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ORIGINAL 
March 22, 2005 

Ms. Magalie R. Saiss, Secretary 
Federal Energy Regulatory Commission 
888 First Street. NE.  
Washington, D.C. 20426 

RE: Way Dam Hydroelectric Project, FERC No. 1759-036 
Article 418-Low Dissolved Oxygen Mitigation- Progress Report 

Dear Ms. Salss: 

231W Michig,m Street 
Milwaukee. W:~203 

www~-energ es~m 

:- ' :~ 
. .  

Article 418 of  the new license issued January 12,2001 for the subject project, required W i s c o n ~  E l e c t ~  
Power Company ( WE ),condtx:ting besine~ as We Euergles, to submit, within one year of  the effective 
date ofncw license issuance, a Plan to address the periodic release oflow D.O.--containing water from the 
Way Dam Project. In correspondenue dated December 18, 2002, this plan was filed with the Commission. 
In an order dated Ma~ch 18, 2004, the Conmnssion approved this plan 

The Plan called for WE to conduct a review of  feesthle modifications to the Project dmt could correct the 
low DO problem as well as their related costs. Alternatives included modifications to the Project that 
would allow for continued water extraction for the proposes of  power generation without impacting the 
State of  Michigan's water quality standard for D.O. in the Project's tailrace. 

As a result o f this analysis, WE concluded that the only cost effective alternative to cor~ct the low D.O. 
problem downsueam of the Way Dam Project would be to suspend flow through the turbine (cease 
geueration) when D.O. levels in the intake water fall below 3.0 rag/1. This will, for the most part, prevent 
problems in the river sesnk'~t downstream of Way Dam. However, approximately 800 fl of  the Project's 
tailrace (which is physically separated from the spillway channel) will continue to experience low D.O. 
conditions as a result of  leakage through the unit and the project's underwater gate. In light of this concern, 
initial testing with a bubbler system was conducted m 2004 to correct low D.O associated with the leakage 
flow. More work is planned in 2005. 

The alternative analyses that WE performed m 2003 to correct low DO conditions at the Project did not 
consider turbine venting, because information available at the time indicated the technology would not 
provide the necessary improvement to meet the state standard for low DO. Additional infommtinn has 
become available that suggests the technique may meet the state standard. We Energies will evaluate this 
technology when engineering is performed for the Way Dam framer replacement aflcr 2005. 

We Energies is hereby filing one original and eight copies of  this progress report to the Commission for its 
approval. Several exhi~ints constitute this filing; specifically: 

Exhibit 1 
Exhthit 2 
Exhthit 3 

We Energies' draft progress report as submitted to the agencies for their review 
We Energies' responses to agency comments 
We Energies' Final Progress Report 
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A~ enclosed in thls t~|/n8/s a Im'oof of -.,---'-- -_ .,_ ..... 
(~) .... ~ ~ me asencles I/sted m me copy Ii.~I. 779-2547 if you have questions on this matter. 

S/nce~ly, 

Willi~rn -qa~cl~r, Manager 
Hydroelectric Operations 

Encl 

Please call ~ e  at 

cO: Larry Thon~eon, USFWs 
Je~ica Mistak, MDNR 
John Suppnick, MDEQ 
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Certificate of  Service 

I hereby  certify that  I have this day served the foregoing 

document upon all entities specified in the order to issue license to be 
consul ted  on mat te r s  re la ted  to the  Commiss ion  filing. Service was 

done  pu r suan t  to Rule 2 o l o  of  FERC's Rules o f  Pract ice and 

Procedure 18 CFR, Section 385.2OLO 

Dated  this day  Wednesday ,  March 23, 2oo5  

We Energies 

Annie Salmona 
We Energies 
333 W. Everett Street 
Milwaukee, W1 532o3 
(414) 221-4151 
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Exhibit I 

We Energies' Dratt Progress Report as Submitted to The Agencies 
For Their Review 

Way Dam Hydroelectric Project, FERC No. 1759-036 
Article 418 

Low Dissolved Oxygen Mitigation Plan 
Draft Progress Report (without Vertical Profile Tables). 
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M i c h a u d . D a v e  

From: 
• Sent: 
To: 
Co: 
Subject: 

Michaud.Dave 
Tuesday, January 11, 2005 2:54 PM 
Jessice Mistak; Suppnick,John (suppnicj@michigsn.gov) 
Rauscher.Bill 
Draft 2004 Progress Report-Way Dam Low DO Mitigation Plan 

Greetings and Happy New Yead 

Attached to this note are the following: 

• A draft progress report for activities that took place in 2004, including our initial work with an aeration system for 
Way Dam tailrace 

• Data files for tailrace monitoring 
• Data files for vertical profile measurements taken in Michigamme Reservoir upstream of the dam 
• A draft flow chart illustrating operations that will occur in 2005 in response to DO monitoring 

We'd appreciate your comments by February 21st so as to allow us time to complete a FERC filing by March 1, 2005. 

Please feel free to call me if you have questior~s concerning these materials. 
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DRAF'I DRAFI  DRAFT 

Way Dam, FI-R(" Pr,ajecl No. 1759-O36 
Article 418, Dissolved Oxygen Mitigation Plan 

2004 Progress Report 

January x, 2005 

INTROI) I  :( "'I'I(.)N 

In a letter dated January 28, 2004, the MDNR requested that We Energies continue to 
m o v e  l b ~ . a r d  x~. ith the m i t i g a t i o n  plan that was filed wi th  F E R C  in December ,  20()2, 

which was prepared in response to Article 418 of the new license. The purpose of this 
plan is to cDrrect the seasonal occurrence of low DO at Way Dam. In its January 28 th 
letter, the M I )NR also r e c o m m e n d e d  that thu company  inves t iga te  other  low DO 

correction altcrnativcs including siphoning and bubbling, which according to the MDNR 
has bccn succcssfid at other utilities. 

In response to this request, the company initiated an evaluation of the bvbbling 
al ternat ive  in 21)O4. The c o m p a n y  also conducted  cot ' t t inuous temperature  and DO 

monitoring m the Way Dam tailrace during thc summcr and twice-monthly vertical 
profile naeasuremcnts of  temperature and DO in the Michigamme Reservoir immcdiately 
upstream of the intake structure for the Way Dam generating unit. In addition, 
temperature and I)O v~ere monitored within the plant using continuous monitoring 
equipment. 

BUBBI.IN(i TI!('tlNOLOGY -DESIGN 

In early 2004, the company contracted Environmental Dynamics Inc. (EDI) to design a 
bubbler system for the Way Dam tailrace. EI)I is a company tt'tat primarily designs 
oxygenating systems for waste water treatment. Sketches of the  power house tailrace and 
the following operating parameters / requirements were provided to FDh 

• [-stimated leakage flow from the generating unit-2 cubic fcct per second 
(Ct.S) 

• Total water volume present in tailrace area: -1.6 million gallons (this was 
estimated using the bathymetry drawmgs for the tailrace area) 

• Maintain DO above 3.0 parts per million (ppm) in the tailrace ann of the 
Micbigamme River at all times 

• Maximum temperature of  the leakage flow: - 70 1" ( 21.1 (")(actual 
tailrace range in 2004; 16.2-18.9 C ) 
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I.'[l[ des igned  il systcll l  thut t'OllSisled ot ' s ix  fide bilDb]c iicl'iltoF-: that v+crc to hc 
sulm~crgcd to a depth of 19 ti. EDI 's  design flow assumption '.'.as 1.3 nllllion gallons 

pc+ day. The actual oxygen required per day was estimated to be 65 pounds. Thc 
staudard oxy.,~cn llilllS[~'l ct ' t]cicucy '.'.as asst lnlcd [o bc 2g 5'% tota l  a i r f low t,,~ the 

aerators was estimated to bc 24 sctm. assuming i,n air dcl t \cr  5 systcnt operating 

pressure of  9.6 psig at the top of  the drop pipe. 

Due to filbrication dela3s ([!DI could not promise delivery ofthc aerator system prior to 
tht anticipated t ime o f  lt~x,. DO occurrence). We thlcr!:ics purchased the design :rod the 
aerator components Ii'onl [!DI. A local compan>, RC Manulhcturmg. assembled the 

systcm based on the design provided from EDI. We Energies used its cxisting Gast 
pumps  (bubbler  p u m p s  used at the prelect  to prevent  ic ing  near the fainter gates m 

winter) to supply' the air tor the system. The Gast pulnps ha~e a design flow ot21 
schll- therefore two puntps \'.ere used to meet the required aim flo,a. 

MONITORING .p[.AN-2+)04 

I)urmg the times of  the year v, hen lov. DO is unlikcly, the \V,L,. l)am m-plant DO 
instnmmnt is calibrated monthly. [ leginning in Jtlne. the calil+nations were increased to 
~'.cckly to closely monitor the DO in the beat-trig cooling x,.atvr hnc ( monitoring this 
\~ atcr line provides a reasonable measure of  DO levels in the ]rex er reaches of  the 
resarvoir ). When the DO approached 5.0 PPM, the calibrations x', ere increased to threc 
tin!cs weekly. In i, ddition, to assure that the m-plant DO measurements ,.,,'ere indicative 
of ,vhat  was occurring m thc tailrace, Winkler analyses of  grat', samples taken in the 
taih'ace ,.,.'ere obtained hcgmnmg in mid-June. The grab samplcs v,'cre obtained front 
three areas: o f  f the corner e l ' the  power house to the right el ' the draft tube in about 15' 
o f , ;  ater: in the tailrace area to the right of  the t, nder water gate in about 5' of  v,'ater : 
an¢ at a point about 75' do'.', nstream in the tailrace near the first of two continuous 
rcc. ~I-tling sondes. 

("ontJnuous recording sondcs werc deployed in tv, o locations: the first location '.'.as as 
dcscribcd above; the second \~as located approxm~ately 50+1 fi dt~v. nstrcam of  the first 
sonde. "lhc sondes were dcphL,,cd J unu 16 and '.'+'ere chatl'.,:cd out every two weeks until 
the ,  ~'+ ere retrieved Scptcmhcr 19. 

\ 'crt ical  profile mcasLuclncnt:-; ill t he  reservoir ',vcre taken tx~ ~cu per month during tile 
period monitored v, ith CoI~tJlIIIOUS recording sondes. 

BI BBI  .ING "I"ECI INOLC)(;Y-OBS F RVATIQN.b. 

Monitoring-Overview 

2 
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In 2004, the following operation plan tbr the generator had been established: 
• when DO dropped below 5.0 ppm, as recast.red by the in-plant DO instn, ment, 

the total flow released by the project was to bc split -.50/50 between the 
spilhvay and generation flows 

• when DO dropped below 30 ppm, as measured by the in-phmt I)O instrument. 
flow through the generator was to be discontinued ; all flov. released by the 
project was to be via spillage: the aeration system was to be activated 

Dt, e to cooler than normal temperatures and above average rainfall earlier in the 
summer, low DO conditions did not materialize until 7/22/04. This is the first date DO 
dropped belov,, 5.0 ppm. At this time, the flow through the project was split between 
the generator and the spilhvay. 

