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1.0 FIIM MATERTALS

Throughout the following sections, references will be made to film types
currently applied in the acquisition and duplication of serial color phobog-
raphy. Some of these films were not available at the time the lagt COTF
Report was made., Following is s liet of the wsterials now being used and
their more important physical charscteristics and applicetions. Resolution
and other image qualiiy characteristics are digcusszed in more detail under
color process lmprovements,

1.1 COLOR ACQUISITION FILMS

a, Aerisl Color Film (BSTAR Thin Base) 80-2472 and (ESTAR Ultra-Thin
Base) 30-255. High-contrast, aerial, color-reversal, Ektachrome films
featuring fine-grain and high-resplution, AEI = 2,50 in the current Bridge-
head/Grafton modified EKTACHROME process, E-26-8. The photographic properties
of these two films are identicsal., Emulsion layer orientation from top to
hottom is: green-zensitive record {magenta image-forming dye layer), red-
sensitive record (evan imsge-forming dye layer) and blue-sensibive record
(yellow image-Tforming dye layer). These Pilms have been used as the primary
camera color originals for high resolution asrial reconnaissance systems
since 106G,

b. High Definition Asvochroms Infraved Film (ESTAR Thin Base) 80-131
and (ESTAR Ultra~Thin Pase) S0-150. EKTACHROME-type, false color’ reversal

emulsions featuring high-contrast, fine-grain and high-resolution, The
gsengitivity and dye layer orientation consists of: infrared-gensitive record
{cyan image-forming dye layer), red-sensitive record (magenta image-forming
dye layer) and green-sensitive record (yellow imsge-forming dye luayer), from
top to bobttom, respectively.

A unigue component of these films is the built-in self-filtering
capability which prevents short wavelength radiation from reaching the film,
In its current Bri&gthﬁ&d}MPé modified EKTACHROME process, E~-31-1, the AETL
iz 2.5%0, which mskes it compabible with camera systems that use SO—Q%ZKSO—Q?E.
Both films were introduced into the recommsissance community Tor use in
camers systems during mid-1973,

1.2 COLOR DUPLICATING FILMB

&, High Definition EKTACHROME Film (ESTAR Base) 8§0-356. A high-contrast,
color reversal Ekbachrome ©ilm on 4.0 wil ESTAR Base with emulsion and dye
layer orientation identical fto Aerial Color Films 80-242/80-25%, These
festures have made it the principsl film employed since 1971, to produce
reversal contact color duplicates from aerial color originals.

L.  EKTACHROME Aercsraphic Duplicsting Film (ESTAR Base) B50-360, 4 low
contrast, mediwn fine-grained color reversal serisl duplicating film. This
film i color balanced to allow printing by tungsten quality illumination with
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a color temperature of approximately 3000°K, and appropridte compensating
filters, It employs conventional layer ordientation of blue~green- and red-
sensitive records, thus is not suitable for transferring maximim spatial
resolution in contact printing. This film 1s now used principally in the

- production of high quality color enlargements (5% - 60X) from Aerisl Color
(reversal) originals.

- ¢. Color Internegative Film 7271, A low-speed, low-contrast Iilm

with good sharpness and excellent granularity. This film is balanced for

printing by tungsten illumination with suitable filters. It contains the

familisr Torangs mask™ for improved color rendition when reproducing,

(by contact printing), reversal color originals, Emulsion layer orientabion

Trom top to bottom is: blus, green and red-sensitive records, respectively.

This £ilm is currently used as an intermediste Lo make subseguent color

= enlargements onto eibher BEKTACOLOR 37 RC Paper or EKTACOLOR Print Film
(4109/6109) .

d. Color Print Film 538]/738]. Designed specilically for making
contact release transparency prints from eilther original color negativesz,
color duplicate negatives, or color imternegatives such as Coleor Inter-
negetive Film, Type 7271. This film exhibits excellent sharpness, high
resolving power, and the same layer erientation as SO-RM%/SG-Zﬁﬁ.

&. Aeriazl Color Print Film 80-287, This film is a variant of Eastman
- Color Print Film 5381/7381 {(above). It incorporates the same layer order as
80-2k2/80~255, and has very high resolving power characteristics. Although
designed as a negative working material, it is suitable for speclal reversal
processing. This film was Tirst introduced inte the reconnaissance programn
as the primary color duplication film in November 1973 on Mission 1207-1.
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2,0 COLOR ACQUISITION PROCESS STATUS

From the time 50-242/80-25% Aerial Color Film was first introduced in
late 1969, Bridgehead used a modified EXTAUHROME ME-4 process {(designated
B-26-4) to Grafton-process mission color originals thra November 1972. In
December 1972, Bridgehead introduced a major change in processing asrial
color film by converting to an experimental aerial color process, designated
E-26-8, which had evolved as a result of a brosd evalustion program conducted
under PARs 1898 and 1978/31. This process was first employed on Mission
120k-k, and yielded improvements in the following areas:

a. Sensitometry., The B-20-8 process produces a reversal dual gamma
gsensitometric aim curve which reduces highlight "blooming” while incressing
shadow detail. A sensitometric comparison of the standard E-26-4 versus
improved E-26-8 process is shown in Figure 2-1,

b, TPri-Bar Resolution, The E-26-8 process yields increased peak
regolution, az well ag incressed exposure lallitude over which maximum
regolution oceurs. These results are shown in Figure 2-2.

o, Craoularity, The E-26-8 process ylelds grestly reduced granulsrity
in the plus-gensitive record, which permits useful visual analysis at
incressed magnilication (50-80X). The rms-granularity values For each laver
are listed in the table below.

