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1.0 INTRODUCTION 

On February 18, 2010, the United States, the states of California and Oregon, PacifiCorp, 
Native American tribes, and a number of other stakeholder groups signed the Klamath 
Hydroelectric Settlement Agreement (KHSA). The KHSA lays out the process for 
additional studies, environmental review, and a determination by the Secretary of the 
Interior regarding whether removal of four dams owned by PacifiCorp on the Klamath 
River will advance restoration of the salmonid fisheries of the Klamath Basin and is in 
the public interest (which includes local communities and tribes). 

The KHSA includes provisions for the interim operation of the dams and mitigation 
activities prior to potential removal of the hydroelectric facilities. One such provision—
titled Interim Measure 11: Interim Water Quality Improvements—emphasizes water 
quality improvement projects in the Klamath Basin during the interim period. 

As a means of improving water quality downstream of Iron Gate Reservoir, located in 
Northern California near the Oregon border, PacifiCorp implemented a multi-year study 
to assess the efficacy of an intake barrier to potentially reduce cyanobacteria entrainment 
into the existing Iron Gate Reservoir intake.  

An intake barrier could provide a straightforward means of controlling the depth at which 
intake waters are withdrawn from the reservoir at or near the surface; thus, providing a 
method for potentially reducing the amount of algae entrained into the Iron Gate intake 
and discharged from the powerhouse. Specifically, for this study, the focus of control is 
on reducing the cyanobacteria (i.e., Microcystis aeruginosa) and potential associated 
algal toxin (i.e., microcystin) concentrations downstream of the reservoir in the Klamath 
River. To assess the potential for a barrier that could easily be fitted to the existing intake 
to accomplish this, an understanding of the relationship between in-reservoir velocities, 
the intake barrier, and diel movements of algae in the reservoir were developed. 

The first phase of the study established baseline velocity conditions near the log boom 
and intake tower and informed the second phase of the study. The second phase of the 
study tested the deployment of a barrier fitted directly onto the intake tower and assessed 
the effects of that deployment on velocity profiles and downstream water quality 
conditions. The third phase of the study determined the effects of the intake barrier over 
longer periods of deployment (i.e., days). Coupled with these deployments was a study of 
diel movement and the vertical distribution of algae in the reservoir to inform the further 
refinement of concepts related to algae exclusion from the reservoir intake. The fourth 
phase of the study, conducted in 2013, focused on performing a bathymetric survey of the 
reservoir to understand the complex dynamics that occur in the reservoir, especially near 
the intake tower. ADCP velocity transects were also performed to generate 
comprehensive and detailed velocity profiles near the A-frame log structure immediately 
upstream of the intake tower and the log boom approximately 1,800 feet upstream of the 
dam.  A vertical profile buoy device (vertical profiler) borrowed from the United States 
Environmental Protection Agency was also deployed in the reservoir during the 2013 
study. However, due to strong wind conditions at the reservoir during the field study 
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period, the cable that connected the multi-parameter sonde to the vertical profiler became 
tangled and limited vertical profile data were recorded during the study. 

This report presents the findings of the fourth phase of the study conducted in 2013. 
Section 2 provides background information on the Iron Gate intake tower. Section 3 
summarizes the prior – first, second, and third – phases of the study. Section 4 describes 
the study approach and methods for the fourth phase. Section 5 presents and discusses 
results, followed in section 6 by conclusions and recommendations. 

2.0 BACKGROUND 

Iron Gate Dam, completed in 1962, impounds Iron Gate Reservoir, which has a storage 
capacity of approximately 53,000 acre-feet at normal full pool (PacifiCorp 2004). The 
outlet works consist principally of an intake tower for the Iron Gate Powerhouse, two fish 
hatchery intakes, an overflow weir spillway with a leaf gate (Table 1, Figure 1), and a 
low-level outlet tunnel from the original construction. The low-level outlet is not used 
during normal operations. The intake tower is screened with a trash rack that extends 
from above the water surface to the bottom of the structure, which is approximately the 
invert of the penstock intake to the powerhouse. In addition, there is a small debris boom 
structure (termed herein “A-frame debris boom”, or simply “A-frame”) attached to the 
upstream face of the intake tower to prevent larger floating debris from impinging on the 
intake trash rack. Water depth near the intake tower is approximately 10 m (35 ft) at 
maximum reservoir operating elevation (709.6 m msl [2,328 ft msl]), but varies with 
powerhouse operations, with a normal low operating elevation of 708.4 m msl (2324 ft 
msl). 

