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Safety Moment - a HSSE Performance 02

TRCF - Total Recordable Case Frequencies

TRCF 5 yrs Avg - Recent History
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2014 2015 2016 2017 2018 2019
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Assets Location 03

Saavi Energia

Chihuahua
(CHI)

Energia Sierra Juarez

(ESJ) Altamira

(ACS)

San Luis de La Paz

La Rosita | & II (SLP)
(LR1 & LR2)

Campeche
(CAM)

Bajio Compresion Bajio (CB)
(BAJ) Green Energy Libramiento (GEL)
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Combined Cycles with an ACC

Saavi Energia

El Bajio Power Plant

Summer | Winter Capacity, MWh

631|648

Type | Configuration

CCGT|1x1x1+
ACC (ENEXIO - 5 bays x 7 rows)

Fuel Type Natural Gas | Liquid Fuel Oil (diesel)
Primary Technology GE 7FA.04

San Luis de La Paz Power Plant
Summer | Winter Capacity, MWh 2181235

Type | Configuration

CCGT|1x1x1+
ACC (SPX -4 bays x 3 rows)

Fuel Type Natural Gas

Primary Technology GE 7FA.04
Chihuahua Power Plant

Summer | Winter Capacity, MWh 272|276

Type | Configuration

CCGT|2x2x1+
ACC (HAMON - 5 bays x 4 rows)

Fuel Type

Natural Gas

Primary Technology

ALSTOM GT 11N2E

ENERGIA
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Projects Location

El Bajio (21°14'36" N | -100°36'31" W)

San Luis de La Paz (21°14'36" N | -100°36'31" W)
Samalayuca (31°20'3." N | 106°29'18" W)

i@» Chihuahua

T ®
San Luis de La Paz
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How the Chemistry could impact your business? 04

Chemistry must to be part of your core operation
ACC (CORROSION & WATER WASHING)

“Energy cannot be created or destroyed, it can WATER COOLING (BIO, WOOD, STRUCTURE,
only be changed from one form to another.” ETC)
STEAM
Chemical =,> Mechanical > Electrical PURITY & QUALITY WATER-STEAM o
—
CHEMISTRY EMISSIONS
AIR WATER
QUAL'TV TURBINE TREATMENT & ICCW
LUBE OIL STORAGE

STEM
PROPERTIES
HYDROGEN . -
INSULATING OIL PURITY "

PROPERTIES

}

TRASMISSION
LINES CLEANING

CORROSION I

METALLURGY

= 1 Gas/FueL

1 &} COMPOSITION

gy

COMPRESSOR : ,
~ WATER WASHING */;f}.;

FIRE PROTECTION SYSTEM =
(WATER, FOAM & CO, SPECS) e
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Chemical Program — Map 04

Chemistry must to be part of your core operation

Chemical Rol for Combined Cycles
E WATER TR_EATMENT PLANT WATER_STEAM{YCLE MAIN CD-DLfNG SYSTEMS AUXILARY COOLING SYSTEMS TURBIMNE LUBRICANT INSULATING FLUIDS
O Chemical Control & Chemical Control & Chemical Control & e & Monitani & HYDRAULIC OILS i
Q Monitoring Maonitoring Monitoring E Monitoring :
L ¥ k. v
CHEMICAL INSTRUMENTATION MANAGEMENT | ; NTER_NAL = I....SU ik ol asgitlng
Service, Calibration, Accuracy, Reliability & Availability P Rkt ion, (atiienanie: & o Bl /
’ i Liad 3 Engineering Regional & Corporate
]
w
o A 4
(::)f Y k.
v}
=
CHEMICAL LABORATORY
Testing, Data Analysis & Re porting
F Y F Y
WATER TREATMENT PLANT ON-SITE LAB c '::EG; LAITS'::':Y C?SM PIJﬂAI:fE I:::gnﬁunﬁ_:‘
Operation & Maintenance Operation & Maintenance Rt Yo ke =
Norms & Standards Equipment
2 . 5
2 v v
i ) » GUIDELINES n QA & HSSE
L EY Specifications g Technical Support
= WATER TREATMENT PLANT OFF-SITE LAB
Operation & Maintenance by a Third Party External Testing
POLICIES & PROCEDURES BUDGET
Specifications OpEx & CapEx
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Chemical Program - Treatment (HRSG)

