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Introduction to SKV40/SKV3 power plants
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SKV40 and SKV3 water chemistry

<2 pph Na

L,<0,2 1«S/cm
pH=8,4-9,5
L=0,7-8,6 L
L<0,2 /¢S/cm h pH=8.4-9.0
30-100 O, Bypass heater L=0,7-2,8 uS/em
L,<0,1 .«S/cm
30-100 ppb O,
pH=9,5-10,0
<4 ppm NaOH | Drum boilers
L<10 1«Slem
I I pH=9,2-9,5
| L=4,3-8,6

L,<0,2 uS/cm
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PO,3 contamination after first fire

CACE [uS/cm]
S

0

SKV402 - CACE

The signal from Sat. Steam
and Boiler Water have been switched
by mistake

Measuring range A

adjusted by (]
Vglund

.

1
~ —_— ~—
14-06-17 00:00 14-06-17 12:00 15-06-17 00:00 15-06-17 12:00 16-06-17 00:00 16-06-17 12:00 17-06-17 00:00
——CACE - Boiler Water ——CACE - HP Steam
——CACE - Sat. Steam ——CACE - Feedwater bf. ECO
——CACE - Condensate from SKV3 ——CACE - Condensate from Bypass Heat Exchanger

Commissioning of @rsted 40 MW biomass-fired plants

Comments:

— All condensate from bypass

heat exchanger is sent to the
drain

— Makeup water is supplied from
SKV3
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PO,3 contamination after first fire

Parameter

Sodium (Na*)
Potassium (K*)
Calcium (Ca?")
Magnesium (Mg2*)
Flourid (F)
Chlorid (CI")

Sulfate (SO,%)
Nitrate (NOj)
Phosphate (PO,
Acetate
Formate

Iron (Fe)

Silica (SiO,)

CACE
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)

o/l
Mo/l
g/l
Mg/l
g/l
g/l
Mo/l
Mg/l
g/l
Mg/l
g/l
g/l
Mo/l

Specifik Conductivity S

uS/cm

<2
<2
<5
<5
14
1,3
<5
<5

2
30
25
51

6,39
0,97

Boiler
Water
8,9

<2
46
<5
2,3
1,2
190
<5
24
24
26
110
730
3,73
2,68

Steam

<2
<2
<5

1,4
1,3
<5
<5
180
18
270

6,28
2,02

HP
Steam

<2
<2
<5
<5
11
11
<5
<5

30

1600

43
22
6,51
514

Condensate
from Bypass

Heat Exchanger

15
<5
1,8
<1
<5
<5
310
22
100
620
120
6,98
2,71

Comments:

— High Formate values in the
system — Organics!!

— High PO,* values in the
condensate - Zn4(PO,*),—soap
from manufacturing of the heat
exchanger?

— Zn was measured in the
samples — No Zn present!!

— Could it be NazPO, instead?

— Intensive rinse of the heat
exchanger!
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Rinse and acid clean of bypass heat exchanger

Rinse of heat exchanger with water

Element
Unit

OO0 OB W WDNDNPEPPRE

. Rinse A (10/7 k.
. Rinse B (10/7 kl.
. Rinse A (10/7 kl.
. Rinse B (10/7 kl.
. Rinse A (11/7 kl.
. Rinse B (11/7 K.
. Rinse A (11/7 kl.
. Rinse B (11/7 K.
. Rinse A (11/7 kl.
. Rinse B (11/7 k.
. Rinse A (11/7 kl.
. Rinse B (11/7 kl.

13:20)
13:55)
15:10)
15:30)
07:20)
07:40)
09:35)
09:47)
11:35)
11:45)
13:15)
13:30)

PO,

[no/l]
28

110*
100*
150*
54
640*
200*
250*
150*
200*
100*
140*

Na*
[g/l]
53
67
37
28
103
45
23
23
18
13
21
12

Still a lot of Phosphate in the rinse water after the last
rinse!!!