Table 1. Iron Gate Dam Outlet Facilities Information (PacifiCorp 2002) 

English units are also presented in parenthesis. 

Outlet 
Diameter/Width/Length 

(m) 
Invert 

(m msl) 
Capacity 

(cfs) 

Iron Gate Powerhouse Intake Tower 3.7 m (12 ft) Diameter 699 m (2,293 ft) 52.4 cms (1,850 cfs)

Upper Fish Hatchery Intake 0.6 m (2 ft) Diameter 704 m (2,309 ft) 1.4 cms (50 cfs) 

Lower Fish Hatchery Intake 0.6 m (2 ft) Diameter 687 m (2,253 ft) 1.5 cms (50 cfs) 

Leaf Gatea 3.1 m (10 ft) Width 708 m (2,322 ft) 13.0 cms (460b cfs) 

Spillway (Weir) 220.7 m (724 ft) Length 710 m (2,328 ft) 
2,011 cms  
(71,000c cfs) 

a Source: PacifiCorp. 
b At 709.8 m (2,328.5 feet) (at the water surface elevation). 
c At 713.8 m (2,342.0 feet) (at the water surface elevation). 
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Figure 1. Iron Gate Reservoir Intake Tower, Trash Rack, and A-frame Debris Boom. 

3.0 PREVIOUS STUDY PHASES 

The first and second phases of the Intake Barrier Study were completed in 2009 and 
2011, respectively. The third phase was completed in 2012.  The details describing the 
methods and results are documented in Deas and Miao (2010) and Appendix A. A 
general overview of these previous studies is included here to provide background for the 
objectives and methods of the fourth phase of study conducted in 2013 as discussed 
below in Section 4. 

3.1 2009 Study 

The main purpose of the 2009 study was to assess the feasibility of using an Acoustic 
Doppler Current Profiler (ADCP) for monitoring water column velocities to determine 
the depth profile (or “envelope”) from where reservoir water was being entrained into the 
penstock intake (Deas and Miao, 2010). ADCP measurements also were identified as a 
means to characterize flow conditions prior to and during cover deployment by providing 
insight into the velocity and direction of water entering the penstock intake immediately 
upstream of the intake tower. 

Velocity measurements were taken with the ADCP along the A-frame debris boom and 
near the intake tower. Velocity measurements indicated that the velocity profile was not 
uniform throughout the water column and faster velocities were observed at deeper 
depths, near the elevation of the penstock intake. Despite the asymmetrical water velocity 
distribution, the velocity profiles indicated that water was being entrained from all 
elevations extending from the invert of the penstock intake to the water surface. The 
velocity profiles supported the hypothesis that installation of an intake barrier cover could 
potentially reduce cyanobacteria concentrations downstream of Iron Gate Dam by: 
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 Reducing the amount of surface water (with presumably higher algal concentrations) 
withdrawn from the reservoir into the penstock intake; and 

 Increasing velocities near the penstock inlet at the bottom of the intake tower and thus 
increasing the contribution of flow into the intake from deeper reservoir waters (with 
presumably lower algal concentrations). 

Based on these results, the second phase of the study was conducted in 2011. 

3.2 2011 Study 

In 2011, an intake cover was constructed and installed on the Iron Gate intake tower trash 
rack. The cover consisted of two, 5.2 m by 1.8 m (17 feet by 6 feet), steel-frames that 
were assembled together and attached to a hoist in front of the intake tower. The hoist 
allowed the cover to be lowered to different depths (Figure 2). Water quality conditions 
were characterized prior to and after the cover was deployed (i.e., lowered into place on 
the intake tower trash rack). Water quality monitoring included physical measurements 
(i.e., water temperature, dissolved oxygen, and pH); nutrients, algae, and chlorophyll a 
grab samples; and ADCP velocity measurements. 