TABLE 1

RME GRANULARITY ANATLYSTS

280-255 Layer B-726-U4 Process E-26-8 Process
Green Sensitive L 035 L0326
Red Sensitive Lolz . 039
Blue Sensgitive L1258 LO53R

d. Color Saturation. Increased interimage effects result in greater
color saturation, primarily in reds and greens,

g, PBdge Sharpness, Incressed edge effecte are also produced, improving
image scuity.

The results of that process change were considered such s positive
improvement that Bridgehead has now standardized on the BE-26-8 color process
for all mission originals. Under PAR 23-3-128, Bridgehead has continued to
evaluate evelving process improvement and development programs in support of
mission applicsations,
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- ) Through processing chemistry, improvements have also been made to the
image quality and sensitometry of the infrared acquisition films, 80-130/
$0-13L. The current process, a modified ME-h process, designated E-31-1
vields sensitometry conforming quite well to the aerial infrared aim curve
established under PAR 24-1-88. This sensitometry is designed to provide
optimum tone reproduction of both highlights and shadows as seen through
atimospheric haze and to correct for excessive infrared refleetance of
- vegetation, The E-31-1 process has been used to process the infrared color
originals from Missionsg 1206 and 4340-2. High- and low-coutrast resolving
power values in this process are veported abt 110 and 50 1/mm, respectively.
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3.0 COLOR DUPLICATION FIIM/PROCESS STATUS

The experimental S0-2L2/80-255 original film process E-26-8 has been
further modified to provide additional curve shaping for the S0-396 color
duplicate, and has been designated as E-29-8 process. Although the image
guality of both S0-25% and 80-356 have demonstrated substantial visual
improvements, the total photographic contact duplicating system has been
inherently limited by the quality limitations of S0-356 color duplicating
film,

Thraoughout the past two years Bridgehead has sought to identify a
glower, Tiner-grain, higher-gquality celor print film that might be used to
replace 50-356, Eastman Color Print Film (5381/7381l) - curremtly designated
80-287 - together with an experimental reversal process (designated E-87-1),
has been selected as the commercial film congidered best able to meet the
reguirements, This fiim/process combination was Iirst employed in the
reproduction of color copleg during Mission 1207 in November/December 1973.

Substantial improvements in Image guality and resolution transfer
achieved since 1971 are shown in Figure 3-1, depicting the following color
original and duplicating systems:

80-255 {(color original - E-26-8 process)
850-255 onto 80-2887 {current color duplicabting system)
. 80-255 anto $0-356 (improved E-26-8/E-29-8 processes)

§0-255 onto 6451 onto 80-192 (current black-and-white from
color sysbem)

. 80-255 onto 80-356 (older B-26-L and B-20-L processes used
prior to Mission 1204-4)

These curves were generated from & series of laboratory resolution
targets derived from a 80-255 (E-26-8 process) color original., The relation-
ship exhiblted 1s bhe recorded print-through peak tri-bar resolution as a
function of input modulation for the three contrast levels evaluated.

Of the three contrast ratios présented, the low (1.7:1) contrast ratio
may be considered fairly representative of imagery exposed at high altitude.
At this contrast ratio, the resclution transfer is significantly improved
wnen using the 80—255/80-287 system as compared to the improved process
B0-255/80-356 gystem -~ Q0 percent compared to 65 percent. The resolution
system curves algo demonstrate that the lmeage gquality transfer of the
§50-255/80-287 system now compares Tavorably to the quality achieved in the
current green record black-snd-white from color reproduction system. Thus,
the 50-255/80-287 color duplication system may be considered (at least from
an image quality viewpoint), as gow offering the potential of eliminating
the need for green record black-and-white from coler duplicate positives.
The overall gystem lmprovements accomplished in dmage guality transfer during

], Lo
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the past two-and-one-half years is further demonstrated by comparing the new
80-255/80-287 system to the older 50-255/50-356 (E-26-4/E-20-1) system. In
this case, the 80-255/80-287 system resolution transfer shows approximately
twolold the image quality capabilities previocusly obtained.

Although the 30-255/50~287 color reproduction systenm first used during
Mission 1207-1 yielded substantial improvement in resolution and image
quality transfer, overall dynamic tone reproduction suffered dues to high
contrast and curve shape mismatches as illustrated in Pigure 3-2, The color
duplicate positive coples prepared uveing this high contrast sensitometry
regulted primarily in producing shadow densities that were judged to be foo
dark for existing phote exploitaticn viewing eguipment; and secondly, the
upper scale individual layer (high green-to-low-blue) contrast wismatches
biased the shadow ecolor balance toward magenta-blue. To correct for this
upper scale contrast mismatceh and overall high contrast charscteristic,
controlled pre-flashing of the print film was performed on a limited number
of copies. This procedure consists of pre-fogging the print film in an
additive color printer, prior to printing the color original, with controlled
amounts of red, green and blue energy. This effectively lowers the upper scale
meximum densities and reduces individuval layer contrasts., Representative
system reproducticn curves reflecting this technique are shown in Figure 3-3.

