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Corrosion of steel piping and basin equipment was 
found to be the main cause of the deposition of a 
brown flocculent material on the floor and walls 
of the disassembly basin at R Pile. 

A combination of sodium dichromate and chloramine, 
the best of seven water treatments tested, reduced 
steel corrosion 50 per cent, zinc corrosion 80 per 
cent, and met the standards for control of turbid­
ity and bacteria in the water of the basin • 
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A few weeks after water was charged to the dis­
assembly basin of the R Pile, deposits of material containing 
silica, iron, aluminum, and manganese began to accumulate on 
the walls and floor of the basin. 

The objectives of this study were to determine the 
cause of the deposition and to evaluate possible corrective 
measures. This work led to a laboratory investigation of the 
effect of various water treatments on water turbidity, bac­
teria control, and corrosion. 

SUMMARY 

Corrosion of the supply pipe line and the basin 
equipment is an important cause of deposition in the dis­
assembly basin of the R Pile. None of the water treatments 
tested will completely eliminate this deposition, but a 
combination of sodium dichromate and chloramine, the best of 
the water treatments tested, reduced steel corrosion 50 per 
cent, zinc corrosion 80 per cent, and afforded complete pro­
tection from bacteria. 

In low concentrations, only chloramine and a com­
bination of sodium dichromate with chloramine met the tur­
bidity and bacteria control standards for basin water. As a 
result of these tests, chlorine will be replaced by chloramine 
on a trial basis as a bactericide for basin water treatment. 

Water additives tested were chlorine, chloramine, 
Calgon, Arquad T-2C, Santobrite, and sodium dichromate. De­
ionized water was also investigated • 



• 

DISCUSSION 

BACKGROUND 

DP - 81 
Page 7 

The storage, disassembly, anw transfer of irradiated 
material discharged from a Savannah River reactor are con­
ducted under water in a concrete basin. The necessity of 
viewing underwater operations requires that the turbidity of 
this water be not greater than 0.5 ppm (as Si02 ). Therefore, 
coagulated and filtered water is used. This water is pumped 
from the water purification station through steel pipe at a 
maximum rate of 2000 gpm. A bactericide is added to the water 
to assure that bacteria which could increase turbidity do 
not grow in the basin. 

A few weeks after water was charged to the dis­
assembly basin of the R Pile, deposits of material containing 
silica, iron, aluminum, and manganese began to accumulate on 
the walls and floor of the basin. This condition reduced 
visibility by reducing the amount of reflected light. Also, 
manganese is a scavanger of fission product activity and its 
presence greatly increases the difficulty of decontamination 
in the event the basin must be drained for repairs. 

EQUIPMENT 

The experiments consisted of feeding filtered water 
treated by various methods into Amercoated 55~gallon drums at 
a rate (66 cc per minute) such that the turnover in the drums 
was comparable to the maximum turnover in the basin. A small 
section of carbon steel pipe was included in each of the feed 
lines to simulate basin supply pipe (see Figure 1). 

PROCEDURES AND RESULTS 

Three drums were charged with filtered water, 
filte~lct water and chlorine, and filtered water and chlor­
amine\ ! to determine if the addition of chlorine were causing 
the deposition. Within a week, a brown precipitate, similar 
in appearance to that deposited in the disassembly basin at 
R Pile, was noticed on the bottoms of the drums. The greatest 
deposition occurred in the drum fed with chlorinated water and 
the least occurred in the drum fed with filtered water. 

Turbidity measurements were made with a Hellige 
turbidimeter on samples taken immediately before and after the 
water passed through the steel supply pipes to the drums. 
For each line it was found that the turbidity of the water 
increased while passing through this section of pipe. This 
strongly suggested that the precipitation in the drums and 
in the disassembly basin was caused by deposition of the 
products resulting from the corrosion of the pipeline and 
basin equipment. 
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To prove or disprove this theory, filtered water 
was charged to a,drum without being passed through a carbon 
steel pipe. There was no deposition in the drum and the tur­
bidity remained constant at a value of less than O.l ppm (as 
Si02) during the two weeks of the test. This is in contrast 
to the first three experiments in which the water in the drums 
leveled off at an average turbidity of 0.2 ppm •. Data typical 
of' these initial experiments are given in Table I. All chlorine 
and chloramine residuals were measur~d using a comparator and 
the ortho-tolidine-arsenite method(2J. 

The preceding experiments indicated that the depo­
sition is caused by corrosion and not by inefficient filtra­
tion, after-precipitation, or bacterial action. 

Chlorine was not completely efficient as a bac­
tericide for basin water because chlorine is absorbed by 
organic material present in the water. In addition, an ef­
fective chlorine residual can not be maintained in the basin 
because of' the slow rate of' water turnover. 

Therefore, further experiments were set up to find 
a water treatment that would inhibit the corrosion and at 
the same time meet the turbidity and bacteria control stand­
ards for basin water. Water additives tested were chlorine, 
chloramine, Calgon, Arquad T-2C, Santobrite, and sodium 
dichromate. Tests were also made with deionized water. 

WATER TREATMENTS 

The results obtained with each of' the water treat­
ments are discussed in the following paragraphs. 

