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Repair of Overheating Linear 
Accelerator 
Los Alamos Neutron Science Center 
 

 
Figure 1 – Los Alamos Neutron 
Science Center 
 
Abstract 

Los Alamos Neutron Science Center 
(LANSCE, Figure 1) is a proton 
accelerator that produces high energy 
particle beams for experimenters.  
These beams include neutrons and 
protons for diverse uses including 
radiography, isotope production, small 
feature study, lattice vibrations and 
material science. 

The Drift Tube Linear Accelerator 
(DTL, Figure 2) is the first portion of a ½ 
mile long linear section of accelerator 
that raises the beam energy from 750 
keV to 100 MeV.  In its 31st year of 
operation (2003), the DTL experienced 
serious issues. 
 

 
Figure 2 – Drift Tube Linear 
Accelerator 
 

The first problem was the inability to 
maintain resonant frequency at full 
power.  The second problem was 
increased occurrences of over-
temperature failure of cooling hoses.  
These shortcomings led to an 
investigation during the 2003 yearly 
preventative maintenance shutdown that 
showed evidence of excessive heating: 
discolored interior tank walls and copper 
oxide deposition in the cooling circuits. 

Since overheating was suspected to 
be caused by compromised heat 
transfer, improving that was the focus of 
the repair effort.  Investigations revealed 
copper oxide flow inhibition and iron 
oxide scale build up.  Acid cleaning was 
implemented with careful attention to 
protection of the base metal, selection of 
components to clean and minimization 
of exposure times.  The effort has been 
very successful in bringing the 
accelerator through a complete eight 
month run cycle allowing an incredible 
array of scientific experiments to be 
completed this year (2003-2004). 

This paper will describe the systems, 
investigation, analysis, repair, return to 
production and conclusion. 
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Description of Systems 
The DTL is contained in four large 

steel cylindrical vacuum chambers 
known as tanks.  The tanks are clad on 
the inside with Oxygen-Free, High 
Conductivity (OFHC) copper and are 
jacketed on the outside with longitudinal 
cooling channels.  Copper components 
called drift tubes are located along the 
centerline of each tank and are hung 
vertically from the top.  The drift tubes 
house quadrupole magnets for focusing 
and de-focusing the beam. Copper 
plated field stabilization devices called 
post couplers are mounted horizontally 
from the sides of the tanks (Figure 3).   

Through the precise geometry of the 
vacuum chambers and the input of RF 
energy at an exact frequency (201.25 
MHz), the drift tubes are alternately 
charged positively and negatively to 
accelerate the charged particles to 
greater and greater speeds.  During the 
decelerating phase of the RF, the 
particles are shielded inside the drift 
tubes. 

Substantial RF power is required to 
achieve the desired acceleration, much 
of which is dissipated as heat.  
Removing the heat and maintaining the 
right tank volume for RF resonance are 
crucial design considerations.   

The requirement for volume control 
is achieved through an active feedback 
control system that uses motor driven 
tuning slugs.  As the system heats up 
from initial conditions, the increased 
heat causes the tanks to expand and 
this expansion is compensated by 
moving the tuning slugs in to reduce the 
internal volume.  This works in 
conjunction with a water temperature 
control system that actively mixes chilled 
water to regulate the water going into 
the tank at a constant 85˚F. 

Since the RF energy transfer is a 
surface phenomenon, every component 
that has exposed surfaces needs 
cooling.  This requirement was achieved 
through the implementation of two 
separate closed-loop cooling systems: 
A02 is a deionized, deoxygenated water 
system used to cool the copper and 
stainless steel components (drift tubes, 
tuning slugs, quad magnets and post 
couplers) and A03 is a chemically 
treated system used to cool the steel 
components (tank wall passages).  The 
tanks were designed with ten outer 
passages plumbed similar to a single 
pass counter flow heat exchanger.  A02 
and A03 have booster pumps on each 
separate tank providing between 160-
450 gpm of water flow.  Each of these 
booster pumps is coupled to another 
closed system that provides cold water 
for temperature control. 

 

 
 
Figure 3 – CST Microwave Studio 
Model of Tank -Construction shows 
Drift Tubes (hanging from the top) 
and Post Couplers (protruding from 
the sides) [1,2] 
 

CST Microwave Studio field 
distribution calculation (Figure 3) has 
shown that approximately 39% of the 
power is dissipated as heat through the 

Drift Tubes 

Post Couplers 

Tank 
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tank walls, 50% through the drift tubes 
and 11% through the post couplers 
(Table 1, using Post Coupler @ 22.5˚ as 
worst case). 
 