Acid clean of heat exchanger with 2 % Citric Acid

Parameter
Unit

Acid solution
Acid solution
Acid solution
Acid solution
Acid solution
Acid solution
Acid solution
Rinse water
Rinse water

Date

23-08-2018
23-08-2018
23-08-2018
23-08-2018
23-08-2018
23-08-2018
23-08-2018
23-08-2018
24-08-2018

Time
14:00
14:15
14:45
15:15
15:45
16:15
16:50
19:10
13:35

Na
mg/I
2,0
2,5
2,5
2,5
3,2
3,4
3,6
0,50
0,53

P
mg/I
7,2
9,1
9,6
9,9
14
14
14
1,6
1,6

Zn
mg/I
4,9
5,8
6,0
6,0
59
5,7
4,2
0,55
0,55

A lot of Phosphate and Zink was removed by the acid

clean.

Afterwards, no phosphate was detected in the water

steam circuit.
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SiO, contamination

Feed Water | Boiler Water | HP Steam SKV402 Boiler water

6000 Drain from boiler app.
07-09-2017 120 ug/l 4000 pg/l 40 pgll

70 % at all time
14-09-2017 EEELRTEY 5300 g/l 35 pg/l atsatincl Bt
5000
19-09-2017 [ELTLI] 4900 pg/l 35 pg/l *ve. 0%,
L] ...0. Bypass of condensate
- . "... . filter
- Several SiO, sources investigated - . o .
2 .
- Condensate filter is made of Fiber 5 A
Glass!! o <25 ppb IO, in Feed
L ‘;q.. Water and descending
2000 o
- Bypass of condensate filter showed a e,
clear affect on the SiO,-levels. o«
1000 <7-8 ppb Si0, in
HP steam and descending
0

26-09-201700:00  26-09-2017 12:00 27-09-201700:00  27-09-2017 12:00  28-09-2017 00:00  28-09-2017 12:00  29-09-2017 00:00
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Achieved water/steam quality at SKV40

(27-11-2017.23:35:29) 0.26 jSfem Value axis cursor [1]:0.20 [2): 0.70 [Di

(29-11-2017 02:54:32) 0.28 pSfem s KV401 = CACE @x1 0.02 pS/em (1 days. osws‘o.z)
Comments:

M B CACEFW, Steam =~ 0,3 uS/cm
TN s ]

ry | - DCACEg,, =0,1 uS/cm

12000
100.00

| | - CACEgo < 1 uS/cm

;::‘J:'W

[P
0.00)
0.00
0.00
0.00 T T T T
11:56:03 21:32.03 07.08:03 16:44:03 02:20.0: 11:56:.0
27112017 27112017 28112017 28-11:2017 29-11:2017 291120
CENTRAIINSOI -SKVAN1-01 IA22C000X001 [Cvelic - 00 0003 14 0611
TagName [ Description [ Number [ Server Color | Units Minimum | Maximu... | 10 Address [ Time Ofiset | Source Tag | Source Server | Value atX1 [ Value atX2 |
[ & SKV401-QUA12CQ002XQ01 SUR LEDNINGSEVNE KEDELVAND OB 30 CENTRA.. uS/cm 0.00 1.00 \\skv4Oopc\FSGatewa. 0:00:00.000 073 0.72
SKV40-QUA42CQ002XQ01 SUR LEDNINGSEVNE FGDEVAND 2 CENTRA uS/cm 0.00 100 \\skvd4Oopc\FSGatewa.. 0:00:00.000 025 026
=] SUR LEDNINGSEVNE HOVEDDAMP 23 CENTRA uSjem 0.00 1.00 \\skvdOopc\FSGatewa.. 0:00:00.000 026 028
[ (& SKV40-QUA52CQ002XQ01 SUR LEDNINGSEVNE KONDENSAT 10 CENTRA.. uSjcm 0.00 100 \\skv4Oopc\FSGatewa. 0:00:00.000 033 038
[ (L SKV401-LBA10CF001XQ01 KEDELAFG DAMP FLOW 35 CENTRA kg/s 0.00 6000 \\skv40opc\FSGatewa.. 0:00:00.000 1323 2911
(& SKV40-NDD20FF050XQ02 DAMPFLOW TIL BYPP FJW 15 CENTRA kals 0.00 12000 \\skvd4Oopc\FSGatewa.. 0:00:00.000 3113 70.22
[ (& SKV40-LBA40CF001XQ01 FLOW DAMP TIL TURBINE 39 CENTRA.. kg/s 0,00 100,00 \\skv4Oopc\FSGatewa.. 0:00:00,000 0,00 0,00
[ & SKV40-LCA10CF001XQ01 KOND FRA SKV3 FLOW 18 CENTRA.. ka/s 0.00 10000 \\skv40opc\FSGatewa.. 0:00:00.000 413 415
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Water sample analysis during stable water/steam chemistry