Selected copies from Mission 1207-1 prepared using thisg system sensi-
fometry demonstrated major improvement in reducing shadow density and restoring
color balance without any apparent loss in image quality. The resulting
pre-~fogging produces system sensitometry nearly egquivalent to the system
sengitometry previously achieved in the 30-255/30-356 system, as shown in
Figure 34,

Tdeal color print film sensitometry for reproduction of aerial color
originals should aim for a high blue-to-low red contrast, to correct for
the low blue-to-high red contrast mismatch inherent in the color original.
Process modifications combined with pre-fogging techniques are currently
being evaluated in order to further enhance the color tone reproduction
(80-255/50-287) systen.

MucH ecurrent interest now centers upon the use of color film for
econemic intelligence, In this application, color fidelity of duplication
may transcend spatial fidelity considerations. Bridgehead is thereflore
evaluating alternate color reproduction systems aimed at providing grester
sensitometric flexibility (curve shaping and color correction) than can be
currently achieved with S0-287.

New processes and films introduced and incorporated during the past
year's events are listed in Table 2.
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Figure 3-2, 1207-1 System Reproduction Curves, S0-255 onto S0-287
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Figure 3-3., 1207-1 System Revroduction Curves, (Improved
Conditions) 80-255 onto S0-287
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TABLE 2
COLOR FILM/PROCESS IMPROVEMENTS
Orig. Pos. Footage Systenm Change
80-255 9850 Tmproved Acquisition

{E-26~8) and S0O-356 Dupe
Processes (B-29-8).

S0-13L 99° Wew Coloy T.R. Film intro-
duced in 8/I System.
F0-255 Lo8ht Introduction of new color du-

plicating film, Aerial Color
Print Film, 80-287, and new
process. (Replaced color du-
plicating £ilm B0-356.)

S0~130 500! First use of U.T.B.* Color
I.R. Film and improved
original process,
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4,0 BLACK-AND-WHITE FROM COLOR

- Black-snd-white duplicate positives of color originsls have been
routinely produced since 1970. Their purpose i§ threefold, in that they

-~ provide a unigque recording from the high resolubtion, low
graininess layer of the B0-25% color originsl.

- permit timely delivery of the acquired imagery. This is
particularly important for Hezagon migsion material gince 1t provides a
stereo copy in black-and-white earlier.

- may serve adeguately as a lower cost distribution copy if the
color duplicate 1s deemed of ne value to the interpr@ter/analyst.

The current system ig the result of several yesrs of experimentation
with various film/process combinations, and currently employs a fine-grain,
high combrast, high resslution orthochrometic Minicard film 6451, as master
black~and-white internegative from the high guality 80-25%5 green record
(magenta image forming layer). High Definition Aerial Duplicating Film
80-192, iz then gubsequently used to prepare the black-and-white duplicate
positives,

4.1 Green Record Internegative

Two lmportant agpects of the duplication system have made it possible
to use 6451 as a green-record internesgative film. These are printer/film
spectral considerations and viscous processing.

. Pripbter/film Spectral Considerabions

The black-snd-white master internegative is made on the Framinghaem
{(PAR 184) printer which employs & "white light' 5000-watt Xenon light sourde,
The spectral cutpub of thieg source when spectrally shaped with a Wratten 16
filter, prevents short wavelength ¢pnergy from reaching the film.

Minicard Film 6451 is primsrily blue-green sensitive; thervefore,
the remaining unfiltered green sensitivity provides the speetral isolation
needed to achieve green record printing. This cascading of source, filter
and film sensitivity elements results in an effective quasi-narrow-band
gpectral isolation and relatively efficlent printing system.

b. Viscous Processing. MINICARD film 6451 normally processes to
extremely high contrast, approaching sensitometric gammas gresber Lhan 6.0.
However, lower-contrast processing in this application is accomplished by
special viscous chemistry, which mekes it possible to use this film and
maintain consistent sensitometric control. Sensitometry illustrating the
adjusted low-contrast capability provided by viscous developer techniquss

17w
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is shown in Figure h-1.

Operationally, the major difficulty assocciated with the use of MINICARD
6451 as a green-separation internegative material is the fermation of
Newton's Bings (interference fringes) resulting from contact prinbting.
Since MINICARD 6&51 has an emulsion surface prone to the occurrence of this
artifact, the Framingham printer, which uges a liquld gate assembly, applies
a refractive index liguid between the color originai/dupe interface matching
that of the gelabin surface, thereby eliminating this artifact,

L,2 Sensitometric Flexibility. We have found that sensitometric flexibility
must be employed in the second-to-third generation printing from 6L51 onto
g0-192, Contrast is now adjusted in the printing opersation by selectively
filtering the ultraviolet ensrgy of the printer source. Printing system
components illustrating the wariable contrast prioting technique are shown
in Pigure 4-2,

The non-neutrality of low-contrast-processed 6451 acctate-based inter-
negatives, provides the potential for contrast attenuation by selective
filtration of the REDONDO (mercury-are) printer source as shown in Flgure
LeZa, b, snd c. Contrast control is achieved by verying the iwmtensity of
the 313mm low-contrast-producing line relative to the 265nm high-contrast-
producing line when prionting onte S50-192.

