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FIGURE 6.4. Improved Film Ca 1 . b 1 ration J" 19 with R otating s 
6.7 ource 



using the s~me jig as previously used for calibrations with periodic checks 
being made at each exposure position with a certified Vf ctoreen R-Meter chamber. ~ 
The rise and fall of the radium source was routinely checked with a stop watch 
to assure it was less than 4 seconds, thus the exposure period would be within 
20 minutes plus or minus 5 seconds. Results of the these audit checks were 
recorded in a registered notebook issued to the Calibration group. 

The beta calibration set was established with exposures at the 15, 30, 60, 
90, 120, 180, 240, 300, 500, 750, 1000, 1800, and 5000 mrad levels. An 
electrically timed jig (Figure 6.5) is curr.ently used. The jig positions the 
open window portion ·of the film badge over wafers of normal uranium. The 
timer is set for the length of exposure desired and when complete the jig 
automatically opens •. Extrapolation chamber measurements over the uranium 
wafers indicate the exposure at the position of the film is about 225 mrads 
per hour. Prior to this time beta calibrations were performed by placing the 
dosimeters on a slab of uranium metal and manually timing the exposure. 

6.3 LOW ENERGY GAMMA, PHOTON, AND X-RAY CALIBRATION 

Calibrating for low-energy gamma radiations was necessary in order to ~ 

more accurately determine the· resultant exposures, primarily from the 16-keV 
and 59-keV energies because of the extensive work done with plutonium. Film 
response.(darkening) varied extensively at these low energies and interpretation 
of exposure was essentially impossible on a routine basis. K-fluorescence 
x-rays (Larson, Myers, and Roesch 1955) utilizing various radiators were 
developed to obtain themergi~s necessary to calibrate the film response. 

A 16-keV zirconium radiator and 59-keV tantalum radiator were used with . . 
a 220-Kvp x-ray generator to expose calibration film used to evaluate the 
dose from plutonium. A 16-mil tin filter was originally used with the tantalum 
radiator but was changed to a 32-mil Al filter in 1970 (Kathren, Rising, and 
Larson 1971). Free air ion chambers and Victoreen thimble chambers calibrated 
by the NBS were used to determine the dose rates from these radiators. To 
maintain· uniformity of exposure, the x-ray unit was warmed until the oil 
temperature reached 75°F prior to each use. A dose rate of 4.79 R/h was . 
measured for the 16-keV radiator and 70.2 mR/h for the 59-keV radiator. Another 
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FIGURE 6.5. Uranium Calibration Jig 



change in 16- and 59-keV radiators was made in mfd-1984 when those radiators 
recommended in ISO No. 4037 (ISO 1979) were placed in service. For 16 kev, ~ 
a zirconium radiator with Srco3 filtration is used and for 59 keV, a tungsten 
radiator with Yb2o3 filtration is used. 

A standard calibration set for the 16-keV energy level was 40, 60, 80, 100, 
120, 140, and 160 mR; for the 59-keV energy level the set was 20, 30, 40, 50, 
60, 70, and 80 mR. Exposure times were controlled to within 1% by a timer on 
the x-ray unit; the time varied for each exposure level. The film was 
precisely positioned with a jig (Figure 6.6) at a specific location within 
the beam from the radiator. Later the standard exposure set was changed to 
include the 10 and 20 mR levels at 16.1 keV. Subsequently other radiators 
(Figure .6.7) were developed to give a broader range of energies for calibrating 
dosimeters. The routine use of radiators for personnel" dosimeter calibration 
was phased out during the late 1960s and they were used only for occasional 
checking of dosimeter response and for special irradiations. The character­
istic response of. the film badge dosimeter to the radium source and darkening 
of the film behind the various shield areas was used for photon calibrations. 
After introduction of the TLD systems, the same calibration techniques were 
used. During 1977, the radium source was phased out of service and replaced 
with a cesium-137 source for routine photon calibrations. 

6.4 NTA FILM CALIBRATION PROCEDURE 

Early attempts to calibrate film for fast neutron exposure was done 
primarily with RaBe; however, others experimented with sources such as PoBe 
and PuBe. With the introduction of the Kodak NTA film in 1950, PoB became 
the source of choice and was used exclusively untfl replaced by the positive 
ion accelerator in late 1955. In July 1958, a plutonium fluoride source for 
calibration was obtained from the chemical processing organization at Z Plant. 
This source more closely approximated the neutron exposure received by plutonium 
workers. This source was placed in routine calibration service at about the 
same ti.me as a new double-pocket dosimeter holder was developed for use by 
employees working in locations where exposure to neutron radiation was possible. 