On 7/28/04, the DO dropped below 3.0 ppm and the generator was taken offlinc and all 
of the flow, except for leakage flov, through the wicket gates, was passed through the 
spillway. At this time, the aeration system ;,.'as activated. 

On 8/1@04 the head water gate for the generator was closed in an attempt to cut down 
on the leakage flow through the unit's v. icket gates (note: when the head gate for the 
generator is closed, the in-plant DO instrument no longer accurate b measures the DO 
of the leakage tlow). 

On 8/26/04, in response to tailrace DO measurements (rcsuhs of grab samples) the unit 
,,',as put back on line. 

Monitoring-Detailed Observations 

When the flow through the generator x~as above 450 cfs, the DO as measured by the in- 
plant instrument and by the sonde dov,'nstrcam were comparable. We noted that the 
Winklcr titration measurements verified the downstream sonde readings. This was a 
very helpful observation in that it shov, ed that grab samples taken from the tailrace 
could be used to determine the DO m the tailrace without the services of the in-plant 
instrument. 

When the flow through the generator was split with the spillway (July 22 ''j) there '.,.,as 
an increase in aeration visually noted in the unit's remaining discharge. The DO data 
collected by the downstream sonde for the subsequent next few days appears to support 
this observation. (Note: since the in-plant DO instrument is situated upstream of the 
unit's discharge, this instrument cannot detect any potential increases in DO added by 
the turbine nmner operating at 300 cfs). 

The unit was taken offline oll July 28 '~'. In response to this action, Ihe I)O dropped 
from 4.5 to 2.5 PPM, as measured by the downstream sonde, in approximately 12 
hot.rs. This may have bccn duc to the discontint, ation of aeration provided by the 
generator under low flows. At this time. the aeration system was activated. 
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From the time when the unit \l~Ias taken o l ] ( Ju ly  28"') to ~,l, Ih{.'|] the head gate was closed 
(August lq~'t'), the acralion s,,stenr improved the l )O hi the tailrace, but did not increase 
the I)O Icx cls above 3.0 ppm. At this time, the company conchldcd that the actual 
leai,:agc flow through the generator with the head gate open v, as likely greater than the 
2 ( FS assumcd previously. 

When the hcadgate was closed on : \ugust  I0 'h, the DO as measured by the downstream 
sorde  began a general increasing trend (ignoring tbr the moment the tx,,o pump failures 
expcrienccd after 8/10). For example,on S.'l 1,04. the DO m the tailrace, as measured 
by the dov, nstream sonde had increased abo', e 3.0 ppm aDd did not go belo;,, this value 
lbr the rest of the summcr. On 8/14,'O4. the DO in the tailrace, as measured by the 
downstream sonde had increased above 4.0 ppm and did not go below this value for the 
res' or'the summer. On ,',I, 17'04, the DO in the tailrace, as measured by the downstream 
soI:de had increased above 5.0 ppm and did not go bclov," this ',ah, e lot the rest of the 

SUlTlnlcr .  

By contrast, the vertical prot]le data during this t ime frame indicated that 190 levels in 
the Im,.cst reaches of the reservoir (upstream of  the unit 's  intake opening) were still 
v,e'l helo':, 5.0 ppm. 

Results of the entire continuous monitoring period as ,,','ell as a more detailed 
examination of the pcriod 22 July through 2¢) August are provided as Figures 1 and 2, 
rcspccti', ely. to this report. The summary results for temperature and 1)O. based on the 
continuous monitoring program arc provided m Table 1, while the results of the vertical 
profile recast,foments arc provided in Appendix A. 

BUBI31.I~NG ft'CIINOLOGX:-('ONCI.USION_'.,.S..I~ROPOSEI -) REVISIONS FOR 2005 

The: (rest punlps used to supply the air for the acratioD system, experienced many 
failures Call least l ive during the testing pertbrmed in summer.  2004). l h c  DO as 
IllC l s u r c d  by the downstream sonde showed declines m DO inlmcdialely following 
pump lhilure 

lhcse  thllures was most likely' duc to the tact that these pumps ha', c only been operated 
durm~ the ~x inter months when tile ambient temperature is a lot less than during the 
sumnlcr mouths. A difl'erent air punlp (Roots t~ump, spccifica0ons 3n A( 'FM (~ 10 
PSI) has bccn purchased tbr use in 2005. 
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During an internal review of the 2004 monitoring / bubbling experimental data, 
company staff noticed that on two occasions during the low DO period, the DO 
increased (as mcasured by the do'~s nstrcam sonde) when the under watcr gate ,,,,'as 
opcncd to providc required minimum flow through the project. The first occurrence 
was on 8/17 when the Hemlock generating unit tripped offlinc duc to a thundcrstorm. 
Flow was increased from Way Dam to boost river flow. The duratitm of this event was 
only ~l couple of hours. The second occurrence was on 8/26/04 when the unit was being 
brought on line. Note, their on 8/I 7'04. the under water gate had initially been closed; 
therefore, thc m-plant DO monitor was not providing accurate DO data. 

Apparently, v.hcn the entire nfininlum flow is being passed through the trader water 
gate. the higher flow induces ~ithdrawals from the morc oxygcnatcd upper layers of 
the reservoir. This does not occur when the unit is offline and only passing leakage 
tIow. In support of this explanation, operators have noted that when large amounts of 
water are passed through the undcnvater gate, it creates a vortex in the intake area. It 
has also bccn noted by hydro personnel that we arc probably getting additional aeration 
from the turbulence ofthc water at the energy dissipater wall below the underwater gate 
during spills through this gate. 

Conclusions: 

When the unit was takcn off line on 7/28/04, and the aeration system operation was 
initiated, the Icakage flo',~, through the unit with the head gate open probably exceeded 
the design limit of the aeration system. Even if one were to exclude the pump failures 
that occurred prior to 8/10/04, the system did not appear capable of maintaining DO 
above 3.0 ppm When the hcad gate was closed on 8/10/04, DO lc', cls above 3.0 ppm 
wcrc attained for the rest of the summer, even though the vertical profile measurements 
indicated the prcsencc of Iox', 1)O tlpstrcam ofthc intake during this samc pcriod. 

Recommendations:  

In 20t)5, we will continue to monitor the DO closely during the onstrt to the critical los,,' 
DO period (late June to early July). This will be accomplishcd by utilizing the in-plant 
DO instrument. Wc will similarly mcrease in-plant instrument calibrations cycles to 
one per week starting in June. Continuous monitoring utilizing the sondes will likewise 
bc pcrtbrmcd in the tailrace from mid-June through mid-September 
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WFcn the I)O approaches 5.0 ppm as measured by' the m-plant 1)() instmnaent. 
opt.rations v, ill split th,-" fh-,v, between the generator and the ui'Ldcr water gatc. This ,.',ill 
bc ,lone to determine i t  the turbulence created by the under v.atcr gate discharge adds 
DC, to the v. alcr. The percentage of  flow between the under ,a ater gate and generator 
can be ,. arled to maximize  the DO level iD the ri', or. "ID monitor the cffcc! that the 
under water gate has on the DO, two readings will be obtained by the operator t, sing 
titration, lhe  titration readings will  bc obtained three times ~ ceklv. l h e  first will be 
beth'.con the comer of  the pox;erhousc and the t, nder water gate. l h c  second ,.,,'ill bc 
.70" dov,'nstream of  the powcrlaouse. A comparison ,.','ill bc made betv, ccn the readings 
to determine i f  the under ,a atcr gate is adding sufficienl I)O to keep the tailrace above 
5.0 ppm.. If this is succcssftll, we '.',ill contim, e m this mDdc of c~peration. 

If tile I.)O drops bclow 5.0 ppm. as determined by titration readings taken tit the second 
location described above, the flow ,.','ill be split between the generator and the spilhvay. 
At this time. the operation ,.','ill be similar to past years. '.~ hercby the total flow released 
by' the projcct is nfixcd using generation and spil l ing through thc tamter gatcs. Since 
the m-plant DO monitor cannot assess the potential increase of  I)O added by reduced 
opcralion of  the unit, by monitoring the I.)O in the tailrace at the location discussed 
abox c. xx e ,.,.ill determine if  the 1")(.) in thc river can be maintained aboxe YO ppm 
\',. IlhOul bubbling. If the DO remains aho,. e 3.0 ppm, v, e propose to continue this mode 

of ~pcration. 

If the I)(.) drops below 3.0 ppm, as dctcrmmed by titration readings taken at the second 
Iocanon as described above, flo',,, through the generator will be discontint,ed. At this 
time the llow will be split between the udder water gate and thc spilh;ay.  The goal 
hen: is to sec i f  the under water gate can increase the DO and keep it above 3.0 ppm. If 
the D() rclrlains abo',e 3.0 ppm. wc propose to COlltinue this mode ofopcratiDn. 

If the D() drops below YO ppm, as detcm3ined by the readings Dbtaincd by titration, the 
tmdcrv, atcr gate '.,.ill bc closed and all project flow '.','ill be passed ',ia the spillway. At 
tht:, tm~c. the t:iilrace aeratioD system ,,'.ill be turned on. "lhc hcad gate to the unit ,.'~ ill 
als,~ bc closed ~it this t ime to minimize the leakage flov.. \Vc ;sill continue to monitor 
the I)() at the tWD locations described above by titration. 

1 Ii ~. phu3 v. ill maintain DO in the main portion of  the river betv, con Way Dam and 
I tc:nlock Dam above 5.0 ppm, and ,,,,'ill maintain the DO abo',c y t l  ppm in the Way 
I)a:n lailracc down to its confluence ,a ith the spi l lway tailrace. 

\n  opcuatlon t]ov," shect summarizing these actions is also attached to this report 

6 
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I a n t  1 Sumnlary of lcnlpcraturc aIld dissolx cd ox)gcn d~ml cull¢clcd by continuous 
m~)nill~ring sondes in \\a) Ibm talracc. Jullc-~cptcnlhci-. 2004 

D~ssolved Oxygen L~r,~,~ 5 0  mg/I 
Degree Oeqre.e_. 

