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From: Parenti, David F. 
Sent: Monday, May 21, 2007 12:58 PM 
To:· Ellis, H. Gene; Polk, B. Julian; 'Shiers, Paul' 
Cc: Tran; Paul . 
Subject: FW: DO Memo 

A couple of comments 

Dave 

From: Ellis, H. Gene 
Sent: Monday, May 21,. 2007 12:03 PM 
To: Bunker, WiIIiam M.; Parenti, David F.; Paul Shiers 
GUI, Lydia S. 
Cc: Eliis1 H. Gene 
Subject: DO Memo 

(E-mail); 'Wendy Bley (E-mail)'; Julian Polk 

The attached is background for our discussion on Thursday. 

(E-mail); 



Background 

Yadkin Project 
Tailwater Dissolved Oxygen Enhancement Program Status 

May 21,2007 

As part ofthe Relicensing Settlement Agreement (RSA), APGI negotiated a schedule for undertaking 
enhancement measures at the Yadkin Project developments designed 10 improve tailwater dissolved 
oxygen (DO) concentrations and over time meet NC water quality standards for DO In these areas. 

The schedule negotiated by APGI was designed to make best use of APGl's plans to refurbishl 
upgrade the generating units at the various developments. DO enhancements planned for High Rock 
and Narrows will be done in conjunction with the unit upgrades. A determination as to whether DO 
enhancements for Falls and Tuckertown will ultimately be needed will be made by NCDWQ only after 
DO enhancements at High Rock and Narrows have been completed, and monitoring and studies 
have shown a clearly demonstrated need. 

Since the RSA is now complete, signed and filed with FERC, it is an appropriate time to review the 
DO enhancement plans in the context of the final RSA schedule. SpeCifically, APGI asked PB Power 
to work with Voith Siemens Hydro Power Generation (Voith) to review the DO enhancement needs at 
each of the Yadkin developments and to provide an update regarding the recommended DO 
enhancement technology to be used, and the cost of installing and operating that technology. In 
addition, PB Power was asked to consider whether installation of a "loW flow" unit at each· 
development, would be an economical fix, in the event that at some point in the future, NCDWQ 
would require APGI to operate the Yadkin Project developments on a continuous baSiS, so as to 
ensure that tailwater DO was at or above standards at all times. The North Carolina standard is DO 
concentrations of not less than a daily average of 5 mgtl with a minimum instantaneous value of not 
less than 4 mgt!. 

Dissolved Oxygen Enhancement Equipment Study 

Voith has completed a study of eqUipment modifications that may be installed during refurbishment! 
upgrade of the Yadkin hydro units. Voith based this study on the available data, their experience with 
DO improvement, and dimensional calculations for air intake. Voith believes their conclusions to be 
accurate, but provides no warranty. 

We noie that it is not unusual in these cases that the actual field conditions do not produce the results 
initially expected. For example, the dimensional calculations for air intake show that at Narrows air 
injection is higher at flows below the design point when, in fact, it has not been verified that it is able 
to operate the air equipment in this range. Supplemental equipment is now being recommended for 
consideration in this operating range if the existing equipment cannot be operated at the lower 
generation levels. This demonstrates the difficulty of predicting output and performance based on 
technical stUdies alone. . 

High Rock 
The RSA requires APGJ to complete unit upgrades and install aerating runners at High Rock in 2010 
(Unit 3),2011 (Unit 2), and 2012 (Unit 1). Voith believes aerating runners currently planned for 
installation at High Rock will provide adequate levelS of DO uptake. Their technical evaluation 
indicates APGI should be able to meet NC DO standards with through the runner air injection during 
most periods of unit operation. The cost of aerating runners is included in the refurbishment/upgrade 
cost estimates. There are times, however, when the DO may be as low as 1 mgll, indicating the daily 
average value would be difficult to meet. Voith also evaluated the addition of central aeration to the 
High Rock units. They concluded that this would be a "belt and suspenders" approaoh and that it 
would not be necessary to operate both systems in parallel. They did not recommend pursuing this 
methodology further. Voith's estimate of DO uptake with the aerating runners is in Table 1. The DO 
uptake is estimated for 1 mg/l and 3 mgtl DO in ihewater flowing into the turbines at two incoming 
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Water"'temperature$ Md. three tllrbjn~ flow pdndifions. Ofull [s.·the.:maxirrtuffi turbine fJ~w~4~O~ cfs:\ 
qoptis.-tha de.sign flow 3270 cfs. and :QO.80pt is·80% of design llow 2620. cfs, Minimum (io.ntiriubuS 
fJbWforthe High Rock t~i'bine is·1:Q6Q dfs. . 