Chemistry must to be part of your core operation

ELECTRIC POWER
RESEARCH INSTITUTE

=il

| AVT-O | AVT-R l

SR =

100 Ton/h BFW @ 20ppb during 1 year = 17.5 kg of iron (or 24 kg

of magnetite) dissolved from the HRSG

HRSG Cost ~ 20% of Total

Plant Cost

1 O |

pH must be controlled properly within the recommended range

S ‘Saavi
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Saturation Pressure, psi
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Chemical Program — Who’s Who?

Chemistry must to be part of your core operation

SECTION

04

Benchmarking

How many HRSG tube failures have there
been over the last three years?

[ o
(I 1
I - 2
I - 1 3
) More than 10 -4

Subtotal [Points x 3] =

How many chemistry influenced failures
have there been over the last thres years
{including FAC, corrosion fatigue, hydrogen
damage, acid phosphate, caustic gauging,

pitting)?

I o
[ 1
Q3-s 2
[ - | E]
O Maore than 10 _4

Subtotal [Points x 3) =

What % of the fundamental level of cycle

chemistry instrumentation does the plant
hawve?

O 1008 0
N 90—99% oo 1
O 70—-89% oo 2
[ Less than 70% -4

Subtotal [Points x 3] =

ENERG I

Iz a reducing agent (oxygen scavenger)

uzed in the condenzate and feedwater

during operation and shut-down?

O Yes 1

O o .2
Subtotal {Points x 2} =

What is the level of iron in feed water
during steady-state operation?

[ Lessthans ppb .0
[ 5-10ppb ... 1
O 11-20ppb 2
[ more than 20 PPD e 3
U pon't know 4
Subtotal {Points x 2] =

What is the level of iron in the low-
pressure during steady-state operation?

[ Lessthans ppb 0
O s-10ppb... 1
11 -20ppb 2
O More than 20 7« 3
O pon't know 4
Subtotal (Points x 2] =

Does the plant hawve written action plans to

#ddress damaged tubing or potential

damage to tubing?

O ves .0

L MO e 1
Subtotal (Points x 1) =

S ‘ Sa VI THIS DOCUMENT IS CONFIDENTIAL AND PRIVILEDGE.
A

Has temperature been monitored by
specially installed thermocouples on low-
pressure economizer, super-heater and
reheater during start-up, shutdown, and
operation to identify damaging thermal

transients?

a ez, all three ____ ..
a Yes, on two - -1
a R =T oy e =SS 2
O no 3

Subtotal (Points x 2) =

Dioes the plant have written action plans to
address root causes on tube failures or

potential tube failures?
[ ves 0
O N e 1

Subtotal (Points x 1) =

B Less than 5 points | Weorld Class
B 5 - 10 points | Very Good
B 11- 25 points | Above Average
B 26— 40 points | Average
41— 45 points | Below Average
Maore than 4% points | Poor

Level:

Observations:
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Chemical Program - E monitoring 04
Chemistry must to be part of your core operation

XXX Combined Cycle
Chemistry Monthly Re---* [
E-Monitoring Diagnos XXX Combined Cycle
Chemistry Monthly Report
E-Monitoring Diagnostic

Water/Steam Chemistry Perfo Issue Date: 09/28/2017

e pH Indiims {watet], 4 pff g Water/Steam Chemistry Per
10 -
A Phosphate (IP Drum), mg/l - 2016/2017 Phosphate in IP Drum
3 DATA DISTRIBUTION
8.5
8
7.? 3 5 2 Within Spec:

08/28 08/30 09/01 09/03 03/05 09/07 09/09 09/11 09/13 09

—O— HP BLR WTR PH —O—IP BLR WTR PH -
pH in HP Drum - Water Side pH in [P Drum - Water 08/16 09/16 10/16
DATA DISTRIBUTION DATA DISTRIBUTION —O— 1P Drum Phosphate

