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meet arise, in part, troubles experienced tle Plant., 

ess, a bal8.nced treatm.ent system mn t ve certain 
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on in 

( 2) Prot ctian t carras of e z 

he rS J condensers, i np' - c~ 
c .. Achieved 

1yv the enRnce of a sati factory the 

of disBol to ins .fic values, by the 

r or reduct of a, carbon diox and other 

corros 

(3) Control of c9rry-over~ eved reduction 

and control of total solids and alkal ty·, to k8ep all-

to a 

(4) Prot ction B.ins tembri ttl .. Promoted 

b~" the rna enance of the sulfate to carbonate ratio as 

recommended introduction in-

hibi reductlon 8i11c80 

( 5) cost in t l~l.tion and eration", 

s incln(lBs cost of chemi s, co of labor, ace re-

quirements and cost of equipment and its latione 

One s s errors s committ~d 

in such an investigat is undue is placed upon 

one of the r rAmFlnts Ii ted above to the complete and 

unjustifiable exclusion of thf: other factors. rJ:1he ete 

con3ider8t~on of these fnctors alone does not exclude other 

'00.8 S Ities, bo tangsible and an!~ e .. Attention at 

also be ven to convenience, fl llit-v, space 

reli j 

8t invest ons on a able treat .... 

ment s~vst for V oP @ I .... PO\JH:~r Plant have urGE::d adop-

t of some of liJ.'l'J.e- tre ..j.. tern • tJ 

and Cantiere (1) . conducted 
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an investigation of this nature with provisions for the use of 

sodium aluminate as supplementary treatment" They recommended 

replacement vdth a hot-lime-soda system estimated that an 

annual direct saving of $872.00 would result. ~ t . (6). '1 1 
~ps eln Slrn:L ar y 

recornIaended its adoption. 

From these recorrunendations it appears that the adoption 

of lime-soda system was unanimous, perhaps a result the 

knowledge that the Blacksburg waters are predorninant in carbonate 

hardness and that the cheapest of all water-softening agents is 

lime. However, it is attempted to show that the better water 

conditioning system for the V. P. I. Power Plant is a combination 

Carbonaceous Zeolite treatment, using a Zeo-Karb Na and Zeo-Karb 

H cycle. It may be mentioned that preliminary investigations for 

the installation of a treatment system for the V. P. I. Power 

Plant are already unde~vay. 
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II Il\i"'VESTIGATION 

A. Method of Investigation 

The method of investigation resolves itself into pre

senting the objections to the present system and the difficulties 

encountered past and present plant operation, investigation of 

treatment systems that meet all the requirement s in an adequate 

treatment of the plant water and the selection of the appropriate 

system, indicating its performance and adequacy. 

B. Presentation of the Power Plant Water rJ.lI'eatment Problems 

A rather thorough investigation and analysis of the pro

gress of the incoming raw water throughout the plant was made with 

the view tow'ard showing factually the condition of the water at 

various points in its flow through the plant. From these and the 

past experiences of the plant some definite conclusions were drawn. 

In the first few pages of the Appendix are shown the results of 

these tests. They include an analysis of raw water from both the 

college spring and well by the Perrnutit Company, the same analysis 

made some time later by the author, the effluent from the Zeolite 

softners, blow-do"wn tests, recirculating condenser water tests, 

gravity return tests (from low pressure heating), oxygen determina

tions on the open-heater, and hot-well tests. 

Raw Water Tests 

Reference to the raw water analysis reveals some interest

ing facts. Both waters have considerable hardness, the well water 

having considerably more as expected. There no phenolphthalein 

alkalinity or causticity, indicating the presence only the bi

carbonates. In both waters the total hardness exceeds the methyl 

orange alkalinity, indicating the presenc~ of non-carbonate hardness. 
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ImI~rtant to note, too, is the fact that the carbonate hardness 

averages over 90% of the total hardness. From a few tests run 

over a period of time was found that the' total hardness in both 

waters varied slightly. It is seen that the silica content of the 

well-water runs high, a possible indication of silica scale troubles 

in the boiler should the need arise to mix the two waters, or the 

extreme, use the well-water as the raw influent. Perhaps the out .... 

standing fact of both these waters is that the total solids consist 

predominantly of the bicarbonates and any system providing for its 

complete removal will reduce the total solids remarkably. It is 

small wonder that the many proposals for the adoption of the lime

soda system were made since the treatment of this high carbonate 

water vl/ill practically suffice vrith lime alone which a very 

cheap softening chemical. 

Sodiurn Zeolite Effluent 

This analysis shovJS the performance of the unit(> The data 

given is an extract from a number of tests. It is seen that the 

scale-forming hardness. is removed completely, the o. Alkalinity 

is not changed, the total solids are increased (spring raw water 

was being used at the tim.e of the tests) and siliceous Zeolite bed 

has increased the silica contento Though the errors of 

these gravimetric determinations may not justify this large silica 

increase, does indicate absorption of silica in the water. 

'The Blow-down tests are revealing'S These tests were con

ducted on steam generator No.5. Contrary to the expectation of 

excessive blow-down, it apparently not averaged much above 5% 
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of the make-up. During these tests the total solids the salines 

rarely exceeded 1000 ppm though the lilniting foaming concentration 

is approxi..mately 450S1~~)m for normal operation. The high Phenol a1-

kalinity shows an 8556 brea..lc-down of the carbonates in the boiler. 
(15) 