Monthly Average r C_ 
Temperature 
t iml:s .lu'~e ~0 26 7 

Ju.y 83 28 3 

AJgust  ~I 27 2 

Sep~ -4 23 3 

Way  ) ? m  Ta i l race 

Mont~ OBS 

June 345 

lu l~  7 4 4  

A:~C 744 

Se~ 539 

TR1 ) - 2004 Data Sum_mary__" 

Temperatu 'e  ! Degrees C ) ' DO % Saturahon 

Mean Max Mm Mean Max M!n 

171 ' :81 171 7 8 2  8 6 6  7 5 2  

173  ~8'3 1 6 2  65.5 g 3 0  2 1 2  
174  ;8 9 163  521  8 9 6  2 ~) 

1 7 9  ; 5 5  174  8 3 8  9 4 8  6 4 0  

~ / I , ' L ) 4  2100 Deleted one hO:,r d u e l o  e~ror l r ldata  

Omsoived Oxygen ( mg l l  ) 

Mean Max Mm 

7 4  8 2  7 4  

{ }2  8 9  ? 0  
4 9  8 2  0 3  

7 8  8 9  6 0  

; g  -3'! Data RecgEe~  . . . .  

Way  :)am Ta i l race D o w n s t r e a m  { TR3 ) - 2004 O,lta S u m m a r y  . . . . . . .  

Mon 'h  OBS Temperature ( Degrees C ~ " DO % Saturahon 
I 

Mean Max M.,n 1 Mean . . . .  M_ax ._M.jn" 

J u " c  345 1 6 9  179  1,54 I 8 2 8  9{ }9  6 7 2  

.I.,1~ 744 174  157  15`3 6 5 8  9 0 9  146  

Au~ 744 1 7 3  189  ~58  .I 551  9 / 5  4 4  

Se[  539 . . . . .  ]._8.1 _ . !~ T[_. 178  i 8 1 4  9 7 9 .  ~5.8 

I DO ',, D_~_a.Re_covery 

DmsolvedOxygen(mgll) 
Mean Max Mm 

7 9  8 6  6 6  
I 

6 2  8 7  14  

5 2  9 0  0 4  

7 5  8 6  61  
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F i g u r e  2 W a y  D a m  2 0 0 4  T a i l r a c e  D a t a  

F l o w  v s ,  D i s s o l v e d  O x y g e n  7122 - 8128.  2 0 0 4  

• I X )  • ~%AILI~ U%F;) - ~  TOTA:  W A I L R  
{. ' . ;  

. 2 . . ,  

I -r ,  

1 . , ) ~  [ ) { i  f l  p ~-t2 g rop,j, below 3 mcj,i C~ Uf~) t3a~ ~ i f.~ ~.2. T " "  

Date 

9 
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INCR CALIBRATIONS [O 
WEEKLY R£GINNING IN JUNE ENV 
SONDES INSTALLED BY 6'15 

] 
IN Pt.ANT DO METER I 

I > 5.0 PPM 

~ NO 

SPLIT THE FLOW BEWTEEN 
GENERATOR AND THE 
UNDER WATER GATE 

I MINIMUM EI.OW JUNE 400 
CFS 

MINIMUM FLOW JULY 300 CFS 
MINIMUM FLCW AUG 250 CFS 

YES 
- ~  CONTINUE TO GENERATE .] 

OBTAIN 2 TITRATION READINGS, 1 "~: BETWEEN 
POWERHOUSE AND UNDER WATER GATE, 2 "c 70 FEET 
DOWNSTREAM OF POWER HOUSE, ARE BOTH OF THE 

TITRATION READINGS ABOVE 5.OPPM 

NO 

SPLIT THE FLOW BEWTEEN 
GENERATOR AND THE 

SPILLWAY 

OBTAIN 2 TITRATION READINGS, 1 ~' BETWEFN 
POWERHOUSE AND UNDER WATER GATE, 2 ~r' 70 FEET 
DOWNSTREAM OF POWER HOUSE, ARE BOTH OF THE 

TITRATION READINGS ABOVE 3.0PPM 

NO 

CEASE GENERATING 
SPLIT THE FLOW BEWTEEN 
UNDER WATER GATE AND 

THE SPILLWAY 

OBTAIN 2 TITRATION READINGS, 1 ~'' BETWEEN 
POWERHOUSE AND UNDER WATER GATE, 2 N~ 70 FEET 
DOWNSTREAM OF POWER HOUSE, ARE BOTH OF THE 

TITRATION READINGS ABOVE 3.OPPM 

NO 

C[OSE THE UNDER WATER GATE 
AND HEAD GATE. DIVERT ALL FLOW 
THROUGH SPILLWAY AND ACTIVATE 

THE AERATION SYSTEM 

OBTAIN 2 TITRATION READINGS, 1 s' BETWEEN 
POWERHOUSE AND UNDER WATER GATE. 2 N° 70 FEET 
DOWNSTREAM OF POWER HOUSE, ARE BOTH OF THE 

TITRATION READINGS ABOVE 3.0PPM 

NO 

l DO MITIGATION EFFORTS NOT SUCCESFUI I 

YES 

YES 

YES 

YES 

CONTINUE TO OPERATE 
WITH FLOWS SPLIT 

BETWEEN GENERATOR AND 
UNDER WATER GATE 

CONTINUE TO OPERATE 
WITH FLOWS SPLIT 

BETWEEN GENERATOR AND 
SPILLWAY 

CONTINUE TO OPERATE 
WITH FLOWS SPLIT 

BETWEEN UNDER WATER 
GATE AND SPII LWAY 

CONTINUE TO OPERATE WITH 
UNDER WATER AND HEAD GATE 

CLOSED AND ALL FLOW THROUGH 
SPILLWAY AND AERATION 

SYSTEM DEPLOYED 
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Exhibit 2 

We Energies Response to Recommendations Received From 
Consultcd Agencies 

Way Dam Hydroclcctric Project, FERC No. 1759-036 
Article 418 

Low Dissolved Oxygen Mitigation Plan 
Draft Progress Rcport 

Response and Reply to Email notc sent by 
Jcssica Mistak, MI)NR, February 23, 2005 

Response and Reply to t-mail note sent by 
John Suppnick, MDEQ, March 10, 2005 
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Michaud.Dave 

From: MichaudDave 

Sent: Wednesday, February 23, 2005 10 38 AM 

To: 'Jessica Mistak' 

Co: Suppnick,John (suppnicj@michigan.gov); CevigneyScott Rauscher.Bill 

Subject: RE: FW: Draft 2004 Progress Report-Way Dam Low DO MitigationPlan 

Thank you for pointing out an error in our draft report. It should have read...."continuous monitoring will 
be conducted from mid-June through mid- September". A progress report will be filed in early 2006, as 
well. 

From: Jessica Mistak [mailto:mistakjl@michigan.gov] 
Sent: Wednesday, February 23, 2005 9:28 AM 
To: Michaud.Dave 
Cc: John Suppnick 
Subject: Re: FW: Draft 2004 Progress Report-Way Dam Low DO MitigationPlan 

Dave, 
I apologize for the late comments- ! meant to complete my review last week and, instead, came down 
with the flu. 

My only concern is that you propose 2005 DO monitoring only in late June to early July, or what you call 
the critical low DO period. Although I understand 2004 was a cooler than normal year, DO problems 
were experienced July through August and I don't believe this is atypical. My recommendation is that 
you monitor DO from June 20 through August 31, 2005. In addition, please file a 2005 progress report 
(similar to the 2004 progress report) in early 2006. 

Thank you, 
Jessica 

<>< <>< <>< <>< <>< <>< <>< <>< 

Jessica Mistak, Senior Fisheries Biologist 
MDNR Marquette Fisheries Station 
484 Cherry Creek Rd 
Marquette, MI 49855 
906-249-1611 ext. 308 
FAX 906-249-3190 
><> ><> > < > > < >  ><> ><> ><> ><> 

>>> "Michaud.Dave" <Dave.Michaud@we-energies.com> 02/22/05 9:24 AM >>> 

from: Mlchaud.Dave 

Sent; Tuesday, February 22, 2005 8:22 AM 

3 lO 2005 



Inofflclal FERC-Generated PDF of 20050325-0031 Received by FERC OSEC 03/24/2005 in Docket#: P-1759-036 

Page 2 o r 2  

TO: Jess:ca M,stak'; 'Supprnck,John (Suppntcl©m,ch,gan.guv," 

C¢: Rau~her ESII; M]chaud.Dave 

Subject: R£ Draft 2004 Progress Report-Way Dam Low DO MLtJgat,on Ptan 

Jess~ca and John: 

How is your review coming along 9 When do you anticipate providing comments 9 

. m  

From:  N,cha.Jd.Dave 

Sent :  TuesCay, JanuaH I I, 2005 2:54 PM 

To: Jess<a MJstak; Suppnick, John (supl:~@m~cNgan.gov) 

Cc: Raus~her .~11 

Subject: Draft 2004 Progress Report-way Dam Low DO Mmgabon Plan 

Greehngs and Happy New Year! 

Attached to thJs note are the following: 

c A draft progress report for activities that took place in 2004. including our initial work with an aeration system for 

Way Dam tailrace 

o Data files for tailrace monitoring 
o Data files for vertical profile measurements taken in Michigamme Reservoir upstream of the dam 

c A draft flow chart illustrating operations that wi]l occur in 2005 ~n response to DO monitoring 

We'd appreciate your comments by February 21st so as to allow us time to complete a FERC filing by March 1,2005. 

Please feel free to call me if you have questions concerning these materials. 

3.10.2005 
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Michaud.Dave 

From: 
Sent: 
To: 
Cc: 
Subject: 

John Suppnick [SUPPNICJ@michigan gov] 
Thursday. March 10, 2005 6:47 AM 
M~chaudDave 
Jessica M~slak 
Re: FW: Draft 2004 Progress Report-Way Dam Low DO Mitigation Plan 

Dave, 

Thank you for sending us a copy of the draf~ 2004 progress report on your efforEs -~ find 
a solution to the low dissolved oxygen (DO) problem at the Way dam. We have rile following 

ccmment s . 

We expect that you should be able to make a determination of what long te~.m .:;o]ut,.on will 
work at the Way dam following ti~e 2005 monitozing season, a perlod of data analysis and 
ccnsultation wzth us. Therefore your feasibi lity study should be comp]eted b'/ I.'ebruary 1 

of 2006. 

You appear to be proceeding unde: the assumption that 3 mg/l will be the eventual goa! for 
DC, [n the tailrace. Although we have not ruled out appzoving the tailrace as a mix:ng 
zone where a 3 mg/] DO level would be acceptable we have not received from you the 
biologica] data necessary to make such a determination. My December ]], 2002 '.ette~ to 
you stated that for any mit. igat!on options that result in DO levels less than 5 rag/: at: 
ary location in the stream, your ewl~uation should discuss the area affected, the type of 
habitat present in the affected area, and the expected effect on the aquat±c life that are 
!ikely to inhabit this area. This process is spelled out in  rule 1082 of M:,chigan's 

Water Quality Standards (attached; . 

