site 5, two events at Site 6 and
one event at Site 8. Since these peak events are acute events in nature this discussion will focus on highest
levels reached at each site. Also, the baseline highs for 1985 cover the period from 6/10 to 9/15 whereas
the three peaks all occurred in August.
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The Water Quality Parameters maximums are shown in Table XXX and revealed the following:

e The peaking highs for August surpassed the baseline (June-September) in 24 out of 74
cases. Nineteen were downstream of the dam (eight at Site 5, seven at Site 6 and four at
Site 8). Also, all three sites below the dam reached higher levels than baseline for
Organic Nitrogen, Total Phosphorous, Total Non-Filterable Residue and Total Volatile
Non-Filterable residue.

e  The pre-event, startup, to maximum event levels during the three events revealed that in
84 of 91 cases the events raised the maximum concentration of the parameters. Great
increases were seen at all sites with maximums of 10x at Site 3 (Ammonia), 7x at Site 8
(Total Non-Filterable Residue) and 4x at Sites 5 (Ammonia) and 6 (Ammonia and Total
Non-Filterable Residue).

The maximum for peak events increased progressively downstream of the dam for Organic
Nitrogen, Nitrate Nitrogen, Total Phosphorous, Total Non-Filterable Residue, Total Volatile Non-Filterable
Residue, and pH. This indicates that input from the sediment, including rewetting, was playing a role,
however further research is needed in this area.

The above observations from the Water Quality Parameters data revealed important impacts of the
peaking operation. Since the peaking is an acute event, the emphasis is placed on the maximum
concentrations and changes during peaking. We observed acute, often excessive, fluctuations which
occurred in a short period of time. These changes were often amplified downstream. These rapid changes
in water quality occurred in a closed system in that there were no tributaries from the dam to the Minnesota
River except the LeSueur (Site S7), no immediate run off due to rainfall or inflow, and can be attributed
directly to the peaking. That some of the highest levels were found on 8/30, following two previous
flushings, is most interesting and raises questions on the contribution dynamics of the river sediment, both
wet and rewetted.
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OM Transport Parameters

The Organic Matter maximum transport breakdown revealed the following (Table XXXI) :

e The peaking highs at particular sites exceeded the baseline maximums for those sites in
17 of 36 instances with 13 below the dam. Six were in the very fine particulate organic
matter category, five in fine particulate organic matter, three in dissolved organic carbon
and three in coarse particulate organic matter. Four of the 36 were above the dam and
involved the smaller sized fractions. Only fine particulate matter at Site 8 exceeded the
total baseline seasonal maximum.

e  The pre-event, startup, to maximum event levels revealed that in 33 of 36 cases the
events raised the concentration of the parameters. Greatest increases were seen at Site 8
ranging from 60% to almost 500%. The increases were greater as one progressed
downstream of the dam. Also, in general, these greater increases as one progressed
downstream of the dam indicated recruitment from the deposited sediment. Further, the
increases were often greater as one progressed from peak one to peak three. This is
interesting because the three peaks were all within 18 days and as stated above cannot be
attributed to reservoir release.

These observations revealed important impacts of the peaking operations. We observed short-
term, often excessive, acute fluctuations which are often amplified as we move progressively down river.
From an organismal standpoint, this creates an altered environment, which is unpredictable and demands a
different survival strategy for macroinvertebrates and fish.

3. Impact of Variationsin Peak Events.
Water Quality Parameters

The 8-9 peak-event was characterized by 21 consecutive non-generation days. The 8-26 and 8-30
events were preceded by run-of-the-river operating conditions (one turbine was running constantly). At site
S5, the 8-9 event produced greater increases in concentration from the pre-event concentration for certain
parameters, as compared to the August 26" and August 30" events. The parameters most impacted by the
August 9™ event included Organic-Nitrogen, Total Phosphorus, TNFR, and TVNFR. The remaining water
quality parameters possessed relatively similar increases in concentration at S5 during all three peak-
events.

OM Transport Parameters

The August 9™ event produced a greater increase from the pre-event concentration for the OM size
classification FPOM at S5, than did the latter two events. The remaining three size classes possessed
relatively similar increases in concentration at S5 during all three peak-events.
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Table XXXI: Organic matter transport; 1985 baseline and peaking maximumsin mg/I.