Parameter F
Sample Point, 13/11-2017 pa/l
SKV40, Makeup Water <1
SKV40, Condensate <1
SKV40, Feed Water <1
SKV401, Boiler Water 2

SKV401, Sat. Steam <1
SKV401, HP Steam <1
SKV402, Boiler Water 2

SKV402, Sat. Steam <1
SKV402, HP Steam <1
SKV3 Makeup Water <1

Cl-
o/l

<1
<1
<1
<1
<1l
<1
<1
<1
<1
<1

SO,
o/l

<1
<1
<1
7
<1l
1
4
<1
<1
<1

3
8
8
15
10
16
8
11
17
<3

Acetate Formate

o/l o/l

<3
<3
<3
<3
<3
5
<3

[l SN

NO,

o/l
<1

<1
<1
<1
<1
<1
<1l
<1
<1
<1

PO,

o/l
<1

<1
<1
12
<1
<1
2

1
6
1

Na*
o/l
<1
<1
<1
26
<1l
<1
24
<1
<1
<1

MgZ+
o/l
<1
<1
<1
<1l
<1l
<1
2
<1
<1
<1

Ca2+
o/l
<1
<1
<1
<1l
<1l
<1
<1
<1
<1
<1

NVOC
o/l
83
59
53
46
72
94
48
59
49
50

The main contaminants present under stable water/steam chemistry is organics and organic acids!!!

Source of contamination assumed to be the makeup water
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SKV40 and SKV3 joint operation

(13-11-2017 14:54:47) 0,40 pSfem
(15-11-2017 03:53:05) 0.10 pS/em

SKV402 - Before, during and after j%int operation (Turbine operation)

Value axis cursor [1]: 0,15 [2]: 0.85 [Diff): 0,70
-0.30pS/cm (1 days. 12.58:18)

P ]

N,
o e
\.

J"LlnMnﬂjr'ﬂ""""’lllmﬁnUﬂ..r’[« Rty P AL

™

A R A AP ST i r et \

ol i i
0.00 kel
TV e e iy
o it i L e o »TL‘
0 oo Unmprhdlr] | |
13-11-2017 14-11-2017 14112017
14448 16:3248

<“Beforer«
Tag Name [ Description

[ & SKV402-QUA12CQ002XQ01
[ [ SKV40-QUA42CQ002XQ01
B | QUA22CQ0!

[ [ SKV40-QUA52CQ002XQ01
[ (@ S5KV402-LBA10CF001XQ01
i SKV40-NDD20FF0S0XQ02
[ (@ SKV40-LBA40CF001XQ01
[ (@ SKV40-LCAT0CF001XQ0T

SUR LEDNINGSEVNE KEDELVAND OB
SUR LEDNINGSEVNE F@DEVAND
SUR LEDNINGSEVNE HOVEDDAMP
SUR LEDNINGSEVNE KONDENSAT
KEDELAFG DAMP FLOW

DAMPFLOW TIL BYPP FJVV

FLOW DAMP TIL TURBINE

KOND FRA SKV3 FLOW
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15
28 .
138 CENTR...

1.00
1.00
60.00
120,00
100.00
200.00

\\skv4Oopc\FSGat..

\\skv40ope|FSGat.
\iskv40opciFSGat.

\\skv400pc|FSGat..

\\skv40opc\FSGat.
\\skv4Oopc\FSGat.