 
Table 1 – Single Cell CST Microwave 
Studio Analysis [1,2] 
 
Investigation 
 

 
Figure 4 – Post Coupler, Manifolds, 
Hoses and Button Gauges [3] 
 

In the last quarter of 2002, two 
significant events occurred.  First, the 
polypropylene hoses that connect the 
copper distribution manifolds to the post 
couplers began failing at an increased 
rate (Figure 4).  Secondly, the DTL 
tanks could not handle full power (120 

Hz @ 10% duty factor) without going out 
of tune; the power was limited through a 
reduction in repetition rate to 40 Hz. 

 
Post Coupler Hose Failures 

Inspection of the popped hoses 
(Figure 5) showed a repeated failure 
mechanism.  The hose on the output 
side of various post couplers developed 
a small burst opening ~.25 inch in 
diameter usually near the connecting 
coupling.  This indicated that the water 
exiting the post coupler exceeded the 
limits of the hose. 

 

 
Figure 5 – Failed Hoses [3] 
 

To determine the change in 
temperature of the water as it flows 
through the post coupler, the First Law 
of Thermodynamics yields the following: 
 

Tcmq ∆= &&  
q& = heat transfer rate (kW) 

m& = volumetric flow rate (gpm) 
T∆ = change in temperature of the water in ˚F 

 
c = specific heat of water at 85 ˚F = 
.1467 kW-min 
           gal-˚F 
 
Considering a flow rate as little as .1 
gpm and using the 2.1 kW peak power 
dissipated (at 22.5˚ rotation, see table 1, 
column 4) multiplied by 10% duty factor 
for average power (.21 kW), the change 

Post Coupler 

Hoses 

Button Gauges 
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in temperature of the water is 
determined by solving for ∆T: 
 
∆T = 14˚F 
 
Therefore, if the water enters the post 
coupler at 85˚F average, it exits at 99˚F 
average with only a .1 gpm flow rate. 

Furthermore, the hoses were 
specified at 120 psi burst pressure and 
150˚F maximum temperature.  With 
pressure of the system at <75 psi, the 
water in the hoses should not nearly 
approach the failure specifications. 

It raised the question of whether the 
post couplers had adequate flow.   

A portable pumping cart was 
purchased that could measure flow rate 
versus pressure drop.  A bench test 
produced data for the spares (Table 2). 

 
Post Average Average Standard 

Coupler ∆P 
Flow 
Rate Deviation 

Spares (psi) (gpm) (gpm) 
17 each 45 1.71 0.26 

Table 2 – Flow Rates for Spare Post 
Couplers 
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Figure 6 – Spare Post Couplers Flow 
Rate vs. Pressure Drop [3] 

 
In addition, a single post coupler was 

used to develop a curve of flow rate vs. 
pressure drop (Figure 6). 

The data for the spares would be 
used to characterize the post couplers in 
a “new” condition that was not subjected 
to the installed conditions experienced 
by those in the water system (A02). 

A test was performed to determine 
the flow through the installed post 
couplers at design pressure.  The return 
hose was disconnected from the return 
manifold and capped one post coupler 
at a time.  The flow through each was 
observed and recorded.  Out of a total of 
131 post couplers, 49 (37%) had low or 
very low flow.  Obviously, they were 
plugged up and would need to be 
cleared. 

The chemistry of the water was 
studied to determine a mechanism for 
reduced flow.  A presentation at the 
Mechanical Engineering Design of 
Synchrotron Radiation and 
Instrumentation (MEDSI, 2002) provided 
a possible scenario for the hose failures 
[4].   

A leak event in the deionized, 
deoxygenated system known as A02 
would cause an activation of the make-
up water system.  The system relies on 
a pressure drop to automatically open a 
solenoid valve which restores the 
pressure within a dead band.  It also has 
a time out feature that would prevent 
flooding.  However, if the pressure drop 
in the system was small enough to allow 
the make up water to restore the 
pressure before the time out has 
occurred, it is possible to cycle the 
solenoid valve and flood the beam 
tunnel.  This is what had occurred on 
two separate occasions. 