 
 

 

Figure 2. One of Two Steel Frames Shown Prior to Installation (left) and After Installation onto the 
Intake Tower (right). 

The intake cover was placed over the intake tower trash rack to screen the upper portion 
of the intake at two test deployment depths – 1.8 m (6 ft) and 3.6 m (12 ft)1 below the 
surface. The cover was placed at each depth for approximately 45 minutes. During the 
two test deployment periods, ADCP measurements were taken and indicated an increase 
in velocity near the penstock intake elevation, indicating the withdrawal profile (or 
“envelope”) was altered due to the placement of the cover. When the intake cover was 

                                                 
1 The intake trash rack is slightly inclined (one foot horizontal per six feet vertical). Thus the 6 ft and 12 ft cover deployment depths 
actually correspond to 1.8 m (5.9 ft) and 3.6 m (11.8 ft) of vertical depth. For simplicity, this report will use 6 ft and 12 ft to denote 
cover deployment depth when referring to English units. 
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lowered to the test depths, Microcystis aeruginosa (MSAE) cell counts were 19 percent 
and 44 percent lower downstream during the 1.8 m (6 ft) and 3.6 m (12 ft) test 
deployments, respectively, compared to cell counts when the cover was not present. 
These results suggested the cover could be an effective means of reducing entrainment of 
MSAE into downstream releases. Physical water quality parameters, such as dissolved 
oxygen, temperature, pH, and nutrient concentrations did not change during the two test 
cover deployments compared to conditions when the cover was not present. 

The ADCP velocity data indicated that velocity profiles in the vicinity of the intake tower 
had not stabilized during the two brief test deployment periods. As a result, it was 
recommended that the effects of longer-term deployment of the cover should be studied. 

The 2011 Iron Gate Cover Study provided insight on the complex hydrodynamics near 
the intake tower. Based on these findings, recommendations for the third phase of the 
study included: 

 Extend the study period to span two weeks and deploy the cover for longer periods of 
time (i.e., multiple sequential days) to test the effects of the cover when stable 
hydraulic conditions are attained as determined from consistent velocity readings over 
a range of days. 

 Conduct a vertical migration study of cyanobacteria within the vicinity of the intake 
structure by deploying a phycocyanin probe in the reservoir for a full day or over 
several days (including overnight) to provide information about the depth to which 
the intake cover should be deployed. 

3.3 2012 Study 

In 2012, the design of the intake cover study included: (1) increased test deployment 
periods (multi-day continuous deployment); (2) increased horizontal spatial sampling 
locations upstream in the reservoir and downstream in the river; (3) additional vertical 
grab samples in-reservoir at three depths; and (4) continuous sonde measurements 
upstream of the intake in the reservoir and downstream in the river.  

The study spanned the period from August 20, 2012 to August 30, 2012. Prior to the 
deployment of the cover, one full day of pre-deployment monitoring occurred. Mid-day 
and afternoon samples were collected on August 20 and a morning sample was collected 
on August 21. Subsequently, three separate cover deployment events were conducted to a 
depth of approximately 3.6 m (12 ft). These included a 31-hour deployment on August 
22-23 and about a 72-hour deployment during August 27-30.  

The results of study included the following observations: 

 Cyanobacteria (Microcystis aeruginosa (MSAE), Aphanizomenon flos-aquae (APFA), 
and Pseudo-anabaena (PSAB)) were observed to be vertically segregated at or near 
the surface in the vicinity of the intake. This is an important finding since an intake 
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barrier would be infeasible if vertical segregation of algal species in the upper portion 
of the water column was not observed. 

 Most primary production during the study occurred in water depths of less than 9.1 m 
(30 ft). This was consistent with data provided by Lincoff (Andy Lincoff, EPA, pers 
comm). Considerably more algal biomass was observed in near-surface waters 
(surface to 4.6 m (15 ft)). 

 The velocity, algae species, and phycocyanin data collected during the 2012 study 
suggest that barrier deployment to its full depth of approximately 3.6 m (12 ft) results 
in short-term changes in local in-reservoir velocities and reductions in downstream 
cyanobacteria concentrations. These changes occurred over a period of less than 24 
hours, and then appeared to diminish thereafter as the hydraulics in the vicinity of the 
intake adjusted over time in response to the placement of the barrier and more near-
surface water is entrained. The data also indicated that conditions in the reservoir, 
particularly the concentrations and distribution of algae, are variable spatially and 
temporally (Figure 3). 