Site Date Course Particulate Fine Particulate Very Fine Dissolved Organic
1 Organic Matter Organic Matter Particulate Carbon
U Organic Matter
IS’ | (1.7) (6.5) (29.2) (6.7)
; 5 (0.4) (3.2) (29.7) (5.9)
Z (12) (4.8) (17.1) (5.8)
m 3 8/9 0/0.5 1.2/1.3 13.7/16.5 3.9/4.6
8/26 0.6/0.5 1.4/3.4 16.6/21.8 6.5/7.6
8/30 0.3/1.0 2.12.3 19.1/21.1 6.8/7.2
A (0.5) (3.6) (26.7) 6.1)
Dam
D (12) (2.3) (15.4) ©.1)
0 8/9 0.4/1.6 1.4/4.1 14.3/15.4 5.8/7.3
w 5 8/26 0.5/0.6 3.7/3.7 12.8/15.2 4.6/5.1
n 8/30 0.1/0.5 1.7/2.8 16.5/21.0 6.9/8.0
S
t (0.4) (5.4) (18.5) (6.3)
r 6 8/26 0.6/0.7 1.5/5.7 11.7/22.5 3.1/4.4
e 8/30 0.8/0.7 1.5/3.1 16.1/26.2 4.3/5.8
a
in ; (0.6) (1.4) (18.8) (7.4)
(1.6) 2.3) (13.2) (6.3)
8 8/30 0.3/1.0 2.1/10.4 15.0/26.1 5.3/8.6

Key (a) : (Highest value — baseline 85)

x/y : Pre event level/max event level
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Sediments
Introduction
The sediment component addressed five questions pertaining to the Rapidan Dam Reservoir, run-
of-the-river and the peaking of the Rapidan Hydroelectric Dam.

1. Did the Rapidan Dam Reservoir impact the concentrations of suspended sediments in
transport during the baseline sampling periods of 1984 and 1985?

2. Did the peak power generations (peak-events) in 1985 of the hydroelectric facility
impact the concentrations of the sediment fractions?

3. What is the nature of the surficial sediment in the reservoir (grain-size and percent
organic) and do the old channel surficial deposits differ from the submerged flood
plain?

4. Did the peaking-events affect the surficial reservoir sediments?

5. What are the upstream sediment sources in regards to the bed load?

1. Impact of Rapidan Dam Reservoir on Sediment Transport During Baseline Flow (Run-of-the-
River)
e  Total Suspended Solids
The reservoir acted as a sediment trap in the two early periods (June-July) with no
apparent affect in the late periods (August-September) even though the wet/dry cycle reversed
itself from 1984 to 1985.
e  Coarse and Medium Silt
No relationship was observed between a higher percentage coarse and medium silt to
suspended sediment during baseline.
e Fine and Very Fine Silt
In most of the baseline data the fines and very fine silts made up the smallest component
of suspended sediments. There were no fine and very fine suspended sediments in the later period
of 1985 in 16 of 24 samples. The reservoir did not appear to be acting as a settling basin and no
apparent relationship to suspended sediment was observed.
e C(Clay
Clay, during the baseline samplings, represented the dominant component of suspended
sediment. The dry seasons averaged slightly higher mean percents than the wet seasons even
though these two reversed themselves in 1984 and 1985. This is undoubtedly a transport energy
relationship. There was no discernable relationship between suspended concentrations and
percentage clay.
e Silt and Clay that is Organic
The baseline suspended sediment in the silt-clay category that was organic generally
increased from early season to late and averaged around 50 percent. This indicates algal
development and/or organic aggregation. The reservoir was a source in three out of the four
seasons (early and late 1984 and 1985) and no significant progressive downstream effect was
observed.
e C(Clay that is Organic
The baseline suspended sediment that is organic in the clay fraction is generally higher
than the clay silt category in both periods of both 1984 and 1985. This indicates organic
aggregates of clay sized particles. No observed correlation was seen between total suspended
solids and percent organic clay. No consistent, progressive downstream pattern was observed.
2. Impact of Peak Power Generations (peak-events) in August, 1985 on Suspended Sediments
A comparison of maximums, both 1985 baseline and peaks, by site is shown in Table XXXII.
Suspended Sediments (g/1):
= In three of four sites (except Site 6) the maximum in peaking is not as high as baseline
high.
= At all sites, the pre-event is surpassed during each peaking event.
Percent Coarse and Medium Silt:
= In one of four sites a peaking maximum exceeded the baseline maximum.
= In seven out of nine peaking site dates the peaking exceeded the pre-event level. The two
exceptions were at Site 3 above the reservoir.
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Table XXXI1: Suspended Sediment in transport, 1985, baseline and peaking maximums