10.0 ST Output vs Backpressure - Last 12 m%ngths
Within Spec: ® 30 & 03 0.9
7 035 P g'g
Z 60 o .
B é ? § 02 § 0.6
E 2 0.5
EET = aggzgesssca; £ 95 o
= 5 o1 2 03
bl [$) 3
o 20 S 0.2
Dissolved Oxygen, ug/mlL - Last 30 days c 005 § 01
= T 0 0 0
20 o 00 M-16 116 Al6 0-16 N-16 1-17 M7 A7 -17 24 Mar 31Mar 07 Apr 14 Apr 21Apr
15 ’ —O—STOUTPUT,MW @  Current ST Output, MW —— Backpressure, mbar —0—STGross MW~ ——————- Backpressure, mbar
10 CORROSIVE
5 ST Output vs ACC Street dT - Last 12 m%ngths ST Output vs ACC Street dTemp - Last 30 days
/ 20 . 0.6 100 12
08/27 03/03 09/10 09/17 & 75.9 i
85 s 60 { = 80 &
—O—FW PUMP SUCT  DISSOLVE OXYGEN 0 1 2 3 4 5 3 7 8 s { \ 048 g g 083 o
Phosphate Concentration (mg/L) in IP drum = AR\ F3 S 60 T 3
2 % = L} = 40
5 Degassed Cation Conductivity, 45/cm - Last 30 days. 3 o % _d 3 \ o 0.2 £ % g £ 0.4 % %
o0 a 8B 20 cﬁ - az
12 . . 1 O 9 [ ﬁ 017, o 0.2
5 Summary of Water/Steam Chemistry in HRSG Uni o §« 0-9-0:g o Ws o # 333 & Y 5
g‘: Parameter Observations Data in Spec MIb: 16 ALL: 006 NN K2 ML ELE B 18Mar 25Mar OlApr 08Apr 15Apr 22Apr 23 Apr
—0— STOUTPUT, MW @  Current ST Output, MW —0— ST OUTPUT, MW ®  Current ST Output, MW
04 HP Drum REQUIRES IMPROVEMENT 58% —D— Street No. 1dT, C O Streat No. 2T, C O Street No. 1dT, C & Street No. 24T, C
£ I IP Drum REQUIRES IMPROVEMENT 58% 0—3treetfo. 301.C OBt Noi8dTL. ¢
08/27 09/03 09/10 0s/17 FWP Suction REQUIRES IMPROVEMENT 61% ACC Fan Vibration Levels - Last 12 months
1
—O—HP/IP/LP/RH STM DEGAS CAT CONDCT Q FWP Suction REQUIRES IMPROVEMENT 68% o
- .
e | g HPAPILP/RH REQUIRES IMPROVEMENT |  45% £ oo
I
E IP Drum REQUIRES IMPROVEMENT 5% g 0.2
> 0

o—o0——0o—
T ————————— Sl IS R BEE SN BER BER GRr D GSDRRE

—0—Fan No.15tr1 Fan No. 2 5tr 1 —O— Fan No.3 5tr1 —0— Fan No.4 5tr1
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Chemical Program - Treatments 04

Chemistry must to be part of your core operation
6.1 Phosphate Treatment (PT) — Generic Reference