 

Figure 3. Profile View of the Iron Gate Intake Tower (left) Showing the Trash Rack, Elevation of the 
Powerhouse (PH) Penstock Invert and Centerline, and Range of Operating Elevations and (right) 
Depiction of Intake Zone with Cover in Place for the Period Shortly after Deployment (t=0+) and 
after 24 hours (t>24 hr). 

Based on these findings, recommendations for further studies included:  

 Conduct a bathymetric survey and ADCP measurements in the vicinity of the intake 
tower to improve the interpretation of data collected to date and to inform potential 
future work to better understand local velocities and hydraulics near the intake and 
assist in the design of an improved intake barrier system. 

 Variable diel cover deployment durations (e.g., daytime only, nighttime only) of the 
existing cover should be considered for future test deployments with additional 
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downstream sample collection to provide additional insight into the effects of cover 
deployment.  

 A weather station should be installed at or near Iron Gate Dam to characterize 
meteorological (i.e., cloud cover, wind speed, air temperature) conditions. Site-
specific meteorological data would enhance the understanding of factors affecting 
reservoir hydrodynamic and thermal conditions. 

 Consideration should be given to the design and deployment of a cover with a depth 
greater than 12 feet since a deeper cover may more effectively isolate surface water 
and with more persistent effects.  

The 2013 study focused on the first recommendation above. The second recommendation 
was addressed in part daily operation of the cover for several weeks during the fall of 
2013.  These barrier operations occurred late in the year after much of the thermal 
stratification had broken down and had no discernible impacts on downstream water 
quality. However, testing the deployment of the cover on a daily basis informed the 
feasibility of such operations.  The third recommendation was addressed through the 
installation of a meteorological station at Iron Gate Reservoir in the late summer of 2013.  
Finally, the fourth recommendation was not pursued since PacifiCorp indicated that a 
deeper cover deployment could create conditions in which a cover could be difficult to 
deploy and retrieve from the intake, and since prior results indicated that a reduction in 
approach velocities with a barrier system to reduce vertical velocity gradients would 
likely be a more productive approach to reduce algae entrainment at the intake.   

3.4 2013 Study Approach and Methods 

Based on the findings and recommendations of the 2012 study (as described above), the 
design of the 2013 study included: (1) perform a 2-week vertical profile of total algae and 
physical water quality using the YSI EXO2 sonde attached to a vertical profiler buoy 
device; (2) complete a bathymetric survey of the reservoir from the A-frame to the log 
boom; (3) collect ADCP measurements using the RiverRay to create velocity boundary 
conditions at the A-frame and at the log boom for assistance in the design of an improved 
intake barrier system. 

3.4.1 Study Duration 

The 2013 study at Iron Gate Reservoir occurred on three days: August 27, August 28, and 
November 7, 2013. In August, the bathymetry survey occurred in the morning and the 
ADCP velocity measurements in the afternoon. In November, a bathymetric survey 
occurred near the intake tower in the morning.  

3.4.2 Meteorological Station 

 PacifiCorp completed the installation of a meteorological station at the top of Iron Gate 
dam in October 2013 to improve hydrologic forecasting for its river operations and gather 
data that may be useful in ongoing reservoir studies. The meteorological station records 
air temperature, relative humidity, barometric pressure, precipitation, solar radiation, 
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wind speed and wind direction. PacifiCorp operates and maintains the meteorological 
station and maintains the data within its operations data management system. Continuous 
data collection from the station commenced on October 11, 2013. PacifiCorp anticipates 
this information may assist in future assessment of dynamic water quality conditions 
within Iron Gate reservoir and in downstream releases.   

3.4.3 Total Algae and Physical Sonde Measurements 

Due to cable tangling issues, water quality data was not collected for in-reservoir work.  
Future studies will include a vertical buoy and anchoring system to accommodate Iron 
Gate Reservoir conditions near the intake.  See Section 4.1 for more information. 

