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ABSTRACT 

A 15-months .field study has been completed that utilized four nonchromate-based 
water-treatment programs in 16 low-temperature (< 1000 F) cooling towers using corrosion 
and deposition studies, microbiological control, and plant effluent creek analyses as evalu- 
ation parameters. The study succeeded in bringing the effluent of the New I-lope Pond to the 
limits established by the Environmental Protection Agency. 
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SUMMARY 

Results from the New Hope Pond chromate-abatement study can be summarized as follows: 

1 . All four of the nonchromate-based water-treatment programs yielded very satisfactory 
results from the standpoint of corrosion. However, two of the programs yielded better 
results in controlling the problem of fouling. 

2. The test heat exchanger, which operated a t  a temperature from -16 - 25 degrees 
Fahrenheit higher than that normally encountered in cooling water systems indicated 
that two of the treatment programs were better in the control of deposition. 

3. Microbiological control proved to be the most difficult problem encountered in the 
evaluation. '1"he microbiocides used in conjunction with two of the programs were 
ineffective in the control of algae and bacteria. A serious foaming problem was also 
encountered with one of the microbiocides; and, although a defoaming agent was added 
prior to injection of the microbiocide, foaming still was a problem. 

4. Comparative analyses of the field control test kits and the Plant Laboratory analyses 
indicated good correlation in only two of the programs. 

5. There was no environmental creek impact from the formulation of the materials insofar 
as cooling tower blowdown was concerned. However, substituting these materials for the 
chromate-based treatment had a two-fold environmental creek impact: ( 1 )  the effluent 
total chromium content was less than 0.05 ppm; (2) algae growth in New Hope Pond 
showed a significant growth increase due to the elimination of the chromate. This 
increase in algae growth has resulted in an effluent pH variance beyond the limit 
established. This variance occurs during the summer and early autl~mn months and is due 
to  the algae which utilizes sunlight in its growth cycle, producing hydroxyl inns, resl.rlting 
in the pH variance. 

6. The increase in cost reflected in the report by utilizing the more expensive nonchromate 
treatments, is offset by the fact that the costly chromate destruction facilities are now 
I I U ~  Iletiessar'y. 

7. All of the cooling-tower water systems in the Y-12 Plant have been converted to the 
nonchromate-based water-treatment programs utilizing microbiocides which do not 
create environmental creek impact. Inspection of many heat exchangers from the various 
cooling tower water systems reflect that adequate corrosion, deposition, fol- ling, and 
microbiocidal control is producing effective results. 



INTRODUCTION 

An environmental management appraisal was conducted by the' AEC-OR0 during 
September 20 - 24, 1973. Pertinent sections of that appraisal concerning the chromate 
content in New Hopc Pond are repeated here. 

IV. Findings 

G. The 1970 appraisal, transmitted February 19, 1971, stated "Y-12 should promptly 
perform a study of 'the economic impact of substituting a nonchromated corrosion 
inhibitor in or providing chromate recycling equipment for the cooling towers 
necessary to achieve assured conformance with this expected stream classification 
by FY 1974 and propose to OR0 a phased and orderly plan for corrective action". 
Subsequently, the results of a three-month test (conducted prior to that appraisal) 
of a substitute made by Calgon produced what Y-12 felt were inconclusive results. 
The only other empirical investigative effort of which we have been made aware was 
a 12 - 18-month test on four Biology Division towers using another substitute. This 
test was conducted without monitoring and evaluation provisions until the final two 
months, and was judged by Y-12 to have produced undesirable results. While further 
testing of promising substitutes may be desirable, a more aggressive plan needs to be 
developed and implemented. It is expected that the EPA will issue a discharge 
permit for Y-12 sometime between June and December 1974, and that i t  will 
include a requirement to meet an 0.05 ppm chromium effluent limit. Between now 
and that time, all reasonable alternatives need to be seriously explored. Those 
include the use of a significantly lower chromium concentration in the cooling 
system, the use of softened make-up water, and the use of higher cycles of 
reconcer I 11 a 1io1-I. 

I I I. Recommendations of the 1973 Appraisal 

C. Develop and implement a firm schedule to: 

1. dele/-mine which cooling tower systems do not require a chromated corrosion 
inhibitor, and 

2. empirically evaluate the use of: 

a. significantly lower concentrations of chromium in those cooling towers 
requiring such treatment, and 

b. a marked increase in the cycles of reconcentration through measures such as 
the use of softened water. 

The study, which is the topic of this report, was conducted a t  the Oak Ridge Y-12 
in conformance with these AEC-OR0 recommendations. 

(a) Operated by Lhe IJnion Carbide Corporation's Nuclear Division for the US Energy 
Research and Development Administration. 



STUDIES IN  CHROMATE ABATEMENT 

Y-12 COOLING TOWER WATER SYSTEMS 

Cooling Tower Identification 

The cooling towers employed a t  Y-12 are identified by the following numbers: 9409-2, 
9409-3, 9409-4, 9409-6, 9409-1 0, 9409-1 2, 9409-1 3, 9409-1 5, 9409- 1 6, 9409-1 7, 9409- 1 8, 
9409-19, 9409-22, 9409-23, 9409-24, 9409-26, 9409-27, 9aO9-28, 9409-29, 9409-30, 
9409-31, 9409-32, 9409-33. 

Capacity and C~nstruction 

The following facts describe the capacity and type of construction for the cooling towers: 

1. Circulation rates range from 1500 to 27,800 gpm. 

2. Total capacity, based upon heat rejection, is 9.5 x lo8 Btulhr at the full design heat 
load. 

3. Air flow is by induced draft fans and estimated to be 18.9 x lo6 cfm. 

4. Materials of construction consist of untreated and Erdalith-treated redwood and douylas 
fir, cement asbestos board siding, silicon' hrnnze fasteners and connectors, and 1-1.lilL1 sleel 
distribution piping. 

Process Cycle 

Processing capabilities of the cooling towers can be summarized as follows: . 

