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B, G. Eggerteon, InC.,
27 Wiliiam Street,
New York 5, N. Y

Desr Sirs:

_ e are transmitting herewith an original and two
coples of our report in which is submitted our findings
regarding the causes for the excessive scale deposition
that is oeccurring in the various distribution systems in
Ieceland.

We have reviewed several water analyses and secsale
snalyses with which you provided us ab the time you were in
our office. We also have had the seale sample from fthe
one-half inch pipe and four inch pipe analyzed gravimetrically
and by X-ray as you requested. These dste have been assembled
in the a2eccompanying report and have formed the basis for the
various conclusions which we have reached regarding the causes
of scale deposition.

Due to the lack of complete information it has
been impossible to make firm recommendations regearding the
meriner in which the various water supplies should be treated
in order to ecorrect the existing conditions. Therefore, We
heve proposed that a study be undertaken, by means of pilot
plent equipment, to determine the sealing characteristicse
of the varieous supplies snd the rate at which scale .is
formed in the several systems. In addition, we belleve
tnat close attention should be given to the matter of
corrosion, Apparently this is gquite severe, Judging
by the high iron oxide content of the several samples
of scale and the samples of pips whish we inspected.

As you requssted, we have prepared two reports,
this ons covering the matter of the proposed new heat
exchangers to the Reykjavik Power Plant,the scale forme-
tions from the various waters throughout Ieeland and some
general conclusions regarding the difficulties in the City
of Reykjavik, The gsecond report is concerned primarily
with the problems that have been encountered in the dis-
tribution systems supplying well water to Reykjlavik. As
a result, there is a certain amount of duplication in the
two reports; however, the second report has Dbeen prepared




Sheppard T. Powell

B, G¢. Eggertson, Ince Oetober 17, 1946
. - '

in sueh & manner that i1t may be transmitted to the City it
that is your desire and will cover only the problem en-
countered in the capital.

We ghall be plesased to send you any further
snformation whieh yvou may desire with regard to this
problem,

Veryvtﬁulvfyours,
=70
4 J
CANK="

7

eppard

3TP:k
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| REPORT ON
SOALE DEPOSITION IN WATER DISTRIBUTION SYSTEMS
 FR
STATE ELECTRICITY BOARD
TGELAND

In accordance with your request at the time of our
meeting in my office on August 29th, I am writing you my views
regarding the problems we discussed. As you requested, we have
hed the samples of scale you left® with us enalyzed by chemieal
analysis and by X-ray. Thnere were two samples; one was deposited
in o one—=half inch diameter pipe carrying hot water, the other
was deposited ;n a four-inch diameter pipe carrying both steam
and hot water,

In revieﬁing the prdblem of deposit formation in the
various pipe lines throughout Teeland, we find that it is necessary
to make the following assumptions due to lack of complete informs-
tion at this time: (a) That the analyses with which we have been
prdviéed are typiecal of the conditions existing in the particular
systems from which they were takenj (b) That the scale found in-the
small pipe studied was simllar to that found at Reykjavik; (e) That
ground water contomination of this supply may have occurred and
the latter condition was largely pesponsible for the scale whieh

denosited in the four—inch diameter line, because it upset the
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ionic balance of the water-and caused precipitation of the calelum
carbonate in large amounts. It is indicated, also, that oxygen
nae been entrained or absorbed by the water entering the diétribua
tion systems either at open storage tanks, through air 1ifés or
Prom obther unknown sources. The assembly of additional data will
confirm or modify our findings predicated on the information
suppliéd to us.

CONGLUSIONS

(1) The sample of scale from the one=half inch diamefer
pipe whieh was snalyzed indicates that gevere-corrosion had oceurred

in the system., This probebly waes due to the-presence of oxygen and

\f?s resulting iron oxide may have aided in the deposition of gilica,

(2) The sample of seale from the four-inch diameter pipe
which was analyzed indicates- thet the solubility of calecium carbonate
was exceeded resulting in a heavy carbonate scale formation. We
believe the water which was supposed to have csused the deposit was
not representative of normal conditions fthat exist. Possibly, fthe
guality of the water has heen altered sinee taking the sample or
coﬁtamination from an outside source has occurred to change the
wabter characteristicsa.

(3) The condition which should occur, at the power plant,
from reheating the Reykjavik town supply in heat exchangers may be
less serious than originally anticipated. If the samples given us
were typical, it is indicated that the major detriment %o operation
of the heat exchangers should be corrosion. The use of Admiralty
tubes, naval brass tube sheets and welded stescl shell should

minimize the possibility 9? gerious corrosion., The presencse of
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lapge amounts of iron oxide in the deposit indieates the hest
exchangers could be cleaned with inhibited aeid at off-peak periods
if deposits, resulting Lfrom éorr@sion of the piping system, are
precipitated in the exchangers.