3.4.4 Bathymetric Survey 

A 200-KHz Hydrolite depth-finder was used to survey the Iron Gate reservoir from the 
dam to the log boom (Figure 4). The survey involved traveling from left bank to right 
bank, starting near the dam and moving upstream to the log boom. The purpose of the 
November visit was to refine the bathymetry around the intake tower and left bank where 
the geometry was notably altered to accommodate vehicles during the construction phase 
of the tower decades ago. The surveys on August and November required three hours to 
complete and resulted in over 20,000 data points.  The Hydrolite measures depth 
continuously and synchronizes latitude and longitude data from the Trimble GeoXT 6000 
Global Positioning System (GPS). The data is post-processed in SonarMite (by Lymtech 
LLC) which can be exported to Microsoft Excel and/or plotted using any of various 
surface modeling software program. 

  

.Figure 4. Trimble GeoXT and Hydrolite-TM boat setup in Iron Gate Reservoir. 

 



 

Iron Gate Intake Barrier – 2013 Study Results April 2014 
Final Technical Report Page 9 

3.4.5 ADCP Velocity Measurements 

A RiverRay ADCP (by Teledyne) was used to measure water column velocities in Iron 
Gate Reservoir. A transect consisted of traveling from one bank to other while the ADCP 
was measuring instantaneous data.  Transects ranged from one to three minutes in 
duration near the dam and four to five minutes at the log boom.  Transects were measured 
at two locations: near the A-frame and at the log boom (Figure 5). The boat speed for 
each transect was approximately 1.0 m/s (3.3 ft/s). A Hemisphere R130-RTK was used to 
collect GPS data.  Multiple transects are recommended at each location to ensure data are 
consistent (Dan Murphy pers. comm.). The locations and transect start times for August 
27 and 28 are presented in Table 2. 

Table 2. Start times for ADCP velocity transects at the three locations: at the A-frame and the log 
boom. GPS coordinates are based off WGS 84 datum 

Location Start and End Points August 27, 2013 August 28, 2013 

A-frame 

41° 56.061306' N, 122° 26.074449' W 

41° 56.057021' N, 122° 26.111287' W 

4 Transects 
(12:33:41, 12:35:09, 
12:36:57, 12:38:57) 

4 Transects 
(12:12:44, 12:14:12, 
12:17:20, 12:22:34) 

Log boom 

41° 56.245766' N, 122° 25.842522' W 

41° 56.342426'N, 122° 25.992737' W 

3 Transects 
(12:09:34, 12:15:05, 
12:20:33) 

3 Transects 
(12:42:25, 12:47:36, 
12:53:49) 

 

 
Figure 5. Iron Gate Reservoir; approximate location of ADCP transects near the intake tower and at 
the log boom (Photo Source: Google Earth). 

 

Logboom 

Intake 
Tower

ADCP 
Transects

N

A 

A 
B 

B 



 

April 2014 Iron Gate Intake Barrier – 2013 Study Results 
Page 10 Final Technical Report 

4.0 RESULTS AND DISCUSSION 

The 2013 Iron Gate Reservoir study results are presented and discussed in the following 
subsections below, including water quality sonde measurements, bathymetric surveys 
results, and ADCP velocity transects in the reservoir. 

4.1 Water Quality Sonde Measurements 

In late August 2013, PacifiCorp deployed the YSI-EXO2 multi-parameter sonde attached 
to a vertical buoy device to measure total algae and physical water quality parameters for 
several weeks. The buoy device (known as BOB) has been used by the United States 
Environmental Protection Agency (USEPA) for similar studies. 

The BOB consists of a platform measuring 1.2 m by 1.2 m (4 ft by 4 ft) with eye bolts on 
the side to connect anchors. On the platform, there is a solar cell, a backup battery, and a 
gray case.  Inside the case is a simple mechanical system which controls the raising and 
lowering of a sonde (attached to a cable and safety line) at specified time intervals and 
depth. PacifiCorp operators deployed the BOB slightly upstream of the intake tower 
(Figure 6). Due to wind conditions in the reservoir, the platform moved into shallower 
water and rotated upon itself, causing the cable that attached to the YSI EXO2 sonde and 
safety line to become tangled. In August 26, 2013 Watercourse personnel retrieved the 
YSI EXO2 sonde and added a new cable line, but the cable tangled again the next day. 
As a result of these deployment challenges, little useful data were acquired during this 
aspect of the study. The BOB was removed from the intake tower location on September 
4, 2013 and deployed at Long Gulch Cove for use in the 2013 algaecide study project.  