By altering the energy distribution of a REDONDO mercury-sourde printer
in the ultraviolet region with spectral line-attenuvating filters, duplication
aystem contrast can be varied to levels that encompsss the range of contragt
levels provided by the 80-255 color original as shown in Figure -3,  With
this variable-contrast printing capability, it is possible to approach the
tone reproduction besgt suited for sach frame or group of frames.

Black-and-white from color printing sensitometry can now be changed
on-line during reproduction to off-gset variations in tonal transfer resulting
from sbrupt changes in acquisition conditions; such as haze, solar altitude
and exposure. For example, the higher contrast printing condiftion as shown in
Pigure b-3 would be used to reproduce a portion of the color original with
compressed density scale because it was scguired under heavy haze or at
lower solar sltitude,

o1

a3

=

L3 Image Quality

MINICARD 6451 £ilm is a fine-grain, high-resolution material that
yields virtually no loss in image quality and resolution transfer when used
ag an intermediate to reproduce the B0-25% coloy original. A third generation
80-192 duplicate positive printed from the 6451 internegative offers spatial
gquality thet is superior fto that cbbtained with 80-255/30~356 color duplication
system. As shown in Figure 3-1 (see Section 3.0), the current black-and-white

18-
GAMBIT Handle via BYEMAN
'S'E'eR'E'T_IjEXAGON tontrol System Only

Approved for Release: 2025/06/18 C05137293




£6Z/£1500 81/90/G20T :oses|9y Jo} panolddy

-6’[-.

6L51 Visual Density

S

R e T
GAMBIT
—SEEREFHEXAGON Bl F-008B-GH-03467-1-74-

2.0

1,0

O i i 3
3.0 2.0 1.0

80~255 Color Original --Green Density
Figure 4-1, BSystem Reproduction Curves for B&W Green Record from Color Original (B0-25%5-»6451)
GAMBIT
~SECRET- HEXAGON Handle via BYEMAN

Gontrol System Only

€6CLETSO0D

£62.€1500 81/90/S70T :osesjey Joj paroiddy



£6Z/£1500 81/90/G20T :oses|py Jo} panolddy

-Oam

SOURCE

POWER

ORIGINAL
OR
PRINT MASTER
DENSITY

PRINT
STOCK
SENSITIVITY

GAMBIT
—SECREF- UEXAGON

PRINTER
DRUM

Figure h-2,

~313 nm

(Low contrast line) i

I ;
GAMBIT

SECREFHEXAGON BIF-008 B~-GH~-03467-1- 74~
Hq\:fc
: /M
minsl
<
L |
WAVELENGTH
S S| R
{High contrast line)
}-n
e \‘\___‘_
e —
gﬂ \M,///"\\NRN“”“““*««MW_-__",
\
WAVELENGTH
2| |-
sZ |1
c.nk 1
aY
5/
w
et
WAVELENGTH

Printing System Compotent Spectral Dats

Handle via BYEMAN
Control System Only

€6CLETSO0D

£62.€1500 81/90/S70T :osesjey Joj paroiddy



€62.€1500 81/90/5Z0C :9sesjay Joj panoiddy

50-192 Output Density

240

Low, Medium, and High Contrast Levels

GAMBIT
—SECRE HEXAGON

%d i lm
Hign

81 F-008B-GH-~03467-1-74-

Figure 4-3.

GAMBIT
“SECRET HEXAGON

1.0

6451 Input Density

2.0

System Heproduction Curves for Third-Generation B&W Duplicate Fositive

(S0-255-w6451430-192)

Handle via BYEMAN
Control System Only

€6CLETSO0D

£62.€1500 81/90/S70T :osesjey Joj paroiddy



C O 5 l 3 7 2 9 3 Apbroved for Release: 2025/06/18 C05137293
GAMBIT

—SECRET-HEXAGON  B| F-008 B-GH-03467-1-74-

- from color duplicate positive system at 1.7:1 contrast ratio, yields 90
percent transfer compared to 65 percent transfer for §0-255/80-356 (E-26~
B/E-29-8 processes),

The new 80-255/80-28? color duplicaetion system has now cloged the
spatial quality gap between black-and-white and color duplicates prepared
from 80-255 coler originals; however, al this time (until the Color Production
Processor can become production-viable in early 1976), the black-and-white
duplicates still have a delivery time advantage and a cost advantage.
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5.0 COLOR REPRODUCTION EQUIPMENT

Operational and under-development printers for reproducing color original
Tilms comprise the following:

a. FRAMINCHAM (PAR 184B). The Framingham Printer as shown in Figurs
5-1, was developed under PAR 18LB and introduced into the production systen
in May 1972, 1t is a subliractive, white-light, continuous contact drum
printer which employs a 5000-watt modulated Xenon lamp. With computer
interface, the printer makes pre-programmed frame-by-frame neutral exposure
changes. Color balance corrections can be made by manual changes to the
filter pack, The high intensity light source accommodates slower print
films, both black-and-white for green record printing and color films. The
Framingham is squipped with a liquid-gate asgembly in which refractive index
matching liquid can be applied continuously between the two webgs of film
as they pass beneath the exposing sperture in order to eliminate Newbton's rings
in the printed image. For example, the liquid-gate feature is routinely used
in meking the green record black-and-white master internegative when 6451
is printed from the SC0-255 original. Meximum transport speeds for existing
duplicating films are as Tollows:

P

Film Type Speead
(Pt./Min.)