The make up water is deionized and 
deoxygenated through a closed-loop 
bypass system.  The bypass circulates 
water through resin beds that remove 
oxygen and ions.  However, the resin 
beds can be depleted when large leak 
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events occur.  The resin beds would 
need to be changed and a fair amount 
of time would be required to restore the 
water chemistry limits that were set for 
systems of this type (>5 MW-cm 
resistivity and <10 ppb oxygen).  If the 
time is not allowed for water chemistry 
clean up before re-applying RF power, 
the oxygen in the water will erode 
copper from the insides of the pipes at 
an increased rate and the copper oxides 
will precipitate in the hottest areas.  
Water holds more copper in solution 
when it is cold than when it is hot 
(Figure 7).  Therefore, precipitation will 
selectively occur in the components that 
are at the highest temperatures in the 
system.  As the precipitate accumulates, 
it restricts the water flow and inhibits the 
heat transfer. 

 
 
 
 
 
 
 
 
 
 
 

Figure 7 – Copper Solubility vs 
Temperature at Various pH [4,5,6] 

 
The water in the deionized system is 

kept at a pH of close to 7 by the active 
removal of ions in the resin bed.  As 
shown in Figure 7, the solubility of 
copper is 30 ppb at 30˚C (86˚F) and is 
20 ppb at 35˚C (95˚F) for the pH 7 
curve.  So the water can hold 50% more 
copper in solution at 86 ˚F than at 95 ˚F.     
 
 
 
 

Tank Overheating 
More significantly, the tank wall 

cooling system (A03) was suspect.  As a 
steel system, it was subject to oxidation 
if the water was not treated with a 
chemical inhibitor (it had not been 
treated for 11 years).  Visual and 
boroscope inspection through ports in 
the front of the tanks revealed a red and 
black film on the surface of the 
passages (Figure 8). 
 

 
Figure 8 – Tank Wall Passage 

 
Subsequent chemical analysis 

exposed two forms of iron oxide: 
hematite (red 32OFe ) and magnetite 
(black 43OFe ).  The thickness of this 
layer was approximately .060 inch at 
these locations although islands of 
thicker scale were observed. 
 
Drift Tubes 

In the mid 1990’s the drift tubes on 
tank 2 had a period of several months 
when the throttle adjusting globe valves 
were opened fully.  This produced 
oxidation corrosion that led to water to 
vacuum leak failure on one of the units.  
Therefore, this fact was of particular 
concern when considering the causes of 
overheating.  Due to the unknown 
integrity of the copper flow paths, these 
components could not easily be cleaned 
if plugged up.  Any cleaning agent would 
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risk damaging the already compromised 
copper wall thickness and could lead to 
water excursion into the vacuum 
system.  The portable pumping cart was 
used to determine the flow rates and 
historical data was used for comparison.  
These flow rates were measured to be 
within 10% of the original data indicating 
relatively clear flow paths. 
 
Other Concerns 

To find the root cause of the 
overheating problem, another avenue of 
investigation was the possible growth of 
bacteria.  Test kits (MICkit 5) were 
purchased from BTI [7] to test for 
aerobic, organic acid-producing, sulfate 
reducing, iron related and low nutrient 
bacteria.  Samples were taken from 
A02, A03 and B02.  B02 is the next 
adjacent cooling system downstream of 
A02 and was tested because a material 
with the consistency of gelatin was 
found and removed from the filter 
housing.  All bacterial tests were 
negative.  The gelatinous material was 
determined to be a form of copper 
oxide. 

But the composition of the water was 
of interest.  Since bacteria were not 
found, could another mechanism be 
responsible for plugging the 
components?  The possibility discussed 
earlier was a deposition of copper oxide 
in the hottest components of the 
systems.  So an analysis was conducted 
to determine the amount of copper 
dissolved in solution and to acquire the 
chemistry of the precipitate found in the 
filter housing.  The Chemistry Division at 
Los Alamos National Laboratory 
provided the spectral analysis.  The 
results showed the domination of copper 
(Table 3). 

 
 

 
Sam-
ple Fe Cu Pb Zn Cr 
            
AO2 ~0 0.345 0.045 0.021 ~0 
BO2 0.029 0.023 0.045 0.002 0.012
            
Precipitate Analysis 
(gelatin from filter 
housing)       
BO2 0.664 1052 5.59 5.71 0.25 

Table 3 – Chemical Analysis of Water 
Systems A02 and B02 [8] 
 

It is pertinent to notice the difference 
in amounts of copper found in the 
samples of A02 and B02.  A02’s 
concentration was greater by a factor of 
15.  In a normally functioning system, 
the copper ions would be removed in 
the resin beds but the copper oxides 
would not.  A filter would remove 
already precipitated copper oxide that 
was at or above its particle size rating. 
However, dissolved copper oxide would 
be removed only by precipitation in the 
hottest sections at saturation. 