(4) To assure the availability of the heat exchangers
for reheating the town of Reykjavik heating supply, faeilities
and conneetions ghould be provided whiech will permlt ready acid
cleaning of the proposed heat exchangers in the event such
exchangers are installed (Pigures 1 and 3);1 If this plan should
be followed we shall be pleése& to forward information regarding
the eare that should be dbserea in earrying out this opsration.

(5) An slternate plan to the use of the heat exchangers
now preposéa might be adopted if it is found on further investiga-
tion that excessive silica is deposited from the water supply.

In this plan open coil heaters would be substituted for the heat
exchangers. Steam for heating would pass-ﬁhreugh the eolls and

the water would flow on the outside. Thus, eny silics deposit

© would be readily accessible for mechanical removal (Figure 2).

(6) Firm recommendations cannot be made on the in-
complete data in our possession. It is our opinion that a study

program should be'initiated immediately, on & pllot plant sealse,

%o determine the cnaraeteristies of the water supply that is to

be reheated at the power plant., An outline of a program 1is
atiached heveto illustrating the type of data we believe should
be obtained and the'suggestea equipment required to carry out this

program,'



FIGURE- |

SCHEMATIC ARRANGEMENT OF EQUIPMENT USING TWO - PASS
HEAT EXCHANGERS FOR REHEATING WATER SUPPLY TO CITY OF REYKJAVIK
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FIGURE- 3 l
SCHEMATIC ARRANGEMENT OF EQUIPMENT FOR ACGID
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(7) In the ease of the four-inch diameter pipe, in
whieh caleium esrhbonate was precipitated, it is poseible this
céndiﬁion may be corrected by the use of a hot-lime process
softener., Installstion of such a unit would permit preeipitation
of the calcium carbonate in a location where the sludge coulé.be

removed without harm to the system. To reduce the quantity of
chemicals purchased, the softener would be designed to operate
under pressure, Probably, it would be necessary to recover the
calcium carbonate sludge and calcine it in a rotary kiln. This
would convert the preeipitated caleium carbonate to ealecium
oxide which could be slsked and reused., If the treated water
required s reduection in the pH value this could be effected by
recovery and use of the carbon dioxide in the kiln gases. It
would be neecessary 1n_thié latter case, as in the previous ones,
to conduet certain pilot plant studies to determine the exact
method required to treat this water and the extent of treatment
‘necessary to most effegtively condition the supply. This is
ghown on the program outline attached hereto.

(&) ‘Regarding the smoll cities scattered throughout
Iceland, we noté that the water analyses are similar in thelir
chemieal charascteristies, However, the supplies contaln varlable
amounts of hardnesg,.sulfldes and silica. The one analysis of
geale which was made availeble to us indicates that the pre-
dominant constituent in the deposit is silica. However, the
sample eonﬁaine& apprecigble iron oxide and cslcium which may
have aided in the deposition of silica in the piping, It is

necessary to study these supplies more thoroughly before firm
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recommendations can be made. This probsbly should be held in
abeyance until the maejor water supplies have been studied more
earefully beeaase}the-solution of theee problems may be satis-
factory for the smaller supplies with only minor adjustmentsﬁ
DISCUSSION

The deposit found in the small pipe was suspected of
eontaining high concentrations of silica., However, the chemieal
analyeis showed it to be 72-1/2 per cent iron oxide, and only 1k
per cent silieca, the bslance consisting of fraces of variéus
other elements. We believe that this scale was caused primarily
by corrosion of the piping system, resulting from the presence
of oxygen in selution in the water. The condition ean be
corrected by deaerastion of the water to eliminste oxygen and
prevention of resoclution of this gae in the system.

Attached hereto is o photograph (Exhibit A) showing the
gectione of the sample of pipe after being split longitudinally.
One view showe the scale deposit in the pipe and the other is the
same sample after removal of deposit with inhibited acid. It
will be noted that appreciable pitting of The tube surface occurred.
The type of water from whieh this secgle was deposited contained
an appreciable amount of hardness, - 245 ppm, ne sulfides, and 73
ppR of silica. The water was labeled Vatn frd Reykjanesi (harks
13.5°). The X-rey analyses confirm the chemical analyses both
of which are given in Tsble I.