Site Date Suspended Percent Percent Percent Percent of Percent of
Sediments Coarse and | Fine and Clay Suspended Suspended
(g/) Medium Very Fine Sediment Sediment
Silt Silt Silt and Clay that is
Clay thatis | Organic
Organic
1 1 (.29) 77 (48) (100) 47) (86)
U
p 2 (.29) (68) (35) (100) (66) (100)
f 3 (.28) (70) (88) (74) (82) (100)
r 8/9 22/.25 47/46 0/29 53/92 57/92 /86
e 8/26 .14/.16 47/16 0/29 53/100 64/83 91/96
a 8/30 .10/.26 24/52 0/50 76/76 40/75 46/79
m 4 (.26) (55) 92) (100) (78) (89)
Dam
D 5 (.29) (80) 35) (100) (88) (80)
o 8/9 21/.28 58/59 8/52 34/100 35/89 63/72
w 8/26 12/.18 51/87 23/75 26/70 45/89 23/67
n 8/30 .16/.25 18/68 36/40 46/100 41/77 33/87
f 6 (.19) (84) (40) (82) (58) (83)
8/26 12/.44 25/68 0/43 75/55 52/54 66/78
r 8/30 .20/.29 0/84 80/20 20/100 38/55 8/86
z 7 (.24) 95) (69) (50) 94) (94)
m 8 (.48) (76) (22) (79) (86) (92)
! 8/30 11/.34 59/62 0/56 41/69 30/66 55/84

Key (a): (Highest value — baseline 85)

x/y : Pre event level/max event level
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Percent Fine and Very Fine Silt:
= Only at Site 3, above the reservoir, did the baseline maximum exceed the peaking
maximum for all three events.
= In eight out of nine peaking sites dates the peaking exceeded the pre-event.
Clay:
= In two out of four sites the peaking maximum exceeded the baseline maximum.
= In seven out of nine peaking site dates the peaking exceeded the pre-event.
Percentage Organic:
1. Inall cases of the percentage of suspended sediment, silt and clay, that is organic and the
percentage clay, that is organic, exceeded the pre-event levels.
2. The vast majority of the suspended sediment in the dominant clay category is organic
3. Peaking in most cases increases the percent organic, often between two to three times, but
seldom exceeds the baseline maximums for the sampling season.
Nature of the Surficial Reservoir Sediment (Grain-size, and Percent organic) and relation to the
old channel.

Twenty one transects were sampled from V (upstream) to C (at the dam). Transects V though N
were flooded only during the reservoir storage phase. Gravels and very coarse sand were seen furthest
up the Blue Earth and the mouth of the Watonwan Rivers. Sands were dominant in the old river
channel from the start of the reservoir through N, the last transect before the permanent reservoir. The
transects V through N showed a general increase in silts and clays with a corresponding decrease in
sands which became finer, all indicating a transition to a lower energy environment. From transects M
through C, within the old river channel there is almost no gravel or very coarse sand. From transect F
and increasing through C, the sediments become coarser in the channel probably because of the
sucking of the finer sediments by the turbines. Downstream of transect N, the percent of coarse and
medium silt increased slightly within the channel and more so outside the channel. These findings are
all before the peaking events began and represent run-of-the-river.

Comparison of the Pre and Post Peaking Reservoir Surficial Sediment, July to October, 1985.

The sampling was to compare the earlier very dry period, run-of-the-river, to the abnormally wet
period, post peaking. Any effects found can not be definitely assigned to rainfall or peaking, however
the peaking events with their major draw downs at Site 3 (between transect Q and P) appear to have
had the dominant hydrologic impact. There was a change to a very high ratio of coarse (sand) to fines
(silts and clays) in the river channel from W through M. This reach represents the pre-continuous
reservoir. This was probably the result of the significant draw down and therefore pulling of fine
sediment into the reservoir caused by peaking. Within the reservoir proper we see the reverse which
indicates the deposition of stripped fine sediment from upstream.

Pre Reservoir Expansion Bed L oad Sour ces.

A 1983 reconnaissance of the river channel, now within the reservoir, and downstream of the dam
revealed a large number of sand dunes often as high as one foot. The grain size distribution of sands as
well as other sediment categories appear to be quite similar between the Blue Earth and Watonwan
Rivers. Further, the upstream-downstream sampling at major cliff locations show no significant
differences indicating that the rivers are similar, in equilibrium, and that upstream sources of sand
exist. In 1985, with the restoration of the dam completed and filling of the expanded reservoir, the
surface bed load deposits were not observed or documented. This is consistent with the increased
impounding that both slows the flow back upstream and allows for the deposition of fines on top.