 
Hypothesis 

The copper oxide was accumulating 
in the water flow paths of the 
components.  The higher concentration 
of copper in A02 was probably caused 
by erosion experienced during periods 
of high oxygen content.  This excess 
copper oxide was plugging up the post 
couplers and impairing their ability to 
transfer heat. 

It was also surmised that the iron 
oxide scale on A03 was limiting the 
transfer of heat from the steel tank to 
the flowing water. 
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Repair 

A DTL Remediation Team was 
formed and brainstorming sessions 
considered the possible fixes with their 
associated risks and benefits.  Several 
methods and materials were discussed 
to remove the deposits and scaling in 
the steel system (A03).  This included 
acids, bases and industrial cleaners.  
The chemical make up of the waste and 
the waste stream were to be 
determined.  Since the waste from the 
cleaning could be radioactive or have 
solid and dissolved heavy metals, a high 
disposal cost could be accrued.  Until 
the material could be tested, temporary 
storage would be required and a method 
devised to remove the cleaning agent 
from the systems.  

Installation of instrumentation would 
include pressure gauges, temperature 
and pressure transducers, resistivity and 
oxygen content on a real-time basis. 

The design of the post coupler was 
studied to evaluate the water cooling 
path. 

 
Figure 9 – Post Coupler 
 

As shown (Figure 9), it has a center 
tube that is intended to be the water 
supply path and an outer sleeve for the 
return.  Most of the cooling would occur 
in the outer sleeve since only the 
outside of the tube is exposed to a heat 
load (RF is a surface phenomena).  

However, when the post couplers were 
inspected, the hoses were plumbed 
opposite to what the design intended.  
The outer sleeve was feeding the supply 
water and the inner tube was the return.  
It was believed that this contributed to 
plugging from precipitation at the end of 
the tube. 

 
Post Coupler Repair 

Historical use of Phosphoric Acid to 
clean the copper cooling circuits in 
electro-magnets played a role in 
determining the path forward.  It was 
decided to individually clean the post 
couplers using a portable pump cart and 
a 5% by volume concentration of 
Phosphoric Acid. The chemical 
reactions are as follows: 

 
Cuprous Oxide Reaction 
CuO + H3PO4  →  CuHPO4  +  H2O 
 
Cuprite Oxide Reaction 
Cu2O +  H3PO4  →  Cu2HPO4  +  H2O 
 

To preserve the integrity of the base 
metal, an inhibitor was added that 
essentially forms a monolayer of oxide 
when it comes in contact with the base 
metal.  For Phosphoric Acid and copper 
systems, the inhibitor selected was 
Rodine 31A (available from Henkel 
Surface Technologies) [9]. 

The post coupler flushing produced 
an almost immediate increase in flow 
rate.  Black granular material was 
observed in the return tank while 
performing this operation.  Analysis 
showed that this was copper oxide. 

When this process was complete, 
the flow rates were recorded for all 137 
post couplers (Table 4).  The hoses 
were re-plumbed to the correct flow 
direction. 
 
 

Inner Tube 

Outer Sleeve 
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Tank 
Average Flow 
Rate 

Standard 
Deviation 

  75 psi 25 psi 75 psi 25 psi 
  (GPM) (GPM) (GPM) (GPM) 

2 1.88 0.96 0.188 0.134 
3 1.85 0.96 0.180 0.100 

4 1.83 0.98 0.157 0.112 

Table 4 – Flow Rates for Installed 
Post Couplers 

 
The flow values were plotted (Figure 

10) and the addition of a trend-line 
would provide a polynomial equation of 
flow vs. pressure drop.  This equation 
was used to approximate the flow at 45 
psi which was 1.42 gpm.  When 
compared to the spare units of Table 2, 
the flow appeared to be degraded from 
the un-installed condition. 

 
Installed Post Couplers
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Figure 10 – Installed Post Couplers 
Flow Rate vs ∆P 
 

The pressure drop due to hose 
length can be found per the following: 
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[10] 
where υ  is velocity, Re is Reynolds 
number, f is friction factor and ∆P is the 
pressure drop in psi.  The pressure drop 
has been expressed as a function of 
hose length to determine the loss due to 
the extra hose needed to measure the 
installed post couplers. 