Your plan for operations and data collection at Way dam this summer indicate that tile 
bubblers would not be turned on ui!til the DO is less than 3 mg/l. However, unLi[ the 
mixing zone demonstration is made, your operations scheme should attempt to maint ~[n 5 
m[/l in the tailrace channel. Your DO testing should be designed so that you can 
calculate the DO deficit ra[.io (deficit before aeration/deficit after aeration~ attributed 
to the bubblers. This will ailow you to determine how the bubblers wou)d pezfol-m under 

ary DO conditions. 

If you have any questions about these comments please give me a call. 

J¢,hn 

John Suppnick 
Michigan Department of Environmental Quality Water Bureau 

517.335.4192 
suppnic]~mzchigan.gov 

>>> "Michaud. Dave" <Dave.Michaud~we-energies.com> 03/09/05 9:21 AM >>> 
Jchn, were you still planning ~o provide comments? 

> 

> From: Mi chaud. Dave 
> Sent: Tuesday, February 22, 2005 8:22 AM 
> TO: 'dessica Mistak'; 'SuppnJck,John (suppnicj@michigan.gov) ' 
> Cc: Rauscher. B[ll; Michaud. Dave 
> Subject: RE: Draft 2004 P~og:ess Report-Way Dam Low DO Mitigation 

> P]an 
> 

> Jess:ca and John: 

> How is your review c,or~ing alonq? When do you anticipate providing 

> (~omnlen~ s ~ 

I 
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From : Mi (:baud. Dave 
Sertt: luesda?', Januar'/ I i, 200b 2:54 PM 
TO: Jessica Mistak; Suppnick,John (suppnicj 9micnigan.qov) 

Co: Raus.caer. Bi 1 1 
Suh]ect: Draft 2004 Pzog.~(:ss Report Way Da;r: L O W  DO Mitigation 

Plan 

Greetzngs a n t 1  Happy New Year' 

Attached to this note are the fo];owing: 

A draft progLess report for activities that took place in 2;)04, 
inc'uding our initial work with an aeration system for Way Dam 

tal ! race 
Data files for tal]race moniro[ing 

> * Data f±les for vertical p*ofi le measurements take** in Hich±jamme 

-- Meselvoir upstream of the d~m 
> * A draft f]ow chart i]'.ust:at !ng operations that wil[ occur in 

> 2005 in response to DO monitor±:lg 
> 

We'd appreciate your comments by February 21st so as to allow us time 

to complete a FERC filing by March I, 2005. 

Please fee] free to call me it you have questions concerning these 

materials. 
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Reply to John Suppnick (MDI!(,) ). March 10. 2005 email  response to the Company ' s  

Drati Report: 

The Company agrees that the momloring and mitigation activities play,ned for summer. 
2005 should provide sufficicnt inlbnnalion for the Company ' s  developn'lent Dfa long- 
term solution for stlmnler low-l)O i)rol',lcms. This assumes that normal temperature antt 
rainfall cDnditioDs wil l  pre'. ail this stlnmler. 

We agree that our mil igal ion cft~rls should bc geared toward maintaining the 5.0 mg'l  
standard ~md not the 3.0 rag/1 goal lh~l ~',as slatcd in the draft Progress Reporl. As a 
rcst, lt. wc ha;'e revised the Rccommct@ltions section of  the Progress Report. All 
proposed actions are no','.' aimed ~Lt inaint~lming the 5.0 mg,.l standard in the Project 's  
tailrace, lf',; 'c s imply cannot ~lchicx c the 5.0 mg,'l standard, but can at least meet the 3.0 
rag" I goal, we will  initiate ctms@atiol l  v. ith the MDEQ as to the nature of  biological  
studies that may bc necessary to ,)bl~iT~ a mixing zone variance for the tailrace section of  

the river. 
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Exhibit 3 

We Energies' Final Progress Report 

Way Dam Hydroelectric Project, FERC No. 1759-036 
Article 418 

Low Dissolved Oxygen Mitigation Plan 



Jnofflclal FERC-Generated PDF of 20050325-0031 Received by FERC OSEC 03/24/2005 in Docket#: P-1759-036 

Way Dam, FERC l'rojcct No. 1759-036 
Article 418, Dissolved Oxygen Mitigation Plan 

2004 Progress Rcpota 

March 22, 2005 

IN I-ROI)UC'I'ION 

In a letter dated January 28, 2OO4, the MDNR requested that Wc Energies continue to 
move fo~'ard with the mitigation plan that was filed with FERC in December, 2002, 
which was prepared in response to Article 418 of the new license. The purpose ofthis 
plan is to correct the seasonal occurrence of low DO at Way Dam. In its January 2 8  m 

letter, the MDNR also recommended that the company investigate other low 1)O 
correction alternatives including siphoning and bubbling, which according to the MDNR 
has been successful at other utilities. 

In response to this request, the company initiated an evaluation of the bubbling 
alternative in 2004. The company also conducted continuous temperature and DO 
monitoring in the Way Dam tailrace during the summer and twice-monthly vertical 
profile measurements of temperature and I)O in the Michigamme Reservoir immediately 
upstream ofthc intake structure for the Way Dam generating unit. In addition, 
temperature and DO wcrc monitored within the plant using continuous monitoring 
equipment. 

B1.2BBI,1NG TECHNOI,OGY DESIGN 

In carly 2004, the company contracted Environmcntal Dynamics Inc. (EDI) to design a 
bubbler system for the Way Dam tailrace. EDI is a company that primarily designs 
oxygenating systems for waste water treatment. Skctchcs ofthe power house tailrace and 
the following operating parameters / rcqt, ircments were provided to EDI: 

• Estimated leakage flow from the generating t, nit-2 cubic feet per second 
(CFS) 

• Total water volume present in tailrace area: .-1.6 million gallons (this was 
estimated using the bathymetry drawings for the tailrace area) 

• Maintain DO above 3.0 parts per million (ppm) in the tailrace ann of the 
Michigamme River at all times 

• Maximum temperature of the leakage flow: ~ 70 F ( 21.1 C )(actual 
tailrace range in 2004; 16.2-18.9 C ) 
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EDI designed a system that consisted of six fine bubble aerators that were to be 
submerged to a depth of 19 ft. EDI's design flow assumption was 1.3 million gallons 
per day, the approximate static volume ofthe entire tailrace segment. The actual 
oxygen required per day was estimated to bc 65 pounds. The standard oxygen transfer 
efficiency was assumed to be 28.5%. Total airflow to the aerators was estimated to be 
24 scfm, assuming an air delivery system operating pressure of 9.6 psig at the top of the 
drop pipe. 

I)uc to fabrication delays (EI)I could not promise delivery of the aerator system prior to 
the anticipated time of low 1)O occurrence), We Energies purchased the design and the 
aerator components from EDI. A local company, RC Manufacturing, assembled the 
system based on the design provided from EDI. We Energies used its existing Gast 
pumps (bubbler pumps used at the project to prevent icing near the laintcr gates in 
winter) to supply the air for the system. The Gast pumps have a design tlow of 2 I 
scfm; therefore two pumps were used to mcct the required air tlow. 

MONITORING PLAN-2004 

During the times of the year when low 1)O is unlikely, the Way Dam in-plant DO 
instrument is calibrated monthly. Beginning in June, the calibrations were increased to 
weekly to closely monitor the DO in the bearing cooling water line ( monitoring this 
water line provides a reasonable measure of DO levcls in the lower reaches of the 
reservoir ). When the DO approached 5.0 PPM, the calibrations were increased to three 
times weekly. In addition, to assure that thc in-plant DO measurements were indicative 
of what was occurring in the tailrace, Winklcr analyses of grab samples taken in the 
tailrace were obtained beginning in mid-June. The grab samplcs were obtained from 
three areas: off the comer of the power house to the right of the draft tube in about 15' 
of water; in the tailrace area to the right of the under water gate in about 5' of water ; 
and at a point about 75' downstream in the tailrace near the first of two continuous 
recording sondes. 

Continuous recording sondes were deployed in two locations: the tirst location was as 
described above; the second was located approximately 500 fl downstream of'the first 
sonde. The sondes were deployed June 16 and were changed out every two weeks until 
they were retrieved September 19. 

Vertical profile measurements in the reservoir were taken twice per month during the 
period monitored with continuous recording sondes. The results of these measurements 
are attached to this report. 

BUBBLING TECt INOLOGY-OBSERVATIONS 

Monitoring-Overview 
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In 2004, the tbllowing operation plan for the generator had been csmblished: 
• when DO dropped below 5.0 ppm, as mcasurcd by the in-plant DO instrument, 

the total flow released by the project was to be split -50/50 between the 
spillway and generation flows 

• when DO dropped below 3.0 ppm, as measured by the in-plant I)O instrument, 
flow through the gcnerator was to be discontinued ; all flow released by the 
project was to bc via spillage; the aeration system was to be activated. 

Duc to cooler than normal temperatures and above average rainfall earlier in the 
summer, low DO conditions did not materialize until 7/22/04. I'his is the tirst date DO 
dropped below 5.0 ppm. At this time, the t]ow through the project was split between 
the generator and the spillway. 

On 7/28/04, the I)O dropped below 3.0 ppm and the generator was taken off line and all 
of the flow, except for leakage flow through the wicket gates, was passed through the 
spillway. At this time, the aeration system was activated. 

On 8/10/04 the head water gate tbr the generator was closed in an altempt to cut down 
on the leakage flow through the unit's wicket gates (note: when the head gate tbr the 
generator is closed, the in-plant DO instrument no longer accurately measures the 1)O 
of the leakage tic),.','). 

On 8/26/04, in response to tailrace DO measurements (results of grab samples) the unit 
was put back on line. 

Monitoring-Detailed Observations 

When the flow through the generator was above 450 cfs, the DO as measured by the in- 
plant instrument and by the sonde downstream wcrc comparable. We noted that the 
Winkler titration measurements verified the downstream sonde readings. This was a 
very helpful observation in that it showed that grab samples taken from the tailrace 
could bc used to determine the DO in the tailrace without the services of the in-plant 

instrument. 

When the flow through the generator was split with the spillway (July 22 nd) there was 
an increase in aeration visually noted in the unit's remaining discharge. The DO data 
collected by the downstream sonde for the subsequent next few days appears to support 
this observation. (Note: since the in-plant DO instrument is situated upstream of the 
unit's discharge, this instrument cannot detect any potential increases in DO added by 
the tt, rbine runner operating at 300 cfs). 

The unit was taken offline on July 28 th. In response to this action, Ihc DO dropped 
from 4.5 to 2.5 PPM, as measured by the downstream sonde, in approximately 12 
hours. This may have bccn due to the discontinuation of aeration provided by the 
generator under low flows. At this time, the aeration system was activated. 
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From the time when the unit was taken off(July 28 ~h) to when the head gate was closed 
(August 10th), the aeration system improved the DO in the tailrace, but did not increase 
the DO levels above 3.0 ppm. At this time, the company concluded that the actt, al 
leakage flow through the generator with the head gate open was likely greater than the 
2 CFS assumed previously. 