The scale sample from the four-inech line was a whifte,

hard deposit, believed to be silica. The chemiesal analysis, a

copy of which is attached, Teble II, shewéd that the main con-
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stituent in this scale was caleium carbonete. There was a trace

of sulfate and chloride, a smsll amount of mangenese, ironm and

|
|

gluminum but only 0.6l per cent of silica., It is our understanding

thet the scale was deposited from the water sample marked Borhols

2, Reykjakoti. This water eontained relatively little haréhess,

some sulfide and about 135 ppm of silica. The deposit laid down

cotild not have been precipitated by this water aeeorﬁing to the

water anslysis furnished us. We suspeet thie ssmple is not repre-

sentative of the supply actually in use, and it is indlicated that i

conbamination may have occurred from other sourcées. ‘
We are attaching to this letter Tables I and II showing |

the analyses of the-écale'and the watere which we understend caused

the deposition of these two scales. The anelysis of the water 1

which preeipitated the scale-in the one-helf lneh diesmeter piping

wes used to caleulate the Langelier Scaling Index, and it was found

that this water had the highest index of .any of those which we

studied. A high index generally indicstes rapid precipitation of

scale forming solids., The index adjusted for temperature effects

veried from 1.8 to 2.8 at temperatures of 190, 167, 104 and 207°

Fahrenheit. These represent the temperature of the watér that

might be expected at the well, at the point of delivery of the

s&pply to the distribution system and the water as wasted. The

temperature of 204° is that predicted if well water were reheated

in the heat exchangers at the power plant.

v We would have expected this water to lay down a heavy

ealelum carbonate scale judging by: the scale index., However, the

scsle analyses indicated that only a Trace of ecalecivm was present,.



TABLE I
ICELAND - ETATE ELECTRICITY BOARD

JALYSES OF SCALE SAMPLE REMOVED FROM 1/2% DIAMETER PIPE AND THE

WATER WHICH CAUSED THIS DEPOSIT

' Seale

Constituents As Water Constituents As
Sample No, g Sample No, 9
|
Caleium Ca 98,00 Siliea 810, - 14,20
Magnesium Mg = Iron oxide Fegg7 . 72.5L
Sodium & Potassium Wa 217.00 Aluminum oxide A1502 . 0.20
Chloride Cc1. 400,C0 Caleium oxide Ca 5 tr,
Sulphate S0y 5. 00 Magnesium oxide Vg0 0.16
Nitrate KO + Copper Cu 0.00
Sulfide 52 - Chloride 61 . %,
Biearbonate HG®3 8,30 Sulfur tri-oxide SQ; . A
Carbonate CO5 60.30 Carbonate g Lt
Hyfroxide OH ) Loss on ignition 3 \ &,68
Silieca 8105 7%.00 Manganese Mn 0.08
Aluminum Al + Loss at 100°C o 5080
Iron ' ‘Fe 3,00
Ammonia : NHz 8T Spectroscopie ;
Analysis: Fe high
Sum _904.60 81 .5-5.0
¥n e1=1.0
As Caleium Carbonate Cu,Ca «0l=.1
" Vg 0« 001=.01
Caleium Hardness 245,00 i
Magnesium Hardness - X-rsy Analysis: ‘
Totel Hardness 25,00 Iron Oxide Fe=0, ’ g0%
Sodium & Potassium - _L71.50 Cronstedtite 2 %eg.Fegﬁg. 1 :
]
Total Cations _716.50 B10-2Rath 2O%
Total Residue 840,00
pHE 9.2
Corrected Saturaticn Index
190°F 1.42
167°F 2.05
10U4°F 2.83
207°F 1.80

() Vatn fré Reykjanesi (Harkv 13.50°)
Kote: Similar to City water - actual water that deposited scals.




ANALYSES OF SCALE SAMPLE REMOVED FROM L" DIAMETER PIPE AND

TABLE II

ICELAND - STATE ELECTRICITY BOARD

WATER WHICH CAUSED THIS DEPOSIT

THE

Seale |

(10) Borhola II Reykjaketl - Efnagrelning & hveravatni

Constituents As Water Constituents s
Sample No., 10 Sample No. 11
Caleium ' Ce 7.00 Silica 8105 0.64
Magnesium T Mg tr. Iron Oxide FeggB 0.58
Sodium & Potassium Na 162.00 Aluminum oxide Al O3 tr.
Chloride - Cl- 68.00 Calcium oxide ' Cab 5l 86
Sulphate S0y 27.00 Magnesium oxide Mg0 tr.
Hitrate NO4 + Chloride cl tr.
Sulfide S 13,40 Sulfur tri-oxide 50+ tr.
Bicarbonate HG’O3 + Carbonate cozZ 60,00
Carbonate 00, 43,40 Lose on ignition 2 0.60
Hydroxide OH~ Manganese 0.21
Bilica 8102 135.00 -
Aluminum Al + Loss at 100°C 0.06
Iron ' ~ Fe 2.00
Ammonis EH3 * Spectroscopie
i Analysis: Ca high
Sum m ¥n ® 5"_/ ¢ O
Mg o1-1.0
As Calcium Carbonate Si .05=-.5
. AlgFes SI’ ael—o 1
Calcium Hardness 17.50 Ba, Cu .001-.01
Magnesium Hardness -
: X=ray
Total Hardness 17.50 Anglysis:
Sodium & Potassium 220,70 Caleium Carbonate CaCo 90%
Magnesium Silicate Mg33§207.
Total Cations 238,20 2 Hs0 10%
Total Residue L5, 00
pH 9.
Corrected Saturation Index .
190°F 0.62
167°F 0.68 |
10"1"@51 09 72 |
207°F 0.61 |
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The apparent reason for fsilure of this water to deposit calclium
seale seems to be that seome inhibiting substance, possibly silica,
retarded the sealing which would occur normally,

