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Introduction - 

Low conductivity water is employed at 
The Cambridge Electron Accelerator to cool 
Magnets, transformers, semiconductors and 
other types of electrical and electronic 
equipment. Two independent closed loop 
water cooling systems (one for the accel- 
erator proper, the other for experiment 
equipment) and a common cooling tower are 
in use. 

A CEA report, now in preparation, 
describes the original system, the reasons 
for it, operational experience, failures 
(causes and effect within the system and 
the heat loads) and corrective action. 

This paper includes only a portion of 
the report as space does not permit ade- 
quate coverage. Interested parties are 
encouraged to communicate with the authors 
for more and detailed information. 

General Description 

The experiment ccolinq system con- 
tains pipes, pumps and valves of steel, 
copper heat exchangers and copper coils in 
the beam transport and analyzing magnets. 
Ordinary steel was selected originally 
because of high pressure requirements and 
cost. The heat exchangers, and distribu- 
tion system contain 3600 qallons of water. 
The heat loads (magnets, etc.) contain 
about 500 gallons. 

The maanets at the CEA operate at a 
nominal level of 500 volts. Typical mag- 
nets at the CEA require 500 amperes at 
500 volts. Most experimenters wish to 
know the value of current through a magnet 
to 0.075% or better. 

Since one can measure only the total 
current into the coil, the current shunted 
to ground via the cooling water (and this 
does not affect the field in a known fash- 
ion) must be less than 0.375 amperes. The 
total leakage resistance has to be, at 
worst, better than 10,000 ohms. 

In our experimental magnets, coils 
are constructed in layers, each layer is 
electrically in series with the others but 
the water cooling paths are all in paral- 
lel via insulating rubber hoses between 
the layers and input and output grounded 
metal manifolds. 

There can be 60 to 80 quarter inch 
diam water passages, varying between 6 

inches to 24 inches in length. 
Thus, in order to obtain a shunting 

resistance to ground greater than 10,000 
ohms, at least 7000 ohm-cm water, (low- 
conductivity cooling water) is required. 

It was originally believed that with 
the use of a dionizer with a capacity of 
50 gals per hour in a shunting loop on the 
system, along with periodic introduction 
of a phosphate, would be sufficient. It 
has been established that it is not pos- 
sible because: 

a. The dionizer capacity is much too 
small compared to the 1700 gallon pm flow 
of the system. 

b. Dissolved gases, oxygen, carbon 
dioxide,etc., combine easily and readily 
with the dissolved iron to form oxides 
which precipitate and permit more metal to 
dissolve. 

C. Maintenance personnel did not 
continue the phosphate treatment. 

d. Debris from< filter cartridges 
collected, as branches and leaves in a 
stream, at various places in the system 
and subsequently caused reduction in 
water flow. 

e. An experiment Cooling water sys- 
tem must be opened quite frequently. 
Each time, oxygen and other gases are in- 
troduced into the system along with pipe 
joint compounds, metal fillings, etc. 

f. High flow rates erode metals 
from the pipes and these pass into the 
water. 

Problem 

The effect of these contaminates in 
the iron pipe system is to both acceler- 
ate corrosion of the iron pipe and to 
alter the electrical conductivity of the 
cooling water system. 

The products of corrosion in the form 
of dissolved solids precipitate on the in- 
side of the cooling hoses and cause elec- 
trical leakage paths between the magnet 
coils and the grounded water pipe system. 

Even though the conductivity of the 
water may be satisfactory, the conducting 
coating on the inside walls of the hoses 
shunt currents to ground. The increase 
in ground current destroys the original 
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field versus current calibrations perform- Fe(HCO3)2 3 Fe0 + CO2 + H20 (4) 
ed before the research experiment began. 
The distribution of Shunted currents to Note: The appearance of ferrous oxide. 
ground is not measurable so that contribu- 
tion of coils to field are non-linear, the Equation(l) showed the effect of 02 on the 

field plots alter. iron (Fe). The 02 dissolved in the water 
will combine with the H2 to form water 

Activities Affecting Conductivity while the ferrous bicarbonate precipitates: 
(5) 

1. Increase of metal in water due to 
F,(HCO3)2 + 02* F203 + CO2 f EI20 

erosion of the inside surface of the pipes. The interaction of the end products of (4) 

2. Galvanic action due to dissimilar 
metals i.e., Fe & Cu., etc., in the pres- 
ence of conductive water and electricity. 