One recent investigator had difficulty in making a blow-down material 

balance over the unit" Reference to the il,.ppendix, ShOV'1'5 the results 

of a series of tests run on the boiler Selecting BO ppm 

as representative and with the total solids in the boiler salines as 

500 ppm at the time of these tests, he concluded that the blow-down 

was 80/500 or 16% and therefore excessive, but was certain by actual 

measurements that , did not amount to that 0 Tlt;ro fact s were over-

looked. Reference has already been made to the high bicarbonate con-

tent of the raw waterso Of total solids as measured the customary 

method more than 80% consist of the bicarbonates of which in turn 85% 

break d01t\1l1 to sodium hydroxide in the boilers.. Thus, to take the feed-

water total solids in UL'-" ...... HAJ. the number of concentrations that have 

occurred in the boilers obviously in error. has been mentioned 

that a large portion of this does not concentrate but passes off as 

C02, with t;he generated ~team, a fact which will be seen to be the 

cause of serious corrosion in the heating system, the well-known 

fired water". lLf1 attempt will be made to show the actual number of 

concentrations in the boiler.. Taking the average feed-water solids 

as 80 ppm and assuming SO% of this consists of the carbonates and bi-

carbonates, the portion of the carbonates vvhich reach the boiler salines 

as NaOH is deterrrdned from the following reaction in the boiler: 
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NaHC03 :I NaoH *' CO2 

84 40 

As stated before about 10% to 15% of the carbonr.ites remain uncon-

verted in the boilers to the corresponding hydroxides. Then, the 

actual portion of the feedwater solids that reaches the saline::] is 
o 

.2(80) t .9(40)(.B)(§Ql : 49.4 approximately 
8/+ 

If the salines were maintained at 500 ppm, 500/49.4 or 10 concen-

trations have occurred or the theoretical blow-down is 10%. The 

other error to be noted in the fact that the lines are not COll-

pletely blown down in the continuous blow-off system at the Power 

Plant & The salines are first allowed to flash in a flash tank be-

fore passing to a heat exchanger for final heat removal. Depending 

upon the low pressure to the open heater, which may vary from 1-10 

lbs., it can be readily shown by a simple enthalpy balance over the 

system that approximately 20% is flashed into steam. Thus, the ac-

tual blowdo-wn is .8(10) or S~~ as compared to the previous value of 

16%. For 800 ppm the theoretical calculations 5% blowdown, a 

check on actual measurements.. Taking the blowdown analysis as given, 

it can be shown that the sulfate-carbonate ratio in the salines is 

only a fraction of what it should be as recommended by the A. M. E. 

Cod~, and trisodiwn phosphate is therefore used .. 

Recirculating Conden~c~£.. Water 

The make-up to the cooling tower water is fed directly from 

the Boftner and therefore has approximately the unit composition of 

the effluent. Since there is no cooling tower blow-do¥m, the accunro-
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lation of solids is obvious and the t est data show that the accwnu-

lation is approximately 2060 ppm., much more than the saline concen-

tration. This circulating water has very high "turbidity and sus-

pended matter which may lead to condenser tube difficulties. The 

test data also sh~qs phenol alkalinity. Selecting Test I this means 

that 2xP.A. = 306 ppm of the total alkalinity exists as carbonates. 

This is unusual considering the low existing condenser temperatures. 

This is serious if any unsoftened water should enter the circulation 

since CaC0
3 

will very readily deposit in the tubes. The after-de

'posits of a Lime soda treatment system would be much more serious 

here. 

.1.2)'1 Pressure Gravi t:y: ,Re.1-urns 

The most noteworthy facts to be gathered from the returns 

of the low-pressure heating system is the presence of free C02 and 

bicarbonates.. It is common knowledge that the slight acidity render-

ed by C02 caters to corrosion and since tests on the open heater in-

dicate practically complete removal of oxygen or its presence in 

traces, it is unquestionable that tired water tl or Urust water ll is a 
I 

result of C02 in the heating sVeam.. The C02 obviously come s from 

the carbonates in the raw treated water. As an indication of the 

effect of water containing carbonic acid upon iron, a particular 
(8) 

case cited of the corrosion of a stay within a boiler produced 

by discharge upon it of cold feed-water containing carbonic acid. 

A cycle of corrosion appears 'to occur at this plant. The C02 at-

tacks the iron in the heating system as follows: 



(1) 

(3 ) 2FeO 

- 9 .... 

- ·FeO t 

:: Fe 0 23 

H 0 2 

The iron bicarbonat.e in the ferrous state is indicated by 

the M. O~ alkalinity in the returns. On leaving the pipe mains and 

entering the hot-well the ox~dation to Ured water" occurs as in 

Equation 3 above. Part if not most of this suspension is carried 

to the open heaters and then to the boilers where it appears in the 

blowdown. That this Ifred water ll is a result heating-line corro-

sion is borne out by two additional facts. The presence is clearly 

indicated on examination of sanll')les drawn from the hot-well and a1-

so from the fact that iron could not have entered via the raw water .. 

Considering the number of concentrations and the anlount of iron ap-

pearing in the feed-water this will amount·to less than 2 ppm as Fe 

in the boilers.. Irhis is not a satIsfactory explanation of the a-

mounts of !tred water It suspension taken out of the boilers. The com-

plete elimination of CO2 in the raw water appears imperative if these 

conditions are to be removed 0 

only 
The desirability of ~y treating waterV to be used direct-

ly by the Power Plant has been suggested by Professors 1'. Ellis 

ane} F. H. Fish. The treatment of water for purposes other tha..r'l 

Power Plant uses such as laundry and hot-water services involve a 

considerable amount of responsibility and burden upon the Power 

Plant personnel. Separate treatment· YIDuld reduce the water treat-

ment problems since a considerable portion of the total water treclt-

ment consists of the items mentioned. A case in point is the dis-

tribution of water softened on July 22, 1942, as shown below: 



Servlce 

H. P. Boiler 

L. P .. Boiler 

Cooling TOV'ler 

Domestic Heaters 

Laundry 

- 10 .... 

Water Softened eLbs" per hour) 

4,$40, 

15,400 

21,000 

3,660 

It is seen that the laundry and hot-water services were 

separated from the Power Plant the burden would be considerably re

duced. It must be noted that a separate treatment system means re

leasing control of the water from the Plant. In water shortage e

mergencies as are apt to occur frequently there may be som.e diffi

culty in securing water used for other purposes if a separate treat

ment is established. 1'hough central control is efficient and con

venient it introduces services which require much needed space in 

addition to responsibility. , Power Plant expansion ability is thus 

affected. 