1. Makeup water to  the cooling towers, to maintain the cycles of concentration a t  3.0, can 
be either raw lake water or potable water, depending on the degree of turbidity of the 
raw lake water. The makeup flow rate a t  the cooling tower dcsign heat load is 2750 gpm. 

T l ~ e  cooled 85O F water in the cooling tower basin flows through 114-inch-mesh screens 
to  Lhe pump wet well. The water is pumped through mild steel pipelines to the hl.lilding 
or buildir lgs servlced and through various types of heat-exchange equipment. The 950 F 
water is llierl roturncd to the coulir~y Lower distribution system. The tower distribution 
system breaks the water into small droplets which fall either counter current or cross 
current to the air flow being pulled into the Lvwer by the induced draft fans. The water 
is cooled by the difference in the air temperature (sensible heat) and by evaporation 
(latent heat). 

3. Side-stream sand filters are installed on some cooling towers (9409-13, 9409-18, and 
9409-31). Approximately 1% of the recirculating water flow is passed through these 
filters to remove suspended particulate materials. Mechanical filters are used in several 
cooling tower systems to remove particulate matter. 



4. Data pertaining to cooling tower water vblumes, circulation rates, design characteristics, 
and operating conditions are reported in Table 1. 

Table 1 

COOLING TOWER DATA 

Circulation Rate Drift 
Tower Volume Volume Rate €vaporation( 1) ~oss(2) ~lowdown(3) ~ e s i ~ n ( 4 )  (0 F) 

Number (gal x 103) (Ibs x 103) (gpm x 103) (gpm) (gpm) (gpm) WE3 ST RT - 

9409-2 225 1,876 6 .O 60 0.5 30 78 85 95 
9409-3 160 1,334 15.5 155 1 .O 73 78 85 95 
9409-4 225 1,876 27.8 334 1.5 167 78 88 100 
9409-6 50 41 7 2.6 26 0.2 13 78 85 95 
9409-1 0 85 709 9.0 90 0.5 45 78 85 95 
9409-1 2 204 1,701 8.5 85 0.5 43 78 87 97 
9409-1 3 250 2,085 25.5 255 1.5 128 78 87 97 
9409-1 5 35 292 3.0 39 0.5 20 78 85 98 
9409- 1 6 35 292 3.0 39 0.5 20 78 85 98 
9409-1 7 30 250 5.4 54 0.5 27 78 85 95 
9409-1 8 80 667 9.5 95 0.5 46 78 85 95 
9409-1 9 100 834 7.2 72 0.5 36 78 85 95 
9409-22 110 91 7 5.4 54 0.5 27 78 86 96 
9409-23 60 500 8.0 80 0.5 40 78 90 100 
9409-24 90 750 7.6 76' 0.5 38 78 85 95 
9409-26 2 5 208 9.0 90 0.5 45 78 85 95 
9409-27 18 150 4.2 42 0.5 2 1 78 85 95 
9409-28 25 208 3.0 30 0.5 15 78 85 95 
9409-29 25 208 6.0 60 0.5 30 78 85 95 
9409-30 15 125 3.0 30 0.5 15 78 85 95 
9409-31 78 85 95 
9409-32 30 250 6.0 60 0.5 30 78 85 95 
9409-33 15 125 1.6 15 0.5 8 78 85 95 

( 1 )  One percent circulation each 10 degrees change in temperature. 
(2) At 0.005%. 
(3) Three cycles. 
(4) WE3 - wet bulb temperature; ST - supply temperature; RT - return temperature. - 

New Hope Pond Effluent Guidelines 

The following chemicals and their respective limits have been set, based on Environmental 
Protection Agency (EPA) and State of Tennessee effluent limits: total chromium, 0.05 
ppm; total phosphorus, 1.0 ppm; total zinc, 0.1 ppm; total phenol, 0.001 ppm. 

Creek impact due to cooling tower blowdown water is as fulluws: 

1. Blowdown to creek with three cycles of concentration and heat luads uf :  



2. Chromate to creek (treatment level, 20 ppm) with three cycles of concentration and 
heat loads of: 

3. Chromate above creek limits: 

Chromate pel- Day i l l  Creek 
Creek Flow Chromate Limits from Tower Blowdown (ppm) 

(gol/dav x 103) - ( I JP~T~)  IUO% H L ( ~ )  16% HL 5036 I'IL 5 %  HL -- 

(1) H L -  heat load. 

WATER TREATMENT EVALUATION 

ChromateBased Water Treatment 

The chromate-based water-treatment program utilized in the Y-12 Plant cool ing-tower water 
systems is referred to  as "zinc dianodic". The following is a bricf summation of this 
treatment: 

The zinc-dianod~c tormulation consists of chromate, polyphosphate, and zinc. In 
conjunction with this treatment, sulfuric acid is used to reduce the scaling tendency 
uf the calcium bicarbonate in the makeup water by adjusting the pH to a mean v a l ~ ~ e  
of G,O. Tllc rcac~lon of calclun-I bicar burlate and sulfuric acld results in the formation 
of the more stable and more soluble calcium sulfate. 

The acid-zinc dianodic water treatment results in a very slight film formation of zinc 
phosphate, which allows excellent heat transfer but stiflcs corrosion. This fill11 
formation protects base metals while the chromate prevents excessive pitting action. 

The chromate in this treatment also aids in the control of fungal decay in wooden 
cooling towers. Redwood and douglas fir lumber are treated by the chromated 
copper arsenate (CCA) pressure treatment prior to installation. Also utilized in the 



water treatment program is a biocide containing sodium pentachlorophenate. This 
chemical is "shock fed" into the water system to control algae, slime, and fungus. 
The following amounts are able to maintain the basic control for this 
treatment: chromate, 20 - 25 ppm; zinc, 2.5 ppm; phosphate, 1.8 ppm; pH (range), 
5.8 - 6.2; biocide (phenol), 50 ppm. 

