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Conservation of

a Space Rocket
by Lydia Frenzel, Ph.D.
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ditor’s Note: This is the second article 

featuring the conservation of the Saturn 

V Rockets. The first appeared in the August 

2005 issue of Cleaner Times.

The conservation of two of the

three Saturn V rockets in the collection of the

Smithsonian’s National Air and Space Museum

is occurring concurrently—one located at the

Johnson Space Center (JSC) in Houston, TX and

the other located at the United States Space and

Rocket Center (USSRC) in Huntsville, AL.

The pressure washing of the JSC Saturn V

and much of the background material is fea-

tured in the previous article. Consequently, this

article focuses on the paint stripping and use of

high and ultra-high waterjet cleaning at USSRC. 

It is September, 2005, and my husband Charles

and I are rounding the corner to the USSRC in

Huntsville and discussing the impact of the

space program on our lives and what this con-

servation project means to the American people.

Our talk turns to 1957, when Charles took a

photo of Sputnik rocket carrier on one of its 

initial orbits and calculated the length of the

rocket carrier. He had set up a station in Oklahoma

as part of the International Geophysical Year.

Charles had served on a student science advisory

committee to President Eisenhower during this

time frame.

As we turn the corner, we see a full size Space

Shuttle and remember the two accidents. My

brother-in-law was with NASA for the first one;

my nephew was “on the board” at Johnson Space

Center (JSC) NASA for the second one. The

Saturn V rockets were long put to bed by the time

of the Space Shuttle.

We drive in front of the Museum and see the

modern flying wing—and remember the first

flying wing Northup XB35 that was built about

1946 and the controversy when the project got

scrapped. (www.wpafb.af.mil/museum/research/

bombers/b3-66.htm) 

Then we saw the collection of rockets on dis-

play, from small to large, with an upright Saturn

dominating the landscape. We thought of Mercury

(and Alan Shepard and John Glenn), Gemini

(1965–66 when I was finishing college), and of

course, Apollo (that started with a fire in 1967 and

ran from 1968–1975, from the Moon landing to

Apollo-Soyuz). We continued around a corner, 

past a permanent “temporary building” to the

backside of a fence and through the fence to the

conservation site project trailer.

On a technical basis, we are here to view the

repair and stabilization of damaged components,
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including surface preparation, the condition of the

substrate, and coating application.

Conservation Solutions Inc. is trying out some-

thing relatively new in conservation. (See J of

Architectural Conservation, Cleaning Techniques in

Conservation Practice, Vol. 11, No. 3, November, 

2005, p. 121—Conservation of Historic Metals by

Waterjetting Techniques). On these projects, CSI

has been involved in an educational process for

both the conservation and waterjet cleaning

industries. It is a new concept to match the pres-

sure, flow, and standoff of waterjet cleaning to 

historic materials to show that higher pressure is

not necessarily a more aggressive environment. 

The collaboration of members of the waterjetting

industry and the conservation field made the

acceptance of the process possible. Conservators

tend to use very low pressure (50–400 psi) with

brushing as the least aggressive technique. The

waterjet industry shared its full knowledge and

experience in surface preparation on ships,

masonry, and fragile substrates.

Members of the team included Joseph Sembrat,

Patty Miller, and Jee Skavdahl of Conservation

Solutions Inc.; many Sherwin Williams paint

representatives; Richard Dupuy and Tim Holeman

of UHP Projects; Rick Watson of SURMAC;

Marvin Boatman of Boatman Industries; and

Skip Wayland of Frontier Industries. The USSRC

set up a separate advisory panel to assist in the

activities at Huntsville.

Patty Miller, Project Manager for CSI at

Huntsville, had this to say about the Saturn V

restoration at USSRC. “This project touched more

people’s lives than any other project I have been

on.” Because of the educational aspect of Space

Camp, this is a destination site for youngsters,

teenagers, parents, teachers, grandparents, and 

persons of all nationalities. Any time Miller walks 

into the museum, she hears multi-lingual conver-

sations. Huntsville is the original Space Camp and 

people are very curious about what is happen-

ing under the big tarps that cover the horizontal 

Saturn V display on the hill behind the museum. 

As I look at USSRC, there are obvious differ-

ences from the JSC site. These Saturn components

were full-scale mockups that were used in dy-

namic testing. Many of the materials used here

were prototypes and did not make it to the final

“in-space” components. 