Calculatione were made from the analysis of the water which
deposited the calcium carbonate scsle in the four=iﬁah diameter pipe
to determine its secsling characteristics. Thils water showed a
normal index compared with the vslues obtained for the ofther waters
and would have been expected to vrecipitate only a small amount of
caleium carbonste., However, the analysees showed the deposit To
consist of almest 100 per eént,calcium carbonate. It is obvious
that the latter type of deposits could not have accumulsted from
the water represented by the analysis given to‘us¢

We recaleulated the several analyses of the varioue waters
which were given us. These have been placed on an ionic basis in
erdér to determine if the snions and cations balsnced. The group
of water anéd scale anslyses shown on Table III are those you in-
formed us were representative of the water supplies in seversl small
Cities in Iceland. The‘analysés were labeled Spytir, Reykjakoti, and
Svampur., The analysis of tneae waters showed they contained only o
small smount of caleium hardnese (10 ppm and 17 ppm), appreciable
quantities of sufide (84 prm and 8 ppm), and a large amount of
silics (310 ppm end 272 ppm). We also have caloulated the Langelier
Index which is indiestive of the scale that will be precipitated
from waters. This was done at the same temperatures as those in
the anslyses discussed elsewhere, namely, 190, 167, 104 and 207°
Fahrenhelt, The indiees calculated from these data show Thalt The

waters should be nearly stable in so far as ealelum carbonate 1s



ICELAND - STATE ELECTRICITY BOARD

ANALYSES OF WATER AND SCALE SAMPLES REPRESENTATIVE

Constituents

OF THE CONDITIONS EXISTING IN THE SMALL CITIES

As Water Water Constituents As Scale Sample No. 3 Scale Sample No.3
Sample No. 1 Sample No.' 2 Quantitative. . Qualitative
Analyses Speectroseopie
Analyses
Calcium Ca 4,00 7.00 Water H50 7.70
Magnesium Mg . + Magnesium - Mgo 0,82
Sodium & Potassium Na 762,00 21,00 Calecium Oxide CaQ 5 .60
Chloride g1l 5&,10 170.00 Iron Oxide Fes03 12,80
Sulphate 50y 64,00 70.00 Silica 810, 62,00
Nitrate 0 + * Loss at red heat 10. 42
Sulfide 8 26,80 27.50 S
Biearbonate HCOB e k> Total 99,34
Carbonate go 75.00 &7.00 L
Hydroxide ou’ - . Net Loss 0.66
Silica 8102 310,00 272.00 ‘
Aluminum Al + %
Iron Fe tr. 2.00 Sodium Na
Free C0s + + Potassium K
\mmonia HE% tr. tr. Caleium Ca
‘ Magnesium Mg
Sum 7032.90 g76.50 Silicon 81
T ] BOI‘OD B
Iron Fe
As Caleium Carbonate ) Chromium Cr
o Lead Pb
Calecium Hardness 10,00 17.50 Nickel Ni
Magnesium Hardness tr. tr. Manganese Mn
' Tin Sn
Total Hardhess 10,00 17.50 Bismuth Bi
S A S W Cobolt Co
DH 9.}% 9.3 Titanium Ti
Corrected Sgturation Index - . ) }
190°F 0.69 0.96 |
167°F 0.73 0.97 |
10l4°F 0.73 0,94
207°F 0.69 0.95 |

(1) (Spytir) (Tekio ur hvernum sjelfum) - Efnagreining & hveravetnl., Vatn fré Gufudal. Haverageroi.

o) (Svempur)- Efnagreining & hveravatni - Vatn fré Gufudal, Hverageroi.
3) Utfelling i rori fr& Gufudal - ReykjJakoti
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congerned., There will be a general tendeney, however, to preeipi-
tate more seale with a marked decrease in temperabure.

Ineluded with the information you gave us was an analyeis
of ecale presumably caused by one of these supplies, In this
enalysis the silica amounted to 62 per cent, the iorn oxide to
1% per eent and the calelum oxide was apﬁr@ximately 6 per cent.
Qualitative, spectroscoplec anslyses you had made confirmed these
results, In the latter case the iron oxide and ecalcium deposited
may have caused the silica to be preecipitated due to adsorption or
occlusion by the precipitated galclum.