From the standpoint of saving metal by providing a high degree of corrosion protection, the 
most effective corrosion inhibitors in use involve one or more of the chromate salts. In 
comparison with a system operating with water under a no-treatment condition, corrosion 
rates on metal surfaces can be reduced 95% when employing chromate-based inhibitors. An 
evaluation of the zinc dianodic treatment during 1964-1965 indicated corrosion rates on 
steel coupons to be less than 2.0 mils per year (mpy) and on copper coupons to be less than 
0.5 mpy (1 mil = 0.001 inch). Corrosion rates of any water treatment determined to be 
negligible are 5 mpy on steel and 1 mpy on copper. From 10 to 20 mpy on steel is moderate 
and above 20 mpy is excessive. 

The zinc dianodic water treatment was originally introduced into the gaseous diffusion plant 
water systems, where extremely high water temperatures have been experienced 
(140 - 185O F) and corrosion rates were accelerated. Introduction of this treatment into the 
Y-12 Plant cooling-water systems was based upon the fact that the treatment was extremely 
effective against corrosion and deposition, and i t  was relatively economical even though the 
corrosion rates and water temperatures in the Y-12 systems were low when compared to 
those at the gaseous diffusion plants. 

The chromate-based corrosion inhibitor and phenol-based microbiocide are excellent from 
the standpoint of corrosion, deposition, and microbiological growth, but they do present a 
significant problem in pollution control of the water'leaving the Y-12 New Hope Pond. The 
proposed maximum allowable stream limit has been established a t  0.05 pprn total chromium 
and 0.001 pprn total phenol. Analysis of the creek indicates concentrations from 0.10 to 
0.45 pprn total chromium without the towers a t  their full design heat load. Even if all 
uncontrolled blowdown is stopped from the cooling tower systems, the normal blowdown 
from the towers, i f  they are loaded to design conditions and controlled a t  three cycles of 
concentration, wn1.11d still exceed the proposed 0.05 pprn total chromium and 0.001 pprn 
total phenol effluent limits. 

Proposed Treatment Evaluation 

A steering committee and an "ad hoc" working committee were established a t  the Y-12 
Plant to investigate and evaluate the use of nonchromate-type corrosion inh~bitors to 
alleviate the pn l l~~ t ion  problem, I t  was anticipated at this time that the evaluation of the 
various treatments may indicate it would be necessary to sacrifice some metal corrosion in 
order to substitute the nonchromate inhibitors. Corrosion and deposition rates were to be 
established to determine the degree of deterioration. In crder to make this investigation, the 
following program was outlined: 

1. Utilities personncl would eliminate all uncontrnlled hlnwdown from the water systems 
as soon as practicable. 



2. The ad hoc committee would contact water-treatment companies and request proposed 
treatments for the type of water and temperatures involved. All the companies would 
provide corrosion test coupons and test heat exchangers a t  no cost to Y-12. 

3. Members of the ad hoc committee would visit other industrial facilities where 
nonchromate water treatments have been evaluated over the past three to four years. 

4. Creek samples would be analyzed for chromate. 

5. The ad hoc committee would direct its activity to the substitution of a nonpolluting 
biocide for the existing phenol-base inhibitor since a proposed effluent limit of 0.001 
ppm phenol had been established. 

6. Cur.rusion test coupons, resistance probes, and test heat exchangers would be used to 
monitor the corrosivity and deposition experience with the new water treatmer-~t 
programs. 

7. Creek samples and compilation of creek data would be obtained throughout the 
program. 

8. Corrosivity and deposition studies would be obtained throughout the program. 

9. Creek-sample analyses and field and laboratory methods to control the various 
water-treatment programs would be obtained. 

10. The evaluation would be performed during the period from Jan~lary to October 1974. 

Cooling towers involved in the evaluation of the water-treatment methods are listcd, with 
their design characleristics, in Table 2. 

Towers 9409-13, 9409-26, 9409-24, 9409-18, and 9409-31 were not included for the tesl 
program since the processes and equipment served by these towers were more.susceptible to 
damage should deposition occur. Corrosion and deposition rates would be established on the 
new treatments before the program w8s extended tn  these towers. 

During the month of December 1973, the zinc dianodic treatment was phased out of the 
towers used in the investigation. The new water-treatment systems were initiated into the 
towers shortly after the first of January 1974. 

Treatment Changeover 

During the changeover from the chromate to the nonchromate treatments, the towers were 
taken out of service one at a time. All chromate-treated water in the hasins was dumped to 
the sewers. This procedure eliminated the necessity for the step-wise pH adjustment and 
high inhibitor concentration levels. Towers that could not be shut down and drained were 
diluted by the addition of makeup water and allowed to overflow until the chromate 
residual was less than 1 ppm. Creek samples were obtained during the dumping procedure 
and analyzed for environmental impact to the creek. 



The data in Table 3 indicate the creek Table 2 

impact from draining the cooling towers. TOWERS INVOLVED IN THE EVALUATION STUDY 

Inspection of Equipment 

- 

Circulation Makeup 
Tower Volume Rate Rate 

Number (galx103) (gpm x 103) ( ~ ~ r n )  -. -. 

Several heat exchangers that had been 
Group A 

exposed to the chromated water treatment 
and the straight phosphate treatment in the 
Biology Area were inspected on the water 
side. 

A view of the inlet and outlet sides of the 
two-pass air-conditioning heat exchanger for 
oneof the Biology buildings, that has been in 
service three years on the chromate 
treatment, is presented in Figure 1. As seen, 
scaling was primarily on the outlet of the 
tubes and consisted primarily of iron 
hydrate and some chromium oxide. Of the 

Group B 

460 tubes, 72 were plugged mostly from Group c 
"chunks" of redwood from the cooling 

9409- 10 85 9.0 135.5 
tower. Figure 2 gives a view of the opposite 9409-12 250 8.5 128.5 
end of the heat exchanger. The formation 9409-17 30 5.4 81.5 - - - 
of iron hydrate and chromium oxide 365 22.9 345.5 

indicates the system has been at low pH 
(< 5.0) for some period of time. Group D 

9409-2 225 - .  6.0 90.5 
Figure 3 is a view of the Gardiner-Denver air 9409-6 50 2.6 39.5 

compressor ir.~.lercooler heat exchanger. This 940"15 35 3.0 54.5 
94041 6 35 3.0 54.5 - unit had been in service 11 months and 15 - - 

345 14.6 days since the last cleaning period. Twenty- 239.0 

seven percent of the deposition in this heat 
exchanger was due to hinlogical fouling. The balance of the deposit consisted mainly of iron 
hydrate, chromium oxide, and silica (from mud). Figure 4 shows the heat exchanger head 
with similar deposits. The aftercooler tube bundle on this air compressor required acid 
cleaning to get the tubes clean. 

