From: Parenti, David F.

Sent: - Wednesday, May 23, 2007 5:42 PM

To: ‘Tran, Paul

Subject: FW: DO Memio

Attachs DOEnhancementEquipmentConclusions~0516072.doc

From: Parenti, David F.

Sent: Monday, May 21, 2007 12:58 PM

Tor 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, William M.; Parenti, David F.; Paul Shiers | (E-mail); 'Wendy Bley (E-mail)'; Julian Polk - {E-mail};
Gill, Lydia S. _

Cc: Ellis, H. Gene

Subject: DO Memo

The attached is background for our discussion on Thursday.




Yadkin Project
Tailwater Dissolved Oxygen Enhancement Program Status
' May 21, 2007

Background

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

The schedule negotiated by APGI was designed 1o make best use of APG's plans to refurbish/
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 caompleted, 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 (Vaith) to review the DO enliancement 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 operatling 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 o operate the Yadkin Project developments on a continuous basis, so as to
ensure that tailwater DO was at or' above standards at ail times. The North Carolina standard is DO
concentrations of not less than a daily average of & mg/l with a minimum instantansous value of not
less than 4 mg/l. C

Dissolved Oxvgen 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 he
acourate, but provides no warranty.

We note that it is not unusual in these cases that the actual field condifions do not produce the resulis
initially expected. For example, the dimensional calculations for air intzke 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 APGI to complete unit upgrades and install aerating runners at High Rock in 2010

(Unit 3}, 2011 (Uinit 2), and 2012 (Unit 1). Voith believes aerating runners currently planned for
installation at High Rock will provide adequate [evels of DO uptake. Their technical evaluation
indicates APGI sheuld 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 refurbishiment/upgrade
cost estimates. There are times, however, when the DO may be as low as 1 mg/l, indicating the daily
average value would be difficult to mest. Voith also evaluated the addition of ceniral aeration to the
High Rock units. They concluded that this would be a “belt and suspenders” approach and that it
would not be necessary 1o operate both systems in parallel. They did not recommend pursuing this
methadology further. Voith's estimate of DO uptake with the aeraling runners is in Table 1. The DO
uptake is estimated for 1 mg/l and 3 mg/l DO in the water flowing into the turbines at two incoming
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watérteimperatures and three turbing flow conditions. Qfull is thezmaximun tur'bine flovi3430; &fs,
Qopt is-the design flow 3270 ©fs, and Q0.8opt is-80% of design flow 2620 cfs. Minimurn continuous
flow forthe ngh Rock turbing is-+960 cfs.

High Rock Table 1
Head () | .
Unit-CL )
Air location
TWE () i) N
i DO uptake {mg/L)
Qfull | -3.24 3.86 2,66 $.34
-Qopt 3.28 3.88 2.68 3.35
Q0.80pt | 356 4.24 2.82 3.67
Temp °C)] 27.8 16 27.8 16
DQiritial TmalL. 3mgiL

Tuckértown

Thé RSA does not requrre DO enhancement at Tuckeriown until &fter 2015, and then only if studies
have demonhstrated that the DO enhancément compléted-at High Rock is insufficient o aliow fhe
Tuckertown tailwater to mest state DO standards, Voith.indicates that analysis.of data obtainéd in
2006 4nd investigation of the tailwater Jevels and unit géomeify do net indicate a reasonable
possibility for natural aspiration. Therefore, unit upgrades carinot.be used fo improve BQ, Voith.
coficluded that it aeratior is required by NCDWQ at the Tuckertown: site (affer 2016}, then forCed
aerationt methods including, but not limited to compressed air injection and axygen bubbiler systenis,
would havé.to be investigated. The estimated cost foran oxygen bubblersysiém in the Tuckertown
forebay is-S2Z. 30 capital and $800K annually for 12 hour per ddy, séven morith operation. Thisigost
estimate is very preliminary and Is'based on TVA tethriical.papers, butcould, if nécessary, be used
as placehiolder until the impact of High Rock DO improvements are evaluated at Tuckericiwni, As
rioted abevs, there may be:periods at High Rack where we just nidet standards, even during periods.
of operation. The ROM-cost estimates for & compressed aif injéction Sysiém &t TucKertown would be

The mirimurh flow for the upgraded units at TucKertown would be 1700.cfs.

Perthe RSA, if it is determined by NCDWQ to be ngeded, DO enhalicement woirk at Tutkertown
needsto be-completed by the end of 2018. Assuniing the installation wdrk could be cemplefed in one
yéar, a decision on need would be necessaiy by early 2015 to.allow for approval of funds. As
sufrently scheduled, refurbishiment/upgrade, including the addition of agrating runners on the.thitd
iinit at HR will ba completed in 2012 and the first year of follow on DO testmg would be completedat
the end of 2013. A.second vear of DO festing and study-would eccur in 2014, Since the capital -
Investment is significant and the information needed for the detision may not be: available.as soon as
desired, appropriate allowances would need to be included in thé longtemi capital budget pidcess.