| The analyses labeled as typical of the various waters
scattered throughout Iceland are shown on Table IV. They appear
to be similar to the previeous supplles discussed in that the
wabers are relatively soft and contain variable amounts of silicsa,
the limits ranging from 75 to 452 ppm. Sulfides were present in
two of the supplies but were not reported in the other twe. The
samples in question were labeled Berhola I ReykjJakotl, Borhola I
Norourreykjun, Vatn fréd, Kristnesi snd Vatn fra' Laungalsandi, There
were no scale analyées which had been caused by theses wabers,
However, as with the.pfevious supplies, we calculated the Langelier
Index for each at various temperatures. The analysis of fthe
Norourreykjun hss the lowest index of any of the waters studied.
It is indicated from this that eslecium seale would not be precipltated
in the lines ecarrying this water but corrosion might cccur. All
of these supplies, as in the case of the first two discussed, appear
to be Very nearly in eguilibrium but se adjusted that they would

deposit mere ealeclum scale at a lower Temperature when the water




TABLE IV

ICELAND - STATE ELECTRICITY BOARD
ANALYSES OF TYPICAL WATER SAMPLES

Constituents As  lWatser ' Water flater ) . Water
‘ Sample Ko, 4 Sample No. 5 Samole No. 6 __Sample No. 7
Caleium Ca 5.00 4.00 9.00 | . 8.00
lMagnesium Hg tr. 2.00 .00 | 2.00
Sodium & Potassium & 246,00 60.00 4,00 ! 6%, 20
Chloride gl 207.00 18,20 16.00 \ 23,60
Sulphate 80y, 53,00 33.00 18,00 34,00
Nitrate - N0, + 4= + o
Sulfide g 7 22,70 2.30 + +
Bicarbonate HGDB + + + +
Carbonate GOz 78,00 U6, 00 35 .00 58,20
Hydroxide OH : ' |
Silica 281Cs 52,00 g2.00 7500 | 110.00
Aluminum Al tr. + + | +
Iron Fe 1.00 tr. 2,00 1.60
Free C0s tr. + - -
Ammonia NHy + - tr, tr.
Sum 106L4.70 _2hg,50 232,00 300,60
Ag Calcium Carbonate
ik
Calcium Hardness 12.50 10.00 22.50 20.00
Magnesium Br, 8.20 12,3 8.25
Total Hardnesg 12,50 18,20 34,40 28. 25
Sodium & Potassium h35,50 130,00 590 137.55
Total Cations Lg,00 148,20 130,70 165.80
Chloride 292,00 26.60 22,50 33.20
Sulphate 55.10 34.50 50,00 35.40
Nitrate + + + tr.
Sulfide 1.00 10.30 + +
Mineral Acid Ions 418,10 71.40 72.50 68.60
Bicarbonate =1 = = | -
Carbonate 130.00 76,80 58,20 | 97.20
Hydroxide = - =2 ; RS-
Total Anions _548.10 _148,20 130,70 . _165.80
|
Total Residue 1106,.00 200,00 250,00 | 275,00
pH 9.48 9.32 9.5 9.4
Corrected Saturation Index ; _
190°F 0.%8 0.36 0.70 0.74
167°F 0.90 0.39 0.76 0.94
10l°F 0.92 0.U43 0.96 0.96

éh) Borhola I Reykjakotl - Efnagreining & hveravatni

5) Borhola I Norourreykjum - Efnagreining & hveravatni. Vatn ur MHosfellsdal
(6) Vatn fraé Krlstnesi : : '

(7) Vatn fria Laugalandi
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cooled.

| The snalyses from the Reykjavik heating plant system are
shown in Table V. These were recaleulated and found to contain a

L small amount of hardness, moderate amounts of silica compared to
the other waters and relatively small amounts of sulfide. An
analysis of the scale showed it to consist of 66 per cent iron
oxide, 13 per cent silica and a small smount of magnesium. These
two water samples when checked to determine the Langeller Index
were found to have a normal index for these waters.'

The seale which was deposited by this water was examined

speetroscopically and theresults confirmed ﬁhé enalytieal determina-
tion. Apparently in this instance, corrosion was an important

factor in the formation of deposits.