The heat exchanger from the plant air compressor is seen in Figure 5. Although there was 
evidence of some biological fouling, the major constituent in the deposition was iron 
hydrate, followed by chromium oxide and silica. This heat exchanger had been in service 
approximately 11 months since the last cleaning. Figure 6 shows the head of this heat 
exchanger and indicates a very heavy deposition of iron hydrak. 

A view of another air conditioning heat exchanger is presented in Figure 7. Wood chips had 
caused the plugging of 12 tubes. This unit was inspected approximately 2 112 mon,ths after 
initiation of the nonchromate treatment into the 9409-10 cooling tower. I t  was thought 
that a problem of maintaining load nn the unit was due to heat-exchanger plugging, but this 
was not the case. There was a slight, soft, muddy deposit on the tubes which analyzed to be 



iron hydrate, silica, chromium oxide, and carbon. The fact that the deposit was very soft, 
indicated that the new water treatment system was removing old deposits. The deposition 
was easily removed from the tubes with high-pressure air and then rinsed with clean water. 
The head of this heat exchanger is seen in Figure 8. 

Figures 9 and 10 are photographs of a 250-ton air conditioner unit in the Biology Area. 
Cooling towers 9409-19, -28, -29, and -33 in this area had bccn ti-aaled will1 a srraight 
phosphate treatment (sodium hexametaphosphate) and a pH adjustmenl with sulfuric acid 
during CY 1973. Test heat exchanger tube data had indicated a rather heavy deposit of 
tricalcium phosphate under these treatment conditions. Inspection of the 250-ton air 
conditioner heat exchanger unit bore out these test data. The "whitish" appearance of the 
deposition was analyzed to be tricalcium phosphate and could not be removed by air, water 
jet, or mechanical brushing. This type of depositiwn  interfere^ \ ~ i t h  heat transfer. 

Figures 1 1 and 1 2 show small heat exchangers removed from machines that are served hy 
the 9409-27 cooling lower. Figure 11 shows the hcads uf the exclianyers with an extreme 

Table 3 

CHROMIUM CONTENT OF CREEK SAMPLES 

Total Hexavalent Total Hexavalent 
Day Chrnmium Chromium Day Chromium Chromium 

(1 1/73) Time (mglll (mgll) (1 1/73) Time (mglll (mgll) 

9:00 am 
l : 0 0  pm 
5100 p m  
9: 00 prn 

1 :00 am 
5:00 am 
9: 0 0  am 
l :00  pm 
5: 00 pm 



deposition of iron hydrate and chromium oxide; Figure 12 shows a heat exchanger w ~ i h  one 
of the corroded copper tubes removed from the tube bundle. The heavy deposition in the 
heads and corrosion of the copper tubes was caused by loss of pH control in the cooling 
water system. 

Two views of an 800-ton air conditioner unit in the Biology Area are provided in Figures 13 
and 14. These pictures were taken upon completion of the water treatment evaluation. The 
"whitish" tricalcium phosphate deposition has been removed and all of the tubes had an 

153546 
Figure 1. INLET AND OUTLET SIDES OF THE TWO-PASS HEAT EXCHANGER. 



1-t 
Figure 2 OPPOSITE END OF THE TWO-PASS HEAT EXCHANGER. 



extremely clean, bright, copper appearance. The material observed in the water boxes was 
soft and muddy in appearance and very easily removed. The deposit was primarily iron 
hydrate and silica and had dropped out in the low-velocity area of the water boxes. 

An analysis of deposits from the heat exchangers is reported in Table 4. 

Corrosion-Deposition Studies 

The relative corrosivity of the cooling-tower water was determined by measurement of the 
weight loss of uninhibited metal specimens inserted in the cooling-tower return water 
systems. The steel and copper metal specimens were supplied by the water-treatment 
consultantslsuppliers of the formulations under evaluation. The weighing and evaluation was 
also performed by the consul tantslsuppl iers. 

153599 
Figuw 3. INTERCOOLER ON THE GARDINER-DENVER AIR COMPRESSOR. 



Corrosivity measurements in recirculating cooling water obtained by the use of metal 
specimens do not give precise values of the corrosion to be expected on metal surfaces in the 
system. Such measurements do give a figure for the corrosion rate of the metal under the 
conditions tested, which is useful for comparative purposes. This advantage is especially true 
when determining if the corrosion-inhibitive treatment being used in the system is giving 
adequate control. Examination of the specimens can also give an indication of pitting 
tendencies and scaling or deposition. 

Metal specimens were cleaned and weighed to the nearest tenth of a milligram prior to 
insertion in the cooling water systems. They were mounted on plastic or fiberboard rods and 
inserted in a specimen-holder assembly. Water flow over the specimens was maintained at 
rates from 3 - 6 ftlsec. A total of 12 specimens were in each assembly-6 steel and 6 copper. 
Each 30 days, one steel and one copper specimen were removed for corrosian and 
deposition analysis and new specimens inserted in their places. 

153600 
Figure 4. HEAD OF THE GARDINER-DENVER AIR COMPRESSOR. 



m - h e  following facts were recorded on each specimen: 

1. Identification of the cooling system. 

2. Identification of the specimen. 

3. Type of metal specimen. 

4. Duration of the test. 

5. Flow rate of the water. 

6. Weight loss of specimen. 

7. Average corrosion rate in milslyr. 

8. Appearance of the specimen before and after cleaning. 

The average corrosion rates obtained during the test period for each treatment evaluated are 
listed in Table 5. 

Figure 5. PLANT AIR COMPRESSOR INTERCOOLER. 