Compared to the JSC rocket, the USSRC Saturn

V had been outdoors for nearly seven years

longer, but is far better preserved. This is due in

part to a less aggressive climate. The USSRC

maintenance schedule consisted of repainting



but didn’t include complete stripping,

as was done at JSC. The construction

is stouter because it was a testing

vehicle rather than a flight vehicle.

The paint coating testing identified

the presence of original zinc chromate

primers and original paint layers

throughout. The zinc chromate

primer varied in thickness between

the bulk of the rockets and the skirt

sections. Subsequent paint coatings

numbered from four to as many as

fourteen layers. The skirt sections

were more susceptible to damage as

they are accessible to weathering

from both sides. The corrosion was

found primarily at areas where ani-

mal debris and feces had collected

over the years and areas where

water pooled on the surface.

The greatest challenge would be

how to effectively remove coatings

from thin aluminum skin while

retaining the original profile and

as much original primer as possible

and avoid causing distortion to the

underlying metal substrate. Sub-

strates were examined microscopi-

cally for integrity. Paints would be

removed by chemical stripping or 

by uhp waterjet cleaning. 

Where possible, conservators

specified that coatings be removed

down to stable paint coatings. For 

the JSC Saturn V, complete coating

removal was ultimately specified

as there was little or no original

paint present, there was extensive

underfilm corrosion throughout the

vehicle, and it would provide the

most effective means of eliminating

corrosion-causing soluble salts. In 

the case of the USSRC Saturn V,

conservators specified that coatings

be removed down to the original 

zinc chromate primer layer.

A neutral chemical stripper,

already being used in the aircraft

industry, was used to clean com-

posite materials and in areas where

the metal hull was very thin. It was

washed off with low pressure water. 

One of the test components at

USSRC was uniquely finished with

a thin polymer film (0.001 inch of

Dupont Tedlar®) over a nylon mesh

with phenolic adhesive over ure-

thane foam panels. Ultimately the

foam/polymer film was not used on

the space-ready rockets. It was very

labor intensive to apply. The most

damage to the polymer film was

uncovered on the upper surfaces

due to weathering and direct sun

exposure, and on the museum side,

where impact damage possibly from

rock kicked up by ground mainte-

nance equipment caused holes and

tears. In contrast, the polymer film

on the south side showed little dam-

age, as it faces the back fence of the

park. Chemical strippers were used,

followed with low pressure wash-

ing. The component was dried for

several days. The torn spots were

repaired with 3M polymer tape.

UHP waterjet cleaning was used

to strip the intact metal hulls and

pieces. The pressure of 25,000 psi was

sufficient to remove multiple paint

coatings down to the zinc chromate

primer layer. However, 35,000 psi

was found to produce the most 
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efficient cleaning rate. There was

less dwell time in sensitive areas.

The waterjet stripping went fair-

ly fast. You need a very light touch for

conservation work. The jetters were

very experienced, not new trainees.

Everyone is aware that they are han-

dling a “one of a kind” object. Any

chance of operator-induced damage

must be minimized.

With respect to containment and

handling of effluent water, the site

setup looked very typical. Scaffolding

was around the rocket; breathable

tarps went up the sides. The top

cover and underneath bermed areas

were inpermable polymer tarps.

This was to keep the rain and sun off,

and to provide collection of effluent

water. The effluent water was sent

through multi-stage filters, and then

through a deionizer. It was tested,

and then sent to the sewer system. 

Waterjet stripping began in mid-

July and the aft end of Stage One was

completed within three weeks. The

completed section of Stage One is

approximately 33 ft in diameter

and 50 ft long, a surface area of

5200 sq ft, not counting any fins or

protuberances. (The entire Stage

One is 138 ft long.) The amount of

filtered, deionized water sent to

the sewer was 6000 gal. Miller 

noted that the small quantity of

water generated by UHP WJ is a

huge advantage compared to the

typical large volumes of water for

pressure wash cleaning. Painting

began on Stage One in mid-August.

All the other stages were stripped

by late October.

There are many, many details in

conservation. 

Metal repair and replacement at

USSRC was minimal. Perforated

areas were cleaned and repaired

like you repair a car body. The area

damaged by corrosion was first

ground smooth. Then if there was a

void in the aluminum skin, it was

filled with a new piece of aluminum,

smoothed with epoxy, and sanded

before painting.