HRSG chemical treatment : Phosphate Treatment (PT) Do you kn (o))" What the action Ievels are?
Metallurgy : All Ferrous . .
Oxygen scavenger No Is your Plant applying the proper Chemical Treatment?
Condensate System : Water Cooling Tower
Normal Action Level: 1 Action Level: 2 Action Level: 3 Action Level: 4
. . Return values to normal Return values to normal Shutdown of the unit Immediate Shutdown is required
Parameter No action required levels within 1 week. levels within 24 hours. within 4 iours. to avoid unit’s damagz.
DRUM STEAM DRUM STEAM DRUM STEAM DRUM STEAM DRUM STEAM
pH at 25°C 9.6-9.8 <9.60r>9.8 <88 <8.6 <85
Specific Conductivity at 25°C, uS/cm 10-45 45-55 55—70/<10 >70
Cationic Conductivity at 25°C, uS/cm <45 <02 <90 <'0.4 <150 <0.8 >150 >0.8
Dissolved oxygen, ppb 5-10
LP | Totaliron (Fe), ppb <10 =10 =15 >15
Silica (SiO2), ppb <6000 <10 <12000 <20 < 24000 <40 > 24000 >40
Chloride (Cl), ppb <1500 <2 <3000 >2 <5000 >5000
Sodium (Na), ppb 1000 - 6000 =2 =4 <8 >8
Phosphate (POs), ppb 1500 — 6000
pH at 25°C 9.6-9.8 <960r>9.8 <38 <8.6 <8.5
Specific Conductivity at 25°C, uS/cm 10-40 40-55 55-70/<10 >70
Cationic Conductivity at 25°C, ‘L[S/(Tn <25 <0.2 <50 <04 <100 =0.8 >100 >0.8
Total iron (Fe), ppb <10 <10 <15 >15
L Silica (Si0), ppb <6000 <10 < 12000 <20 < 24000 <40 > 24000 >40
Chloride (Cl), ppb <1200 <2 <2400 >2 <4800 > 4800
Sodium (Na), ppb 1000 - 6000 =2 =4 <8 >8
Phosphate (POs), ppb 1500 — 6000
pH at 25°C 9.6-9.8 <960r>9.8 <8.8 <8.6 <85
Specific Conductivity at 25°C, ;.tS/cm 10-35 £0.25 35-40 0.25-0.5 40-70/<10 >0.5 >70 »0.5
Cationic Conductivity at 25°C, uS/cm <15 <0.2 <30 =0.4 <60 =0.8 >60 >0.8
Total iron (Fe), ppb <10 =10 =15 =15
Silica (Si0y), ppb <570 <10 <1140 =20 <2280 <40 >2280 >40
Al Chloride (Cl), ppb
<3500 <2 <1000 >2 <2000 >2000
Sulphates (S04), ppb
Sodium (Na), ppb 400 - 3500 <2 <4 <8 >8
Total Organic Carbon (TOC), ppb =100 <200 <400 <400
Phosphate (PO.), ppb <3600

For each core parameter, EPRI has defined action levels:

o Normal —values are consistent with long term system reliability. A safety margin has been provided to avoid concentration of contaminants at surfaces and under deposits.
o Action Level 1 —there is a potential for the accumulation of contaminants and corrosion.

o Action Level 2 —the accumulation of impurities and corrosion will occur.

o Action Level 3 —experience indicates that rapid corrosion could occur, which can be avoided by shutdown of the unit.

ENERGIA
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Chemical Program - Treatments 04

Chemistry must to be part of your core operation

6.2 All Volatile Treatment Oxidizing (AVT-O) — Generic Example Do you know what the action levels are?
ety A Fornous Is your Plant applying the proper Chemical Treatment?
Oxygen scavenger :No
Condensate System : Air Cooled Condenser