Though separate treatment appears advisable such a possi

bility with present conditions appears unlikely. 

C. Summe..ry of Difficulties to Overcome 

From the preceding discussion,~following are the reqQire

ments of an adequate treatment system for this plant. 

(a) It must provide for the elimination of CO2 as the car

bonate as completely as possible. The tearing-up of pavements and 

campus grounds in the future to replace C02 corroded piping will in

volve extravagant costs and difficulties if this is not done. 

(b) Reduction of scale-forming hardness as completely as 
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s ibl E! ion f1.1r been made of cts on 

condenser s of un;30 ened 'iiJat ch eI'S cool 

m8ke-ur) S;TS tem" On P .. , is sho'wn the s 

of sCRle in one of the ave :J.ted ater tube on No 

5 unit" ion of the same tllbe c Hted so the pre-

s(!~nce of tic oxide 

(c) Reduction of total solids th ject 0 df~-

creas blow-down and cons difficul 

ack water ; the ion of and carr;,-over 

in sensitive boilArs 11 be the result of this reduc 

ion also .. t this is R serious m8tter is Avidenced from(b) 

which di cussed the, formation of soft-se e in super-

er tubes,a re t of fo and ~n~""~.~:"'G In addition, 

rttot solids" reduction 1 result in reduction of exces 

alk91ini and th~~ provide ainst embrittl 

(d) system must have a reasonable costtl> 

(e) The system must have exihility, reliable oper-

ation as well as oth r factors to SCUBS later", 

D$ Commom Water TreRtment Systems 

The most general used treatment ems as listed 
(11) 

by C.Eo J008 Cochrane Oorporation are as follows: 

1& Evaporators 

t-process water softners th the followin~ 

treat s: 

(a) External treatment with 1 and soda ash, com-

bined w:l th an inter'ual treatmentlD{i th ~)h08phate ... 

(b) lime and soda com-

hined th an external treatment with pho 



(c) Phosphate and caustic soda 

(d) Phosphate, oxide, and caustic soda 

(e) Phosphoric caustic soda and 

(f) Lime, and supplementary pha sphate. 

r ) \g Lime, ' ........ ;;'"_.LL'-'\.J ........... "" oxide, and secondary phosphate. 

3. Zeolite 

(a) Alone, 

(b) Pretreatment 

pre or post treatment .. 

for reduction of carbonates, 

coagulation, or clarification. 

(c) Post vdth acid. 

(d) Carbonaceous Zeolites, using either or both and 

sodium regenerating 

( e) Pretreatment coagulants such'as sulfate 

or magnesium salts of silica. 

(f) Treatment vvith carbonaceous Zeolite, and 

Na2Z units in combination, followed by treatments with 

oxide for silica removal. 

Th~ Carbonaceous System and i.t s Selection 

(a) of the Process 

The Carbonaceous system w'ill be shown to satisfy the 

requirements of the V .. Plant more advantageously than other 

systems or combinations of them. The Carbonaceous Zeolite a recent 

synthetic development. heretofore only the green-sand 

and synt!letic siliceous were available, an advance been 

made in producing, a Zeolite of silica, and acid , that 

is, capable of being by acids as lNell as Car-

bonaceous Zeolites are dark and granular and are prepared treat-

ment of any number of carbonaceous materials such as "Wood, or 
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lignite with reagents such as fuming sulfuric acid, sulfur trioxide 

and chlorosulphonic acid. This treatment gives remarkaple exchange 

po·wer to the synthetic 'whereby it classified as a Zeolite in ac-

cordance with this chemical characteristic of Zeolites. In addition, 

these carbonaceous Zeolites pos sess high exchange powers, varying 

from 5000 to 12000 grains of cations CaCDJ) per cu. it 0 of Zeo-

lite. 

The operating principles of these Zeolites are exactly 

dentical to the ordinary sodium Zeolites, the latter of which exchange 

their sodium in the Zeolite bed for the Ca and ions in the raw wa-

ter II After exhaustion, the Zeolite is regenerated with COlllmon salt .. 

In addition to this ability the carbonaceous Zeolites are acid resist-

ant and can exchange H ions for cations the raw water. For 

convenience in illustrating the operation, the negative anion Zeolite 

of this material will be designated as Z. Fig. 1 shows a diagram of 

such an installed system. 

For the Na2Z cycle, 

\Ca( salts t Na2Z = 
t],~g) 

(Ca)Z -#- Na (sa,lts) 
(Mg) 

followed by regeneration with NaCl or KC1. 

l:ror the H2 cycle, the following are the reactions: 

(1) (Ca) 
(Wig ) (HCO) )2 + HZ .... (Ca) 
(Na

2
) 

2 
(Mg)Z t 2H2C03 
(Na2) 

(2) (Ca) (Ca) 
(Mg) 804 ... H Z - (Mg) Z + H2SO4 , 2 
(Na2) (No.2) 



(3) (ea) (G<;1) 
(Mg) C1

2 
I II Z .... ~'~ ) z ... 2HCL T 2 Mg 

(Na2) (Na2) 

For the H
2

Z regeneration, '~i{e have 

(4) ( ea) (ea) 
(Mg) Z t H SO .. H Z -4- (Mg) 804 
(Na2Z) 

2 4 2 
(Na2) 

Note that any convenient and cheap acid may be used for the regenera-

tion process in place of the H2S04 above. It is seen that in reaction 

(1) all bicarbonates are changed to H2C03• This can then be removed 

by aeration. 

one of the most outstanding reasons for the choice of this system .. 

In addition, it will be observed that bicarbonates are removed with-

out being replaced by other substances, thus reducing total solids, 

duplicated only by the more expensi va system of distillation. Since 

the raw water is predominant in carbonate hardness, the reduction of 

solids will be shovm to amount to several hundred per cent. 