Table 6 gives a more detailed report on the corrosion data. All materials were satisfactory 
with regard to corrosion. The phosphonates are normally corrosive to copper and copper 
alloys. Mercapto benzol thiazole was formulated with the phosphonates which protected the 
copper, as the data indicate. 

"Fouling" refers to loose, porous, or gelatinous deposits of insoluble salts, adhering hydrous 
oxides produced by cgrr~sian. and S I I C ~  n t k r  foreign matoriala as dirt, arbon, clrruri~iurrl, 
and calcium salts. All systems inspected indicated the presence of fouling. Reference is made 
to the   receding sectinn. Inmectiov of Equipment. 

164841 
Figure 6. HEAD OF THE PLANT AIR COMPRESSOR. 



Of the four water-treatment corrosion/deposition inhibitors evaluated, B-CDI and C-CDI 
indicated superior results in controlling fouling. The previous sodium hexametaphosphate 
treatment utilized in the Biology cooling system coated the system with tricalcium 
,phosphate. After introduction of the B-CDI treatment, the phosphate concentration in the 
cooling-tower water increased significantly for approximately one month, indicating that 
the systems were being cleaned on stream. 

The C-CDI material was utilized in the 9409-1 0 cooling tower system. In approximately two 
months, a substantial accumulation (4 -6  inches) of fouling products (carbon, iron 
hydroxide, silica, and chromium) was found in the cooling-tower basin. The basin had been 
drained and washed with hoses before C-CDI was initiated. It was drained and cleaned upon 
observing the accumulation of fouling products in the basin. Inspection in October again 
showed a heavy accumulation in the basin, further indicating on-stream cleaning. 

The metal-specimen test procedure gives an overall corrosion rate, but will not yield 
instantaneous results. Resistance-type probes provide instantaneous corrosion rates by 



measuring the potential difference between a steel test electrode and a reference electrode. 
Resistance probes were installed on a cooling-tower system from each of the four test 
groups and were used for routine spot checks on the corrosivity of a system by leaving them 
in each system continuously and making scheduled measurements. The instrument used in 
conjunction with the probes was the Magna ~orrator.(b) In general, the instantaneous 
corrosion rates obtained were lower than rates obtained by the metal specimens. The 
Corrator also provides a measurement of the pitting tendencv of the cooling water 

The results obtained by the resistance-probe corrosion method are summarized in Table 7. 

- -  

(b) A product of the Magna Corporation, Santa Fe Springs, California. 



154192 
Figure 9. AIR CONDITIONER UNIT, SHOWING A HEAVY CALCIUM PHOSPHATE DEPOSIT. (250-Ton Unit) 



Heat Exchanger Data 

A small test heat exchanger containing steel tubes was installed on one cooling-tower water 
system in each of the four groups of towers under evaluation. The flow was maintained at a 
rate between 4 and 5 ft/sec, and the water temperature was elevated from 16 to 250 F by 
using 10-psig steam. Heat-transfer coefficient data obtained were inconclusive; however, 
examination of the tuba ,  the type of deposition, and cxarnination f o ~  pillilly &er removal 
of the deposition indicated that Treatments B-CDI and C-CDI were superior to the other 
treatments. The deposition in these tubes was very thin, easily removed, and there was na 
evidence of excessive pittings in the tube walls. 

164190 
Figure 10. ANOTHER VIEW OF THE HEAVY DEPOSIT OF CALCIUM PHOSPHATE ON THE 250-TON AIR CON- 
DITIONER UNIT. 



Microbiological Tes* 

Microbiological control proved to be the most difficult problem encountered in this 
evaluation. The microorganisms that were closely monitored were bacteria and algae. 

No attempt was made to analyze the water for the presence of fungi which can destroy the 
wood in a cooling tower. No materials in this evaluation nor those used in the 
chromatelphenol treatment would control fungi in the sections of the cooling tower where 
the water does not circulate (the drift eliminator and plenum areas). Control of these 
microorganisms is best accomplished by taking the tower out of service and spray treating 
those areas where the water does not circulate or by steam sterilization. 

Algae is present in most soils; and, when dust enters the tower, it brings algae. Most algae in 
cooling towers are bluegreen or green in color and must have sunlight, carbon dioxide, and 

154194 
t'-up9 1 1. HEADS OF SOME SMALL HEAT EXCHANGERS. 



a few minerals for survival. Effectiveness of the microbiocides to control algae was evaluated 
by visual observation of the plenum chambers, fill areas, and open distribution decks on the 
cooling towers to determine if algae growth was evident. A program was initiated during this 
evaluation to cover the open basins on two cooling towers and the open distribution decks 
on 11 cross-flow cooling towers. This covering greatly reduced one of the necessities for 
algae growth-sunlight. Visual inspection of these towers since installation of the covers and 
application of a proper dose of the proper microbiocide shows practically the elimination of 
algae growth. 

Effectiveness of the microbiocides to control bacteria was evaluated by an American 
Petroleum Institute procedure utilizing broth bottles. Bacteria enter the tower primarily via 
the air stream and it was essential that bacterial control be maintained since inspection of 
many heat exchangers had shown biological foulinq, The twn typm of bacteria evaluated 
were: {I) aerob~c bacteria (those that need nxyoen to grow), and (2) anaerobi~ IracLwia 
(those that do not need oxygen for growth). An example of aerobic bacteria is "iron 
bacteria" that oxidize ferrous iron to ferric iron. An example of anaerobic bacteria is 
"sulfatereducing bacteria" that cause corrosion by producing hydrogen sulfide and ferrous 
su If ide. 

154f93 
Figua 1 2  HEAT EXCHANBER WITH A CORRODED COPPER TUBE REMOVED. 



Inoculation of the broth bottles was performed directly at the cooling tower using sterile 
syringes. This procedure alleviated the necessity for sterile sample bottles and the possibility 
that the sample could be contaminated. 

Most all water-treatment suppliers provide microbiological analysis service at no cost. 
However, some of these results can be questionable. When samples are held for a few days in 
transit, all anaerobes die; the fast-growing species sometimes crowd out the slow-growing 
species; and, i f  a microbiocide is present when the sample is taken, the results are grossly 
affected. Results of the bacteria analyses are listed in Table 8. 