DO uptake {mg/L) 
Qtull .3.24 3..86 .2~66 3.3.4 
'Qppl 

Temp ("C) 27.8 1 e :27:;8 1 $: 
DOiriitiaJ 1 mgfL 3rTigIL 

Ti:Jckertown 
The RSA.dbes not require DO enbanoement at Tuckertown until after. 201.5. ahd then only ifstlidi~s 
haVe demoilStrated that the DO enhan'cement oomp\ete.dat High Rock'isniSuffiCienUtHil[dWltie 
Tuckerto.wn tailwaferto. me.et statlS DO $tarid~ll'i:;!s .. Voith.ihdicate.s·thafariaIYsis·.prd.ala 9btairted in 
2006. ·and investigCltion of the tailwater leVels and unit geometty tlo not iridica:t~f a reasonable 
possibility for Jiatural·aspiration. Ther~fore, unit upgrade.s c.annot.be us.ed. to. improve .DO. Voitn 
.cQncrutied that if.Mratiori is re.quired 'by NCDWQ at the Tuckeftown' site.(aftel' 2015). then forded 
aeration n'IethOd.s including, but not limited to compreSSed air injection. and oxygen bU.bb!.er systems, 
woUld hay.eto be investlgated. The e.Stimated Gostfotatloxygen btibbler.system in the Tock~rtQWn 
forebay is-'S2.3MM caPifal antJ $800K imnuaUy fon2 ho[u~·perd~Y, saven month bperejtion. ThiS::cost 
esUrnat$ is vt;iry preliminary aM Is "baSed on TVATechriicq,l:papers. but :coqld".lf hi:fcessaIY. be used 
a& placeholder until the impact of High Rock DO impr.ovem~nts areeva,luated at Tuckertowri. As 
·rib1ed 8,001i$. thei'$ m;:!y be·psriods at High ReiCK where Wl'nu'st me.etst~ndards •. everiiduring p~etipds. 
of operatiqn. The ROM ··~st estimates for a compl'ess9Q ~lf inJe-ctio.n ~yste.iTl ~t Ttickertown would be 

The miiiimum ffowfor the upgraded units at TucKeit¢wn would be 1700 .. cfs. 

Pe.rth~ RSA, if it is determined· by NCDWQ to be ili'~etled, DO e'nnailpernent WOI'f(~t TuCke.rt:bwn 
needs·t.o be,coinpl~ted by the: end of 2016. ASsuming t.he ihsfi3Hatjoil work 'could be Gomp!etad in. one 
year.: a de.clsion ,onne!3d would be necessary by e!3rly 2015 to..alloy.Yfor approval of fund;;., .As 
.cLitr~ntly $ched~led I r.efuroishmentf!Jpgrade, including the addittol'l of a~r:l;!.tir.ig runners on it.j(~.third 
unit. at HRwill be compieted in 2012 and the first yac:lr pf follovibn DO· testing wouI\:I. be. ,completed :·at 
th.e. e.nd of 2013. Ase.cond year of DO testingi:uid .st.udy-wo.Uld occur in 2.014:, .$fnc.e. th~ capital 
investment is signiflcant and th.e inronnation nee.ded forthe oecisiQO may not tie av.ailable ·(:lS sopn as 
desired,. CI'ppropr'iate aliQwances would heed to be incliJd.ed in tbe km!fte)m caJiii?i" bLioget pr.Qqess; 