(b) The Desired Effluent 

Before proceeding with the chemical calculations some 

points vvill be observed and discussed. The Carbonaceous cycles dis-

cussed have the ability that by an appropriate distribution of the 

raw It'fater between the cycles any desired alkalinity in the mixed ef-

fluent can be obtained. The correct proportion of water to by-pass 

around the units can be readily determined from the follovdng rela-
(16) 

tionship: 

Ar -



where 
1 

= M. 0. alkalinity of the raw influent. 

FMP .. ;: 

0.. alkalinity desired in the mixed Na2Z-H2Z effluent. 

mineral acidity calculated as CaC0
3

. 

The BJA is the maximum acidity that can be theoretically calculated 

on the H
2
Zcycle. The actual acidity as observed from performance 

is approximately 9076 of this.. The workings of this equation vall be 

shown in the next section. of importance to note is that it is 

desirable to obtain not zero alkalinity but negative alkalinity in 

the effluent mixture. This will be clear if it noted that the 

goal is complete removal of CO2 as nearly as practically possible. 

The well-known chemical m.ass action law shows that an acid solution 

hastens complete removal of CO2 as follows: 

t = 
Increasing H+ concentrati.ons will direct t he reaction to the forma-

tion of easily removed C02 by aeration. Referring to F'ig. 2 'which 

shows the dissociation constants for this reaction it is observed that 

a neutral solution (pH = 7) is maintained in this reaction and a 

residual CO2 content of I ppm reRlains, it is seen from HC03 -;; 3.5 
H2C03 

that there still remains 3.5 ppm of unremovable CO2 • Though this "8.1'-
seems 
~e~negligible it nevertheless appears in the steam and will be 

equally dcunaging in the long run. Then, too, the optimistic hope of 

a mechanical decarbonation performance of' 1 ppm CO
2 

is doubtful. 

Consequently, to assure a nearly zero CO2 in the effluent, the ef-

fluent raixture should be slightly acid, that is, = less than 7. 
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Reference to the same It 2 shows the rapid decrease of 

combined C02 with increasing acidity. 

In the calculations to follow the term E. P. or equiva-

lent part s per .uu....J...J. • .J..v.u. will be This is an indication of the 

combining weights of the various constituents in the water and is 

an invaluable instrument at our disposal the analysis to follow:: 

c. Calculations: 

In the secti.on the following formula was discussed: 

calculations to follow on the E3pring raw water sulfates 

and chlorides as CaC03 vv'ill be shown to be present in amounts equal 

to 20 ppm and 11.3 ppm respectively, or a total of 31.3 ppm.. Then 

F'MA :: ,.9 (31.3) :: 28 .. 7.. Taking the 

Vfa:Ger, Ar ;; 

= o. Substituting 

and for zero 

- 100 20~ - a = 
u24 f 28.2 

analysis of 

in the effluent, 

87 .. 5% 

As already mentioned goal is slightly .. 1."",;;.. ......... '. alkalinity, that 

alkalinity must be less than zero.. l1his means that the % must 

be greater than the calculated value above. Therefore, be 

sufficient to assure the desired acidity and the following calcula-

tiona will be based on such. After the decarbonization 

excess acidity be neutralized cheap blovro-off 

to the raw vyater ( analysis, 

we have 
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Constituent i.j' 
J.:J" P. Mo 

Bicarbonates :: 204 :: holO 
50 

Chlorides = 4· :: .113 
35.5 

Sulfates :: 8 :: .20 
40 

Si02(as Si03) =: 9(76)OJ = .30 
60 38 

Calcium - 106 = 2.12 -
50 

Magnesium :: 110 = 2.20 
50 

Nitrates (est .)= .. 4~. == .032 
14 

These make up the total constituents of the water, the iron and 

other miscellaneous impurities being too negligible for consider-

ation. 

Following then is the total summation of' anions: 

Anion 

NO 3 

Si03 

Total 

Cation Surmnation 

Ca 

Mg 

Total 

E <> P .. M. 

.0315 

.30 

.20 

.113 

4975 

2.12 

2.20 
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Then the ~'" P .. M. of Na ::: h .. 75 - 4",32 ::;: 0 .. 43 

Now, assume that. all the sodium exists as the bicarbonate i.n the water, 

and 'with this assumption Vfe have the follo'wing composition of raw wa-

ter. 

Constituent E .. P. M. 

NaHG0
3 

.43 

Mg(HC03 )2 2.20 

Ca(I-rc03)2 1 .. 47 

CaSi03 .301 

CaC12 .113 

Ca(N03)2 ,,031 

CaS04 .200 

R2°.3 Negl .. 

Total h.745 

lNith the above information Vie are able to obtain the proper 

proportioning between the Na
2

Z and H
2

Z units. Since only 90% of the 

raw water pa.sses through the H2Z unit, the following is the actual 

equivalents leaving in .the effluents: 

H
2

C0
3 

H2Si0
3 

HCl 

HN03 

H2SO
lt 

H Z .l£ffluent 
2 

Total 

'3.69 

.27 

,,102 

.028 

.18 

4 .• 27 



NaHC03 

Na2Si03 
NaGl 

.... 19 ""' 

Total = .1(4.75) = 

.0301 

.. 0113 

.0031 

.02 

.4745 

These effluents are next mixed in the receiving tank and 

~he following overall reactions vdll occur: 

(H2Si03/ 
(Hel ) 
(HN03 ) 
(H2S04 ) 

(Na2Si03) 
(NaGl ) 
(NaNO] ) 
(Na2S04 ) 

This results in the additional formation (.41 p.. M.) of H2C03• 

A simple balance of these reactions gives the following resultant 

effluent before decarbonization: 

H2C0
3 

4.10 

Na
2
Si0

3 
.301 

NaGI .113 

NaNO] .031 

Na2S04 .17 

H2SO4 .03 

Total 4.745 

After the decarbonization process with a nearly complete 

removal of CO2, the following is the composition as fed to the 

boilers: 