Normal Action Level: 1 Action Level: 2 Action Level: 3 Action Level: 4
. . Return values to normal Return values to normal Shutdown of the unit Immediate Shutdown is required
Parameter No action required levels within 1 week. levels within 24 hours. within 4 iours. to avoid unit’s damag:
DRUM STEAM DRUM STEAM DRUM STEAM DRUM STEAM DRUM STEAM
pH at 25°C 9.8-10.0 <9.80r>10.3 <9.2 <9.0 <8.8
Specific Conductivity at 25°C, uS/cm 9-25 25-40 40-60 >60
Cationic Conductivity at 25°C, pS/cm =24 <0.15 =48 <0.3 <96 0.6 >96 >0.8
Dissolved oxygen, ppb 5-10
= Total iron (Fe), ppb <10 <10 <15 =15
Silica (Si03), ppb <6000 <10 < 12000 <20 < 24000 <40 > 24000 >40
Chloride (Cl), ppb < 800 <2 <1600 >2 <3200 >3200
Sodium (Na), ppb 1000 — 6000 <2 <4 <8 >8
pH at 25°C 9.8—-10.0 <9.80r>10.3 <92 <9.0 <88
Specific Conductivity at 25°C, xS/cm 9-25 25-40 40-60 >60
Cationic Conductivity at 25°C, pS/cm <24 <0.15 <48 <0.3 <96 <06 >96 >0.8
IP | Totaliron (Fe), ppb <10 <10 <15 =15
Silica (Si02), ppb = 6000 <10 < 12000 <20 < 24000 <40 » 24000 =40
Chloride (Cl), ppb <800 <2 < 1600 >2 <3200 > 3200
Sodium (Na), ppb 1000 — 6000 =2 <4 <8 >8
pH at 25°C 9.8-10.0 <9.80r>103 <9.2 <9.0 <8.8
Specific Conductivity at 25°C, #S/cm 4-20 <0.25 0.25-0.5 >20 >0.5 >30 >0.5
Cationic Conductivity at 25°C, uS/cm =4 £0.15 =9 <03 <18 20.6 =18 >0.8
Total iron (Fe), ppb <10 <10 <15 =15
L Silica (Si0z), ppb =570 <10 <1140 20 <2280 =40 > 2280 >40
Chloride (Cl), ppb
Sulphates (504). b <150 <2 <300 >2 <600 > 600
Sodium (Na)}, ppb 400 — 3500 <2 <4 <8 >8

For each core parameter, EPRI has defined action levels:

a Normal —values are consistent with long term system reliability. A safety margin has been provided to avoid concentration of contaminants at surfaces and under deposits.
o Action Level 1—there is a potential for the accumulation of contaminants and corrosion.

o Action Level 2 —the accumulation of impurities and corrosion will occur.

o Action Level 3 — experience indicates that rapid corrosion could occur, which can be avoided by shutdown of the unit.

o Immediate Shutdown — there is clear evidence of rapid HRSG and / or turbine damage when severe contamination enters the unit.

Sa aVI THIS DOCUMENT IS CONFIDENTIAL AND PRIVILEDGE.
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Chemical Program - Treatment (ACC)

Chemistry must to be part of your core operation

S

DAHI Index + Decay Test + PMs

L Steam , Steam
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ACC Performance - Decay Test

Chemistry must to be part of your core operation

SECTION

05

Air-Cooled Condenser - Decay Test

Decay Test, mbar/min =
Expected Value (theoretical):

5.5

80.0

75.0

70.0

65.0

60.0

55.0

50.0

45.0

El Bajlo - Vacuum Decay Test = 0.001 - 0.0015 mbar/min
- Recovery Test = 0.002 - 0.003 mbar/min
0.145
0.135 Steam Power Output
N
S 0125
-E Vacuum Decay Test
@ 0115 % N
—
2 \ \{
-n \
aQ 0.105 -
> [}
o. 1 q::m
x ]
&  0.095 o)
oo ) Q
Oﬁ
0.085 Recovery Test |tt::;
)
< 10 min —><— 10 min ——
0.075
10:26 10:33 10:40 10:48 10:55 11:02 11:09

Elapsed Time, min

11:16

UMW “‘indinQ auiqin] weass

S
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ACC Performance - Decay Test

Chemistry must to be part of your core operation

SECTION

05

El Bajio

60

50

40

30

Temperature, °C

20

10

10:26

Vacuum Decay Test |<—

Condensate T

Exhaust T

ACC Steam Flow

Air-Cooled Condenser - Decay Test

10 min >

Average A Ambient T, °C =
Average A ACC Steam Flow, ton/h =

Ambient T

10:33 10:40

< 10 min

10:48 10:55

Elapsed Time, min

—

Recovery Test

11:02

11:09

0.018

0.050

800

700

600

500

400

300

200
11:16

Yy/uoj ‘moj4 weais JIY
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ACC Performance - Decay Test