80-356  {Color Reversal Dupe) 100

Ghsl {B&W Mester Inter- )
Negative)
§0-287  (Color Reversal Dupe) 25

. BAINBOW PRINTER, The printer as shown in Figure 5-2 is a high-
resolution, continuous contact printer which has a three-lamp lamphouse for
additive color printing. The printer is used in conjunction with a matrix
cormtrol unit which regulates the light intensities of the three separate
lamps. The Rainbow printer is used primarily for contact printing color
originals that do not require Irame-to-frame exposure changes. Usable
printing speeds for printing onto 80-356 is 100 £t/min; and 80-287 is
25 2t /min.

o, PRODUCTION-ORIENTED COLOR ENLARGER (POCE). The POCE is a precision
enlarger capsble of making high quality prints from color originals (see
Figure 5-3). It was developed as an alternative to color contact printing
for select targets where maximum transfer of information is regquired.
Projection printing overcomes the transfer losses in contact printing and
reduces the spatial freguency loss in information recorded by the print film.
Resolution transfer tests from operational c¢olor originals have shown virtuslly
no loss when the print is compsred with the original,

POCE functions at elther of two pre-selected magnifications, 5X or 10X,
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Figure 5-1. Framingham Printer (PAR 184LR)
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Figure 5-2 Rainbow Printer with Matrix Console
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Figure 5-3. Production-Oriented Color Enlarger (POCE)
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onto a fixed 9xlz-inch Tormat with a contigucus identification frame that
is also photographically exposed,

Repeat prints are typically exposed at a rate of 4.8 per minute. The
print easel accepts 9.5-inch x 500 ft. roll film (80-360) which can be
procegged conveniently in a conbinuous roll film processor. Subsegquently,
the prints are cut into 18-inch sections and shipped as stacked Fflabs.
Although the production rate cannot compare with that of contact prioting,
POCE enlargements offer the highest guality color reproductions currently
gvailable on a routine production basis. The POCE was developed under
PAR 176B and introduced into the color reproduction system in October 1972.

d. MODULATING FLYING SPOT PRINTER, A long-range development program
to build a modulated flying-spot, three laser, additive econtact printer is
currently being pursued under PAR 301S. The printer capability includes
two dimensional printing, along and across the film web simultaneously,
correcting for density and color balance., The lassr flying spolb contact
printer being developed includes real-time fesdback control to accomplish
this task. In addition, the printer has the potential for achieving macro-
sensitometric curve shape adjustment and a dodging function thalt produces un~
sharp masking in the print to enhance the image quality of fine detall.

-2
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6.0 COLOR PROCESSORS
Existing and under-development color processors comprise:

a. The Grafton, illustrated in Figure 6-1, is the primery production
processor used for both original and duplicate aerial color Pilm processing.
Although the process chemistry has been substantially modified over the past
e two years, the external tank configuration has remained essentially unchanged
during that time. As shown in Figure 6-2, the (rafton is now a 32-tank
immersion processor -- the result of fifteen years of periecdic add-ons and
consolidations of deep-tanks from other black-and-white processors no longer
in use.

To dnsure reliability and reduce product risk in processing color
o oviginal ulbra-thin base films, periodic engineering redesign and upgrading
of the transport mechaniem and roller asgemblies have been eagential, In
1967, submerged agitation plenums (SAPS) were incorperated to improve process
— uniformity. This modification resulted in improved chemical rmcirculation/
distribution, and provided the potential for using the improved chemistry
(E~-26-8) process incorporated in 1972-1973. The Grafton operates at a through-
ut rate of 7.9 ft/min for current original and duplicate color reversal
processes.

b. The Multi-Purpese Modular Processor (MP"), (see Figure 6-3) was
VVVVVV designed to be a flexible testbed processor; primarily aimed at evaluating
_{"I'Im/procegs combinations and, secondarily to serve as a mechanical test
fixture upon which design engineers could examine the performance and reli-
ability of equipment components planned for future color production processors,

The processor configuration provides 2l identical modular tank unibs -
each tank having independent recirculation, filtration, tempering and agitation
Tacilities, (This recirculation system was patterned after the submerged
agitetion plenums (8SAPS) presently incorporated into several sections of the
Grafton.,) The chemical distribution layoub of the MP? provides for a majority
- of process bank stages to be configured by means of "guick disconnect" type

re-plumbing. The materials of construction of the MP? are chemically
compatible with all known chemistry constituents to be evaluated -~ for example,
titanium tanks were employed throughout. PFigure 6-L depicts some of the
respective process tank layouts for several processes scheduled for investi-
getion at the tims the MPE wes conceived (1969).