Initially, a-$300K allowance for Tuckertown was included i license implermentation costs based an
réleasing watér through a spillway gate for DO enhianceient, This $300K represents reledsing 1000
&fs 10 hours per day May through November. Additionaity, for this methiod fo be effective the output
offurbine discharge at Tlickertown would have to lirviited to dboit 7000 ¢fs,.abplt 75% capacity. This
wolsld impact the generating capdcity of the entire Yagikin systerti, particulgrly” the dovwistresnm
developmerit at Ndrrows, as:well as limiting the generatifig cabatity. at Tuckerown, Since these
limitations may not be acceptab!e or economical to APGI, further cofisideration 6f the forged
airfoxygen injectien is suggested.




Narrows

The RSA requires APGI to complete unit upgrades and install aeration technology at Narrows in 2009
(Unit 1) and 2010 (Unit 3) 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 mg/A and 3 mg/| DO in the water flowing into the turbines
at two incoming water temperatures and three turbine flow conditions. Qfull is the maximum turbine
flow 2300 cfs [30MW], Qopt is the design fiow 2000 cfs [26MWY], and QD.8opt is 80% of design flow
1800 cfs [~2DMW]. The minimum opeérating flow for the upgraded units is 1100 cfs,

Narrows Table 2
Head (ft) 174.5 '
Unit CL (it} 376
Air locatior] 371.83
TWE (i) 364.14 —
DO uptake (mqu)
Qiull 4.16 5.05 . 3.3 424
Qopt 441 - 5.36 3.51 4.51
Q0.80pt 5.34 6.52 4.23 548
Temp (°C)] 27.8 16 27.8 16
DOinitiai 1mg/L Smgfl

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 poini, 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 will flow out of the draft fube air valves and cause flood damage. This condition would
indicate units have to always be operated above 20 MW to allow far DO enhancement. In fact, the
units may need to be operated above ~ 23MW to inject enough air to 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 ofs.  This limit also has an impact on DO conditions since the units would
be operated less time in a given day, increasing the periods of non generating time when DO
conditions may be tawer and possibly below standards. For reference the design output is 26 MW at
2000 ofs (Qopt in Table 2), the maximum output is 30 MW at 2300 ofs (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 aliow units to draw air af lower than 20 MW. Voith has
been requested to provide a proposal and cost to pursue both methods. Bottom line, the cost of DO
prowsrons may increase at Namows.

1t is recommended that Voith be authorized to proceed on this work in 2007, pending receipt of their
proposal and pricing and approval of the Narrows Unit 1-2 Upgrade funding request.

Voith has detemmined that installing aerating runners is not technically feasmle w1th Narrows
upgraded units.

Falis ‘

The RSA dees 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 mest NC DO standards. Volith believes that the Falls units could have DO enhancement

! The RSA DO enhancement schedule assumes upgrades and the installation of aeration teéhnology at Narrows Unit 2 will be
completed in 2008.

-
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equipment installed as part of turbitve refurbisiment. The Francis Unit 1 could regeive an aerating
runner. The propeller Units.2 and 3 coiild be outfitted with' either or both perpheral and central
aeration. The Voith estimate of DO uptgke associated with the aeration technelegy déscribed abdve

is showniin Table 3. The DO uptake.is estimated for DO inthe water flowing. intothie tirbings at two
incorming water tsmpefatures {(27.8 °C and 16 "C) and DO concentrafions (1 mg/l and 3 mg/) and

three turbine flow conditions.. Qfull is the maximum turbirie. flow 2660 cfs, Qopt is the.design flow _
2450 ¢f$, 'and Q0.8opt is 80%: bf design flow 1960 ¢fs. Minimum flow for the: Falls tutbine is'1470 ofs.

Falls T Tables.
Head (i) 54 {
Unit CL (] 330
Air locatio] 2248 |1
TWE (0. |. 3085 |if N
DO uptake (mq}L)

T Qll 5.17 6.35 3.83 | 51 |
Qopl_ | 5.46 6.74 403 | 54
“Q0.8opt | .. 6.94. 7.22 457 1 631
Temp (C)]  27.8 16 | 27.8 18

DQinitial 1mg/L 3mg/il

Because 1t is anticipated that the DO enliancernents &t Narfows will have a significant impact on the
Falls DO, and that NCDWQ may not require additional aeration at Falls, the cost of DO enhancement
equipment for Falls is not cufrently in the license implementation sstimate. Per the RSA, the need
for additional DO erhancemeant must be determined by the end of 2013 at Falis. Based of this
schedule, two years would be available for engineering, design and fabrication of a through the
runner air injection systerr. We recommend that Unit 1 instead of Uiilf 3 be upgraded.last fo allow
this unit to be upgradéd with. through the runner air injection if need is determined. The preliminary-
additional cost estimated to install 2n aerating runner in Unit 1 is $700K and ceniralperipheral
aeration in Units 2 and 3 is total cost $800K, These cosis are in-addition to the budgeted
refurbnshment costs for these generation units.