When the headgate was closed on August 10 th, the l)O as measurcd by the downstream 
sonde began a general increasing trend (ignoring tbr the moment thc two pump failures 
expcrienced after 8/10). For example, on 8/I 1/04, the DO in the tailrace, as measured 
by the downstream sonde had increased above 3.0 ppm and did not go below this value 
tbr the rest of the summer. On 8/14/04, the DO in the tailrace, as measured by the 
downstream sonde had increased above 4.0 ppm and did not go below this value for the 
rest ofthc summer. On 8/17/04, the l)O in the tailrace, as measured by the downstream 
sonde had increased above 5.0 ppm and did not go below this vahtc for the rest of the 
summer. 

By contrast, the vertical profile data during this time frame indicated that DO levels in 
the lowest reaches of the reservoir (upstream of the unit's intake opening) were still 
well below 5.0 ppm. 

Resuhs ofthe entire continuous monitoring period as wcll as a more detailed 
examination of the period 22 July through 26 August are provided as Figures 1 and 2, 
respectively, to this report. The summary results for temperature and DO, based on the 
continuous monitoring program are provided in Table l. while the results of the vertical 
profile measurements are provided in Appendix A. 

I3I.JBBI..ING "I 'F-CHNOI.OGY-('ONCIIJSIONS,~ I 'ROPOSEI)  REVISION.S I:OR 2OO5 

The Gast pumps used to supply the air for the aeration system, experienced many 
failures (at least five during the testing perfom'Lcd in summer,  2004). The DO as 

measured by the downstream sonde showed declines in DO immediately following 
pump fhilure. 

These failures were most likely due to the fact that these pumps have only been 
operated during the winter months when the ambient temperature is a lot less than 
during the summer months. A different air pump (Roots pump,) has been purchased for 
use in 2005. 

4 
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During an internal review ofthe 2004 monitoring / bubbling experimental data, 
company s taf f  noticed that on two occasions during the low DO period, the DO 

increased (as measured by the downstream sonde) when the under water gate was 
opened to provide required minimum flow through the project. The first occurrence 
,.,,'as on 8/17 when the 1-1cmlock generating unit tripped off line due to a thundcrstonn. 
Flow was increased from Way Dam to boost river flow. The duration of  this event was 
only a couple ofhours .  The second occurrence was on 8/26/04 when the trait was  being 
brought on line. Note, that on 8/17/04, the under water gate had initially bccn closed; 
therefore, the in-plant DO monitor was not providing accurate DO data. 

Apparently, when the entire minimum flow is being passed through the under watcr 
gate, the higher flow induces withdrawals from the more oxygenated t, pper layers of  
the reservoir. This does not occur when the unit is otllinc and only passing leakage 
flow. In support of  this explanation, operators have noted that when large amounts of  
water arc passed through the underwater gate, it creates a vortex in the intake area. It 
has also been noted by hydro personnel that wc arc probably getting additional aeration 
from the turbt, lcnce of the water at the energy dissipater wall below the unde~vater gate 
during spills through this gate. 

Conclusions: 

When the unit was taken off line on 7/28/04, and the aeration system operation was 
initiated, the leakage flow through the t, nit with the head gate open probably exceeded 
the design limit of thc aeration system. Even if one were to exclude the pump faih, rcs 
that occurred prior to 8/10/04, the system did not appear capable of  maintaining I)O 
above 3.0 ppm. When the head gate was closed on 8/10/04, DO levels above 3.0 ppm 
wcrc attained Ior the rest of  the summer, even though the vertical profile measurements 
indicated the presence of low DO upstream of  the intake during this same period. 

Recommendations: 

In 2005, we will continue to monitor the DO closely during the onset to the critical low 
DO period (late June to early July). This will be accomplished by utilizing the in-plant 
DO instrument. We will similarly increase in-plant instrument calibrations cycles to 
one per week starting in June. Continuous monitoring utilizing the sondes will likewise 
be performed in the tailrace from mid-June through mid-September. 

5 
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When tile DO approaches 5.0 ppm as measured by the in-plant DO instrnment, 
operations will split the flow between the generator and the under water gate. This will 
be done to determine if the turbulence created by the under water gate discharge adds 
DO to the water. The percentage of flow between the under water gate and generator 
can be varied to maximize the DO level in the river. To monitor the effect that the 
under water gate has on the l)O, two readings will be obtained by the operator using 
titration. The titration readings will be obtained three times weekly. The first will be 
between the comer of the powerhouse and the under water gate. The second will be 
470" downstream of the powerhouse. A comparison will be made between the readings 
to determinc if the under water gate is adding sufficient DO to keep the tailrace above 
5.0 ppm.. If this is successful, we will continue in this mode of operation. 
If the DO drops below 5.0 ppm, as determined by the readings obtained by titration, the 
generator will be taken offline and virtually all of the required minimum flow from the 
projcct will be passed through the underwater gate. A small amount of flow will be 
passed downstream via the spillway. 

If the DO in the tailrace cannot be maintained at or above 5.0 ppm by the flow being 
passed through the underwater gate, the underwater gate will be closed. At this time, 
the tailrace aeration system will be turned on to counteract the low I)O present in the 
leakage flow. We will continue to monitor the DO at the two Iocalions described 
above by titration. 

If the [)O in the tailrace can not be maintained above 5.0 ppm with the aeration 
system deployed, but can maintain it above 3.0 ppm, the Company may pctition the 
MDEQ to allow the entire tailrace length to become a mixing zone, wherein DO 
transitions to the standard of 5.0 ppm prior to joining the main river, l'o accomplish 
this, the Company will need to conduct environmental studies per Michigan water 
quality law (323.1082). The Company will consult with the MDEQ as to the exact site- 
specific requirements for this petition. 
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Figure 1 Way D i m  2004 Tailrace Data 
Flow v s  O~ssolved oxygen June 16 -Sopt 23. 2004 
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Table 1 Summary oftemperature and dissolved oxygen data collected by continuous 
monitoring sondes in Way Dam tailrace, June-September, 2004 

L'hsso~ved Oxygen L~m~t 6.0 mg,/I 

Way Dam Tailrace 

Month O8S 

June 345 

July 744 
Aug 744 

Sep 539 

TR1 ) - 2004 Data Summar 

Temperature ( Degrees C ) 
Mean Max  Man 

17.1 18 1 17,1 

17.3 18,6 162 
17,4 18 9 1 6 3  

17.9 18.5 174 

[ ~ A r ~ e  L) egre;q 
Monthly Average F_ _C 
Temperature 
Limits: June 80 26,7 

July 83 28 :} 

August 81 27 2 

Sept 74 23 3 

0 0  % Saturation 
Mean Max  

78.2 86.6 

65 5 93.0 
5 2 1  8 9 6  

83.8 94.8 

D i ~ o l v ~  Oxygen(mg/ I )  
Mifl Mean Max Mil l  

78.2 7.4 82 7.4 

212 6,2 89  20 
2g 4 9  8 2  0 3  

~.0 7.8 89 6.0 

06/17/04 2100 Deleted one hour due to error ,n data, 

99 9% Dat;~ Recovery 

_Wa~ Dam Tailrace Downstream ( TR3 ) - 2004 Data Summary 

Month OBS Temperature ( Degrees C ) DO % Saturatton 

m 

Juno 345 

July 744 

Aug 744 

S e p . .  539 

Mean Max 

16.9 17 9 

17.4 18.7 

17 3 189 
18,1 18.7 

Min Mean 

15 4 82.8 

159 65.8 

158 55.1 

176 614 

Max 

909 672 

909 

975 

92 9 65.8 

100% Data Recove~ 

Ois~Ned Oxy~n  ( m~l  ) 

Min Mean Max Min 

79 86 66  

146 62 87 1.4 

44  52 90 04 
76 8.6 61 

8 
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Way Dam Hy~'Oelec:r]c Projecl 
Vertical P'ofile Data 

FERC Project No 1759-036 

17~Jun-04 
Approximate a~r le tup f`5 .5 C 
.£0c0 Depth fi 0 Water depth ~46 T~m,£: 0~45 
Wmcis NE 8.12 mph CO0/and breezy 
T,!ken ztl llowa~e 

DO.  D O %  Cu~d. 
Depth {m I Temp {C) (m9/1) Saturabon (uS/u'n) pH I S U )  

0 0 19 6 8.7 96.4 80 71 
05  196 87  961 80 71 
1 0  196 87  858 80 72 
1 5 196 87  956 80 72 
20  196 86 954 80 72 
25  196 86 952 80 71 
30 195 86 947 80 71 
35 194 86 944 80 72 
4 0 193 86 942 80 7 2 

45  ' 8 9  84 914 80 71 
50 178 82  878 80 72 
b5 174 81 854 80 72 
60 168 78 812 80 71 
65 165 77 794 80 71 
70 163 76 779 80 72  

75 "6 2 75 770 80 7 1 
80 159 71 724 79 71 

15 1 60  608 78 71 
14 9 5 5  55 1 78 71 
149 55 550 78 71 
148 55  546 77 71 
14 7 52 521 77 7 1 
146 53  525 80 70  
145 53 532 82 70  
14 3 53 526 83 6 9  
142 54 535 88 6 9  
142 54 535 87 6 9  

f - - ] J n d ~ c a t e s  opening of retake fc.rebay (10-15 5m) 

Tadrace data for same brtte :)eno~ 8S vemcal ~rofi;e on 6/17104 

T,me T ~  DO (n'~/]) ~ Cond 
800 158 64  655 77 
900 158 64 652 77 
1000 160 65  665 77 

;)H W'as not a parameler collecle~ in the tailrace 

16*Jun-O4 
ApiJoxmlate a~r temp 28 `5 C 
Seccht Depth `5 0 
W~nds NE 8- ~2 mph 
T~ken in Tadrac~ ~' TR lr: 

DO.  
Oe'r~h {m) Temp. {C) I r r~ l )  

00 ~59 7 0  
0 5  159 7 0  
1 0 159 7 0 
1 5 159 70  
2 0  159 70  
2 5  159 70  
3 0  158 6 9  
3 5  ~58 6 9  
3 8  15.9 6 9  

Tm)e 11i20 
( f)/Jl dtJ(l hrftpZy 

D.O % Cond 
Saturation {uS/era I pH IS U ) 

71 2 82 73 
71 3 B0 7 3 
71 3 80 72 
71 3 8'  72 
71 3 80 72 
712 80 72 
702 81 72 
70 4 81 72 
70 3 81 73 

1 6 M u n - 0 4  
AppK;xlnl4te 41~ tem.b 2`5 8 C 

Tmle !6 !5  
Wm~,~ NE B-!2 mph {:t)ul and Otec/y 
FFC[~I L# alft l~,p~ f T R2) 

