(A Memorandum

U.S. Department
of Transportation

Federal Railroad
Administration

Date: June 15, 1998 Reply to Att. of: MP&E 98-12

subject: Hydrostatic Testing of Steam Locomotive Boilers

From: Edward R. English
Director, Office of Safety Assurance and Compliance

To: Regional Administrators, Deputy Regional Administrators,
Motive Power & Equipment Specialists and Inspectors

Section 230.17 of 49 CFR requires “Every boiler, before being put into service and at least
once every 12 months thereafter, shall be subjected to hydrostatic pressure 25% above the
working steam pressure. Section 230.18 of 49 CFR states, “The dome cap and throttle
standpipe must be removed at the time of making the hydrostatic test and the interior
surface and connections of the boiler examined as thoroughly as conditions permit.” In
case, the boiler can be entered and thoroughly inspected without removing the throttle
standpipe, the inspector may make the inspection by removing the dome cap only, but the
variation from the rule must be noted on the margin of the report. “Boiler entered through
auxiliary dome” or “throttle standpipe not removed.” If the boiler cannot be entered
because of its construction, it should be so stated. “Not entered because...”

Section 230.19 of 49 CFR states, “When the test is being made by the railroad company’s
inspector, an authorized representative of the company, thoroughly familiar with boiler
construction, must personally witness the test and thoroughly examine the boiler while
under hydrostatic pressure.” Section 230.20 of 49 CFR requires, “When all necessary
repairs have been completed, the boiler shall be fired up and the steam pressure raised to
not less than the allowed working pressure, and the boiler and appurtenances carefully
examined.” All cocks, valves, seams, bolts and rivets must be tight under this pressure
and all defects disclosed must be repaired.

Hydrostatic testing is a process whereby a fluid, usually water, is forced into the boiler to
determine the constructive soundness of the complete boiler structure to withstand such
test pressure. This test can only be performed properly when all air has been purged from
the boiler being tested. After all air has been purged from the boiler, the pressure should



be slowly increased by use of a suitable water pump or other device that will not introduce
air into the boiler during testing. Air in the boiler under test will defeat the principle of
hydrostatic testing. Pressures exerted in this manner subjects all internal surfaces and
parts of the boiler structure to equal pressure. Also of very significant importance is the
matter of safety. Water is practically incompressible and can store extremely little energy.
The energy force exerted is furnished by the pump. On the other hand, if air is trapped in
the boiler being tested, it will be compressed to the test pressure attained and build up an
energy source that can be extremely dangerous and damaging to the boiler being tested
should a failure occur. In the event of a structural failure, the trapped air pressure will
continue to expend its built-up energy until exhausted. With a true hydrostatic pressure,
stopping the pump ends the pressure source.

In almost all boilers of horizontal fire tube type, the highest part of the boiler will be the
dome. During the filling of the boiler, preparatory to hydrostatic testing, air should be
vented from as near the top of the dome as possible as pressure can be applied more
quickly and easily when there is no air present.

The safety valves are either removed and plugs inserted in their places or else they are
closed and clamped. An accurate test gauge is applied to the boiler and the pressure
must be watched closely to see that the prescribed testing pressure is not exceeded, as it
is very easy to strain, unduly, some part of the boiler. Cold water is not satisfactory for
testing, because the boiler plates are cold and contracted to a minimum and leaks could
appear. A boiler that is in good condition and tight under steam will usually show
numerous leaks when full of cold water under pressure, so that the use of cold water makes
the test unnecessarily severe.

After all defects, such as leaky seams and broken staybolts and crown stays have been
taken care of, the boiler is fired up and the pressure raised to not less than working
pressure so as to determine the permanency of the repair made.

Broken staybolts are more easily detected by hammer testing when the boiler is under a
hydraulic test pressure, than when it is not. The reason is that the broken ends may be
separated slightly. Whereas, when the boiler is not under pressure the broken ends may
be in contact, thus giving a sound like a good staybolt.

Attached is further information concerning problems associated with trapped air in boilers
during hydrostatic testing.



WHERE AIR CAN BE TRAPPED

1. If not properly vented or purged during filling of the boiler as described above, air
can also be trapped in the superheater system if the locomotive is so equipped, or
in the piston valves and cylinders and related piping, if included in the hydrostatic
test.

2. If the locomotive is provided with a throttle valve located in the dome and type “A”
superheating, and the throttle valve is opened to permit testing of the superheating
system during the hydrostatic test, additional air venting procedures will have to be
made in order to obtain a true hydrostatic or hydraulic block of water during the test.

3. If the locomotive is provided with a throttle valve located in the outlet side of the
superheater header, special precautions are very necessary in order to prevent the
trapping of air in the superheater system. Unless it can be known without a doubt
that all air has been purged from this system, a true hydrostatic head will not be
attainable.

It is therefore recommended that a suitable blanking plate and gasket be applied to the
entrance to the dry-pipe prior to hydrostatic testing of boilers and vent the boiler, as
previously described, from the highest point of the boiler.

As a matter of information to make you aware of hazard of trapped air, the following
example is provided, covering a locomotive having a multiple type throttle that is integral
with the superheater header:

A locomotive having 1,946 square feet of type E superheating surfaces and having
superheater units within 202 superheater flues, or 404 unit tubes, will require approximately
34.15 cubic feet, within the system. This is equivalent to two cylindrical reservoirs 21
inches inside diameter and 85 inches in length, a comparable 34.06 cubic feet. The
working pressure in this example locomotive is 245 psi working pressure, requiring a
hydrostatic test pressure of 25% above working pressure, or 306.25 psi.

Whether type “A” or “E” systems are provided, during filling of the boiler water enters the
dry pipe near the top of the dome, as possible, then passes into the unit pipes located
below and at right angle to the filling water level, and then forces the air from each unit.
Type “A” units consist of four pipes, and three return ends. In the type “E” system, a unit
may consist of four pipes and three return ends entering two flues, or as many as eight
pipes and three return ends entering two flues, or as many as eight pipes and six return
ends entering four flues comprising a very complex system of pipes and turns. This is
compounded when the type “A” or “E” systems utilize the multiple valve throttle and all air
must be purged from the systems through the throttle if it is opened. If the throttle is not
opened, all air within the unit system will be compressed by the incoming water and leaks



will probably appear.

It is important to know the safe condition of all parts of the locomotive, but other
appurtenances should not interfere with a proper hydrostatic test of the boiler. 49 CFR
Section 23.17 addresses testing of the “... boiler”. Attached is a composite diagram that
will aid in understanding the superheating systems of the more popular types.
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