The bench measurement had a hose 
length of 12 feet total versus a hose 
length of 30 feet for the installed units.  
This corresponds to a change in 
pressure due to hose length of: 

 
∆P = .72 X 18 = 13 psi 
 
Referring again to Figure 10, the loss of 
flow rate corresponding to 13 psi is .54 
gpm.  When added to the 1.42 gpm 
average flow rate for the installed post 
couplers, the total flow rate (1.96 gpm) 
is within the average flow rate plus one 
standard deviation (see Table 2).  
Therefore, the conclusion is that the 
post couplers have been restored to 
their new condition. 

Concern for inadequate flow through 
the post couplers led to the assembly of 
a test apparatus that consisted of two 
button pressure gauges (Figure 4) 
installed in two lengths of tubing to 
replace existing hoses on the post 
couplers.  This assembly could then be 
moved from one unit to another and the 
pressure drop observed and recorded 
(Table 5) providing a parameter. 
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PC ID ∆P 
Flow 
Rate 

Water 
∆T 

  (psi) (gpm) ˚F 
  (meas) (calc) (calc) 
02-PC-13 1.0 0.045 31.8 
02-PC-21 1.0 0.045 31.8 
02-PC-25 6.0 0.26 5.5 
02-PC-32 5.0 0.22 6.5 
02-PC-49 4.0 0.18 8.0 
02-PC-52 5.0 0.22 6.5 
02-PC-59 8.0 0.34 4.2 
02-PC-64 4.0 0.18 8.0 

Table 5 - ∆P and Corresponding Flow 
Rate and ∆T of Select Post Couplers 
 

Since a flow curve was already 
established, the flow rates in Table 5 
were calculated from the trend-line 
equation (Figure 10) and ∆T was 
calculated from the First Law (using 

kWq 21.=& ).  Notice that only 02-PC-13 
and 02-PC-21 are cause for concern 
since their ∆P is so close to zero and 
the tolerance band of the gauges may 
be in this range. 

Therefore, the first manifolds of Tank 
2 were judged to have too much overall 
pressure drop to provide adequate flow.  
This particular subsystem has 11 post 
couplers with ⅜ inch hoses being fed 
from a single ½ inch manifold.  The 
engineering judgment was that this 
would never supply enough water for 
cooling nor would it provide an equal 
distribution of flow. 

A MathCAD model was developed to 
test the hypothesis (Figure 11 and Table 
6).   
 

 
Figure 11 – MathCAD Model of 11 
Parallel Post Couplers [11] 

 
 

 
Table 6 – Flow Rates of Post [11] 
Couplers with Total Flow of 1.5 gpm 
 

This model has shown that the ½ 
inch manifold indeed provided adequate 
flow and a nearly equal distribution 
(Table 6) which was not expected.  It 
turns out that the pressure drop in the 
post couplers themselves so dominates 
the overall pressure drop for each flow 
path that it is inconsequential how 
circuitous the actual path is.  This was a 
surprising result. 

However, before this knowledge was 
attained and to be conservative, the first 
two ½ inch manifolds were replaced with 
one inch manifolds and a flow meter 
was installed.  These new manifolds 
provide nearly one gpm of flow through 
each of the post couplers. 
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Tank Repair 
Considering the steel system (A03); 

it was decided to remove the iron oxide 
scaling from the tank cooling channels 
also using 5% by volume Phosphoric 
Acid.  The following reactions would 
occur: 
 
Hematite Reaction 
Fe2O3 + 3H3PO4  →  Fe2(HPO4)3  +  3H2O 
 
Magnetite Reaction 
Fe3O4  +  4H3PO4  →  Fe2(HPO4)3  +  
FeHPO4  +  4H2O 
 

The key to success in the tank wall 
endeavor would be to remove as much 
of the iron hypophosphate as possible 
using filters and through water flushes.  
It would be counterproductive to simply 
change the chemistry of the scaling and 
re-deposit it elsewhere in the systems.  
This resulted in the installation of a local 
filter pot with bag filters and the isolation 
of each subsystem from the others.  The 
booster pump would be used to circulate 
the acid through the system locally 
(disconnected from the main cooling 
system). 

Baseline RF power data was 
established and a chemical cleaning on 
Tank 2 would determine the path 
forward.  If, after performing the acid 
flush, tank 2 was restored to optimum 
heat transfer, the process would 
continue for the other three tanks.   