Na2Si03 
NaGl 

Total 

.305 

.. 035 

.. 170 

.653 

The acidity as required 

duction in total solids is obvious. The equivalents of !\TaOH to 

neutralize the acidity to prevent corrosion = 003, or .03(40) == 

1 .. 2 Since the blow-off contains approximately 80-90;6 NaOH, 

amount of blow-off required then be ,;;;;;;,.;;,..;~= 1.5 ppm. This is 

the amount to add to zero or pH = 7~ However, 

desirable pH 'VITill be approximately 7.B.. Reference to .. 3 shows 

that to ~"" ........... ~ ... "'-~-'-....... a pH of 7.8 with zero a Mo 0 .. alkalinity vary-

ing from 2-5 must be maintained, 3.. This means that an 

tional alllount of hydroxide ( ..... '-'-.'- ....... 4 •• " ) must be added as follows: 

) ( NaOILJ (1) 
( C aCO) ) ( .8) 

(.$ is here a correction factor for the actual amount of NaOH in 

the boiler .......... '-..1-.1.,.1. .......... ). Then, the total salines to add be 

raVl influent .. 

1.57 f 1.5 = 3.07 

= 3.07 = .025 Ibs. per 1000 Gal. 
120 g 

Following then is the actual composition the effluent 

that fed to the boilers, condensers, laundry and domestic 

heaters: 



- 21 .... 

Constituent E. P. M. P. P. V 
J.iil. 

Na2Si0
3 .305 18.5 

NaCl .. 113 6.63 

NaNO] .035 2.98 

Na2S04 .170 12.10 

NaOH .06 1.34 

Total .683 41.55 

The total solids of the raw influent is as follows: 

Consti tuent : .. P. P. 1,1: , .... 

NaHC03 36 

Mg(HC03)2 161 

Ca(HC03)2 119 

CaSi03 17.4 

CaC12 6.22 

Ca(N03)2 2.58 

CaS04 :LJ~:6 

----Total 355 

The total solids as determined by the usual method of evap-

oration is of course less ( :: 237 because the C02 and other vola-

tiles are driven off in the process. efficiency in reduction of 

total solids will then be 

J25.8 (100) = 855% 
41.55 

The actual analysis report of the effluent as customarily 

made ·will be 
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Item 

frotal Hardness 

C cium HHrdness 

s j 'l.lYll Hardne s s 

MeOt> Alkalinity 

Phenol Alkalinity 

Causticity 

Free CO2 

Chlorides 

fates 

IXl on 

Silica 

pH 

(d) Economy 

In order to make an est 

o 

° 
o 

3 

3 

3 

o 

4 

8 

.1 

9 

7.8 

e of the cost of 

C 

mined 

eous system, some idea of the size must be deter-

ly logs of the to water treRted. Since s 

varies considerably with the seasons, some a~era~e balue 

must be selected~ Figo 7 gives a re 

ened over 

includes 1 

Y'iod of time" It must 

water , domestic 

of the ViTa tel' soft-

remembered that 

in~ water, and cool 

tOllver 

a unit 

er, in addition to that of boiler make-up. 

be selected for a possible ,demand, s 

50,000- ,000 lbs. per hour, r cost cul~3.tion ses, 

, 

t,he size as tArminecl on a basis 

hour vllill be a~sumed not to vary 

about 30,000 lbs. per 

ciably, as these data 

are e on that basis. 



Correspondence with Cochrane Corporation for reliable 

figures gave the information: 

On the basis of 30,000 Ibs. per hour make-up, a H2Z unit 

48 in diameter and an Na2Z unit in. diameter are required. 

(These data are based on a blend to maintain an alkalinity of approxi-

mately 15 ppm. which would require 

Total cost of this equipment, including a decarbonator and storage 

'~tank would be ~~7900.00 fa o. be> Blacksburg.. This also includes 

ment for regeneration and a wood storage tank for holding approxi-

mately 90 minutes supply. It does not however, include connecting 

piping between the Zeolite units and decarbonator, nor does it in-

elude costs of erection. Cochrane Corporation estimutedthis addi-

tional cost to be approximately $1500.00 

. It was believed that any economic basis of comparison could 

best be made by determining the actual cost of retaining the present 

and its replacement. 

A record of the performance of the pre 

210 Ibs. salt required 36000 

On a.basis of 

gallons softened 

= 210(12"W_ = 
36 2000 

of 

.0376 

unit gives 

cost per 1000 

Standard commercial acid purchased in tank cars by plants using 

quantities cost ~plS per ton or ,,9 per Ib. can be purchased 

in drums at 1 .. 5 cent s per lb. J and the type 

to be this plant" 



The acid requirements will average .. 660 . Ir • 
of . " Baume aC1.d per 

Rilogram of cation exchange or 1.75 Ibs.. acid per million .. of 
(16) 

wat.i:}r for each part per million cations exchanged. In this es-

timation it is necessary to take into account all of the cations 

in terms of CaG0
3

.. Irotal c&tions are then obtained by multiplying 

the total P. by 50 to obtain it in terms of C~C03. 

Thus, ppm as CaG03 :: ;:;. 237.50. Since but 

90% H2Z treated the. cost per million Ibs.. treated will be 

(1.75)(237.5)(.9)(.015):: $ 5.58 
= (5~_8)~8.33)(1000) ; $ .0465 per 1000 gallons treated. 

1,000,000 
(5) 

A cost study of the plant recently showed an annual depre-

ciation ~p279 .00 on the present fr5, 585 .00 softening equipment.. On 

a basis of straight line depreciation this indicates a life of 20 

years. The present equipment is of the same nature and its life will 

be similarly estimated at 20 years.. On a basis of 365 operating days 

and a nornllil treatment capacity of 108,000 gallons per day, the fo1-

lowing give the operating costs of retaining the present system in 

service for another year and that of replacing it with the Carbona-

ceous system. As labor, washing requirerl1ents, and pho sphate treat-

ment will not be affected in the choice of either system, these costs 

were not considered: 

Carbonaceous System 

Item 

Equipment 

Piping, erection 

Cost 

;~7900. 