  
Figure 6. The vertical buoy device (B.O.B) is deployed upstream of the intake tower in Iron Gate 
Reservoir (August 2013). 

 
While no long-term data were available from the vertical profiler within the reservoir, a 
review of data from the water quality station below Iron Gate Dam suggests complex 
dynamics are at play with respect to blue-green algae concentrations entrained in the Iron 
Gate intake. As shown in Figure 7, there appears to be little to no pattern in the data from 
first two weeks of August but then a fairly strong diel pattern in the third and fourth 
weeks of August. However, this pattern breaks down around August 29, 2013 and there is 
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no discernible pattern for the remainder of the period through late September. In the 
periods where there was a diel pattern that may be indicative of vertical migration or 
mixing of BGA, the timing of the maxima and minima was not always consistent. The 
variability in the timing and magnitude of the swings in BGA cell counts (as indicated by 
the microcystin sensor), and the lack of a discernible pattern at other times indicates that 
BGA population dynamics and distribution within Iron Gate reservoir may be affected by 
vertical migration, reservoir mixing processes (e.g., wind mixing and convective 
cooling), or both, and these conditions likely contribute to variable BGA concentrations 
downstream of Iron Gate Dam. Recommendations for future in-reservoir vertical profile 
monitoring of BGA concentrations and for further monitoring to assess dominant 
reservoir mixing processes are included at the end of this report.  

 
Figure 7. Blue-green Algae Sonde Data below Iron Gate Reservoir for August and September 2013. 

4.2 Bathymetric Survey 

The bathymetric survey covered approximately 35 acres between the log boom and Iron 
Gate Dam.  Depths ranged up to 45.7 m (150 ft) along the original river channel, and the 
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approximate location of the low level intake tunnel can be seen (Figure 8a). These results 
are consistent with previous surveys (Eilers and Raymond 2003). Review of these data 
with historic photographs of dam construction allowed an approximate reconstruction of 
submerged roads (Figure 8b).  The location and detailed bathymetric mapping of these 
roads in the region of the intake tower were important outcomes of the study because of 
their potential impact on local hydrodynamics. 

   
(a)    (b) 

Figure 8. Iron Gate bathymetry (a) with 2 m (6.6 ft) contours, and (b) showing approximate locations 
of roads during dam construction. Depths from water surface elevation of 709.2 m (2326.8 ft). 
 

4.3 ADCP Velocity Measurements 

ADCP transects in the form of arcs across the reservoir were measured on Tuesday, 
August 27, 2013 and Wednesday, August 28, 2013 at two locations: near the A-frame 
and at the log boom (Figure 5). Four transects were performed on Tuesday and five 
transects were performed on Wednesday. During this study, the penstock intake invert 
was approximately 10 meters (33 ft) below the water surface and the withdrawal rate 
from the reservoir was approximately 25.4 cms (900 cfs). While transects traversed 
waters in excess of 12 m (40 ft), returns from the ADCP were typically limited to 
approximately 10 m (33 ft).  A slower boat speed would yield deeper readings.  The 
depth of the reservoir and depth of data collection are shown in Figure 9.   