D O  D O  % Cond 
3 e ~  (m) remp {C) I r n~ )  Saturabon (uSJC.m) pH {S.U) 

0 0  8 5  06  4 7  !86 72 

16-Jun-04 

Apf:r~.xm~ate a:~ temp PB `5 C 
T, mc  !520 

W;nds NE 8 /2 ,;/;h :;(;c~l ~:LI t)teezv 
[aken ,rt [dfltdC(Z { rR3/ - 400' downstlcam 

DO D O %  Cond. 
~ t h  Ira) Temp IC) {toga I Saturaton luS/cml pH ISU I 

00  159 74 759 81 81 
05  159 74 758 81 81 
10 ' 5 9  74 757 81 80 

16. .Jun-04 
4ppn)x~m;~te I~ t~nlp 28 8 C 

T~me 1520 
Winds Nh I~. t7 mob CO01 an~! breezy 
Taken cn Tamter G~le ~'TG !~ s~de 

D.O D O . %  Cond. 
Depth (m) Temp. IC) ( n ~ )  Satura t~  {uS/cm) pH ISU ) 

00  I 19!  89  972 82 78 
05  :9", 89  971 82 78 
10 191 89  970 82 78 
1 3 191 8 9 9 7 0  82 78 

TR1 - Taken ,n ta.lrace nea; pla'~l 
TR2 - TaKen from a dra.n p~,"~e at r.ase of dam, Omchar£;es mid tailrace 
TR3 - Ta.~en m the tadrace approx.ma[e y 400' dOWrslream of TR1 
TGf . Take~ on Tackier Ga~e see of plant 
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1.$-Ju1-04 
Approximate a~r tentE, 2f  IC 
Se(:'ch~ De,o#~ 6 0 Wat(,r depth -4 
Westerly w~:ldS 4-7 fIIDII 
Taken in flowa~e 

DO. 
Depth (m) Temp {C) (m~/1) 

202 88  
20 3 8 8  
20 1 88  
199 86  
197 84  
196 83  
195 93 
!94  82 
193 8.1 
19 7 80  
189 79 
184 76 
182 74 
181 72 
' 7 9  71 

17 7 6 8  
173 68  
172 64  
174 66  
173 65  
172 64  
17 • 64 
t7~ 6.3 
164 59  
163 5,9 
163 59  

T~me 0900 
shght haze 

Way Dam Hyd'oelectnc Project 
Vert~ca. Prof le Dala 

15Mu1-04 lS-Jul-04 
Apf~rox~mate atr letup 23 5C 
Secl:h~ DeFth 5 5 ;,me 1200 
NW wlnd5 4. 7 nl~;13 ~/.~; % CI(;OOS 
raken n Tu~ race ; TR ~ 

D.O % C,o~. 
Satut~tion {uSJGm) pH {S U }  Depth (m) 

99,2 88 7.6 00 
992 88 76 05  
99.0 88 76 1 0 
974 88 75 1 5 
934 88 7.5 2 0 
92 4 88 75  2 5 
92,5 88 74 30 
906 88 7 4 3.3 
89.3 87 7 3 
879 88 7 3 
861 88 73 
8~ 9 90 72 
797 91 72  
774 89 72  
759 91 7 1 

72.8 91 7 1 
690 91 71 
683 93 70 
69 9 92 70 
685 95 70  
68 2 95 7.0 
678 94 70  
653 97 6 9 
615 114 6 9 
61 2 117 6 9 
608 118 6 9 

r - - I l n c ~ c , ~ t e s  open,n 9 of retake forebay (10-15.5m) 

Ta= race data for same t.me oenod as vertical O~ofile O,'17/15/04 

FERC Pro!ect NO "759-036 

800 178 71 75 3 91 
900 ~ 7 7 72 762 93 
1000 "75  71 749 94 

pH was '~ot a parameter Col',ecte~ in the ta=;race 

A c;~fox~F~ate iir t rn lc 2? C~C 

h#W wuld~ 4./ml;h 
Taketl ,n ~a~lrddO ~ ~ F?3~ -4~JO d~.~nstrcam 

T,n:c !212 
2~% c!!hlds 

D O. [30. % Con£1 D.O. DO. % Con~. 
Temp {C I Im£4~ Satura t~  luS/cm~ pH iS U ~ Depth (m I Temp IC} (n'~l) S~luration (uS/cm) pH I S U )  

~3 9 92  91 5 103 74 O0 176 73 81 0 94 71 
139 90  897 102 74 05  176 75 800 94 7 1 
137 91 886 103 73 1 0 176 74 794 94 70 
136 9 1 874 ~03 7 3 
137 8 9  893 *03 73  
~3 7 8 8 87 3 ~04 73 
13 7 8 9 865 105 72 
136 8 9  867 105 72 

15-Ju1-04 15-Ju1-04 
Approximate a~r tenlp 23 8C Appn;x~mate ~r tomp 22 ('?C 

Tm~ 12G(, Tm~t 12 t2 
2~;% ~:!:;zzd~ NW w~rid~ 4 7 m[;h 70~ Clouds 

r.zken Gtl T~tntor Gut~ ~ TG 1; side 
NW wm:1~; 4- /n ;ph 
From dram ~ e  :1R2: 

D O  D O %  Cond. 
Depth (m) Temp (C) ( rn~)  Saturation (uS/cm) pH (SU I 

0 1 98  08  6 8 189 7 3 

D.O D O  % P-_,ond 
Depth (m} Temp (C) I r r ~ )  Saturation (uS/c~} pH ~S.U.} 

O0 21 7 84 959 140 73 
05  207 81 925 149 73 
10 187 80  883 191 73 

TR ~ - Taken ,n tailrace ":ear p.a:~t 
TR2 - Taken from a drain pipe at baSe of dat~ D=SCharges .n',o tadrace 
TR3 - Taken m tr, e tadrace aparoxwrately 400' dow13stre~lm of TRI 
TG1 - TaKeq on Tam'.er Gate ":hde o* p,anl 
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W~y O~m Hy~ro~eCtnc Prnj~rt 
Vert,c.al Prot le Data 

FERC PtI~,~.:I Nn 175q433R 

30-Jul-04 
Apl;r~;xmlate ,~r temp 2 3 8  C 
Seco Depth 70  Water depth -40' T~ft~e 0915 
SNF wind'; 3- 7 mph clear blue Sky 
Taken ~n flOwac~e 

D.O. O.O. % Coa, d. 
Deprn (m) Temp. (C) (rng/1) Saturation {uS/cm) 

00  215 
05  215 
10 214 
15 213 
20 2~ 3 
25  213 
30  213 
35  212 
4 0  2! 0 
45  205 
50 192 
55  ~87 
6 0  "84  
65  180 
70 17 7 

75 174 
80  172 
85  170 
90  169 
95 169 
10.0 "6 7 
105 166 
11 0 166 
11 5 164 
120 163 
125 163 

12.7 r)ottom 

pH (S.U.) 
82 948 97 74 
8,2 940 97 74 
81 934 97 74 
81 932 97 7 4  
81 927 97 74 
8 0 92 1 97 74 
79 904 96 74 
7 8 893 97 73 
70 806 98 72 
6.4 730 100 71 
4 9  540 102 69 
4 4  4 8 4  103 6 9  
41 441 100 6.9 
3 T 394 103 68 
33 349 134 68  

29  30.5 104 68  
2.8 29.4 105 6 7 
2.6 269 ~06 67 
24 252 106 67 
24 251 106 68 
2 1 22 2 108 68 
20  207 110 67 
19 201 110 67 
17 179 112 67  
16 17~ 1~2 67 
16 167 114 67 

]lnC~cates ope~ng of retake forebay (10-155m) 

Ta,lraCe data for sarr~ t~rt~ ~)~tr;q{I as vertical ~roflle On 7130104 

T,n~ T ~,~'LC D O ( m W g ~  Cor~ 
800 165 24 245 106 
900 165 24 245 107 
1000 166 24 249 107 

pH was "tOt a ?-arameter COlleCted ~n the tadraf, e 

Approx~m, tte ,~  tl!mp 2 3 8 C  

WSW wtnds ~ !2 mph 

29Mu1-04 

Taken m Tdfirace { TR t ; 

De~th (m) Temp. {C) ( m ~ )  
g0  166 26  
05 ' 6 6  26  
10 165 26  
15 165 26 
20 165 25  

T : m e  1021 
t O 0 0 v ~ t l  a'~: 

25 
30 
34 

DO.  D.O % Cond. 
Saturation luS/cm) pH ISU ) 

274 113 71 
272  113 71 
269 113 71 
269 1'3 7 1 
266 1"3 71 

165 25  265 1:3 70 
16 5 24 252 114 71 
164 24 252 "15 7 "  

29-Ju1-04 
~pp~oxzmatedtr temp 2J 8C 

T~mc !02!  
WSW wtnds 8- 1"> mph !(~O % overcast 
=fern dr,~n D~pe ! TR2; 

DO.  D.O % CorxJ. 
~prn {m) Temp IC) {m~A) Saturat,on /uS/tin) pH (S.U) 

01 I 105 04 37  192 74 

29-Ju1-04 
Al;pr(;x~mJte ,)~r temp Z.~ 8C 

W~W ,*.u)ds R !2 mt;h 
l aken m ratify)co i l K3i  ~4UO ~ownstleam 

c~pm Ira) 
O0 
05  
10 
14 

T~me 104d 

D,O D O % Cond 
Temp IC) I r r ~ )  Saturabon {uStcrn) pH {S,U ) 

174 4 i 431 102 6.9 
168 30  3~ 9 1~2 69  
166 26  275 112 69  
165 26  266 112 6 9  

29,-Jui-04 
Approx~m;~te ~,r t e n t p  2 3 8 C  

hme !050 
WSW wtnds B. !2 mph !00 ~/~ ov~trc;tst 
Tdt~en it) Tdt#ace TR4 

~ m  (m) 
O0 
05  
07  

D O  D O %  Co~w~ 
Temp {C) {n'~A) Saturat~ luS~cm) pH (SU) 

187 6 0  626 103 71 
188 62  700 ~02 71 
168 30  31 3 111 6 9  

~ppfcx~fIi;ttlt ;t~r tPInp 2..'~ PtC 

WSW winds ~. 12 mph 
TJkPn m TJIIF;t; f: :Feb; 

29-Ju1-04 

l~me 1950 
100 % G~erci~t 

D.O D,O % CotxI, 
3eplh (m) Temp (C} (m~/1) Salutation (uS/cm) pH ( S U )  

O0 189 64 694 102 71 
05 184 57  625 134 70 
07 176 41 447 106 70 

TR1 - Taken ,n taLrace near ~a~t 
TR2 - Taken from a dram p.pe at ~asc o~ dam D.~.cha'ges )'~to ta~ race 
TR3 - Taken m t~e ladrace approximately 400' Cownstream o[ TRI 
TR4- Ta~(er ,n tadr~e ,ust grief to ta,lrace ant  ta=:'ter gate sechon COmblr'.a:lon Nearest ~s.ar~ 
TRS- TaKer' =n ta,lraCe us:  pnor to tadrace and rainier gale :=;ect,(~'~ comt)lP, atlon M,dcle O1 slream 
TR6-- TaKer: it- ta Irate ~ust pnor to tal race and rainier gate sect,o ~ comomahon Near north shore 
TGI - raven on Tamter Gate s~de of plan: 

3 / 1 0 1 2 0 0 5  0f2 Way Dam 2004 Vertlc, als xlsWayJuly 3004 
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2 9 - ~ u I - 0 4  

Approximate mr temp 238C 
Tm~e 1100 

WSW winds 8 12 :t)ph 100 % overcast 
rake ) Taft ace {TRS} 

D.O DO % Good. 

