Subject: Bonneville Dam Fish Ladder TDG Field Investigation

Date: April 4, 2006

Background 

The Bonneville spillway exit channel receives water from combined fish ladder and training spill from bays 1 and 18 during the day and from the fish ladders at night.  Beginning at midnight on March 30, 2006 through the start of the fish passage season elevated TDG saturations exceeding the 120% standard have been observed at the Bonneville tailwater fixed monitoring station (CCIW) with the most elevated TDG levels of 120-124.3% occurring during nighttime operations. The source of these elevated TDG levels is unknown and therefore a recon trip was taken to the Bonneville Dam to investigate TDG sources in the spillway exit channel.
Results 

At midnight on April 4, the discharges from the Bradford Island “B” Branch ladder, north entrance, and the Cascade Island ladder, south entrance, were the only sources of water supplying the spillway exit channel.  TDG pressures observed during these nighttime operations at CCIW reached a peak level of 122.9% (935 mm Hg) at 5:00 am.  At 6:00 am on the morning of April 4, 2006, Bonneville Dam began releasing attraction flows of 1.2 kcfs out of spill bays 1 and 18, for a total spill of 2.4 kcfs (Figures 1 and 2).  The TDG pressures at CCIW began to decline with the initiation of this training spill.  Tailwater elevation averaged about 18 feet during the morning hours, rising to 19 feet from 12:00-1:00 pm when forced spill at Bonneville Dam began.  Forced spill started at approximately 12:35 pm with releases averaging about 24.6 kcfs through the afternoon, peaking to 25.3 kcfs near midnight (Figure 3).  The TDG pressures at CCIW declined from 901mm Hg or 118.9% at noon to 854 mm Hg or 113.1% at 4 pm.  
South Fish Ladder

Sampling began at approximately 10:18 am on April 4, 2006 with a Hydrolab DS4, serial number 39852, deployed at the exit of the Bonneville Dam’s south fish ladder.  As shown in Figures 4 and 5 the instrument was first deployed at the exit of the fish ladder on the spill bay 18 side of the fish ladder exit flows (position A).  After visual inspection the instrument was pulled, weight was added, and the instrument was immediately redeployed in the same location (position A).  With the additional weight added, the hydrolab sat deeper in the water column, surfacing less often in fish ladder flows.  The USGS deployed a Hydrolab MiniSonde gas instrument near position A at the same time.  Total dissolved gas pressure measured from the USACE hydrolab (#39852) peaked at 907 mm Hg (120% saturation) while the USGS hydrolab peaked to 904 mm Hg at position A.  

At 10:55 am, instrument #39852 was moved to position B, at the exit of the south fish ladder on the shore side of the fish ladder exit flows, further from spill bay 18 (Figures 4 and 5).  As shown in Figure 6, total dissolved gas pressures were higher at position B than position A.  Gas pressures at position B peaked at 991 mm Hg (131 % saturation), 84 mm Hg higher than peak gas pressures measured at position A (Figures 6 and 7).  

The hydrolab instrument #39852 was moved to position C at 1:34 pm so that gas pressures in the ladder could be monitored.  This instrument was pulled at 3:08 pm.  As shown in Figure 6 gas pressures held steady at about 850 mm Hg at this location.  These TDG levels inside the ladder were significantly smaller (57 to 141 mm Hg) than observed downstream of the ladder entrance.
North Fish Ladder


At approximately 11:18 am on April 4, 2006 a Hydrolab DS4, serial number 39853, was deployed at the exit of the Bonneville Dam’s north fish ladder.  As shown in Figure 8 the instrument was first deployed at the exit of the fish ladder on the spill bay 1 side of the fish ladder exit flows (position D).  The USGS deployed a Hydrolab MiniSonde gas instrument near position D at the same time.  Total dissolved gas pressure measured from the USACE hydrolab (#39853) peaked to 910 mm Hg (120%) while the USGS hydrolab peaked to 891 mm Hg at position D (Figures 9 and 10).  
At 1:49 pm, instrument #39853 was moved to position E, and gas pressures in the fish ladder were measured for approximately 20 minutes (Figures 8 and 11).  USGS simultaneously measured gas pressures in the fish ladder, just upstream of position E in the center of the fish ladder.  As shown in Figure 9, gas pressures measured at position E by the USACE hydrolab peaked at 845 mm Hg while the USGS hydrolab peaked at 825 mm Hg.  At 2:09 pm the USACE hydrolab, serial number 39853, was moved to the bend in the fish ladder (position F) to collect data for about 20 minutes (Figures 8 and 11).  The gas sensor never reached equilibrium at this site, but rose to 911 mm Hg during the 20-minute sampling session.  USGS did not sample at this location.  
At 2:34 pm hydrolab #39853 was deployed near the Bonneville forebay fixed monitor and left to collect gas pressures for nearly 30 minutes.  Pressures leveled off at 807 mm Hg, while the USGS hydrolab reached 801 mm Hg.  The fixed monitoring station recorded a total dissolved gas pressure of 798 mm Hg during this time.
Conclusions
TDG pressures in the ladders were higher than observed in the forebay.  TDG pressures exiting the ladders were consistent with the elevated TDG pressures observed at CCIW prior to the initiation of training spill from bays 1 – 18, which points to the fish ladders as the source of elevated CCIW pressure.  The source of TDG exchange in the ladders may be caused by aeration as water flows past fishway baffles, at the fish entrance (water exit to tailwater channel), or due to auxiliary water supplies entering into the fish ladders through diffusers.  A follow-up visit may be needed to help answer some of these uncertainties.  

In general, gas pressures measured at Bonneville Dam on April 4, 2006, at the north and south fish ladder entrances (positions A, B and D) were higher than gas pressures measured in the fish ladders at positions C and E, but not at position F.  TDG pressures measured at position F were similar to pressures measured at stations A and D, nearing 120% saturation (see Figures 7 and 10).  Total dissolved gas pressures were largest at the south fish ladder entrance; position B, with gas pressures peaking to 991 mm Hg.  This site was located furthest from bay 18 and more representative of water exiting the ladder than position A. 
The fish ladder station C and E instruments were deployed in the same general location at both the north and south fish ladders and as expected both hydrolab # 39852, which measured gas pressures in the south fish ladder (position C) and hydrolab # 39853, which measured gas pressure in the north fish ladder (position E) responded similarly.  TDG pressures measured at position C peaked to about 844 mm Hg while pressures at position E were 846-851 mm Hg.  Gas pressures observed at the fish ladder site, position F, located at the bend of the north fish ladder were much higher than the fish ladder sites located at positions C and E.  Position F measurements were 40-50 mm Hg higher than measurements taken at positions C and E.  Such differences in TDG pressures in the ladders may be caused by different sources of water at station F versus stations C and E which may explain the TDG gradients.
Forebay pressures measured by hydrolab #39853 were 807 mm Hg or 9 mm Hg higher than the forebay fixed monitoring station and 7 mm Hg higher than the USGS hydrolab.  This would suggest hydrolab #39853 was recording gas readings on the high side.  However, prior to the first deployment, hydrolab #39853 was recording air pressures (barometric pressures) of 762 mm Hg on average while CCIW, the tailwater fixed monitoring station,  was recording barometric pressures of 760, suggesting a only 2 mm Hg discrepancy.