Velocities near the mid-point of the transect (deepest portion in Figure 9) ranged from 
approximately 0.04 m/s (0.13 ft/s) at the surface to 0.10 to 0.20 m/s (0.33 to 0.66 ft/s) at 
depth. Velocities at the left and right shorelines of the transect ranged from 
approximately 0.04 m/s (0.13 ft/s) at the surface to 0.10 to 0.40 m/s (0.33 to 1.32 ft/s) at 
depth (Figure 9 and Figure 10). While velocities were lower in near surface waters, the 
remainder of the vertical profile illustrated fairly uniform velocities. These values are 
consistent with the results found in previous phases of this work. Certain near-shore areas 
also had notable velocities, most likely due to complex hydrodynamics and morphology 
in the intake tower vicinity. Slightly lower velocities were identified near the bottom of 
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the profile, presumably due to the reservoir bed boundary. Results indicate that the 
penstock tunnel to the powerhouse and the screened intake tower generate a withdrawal 
envelop that extends to the surface of the reservoir. Averaged horizontal velocity profiles 
for each transect further support this finding (Figure 11). The velocity profiles for August 
27 and 28 are within approximately 10 percent of their respective means, indicating that 
velocity transects are reproducible, consistent, and representative of conditions upstream 
of the intake tower. 

 

Figure 9. ADCP velocity magnitude from the A-frame transect (Tuesday, Aug 27th). Horizontal line 
represents the depth at 1 meter below the surface. Vertical rectangle represents the region due north 
of the intake tower. Red colors represent lower magnitudes (0.0-0.05 m/s); yellow colors represent 
average magnitudes (0.05-0.15 m/s); and green colors represent higher magnitudes (0.15-0.5 m/s). 
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Figure 10. ADCP velocity magnitude from the A-frame transect (Wednesday, Aug 28th). Horizontal 
line represents the depth at 1 meter below the surface. Vertical rectangle represents the region due 
north of the intake tower. Red colors represent lower magnitudes (0.0-0.05 m/s); yellow colors 
represent average magnitudes (0.05-0.15 m/s); and green colors represent higher magnitudes (0.15-
0.5 m/s). 

 

Figure 11. A-frame depth-averaged velocities magnitude during the study period for the 4 transects 
on Tuesday, Aug 27th (Tues-tA through Tues-tD) and the five transects on Wednesday Aug 28th 
(Wed-tA through Weds-tE). 
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The mean bias for the four surveys on Tuesday is presented in Table 3. The range of the 
bias was -0.009 to 0.009 cm/s.  The minimum bias was -0.023 cm/s and the maximum 
bias was 0.028 cm/s. The maximum mean absolute bias was 0.011 cm/s. The mean bias 
for the five surveys on Wednesday is presented in Table 5. The range of the bias was       
-0.008 to 0.006 cm/s.  The minimum bias was -0.018 cm/s and the maximum bias was 
0.025 cm/s. The maximum mean absolute bias was 0.008 cm/s. 

Table 3. Mean Bias: Average, Max, and Mean for the Tuesday (8/27) ADCP Transects. 

Transects Tues-tA Tues-tB Tues-tC Tues-tD 

Average 0.008 -0.009 0.009 -0.007 

Max 0.019 0.002 0.019 0.028 

Min -0.003 -0.023 -0.011 -0.017 

Mean Absolute Bias 0.008 0.009 0.010 0.011 

 

Table 4. Mean Bias: Average, Max, and Mean for the Wednesday (8/28) ADCP Transects. 

Transects Wed-tA Wed-tB Wed-tC Wed-tD Wed-tE 

Average 0.002 -0.008 0.004 0.006 -0.004 

Max 0.010 0.001 0.025 0.016 0.008 

Min -0.017 -0.018 -0.012 -0.014 -0.015 

Mean Absolute Bias 0.005 0.008 0.005 0.007 0.006 

 

These results identify that the majority of the water entering the intake tower comes from 
the north within the main body of the reservoir (Figure 12), with the principal direction of 
flow at roughly 180 degrees (due South). In the vicinity of the dam face, waters appear to 
move along the dam face from the north and then head roughly eastward (angle of 
approximately 90 degrees) to enter the intake tower. Field data indicate that 
hydrodynamics along the left bank (southwest) of the reservoir are complex, experiencing 
wide range of vector directions. This may be due to the fact that the intake tower, located 
within the reservoir, allows waters to flow past and behind the tower. 