The p.rocedure developed for calibration _using the plutonium source included 
the following steps: 1) the film badge ·holder was placed 50 cm f·rom the source 
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FIGURE 6. 6. ( K-Sources Jig for X-Ray ) Calibration 
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"K" SOURCE RADIATORS 

FIGURE 6.7. Radiators for Various Low-Energy Calibrations 



and exposed for 64 hours to yield an integrated dose of 1050 mrem; 2) the 
calibrated film was aged for two weeks to simulate the use period of personnel 
fiim; and 3) a fast neutron dose was calculated per neutron tr~ck from the 
calibrated film. The plutonium source was considered to have a strength of 
6.00 x 106 n/sec and an average energy of 1.4 Mev. Precision long counter 
measurements were used to determine the flux at this distance· and then were 
converted· to dose rate by first collision dose calculations. Calibration 
film was allowed to age because of the sign~ficantly fewer tracks that could 
be observed following the aging period. This track fading was thought to be 
caused by humidity. Thermal neutron calibration was done in the Sigma pile 
(Figure 6.8) which had graphite stringers for positioning the neutron source 
and stringers for positioning the dosimeters.for calibration. Gold foils 
were used to calibrate the positions for dosimeter placement. 

Starting in.January 1965 calibration of NTA film was done with the film 
badge being placed on a phantom simulating the human body. This arrangement 
more closely measured the backscatter that affected the film and radiation 
dose received. When the TLD was introduced, it was calibrated in the same 
manner. In 1981, a californium-252 source replaced plutonium fluoride for 
routine neutron calibration. This change eliminated the potential problems 
of handling and storing a large plutonium source. 

6.5 CALIBRATION BLANKS 

In 1962, a system was introduced to assist in the de.tectfon of whether 
calibration film was exposed to any extraneous radiation during its storage 
and exposure to

0

the various sources in the 3745 Building. Film packets called 
"calibration blanks" were used to measure the radiation background and extra­
neous exposure to calibration sources. These film packets were selected from 
the same emulsion lot, and preferably from the same film carton that the film 
used for the calibration sets were taken. The 11blanks 11 were kept with the 
film sets at all times except during the exposures to a source. The blank 
was placed outside of the lead storage pig during radium gamma calibration, 
on the uranium film jig table, and on the table next to the x-ray console during 
these calibrations. Processing these blanks along with the calibration sets 
indicated whether or not the film had received any measurable stray radiation 
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FIGURE 6.8. Sigma Pile 
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exposure. This control was temporarily dropped during the transition to Tt 
dosimetry but was reinstated shortly thereafter to check for any stray radiation 
affects. 

6.6 CRITICALITY CONTROL FILM 

Film was routinely exposed to high-level radiation dose~ on a monthly 
basis. These exposed films served as standards for suspected high dosages 
between about 10 Rand 2000 R. An aluminum jig was used to position the film 
badge holders at 12 different distances from a cobalt-60 source. Monthly 
corrections were made for the source strength prior to the monthly calibration 
exposures because of the 5.2-year half-life of the source. The distances 
from the source-holder center to each film-badge holder on the jig were measured 
to ensure proper doses would be delivered to each film. These calibration 
sets were handled, stored, and accompanied with a blank just as the other 
calibration sets were treated. A large cesium-137 source, obtained in the 
early 1970s, replaced the cobalt-60 source in order to reduce exposure times. 

6.7 CALIBRATIONS FOR THE U.S. TESTING COMPANY 

Following transfer of processing responsibilities for personnel dosimeters 
to UST, these dosimeters were calibrated in essentially the same manner as 
before the transfer. The calibration sets were exposed at the calibrations 
facility and delivered to UST for each processing. Results obtained for the 
calibration sets were examined during each processing to ensure the film 
densities and resultant dose assignment fell within the tolerances established 
for each type exposure, i.e., beta, gamma, x-ray, neutrons, etc., before 
assigning the dose recorded by personnel dosimeters. The TLDs are checked in 
the same manner to ensure correct dose assignment to personnel. Whenever 
anomalies occur in ·the calibration set results, they are resolved to the 
satisfaction of Personnel Dosimetry before the results are entered in the 
employee's radiation exposure record, or additional calibration sets are 
processed until satisfactory results are obtained. 
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APPENDIX 

ADDITIONAL INFORMATION ON THE EARLY YEARS 
OF THE HANFORD ENGINEERING WORKS 

Several significant first happenings at Hanford had a direct or indirect 
effect on the level of radiation protection programs that were required onsite. 
These radiation protection programs were in their infancy when Hanford was 
first established because large-scale work with radiation had not even been 
considered until development of nuclear power became a possible reality. 

Ou Pont•s Explosive or TNX Department remained in existence until June 1945 
when the Technical Department was dissolved and TNX activities were subsequently 
curtailed. The TNX organization was placed on a divisional basis and remained 
in this form until September 1, 1946, the date General Electric assumed 
responsibility for operation of the HEW. 

Some of the significant firsts at Hanford that led to full operation of 
the plant are listed in Table A.1. Table A.2 indicates the size and organi­
zation of the Health Instruments Section at HEW by July 1, 1945. Table A.3 
shows the Medical Department's organization following the takeover of Hanford 
P 1 ant op.era ti ons by the Genera 1 Electric Company in September 1946. 
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TABLE A.1. Sfgnfffcant Early Events at Hanford 

July 30, 1943 

February 1, 1944 

February 23, 1944 

March 20, 1944 

May 11, 1944 

September 15, 1944 

October 9, 1944 

November 24, 1944 

November, 1944 

December 6, 1944 

December 14, 1944 

December 18, 1944 

December 26, 1944 

January 16, 1945 

February 2, 1945 

February 2, 1945 

February 15, 1945 

First Village (Richland) house was occupied 

Operation of Village passed from Construction 
Division of the Engineering Department to the 
Operating Group. 