Results obtained by the bacteria test indicated that microbiocides B-MB and C-M8 were 
satisfactory to control growth. Microbiocides A-MB1 and A-MB2 on the other hand, were 

158047 
Flgum 13. AN 8OOTON AIR COhlDlTlONER UNIT WJTH THE CALCIUM PHOSPHATE DEPOSIT REMOVED. 



found to be unsatisfactory; in fact, the biological plugging of many heat exchangers 
occurred and each one had to be cleaned mechanically. These microbiocides also presented a 
foaming problem and required addition of a defoamer 10 minutes prior to the addition of 
the microbiocide. 

Microbiocides D-MB1 and D-MB2 indicated good bacteria control; however, a filamentous 
algae growth occurred, not necessarily dependent on sunlight in three of the four test 
towers. The algae plugged the nozzles on one tower which required the water to be shut 
off and the algae removed. The pH of one system was lowered to 7.g and sodium 
hypochlorite was used to retard the algae growth. 

- v-, T i  . - *,,,:, - ; - - ;- < ; " 5  L , .  0-L - _,, , ,,, u:gdL L - L ~  
Although Microbiocides B-MB and C-MB p r ~ v a  be the mnst effwiive, if they aro uood in 
a heavily infected system (> 106 cotrntdmlj individually, a prablcm occurs in br'i~.ryi~ry LI iltl 

system under control. This problem is thought to be caused by an acclimation of the 
bacteria to the one microbiocide. By alternating these microbiocides in a system and 
employing a "double shock" treatment, control is usually obtained without further 
problems. 

168046 
F l w n  14. ANOTHER VIEW OF THE 8oo.TON AIR CONDITIONER UNIT. 



Field and Laboratory Analyses Table 4 

ANALYSIS OF DEPOSITS FROM SEVERAL HEAT EXCHANGERS 

All consultantlsuppliers recom-  
Sample Source Analysis 

mended field test kits and 
supplied procedures for such kits 
whereby the operators ,could 
determine daily the' corrosion1 
deposition inhibitor levels in the 
cooling-tower water systems. 
These test kits were devised in a 
cookbook manner, were relatively 

. simple to use, and took a m i n i -  

mum period of time (usually 
around 10 minutes on an average). 
Plant Laboratory personnel were 
utilized to train al l  the coo l ing-  

tower-water-system operators in 
the use of the test kits. .A 

comparison between values ob- 
tained by the field test kits"and 
Plant Laboratory analyses was 
made and indicated good correla-  

tion, except for problem areas in 
some of the test kits. 

The field test k i t  for Formulations 
A-CDI 1 and A-CD12 presented 
problems with' the "factors" used 
for conversion to act~.~al product 
level. This difficulty resulted in 
several analyses by the Plant 
Laboratory to determine the 
actual values of these factors. 

Air Conditioner Unit 
(500 ton) 

Gardner-Denver 

South Carrier 

Machine Heat ~xchan~er  

Air Compressor 

West Air Conditioner 
Unit. 

43.6% iron, 4.5% chromium, 1.2% 
silicon, and traces of copper, calcium, 
magnesium, manganese, and titanium. 

26.5% iron, 5.9% chromium, 2.0% 
silicon, and traces of copper, calcium, 
magnesium, manganese, and titanium; 
26.9% ~ 0 l . ( l )  

silica (mud), iron hydroxide, and iron 
oxide. 

iron tin hydroxide, iron chromate 
hydroxide, iron oxide hydroxide, and 
copper oxide. 

26.95% iron, 3.85% chromium, and 
0.04% zinc. 

39.54% iron, 0.71% chromium, and 
0.1 3% zinc. 

iron oxide hydroxide. 

Air Compressor 17.47% silica, 2.76% iron, 1.85% alumi- 
num, 0.54% chromium, 1.9% carbon, 

. and traces of calcium, magnesium, 
carbonates, and phosphates; 75% LOI. 

Air Conditioner 10% iron, 4% silica, 1.5% aluminum, 
0.7% copper. and 0.516 chromium; 
30.88% LOI. 

(1) LO1 - loss on ignition. Percent reported is basically biological 
fouling. 

The field test kits for Formulations B-CDI and C-CDI proved to be reasonably accurate and 
reliable when compared to Plant Laboratory analyses. The field test k i t  for C-CDI was found 
to be inaccurate during the first week of the program because of the wrong calibrati'on of a 

Table 5 colormetric code wheel. This problem was 
AVERAGE CORROSION RATES im'mediatel y resolved. 

Corrosion/Deposition Corrosion Rates (mpy) 
lnhibitor(1) 

The field test kit for D-CDI was not accurate 
... ". Steel Copper 

enough for product-'level control. The Plant 
A-CDI-1 end CDI-2 0.59 < 0.1 Laboratory . h a d  to be utilized to perform all 
8-CDI 0.38 < 0.1 product-level analyses; which proved to be time 
C-CDI 0.49 < 0.1 consuming since they also had many problems with 
D-CDI 0.84 < 0.1 the Plant Laboratory procedure supplied by the 

(1)  ~ h q s e  inhibitors are vendor.supplied , . consultantlsupplier. The con~LJltant/.Supplier offar- 
materiels and ere identified by codes only. ed a field test k i t  based upon the requirements 



Table 6 

CORROIION R4TES OF COOLING WATER 

Inhibitor ievel Aerage Corrosion Lowest 2.31 rosion Highest Corrosion 
Cooling CorrosionlDc~osit ion as Product Rate (mpy) Rate ( r rpv)  Rate (mpy) 
Tower Inhibitor ~ l r e d t l )  ( P P ~ )  Mi ld S:eel Copper Mi ld St54 Copper Mi ld Steel Copper 

A-CD I 
A-CDI 
A-CDI 
A-CDI 
BCD!. 
BCD: 
B C D i  
E C D I  
C C D l  
GCDl  
C C D l  
D C D l  
D C D l  
D C D l  
D C D l  

(1) These inhibitws are vendor-supplied materials a d  are identified by codes only. 
(2) Only four coupons have been evaluated. 