. Coincident with completion of the Phasge I Color Facility conmsolidation
at Bridgehead, MPZ insballation commenced in June 1972, and the procesgor
wag turned over to production id April 1973. This resulted in the accel-

- gration of process evaluabtion studies including: new or improved processes
for color duplication materials (80-356 and §0-287), and the evaluation of
newly developed processes using High Definition Aerochrome Infraved films,
80-130 and S0-131,
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Pigure 6-1. Crafton Processor
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Figure 6~3, Hultipurpose Modular Processor {1‘4{6’2)
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Ths MPz has additionally been smployed to a limited dsgrees as &
production processor, and provides ths potential Tor parsllel operdbion
of two color original £ilm processorg, This dusl capability may be
particularly useful when a mission original contains more than one Lype
of color £ilm, such as {80-255) and infrared color film (80-130). Current
plansg for expanding the prodestion application of the Mps provide for a
grafiual division of color duplisation processing on Tuture color mizsions
in vrder to expediie product delivery. In this menner, the ¥PZ will serve
ag o means bo indtislly complement the color duplicsting worklosd with that
of the Grafton, and fo laber act ss the "pivot"™ machine during the phase-
down of the Grafton processor and fransfer of color production processing
to bhe new color production processor (CPE), planned to be on-line at

ridgehesd in early 1976,

. The Ragioll, (Figure §-5) is a B7-section deep tenk immersion
processor pow used only for the processing of color internegatives {Bastmen
Color Internegative Film 727L) at 2.6 £i/min. This equipment is of 1940-
1950 vinbage, havipg been assembled from varicus sedtions of discarded
black-snd-white processors.

d. Color Produeiion Provessor {CPZJ. Durrently in the Tinal design
gtages, bthe CPc is to be capsble of processing elither color reversal or
negative materials (original and duplicabe) with opbimum sensibtometry and
image quality.

The (P% will be the Pirslt new processor désigned and built during the
gpan of the pational reconnaissance progras bhat bas been aimed at high
volume wide-web color production processing, abd is an oubgrowbh of
experignc& gained through afforts associated over the years with the Grafton
and MpPe,

Current designs provide Tor & nominal through-put rate of 30 fH/min
for color original film, asd L5 ©t/min for color reversal duplicsting films.

These through-put rates, in conslderstion of the sguere film footage
frvolved, will represewnt an unprecedented capabllity for velums processing
of wide-wed coler films while sehieving the highest guality conglstent
with the state-of-the-art.

Figure 6-8 is & plan and elevation view of the current processor design.
The machine ulilizes tanks 5 4. in depth. Each tank provides & lriple
paas for the fiim snd is of medulsr construction to provide thread path
flexibility wibth sminimum machine complesity. Submerged agitation plenuns
(8APE) along with ballasted recireulabion iz to be provided in the critical
solutions o vonbrol process uniformity, Other tanks containing non-
critiecal eolutions will be equipped with twrbelalors for agitation and %Yo
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Pigure 6-5, Rapdoll Processor
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provide quick tank turpever time. AdJusbable depth racks in the tanks will
provide means Tor establishing Lime in esach solutlon.

An edge flasher is locoted between the front elevator and the first tank
secbion, Space has been provided to accomnedate a detector and edge titler
as a retrofit accessory., All the basic mechanical componenis necessary fop
the gperation of the P2 will be Lotated on the Tloor belew. The dryer end
of the machine will be loceted in white light, near the control ares, where
all fanctions of the machine such as time, temperature, speed, recirculation,
filtration sysbtems, ete. will be monitorsd and adjosted.

Pilgure 6-7 shows the cp? processor coniigurations and through-put speeds
projected for Pilm/process coublnstion currently dn use., In sddition, fhe
deaign {lexibility of the pPE will ensble it to handle wirtudlly any
conceivable new or speeialized eolor process chendstry.
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7.0 COLOE PROCEESTHC OPERATIONS
The inecorporation and use of new films, processss, and raprodustion
equipments in today's color reéproduction scheme is discussed in the following

sections.

7.1 Production Work Flow

The basic producticn steps from the receipt of exposed color film at
Bridgehead to the shipmewt of processed orlginal and duplicale coples, ars
siown in Flgure 7-1.

Y.€ Production Schedules

Timelines for Ghe bypiecal color production operations for Gambit and
Hexagon recovery weblclss® gre shown in Plgurs 7-2. Coleor film loasds of
1,000 feet for Gasbit and 5,000 feet for Hexagon were gelected as "typical”.
These timelines reprasent aversge (late 1972 and 1973) production schedules
and assums the use of only btwo production proceéssors - bhe Orafton, st a
throughput rate for both color reversal camera originsl and duplicating
materials at 7.5 fﬁ/miﬁj and the Hagdell, for color internegative film

7271}, at 3.6 ©t/min. These timelines also illustrate the overlapping
cperabiony performed during the reproduction phages.

7.3 Gampit Coler Production

Typical Ganbit color reproduction schedulss for 500 fest and 1,000 feet
af Gambit color phobography are charted in FPigore 7-3 to produce 50 color
duplicsbes {80-356 or 830-287) and 4 color interpegatives (7271). The
reguirement to produce a gresi-rdcord black-snd-white master ipternegative
during the early part of the production cycle adds approwimately Zh hours Lo
the delivery schedule Tor (ambil coleor duplicates.

Within this time, specialized enlargements on the POCE and Jeacon

* Tne nature of the photograpby of most winged-vehicle acquisition systems,
{i.e., slower trend exposure varisbions as opposed to larger frame-to-frame
exposure changes) is similar %o thal encountered in Hexagon. For this reasoen,
bimelines indicabive ¢ Ghe Hexagon sysbem can also be considered representative
of the gemneral hendling times for such missions modified by the number of

coples reguired.