Aluminum foil was used to 

mask off areas that were not to be

painted. With so many bundles of

electrical wires and odd protru-

sions, it was much faster to wrap the

parts with aluminum foil, and then

blow off the foil with compressed air,

than it was to use the traditional

paper-and-tape method. 

The paint foreman described how

an experienced painter started with

tape and paper, but quickly came to

him and said, “I know of a much

faster, cheaper way”—and pro-

ceeded to describe using aluminum

foil. The paint foreman said, “Let’s

try it.” Much to the foreman’s amaze-

ment, the painter could mask three

to four times more area, and the

foil was much faster to take off.

The work was staged as much 

as possible section-by-section. The

components were stripped, metal

repair was completed, and paint

was applied in sequence. Dust, tem-

perature, and relative humidity had

to be controlled during painting.

By late October, paint was applied

on all the components except for

the Stage Two. 

It is now December 2005, and

we have come back to see the 

final painting. It is raining and 

near freezing. 

The painting crew wiped every

inch of the surface to be painted

with cloths soaked with a fast drying

solvent, mostly alcohol. The objective

was to get rid of any dust and remove

condensed moisture. Of course, 

someone went back in and had to

grind one last aluminum area. So

the next day, the painters were back 

on the scaffolding to wipe down 

the surface of residual, loose dust.

Moisture and frost were form-

ing on the top tarpaulin and dripping

on the rocket section. Until the con-

tainment was brought up to 5 F

above the dew point, painting could

not start. Special heaters were

brought in to raise the temperature,

keep the dampness off, and allow the

water-borne acrylic paint to dry. It

took a few days to get up to tem-

perature. Once again every inch

was wiped just prior to painting.
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Miller noted that during the

process of cleaning, the conservators

uncovered hand written notes on sur-

faces—mostly measurements from

the original NASA fabricators such

as location marks for rivets. These

are historic reminders of the people

who made space flight possible.

In December, one of the workmen

showed us a nickel found within

the paint layers of the Stage Two 

skin. The date corresponded rough-

ly to the manufacturing stamps

found on pieces. We won’t know

if the date on the nickel is signifi-

cant. There is a tradition known as

the “Mast Stepping” in commis-

sioning a naval ship. Even today,

coins representing significant years

in the building of the ship such as 

the start of the program, the final 

year of completion, or the selection

of the crew are placed at the base 

of the mast when the “mast is

stepped.” This lone coin ties ships

of the ocean with ships of space.

Summary

I can’t help but think of the entire

space program when I see the Saturn

V and how we got to the “largest”

rockets flown by the USA. I was a

teenager during Sputnik, and in my

prime when men walked on the

moon. Now I have relinquished

active participation to the next gen-

eration. The horizontal display

reminds me of a “grand old dame”

who has come to rest. Saturn V

dwarfs the other rockets on display.

Being on the Saturn V site brings me

back to the space technology that 

was new in the 1960s, such as Tang®,

the orange juice for the astronauts;

and Velcro®, a space fastener for

many components. Bundles of cables

are hand tied together by lacing

cord, which looks like wide dental

floss—not cable ties, and very light

composite materials which are cov-

ered by the polymers. Materials

that we take for granted in 2005

were new and exciting in the 1960s.

This has been a very personal

project as our lives have been en-

twined in the space adventure from

Sputnik through today. Preservation

of the Saturn V rockets, with their

great size and complexity, presents

a unique challenge. Just as every

square inch was inspected and thor-

oughly tested to ensure safe and

successful missions, so too was the

condition of each rocket thorough-

ly assessed and methods tested to

provide the best treatment which

would minimize intervention while

maximizing the preservation of orig-

inal material. The Saturn V rockets

provided a unique opportunity for

a team to use cutting-edge technol-

ogy to apply museum-quality con-

servation standards to artifacts that

had been previously treated by

industrial painting contractors.

Lydia Frenzel, Ph.D. is executive

director of the Advisory Council. She

is an industry resource and works 

as a pro-active advocate for emerging

technology. She shares her knowl-

edge and experience through custom

courses, educational modules, and 

presentations. Photos courtesy of 

Dr. Frenzel. CT
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