Table 7 

RESISTANCE-PROBE CORROSION DATA 

A-CDI1 & A-CDI2 B-CDI C-CDI(~) D-C D I 
Corrosion/Deposition Corrosion/Deposition Corrosion/Deposition Corrosion/Deposition 

Inhibitor (mpy) Inhibitor (mpy - Inhibitor (mpy) Inhibitor (mpy) 
General General General General 

Corrosion Pitting Corrosion Pitting Corrosion Pitting Corrosion Pining 
Test Retc Tendency Rate Tendency Rate Tendency Rate Tendency 

(1) The probes were installed in  water f rom Tower 9409-10. As a result o f  the cleansing action of C-CDI, there were 
considerable fouling products being carried in  the water. These deposits accumulated on thc probes and the results 
were reading which were not indicative o f  the true corrosion inhibitation qualities o f  C-CDI. 

to  boil samples on a hot plate by the utility operator, but this step was considered to be a 
safety hazard in the small water treatment facilities provided. 

Environmental Creek Impact 

Composite sampling and analyses of the New Hope Pond during the water-treatment 
evaluation indicated the nonchromate water treatments tested had no environmental 
impact. However, the significant reduction of chromate, acid, and phenol treatments 
normally discharging to New Hope Pond from the cooling towers had a significant two-fold 
impact. The first impact was that the New Hope Pond influent and effluent total chromium 
during the evaluation was below the 0.05 ppm level established by the EPA and State of 
Tennessee. This achievement made i t  possible for the plar1.L. 1u.cu11'1ply with the EPA 
discharge limits. 

The second impact to New Hope Pond is that algae growth has shown a significant increase 
due to the low chromate level. This increase in algae growth has resulted in variances in the 
range of pH from 6.5- 8.5 that have been established as effluent limits. The pH variances 
tiave bee11 on the high side (basic pH) and occurred cl~.rring the summer and early autumn 
months. Algae, which utilizes sunlight in i ts  growth cycle, produces hydroxyl ions, resulting 
in a daily cyclic ellecl. Peak pl.1 values usually occur in the late evening and early morning 
hours. 

Chromate is toxic to algae; and, when chromate was present in the water, the algae growth 
was minimal. The result was that the cyclic rise of pH values was substantially depressed, 
although evident to some degree. This cyclic rise is depicted in Figure 15, which gives the 
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Table 8 

BACTERIA ANALYSES OF COOLING TOWER WATER 

Microbiocide 
Used 

Tolal Bacteria Coum 
Date (ctslml) 

Presence of Sulfate- 
Reducing Bacteria? Dosage 

Tower 9409-22 

Eoth li1ic:o~~iocides a: 50 ppn, Once Each Week 
Eoth Mic-o~iocides a: 50 p p q  Once b c h  Week 
Eoth Uic-obiocides at 50 ppm: Once Esch Week 

A-MB1 & P.-MB2 
A-ME1 & P.-MB2 
A-MB1 & P.-MB2 
A-ME1 & A-MB2 
A-MB1 & A-MB2 
A-MBI & A-MB2 
A-MBI & A-MB2 
A-MB1 & A-MB2 
A-MBl & A-MB2 

C-MB 

.- - .- . - C-MB 
6 - M B  ~ -= 

C-M B 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 
No 

- - 
-No- - - -  

N 0 

Eoth Mic-obiocides at 50 wm.  Once Esch Week 
Both Mic-obiocides at 50 ppm. Once E3ch Week 
Both Mic-obiocides at 50 ppm. Once Esch Week 
Both Microbiocides a1 50 pgrn Once Each Week 
Both Microbiocides a1 50 p3m. Once Each Week 
Both 1fiic1obiocides at 50 p>rn Once Each Week 
125 ppm, Once Each Week 
125 ppn, h c e  Each 'Neek 

- 
125 p p ,  mce  Each Week - - 

125 p p ,  Once Each Week 

Tower 9409-23 

A-MBl & A-MB2 
A-MB1 & A-MB2 
A-MB1 & A-MB2 
A-MB1 & A-MB2 

C-MB 
C-MB 
C-MB 

Both M~crobiocides at 50 ppm. Once Each Week 6/25/74 106- 107 
Both Microbiocides at 50 ppn. Once Each Week 6/26/74 106- l o7  
Both Mcnbiocides at 50 pgn, Once E ~ c h  Week 6/28/74 106- 107 
Both hGcnt~iocides at 50 ppn, Once E ~ c h  Week 8/02/74 106 - 107 
125 ppm, Once Each Week 9110174 106- 107 
125 ppm, Once Each Week 911 2/74 106 - 107 
925 ppm, Once Each Week 9/25/74 106- 107 

No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 

Tower 9409-27 

Both M,cr.>biocides at 50 ppm, Onc? Each Week 
Both M':crobocides at 50 ppm, Once Each Week 
Both Microbiocides at 50 pcm, .Once Each Week 
Both Mkrcbiocides at 50 pFm, Once Eazh Week 
Both h/licrob:ocides at 50 ppm, Once Each Week 
145 ppn, 3nce Each Week 
125 ppn, '3r~ce Each Week 
125 ppm, Orce Each Week 
125 pp.n, Orce Each Week 
80 ppm, m e  Time (on 10/02i741 
DVlBl  at : 5 ppm, 3 Times Every Two Weeks 
DMB2at 50 ppm, One Time Every Twc Weeks 
D M B l  at '5  ppm, 3 Times E w ~ y  Two Weeks 
D-MB2zt 50 ppm, One Time Every Two Weeks 
D-MBl zt : 51ppm. 3 Times Every Two Weeks 
PMB2 et 50ppm. One Time, Every Two Weeks 
D-MB1 a 15 ppm, 3 Times Every Two Weeks 
D-IJIB2 a t  E.0 ppm, One Tims Every Two Weeks 
DIdlB1 3t 15 ppm, 3 Times Every TWO Weeks 
DIAB2 .st EO ppm, One Time Every Two Weeks 
D-FABI w 55 opm, 3 Times Ev?ry Two Weeks 
D-PAB2 ax 50 Dpm, One Time Emry Two Weeks 
D-MBl at 15 jpm, 5 Times Every Two Weeks 
D-MB2 at 50 Jpm, Once Every Two Weeks 