Initially·, a.·$MOK a!1dwance forTuckertown was inGIUded iii licens¢ implemE)ntatior'l.costs based on 
r¢!easing water thrbugha spillWay gate forDO enh;:!ncem:ent. this .$.SOPK fE!j:m;isJmt~n-~I.~asing W.oo 
t;:f~ 10 houI:$ p¢r day M~y through NoVemBer. Additi(?n~ily, fonbis mejnpdt'o be !'lff~c:;jiy? ili~ Q,!-Jtp~ut 
oftur,binEi discharge at Tlickertown wQulcLhave tb limited to apout 7000 cf,s".$boUt, 75% .c~p'acJty. This 
wpi,jlct lmp:;l.ct the .9!'m!:1r~ting c.<ipabity of th.~ entire Ya.g!\in sy,stem; partibuls:itl~tthe. pbWiis!r~-:afii 
.developme.nt;at N.cHrows,. <ts:W$][Jls·limiting the gen~r'?tihg .taR~GitY: atT~C~EihQWn~ ·Since th$.~~, 
Hmitations may not be accept?ble or economIcal to APGt. fUrther cbhsidEi(~tidtJ tif ·the. forgeQ 
.airioxyge.n inje91ion is ·sqggested. 
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Narrows 
The RSA requires APGI to complete unit upgrades and install aeration technology at Narrows in 2009 
(Unit 1) and 2010 (Unit 3).1 Narrows Unit 4 has a peripheral aeration system installed on its draft tube 
cone. With the addition of this system on the other three units, Voith estimates the DO uptake in 
Table 2. The DO uptake is estimated for 1 mgll and 3 mgtl DO in the water flowing into the turbines 
at two incoming water temperatures and three turbine flow conditions. QfuJl is the maximum turbine 
flow 2300 efs [30MW], Qopt is the design flow 2000 efs [26MV\/], and QD.8opt is 80% of design flow 
1600 efs [-20MW]. The minimum operating flow for the upgraded units is 1100 efs. 

Narrows 
~:l~' . Table 2 If-' Head (ft) 174.5 '. I ... ~._.I. I 

J:l' ," 'j' Unit CL (ft) 376 !. --.-

Air locatior 371.63 ~:.~ 
TWE (ft) 364.14 .. ( L">·:-1.: -.:~ ~ 

DO uptake (mg/L) 
Qfull 4.16 5.05 3.3 4.24 
Qopt 4.41 5.36 3.51 4.51 

QO.8opt 5.34 6.52 4.23 5.48 
Temp (OC 27.8 16 27.8 16 
DOinltial 1mg/L 3mg/L 

However, below 20 MW the peripheral aeration system does not draw air well which is not indicated 
by the data in Table 2, which shows that it should be working better at this point. not worse as it does, 
Currently the air valves on unit 4 are closed when the load is less than 20 MW because of concerns 
that water wi\! flow out of the draft tube air valves and cause flood damage. This condition would 
indicate units have to always be operated above 20 MW to allow for DO enhancement. In fact, the 
units may need to be operated above - 23MWto inject enough airto improve the tailwater DO 
significantly. This is a constraint on operations since 23 MW is about 1800 cfs and the units can be 
operated as low as 1100 efs. This limit also has an impact on DO conditions since the units would 
be operated less tillie in a given day, increasing the periods of non generating time when DO 
conditions may be lower and possibly below standards. For reference the design output is 26 MWat 
2000 efs (Qopt in Table 2), the maximum output is 30 MW at 2300 cfs (Qfull in Table 2). Voith 
believes that the peripheral aeration should operate without concern for backflow at lower flows and 
has suggested that additional study of Narrows is needed to determine the reason for the current 20 
MW limitation and provide options for correction. 

Voith has also suggested that a central aeration scheme could be provided but that additional 
analysis is needed to provide cost, feasibility and performance data. Voith recommends pursuit of 
both methods of air injection at this time to allow units to draw air at lower than 20 MW. Voith has 
been requested to provide a proposal and cost to pursue both methods. Bottom line, the cost of DO 
prOVisions may increase at Narrows. 

It is recommended that Voith be authorized to pror:eed on this work in 2007, pending receipt of their 
proposal and prir:ing and approval ofthe Narrows Unit 1-2 Upgrade funding request. 

Voith has determined that installing aerating runners is not technically feasible with Narrows 
upgraded units. 

Falls 
The RSA does not require DO enhancement at Falls until after 2013, and then only If studies have 
demonstrated that the DO enhancement completed at Narrows is insufficient to allow the Falls 
tailwater to meet NC DO standards. Voith believes that the Falls units could have DO enhancement 