Chlorine 

in the existing water treatment, 0.5 ppm of chlorine 
was added to the filtered water to inhibit the growth of' bac­
teria in the basin. However, during the tests the Cl2 resid­
ual of process water decreased from an average value of 0.5 
ppm to 0.35 ppm while passing through the supply pipe to the 
test drum. Upon reaching the drum the chlorine residual de­
creased further to less than O.l ppm throughout the drum 
through absorption of chlorine by the organic matter present 
in the water and escape of' chlorine from the water. Bacteria 
counts showed a steady increase in the number of bacteria 
present in the drum, indicating that chlorine is not an ef­
fective bactericide for basin water treatment unless larger 
amounts of chlorine which increase corrosion, are used. Ac­
tual conditions in the disassembly basin paralleled these 
test results. 

Chloramine 

When 0.5 ppm of' NH40H was added to process water 
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containing 0.5 ppm of chlorine to form a chloramine, the Cl2 residual of the water did not decrease while passing through 
the supply pipe as it did with chlorine alone. The chlorine 
residual throughout the drum remained steady at a value of 
0.35 ppm and bacteria counts showed that there were no bac­
teria growing in this drum. 

Taylor(3), supports these observations as he states, 
"Chloramines are less active oxidizing and germicidal agents 
than chlorine but they are more stable, and hence an active 
residuum remains for a longer period (several days) in the 
treated water. This is an advantage where the water is re­
tained for long periods in reservoirs and mains before deliv­
ery to the consumers, since a high standard of bacterial 
purity can be preserved and after-growth of bacteria pre'­
vented". 

Corrosion of steel, aluminum coupled with stainless 
steel, and zinc coupled with stainless steel, was reduced 
slightly. Relative corrosion rates are listed in Table II. 

Chlorine and Calgon 

Two ppm of Calgon added to the process water re­
duced steel corrosion 20 per cent but increased aluminum 
corrosion twenty-fold. This accelerated corrosion of alu­
minum eliminated Calgon from further consideration. 

Arquad T-2C 

Five ppm of Arquad T-2C, the required concentration 
for effective protection against bacteria, had a turbidity 
of 0.4 ppm (as Si02 ). After corrosion samples were placed 
in the drum, a high turbidity, ranging up to 1.25 ppm, devel­
oped. This is much higher than the maximum allowable tur­
bidity of 0.5 ppm. 

Santobrite 

Thirty ppm of Santobrite, the concentration neces­
sary for control of bacteria, had an unacceptably high tur­
bidity of 2.5 ppm. 

Chloramine and Sodium Dichromate 

The use of 2.0 ppm sodium dichromate and 0.5 ppm 
chloramine reduced steel corrosion by 50 per cent and the 
corrosion of zinc coupled with stainless steel by 80 per 
cent, and at the same time afforded complete protection 
against bacteria. The turbidity of filtered water treated 
in this manner was less than 0.1 ppm. 
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The corrosion of steel in deionized water was ap­
proximately four per cent as great as that observed in 
chlorinated filtered water. The corrosion of zinc coupled 
with stainless steel was reduced by 70 per cent while the 
corrosion of aluminum was very low. However, tests showed 
that no protection is offered against bacteria by deionized 
water exposed to the atmosphere. 

RELATIVE CORROSION RATES 

Comparative results of the corrosion tests after 
one month are reported in Table II. These results were ob­
tained by measuring the weight loss of metal coupons after 
exposure to the treated water for one month. 

None of the water treatments reduced the corrosion 
of steel enough to eliminate deposition of the products re­
sulting from corrosion of the pipe line. However, sodium 
dichromate coupled with chloramine reduced steel corrosion 
by 50 per cent and at the same time afforded excellent pro­
tection from bacteria. Chloramine was the only bactericide 
tested that met the turbidity and bacteria control standards 
for basin water. As a result of these tests, chlorine will 
be replaced by chloramine on a trial basis at R Pile •. 

d.a.~e~~ 
F. A. Loc e v 
Pile Engineering Division 
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TABLE I 

• 

RESULTS OF INITIAL EXPERIMENTS 

Chlorinated 
Filtered Chlorinated H2o 1 NH40H 

H20 H20 Chloramine 

Turbidity, ppm as (Si02 ) 

Before pipe <0.1 <0.1 <0.1 

After pipe 0.4 0.5 0.4 

In drum o. 2· 0.2 0.2 

Chlorine residual, ppm 

Before pipe 0.5 0.5 

After pipe 0.35 0.5 

• In drum <0.1 0.35 

·Deposition Occurred in Occurred in Occurred in 
one week, one week, one week, 

grew heavier grew heavier grew heavier 

Bacteria Present Present None 

• 
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Filtered 
H2o 

(No Pipe) 

<0.1 

None 

Present 
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TABLE II 

RELATIVE CORROSION RATES 
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(Relative to corrosion rate in chlorinated water) 

Al Zn 
Water (Coupled with (Coupled with 

Treatment Stainless Steel) Stainless Steel) Steel Al --
Chlorine l.O l.O l.O l.O 

Chloramine 0.8 0.5 0.8 l.O 

Calgon & Chlorine 1.2 0.8 0.8 20.0 

Arquad T-2C 1.2 0.3 l.O l.O 

Chloramine & 
Sodium Dichromate l.O 0.2 0.5 "'0 

Deionized H20 0.3 0.04 "'0 