1500 .. 
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Equip. Costs 

Depreciation at l';i-
•••••••• ct ............ tjp 

Insurance, taxes at 

Operating Costs 

., ••••••••• (( •• I!J •••••••••• $ ........ ~. 

470. 

188. 

l1.ci.d ........ • e _ .............. " .. I> • *' " ., " • • • • • 830. 

Total 

Present Zeolite System 

Eq uipnlent ..... " .. 0 ............... $ • .. .. .. • .. • •• ~)5 , 

Equip.. Cost s 

Depreclation at 5%............. • ....... ~ ., .. • 279 .. 

Insurance, taxes at 2% .................... ., 112. 

Operating Costs 

Salt . . . . . . .. .. .. .. ., .. . . . . " " • • . .. .. • .. .. . .. • . .. . 1, 48 5 '. 

Total . $1,876. 

Thus, the annual operating costs above that of the present 

will be $2,636. - 876. = $760. or .14 per day. Though 

these cost, figures indicate that replacement is slightly more ex-

pensive, the other factors in its favor are more influential in its 

selection. Then, too, the quoted price on the acid, a large item 

in the costs, conservative. It may be posSibl~16to obtain a 

cheaper grade sulfuric acid such as the fertilizer at .6 

cents per The result may possibly swing the eoono~y in favor 

of replacement even though in this particular investigation economy 

is secondary since other factors far outweigh its importance Ii 



III DISCUSSION OF 

In Fig. 4 is shown the performance run of the Zeo-karb H 

unit. At the start of the run it be seen that the high acid 

effluent is a result of the rinsing of excess acid. Starting and 

end-points of the rLm are shown" the latter indicated by the falling 

acid content of the effluent and thus requiring regeneration. An 

explanation of this excess hardness of the effluent appears due to 

the of the excess acid. 

Reference again to the effluent already 

determined. shows the com.plete elimination of CO. The accelera-
2 

ting action of C02 as a corrosive well knOVfl1.. Years ago 

the 's heater became so badly pitted and. cor-

rodad that a solution of sodium silicate had to be fed directly 

into the hot-water lines to stop any spread of this corrosion. The 

steam heating elements the same were recently examined 

and found to be corroded on the tube ends~ Dissolved CO
2 

in the 

condensed heating steam vv-as partly responsible. 

The effluent make-up to the cooling towers with the 

new system will carry a decreased amount of total solids and thus 

can be concentrated I!l.any times before the condenser tubes need at-

tention. At the same time corrosive CO2 is eliminated and a:;long-

er life for these tubes can be expected. 

As laundry water the effluent is again ideal. The unde-

sired hardness is completely removed as before and piplhg COn..Yl8C-

tiona between the Plant and the utilities has further protection 

against corrosion. 

As boiler feed this effluent is ideal in every respect. 

From an examination of the test data made on the feed-water make-
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up it be seen that the total solids can be increased many 

concentrations the boilers without exceeding the present rate 

of blowdown, addition to the greater ernbrittlement protection, 

foaming and priming prevention derived therefrom. The effect 

more clearly demonstrated by actual computations.. Selecting an 

average representative make-up as, say, 35%, the total feed-water 

solids v/ill be 

Ass~ng that a saline concentration of 1500 ppm maLQtained 
(15) 

in the boilers (foaming occurs at 4500 ppm) the per cent blow-

down will be ll ... 5 (100) .968, less than 1 per cent, a sav-
1500 

ing in water which in emergencies as occur here, may be worth 

many dollars. It will be noted also that the resultant o. 

kalinity in the boilers 100(3) (.35) :: 105 PPM .. , a very impres-

sive reduction of alkalinity and below that concentration at which 

embrittlement could be expected. 

There is little agreement among water experts as to the 

cause of embrittlement o The A. So Me E. recommendation for the 

maintenance of a sulfate-carbonate ratio has been questioned and 

shown to be no preventative in some cases. The same salts as pre

sently used may either accelerateembrittlemen~13 ~r prevent it. 

The most logical conclusion appears to be that old boilers v-dth 

lap-seamed drwns are more susceptible to high alkaline concentra .... 
(5) 

tiona and failures.. Of 452 modern welded-drum boilers tested 

only two failures were reported and inspecting insurance companies 

contended that the failures were results of faulty construction., 

In view of these reports and the fact that the No. 5 steam genera-

ting unit at the V •. I?.. I.. Power Plant is of' lnodern design it 



felt that the phosphate feed can be reduced appreciably, the allow-

able portion being used to guard against any hardness passed by 

the treatment system. This reduction is further n~de possible by 

the low alkalinities inherent in the Carbonaceous treatment system. 

It might, however, be advisable to continue the phosphate feed to 

the other boilers, maintaining about 20-30 ppm excess dissolved phos

phates as is presently done. This is determined as follows ~18) 
Factor 4 

P04 

(.02 O. Alk. ppm) ppm P04 (min. 3l~ ppm) 

Feed into make-up (ppm) 

1. (,,02 o. 

where H is the total residual hardness. Dividing these values 

by 120 will give the Ibs. to add per 1000 gallons since 120 ppm 

is equivalent to 1 Ib.jIOOO gallons. 

The sdaling possibilities are reduced by the reduction 

of present high saline concentrations. No" 5 steanl generator is 

very susceptible to foaming which may foam at as low a value as 

2400 ppm total solids. It is possible for small sudden load 

up to cause considerable prirning and carry-over J resulting hi un-

desirable low BUller-heat temperatures asvvell as turbine blade de-

posits. Recently, one of these superheater tubes was overheated 

and blew out" Mention of the analysis of the scale removed was 

previously made" On examination of the tube it was found that en-

trance to the tube was oonsiderably restricted. The scale was of 

the soft type, very readily soluble in cold water" In addition 
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vli"hat appeared to be a thin 

area of the tube. Though 

of brack: magnetic covered 

is unlikely that complete e1im1.-

nation of priming is possible even with distilled water, neverthe

less a step that direction is taken. 