Test Pile 305 became reactive (300) Area. 

First "s 1 ug •• canned, deve 1 opment l i ne. 

First "slug" canned, production line in the 
313 Building, 300 Area. 

100-B Pile became reactive. 

T-Section of 200 West Area was accepted. 

First tube discharge, one tube from the B reactor. 

North Storage Basin used for the first time to 
store metal. 

T-Plant tracer run started, Clinton slugs. 

T-Plant tracer run started, Hanford slugs. 

All of 200-West Area was accepted. 

First production separations run started. 

231 Isolation Building, first run started. 

200-East Area was accepted. 

First "product 11 was delivered. 

100-F reactor became reactive. 
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TABLE A.2. Size and Organization of the Health 
Instrument Section as of July 1, 1945 

Chief Supervisor - H. M. Parker 
Survey Branch - Senior Supervisor 

Survey Alternates (6) 
Senior Supervisor - 100 Areas 

100-B H.I. Supervisor 
Engineers (3) 

100-0 H.I. Supervisor 
Engineers (3) 

100-F H.I. Supervisor 
Engineers (2) 

Senior Supervisor - zoo Areas 
200-T & U Plants H.I. Supervisor 

Engineers (5) 
Inspectors (5) 
Helper (1) 

200-B & N Plants H.I. Supervisor 
Engineers (3) 

Inspectors (3) 
Helper (1) 

231 Bldg. Senior Supervisor 
Engineers (4) 

Helpers (4) 
Site Survey Senior Supervisor 

Engineers (4) 
Inspectors ( 4) . 

300 Area Group Supervisor 
Engineer 

Inspectors (2) 
Calibration Shilt Supervisors (2) 

Engineer 
Inspectors (6) 
Helpers (3) 

Laundry & Decontamination Supervisor 
Helpers (4) 

Personnel Meters Branch Supervisor 
Senior Supervisor 

Pencil Shift Supervisors (4) 
Inspectors 
Laboratorians (45) 

Badge Supervisors (2) 
Inspectors (12) 
Helpers (2) 

Special Studies Branch Supervisor 
Senior Supervisor 

Helpers (2) 
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TABLE A.3. Organization of the Medical Department 

Superintendent - W. D. Norwood, M.D. 
Asst. Medical Supt. - -Village Medical 
Chief Supervisor - H. H. Pitluck, D.D.S. Dentist · 
Chief Supervisor - P. A. Fuqua, M.D., Industrial Medicine 
Asst. Superintendent - H. M. Parker, Health Instruments 

Chief Supervisor-Operational - c. M. Patterson 
Assist. Chief Supr.-Survey - L. L. German 

Senior Supr.-Survey Alternates - L. J. Cherubin 
Engineers - P. c. Jerman J. D. Duncan 

L. c. Roos J. D. Myers 
Area Supervisor - 100 Areas & 300 A - M. L. Mickelson 

Senior Supr. - J. M.Smith (lOO~D) - W. A. McAdams (100-F) 
Engineers - B. Anderson R. G. Clough P. Griffiths 

W. C. Reinfg M. T. Lewis L. P. Rolph 
G. W. Pomeroy 

Senior Supr. - 300-A - R. B. Bixler 
Engineers - Records Section - F. J. Zelley 

Area Supervisor - F. P. Seymour 
Senior Supr. - 200-T - P. R. Nelson 

Engineers - L. V. Barker L. V. Zuerner J. D. Ryan 
R. W. Harvey G. B. Foster s. R. Smith 

Senior Supr. - 200-B & N - c. R. E. Merkle 
Engineers - G. M. Rolph R. A. Hultgren A. R. Keene 

W. c. Armstrong R. T. Woolsey 
Senior Supr. - 231 & 2723 Bldgs. - H. A. Moulthrop 

Engineers - ------ ------ · ------ ------ . 
Shift Supr. - 2723 Bldg~ - A. I. Moore 

Area Supr. - Personnel Meters - F. G. Tabb, Sr. Supr. act. 
Shift Supr. -Pe~cils - J. c. Ledbetter N. W. Hope 
Engineer - J. L. Gabriel 
Senior Supr. - Badges - H. C. Money 

Shift Supr. - K. F. Baldridge C. L. Wheadon 
Chief Supervisor - Development - c. C. Gamertsfelder 

Assist. Chief Supr. - Methods - J. w. Healy 
Senior Suprvisor - P. L. Eisenacher 

Engineers - K. E. Herde w. Singlevich -----­
Shift Supr. - Bioassay Lab - J. R.Hobaugh 

Senior Supervisor - Site Survey - L. O. Turner 
Engineers - H. J. Paas 

Area Supervisor - Instruments - ------
Engineers - F. L. Vencill H. G. Ruppert -----­
Engineer - Calibrations - R. J. Gandy 

Assist. Chief Supr. - Radiobfology - ------
Senior Supervisor - Fish Lab - R. F. Foster 
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