TABILE V
ICELAND - STATE ELECTRICITY BOARD
ANALYSES OF SCALE AND WATER FLOWING THROUGH THE REYKJAVIK
DISTRIBUTION SYSTEM

As Seale Sample No. 14 | Scale Sample No.ll

Constituents As Water Water Constituents
Sample No. 12 Sample No. 13 Quantitative 'Qualitative
Analyses Spectroscopie
Analyses
Calcium Ca 8.00 9.40 Silica 810 13.03
Magnesium Mg - - Iron Oxide FeoB 65.78
Sodium & Potassium Na 46. 80 43,20 Magnesium Oxide Mga 3 3,65
Chloride cl 24, 30 25.20 Potassium K20 2. 80
Sulphate sou Water Hs0 360 |
Nitrate NO + + Loss at red heat 6.70
Sulfide g J 1.1 158 Total ' 98,25
Bicarbonate HCOB = - Residue 1.75
Carbonate CO3 49,20 U6.20
Hydroxide OH = oy Iron Fe
Silica 510, gk, 00 82.00 Silicon 81
Manganese Mn ., tr. Potassium K
Ammonia NH3 tr. tr. Magnesium Mg
Iron Fe tr. 0.06 Manganese Mn
, Tungstun W
Sum 213.71 207,38 Bismuth Bi
e ST Cadmium cd
arbonat Boron B
As Calcium Carbo & =iy O (Ca)
Calcium Hardness 20.00 23.50 Cobalt & Wickel (Co) (N1)
Magnesium - = Aluminum (A1)
Zirconium Zr
Totel Hardness 20.00 23.50
Sodium & Potassium _101.50 _93.85
Total Catione _121,50 117,
Total Residue 236.00 250,00
Color 10.00 10.00
pH 9.3 9.2
Organic Substance 1.30 1.h0
Correected Saturation Index
190°F 0.70 0.66
167°F 0.74 0.71
104°F 0.76 0.69
207°F 0.70 0.66

12) (13) - Two samples of water from Reykjavik heating plant. Boringe Nos. 7 and 17.
14) - Utfelling 1 vori frd' Hitaveltv Reykjavikor

!
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PROGRAM FOR INVESTIGATION OF WATER CONDITIONS
CAUSING EXCESSIVE SCALE PRECIPITATION
IN PIPE LINE DISTRIBUTION SYSTEMS

(1) Anslytical dats should be obtalned %o ghow the
dissolved constltuents contained in this water. Suffiecient
gamples should be collected so any variations in quality can
be evaluated.

(2) Dissolved oxygen should be determined at frequent
Yntervals. It is desireble to defermine if oxygen is present in
the existing system and, if so, in what guantities. It also is
smportant to find if it is present in larger quantities at one
time than at another and wheﬁher it fluctuates in different
gsections of the Gity. Attached herewith 1s a procedure for
making eﬁygen determinations. This ma& have to be modified if
it is found that}éulfides, ivon or other interfering substances
are present in appreciable guantities in the water, It is
suggested that reference be made to the Americen Public Health
Association standard methods of water anslysis and that the
analyst be guided by the information contained here;n.

(3) It is suggested that a scale testing apoaratus
gimiler to that shown on the attached prints, A-261, A-266 or
Ap-171, should bé constructed., The cross-section through which
the water flows should be 80 adjusted as to approximate the

veloeity which will normally exist in the tubes of fthe proposed
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new heat exchangers, It probgbly would be desirable to construct
one of these units of stesl and one of the same material from which
the heat exchanger tubes are to be fabricated. It also would be
advisable to install equipment for running the modified Marble
Test, whieh is a?tached, to aseertain thg scale forming quslities
of this water. Sufficient data should also be collected so that
calculatione can be made to determine the Langelier Sealing Index.
Control of thepH éf this water could be guided by the results
obtained from the ealculated index and the Marble Test Index in
order to determine if control of the seale forming properties of
this ﬁater are feasible by eiﬁple pH adjustment rather than a
complete treating plant.

(4) If it is found that oxygen is contained in the
water supply steps should be taken to effect its removal prior fo
discharging the water through the secale testing spparatus. In
this way the corrosive action of the water may be studied both
before and after deaeration. Thus, 1% can be determined if oxygen
is the main factor responsible for the inerustation in the lines
at the present time or if silica will continue to deposit regardless
of the other conditions existing. In addition, should ealéinm
carbonate seale be deposited, it would be possible to adjust the

_pH and thereby control the latter condition. BSueh data would
show if the proposed heat exchangers will be satisfactory or if
it is a&visablerto consider the installation of open atmospherie
heaters, colil Type, uslng'steam in the tubes and water outside,

a type of construction which would permit ready cleaning.’
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MDDIFIED'EABBLE TEST FOR SATURATION INDEX DETERMINATION

When inhibitors are present in the water the Calculated
Langelier Index indicates & higher sealing value than is actually
the case, For cases sﬁch as this it is advisable %o use the marble
test method to détermine the Saturation Index, The following method
can be used to determine the Saturation Index diveetly, with the only
test required being pHe.

The theory of the method is that if a water that 1s not in
equilibrium is brought in contaetb wiﬁh ecalcium carbonate the water
will attaln equilibrium, If it is under-saturated with respect to
calcium carbonate, which is the same as having o negative saturation
index, the water will dissolve sufficient ealeiﬁm to saturate the
solution, making the saturation index gzevo., If the water is super-
saturated, which 1s the same as a positive saturatlon index, the
excess calcium carbonate will precipitate, causing the saturation
index to be zero,

The methoilis as followss

1. Determine the pH of the sample as collected at room temperalbure.

| This is the actual pH (pHg) e

o, Place 200 ml, of the sample in a 500 ml, Erlenmeyer flask and
23d sufflcient powdered calcium carbonate to saburate the
somple (ebout a teaspoonful), Shake theﬁflask with a swirling
motion to mix the caleium carbonate and water ot frequent in-

tervals for five minutes,
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3, Using a medium filter paper, filter about 20 cc, of the water
in the flask to waste; then, using the seme filter paper, filfer
enough of the sample for a pH determination, This pH will be
the saturation pH (pHS) at room temperature,

i, Determine the saturation index at room temperature using the

formulas
8,I, = pH, - DHy
EXAWMPLE:

The water used for cooling heat exchangers is regulated to con-
trol scale depositlon, The Temperature in te the equipment is 70§
F, and the outlet btemperature is 120°F, What is the saturation in-
dex at TO°F, and 120°F.? |

Using the method just described, the following results are ob-
tained at g room temperature of 80??;3 ‘

- pH actual at 80°F, (pHa) = 8,0

pil of saturation (pHg) = 7.8

Saturstion Index = ‘;2@
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INSTRUCTIONS FOR MAKING THE TEST FOR OXYGEN IN FEEDWATER

The Winkler test, described below, is the recognized
standaré procedure for éetermining'dissolveé oxygea'in water.
Boiler feedwater should be so trested that the dissolved oxygen
is completely removed, and when this test is made no more then &
trace of oxygen ghould ever ben found in the water, The accurate
determination of disselved oxygen in amounts between O and 0.1 cee
per liter is a delicate procedure vwhieh reguires extreme eare,

GOLLECTION OF SAMPLE

The feedwater should be passed through a cooling ecoil
such a6 is shown in Figure 0-1 , which will eool it to 7O®F., if
pogsible, If 1t’eanﬁqt be cooled down to this temperaturé beeéase
the cooling water is at a high temperature, it will be necessary,
at a later step in the analysis, to lmmerse the gampling flask in
jee water, All valves in the sampling line and eoil ahead of the
outlet valve on the coil gshould be wide open and the flow should '
be throttled by the outlet valve so that a minimum time of thirty
seconds is required for £illing the sample flask (Figure 0=2 ),

Attach the rubber inlet tube (No, 3) of the sampling
flask to the outlet nipple in the bottom of the cooling eoil, ueing
an extra length of rubber tubing and a glass connector, Remove the
pineh clemps from all three tubes of the sampling flask and, with
the stopper removed, flood the flagk in order to remove bubbles of
air, Insert the stopper in such e manner that no bubbles are

trapped on its lower side, Even minute visible air bubbles will

influence the results and the sampling must be begun over if ﬁhéy
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are discovered at any time, Fermit the water to overflow through
the rubber tubes Nos. 1 and 2 for not less then Tive minutes, then |
disconnect the flask from ‘the gempling cock of The cooling coll and

place one of the pinch clamps on tube No. 3o

ADDING THE REAGENTS

The flagk should now be full of ﬁater@ which should also
extend up to the top of the three rubber tubes on the stopper,
Fi1l g 2 ml. pipette with mangsanous chloride solubion and insert

| the tip into rubber tube No. 1, meklng sure that there are no air
pubblee in the top of the plpette or in the rubber tube, Allow 2
ml, of the solution to flow through the tbe into the flask, When
this is done it will displace water Ifrom the flask out through wbe
No. 2.

Diseconnect the flask from the pipette and insert the tip
of o second 2 ml, pipette econtaining sodium hydroxide-potassium
jodide solution into tube No. 2. Never add Solution No., 1 and
Solution No. 2 through the same tube, or with the same pipette. Add
o mil, of the solution, whieh will displace water through tube Wo. 1.

Now place pinch clamps on all of the tubes below the
water 1evel; so that no air bubbles are cauvght belew the clsmpSe
Rinse off the tubes and the stopper and invert the flaske several
timee to mix thoroughly. Set the f1aek aside until the precipitate
setiles out, which will require 3 to U minutes,'

Remeove the élamps £pom tubes Noo. 2 and 3 and add 2 mle
of sulphuric acid solution through tube No, 3. Replace the clamps,
being ecareful not To retain air bubbles, and invert to mix thoroughly.

The precipitate will be dissolved by the acid. When the eontents of
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the flask are clear the sample is fixed end there is no further
dangér of eontemination by exposure to alr., However, the sample
must be cooled to 70° F., or lower, before completing the teSt.'v
Insert a therometer in the £lask and, if necessary, immerse it
in ice water to cool it, This is important, since the test is
not acscurate at temperaturés above 70° F, |

TITRAVING THE SAMPLE

Use the excess of treated sample above The 500 ml, cali-
bration on the flask to rinse out at 750 ml. porecelain casserole.
Then transfér the remaining 500 ml, sample to the casserole, and
‘2dd 3 ml,' of stareh solution. Titrate with /40 sodium thiosulphate
soclution until the disappearance of the blue'éoler. Each ml, of
N/40 thiosulphate required for this change 1is equivalent to 0.28
ml, per liter of dissolved oxygen in the sample.’