The set-up for the tank wall cleaning 
would be involved.  A 900 gallon 
polypropylene tank was obtained to mix 
the Phosphoric acid at 5%.  The 
estimated volume of the A03 system of 
tank 2 was 200 gallons so a 250 gallon 
acid solution was prepared.  Ball valves 
were installed in the water distribution 
manifolds to aide in the transfer of 
liquids.  Two 3,000 gallon double 
contained waste tanks were purchased 

and placed in the parking lot with a 10 
gpm pump to pump the fluid out.  A 200 
foot length of acid resistant hose was 
routed through the tunnel, down the 
facilities trench, through the equipment 
room and out to the parking lot.  Tank 2 
was isolated from the equipment room 
pump by disconnecting and re-plumbing 
into the filter pot. 

A hazard analysis was performed to 
identify and mitigate the hazards.  This 
process resulted in the purchase of 
Personal Protective Equipment that 
included safety glasses, full face shields, 
aprons, gloves and arm sleeves.  Also, 
a portable shower/eye wash station was 
moved into the work area.  It was 
established that the individual that mixed 
the acid would wear a full-face respirator 
while pouring into the mixing tank.  A 
large industrial fan would blow the 
fumes away from the area. 

The first trial went exactly as 
planned.  The acid was introduced into 
the system and after a few cycles of 
filling and air purging, the pump stayed 
on (the pump had an automatic shut off 
for low suction pressure).  After two 
hours, the system was drained down to 
below the upper port which was 
disassembled and inspected.  This and 
subsequent inspections taken at 4 and 8 
hours revealed a stubborn film (islands 
of magnetite) that would not entirely 
come off.  It was decided to cease 
operations for the day and reconvene 
the next day.  Another 4 hours with 
Phosphoric Acid flushing yielded a bare 
metal surface that was sufficient and 
acceptable for RF trial.  The RF was run 
up to full power without any problems 
which gained a nod of acceptance from 
the RF team. 
  Due to the 12 hour total time required 
to flush with Phosphoric Acid and 
human factors, it was decided to switch 
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to Hydrochloric Acid because it would be 
much more aggressive.  With this acid, 
the inhibitor used was Rodine 213 which 
forms the protective layer on the base 
metal.  The chemical reactions are as 
follows: 
 
Hematite Reaction 
Fe2O3 +  6HCl  →  2FeCl3  +  3H2O 
 
Magnetite Reaction  
Fe3O4  +  8HCl  →  2FeCl3  +  FeCl2  +  
4H2O 
 

The acid cleaning process, in 
general, consisted of running the pump 
while monitoring pressure.  Occasionally 
stopping the pump to relieve gas build 
up was required.  During the acid 
cleaning, the bag filters were 
intentionally left out of the filter pot but 
the metal basket screen was in place.  
When the flushing was completed, the 
waste was pumped out to the storage 
tanks outside and fresh water was 
backfilled into the system.  This was an 
iterative process since the air that 
displaces the water when the tank is 
drained is difficult to remove.  At this 
time, a filter was added to the filter pot 
(200mm) and the ∆P was monitored 
across the inlet and outlet.  The bag 
filter loaded up with solids and was 
changed repeatedly.  For each tank 
cleaning, 10-15 filter bags were required 
to remove the solid debris.  After several 
iterations with the 200mm filters, 100mm 
bags filtered the solid further.  This 
process was continued through two 
additional water flushes.  On the final 
water flush, the pH was measured.  
Since it was still highly acidic, sodium 
bicarbonate was selected to perform the 
neutralization. A mix pot for the 
introduction of this material was 
provided when the filter pot was 

installed.  The neutralization process 
was time consuming since the 
production of gaseous byproducts 
intermittently shut down the circulating 
pump.  The waste water from each of 
the cycles was pumped outside to the 
double contained storage tank where it 
was neutralized and tested for metals 
and radioactivity. 

Over the next two weeks, the A03 
cooling system on the other three tanks 
was acid cleaned with similar results. 