-38- |
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Precision Enlarger (BPR) can also be produced and shipped.® Typical sn-
rargement gpubpul within this time would be on the order of four o five
transparency printe ssch, from 75 to 100 targets (5X or 10X) producsd on
the POCE, snd approximetely 36 assorted paper or transparsncy prinks {(3X te
150%) produced on the BPE,

Prior to the construction of the Framingham {PAR 184B) printer, Gasbit
duplication was performed on Bainbow printers, which have no sbility to mske
density adjustumerts on a freme~by-frame baslis. Gasmblt pholography frequently
produces adjacent frames reguiring density corrvection in duplication; there-
fore the production technigue smployed required that the celer original be
eut and composlted according to density levels. After the composited rolls
were printed on bthe Relnbow printers, sach duplieate copy had to be res
assembled, frame-by-frame; ioto the original sequentisl ovder,

Fith the dnbroduetion of the Pramingharm Printer; pre-prograomgd on-the-f1ly
dengity vorrsetion is smade, This climinetes the peed to cut and cowposite
the origingl positive and results in substential reduction in the duplicetion
timeline. The FPramingham {(subtractive) printer has no ability to adjust
gubomatically, or on-the-fly, for oolor balance variations. Coler correction
fiilters must be ingerted manually for part-by-part color balance adjusteent,
when necessary, Uolor balance changss sre generally reguired only of scene
aeguisitions which exhibit excessive amount of haze radisnce, or are madé at
low solar altitudes,

The current color produstion system ig nominally paced by the throughput
speed of the Grafton dups process (at 7.5 ft/min). Full production capacify
is achieved only after piloting is complete, green record internegative mads,
apd when a sufficient number of printed color duplicates are available 1o bs
continuously guppiied to the Grafton processor. This steady state production
is seldom schieved until after the first 70 hourp of Gawbit mission opeération.

Commencing with Mission 4342, geographic ares breakdown of Gambit
photopraphy will Be employed. First cubt estimates indicate that the total
shippable duplicate footage may be reduced by a Tactor of 354 - this should

#Commereial roller btransport processors {bwo Kodak Ektachrome RT Processors,
Medel 1811 and ons Model 111 Processor) are utilized for processing color
enlargenments. The aveilability of these processors permits the exclugive
use of the Greafhon for produrtion contact duplicates,
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materially shorten the time required to complete Mission reguirements,
Figure T-4 represents sn extrapolation of the delivery Himes that may be
achieved with geographic area breakdoun.#*

7.k Hesepon Color Production

The production eapability indicated in Figure 7«5 shows that a 5,000 foot
Hexagon mission requires approwimstely & calendar days to complete sim dupli-
cats positives., Héxagon produdtion msthods differ in bthrese respects from
VVVVV those used with the Gamblt system:

2. Due te the normally longer camera original of' the Hexsgon system,
portions of the migsion record are removed from the provessor and are available
Tor printing prior to the time bhat the entire original iscompletely proces-
sed, Thie dnterim Lime is comsumed by making color dupe pilots and proces-
sing these ©1lm samples ofT-line in an Bkbachreoms BT Processor, Medel 1811,

b, Becauss of the longer color original footage, bhe production of
o

gresn-rectrd blzck-and-white magter internegative has 11ittle of no elfect
. on the total eolor delivery time,

o, Becsuse of Trame-to-frame exposure continuity, Rainbow printers
can be advantageously uvsed on Hexesgon missions.
Since the pacing fachor of production Lime is again the apeed of the
duplicate process (7.% £t/min in the Graften), it is esseptial with the longer
VVVVVV Hexagon originals to provide the Grafton processor with printed celor dupli-
cates 88 soon &3 possible. This nermally scedunts for an elapee time of
£ hours for & SK leneth miszsion. Afber that time, the lenghbh of lhe mission
and the nupber of dups copies determines the production rate and cempletion
time of the mission.

7.5 (olor Production, Future Considerstion

With B0=356 heing printed =t speeds up to 100 ©t/min on the Rainbow

#The solid line in Pigure T-4 represents current color dupe proeduction
cepability excluding the black-and-white green vecord duplicate popitive,
The aurrent reguirement is as follows: Priority one, 7 copies; priority
two, 23 coples; priority three, 11 copies.
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and Framingham printers, there was no problem in being able to continucnsly
supply the Grafton processor with prdnted film. The regent shift o 80-287
film, requiring slower printing speeds (1% to 25 ft/min), signals a down-
sbream printer capacity problem which will become cuf-of-balsnce when the MPE
and CPE procegsors are bvrought on-line, permitting s total dupe process
ecapability of %8 ft/min in 1976.

Fubure printer designs capable of printing S0-287 at higher printing
rates will need to be addressed before that time,

The trapsition of the color production facility to Bridgehesd can begin
as esarly ss July 1974; however, significant incresses in productisn eapacity
will not be achieved at Bridgehead until the CPE processer can be hrought
on-line dn early 1976. During bhe interim period, color duplication proces-
siog will be divided bvetween the Gralton ab Lincoln Plant and the MP® atb
tne color Bridgehesd facility to the extent that wmanpower limitaticns can
support.,

With the en-line entry of the P2 procesaar in early 1076, signilicant
redugtion in color mission delivery time is antiecipated, Assuming that the
printer cepscity can be incressed to continucusly feed the cpe (st & throughe
put speed of b5 ft/min), estimsted delivery schedules Tor both Gambit and
Hexagon missions reflecting the introduction of ths cpe processor compared
to the Grafton {ab 7.5 ft/min) ave shown in Figureg T-& and 7-7, Thesge
delivery schedules inciude the geopraphic aress breakdown Tor Gambit but
do not include the production ol green record blagk-and-white duplicate
pogitive Tor either system,
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S0 FACTLITY CONSCLIDATION

In 1970, Taced with o rapidly growing interest by the Nationsl recon-
naissanes community in the use of coler, the contractor proposed s modest
fecility expanaion for color progessing and reproduction to be contigiots
to mnd consolidated with the existine Bridgehead Tacility.