Summary

The August 9™ event, which was preceded by 9 days of no rain, showed a significant increase in

suspended sediment at both Sites 3 and 5. The August 26™ event, which was immediately preceded by
abnormally high precipitation, remained close to baseline at Sites 3 and 5, but showed a dramatic 400%
increase at Site 6 indicating river bed scouring. The August 30" event, preceded by a 2.62 inch rainfall the
day before, showed a significant increase in suspended sediment at Site 3. This was probably due to
upstream loading due to the rain. Site 8 also increased significantly. It appears that the suspended
sediments increased significantly the further downstream you go.

It is clear that rapid, acute rises do occur during peak events especially in the fines and clays and

that these fines and clays have a high organic content.
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Synthetic Organics

I ntroduction
The synthetic organics component addressed two questions pertaining to the Rapidan Dam
Reservoir and the peaking of the Rapidan Hydroelectric Dam.
1. What synthetic organics are present?
2. Does the peak power generation (peak-events) in 1985 of the hydroelectric facility impact the
concentration of any synthetic organics detected?
1. Synthetic Organics Found.

Only two distinct peaks were found, with neither being a chlorinated pesticide. The two peaks
were identified as pthalate plasticizers: Butyl octyl pthalate= 1, 2-Benzenedicarboxylic acid, Butyl
octylester and 2-butoxyethyl butyl phthalate=1, 2- Benzenedicarboxylic acid, 2-butoyxethyl butyl
ester. This is consistent with recent agency findings for the late summer time of sampling 8/9, 8/26
and 8/30 (Metropolitan Council Environmental Services, et al., 2001).

2. Impact of the Peak Power Generation (Peaking Events).

The behavior of the pthalates during the peaking events, although not of great significance by and
of itself is important as an indicator of what some other synthetic organics and other endocrine
disrupters could exhibit if present.

Significant fluctuations in pthalates were found at Site 3 which is above the reservoir and
experienced draw down during all three peaks. It appears the reservoir was not a source of pthatlates
during the peaks (Site 5) but rather they were either diluted or settled out from Site 3. No clear
relationship to turbidity was uniformly observed.

Sites 6 and 8 (further downstream) showed a closer relationship of pthalates to turbidity.

Aquatic M acroinvertebrates

Introduction

The aquatic macroinvertebrate component has addressed the question: Did the peak power
generation (peak-events) of the hydroelectric facility impact the macroinvertebrate community?

Samples were collected over a three year period beginning in 1983, the year before dam operation,
and during dam operation from late 1984 through 1985. Data were analyzed with respect to total
abundance, taxa richness, community diversity and feeding functional groups.

Macroinvertebrate total abundance, richness and community diversity declined at sites
immediately downstream of the dam in 1984 and 1985. The abundance of functional groups also declined
at sites immediately below the dam although percent composition of functional groups remained relatively
constant throughout the study. The site most distant from the dam showed minimal changes in the
macroinvertebrate community suggesting a gradient of impact. Since feeding functional groups exhibited
declines in abundance but did not change in percent composition, it is likely that fluctuating flows, and not
food availability, were the reason for changes in the macroinvertebrate community.

Abundance

The mean total abundance of organisms below the dam at sites Se through 6 declined from 1983 to
1984 and persisted into 1985. In general, the mean total abundance of organisms was lower at station 1’s
(shallow water) than at Station 2’s (Deeper water) for each site downstream of the dam. This decline in
mean total abundance of organisms below the dam seemed to be the result of fluctuating flows caused by
the dam operation as these same reductions in abundance were not observed in the Le Sueur River (the
control) or Site 2 upstream of the reservoir.