 
Instrumentation 

Since instrumentation was virtually 
non-existent, the consensus was to 
monitor some of the parameters outside 
of the accelerating tunnel in the 
equipment aisle so that real time data 
could be tracked and trended.  This 
consisted of pressure transducers on 
each pump’s discharge line (A02 and 
A03, 12 pumps total), Resistance 
Temperature Detectors (RTD’s) on the 
supply and return from each tank (A02 
and A03, 8 pumps total) and dial 
pressure gauges on the suction and 
discharge of each booster pump (A02 
and A03, 12 pumps total).  Careful 
selection of instrumentation and 
electronics are required to survive in the 
hostile environment of the beam tunnel 
as components are exposed to high 
gamma and low level neutron radiation.   

Oxygen and resistivity meters were 
installed in the water polishing loop of 
A02 downstream of the resin beds to 
monitor these two parameters in-situ 
and to assess the condition of the resin 
beds. 

The output from each of the 
transducer’s meters was integrated into 
the control system so that real-time data 
could be accessed in the control room 
for initial diagnoses of problems, 
tracking and trending. 
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Booster Pumps 

The A03 Booster Pumps for the 
copper system are Bell and Gossett 
Model 3BB with a pump curve as shown 
in Figure 12 (Model 3BC is nearly 
identical to 3BB).  Two parameters 
would have to be known to determine 
the efficiency, performance and the 
status of the impeller.  However, since 
instrumentation was not initially 
installed, it was not possible to 
determine this.  Pump problems were 
considered in the brainstorming 
sessions but were quickly ruled out due 
to the heat transfer problem being a 
condition attributed to all four tanks.  It 
wasn’t until after the pressure gauges 
were installed could the total output 
head of each pump be determined. 

 

 
Figure 12 – A03 Pump Curve [12] 
 
Flow Rate Measurement 

A Controlotron [13] ultra-sonic 
clamp-on flow meter was used to 
measure flow rates.  However, it’s 
design depends on the transmission of a 
“wide beam” sound wave by a sender 
transducer and the receipt of the wave 
by the receiving transducer.  It was not 
possible to get a stable signal with this 
device before acid cleaning the steel 
system (probably due to internal scale 
on the pipes).  After the acid cleaning, 
the flow meter became stable and the 
flow rate was determined for each tank 

per Table 7.  Additionally, the ∆T’s were 
calculated based on known power input 
per the 1st Law. 
 

  Total 

A03 
Tank 
Wall   

A02 Drift 
Tube   

  
Input 

Power 
Flow 
Rate ∆T Flow Rate ∆T 

  (kW) (gpm) (˚F) (gpm) (˚F) 
  (meas) (meas) (calc) (meas) (calc) 

Tank 1 31 160 0.49 56 2.36 
Tank 2 250 447 1.42 254 4.21 
Tank 3 210 448 1.19 200 4.49 

Tank 4 250 425 1.50 206 5.18 

Table 7 – Full-Duty Power, Flow 
Rates and ∆T of Tank Water Systems 
 

With the flow and pressure data, the 
operating point on the pump curves has 
been determined for each pump.  The 
conclusion supports the initial 
hypothesis that the pumps were not 
degraded but they are operating at the 
knee of the curve (impeller diameter = 
7.88 inches) which is inefficient because 
it produces extra heat. 

The overall change in temperature of 
the water in Table 6 has been verified 
with the RTD’s that have been installed 
proving that the heat transfer model and 
the flow rates are correct. 

 
Conclusion 

The diagnosis and repair were found 
to be correct in that the Drift Tube Linac 
has achieved an eight month run cycle 
as of this writing without overheating.  In 
summary, the things corrected were as 
follows: 

1) The tank wall systems had an 
iron oxide layer on the inside 
surfaces that impeded heat 
transfer and was removed using 
Hydrochloric Acid.  A rust inhibitor 
(West C-405 [14]) is actively 
monitored. 
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2) The post couplers were plugged, 
probably on the end of the inner 
tube.  The copper oxide was 
removed using Phosphoric Acid. 

3) The post couplers were plumbed 
in the opposite direction of 
optimum leading to an 
overheating and accumulation of 
copper oxide; the proper flow 
direction was restored. 

4) Flow rates were checked on the 
drift tubes and tuning slugs and 
were found to be adequate. 

5) Flow rates and pressure heads 
were established for the booster 
pumps and pump performance 
was within specifications. 

6) Instrumentation was added to 
monitor, track and trend. 

 
The total cost of this project was 

approximately $1 million.  This 
expenditure prevented an unpredictable 
amount of down time for the LANSCE 
user community.  The success of this 
project has extended the life of the 
accelerator and provided a historical 
record of scientific experiments during 
this past run cycle. 
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