Low Flow Unit Andlysis

The aeration enhancements-described above and currently béing considered are all.designed to
opérate when APGH is generating. Accending to the RSA, APGI will be reduired fo opefate with air
injéction previsions on all unité during all perfods of generation from May1 through Novemmbér 30,
Howsver, atthis time it is unknown whether the tailwater areas will méet State DO standards when
units aré not operating. Itis possible, even after all the asration technology has been installed per the
RSA that DO concentrations in the tailwaters. may fall below NC DO standards during periods-of fion-
operatlon In this case, it is possible that NGCDWQ may eventually require APG| to:tske siépsto
ensure that DO standards are met at all times. Confinupus operation or pulsing operations are twg
possibilities for "fixing” this problem. OGther bptions could include, Spilling water thought Special
aeration valves with.or without adding compressed dir or dxygén .... Or other téchinologiés .... that
wouid need to be evaluated

PB worked with Voith to investigate whethér a singlé Jow-flow unit provided at éach developmgntin
place of one of the planned unit upgrades would be more economical if confinuots operatian is
eventually required by NCDWQ io-meet DO standards. A low-flo unit would réledse léss water
dunng perigds of off péak generation if 24/7 operalidn is required andwould-gerieraté at a higher unit
efficiency during these périods,

(CASIS mioda] runs using téchnical data provided by Voith for smaller uilits TEve:not.shcwn ari ierl

posntwe benefit of providing one smaller unit. at gach development. The resdits show the smalferunits
increase efficiency marginally-and reduce generdtion transferréd to 6ff peak duriig contiiudus high
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flow operations, but the smaller capacity units result in increased spills that negate this potential
benefit. A summary of resulis is helow. -

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

Ave Annual Ave Annual Ave Annual

ENERGY REVENUE COSsT
{MWh) ($1000) {($1000)
Base Case with Upgrades _ 984,559 $43,595

Cost of DO Enhancement relative 1o the Base Case with Upgrades:
RSA w/lpgrades - All units the same:

air on May thru Oct; no continuous ops - 094,061 $42,560 $1,038

air on and continuous ops May thru Oct 977 911 - $41,176 $2,419
RSA w/Upgrades - 1 small unit at each development ‘

air on May thru Oct: no continuous ops 967,308 541,050 $2,545

air on and continuous ops May thru Oct 062,335 $40,637 $2,058
Risk Issues

The possibility that at some future point con’unuous operation of DO enhancement will be required to
ensure that DO standards are met on a 24/7 basis remains a significant concern. The estimated cost
of operating the four developments continuously so as to provide DO enhancement on a confinuous
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 manitoring is also an area of concern. Under the current agreement, APGI| is expected 1o 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 resulis 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 APG) undertake continuous, realtime DO monitoring. The data from continuous
DO monitoring could also be used to help reduce losses if generating units need 1o run more
‘continuously during previously planned periods of non-generation to meet NC DG standards. Real
fime 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 abliity to operate
generation only when DO enhancement is necessary will require continuous real time DO monitoring
data o support operations decisions.

- Conclusions and Recommendations v

High Rock

« 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 central aeration should not be pursued ahy further.

o




Tuckeriown

Narrows

Falls

Low Flow Unjts

Natura! aspiration methods are not feasible (valves, runners, etc), and forced air or

oxygen Injection will be reguired 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 difficuit.

" I itis determined that DO enhancement Is required at Tuckertown. it will have to be

completed by December 31, 2018 in accordance with the RSA, so a decision would
be needed in early 2015to allow for approval of project funding.

Estimated cost of a forebay oxygen bubbler system is $2.3 MM capital and $800 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 MY, .

Additional investigation should be conducted by Voith to understand and develop an

alternative system to allow unit operatlon at Iower flows between 1800 and 1100 cfs
(between 15 and 23 MW),

A combination of through the runner (Unit 1} and central/peripheral éeration (Units 2

-and 3) methods should be capable of achieving DO standards, if it is determined

necessary by NCDW®Q, The through the runner lmprovement would be the most
effective to consider first.

The estiméted cost is an additibnal $700K for the Unit 1 through the runner aeration
and $600K 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,

[t does not appear that installation of low flow units at the Project development is a
cost-effective selution to the possibility of having to meet DO standards continucusly.

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