Chemistry must to be part of your core operation

Key indicators of air in-leakage:

Increase of backpressure

o] Other factors such as fouled condenser tubes can contribute to increased backpressure, however, an air in-leakage inspection
should be the first option as it can be performed online and for minimal cost
o] Condensate temperatures decrease because more fans are placed into service in order to maintain the desired back pressure

set point resulting from a loss of cooling surface area
Loss of vacuum in the ACC: cannot pull vacuum as deep
Loss of heat transfer
Increase of Plant heat rate

o] Mare operating fans result in condensate depression
Increase of non-condensable gases

o] Longer than design evacuation time

o] Check datasheet guarantees for hogging duration

Increase of direct measurement of air in-leakage
Increase of chemical parameters, such as:
o] Dissolved oxygen
Cationic conductivity
Carbon dioxide
Iron
Silica
Sodium
o] Total Organic Carbon
Increased chemical dosage
o Oxygen scavenger
o} Amines
o] Phosphates
Increase of corrosion
Decrease of the hotwell temperature
Failed decay test

[N e o B o o'

THIS DOCUMENT IS CONFIDENTIAL AND PRIVILEDGE.
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ACC Performance - Cleaning

Chemistry must to be part of your core operation

Air-Cooled Condenser
FREE OF OIL LEAKS &
PRE-WASHING

Air-Cooled Condenser
INITIAL CONDITION

Detail of fin tube:
Improvement on heat
exchange

Detail of fin tube:
Scaling, dust buildup,
pollen, etc.

Finned tube bundle

Finned tube bundle
{heat exchanger)

(heat exchanger)

Air

Motor &
Gearbox

ail -\
residues

T T =

SECTION

05

Air-Cooled Condenser
WATER WASHING &
WASTE WATER SAMPLING

Detail of fin tube:
Optimum heat exchange

Fin tube bundle
(heat exchanger)

TE=="T

Fan blade
Dirt, dust, oil Reduction of dirt Minimum dirt and
residues and dust buildup dust buildup
T-1 TO T+3

Current Condition Previous Qutage: Pre-washing Water Washing
Qil residuals on surfaces Motor-gear boxes free of oil leakages Motor-gear boxes free of oil leakages
Dust accumulation in fin tubes Fan blades free of oil spills and dust Fan blades free of oil spills and dust
Waste water sample, high in: Pre-wash of fin tubes (reduction of dust buildup) Pre-wash of fin tubes (minimal of dust buildup)
- Total solids & Total suspended solids Waste water sample, moderate in: Waste water sample:
- Qily residues - Total solids - In compliance with local regulations
- Biological Oxygen Demand (BODs), etc. - Biological Oxygen Demand (BOD) - Le. MX-NOM-001-SECRE / MX-NOM-002-SECRE

THIS DOCUMENT IS CONFIDENTIAL AND PRIVILEDGE.
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Chemical Program - Cost Optimization

Chemistry must to be part of your core operation

Cost of Chemicals — Plant B

100%
90%

)

t 80%
a 70%
3 60%
£ 50%
g 40%
<Et 30%
20%

10%

0%

2010 2011 2012 2013 2014 2015 2016 2017
Cost of Chemicals — Plant D

100%

L e et 90%
= B cosT Pl A 8%
§ == CAPACITY FACTOR l,' 70%
_z‘ I' 60%
t X 50%
3 f 40%
5 'I’ I 30%
,I 20%

s h 4 10%

________________________ ! I

2010 2011 2012 2013 2014 2015 2016 2017

S
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Is your
Contractor your
real business
partner?

Do you challenge or
just accept their
recommendations?
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Chemical Program — Summary

Chemistry must to be part of your core operation

S

o Safety

o Environment

o Reliability

o Availability

o Heatrate

o Performance

o Budget

o Plant’s profitability

o Asset value

S a aVI THIS DOCUMENT IS CONFIDENTIAL AND PRIVILEDGE.
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