The contractor presently occcupiss apd opsrates a wide-web aerisl color
film processing and reprofuction facility on the fourth floor of Unit 7,
Lincoln Flant complex., The entire Lincoln Plant complex is a Navy-ownsd,
Jumtractor-operated site, lecated approximately six miles from the primary
black~and-white processing shd reproduction center al Bridgehead,

This Lincoln Plant Paeililty encompasses approximately 23,000 sq. %,
an the upper twe floors of a four story wood- trncturedfbrick-iaue building
brllt in 1505, Although many of the printing, viewing and anslysis sguip~
ments within this fecility represent nesr stale-of-the-srt in film handling
and reproduction, the processors and supportipg chemicgl faclilitles sre
deemad ill-guited for precision processing operations Tor the following
reasons:

~  Precision aligament of proceassors is virbually impossible,  Beason-
bo-season variations in the wopden structural members and floors reguire
periodic realignment,

- PFloor losding limitstions negete any significant expension of
chemical mix, shorvage and distribubion systems and would severely Limik
the design and size of fTuture experimental or production processors.

-~  Present water snd gsewer linez wonld reguire exbensive sugmentation
to accommodate expanded eclor proguction capacity.

-~ Extensive chemical pollubien contrsl systems being designed for
installation st Bridgehead would bave to be essentially duplicated and
installed at Lincoln Plsnt,

tioned, temperature and humidity control
momths of July and Avgust

- Although Unilt 7 is air eondl
within the color Tagility is inadcq uatie durlnn the

-~ Current production cutpubt ls approximately 7—Lf2 It per minute -
thus deliveries of color meteriasls to the exploitabion comamunity lag
appraciably behind black-snd-white deliver

Acvordingly, 1n 1971, under the sagis of the CCB and HNational Coler
Task Force, & three phase grogren was developed, dedicabed bo the concept
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of developing a modern color processing and reproduction facility within
the Bridgeshesd black-and-white facilit

The specific goals of the plan were to:

- develop a regponsive state-of-the-art color producticn center
which could provide high quality color duplicates to mest the time-sensitive
ngeds of the photeo intelligence community.

- conselidate film breskdown, compositing, off-line titling,
inspeciion and shipping Tecilities for both black-and-white and aolmr T
£

-~ @liminate a cosbly satellite facility and asttendsnt security
ares at Lincoln Plant.

«  provide Tor the lustallisation and checkout of new generaticn
color experimental and producticn eguipment while maintaining production
capability on the existing equipments,. thus permitiing transition teo BE
without any raduction in support capability.

The stabtus of this three phase facllity consolidation program 1s sz
follows:

PHABE I - ol Lhe consolidallon program wae slaried in Beplember 1971
and completed esrly in 1977%. 13,800 gq. £t. of contlguous space was sequlred
n the first and second {loors of Building 18 and the gecond floor of Building
11 abt Bridgehead. (Bes Figure 8-1.)

Major renovabion of the gecond Ploor provided dpstallsiion of the MP&
processor, printing and viewing rooms, oflices, and an (qﬂ‘ﬁ“wﬁ% rogmn Lo
house necesgary wbilities for support of the procssspr and alyr copditioning
requirements, The major poriion of ithe second floor was Lemporarily used
for ponsolidabed sbtorage alter being brought ineide the security perimeter.

Tre fivst Tloor of Bullding 12 hes been preparsd for g color cheanistry
gtorage, wixving and distribution Tacility to support the MPE processor.
Mezzaniies wers vﬁﬂ sbrucbed to hold the 24 pumpstands and recirculafion
loops for the MP? processer, and to support splution recirculation sysiems
Tor Tubure color production processing machines,

PHASE TT - of the tonscolidation program was lnitisted in the spring
of L”{j It provlibs for further preparation and improvemsnt ol fhe
previodsly acquired arsas in Buildings 11 and 18 This phase (see Figure
8-2) provides for the transfer and opsration of virtually all specialized
color reproduction apd tesbing eperations within the Bridgehesd Tacility.
Also dpcluded in Phase I1 Tacility is the rencvatieon of the temporary
gtorage areas of Phase 1 Yo accomnodate squipments curbently in opsration
at LP., These improvemsnbs inciude alr conditioning, shemical exhausts,
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special flooring, drains, waber supplies, electrical power, lighting,
partitions, and Installation of an analytical laboratory. Phase IT plan
ts scheduled Ffor May 197k,

PHASE II1 ~ Provides Tor scquisition of 9,000 sgq. £, of additional
space 1in Building 11 and 12 which will bevoms svailsble in the Tall of
o 1974, 1t is planned that such space will provide for housing the Uolor
Production Processor (CPE}, additional printing rooms, an equipment room,
a film ¢old sborage ares, and supporbiog office, storage snd maintenance
— areas, Concepbual layouts of Lhe Phase 11T consolidation facility are
ghown in Figure 8-3.
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