3. High dissolving rate of iron when 
pH is below 5 (Acidic). 

High dissolving rate of copper 
when pH is above 8 (Alkali). 

4. Chemical reduction due to dis- 
solved oxygen, carbon dioxide and other 
gases and minerals in the water. 

How Precipitates Form 
The following reactions explain how 

iron behaves in LCW when oxygen is 
present. 
Note: No attempt is made here to balance 
these equations, since it is intended to 
show only the end products of the reac- 
tions. 
Free iron in solution exposed to dissolved 
oxygen: 

Fe + 02 + H20---pFe(OH)3 (1) 
The product here is called Ferric Hydrox- 
ide which in turn becomes Iron Oxide or 
Rust. i.e., 

F,(OB)3 ---+ Fe203 + H20 (2) 

It is this product Fe203 (Ferric Oxide) 
black, magnetic and a conductor of elec- 
tricity. It is also known as Hematite, 
which is carried by the water and deposits 
on the walls of all passages. It causes 
most trouble when it deposits on the in- 
side surface of the insulating rubber 
hoses connecting the magnet coils with the 
grounded LCW pipe system. The presence of 
carbon dioxide poses its own problem i.e., 

H20 + CO2--+ H2C03 

The product carbonic acid, is involved as 
follows: 

~~ + ~2~034 Fe(HCO3)2 + H2 
(3) 

It is interesting to note here that the 
hydrogen formed by this reaction SLOWS 
down the reaction rate, however the fer- 
rous bicarbonate is soluble in water and 
breaks down further: 

and (5) above yields a magnetic oxide 
called maqnetite: 

Fe(HC03)2 + 02-Y F304 + CO2 + If20 (6) 

Summarizing the foregoing reactions one 
would expect and we have found our piping 
system contains, among other things: 

Fe0 - Ferrous Oxide 

Fe203 - Ferric Oxide (Hematite) 

Fe304 - Magnetite 

FeC03 - Ferrous Carbonate 

it is mandatory to: 
a. Exclude oxygen and carbon dioxide. 
b. Continously remove dissolved iron. 

Blockage 

The pnotographs show the buildup of 
corrosion products at the magnet fittings, 
along the hose lengths and in filters. 

Consider the effect of iron oxide and 
copper buildup at the tip of the hose con- 
nector as shown in Fig. l., a, b, cI d. 
The hose I.D. is 4". The Hematite 
(Fe203) and copper is deposited in layers 
at the tip of the fitting while only the 
Hematite is deposited on the hose. The 
effect of this combination is as follows: 
Shown in Fig. 3. 

1. Restriction of water flow with 
resultant overheating and damage. See 
Fig. 1. 

2. Rupture of the hose at the fit- 
ting tip after 30 months use. (See Fiq. 2) 
A number of factors contribute to the-de- 
terioration of the hose at the return end. 

a. The rubber hose is distorted due 
to the compression fitting. 

b. High water pressure (250 PSI). 
C. Leakage current through the con- 

ductive water. 
d. Elevated temperature due to re- 

duced water flow in the coil. 
e. Migration of the soluble iron in- 

to the rubber effecting its elasticity. 
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Remedial Action 

It is estimated that more than 160 
pounds of iron oxidewas in the system 
piping and magnets. In addition, iron is 
continually going into solution. The im- 
mediate course of action was to dump all 
the system water and refill with distilled 
water of 1 megohms - cm resistance. 5000 
gallons of distilled water were purchased 
and pumped into the system. The system 
contained several single 5 micron car- 
tridge filters. These cartridges were 
renewed prior to filling the system. The 
process of filling the system and purging 
with 1000 gallons of distilled water loos- 
ened much of iron oxide that was on the 
walls of the pipes that did not eject when 
the svstem was dumped. This had to be re- 
moved with filters: 
See Fig. 4, for the magnitude of iron 
oxide deposits trapped by the filter. 

The introduction of distilled water 
was only a temporary solution. The long 
range solution now being undertaken by 
CEA includes the: 

a. Installation of a system of fil- 
ters, deoxygenerators and deionizers. 

b. Sealing the system from air and 
continous sparqinq with.nitrogen. 

The system as planned should give 
CEA, one megohm-cm water. Cl (D) 
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