O0 196 77 883 98 72 
05 198 80 866 99 73 

IApprsxtm He ;~/f tomp 2.? 8C 
29-Ju1-04 

L i n e  1100 
WSW winds 8-12 mph tO0 % overcast 
Taken on Tamter Gate ~ T G I~ s~do 

D O  D.O. % Cond. 
~pm (m) Temp. (C) lingo) S~tu~t.o~ FS~n) pH (S U.) 

O0 20~ 91 101.5 97 72 
05 20'  89 103 97 73 
• 4 2 0 '  8 9 9 9  3 99 73 

3/10t2005 

Way Dam Hydroelectric PtofecI 
Mort Cal Profile Data 

20' 2 

FERC Projec NO 1750-036 

Way Dam 2004 Vert,Cals xlsWayJuly 30 04 
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12-~u~p04 
4pf~roxmlate a~r t e m p t  16  C 
Secc~ DPpth 5 5  Wdtef d~!pth -40" T~m4~ 0900 
NW winds 8 12 m,c,h 10 200/0 ck)udt~ 
Taken ~I) tlowa~e blue Skv 

DO. D O . %  Cood. 
Depth {m) Temp. IC) { r r ~ )  Saturation (uS/era} 

0 0  188 70  758 105 
0 5 188 6 9  74 3 105 
1 0 188 6.9 752 t05 
15 ' 8 8  6 9  754 105 
20  188 6 9  74 3 105 
25  187 6 7  728 105 
30  188 6 8  751 105 
35  188 6 9  759 105 
4 0 18 8 6 9  75 7 105 
4 5 188 6 9  751 105 
50  188 6 9  754 105 
55  18 7 6 7  724 105 
6 0  18 7 6 8  13 3 105 
65  t 8 7  6 6  730 105 
70 18 7 6 6 71 6 105 

75  
80  
85  
90  
95  

1 0 0  
10.5 
11.0 
11.5 
120 

pH (S.U) 
73  
73  
73  
73  
73  
7,3 
7.3 
73  
73  
73  
73  
73  
72  
72  
72  

187 6,5 701 105 72 
187 6 7  72.2 105 7.2 
187 6 5  701 105 7 2  
' 8 5  58  609 105 72 
175 13 100 110 70  
172 08  69  109 6 9  
170 0 5  4.8 110 6 9  
170 0 5  39  110 6 8  
165 02  16 115 6 8  
163 01 14 115 6 8  

ilnd:cates open,ng of retake forebay ( '  0-155m) 

Tadrace data for [~ame. hrne ~ n o d  as vert~c.al profile on 8#! 2/04 

T,me Te.~oC ~ ~  Con~ 
800 t 6 3  34  352 108 
900 164 35  357 108 
"000 165 35  363 108 

3H was r)ot a parameter collected m the ta.lrace 

3/10/2005 

Way Dam H.vd-c~ eCI/:C Pto]t':~t 
Vert.Cal Prof.le Data 

Approx~mate;~rtem£, ; 5 5 C  

NW w~nds 0-12 mph 
Taken ~n Tafra::p I TR t r, 

T~me 1 ! ! ,5 

I 0. ~'G% clc;,u~£ 

oep~ (m) 
00  
05  
10 
15 
2 0  
2.5 
3.0 
34 

D O  D O  % Coad 
Temp• IC) I m p )  Saturation luSJcm~ pH IS U.) 

167 39  413 112 71 
167 39  409 1'2 71 
167 39  407 ' 12 70 
! 6 7  39 407 '12 70 
167 39 405 112 70 
167 39 405 112 70 
167 38  387 112 70 
167 37 389 113 70 

A[h[ltUxtln~tP cb[ tetl){! 15 ~C 

FERC Pro:cot No 1759-036 

T~n:e 11;~5 
NW winds H. 12 mpn H).:;0% ~:~ud£ 

D O ,  D O  % Cond. 
Depth (m) Temp (C) (rr~l)  Saturation (uS/crn) pH {SU.) 

00  186 57 602 108 70 
05  176 45  482 111 70 
10 168 43  452 112 59  
12 164 51 527 111 70 

1 2 . ~ . ~  
Approxlrt)ate all t~!n) F Ih bC 

T,!tte t t:;O 
NW wznds 8-12 raM) 1 ~J- J0"; Clouds 
From dram [~pe (TR2i sunny d,~ 

DO. D O . %  Cond 
Del~h (m) Temp (C) ( r ~ )  Saturation (uS~cm) pH (S U )  

0.0 I 107 06 41 193 69  

12-)0,~.o~ 
Ap;)foxlm4tl~ ;)if tetnp 1.5 hC 

NW winds ~. 1 /mph  tO.JO% CIc, uds 
TR4 

Depth {m) 
00  
05  
10 

D O  D O  % C e ~  
Temp IC) I n ~ )  Saturation (uS/cm) pH ( S U )  

188 79 8~4 106 72 
179 58 610 1139 71 
t 6 9  52  552 109 70 

1 2 - A u v - 0 4  
Approxm)atc" a~t temp ! 5 5 C  

Tzmft ! t 48 
NW winds 8.12 :npt) tO 30% "..l~>uds 
IN5  

D,O. D.O % CO(~ 
3epth (m) Temp (C) (regal) Saturation (uS/era) pH (S.U) 

00  I 185 77 851 106 72 
0 b  182 72 785 '0)' )'2 
06  180 62  651 112 71 

TR1 - Taken =n ta~ race near plan', 
TR2 - Taken from a dra.n a=ae at base of dam D~scha'c, es nto :a~ race 
TR3 - Taken n t",e tailrace aparox mately 400' dOWnstream o! TRI 
TR4-- TaKeq ='~ ta,lrace ust  ~rlo: :o [ahrace ar:d [alt~ter Gale sect On COmD=~at=on Nearest ,s aqd 
TR5-  Taken ~r~ ta.lrace just bl.or to ladrace aqd lorelei gate .~C,L('F" combm~tK)n M=dd e of slreaP3 
TR6-- TakeP in ta,lrace just p-" or to tad.ace a~.d iamter gate ~-~c'Jo ~ combmahOn Near "~o~h st"ore 
TG1 - Takem on Ta,nle: Gate ~de of alan: 

1 of 2 Way Dam 2004 Vert.Cals xlsWay AJ~usl 1204 

0 

f l  

M 

I 

fO 

fO 

0 

t~  
Q 
Q 

Q 

t~  

I 
Q 
Q 

fO 
f l  
fO 

fO 

M 

0 

M 

Q 

t~  

t~  
Q 
Q 

0 
f l  

fO 

I 

L~ 
~D 
I 

0 
oh 



1 2 - ~ 4  
A~prOx~n)~te a~r temp 15 5C 

NW winds 8-12 mph 
TR6 

Tmle 1155 
10.30% ck)ud,~ 

O.O. D O  % C43t~. 
De~h (m) Temp. {C) ( rn~)  Saturat,en luS/cm) pH {S.U.) 

01 187 83  918 106 73 
0 5  t 86  81 879 106 7 2  
t 1 t73  60  697 109 71 

Appfox~rt)ate air tert)[, 155C 
Time 1206 

NW wtnds E}- f2 :npt) 10-30% clouds 
WSW winds 8 1 2  mph fOO % overcast 
T,~k¢'n on Fainter Gate { 1G f / s~de 

D O  O.O. % Con([ 
Dept~ Ira) Tern 9 IC) (rn~l) Saturat~.n {uS'ca',) pH {S.U 

O0 190 89  982 105 73  
05  190 89  9,8,3 105 74 
10 190 89  987 105 74 

3~I 0/2005 

Way -n2~ b4,~roe ectt,c P~ect 
ve~lc~l Prof le E)8t8 

2of2  

FERC or~ect NC !759-036 

Way Dam 2004 Vert,ca.s x sWay AL, gusl "2 04 
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Way ~a ,~ ~y~t0elec! t C P~O~.~C! 
Ve:l,Cal P'ofile Data 

~S-Au~-04 
4pprox~mate ,.~r temp 20 C 
Secc, De~th  7 O" Wate$ depth - 4 0  T~me U830 r~m~, !0.10 
W S W  4.7 mph. humid  100°/o overcast  W S W  .L 7 :~)[~t~ ~ OC~, ~ v~rc,)~! 
T~kun In F l o w ~ e  r, ~ ) t  ~' ,.~;~ Takl!n m I a,l[ac£" ~ TR 1,: (t)redt Ot [~ln 

O.O. DO.  % Co¢~1 D O. D O. % Cond 
3ePo0~m ) Temp IC) ( r r ~ )  Saturation (uS/era) pH(S .U)  Depth(m I Temp ICI Irn~l~ Satural~on, luS~cm) p H ( S U )  De~th{m} 

186 87 951 110 76 00  190 75  819 118 74 O0 
05 184 86 932 110 76 05  187 73  793 118 74 05  
10 183 85  919 111 7.6 10 180 66  721 !18 74 10 
15 182 83  895 111 76 15 179 6 5  690 117 73 
20 181 82 884 112 76 20  177 62  660 117 73 
25  180 81 874 112 76 25  177 62  669 1!5 73 
30  179 80  865 112 75  29  176 6 3  671 115 73  
35  179 80  862 113 75  
4 0  179 80  858 113 75  
4 5  179 80  854 113 75  
50  179 7.9 849 113 75  26-Au~-04 
5 5  1 7 8  7 9  8 4 4  ! 13 7 5  AFpr,3x~matc a~ te~t)[l 2 ! ! C 
60  178 78 84 1 113 75  T,me ;03U 
65  178 78 84 1 114 76  W S W  4 .7  n~f:h ! 0 0 %  :;v{:rc;~t 
70 178 76 82 3 113 75  Fr:)m dram p,#e : FR2/ threat  5! t ~/)  