Some considerat ions of the system vall be observed 

which in themselves are sufficient support of Carbonaceous sys-

tem. It is convenient to have a system VJith certain operating 

characteristics (> It is obvious that the treatment must have 

provisions for the in no 

chemist or operator in 

it is desirable to 

and automatic as pos 

the frequent changes from 

or when the 

to intercept such in the raw 

a system as completely 

is necessary is evident from 

water to well town water 

runs dry;) Reference to {O 5 shows 

the effect of raw vIater composition on the Carbonaceous 

system. and the lime-soda system, for a typical installation at Omaha, 

It will be observed that the of lime are considerable 

while change in the Carbonaceous unit is comparatively 

negligible when any desired effluent is to be maintained. '~\Tith a 

constant setting of the Na and H units is observed that the maxi-

in is 3-36 ppm a period of a year. It is a 

simple matter to arrange mechanically to proportion the chemical feed 

'with changes in flow of water but there lit tIe any provision 

for automatic control of dosage with changing 1Nater composition .. 

Such is the difficulty to be encountered in the lime-soda 

At t he V.. P. I .. Plant it most convenient to d..i..s-



pose of regenerating liquors than of a result of us-

lime-soda treatment. The danger of constipating sewers al'ways 

present where disposal necessary. 

requires no degree of skill in operating the Zeolite 

units, and where the operatiI\s crew not be to meet need 

of frequent attention as at plant, the syst em an influential 

factor in its selection. 

It has been that the cost of the lime-soda is 

less than the Carbonaceous system. the fact that 

these are high in carbonates, the reduction in hardness is 

never complete, the resi.dual in Iflany instances amounting to 30 ppm .. 

In • 6 is shown the relationship between excess Na
2

C0
3 

required 

to maintain certain desirable of hardness in the effluent. 

rro reduce the hardness to araounts obtained in the Carbonaceous sys-

tern would require large additions of soda ash, resulting in CO2 in 

the steam.. It is not possible to reduce the carbonate content with-

out further treatment. This results in too many treatment opera-

tions. fact, to duplicate the actual performance of the Carbona-

ceous system, the of chemicals may have to be so high that the 

cost may not be appreciably lower, total solids increase and di.ffi-

culties sludge removal result. 

is a fact also that lime-soda treatment does not always 

guarantee total solids reduction, as evidenced fro@ the following 
(2) 

extra.ct. 
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Item Ppm(raw) 

Volatiles and organic 1.15 

Silica 0.45 

Calcium carbonate 2.43 

Calcium sulfate 

MagnesiuIn sulfate 

Magnesium hydroxide 

Sodium carbonate 

Sodiu.l1l sulfate 

Sodium chloride 

Sodium hydroxide 

11.43 

4.86 

30.14 

Ppm ( treated) 

, .65 

.45 

.88 

.48 

2.48 

18.46 

10.22 

34.86 

One noteworthy point might be mentioned for the lime-soda 
(19) 

system.. The system in most cases insures a reduction of silica 

due to the coagulating effect of (OH)0 and heavy sludge, This 
,::., 

obviously an advantage for high silica waters but it s irnpo:;.~ance 

is less where conditions are less favorable for the formation of a 

hard analcite scale.. The experience of the plant has been only with 

soft scale. 

Finally, it must not be forgotten that the possibility al
(jof 

ways 6y..ists '::~-the formation of lime deposits as an after-effect 

in t he piping following treatment with a lime-soda system. 
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IV DISADVANTAGES OF OTHER SYSTE'J~S 

To meet the requirement s the V .. p" I. POlNer Plant, the 

examination of available treatment methods leaves two other pos si-

bilities: 

(1) Lime-soda process followed with acid treatment 

(2) Evaporation 

In the lime-soda method the usual treatment is given and 

aJ..l excess carbonates are treated with acid. Follovling are the 

cherrucal reactions involved: 

(1) Ca(HC0
3
)2 + Ca(OH)2 .. GaC03 + 2 H20 

(2) (HC03) 2 + 2Ga(OH)2 - (OH)2+' 2CaC03. + 

(ld Na
2

C03 
(5) Ca(OH)2 

+ 
= 

CaSO 
4 

.,.. Na,..,S04 .. ..., 

+ 2HOH 

2H 0 
2 

The slightly acid water next decarbonated in a scrubber. 

Some general corn.ments on this process eliminate it from consideration. 

fact that it necessary to have acid treatment and 

decarbonization requires additional equipment -which increases 

first cost. The process is one not suited to 

composition because chemical feed nontrol is difficult. 

(2) rrhe acid treatment (equation 4) does not reduce total 

solids" From equation 5 it is also seen that hardness is 

not removed. 

(3) The system has too many treatment processes, 

a disadvantage one treatment operation not under controlo 

(h) Sludge are required. 
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(5) It has no decided advantage over the Carbonaceous 

system unless it be in silica removal and casto The possibility 

exists that the cost differences viiIl not 

( 6) The relinbili ty and ........ V.E,_.L. •• -".J..-1.. • ..!.. operation is not 

certain., 

'I'hougtl the method of evaporation suitable in Cen-

stations very it is nevertheless one 

with some objections.. Distillation of the rm1l[ vvater does not by 

any means exclude cheuIical treatment" It means treatment the 

condensate hydroxide for proper pH control. 'Jihe greatest 

objection, ho-wever, in the cost of treatment of the large 

malee-ups as compared to available cheap treatment. Con-

siderable amounts of stee.m for heating will be required as it must 

be remembered that water to laundry, cooling towers, hot water and 

others must be similarly treated tLt1less these are to have sep-

arate treatment, which event more complicating and co stly fac-

tors are introduced. At the V. p. I. Power Plant it 1Nas found that the 

ex11aust steam from the auxiliaries approxi.rna,tely equals the steam re-
(9) 

quired the feed-water heating. Consequently, heating steam for 

distillation will nedessarily come from turbine exhaust and low-

pressure make-up.. Drawing steam from the back-pressure turbine ex-

haust removing stearn which may have expanded to vacuum pressures 

to obtain additional work. Further to utilize high-pressure make-up 

is obviously un.economical as compared with cheaper chemical treat-

ment.. Referenda to the data on make-up indicates the excessive a-

m.ounts of heating steam that would be required. 