\\skv40opc\FSGat..
\\skvdOopc\FSGat..

0.40

[ Valueat. [ Value at. |

0:00:00. 0.10
0:00:00... 0.60 015
0:00:00.. 3362 3237
0:00:00. 78.95 4722
0:00.00.... 0.00 2552
0:00:00. 2388 2903
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TOC contamination

uSiem

 (28-02-2018 08:04:52) 1,37 wSlem

SKV401 - Contamination in the water/steam circuit

Value axis cursor [1}:0.00 [2]:200 [Dif 2.00

0,93 uSiem (1 days, 14:19:45)

Wkﬂf‘m

X

D -
ATl

frmrt Iv'\
B
|

I ” |l.|h.‘|.

LR

T T
27-02-2018 27-02-2018 28-02-2018 01-02-2018 01-03-
02:24:00 18:48:00 11:12:00 03:36:00 20:00
CENTRALINSQL:SKV40-QUAS2CQO02XQ01 [Cyclic - 00 00:05:31.521]
Tag Name [ Descnption [ Number [ server [__Coor [uUnts [ Mini.[ Maim [10Address [ Tme0. | ValieatX1 [ Valiest2 | Source Tag [ Source Server |
[ SKV401-QUA32CQ002XQ01  SUR LEDNINGSEVNE MATTET DAMP OB 28 CENTRALINSGL uS/cm 0.00 200 “iskvélop. 0:000.. 027 1.0z
[ SKV401-QUA12CQ002%Q0T  SUR LEDNINGSEVNE KEDELVAND OB 30 CENTRALINSQL uS/cm 0,00 200 “iskvdlop. 0:000.. 065 113
I SKVAD.QUAZ2CQ0024001  SUR LEDNINGSEVNE FEDEVAND 2 CENTRALINSGL uSem 000 200 Wekvilop.. 0000.. 025 038
(L] SKV401-QUAZ2CR002X%Q01  SUR LEDNINGSEVNE HOVEDDAMP 29 CENTRALINSQL uS/cm 0.00 200 \\skv40op. 0:000.. 034 114
[l SKVAD-QUA52CQD02XQ01  SUR LEDNINGSEVNE KONDENSAT 10 CENTRALINSGL uS/cm 0.00 200 “iskvélop. 0:000.. 044 137
(4] SKV4D1-LBAIOCFDO1XQ01  KEDELAFG DAMP FLOW 35 CENTRALINSQL ka/s 0,00 60,00 N\skvdlop. 0:000.. 3689 4635
[ SKVAD-NDDZOFFOS0XQ02  DAMPFLOW TIL BYPF FIVV 15 centraunsal [ o 000 15000 ‘iskvdlop.. 0:00:0.. 4659 118,15
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TOC contamination

Parameter F- Cl- SO,>~  Acetate Formate  NOj PO,3 Nat Caz NVOC
Sample Point, 28/2-2018 pa/l pa/l pa/l ua/l ua/l ua/l po/l pa/l pa/l po/l
SKV40, Makeup Water <1 <1 <1 <3 8 7 <1 <1 <1 1130
SKV40, Condensate <1 <1 <1 68 7 <1 <1 <1 <1 372
SKV40, Feed Water <1 <1 <1 63 6 <1 <1 <1 <1 371
SKV401, Boiler Water <1 5 16 77 <3 <1 28 <1 <1 216
SKVA401, Sat. Steam <1 <1 <1 62 21 <1 1 <1 <1 367
SKV401, HP Steam <1 <1 <1 70 8 <1 <1 <1 <1 325
SKV402, Boiler Water <1 3 17 76 3 <1 32 <1 <1 217
SKV402, Sat. Steam <1 <1 <1 63 7 <1 2 <1 <1 368
SKV402, HP Steam <1 <1 <1 71 10 <1 <1 <1 <1 327

— Extremely high value of TOC in the Makeup Water
— High values of Acetate in the water steam circuit, and also high TOC values

— Future investigation - Performance of the demin water plant — Does it retain organics???
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Questions??
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