D.O D O % Cond 
75 178 78 837 113 75 ,Depthlm I Temp (C) (rn~l I Saturat,on (uS/era) p H ( S U )  Depth(m) 
80  178 76 816 113 75 O0 I t l  0 0 5  4 6  193 72 0O 
85  178 77 822 112 74 0 5  
90  178 77 827 112 75 1 0 
96  177 77 821 113 74  

177 74 79,5 113 74 
176 67  718 113 74 
1 7 3  4 6 4 7 7  1 1 4  7.3 
172 42  44.3 117 72 
170 34 358 119 7.2 
166 20  21.4 125 71 

I ' - - ]  nd~cates open,ng o ,ntake foeebay (1 O- 155m) 

Te.race data for same t~me oenod as ved~cal orof.le on 8/26/04 

800 ~84 61 65.8 116 
900 ' 8 3  56 604 117 
1000 182 56 603 117 

;)H was not a parameter co:lected in the ta.lrac.e 

FERC P~)ec~ NC !759.035 

28-A=t.O~ 
Ac;p~'jxm;~tf! i~[ t l !mp 21 f C  

W,~ W 4.7 ml~t~ 
Taken it) T~dr,~c~ { TN3t; 

Tm)e t O W  
! 0 0 %  "o~f:~ct,;t 
thf#,~t O/rd~n 

D O  D O . %  Cond 
Temp (C 1 ( r r ~ )  Saturat=on luS~cm) pH IS U )  

178 72  769 114 73  
178 72 768 115 72  
179 77 833 112 73 

26-Au9-04 
Apprc, xm):~tc a~z temF 21 1C 

T~mrt t 100 
W S W  4- 7 it)pt) 100% G vefca.';t 
Tdk~tn (in I a~nte[ Gate ! T G t i .%tde thf~.at o f  rain 

D O  D.O. % Cond. 
Temp. IC) (n'~/I) Saturation (uS/era) p H / S  U ) 

181 90  975 112 75  
182 9 0  9 7 5  112 7 5  
181 90  978 !~2 75 

TR1 -Take'~ tn la Ir~ce '~ear pan', 
TR2 - TaKe~ from a d'am pipe a: base o* dam DtSChar~es :nlo la,lrace 
TR3 - Taken n tile ladrace EI;)i)roxm'~te y 400' dow~stream of TR 1 
TG ! - Taken on Tarlter Gate .'.;,de of plant 
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9.sep-04 
Apl;rox~mate azr temp tO C 
Seco Depth 6 0 '  Water deF, th - 35-40' D ine0900 
Calm nO CIC, ud5 
T;tken ~n hlowa,qe 

DO.  D O  % C o ~  
Depth (m) Temp. I.C) (rag/l) Saturat}o~ (uS/ore) pH (S U ) 

18,6 82  884 119 77  
186 82  895 119 76  
186 82  883 119 74  
185 84 905 119 73  
185 82  879 119 73  
185 81 875 118 7 2  
185 81 873 118 72  
185 80  868 118 72  
184 8.0 858 118 71 
184 8.0 857 118 71 
184 79 854 118 71 
184 79 850 118 7 1 
184 79 846 118 71 
183 78 837 1!8 70  
183 77  832 1'~8 70  

183 77 822 . 118 70  
182 76 812 118 7 0  
182 73  785 118 70  
182 73 785 1~8 70  

181 73 782 118 70  
"81 71 763 118 6 9  
~81 71 756 118 6 9  
180 68  722 118 6 9  
" 7 9  62  659 119 6 8  
" 7 3  39 412 127 6.7 

r ~ - - ] l  ;: ,d,Cdl~ oi3~n,n~; of ,ntaKe (ore~y ~ 10-15 5m) 

Te, rp¢¢ ~ t a  for s~rr~ hn~ Derio0 as vert~c.al ~'Ofih~ O n 9/9104 

800 182 84 908 116 
900 182 84 9(}4 115 
1000 182 83  898 120 

pH was not a Parameter co41ected ,n :h~ ta,lraCe 

Way Dam Hyd:oelectnc P'o!ec: 
Vertical P'oflle Data 

~'ERC Pro}.~Ct NO "759-0.~6 

9.sep o4 
4ppt:~xm)dte a,rtemp ~5 5 C 

l;n:¢ !950 
~'alnl no clouds 
; aket) in Titdra:'e ~ 1R ! ; 

D.O. O.O % Cond 
9epth (m) Temp (C) (mg]l) Satutabon (uS/cm) pH I S U )  

00  183 8 5  914 120 7 6  
05  183 84  901 120 75  
10 183 84  901 120 74 
15 183 84  898 !19 74 
20  183 8 3  896 119 74 
25  183 8 3  893 119 74  
30  183 8 3  89.4 119 73  

9-s,p.M 
ApprOX~n)dte a~r temf l  "5 h C 

35  183 8 3  895 119 73  
4 0  183 8 3  893 119 7 3  
4 5  183 8 3  889 119 7 3  
50  183 8 3  892 119 7 3  
55  183 8 3  891 119 7 2  
6 0  183 8 3  890 119 7 2  

Cii;:7) i)(: cin;:,t~; 
Taker) /:I 7,)::13C0 ;" TN~ 

TItl)~ f t(,.~ 

DO. DO. % Co~. 
Depth (m) Temp. (C) {.~A) Saturat,on (~S/cm) pH (S.U) 

0 0  18,3 8 4  90 2 120 77 
0 5  183 8 4  901 ' 20  75 
1 0  183 84  90 1 ' 20  75 

9-Sep-04 
A;;i;rox~m,]t¢ a,r fet~tp !~ 5 C 

9.S,,p.O~ 

App;(;xm);H(t ,JIf ten)# 155 C Depth (m) 
F~rl;e ! ! 09  O 0 

C.t/:I~ n:~ ct:3udS 0 5 
Taken 1[(;171 P/pc { IN2  I} 1 0 

DO. D O %  Cond. 
)epth (In) Temp (C) (rng/]) Saturation (uS~cm) pH ( S U )  

0 0  I 1 1 6  0 9  7 5  182 7 1  

Ca:#tl tic; {3C.[KJb; 
iakOIt on Te.!!ff!r G;~te ~GI)  51de 

Ti the ! !20 

DO D O , %  C o ~  
Temp. ~C 1 (mg/I) Saturation luS/cm) pH (S,U.) 

174 8 5  893  135 79 
164 8 7  902  147 79 
14 5 8 7  86.4 205 78 

TR1 - Taken ir ladrHce r, ea" pla:~l 
TR2 - Taken from a d*a~n p~pe al base of dam D~scharges r:o tadrace 
TR3 - TaKen .r~ the ta Iri~ce approx mately 400' downstream el TR1 
TGf - Taken on Ta.rtler Gate S.de o' plant 
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z3 S~pe4 

~tcc~ DPpttl 8 O" Water depth 36.J~J ' 
SSW O 3 mph" 
?~ken ~I) I-IOwd~e 

D O  
~epth (m) Temp. (C) (m0il) 

O0 183 86 
05 183 8.6 
10 182 86 
15 182 85 
20 , 182 8.5 
25 182 83 
30 182 83 
35 181 82 
40 181 83 
45 181 82 
50 t80  80 
55 180 78 
60 180 77 
65 179 76 
70 179 75 

78 178 7,5 
80 178 74 
85 178 73 
90 17.7 72 

95 177 72 

10.0 176 70 
175 6.5 
173 54 
173 49 
172 42 

T~n)e 0840 
40% clouds 

D.O. % ConO 
Saturatio~ (uS,'cm) 

92 2 122 
92 2 122 
82 2 122 
902 122 
90.6 122 
892 122 
884 122 
882 122 
88.5 122 
872 122 
856 123 
83.8 123 
82.6 123 
809 124 
80.0 124 

795 125 
78,7 125 
775 124 
767 124 

76 7 124 
743 129 
689 130 
567 134 
51 9 140 
43 8 141 

~ In<3=cates ooen,ng of ,ntake forebay (10-155,11) 

W~y O~,~ Hy~j~Iecv C ~rol~t 
Vert=c~. P:oflle Data 

~ _ ~ C  O•  ¢*~ Nv~ 7~ 9~  13%q • - - 0 ~  v~v 

Succt l)e.i;!:~ 5 O" ,~5 2~' im)e 103G 
S(~!;theR)ly ~¢~0/0 

D O DO. % C ~  
pH (SU)  Deptl~ (m) Temp. (C) (m~/I) Saturation (uS~c.m I 

80  00  179 86 914 124 
80  05  179 84 91 3 124 
8 0 1.0 179 8 4 802 124 
80  1.5 179 85 909 124 
8 0 2.0 179 8 5 90 8 124 
80  2.5 179 84 89 3 124 
8.0 30  18.0 8 5 91 i 124 
80 35  180 86 81 0 124 
80 4.0 180 8 5 90 8 125 
79 4.5 179 8 5 90 3 124 
7 9 5.0 17 9 8 5 899 124 
79 
78 
7.8 

Taken m Td,lr ~:e TRY;  
D.O. 

pH IS U)  Depth (m) Temp {C) I t ' l l  
77 00 180 87 
78 05 180 86 
78 10 180 87 
78 
78 
78 
78 
78 
78 

7 . 8  2 3 - S e p - O 4  

78 
78 

7,me 1055 
JfY'$ ct~u'!s 

23-Sep-04 

D O %  Cond 
Saturabon {uS/Cm I pH {S U I 

929 125 7 7 
921 125 77 
929 125 77 

77 
77  T~ml ~. 1045 
7 7 s~,utt)ernty bteez(~ 30% chmds 
7.7 Taken fr3m [~ l~  (TR2: 

D O  D O %  Cond 
77 Depth (m) Temp. (C) (togA) Salurat~on (uS~cm) pH (S U.) 

77 00  J 11 6 07 '97 73 
76 
75 
74 
73 

TR1 - Taken ,n tadtace near 131ant 

2 3 - , ~ p - O 4  

T,ml~ t t20 
s~,uthern/y bteez(t 5G% C~:~u:t.% 
Faker) or) T~mter G~tte { TG 1,, s~de 

D.O. O O. % Cond. 
De~h (m) Tern9 (C) ( n ~ )  Saturation (uS/cm I pH {S U I 

00 173 82 86.6 160 80 
05 ~70 82 884 162 80 
! 0 "56 81 820 207 79 

TR2 - Taken from a dra,n O,pe at base ot dam D~scharges nlo ta,ltace 
TR3 - Taken ,n the ta i t ~  a0~rox mate y 400' downs:ream of TR1 
TG f - Ta<en on Ta,nle" Gate s~de of Plant 
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