In addition, there the possibility that low-pressure 

steam rncl.Y be required to be segregated from distillation steam 

requiring slightly higher pressures for evaporationo Then, too, 

there an objection to the initial costs of the evaporating 

equipment, depending upon the number of effects desired. 
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V CONCLUSIONS .AJ\rD IlliCOMMENDNfIONS 

For the services and requirements of the V. P. I. Fower 

Plant the Carbonaceous Zeolite water treatment system is superior 

to other treatment systems. Irhe following are the accomplishments 

of such an installation: 

(1) Elim~ination of carbonates and C0 0 as a corrosive 
t:.. 

agent in steam and hot-v~ater heating systems 4> 

(2) Reduction of foaming and priming possibilities in 

boilers. 

(3) Increased prevention of embrittlement. 

(4) Reduction of soft-scaling in the superheater tubes 

through the maintenance of low' boiler concentrations o 

(5) Reliable and flexible operation. Practically inde-

pendent of raw influent composition. 

(6) Requires no skilled labor at attendance at any time 

except for regeneration. 

(7) The annual operating costs above that of the present 

installation amounts to approximately $760.00. However, the de-

pendability, adequacy and other forementioned factors render this 

small increased cost a nf,3g1igible factor. 
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VIr APPENDIX 



PERMUTIT "'HATER ANALYSIS 

Item Spring Vve11 
(ppm) (ppm) 

Total Hardness 302 

Calcium Hardness 106 167 

Magnesium Hardness 110 135 

0.. Alkalinity 204 2$3 

Phenolphthalein Alkalinity 0 0 

Causticity 0 0 

Free Carbon Dioxide 10 15 

Chlorides 4 4 

Sulphates (as S03) 8 12 

Iron (as Fe) .. 1 .1 

Silica 9 

7~6 7Q5 

Turbidity 30 3 

Color 20 3 
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RAW W'ATER ANALYSIS (Month later) 

Item Spring 
(ppm) 

Total Harcllless 24.0 

Calcium Hardness 115 

Magnesium Hardness 125 

. M. O. Alkalinity 1[32 

Phenolphthalein Alkalinity 0 

Causticity ° 
Free Carbon Dioxide 39 

Chlorides 7 

Sulphates (as S03) 10 

Silica 5.2 

Iron (as R203) 4 

pH 7.3 

Total Solids 237 

Viell 
(ppm) 

320 

166 

154. 

258 

o 

o 

4 

7.2 

309 

Note: The pH was deterrrdned with Helige disc comparators. 

The san~le was taken after a rain spell, and hence the high CO2• 



J~FFLUEt\fT 

fJ.'otal Hardness 

Calcium Hardness 

Magnesium Hardness 

lv:t. O. Alkalinity 

Phenol Alkalinity 

Causticity 

Free Carbon Dioxide 

Chlorides 

Sulfates 

Iron (as R
2
0
3

) 

Silica 

Total Solids 
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ZEOLITE SO}~N~1S 

PPM 

o 

o 

o 

187 

o 

o 

40 

4 

16 

3.2 

7.2 

262 

Not.e: Softners being fed with raw spring influent at 

the time of test. 



BLOvVDOWN TESTS (Unit No.5) 

Test I. PPM 

M. O. Alkalinity 800 

Phenol Alkalinity 

Total Solids 950 

pH 12 

Dissolved Phosphates 20 

Rate of Blowdown (lbs. per hour) 1125 

% Make-up of Blowdown 6 

Test 2. 

M. O. Alkalinity 854 

Phenol Alkalinity 800 

Tot a1 Solids 1000 

pH 

Dissolved Phosphates 35 

Rate Blowdown 1070 

~~ HJBke-up of Blowdovvn 5 

Test 3. 

M. O. Alkalinity 860 

Phenol Alkalinity ESOO 

Total Solids 1020 

uH J. 12 

Dissolved Phosphates 30 

Hate of Blowdown 1200 

% Make-up of Blowdov\fn. 6 

Note: Total. Solids determirfed from W. Silver's thesis. 



CONDENSBR VlATER 

Test I. 

'I'est 

Free 

o. 

Phenol 

Total 

Phenol Alkalinity 

pH 

Total 

Free CO
2 

O. Alkalinity 

pH 

Total Solids 

Note: sarnples 

dissolved .. 

PPM 

o 

153 

7.8 

o 

216 

7.9 

2100 

o 

high turbidity, suspended and 



Test I .. 

Test 2. 

3. 

Test 4. 

Test 50 

GRAVITY 

Free CO2 
0.. iU.l{alini t y 

pH 

Free CO2 

M. O. Alkalinity 

pH 

Free CO 
2 

O. Alkalinity 

pH 

Free 

o. Alkalinity 

H. .. Alkalinity 

FROM 

PPM 

5 

13 

8 

12 

7.2 

10 

pH 7.2 



OXYGEN DE'TEJ1MINATIONS 01\1 OPF.J~ 

Test No. CC/Liter 

1 

2 Trace 

.3 Trace 

4 

5 ,,02 

6 .03 

7 

8 Trace 

9 ,,02 
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ANALYSIS SUPERHEA'I'K.11. SCALE 

Item 

Sodium Carbonate 89 

Sodiwn Sulphate 

Silica 

Ferrous Carbonate 

Calciurn Carbonate .6 

Magnesiwn Carbonate 

Total 99.2 

Scale soluble in cold water. 

Note: Above analysis run by F. H. It'ish, Professor of 

Analytical Chemistry. 
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