1 The RSA DO enhancement schedule assumes upgrades and the installation of aeration t~hnology at Narrows Unit 2 win be 
completed in 200B. 
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~q(Jipment installed a~ part of turbine refurbishment. The FraMis Unit j could re:c~ive an' aer~trn:g 
runner. 'The propeller Units, 2 'Md 3 could be olltfitted with' either or both periphetal,and :.central ' 
aeration. The Voilh estim~te of po uptl;lke associated'with th~ <>l!3tflJlon t~ctmp.logy qE),$c:;tip,ed aboy-e 
is shQwnin rable 3. Th'€! DO uptake,"is estimated for po irr-lh\3WaterfJQWi.og, into'the lilrbiii.€is,at tw.o 
-incoming w~ter tempetatUi"es (27.8 DC and 1'6 DC) ~n.d .00 cohcentraUon,s'(1 :mgtl ant!:3 .mg/l) am 
Hir~e turbine floW conditions., Ofull is the m,aximuJll tl!rbilie.Jlow'~a60 cts:,'Q:QP(is th~.:cIe~ignilow 
245Q tifs, 'and aD.8opt is 80%' PfdesiQn flow 1960 ms. Mini,rnum fio.\iiiforthe: F-alls 'tutoine is:1470 oms. 

Table·:3. 

DO. upt:;tke :(ing/l-) 
Qfull 5~ 17 6.35 3.83 .... 5,1, 
Qopt '5,46 6.74 4.03 5;4 

, QD.8opt 
-27.8 '16 27.S :16 

bOiniti'al 1mgJL 3mg/L 

Because it is anticipated that the 00 enlianc:ements at Narfows will have ,a.signlfieanf- impact oli the 
FaRs DO, and that NCDWQ'may not require additional aeration at Falls., the 'cost of DO enhancement 
equipment for Falls is not currently in the license irriplementaUon estimafE!. Per tli'a RSA, the ne.ed 
for .additional DO enhancement must be deter.mine.d by the end of2013·at Falls. Based Or1: this 
schedule,. twO" years would be' available lor engine'ering; design and'Jabrication ·of a through the 
r'unnerair i(ljecfion ~!ystem. We recomme.nd that Vnit 1 inSte,a'd of Unit 3 be upgrade.d:·last fo allow 
this' uriit to be up,graded with throug'h the runner air injection if need is determifli:!d. The preliminary' 
addiUonal cost estimated to. install an aerating runner irn Unit 1is $700K and ,ceo{r.aVpenpheraJ .. 
aeration fn Units 2 and:) is total cost $6:00K, These cosfs are in' addition to tne- budgete.d 
refurbisnmenicostsforthese Qeneration units. . 

Low Flow Unit AnEilysis 

The ae.ration enhanceme.nts:describedabove and currently befng considered are an. design:ed lo 
operate when APGI fs generating. According to the"RSA,APGI will b€lJequired.to operate witfiair 
injection provisions on aU units during all penoas of generation wom May-:1 throug'h November 30. 
HoWever; at this time it is unknown whether the taHwater areas will meet state DO standards when 
.units are not operating. It 'IS po·ssible .. even after all theae:tati.bn technology has be.en, instaned perthe 
R8A that DO concentrations in the tailwaters. may-fal! below NC DO standards during periods·ofrlon­
.operation. I.n this case, it is. possible that NCDWQ :may ;eventually require APGJ -tQ:tSke· stepsto 
ensure th.at DO. standards are met at aU tim:e~. ,Conflnu:o,lJs operatiqn ·or pulsing ,operafions ar.e .two. 
possibilities for "fIXing" this problem. Other options could include" spilling wate.rth'.ouQht speclaL 
~ie.tatiori valves with .or without adding compressed air or oXygen .... Or 'other technologies ..... theit 
would oeed' fo be ,evaluafed .. 

PErwo"rked with Voith to investigate whether 8 l'ingle :loW-flow unit prQvid,~p i;!t ~aph,desteloprn,~rrt'jri 
place of one of the planned unit upgrades would be mOfe e'conomical if"coniinuousoperatiQn is 
eventu9,1!.Y, requjr~Q 'DY NCDWQ to meet P'O~gnQarc!~. A IQw-flow !:lIJit WQujp rEHe~:(se less, w~ler 
during periods Qf pff pe$.k generation if24/7 operati6r) is required and·wowlcLgerier.!,)l$ at'a higher lmit 
effiqiency during t.hese period~, ." 