Richness

A total of 16 fewer genera were collected in Surber samples from the Blue Earth River in 1985
than in 1983 (45 in 1983, 28 in 1984, 29 in 1985), and 14 fewer genera were collected with the three-kick
method during the same time period (46 in 1983, 37 in 1984, 32 in 1985). This declining trend was not
observed in results from sampling the Le Sueur River (control). Richness also seemed stable at Site 2
(above the dam). The reduction appears related to the flow fluctuations caused by the peaking.
Community Diversity

Only Surber sample data was used for this parameter. Community diversity values were
determined for four selected sites: 2(above reservoir), 5 (just below dam), 6 (downstream before Le Sueur
River enters), and 7 (Le Sueur River, the control). Station 1 (Shallow) of site 5 showed the greatest change
in diversity from 1983 to 1984 with 1985 remaining low. Migration of invertebrates from Station 1 (low)
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to Station 2 (deep) may account for the decrease in Shannon-Wiener indices at Station 1 of Site 5e and the
relatively constant values obtained for station 2 of Se. Shannon-Wiener scores for Site 6 showed less
variation than Site 5 implying a gradient of impact proceeding downstream from the dam. The LeSueur
River (Site 7) appeared to have stable community diversity throughout the study and was significantly
higher in station 2 (deep) throughout the study period.

It should be noted that the values obtained in 1983 for both the Blue Earth River and LeSueur
River systems were both environmentally stressed before the peaking began.

Functional Feeding Groups

Functional feeding groups reflect availability of different types of food and are related to stream
order (stream-river size).

The collectors (gatherers and filter feeders) were the dominant functional feeding group which is
consistent with the River Continuum Concept for a sixth order river. The most impacted site was Site Se at
both stations, although the shallow water areas (Station 1) were more important to shredders than the
deeper water at Station 2 which was habitat to a large number of collectors. The impact of flow on
collectors, scrapers and predators diminished downstream. This implied that food and suitable habitats were
available. Drifting invertebrates and fine particulate organic matter (FPOM) a primary food source from
scouring of the riverbed (Ruff, 1987) probably provided the needed food source.

Even though abundance of the various functional groups were reduced below the dam, the percent
composition remained fairly constant.

Conclusions

This study documented significant reductions in total abundance of invertebrates, loss of genera
richness and decreased community diversity downstream of the dam. These negative impacts were most
severe at Site Se and seemed to lessen at Site 6. Although the Intermediate Disturbance Hypothesis (Ward
and Stanford 1983; Stanford and Ward 1983) suggests that some level of disturbance favors community
diversity and richness within a dynamic equilibrium of the stream environment, the manipulated flows at
Rapidan Dam exceeded the optimal level of disturbance that promotes maximum community diversity.

Overall Conclusions

The reservoir itself, during run of the river electric generation, appeared to have some positive and
few negatives associated with it for the parameters studied. The positives included the reservoir decreasing
the downstream concentration of Total Phosphorous, Filterable Phosphorous, Total Non-Filterable Residue
and Total Volatile Non-Filterable Residue as well as Coarse Particulate Organic Matter. Further, the
reservoir acted as a sediment trap in the 1984 and 1985 early periods (June-July) with no apparent effects in
the late periods (August-September) even though the wet/dry cycle reversed itself. The reservoir acted as a
trap for the pthalates (synthetic organics) even during peaking. As a negative the reservoir appeared to
increase Nitrate-Nitrogen, which may have been due to the oxidation of Ammonia.

Negative impacts from peaking were observed in all four study categories of Water Quality,
Sediments, Synthetic Organics and Aquatic Macroinvertebrates. However, most of the impacts were short
term, acute and related directly to the peaking cycles. Sedimentation in the reservoir and the below dam
aquatic macroinvertebrate changes (as a consequence of acute fluctuations in water quality and quantity)
were long term changes. From a water quality perspective, all three sites below the dam revealed higher
levels than baseline (June-September) for Organic Nitrogen, Total Phosphorous, Total Non-Filterable
Residue and Total Volatile Non-Filterable Residue. The pre-event, startup, to maximum during the three
events revealed that in 84 of 91 cases, the events raised the maximum concentration of the parameters; in
some cases (i.e. Ammonia) up to 10 times. The Organic Matter in transport increased with events from
pre-event in 33 of 36 cases, ranging up to 500 percent. That the increases were often greater progressively
downstream implicates rewetting of the river bed, an area requiring further study. The sediment data
revealed that the pre-event was surpassed during each event at all sites for suspended sediments. The
synthetic organics data (pthalates) showed significant fluctuations at Site 3. The macroinvertebrate
component documented significant reductions in total abundance, richness and species diversity
downstream of the dam due to peaking.

The findings of this study document one of several consequences of conversion to peaking (i.e.
economics of electrical generation, fisheries, etc.) that need to be weighted in the final decision of
switching from run of the river to a peaking generation option. The findings also apply to the option of
maintaining the dam and reservoir as a run-of-the-river operation.
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