A-MB1 & A-MB2 
A-MBl & A-MB2 
A-MB1 & A-MB2 
A-MBl & A-MB2 
A-MBl & A-MB2 

GMB 
C M  B 
C-M B 
C-MB 
B-MB 

D-MBl & D-MB2 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
N 0 
Yes 

P M B l  & D-NIB2 Yes 

Yes 

Yes 

Sodium 
Hypochlori~e 

D-MBl D-blB2 D-hlB1 a: 15 ppm, 3Times Euer.4 Two Weeks 
D-LIB2 a7 5) ppm, Once Every Two Weeks 
D-klB1 a: 15 ppm, 3 Times Euerv Two Weks 
D-hlB2 ar 5.1 ppm, Once Every Twfo Weeks 
D-hlB1 ar 15 ppm, 3 Times E~erv Two Weks 
D-lUB2 EI 51) ppm, Once Every Two Weel.:s 
D-hiBl EI 15 ppm, 3 Times E.JE~Y TWO Wzeks 
D-MB2 a1 511 ppm, Once Every Two Weel..s 
OMBl '  a1 15 ppm, 3 Times Every Two W,zeks 
D-MB2at 50 ppm, Once Every Tvvo Weeks 
DMB1 at 15 ppm, 3 Times Evay Two Weeks 
D-NB2 at 50 ppm, Once Ever./ T m  Weeks 
D-NB1 at 15 pprn, 3 Times Every Two Weeks 
0-MB2 at 50 ppm, Once Every Two Week 
I)-kqBl at 15 Fpm, 3 Times Every Two Weeks 
D-F.4B2 at 50 ppm, Once Everv Two Weeks 
DhIB1 at 15 mm, 3 Times Every Two Weeks 
DM02 a: 5C3 ppm, Once Everv Two Weeks 
D - W 1  a: 1 E wm,  3 Times Euery Two Weeks 
D-MB2 a: 5C ppm, Once Every Two Weeks 
500 ppm, Ouce Each Week 
100 pprn, Once Each Week 
100 ppm, Once Each Week 
100 pprn, Once Each Week 
100 Dpm, Orce Each Week 
100 ?pm, O ~ C E  Each Week 
100 Dpm, Once Each Week 
100 ppm, Once Each Week 
40 ppm, Three Times a Week 
40 ppm, n r e e  Times a Week 
40 ppm, Three Times a Week 
40 ppm, q r e e  Times a Week 
40 pprn, Three Times a Week 
40 pgm, TNC Times a Wsek 
40 ppm, TNC Times a Week 
40 ppm, Tiree Times a Week 
40 ppm, T,iree Times a Week 
43 ppm, Three Times a Week 
40 ppm, Thrse Times a Week 
40 ppm, Three Times a Week 
40 ppm, Three Times a Week 
40 ppm, Three Times a Week 
40 ppm, Three Times a Week 
40 ppm, TL re  Times a \Fl?ek 
40 ppm, Thre? Times Each Week. 
40 ppm, T i m  Ttmes Each Week 
40 ppm, Tivo'Times Each Week 

Yes 

Yes 

D M B l  & D-MB2 Yes 

Yes 

Yes 

Yes 

Yes 

C-MB 
C-MB 
C-MB 
C-MB 
C-M B 
C-MB 
C-WB 
C-M B 
B-MB 
B-MB 
B-MB 
B-MB 
B-MB 
B-MB 
B-MB 
B:MB 
B-MB 
B-M B 
B-M.3 
B-M 3 
8-M.3 
B-MB 
B-MB 
B-MB 
B-MB 
B-MB 
B-MB 

No 
No 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
Y 6s 
No 
Yes 
No 
No 
No 
No 
No 
Yes 
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Figure 15. ANALYSIS OF THE NEW HOPE POND EFFLUENT. 
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pH values on a typical summer day in 1973 when chromate was present in the water, and in 
1974 when the chromate I'evel was substantially decreased during the water-treatment 
evaluation study. The cyclic effect can be observed from these data. 

Analysis of Cost 

Although many of the cooling towers in the Plant are operated continuously, they are not 
fully loaded to design conditions (maximum water flow, 10° F AT heat load). Several 
towers are either shut down or the water circulated through the system and bypassed 
directly to the basin without utilizing the cooling tower. 

Taking these factors in to consideration, the average Table 9 

annual cost ot  the water treatment program is as reported TOWER TREATMENTCOST 
in I'able 9. -------. . ... ". .-- .... - .. .. .- .... 

Microbiocides 0-MB $1 9,800 
C-MB $19]800 

The chromate-based water-treatment program in CY B-CDI $ 7,900 

1973 cost approximately $37,000. This total does not c-CDI $ 8.500 

reflect the cost of filling and delivering approximately Total $ss,ooo 

3600 acid carboys nor the cost incurred in maintaining a 
pH ,control and recording system a t  each cooling tower. 

Recommendations 

Corrosion rates from all materials evaluated were satisfactory. Two microbiocide 
formulations were found to control, satisfactorily, microbiological organisms; however, 
certain microorganisms were found to become acclimated even to these materials with time. 
By .interchanging these treatments in a heavily infected system, there is a tendency to ' 

"shock" the microorganisms and bring them under control. 

The following recommendations are offered as a result of this study: 

1. Maintain B-MB, B-CDI and C-MB, and C-CDI water-treatment systems in the cooling- 
water systems. Both treatments are necessary due to acclimation of the microorganisms. 

2. Convert all remaining towers on chromate treatment to the nonchromate treatments. 

3. Perform minimum biological evaluations on all systems in service during the summer 
months on a.biweekly basis; at all other times, on a monthly basis. 

4. Operating procedures, which have been prepared for these treatments in each system, 
should be utilized. A quality assurance program should be established to assure 
compliance with the established procedures. 
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