OASIS model run.s lIsing (e,chni~1 daUl"proyiqeq by' Voitn fOfsmalier !:!li"it$.' tf~ve'Ji.Qf,~h6W(l an. 6.'ii~rall 
positive ben efit of providing' one smaller unit at ·each .deVejdpm eot. The' resaits sho,w thesmaiier'-unfts. 
incr~ase efficienGY marginally-and requce generation transferred to off peal(d\ilitig QPntinl!Qus-high 
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flow operations, but the smaller capacity units result in increased spills that negate this potential 
benefit. A summary of results is below, 

TABLE 4. Cost of RSA with DO Enhancement Under Different Scenarios 

Base Case with Upgrades 

Ave Annual 
ENERGY 

(MWh) 

994,559 

Cost of DO Enhancement relative to the Base Case with Upgrades: 
RSA w/Upgrades - All units the same: 

air on May thru Oct; no continuous ops 
air on and continuous ops May thru Oct 

RSA w/Upgrades - 1 small unit at each development: 
air on May thru Oct; no continuous cps 
air on and continuous ops May thru Oct 

Risk Issues 

994,061 
977,911 

967,308 
962,335 

Ave AnnuaJ 
REVENUE 

($1000) 

$43,595 

$42,560 
$41,176 

$41,050 
$40,637 

Ave Annual 
COST 

($1000) 

$1,035 
$2,419 

$2,545 
S2,958 

The possibility that at some future point continuous operation of DO enhancement will be required to 
ensure that DO standards are met on a 24n basis remains a significant concern. The estimated cost 
of operating the four developments continuously so as to provide DO enhancement on a continuous 
basis is $1,384,000, annually. Again, however, pulsing units may be an option to continuous 
operation that has the potential to reduce these costs and should be explored at that time, 

DO monitoring is also an area of concern. Under the current agreement, APGI is expected to operate 
DO enhancement continuously on all units (where it is available) whenever those units are operating 
during the period May 1 through November 30. In association with that APGI is required to monitor 
DO in the four tailwater areas, but only needs to download the DO results weekly, and provide thOse 
results to NCDWQ at the end of each year. In the future, APGI may want to have the opportunity to 
modulate the operation of the DO enhancement equipment to meet state DO standards. To do this 
would require that APGl undertake continuous, real-time DO monitoring. The data from continuous 
DO monitoring could also be used to help reduce losses if generating units need to run more 
continuously during previously planned periods of non-generation to meet NC DO standards. Real 
time DO monitoring will have both a higher capital and annual cost impact than the values included in 
the RSA losses. However, if peaking or pulsing generating units can be used instead of continuous 
operation to meet NC DO standards the cost to operations will be less. To have the ability to operate 
generation only when DO enhancement is necessary will require continuous real time DO monitoring 
data to support operations decisions, 

Conclusions and Recommendations 

HiqhRock 

o Planned aerating runners should be capable of achieving levels of DO uptake 
required to meet DO standards most of the time when units are operating. 

o Possible centraiaeration should not be pursued any further. 
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Tuckerfown 

Narrows 

• Natural aspiration methods are not feasible (valves, runners, etc), and forced air or 
oxygen injection will be required if DO enhancement is needed. High Rock. numbers 
for uptake based on the technical evaluation by Voith indicate there are times when 
meeting DO standards even in upstream High Rock tailrace will be difficUlt. 

• If it is determined that DO enhancement Is required at Tuckertown. it will have to be 
completed by December 31, 2016 in accordance with the RSA. so a decision would 
be needed in early 2015 to allow for approval of project funding, 

• Estimated cost of a forebay oxygen bubbler system is $2.3 MM capital and S800 K 
annually for operation. Planning budgets may need to be updated to reflect these 
costs. Estimated cost for a compressed air system may be ..... 

• Planned aeration valves should be capable of achieving levels of DO uptake required 
to meet DO standards when units are operating above 23 MW. 

• Additional investigation should be. conducted by Voith to understand and develop an 
alternative system to allow unit operation at lower flows between 1800 and 1100 efs 
(between 15 and 23 MW). 

• A combination of through the runner (Unit 1) and centralfperipheraI aeration (Units 2 
and 3) methods should be capable of achieving DO standards. if it is determined 
necessary by NCDWQ, The through the runner improvement would be the most 
effective to consider first. 

• The estimated cost is an additional $70DK fortM Unit 1 through the runner aeration 
and S600K for the Unit 2 and 3 central/peripheral aeration above the budgeted 
refurbishment cost. It is not recommended to include this cost in the planning 
budget. 

LowFlowUnits 

• It does not appear that installation of low flow units at the Project development is a 
cost-effective solution to the possibility of having to meet DO standards continuously. 

• If continuous operation becomes an issue in the future, pulsing operations and other 
aeration technologies should be evaluated as an alternatives. 
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