Data suggest the short-term mixing, upwelling, and other directional movements are 
occurring, albeit at small scales. In addition to intake tower effects, complex 
hydrodynamics in the near shore areas could be due to extensive macrophyte growth 
(which can occupy waters several meters deep and extend over 10 meters offshore), 
reservoir morphology, other shoreline roughness features, as well as local wind sheltering 
and possibly baroclinic circulation (Fisher et al. 1979) associated with differential 
heating. 
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Figure 12. Representative ADCP velocity vector direction from the A-frame transect. Velocity vector 
direction based on magnetic north from WinRiverII software (see Figure 5 for true north, declination 
at Iron Gate Reservoir is approximately 14o 51’ east)). Labels “A” and “B” refer to transect begin 
and end point identified in Figure 5. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

A bathymetric survey of the reservoir between the log boom and Iron Gate dam was 
completed through several days of field surveys, and with the assistance of PacifiCorp 
field staff.  These data were developed to better characterize the region in general, but 
more specifically in the intake tower vicinity. Detailed surveys led to useful information 
about the reservoir bed morphology in this area, and submerged features associated with 
original project construction.  Coupled with this bathymetry work were updated ADCP 
observations. These observations yielded a more refined understanding of the velocity 
field in this area, confirming previous observations (the bulk of the water approaches the 
intake tower from the north) and identifying potentially complex hydrodynamics in 
certain areas.  Deployment of an automated profiler to collect physical water quality 
conditions and phycocyanin readings was unsuccessful due to fouling of the profiler line 
in several instances.   

Based on the 2013 study results, the following recommendations were identified: 

 Deploy a more robust instrument to collect the vertical profiling data. Such a 
system should incorporate a more flexible design to allow appropriate anchorage 
in various settings and conditions, as well as an ability to control the mechanical 
system more effectively and to upload information to PacifiCorp’s data system.   

 If additional ADCP observations are necessary or desired, complete future 
surveys at slower boat speeds (less than or equal to 1 m/s) to capture a greater 
depth of readings.  This is particularly applicable in the deeper portions of the 
reservoir.  

 Consider longer ADCP deployments (multiple days) and analyze with local 
meteorological data to determine potential wind-driven mixing processes.  These 
observations, coupled with phycocyanin readings both above the intake and below 
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the reservoir would lend insight into potential cover or other barrier design 
analyses and considerations. 

 Use the ADCP and bathymetry data developed during the 2013 study to refine 
concepts for the design and placement of an intake barrier that can be deployed to 
exclude algae from the Iron Gate intake, and thus improve water quality 
downstream of Iron Gate dam.         
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APPENDIX A 
2013 Study Data 

This appendix contains supporting data and information compiled for the Iron Gate study 
in 2013. 

A.1 Water Surface Elevation 

Table 5. Daily average water surface elevation (in meters and feet) for Iron Gate Reservoir in August 
and November (2011-2013). Courtesy of PacifiCorp. 

Date 2011 2012 2013 

August 26 709.3 m (2,327.1 ft) 709 m (2,326.24 ft) 709.2 m (2,326.82 ft) 

August 27 709.3 m (2,327.05 ft) 709 m (2,326.14 ft) 709.2 m (2,326.8 ft) 

August 28 709.3 m (2,327.05 ft) 709 m (2,326.16 ft) 709.2 m (2,326.8 ft) 

November 6 709.2 m (2,326.9 ft) 709 m (2,326.16 ft) 708.4 m (2,324.14 ft) 

November 7 709.1 m (2,326.45 ft) 709 m (2,326.2 ft) 708.4 m (2,324.23 ft)* 

November 8 709.1 m (2,326.3 ft) 709 m (2,326.25 ft) 708.5 m (2,324.33 ft) 

*The elevation used for the bathymetry was 708.36 m (2,324.00 ft).  This is the exact elevation when the survey took place. 

A.1.1 Surface 11 Boundary Points and Bathymetric Survey Track 

 

A.2 Personal Communications 

Dan Murphy, October 25, 2013 (phone communication interpreting ADCP velocity data)
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APPENDIX B 
2013 Equipment Datasheet 

This appendix contains datasheets for the equipment used during the Iron Gate Study in 
2013. 

B.1 Hydrolite-TM 
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B.2 RiverRay ADCP 
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B.3 Trimble GeoExplorer 6000 Series (GeoXT) 
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Iron Gate Intake Barrier – 2013 Study Results April 2014 
Final Technical Report Page B-6 

B.4 Hemisphere R130-RTK 
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