EXAMPLE | |
Suppose that a 500 ml, sample of feedwater required
0.l ml. of N/4O thiocsulphate to discharge the blue
color. Then O.t x 0.28 = 0,11 ml. per lifter of dis-
solved oxygen present in the samples’

NOTES CONCERNING THIS TEST

(1) Wnen the manganous chloride and alkaline potagsium
j0dide are added a white preeipitate will be noticed, which is
manganous hydroxide.

(2) If oxygen is present a brewn-colored precipitate will
appear in a quantity depending on the amount of oxygen present,

(3) The addition of sulphuric aecid dissolves The brown

precipitate and sete free an amount of lodine eguivalent to the

guantity of oxygen in the.sample.’
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(4) The solution at this time will be yellow in color,
the depth of the color depending upon the amount of oxygen present,

(5) 1If oxygen is pregentﬂéﬁﬁzstareh ig a2dded tothe solu-
tion at this stage, the color Will change to blue, the intensity of
which depends on the amount of oxygen presente
TOLERANCE

With care, this method will give reproducible results for
cuantities of oxygenm as emall se 0.0l ml., per lifter. v

PRECAUTIONS TO BE OBSERVED IN MAKING THIS TEST

The determination of dissolved oxygen in amounte less than
0.05 ml, per liter is an extremely delicate one and the ascouracy of
the vesults will depend largely on the accuracy of the technnigue of
the analyst. The following precautions should be teken in order to
sssure accurate results: v |

(1) The temperature of the gample ae collected should be
76° F, or less.

(2) Only chemlcels which are free from oxidizing impur-
ities should be used.

(3) water for making %est solutions should be free from
nitrlﬁes, sulphites, orgaenic matter, and ferrous or ferric iron.

(4) The semple should be drawn threugh copper tubing and
all joints should be braced wherever possible.’

(5) Sampling cocks and unions should be made tight by
ghellacking,

(6) New 1lines should be flushed out for four hours
before using.

(7) Red lead used for meking joints will introduce a

large error, Lines containing sueh jointe should be flushed out
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one or more days before a sample ig drawn for the test.
(8) New rubber tubing Bhould not be used, since appre-
ciable errors are introduced by disselved suiphur;

TESTS FOR INTHRFERENCE IN DISSOLVED OXYGEN DETERMINATION

Colleect another H0O0 ml., sample of the water to be tested
without observing fthe precautions described asbove, Add the oxygen
reagents in following order: salkaline potassium iodide, sﬁlpharie
aecld, manganous chloride. Mix after each addition, being careful
that the alkaline solution is thoreughly neutralized with acid
before adding the manganous solution. Transfer to a casserole,
add starch and stir. If the sample turns blue; oxidizing substances
are present, whieh will give high oxygen resulte. This mey be
nitrites, iren, lead oxide or other eontaminaﬁts. Unless its source
esn be found and eliminated, titrate with thiosulphate to determine

.- the exact smount required to destrey the blue color; and use this
ag a correction to be deducted when determining dissolved oxygen,

If no blue color develops, in&ieating the gbsence of
positive 1nterferencé, adld one drop of iedine solution (approximately
N/40). If 2 blue color does not develop, negative interference is
present and the results for oxygen will be low. The necessary
correction can be estimated by continuing te add iodine from a bur-
ette until a blue color develops and then titrating with thiesul-
phate an equal amount of iocdine solution, added to distilled water.

REAGENTS REQUIRED:

(1) Menganous chloride solution. Dissolve 425.5 grams
of erystalline menganous chloride, MnClpy.UH,0, in

one liter of distliled water,




Sheppard T Powell

(2)

(3)

(4)

(5)

Alksline Potassium Iodide. Dissolve 700 grams
of c.p. potassium hydroxide, and. 150 grams of
c.p. potassium iodide, in separate portions of

distillgd water,

Sulphurie Aecid, 1:1. Mix e.,p. conecentrated sulphuric

geid (ep. gr. l.84) with an equal volume of dis-
tilled water, pouring the acid into the water in
g smell stream and stirring constanily.

gtaren Indleator Solution. Dissolve 5 grams of
arrowroot starch in 50 ml. of distilled water to
make & thin paste and then pour into 200 ml, of
boiling water and continue beiling for 4 or 5
minutes. When cold add a few drops of chloroform
end transfer to a dark glass—-stoppered bottle.
Starch solution does not keep well and should Dbe
made fresh every week,

Stondard N/40 Sodium Thiosulphete Solutlon. This
sclutioniis not permesnent, snd must be replaced
every two weeks, or callbrated weekly by titraiing
an N/u0 standard solution of potassium dichromate,
potassium permanganate or standard lodide iodate
solution used for the sulphite test. To prepare
the thiosulphate solution, dissolve 6,205 grams of
chemically pure reoryetallized sodium thiosulphate
in weter and dilute to one liter. The water used

must be distilled and freshly beiled and cooled.
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